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A Defense-in-Depth and Diversity Assessment
of the GE ABWR Protection System

. Introduc.ion

1.1 Sponsor

This assessment was conducted bv lawrence Livermore National
Laboratory personnel at the direction of the NRC as part of Task 8
under FIN L-1867. The work was in support of the NRC's evaluation
of the ALWR technologies. The work started on October 15, 1991,
and a first draft of the report was submitted to the NRC on
December 4, 1991

1.2 Putpose

General Electric Corporation has submitted design information for
the Advanced Boiling Water Reactor (ABWR! to the Nuclear
Regulatory Commission for certification under 10CFR Part 52,
Subpat B.  The purpose of this report is to identify potential
vilnarabilities with regard to defense-in-depth provided in the
proposed ABWR protection system design which is part of that
submiital (SAR Chapter 7). This analysis provides a detailed
aseassment of diversity and defense-in-depth for this design.

1.3  Executive Summary

This assessment is similar to that performed in NUREG-0493. The
primary concern of the assessment is the possibilty of a causal
failure of more than one echelon of defense. This would result from
some form of interdependence among echelons.

The three echelons of defense identified for the GE ABWR are
control, scram and the engineered safety features actuation system.
The objective of the assessment is to determine if postulated
common-mode failures could result in impairment of more than one
echelon thus compromising defense-in-depth.
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The GE protection system was broken into blocks which are
compatible with the architecture 2f the system and which allow an
«nalysis 10 be performed according to the principles of the NUREG.
Charts were developed which aid the analysis of common-mode-
failures during design basis events. A number of assumptions were
made 1o allow the analysis to proceed where data on the design was
missing Or inadequate. The charts and the assumptions made are
fully documented in the report.

A number of vulnerabilities were identified. The design has both
diversity and defense-in-depth in many cases but the consequences
of certain postulated common-mode-tailures in the digital units
were found to result in inadequate defense-in-depth with respect to
NUREG-0493 guidelines.

1.4 Background

Deterse-in-depth is a principal of long stanoing for the design,
construction and operation of nuclear reactors. For reactor 18C
systems this has taken the form of three echelons: Control System,
Reactor Protection System (RPS) and Engineered Safety Features
Actuation System (ESFAS)

Two of these systems, RPS and ESFAS, are Class 1-E safety
systems and are designated as the Protection System. The control
system is not class 1-E.  Because the control system is a non-safety
system, no credit is allowed in a safety analysis for control system
action and, in fact, the control system is assumed to challenge the
protection systems by spurious or incorrect actions.

Diversity comes in several forms. Signal diversity is the
avallability of several different sigrals to initiate a proiective
action. For example, either high pressure or high reactivity, both of
which occur ior some events analyzed in this report, can initiate a
scram of the reactor. Equipment diversity is the provision of
several differant methods for provicing the same safety function.
For example, for cooling the core of the ABWR, there is the Reactor
Cure Isolation Cooling (RCIC) system which uses a steam turbine
driven purip 1o force water into the core in the event of a feedwater
system failure, and there is the High Pressure Core Flooder (HPCF)
which provides the same function with two electrically driven
pumps.  And finally there is diversity in defense-in-depth which
prevides different systems in each echelon to accomplish the same
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function. For example, ATWS, which is part of the ABWR cuntrol
system, will scram the reactor under certain circumstances,
providing a redundant method of scram outeide the RPS.

Analog systems employing defense-in-depth and diversity have
comparatively long histories in reactor systems. The introduction
of digital systems into protection systems adds a new level of
complexity to these systems and introduces a potential for new
common-mode failures which must be considered whenever a new
protection system is proposed. In particular, the use of common
software in the divisions of the safety system and in the control
system provides a mechanism by which all protection divisions may
fail simultaneously and cause the echelons of defense to be
compromised. On the other hand, there are strong economic reasons
using common software wherever possible, and this is encouraged by
the notion that it is easier to verify and validate one software
system and replicate it many times than to verify and validate many
different systems. Thus diversity and defense-in-depth may be
reduced in systems using digital elements.

One of the first formal assessments by the NRC of defense-in-depth
for innovative technclogy was documenied in NUREG-0493, °*A
Defense-In-Depth and Diversity Assessment of the RESAR-414
Integrated Protection System," March, 1979. The method established
in this NUREG is the nasis for the assessment presented in this
report.

1.5 Comparison of ABWA to GESSAR |l

A review of GESSAR |l protection system design and the ABWR SAR
leads to the conclusion that the functional requirements for the
ABWR protection system are substantially similar to ihose for
GESSAR 1l Further, it is also concluded that the reactor protection
and engineered safety features actuation strategies are not
fundamenta'ly differen: for the two designs.

The significant difference with respect to defense-in-depth
considerations is in the implementation of the functional
requirements. The GESSAR [l protection, control, and information
systems are comprised of analog instrumentation; the propesed
ABWR protection, conirol, and information systems are comprised of
digital instrumentation.  This section presents a brie! summary of
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differences in design implementation of the proposed ABWR
instru...antation as compared to GESSAR (I instrumaentation
previously reviewed.

Input sensor interfaces for the protection, control and information
systems in the GESSAR |l design are hardwired: in the ABWR design
many of the inputs are multiplexed via fiber optic networks.
Essential ano non-essential multiplexer networks were identified by
GE for protection, control, and information functions.

Outputs from the protection and control systems in the GESSAR Il
design are hardwired, in the ABWR design many of these outuuts are
multiplexed via the *.~me fiber optic networks as used for inputs.

Protection logic 18 accomplished by hardwired logic in the GESSAR |
design, protection logic is accomplished by software running on
microprocessors in the ABWR design.

Contro! and information functions are accomplisked by analog
circuits and hargwired logic in the GESSAR |l design; control
tunctions are accomplished by software running on microprocessors
and digital data networks in the ABWR design.

The potential for new common mode failure vulnerabilities that
might result from this design evolution arises {rom the following
differences in the ABWR design relative to GESSAR I

1) Substantial reduction in the number of nuclear boiler
tystem instruments accomplished by broad sharing of
instruiients for different systeme and functions.

2) The use of identical software eiements in the digital
systems for protection functions in cifferent divisions.

3) The use of identical software elements in the digital
systems for hoth proiection and contro! functions.

4) The wuse of hardware having more potential for
vulnerability to electromagnetic intarference (EMI) or surge.

5) The use of electronic hardware having increased thermal
densities, therefore more sensitive to lose of HVAC (for
example during a station blackout event).
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Design and qualification measures must be idertified to address
these wvuinerabilities. For example, the foregoing assumptions
regarcing iloentical software modules were made in the absence of
any idenifiable design requirements 1o the contrary, particularly in
light of the applicant's slandardization objectives

. The Scope of the Analysis

2.1 1hose Jtems in the Scope of this Repon

The protectorn system has two main units: The reactor protection
system (RPS) and the enginesred safety features actuation system
(ESFAS). The function of KPS is 1o initiate the scram of the reactor
auternatical'ly for all design basis events. This system is analyzed
in detail.

The ESFAS has a number of subsystems, some of which are examined
in detal. Those examined in detaii are the emergency core cooling
system (FCCS), the automatic depressurizatior system (ADS) and the
leak detection any isclatic ' system (LD&IS). Those systems which
are given a more cursory examination (see Appendix B) are the
wetwell/drywell sprays, suppression pool cooling, standby gas
reatmeni, eriergency diesels, reactor building cooling water, high
pressure gas supply, manual bypass and the essential HVAC system
and ite auxiliaries.

The ganticipated-transient-without-scram (ATWS) system is also
consigered in this analysis for events where it is needed to back up
the RPS. ATWS has two parts. The first is the alternate rod
insertion function (ARI) and the second is the standby liquid control
system (SLCS). The initiation of ARI is analyzed whenever it is
needed to scram the reactor but the SLCS design does not have
sufficient detail for an analysis.
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Three types of failures defined by section 2.4.2 of NUREG-0493 are
in the scope of this study. They are ~escribed as follows:

Type 1. "Some failures have the capabiiity to induce plant
transients for which scram and/or ESF function is needed
Defense-in-depth analysis requires that any credible failure of
this type should not significantly impair the safety function.®
In a typica! failure of this type, the sensor, channel, or block
which fails (causing the transient) may alsc be required to
mitigate the effects of the failure.

Type 2 “Alternatively, failures that do not indirectly cause
plant transients requiring safety action could still impair the
safety function. Such failures would persist in general until
they were discovered and repaired. Such failures would have
serious consequencss only if an event needing safety action
were 10 occur while the system was in the failed state, after
the fallure had occurred, and before the failure was
discovered.”

Yypw & ' For sach anticipated operational occurrence in the
design basis occurring i conjunction with a CMF, sufficient
signal diversily should be provided in the design so that the
plant can be brought to a stable hot standby condition....*

The analysis of Appendix A regards failures of types 2 and 3 for the
antic.pated tranzients and faul's of General Electric SAR Chapter
16. For each event described by Chapter 15, except where a more
severe event encompasses the effects of a similar but less severe
event, a common-mode tailure analysic was performed for sensor,
channe! and block failure as described by NUREC-0493 Guideline 7
and partly by Guideline 8. General Electric categorizes the events of
Chapter 15 into three frequercy classes:

I.  incidents of moderate frequency
1. infrequent events
"l limiting iaults

Classes | and Il fall within the NUREG-0493 section 1.2.11 definition
of "Anticipated Operational Occurrences" ard class |ll matches the
sectio” 1.2.12 definition of “Accidents",
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The analysis of Appendix D regards failures of type 1 for signals
shared between the three echelons of defense For each such shared
signal a common-mode failure is assumed that will force the
reactor into an unsafe transient, if that is possible. This analysis s
mandated by NUREG-0493 Guideline 8.

For the purposes of this report, the Definitions of section 1.2 of
NUREG-0493 and the Block Concept of section 2.5 are used in their
entirety with modifications as noted to accommodate the
differsnces in aichitecture between RESAR-414 and the GE ABWR.

2.2 Ihose ltems Not in the Scope of this Bepon

There are common-mode failures of identical sensors which could be
postulated. These failures may not be limited to a particular mode!
vwi May, because of common technology, occur in a large number of
devices sold by a manufacture. for measuring parameters in
different ranges and in some instances different parameters. For
example, pressure transducers can be used for sensing pressure and
also sensing liquid level by sensing differential pressures. The
focus of this assessment is on agplications of innovative technology
and therefore this class of failure is not included in this analysis.

Power supply failures (zero voltage) are not included in this
analysis. The scram solenoids for the reactor cause a scram if
power is removed anc this analysis does not go beyond that. Further,
complex or insidious faiiures of the various power supplies of the
system (high ripple, high voltage, intermediate voltage, surges) are
nut included in this analysis since in all cases there is not enough
information about the hardware to be employed to be able to predict
the effects of these failures.

3, Methods

3.1 NUREG-0493 Guidelines

The Guidelines of NUREG-0493 section 3.3 are applied to this study
as described below.
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KRR Guideline 1 - General Requirement

*The instrumentation system should provide three echelons of
dafense in depth: control, scram, and ESF.*

The General Electric design provides the required three echelons.
31.2 Guideline 2 - Method of Evaluation

*The instrumentation system should be subdivided into redundant
channels, and each channel should be analyzed as consisting of
blocks ... The output signals must be assumed to fail in a manner
that is credible but that produces the most detrimental
consequences. "

The General Electric design consists of redundant divisions of
sensors and logic. The analysis in this study considers blocks as
described in section 3.6.32, subject to architectural iimitations
described in sections 3.6.2.3 and 36.3.1. Output signals are assumed
to fail with the most detrimental consequences as described in
section 3.6.1, Worst-Case Assumptions.

313  Guideline 3 - Postulated Common-Mode Failure
of Blocks

"Analysis of defense in depth should be performed by postulating
concurrent fallures of the same block or blocks in all redundant
channels."

The method of analysis of defense-in-depth conforming to Guideline
3 is described in section 3.3 and analyses of various events are
presented in detail in Appe~ndix A.

314 Guideline 4 - Use of Identical Hardware and
Software Modules.

Treatment of identical modules in this study according to Guideline
4 is described and motivated in sections 3612 3622 and 3654,
Sections 3.6.56 and 3.6.5.7 list assumptions that certain modules in
the General Electric design are not identical
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3158 Guideline § - Effect of Other Blocks

During any postulated common-mode failure, signals from failed
blocks are propagated to downs‘ream blocks which react correctly
to the possibly erroneous signals

316 Guideline 6 - Dutput Signals

Output signals are assumed to function one-way, that is, failures
cannot propagate backwards into an output.

317  QGuideline 7 - Diversity for Anticipated
Operational  Occurrences (Failure type 3.
NUREG-0493)

General Electric, in their SAR Chapter 15, did not simulate reactor
and protection system response for situations in which the
preferred initiator signal failed. This study uses GE simulation
curves and trip set points to determine diverse initiators, if any
(see sections 3.3, third paragraph, ard 3.621). Core cooling
combinations described by General Electric (see section 3.6.6.4) are
assumed to prevent a non-coolable geometry of the core and
violation of the integrity of the primary coolant pressure boundary.
Approved cooling combinations and containment isolation are
assumed to prevent violation of the intugrity of the containment.

3.1.8 Guideline 8 - Diversity Among Echelons
of Defense

Common-mode failures postulated in accordance with Gu.delines 3
through 6 are considered in the studies in both Appendix A and D,
with special attention being paid in Appendix D to signals shared
between echelons and to failures caused by the same sensor needed
to initiate mitigation.

3181 Control/Scram

Failure type 1 (NUREG-0493), same sensor causing a transient as
requ.red to detect the transient, is considered for contro!
system/scram system interactions in Appendix D. Failure types 2
and 3 are studied in Appendix A,



cMF Analisis DRAFT  -1o- DRAFT 12/117/09

3182 Control/ESF

Failure type 1 (NUREG-0493), same sensor causing a transient as
required to detect the transient, is considered for control
system/ESF system interactions in Appendix D. Failure types 2 and
3 are studied in Appendix A

3183 Scram/ESF

Interconnections between scram and ESF *. .(for interlocks providing
for scram initiation if certain ESF are initiated, or ESF initiation
when a scram occurs, or operating bypass functions).." (NUREG-
0493, par. 3.3.83) were considered, but none appear 10 exist. There
are, however, signals shared between the scram and ESF system, and
these are considered in Appendix A and explicitly in Appendix D.

319 Guideline 9 - Plant Monitoring

The General Electric design transmits signals from the scram and
ESF actuation systems to the control system for plant monitoring
purposes. Connections and software used to monitor the scram and
ESF actuation systems are considered in section §.5. The possibility
that incorrect values returned by the plant monitoring system may
cause operators to make adjustments that place the plant in an
unsafe condition or cause it to operate outside regulatory limiting
conditions is considered in sections 522 and 5.5

3.2 Iype 1 Failure Analysis

The analysis of Appendix D considers failures o/ type 1 for signals
shared between echelons, as shown by Figure 3. Using Guideline 8
(section 3.1.8), each of the eleven shared signals is examined to
determine credible common-mode failures and these failures are
postulated to study tho reactions of the involved echelons acting
together. In the words of section 2.1, sixth paragraph, NUREG-0493,
"... It is important that transients or control system failures
needing protection system action for safety not also induce
protection system lailure.® While the emphasis is on transients
induced by the postulated failures, effects of type 2 failures are
also considered in case there may be inter-echelon dependencies not
discovered in the method described in section 3.3, following
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33 Iypes 2 and 3 Failure Analysis

In accorgance with Guigeline 7 (section 3.1.7) and the definitions of
failure type 3, common-mode failures were posulated and analyzed
for each of the events of Chapter 16 of the SAR which required the
invocation of the protection systems By including limiting faults of
Chapter 15, failures of type 2 were also analyzed for design-basis
accidents for the ABWR. To facilitate this analysis, a chart was
developed to systematicaliy record failed signals or blocks and to
ingicate the results of each failure. This chart, together with
explanations and illustrations, is shown in Figure 1, Analysis Chart.

For each event of Chapter 15 which challenged the protection
system, a set of assumptions was made about the way the protection
gystem would fail and also about facts which were unclear or
unkriown. These assumptions were divided into general assumptions
(section 3.6 of this report) an’ assumptions specific to the event
being analyzed.

The starting place for the analysis of each event was the associated
sequence table and the curves which appear in Chapter 15. (The
tables were, in fact, derived from the curves which are the output of
computer simulation runs made by GE for the event) The General
Electric analysis of Chapter 15 always assumed correct functioning
of the protection system. Where postulated common-mode failures
rendered primary protective action initat~rs ineffective, it was
necessary to combine assumptions, results of the simulations,
knowledge of reactor physics ard thermal-hydraulic characteristics
to determine secondary initiators if any existed. Sensor channels
were failed one at a time across all divisions simultaneously to
determine If there was enough diversity and defense-in-depth to
mitigate the effects of the event General Electric logic diagrame
(IBDs), system architecture (see Figure 4), and various amendments
to the SAR (see References) were used to determine the probable
reaction of the protection system to the challenge presented. After
the analysis of individual channels was complete, system blocks
were failed and the effect of ‘e block failures analyzed in the same
way. :

3.4 The Trp Tables

To assist in the analysis methods described in sections 3.2 and 3.3,
a set of tables was made up, cne for each miigation system of the
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protection system. These tabler show all of the inputs to a
parlicular sub-function of a trip aciion and the effec: of the trip
once the necessary inputs are present, although the detailed logic is
not shown. These tables are used to consolidate information which
may appear on a number of pages of the SAR so as to remind the
reviewet of the sigrals important to each protective function.
These tables appear in Appendix

3.5 Summarizing Findings

After the analyses of sections 3.2 and 3.3 were complete
(Appendices D and A, respectively), the vulnerabilities revealed
were summarized in section 5 of th.s study.

3.6 QCeneral Assumptions

The assumptions of this seciion apply to all of the unalyses
performed. They are categoiized by their relationship 0 various GE
documenis of by their applicability.

361 Worst-Case Assumptions

3611 Filures are assumed to occur in the
most limiting fashion possibivc consistent with hardware or
software construction. For example, a module which energizes 10
trip is ascumed to take no action, or a module which de-energizes to
trip is assumed to fail so that it continues to block trip (NUREG-
0493 Guideline 2).

36.1.2 Software which is essentially identical
except for constant or address parame’ars is assumed to fail
identically. lgentical software/hardware modules in separate
divisions are assumed to fail simultaneously (NUREG-0493 Guideline
4)

36.1.3 Failures are assumed to be latent and
urdatectable until sireaseu by event or accident, at which time the
failure becomes manifest.
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3672 Assumptions based on GE texts

3621 Reactor physics and thermal-hydrau'ic
analyser, as described by GE's Table 15.0-2 [Ref. 1) and the
simulation curves in Chapter 15 are assumed to be correct. Initial
conditions and trip points described in Table 15.0-1 are used in
conjunction with Table 15.0-2 and Chapter 15 simulation curves to
determine secondary and tertiary trips, if needed.

3622 Common software modules will be used
for similar functions where they occur [Ref. 4). This means that
similar modules in each protection system division are assumed 10
have essertially identical software.

3623 Senso signals are intermingled once
they enter the multiplexer system and are identified only by
software [Ref 4]  Signalg entering at points other than the
multiplexer are assumed to be identified only by software also. See
the discussion of signal channels below.

3624 “Autodiagnostic software and hardware
watchdog timers” [Ref. 4] are assumed to detect only malfunctions
anticipated by software designers, but not unintenced errors rmade
by software designers.

363 Assumptions based on GE software structure

For the purposes of this study a signal cha~nel is defined as a
sensor, signal conditioning circuitry, A to D converter if required,
and all of the software which is needed to maintain the identity and
integrity of the sensor signal through to where the signal is used in
the process' Further, as long as a derived signa! is derived ..om
only one sensor signal, the software which maintains the identity of
tnis derived signal shall be consioered as part of the original signal
channel. It a derived signal is dependant on more than one sensor
signal then this derived signal will have a unique identity and there
will be defined a derived signal channel which has all of the
characteristics of a signal channel except for the sensor and its
attendant signal processor and converter

-

1This meels the definition of a channel as it appears in IEEE 278
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3631 A falure in a signal channel can be
caused by a number of events - calibration error, an error introduced
when & software change is made, an existing error in the software
which causes a channel to become corrupted, etc. Based on General
Electric's statements regarding common software modules [Ref. 4),
it is highly likely that software changes in all four divicions will be
made as if only one change were being made. Thus it it conceivable
that a common-mode fai'ure of a channel can be introduced and be
undetected for some time. Therefore, one type of common-mode
failure assumed in this study is a channel failure occurring over all
divisions of the protection system.

36.3.2 Another type of commcn-mode failure
assumed in this study is the simultaneous ‘ailure of all like modules
(blocks) in all divisions. Faillure is assumed undetectable by
downstream modules. NUREG-0493 "Measuied Variable Blocks"
(MVB) correspond to sensors, signal conditioning, analog-to-digital
converters, remote multiplexing units (RMLJs), transmission media,
and control-rgom multiplexing units (CMUs) in the General Electric
design. NUREG-0493 "Derived Variable Blocks" (DVB) correspond to
digital trip modules (DTMs) in the General Electric Jesign. NUREG-
€493 "Command Blocks" (CB) correspond to trip logic modules (TLUS)
in the General Electric design. “Actuation Blocks® (AB) coi.espond 1o
output logic units (OLUs), load drivers, or CMUs, transmission media,
and RMUs n the General Electric design. The correspondences stated
are imprecise because of the intermingling which occurs in the
General Electric multiplexing scheme and because the TLU has some
of the characteristics of a DVB. For this reasor, NUREG-0492
common-mode block failure is assumed to occur in the multiplexer
(MPX)2, the DTMs, and the TLUs.

364 Assumptions cortrary to GE assumptions

This study differs on several assumptions made in Amendment 18,
Appendix 19N to the General Electric PRA for ABWR, submitted to
the NRC on October 11, 1991,

3641 Manufacturing error is considered a
credible cause of common-mode failure. Errata sheets and buglists
for delivered hardware are common occurrences for more
cemplicated integrated circuits (such as microprocessors) and the

2The MPX consists of RMU, transmission media. and CMU., considered as a unit,
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possibility of undetected design or manufacturing process erior
cannot be ruled out. Furthermore, corrections? to printed circuit
boards (PCls) which use integrated circuits are common in the
industry.  Both integrated circuit and printed circult manufacturing
errors may not be obvious until an appropriate set of inputs,
instruction sequences, and environmenia! conditions chailenge the
equipment.

3642 Loss of data communication is only one
of many failures which can occur in data communications systems.
Many faults are undetectable downstream. One such fault is the
trangmission of plausible but incorrect data which is the fault
assumed in this study

3643 Failure of a “de anergize-te-trip* mode
IS possible anywhere software is involved.

3644 Software self-test and watchdog
limers can detect only those errors anticipated by system designers.
It is assumed in this study that all common-mode failures which
occur were not anticipateu by designers, otherwise they would have
been fixed. Therefore, it is assumed that failures of upstream
blocks cannot be detected by downstream blocks.

365 Assumptions based on GE's logic diagrams

It is impossible to tell from GE's logic diagrams (IBDs and P & IDs)
where some logic functions are implemente.. Therefore, some of
the following assumptions are made with regard to the module
location of signal and trip logic shown in General Electric IBDs in
Chapter 7 of the SAR.

Some of the assumplions below, in particular 3.6.56, 3.6.5.7 and
3659 assert diversity which is speculative. If this diversity does
not exist in the final product, the analysis will change in the
direc..on of more vulnerability.

3651 Logic functions such as limit switches
and torque limit switches associated with motor-operated valves or
actuaors are assumed to be hardwired ¢ the associated motor
control center because of location and industry practice.

Jin the form of cut traces o wires soldered 10 the surface of the PCB.
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3652 Logic functions involving the pusitions
of valves, switches, or interlocks other than the valve directly being
controlled are assumed 10 require the multiplexe: and the TLU
because of distance, wiring economy, and lack of indication by
General Electric that this logic is implemented by directly wiring to
the niotor control center of interest.

3653 "Manual® control switches are assumed
1o require the multiplexer and the TLU to be effective because
General Electric drawings indicate that this is the case (see Gcneral
Electric drawing 103E1805, sheets 1 - §).

3654 The Non-Essential Multiplexer (NEMS)
and the Essential Multiplexer (EMS) are identical with the exception
of the sensors connected. Both use essentially identica: software
(Ref. 4] A common-mode failure in multiplexer software renders
the NEMS and the EMS inoperative or transmitting erruneous but
plausible informaticn.

3655 The Alternate Rod Insertion (ARI) is
initiated by signals passing through the NEMS and by one signal (low
water level) passing through the EMS [Ref. 5). In the absence of
other information, it is assumed that the Standby Liguid Control
System (SLCS) is initiated by the same signals as the ARI.

3656 The DTM and the control system are
sufficiently diverse that a failure in the DTM preventing scram does
not imply a failure of ARI.

3657 The MPX and the DTM have diverse
software so that a failure in one does not imply a failure in the
other.

3658 The TLU is the only unit that sends
information to the control system for display to the operators. Only
status andg trip information is sent.

3659 The eight wide range water leve!
transmitters, B21-LT353A through H, are used as two presumably
diverse groups, A - D and E - H. It is assumed that these two sensor
groups are treated separately in software so that a common-mode
channel failure of one group does not affect the other group.
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36510 The ECCS Iinitiation preference is:

1) RCIC (water level 2, channel group B21-LT353(A-D)),
2) HPCF (water level 1.5, channel group B21-LT353(E-H)),
3) LPFL (water level 1, channe! groups B21-LT353(A-D),(E-H))

366  Assumptions for echelon Defense-in-Depth (DID)

3661 In all normal fuel configurations, the
reactor control rods have at least the cold shutdown margin control
of reactivity ever with all recirculation pumps running at maximum
flow.

3662 The fuel rods will experience damage if
uncoverad or if significant boiding occurs at fuel rod surfaces.
Cladding damage is an unacceptable consequence.

3663 The echelons of defense are the control
system, the reactor protection system (RPS), and the engineered
safety features (ESF). See Figure 2. The only signals common to the
echeions are shown in Figure 3. Mitigating functions for ATWS
events are 10 be implemented by GE a: part of the control system.

3664 The mitigation combinations described
in Amendment 14, Table 19.3-2 *Success Critesia to Prevent Init.al
Core Damage for Transients and LOCA Events with RPS Scram®,
General Electric SAR, are assumed to be correct. Because no data
are given for events without scram, it is assumed in this study that
no combination of control system (excluging scram by ARI and
FMCRD) an¢ F°F actions can ccmpensate for failure to scram from
full powe and at un| ceptable consequences will occur if this
happens.

3665 Manual actuation of scram or ESF
mitigation features is considered to be a backup defense if the
conditions o NUREC§~0493 for manua! actuation are met:

1) The por.ls 4 CMF does not impair manual control from
the contro! i

2)  Sufficient information is available to the operator.



RPS ESFAS

Figure 2 “Echelun diagram showing possible interactions
(dotted).
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Figure 3 Echelon diagram showing possible interactions
(dotted) and shared signals.
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3) Sufficient time is available for operator analysis,
gecision, and action.

4) Sufficient information and time are available for the
operator to detect, analyze and correct reasonably probable
errurs of operator function.

For the purposes of this study, operator backup actions are assumed
fo require at least five minutes to be considered effective defense-
in-depth backup.

3.7 Exaluation Criteria

The only criteria for success is whether or not the protection
system performs adequately with the failure. Thus, if the RPS, ARI
or SLCS shuts down the reaction if requited by the postulated
failure, that part of the protection system is deemed to have
operated successfully. If the ECCS functions adequately to prevent
damage to the core with the postulated failure, that part of the
system is deemed to have worked successfully

3.3 Some Disclaimers

The reader of this report needs to understand some issues so that
there are no misunderstandings of what the report contains.
Further, there are some parts which take some skill in
interpretation and those items need to bo indicated to the reader.

381 The words *failure®, *common-inode failure* and
*CMF" are used interchangably. The context should make clear when
"failure" means a CMF.

382 fhe words ‘“sensor”, “channel" and ‘sensor
channel" are used interchangably and context should make clear when
this interchangability is impled

383 “ihe CMF analysis charts do not stand alone and
they vary from chast to chart in column and line hecdings. The
assumptions and nonclugions are a necessary part of an analysis and
an understanding of the GE ABWR is required.

384 This analysis does not claim to have found all
common-mode failure vulnerabilities which may be in the design.
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The primary purpose was to identify sensitivity 1o adverse
interactions among the three ~»sfense echelons.

4 Description of the Design

4.1 Desion Basis
411 Regulations and Standards Requirements

Design basis requirements pertinent to defense-in-depth and
diversity that have been identified by GE in the SAR for the ABWR
design include the regulations and standards summarized in this
section

10 CFR 50 Appendix A "General Design Criteria® states in part in the
intreduction that:

*The development of these General Design Criteria is not yet
complete.... some of the specific design requirernents for
structures, systems, and components important to safety have
nct as yet been suitably defined. Their omission does not
relleve any applicant from considering these matters in the
design of a specific facility and satistying the necessary
salety requirements. These matters include

" ..(2) Consideration of redundancy and diversity requirements
for fluig systems important to safety..the minimum
acceptable redundancy and diversity cof subsystems and
components within a subsystem, and the required
interconnection and independence of the subsystems have not
yet been developed or defined (see Criteria 34, 35, 38, 41, and
44).

*..(4) Consideration of the possibility of systematic,
nonrandom, concurrént failures of redundant elements in the
design of protection systems and reactivity control systems.
(See Criteria 22, 24, 26, and 29).

".There will be some water-cooled nuclear power plants for
which the General Design Criteria are not sufficient and for
which additional criteria must be identified and satisfied in
the interest of public safety. In particular, it is expected that
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From

additional or ditferent criteria will e needed  for water-
cooled nuclear power units of advanced design *

the General Design Criteria of *0 CFR 50 Appendix A.

21)  "Protection system reliability and testability®, requires
in part that ".no single failure results in loss of the
protection system. '

22) 'Protection system independence' requires in part that
"Design technic.es, such as functional diversity or diversity in
comporent design and principles of operation, shall be used to
the extent practical to prevent loss of the protection
function *

23) ‘"Protection system failure modes' requires that: "The
protection system shail Je designed to fail in a safe state or
into a state demonstrated to be acceptable on some other
defined basis if conditions such as disconnection of the
system, loss of energy (egQ., electric power, instrument air) or
postulated adverse environments (eg., exteme heat or cold,
fire, pressure, steam, water, and radiation) are experienced.

24) “Separation of protection and control systems® requires
n part that: “Interconnection of the protection and control
systems shall be limited so as to assure that safety is not
significantly impaired.*

29) ‘"Protection against anticipated operational occurrerces
requires that. "The protection and reactivity control systerns
shall be designed to assure an extremely high probability of
accomplishing tneir safety functions in the event of
anticipated operational occurrences.”

10 CFR 50.55a(h) requires that nrotection systems meet the
requirements of IEEE Std 279, IEEE Std 279 includes the following
requirements:

"4.2 Single Failure Criterion. Any single failure within the
protection system shall not prevent prooer protective action
at the system level when required.
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‘474 Muyltiple Failures Resulting From a Credible Single
Evert. Where a credible single event can cause a control
system action that results in a condition requiring protective
action and can concurrently prevent the protective action from
those protection system channels designated to provide
principal protection against the condition, one of the following
must be met.

*4.741 Alternate channels, not subject to failure resulting
from the same single event, shall be provided to limit the
consequences of this event to a value specified by the
des'gn bases In the selection of alternate channsls,
consideration should be given to (1) channels that sense a
set of variables different from the principal channels, (2)
channels that use equipment different from that of the
principal channels to sense the same variable, and (3)
channels that sense a set of varigbles different from those
of the principal protection channels using equipment
uifferent rom that of the principal protection channels.
Both the principal and alternate protection channels shall
mee! all the requirements of this document,

‘4742 Equipment, not subject to failure caused by the
same creaible single event, shall be provided to detect the
event and .imit tne consequences to a value specified by the
design bases. Such equipment shall meet all the
requirements of this document.”

IEEE Std 603-1980 includes criteria substantially similar to the
foregoing IEEE Std 279 requirements.

412 Other Design Basis Requirements

GE has indicated to the NRC staff recently [Ref. 4] that
standardization ¢f hardware and software modules is a design
objective.

4.2 Architectyre

The Instrumentation and Control System for the GE ABWR consists of
three echelons (Figure 2), the Reactor Praotection System (RPS), the
Engineered Safety Features Actuation System (ESFAS or ESF), and
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the control system A diverse method for scramming the reactor
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echelons (compare with echelon diagram Figure 3). Signai flow is
gemonstrated in Figure & (the LT-353 signa! that passes through the
EMS) and in Figure 7 (turbine switches that enter the RPS DTM and
are passed to the control system through an optical isolator).

The documentation for how the MSLIVs are controlled is reasonably
clear but exactly where control is exercised is confused. On GE
drawing 103E1805 sheets 1 - 5 the MSLIVs are shown as connected
directly to the TLUs of the RPS. But those same drawings show the
LDS as part of the ESFAS. On the IBDs for the LD&IS (LDS) are shown
all of the logic for the actuation of the MSLIVs. Further, in Ref. 2,
page 1 of the List of Equipment Interface with the Essential Mux
Signals (sic), is shown the MSIVs from which it could be inferr~d
that the MSIVs are actuated through the multiplexer. It has been
assumed for this analysis that the control of the MSLIVs rests in the
ESFAS but that the software which evaluates the various functions
for operating the MSLIVs runs on the DTM and TLU which also
evaluate RPS functions. Further, it is assumed that the actuation
signals for the valves is hardwired from the RPS/MSIV TLUs to the
valve Inad drivers. These assumptions blur the separation betwaen
RPS and ESFAS but do no! affect the analysis.

43 2ignal Diversity

The Trip Tables (A .endix C) show the diverse sigrals which are
available to trip the various functions required by the protection
system. Not all signals are operative for each event of Chapter 15.
This does not imply that there are failures but only that certain
signals do not cross necessary thresholds for every event.

8. Findings

Documentation of the analyses performed as described in sections
vw.2 and 3.3 is in Appendices D and A, respectively. Figure 8 is a
chart summarizing the results of the analysis of Appendix A. A
shiort discussion of .systems for which design is particularly sketchy
appears in Appendix B. This section summarizes the vulnerabilities
discovered during detailed analysis. These findings #-e valid only so
far as the assumptions made are correct. If the assumptions are
ignored or overlooked, meaning may be attached to the findings
which is not real
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The design analyzed is primarily an architecture and does not
cont=2in all of the necessary detail for a complete design. Where
dete. .. present, an analysis of the detail is presented. Where
detail is inadequate, analysis of the architecture is presented.
These findings reflect the staie of the design

51 Successfyl Operation

The analysis of Appendix A demonstrates that for many common-
mode failures there is sufficient diversity and defense-in-depth in
the protection systems to mitigate the effects of the failures. They
will not be listed here because of the number. The reader is
encouraged to examine the Appendix if he is interesied in specific
cases.

9.2 Areas of Concern

No signal in the design presented crosses all three echelons of
defense. There are, however, several signals which cross two
echelons. Further, one block - the TLU - links two echelons and one
block - the muitiplexer - links all echelons. This section presents
findings regarding those signals and blocks where vulnerabilities
were found. This is the separation issue of NUREG-0483, section
242 More appears in Appendix D.

5§21 B21-LT351A - D

This is a set of four narrow-range water level transmitters used for
several functions. The functions of most interest are those of low-
water-level scram and high-water-level shutoff of the RCIC and
HPCF. For RCIC it shuts down the whole system inciuding the
turbine. For H-CF it closes the injection vaive. Thus these
transmitters cross the RPS and ESFAS echelons (Figure 9). If this
transmitter or its associated signal channel should stick in the
high-water-level state (>L8) the reactor would not scram on its
normal low-water-level condition, RCIC would not initiate, and
although the HPCF pumps would start, the HPCF injection valve
would not open. This can all be seen from the IBDs included in
Chapter 7. Once the water level gets low enough, the MSLIVs will
close and a diverse reactor trip will be initiated when the MSLIVs
are at 85% open.



CME Anaiysis DRAFT  .33. DRAFT 1211701

522 APRM

The APRM produces a high flux scram for the RPS, provides
information on which rod-block determinations are made by the
control system, provides neutron flux level used for automatic load
following by the rod control system, and provides neutron flux level
information for use by operators. Thus it links the control. manual
contro! and RPS echelons (Figure 9). A failure of the APRM could
prevent a rod-block from occurring (this is not clear from the
documentation) while simultaneously preventing a high-flux scram
from oceurring. Under-reporting neutron flux levels by the APRM has
the potential for inducing high flux operation of the reactor either
by automatic (Guideline 8) or manuai contrei (Guideline 9) while
preventing a high-flux scram.  This is a vulnerability that should be
examined carefully.

523 B21-LT353A - D

In the rather sketchy ATWS documentation [Ref. 5] it is stated that
the SSLC provides water level information to the control system for
initiating ARl on low-water-level. For this study it is assumed that
the above sensor is the one used. This sensor is used to initiate
RCIC in the ESFAS. This senscr thorefore links both ESFAS and the
control system. Thus a failure of this sensor will prevent RCIC from
initiating and will inhibit ARI should it be needed. However, if this
sensor fails a diverse reactor inw-water scram would be initiated
by B21-LT351A - D ancd a diverse initiation of HPCF would occur
through B21-LT353E - H.

524 Multiplexer

The multiplexer in this system links all three echeions. It carries
low-water-level data and rod-separation information to the control
syste™ to initiate ARI and red-block. Il carries a large number of
sit -3 to both ESFAS and RPS. (Some RPS signals are wired
directly to either the DTM or TLU of the RFS.) This linkage could
cause unacceptable failures by preventing scrarn when needed and
simultaneously preventing ARI and the initiation of ECCS. (SLCS may
be affected by this 'inkage, but there is no information on how SLCS
IS initiated automatically. It is stated in section 33.52 of the SAR
that SLCS can be manually initiated.)
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525 TheTLU

On GE drawing 103E1805, sheets 1 - 5, it is indicated that manual
control of the ECCS from the control room is exercised through the
TLU and the multiplexer. A failure of the TLU will not only prevent
automatic initiation of the ECCS but will also prevent manual
imitiation of 1l 4t system. Further, if the multiplexer fails in such a
way that initiation signals are inhibited, manual and automatic
initiation of the ECCS is similarly prevented.

526 High water level

Although this assessment does not incluce detailed analysis of the
control system, a potential problem was observed in the control
system while searching the documentation and that problem is
presented here.

In the control system, the same water level sensors which are used
to control feedwater flow are also used to initiate high-watar
turbine trip Thus a failure which could induce an off-normal
condition also inhibits corrective action. The RPS does not trip on
high water level but does scram or turbine stop valve closure, which
in this case will not occur (Figure 10). Aithough high water level is
not an immediate danger to the reactor, the potential exists for this
condition to remain for extended periods of time. It may be
appropriate to review the effects of lengthy uncontrolled reactor
high water level.

5.2.7 Local Control

Valves, pumpe, and other effectors may be inoperable from local
motor control centers if control room electronics fail or
multiplexers fail. Logic diagrams for various devices are unclear
about where logic functions are implemented and whether such
functions are interconnected through the multiplexers. Some of
these functions can block operation of motor contactors according to
General Electric IBDs. For example, the HPCF injecter valve (Figure
7.3-1d HPCF IBD sheet 4) may be inoperable from the local moto:
control center. Likewise, the HPCF pump (Figure 7.3-1c) may be
inoperable. Figure 7.3-3) mo-FO31 shows a valve which looks like a
correctly hardwired local motor control center (would work if
remote electronics died), but this depends up~ . the assumption that
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Figure 10- Echelon diagram showing shared water level
signal (in control system) which may result in
persistent high reactor water ievel. RPS will not
scram becavse linkage is through turbine stop
valve switches.
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logic functions that look like motor control centers really are motor
control centers.

2.3 Digital Systems lIssues

The digital systems (multiplexer, DTM, TLU) are the main
vulnerabilities of the protection system. Postulated common-mode
failures in these modules prevent initiation of the ECCS, MSLIV
closure and in some cases suppress necessary reactor scram
initiation and ATWS mitigation. Further, the DTM and TLU that
operate the RPS also operate the MSLIVs which are part of ESFAS.
This provides a strong link between the RPS and ESFAS echelons
which might prove cetrimental to safe operation

S 4 |nitiation of LPFL as Backup 10 RCIC or HPCF

The LPFL pumps start if either low water level in the reactor is
sensed or high drywell pressure is sensed. This seems to be as it
should be. However, the LPFL canrot get water into the RPV unless
the vessel is de-pressurizcd.  This requires the initiation of ADS and
that reguires botn high drywell pressure and low reactor water
level. Thus LPF'. is an effective backup to RCIC or HPCF only if a
LOCA occurs within containment.

5.5 Plait Monitoring

The RPS and ESFAS are connected to the plant monitoring system by
means for which there is no communication protocol specified or
known. It therefore cannot be determined whether the plant monitor
significantly impedes RPS and ESFAS or increases their complexity.

Failures of the digital units of the protection system (MPX, DTM,
TLU) prevent the transmission of protection system status to the
operaiors. The consequences of this are undetermined.
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1) GE SAR, chapters 6, 7, 15.

2) Additional information transmitted to James Stewart (NRC) by
R. W. Strong (GE) on October 22, 1991,

3) Answers to NRC concerns faxed by an unknown person (GE) to
Jim Stewart and Chet Poslusny (NRC) on October 4, 1981,

4) Viewgraphs presented by M. A. Ross and B. H. Simon (GE) to the
NRC on October 10, 1991.

5) ATWS supplemental information presumably authored by GE and
faxed from Jim Stewart (NRC) to Robert H. Wyman (LLNL) on October
23, 1891,

6) NUREG-0483, A Defense-in-Depth and Diversity Assessment of
the RESAR-414 Intvgrated Protection System.




CMF Analvss DRAFT -39, DRAFT 121791

Acronvm | Definition |Reference

ABWK Advanced BWR GE

ADS Automatic Depressurization System GE

APRM Average Power Raiige neutron Moni:or(NMS) GE

ARI Alternate Rod Insertion function NRC

ATIP Automated Traversing In-core Probe (neutron GE
monitor)

ATWS Anticipated Transient Without Scram NRC

BWR Boiling Water Reactor NRC

CAM Containment Atmosphere Monitor system GE

CPR Critical Power Ratio GE

CRD Control Rod Drive GE

S Control Systems non-1E GE

DOD Department of Defense

DT™M Digital Trip Module GE

ECCS Emergency Core Cooling System NRC

EDG Emergency Diesel Generator support system GE

EMS Essential Multiplexing System GE

ESFAS Engineered Safety Feature Actuation System NRC

FMEA Failure Modes and Effects Analysis IEEE

FPCS Fuel Pool Cooling and cleanup System GE

H/LP High pressure/Low Pressure interlocks GE

HECW HVAC Emergency Cooling Water system GE

HPCF High Pressure Crre Flouder GE

HPIN High Pressure Nitrogen Gas Supply GE

HVAC Essential HVAC system GE

LDS Leak Detection and isolation System GE

LOCA Loss of Coolant Accident NRC

LPFL Low Pressure FLooder GE

LPRM Local Pewer Range Monitor (Neutron monitor) GE

MCPR Minimum Critical Power Ratio GE

MDT Mean Down Time Fisher, an

MRBM Multi-channel Rod Block Monitor GE

MSIV Main Stearn Isolation Valve CE

MSLIV Main Steam Line Isolation Valve GE

MTBF Mean Time Between Failures Fisher, art.

MTDF Mean Time to Diagnose Fault Fisher, art

MTDL Mean Time to Determine fault Location Fisher, art

MTRF Mean Time to Replace Faulty component Fisher, art

MTR. Mean Time to Retumn to Operation Fisher, art
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Acronym

MTTF
NMS
NBR
NSSS
OoLuU
PRM
PWR
RCIC
RCPB
RCW
RHR
RHR-SC
RHR-SP
RHR-WD
RIP
RPS
RRS
RSS
SER
SACF
SAR
SB&PCS
SGTS
SLCS
SLU
SOE
SPT™
STPT
SRD
SRNM
SRP
SRV
SSAR
SSLC
STS
TLU
UHS
V&V

Definition

Mean Time To Failure

Neutron Moritoring System

Nuclear (or Nucleate) Boiling Ratio
Nuclear Steam Supply System

Output Logic Unit

Process Radiation Monitoring
Pressurized Water Reactor

Reactor Core Isolation Cooling system
Reactor Coolant Pressure Boundary
Reactor building Cooling Water system
Residual Heat Removal

RHR Shutdown Cooling

RHR Suppression Pool cooling

RHR Wetveell Drywell spray

Reactor Internal Pump

Reactor protection System

Reacior Recirculation System

Remote Shutdown System

Safety Evaluation Report

Single Active Component Failure
Safety Analysis Report

Steam Bypass and Pressure Control System
Standby Gas Treatment System
Standby Liquid Control System
System Logic Unit (a form of TLU)
Single Operator Failure

Suppression Pool Temperature Monitor
Simulated Thermal Power Trip

Safety Related Display

Start-up Range Neutron Monitor (NMS)
Standard Review Plan

Safety Relief Vaive

Safety System Analysis Report

Safety System Logic and Control

Self Test System

Trip Logic Unit

Ultimate Heat Sink

Validation and Venification

BAFT

12/17/91

Reference

GE
GE

NRC
GE
GE
NRC
GE
GE
GE
NRC
GE
GE
GE
GE
NRC
GE
GE
NRC
GE
NRC
GE
GE
GE
GE
GE
GE
GE
GE
GE
NRC
GE
NRC
GE
GE
GE
GE
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Appendix A

Al. Analysis

This appendix contains the analysis dcnhe of common-mode failures
(types 2 and 3) during Chapter 15 events as required by Guideline 7
of NUREG-0483. The ascumptions of section 3.6 above are applied to
each event ancd also some special assumptions are made for each
e/ent. Each analysis consists of the special assumptions, a chart
like that ot secticn 3.2 and a set of conclusiens.
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A2. Runout of Two Feedwater Pumps - Event 151.221.2

This ecquence of events for this event shown in  Table 15.1-5. This
is a limiting fault,

A2.1 Special Assumptions:

1) Failure of the turbine stop valve switch channel ultimately
leads to either a high pressure scram or an APRM scram. The
former occurs at about 18 seconds and the latter at about the
same time. This is approximately the same time as the scram
would have occurred had the stop valve switches operated
correct'y. See Figure 151-3.

2) The high water level (LB) which initiates the turtine and
feedwater pump trips is sensed by a transmitter which is part of
the control systern; this sensor is assumed 1o operate correctly.
It must be noted that if this sensor channel in the control system
has a CMF which causes it to fail for this event that the reactor
could fill up. A scram couid possibly be initiated by high flux, but
sending water to the turbine seems to be a possibility.

3) Stop valve switch status enters the RPS at the DTM. See RAl
response cated 10/4/97, number Sa, page 15.

A2.2 Conclusions

Failure 1 is actually two failures in one. If the transmiticr sticks
indicating permanent high water level the injection valve for HPCF
will never open. If the transmitter sticks indicating permanent
intermediate water level then the injection valve, orce open, will
never close and the reactor may overflow. (If the transmitter sticks
at a permanent low level, there is a permanent scram initiated.)

The behavior of RCIC for failure 1 is straight forward. If the
channel sticks below the high water level setpoint (L8) then the
reactor may overflow. If the channel sticks at or above the high
water level setpoint RCIC will not initiate.

Mitigation for failures 3, 6 and 8 involves normal operation of the
protection systems. For failure 15, the primary scram initiator is
not available but either of the two secondary initiators will provide
scram.
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Mitigation for failure 2 involves initiation ot the HPCF.

For failures 10 and 11, scram is initiated by either the primary or
one of the secondary initiators. However, no ECCS is available and
the core may become exposed. Manual actuation of the ECCS from
the control room is also inhibited. See CGE drawings 103E1805
sheets 1 - 5.

Failure 12 requires ATWS to scram the reactor but again no ECCS is
available either manually or automatically.

The primary reactor scram initiators are the switches on the turbine
stop valves with high RPV pressure and high neutron flux providing
diverse initiators. Mucn or all of this diversity is iost with CMFs in
the digital systems (MPX, DTM, TLU).

Manual scram and ARI from the control system together with the
RPS scrams described above provide defense-in-depth. Much of this
depth is lost, however, with CMFs in the digital systems (MPX, DTM,
TLU).

RCIC provides the first level of ECCS with HPCF providing diversity.
LPFL is not available for this event (see below). But CMFs of the
digital systems eliminate all diversity.

The only defense-in-depth for the ECCS is provided by the manual
controls in the control room. But these are inoperative with CMFs of
the MPX or TLU.

It should be noted that LPFL is never available because ADS will
never initiate. ADS initiation requires high drywell pressure as well
as low water level. See figure 7.3-2h. The design requ.rements for
this (RHR starting on eithe: low water level or high drywell
pressure but ADS requiring both low leve! and high pressure) are not
obvious and it is possible that there is an error in the logic.
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A3. Failure of Turbine Bypass and Control Valves Open

This is event 15.1.3.1.2.2 and is the failure of all the turbine bypass
valves and .urbine control vaives in the open state - Table 15.1-7.
This is a limiting fault.

A3.1 Special Assumptions:

1) Failure of the turbine stop valve switch chanrel ultimately
leads to a high pressure scram. The high pressure scram occurs
at about 5 secon<s after the start of the incident. This is
approximately 2 seconds after the scram would have occurred had
the stop valve switches operated correctly. See Figure 15.1-5.

2) The high water level (L8) which initiates the turbine and
feedwater pump trips is sensed by a transmitter which is part of
the control system; this sensor is assumed 1o operate correctly.
If this sensor fails, then neither the turbine, feedwater pumps
nor the reactor will trip. If the feedwater contrul system does
not or cannot contro! the reactor level then sending water
droplets to the turbine becomes a possibility.

3) Stop valve switch status enters the RPS at the DTM. See RAI
response dated 10/4/91, number 9a. page 15.

A3.2 Conclusions

Failure 1 is actually two failures in one. If the transmitter sticks
indicating permanent high water level the injection valve for HPCF
will never open. If the transmitter sticks indicating permanent
intermediate water level then the injecton valve, once open, will
never close and the reactor may overflow. (If the transmitter sticks
at a permanent low level, there ic a permanent scram initiated.)

The behavior of RCIC for failure 1 is straight forward. If the
channel sticks below the high water le.el setpoint (LB) then the
reactor may overflow. |If the channel sticks at or above the high
water level setpoint RCIC will not initiate.

Failures 3 and 6 do not change system operation from normal.
Failure 15 causes the scram to be initiated by a secondary initiator
but otherwise system operation is normal,
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Failure 2 has a norinal scram but the HPCF is initiated when RCIC
fails to start.

For failure 10, the scram is normal but no ECCS is available to cool
the core if needed. For failures 11 and 12, ARI is required to scram
the reactor and again there is no ECCS. Further, for failures 10 and
12, manual initiation of the ECCS from the control room controls is
prevented because both the MPX and the TLU are needed for
initiation.

Closing of the turbine stop valve is the primary scram initiator with
reactor high pressure providing a diverse initiater. This diversity
vanishes for failures of the DTM or TLU.

Dafense-in-depth for reactor scram is provided by the control
system with manual controls and ARI.

RCIC and HPCF provide diverse methods for cooling the core.
However, all diversity vanishes and nothing is left with failures in
the digital systems. It should be noted that although LPFL will start
automatically it is never effective because ADS will never initiate
ADS initiat.on requires high drywell pressure. See figure 7.3-2h.

Defense-in-depth for the ECCS is provided by manual initiation of
the ECCS from the control room, provided there is time for operator
action. Again, however, the depth vanishes for MPX and TLU CMFs
since not only does the ECCS not automatically initiate but manual
initiation from the control rcom is also prevented. See GE drawing
103E1805, sheets 1 - 5. If only the DTM fails manual initiation still
wOorks,
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Ad. Inaovertent Cooling of the Reactor
This is event 15.1.6 and is the cooling of the reactor by inadvertent
operation of the RHR heat exchanger - Tabie 15.1-8. This event is a
limiting fault
A4.1 Special Assumplions.
1) The TLU is the only unit that sends information to the control
system for display to the operators. Only status information is
sent.
2) There is nu backup scram for this incident since:

a. There is not enough pressu 3 to scram on high pressure and
such a pressure cannot be reasonably expected to occur.

b. Low water level is not part nf this scenario.

¢. No other possible scram initiators are part of this scenario.
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A4.2 Conglusions

It is not clear whether or not this is an unsafe common-mode
failure. Certainly if the SRNM system does r-* cause a scram then
the reactor will keep cooling and the . .tron flux wili keep
increasing, makiny the core hotter and hotter. This is, however,
either start-up or shut-down mode and the operators should be more
alert than perhaps they would be when in full puwer steady state
operaton. Thus they should catch the problem prior 1o a disaster,

The defense-in-depth and diversity hero is essentially zero with the
operators providing all of the backup to the SRNM.
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AS. Inadvertent Closure of One Turbine Control Valve

This is incident 15.2.1.1.2.1 and is the inadvertent closure of one
main turbine control valve - Table 15.2-1. The incident is treated as
a moderate frequency operational occurrence and classified as an
anticipated operational transient.

AS.1 Assumptions:

1)  Neutron flux increases rapidly because of void reduction
caused by reacior pressure increase. From Figura 15.2-1, upper-
righthand curve, failure to scram on neutron .lux level should
result in reactor dome pressure exceeding the scram trip point of
1105 psig (Table 15.0-1) at about 2.0 to 2.5 seconds into the
incident. This causes an additic ielay of 0.5 to 1.0 seconds
over what would occur with neutron wux scram. The sequelae of
this delay are unknown. Reactor water would cecrease, hut would
not reach trip level before pressure trip (Figure 15.2-1, lower-
lefthand curve).

2) MSLIVs do not close so that adaquate steam is available to
maintain operation of the feedwater pumps, which in turn
maintair. the water level in the RPV. (Low turbine inlet pressure
will close the MSLIV, but the sensor for this parameter is
upstream of the stop valve)

3) Turbine fast solenoid valve switches will not actuate on
inadvertent closure of a main turbine control value.

4) Reactor pressure indication enters the RPS through the EMS.
APRM trip output enters the RPS through the TLU mocules.
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A6. Pressure Regulator Downscale Failure

This accident, event number 1521122 is the failure of steam
pressure regulator wherein all valves clcse attempting to go to zero
pressure at *he turbir.y inlet - Table 1522, The accidant is treated
as a ¢ »time (plant lifetime) postulated occurrence and clagsified
as a limiting fault

A6.1 Special Assumptions.

1) Neutron flux increases rapidly because of void reduction
caused by reactor pressure increase. From Figure 15.2-2, upper-
righthand curve, tailure to scram on neutron flux level should
result in reactor gome pressure exceeding the scram trip point of
1105 psig (Table 15.0-1) at lest than 2.0 seconds into the
incident. This causes an additional celay of less than 0.5 seconds
over what woulc occur with neutron flux scram. The sequelae of
this delay are unknown Reactor water would cecrease, but would
not reach trip level pbefore pressuie trip (Figure 15.2-2, lower-
lefthand curve)

2) MSLIVs do not close so that adequate stsam is available to
maintain operation of the feedwater pumps, which in turn
maintain the water level in the RPV. (Low turbine inlet pressure
will close the MSLIV, but the sensor for this parameter is
Jpstream of the stop valve)

3) Turbine valve switches will not actuate or pressure
regulation failure.

4) Reactor pressure indication enters the KPS through the EMS.
APRM trip output enters the RPS through the TLU modules.
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A6.2 Conclusions

Common-mode failure of the primary scram initiator channel
(column 8) will result in a backup scram due to high pressure. The
control system will provide adequate core cooling (feedwater pump
contrel) in all instances except for a fallure of the multiplexer
block, which dirabies the feedwater control system (column 10).
This also disabies all ESF mitigation and manual operation of the
ESF from the sontic! room  DTM block failure results in a backup
scram due to high pressure, but cooling is provided by the feedwater
control system (colurn 11)  Likewise, TLU failure disables RPS
scram, but this ¢ vacked up by ARI and the feedwater control
system (column 12). ESF is ineffective in both columns 11 and 12.

In failure 10, there is no diverse siynal and no echelon of defense
(Including operator manual action) which can actuate the Engineered
Salety Features. In all other failures. diversity and DID provide both
scram ard core cooling whyn challenged

Because this event is an accident and because ATWS is not
classified as a safety system, it may fail due to relaxed
maintenance requirements or exposure 1o harsh accident conditions.
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A7. Generator Load Rejection with Normal Bypass

This incidert, number 1522212, is generator load rejection with
normal bypass - Table 152-3.  The incident is treated as a moderate
frequency operational occurrence and classified as an anticipated
Lperational transient.

A7.1 Special Assumptions.

1) The primary reactor trip indication i actuation of the turbine
fast closure solenoid valves. From Figure 152.3, upper-lefthand
curve, neutron flux increases rapidly because of void reduction
caused by reactor pressure increase, reaching a peak of 137.1%
NBR (Table 15.0-2) at about 0.7 seconds into the incident. Failure
to scram on turbine fast closure solenoid valve operation should
be lollowed almost immediately by a neutron flux scram at
127.5% NBR (Table 15.0-1). Fiom Figure 15.2-3, upper-righthand
curve, failure to scram on neutron flux level should result in
reactor dome pressure excceding the scram trip point of 1108
psig (Table 15.0-1) no later than about 1.0 seconds into the
incident.

2) MSLIVs do not close so that adequate steam is available 1o
maintain operation of the feedwater pumps, which in turn
maintain the water leve! in the RPV. (Low turbine inlet pressure
will close the MSLIV, but the sensor for this parameter is
upstream of the stop valve.)

3) Reactor pressure indication enters the RPS through the EMS.
APRM trip output enters the RPS through the TLU modules.
Turbine valve status enters the RPS through the DTM modules.
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A7.2 Conclusions

Common-mode failure of the primary scram initiator channel
(column 16) will result in a backup scram due to high flux. The
control system will provide adequate core cooling (feedwater pump
control) in all instances except for a failure of the multiplexer
block, whict disables the feedwater control system (column 10).
This also disables ali ESF miigation and manual operation of the
ESF from the control ronm.  DTM block failure results in a backup
scram due to nigh flux, but cooling is provided by the feedwater
control syetam (colunan 11).  Likewise, TLU failure disables RPS
scram, but this i& tucked up by ARI and the feedwater control
system (column 12). ESF is ineffective in both columns 11 and 12.

In failure 10, there is no diverse signal and no echelon of defense
(including operator manual action) which can actuate the Engineered
Safety Features In all other failures, diversity and DID provide both
scram and core cooling when challenged.
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AB.  Generator Load Rejection with the Fai'lure of All Bypass Valves

This accident, number 15222.1.3, is generator loay rejectior with
all bypass valves failling - Table 162.5  The accident is treated as
@ one-time (plant lifetime) postulated occurrence and classified as
a limiting fault. This event is more stressing than generator load
fejection with one bypass valve failure and the analysis for total
bypass failure is considered to encompass the analysis for one
bypass failure.

A8 Spe . Assumplions

1) The primary reactor trip indication is actuation of the turbine
fast closure solenoid valves. From Figure 15.2.5, upper-lefthand
curve, neutron flux increases rapidly because of void reduction
caused by reactor pressure increase. reaching a peak of 157 6%
NBR (Table 150-2) at about 0.6 seconds into the incident. Failure
to scram on turbine fast closure solenoid valve operation should
be followed almost immediately by a neutron flux scram at
127 5% NBR (Table 15.0-1). From Figure 15.2.5, upper-righthand
curve, failure to scram on neutron flux level chould result in
reactor dome pressure exceeding the scram trip point of 1108
psiy (Table 150-1) no later than about 0.6 seconds into the
incident.

2) MSLIVs do not close so that adequate steam is available to
maintain operation of the feedwater pumps, which in turn
maintain the water level in the RPV  (Low turbine inlet pressure
will close the MSLIV, but the sensor for this parameter Is
upstream of the stop valve.)

3) Reactor pressure indication enters the RPS through the EMS.
APRM trip output enters the RPS through the TLU modules.
Turbine valve status enters the RPS through the DTM modules.
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A8 2 Conclusions

Common-mode failure of the primary scram initiator channel
(column 16) will result in & backup scram due 1o high flux. The
control system will provide adequate core cooling (teedwater pump
control) in all instances except for a failure of the multiplexer
block, which disables the feedwater contral system (column 10).
This also disables all ESF mitigation and manual operation of the
ESF from the control room. DTM block failure results in a backup
scram due to high flux, but cooling is provided by the feedwater
control system (column 11)  Likewise, TLU failure disables RPS
scram, but this is backed up by ARI and the feedwater control
system (column 12). ESF s ineffective in both columns 11 and 12.

In failure 10, there is no diverse signal and no echelon of defence
(Including operator manual acton) which can actuate the Engineerec
Safety Features In all other failures. diversity and DID provide both
scram and core cooling when challenged.

Because this event is classified as a limiting fault and ATWS is not
classified as a safety system, it may fall due to relaxed
maintenance requirements or exposure 1o harsh accident conditions.
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A9.2 Conclusions

Comman-mode failure of the primary scram initiator channel
(column 18) will result in a backup scram due to high flux delayed
approximately 1.2 seconds. Additional diversity is provided by
reacior vessel high pressure but with further delay of 0.8 seconds.
The control system will provide adequate core cooling (feedwater
pump control) in all instances except for a failure of the multiplexer
block, which disables the feedwater control system (column 10).
This a'so disables all ESF mitigation and manual operation of the
ESF from the control room. DTM block failure results in a backup
scram due to high flux, but cooling is provided by the feedwater
control system (column 11). Likewise, TLU failure disables RPS
scram, but this is backed up by ARI and the feedwater control
system (colum~ 12). ESF is ineffective in both columns 11 and 12.

In failure 10, there is no diverse signal and no echelon of defense
(including operator manual action) which can actuate the Engineered
Safety Features In all other failures, diversity and DID provide both
scram and core cooling when challenged.

The effects of delays on fuel condition are not known
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A10. Turbine Trip with All Bypass Valves Failing

This accident, number 152.3.2.1.3, is a turbine trip with all bypass
valves failing « Table 15.2.8 e accident is treated as a one-time
(plant lifetime) postulated occurrence and classified as a limiting
fault.  This event is more stressing than turbine trip with one
bypass valve faillure and the analysis for total bypass failure is
considered to encompass the =nalysis for one bypass failure.

A10.1  Special Assumptions

1) The primary reactor trip indication is actuation of the turbire
stop valve B85% switches. From Figure 152.8, upper-lefthand
curve, neutron flux increases rapidly bacause of void reduction
caused by reactor pressure increase, reaching a peak of 137.5%
NBR (Table 16.0-2) at about 0.8 seconds into the accident. Failure
10 scram on turbine stop valve B5% switches should be followed
by a neutron flux scram at 127.5% NBR (Table 15.0-1) delayed by
about 0.8 seconds. From Figure 15.2-8, upper-righthand curve,
failure to scram on neutron flux level should result in reacior
dome pressure exceeding the scram trip point of 1106 psig (Table
16.0-1) no later than about 1.0 seconds into the incident.

2) MSLIVs do not close so that adequate steam is available to
maintain operation of the feedwater pumps, which in turn
maintain the water level in the RPY. (Low turbine inlet pressure
will close the MSLIV, but the sensor for this parameter is
upstream of the stop valve.)

3) Reactor prescure indication enters the RPS through the EMS.
APRM trip output enters the RPS through the TLU modules.
Turbine valve status enters the RPS through the DTM modules.
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A10.2  Conclusions

Common-mode failure of the primary scram initiator channel
(column 95) will result in a backup scram due to high flux with a
delay of approximately 0.8 seconds. Additional diversity is provided
by reactor vessel high pressure. The control system will provide
adequate cure cooling (feedwater pump control) in all instances
except for a failure of the multiplexer block, which disables the
feedwater control system (column 10). This also disatles all ESF
mitigation and manual operation of the ESF from the control room.
DTM block failure results in a backup scram due to high flux, but
cooling is provided by the feedwater control system (column 11).
Likewise, TLU failure disavles RPS scram, but this is backed up by
ARl and the feedwater control system (column 12). ESI is
ineffective in both columns 11 and 12,

in failure 10, there is no diverse signal and no echelon of defense
(including operator manual action) which can actuate the Engineered
Safety Features. in all other failures, diversity and DID provide both
scram and core cooling when challenged.

The accident is classified as a limiting fault. The ATWS is not
Classified as a safety system and may fail due to relaxed
maintenance requirements or exposure to harsh accident conditions.
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A11.2 Conclusions

Common-mode failure of the primary scram initiator channel
(column 14) will result in a backup scram due to high flux with a
delay of approximately 0.8 seconds. Additional diversity is provided
by reactor vessel high pressure. Reactor core cooling is necessary
and is provided by RCIC except as noted below (feedwater pumps are
unusable because feecwater pump turbine steam supply s
interrupted by MSLIV closure). Multiplexer failure (column 10)
results in scram but complete failure of ECCS. DTM block failure
results in a backup scram due to high flux, but again with complete
failure of ECCS (column 11). TLU failure disables RPS scram, but
this is backed up by ARI (column 12). Mowever, ECCS fails to
operate

Columns 1 through 3 demonstrate water level channel failures. For
failure 2, diverse initiation of HPCF backs up RCIC. For failure 1
there are two possible modes of failure. If the transmitter sticks
indicating permanent high water level the injection vaive for HPCF
will never open and RCIC turbines will not stait.  If the transmitter
sticks indicating permanent intermediate or low water level then
the injection valve, once open, will never close and the reactor may
overflow. (If the transmitter sticks at a permanent low level, there
IS a permanent scram initiated.) LPFL will start but will be
ineffective without blowdown by the ADS. ADS blowdown will not
occur until both low water level and high drywell pressure have
existed for a timeout period, and high drywell pressure will not
occur in this accigent.

Summarizing, reactor scram is initiated by diverse signals (failures
11 and 14) or by DID backup by ARI (failure 12). In failures 1, 10,
11, and 12, the control system is unable to provide DID core cooling
and there is no diverse method for automatic operation of any of the
ECCS features. Manual blowdown of ADS is possible in failure 1,
allowing LPFL o substitute for ineffective HPCF and RCIC. Manual
operation of RCIC or HPCF from the control room may be possible for
failure 11, but is precluded in failures 10 and 12,

Because this event is classified as a limiting fault and ATWS is not
classified as a safety system, it may fail due to relaxed
maintenance requirements or exposure to harsh accident conditions
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A12. Loss of Condenser Vacuum

This incident, number 1525 is loss of condenser vacuum - Table
16.2-14. The incident is treated as a moderate frequency
operational occurrence and classified as an anticipated operational
transient.

A12.1 Special Assumptions

1) The primary reactor trip indication is actuation of turbine
stop valve B85% switches. From Figure 15.2.10, upper-lefthand
curve, neutron flux begins to increase rapidly because of void
reduction caused by reactor pressure increase, but the peak value
reached in this simulation is 111.0% NBR (Table 15.0-2), due to
simulated scram at 0.2 seconds (Figure 15.2-10 lower-righthand
curve). If the turbine stop valve swiiches fail, this incident 13
most similar to accident 15.2.1, pressure requlator downscale
failure. From accident 15.2.1, failure to scram on turbine stop
valve 85% switches should be followed 1.2 seconds later (Figure
15.2-2, lower-righthand curve) by a reutron Yux serem at 127 5%
NBR (Table 15.0-1). From Figure 18.2-2, upper-righthand curve,
failure to scram on neutron flux level should result in reactor
dome pressure exceeding the scram trip point of 1105 psig (Table
16.0-1) after an additional delay of 0.8 seconds. The effects of
these additional delays are unknown.

2) Reactor pressure indication enters the RPS through the EMS.
APRM trip output enters the RPS through the TLU modules.
Turbine valve status enters the RPS through the DTM modules.
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A122 QConclusions

Common.-mode failute of the primary scram initiator channel
(erlumn 15) will result in a backup scram due to high flux delayed
approximately 1.2 seconds Additional diversity is provided by
reactor vessel high pressure but with further delay of 0.8 seconds.
The control system will be ineffective in providing core cooling
because the MSLIVs are expected to close at § seconds due 1o low
condenser vacuum. DTM block failure results in a backup scram due
to high flux. Likew'se, TLU failure disables RPS scram, but this is
hacked up by ARI (zolumn 12). ESF is ineffective in columns 10
through 12.

Columns 1 througn 3 demonstrate water level channel lailures. For
failure 2, diverse initiation of HPCF backs up RCIC. For failure 1
there are two possible modes of failure. If the transmitter sticks
Indicating permanent high water level the injection valve for HPCE
will never open anc RCIC turbines will not start. If the transmitter
sticks indicating permanent intermediate or low water level then
the injection valve, once open, will never close and the reactor may
overflow. (If the transmitier sticks at a permanent low level, there
It a permanent szram initiated) LPFL will start but will be
ineffective without blowdown by the ADS. ADS blowdown will not
occur until both low water level and high Jiywell pressure have
existec for a timeout period, and high drywall pressure will not
oncur in this accident

Summarizing, reactor scram is initiated by diverse signals (failures
11 and 15) or by DID backup by ARI (failure 12). In failures 1, 10,
11, and 12, the control system is unable to provide DID core cooling
and there is no diverse method for automatic operation of any of the
ECCS features. Manual blowdown of ADS is possible in failure 1,
allowing LPFL to substitute for inetfective HPCF and RCIC. Manual
oreration of RCIC or HPCF from the control room may be possible for
failure 11, but is precluded in failures 10 and 12.

The effects of delays on fuel congition are not known.
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A13. Loss c¢f Auxiliary Power Transformer

This incident, number 15.26.1.1.1, 15 loss of unit auxiliary power
transformer - Table 15.2-16. The incident is treated as a moderate
frequency operational occurrence and classified as an anticipated
operational transient

A13.1  Special Assumptions

1) The primary scram initiator is turbine fast closure solenpid
valve operation. The event is similar to a load rejection. From
Figure 15.2-11, upper-righthand curve, reactor pressure exceeds
the trip setpoint of 1105 psig at about 2 seconds, providing a
diverse trip to the turbine fast closure solenoid valve 85%
switches. The General Electric simulation differs from a load
rejection, however, in that neutron flux rises during the 'oad
rejection (upper lefthand curve, Figure 152-3) whereas it does
not for this incident (upper-lefthand curve. Figure 15.2-11).
Since there does not appear to be any significant ditference
between this incident and a load rejection during the early
stages, h'gh flux will be assumed to be another diverse trip, if
needed.

2) General Electric SAR Chapter 15, paragraph 1526.2.2.1, in
sequence action 2, assumes immediate trip of hall of all
electrical pumps as a result of loss of electrical power. It is
assumed that this occurs because of load-shedding caused by the
reactor control system rather than operation of the protection
system. The pumps tripped include five RIPs, one ¢ancensate
pump, anu twt ‘ondenser circulating water pumps.

3) Feedwater pump trips as described by sequence action 3, SAR
Chapter 15, paragraph 1526.2.2.1 are assumed 10 occur.

4) Turbine trip occurs at 8 seconds after loss of unit auxiliary
power transformer.

6) MSLIV closurg occure at about 28 seconds after loss of unit
auxiliary power transformer. The loss of feedwater pumps and
the closure of MSLIVs make ECCS a necessity, since no other
cooling means are available.
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7) Reactor pressure indication enters the RPS through the EMS.
APRM trip output enters the RPS through the TLU modules
Turbine valve status enters the RPS through the DTM modules.

A13.2 Conclusions

Common-mode failure of the primary scram initiator channel
(column 16) will result in a backup scram due to high flux with a
delay of approximately 0.8 seconds. Additional diversity is provided
by reactor vessel high pressure. Reactor core cooling is necessary
and is provided by RCIC except as ncted below (feedwater pumps are
unusable because feedwater pumps are tripped and turbine steam
supply is interrupted by MSLIV closure). Multiplexer failure (column
10) results in scram but complete failure of ECCS. DTM block failure
resuits in a backup scram due to high fiux, but again with complete
failure of ECCS (column 11). TLU failure disables RPS scram, but
this is backed up by ARI (column 12). However, ECCS fails to
operate

Columns 1 threugh 3 demonstrate water level channel failures. For
failure 2, diveise initiation nf MPCF backs up RCIC. For failure 1
thete are two “ossivle modes of failure. If the transmitier sticks
indicating permanent high water level the injection valve for HPCF
will never open and RCIC turbines will not start. |f the transmitier
sticks indicating permanent intermediate or low water level then
the injection valve, once cpen, will never close and the reactor may
overflow. (If the transmitter sticks at a permanent low level there
Is a permanent sciam initiated.) LPFL will start but will be
inaffective without blowdown by the ADS. ADS blowdown will not
ocewr until both lov water level and high drywell pressure have
existed for a timeout period, and high drywe!l pressure will not
occur in this accident.
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Summarizing, reactor scram is initiated by diverse signals (failures
11 and 16) or by DID backup by ARI (failure 12). In failures 1, 10,
11, and 12, the control system is unable to provide DID core cooling
and there is no dive/eo method for automatic operation of any of the
ECCS featuros. Manual blowdown of ADS is possitle in failure 1,
allowing LPFL to substitute for ineffective MPCF and RCIC. Manual
operation of RCIC or HPCF from the control toom may be possible for
failure 11, but is precluded in failures 10 and 12

Loss of un't auxiliary transformer and one startup transformer
Is not dealt with separately because the main difference, besides
greater dependence on diesel generators, is the additional trip of the
last three reactor recirculating pumps, which tends to further
reduce reactivity. The consequences of this additional failure
appear to be less than those for failure of the unit auxiliary
transformer alone.
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A14. Loss of Feedwater Flow

This incident, 1527, 1s loss of feedwater flow - Table 15.2-18. The
incident is treated as a moderate frequency operational occurrence
and classified as an anticipated operational transient,

A14.1  Jpecial Assumptions

1) The primary reactor trip indication is water leve' 3 indicated
by the LT351(A-D) narrow range water level transducer channel
Neutron flux and reactor vessel pressire do not react quickly
during this incident  Ultimately, the Mb.IVs will close because
of level 1.5 water level switches or because of low turbine inlet
pressure. Secondary reactor trip indication is therefore the
MSLIV 85% switches. Time delay to secondary trip is unknown.
ARI| at level 2 may beat the MSLIV switches

2) RCIC is expected to be required because feedwater pump
turbines are not working.  Alternative mitigation is MWPCF
However, since there is no leak Into the drywell, ADS will not
blow down the reactor and LPFL is therefore not an alternative
automatic cooling means

3) Reactor wate: level indication enters the RPS through he EMS.
APRM trip output enters the RPS through the TLL modules.
Turbine valve status enters the RPS through the DTM modules.
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A15. Trip of Al RIPs

This event, number 15.3.1.1.2.2, is the trip of all of the R'™" . Table
15.3-2. This is a limiting fault event.

A15.1  Special Assumotions

1) Failure of the turbine stop valve switch channel ultimately
leads to a high pressure scram. The high pressure scram occurs
@t about 2 seconds after the start of the incident. This is
approximately the same time as the scram would have occurred
had the stop valve switches operated correctly. See Figure
15.3.2.

2) The high water lcvel (LB) which initiates the turbine and
feeawater pump trips is sensed by a transmitter which is part of
the control system; this sensor is presumed to operate correctly.

3) Stop valve switch status enters the RPS at the DTM. See RAI|
response dated 10/4/91, number 9a, page 14.

4) An AFRM ip (STPT) does not occur,

A15.2 Qonclusions

Failure 1 is actually two failures in one. If the transmitter s.icks
indicating permanent high water level the injection valve for iPCF
will never open. If the transmitter sticks indicating permanent
intermediate water level ihen the injection valve, once open, will
never close and the reactor may overflow. (If the transmitter sticks
at a permanent low level, there is a permanent scram initiatad.)

The behavior of RCIC for failure 1 is straight forward. If the
channel sucks below the high water level setpoint (L8) then the
reactor may overflow. |If the channel sticks at or above the high
water level setpoint RCIC will not initiate.

For failures 3 and;6 the system operates normally. For failure 15,
an alterna‘e scram initiator is used but otherwise the system
behaves normally.

For failure 2, the RCIC fails to start but is backed up by the HPCF.
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For failure 10 the scram is normal but there is no system for cooling
of the core and the core may become exposed. For failures 11 and 12
ARI is invoked to scram the reactor and again there is no core
cooling If needed. In failures 10 and 12 there is no manual initiation
of the core cooling machinery from the control room because these
controls require the correct functioning of both the MPX and the TLU.
See GE drawings 103E1805 sheets 1 - §.

Reactor scram initiation is pravided by the turbine valves with RPV
pressure providing a diverse trip. Power scram will probably not
provide other diversity because the trip of the RIPs reduces core
reactivity. This diversity vanishes with CMFs of the digital system
(MPX, DTM, TLU).

Manual scram initiation and ARI! from the control system provide
defense-in-depth for scram.

RCIC and HPCF provide diverse methods for cooling the core.
However, all of that diversity vanishes and nothing is left with any
failures in the digital systems. It should be noted that although
LPFL may initiate on low water ievel, it is never available because
ADS will never initiate.  ADS initiation requires nigh drywell
pressure. See figure 7.3-2h.

Manual control provides defense-in-depth for the ECCS providing
there is time for the operators to act and there are no failures in the
TLU or MPX. With a failure in either one of those digital systems
manual initiation of any part of ECCS from the control room is lost.
See GE drawing 103E1805 sheets 1 - §.

If the high water level sensor in the contro! system fails to trip the
turbine, there may be undesirable consequences since there are no
reactor trips available: first, there may be water droplets sent to
the turbine if the feedwater _ontro! system does not or can not keep
the water leve! properly controlled and second, there may be boiling
at the fuel rods with consequent fuel rod damage.
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A16. Inadvertent Control Rod Removal During Startup

This event, 154.1.2, is an inadvertent control rod removal during
start-up. Refer to Table 15.4-2 and Figure 154-1. It is categorized
as an infrequent incident.

£16.1 Special Assumptions

1) Per GE ABWR SAR, the reactor is assumed 1o be in the critical
condition before the incident, 0.001% rate power and 286°C .

2) The neutron monitor scram initiation preferences are:

Short Period Trip (SRNM)
15% power (APRM).

No other automatic scram initiators are available. For power
percentages below 15% the fuel is not damaged

3) It is unclear whether or not fuel damage will occur above 15%.
In addition no process evaluations were done on rod withdrawal
error past 15% power. Thus, it is unclear if a8y process variable
other than SRNM or APRM will initiate a scram.

4) The feedwater pumps maintain reactor water leve! above level
3. Thus, ARl ang ECCS will not be challenged.

5) The SBRNM signal does not go through the MPX or DTM and is
direct:, transmitted to the TLU.

A16.2 Conclusions

Mitigations 8 and 9 involve normal operation of the protection
systems. A short peridd reactivity increase detected bv the SRNM is
the primary scram initiator. If the SRNM is not available the
setdown mode of the APRM detects a high average neutron flux (15%
rated power). Mitigation 8 relies on the primary scram initiator,
thus loss of the ARRM has no affect in this incident. Mitigation 9
scrams on the secondary initiator otherwise operation is normal.

In mitigation 12, the loss of the TLU will inhibit a scram. There are
no other automatic initiating signals. AR! and RPS cannot initiate.
The ECCS is not challenged.
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The time the operators may have to respond to this event before fuel
rod damage can not be determined from the current information in
the GE ABWR SAR (Chapter 154, Table 154-2 and Figure 15.4-1). At
start-up the operators should have a heightened awareness. They
should be monitoring the process variables very carefully and paying
particular attention to any deviations from normal start-up. If a
deviation from normal start-up ic observed the operators should
immediately scram the reactor. It is unclear whether or not this is
an unsafe common-mode failure scenario.

The SRNM and APRM provide diversity for mitigations 8 and 9, while
mitigation 12 has no diversity. Diversity does not exist for all
possible CMFs for this incident.

Defense-in-depth is provided through the control room manual scram
system
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A17. Fast Runout of All RIP;

This event, number 1545122 is a fast runout of all RIPs. Refer to
Table 1545 and Figure 154-3. This event is categorized as a

limiting fault.

A17.1 Special Assumptions

1) By interpretation of the first eight seconds of Figure 15.4.3
and Figure 4.4-1 the reactor variables will settle into a new
steady-state without a scram. Although the new steady-state
may be above 100% of rated power. In this case no other scram
initiators other than APRM will be sensed.

2) The turbine may be operating at a low enough power such tha.
the runout of the RIPs increases the reactor steam flow beyond
the capability of the SB&™CS. The turbine control valve throttles
1o maintain constant pressure/ficv and the 3B&PCS diverts
steam flow at full capacity. In this case, the turbine control
valve would not allow an increase in steam flow and the SB & PCS
could not handle any additional steam flow, .herefore the reactor
pressure will build and finally initiate a scram.

2) The feedwater pumps maintain reactor water level above level
3. Thus, ECCS will not be challenged.

3) The APRM signal does not po through the MPX or DTM and is
directly transmitted to the TLU.
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A17.2 Conclusions

Mitigation 6 involves normal operation of the protection systems
The APRM initiates a scram.

Mitigation 8 considers two possible initial states, one leads to a
scram while the other will not.  The first initial state (8-3) is
where the turhine 1ad the reactor are operating at low power. Thus
when the RIPs 1. Lut, a large amount of steam must be diverted by
the SB&PCS. Since the SBAPCS can only divert a limited amount of
steam the reactoi vessel pressure will builg, eventually initiating a
scram. The second initial state (8-0) is where the turbine and the
reactor are operating at high power (near 100%) and the SB&PCS
system is uiverting very little steam. In this case the SB&PCS can
handle the increased steam flow due to RIP runout and the reactor
system will simple go into another steady-state. With a CMF in the
APRMs a scram is inhibited. This higher steady-state will be
detectable by the operators at which time the operators may decide
upon and implement a course of action.

Mitigaticn 12 considers the same two initial states as mitigation 8,
The first initial state (12-3) leads to an ARI scram. The second
initial state (12-0) leads to a new process steady-state in which
mitigation depends on the ¢ -erators.

The ECCS is not challenged.

Diversity exist for three of the five mitigations (6, 8-3, 12-3). The
other two mitigations (8-0, 12-0) have no diversity. Diversity does
not exist for all postulated CMFs,

Defense-in-depth is provided through the controi room manuz! scram
system.
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A18. Steam Piping Break Outside Containment

This event, number 1564, is a steam system piping break ou!side of

containment - Table 156-4. This is a limiting fault

A18.1 QSpecial Assumplions
1) Vhe closure of the MSLIVs is initiated from the ESFAS The
gocumentation for how the MSLIVs are cnntrolled is reasonably
clear y where control is arcised 18 confused. On GE
drawing 103E1805 sheets 1 "» MSLIVs are shown as
connected directly to the Tl S ‘Ut those same
grawings show the LLDS as par. 5. (n the IBNs for the
LD&IS (LDS) are shown all of

;.
& ceAall

actuation of the

MSLIVs Further, in Ref 2, pa of C.auipment
‘ 8 ( pme
Interface with the Essential Mux shown the

MSIVe from which it could be inter , » MSIVL are
actuated through the multiplexer it has been :..,umed for this
analysis that the control of the MSLIVs rests in the ESFAS but
that the sofiware which evaluates the various functions for
operating the MSLIVs runs on the DTM and TLU which also evaluate
RPS functions Further, it is assumed that the actuation signals
for the valves is hardwired from the RPS/MSIV TLUs to the valve
load drivers These assumptions blurs the separation between
RPS and ESFAS but do not effect the analysis

2) Al 16 flow sensor channels f{ together
‘:

3) Since the feedwater ump loses its steam supply with the
R closirg of the MSLIVs (see paragraph 152.4.3.1). both RCIC and

HPCF are needed to maintain the water level in the RPV. This may
not be a necessity, but the scenario shows it

(>

4) The SBE&PCS is oblivious to the break in the line (a really

worst-case assumption) although it will not be able to do more

- . oy . b . N = : =
than idle the turbine on the line INUs no scram init'ating signa:s
will come from the turbine

5) The low turdine-iniet-pressure sensor channel is throug" the

o ™\ .

MP X These sensors are different from the first stage-turbine.

’ ey o P~ - ~ - " T - n

pressure sensors which connect directly to the DTM See the

material faxed to Stewart and Poslusny (NRC) on 10/4 91 from an
: INKNOWTr e et r 1 . -~

- 3 > rocm A i N ~ - . o P 5 by B *)
party aE responding to NRC concerns, item number 9
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Low pressure may not initiate the closing of the MSLIVs if the
break is not too complete or is located far from the turbine inlet.

A18.2 (Conclusions

Failure 1 is actually two failures in one. If the transmitter sticks
indicating permanent high water level the injection valve for HPGF
will never open. If the transmitter sticks indicating permanent
intermectiate water level then the injection valvo, once open, will
never close and the reactor may overflow. (If the transmitter gticks
at a permanent low level, there is a permanent scram initiated.)

The behavior of RCIC for failure 1 is straight forward. If the
channel sticks below the high water level tetpoint (L8) then the
reactor may overtlow. If the channe! sticks at or above the high
water level setpoint RCIC will not indiate.

For failure 8, scram is most likely to occur because of high pressure
because the MSLIVs have closed successtully. However, a power
scram may occur because the high pressure will increase the
reactivity ot the core. ECCS operates normally.

For failures 2 and 3, the failure ¢! the low water leve! transmitters
causes eithar HPCF or RCIC to fail. It is not clear that both RCIC and
HPCF are needed to kesp the water level up in the RPV, but if both
are needed and one fails LPFL cannot provide a backup since ADS is
required and cannot initiate because the drywell pressure is normal.
See figure 7.3-2h.

For failure 11 everything operates normatly.

For CMFs 12, 13 and 14 nothing works. All of the sensor channels
which could close the MSLIVs come through the MPX, DTM and TLU.
As long as the MSLIVs stay open, neither high reactor pressure nor
high reactivity can cause a reactor scram. Water level will probably
be maintained in the reactor by the feedwater system since there is
probably enough steam pressure to run the feedwater pumps. Even if
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the water level falls to a low level AR! will not be invoked. ARI is
initiated by low water level signals from the SSLC [Ref 5]

Closing of the MSLIVs limit switches is the primary reactor scram
initiator with high RPV pressure and high neutron flux scrams
providing diversity. However, all three are linked in that the two
diverse backup scrams depend on the MSLIVs closing. Therefore
failures in the digital systems prevent scram from occurring.

High steam line flow is the primary initiator for MSLIV closure with
tunnel temperature and turbine room temperature providing
diversity. Low turbine inlet pressure is a third diverse initiator but
it may not always function. Since all of these signals are processed
through the digital system, the MSLIVs will not close for a CMF
there.

Manual controls provide defzunse-in-depth for both scram and closure
of the MSLIVs. ARI also provides DID for scram but for this event
AR! fails when the digital systems fail because the MSLIVs do not
close. If they are manually ciosed then ARI may get invoked but if
the operators are alert enough to close the MSLIVs manually, they
will probably manually scram the reactor also.

RCIC and HPCF provide diverse means for cooling the core should
that be re -uired. The GE scenario indicates that both RCIC and HPCF
are required to keep the core covered, which reduces the diversity
somewhat but this does not seem to be a critical issue. As above,
failure of any of the digital systems eliminates all ECCS. LPFL is
not available although it will initiate. LPFL requires the operation
of the ADS and ADS will not initiate because the drywell pressure
remains normal. See figure 7.3-2h.

DID for initiation of the ECCS is provided by manual initiation from
the control room, assuming there is t'me for operator action.
However, with the CMF of either the MPX or the TLU this manual
initiation capability is cut off.
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A19. LOCA Inside Containment

This event, number 15.6.5 is a loss of coolant accident (LOCA)
inside containment - Table 6.3-2. This is a limiting fault.

A19.1 Special Assumptions

1) Any break in the piping which causes this event will increase
the drywell pressure sufficiently to trigger mitigating action,
This is justified if the break is a main steam line or a feedwater
line. (Feedwater temperature is 422F and the flow is over 4000
Ib/sec. (Table 15.0-1). Therefore it should flash as it enters the
drywell and the volume should be adequate to increase drywell
pressure to ihe trip point (1.7 psig, figure 7.3-4c). For other
(unidentified) breaks this assumption is not so clear.

2) A number of signals may initiate the clos'ng of the MSLIVs -
excessive steam flow , low turbine inlet pressure, or low reactor
water level (figure 7.3-5 sheets 4 - 7). The first two are
problematical since if a steam line breaks the position and extent
of the break may prevent them from initiating the valve closing
and a feedwater line break clearly will not increase the flow in
the steam lines or reduce the turbine inlet pressure. Low water
level appears to be the only MSLIV trip that can be counted on.
However, after the reactor scrams on low water level, if the
MSLIVs have not closed, for whatever reason, ultimately the
MSLIVs will close on low turbine inlet pressure.

3) All signals that initiate MSLIV trips come through the EMS.
There is some confusion on this because turbine first stage
pressure which trips the reactor enters the system at the RPS
DTM. But this signal is a bypass signal for start-up rather than a
trip. These items are covered in more detail in assumption 1 for
event 156.4.




postulated CMF
g parameier

blank - not mvolved or nol aftectad
- not ayadabie due 10

e

Loss of Coolant Accadent

Tabie 6.3-2

Legend.

110 11 - actuail initiat

DBE 1565

Pnmary scram and ECCS iniuator

Secondary scram wiiator

Teruary scram mtaion

Teruary scram muator

All thwee of the ECCS sysiems,

RCIC, HPCF, and LPFL musi be

available o mugaie the efiects of

thas accident.

Requured for LPFL

NG [ MO

O

1

1
1

1
1

oUMS (8487
181E M MOT AISH

1
1
1

10

1

WOUMS '§38id
—Uemliq _say

1
1

&)

O

UOIMS [8A87

9I1BM SQY

MG Bunssald
I suiqun)

16117{18(19{20

UOUMS BA[BA
[0IW0g BuiQun]

OUMS BABA
dojg aunqun |

UoNiISOY

AISH

1311415

i

nL

O

O

wia

O

1

XdW

Oj0 |0

0|0

1011112

0]10jO|1

O{010]1

Oj0|O |1
0|0]0

Oj010]1

0|00 |1

00

(pes ueis)
HNKS

( pes uru)
ALY

(P& ISW)
VIsele!

71819

I
Addil

9CELd - uns
-Sdicd L AIMAIL

9INssaiy
Wwnooy Q9

41516

O] BOIM

3

19AS M. BN

sdn0ue)
N

Parameter

Event
1565

O

2

1

Low Waier
Level

7 MSLIV

8 Turbine Valves

9 Pressure Low

Low Tubine

Inlet Pressure

10

Scram

HPCF

RCIC

LPFL

SLCS




CMF Analysis DRAFT  .97. DRAFT 1211770
A18.2 Conclusions

For failure 1 scram will initiate on either of the two backup signals,
high drywell pressure or MSLIV closure.

Failure 1 is actually two failures in one. If the transmitter sticks
Indicating permanent high water level the injection valve for HPCF
will never open. If the transmitter sticks indicating permanent
intermediate water level then the injection valve, once open, will
never close and the reactor may overflow. (If the transmitter sticks
at a permanent low level, there is a permanent scram initiated.)

The behavior of RCIC for failure 1 is straight forward. If the
channel sticks below the high water level setpoint (L8) then the
reactor may overfiow. If the channel sticks at or above the high
water level setpoint RCIC will not initiate.

For failures 2, 3, 5, 19 and 20 the system reacts in a reasonably
normal fashion with scram occurring on time and all elements of the
ECCS initiating as they should. It should be noted that the LPFL
initiates on either the wide level A - D transmitters or the E - M
transmitters. Drywell pressure is needed to initiate scram, HPCF
and RCIC as the various low water level transmitters fail. The
MSLIV's will close on low water level in the normal way except in 18
where low turbine inlet pressure is needed.

For failures 17 and 18 scram and initiation of the high pressure
parts of ECCS occur normally (low water level) but although LPFL
will initiate, it is unavailable because ADS requires both the low
water level switch and the high drywell pressure to initiate. This
jeopardizes the core integrity. The MSLIVs close normally on low
water level

For failure 10 none of the protection systems will initiate since all
of the necessary signals are transmitted through the MPX. Manual
initiation of the ECCS from the contro! room is prevented oecause
these manual controls operate through the MPX. See GE drawings
103E1805 sheets 1 - 5. Manual scram of the reactor from the
control room is available since these pushbuttons are hard wired to
the scram solenocids. Again see GE drawings 103E1805 sheets 1 - 5.
Core exposure and significant fuel damage probabie.



CMF Analysis DRAFT  .¢s. DRAFT 12/17/1

For failure 11 and 12 ARI will scram the reactor but as in 10, above,
none of the ECCS will initiate automatically. In failure 11 manual
initiation of the ECCS can I accomplished from the control room
but a failure of the TLU (fail. e 12) disconnects these controls as in
10. Core exposure and fuel damage is very likely.

For all failures except 10 through 12 the MSLIVs will close as
required when the water level gets low enough or the turbine
pressure gets low enough.

Low water levei is the primary scram initiator with high drywell
pressure and closure of the MSLIVs providing diversity.

AR| provides defense-in-depth for scram but for failures in the
digital systems most of this depth vanishes. Manual scram is
available at all times but there may not be encugh time for the
operators act so this may not provide more depth to the defense.

RCIC, HPCF and LPFL provide diverse means for cooling the core.
Failures In the digital systems, however, prevent any of these
systems from initiating.

Manual initiation of the ECCS from the control room provides
defense-in-depth but this is not operational for a CMF uf the MPX or
TLU.
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20. Feedwater Line Bieak Qutside Containment

This event, number 1566, 18 a break In a teedwater line outside
( -

containment - Table 15 S is a limiting fault

AcV &L.‘ni.AZH.A-@A.‘Mn.,d
1) Boir RCIC and HPCF will normally be avaiiable to mitigate this
event anu are adeqQuate for the task Table 156-15 states that

RCIC is not available because the feedwater line is broken. This
k IS N0t backed up by any other documentation and examination of
other pertinent documentation leads to the impression that the
d statement is in crror. |t one or the other of these systems fail, it

s assumed that LPFL will turn on as required

¢) Low water level will normally trip the MSLIVs (figure 7.3-5
- sheets 4 - 7) However, after the reactor scrams on low water
leve if the MSLIVes have not closed, for whatever reason.
ultimately the MSLIVs will close on low turbine inlet pressure

als that initiate MSLIV trips come through the EMS

¢ on on this because turbine first stage

P pressure which trips the reactor enters the system at the RPS

OTM. But this signal is a bypass signal for start-up rather than a

e MSL radiation trip enters the RPS at the DTM and

assed to the ESFAS to initiate MSLIV trip. These items
20 In more detcil in assumption 1 for event 156.4
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A20.2 .onclysions
For failure 1 scram is initiated by the MSLIVs closing.

Failure 1 is actually two failures in one. If the transmitter sticks
indicating permanent high water level the injection valve for HPCF
will never open. If the transmitter sticks indicating permanent
intermediate water level then the injection valve, once open, will
never close and the reactor may overflow. (If the transmitter sticks
at a permanent low level, there is a permanent scram initiated.)

The behavior of RCIC for failure 1 is straight forward. If the
channel sticks below the high water level setpoint (L8) then the
reactor may overfiow. If the channel sticks at or above the high
water leve! setpoint RCIC will not initiate.

For failures 2 and 3, the reactor scrams normally but only one of the
two ECCS systems is available. If this is inadequate to maintain the
water level in the reactor during cooldown, the core may become
exposed because LPFL is unavailable since ADS will not initiate
because the drywell pressure is not elevated.

For failure 10 none of the protection systems will initiate since all
cf the necossary signals are transmitted through the MPX. Manua!
initiation of the ECCS from the control room is prevented because
these manual controls operate through the MPX. See GE drawings
103E1805 sheets 1 - 5 Manual scram of the 1actor from the
confrol room is available since these pushbuttons are hard wired to
the scram solenoids. Again see GE drawings 103E1805 sheets 1 - &.
Core exposure and significant fuel damage is guaranteed.

For failure 11 and 12 AR! will scram the reactor but as in 10, above,
none of the ECCS will initiate automatically. In failure 11 manual
initiation of the ECCS can be accomplished from the control room
but a failure of the TLU (failure 12) disconnects these controls as in
10. Core exposure and fue! damage is very likely.

Failures 17 and 18 are not particularly significant since the onrly
unusual occurrenceé is the beiated trip of the MSLIVs from low
pressure as a result of the reactor running out of steam.
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Low water level is the primary scram initiator with closure of the
MSLIVs providing diversity. Not all initiators are functional for all
CMFs and with any failure in the digital systems both initiators fail.

Defense-in-depth is provided by ARI and, if there is enough time for
the operators to act, manual scram. Failures in the digital systems
impair this depth with a failure in the MPX eliminating ARI, leaving
manual initiation as the only meanc of scramming the reactor.

RCIC anc HPCF provide diverse means for cooling the reactor core
but this diversity vanishes with any failure in the digital system.
LPFL is never available for this event. LPFL requires the operation
of the ADS and ADS will not initiate because the drywell pressure
remains normal. See figure 7.3-2h.

Manual initiation of the ECCS from the control room provides
defense-in-depth if there is enough time for the operators to act.
These manua' controls are cut off when either the MPX or the TLU
fails.
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Appendix B

B1. VYarious Support Systems

There are several systems contained within the protection system
for which a detailed CMF analysis is impractical because of a lack of
desigi: information or unnecessary because their tailure to activate
aviomatically poses no setious risk to the reactor system. For those
systems for which we have inadequate information, the number of
assumptions required would be so great that the analysis would be
essentially meaningless.  Further, these systems are not typically
required to meet the challenges of Chapter 15. These systems are:

1) RHR/Wetwell and Drywell Spray Cooling Modes

2) RHR/Suppression Pool Cooling Mode

3) Standby Gas Treatment System

4) Emergency Generator Support Systems

5) Reactor Building Cooling Water System

6) Essential HVAC System

7) HVAC Emergency Cooling Water System

8) High Pressure Nitrogen Gas Suppiy System
What can be said about these systems is that they all may suffer
from the same problems that the ECCS suffers from if they are
controlled through the MPX, DTM, TLU systems. That is, failures in
these digital systems mey well prevent any or all of these systems
from starting when required. Further, manual control from the

control room may be prevented if the MPX or TLU fails in a common-
mode. See GE drawing 103E1805 sheet 1.

B2. CRD Header Pressure Scram and High Pressure Nitrogen Supply

The high prec-ure nitrogen supply system is required for scram but
depends on the operators to make sure that the supply is adequate
for the action required. We presume that low pressure is
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annunciated to the cperators but a large leak might get ahead of
them. Further, the CRD pressure scram scrams only if there is a leak
in the purge water flow system. There maybe a link between these
systems (high pressure nitrogen and CRD pressure scram) but it is
obscure and that makes the analysis weak.

it is questionable whether scramming with a detected leak in the
CRD header is a good idea. | the header system is leaking at 1000
psi and it is suddenly pressurized to 2000 psi there might be a
disaster.

B3. Seismic System

The accelerometers are shown entering the SSLC in Ref. 2. The
signals are shown on Figure 19N.1-1. However, in Ref. 2, concern
number 9, no mention is made of the place that seismic signals enter
the system.

If the signals enter the SSLC at the DTM, a CMF of the DTM or the TLU
will prevent scram for a seismic event. If they enter a little tarther
along at the TLU, then only a CMF of the TLU would preveni scram.
Corruption cf the channels is probably not an issue with these
signals since there are three sets of accelerometers and a trip will
occur if any one set functions correctly.

B4. Manual Bypass System

The manual bypass system allows the bypassing of sensors and
divisions of the protection system. The purpose is to allow
maintenance of the various parts of the system while still
maintaining the protective function. The logic of section 7.2 shows
that if one division is bypassed, the other divisions cannot be
bypassed. However, since all of the logic is implemented by
software, a potential common-mode failure is for the bypass of one
divisior to cause the bypass of ali divisions thus eliminating any
protective actions if protection is required.
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Appendix C

This appendix contains the Trip Tables which were used in this
analysis. What the tabies show are the inpuis fer tha various
functions of the protection system tog’the' with actions which are
triggered by the functions.
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ECCS - HPCF
Trip Table
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ECCS - RCIC
Trip Table
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ECCS - ADS/SRV
Trip Table
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Trip Table SB[ IE § g
EI i
Drywell pressure PT-306(A-D) X
10t lrvel LT-353(A D) X
S3(EH) X
1-301(A-D) X
manue' initate X
M'Eh%w . |83 .
lml '.mr!tgr frynn wilch
{ 8valaoie _swich 7 X
1on mov-FO01! n gwich 7
A SUCHON 18D valve mov-FOCZ(A-C) swiich ? X
X1 X1 X

U

L pum wdaler into core




LD & IS

MSLIV Trip Table
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Appendx D
D1. Shrared signal analyses

In addition to the analyses performed under section 3.3 and results
presented in section 5 of this report, eleven signals which are
shared between two or more echelons (see Figure 3 or Figure 5) are
singied out for special attention in this section. The question asked
is “can a sensor falure cause one echelon to challenge another and
2lso inhibit the second echelon from mitigating the effects of the
failure”. For each shared signal this question is examined.

D11 Tubine valve 65% switches

These switches cause reactor scram upon load rejection or turbine
trip.  An optically isolated version of switch condition is passed to
the control system where it is used to trip five reactor interna!
pumps, thereby reducing reactivity The turbine valve switches do
not serve as an input variable for a control process in the control
system, so that there is no crecble scenaric in which failure of the
turbine valve B85% swilches will cause the control system to
challenge either RPS or ESFAS Two types of failure are considered
possible: failure to indicate turbine valve closure and false
indication of turbine valve closure.

D1.1.1  Failure 1o indicate closure

Scenarios with turbine valve closure have heen considered in the
review of Chapter 15 events 15.2.2 (generator load rejection) and
1523 (turbine trip). Failure of the turbine valve switches results
In scram due to neutron flux or high reactor vessel pressure.
Insertion of all control rods will stop the reaction (assumption
3661) and there is diverse signal (reactor do™a pressure) in the
control system to cause internal pump trip.

D11.2 False indication ¢f turbine valve closure

RPS will scram e reactor and five internal pumps will irip. Steam
pressure wili decrease and eventually, it no operator action occurs,
low turbine inlet pressure or low condenser vacuum will cause the
MSLIVs to close. RCIC will start on low water level to continue
reactor cooldown. The net resuil is an unplanned shutdown.
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D1.2 Nuclear monitor system

The nuclear monitor system (NMS) provides trip inputs to the RPS
and other NMS outputs are used in the control system for rod block
and reactivity control.  Operators may use flux level as a power
indication. The nuclear monitor system clearly has the potential to
induce a reactivity transient caused by the control system which the
RPS does 7ot see. Two types of falure are considered: the neutron
monitor system indicates significantly less flux than actually
exists in the reactor and the monitor system indicates more neutron
flux than actually exists in the reactor. Oscillatory failures are not
corsidered. and falures during startup are not considered

D121 NMS indicates low

'f the reactor is running under automatic load following control or
the operator adjusts reactivity to match an intended value, the
reactor will operate at some percentage overpower. Making the
worst possible assumption, the reactor will exceed the 127% NBR
trip point without scramming There is insufficient information
available 10 analyze the expected consequences because no General
Electric simulation encompasses this event Some possible
scenarios are:

1) The reactor may be inadvertently driven prompt critical,
2) High vessel pressure may initiate a scram.

3) Generator proteciive relays may cause a load rejection.
4) Turbine protective releys may cause a turbine trip.

D122 NMS indicates high

It the reactor is running under automatic load following control or
the operator adjusts reactivity to match an intended value, the
reactor will operate at some percentage underpower. Underpower
operation will not challenge the safety of the reactor but there is a
danger that operators will compensate by running at higher values of
indicated neutron flux

D13 Scram

The scram signal is generated by the RPS and is used by the control
system to run the fine motion control rod drive all the way in during
a scram.  The scram signal is not an input variable to a control
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process in the control system ano there is no credible scenario by
which a failure can cause the control system to initiate a
challenging transient which the RPS has not already seen.

D1.4 EQCHPI

The End-Of-Cycle Recirculating Pump Trip signal is generated by the
RPS and s used by the conirol system to trip four reactor
recirculating pumps im.oedately. The EOC RPT signal is not an input
variable 1o a control process in the control system and there is no
credible scenario by which a failure can cause the control system to
initiate a challenging transient which the RPS has not already seen.

D1.5 Drywell pressure

Drywell pressuie transducer signal PT-306 (A-D) is shared between
the RPS and the HPCF, RCIC, and LPFL of the ESFAS. In all cases it is
used as a diverse trip or initiator signal, so that the only unsafe
failure is failure to indicate high drywell pressure when it exists.
False indication of high drywell pressure causes spurious trip, an
annoying but sa‘e fallure. Failure of PT-306 was analyzed under
Chapter 156 event 1565, LOCA in containment. In this analysis,
diverse signals (low water leve! low turbine inlet pressure) lead ‘o
reactor scram and emergency cooling actuation if high drywell
pressure fails to do so.

D1.6 Reaclor waier leve!

Narrow-range reactor water level transducer signal LT-351 (A.D) is
shared between the RPS and the HPCF and RCIC of the ESFAS. The
signal from this transducer is used to initiate scram (water level <
L3), as a permissive for the HPCF iniector valve (water level < L8),
and as a permissive for RCIC steam turbines (water level < LB8). A
failire that reports water level > LB will disable all three
mitigation actions. Backup scram is available from ATWS (Alternate
Rod Ingertion), but LPFL will be ineffective as a backup for RCIC and
HPCF (ADS does not operate) unless there is also high drywell
pressure. Since this can occur with containment isolated, the
reactor control system (feedwater control) is ineffective as a
second echelon of defense. There is therefure insufficient diversity
and defense-in-depth to initiate effective emergency core cooling in
the face of common-mode failure of the LT-351 (A-D) water level
transducer channels.
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assumed to be used in FWC for water level maintenance. A failure of
this channel in the FWC can result in a challenge to the reactor
protection system either directly (causing low water level) or
indirectly (by high water level) If the challenge is low water level
(see the analysis of Chapter 15 event 15.2.7, loss of feed water
flow), diverse water leve! sensors initiate scram and ESF operatior.
It the challenge is high water level, RPS and ESFAS 40 not react
until subsequent control system actions initiate turbine trip and low
water level is sensed through diverse sensors See the analysis of
Chapter 15 event 15.1.2, runout of two feedwater pumps.

D110 SB A& PC dome pressure

The Steam Bypass and Pressure Control (SB & PC) dome pressure
transducer (unknown designation) is shared between ATWS and the
SB & PC. This signal is used 10 initiate Alternate Rod Insertion
(ARI) in ATWS and is assumed to be used by SB & PC for steam
pressure maintenance. A failure of this channel in the SB & PC can
result in a challenge to the reactor protection system either
girectly (by causing high reactor vessel pressure) or indirectly (by
causing loss of reactor vessel pressure). Both of these challenges
have been dealt with in analyses of Chapter 15 events (event 15.2.1,
pressure reguiation failure high, and event 15.1.3, failure of all
pressure regulation valves in the open state) In both cases, diverse
signals inttiate reactor scram and emergency core cooling. However,
ATWS ARI is unavailable if needed unless reactor water level drops
below L2
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the water level falls 10 a low level ARI will not be invoked. AR is
initiated by low water level signals from the SSLC (Ref. §).

Ciosing of the MSLIVs limit switches is the primary reactor scram
initiater with high RPV pressure and high neutron flux scrams
providing diversity  However, all three are linked in that the two
diverse backup scrams depend on the MSLIVs closing. Therefore
fallures in the digital systems prevent scram from occurring.

High steam line flow is the primary initiator for MSLIV closure with
tunnel temperature and turbine room temperature providing
diversity Low turbine inlet pressure is a third diverse initiator but
it may not always function. Since all of these signals are processed
through the aigital system, the MSLIVs will not close for a CMF
there

Manual controls provide de'ense-in-depth for both scram and closure
of the MSLIVs. ARI also provides DID for scram but for this event
ARI fails when the digital syctems fail because the MSLIVs do not
close. If they are manually e 4 then ARl may get invoked but if
the operators are alert enough v close the MSLIVs manually, they
will probably manually scram the reactor also.

RCIC and HPCF provide diverse means for cooling the core should
that be required. The GE scenario indicates that both RCIC and HPCF
are reouired to keep the core covered, which reduces the divarsity
somewhat but this cdoes not seem to be a critical issue. As above,
failure of any of the digital systems eliminates all ECCS. LPFL is
not available although it will initiate. LPFL requires the operation
of the ADS and ADS will not initiate because the drywell pressure
remains normal. See figure 7.3-2h

D'D for initiation of the ECCS is provided by manual initiation from
the control room, assuming there is time for operator action.
However, with the CMF of either the MPX or the TLU this manual
initiation capability is cut off.
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A19. LOCA Inside Containment

This event, number 156.5 is a loss of coolant accident (LOCA)
inside containment - Table 6.3-2. This is a limiting tault.

A19.1 Sopecial Assumptions

1) Any break in the piping which causes this event will increase
the drywell pressure sufficiently to trigger mitigating action.
This is justitied If the break is a main steam line or a feedwater
iine. (Feedwater temperature is 4Z2F and the flow is over 4000
Ib/sec. (Table 15.0-1). Therefora it should flash as it enters the
drywell and the volume should be adequate to increase drywell
pressure to the trip point (1.7 psig, figure 7.3-4¢). For other
(unidentified) breaks this assumption is not so clear.

2) A number of signals may initiate the closing of the MSLIVs -
excessive steam flow , low turbine inlet pressure, or low reactor
water level (figure 7.3-5, sheets 4 - 7). The first two are
problematical since if a steam line breaks the position and extent
of the break may prevent them from initiating the valva closing
and a feedwa'er line break clearly will not increase the flow in
the steam lines or reduce the turbine inlet pressure. Low water
level appears to be the only MSLIV trip that can be counted on.
However, after the reactor scrams on low water level, if the
MSLIVs have not closed, for whatever reason, ultimately the
MSLIVs will close on low turbine inlet pressure.

3) Al signals that initiate MSLIV trips come through the EMS,
There is some confusion on this because turbine first stage
pressure which trips the reactor enters the system at the RPS
DTM. But this signal is @ bypass signal for start-up rather than a
trip. These items are covered in more detail in assumption 1 for
event 1564
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