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The second components in the trip path are the bistables. The bistables
used by the EFAS are diverse from the RTS CPC bistables in manufacturer
(Electro-Mechanics “ r the EFAS versus Gould-Systems Engineers Laboratory
for the CPCs) and Aec nrinciple (analog for the EFAS versus digital for

the CPCs). Thur - steam generator level bistables have nearly ideal
diversity from 1 " bistables.

The third compor 2 trip path are the bistable relays. The bistable
relays used by .'e identical to those used by the CPC, steam
generator jow 1. - .<) and the high pressurizer pressure (HPP) trips.

They are electromec..an cal devices manufactured by Electro-Mechanics using
the same design principle and having the same model number. These compo-
nents, however were custom designed and custom built for the Plant Protection
System (PPS). As such, it would not be "reasonable or practicable" to
replace them with diverse components, as qualified, diverse replacements
would be extremely difficult or impossible to obtain.

The dresign of these bistable relays provides protection against a CMF that
disab es both the RTS and the EFAS. The operating history of these bistable
relays indicates that they are not vulnerable to a CMF. CMFe fall into three
classes' (1) those due to a common manufacturing defect, (2) those due to
an external fault that causes multiple failures of l1ike components, and (3)
those due to common operating history. These relays do not appear to be
vulnerable to a common manufacturing defect, as they have been used for a
number of years in C-E plants with only isolated, random failures of indi-
vidual relays. Protection against external fault CMFs is furnished through
adherence to the other ATWS guidance criteria (e.g. environmental qualifi-
cation, seismic qualification, etc.). The third class, a CMF due to common
operating history, is considered to be a very low probability occurrence, as
it would have to affect a large number of components in several separate
channels, and separate functions at the same time. An investigation of the
bistable logic supports this. The Appendix (CEN-380 and CEN-380 Sup, lement 1)
to this sumbittal provides further justification for not replacing these
components.

The different PPS functions of interest to EFAS are the CPC, HPP, and SGLL
trip paths, and the EFAS function. Each PPS function has four channels, and
each channel has three bistable relays. Thus, there are 48 bistable relays
of interest. A trip >f any bistable relay causes a trip in its associated
coincident logic matrix. Since the PPS uses a two-out-of-four cuincident
logic, a minimum of 24 out of 45 relays would have to simu)taneously fail in
the no trip state to prevent both a reac‘or trip and actuation of the
emergency feedwater system. As many as 4 cut of 48 bistable relavs could
simultaneously fail in the no trip state without preventing either a reactor
trip or actuation of the emergency feedwater system. LP&L is unaware of a
failure of safety system electrical components of this order ever occurring
in the commercial nuclear power industiy.

15
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The fourth components in the trip path are the matrix relcys. The matrix
relays used by the EFAS are electromechanical devices manufactured by
Electro-Mechanics. They use the same design principle and have the same
model number as the matrix relays used by the CPCs and the HPP trip in the
RTS. Like the bistable relays, these components were custom designed and
custom built for the PPS. As previously mentioned and further discussed in
the Appendix (CEN-380 and CEN-380 Supplement 1) to this submittal, it would
not be "reasonable or practicable" to replace them with diverse components,
as qualified, diverse components would be extremely difficult or impossible
to obtain.

Much like the bistables, the matrix relays provide protection against a CMF
that disables both the RTS and the EFAS. The operating history of these
relays indicate that they too are reliable and not likely to suffer any of
the three types of CMF previously mentioned. Common manufacturing defects
have not been shown to be credible. The successful operating history of
these relays in CE plants reveals only isolated, random failures of indivi-
dual relays. External fault CMFs are unlikely since adherence to the other
ATWS guidance criteria (e.g. equipment qualification, seismic qualification,
etc.) protects against this, Common operating history CMFs are considered a
very low probability occurrance. As with the bistables, a large number of
components in several, separate channels, and functions would have to be
affected at the same time.

There are six matrices associated with the RTS and twelve matrices associ-
ated with the EFAS function. Since each matrix has four relays, there are a
total of 72 relays of interest. A minimum of twelve out of the 24 »™

matrix relays and twelve out of the 48 EFAS matrix relays would have »
simultaneously fail in the no trip state to prevent both a reactor trip and
actuation of the EFAS. As many as 22 of the 24 RTS matrix relays and 40 out
of the 48 EFAS matrix relays could simultaneously rail in the no trip state
without preventing either a reactor trip or actuation of the EFAS. LP&L 1s
unaware of a failure of safety system electrical components of this order
ever occurring in the commercial nuclear power industry.

The fifth components in the trip path are the initiation relays. The
initiation relays used by both the EFAS and the RTS are solid state, OC
input relays manufactured by Teledyne. However, the electrical characteris-
tics of the relays for the two systems are very different as shown below.

PARAMETER RTS RELAYS EFAS RELAYS
Input Voltage Range 3 to 28 VDC 3 to 50 vDC
Capacitance 10 Picofarads 2 Picofarads
Turn=on Time 3 Milliseconds 50 Microseconds
Turn=off Time 5 Milliseconds 30 Microseconds
Isolation Resistance 10% Ohms (minimum) 10 Ohms (minimum)
Dielectric Strength 1500 VAC 1000 vDC
Output Voltage 120 VAC 60 VvDC
Output Current Rating 10 Amp AC 10 Amp DC (Resistive)
Temperature Range -30°C to 80°C -55°C to 110°C

16



Differences also exist 'n turn=on/turn-off current, overvoltage, leakage,
and power dissination. Due to the differences in electrical characteris-
tics, the physical characteristics of these relays also differ. Therefore,
the EFAS initiation relays are diverse from these of the RTS.

The sixth components in the trip path are the actuation devices. The
actuation devices used by the EFAS are diverse from those used by the RTS in
manufacturer (Potter-Brumfield fur the EFAS and General Electric for the
RTS), and design principle (electromechanical rotary relays with multiple
contacts for the EFAS vs mechanical circuit breakers for the RTS). The
actuation devires used by the EFAS are 28 volt devices powered by 36 VDC
power supplies. The actuation devices used by the RTS are 125 volt devices
powered by 125 VOC power supplies. Both the EFAS and xTS actuation devices
are "deenergize to trip" devices. However, the RTS actuation devices have a
redundant "energize to trip" feature (the shunt trip coils). Thus, the

EFAS actuation devices have nearly ideal diversity from the RTS actuation
devices.

The rotary relays in the RTS are used as a post-initiation device where the
EFAS rotary relays act as the actuation device. Both are Potter-Brumfield,
however, substantial diversity exists between the EFAS rotary relays and the
TS relays. The rotary relays used in the EFAS are powered by 36 VDC power
supplies while the rotary relays used in the RTS are powered by the 120 VAC
power supplies. The EFAS relays differ from the RTS rotary relays in
voltage, current, DC resistance, coil power, and operate time as shown
below. These relays also differ in physical constructian. The EFAS MDR
136-]1 is physically smaller than the MDR 170-1 (i.e., Potter-Brumfield sma))
frame versus a medium frame). In addition, the windings in the EFAS rotary
relays (MOR 7032, 7033, 7034) have special coil lead routing while the RTS
rotary relays use the standard Potter-Brumfield construction. Additional
design details are provided below to demonstrate the high level of diversity

hetween the EFAS relays and the RTS relays.

DESIGN PARAMETER

RTS

EFAS

MOR=170<1**

MDR 7032* MDR 7033* MODR 7036* MOR 136-1**

Relay Frame Size medium medium medium medium small
Input Voltage 115 VAC 28 vDC 28 VDC 28 VDC 28 VDC
Contact Arrangement 16 Form C 12 Form C 24 Form C 16 Form C 8 Form C
3 Form Y
~ Coil Current (amps) 0.620 0.667 0.667 0.667 0.362
~ DC Coil Resistance 8.4 42 42 42 8.76

(ohms )

17



DESIGN PARAMETER RTS EFAS

Steady State Power 17.0 18.7 18.7 18.7 10.0
(watts)
Breakdown Voltage 1230 1310 1310 1310 1308
(VAC RMS)
Deck Arrangement 4 decks 6 decks 6 decks 4 decks 2 decks

" special conctruction coils and coil power leads and deck/contact
arrangement

*%  off the shelf type relays, i.e., normal catalog items

Of the components shown for the EFAS and the RTS in Figure 2, only two, the
bistable relays and the matrix relays, fail to exhibit an obvious diversity
between th2 two systems. As previously stated, these components were custom
designed and custom built for the PPS at Waterford 3. Therefore, it would
not be "reasonable or practicable" to replace these since qualified, diverse
replacements would be extremely difficult or impossible tc obtain. Addi-
tionally, it was pointed out that the prevention of a reactor trip and
automatic actuation of emergency feedwater resulting from a failure of

these relays could only be from the unlikely, simultaneous failure of a
large number of bistable relays or matrix relays in different functions and
physically separate channels. Therefore, replacing these components would
not significantly reduce the probability of & b which might result in an
ATWS. As such, the design of the PPS provid~ . ‘@] of protection against
CMFs comparable to that which might be provi.«d by . <rAS comprised en-
tirely of components that satisfy the criteria fur component diversity.
Therefore, LP&L considers the existing level of diversity of the EFAS
acceptable.

The DSS to be installed at Waterford 3 will be completely diverse from the
existing RTS and EFAS functions. As cuch, the DSS will ensure the diversity
between the EFAS and the new RTS (i.e., the existing RTS and the DSS). This
will further reduce the chance that a CMF would preven*® both a reactor trip
and actuation of the emergency feedwater.

4.1.4, ELECTRICAL INDEPENNENCE FROM EXISTING REACTOR TRIP SYSTEM
Staff Position =~ Required from sensor output to the final actuation

device at which point non-safcty related circuits must
be isolated from safety related circuits.

1217 18
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As stated on page 2 of Enclosure A of SECY-83-293, Reference (3), the RTS
includes power sources. Page 21 of Reference (2), however, states that
power supply diversity is not required. Reference (2) further states,
"power supply independence is required such that faults within the [EFAS)
diverse actuation circuitry can not degrade the reliability/integrity of the
existing RTS below an acceptable level, and that a common mode failure
mechanism affecting the RTS power distribution system (including degraded
voltage conditions such as overvoltage and undervoltage) can not compromise
both the RTS and the [EFAS) Jdiverse actuation functions". Features have
been incorporated into the Waterford 3 EFAS to provide protection against a
CMF mechanism that could affect the RTS power distribution system such that
both the RTS and EFAS diverse actuation functions can not be simultaneously
compromised.

Power supplies are presently shared between the RTS and the EFAS. A1) of
the PPS power supplies have two circuits that are diverse from and indepen-
dent of one another. One circuit provides power while the other provides
overvoltage protection. It would require the simultaneous occurrence of two
different types of CMFs one failing the overvoltage protection and the other
causing an overvoltage condition on the same circuits, to produce the
failure of both the RTS and diverse EFAS actuation circuitry due to an
overvoltage condition. Upon a loss of power to any component with shared
power (i.e., bistable relay or initiation relay) the affected channel will
fail in the trip condition. In the event of an undervoltage condition which
failed one of these relays, that relay would fail tripped. Hence, the
existing EFAS complies with the ATWS Rule requirement of electrical in-
dependence.

4.1.5 PHYSICAL SEPARATION FROM EXISTING REACTOR TRIP SYSTEM

Staff Position = Not required unless redundant divisions and channels
in the existing reactor trip system are not physically
separated. The implementation must be such that
separation criteria applied to the existing protection
system are not violated.

Physical separation from the RTS is provided for the EFAS. Separate cabi-
nets house the EFAS electronics. This equipment is located on the +21
MSL elevation. Similar equipment for the RTS is located on the +46 MSL.

4.1.6. ENVIRONMENTAL QUALIFICATION

Staff Position =~ For anticipated operational occurrences only; not for
accidents.

The EFAS is relied upon to remain functional during and following design
basis events tc ensure the capability to shutdown the reactor and maintain
it in a safe shutdown condition. As such, the equipment comprising the EFAS
is included in the Waterford 3 Equipment Qualification Program and subject
to the requirements under 10 CFR 50.49. Therefore, this leve) of qualifi-
cation exceeds the staff position.

19
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4.1.10. TESTABILITY AT POWER
Staff Position =~ Required.

Provisions are made to permit periodic testing of the EFAS., These tests
cover the sensors' input through the actuation devices. The system test
does not interfere with the protection function of the system and therefore
can be performed at power.

4.1.11. INADVERTENT ACTUATION

Staff Position - The design should be such that the frequency of in-
advertent reactor trip and challenges to other safety
systems is minimized.

The EFAS operates on a two-out-of-four logic for each steam generator.
Similarly, reliable power supplies are use* and sufficient tests run to
support a satisfactory level of quality assurance features. These design
features are more than sufficient to meet the gcal to minimize the frequency
of inadvertent actuation and challenges to other safety systems.

4.2, EFAS CONCLUSION

Of the six major components in the EFAS, four are clearly diverse from the
RTS. The remaining two are the bistable relays and the matrix relays.

These components are custom designed and custom built. It would not be
reasonable or practicable to replace these with diverse relays. The high
reliability of these components, coupled with the physical separation of
the RTS and the EFAS channels, and the large number of components which
would have to fail in an adverse manner to disable both the EFAS and the
RTS, provides a level of protection against CMFs comparable to that which
would be provided by components that satisfy the staff's diversity criteria.
As such, LP&L considers the diversity level of the EFAS acceptable.

21



5.0 SUMMARY

The ATWS rule requires that Waterford 3 be equipped with a DSS which is
diverse from the existing RTS, a TT which is diverse from the RTS, and an
EFAS which is diverse from the RTS. Based on the adherence to the staff
guidelines as presented in this report, it ic concluded trat, with the
addition of the DSS/TT circuitry, and the existence of "~  present EFAS,
sufficient diversity will exist from the present RTS t. ‘ne extent reason-
able and practicable to meet the requirements of the AlwS rule. In that the
NRC has concluded that some relays in the Waterford 3 EFAS do not meet the
diversity requirements of the ATWS rule, a request for exemption to the EFAS
requirements of 10CFR5).62 is submitted in the Appendix to this report.
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ABSTRACT

This submittal provides the basis and supporting documentation to request
exemption from a requirement of Title 10 of the Code of Federal Regulations
Section 50.62, "Requirements for Reduction of Risk from Anticipated Transients
Without Scram (ATWS) Events for Light-Water-Cooled Nuclear Puver Plants" for
Arkansas Nuclear One Unit 2 (ANO 2), San Onofre Nuclear Generating Statior
Units 2 and 3 (SONGS 2 & 3), and Waterford Steam Electric Station Unit 3 (WSES
3). The submittal will address the requirements of Title 10 of the Code of
Federal Regulations Section 50.12 " Specific Exemptions", in terms of
exemption from the ATWS Rule ard address issues posed by the Nuclear
Requlatory Commission Staff concerning a request for exemption from the ATWS
rule. Arkansas Power and Light Company (AP&L), Southern California Edison
Company (SCE), and Louisiana Power and Light (LP&L) propose to install at each
of their respcctive plants, (ANO 2, SONGS 2 & 3, and WSES 3), a Diverse Scram
System which is diverse from the existing Reactor Trip System. These
modifications will also provide a turbine trip, as required by the ATWS rule,
that is diverse and independent from the existing Reactor Trip System. The
installation of this Diverse Reactor Trip System alone will be demonstrated to
achieve ATWS risk reduction in a cost-effective manner, which is the
underlying purpose of Title 10 of the Code of Federal Regulations, Section
$0.82. AP&L, SCE, and LP&L are requesting in this submittal exemption from
the portion of Title 10 of the Code of Federal Regulations Section 50.62 that
requires equipment diverse from the reactor trip system to initiate the
emergency feedwater system under conditions indicative of an ATWS.



MSIS Main Steam Isolation System

MSIV Yain Steam Isolation Valve

MSLB Main Steam Line Break

MTC Moderator Temperature Coefficient

NRC Nuclear Regulatory Commission

NSSS Nuclear Steam Supply System

P ATWS Probability of a Severe Anticipated Transient Without Scram
pPSV Primary Safety Valve

QA Quality Assurance

QSPDS Qualified Safety Parameters Display System
RCS Reactor Coolant System

RPS Reactor Protective System

RTS Reactor Trip System

SCE Southerr California Edison Company

SOG&E San Diego Gas and Electric

SONGS 2 & 3 San Onofre Nuclear Generating Station Units 2 and 3
SG Steam Generator

SGLL Steam Generator Low Leve)

T Turbine Trip

VIR Value Impact Ratio

UPS Uninterruptable Power Supply

WSES 3 Watarford Steam Electric Station Unit 3
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LIST OF ABBREVIATIONS

ACRS Advisory Committee on Reactor Safeguards
AFAS Auxiliary Feedwater Actuation System
AFS Auxiliary Feedwater System

ANO 2 Arkansas Nuclear One Unit 2

ASME American Society of Mechanical Engineers
APLL Arkansas Power and Light

AT Anticipated Transients

ATWS Anticipated Transients Without Scram
BiW Babcock and Wilcox

co Core Damage

C-E Combustion Engineering, Inc.

CEA Control Element Assembly

CEDMCS Control Element Orive Mechanism Control System
CE0G Combustion Engineering Owners’ Group
CFR Code of Federal Regulations

CFMS Critical Function Monitoring System

CMF Common Mode Failure

ONBR Departure From Nucleate Boiling

oTT Diverse Turbine Trip

EFS Emergency Feedwater System

E-M Electro-Mechanics

EFAS Emergency Feedwater Actuation System
EFW Emergengy Feedwater

EFWS Emergency Feedwater System

0SS Diverse Scram System

G-E General Electric

HP1 High Pressure Injection

HPPTS High Pressurizer Pressure Trip Setpoint
LPAL Louistiana Power and Light

MF1V Main Feed [solation Valve

MFWS Main Feedwater System

M-G Motor Generator
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1.0

1.1

1.2

1.2.1

INTRODUCTION

PURPOSE

This submittal provides information to support and requests an
exemption from a portion of Title 10 of the Code of Federal
Regulations (CFR) Section 50.62 (10CFR50.62), "Requirements for
Reduction of Risk From Anticipated Transients Without Scram (ATWS)
Events for Light-Water-Cooled Nuclear Power Plants," as it pertains
to Arkansas Nuclear One Unit 2 (ANO 2), San Onofre Nuclear
Generating Station Units 2 and 3 (SONGS 2 & 3), and Waterford Steum
Electric Station Unit 3 (WSES 3). Specifically, exemption is
requested under Title 10 of the Code of Federal Regulations, Section
50.12 (10CFRS50.12), from the requirement that these plants have
equipment which is diverse and independent from the reactor trip
system to automatically initiate the emergency feedwac.er system
under conditions which are indicative of an Anticipated Transient
Without Scram (ATWS).

BACKGROUND

10CFR30.62 Requirements

On June 26, 1984, the Code of Federal Regulations was amended to
included Section 10CFRS0.62, "Requirements for Reduction of Risk
from Anticipated Transient Without Scram (ATWS) Events for
Light-Water-Cooled Nuclear Power Plants.” The requirements of
I0CFRS0.62, henceforth referred to as the ATWS Rule, as they pertain
to ANO 2, SONGS 2 & 3, and WSES 3, are as follows:

". . . (c) Requirements. (1) Each pressurized water reactor
must have equipment from sensor output to final actuation
device, that is diverse from the reactor trip system, to
automatically initiate the auxiliary (or emergency) feedwater
system and initiate a turbine trip under conditions indicative
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of an ATWS. This equipment must be designed to perform its
function in a reliable manner and be independent (from sensor
output to the final actuation device) from the existing reactor
trip system.

{2) Each pressurized water reactor manufactured by Combustion
Engineering or by Babcock and Wilcox must have a diverse scram
system from the sensor output to ‘nterruption of power to the
control rods. This scram system must be designed to perform
its function in a reliable manner and be independent from the
existing reactor trip system (from sensor output to
interruption of power to the control rods). . .

(6) Information sufficient to demonstrate to the Commission the
adequacy of items in paragraphs (c)(1) through (c)(5) of this
section shall be submitted to the Director, Office of Nuclear
Reactor Regulation,

(d) Implementation. By 180 days after the issuance of the QA
guidance for non-safety related components each licensee shal!
develop and submit to the Director of the Office of Nuclear
Reactor Regulation a proposed schedule for meeting the
requirements of paragraphs (c)(1) through (c)(5) of this
section. Each shall include an explanation of the schedule
tlong with a justification if the schedule calls for final
implementation later than the second refueling outage after
July 26, 1984, or the date of issuance of a license authorizing
operation above 5 percent of full power. A final schedule
shall then be mutually agreed upon by the Commission and
licensee."
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1.2.2

Underlying Purpose of JOCFRS0.62

From its inception, 10CFR50.62 was justified by the NRC S.aff on a
value/impact (i.e., benefit/cost) basis as a means to reduce the
probability of common mode failures affecting the RTS and certain
systems that are relied upon to mitigate an ATWS event. A
Commission letter, henceforth referred to as SECY-83-293. provides
detailed background for the Rule. This letter, Reference 1.1,
states on page 5, "The (NRC) staff believes that the final rule . .
.y 1f made effective, would substantially reduce the ATWS risk in a
cost effective manner and assure an acceptable level of risk from
ATWS events."

The Statement of Considerations for 10CFRS0.62 indicates that the
purpose of the ATWS rule is to reduce the probability of common mode
failures in the system that would prevent or mitigate an ATWS event.
Value/impact analyses were an important consideration in the
formulation of the Rule. The Statement of Considerations contains a
section entitled "Basis for Final Rule as Promulgated by the
Commission® (49FR26037, 26038). The requirement for diverse and
sndeplndont' emergency feedwater actuation and diverse Turbine Trip
is justified by the Staff based on their stated belief that, "It has
a highly favorable value/impact for Westinghouse plants and a
marginally favorable value/impact for Combustion Engineering and
Babcock and Wilcox plants.® The following paragraph of this section
discusses the requirement for a Diverse Scram System (DSS) in C-E,
BAW, and G-E plants., This section states, "It (the 0SS) has a
favorable value/impact from the Staff’s analysis. However, the
principal reasons for requiring the feature are to assure emphasis
on accident prevention and to obtain the resultant decrease in
potential common cause failure paths in the trip system.”

*Unless otherwise stated, “diverse” means diversa from the reactor
trip system. Similarly, “independent means independent from the
reactor trip system,
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SECY-83-293 stresses the importance of enjineering ‘udgement in the
formulation of the Rule. Enclosure D of SECY-83-293 on page 7
states. "It is also realized that doing value/impact calculations is
somewhat subjective in arriving at the optimal level of fix, due to
uncertainty in probabil.stic assessments and in the cost estimates
for the modification. Therefore, the Tisk Force used value-impact
calculations only as an aid to evaluate the ATWS rule alternatives.”
Page 9 of Enclosure D goes on ‘0 state, “"When value-impact results
were porderline, the Task Force relied much more on engineering
Judgement to determine whether an alternative should or should not
be included in the ATWS rule.”

Although the NRC Staff has stated that value/impact calculations are
not the only basis for its rule making, they have rejected
requirements for plant hardware modification that had an unfavorable
value/impact -atio (f.e., significantly less than one) and were
Judged to not contribute significantly to ATWS risk reduction. For
example, Enclosure D to SECY-83-293 (pages 2, 31, ar: 38) indicates
that for C-E and BAW plants the NRC staff computed a value/impact
ratio of 0.44 for installing extra primary safety valves. The
Federal Register, Statement of Considerations accompanying
I0CFRS0.62 contains a section entitled, "Adding Extra Safety Valves
or Burnable Poisons®, which indicates that the Staff did not
recommend that the Rule require the installation of more safety
valves because, *. . .the value/impact is unfavorable for this
alternative for existing (C-E and BAW) plants. These plants al)
have large dry containments and will be most able to mitigate the
radiological consequences from an ATWS.*
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Based on both the Statements of Considerations for the Rule and
SECY-83-293, it is concluded that the purpose of the ATWS Rule is to
reduce the probadility of a severe ATWS* event in a cost-effective
manner by reducing the susce: tibility of the RTS, EFAS, and TT to
commen mode failures.

*Consistent with the criterion provided in Reference 1.2 and Section
5.5 of Enclosure D to SECY-83-293, a "severe ATWS" event is defined
as an ATWS that results in a RCS pressure greater than 3200 psia.
The NRC’'s ATWS Task Force assumes that an ATWS event which results
in RCS pressures in excess of ASME Level C pressure, about 3200
psia, will Tead to an unacceptable plant condition.
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1.2.3

Previous Submittals to the NRC Regarding EFAS Diversity

Since 1984, there has been an ongoing dialog between the Combustion
Engineering Owners’ Group (CEOG) and the NRC Staff regarding the
Tevel of diversity that presently exists between the EFAS and the
RTS. In the months following the issuance of the ATWS rule, there
were several meetings and telephone conversations between the NRC
Staff and the CEOG ATWS Subcommittee. The positton of the CEOG ATWS
Subcommittee was that the existing level of EFAS diversity satisfies
the ATWS Rule and that =" :nt modifications to increase the level of
diversity would not be co.t beneficial. As a result of these
interactions, the .EOG submitted CEN-315 (Reference 1.3) to the NRC.
CEN-315 provided information on plant specific designs and diversity
features that are generic to the C-E design to support the CEOG's
position.

Reference 1.4 provided the Staff’s evaluation of CEN-315. Based o~
the information provided, the Staff’s preliminary conclusion was
that ANO 2, SONGS 2 & 3, and WSES 3, did not appear to satisfy tae
ATWS rule requirement for a diverse and independent EFAS. This
conclusion was based on the Staff’s observation that many of the
EFAS components did not appear to have adequate diversity and the
EFAS power supplies did not appear to be independent. In Reference
1.4, however, the Staff also stated, that any other diversity
considerations would be reviewed on a plant specific basis.

In response to Reference 1.4, CEN-349 (Reference 1.5) was submitted
to the Staff. CEN-349 provided detailed information about the
diversity between the EFAS and RTS for ANO 2, SONGS 2 & 3, and WSES
3. In evaluating EFAS diversity, CEN-349 considered the three RTS
functions (i.e., high pressurizer pressure trip, core protection
calculators, and steam generator low level trip) which would have to
fail in order for an overpressure ATWS to occur. It demonstrated
that all of the EFAS components except for the bistable and matrix
relays were diverse from tneir counterparts in the RTS,
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CEN-349 stated, however, that the design of the PPS provides a
degree of protection against common mode failures of bistable relays
disabling both the EFAS and RTS that is comparable to the protection
which would be provided by diverse components. At a minimum, the
right combination of 24 out of 48 bistable relays or 24 of of 72
matrix relays in the EFAS and the RIS functions of interest (high
pressurizer pressure trip, core protection calculators, and steam
generator low level trip) would have to fail in the no trip state to
prevent both reactor trip and EFS actuation. Que %o the nature of
the PPS logic, for some failure combinations, up to 44 out of 48
bistable relays and 62 cut of 72 matrix relays, could simultaneously
fail in the no trip condition without causing a failure of both the
reactor to trip and the EFS to actuate.

CEN-349 stated that, although the EFAS and RTS power supplies are
not independent, their design also protects against common mode
failures. A1 PPS power supplies have two circuits, one providing
power and the cther supplying overvoltage protection, that are
diverse and independent of one another. [t would require the
simultaneous occurrence of two different types of common mode
failure, one causing an overvoltage condition on the power circuit
and the other causing a failure of the overvoltage protection
circuit, in order for a power supply failure to cause both a failure
of the RTS to trip the reactor and a failure of the EFAS to actuate
EFS.

Reference 1.6 provided the Staff’'s response to CEN-349. [t stated
that ANO 2, SONGS 2 & 3, and WSES 3 did not satisfy the ATWS rule
requirement for EFAS diversity because the bistable relays and
matrix relays in the EFAS are identical to their counterparts in the
RTS. In addition, the power supplies in the EFAS and RTS are not
independent. Reference 1.3 concluded that either:

(1) ~t‘versity and independence must be provided in the areas where
they are lacking, or
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1.3

1.3.1

(2) an exemp.ion from the ATWS rule must be requested in accordance
with the provisions of 10CFRS0.12

Reference 1.6 also provided guidance regarding the information which
should be provided to support an exemption. This is summarized in
subsection 1.3.2 of this submittal.

CRITERIA FOR EXEMPTION

10CFRS0.12 Requirements

Title 10 of the Code of Federal Regulations Section 50.12
(10CFRS0.12) states:

“(a) The Commission may, upon application by any interested erson
or upon its own initiative, grant exemptions from the requirements
of the regulations of this part which are -

(1) Authorized by law, will not present an undue risk to the public
health and safety, and are consistent with the common defense and
security.

(2) The Commission will not consider granting exemptions unless
spectal circumstances are present.”

10CFRS0.12 11st several categories of special circumstances. The
ATWS Rule requirement for a diverse EFAS falls into special
circumstances (11) which is present whenever:

"(11) Application of the regulation in the particular circumstances

would not serve the underlying purpose of the rule or is not
necessary to achieve the underlying purpose of the rule.”
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1.3.2

NRC Staff Guidance

As statec earlier, the NRC provided guidance in Reference 1.6 for
requesting exemption from the ATWS rule requirement for a diverse

EFAS.

This guidance has been interpreced as what the staff views as

an adequate exemption request must demonstrate to satisfy special
circumstance category (i11) in 10CFRE0.12. The Staff’s guidance is
as foilows:

(1)

(2)

The main rationale for using identical components in the case
of the bistable relays and the matrix relays appears to be the
specialized nacure of the existing C-E plant protection system
design requirements. [t is stated that replacement of some of
the existing relays with a diverse counterpart is not
"reasonable or practicable.® Neither CEN-315 nor CEN-349
provide sufficient information to support this claim (neither
does CEN-315 nor CEN-349 provide specific information
demonstrating that it is not reascnable or practicable to
install a totally new, separate, independent, and diverse EFW
actuation system that would avoid this "specialized" problem).
The justification for not providing diversity and independence
in this area must include either the prohibitive costs of
3dding such a system (for the safety benef‘t gained), or the
competing risks (i.e., the increase in risk due to the addition
of the new system), or both.

As noted by the Rule and the ACRS and cited in CEN-315,
significant emphasis should be placed on the preventive
aspects, e.g., the diverse scram system,

Justification to support an argument for the use of some
identical components in both the existing szram system and the
emergency feedwater system and its design and operationa)
features, that demonstrates it is an extremely reliable,
preventive system and that it is totally diverse ind
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In accordance with the NRC Staff’s guidance, this submittal wil)
demonstrate that an exemption from the requirement for an EFAS which
is diverse and independent from the existing RTS is justified for
the following reasons:

1. It is neither reasonable nor practicable to comply with the
ATWS rule requirement for an EFAS that is diverse and
independent from the RTS because:

(a) The cost of replacing the existing EFAS with a totally new,
independent, and diverse EFAS is estimated to be approximately
$3,200,000 per reactor. This would provide an incrementa)
reduction of the ATWS risk of 9 x 10'7 severe ATWS event per
reactor year, with a value of $270,000 per reactor (assuming
that the remaining 1ife of the plant is 30 years). The DSS and
TT, on the other hand, provide a reduction in risk of about 5.3
x 10°%. Thus, once the DSS with its inherent diverse TT is
installed, the cost of replacing the existing EFAS with a new
diverse and independent EFAS would far outweigh the value of
the incremental decrease in ATWS risk,

(b) It is neither reasonable nor practicable to replace the
existing EFAS bistable and matrix relays with diverse
counterparts and make the existing EFAS power supplies
independent of the RTS power supplies. Oue to the specialized
nature of the PPS in ANO 2, SONGS 2 & 3, and WSES 3, diverse
replacement bistable relays and matrix relays would have to be
custom designed and custom built to fit within rigid physical
and functional constraints and qualified for use in a Class 1
safety system. [n order to install independent EFAS power
supplies, additionr2] station batteries with the associated
equipment would havy to be installed or the equipment would
need to be powered from an existing source using qualified



fsolators. In additioen to the actual hardware, the cost of
maintenance, sucveillance, and replacement over tne life of the
plant must also be considered.

This approach has been evaluated by the NSSS vendor and is not
considered a viable solution. Although a precise cost estimate
has not been determined, a conservative estimate of one-quarter
of the cost of replacing the FFAS has been placed on this
approach. This would put the cost at approximately $800,000
per unit. Based on the evaluation performed by the NRC in
SECY-83-293, the value/impact ratio of this modification is
comparable to other alternatives which were deemed by the NRC
as not cost beneficial in achieving the underlying purpose of
the ATWS Rule. However, 1t is probable that the cost will be
much higher than the conservative estimate of $800,000 per
unit. This is due to the fact that, in addition to the initial
effort associated with designing diverse equipment, there are
costs associated with the qualification of *his equipment.
Also, giver the physical constraints of the existing equipment,
significant hardware and complex wiring modifications would be
required to accommodate the new equipment. The initial design
effort s a relatively small part of a plant modification of
this nature. A large part of the cost is associated with the
qualification, installation, testing, and maintenance of the
new equipment. The incremental reduction in ATWS risk
dssociated with these changes would be 9.0 x 10'7 severe ATWS
event per reactor year, with an estimated value of $270,000
over the remaining 1ifa of the plant, which is estimated to be
30 years. Thus, once the DSS with its inherent diverse TT is
installed, the cost to install diverse bistable and matrix
relays and independent power supplies in the EFAS is comparable
to the alternatives previously discounted by the NRC as a
non-cost/effective means of decreasing the ATWS risk.
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(¢) Installation of a new system (in addition to the existing
EFAS) to initiate EFW under conditions indicative of an ATWS
would also not be a cost beneficial way of reducing the ATWS
risk. The EFAS system in ANO 2, SONGS 2 & 3, and WSES 3
includes logic that initiates EFW following a steam generator
low level (SGLL) conaition. In addition, the logic identifies
a steam generator as being ruptured based on the pressures in
the steam generators and locks out EFW to a ruptured steam
generator. The conditions that are indicative of an ATWS
(1.e., high pressurizer pressure, SGLL, and high pressurizer
level) can also be indicative of some secondary system pipe
breaks. Therefore, the new system would have to include logic
to fdentify and lock out EFW flow to the ruptured steam
generator. Also, since the new system would be using its logic
to initiate and isolate EFW in parallel with the existing EFAS,
measures would have to be taken to assure that the new system
and the existing system were not providing contradictory
signals (e.g., one system providing a signal to actuate while
the other system was providing a signal to isolate. Since the
existing EFAS is a four channel Class 1E system, the new system
would have to be a Class 1E system with four channels. Thus,
the new system would be as expensive as  he totally new,
independent, and diverse EFAS discussed in item 1(a). As
discussed in item 1(b), the cost of such a system far outweighs
the benefits.

The DSS designs that will be installed at ANO 2, SONGS 2 & 3,
and WSES 3 will be extremely reliable, preventive systems. The
0SS reliability assurance, maintenance, and surveillance
programs will enhance the DSS reliability over the 1ife of the
plant.

The EFAS diversity and independence from the DSS will provide

protection against a common mode failure that prevents the
reactor from tripping and the EFW from actuating under
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2.0

g.1

2.2

2.2.1

QETAILED EVALVATION OF THE ATWS RULE REQUIREMENT FOR DIVERSE EFAS

INTRODUCTION

Potentially, there are three ways to satisfy the ATWS rule
requirement for a diverse and independent EFAS. These are:

0 Replacing the existing EFAS with a new system that is totally
diverse, independent, and separate from the RTS, or

0 Replacing the existing EFAS bistable relays and matrix relays
with components that are diverse from their counterparts in the
RTS and replacing the EFAS power supplies with equipment that
is independent from the RTS power supplies, or

0 Installing a new system, in addition to the existing EFAS, to
initiate auxiliary feedwater under conditions indicative of an
ATWS.

An evaluation of each of these options is presented in following
sections.

EVALUATION OF REPLACING THE EXISTING EFAS WITH A TOTALLY NEW,
OIVERSE, SEPARATE, AND INDEPENDENT EFAS

Querview and Description of EFAS

The ATWS rule requirement for a diverse and indapendent EFAS could
be satisfied by removing the existing CFAS from the Plant Protection
System (PPS) cabinet and replacing it with a new EFAS that is
diverse and independent, and located in a separate cabinet.

Before evaluating this approach, it is appropriate to describe the

emergency feedwater system (EFWS) and the EFAS logic. The EFWS and
EFAS are complex safety related systems configured to meet design
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requirements that go beyond considerations of the ATWS rule. The
EFAS for a C-E designed plant periarms the following functions:

0 Determines that flow from the Main Feedwater System (MFWS) to
the steam generator(s) is insufficient based on low steam
generator level,

0 [dentifies that a steam generator pressure boundary is ruptured
and prevents EFW flow to the ruptured generator based on low
steam generator pressure or on steam generator differential
pressure,

0 Starts the EFW pumps,

) Opens the valves necessary to provide a flow path to the intact
steam generator(s).

Figures 2-1 through 2-3 depict the EFAS logic used at ANO 2, WSES 3,
and SONGS 2 & 3, respectively.

Additionally, the EFAS interacts with the Main Steam Isolation
System (MSIS) signal on a component level. To illustrate this
interaction, postulate that a large non-isolable secondary pipe
break were to occur in steam generator 1 (SG1). A MSIS would be
generated when a low pressure condition occurred in either steam
generator. Upon MSIS generation, output contacts from the MSIS
actuation relays would close the Main Feedwater Isolation Valves
(MFIV) and Main Steam I[solation Valves (MSIV) to both steam
generators. As the event progresses, an EFAS-2 signal would be
generated (note that an EFAS-] signa)l would not be generated due to
the low pressure condition in SG1). Output contacts from the EFAS
relays would block, at the equipment level, the signal from the MSIS
actuation relays contacts to close the MFIV associated with steam
generator 2 (SG2). This would enable EFW to be delivered to S$G2.

2-2



888

Replacing the existing EFAS would involve relocating the EFAS and
the MSIS function in a new cabinet that is separate from the
existing PPS. This would be required to retain the existing
interaction of the EFAS-1, EFAS-2, and MSIS signals on the actuated
component level. Figure 2-4 1llustrates the integration of the new
cabinet with the existing system. This modification would provide
an EFAS that is diverse and independent from the RTS. Subsection
2.2.2 examines the impact (cost) of this modification. Subsection
2.2.3 discusses the value (benefit) of this modification. The value
is based on an analysis using the same methodology that the NRC
staff utilized in SECY-83-293. This calculation considers the
effects of uncertainties in the probabi!ities that are calculation
inputs. Subsection 2.2.4 presents a value/impact analysis.

Impact (Cost)

The approximate anticipated cost of installing a new diverse and
independent iystem to replace the existing EFAS is $3,200,000.
These costs are summarized in Table 2-1. The costs include the
removal of the EFAS and MSIS functions from the existing PPS
cabinet. The components that are removed would be replaced with
equipment which is diverse from the RTS components and located in a
new cabinet that is physically separate and independent from the
existing RTS. The EFAS and MSIS actuation devices located in the
existing auxiliary relay cabinet would remain unchanged. The costs
include the engineering effort and required documentation, the
raceway installation, hardware, the installation of the diverse
EFAS, and account for construction, cost of capital and escalation
to in-s.cvice dollars.
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internal logic cards and involve complex wiring changes with
provisions to prevent the interchange of RPS/EFAS components during
the surveillance and maintenance of the components,

Oue to the specialized nature of the PPS in ANO 2, SONGS 2 & 3, and
WSES 3, the replacement of divers: bistable relays and matrix relays
would require a custom design anc manufacture to fit within rigid
physical constraints and meet -trict functional requirements. The
existing components in the EFAS circuitry were designed and
qualified to meet the stringant requirements of [EEE-279 and
[EEE-384 at the time of their licensing and their installation in
the plants. In order to replace these components a similar
qualification program must be performed.

With regard to the independence of power supply within the existing
PPS cabinet, each cabinet receives vital AC power from a separate
bus. Within the cabinet various power supplies are used to convert
the AC power to OC power, Achievement of diversity and indepencence
of power supply within the existing PPS cabinet is constrained by
the fact that there is only one source of vital AC power per
channel. Modification of the PPS cabinet internal power
distribution and physical layout in order to provide separate and
independent RTS and EFAS functions would be extremeiy complex, if at
all possible.

In summary, an evaluation and analysis of the potential solution to
providing separate and diverse hardware for the RPS/EFAS major
safety related electronic components within the PPS cabinet is not
considered a viable means to meeting the literal interpretation of
the ATWS rule. The bases for this conclusion are as follows:

1) The PPS was designed to meet the requirements of I[EEE-279 and
[EEE-384. If these requirements are to be met, then
modification it may not be possible to satisfy these
constraints,
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The modification of t PPS
compliance with the ATWS Rule is

on exiscing evaluations it may not be possible,

beneficial to the goal of reducing failures in the

I"EQS

Although the installation of diverse components on the PPS

cabinet may be possible and reduce the probability of Common
Mode Failures as intended by the ATWS Rule, it may increase the
probability of human error in the maintenance of the diverse

equipment.

ne a tion of diverse, qualified components
power supplies is not considered a viable soluti

rule.

c0sts associated with the approach of providing diversity

cabinet include the following components

Vesign of diverse components,

Jualification of the diverse components,

Installation of the diverse components.

Design of wiring changes to supply independent power supp]
Rewiring of existing power supplies to provide independence
at all possible),

fraining of staff in the maintenance and operation of the
equipment,

Changes to the maintenance documentation,

Changes to the Technical Specifications.

Potential changes to the Surveillance

Technical Specifications due to the

has been evaluated by

i 22 asiz
to compliance




2.3.3

2.3.4

cost of such a modification has not been precisely determined.
However, assume that a conservative cost of the modifications was
one-quarter of that of replacing the existing EFAS with a totally
diverse and independent EFAS. This would put the estimated cost of
providing diversity within the PPS at approximately $800,000.

Yalue (Benefit)

Using the NRC Staff's methodology, the effect on PATHS of replacing
the existing EFAS bistable relays and matrix relays with diverse
components and installing independent EFAS power supplies would be
the same as replacing the existing EFAS with a new EFAS that is,
totally diverse, independent, and separate from the RTS. Thus, the
incremental ATWS risk reduction would be 9.0 x 10'7 severe ATWS
events per reactor year, the same as calculated in Appendix A, The
value, therefore, would be $270,000.

Yalye/lmpact

The VIR would be (equation 2-1):

VIR » 81v0r80 iFAi 'npact in g%l'ars

Using one-quarter of the EFAS value computed in Reference 2.2, and
the estimated conservative cost of providing diversity in the PPS
cabinet, of $800,000, Equation 2-1 becomes:

VIR « M— .« 0.42 (EQ. 2-3)

It should be noted that this VIR (0.42) is virtually equivalent to
the VIR computed by the NRC for extra safety valves (0.44). As was
noted previously, the NRC staff rejected a requirement for

installation of extra safety valves in existing = ' -lants because
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2.4.1

of the unfavorable VIR. Therefore, using the same ratfonale as was
used in the formulation of the ATWS Rule, replacement of the
existing EFAS bistable relays and matrix relays with diverse
replacements and installing independent power supplies is not
considered a cost effective means of risk reduction from an ATWS if
the DSS with its inherently diverse TT is installed. As such, the
installation of diverse bistable and matrix relays and independent
power supplies in the EFAS would not serve the underlying purpose of
10CFR50.62 to reduce the ATWS risk in a cost effective manner,

EVALUATION OF COMPLIANCE BY INSTALLING A REDUNDANT EFAS THAT IS
DIVERSE AND INDEPENDENT FROM THE RTS

Another potential approach for complying with the ATWS rule is the
installation of a new system (in addition to the existing EFAS) to
initiate EFW under conditions indicative of an ATWS. This section
will examine two options for implementing this approach:

0 Installing a redundant control grade EFAS
0 Installing a redundant safety grade EFAS

The first option creates competing risks, while the second option
has a highly unfavorable VIR and also impised competing risks,

Installing a Redundant Control Grade EFAS

In previous discussions with the NRC , some Staff members suggested
that it may be possible to install a relatively inexpensive system
(€.9., a one or two channel control grade system) that uses simple
logic to initiate EFW under conditions indicative of an ATWS. This
would, however, impose competing risks.



As was discussed earlier, the EFW System and (FAS are complex safety
related systems configured to meet design requirements that go
beyond considerations of the ATWS rule. The EFAS monitors steam
generator levels to determine if flow from the MFWS to the steam
generators is sufficient to maintain adequate steam generator
inventory. Steam generator inventory may, however, b insufficient
as a result of a secondary side pipe break. The EFAS, therefore,
monitors steam generator pressure and steam generator differential
pressure to identify a rupture steam generator. If a low p-essure
(1.e., a pressure less than a fixed value) condition is detected in
4 steam generator, that steam generator is identified as ruptured.
Similarly, if high differential steam generitor pressure is
detected, the steam generator with low pressure is identifies as
ruptured.

EFW flow to a ruptured steam generator would impose two potential
risks. First, during an excess heat removal by the secondary
system event such as a main steam line break (MSLB), it could
potentially increase the rate of heat removal and exacerbate the
rapid cooldown of RCS. Second, it could potentially cause EFW to be
diverted away from the intact steam generator where it might be
needed to remove energy from the primary system. The EFAS logic,
therefore, locks out EFW to a ruptured steam generator.

The conditions that are indicative of an ATWS (i.e., high
pressurizer pressure, SGLL, and high pressurizer level) can also be
indicative of some secondary system pipe breaks. Ouring a large,
non-i1solable secondary pipe break, which is part of the plant design
basis, both steam generators would blow down through the break and
depressurize until a main steam isolation signal was gererated on
low steam generator pressure. [n addition, the plant would be
expected to trip on a valid signal, which, depending on the
specifics of the transient, might be high pressurizer pressure, low
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steam generator level, low Departure form Nucleate Boiling (DNBR),
or low pressurizer pressure. The main steam isolatisn valves would
close, causing the intact steam generator to repressurize. The
ruptured steam generator would continue to blow down through the
break, and hence depressurize. In addition, a Tow leve) condition
would certainly occur in the ruptured steam generator, and probably
in the intact steam generator as well. As such, the Class 1E EFAS
would be expected to generate a valid signal to block EFW flow to
the ruptured steam generator, while the simple control grade EFAS
would be expected to generate a contradictory signal to feed the
ruptured steam generator. Therefore, the new system would also have
to include logic to identify and lock out EFW flow to a ruptur.
steam generator,

Installation of a more complex control grade system, which
incorporated logic to identify and lock out EFW flow to a ruptured
steam generator, would also pose problems. Signals from the two
EFASs (the existing safety grade system and the backfit of the
control grade system) would have t7 be integrated at the component
(€.9., pumps and valves) level. There are four optinns for
integrating the signals from the two systems, (1) giving the signals
from the two systems equal weight, (2) giving the signal from the
control grade system preference, (3) giving the signal from the
safety grade system preference, or (4) installing additional
hardware with logic to differentiate between valid and faulty
signals,

Some background information is useful for uuderstanding the
implications of each of these options. Even if the control grade
EFAS were to incorporate logic to identify and block EFW flow to a
ruptured steam generator, there are credidble scenarios which could
result the control grade system producing signal which contradict
the safety grade EFAS signals. These scenarios would include (1)
sourious failures of the control grade system, (2) failures of the
control grade system due to a harsh containment environment during
an inside containment high energy line break, or (3) different
signal errors in the two systems,
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The first option, giving equal we *. signals from the safety
grade and the control grade system, ....J be unacceptable. Whenever
a low level condition occurs in a steam generator, the valves in the
piping that provide a flow path for the EFW must be either open (if
the steam generator associated with the valves is intact) or shut
(1f the steam g enerator associated with the valves is rupture). I[f
these valves received signals to open from one EFAS and at the same
time received contradictory signals to shut from the other EFAS, in
the absence of logic to give one set of signals preference over the
other, there would be no assurance of the valves assuming the
correct position, This would be detrimental to plant safety.

Options (2) and (3) involve giving the signals from one EFAS
preference over the signals from the other EFAS. [f the contro)
grade EFAS signals were preferred, however, this would be equivalent
to replacing the safety grade EFAS with a control grade system.
Giving the signals from the safety grade EFAS preference would
defeat the purpose of installing the control grade EFAS. Thus,
neither of these options in acceptable.

The fourth option involves implementing logic to differentiate
between valid and faulty EFAS signals. If this logic were in a
control grade system, it would allow the action of a control grade
system to override the safety grade EFAS, which vould not be
acceptable. A safety grade system that would validate signals from
the existiig and supplemental EFASs would have to monitor steam
generator level to identify when steam generator inventory was
insufficient, and use steam generator differential pressure to
differentiate between a ruptured and intact steam generator. Tnis
signal validation system would have to be as reliable as the
existing the EFAS, because 1t would be capable of overriding the
existing system. Hence, it would have to consist of at least three,
and preferably four channels. Thus the signal validation system



2.4.2

would have to be a complex safety c.-ade system that duplicates most
of the capabilities of the existing EFAS. As such, it would be as
costly as the new, independent, and diverse EFAS which is discussed
in Subsection 2.2. Subsection 2.2.4 demonstrates that the VIR o
such a system is much less than one, indicating that its
installation would not serve the underling purpose of 10CFRS0.62 to
reduce the ATWS risk in a cost effective manner. In addition, a
plant with two systems (one safety grade and one control grade) that
serve fdentical functions, and a third system designed to validate
the signals from the other two systems, might be susceptible to
systems interactions that are difficult to analyzed and potentially
detrimental to plant safety. Thus, the installation of a contro)
grade EFAS to supplement the existing EFAS would impose competing
risks and as such is not justified,

installing a Redundant Safety Grade EFAS

To prevent a signal from the existing four channel Class 1E EFAS
being overridden by a siynal from » less reliable system, any EFAS
that supplements the existing EFAS would have to be a class 1
system with four or more channels. Thus, the new system would be as
expensive as the totally new, independent, and diverse EFAS
discussed above in ftem Subsection 2.2. As was discussed in
Subsection 2.2.4, the VIR of such a system is much less than |,
indicating that its installation would not serve the underlying
purpose of 10CFRS0.62 to reduce the ATWS risk in a cost effective
manner.

In agdition, installation of a second safety grade EFAS would
impose competing risks. If a second Class 1E EFAS were insta)leq,
it would be controlling the same hardware (i.e., pumps and valves)
a5 the existing EFAS. This gives rise to the question, “Mow should
the signals from the twd systems be integrated on the hardware
level?*



An underlying assumption of the ATWS Rule fs that a common mode
fatlure disabling a redundant safety grade system is a credible
event. Suppose one of the EFAS correctly identified a steam
generator a:s being intact and in need of EFW as indicated by a low
level condition. It would send signals to a set of valves to open
and theredby pruvide a EFW flow path to the steam generator. Oue to
4 common mode failure, however, the other EFAS identified the same
steam generator as ruptured and therefore sent contradictory signals
to the same valves to close and block EFW flow to that steam
generator. If the signals from both systems received equal
preference, there would be no assurance of the valves actually
opening as they should. [f the signal from the existing EFAS were
given preference, this would defeat the purpose of installing the
second EFAS. If signals from the new EFAS were given preference,
then there would be no point in retaining the exicting system.

Thus, base on considerations of competing risks and VIR,
installation of a new, redundant EFAS that is diverse and
independent of the existing EFAS is not justifiec.
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TABLE 2-1

IMPACT (COST) TO IMPLEMENT NEW SAFETY GRADE DIVERSE EFAS

RACEWAY (CONDUIT AND CABLE) INSTALLATION
HARDWARE AND IWSTALLATION

ENGINEERING AND WOME OFFICE

CONSTRUCTION AND COST OF CAPITAL

ESCALATION TO IN-SERVICE DOLLARS

TOTAL CAPITAL FOST (IN SERVICE DOLLARS)

Q31

§ 200,000

2,125,000

328,000

328,000

225.000

$3,200,000




Figure 2-1

ANO 2 EFAS Logic Diagram
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Figure 2-2

SONGS 2 & 3 EFAS

LAVEL

Logic Diagram
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EFAS Logic Diagram
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Figure 2-4

Integration of a New, Separate, Diverse, and Independent
EFAS and MSIS with the existing PPS
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3.0 QIVERSE SCRAM SYSTEM

3.1 OVERVIEW

The NRC analysis of the ATWS risk reduction gue to the plant
modifications associated with the installation of a DSS assumed a
decrease in the RPS Electrical component of the risk from 2.0 x 10°
to 2.0 x 10-6. This analysis assumed a DSS availability of 90%.
The DSS designs which are proposed for WSES 3, SONGS 2 & 3, and ANO
2 are expected tu exceed this availability goal. Therefore, the 0SS
designs which will be implemented will result in a greater decrease
in ATWS risk than that which was considered by the NRC.

-

5

This Section will discuss the design detail of the Diverse Scram
System: which are under consideration by LP&L, SCE and AP&L. The
discussion will concentrate on the aspects of the prapcsed 0SS
designs which conform to or exceed the requirements of the ATWS
Rule and the NRC guidance of coﬁplying with the ATWS Rule.

3.2 WATERFORD STEAM ELECTRIC STATION UNIT 3 DSS DESIGN

3.2.1 General Description

The DSS for WSES 3 is designed to initiate a reactor trip for
conditions indicative of an ATWS by monitoring pressurizer pressuve.

Pressurizer pressure increases because of the imbalance between the

iergy added to the primary system by the core and the energy
removed by the secondary system. The DSS will generate a signal
when the pressure setpoint is reached. This signal interrupts the
power supply that maintains the control rod position. Once the
pcwer field is arrested, the control rods drop into the core halting
the reaction,
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The WSES 3 0SS employs two parallel paths of circuitry, each con-
sisting of a pressure sensor, a bistable, a bistable relay, and a
trip relay. The pressure sensor is a Barton diaphragm-type sensor.
The sensor monitors the system parameter (i.e. pressurizer pressure)
and generates a signal. [f the setpoint has been exceeded, the
bistable switches indicating a trip. This trip signal is sent
through the bistable relay to the trip relay. The bistable relay
provides for the voltage change between the bistable and the trip
relay. When th~ trip relay receives the signal, the electric field
of the motor-generator (M-G) set is interrupted. This removes the
power supply for the CEDMCS without requiring actuation of the
reactor trip breakers. Once the power to the CEDMCS has been
removed, a reactor scram occurs.

The operating status of the DSS will be provided to the control room
operators through an ATWS display which will be incorporated into
the Qualified Safety Parameter Display System (QSPDS). The QSPDS s
"human factor" engineered to provide operators with clear, concise
data from the inadequate core cooling instrumentation. As part of
the QSPDS, the ATWS display will be quality controlled. The QSPDS
will provide continuous monitoring via alarms to inform the
operators when a high pressure state occurs. The ATWS display will
be available to operators during both normal and abnormal
conditions. Consequently its use as part of th2 QSPDS wil)l be
integrated into operator training. Additionally, the main contro)
room annunciators will provide indication of a DSS trip or system
bypass/trouble state. Locally (at the M-G sets), read and green
lights will provide DSS trip indication and amber Tights will
indicate system bypass.

In summary, the 0SS to be installed at WSES 3 will be diverse from
the existing RTS and EFAS functions. As such the 0SS will ensure
the diversity between the EFAS and the new RTS (i.e., the current
RTS and the DSS). This diversity will further reduce the chance
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that a CMF would prevent both a reactor trip and the actuation of
emergency feedwater,

3.2.2 conformance to NRC Guidance

Supplementary information (49FR26043, 26044) was provided with the
Federal Register notification of the ATWS rule. This supplementary
information includes guidance concerning the degree of diversity
from the RTS which is required of the DSS and mitigating systems.
The guidance states that equipment diversity to minimize the poten-
tial for CMF is required from the sensor output to and including the
components used to interrupt control rod power for the 0SS. There-
fore, all DSS instrument _hannel components (excluding sensors and
signal conditioning equipment upstream of the bistables) and legic
channel components, and all DSS actuation devices must be diverse
from the RTS in accordance with the published guidance. This
includes establishing electrical independence from the existing RTS.
The areas of guidance are as follows:

1) Safety Related (IEEE-279)

2) Redundancy

3) uiversity from the RTS

4) Electrical Independence from the existing RTS
§) Physical Separation from the existing RTS

6) Environmental Qualification

7) Seismic Qualification

8) Quality Assurance for Test, Maintenance, and Surveillance
9) Safety Related (1E) Power Supply

10) Testability at Power

11) Inadvertent Actuation
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3.2.3.1

In these areas the NRC establishes the criteria for such things as
diversity, testability, etc. for a DSS design that the NRC feels
will comply with 10CFR50.62. These guidelines have been integrated
into the design for the WSES 3 DSS as discussed below.

Safety Related

Staff Position - hot required but the implementation must be such
that the existing protection system continues to
meet all applicable safety related criteria.

Although not required to satisfy [EEE 279-1971, “Criteria for
Protection Systems for Nuclear Power Generating Stations," the 0SS
designed for WSES 3 will use components which demonstrate high
quality assurance. All of the components except for the power
supply for the final actuation device and the final actuation device
itself, will be safety class 1E. The final actuation device wil) be
powered by a non-1E OC vital bus that is available during a loss of
offsite power event.

[n order to avoid jeopardizing the existing level of safety for the
RTS, the design for the DSS is such that there is no interaction
with the RTS. This is done by locating the equipment in separate
cabinets on a different elevation. Additionally the DSS is electri-
cally isolated from the RTS using qualified components. Physical
and electrical isolation of the DSS from the RTS maintains the
integrity of the RTS and, consequently does not invalidate the
safety classification of the system.
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3,2.2.3.1

3.2.3.3.2

- Use of components from different manufacturers

- Use of electro-mechanical devices versus electronic devices

- Use of energize versus de-energize-to-actuate trip status
Use of AC versus DC power sources

The following subsections provide a discussion of the diversity
between the existing RTS and the 0SS on a component by component
basis.

Sensors

The first component in the trip path for these systems are the
sensors. The WSES 3 RTS and DSS share a common process card and
power supply for the sensors. These are considered as part of the
sensor and as such do not violate the overall diversity
requirements. However, a certain level of diversity does exist
between these sensors. The RTS sensor element uses a Rosemount
capacitance capsule type sensor where the DSS employs a Barton
diaphragm type sensor. This not only provides diversity of
manufacturers but also of operational principle. The Rosemount
sensor is a capacitor, two plates on either side of a di-electric,
where a change in pressure results in a change in the capacitance of
the system. The Barton sensor operates on a bellows principle where
the deflection of the bellows caused by a change in pressure results
in a change of tension across a strain gauge. The change in strain
gauge resistance indicates the pressure change. The Barton sensors
had no previous RTS control system function, and since diversity
exists between the other elements of the DSS and RTS, interactions
at the sensor level are minimized.

Bistables
The second component in the DSS is the NAL Bistable card. The

bistable in the DSS is diverse from the RTS bistables in marufactur-
er (Westinghouse for the DSS versus Electro- Mechanics for the RTS
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3.8.3.3.3

3.8.3.3.%

and Gould for the CPCs). and power supply. The CPCs provide an
auxiliary trip in the RTS on high pressurizer pressure using digital
processing. The power supply for the DSS bistable card is a Wes-
tinghouse power supply which provides 26 VOC with a 24 VDC source as
backup should the 26 VDC source fail. The RTS power supply is a
Power Mate supply which provides 12 VOC. The CPC power supply is 16
VOC Lambda supply. Thus, the DSS NAL bistzble card has nearly ideal
diversity from the RTS and CPC auxiliary trip bistables.

Bistable Relay

The third component in the DSS circuitry is the NAI bistable relay
card. Similar diversity exists between the bistable relays as did
between the bistables. That is, they are diverse in manufacturer,
design principle, and power supply. The DSS NAI bistable relay is
designed by Westinghouse, is analog in design principle, and has a
westinghouse 26 VDC power supply with a 24 VDC backup source. The
RTS bistable card is designed by Electro-Mechanics, is digital in
design principle, and has a Power Mate 12 VOC power supp'y. The the
0SS NAI bistable relay card has nearly ideal diversity from the RTS
bistable relay.

Actuation Device

The final component of the DSS is a Potter Brumfield power relay
which is powered by the non-1E vital bus. The parallel device for
the RTS is not a relay and is powered oy an 1E vital bus. There-
fore, diversity is well established between these components.

However, there are other relays in the RTS circuitry. With the
exception of one, all of the RTS relays are diverse from the 0SS
Potter Brumfield power relay in manufacturer. The exception is a
Potter Brumfield rotary relay. The 0SS and the RTS Potter Brumfield
relays, !-wever, have different design specifications and operate on

3-7



3:.8:8:8

different principles. The coil for the DSS Potter Brumfield relay
is oriented such that when energized and de-energized, the relay
togglas. The coils for the Potter Brumfield rotary relay in the RTS
are shaped in two semicircles. When energized and de-energized,
these coils spin the relay rather than toggle it. No other relay in
the RTS operates on this exact same toggle mechanism. Therefore,
diversity in operational principle exists.

Diversity in power supply for these relays also exists. The DSS
relay receives power from a 125 VDC vital bus. The RTS relays,
including the Potter Brumfield rotary relay, receive power either
from a 120 VAC vital bus or a 12 VDC Power Mate power supply.

Although there is a common manufacturer for one of the RTS relays

and the 0SS relay, no other similarities exist. Therefore, suffi-
cient diversity is established for the actuation device in the 0SS
to meet requirements.

Electrical Independence From the Existing Reactor Trip System

Staff Position - Required from sensor output to the fina)
actuation device at which point non-safety
related circuits must be isolated from safety
related circuits.

As stated above, the power supplies for the non-safety related
circuits of the DSS are t¢ be electrically isolated from the safety
related circuits of the RTS. This will be accomplished by a series
of circuit breakers and ‘uses , all of which are qualified as |E.
This pre the possibility of a failure of the power supply to
affect the ‘ion of the other power supplies. Electrical
independence is therefore established.
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The RTS and the DSS are designed such that a CMF producing an
overvoltage or an undervoltage condition will not compromise both
the RTS and ATWS preventicn/mitigation functions. During an under-
voltage occurrence, an alarm is generated if the voltage on the AC
vital bus drops to between 115 and 116 volts. Since the Westing-
house power supplies are operable down to 112 volts, the operation
of the NAL card and NAI card are assured during a time of under-
voltage conditions of which the operator has no knowledge. Like-
wise, the Potter Brumfield will remain operable down to 75% of its
rated input voltage. This is long after an undervoltage alarm would
have occurred. Therefore, the ATWS circuitry will provide continu-
ous protection during an undetected undervoltage occurrence.

Ouring an overvoltage occurrence, a regulator on the output of the
RTS power supplies maintains a steady supply to the components.
Should an overvoltage state continue to worsen, the operator is
notified by an alarm when the input voltage to the power supplies
reaches a setpoint between 129 and 130 volts. Likewise if the
output voltage of the Power Mate supplies increases to 14 volts
(note that the RTS components are still operable at this voltage),
the power supply overvoltage protection device automatically drops
the output voltage to zero. When any of the two auctioneered power
supplies in a channel drop to zero, a reactor trip will be genera-
ted. Therefore, the ATWS circuitry will provide continuous protec-
tion during an overvoltage occurrence.

Physical Separation From the Existing Reactor Trip System

Staff Position - Not required, unless redundant divisions and
channels in the existing reactor trip system are
not physically separated. The implementation
must be such that separation criteria applied to
the existing protection system are not violated.
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& Y

Although not required, physical separation from the existing RTS is

provided for the DSS. Separate cabinets will house the electronics

associated with the 0SS. This equipment will be located on the 2!

MSL elevation. Similar equipment for the RTS is located on the +46

MSL elevation. This separation is considered sufficient to preclude
the possibility of common cause failures.

Environmental Qualification

Staff Pos‘tion - For anticipated operational occurrences only,
not for accidents.

In Title 10 of the Code of Federal Regulations, Section 50.49(c), a
mild environment as defined as "an environment that would at no time
be significantly more severe than the environment that would occur
during normal plant operation, including anticipated operational
occurrences.” A1l materials that operate as part of the 0SS will,
at a minimum, meet the qualification for a mild environment.

Seismic Qualification
Staff Position - Not required.

Although the NRC’'s equipment qualification guidance states that the
0SS does not require seismic qualification, the DSS must not jeopar-
dize the qualification of the existing RTS. The components of the
0SS from the sensor output to the final actuation device will be
removed from the RTS in separae cabinets. Therefore, the DSS wil)
not violate the seismic qualification of the existing RTS,
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Although the above program program is sufficient to support t

reliability of the DSS, consideration was given to the inc¢clusi

a DSS test requirement on the WSES 3 Technical Specifications.

February 6, 1987, the NRC published in the Federa) Register (Volume

°¢, Number 25, Page 3788), an interim statement on the proposed

Policy Statement on Technical Specification Improvements for Nuclear

Power Reactors. In this statement, the NRC states that the Techni
cal Speci’ications are to address only the structures. systems and

components required to function or actuate during an accident or

transient as described in Chapter 15 of the Final Safety Analvsis Req

e WU

15 not credited in the accident analysis and therefore can not be
.onsidered as part of the primary success path. As such., the
incorporation of a DSS testing requirement into the WSES 3 Technica
specifications would be in direct contradiction to the NRC's Techni

cal Specification [mprovement Program and, therefore., will not

cur.,

lated Power Supply

Not required, but must be capable
safety functions with loss of offsi
0gi1c power must be from an instrument
supply independent from the pOwer supp
the exi1sting reactor trip tystem
sensor and instrument channe)l power
D@ used provided the possibility of

failure is prevented

1S composed of four channels A.B.C, and O tach channe
circuitry identical to the RTS circuitry Channels A and
powered from the "A" battery, and Channels B and 0 are powered
e "B" battery The DSS will be composed of cnly two channe

he ¢‘) YUL pDower Suppiie will receive po rom the




3.2.2.11

battery for Channe! A of the DSS and from the "B" battery for
Channel B of the DSS. These 26 VDC power supplies will all be 1E
safety-related supplies. The 125 VDC vital bus in each channel wil)
receive power from the "AB" battery. This will be a non-1E vital
bus. However, all power supplies for the DSS including the 125 VDC
vital buses, will be independent from the existing (as statad
above), and will be functional during a loss of offsite power.

Testability at Power
Staff Position - Required

LP&L has made provisions in the design of the DSS to permit periogic
test .ng of process equipment, bistable, and logic when the reactor
is operating at power. The level of testing is comparable to
present reactor protection system requirements. That is, a cumbina-
tion of simultaneous and overlapping tests of components and subsys-
tems is performed to insure full system functional capability.
Because the existing RTS is redundant and independent of the diverse
scram system, the existing system will provide the trip functions
during the periodic testing of the diverse system.

To test the DSS circuitry at power, the Potter Brumfield power relay
is bypassed by an identical Potter Brumfield power relay placed in
parallel. This bypassed state is indicated in the control room by
an audible alarm and a bypass indication 1ight on the local pane)
display. Once the power relay fs bypassed, a test signal consistent
with an ATWS occurrence is sent to the NAL card. A successful test
will trip the power relay, switching a red 1ight to a green light on
the QSPDS. This designates actuation of the 0SS circuitry and a
main control room annunciator,
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3.2:3

:8.3.1

3:8:3.8

Inadvertent Actuation

Staff Position - The design should be such that the frequency of
inadvertent reactor trip and challenges to other
safety systems is minimized.

LP&L will employ a DSS that includes the use of two channels opera-
ting on a two out of two logic, reliable power supplies, and testing
to support a satisfactory level of quality assurance features.

These design features are considered by LP&L to be sufficient to
minim‘ze the frequency of inadvertent actuation and challenges to
other safety systems.

Reliability Assurance, Maintenance, and Surveillance

Reliability Assurance Program

LP&L has included in its Nuclear Operations Management Manual, a
chapter that defines the quality program for non-safety related ATWS
equipment. Tliis non-Appendix B program addresses 10CFR50.62 and
incorporates the guidance provided by Generic Letter 85-06.

Maintenance Program

Testing will be performed prior to installation and operation when
appropriate to demonstrate the the non-safety ATWS equipment con-
forms to its design specifications. Additionally, the ATWS equip-
ment will be periodically tested to ensure that the tested require-
ments are satisfied. The measuring and test equipment which will be
used to determine the acceptability of work or process status wil)
be controlled and calibrated or adjusted at specific intervals in
accordance with reviewed and approved procedures.
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3.2.4

Surveillance Program

The ATWS equipment will be periodically tested to ensure that the
tested requirements are satisfied.

conclysion

The WSES 3 proposed DSS drsign is highly reliable. It has a very
high level of diversity and is completely separate from and
independent of the the RTS. Using the NRC's methodology and
accounting for the effects of uncertainties, it has been
demonstrated that tne DSS with its diverse TT accounts for 98% of
the ATWS risk reduction that could be obtained by installing all
three systems required by the ATWS rule. Therefore, the
installation of the 0SS alone satisfies the underlying purpose of
10CFRS0.62 to reduce the ATWS risk in a cost effective manner.
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3.3

3.3.1

SAN ONOFRE NUCLEAR GENERATING STATION UNITS 2 AND 3

General Description

SCE intends to implement the SONGS 2 & 3 0SS as a control grade
system by utilizing four new pressurizer pressure transmitters to
provide signals to the DSS in a two-out-of-four trip logic. The
transmitters will be isolated from the rest of the DSS which will be
powered from a non-1E uninterruptable power supply (UPS). The
components for the DSS actuation logic and means of interrupting
power to the CEDMCS will be diverse from the existing RPS.

While a two channel system is adequate to meet the requirements of
10CFRS0.62, SCE has elected to instali a four channe! system in
order to:

Enhance the reliability of overall plart operati-:,

Reduce the potential for spurious trips,

Reduce the potential for errors during operational testing.

The DSS design will use high pressurizer pressure as the parameter
indicative of an ATWS. The trip setpoint will be greater than the
RPS High Pressurizer Pressure Trip Setpoint (MPPTS) and less than
the Primary Safety Valve (PSV) set pressure which is given in the
Technical Specifications. The DSS HPPTS is greater than the exist-
ing RCS HPPTS permitted by the Technical Specifications in order to
avoid unnecessary reactor scrams. The USS HPPTS is less than the
minimum PSV set pressure permitted by the Technical Specifications
in order to prevent a delay in the generation of a trip signal
caused by the opening of the PSVs,

The ATWS/DSS Main Signal Path consists of four measurement channels,
four two-out-of-four logics and two trip paths. Each measurement
channel consists of a pressure transmitter sensor, 3 signal condi-



tioner, and an alarm block and a timer block which are part of the
configured function block of a Foxboro Spec. 200 Micro control
module.

Each of the four two-out-of-four logics, which is also a configured
function block of the Foxboro Spec. 200 Micro Module, activates one
of the two trip paths to open an M-G set output contactor. This
occurs when any of the two of the four inputs from the four measure-
ment channels reach the high-high pressurizer pressure setpoint
simultaneously. Activation of channel 1 and/or 3 of the two-out-
of-four logic energizes the trip path #1 relay which opens the M-G
Set #] output contactor, while activation of channel 2 and/or 4 of
the two-out-of-four logic energizes the trip path #2 relay to open
the M-G Set #2 output contactor.

Opening of the M-G Set #1 and #2 output contactors interrupts the
three phase power to the CEDMCS and trips the reactor. Activation
of both trip paths is required to initiate a reactor trip. Once the
trip is actuated, it is sea’ed until manually reset at the 0SS
panel.

In summary, the 0SS for SONGS 2 & 3 was designed to be a highly
reliable system which meets or exceeds the requirements of
|0CFRS0.62. [t provides the ATWS prevention features in terms of
providing an alternate trip function on conditions which are indica-
tive of an ATWS and minimizes the potential for common cause failure
of the trip function by satisfying the diversity and independence
requirements prescribed by the ATWS rule.
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tonformance to NRC Guidance

Supplementary information (49FR26043, 26044) was provided with the
Federal Register notification of the ATWS rule. This supplementary
information includes guidance concerning the degree of diversity
from the RTS which is required of the 0SS and mitigating systems.
The guidance states that equipment diversity to minimize the poten-
tial for CMF is required from the sensor output to and including the
components used to interrupt control rod power for the DSS. There-
fore, all DSS instrument channel components (excluding sensors and
signal conditioning equipment upstream of the bistables) and Togic
channel components, and al) DSS actuation devices must be diverse
from the RTS in accordance with the published guidance. This
includes establishing electrical independence from the eristing RTS.
The areas of guidance are as follows:

1) Safety Related (IEZE-279)

2) Redundancy

3) Diversity from the RTS

4) Electrical Independence from the existing RTS
5) Physical Separation from the existing RTS

6) Cnvironmental Qualification

7) Seismic Qualification

8) Quality Assurance for Test, Maintenance, and Surveillance
9) Satity Related (1E) Power Supply

10)  Testability at Power

11)  Inadvertent Actuation

In these areas the NRC establishes the criteria for such things as
diversity, testability, etc. for a DSS design that the feel wil)
comply with 10CFRS0.62. These guidelines are integrated into the
design for the SONGS 2 & 3 0SS as discussed below.
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- The use of energize to trip circuits to exclude the activation
of a trip by component failures.

3.3.2.3 Diversity From the Existing Reactor Trip System

Staff Position -

Equipment diversity to the extent reasonable and
practicable to minimize the potential for common
cause failures is required from the sensors to
and including the components used to interrupt
control rod power. Circuit breakers from
different manufacturers alone is not sufficient
to provide the required diversity for the
intarruption of control rod power. The sensors
need not be of a diverse design or manufacturer.
Existing protection system instrument-sensing
Tines may be used. Sensors and instrument -
sensing lines shkould be selected such that
adverse interactions with existing contro)
systems,

In the guidance the NRC provides details how component diversity can

be achieved.

[t states that diversity can be achieved by incorpora-

ting as many of the following methods as possible. Among these

methods are:

Use of components from different manufacturers

Use of electro-mechanical devices versus electronic devices
Use of energize versus deenergize-to-actuate trip status
Use of AC versus OC power sources

The following subsections provide a discussion of the diversity
between the existing RTS and the CSS on a component by component

Dasis,
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3:3:9.3.8

Sensors

Although not required by the ATWS rule, SCE will employ four
capacitance detection pressure transmitters to provide signals to
the four DSS channel inputs. These transmitters will be installed
at approximately the 33 foot level around the outside wall of the
biclogical shield. The sensing lines of these transmitters are
connected to the existing pressurizer pressure sensing lines through
instrument valves and share instrument lines with the existing RPS
pressurizer pressure transmitter. [he DSS transmitters ace diverse
from the existing RPS pressure transmitters in that the 0SS
transmitters are manufactured by Rosemount and the RPS transmitters
are manufactured by Foxboro. Additionally the DSS transmitters are
qualified for Class IE application and are Quality Class [l and
Seismic Category | in design.

The sensor design which is to be utilized in the SONGS 2 & 3 0SS is
diverse from the existing RPS sensors and therafore, exceeds the
requirements of 10CFRS0.62.

Bistables ind Bistable Relays

The SONGS 2 & 3 DSS does not specifically utilize bistable or
bistable relay components in its design. The DSS trip path, follow-
ing the sensor output, is a Foxboro Spec 200 Micro Control Module.
The Foxboro Spec 200 Micro Coatrol Module is a computer based
control device which is configured to perform the following func-
tions.

- Alarm Block . Compares the input signal with the
setpoint to generate a local state | output
to activate the timer,
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- Timer Block - Receives input from the alarm block and
generates a local state | output if the
logic state 1 status persists for a period
of 200 msec,

- Bistable Block . Provides channel trip status t¢ indicating
Tights and to the Critical Function Moni-
toring System (CFMS) through the multiplex-
er when the timer block output changes to
logic state 1,

- 2-out-of-4 Logic - Receives input from the timer output of
each channel and generates a logic state |
output when any two out of the four inputs
are state 1.

The ATWS 0SS receives power from two separate SCE non-1E UPS power
panels. The logic power is supplied by four Foxboro power supplies
each of which is modified for parallel operation with diodes for
reverse voltage protection. The supplies are also modified to a)low
voltage monitoring prior to the diodes. The logic power supplies
for channels | and 2 operate in parallel and the logic power
supplies for channels 3 and 4 spurate in parallel. Oual power
supplies supply power to the mltipiexcr. This prwer supply is
manufactured by Computer Products, Inc. Both 37 these power
supplies have internally installed diodes and redundancy such the
the output is parallel and diode thared. In addition, these power
supplies have provisions for voltage monitoring prior to the dicdes.
A second dual & 15 VOC power supply provides contact sense power to
the CPl contact input cards. The RPS and CPCs utilize Power Mate |2
VOC power supplies which take power from the AC Vital Bus.

Given this configuration of the DSS Conirol Module, it is concluded
that total diversity exists between the existing RPS bistable and

-
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3.3:2.7

3.3.2.8

Althouyh not regitired, physical separation from the existing RTS is
provided for the DSS. Separate cabinets wil) house the electronics
associated with the 0SS. This equipment will be located in the
CEOMCS equipment room. This area was selected because it was
outside the control room, it has air conditioning, it wae close .
the M-G sets and close to the penetration area, and it is a s. irate
security zone that would reduce the possibiiity for tamperi~,

Environmental Qualification

Staff Position - For anticipated operat nal occurrances only,
not for accidents.

In Title 10 of the Code of Federal Regulations, Section 50.49(c), a
mild environment as defined as "an environment that would at no time
be significantly more severe than the environment that would occur
during normal plant operation, including anticipated operational
occurrences.” All materials that operate as part of the 0SS will,
at a minimum, meet the qualification for a mild environment.

Seismic Qualification

Staff Pusition - Not required.

Although the NRC's equipment qualification guidance states that the
0SS doe. not require seismic qualification, the 0SS s Seismic
Category II. Mowever the prassure transmitters are Sefsmic Category
| design.

Quality Assurance for Test, Maintenance, and Surveillance

Staff Position - The Commission has released a generic letter
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(85-06, April 16, 1986) in which is provided the
explicit Quality Assurance (QA) guidance re-
quired by 10CFR50.62. While Appendix B is
viewed as a useful reference in which to frame
the staff’s guidance for non-safety related ATWS
equipment, it does not mect the intent of tne
ATWS QA program. The equipment encompassed by
10CFR50.62 is not required to be safety related:
therefore, less stringent QA guidance 1s azcep-
table. This letter incorporates a lesser degree
of stringency by eliminating requirements for
involving parties outside the normal line
organization and requirements for a formalized
program and detailed record keeping for all
qualit, practices.

SCE w1l incorporate into the SONGS 2 & 3 Updated FSAR a Quality
Class I1I/ATWS. This Quality Class is defined as:

"Those structure, components and systems which are used to reduce
the risk from an Anticipated Transient without Scram (ATWS), not in
Quality Class [,II,II1, or IV, whose failure could inconvenience
normal plant operations shall be identified as Quality Class
[TI/ATWS and shall be controlled in accordance with NRC Generic
Letter 85-06. ... Those items designated as Quality Classes [, II,
IT1,1IV and T11/ATWS make up the Project Q-List used in development,
review, approval, and control of the design of major plant
structures, components, and systems."

Testing will be performed prior L0 installation and operation when
appropriate to demonstrate the the non-safety ATWS equipment con-
forms to its design specifications. Additionally, the ATWS equip-
ment will be periodically tected to ensure that the tested require-
ments are satisfied. The measuring and test equipment which will be
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used to determine the acceptability of work or process status will
be controlled and calibrated or adjusted at specific intervals in
accordance with reviewed and approved procedures.

Although the above program program is sufficient to support the
relfability of the DSS, consideration was given to the inclusion of
a 0SS test requirement on the SONGS 2 & 3 Technical Specific , tions.
On February 6, 1987, the NRC published in the Federal Register
(Volume F2, Number 25, Page 3788), an interim statement on the
proposed Policy Statement on Technical Specification Improvement :
for Nuclear Power Reactors. In this statement, the NRC states tha*
the Technical Specifications are to address only the structures,
systems and components required to function or actuate during an
accident or transient as described in Chapter 15 of the FSAR. The
0SS clearly is not credited in the accident analysis and therefore
can not be coniidered as part of the primary success path. As such,
the incorporation of a DSS testing requirement into the SONGS 2 &

3 Technical Specifications would be in direct contradiction to the
NRC's Technical Specification Improvemer: Program and, therefore,
will not cccur.

Therefore, the DSS will meet the guidance prescribed by the NRC for
quality assurance for test, maintenance, and surveillance.
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3.3.3

3.3.3:1

3.3.3.2

3.3.3.3

SCE will employ a DSS that includes the use of four channels operat-
ing on a two- out- of-four logic, reliable power supplies, and
testing to support a satisfactory level of quality assurance fea-
tures. In addition to the logic design, the 0SS also incorporates a
timer block which will further reduce the possibility of inadvertent
actuation.

These design features are considered by SCE to be sufficient to

minimize the frequency of inadvertent actuation and challenges to
other sa’ety systems.

Reliability Assyrance, Maintenance, and Surveillance

Reliability Assurance Program

The SONGS 2 & 3 DSS has been designed to be a reliable system. The
combination of the Maintenance and Surveillance Programs outlined in
the following sections ensure that the system will be reliable and
perform the preventative function for which is was designed.

Maintenance Program

The DSS has been designed so that it can be tested on-line. The
on-line tests which will be performed include periodic calibration
and functional testing. This mairtenance program will become part
of the Station’s surveillance program.

Surveillance Program

The DSS equipment will be periodically tested to ensure the
equipment operability.
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3.4.]

ARKANSAS NUCLEAR ONE UNIT 2

General Description

APSL intends to implement the ANO 2 as a control grade system by
utilizing new pressurizer pressure transmitters to provide signals
to the DSS in a two-out-of-four trip logic. The safety related
sensors will be isolated from the rest of the 0SS which will be
powered from a non-lE uninterruptable power supply (UPS). The
components for the DSS actuation logic and means of interrupting
power to the CEDMCS will be diverse from the existing RPS.

while a two channel system is adequate to meet the requirements of
10CFRS0.82, APAL has elected to install a four channel system in
order to:

Enhance the reliability of overall plant operation,

Reduce the potential for spurious trips,
. Reduce the potential for errors during operational testing.

The DSS design will use high pressurizer pressure as the parameter
indicative of an ATWS. The trip setpoint will be greater than the
RPS High Pressurizer Pressure Trip Setpoint (HPPTS) and less than
the Primary Safety Valve (PSV) set pressure which is given in the
Technical Specifications. The DSS HPPTS is greater than the exist-
ing RCS HPPTS permitted by the Technical Specifications in order to
avold unnecessary reactor scrams. The DSS HPPTS is less than the
minimum PSV set pressure permitted by the Technical Specifications
in order to prevent a delay in the generation of a trip signal
causeu by the opening of the PSVs,

The ATWS/DSS Main Signal Path consists of four measurement channels.

four two-out-of-four logics and two trip paths. Each measurement
channel consists of a pressure transmitter sensor, a signal condi-
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tioner, and an alarm block and a timer block which are part of the
configured function block of a Foxboro Spec. 200 Micro control
module.

Each of the four two-out-of-four logics, which is also a configured
function block of the Foxboro Spec. 200 Micro Module, activates one
of the two trip paths to open an M-G set output contactor. this
occurs when any of the two of the four inputs from the four
measurement channels reach the high-high pressurizer pressure
setpoint simultaneously. Activation of channel 1 and/or 3 of the
two-out-of-four logic energizes the trip path #1 relay which opens
the M-G Set #] output contactor, while activation of channel 2
and/or 4 of the *  out-of-four logic energizes the trip path #2
relay to open G Set #2 output contactor.

Opening of the and #2 output contactors interrupts the
three phase power to the CEDMCS and trips the reactor. Activation
of both trip paths is required to initiate a reactor trip. Once the
trip is actuated, it is sealed unti)l manu21ly reset at the 0SS
panel.

In summary, the DSS for ANC 2 was designed to be a highly reliable
system which meets or exceeds the requirements of 10CFRS0.62. It
provides the ATWS prevention features in terms of providing an
alternate trip function on conditions which are indicative of an
ATWS and minimizes the potential for common cause failure of the
trip function by satisfying the diversity and independence require-
ments prescribed by the ATWS rule.

Conformance 10 NRC Fyidance

Supplementary inf,rmation (49FR26043, 26044) is provided with the
Federal Register notification of the ATWS rule. This supplementary
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information includes guidance concerning the degree of diversity
from the RTS which is required of the DSS and mitigating systems.
The guidance states that equipment diversity to minimize the poten-
tial for CMF is required from the sensor output tu and including the
components used to interrupt control rod power for the 0SS. There-
fore, all DSS instrument channel components (excluding sensors and
signal conditioning equipment upstream of the bistables) and logic
channel components, and all DSS actuation devices must be diverse
from the RTS in accordance with the published guidance. This
includes establishing electrical independence from the existing RTS.
The areas of guidance are as follows:

1) Safety Related (IEEE-279)

2) Redundancy

3) Diversity from the RTS

4) Electrical Independence from the existing RTS

5) Physical Separation from the existing RTS

€} Environmental Qualification

7) Seismic Qualification

8) Quality Assurance for Test, Maintenance, and Surveillance

9) Sa 'ty Related (lE) Power Supply

10) Testability at Power

11)  Inadvertent Actuation

In these areas the NRC establishes the criteria for such things as
diversity, testability, etc. for a 0SS design that the feel will
comply with 10CFRS0.62. Though not formally required, these guide-
lines are integrated into the design for the ANO 2 DSS as discussed
be'ow.
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3.4,2.3.1

be achieved.

practicable to minimize the potential for common
cause failures is required from the sensors to
and including the components used to interrupt
control rod power. Circuit breakers from
different manufacturers alone is not sufficient
to provide the required diversity for the
interruption of control rod power. The sensors
need not be of a diverse design or manufacturer.
Existing protection system instrument-sensing
lines may be used. Sensors and instrument -
sensing lines should be selected such that
adverse interactions with existing control
systems,

In the guidance the NRC provides details how component diversity can
It states that diversity can be achieved by incorpora-
ting as many of the following methods as possible. Among these
“athods are:

Use of components from different manufacturers

Use of electro-mechanical devices versus electronic devices
Use of energize versus desnergize-to-actuate trip status
Usa of AC versus DC power sources

The following tubsectiuns provide a discussion of the diversity
tetween the existing RTS and the 055 on a component by component

Although not required by the ATWS rule, the 0SS for ANC 2 will
employ four capacitance detection pressure transmitters to provida
signals to the four DSS channel inputs. The sensing lines of these
transmitters are connected to the existing pressurizer pressure
sensing lines through instrument
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valves and share instrument lines with the existing RPS pressurizer
pressure transmitter. The 0SS transmitters are diverse from the
existing RPS pressure transmitters in that the 0SS transmitters are
manufactured by Rosemount and the RPS transmitters are manufactured
by Foxbro. Additionally the DSS transmitters are qualified for
Class [¢ application and are Quality Class Il and Seismic Category |
in design.

The sensor design which is to be utilized in the ANO 2 0SS is
diverse from the existing RP> <ensors and thorcforo._excocds the
requirements of 10CFRS0.62.

Bistables and Bistable Relays

The ANO 2 DSS does not specifically utilize bistable or bistable
relay components in its design. The 0SS trip path, following the
sensor output, is a Foxboro Spec 200 Micro Control Module. The
Foxboro Spec 200 Micro Control Module is a computer based contro!
device which is configured to perform the following functions.

- Alarm Block . Compares the input signal with the
setpoint to generate a local state | output
to activate the timer,

- Timer Block . Receives input from the alarm block and
generates a local state | output if the
logic state | status persis’ . for a period
of 200 msec,

- Bistable Block . Provides channel trip status to indicating
Tights and to the Critical Function Moni-
toring System (CFMS) through the multiplex-
er when the timer block output changes to
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3.4.3.3.3

logic state 1,

- 2-out-of-4 Logic - Receives input from the timer output of
each channel and generates a logic state |
output when any two out of the feur inputs
are state 1.

The ATWS DSS receives power from two separate ANO 2 non-lE UPS power
panels. The logic power is supplied by four Foxbore power supplies
each of which is modified for parallel operation with diodes for
reverse voltage protection, The supplies are also modified to
allow voltage monitoring prior to the diodes. The logic power
supplies for channels | and 2 operate in parallel and the logic
power supplies for channels 3 and 4 operate in parallel. DQual power
supplies supply power to the multiplexer. This power supply is
manufactured by Computer Products, Inc. Both of these power
supplies have internally installed diodes and redundancy such the
the output is parallel and diode shared. In addition, these power
supplies have provisions for voltage monitoring prior to the diodes.
A second dual ¢ 15 VOC power supply provides contact sense power to
the CPl contact input cards. The RPS and CPCs utilize Power Mate 12
VOC power supplies which take power from the AC Vital Bus.

Given this configuration of the 0SS Control Module, it is concluded
that total diversity exists between the existing RPS bistable and
and bistable relay components, and the DSS. Diversity exists in
design principle, manufacturer and power supply.

Actuation Device
The fina) components of the DSS are four Foxboro Model N-2A0-L2C-R
trip contactor output relay modules and M-G Set trip Relays 14CR

which are powered by the non-lE UPS power panels. The parallel
device for the RTS is not a relay but rather a mechanical circuit
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3.4.2.6

breaker powered by an l1E vita) bus. Therefore, diversity is wel)
established between these components,

Electrical Independence From the Existing Reactor Trip System

Staff Position - Required from sensor output to the final
actuation device at which point non-safety
related circuits must be isolated from safety
related circuits,

The safety related sensors in the existing RTS will be isolated from
the DSS using qualified isolators. A1) other DSS logic, actuation
devices, etc. will be powered from a non-1E UPS from the Class IE
PPS power.

Physical Separation From the Existing Reactor Trip System

Staff Position - Not required, unless redundant divisions and
channels in the existiing reactor trip system are
not physicaliy separated. The implementation
must be such that separation criteria applied to
the existing protection system are not violated.

Although not required, physical separation from the existing RTS is
provided for the DSS. Separate cabinets will house the electronics
associated with the DSS. This equipment will be located in the
CEDMCS equipment room. This area was selected because 't was
outside the control room, it has air conditioning, it was (lose to
the M-G sets and close tu the penetration area, and it is a separate
security zone that would reduce the possibility for tampering,

Environmenta)l Qualification

Staff Position - For anticipated operational occurrences only
not for accidents.
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1.4.2.8

in Title 10 of the Code of Federal Regulations, Section 50.4%9(¢c), a
nild environment as defined as "an environment that would at no time
be significantly more severe than the environment that would occur
during normal plant operation, including anticipated operational
occurrences.” A1l materials that operate as part of the 0SS will,
at a minimum, meet the qualification for a mild environment,

Seismic Qualification
Staff Position - Not required.

Although the NRC's equipment qualification guidance states that the
0SS does not require seismic qualification, the 0S5 is Seismic
Category [I. However the pressure transmitters are Seismic Category
| design,

Quality Assurance for Test, Maintenance, and Surveillance

Staff Position - The Commission has released a generic letter
(85-C%, Apri) 16, 1986) in which is provided the
explicit Quality Assurance (QA) guidance re-
quired by 10CFRS0.62. WwWhile Appendix B is
viewed as a useful reference in which to frame
the staff’'s guidance for non-safety related ATWS
equipment, it does not meet the intent of the
ATWS QA program. The equipment encompassed 0y
IOCFRS50.62 15 not required to be safety related:
therefore, less stringent QA guidance s accep-
table. This letter incorporates a lesser degres
of stringency by eliminating requirements for
involving parties outside the normal line
organization and requirements for a formalizea
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program and detailed record keeping for all
quality practices.

Testing of the 0SS will be performed prior to installation and
operation when appropriate to demonstrate that tha non-safety ATWS
equipment conforms to its design specifications. Additionally, the
ATWS equipment will be periodically tested to ensure that the tested
requirements are satisfied. The measuring and test equipment which
will be used to determine the acceptability of work or process
status will be controlled and calibrated or adjusted at specific
intervals in accordance with reviewed and approved procedures.

Although the above program is sufficient to suppuit the reliability
of the DSS, consideration was given to inclusion of the DSS test
requirement in the ANO 2 Technical Specifications. On February 6,
1987, the NRC published in the Federal Register (Volume 52, Number
25, Page 3788), an interim statement on the proposed Policy
Statement on Technica)l Specification [mprovements for Nuclear Power
Reactors. In this statement, the NRC states that the Technical
Specifications are to address only the structures, systems, and
components required to function or actuate during an accident or
transient as described in Chapter 15 of the FSAR. The DSS clearly
is not credited in the accident analysis and therefore, can not be
considered as part of the primary success path. As such, the
incorporation of a DSS testing requirement into the ANO 2 Technical
Specifications would be in direct contradiction to the NRC's
Technical Specification Improvement Program, and, therefore, will
not occur.

safety Related Power Supply
Staff Position - Not required, but must be capable of performing

safety functions with loss of offsite power.
Logic power must be from an irstrument power
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supply independent from the power supplies for
the existing reactor trip system. Existing RTS
sensor and instrument chanre)l power supplies may
be used provided the possibility of common mode
failure is prevented.

Power to the 0SS is from five different sources, namely, two UPS
panels, the M-G sets contro)l powers and the tie breaker contro)
power. Separation between the c'ass 1E tie breaker control
circuitry and the non-Class 1E tie breaker status indicator circuit-
ry is accomplished by Class 1€ fuses. Therefore, the ANO 2 0SS
design interface satisfies the NRC guidance with regard to safety
related power supplies.

Testability at Power
Staff Position - Required

APSL has made provisions in the design of the DSS to permit periodic
testing of DSS equipment. On-line testing will be provided to allow
functional testing of one selected chunnel at a *ime. Testing of
the 2/4 Togic matrix and final trip actuation will Ye done during
plant shutdown or prior to startup.

[nadvertent Actuation

Staff Position - The design should be such that the frequency of
inadvertent reactor trip and challenges to other
safety systems is minimized.

APEL will employ a DSS that includes the use of four channels
operating on a two-out-of-four logic, reliable power supplies, and
testing to support a satisfactory level of quality assurance fea-
tures. In addition to the logic design, the DSS also incorporates a
timer block which will further reduce the possibility of inadvertent
actyation,
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3.4.3.2

3.4.3.3

These design features are considered by APSL to be sufficient to
minimize the frequency of inadvertent actuation and challenges to
other safety systems.

Reliabi it: Assyrance, Maintenance, and Surveillance

Reliability Assurance Program

Tha ANO 2 0SS has been designed to be a reliable system. The
combination of the Maintenance and Surveillance Programs outlined in
the following sections ensure that the system will be reliable and
perform the preventative function for which is was designed.

Maintenance Program

The DSS has been designed so that it can be tested on-line. The
on-1ine tests which will be performed include periodic calibration
and functional testing. This maintenance program will become part
of the Station’s surveillance program.

Surveillance Program

The DSS 1s not covered by the Technical Specifications. However, a
surveillance program will be established by the Station to test the
DSS ensure its operability. Although a formal surveillance program
has not yet been established, it is anticipated that the following

test program will be installed.

. Daily Channe)l Check

Monthly Functional Test
calibration at Refueling Intervals
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Conclysion

The ANO 2 DSS design is highly reliable. It has a very high level
of diversity and is completely separate from and independent of the
the RTS. Additionally, although not required by 10CFRS0.62, the
ANO 2 DSS exceeds the ATWS rule requirements and guidance in that it
incorporates four new diverse pressure transmitters to further
increase the level of diversity of the 0SS and further reduce the
potential for common mode failure.

Using the NRC's methodology and accounting for the effects of
uncertainties, it has been demonstrated that the 0SS with its
diverse TT accounts for 98% of the ATWS risk reduction that could be
obtained by installing all three systems required by the ATWS rule.
Therefore, the installation of the DSS alone satisfies the under-
lying purpose of 10CFRS0.62 to reduce the ATWS risk in a cost
effective manner.
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4.1

4.2

$.2.1

$.8.2

QIVERSITY OF THE EXISTING £FAS FROM THE 0SS

OVERVIEW

This section will provide a component by component comparison of the
existing EFAS and the 0SS for each plant design. References will be
made to the details of the DSS component design which were presented
in Section 3 of this report.

WATERFORD STEAM ELECTRIC STATIONM UNIT 3

As was previously adescribed in Section 3.2 of this report, LP&L
intends to utilize a control grade DSS for WSES 3. The DSS will
utilize a two out of two logic and diverse type of sensor design.
This section will describe the diversity bet. en the 0SS and the
existing EFAS components.

sensors

The first components in the EFAS circuitry are the sensors. The
steam generator level sensors used by the EFAS are diverse from the
0SS sensors in manufacturer and design principle. The DSS sensors
are a Barton diaphragm type sensor. The EFAS sensors are
capacitance proportional to level devices manufactured by Rosemount.
Thus, the EFAS steam generator level sensors have nearly idea)
diversity from the RTDs used by the RTS. The details of these
sensor designs are provided in Section 3.2 of this report.

Sistables

The second components in the EFAS circuitry are the bistables. The
EFAS bistables are diverse from the DSS bistables in manufacturer

and power supply. The bistables used by the EFAS are analog devices
manufactured by Electro-Mechanics (E-M). The 0SS bistables are also
analog devices. However, they are manufactured by Westinghouse and
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utilize a Westinghouse 26 VOC power supply with a 24 VDC backup
source. The EFAS power supply 1s a Power Mate supply which provides
12 VOC. Thus, the EFAS steam generator leve! bistables have nearly
ideal diversity from the 0SS bistables.

Gistable Relays

The third components are the bistable relays. The bistable relays
used by the EFAS are electro-mechanical! devices manufactured by £.M.
The DSS utilizes analog devices which are manufactured by
westinghouse. Like the bistables, the bistable relays are powered
by a Westinghouse 26 VOC supply with a 24 VDC backup while the EFAS
relays are powered from a Power Mate 12 VOC power supply.

Therefore, given the differences in design principle, manufacturer
and power supply, the bistable relays for the DSS and the E¥AS have
nearly ideal diversity,

Actuation Devices

That the final components are the actuation devices. The actuation
devices used by the EFAS are electro-mechanical retary relays with
multiple contacts manufactured by Potter-Brumfield. The EFAS
actuation devices are deenergize to trip status cevices. The EFAS
relays are powered by an [E vital buss. The DSS utilizes a Potter
Brumfield power relay which differs in design principle,
specification and power source from the EFAS actuation device.
Although the EFAS and the 0SS relays are manufactured by Potter
Brumfield, they differ in power supply, voltage, current, OC
resistance, and coil power. Also, the windings in the EFAS rotary
relays have special coil lead routing and deck/contact arrangements.
Consequently, substantial diversity exists between tne 0SS power
relay and the EFAS relays.
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$.2.5  GConclusions

The existing EFAS is totally diverse and s2parate from and
independant of the DSS. This provides a very high degree of
protection against a common mode failure that causes a failuyre of
the reactor to scram and the auxiliary feedwater to actuate
following an anticipated transient. A3 such, installation the DSS
with its diverse TT meets or exceeds the underlyirg purpose and
requirements of [OCFRS0.62 to reduce the ATWS risk in a cost
effective manner,

4.3 SAN ONOFRE NUCLEAR GENERATING STATION UNIT 2 AND 3

As was previously described in Section 3.3 of this report, SCE
intends to implement a control grade 0SS for SONGS 2 & 3. The 0SS
will utilize four new pressurizer pressure transmitters to provide
signals to the DSS in a two out of four trip logic. This section
will describe the diversity between the DSS and the existing EFAS
components.

4.3 sensors

The first components in the EFAS Circuitry are the sensors. The
steam generator level sensors which are used by the EFAS are forced
balanced transducers manufactured by Foxboro. while the DSS employs
four capacitance detection transmitters which are manufactured by
Rosemount. The sensors design which is to be utilized in the SONGS
2 4 3088 is, therefore, diverse from the EFAS sensors. Since
10CFRS0.62 dues not require diversity in the sensors, the proposed
DSS design exceeds the requirements of 10CFRS0.62 with regard to
diversity between the 0SS and the EFAS.
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Bistables and Bistable Relays

The next components are the bistables and bistable relays. The
bistables used by the EFAS are analog devices manufactured by £-M,
The DSS does not specifically use bistable or bistable relay
components in its design. As was described in detatl in Section
3.3.3.3.2, the DSS trip path following the sensor output is a
Foxboro Spec 200 Micro Control Module. The Foxboro Spec 200 Micro
Control Module is a computer based control device which is
configured to alarm, pressure switch, timing, bistable switching
functions, and logic functions.

Given this configuration of the DSS Control Module, it is concluded
that total diversity exists between the existing EFAS bistable and
bistable relay components and tha DSS.

Actuatiun Devices

The final compenents are the actuation devices. The actuation
devices used by the EFAS are electro-mechanical rotary relays with
multiple contacts manufactured by Potter-Brumfield. The EFAS
actuation devices are deenergize to trip status devices. The DSS
utilizes four Foxboro Model N-2A0-L2C-R trip contactor output relay
modules and Model 14CR M-G Set trip relays. Additionally there are
differences in power supply, the DSS actuation devices are powered
from the non-1E UPS power panels while the EFAS is powered by an If
vital bus.
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Bistables and Bistable Relavs

The next components in the circuitry are the bistables and

bistable relays. The bistables used by the EFAS are analog devices
manufactured by E-M. The DSS does not specifically use bistable or
bistable relay components in fts design. As was described in detal)
in Section 3.3.3.3.2, the DSS trip path following the sensor output
is a Foxboro Spec 200 Micro Control Module. The Foxboro Spec 200
Micro Control Module 1s a computer based control device which is
configured to alarm, prassure switch, timing, bistable switching
functions, and logic functions.

Given this configuration of the DSS Control Module, it is concluded
that total diversity exists between the existing EFAS bistable and
bistable relay components and the DSS.

Actuation Devices

The final components are the actuation devices. The actuation
devices used by the EFAS are electro-mechanical rotary relays with
multiple contacts manufactured by Potter-Brumfield. The EFAS
actuation devices are deenergize to trip status devices. The DSS
utilizes four Foxboro Mode! N-2A0-L2C-R trip contactor output relay
modules and Model 14CR M-G Set trip relays. Additionally there are
differences in power supply, the 0SS actuation devices are powered
from the non-1E UPS power panels while the EFAS is powered by an !f
vita)l bus,
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Conciusions

The existing EFAS 1s totally diverse and separate from and indepen-
dent of the USS. This provides a very high degree of protection
against 4 common mode failure that causes a failure of the reactor

to scram ind the auxiliary feedwater to actuate following an antici-

pated transient. As such, installation the DSS with its diverse 17
achieves the underlying purpose of 0CFRS0.62 to reduce the ATWS
risk in a cost effective manner,
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5.0 QLYERSE TURBINE TRIP

The implementation of a 0SS provides a diverse Turbine Trip (TT).
The DSS will trip the reactor under conditions inaicative of an
ATWS. When the DSS causes a reactor scram, i1t also causes the
turbine to trip because the DSS interrupts power to the Contro)
Element Assembly (CEA) cotls upstream of the rod power bus
undervoltage relays in the Control Element Orive Mechanism Control
System (CEDMCS). These relays actuate the turbine trip circuitry.
If a DSS.is implemented, the existing TT becomes a diverse TT due to
the diversity between the DSS and the existing RTS. The dependence
of the diverse TT upon DSS actuation means that the operating status
of the DSS will reflect the operating status of the OTT, as well,
Therefore the control room annunciators and other ATWS displays will
similarly relay the information of the diverse TT status.

Thus, installation of the DSS will satisfy the 10CFRS0.62
requirvement that the piants will have equipment diverse from the RTS
to automatically trip the turbine under conditions indicative of an
ATWS. This 1s accomplished because the circuitry required to
satisfy the component diversity requirements for a diverse reactor
scram is essentially the same as for the OTT. Therefore, given the
installation of a DSS, adequate diversity exists between the DOTT and
the RTS for compliance with 10CFRS0.62.
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Similarly, although the EFAS power supplies are not independent,
their design is such that it would require the simyltaneous occur-
rence of two different types of common mode failures (an overvoltage
condition and failure of the overvoltage protection) affecting large
number of these power supplies to prevent and reactor trip and the
delivery of AFW to the steam generators.

The NRC Staff has completed their review of the submittals. The
Staff has stated that ANO 2, SONGS 2 & 3, and WSES 3 do not
presently satisfy the ATWS rule requirement for EFAS diversity
because the bistable relays and matrix relays in the EFAS are
identical to their counterparts in the RTS. In addition, the power
supplies in the EFAS and RTS are not independent,

Based on this, the owners of the plants covered in this report
conclude the Staff interprets the ATWS rule to require complete
diversity of all EFAS components from their counterparts in the EFAS
and conplete independence of £FAS power supplies.

why i1 _is not Reasonable or Practicable 1o Comply with the NRC
2taff’s Interpretation of the ATWS Rule

It 15 not reasonable or practicable to comply with the NRC Staff's
interpretation of the ATWS rule requirement for a system diverse and
independent from the RTS to actuate emergency feeawater under
conditions indicative of an ATWS. There are potentially three ways
to comply with the Staff’'s interpretation.

0 Replacing the existing EFAS with a totally new, independent,
and diverse EFAS would cost $3,200,000 per reactor. This
would not be cost beneficial, as it would provide an incremen-
tal reduction of the ATWS risk of 9 x 10'7 severe ATWS event
per reactor year, with a value of $270,000 per reactor
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Replacing the existing EFAS bistable and matrix relays with

g
diverse counterparts and make the existing EFAS power supplies

independent 4f RTS power supplies has been reviewed by t
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ot the wiring changes required and the potential f«

error in the maintenance of the new equipment. For each
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matrix relays and independent EFAS power supplies has been
conservatively estimated at one-quarter of the cost for
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event per reactor year, with an estimated value
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i@ to the nature of the existing turbine trip circuitry, the DSS

will provide an inherently diverse TT function. This will be
Jiverse and independent from the RTS and will trip the turbine under
conditions indicative of an ATWS.




AP&L, SCE, and LP&L propose to implement a DSS with its

Jiverse turbine trip function at there respective reacter

SONGS 2 & 3, and WSES 3. The DSS will be independent from
existing RTS. Additionally, the EFAS is diverse from and
independent of the DSS. The proposed course of action presents
risk to the public health and safety since the plant modification
proposed t. satisfy the MRC Staff’s interpretation of 10CFRS0.62

have a value/impact ratio substantially less than 1.0 and further

plant hardware modifications provide an insignificant reduction

the ATWS risk.
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e., one which precludes overpressurization
coolant system. Note that Figures 2-1 and 2-

lirectly from the SECY-83-293 (Enclosure 0,

except that Figure
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The basis for the frequency or probability assig

oranch as stated in SECY-83-293 is the fo!l IWing

Frequency of Anticipated Transients ("AT"). 2 8 and 1.¢
per reactor year for turbine trip and non-turbine trip

vents, respectively, is based on plant operating

experience as provided in References 2.2 and 2.3

Probability of a Reactor Protection System elect

("RPS Elect”) or mechanical failure ("RPS Mech")

3 and 1.0 x IO'S. respectively. is based on

10
cperating experience as provided in Appendix A

SECY-83-293

Probabilities of an unfavorable moderator temper

coefficient ("MTC Overpress: ), 0.5 and 1.0,

on previous NRC review ( aren : )f the
plant ra2sponses

Inherent

infavorable MTI(

lectrical

)f the MT(

negative 1 2hat the reactor

exceeds ( 1a. Ffor the purpo

Jnacceptat

- SR

The probabilities of fiiling *o initiate emergen
feedwater, 0.04 if automatic initiation is

-

J.16 1f manual initiacion is required.
References 2.7 and Enclosure D
respectively. Note that the NRC analys

RPS electrical failure also causes fail

dutomatically initiate emergency feed




ty of failing to
1§ Uased on an estimate
Enclesure D of SECY-83-293.

s the simplified event tree used in SECY-83-
imate P WS for C-E manufactured plants which are moc
n accordanc® to the ATWS Rule. This Figure is taken di
rom page 67 of Enclosure D to SECY-83-293 except that
requencies for the bottom three branches are added int
tal.
|

B n
L~ )'? -

ant modifications are reflected in Figure

owing ways:

The addition of a turbine trip actuation
from the reactor trip system. This will

1

dnticipated transients of concern will re

-

. .
ne addition of a new EFAS that
Independent, and separate from
automatic emergency feedwater

J

presence of a RPS electrical failure,

reliance on manual initiation. Consequent)

probability decrease from 0.16 to 0.04




the impact of various A
presented in SECY-83-293 used
given above as point estimates to calculate the

frequencies. Enclosure D of SECY-83-293

v

FAS is a reguct:on of pATHS from 8.0 x 10'5 per reacto

to 2.2 x 10 © per reactor year. Note that the "Total”

frequency on Figure 2-3 is actually 2.62 x 10 3 per react

the net effect of adding a 0SS, a diverse

year when the frequencies for tne bottom three branches are
added into the total. Using this corrected value, the addit
of the DSS, diverse TT, and diverse EFAS results in net
reduction of the severe ATWS frequency of 5.38 x 10°

reactor year,

igure 2-4 uses the same methodology as was used
L0 show the effect on the severe ATWS frequency of
with its inherently diverse TT. The effect
per reactor year

-

year, or 0
n of all three
nasiz«#d that this analysis did not addres

certainties in the estimates of the failure

To evaluate the impact of the modific

:onsidered, the sequenc on Figures

"

translated into equations and solved using the

(Referency 2.8). Table 2-1 summarizes the fail
J1stribution parameters used for this analysis.
paragraphs summarize how these parameters were
that anticipated transient freouency and MTC overpres:

treated as constants




NUREG-0460 states that

-

the total unavailability of the RF
'n® -4 2 A"
in the range of 10°° to 10°" and that the value 3.0 x 10 ° wa

wu W

0
O
w)

selected for the analysis. This suggests that the total

-

unavailability is log-normally distributed witt “%®iian of 3

-

N 1 's - » g
\ x 10 © and an erro- factor of 3. On pages 65 and 66 o
Enclosure D to SECY-83-293, the NRC divided the total RPS

unavailability into RPS mechanical and RPS electrical with
5

0

values of 1.0 x 1077 and 2.0 x 10'5 respectivelv. These val
were assumed to be medians and an error factor of 3 was

assigned to each.

Both “failure to manually initiate EFW" and "failur

¢
.
o

initiate high pressure injection" are human errors. The
failure probabilities (0.16 and 0.05 respectively) w

]
-
4]
[*%)
v
v
£
3
T

to be median values and an error factor of 5 was used based on
Table 20.26 of NUREG/CR-1278 (Reference 2.9).

For automatic initiation of EFW, the failure probability of
0.04 was assumed to be the median value. Analyses of

engineered safety features actuatio

-
w
S
®

stems have sielded

J
ractors in the range of 4 to 5, Therefore, an error factor

®

> was used for failure to automatically initiate EFW

o .
A U35 failure probability of 0.1 can be derived from a
- -~ ‘¢ [l | g { w c p) 1
reduction in "RPS Elect" from 2.0 x 10 n Figure 2-1 to 2

in Figure 2-3 The value of 0.1 was assumed to be 3
necdian value and an error factor of 3 was selected based

error factor used for the RPS

The severe ATWS frequencies were calculated for three cases
'he first is the base case as represented by Figures 2-1 and
¢-¢. The second is based on modifying the plant to irclude
0SS, diverse TT and diverse EFAS as reprasented by Figure
ne third case is based on modifying the plant to include a

and diverse TT, he results of these calculations are




Vsing the mean values, the net effect of modifying th

include a DSS, a diverse TT and a diverse EFAS is

' - ' '5‘ - 1 -
PATWS from 8.98 x 10 “/year to 3.6 x 10 ] year,

of 5.38 x IO'S‘year. [f only the DSS and diver
included, PATWS is reduced from 8.98 x 10°°
10’5 year, a net reduction of 5.29 x

The results of the evaluation of the impacts of ATWS related
modifications, both with and without uncertainties considered
1s summarized in Table 2-2. As shown on Table 2-2, the 0SS and
diverse Turbine Trip account for over 98% of the risk reduction
achievable by installing a 0SS, a diverse Turbine Trip and
diverse EFAS. The diverse EFAS accounts for less than 2% of

the achievable risk reduction

The incremental ATWS risk reduction (decrease in 937‘8\
associated with the installation of a diverse EFAS is
calculated from the ATWS probabilities listed in Table 2-2
The calculated incremental risk reduction afforded Dy

EFAS installation is 9.0 x 107" per reactor year. This
pased on C-E analysis with uncertainties propagated, whi
the three analyses summarized 1. Table 2-2. v

ncremental value for diverse EFAS.

requlatory analysis ir. Enclosures C and

the value of a plant modification

A

(Cost of Unmitigated ATWS) x (Decrease

A
!.

20 Years of Remaining Plant Lifetime)




1 ) "~ .- - 1
nclosure D to SECY-8 (page 31)

cost of an unmitigated ATWS to be $10 billion.

value, Equation 2-1 reduces to:

Using the decrease pA’HS for diverse EFAS from Table 2-

Equation 2-2 becomes:

Value = ($3.0 x
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TABLE 2-2

EFFECTS OF PLANT MODIFICATIONS ON p:rus

A1l Three 0SS and Benaefit
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Diverse Scram System
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.ONCLUSIONS

Based on this evaluation, shown that the value

the plant modifications ass¢ th compliance with the
ATWS rule 1s $270,000, T was performed using the
same methodology as was used CY-83-293 and has considered
the effects of the uncertainti the probabalistic analysi
The results of this evaluation will be factored into the
value/Impact analysis presented in CEN-380.




