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MEMORANDUM FOR: Thomas M. fiovak, Assistant Director for Licensing
Civision of Licensing

FROM: Walter Butler, Acting Assistant Director for Reactor Safety
Division of Systems Integration
SUBJECT:  CATAWBA NUCLEAR STATION, UNITS 1 AND 2 -

SAFETY EVALUATION REPORT, FSAR SECTION 7.0,
INSTRUMENTATION AND CONTROL SYSTEMS

Plant Name: Catawba Huclear Station, Units 1 & 2
Docket Nos.: 50-413/414
Licensing Status: OL
Responsitie Branch: LB #

-

Project Manager: K. Jabbour PE3T5ei -~ y _
review Dranch: ICSB e 2 s
Review Status: Incomplete A i W 40 s geSar SIS

Enclosed, as encleosure (1), is the Safety Evaluation Report (SER) input for

the Catawba fluclear Station, Units 1 and 2, prepared by the Instrumentation
and Contrel Systems Branch (ICSB). The enclosed SER input applies to Section
7.0 of the Standard Review Plan (SRP) and includes evaluation information

for which the ICSB has responsibility. This SER reflects the results of our
review of the information presented in the Catawba Final Safety Analysis
Report (FSAR) through Amendment Ho. 28. Also, the SER is based on a drawing
review, a site visit, and our evaluation of the applicant's responses to ICSE's
requests for additional information.

It should be noted that, in respense to your memorandum dated liovember 18,
1082, the enclosed SER is a marked-up copy of the CRESS version to expedite
processing. As such, the sections categorizing our issues into open, con-
firmatory, techncial specification, TMI Action Plan, or licensing condition
items were removed from our draft SER. To aid in {identifying and categori-
zing these issues 1n the updated SER, enclosure (2) has been provided. It
should also be noted that Si~nlemental Safety Evaluation Report (SSER) inputs
will not be provided for th .onfirmatory Items unless a problem is found
when final documentation is received frem the applicant.

If there are any questions please contact ICSB.
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MEIOPANDUM FOR: Thomas M. Novak, Assistant Director for Licensing
Division of Licensing

FROM: Themis P. Speis, Assistant Director for Reacté% Safety
Division of Systems Integration |
SUBJECT: CATAWBA NUCLEAR STATION, UNITS 1 AND 2 o

'SAFETY EVALUATION REPORT, FSAR SECTION 7.0,
INSTRUMENTATION AND CONTROL SYSTEMS

Plant Name: Catauba Nuclear Station, Units 1 & 2

Docket Nos.: 50-413/414 |
Licensing Status: OL |
Responsible Branch: LB #4 |
Project Manager: K. Jabbour |
Peview Branch: ICSE |
Review Status: Incomplete

Enclosed, as enclosure (1), is the Safety Evaluation Peport (SER) input for
the Catawba Nuclear Station, Units 1 and 2, prepared by the Instrumentation
and Control Systems Branch (ICSB). The enclosed SER input applies to Section
7.0 of the Standard Review Plan (SRP) and includes evaluation information

for which the ICSB has responsibility. This SER reflects the results of our
review of the information presented in the Catawba Final Safety Analysis

Report (FSAR) through Amendment No. 28, Also, the SER is based on a drawing
review, a site visit, and our evaluation of the applicant's responses to ICSB's
requests for additional information.

It should be noted that, in response to your memorandum dated November 18,
1982, the enclosed SER 1s a marked-up copy of the CRESS version to expedite
processing. As such, the sections categorizing our issues into open, con-
fimatory, techncial specification, TMI Action Plan, or licensing condition
jtems were removed from our draft SER. To aid in identifying and categori-
zing these issues in the updated SER, enclosure (2) has been provid~d. It
should alsc be noted that Supplementa] Safety Evaluation Repcrt (SStR) inputs
will not be provided for the Confirmatory Items unless a problem is found
wnen final documentation is received from the applicant.

If there are any gquestions please contact ICSB.

Themis P. Speis, Assistant Director
for Reactor Safety
Division of Systems Integration
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7 INSTRUMENTATION AND CONTROLS i

7.1 Introduction

Section 7.1 of the FSAR contains information pertaining to safety-related
instrumentation and control systems, their design bases, and applicable
acceptance criteria. L

AreTEY LTI ﬁ-—-v AL

soSibaa.

7.1.1 Acceptance Criteria Certified By ///;/ TZZf/ e —

The staff has reviewed the applicant's design, design criteria, and design
bases for the instrumentation and control systems for the Catawba Nuclear
Station Units 1 andii:taglg. The acceptance criteria used as the basis for the
staff's evaluation are set forth in SRP (NUREG-0800) Table 7-1, "Acceptance
Criteria for Instrumentation and Control Systems Important to Safety," and
Table 7-2, "TMI Action Plan Requirements for Instrumentation and Control
Systems Important to Safety." These acceptance criteria include the applicable
,ﬂ:7 GOC and IEEE Standard 279, "Criteria for Protection Systems for Nuclear Power
Ll Generating Stations" (10 CFR 50.55a(h)).

Nadss

Guidelines for implementation of the requirements of the acceptance criteria
| are provided in the IEEE Standards, RGs, and BTPs of the Instrumentation and
Controcl Systems Branch (ICSB) identified in Section 7.1 of the SRP.
Conformance to the acceptance criieria provides the bases for concluding that

the instrumentation and control systems meet the requirements of 10 CFR 50.

7.1.2 General Findings
The applicant has identified the instrumentation and control systems important
to safety and the acceptance criteria which are applicable to those systems

ijdentified in the SRP. The app’icant also has identified the guidelines,
including the RGs and the industry codes and standards, which are applicable (o
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the systems. The acceptance criteria and guidelines identified by the ap-
plicant are provided in Section 7.1.2 of the FSAR.

Based on the review of FSAR Section 7.1, the staff concludes that the
implementation of the identified acceptance criteria and guidelines satisfies
the requirements of GDC 1, "Quality Standards and Records," with respect to the
design, fabrication, erection, and testing to quality standards commensurate
with the importance of the safety functions to be performed. The staff finds
that the nuclear steqm_supply system (NSSS) and the balance-of-plant (BOP)
instrumentation and control systems important to safety, addressed in FSAR
Section 7.1, satisfy the requirements of GDC 1 and, therefore, are acceptable.

7.2 Reactor Trip System
7.2.1 System Description

The reactor trip system (RTS) automatically shuts down the reactor to prevent
the established 1imits of safe operation from beindicxcnedcd. To accomplish
its function, the RTS includes instrumentaiion channels to monitor various
plant variables, process and nuclear, pertinent to the reactor safety. When-
ever a monitored variable reaches a set limit, the associated instrumentation
channel trips a bistable. This turns off power to the relays that provide
inputs (voltage/no voltage) corresponding to the condition (normal/abnormal) of
the measured parameter to the solid-state logic protection system consisting of
two redundant trains: Each of the trains controls power to the undervoltage
coil of a separate and independent, series-connected, reactor trip breaker.
wWhenever an established combination of input signals is received by the solig-
state logic protection system, power to the undervoltage coils is interrupted
and the breakers open. Opening either of two breakers interrupts power to the
control rods, and the rods fall by gravity into the core, shutting down the
reactor.

Concurrent with the reactor trip, the RTS also initiates a turbine trip to
prevent reactivity insertion that would otherwise result from excessive reactor
system codldown.
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In addition to the automatic trip of the reactor desc.ibed above, means also

are provided for manual trip by the operator. The manual reactor trip consists

of two switches, one on train A and one on Train B. Each of the switches

contrels power to the underveltage and shunt trip coils of the reactor trip bredker.
for the corresponding train. Actuation of a switch removes power from the
undervoltage coil and also energizes the shunt trip coil, either of which trips

the breaker. In the same manner the reactor will be tripped by actuating

either of two manual switches for safety injection (see Section 7.3).

The trips included in the RTS are listed below. The first number in
parentheses after each trip parameter is the number of coincident trips

required, and the second number is the number of redundant channels provided.

(1) power range high neutron flux

(a) low setting (2/4)
(b) high setting (2/4)
(2) intermediate range high neutron flux (1/2)
(3) source range high neutron flux (1/2)
(4) power range high positive neutron flux rate (2/4)
(5) power range high negative neutron flux rate (2/4)
(6) overtemperature AT trip ) (2/4)
(7) overpower AT trip (2/4)
(8) pressurizer low pressure (2/4)
(9) pressurizer high pressure (2/8)
(10) pressurizer high water level (2/3)
(11) low reactor coolant flow (2/3 in any loop)
(12) reactor coolant pump bus undervoltage (2/4)
(13) reactor coolant pump bus underfrequency (2/4)
(14) low=low steam generator water level (2/4 in any loop)
(15) safety injection (see Section 7.3) Coincident

with actua-

. tion of safetys
(16) turbine trip
(a) Low control valve oil pressure, or (2/4

(b) turbine stop valve close (4/4)
(17) general warning alarm (2/2)
(18) manual (1/2)

Mcst of the trip parameters shown in the 1ist above are monitored directly and
their functions are self-explanatory. Exceptions are the overtemperature AT,
the overpower AT, and the general warning alarm. The overtemperature AT
protects against a Tow departure-from-nucleate-boiling-ratio (DONBR). The set
point for this trip is continuously calculated by analog circuitry for each
locp and depends on temperatures in the loop, neutron flux distribution in the
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reactor, and primary system (press. ‘izer) pressure. The overpower AT protects
against excessive local linear power density. As for the overtemperature AT,
the trip seu point for the overpower AT is continuously calculated by analog
circuitry for each loop and depends on the temperatures in the loop and the
neutron flux distribution in the reacter. The general warning alarm system
monitors various conditions, such as power supply output and test switch posi=
tion, in the solid-state logic protection system. If any of the monitored con-
ditions in a train are abnormal, the alarm relay for that train is deenergized.
This actuates the train trouble annunciator in the control room. If an abnormal
condition occurs simuitineous]y in both trains, the reactor is automatically
tripped.

Some of the trips shown in the 1ist are not effective below or above certain
power levels. The source range high neutron flux trip can be manually bypassed
when cne of the two intermediate range channels reads above approximately 10-10
amperes (P-6 interlock, one decade into intermediate range). The intermediate
range high neutron flux trip and the power range high neutron flux low-setting
trip can be manually bypassed, and the source range high neutron flux trip is
autcmatically bypassed above approximately 10% power (P-10 interlock). A1l the
above bypasses are automatically removed (source range high neutron flux trip
is manually removed when below P-10) when the power level decreases below the
set value.

The pressurizer low-pressure and high-water-level trips, low reactor coclant
flow trip, and the reactor coolant pump bus undervoltage and underfrequency
trips are automatically blocked below approximately 10% power (P-7 interlock).
The reactor trip on turbine trip is blocked below approximately 52% power (P-9
interlock). In addition, at power levels below approximately 50% (P-8 inter=
lock) the trip legic for the low reactor coolant flow i changed from 2/3 in
any loop to 2/3 in any two loops. All the above blocks are automatically
removed when the power increases above the set value.

The RTS includes provisions for testing system operation. Where only parts of
the system are tested at any one time, the testing is carried out in steps, in
a sequence that provides the necessary overlap to ensure complete system opera-
5ility. A1l of the system functions can be tested at power, except for the
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manual reactor trip and manual safety injection initiation trip. Actuation of
these manual switches would trip the reactor. Also, the nuclear channe! trips
that are not effective above certain power levels are tested at reduced power
lTevels or at shutdown. Bypassing of the trip functions during testing is only ~—-
required for the source and intermediate range nuclear channels since they are
arranged in one-out-of-two trip logic.

The analog process channel testing is performed by introducing dummy input
signals into the instrumentation channels and observing the tripping of the
appropriate output bisfables. The power range nuclear channels are tested by
superimposing a test signal on the actual detector signal. To test the logic
matrices of the solid-state logic protection system, pulse test signals are
used in all possible trip and nontrip logic combinations. The test pulses are
of short duration and the trip logic is not maintained sufficiently long to
permit opening of the reactor trip breakers. During logic testing of one
train, the other train can initiate any required protective action. To test
the reactor trip breakers, bypass breakers are provided. After a bypass
breaker is closed, the associated reactor trip breaker can be tripped with a
signal from the corresponding logic train. Actuatien of a manual reactor trip
switch opens the corresponding reactor trip breaker and its bypass breaker.

In addition to providing inputs to the solid-state logic protection system,
analog signals of the protection channels are used for nonprotective functions
such as control, remote indication, and computer monitoring. To protect "rom
faults in the nonsafety circuits affecting the protection system, isolatior
amplifiers are used. The isolation amplifiers are classi®ied as part of the
protection system.

’

7.2.2 Specific Findings
7.2.2.1 Testing the Reactor Trip Breakers and Manual Trip Switches
The reactor trip breakers are provided with undervoltage and shunt trip coils.

Interrupting power to the undervoltage coil or energizing the shunt coil will
trip the breaker. The undervoltage coils receive trip signals from both the
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solid-state Togic protection system and the manual trip switches (including the
manual reactor trip switches and the safety injection switches). The shunt
trip coils receive trip signals from the manual trip switches only. This pro=
vides diversity and enhances the separation between the automatic and manual
reactor trip systems.

Testing of the undervoltage coil operation is carried out with a trip signal
from the solid-state logic protection system. Testing of the manual reactor
trip channel does not allow independent verification of the operability of the
shunt coil and thc.undérVOItage coil because the operation of a manual trip

switch results in a simultaneous trip action by beth coi1s./’i;:;;ﬁuiaounyubattlz

7.2.2.2 Protection System Sensors and Cabling jn Nonseismic Structures

Protection system trip circuit inputs that are located in the nonseismic turbine
building are (1) turbine stop valve closure limit switches, (2) turbine control
valve oil pressure switches, and (3) turbine impulse pressure transducers.

Items 1 and 2 provide inputs to the reactor trip on turbine trip circuit; Item 3
provides inputs to the P-7 interlock. The reactor trip on turbine trip is
classified as an anticipatory trip for which no credit is taken in the safety
anaiyses. The staff position regarding anticipatory trips, as stated in BTP
ICSB 26, requires that all reactor trips, including the anticipatory trips,
should meet the reguirements of IEEE Standard 279. Also, it requires that

no credible fault, such as grounding or shorting in the portion of the trip
circuitry in the nonseismic structures, should cause any adverse consequences

in the protection system operation.

Although the turbine control valve pressure switches, the turbine stop valve
closure Timit switches, and the turbine impulse pressure transducers are not
seismically and environmentally qualified for use in the turbine building, they
are fully qualified for use in other safety-grade applications. Because no
credit is taken in the safety analysis for these inputs to the reactor
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protection system (RPS), the staff finds their use acceptable for this
application.

The interlocked armor cables for the two turbine stop irouts and the turbine

impulse pressure input are routed in cable trays through the turbine building.

Although the cables arJ trays are located fn a nonseismic area, they have been
, insof ibie, f 3 g s

treated, insofar as pos b":.:f-i:.:firrg] ted zgtually redundant cables are

adequately separated. ég::itavc—angﬂuscd to isolate these trip inputs to the

RPS. - -

Aot The circuitiy-in the turbine bu11ding coan{e, with the reguirements of
IEEE Standard 279 in that no credible fault in these portions of the trip
circuitry in the turbine building would degrade the performance of the RP3.
This is in compliance with the requirements of BTP ICSB 264 amd w thafre
L e

7.2.2.3 Water Level Measurement Errors

The steam generator and pressurizer water level measurement channels utilize
differential pressure transmitters. The measurement accuracy of such a system
is affected by several factors. Of primary importance is the increase in the
indicated water level caused by a decrease of the water density in tﬁx“‘ %
reference leg resulting from an increase in the ambient temperatuie ressitiag
P higbftherq¥§%§ne breaks. For such an accident, the steam generator water
level provides the primary trip function and the trip set points need to be
selected to ensure that the action required by the safety analyses will be
initiated throughout the range of temperatures that can be expected. This
issue was addressed for operating reactors in IE Bulletin 79-21. The staff has
requested the applicant to evaluate the effect of high temperature in the
reference Tegs of water level measurement systems following a higpfinergyéﬁinc
break to ensure that measurement errors are factored into the basis for
establishing trip set points. The applicant intemde—te use insulation on the
reference legs to minimize measurement errors, in-the trip sat-points. The
staff finds this approach acceptable and will ensure that any environmental
errors are taken into account during its review of set point methodology and
Technical Specifications.
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" Westinghouse plant

7.2.2.4 Lead, Lag, and Rate Time Constant Set Points Used in Safety System
Channels

-

Several safety system channels make use of lead, lag, or rate signal compensa-
tion to provide signal time responses consistent with assumptions in the FSAR

- analyses. The time constants for these signal compensations are
adjustable set points within the analog portion of the safety system. The time
constant set points will be incorporated into the station Technical
Specifications.

5 Response Time Testing

To ensure that the Y se time of each protective functi he reactor

trip system and engineered s features actuati stem is within the time

Timit assumed in the accident analyse’™

rical Specifications reguire
testing the time response at specijs
an approach that differs f

e applicant intends to use
che procedures proposed fo
ergoing operating license reviews. The app
e evaluated by the staff during Technical Specification

r current

's test

procadures

revi
7.2.2.§ Trip of Reactor Coolant Pump Breakers on Underfrequency

The staff asked the applicant to provide justification that tn‘pp’in}g‘ t:.?ulﬁ ’ﬁ
reactor coolant pump breakers on underfrequency is not a —— funcé%oqﬁsnd,

thus, the reactor coolant pump breakers do not have to be designed and

qualified to meet the criteria applicable to equipment performing a safety

furr.ion. The applicant has stated that analyses have been performed to
cemonstrate that pump breaker trip is not required to maintain ac-eptable core
design limits for frequency decay rates less than 5 Hz/sec. Grid stability

studies have shown credible frequency decay rates to be less than 5 Hz/sec.

The staff finds the applicant's justification for the design basis of the

reactor coolant pump breakers to be acceptable.
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7.2.2.‘ Verification of the Resistance Temperature Detectors Bypass Loop Flow

The reactor coolant system hot- and cold-leg resistance temperature detectors
(RTDs) used for reactor protection are located in reactor coolant bypass loops. N
A bypass loop from upstream of the steam generator to downstream of the steam
generator is used :::r the hot-Teg RTD and a bypass loop from downstream of the
reactor coolant pump to upstream of the pump is used for the cold-leg RTD. The
flow rate affects the overall time response of the temperature signals provided
for reactor protectiqn and, thus, should be monitored at appropriate intervals.
The staff will require‘ihat the magnitude of the RTD bypass loop flow rate be
verified to be within required 1imits at each refueling period. This

requirement will be incorporated in the station Technical Specifications.

7
7.2.24{ TMI-2 Action Plan Item II.K.3.10, Proposed Anticipatory Trip

Modification

The Catawba design includes an anticipatory reactor trib upen turbine trip.
Provisions are included to permit the reactor trip dpon turbine trip to be
blocked at power levels below approximately 50% (P-9 interlock) where the con-
denser steam dump is capable of mitigating the reactor coolant system tempera-
ture and pressure transient without actuating pressurizer power-operated reiief
valves, based on a Westinghouse analysis for the Catawba station. A decision to
trip the reactor fo1low%ng turbine trip at different power levels would involve
only bistable set point changes and not instrument hardware changes. The staff
finds that the design, therefore, is acceptable. The specific power level set
point below which a reactor trip following a turbine trip is blocked will be
reviewed and specified in the station Technical Specifications.

7.2.2.8 TMI-2 Action Plan Item I[I.K.3.12, Confirm Existence of Anticipatory
Reactor Trip Upon Turbine Trip

The Catawba station has an anticipatory reactor trip on turbine trip, which
satisfies this item.
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7.2.2.2& Turbine Trip Following A Reactor Trip

Credit is taken in the Catawba accident analysis for turbine trip on a reactor
trip. The applicant %rips the turbine following a reactor trip using the
turbine emergency trip system. Redundant circuits used to trip the turbine are
independently routed to and processed within the emergency trip system to
provide two independent means of tripping the turbine. The circuits that
traverse nonseismic qualified structures are isolated from the solid state
protection system. The circuits are fully testable during full-power
operation. The staff. finds this design to be consistent with the function's
importance to safety and, therefore, accggfggls;;y

e

(;ﬁe staff will include in the station Technical Specifications a requirement to
periodically test these circuits.
7.2.3 Condualion }anka;s
Based on its review, the staff concludes that the RTS conforms with the design=
bases requirements of IEEE Standard 279. The RTS includes the provision to
o4 58Nnse accident conditions and antig%zséfd operational occurrences and initiate
reactor shutdown consistent with th A3 alysis presented in Chapter 15 of the
FSAR. Therefore, the staff finds that the RTS satisfies the requirements of
GDC 20, "Protection System Functions."

dast
porey

The RTS adequately conforms with the guidance for periodic testing in RG 1.22 and
IEEE Standard 338 as supplemented by RG 1.118. The bypassed and inoperable
status indication adequately conforms with the guidance of RG 1.47. The RTC
adzquately conforms with the guidance on the application of the single-failure
criterion in IEEE Standard 379, as supplemented by RG 1.53. Based on its

review, the staff concludes that the RTS satisfies the requirement of IEEE
Standard 279 with regard to system reliability and testability. Therefore,

the staff finds that the RTS satisfies the requirement of GOC 21, "Protection
System Reliability and Testability."

The RTS adequately conforms with the guidance in IEEE Standard 384 as
supplemented by RG 1.75 for the protection system independence. Based on its
review, the staff concludes that the RTS satisfies the requirement of IEEE
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Standard 279 with regard to the independence of systems. Therefore, the staff
finds that the RTS satisfies the reguirement of GDC 22, "Protection System
Independence."

Based on its review of failure modes and effects for the RTS, the staff
concludes that the system is designed to fail into a safe mode if conditions
such as disconnection of the system, loss of energy, or a postulated adverse
environment are experienced. Therefore, the staff finds that the RTS satisfies
the requirements of GOC 23, "Protection System Failure Modes."

Based on its review of the interfaces between the RTS and plant operating
control systems, the staff concludes that the system satisfies the requirements
of IEEE Standard 279 with regard to control and protection system interaction.
Therefore, the staff finds that the RTS satisfies the requirements of GOC 24,
“Separation of Protection and Control Systems."

Based on its review of the RTS, the staff concludes that the system satisfies
the protection system requirements for malfunctions of the reactivity control
system, such as accidental withdrawal of control rods. FSAR Chapter 15
addresses the capability of the system to ensure that fuel design limits are
not exceeded for such events. Therefore, the staff finds that the RTS
satisfies the reguirements of GDC 25, "Protection System Requirements for
Reactivity Malfunction."

The staff's conclusions, noted above, are based on the requirements of IEEE
Standard 279 with respect to the design of the RTS. Therefore, the staff finds
that the RTS satisfies the requirement of 50.55a(h) with regard to IEEE
Standard 278.

The staff's review of the RTS has examined the dependence of this system on the
availability of essential auxiliary support (EAS) systems. Based on its
review, the staff concludes that the design of the RTS is compatible with the
functicnal performance requirements of EAS systems. Therefore, the staff finds
the interfaces between the RTS design and the design of the EAS systems to be
acceptable.
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In summar&, the staff concludes that the design of the RTS and the design of

the EAS systems are acceptable and meet the relevant requirements of GOCs 2, 4,

20, 21, 22, 23, 24, and 25 and 10 CFR 50, 50. SSa(h) M'r/tv ,&W?
.dcmwmw«ifui.a- Seclion 722/.7 ,"‘n/ s

R — | |

|
The staff has conducted an audit review of the RTS for conformance to
guidelines of the applicable RGs and industry codes and standards as outlined
“ / in SRP Section 7.2, Part I1I and III. In Section 7.1 of this SER, the staff
SK / concluded that the'appiicant had adequately identified the guidelines appliﬁzbl 'jﬂ
:\ grb1e to these systems. Based on its audi of the design for onn-c:~“~“
:Qf ; .+ to the guidelines, the staff finds thJEAiéereE;s r§asona§ie agguranégiili Sulz;‘lgz
\ M that the systems will conform to the applicable guidelines. The staff's re-
Rl view has included the identification of those systems and components for the
$ RTS which are designed to survive the effects of earthquakes, other natural
k4 phenomena, abnormal environments, and missiles. Based on its review, the staff
concludes that the applicant has identified the systems and components con-
sistent with the design bases for the RTS. Sections 3.10 and 3.11 of this SER
address the qua]ificatioh programs to demonstrate the capability of these sys-
tems and components to survive applicable events. Therefore, the staff finds
that the identification of the systems and components satisfies this aspect of
\ the GDC 2, "Design Bases for F~otection Agatnst Natural Phenomena,” and GDC 4,
\“Env1ronmenta1 and Hissx1e Design Bases.'

Outuatian

7.3 Engineered Safety Features,Systemsg.

7.3.1 System Description

This section describes the engineered safety features actuation system (ESFAS)
that initiates the operation of both the engineered safety features (ESﬁ*ﬁ and
essential auxiliary support systems. Aiso described are the control systems
that regulate the operation of those systems following their initiation.

7.3.1.1 Engineered Safety Features Actuation System

The ESFAS monitors selected plant parameters and, whenever predetermined safety
limits are reached, the system sends actuation signals to the appropriate ESEX
and the auxiliary support systems equipment. Typical accidents that require

actuation of the ESF systems are a loss of primary coolant and steamline P ¢

v b, "

Y




breaks. The plant variables that are menitored by the analeg circuitry of the

ESFAS include pressurizer pressure, steamline pressures, containment pressure,
and reactor coolant average temperature. Whenever a monitored variable reaches
a set limit, the associated instrumentation channel trips a bistable. This
turns off power to the relays that preovide inputs (voltage/no voltage)
corresponding to the condition (normal/abnormal) of the measured parameter to
the solid-state logic protection system consisting of two redundant trains each y
capable of actuating the ESF equipment required. Whenever a required logic
combination of inputs is received by the solid-state logic protection system,
each train operates an appropriate master relay. Contacts of these relays are
used to operate slave relays that in turn provide contacts to actuate various
ESﬁX'system equipment.

The ESFAS signals and the plant conditions that generate these signals are as
foilows: (The first number in parentheses after each parameter indicates the
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number of coincident trips required, and the second number is the number of
redundant channels provided.)

(1) Safety Inijecticn T
(a) high containment pressure (2/3)
(b) low compensated steamline pressu-e (2/3 in any steamline)
(c) pressurizer low pressure (2/8)
(d) manual (1/2)
(2) Containment Spray and Containment Isclation, Phase B
(a) containment pressure high-high (2/4)
(b) manual (1/2)
(3) Containment Isolation, Phase A
(a) safety injection See Items a through d
for Function 1 above
(b) high containment radiocactivity
(nonredundant and not part of ESFAS) (/1)
(¢) manual (1/2)
(4) Steamline Isolation
(a) low steamline pressure (2/3 in any steamline)
(b) containment pressure high-high (2/4)
(c) high steam neyative pressure rate (2/3 in any steamiine)
(d) manual (1/1 for any loop)
(1/2 for all loops)
(5) Feedwater Line Isolation
(a) safety injection . See Items a through d
for Function 1 above
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(b) steam generator level
hugi= P

(c) low Tavg (interlocked
with P=4)

(d) doghouse high Tevel (only lines
entering doghouse isolated)

(6) Auxiliary Feedwater Pump Actuation

Motor-Driven Puﬁp?.

(a) steam generator level
low=low

(b) loss of main feedwater pumps

(c) safety injection

(d) blackout signal (undervoltage
on 4160~V bus)

(e) manual (local or remote)

Turbine-Driven Pump

(a) steam generaior Tevel
Tow=1ow

(b) blackout signal

(¢) manual (local or remote)

(2/3 for any steam Sieh—migh

generator)
(2/8)

(1/2)

(2/4 for any steam generator)

(2/2)
See Items a through d
for Function 1 above
(2/3)

(/1)

(2/4 in any 2 steam
generatars)

(2/3)

(/1)

(7) Containment Air Return and Hydrogen Skimmer System

(a) containment pressure high-high
(b) manual

(8) Annulus Ventilation System

(a) safety injection

10/14/82 0014.0.0

(2/8)
(1/2)

See [tems a through d
for Function 1 above
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(b) manual

Combustible Gas Control System

(a) manual

(10) Nuclear Service Water System

(a) safety injection See Items a through d
' for Function 1 above

@meédww-—’h”‘“wubm
fe)-vu—-u&’ Faclin 2 aleve
Emergency Uiesel Generator ‘“— o/ /
(1/z)

(a) safety injection See Items a through d

for Function 1 above
(b) blackout signal (2/3)
(¢) manual (/1)

(12) Control Room Area Heating, Ventilation and Air Conditioning System

(a) safety injection See Items a through d
' for Function 1 above

(b) blackout signal (2/3)

(c) manual (1/2)

(13) Auxiliary Building Ventilation System

(a) safety injection See Item a through d
for Function 1 above

(b) blackout signal (2/3)

(c)  manual (1/2)
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(14) Ciesel Building Ventilaton System

(a) safety injection See Item a through d
for Function 1 above

(b) blackout signal (2/3)

(c) manual (1/2)

The testing of the ESFAS analog instrumentation channels and the solid-state
logic protection system is carried out in the same manner as described for the
RTS in Section 7.2. The solid-state Togic testing checks the signal path, from
and including input relay contacts, through the master relay coils and performs
continuity tests on the coils of the output slave relays. During logic testing
of one train, the other train can initiate the required actuation function.
Final actuator testing operates the output slave relays and verifies
operability of those devices that require safeguards actuation and that can be
tested without causing plant upset. A continuity check is performed on the
actuators of the untestable devices. To enable continuity check, these devices
have been assigned to slave relays for which additional test circuitry has been
provided to individually block actuation to a final device. Interlocking
prevents blocking the output from more than one output relay in a protection
train at a time. Interlocking between trains also is provided to prevent
continuity testing in both trains simultaneously.

7.3.1.2 ESF and Essential Auxiliary Support Systems Operation
7.3.1.2.1 Auxiliary Feedwater System

The function of the auxiliary feedwater system (AFS) is to provide adequate
cooling water to the steam generators in the event the main feedwater supply is
not available. The AFS has two full-capacity motor-driven pumps that start
automatically on Tow-low water level in any steam generator, a trip of both
main feedwater pumps, a safety injection signal, or a blackout signal. These
pumps are powered from two separate trains of emergency onsite electrical
power. Additionally, a turbine-driven pump is provided that starts
automatically on low water level in any two steam generators or a blackout
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signal. Upon receipt of two-out-of-three indications of low differential

pressure in the auxiliary feedwater pump suction piping, the water supply to
the pumps automatically transfers from the condensate supply to the nuclear
service watar system during a condition that automatically starts the auxiliary A
feedwater pumps.

A manual control switch is provided for each pump on the main control board and
at the remote shutdown panels. Also, the auxiliary feedwater flow can be
adjusted from manual control stations at the main control board or at the
remote shutdown penels:- To activate the pump and flow controls at the remote
shutdown panels, transfer switches located at the remote shutdown panels must
be used.

7.3.1.2.2 Containment Isolation

The function of the containment isolation is to provide a barrier against
uncontrolled release of radicactivity to the environment follrwing an accident
that releases radioactive material inside the containment. The containment
isolation system is actuated automatically by signals from the ESFAS (see
Section 7.3.1.1). The phase A signal isolates all nonessential process lines
penetrating the containment; phase B isolates the rest of the lines, except the
safety injection and containment spray lines.

A1l remote cperated (automatic or manual) containment isolation valves are
provided with control switches and position indicating 1ights on the main
control board.

7.3.1.2.3 Safety Injection (Emergency Core Cooling)

The primary function of the emergency core cooling system (ECCS) is to remove
the stored and fission product decay heat from the reactor core during accident
conditions. The ECCS consists of the ~entrifugal charging, safety injection,
and residual heat removal (RHR) pumps; low pressure cold-leg injection and high
pressure upper head injection accumulators; a boron injection tank; RHR heat
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exchangers; the refueling water storage tank; and associated piping, valves,
and instrumentation.

The ECCS is a two-train, fully redundant standby ESF. The system safety
function can be performed with a single credible active failure during
injection or an active or passive failure during recirculation. The
instrumentation and controls of one train are electrically independent and
physically separated from the instrumentation and controls of the other train.
Redundant, as well as functionally independent variables, are used to initiate
the safety injection-sfhnals. Power sources for the ECCS are divided into two
independent trains supplied from offsite power. Emergency diesel generators
supply power on loss of offsite power.

The safety injection signal initiates the following actions in the ECCS:

(1) starts centrifugal charging pumps

(2) 1isolates the valves in the centrifugal charging pumps suction header to
the volume control tank and aligns them to the refueling water storage

tank

(3) opens the boron injection tank (BIT) suction and discharge parallel
isolation valves

(4) closes ncrmal charging path valves

(5) fisolates the BIT recirculation loop and stops the recirculation
pumps

(6) starts safety injection pumps
(7) starts residual heat removal pumps

(8) terminates the refueling water storage tank recirculation and isolates the
makeup Tine to the spent fuel pool
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No manua! actions are required of the operator for proper operation of the ECCS
during the injection mode of operation. Only limited manual actions are

required to realign the system for recirculation mode of operation (see Section

7.2.1.2.18).
7.3.1.2.4 Containment Spray System

Two redundant trains of containment spray provide a spray of cold borated water
from the upper regiops.of the containment to reduce containment pressure and
temperature following a-loss-of-coolant accident (LOCA), or a main steamline or
a feedwater line break accident. Each train has an independent electrical
power source backed up by a separate emergency diesel generator during the loss
of offsite electrical power.

The containment spray system (CSS) operates in three sequential modes

(1) spraying a portion of the contents of the refueling water storage tank
(RWST) into the containment atmosphere, using the containment spray pumps

(2) " recirculating water from the containment sump through the containment
spray pumps and heat exchangers back to the containment atmosphergx after

the RWST has bccn,&;;Tﬁig;)

(3) diverting a portion of the recirculation flow from the RHR system through
the residual spray headers

The CSS is provided with instrumentation and controls to permit the monitoring
and actuation of the system from outside the containment. The containment
spray pumps and valves are activated automatically by the containment high-high
pressure signal. Manual control switches are provided on the main control
board. The status of pumps and valve positions are indicated in the control
room. Abnormal conditions in the pump and valve operation and the spray water
supply are alarmed on the main cohtrol board.
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The containment pressure control system (CPCS) is provided to prevent excessive
depressurization of the containment through inadvertent or excessive operation

of the CSS. The CPCS prevents manual or automatic operaticn of the CSS belaw
0.25 psig. Four independent pressure sensors and logic channels are provided the
for each train of the CSS. Electrical power to each train of the CPCS is
supplied by a separate 120-V ac vital instrumentation and control inverter.
Indication of the CPCS interlock status is provided in the control room and

alarms are provided on a loss of power to the system.

7.3.1.2.5 Containment Air Return and Hydrogen Skimmer System

The containment air return aid hydrogen skimmer system is designed to
d return air to the lower containment compartment after initial
loss-of-coolant blowdown and (2) prevent accumulation of hydrogen in re.trictad
areas within the lower compartment resulting from a LOCA. This system has two
independent, 100%-capacity hydrogen skimmer fans, with associated piping and
valves and two independent, 100%-capacity air return fans with associated
dampers. Each redundant air return fan and hydrogén skimmer fan is powered
from a separats train of emergency, Class 1lE standby power.

The instrumentation and controls for each redundant train are powered from the
same bus that powers the equipment in the train. Variables important to system
operation are indicated in the control room and alarms are provided to warn the
operator of abnormal conditions. Manual contro! switches are provided in the
control room. The air return fans, the hydrogen skimmer fans, and the
associated dampers and valves are.activated automatically by the containment
high-high pressure signal.

The cortainment pressure control system, as described in Section 7.3.1.2.4,

also prevents manual and automatic operation of the containment air return and
hydrogen skimmer system below 0.25 psig.
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7.3.1.2.6 Annulus Ventilation System

The annulus ventilation system is designed to (1) produce and maintain a
negative pressure in the annulus following a LOCA, (2) minimize the release of
radicactivity following a LOCA by filtering and rec1rculat1ng a large volume of
annulus air, and (3) provide long-term fission product removal capacity by
decay and filtration. This system has two independent, 100%-capacity
ventilation filter subsystems consisting of fans, filters, dampers, ductwork,
and controls. Electrical and control component separation is maintained
between each subsystem: Each subsystem is powered by a separate train of
emergency Class 1E standby power. The instrumentation and controls of each
redundant train are powered from the same train that powers the equipment in
that train. Information readouts are provided in the control room to monitor
the safety functions of the annulus ventilation system. Manual controls for
the system are provided in the control room. Switchover from the operating
train to the standby train is accomplished manually by the cperator.

7.3.1.2.7 Combustible Gas Control System

Hydrogen gas may be generated inside the containment following an accident. To
ensure that the hydrogen concentration is maintained below the minimum capable
of combustion, redundant hydrogen recombiners are provided. A hydrogen sample
and purge system is provided to determine if the hydrogen recombiners are
working and to control the hydrogen concentration, if necessary. Each hydrogen
recombiner is powered from a separate safeguards bus with a separate control
panel located outside of the containment. The recombiners are :tarted manually
after a LOCA. The hydrogen sample and purge system is operated manually.

7.3.1.2.8 Nuclear Service Water System

The nuclear service water (NSW) system supplies cooling water to safety and
nonsafety loads. Two trains of service water are supplied for each unit. The
NSW system is controlled manually from the control room during normal operation
with one train per unit in operation; the pump suction and discharges are
shared between units to provide cooling water from Lake Wylie. Manual control
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759 NSW system safety-related instrumentation and controls are powered from the

same train of essential auxiliary power as their associated train of NSW equip-
ment. The safety-re?aiod instrumentation and controls for each train are
physically separated and electrically isolated. Information readouts for
monitoring the operatior of the safety-related functions of the NSW system are
provided in the control room.

7.3.1.2.9 Feedwater Line Isolation

Feedwater isolation is provided to isolate the steam generators from feedwater
flow to

(1) rapidly terminate feedwater flow and steam blowdown inside the containment
following a main steam or feedwater line break

(2) prevent loss of steam generator inventory resuiting from pipe rupture

(3) prevent overfilling the steam generators if normal means of controlling
level fails

(4) prevent excessive cocoldown of the reactor vessel

Upon receipt of the feedwater isclation signal, the main feedwater isolation
valves and other valves associated with the main feedwater lines are closed.
Two complete actuation systems are provided for each valve operator correspond=
ing to two redundant ESFAS trains. The feedwater valves are tested routinely
during refueling outages and are not tested at pewer since induced transients
would cause reactor trip.
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7.3.1.2.10 Steamline Isolation

An autcmatically cperated main steam isoiation valve is installed in each main
steamline to stop uncontrolled steam flow from the steam generators in the

event of a break in the main steam pwimmw
R —————_
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The isolation valves are held open against four springs by control air applied
to the bottom of a piston. Loss of control air allows the valves to close in
less than 5 sec. Control air is supplied to the main steam isolation valves
tarough two series (one train A and one train B) of electrically operated
salenoid valves. In addition, air from the bottom of the piston is dumped
through either of two electrically operated solencid valves (one train A and
cne train B) in series with variable restrictors used to adjust closure speed.
1€ 225 v dc.
The solenoid valves are powered from

The isolation valves are

7.3.1.2.11 Emergency bicse1 Generators

Each train of the 4160-V ac essential auxiliary power system is supplied with
emergency standby power from an independent diesel generator. Each diesel
generator can be manually started for test and maintenance purposes from the
control room or the local diesel control panel.

When the diesel generators receive an emergency start signal, all manual modes
of operation are overridden. If a diesel is in the maintenance mode, a
starting signal is inhibited. A local annunciator, an annunciator window in
the control room, and an alarm on the bypassed and inoperable status panel in
the control room are provided to alert the operator whenever a diesel is in the
maintenance mode. Protective trips also are provided for th: diesels that are
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not bypassed by starting signals. These trips are annunciated locally and in
the control room.

7.3.1.2.1.12 Control Room Area Heating, Ventilation and Air Conditioning
System

The function of the control room heating, ventilation, and air conditioning
(HVAC) system is to maintain the environment in the control room, control room
area, and switchgear rooms within acceptable limits for equipment operation and
habitability under normal and postaccident conditions. The system is divided
into two 100%-capacity, redundant trains that are interlocked so that only one
train is operating at a time. During normal operation one train of the system
is manually controlled with the other train in standby. A safety 1nj¢ctiog/’5;
lackout signa})’;utqnatically ensures one train is operating and, if -
necessary, loads the system onto the essential auxiliary power. Controls in
the control room allow the operator to switch the operating and standby trains.
Remote controls are provided in the HVAC equipment room.
Smcke detectors, chlorine detectors, and radiation monitors take necessary
isolating action to ensure control room habitability. The instrumentation and
controls are powered by the same train of essential auxiliary power as their
associated train of the HVAC system. The safety-related instrumentation and
controls for the redundant trains are physically separated and electrically
isolated.

7.3.1.2.13 Auxiliary Building Ventilation System

This system provides adequate capacity to ensure that proper temperatures are
maintained in the auxiliary building (except for the control room area and fuel
handling area) during normal operating and shutdown conditions. This system
also provides filtering for potentially contaminated areas of the auxiliary
building and cooling air for the auxiliary shutdown panel rooms. The auxiliary
building ventilation system consists of six subsystems. Two of those
subsystems, the auxiliary building filtered cxhaust’;zjgﬁgiaﬂg.tho auxiliary
shutdown panel ~oom air conditioning system, are ESF A Ubon receipt of a
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safety injection (via sequencer) signal, all nonessential auxiliary building
ventilation system components shut down and the auxiliary building filtered
exhaust system cycles on with emergency Class 1E standby power. A1l areas of
the auxiliary building except the ECCS pump rooms are automatically isolated
from the filtered exhaust system.

A1l air exhausted from the auxiliary building is directed to the unit vent
where radiation is monitored. Upon indication of a high radiation level, the
system is automatically shut down. A safety injection signq})’ﬂ; blackout
signal,’i}passcs these permissives in the filtered exhaust system to maintain
their safety function.

The auxiliary building filtered exhaust system and the auxiliary shutdown pane!
room air conditioning system have two separate and redundant trains.
Electrical power and control separation between trains is maintained.

7.3.1.2.14 Diesel Building Ventilation System

The diesel building ventilation systen .utomatically maintains a suitable
environment for operation of equipment and personnel in the diesel building.
The system consists of two subsystems for each enclosure:(l) the normal venti~-
lation system and (2) the emergency ventilation system. The normal ventilation
system operates only during normal plant operations and its fan is cycled off
and its shutoff damper is closed when its associated diesel is started. When
the diese]l starts, the emergency ventilation system fans automatically start
and the automatic return air and outdoor air dampers are activated. When the
diesel is snut down, the emergency ventilation system dampers and fans are shut
down. The diesel building ventilation system is automatically shut down on
receipt of a fire protection signal.

A train of safety-related instrumentation and controls serve each of the
emergency ventilation systems. These trains are physically separated and
electrically isolated so that no single failure can affect the ventilation of
more than one diesel room. The emergency ventilation system can be manually
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initiated in the diesel room. Temperature alarms and indication are provided
in the control room.

7.3.1.2.15 Switchover From Injection to Recirculation

The switchcver from the injection mode to the recirculation mode is initiated
automatically and completed manually by the operator from the main contro)
room. During the injection mode, the RHR pumps deliver water to the reactor
coolant system from the RWST. The water is taken from the containment sump
during the recirculation mode. The transfer of the RHR pump suction to the
containment sump is accomplished automatically when the RWST level decreases
below the Tow level set point coincident with a safety fnjection signal. Four
level measurement channels are provided and arranged in a two-out-of=-four
coincidence logic to open the two sump isolation valves and to close the
RHR/RWST isolation valves. The RHR pumps continue to run during the
switchover.

The two charging pumps and two safety injection pumps continue to take suction
from the RHST}’?B11ow1ng the automatic switchover described above. As part of
the manual switchover procedure, the two charging pumps and the two safety
injection pumps are realigned in series with the RHR pumps.

The four RWST level channels provide level indication in the control room and
alsc generate high, makeup, low, and low-low level alarms. The low level alarm
coincident with the safety injection signal alerts the operator to complete the
switchover as described above.

7.3.2 Specific Findings

7.3.2.1 Steam Generator Level Control and Protection

As listed in Section 7.3.1.1, three steam generator level channels are used in
two-out-of-three logic to fsolate the feedwater on high-high water level. In

addition, one of these channels is used to provide a level signal to the three-
element feedwater controller. A downscale failure of the level channel used
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for control would result in a continuous request for feedwater and at the same
time make this channel ineffective in providing protection for high water
Tevel. This would reduce the high level trip logic from two-ocut-of-three to
two-out-of-twa. This would be in violation of the requirements of IEEE
Standard 279, Paragraph 4.7, "Control and Protection System Interaction,"
because the remaining protection system would not meet the‘EJIEUQ-f 1ur:8¢1 realaln

criterion. The staff expressed its concern on thls’/‘
ALG dersmiaTs,

e
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7.3.2.2 Compliance With IE Bulletin 80-06

s
IE Bulletin 80-06 requests a review of the E§5j;?§1th the objective of ensuring
that no device will change position solely because of the reset of the
actuation signal. In response to the staff's question on how the Catawba
design meets the requireg:g:z of IE Bulletin 80-06, the applicant has performed
the requested review =thtw=rmmigw did not identify any component that would not
remain in a safety state following reset. A tcst,tb verify that the actua)
installed instrumentation and controls are in complfance with the requirements
of IE Bulletin 80-06, will be conducted as part of the preoperational tests.
Based on this commitment by the applicant, the staff considers this issue
resolved subject to confirmation of the test completion.

7.3.2.3 Failure Modes and Effects Analysis (FMEA) Interface Requirements

The applicant has referred to Westinghouse Topical Report WCAP-8584, "Failure
Mode and Effects Analysis (FMEA) of the Engineered Safety Features Actuation
System," as the supporting document of FMEA for ESFAS equipment within the
Westinghouse scope of supply. The staff requested the applicant to confirm
that the interface requirements specified in WCAP-8584 have been met. In
response, the applicant stated that the interface criteria have been met and
S 2 statement of confirmation wiepe added to the FSAR. Based on the
applicant's response, the staff considers this matter resolved <SEEE=D
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7.3.2.4 Safety System Trip Set Point Methodology

The methodology followed in setting the safety system trip set points has not
been described in the "SAR. In response to the staff's request for information
concerning this item, the applicant stated that the set point study has not yet
been completed for Catawba station. Because the primary function of this
information is to confirm the adequacy of set points specified in the plant
Technical Specifications, the staff will audit this information at the time the
Technical Specifications are available for review.

7.3.2.5 Auxiliary Feedwater System

of the AFS for Catawba, the staff has be
several instrumentat

During its r cerned with

d control features proyd These concerns are
centered on the use of nonsa ment and systems, the design may
not meet the single-failure cri

automatic initiation.

anually operated valves may block

T ! concerns to the applicant
and will evaluate
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applicant, the s
circuitry have not bre

L

sources for the indicator

The staff has expressed

this concer cie applicant and will evaluate the apm 1.&4_;::2:::e in
g ement to this report. -

7.3.2.7 Test of Engineered Safeguards P-4 Interlock

On November 7, 1979, Westinghouse notified the Commission of a potential
undetectable failure that could exist in the engineered safeguards P-4 inter-
A " locks. Test procedures .were developed to detect failures that might occur.
The procedures require the use of voltage mcasurements at the terminal blocks
of the reactor trip breaker cabinets. To minimize the possibility of
accidental shorting or grounding of safety system circuits dur1ng .cst1ng)’thc

7.3.2.8 Nondetectable Failure in Power Lockout Circuitry

Safety injection pump suction isolation valve (NI1008) and safety injection

pump minifiow header t~ feedwater valve (NI147B) require power lockout to meet

the single-failure criterion. The power lockout schemc for each valve uses an

additional manually operated contactor, ¢EE=x. , The staff o Ssesan shor of the
Yy °op valoe oliow = Ronasrin,

2% contacts for either "MAINTAINED" switch zﬁ@kwu!d constitute a

rﬁz&etectabh ff‘ﬂurg and thu vro]:te.the sz g'le-%lure cr (terion

5 Loncarm

- —— 1!’:"'--- vl

‘.,,..._—..—-._...,, - e e e o — ——

. ====FY ' ,‘«,04 bttt
,‘_4.,..,4 4w x Dicomis, 3 /982 Lalbe ot Th Mu«-d,
choswn plinselion at J&‘ud‘ oxae pin -4?£L14£- o-a’ 4&?}9’
7.3.2.9 Main Feedwater Isolation on High Doghouse Level 'acd

4
Main feedwater 11n tering a doghouse are iso1§£=gJu;u;a high level is
sensed in that doghouse. nes are safety grade, the applicant

has not addressed or do Q0 action in the FSAR. The staff

vf{ has expressed i : e a safety
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problem, and the icant has confirmed that this feedwater isolati

is required for safety.

action

The logic for this isolation circl
trains. The applicant has indicated

«-of-one for each of the two ~-
this circuitry will be tested only

during plant shutdowns. The s has expre
about the testability a

evaluate the a

its concern to the applicant
Wcuitry. The staff will
ant's response in a supplement to this e

eliability of isolation

7.3. Switchover from Injection to Recirculation Mode

As described in

tion 7.3.1.2.15, the switchover from inj on mode to recir-

culation mode is iniT™Ngted when water level in the RWS

aches a preset trip

set point, and a safety TWjection signal ("S") ha en received. The "S"

e that has an individual,

ce would be reset, no switchover to

7.3. @0 Steam Generator Power-Operated Relief Valve IsoIati:ﬂs“’,gﬂi'
o '

In discussv’:e applicant, it was 1nd1catedr
being given to impi Wahﬂ;iAa safety- grade,prvttffﬁve action that would
e

;eznger&tgr power-operated relief valves (PORVs) on
the main steam isolation signaaycxgghs;:aff has expressed a concern that this
may preclude the use of ORVs fo ;Qtsx:ft control of steam generater

o d
ressure for pla hu¥down. The staff wil ™ ate the ap 11cant's response
;161’ - Eejisg:tilllllln; . jff?hz~ - ﬁﬁ., ,__5
R e~ . “- -, ) ‘—EQ
D SRR e p—— -~

t consideration was

initiate closure of th
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L'fé;;z:n:ainment pressure sensor channe!

/

4 2.4 7.3.1./25,/4 CPCS provides four

for.€ach train of the containment spray
system and the containment air returr ahd hycrogen skimmer system to prevent
manual and automatic operatipn’é; these ESF Sygtems below a 0.25 psig

containment pressure._,Jhiystaff has expressed cohcern that a single failure
may cause exces;i»!’éqn&ainment depressurization; the ft will evaluate the

appliMsponsé in a supplement to this report.

7.3.3 Cenclusions”

The review of the instrumentation and control aspects of the ESF systems
included the ESFAS and the ESF control systems. The ESFAS detects a plant
condition requiring the bperation of an ESF system and/or essential auxiliary
support system and initiates operation of these systems. The ESF contro)
system regulates the operation of the ESF system following automatic initiation
by the protection system or maﬁua1 initiation by thé piant operator.

The staff has conducted an audit review of these systems for conformance with
guidelines of the zpplicable RGs and industry codes and standards as outlined
in the SRP Section 7.3, Parts II and 1Il. In Section 7.1 of this SER, the staff
concluded that the applicant had adequately identified the guidelines
applicable to these systems. Based on its audit review of the system design
for conformance to the guidelines, the staff finds that upon satisfactory

. Lomcerms . ' 7.3.2.9
::jo%y%ig?lyf the comleaenems identified in Sections 7.2.2.1 a-l57.3.2.§,e--gn
Fa2=2-=2 there is reasonable assurance that the systems conform with the
appiicable guicdelines. f

?

The staff review has included the identification of those systems and
components for the ESFAS and ESF control systems that are designed to survive
the effects of earthquakes, other natural phenomena, abnormal environments and
missiles. Based on its review, the staff concludes that the applitant has
identified those systems and components consistent with the design bases for
the systems. Sections 3.10 and 3.11 of this SER address the rualification
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programs to demonstrate the capability of these systems and compcnents to
survive applicable events. Therefore, the staff finds that the jidentification
of the systems and components satisfies this aspect of the GOC 2 and GDC 4.

.

Based on its review, the staff concludes that the ESFAS conforms with the design
bases requirements of IEEE Standard 279. The system includes the provisions to
sense accident conditions anrd anticipated operational cccurrences to initiate
the operation of ESF and EAS systems consistent with the analyses presented in
Chapter 15 of the FSAR. Therefore, the staff finds that the ESFAS satisfies the
requirements of GDC 20.- ) '
The ESFAS adequately conforms with the guidance for periodic testing in RG 1.22
and IEEE Standard 338 as supplemented by RG 1.118. The bypassed and inoperable
status indication adequately conforms to the guidance of RG 1.47. The ESFAS
acdequately conforms with the guidance on the applicaticn of the single-failure
criterion in IEEE Standard 379 as supplemented by RG 1.53. Based on its re-
view, the staff concludes that the ESFAS satisfies the requirement of IEEE
Standard 279 with regard to the system reliability and testability. Therefore,
the staff finds that the ESFAS satisfies the requirement of GDC 21.

The ESFAS adequately conforms with the guidance in IEEE Standard 384 as
supplemented by RG 1.75 for t.ue protection system independence. Based on its
review, the staff concludes that the ESFAS satisfies the requirement of IEEE
Standard 279 with regard to the systems independence. Therefore, the staff
finds that the ESFAS satisfies the requirement of GDC 22.

Based on its review of the ESFAS, the staff concludes that the system is
designed with due consideration of safe failure modes if conditions such as
disconnection of the system, loss of energy, or a postulated adverse
environment are experienced. Therefore, the staff finds that the ESFAS
satisfies the requirements of GDC 23.

Based on its review of the interfaces between the ESFAS and plant operating
control systems, the staff concludes that the cystem satisfies the requirements
of IEEE Standard 279 with regard to control and protection system interactions.
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Therefore, the staff finds that the ESFAS satisfies the requirement of GDC 24.

The staff's conclusions, noted above, are based on the regquirements of IEEE
Standard 279 with respect to the design of the ESFAS. Therefore, the staff
finds that tha ESFAS satisfies the requirement of 10 CFR 50.55a(h) with regard
to IEEE Standard 279.

The staff's review of the ESFAS and ESF control systems has examined the
dependence of these systems on the availability of EAS systems. Based on its
review and coordination:with those having primary review responsibility of the
EAS systems, the staff concludes that the design of the ESFAS and ESF control
systems are compatible with the functional performance requirements of EAS
systems. Therefore, the staff finds the interfaces between the ESFAS and ESF
control systems and the EAS systems to be acceptable.

The staff's review of the ESF control systems included conformance with the
requirements for testability, operability with onsite and offsite electrical
power, and single failures consistent with the GDC applicable to these ESF
systems. The staff concludes that the ESF control ;ystems are testable and are
operable on either onsite or offsite power (assuming only one source is avail-
able) and that the controls associated with redundant ESF systems are independ-
ent and satisfy the requirements of the single-failure criterion. Therefore,
the staff finds the ESF control systems meet the relevant requirements of

GDC 34, 35, 38, and 41.

1i. summary, the staff concludes that the ESFAS and the ESF control systems will
be acceptable and meet the relevant requirements of GDC 2, 4, 20 through 24,
3, 35, 38, ana 41 and 10 CFR 50.3a(n), subject to resolution of she sems :":‘/‘”“
iemmsr identified in Sections 7.3.2.1 amms7.3.2.5 m—&of this

report.

dlort 7%

v
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7.4 Systems Required for Safe Shutdown

7.4.1 System Description

This section describes the equipment and associated controls and
instrumentation of systems required for safe shutdown. It also describes
controls and instrumentation cutside the main control room that enable safe
shutdown of the plant in case the main control room needs to be evacuated.

7.4.1.1 Safe Shutdﬁ;anystens

Securing and maintaining the plant in safe shutdown condition can be achieved
by appropriate alignment of selected systems that normaliy serve a variety of

operational functions. E==SSetsens—th=i Iﬁe systems requir% for safe shut-
down inust ¢

(1) prevent the reactor from achieving criticality

(2) provide an adequate heat sink so that the design and safety limits of the
reactor coolant system temperature and pressure are not exceeded .

To perform the above fqnctions. the systems required for safe shutdown must
have the following capabilities:

(1) boration

(2) adeguate supply of auxiliary fecdwater

(3) residual heat removal,

In addition to the operation of systems required to provide the above functions
to achieve and maintain safe shutdown, the following conditions are applicable:

(1) The turbine is tripped (in addition ts automatic trip this also can be
accomplished manually at the turbine as well as from the control room).

(2) The reactor is tripped (in addition to automatic trip this 1lso can be
aczomplished manually at the reactor trip switchgear as well as from the
control room).

10/14/82
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(3) A1l automatic protection and control systems are functioning (discussed in
Section 7.2 and 7.3).

The monitoring indicators for maintaining hot standby are °

(1) water level for each steam generator

(2) pressure for each steam generator

(3) pressurizer water level

(4) pressurizer pressure

(5) primary coolant hot- and cold-leg temperatures
(6) auxiliary feedwater flow for each steam generator
(7) condensate storage tank level

The above indicators are provided in the main control room and also on the
remote shutdown panels.

The systems used for safe shutdown include the following:

(1) reactor coolant system

(2) main steam system

(3) auxiliary feedwater system

(4) chemical and volume control system
(5) component cooling water system

(6) nuclear service water system

(7) residual heat removal system

(8) supportive HVAC systems

7.4.1.1.1 Reactor Coolant System

The reactor coolant system (RCS) transfers core residual heat to the steam
generators. The reactor core is at a lower elevation than the steam
generators, ensuring that heat can be transported from the reactor core to the
steam generators through natural circulation.

7.4.1.1.2 Main Steam System

The main steam system consists of main steam piping, power-operated atmospheric
steam relief va veg‘%ffcty valves, and main steam isolation valves. The system
is used for maintaining a hot standby condition and for plant cooldown to the
temperature and pressure at which the RHR system can be placed in operation.
Core residual heat and RCS sensible heat can be removed by use of the PORVs if
the main condenser is not in service.
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7.4.1.1.3 Auxiliary Feedwater System
See Section 7.3 for a discussion of the auxiliary feedwater system.
7.4.1.1.4 Chemical and Volume Control System

The chemical and volume control system (CVCS) is designed tgj_ 212
(1) maintain a predetermined water level in the pressurizer
(2) maintain seal water injection flow to the reactor coolant pumps
(3) control reactor.coolant water chemistry conditions, radicactivity level,
and soluble chemical neutron absorber concentration
(4) provide emergency core cooling

(5) provide means for filling, draining, and hydrostatic testing in the RCS

The safety-related part of the CVCS consists of two redundant, separate, and
independent trains each of which is capable of supplying minimum emergency core
cooling. In the event that system control must be transferred to the auxiliary
shutdown complex, all ESF signals to the CVCS are defeated to allow for manual
control.

7.4.1.1.5 Comyonent Cooling Water System

The component cooling water system serves as an intermediate system and a
second boundary between the RCS and the nuclear service water (NSW) system.
The NSW system provides an ensured source of cooling water to the component
cooling heat exchangers. Normal makeup to the component cooling water system
is provided by the makeup demineralized water system. An ensured supply of
makeup water is available from the NSW system. The component cooling water
system consists of two independent subsystems--one subsystem for Unit 1 and
anocther for Unit 2.

Each subsystem consists of two redundant trains. Each train consists of two

component cooling pumps, one component cooling heat exchanger, one surge tank,
one drain sump pump, and associated valves, piping, and instrumentation. Each
train of component cooling equipment supplies cooling water to a corresponding
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train of the following redundant engineered safety equipment:

(1) residual heat removal heat exchanger
(2) residual heat removal pump mechanical seal heat exchanger

Only one train of component cooling equipment is necessary to supply minimum
requirements. A1l active system components considered vital to the operation
of the system are redundant. Separate flow paths are used in piping that
connects to the two trains of ESFp equipment

7.4.1.1.6 Nuclear Service Water System

The NSW system instrumentation and controls monitor and control the operation
of the NSW system to ensure a continuous supply of cooling water for essential
systems and components under normal and accident conditions.

NSW is cooling water taken from either Lake Wylie or from the standby nuclear

service water pond (SNSWP). This cooling water is pumped through heat

exchangers in both units and returned to its source. The normal source of NSW

is Lake Wylie. If water supply from Lake Wyli2 is lost as a result of a

seismic event, the alternate source ii\SNSHP. which contains sufficient water

to bring the station safely to a cold shutdown following a LOCA. Two intake

pits, A and B, receive water from the Lake Wylie intake structure through

separate ccnduits. Isolation valves to Lake Wylie are :losed and valves to the 2
SNSYP are opened if a Tow level is sensed in either intake pit or if a ‘-;B eondhuirmind
msesssgm signal is initiated. Each intake pit supplies suction to two pumps.

The pumps that take suction from pit A are physically separated, by means of a
concrete wall, from the pumps that take suction from pit B. Redundancy is
fundamental in th2 system because either pit is capable of passing the flow

needed for a simultaneous unit LOCA and unit cooldown. The operation of any

two pumps on either or both supply lines is sufficient to supply all cooling

water requirements for th2 two-unit plant for unit startup, cooldown,

refueling, or pcstaccident operatior.
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7.4.1.1.7 Residual Heat Removal System

The residual heat removal system (RHRS) transfers heat from the primary coolant

to the component cooling water systewm during plant cooldown and controls the -
temperature of the primary coolant during shutdown. During emergency

conditions the RHRS serves as part of the emergency core cooling system and
containment spray system. The RHRS consists of two redundant, separate, and
independent trains each of which is capable of maintaining its design cooling
function even with major single failures such as failure of an RHRS pump, valve

or heat exchanger. e o

7.4.1.2 Remote Shutdown Capability

In the event the control room mus. be evacuated, the operators zan establish
and maintain the plant in a hot-shutdown condition from cutside the control
room through the use of controls and indicators locatec at the auxiliary shut-
down control panels and the auxiliary feedwater pump turbine control panel.
Each of the two auxiliary shutdown panels is located in a separate locked room
to restrict access. Both shutdown panels are required for hot shutdown.
Selector switches on the auxiliary shutdown panels allow the operator to
transfer control of the equipment required for shutdown from the control room
to the shutdown panels. Transfer of this control is alarmed in the control
room. A 1oss-of-contr§1-room test will be conducted to demonstrate the remote
shutdown capability. Cold-shutdown conditions can be reached from outside the
control room with some temporary instrumentation and contrcl modifications.

7.4.2 Specific Findings
The concerns arising from the staff's review and their status follow.

7.4.2.1 Loss of Non-Class 1E Instrumentatior and Control Power System Bus
During Operation

The staff requested that the applicant review the adequacy of emergency operat-
ing procedures to be used to obtain safe shutdown upon loss of any Class 1E
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or non-Class 1E bus supplying power to safety- or nonsafety-related instru-
ments and controls. This issue was addressed for operating reactors through
IE Bulletin 78-27.

The applicant has conducted a review using th~ guidelines of IE Bulletin 79-27
and stated that no design modifications are required. The applicant also has
committed to develop or revise procedures to meet the requirement of IE
Bulletin 79-27. The staff finds this acceptable.

7.4.2.2 Rei™&g Shutdo;n Instiumentation and Controls

rom the information pro%iged by the applicant, the staff_beTieves that design
nadequacies may exist becaus@wgn transfer of cgaar®l from the control room to
the remote shutdown stations, automad¥eg 3c™Ons occur, safety signals are by-
passed and control and interlock ab d in the control room are defeated.
The staff believes that the péWer sources also may™esg _inadequate for certain
sequences of events. e staff has expressed its concern 9a the applicant;
the staff will geffiuate the applicant's response in a supplement™eg this report.

7.4 208 DBemate Shutdown Capability Test

Another concern raised by the 5% regarding the regg tdown capability,
was a need for a test to verify design o Y. The applicant conducts a
plant startup test program that inc] a one-T demonstration to maintain a
safe shutdown condition from guwe#€ide the control room. Melest is to be
carried out with the p initially above 10% power. Subject tZ™sgnfirmation
that this test J peen successfully completed, the staff considers this item
to be reg ed.

7.4.2.3 Testability of Circuitry for Transfer of NSW Suction from Lake Wylie
to SNSWP

The transfer of N%”quct1on from 42 :ie1 ?L}he SNSHP on low sit level uses

m
one-out-of-four 1ogwcAt.o effect the’ transfer. The staff has expressed <
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concern on the testability of this transfer circuitry during power operation.
Because the applicant has not ahﬁ:':penodic test method, the staff will

revi formation dur.ng ?echnxégf,Specxficat1ons | pum—t
9_"-;,-,:&_*5’ -

7.4.3 Conclusions

The review of systems required for safe shutdown included the sensors, cir-
cuitry, redundancy features, and actuated devices that provide the instru-
mentation and control functions that prevent the reactor from returning to
criticality and prov%di.neans for adequate residual heat removal.

The staff has conducted an audit reviuw of these systems for conformance to
guidelines of the applicable Regulatory Guides and industry codes and standards
as outlined in SRP Section 7.4, Parts II and III. In Section 7.1 of this SER,
the staff concluded that the applicant had adequately identified the guidelines
applicable to these systems. Basec on its audit revi
for conformance to the guidelines, the staff finds

N
assurance that the systems conform fully to the applicable guidelines.

The staff review has included the identification of those systems and com=-
ponents required for safe shutdown that are designed to survive the effects

of earthquakes, other natural phenomena, abnormal environments and micssiles.
Based on the review, the staff concludes that the applicant has identified
those systems and components consistent with the design bases for the systems.
Sections 3.10 and 3.11 of this SER address the qualification prrgrams to demen
strate the capability of these systems and components to survive applicable
events. Therefore, the staff finds that the identification of these systems
and components satisfies this aspect of the GDC 2 and 4.

Based on its review, the staff conzludes that instrumentation and controls have
been provided to maintain variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor ccolant pressure
boundary, and the containment and its associated systems within prescribed
operating ranges during plant shutdown. Therefore, the staff finds that the
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systems required for safe shutdown satisfy the requirements of GOC 13, "Instru-
mentation and Control."

Instrumentation and controls have been provided within the control ruom to

allow actions to be taken to maintain the nuclear power unit in a safe condi-
tion during shutdown including a shutdown following .an accident. Equipment at
appropriate locations outside the control roo 4(/(béen provided with (1) a
design capability for prompt hot shutdown of the reactor, including necessary
instrumentation and coptrols to maintain the unit in a safe condition during

hot shutdown, and (2) i‘potential capability for subsequent zold shutdown of the
reactor through the use of suitable procedures. Therefore, the staff concludes
that the systems required for safe shutdown satisfy the requirements . .DC 19,
“Control Room."

The staff review of the instrumentation and controls required for safe shutdown
has examined the dependence of these systems on the availability of essential
auxiliary support (EAS) systems. Based on this review and coordination with
those having primary review responsibility for the EAS systems, the staff con-
cludes that the design of EAS systems is compatible with the functional
performance requirements of the systems reviewed in this section. Therefore,
the staff finds the interfaces between the design of safe shutdown systems and
the design of EAS systems to be acceptable.

The review of the instrumentation and control systems required for safe
shutdown included conformance to the requirements for testability, operability
with onsite and offsite electrical power, and single failures consistent with
the GOC applicable to safe shutdown systems. The staff concludes that these
systems are testable and are operable on either onsite or offsite electrical
power and that the controls associated with redundant safe shutdown systems are
independent and satisfy the requirements of the single-failure criterion.
Therefore, the staff finds thit these systems meet the relevant requirements of
GDC 34, 35, and 38.

In summary, the staff concludes that the systems required for safe shutdown are
acceptable and meet th2 relevant requirements of GDC 2, 4, 13, 19, 34, 35, and
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ject to _satisfactory resolution of epec=seass identified in Sections
andl 7 _,2,9
AOf this report.

Information Systems Important to Safety

7.5.1 System Description

Indicators, annunciators, recorders, and lights are used tc provide information
to the operator during postaccident monitoring and normai operating conditions.
Engineered Safety Featdres (ESFf) bypass indicators and the monitor light

panels provide information during all operating conditions. . The information is

displayed on the operator's console, the varjOus,con:ro1 boards in the control
/ - e

Thic vn Sermalisn

. b " . - :
room, and the remote shutdown panels. The systemsAprovwded Lo = g
2=m include the following. fumcScswmy

reactor trip
engineered safety features
safe shutdown.

.1.1 Normal Operational Monitoring
following display instrumentation is available to the cperator for monitor-
conditions in the reactor, the reactor coolant system, the containment, and

he process systems throughout all normal operating conditicns of the plant,

including anticipated operaticnal aczurrences:
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source range flux level and startup rate
intermediate range flux level and startup rate

power range flux level and flux distribution

Taverage (one per loop)
AT (one per loop)
overpower AT set point
overtemperature AT set point
nressurizer pressure
pressurizer 1eve1_
arimary coolant flow
reactor coolant pump current
system wide range pressure
demanded rod speed
auctioneered Taverage
P g
‘reference
control rod position
control rod bank demanded position
containment pressure
auxiliary feedwater flow
(20) s’2am generator level, narrow range
(21) steam generator level, wide range
(22) programmed steam generator level
(23) main feedwater flow
(24) magnitude of signal controlling main and bypass feedwater control valves
(25) steam flow
(26) steamline pressure
(27) steam dump modulate signal

(28) turbine impulse chamber pressure

Eight monitor 1ight panels are provided in the control room to enable t.e
*)

a-
operator to quickly assess the status of all remotely operated ESE;’vaTves.
motors, fans, etc.
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Each menitor 1ight panel consists of an array of white lights, one for each ESF
component monitored. The monitor 1ights normally are not energized when the
monitored component is in the position or mode required for normal power
operation. An energized light on the monitor light panel normally indicates
that the monitored component is in its safety position or mode.

The eight monitor light panels are arranged to monitor particular groupings of
components as follows:

(1) Grouping 1 Panel" =SEsiS=$=3Y those components that are normally in their
safety positions and receive an ESFAS signal to ensure correct positioning
(containment isolation valves excepted).

monlons
(2) Grouping 2 Panel ccmeseexr=SP those components that are normally positioned
for safety injection but are realigned for recirculation.

ﬁnou;ﬁﬁs
(3) Grouping 3 Pane] cemessSSaS® those components that are aligned for safety
injertion by an ESFAS signal and are realigned for recirculation.

mone /s
(4) Grouping 4 Panel Auizistussi those components that are aligned for safety
injection by an ESFAS signal and are not realigned for recirculation

(containment isolation valves excepted).

. wowuitrs .
(5) Grouping 5 Panel eems3s2S=9f those components hat are normally aligned
for safety injection and cold leg recirculatiun, but must be realigned for
hot leg recirculation.

7\!5;615 i _ )
(6) Grouping 6 Panel sc=sss%e=%f upper head injection (UHI) isolation valves
(monitor lights are energized after closure of UHI isolation valves on
accumulator low ligquid level).

moruling )
(7) Grouping 7 Panel seess=stw=pf those components that are normally aligned
for safety injection with power removed.
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(8) Grouping 8 Pane] mewsssSS=mf containment isolation components that receive

an ESFAS signal.
7.5.1.2 Postaccident Instrumentation

In additien to the instrumentation for normal operational monitoring,
instrumentation channels are provided to enable tha operator to perform manual
safety functions, to determine the effects of manual actions taken, and to
maintain safe shutdown following a reactor trip. This instrumentation,
designated as the po:t%ccident monitoring system (PAMS), monitors the following
variables:

A ‘ -
(1) [wide range T, . and T_,,, "pf

(2) |pressurizer water level

(3)/primary system wide range pressure
(4)tcontainment pressure

(5)' steamline pressure

(6) steam generator water level

(7)§refue1ing water storage tank level

(8) .boric acid tank level .
(9) ‘containment radiation level

(10) ‘containment hydrogen concentration -
(11) containment sump level

The requirements applied to this system include redundancy, separation, and

independent power sources to neatnsinglc~failure criterion; capability for

verifying operability; and isolation from nonsafety systems. One of the

channels used to monitor each parameter also is recorded. The recorders are

qualified to be operable following (not during) a seismic event. This system
wld (e CBm oA

e mmenentiranger reviev'ffor nds:ga-n-w&a-m with the

recommendations of RG 1.97, Revision 2 (see Section 7.5.2.1 below).ac ,oau‘«/ e
¢ 5 owtral mhi.lac}_ hlnf-ua_ W&L‘é_.

7.5.1.3 Bypass or Inoperative Status Indication

Automatic function level bypass indication is provided in the control room for
each safety-related function designed to perform automatically if it is
expected that the function will be bypassed or deliberately made inoperable
more than once per year when it is normally required to be operable. The
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indication of bypassed or inoperable status for safety-related “unctions
conforms with the recommendations of RG 1.47, Revision 0.

The functicn bypass alarms receive their inputs from valve position limit T
switcnes, circuit breaker auxiliary contacts, switch contacts, relays, and so
forth indicative of function inoperability. Means for manual actuation of each

bypass alarm also are provided in the control wTM
-,, - b cale: - £ $ha an T P S D S N P e

\ . :
A separate bypass alarm_system is provided for cach Catawba unit. Alarm window
terminology is explicit as to the safety function afffff:3>’;"

,/
< Bypass indication alarms are tested by a test contact that simulates operation

of the remote contacts to verify proper operation of the alarm cifsgifi;,’v

//f
. The design and installation of the bypass and inoperable status indication is

such that a failure in an alarm circuit will have no adverse affect on the
function monitored or on any of the other functions monitored by the bypass
alarm panel. . -

Bypass indication is provided in the control r.om for each train of the
following safety-related functions:

(1) annulus ventilation

(2) auxiliary building ventilation

(3) auxiliary feedwater pumps (motor-driven)

(4) auxiliary feedwater pump (turbine-driven)

(5) chemical and volume control system (charging/injection)
(6) component cooling

(7) containment air return and hydrogen skimmer

(8) containment isolation

(9) containment penetratioc: valve injection water
(10) containment pressure control

(11) containment spray

(12) control room ventilation and chilled water

(13) diesel building ventilation

(14) diesel generator

(15) diesel generator room sump drainage

(16) groundwater drainage

(17) nuclear service water

(18) nuclear service water pump structure ventilation

10/14/82 0046.0.0 CATawg? SER SEC 7



(19) reactor trip

(20) residual heat removal (injection)
(21) residual heat removal (spray)
(22) safety injection

(23) safety injection (accumulator)
(24) spent fuel pool cooling

(25) upper head injection

7.5.2 Specific Findings

7:5.2.13 Postacciden} Monitoring System

The postaccident monitoring system (PAMS) provides information readouts to
enable the operator to perform required manual functions and to determine the
effect of manual actions taken following a reactor trip. The applicant
developed PAMS design criteria using applicable requirements of IEEE Standarg
278-1871. These include the requirements for redundancy (either duplicate or
functionally related channels), isolation, separation, Class 1E power,
qualification, and the capability for verifying the operability of the
monitoring channels. g

The staff find that the safety-related display instrumentation is acceptable
for initial plant operation. For the long term, the stiff will evaluate con-
formance with RG 1.97 (Revision 2) in conjunction with :
&1mrovemen.s on a schedule consistent with

LR T I e
implementation reqmrements/«/n .S‘f/.&...d I B AuEES -0737,

7.5.2.2 TMI-2 Action Plan Item II1.D.3, Direct Indication of Relief” and
Safcty2V31vc Positions

This action plan item reguires position indication in the contral room for the
relief and safety valves.

Seismically and environmentally qualified safety-grade position indication is
provided in the control room for each of the pressurize: 2:!5%%8%2?““ relief
valves (PORVs) and the safety valves. The =% positions‘are detected by stem
mounted 1imit switches. A control room computer alarm (nonsafety grade) also
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is activated upon opening of a PORV. The safety-valve positions are detected
by an acoustic flow detector system that senses vibrations caused by flow
through the valve indicating that the valve is not fully closed. A safety-
grade indicator light and a nonsafety-grade annunciator are provided in the ~.
control room to indicate flow through any cf the three valves. A bar graph
monitor is provided in the electrical penetration room that can be used to
determine which alve is open. Based on the above information, the staff con-
cludes ti:at the design of this system conforms with the TMI-2 Action Plan
Item II1.D.3 guidelines.
7.5.2.3 TMI-2 Action Plan Item II.F.1, Additional Accident Monitoring
Instrumentation

Positions (4), (5), and (6) of this action plan item require installaticn of a
containment pressure monitor, containment water level monitor, and containment
hydrogen concentration monitor.

Continuous indication and recording of the containment precsure is provided in
the control room with a measurement and indication range extending from -5 psig
to 60 psig. Two redundant channels of indication are provided with two
channels recorded. The instrumentation is powered from the 120-V ac vital
instrumentation and control power system and is seismic Category I.

The containment emergency recirculation sump for Catawba encompasses the entire
floor of the lower containment. Redundant safety-grade level instrumentation
is provided to measure emergency recirculation sump level. The range of this
instrumentation is 0-20 ft (approiimato1y 1,000,000 gal). Continuous
indication from each redundant differential pressure transmitter is provided in
the control room with two channels recorded. The instrumentatior is powered
from the 120-V ac vital instrumentation and control power system and is seismic
Category I.

Continuous indication and recording (one channel) of the containment hydrogen

concentration is provided in the control room. The hydrogen monitoring system
consists of two redundant analyzer systems with a range of 0-30% hydrogen by
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volume. These analyzers are powered from redundant Class 1E power supplies.
Each analyzer has a local control panel indicator and alarm and a separate
control room indicater and alarm. The system is seismin Category I.

U ALt
Based on &he—abewgnforzziine, b-o&f concludes that the design of these
menitors conform with the TMI-2 Action Plan Item II.F.1 guidelines.

7.5.2.4 Freeze Protection for Jastrumentation Sensing and Sampling Lines

In the past there haye-peen many occurrences of frozen instrumentation and
sampling Tines. IE Bulletin 79-24 requested a review of plant designs to
ensure that adequate measures had been taken to prevent safety-related process,
instrument and sampling lines from freezing during extremely cold weather. The
applicant has used heat tracing to provide the required freeze protection. An
independent monitoring system with a control room annunciator is provided. A
portable monitor (thermocouple) is used to periodically check the operation of
the permanently installed monitors. The staff finds this design to be consis-
tent with the function's importance to safety and, therefore, acceptable.

The staff will include a requirement to periodically test these circuits in the
plant Technical Specifications.

//Z;fif.s Instrumentation Used To Initiate Safety Functions
F

y The staff Mjres that instrumentation provided to perform sp#ty functions
K‘::7/suc:h as isolating eismic portions of systems, closingsfalves when tank

levels reach low level ointé, and similar funcij#Ms should be provided

with alarms and indicators co
function and should be testable wi?
operations. The staff position on the trument channels also requires that

ering with normal plant
the following should be provided:
(1) an indicator in the information on

the process varj eriodic
ecks of the instrument transmitter

surveillance
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(2) an a to indicate to the operator that a specific safety function has
been acNgted

(3) indicator 1igMgg or other means to inform the operator which soafific
instrument channd® has actuated the safety function

(4) rod positions, pump fldNg, or valve positions to vepdfy that th» actuated
safety equipment has takerf\¢he action required j#r the safety function

(5) design features.t5'allow test o e ingfrument channel and actuated
equipment without intc~fering with Jfffmal plant operations and without
1ifting instrument leads or usipd” jury Wjigs (the capability for testing
should include the transmit where indicM{ors are not provided to
perform operability che of the transmitter? :

The staff has requesj#d the appliicant to review all instrudgnt chai-els that

perform a safetyfunction, to 1ist those channels that do not jve all of the

above featups®, and to identify the features that are not provided™GThe staff
will eypllate the applicant's response in a supplemént to this report.

7.5.3 Conclusions

The information systemslimportant to safety provide the operator with informa-
tion on the status of the plant to allow manual safety actions to be perfcrmed
when necessary. The scope of review included tables of system variables and
component states to be indicated, functional diagrams, electrical and physical
layout drawings, and descriptive information. The review has included the
applicable acceptance criteria and guidelines and design bases, including those
for indication of bypassed or inocperable safety systems. The review also has
included the applicant's analyses of the manner in which the design of informa-
tion systems conforms with the acceptance criteria and guidelines that are appli-
cable to these systems as noted in the SRP.

The staff has conducted an audit review of these systems for conformance with
guidelines of the applicable Regulatory Guides and industry codes and standards
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as outlined in SRP Section 7.3, Parts II and III. In Section 7.1 of this SER,

the staff concluded that the applicant had adequately identified the guidelines
applicable to these systems. Based on the audit review of the systems designs

for conformance to the gu1d¢1in¢s, the staff finds that on sat1sfacto:¥ rgéo- -
lution of the-qggnggi-no identified in Sections 7.5.2.1 asm 7.5.2. 5 there is
reasonable assurance that the systems conform with the guicelines app11cab1e to
them.

The staff review has included the identification of those systems and
components of the information systems that are designed to survive the effects
of earthquakes, other natural phenomena, abnormal environments and missiles.
Based on its review, the staff concludes that the applicant has identified
those systems and components consistent with the design bases for the systems.
Sections 3.10 and 3.11 of this SER address the qualificatior programs to
demonstrate the capability of these systems and components to survive
applicable events. Therefore, the staff finds that the identification of these
systems and components satisfies this aspect of .DC 2 and 4.

The redundant safety-grade information systems adequately conform with the
guidance for the physical independence of electrical systems provided in
RG 1.75.

The staff concludes that the information systems important to safety include
appropriate variables and that their ranga and accuracy are consistent with ghe
plant safety analysis. Therefore, the staff finds that the information systems
satisfy the requirements of GDC 13, "Instrumentation and Centrol," for
monitoring variables and systems cver their anticipated ranges for normal
operation, for anticipated operational occurrences, and for accident
conditions. Further, the staff finds that conformance with GOC 13 and the
applicable guidelines satisfies the requirements of GDC 19, “Control Room,"
with respect to information systems provided in the control room from which
actions can be taken to operate the unit safely under normal conditions and to
maintain it in a safe condition under accident conditions.

10/14/82 0051.0.0 CATAWBA SER SEC 7



In summary, the staff concludes that the information systems important to
safety are acceptable and meet the requtrements of GOC 2, 4, 13 and 19 subject
to satisfactory resolution of wa_—s identified in Sections 7.5.2. 1 =<
7.5.2.5, and 7.¥3.2.6

7.6 Interlock Systems Important to Safety

7.6.1 System Description

The systems described fn this section operate to reduce the probability of
occurrence of specific events or to maintain safety systems in a state to
assure their availability when required.

7.6.1.1 Residual Heat Removal Isolation Valve Interlocks

The RHRS consists of two residual heat exchangers, two pumps, and the
associated piping, valves, and instrumentation necessary for operational
control. The inlet lines to the RHRS are connected to the hot legs of two
reactor coolant loops, and the return lines are connected to the cold legs.

The RHRS is a low-pressure system and is isolated during normal operation from
the high-pressure reactor coolant system. The isolation is provided by two
motor-operated valves in series in each of the two residual heat removal pump
suction lines. Interlocks prevent opening of the valves until the reactor
‘coolant system pressure is below a predetermined value (approximately 425
psig). Once opened, the valves will close automatically if the pressure
increases above a preset value (approximately 600 psig). The position of the
valves is indicated on the main control board by lights actuated by the valve
Timit switches.

7.6.1.2 Cold Leg Accumulator Motor-Operated Valve Interlocks
The accumulators are pressure vessels partially filled with borated water and

pressurized with nitrogen gas. During normal operation each accumulator is
isolated from the RCS by two check valves in series. Should the RCS pressure
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fall below the accumulator pressure, the check valves open and borated water is
forced into the RCS. To prevent injection of borated water at low-pressure
operation during shutdown and startup, exch of the accumulators is provided
with a metor-operated isclation valve in series with the check valves. The el
valve is clesed by the operator shortly after the RCS is depressurized below

the safety injection unblock set point.

The motor-operated isolation valves are controlied by switches on the main
control board and are interlocked as follows:

(1) The valves open automatically on receipt of a safety injection signa)
(usu).

(2) The valves open automatically whenever the RCS pressure is above the
safety injection unblock pressure (P-11 interlock).

(3) The valves cannct be closed as long as an "S" signal is present.

After the RCS pressure is decreased during shutdown and the motor-operated
isolation valves are closed, power to the valves is disconnected to prevent
accidental operation. The power to the valves also is disconnected after the
valves are opened during normal power operation to prevent accidental closing.
A 1ight, actuated by the valve motor-operated limit switch, on the contro! room
monitor Tight panel is on if the valve is not fuily open. An alarm, operated
by both the valve motor operator limit switch and valve stem limit switch, is
activated when a valve is not fully open with the system above the safety
injection unblock pressure.

7.6.1.3 Upper Head Injection Interlocks

The UHI system includes two accumulators, one filled with borated water, the
cther filled with pressuriced nitrogen gas. Ouring normal plant operation, the
contents of the accumulators are separated by a membrane in the line connecting
them and their pressure is maintained at equilibrium through a surge tank.
Should the RCS pressure fall below the accumulator pressure, the check valves
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in the two lines connecting the water accumulator to the RCS will open and the
water will be forced into the RCS.

Each of the two redundant UHI lines are provided with two series, hydraulically B

operated isolation valves. These valves close to prevent nitrogen gas from
entering the reactor coolant following the injection of the borated water from
the accumulator. The valves are normally open during operation, and each valve
is closed by a separate and independent low level signal and a separate
hydraulic accumulator. Manual controls are provided in the control room to
close the valves dUrina-shutdown and open the valves during startup. Following
valve closure, a motor-driven gagging device is inserted in the valve operator
to prevent reopening on the valve on loss of hydraulic pressure to the valuve
operator. In the event of an accident requiring UHI, the safety injection
signal automatically engages the gagging devices when the isolation valves are
closed. Open and closed valve position indication is provided in the control
room. A separate light is provided for each valve to indicate when the valve
is not fully open. A stem mounted limit switch on each accumulator isolation
valve actuates an alarm in the control room if the valve is not fully open when
the reactur coolant pressure is raised above the safety injection unblock pres-
sure (P-11).

7.6.1.4 Reactor Coolant System Overpressure Protection System for Low
Pressure/Temperature, Water Solid Conditions

The reactor coolant system overpressure protection system prevents the RCS from
overpressurization during periods of water solid operation during startup and
shutdown. The maximum RCS pressure is limited by providing a low-pressure set
point interlocked with reactor coolant temperature toanﬁ&th two 1#@
pressurizer PORVs. Keylock switches, located on the main contrel board,

enable the Tow-pressure set point for each train of PORV actuation. When plant
conditions require low temperature overpressure protection, an annunciator is
provided to alert the operator. When the low-pressure set point is enabled,
any pressure excursion above the set point will cause actuation of the PORVs +f
the temperature is below the temperature set point. If the system

A
temperature rises above the temperature set point, the RCS overpressure
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protection system is automatically disarmed and an annunciator alerts the
operator to return the keylock switches to their normal positions. Separate
wide-range temperature and pressure transmitters are provided for each train of
PORV actuation. i

7.6.1.5 Diesel Generator Cooling Water System Interlocks

The diesel generator cooling water system maintains diesel engine temperature
within the design operating range. Ezxch diesel generator is provided with a
train of cooling water: . If the temperature of a train of cooling water exceeds
a predetermined set point, that train's diesel engine automatically shuts down.
This interlock is automatically bypassed by a diesel emergency start signal.
Alarms are provided locally and in the control room for high and low water
temperature, low water precsure, and low standpipe level.

7.6.1.6 Diesel Generatrr Lubricating 0i1 System Interlocks

The diesel generator lubricating oil system pum)s ‘at=tZ3%tmes 0il from the lube
oil tank to the diesel g‘"‘t:ﬁ&:.:ﬂ? provides a gravity drain from the diesel
engine crankcase back to the suugk}ank. Each diesel generator is provided a
separate lube oil system, including interlocks to prevent starting or to shut
down the engine on iow lube oil pressure, low-low lube oil pressure, low turbo
0il pressure, high lube oil outlet pressure, or high main bearing temperature.
A1l of these interlocks, except the Tow-low Tube 0il pressure, are auto-
matically bypassed by an emergency start signal. This low-low 0il pressure
interlock uses three pressure switches with two-out-of-three logic and is
bypassed for a sufficient time to allow diesel engine starting. Alarms are
provided locally and in the control room for high or low 0il inlet temperature,
high or lTow 0il outlet temperature, low oil pressure, or low lube oil sump tank
level.
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7.6.2 Specific Findings

7.6.2.1 Interlocks for Reactor Coclant System Pressure Control During Low
Temperature Operation

The generation of actuation signals to open the pressurizer PORVs to prevent
the reactor coolant system pressure from exceeding allowable limits during low
temperature operation is described in Section 7.6.1.4.

In its review of the 'c.bntro'l logic, the staff was concerned about incorrect
mode selector switch positions not being sersed by the "Low Pressure Mode

fon Alert" al tuati i T
Operation Alert" alarm ac uvating logi r:,‘ app!icant has Pgre%to odif
this 1091: . Based on Ezls commitment the staff
Unala Latie Cencual

considers thc issue resolved subject to confirmatiad M - ’

7.6.2. er Head Injection Automatic Termination
Gar Smard
:=::;criThatiop of the™igjection by the UHI system is
use of local level switc ‘With this desi
of the system is difficult, if

cted automatically by the
the staff believes surveillance
ctical, during power operation and,
therefore, greatly reduces the n the system's ability to perform
its required safety func The staff has ex this concern to the
applicant; the staff #1111 evaluate the applicant's response supplement to
this report.

7.6.2.3 _Upper Head Injection Manval Control

/Tr_ﬁ’rﬁ\
valves used to te e UHI utilize hydrauiic acca@gl;:afi’is‘:}fcct auto-

matic fast closure. Manual clo is providnd qnly’ﬁ’ the use of a nonsafety-
grade hydraulic pump closing one of the “yalves at a time. This means of
manual closure is a slow process. ~The staff belie hat operator action may
be required for small- and.*ﬁiormodiatc-brcak LOCAs to prev he UHI system
from maintaining rgactor coolant pressure and thereby leading to se
cooling traq:loﬂf?. The staff has expressed this concern to the applicant.

sub-
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The staff will evaluate the applicant's response in a supplement to this
report.

umulator surge tank and not
for the accumulator itself. elieves the UHI accumulator leve)
indication would be usef

=fety actions have been taken and
to aid in the ma :

osure capability diccus Section 7.6.2.3. The
staff has ssed this concern to the applicant. The
nt's response in a supplement to this report.

111 evaluate the

7.6.2.5 Cold-Leg Accumulator Valve Interlocks and Position Indication

A motor-operated isolation valve is provided between each safety injection tank
and the reactor coclant (primarv) system. The valve opens automatically when
either the primary coolant system pressure exceeds the safety injection unblock
pressure as specified in the Technical Specificaticns or when the safety
injection signal ("5") is present. After the RCS pressure is decreased during
shutdown and the motor-operated isolation valves are closed, power to the
valves is disconnected to prevent accidental operation. The power to the
valves also is disconnected after the valves open during normal power operation
to prevent accidental élosing. Gear and stem 1imit switches are separately
powered. The valve position indication in the control room is redundantly
available regardless of the power lockout to the valve.

The staff concludes that the design of the cold-leg accumulator isclation valve
interlocks and the valve position indication is in accordance with the
requirements of BTP ICSB 4 and is acceptable.

7.6.2.6 TMI-2 Action Plan Item II.K.3.1, Installation and Testing of Automatic
Power-Operated Relief Valve Isolation System

This action plan item requires all PWR licensees to provide a system that uses

PORV block valve to protect against a small-break LOCA. The system would auto-
matically close the block valve when the reactor coolant system pressure decays after
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the PORV opens. The staff requirements provide, however, that such a control
system is not required if studies provided in response to Item II.K.3.2
show that the probability for the PORV sticking open is sufficiently small.

The applicant has stated agreement with the Westinghouse determination that an
additional block valve closure system would add little protection against a
PORV failure. If the staff does not accept the Westinghouse conclusions, it

will wwmmagw Sy Mathsodng -vd-fté-ﬂiw

x.maﬁ.uf-s,.t..

7.6.3 Conclusions. ~ =

The staff concludes that the designs of the interlock systems important to
safety are acceptable and meet the relevant requirements of GDC 2 and 4, as
discussed in the following paragraph.

The review of the interlock systems important to safety included the interlocks
to prevent overpressurization of low-pressure systems when connected to the
primary coolant system. The staff position with regard to this interlock
system is set forth in BTP ICSB-3, "Isolation of Low Pressure Systems from the
High Pressure Reactor Coolant System." Based on its review, the staff con-
cludes that the design of this system adequately complies with the staff's
guidelines.

This review included the interlock provided ta prevent overpressurization of
the primary coolant system during low temperature operation. The staff's
position with regard to this interlock system is set forth in BTP RSB 5-2,
"Cverpressurization Protection of Pressurized Water Reactors While Operating at
Low Temperatures." Based on the review, the staff concludes that the design

of this system adequately complies with the staff's guidelines subject to con-
firmation of circuit revision (see Section 7.6.2.1).
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This review included the interlocks for the ECCS accumulater valves. The
staff's position with regard to this interlock system is set forth in
BTP ICSB-4, "Requirements of Motor Operated Valves in the ECCS Accumulator

Lines. Based on the review, the staff concludes that these interlocks

adequately comply with the staff's guidance.

Based on the review of the interlock systems important to safety, the staff
concludes that their design bases are consistent with the plant safety analysis
and the systems importance to safety. Further, the staff concludes that the
aspects of the desigﬁ of these systems with respect to single failures, redun-
dancy, independence, qualification, and testability are adequate to ensure that
the functional performance requirements Q11! be met.

The review has included the identification of those systems and components of
interlock systems important to safety that are designed to survive the effects
of earthquakes, other natural phenomena, abnormal environments, and missiles.
Based on the review, the staff concludes that the applicant has identified the
systems and components consistent with the design bases for the interlock
systems. Sections 3.10 and 3.11 of this SER address the qualification programs
to demonstrate the capability of these systems and components to survive
applicable events. Therefore, the staff finds that the idertification of the
systems and components satisfies this aspect of GDC 2 and 4.

In summary, the staff concludes that the interlock systcms 1mportant to safety
are acceptable subJect to satisfactory resolution of u.----s identified in
Sections 7.6.2.3 u 7.6.2.86 of this report, LA e LR P T BSRCRT
R}

7.7 Control Systems

The general design objectives of the plant control system are:

(1) to establish and maintain power equilibrium of the primary and secondary
system during steady-state unit operation
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(2)

(3)

to constrain operational transients so as to preclude unit trip and re-
establish steady-state unit operation

to provide the reactor operator with monitoring instrumentation that indi- ~
cates all required input and output control parameters of the systems and
provides the capability of assuming manual control of the system

7.7.1 System Description

(1)

(2)

Reactor Control System

The reactor control system enables the plant to accept a step load
increase or decrease of 10X and a ramp increase or decrease of 5% per
minute within the load range of 15% to 100X without reactor trip, steam
dump, or pressurizer relief actuation (subject to possible xenon
Timitations). The system also maintains the reactor coolant average
temperature within established 1imits by generating the demand signals for
moving the control rods. )

Rod Control System

The rod control system modulates the reactor power by automaiic or manual
contral of full-length control rod banks. The system receives rod speed
and direction signals from the reactor control system. Manual control is
provided to wove a control bank in or out at a predetermined fixed speed.
An interlock derived from measurements of turbine impulse chamber pressure
prevents automatic control when the turbine load is below 15%.

The five shutdown banks are moved to the fully withdrawn position by
manual control before criticality. These rods remain in that position
during normal operation. The control banks are the only rods that are
manipulated under automatic control. Each control bank is divided into
two groups to obtain smaller incremental reactivity changes per step. All
rod control cluster assemblies in a group move simultaneously. There is
individual position indicat‘~n for each rod conirol cluster assembly.

10/14/82 0060.0.0 CATAWBA SER SEC 7

- — - —— - . ———— - —— . — e - e e —————



(3) Plant Control Signals for Monitoring and Indication

(a) Nuclear Instrumentation Power Range System--Four channels are
provided, with each using a dual-section ionization chamber as a
neutron flux detector. The currents from the ionization chambers are
used to measure the power level, axial flux imbalance, and radial
flux imbalance.

(b) Red Positipq_nonitoring System=--Two separate systems are provided,
digital rod position indication and the demand position system. The
digital rod position indication system measures the actual position
of each rod. The demand position system counts pulses generated in
the rod drive control system to provide a readout of the demanded
bank position.

(¢) Control Bank Rod Insertion Monitoring--The monitoring provides
warning to the operator of excessive rod insertion. The "low" alarm
alerts the operator of an approach to the rod insertion limits re-
quiring boron addition by following normal procedures with the
chemical and volume control system. The "low=low" alarm alerts to a
need for immediate action to add boron by any one of several
alternate methods.

(d) Rod Deviation Alarm=-The rod deviation alarm is generated by the
digital rod position. indication system whenever a preset limit is
exceeded by any shutdown rod or whenever an individual control rod

position deviates from the bank demand position by 12 steps.

(e) Rod Bottom Alarm=-A "Rod Bottom Rod Drop" alarm is generated for each
of the rods by the digital rod position indication system.

(4) Plant Control System Interlocks

(a) Rod Stops--Prevent abnormal power conditions that could result from
excessive control rod withdrawal initiated by either a control system
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maifunction or operator violation of administrative procedures. The
interlocks are generated by signals from the neutron flux,
overtemperature AT, overpower AT, and turbine impulse chamber
pressure measurement channels.

(b) Automatic Turbine Load Runback--Prevents high-power operation which,
if reached, would initiate reactor trip. Signals from
overtemperature AT and overpower AT measurement channels are used to
initiate automatic turbine load runback when an overpower or
overtemperature condition is approached.

(¢) Turbine Loading Stop--Limits turbine loading in a power transient
resulting from a reduction in reactor coolant temperature. The
interlock is cleared by an increase in coolant temperature that is
accomplished by reducing the boron concentration in the coolant.

(5) Pressurizer Pressure Control

The RCS pressure is controlled by using either the heaters (in the water
region) or the spray (in the ste: . .egion) of the pressurizer plus steam
relief for large transients. Ti. 2lectrical immersion heaters re located
near the bottum of the pressurizer. A portion of the heater group is pro-
portionally controlled to correct small pressure variations. These varia-
tions are a result of heat losses, including heat losses a result of a
smal]l continuous spray. The remaining (backup) heaters are turned on when
the pressurizer pressure control signal demands approximately 100 percent
proportional heater power.

The spray nozzles are located on the top of the pressurizer. A small
continuous spray is normally maintained to reduce thermal stresses and
thermal shock and to help maintain uniform water chemistry and temperature
in the pressurizer. Spray is initiated when the pressure controller spray
demand signal exceeds a set point and the spray rate increases
proportionally with increasing spray demand signal until it reaches a
maximum value.
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(6) Pressurizer Water Level Control

(7

The pressurizer cperates by maintaining a steam cushion over the reactor
cooclant. As the density of the reactor coolant adjusts to the various
temperatures, the steam-water interface moves to absorb the variations
with reiatively small pressure disturbances.

A programmed pressurizer water level is maintained by the chemical and
volume control ;yftea. During normal plant ¢ eration, the charging flow
varies to produce the flow demand by the pressurizer water leve)
controller. The pressurizer water level is programmed as a function of
coo,ant average temperature, with the highest average temperature
(auctioneered) being used. The pressurizer water level decreases as the
10ad is reduced from full load. This is a result of coolant contraction
following programmed coolant temperature reduction from full power to low
power. ine programmed level is designed to match as nearly as possible
the level changes resulting from the coolant temperature changes.

To control pressurizer water level during startup and shutdown operations.
the charging flow is manually regulated from the main control room.

Steam Generator Water Level Control

Each steam generater is equipped with a three-element feedwater flow
controller that maintains a programmed water level, which is a function of
~eutron flux. The three-element feedwater controller regulates the feed-
water valve by continuously comparing the feedwater flow signal, the water
level signal, the programmed level, and the pressure-compensated steam
flow signal. The feedwater pump speed is varied to maintain a programmed
press re differential between the steam header and the feed pump discharge
header.

Continued delivery of feedwater to the steam generators is required as a
sink for the heat stored and generated in the reactor followirg a reactor
trip and turbine trip. An override signal closes all feedwater valves
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when the average coolant temperature is below a set value and the reactor
has tripped. Manual override of the feeZ.ater control svstem is available
at al’ times.

Steam Dump Control System

The steam dump system, together with the rod control system, is designed
to accept a 50% loss of net load without tripping the reactor. The system
functions automatically by bypassing steam directly to the condenser to
maintain an artificial load on the primary system. In the event load
rejection exceeds 50%, main steam also is dumped to the atmosphere. The
rod contrcl system can then reduce the reactor temperature to a new

equilibrium value without causing overtemperature and/or overpressure
conditions.

A demand signal for the load-rejection steam dump controller is generatec
if the difference between the reference average temperature based on
turbine impulse chamber pressure and the lead/lag compensated auctioneered
average temperature exceeds a preset value. To prevent actuation of steam
dump on small load perturbations, an independent load rejection sensing
circuit is provided. This circuit senses the rate of decrease in the
turbine load as detected by the turbine impulse chamber pressure and
blocks the steam dump unless the rate exceeds a preset value.

Following a reactor trip, the load-rejection steam dump controller is
deactivated and the plant-trip steam dump controller becomes active. The
demand signal for this controller is generated if the difference between
the Tead/lag compensated auctioneered average temperature and the no-load
reference average temperature exceeds a preset value. As the error signal
reduces in magnitude following tripping of the dump valves, the dump
valves are modulated by the plant-trip controller to regulate the rate of
heat removal and thus gradually establish the equilibrium hot shutdown
condition.

CATAWBA SER SEC 7




Remcval of the residual heat during a shutdown is accomplished by the
steam-pressure controller, which controls the steam flow to the

condensers based on measured steam pressure. This controller operates a
portion of the same steam dump valves tc the condenser that are used
following load rejection or plant trip.

7.7.2 Specific Findings

7.7.2.1 Design Features Limiting the Consequences of Single Failures in the
Rod Control System

The staff requested that the applicant provide information describing design
features used in the rod control system to (1) limit rtactkvity insertion rates
resulting from single failures within the system and (2) limit incorrect
sequencing or positioning of control rods.

The applicant submitted information discussing design features that limit rod
speeds and malpositionings. A conclusion of the abplfcant's review is that
even in the unlikely event of simultaneous multiple failures in the rod control
system the rod speed is limited to 100 steps per minute by mechanical
limitations of the drive mechanism and that this speed has been verified by
tests. The consequences of positive reactivity insertion rates, which include
the rod speed of 100 steps per minute, are bounded by FSAR Chapter 15 analyses.
A further conclusion is that no single failure within the rod control system
can cause either reactivity insertions or malpositionings of control rods that
can result in core thermal conditions not bounded by FSAR Chapter 15 analyses.
The staff finds the applicant's response acceptable.

7.7.2.2 High-Energy-Line Breaks and Ccnsequential Control System Failures

A concern was raised in IE Information Notice 79-22, issued September 1S, 1879,
that certain nonsafety-grade or control equipment, if subjected to the adverse
environment of a high-energy-line break, could malfunction and cause the plant
conditions to be more severe than those analyzed in the safety analyses of FSAR
Chapter 15. The applicant was requested to perform a review to determine what,
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7.7.2.3 Multiple Control System Failures

A concern has been rgised that if two or more control systems receive power or
senscr information from‘common power sources or common sensors (including
common headers or impulse lines), failures of these power sources or sensors,
or rupture/pluggfng of a common header or impulse 1in9"E;:1d result in
transients more severe than considered in plant safety analyses.

The applicant has conducted a review to identify power sources, sensors, or
sensor impulse lines that provide power or signals to two or more control
systems. The effects of the failures of each of these power sources, sensors,
or sensor impulse lines were analyzed. The analysis was conducted for all five
major NSSS control systems: (1) reactor control system, (2) steam dump system,
(3) pressurizer pressure control system, (4) pressurizer level control system,
and (5) feedwater control system. The initial conditions for the analysis were
assumed to be anywhere within the full operating power range of the plant
(0-100%) where applicable.

The results of the analysis indicate that for any of the postulated events
considered--including (1) loss of any single instrument, (2) break of any
single instrument 1ine, and (3) lToss of power to all systems powered by a
single power supply system (i.e., single invert =~)--the Condition Il accident
analyses given in Chapter 15 of the FSAR are bounding. Based on the results of
the applicant's review, the staff considers this item resolved.

7.7.2.4 TMI-2 Action Plan Item II.K.3.9, Proportional Integral Derivative
Controller Modification

This action plan item calls for implemertation of a Westinghouse recommendation

10/14/82 0066.0.0 CATAWBA SER SEC 7



(Burt)

,.M?
\’
m:/a/”f;nm
’ P o o
s ey
,ﬁa/.i
o W
2
.

¢
7 /
yA
condiot

aﬁa&a«j Aeotew” pwwé/a; '
. am:
-
P %)
m:i
z%
&
/3{/(0 aliri
Q’JM
corZist’
™
m/z;;t
o
£
‘i
%;M
e
%. ,
1 M

contit 57.1.
M Dy
.57424»
ot
T
Z
Ao
-
2wl
)
l/[s/
) &
W
and

prant cukicd Lriicnpin? W' 5
W
- §
47
Lo m 2Zam
‘ 7 ;
;’/fm
au' .
j;;‘f“
VZQ’
¥ m
_ z
i,
I/ -
%;
LT



to modify the PORV proportional integral derivative controller to prevent
derivative action from opening the PORV. Two options are provided.

The applicant has satisfied this requirement by implementing the option of
setting the derivative time constant equal to zero.

7.7.3 Conclusions

The control systems used for normal operation that are rot relied upon to per-
form safety functions, but which contrel plant processes having a significant

impact on plant safety, have been reviewed. These control systems include the
reactivity contral systems and the control systems for the primary and
secondary coolant systems. The staff concludes that the control systems are
acceptable and meet the relevant requirements of GOC 13 and 19. This
conclusion is based on the following.

Based on its review of the plant transient response to normal load changes and
anticipated operational occurrences, such as reactor trin, turbine trip, upsets
in the feedwater and steam bypass systems, the staff concludes that the control
systems are capable of maintaining system variables within prescribed operating
limits. Therefore, the staff finds that the control systems satisfy this
aspect of GDC 13.

The staff review of control systems included the features of these systems for
both manual and automatic control of the process systems. The staff concludes
that the features for manual and autcmatic control facilitate the capability to
maintain plant variables within prescribed operating limits. The staff f‘nds
that the control systems permit actions that can be taken tc operate the .lant
safely during normal cperation, including anticipated operatioral occurr«nces.
Therefore, the control systems satisfy GOC 19 with regard to normal plant
operations.

The conclusions of the analysis of anticipated operational occurrences and

accidents as presented in FSAR Chapter 15 have been used to confirm that plant
safety is not dependent on the response of the control systems. The staff
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¢

concludes that failure of the systems in themselves or as a consequence of

supporting systems failures, such as power sources, does not result in plant
coenditions more severe than those bounded by the analysis of anticipated -~
operational occurrences.

Finally, the staff has confirmed that the consequential effects of anticipated
operational occurrences and accidents do not result in control system failures
that would cause plant conditions more severe than those bounded by the

2NaTysis OF Lhese eVENnls, el s S i O s —"

L ool BT, The staff finds that the control systems are not relied upon
;2/3 to ensure plant safety and are, therefore, acceptable.

\\\ In summary, the staff concludes that the control systems are acceptable PO
. : ‘ Sl o — ¢
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OPEN ITEMS

(1

(2)

(3

(4)

(5)

(6)

- . - Enclosure 2

CATEGORIZATION OF SPECIFIC FINDINGS
RESULTING FROM ICSB REVIEW
OF CATAWBA NUCLEAR STATION
UNITS 1 & 2

Testing the Reactor Trip Breakers and Manual Trip
Switches (7.2.2.1)»

Main Feedwater Isolation on High Doghouse Level
(?.3,2.9)

Lockout of Manual Control by the Load Sequencer

(7.3.2.11)

Remote Shutdown Instrumentation and Controls
£T.6udst)

Loss of Both RHR Trains Due to a Single Instrument
Bus Failure (7.4.2.4)

Upper Head Injiection Manual Control (7.6.2.3)

CONFIRMATORY ITEMS

(1M

2)
(3)
(4)
(5)
(6)

(7)

(8)

(9

Steam Generator Level Contral and Protection
CT sBelet?d

Compliance With IE Bulletin 80-06 (7.3.2.2)

Test of Engineered Safeguards P-4 Interlock (7.3.2.7)
Containment Pressure Control System (7.3,2.10)

Remo;e Shutdouh Instrumentation and Controls (7.4.2.2)

Control Switches for RHR Miniflow Valves (7.4.2.5)

Instrumentation Used to Initiate Safety Functions
Te5:2.93

Interlocks for Reactor Coolant System Pressure Control
During Low Temperature Operation (7.6.2.1)

Key=-Lccked Switches Used to Override Isclation of
Control Room Area HVAC System (7.6.2.4)



ofe

TECYNICAL SPECIFICATION ITEMS
(1) Water Level Measurement Errors (7.2.2.3)

(2) Lead, Lag, and Rate Time Constant Set Points Used
in Safety System Channels (7.2.2.4)

(3) Verification of the Resistance Temperature Detectors
Bypass Loop Flow (7.2.2.6)

(4) TMI-2 Action Plan Item II.K.3.10, Proposed Antici=
patory Trip Modification (7.2.2.7)

(S) Turbine Trip Following A Reactor Trip (7.2.2.9)
(6) Safety System Trip Set Point Methodology (7.3.2.4)
(7) Containment Pressure Control System (7.3.2.10)

(8) Auxiliary Feedwater Pump Suction Alignment Logic
(7.3.2.12)

(9) Uncetectable Failure in On-Line Testing Circuitry
for Engineered Safeguards Relays (7.3.2.13)

(10) Testability of Circuitry for_ Transfer of NSW Suction
from Lake Wylie to SNSWP (7.4.2.3)

(11) Freeze Protection for Instrumentation Sensing and
Sampling Lines (7.5.2.4)

(12) Instrumentation Used to Initiate Sifcty Functions
(7.5.2.5) '

(13) Upper Head Injection Termination (7.6.2.2)

LICENSING CONDITION

(1) TMI=-2 Action Plan Item II.K.3.1, Installation and
Testing of Automatic Power - Operated Relief Valve
Isolation System (7.6.2.6)




TMI-2 ACTION PLAN ITEMS

(1) TMI-2 Action Plan Item II1.K.3.10, Proposed Antici=-
patory Trip Modification (7.2.2.7)

(2) TMI-2 Action Plan Item II.K.3.12, Confirm Existence = -
of Anticipatory Trip Upon Turbine Trip (7.2.2.8)

(3) TMI-2 Action Plan Item II.E.1.2, Auxiliary Feedwater
System Automatic Initiation and Flow Indication (7.3.2.6)

(4) TMI-2 Action Plan Item I1.0.3, Direct Indication of
Relief and Safety Valve Positions (7.5.2.2)

(5) TMI-2 Action Plan Item II.F.1, Additional Accident
Monitoring Instrumentation (7.5.2.3.)

(6) TFMI-2 Action Plan Item II.K.3.1, Installation and
Testing of Automatic Power=-Operated Relief Valve
Isclation System (7.6.2.6)

(7) TMI-2 Action Plan Item II.K.3.9, Proportional Integral
Derivative Controller Modification (7.7.2.4)

*The SER sections which address these items are indicated in
. » ’ -

parentheses follnwing each item,
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FECORAL UL FOR: Thomas ti, fiovek, ~ssistat Director for Licensing
bivision of Licensing

Faliis R. hayne Houston, Assistant Director for Reactor Safety
. Pivision of Systems Integration

SUBJECT: ICSB IKPUT TU SER - SHEARON HARRIS UNITS 1 & 2

Plant fame: Shearon Harris Units 1 & 2
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7 INSTRUMENTATION AND CONTROLS

7.1 Introduction Certified BY

0 Accéptance Criteria

FSAR Section 7.1 contains information pertaining to safety-related instrumenta-
tion and control systems, their design bases, and applicable acceptance criteria.
The staff has reviewed the applicant's design, design criteria, and design bases
for the instrumentation and control systems for Harris Units 1 and 2. The
acceptance criteria used as the basis for this evaluation are those identified
in the SRP (NUREG-0800) in Table 7-1, "Acceptance Criteria for Instrumentation
and Control Systems Important to Safety," and Table 7-2, "TMI Action Plan
Requirements for Instrumentation and Control System Important to safety." These
acceptance criteria include the applicable GDC and the Instituta of Electrical
and Electronics Engineers (IEEE) Standard 279 “"Criteria for Prctection System
for Nuclear Power Generating Stations" (10 CFR 50.55a(h)). Guidelines for
implementation of the requirements of the acceptance criteria are provided in
the IEEE standards, RGs, and BTPs identified in SRP 7.1. Conformance to the
acceptance criteria provides the bases for concluding that the instrumentation
and control systems meet the requirements of 10 CFR 50.

7.1.2 Method of Review

Harris uses a Westinghouse NSSS with ba\ancc-of-ﬁlant (BOP) design provided by
Ebasco. Many safety-related instrumentation and control systems are similar to
those at North Anna, Beaver Valley, and Virgil Summer, and have been previously
reviewed and approved by the staff. The staff concentrated its review on those”
areas where the Harris design differs from previously reviewed designs and on
those areas that have remained of concern during reviews of other similar plants.t
Several meetings have been held with the applicant and the NSSS and BOP designers
to clarify the design and to discuss concerns the staff has with the design.
Detail drawings=--including piping and instrumentation diagrams, logic diagrams,
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control wiring diagrams, electrical one-line diagrams, and electrical schematic
diagrams--were audited during the review.

7.1.3 General Conclusion

The applicant has identified the instrumentation and control systems important
to safety and the acceptance criteria that are applicable to those systems as
identified in the SRP. The applicant has also identified the guidelines--
including the RGs and tihe industry codes and standards--that are applicable to
the systems as idenc.fied in FSAR Table 7.1.0-1.

Based on the review of FSAR Section 7.1, the staff concludes that the imple-
mentation of the identified acceptance criteria and guidelines satisfies the
requirements of GDC 1, "Quality Standards and Records," with respect to the
design fabrication, erection, and testing to quality standards commensurate
with the importance of the safety functions to be performed. The staff finds
that the NSSS and the BOP instrumentation and control systems important to
safety, addressed in FSAR Section 7.1, satisfy the requirements of GOC 1 and,
therefore, are acceptable.

7.1.4 Specific Findings
7.1.4.1 Open Items

The staff's conclusions noted herein are applicable to the instrumentation and
control systems important to safety with the exception of the open items listed
below. The staff will review these items and report their resolution in a sub-
sequent version of this report. The applicable sections of this repprt that
address these items are indicated in parentheses following each open item.

(1) Generic Westinghouse design mndification for automatic reactor trip using
shunt coil trip attachment (7.2.2.4)

(2) 1loss of non-Class 1E instrumentation and control power system bus during
operation (IE Bulletin 79-27) (7.5.2)
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(3) control system failure caused by malfunctions of common power source or
instrument line (7.7.2)

(4) control system failure caused by high energy line breaks (7.7.2)

7.1.4.2 Confirmatory Items

In a number of cases, the applicant has committed to provide additional docu-

mentation to address concerns raised by the staff during its review. Based on

information provided during meetings and discussions with the applicant, the

technical issue has been resolved in an acceptable manner. However, the appli-

cant must formally cdocument his commitments for resolution of these items.

Confirmatory items will not be addressed in a supplement to this report unless
. an unanticipated problem is found. The sections of this report that address

these items are noted in parentheses.

(1) Solid-state logic protection system test circuit (7.3.3.11)

(2) testing for remote shutdown operation (7.4.2.2)

(3) RCS Overpressure protection During Low Temperature Operation (7.6.2.2)

7.1.4.3 Technical Specification Items

Items to be included in the plant Technical Specifications and information to
be audited as part of the effort to issue Technical Specifications are discussed

-

in the following sections:

(1) Trip setpoint and margins (7.2.2.2)
(2) Response-time testing (7.2.2.3)

(3) Spare component cooling water pump (7.3.3.9)

(4) Spare charging pump (7.3.3.10)
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7.1.4.4 Site Visit

A site review will be performed to confirm that the physical arrangement and
installation of electrical equipment are in accordance with the design criteria

and descriptive information reviewed by the staff. The site review will be
completed before a license is issued; any problems found will be addressed ina -~
supplement to this report.

7.1.4.5 Fire Protection Review

The review of the auxiliary shutdown panel discussed in Section 7.4 of this
report covered the compliance of this panel with GDC 19, “Control Room." The
aspects of the auxiliary shutdown panel related to fire protection and the
review for conformance to 10 CFR 50, Appendix R (safe shutdown analysis), are
included in Section 9.5 of this report.

7.1.5 TMI Action Plan Items

Guidance on implementation of the TMI Action Plan was provided to applicants in

NUREG-0737. The items related to instrumentation and control systems are listed
below. The specific section of the report addressing each item is indicated in

parentheses.

(1) 11.0.3 - Direct Indication of PORV and Safety Valve Position (7.5.2.2)

(2) 11.E.1.2 - Auxiliary Feedwater System Automatic Initiation and Flow
Indication (7.3.3.1)

(3) 1II.F.1 - Accident Monitoring Instrumentation Positions (4), (5), and (6)
(7.5.2.2)

(4) 11.F.2 - Instrumentation for Monitoring Accident Conditions (7.5.2.2)

(5) 11.K.3.9 - Proportional Integral Derivative Controller Modification
(7.7.2.3)
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(6) 11.K.3.12 - Confirm Existence of Anticipatory Reactor Trip Upon Turbine
Trip (7.2.2.5) '

7.2 Reactor Trip System

7.2.1 Description

The reactor trip system (RTS) is designed to automatically limit reactor opera-
tion within the 1imits established in the safety analysis. This function is
accomplished by tripping the reactor whenever predetermined safety limits are
approached or reached. The RTS monitors variables that are directly related to
system limitations or calculated from process variables. Whenever a variable
exceeds a setpoint, the reactor is tripped by the insertion of control rods.
The RTS initiates a turbine trip when a reactor trip occurs. The RTS consists
of sensors and analog and digital circuitry arranged in coincidence logic for
monitoring plant parameters. Signals from these channels are used in redundant
logic trains. Each of the two trains opens a separate and independent reactor
trip breaker. During normal power operation, a dc undervoltage coil in each
reactor trip breaker holds the breaker closed. For a reactor trip, the removal
of power to the undervoltage coils opens the breakers. Opening either of two
series-connected breakers interrupts the power from the rod-drive motor genera-
tor sets, and the control rods fall by gravity into the core. The rods cannot
be withdrawn until the trip breakers are manually reset, and the trip breakers
cannot be manually reset until the abnormal condition that initiated the trip
is corrected. Bypass breakers are provided to permit the testing of the pri-
mary breakers.

In addition to the automatic trip of the reactor described above, there is also
provision for manual trip by the operator. The manual trip consists'of two
switches. Actuation of either switch removes power from the undervoltage coils j
and energizes the shunt trip coils of both reactor trip breakers. The shunt
trip coils are a diverse means for tripping the reactor trip breakers. The
reactor will also be tripped by actuating either of the two manual switches

for safety injection.
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The gene ic implications of the Salem anticipated transient without scram
(ATWS) events are discussed in Section 7.2.2.4 of this report.

The reactor trips listed below are provided in the Harris design. The numbers
in parentheses after each trip function indicate the coincident logic; for
example, two out of three (2/3).
(1) nuclear overpower trips

(a) power range high neutron flux trip (2/4)

(b) intermediate range high neutron flux trip (1/2)

(¢) source range high neutron flux trip (1/2)

(d) power range high positive neutron flux rate trip (2/4)

(e) power range high negative neutron flux rate trip (2/4)

(2) core thermal overpower trips
(a) overtemperature AT trip (2/3)
(b) overpower AT trip (2/3) )

(3) reactor coolant system pressurizer pressure and water level trips
(a) pressurizer low pressure trip (2/3)
(b) pressurizer high pressure trip (2/3)
(c) pressurizer high water level trip (2/3)

(4) reactor coolant system low flow trips
(a) low reactor coolant flow (2/3 per loop) (2/3)
(b) reactor conolant pump undervoltage trip (2/3)
(c) reactor crolant pump underfrequency trip (2/3)

(5) steam generator low-low level trip (2/3)

(6) low feedwater flow (1/2 steam/feedwater flow mismatch coincident with
1/2 low steam generator level)

(7) turbine trip (anticipatory)
(a) low auto stop oil pressure (2/3)
(b) turbine stop valve close (4/4)
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(8) safety injection signal actuation trip (2/4, 2/3, or 1/2)

(9) manual trip (1/2)
(10) general warning alarm (2/2)

The power range high neutron flux trip has two bistables for a high and a low
trip setting. The high setting trip is active during all modes of operation.
The low setting trip is active only during reactor startup and shutdown when

the reactor is below 10% power.

The intermediate range trip provides protection during reactor startup and
shutdown when the reactor is below 10% power.

The source range trip provides protecticn during reactor startup and shutdown
when the neutron flux channel is below the P-6 interlock (6 x 10-1! amp).

A power range high positive neutron flux rate trip occurs when a sudden abnor-
mal increase in nuclear power is detected. This trip provides departure from
nucleate boiling (DONB) protection against low-worth rod ejection accidents from
midpower and is active during all modes of operation.

A power range high negative neutron flux rate trip occurs when a sudden abnormal
decrease in nuclear power s detected. This trip provides protection against
two or more dropped rods and is active during all modes of operation.

The overpower AT trip protects the core against a low departure from nucleate
boiling ratio (DNBR). The setpoint for this trip is continuously calculated by
analog circuits to compensate for the effects of temperature, pressure, and
axial neutron flux difference on DNBR limits.

The overpower AT trip protects against excessive power (fuel rod rating protec- :
tion). The setpoint for this trip is continuously calculated by analog circuits
to compensate for the effects of temperature and axial neutiron flux difference.
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The pressurizer low pressure trip is used to protect against low pressure that
could lead to DNB. The reactor is tripped when the pressurizer pressure (com=
pensated for rate of change) falls below a preset limit. This trip is blocked
below approximately 10% power (P-7 interlock) to allow startup and controlled
shutdown.

The pressurizer high pressure trip is used to protect the reactor cooclant sys-
tem against system overpressure. The same transmitters used for the pressurizer
low-pressure trip are used for the high-pressure trip. The reactor is tripped
when pressurizer pressure exceeds a preset limit.

The pressurizer high water level trip is provided as a backup to the pressurizer
high pressure trip and serves to prevent water relief through the pressurizer
safety valves. This trip is blocked below approximately 10% of full power (P-7
interlock) to allow startup.

The low reactor coclant flow trip protects the core against DNB resulting from
a loss of primary coolant flow. Above the P-7 setpoint (approximately 10%
power), a reactor trip will occur if any two loops have low flow. Above the
P-8 setpoint (approximately 38% power), a trip will occur if any one loop has
low flow.

The reactor coolant pump undervoltage trip is provided to protect against the
low flow that can result from loss of voltage to the reactor coolant pump motors.
Three undervoltage sensing relays are provided for each pump motor. The relays
provide an output signal when the voltage falls below approximately 70% of rated
voltage. Signals from these relays are time delayed to prevent spurious trips.
The reactor coolant pump underfrequency trip is provided to protect pgainst low
flow resulting from underfrequency as a result of a major power grid disturbance.
One sensing relay is provided for each reactor coolant pump motor (time delayed:
up to approximately 0.1 second to prevent spurious trips caused by short-term
frequency perturbations). Two out of three signals trip the reactor if the
power level is above 10% power (P-7 interlock).

The steam generator low-low water level trip protects the reactor from loss
of heat sink in the event of a sustained steam/feedwater flow mismatch.

09/02/83 - 7-8 HARRIS DRAFT SER SEC 7



A reactor trip on a turbine trip is actuated by two out of three trip fluid
pressure signals or by all (four out of four) closed signals from the turbine
steam stop valves. A turbine trip causes a direct reactor trip above 10% power
(P-7 interlock). |

A safety injection signal initiates a reactor trip. This trip protects the
core against a loss of reactor coolant or overcooling.

The manuai trip consists of two switches. Operation of either switch de-
energizes the undervoltage coils in each logic train. The breaker shunt coils
in these breakers are energized at the same time, which provides a diverse
means to ensure that the trip and bypass breakers arc tripped.

A general warning alarm in both solid-state protection system trains initiates
a reactor trip. The general warning alarm is provided for each train of the
solid-state protection system and is activated when the corresponding train is
being tested or is otherwise inoperable. The trip resulting from the general
warning alarm in both trains provides protection for conditions under which
both trains of the protection system may be inoperable.

The analog portion of the RTS consists of a portion of the process instrumenta-
tion system (PIS) and the nuclear instrumentation system (NIS). The PIS includes
those devices that measure temperature, pressure, fluid flow, and level. The

P1S also includes the power supplies, signal conditioning, and bistables that
provide initiation of protective functions. The NIS includes the neutron flux
monitoring instruments, including power supplies, signal conditioning, and
bistables that provide initiation of protective functions.

The digital portion of the RTS consists of the solid-state logic prdtection
system (SSLPS). The SSLPS takes binary inputs (voltage/no voltage) from the
PIS and NIS channels corresponding to normal/trip conditions for plant param=-
eters. The SSLPS uses these signals in the required logic combinations and
generates trip signals (no voltage) to the undervoltage coils of the reactor
trip circuit breakers. The system also provides annunciator, status light,
and computer input signals that indicate the condition of the bistable output
signals, partial and full trip conditions, and the status of various blocking,
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permissive, and actuation functions. In addition, the SSLPS includes the logic
circuits for testing. '

Analog signals derived from protection channels used for nonprotective functions
such as control, remote process indication, and computer monitoring are pro-
vided by isolation amplifiers located in the protective system cabinets. The
isolation amplifiers are designed so that a short circuit, open circuit, or the
application of credible fault voltages from within the cabinets on the isolated
output portions of the circuit (nonprotective side) will not affect the input
signal. The signals obtained from the isolation amplifiers are not returned to
the protective system cabinets.

7.2.2 Specific Findings
7.2.2.1 Cable Separation in NSSS Process Cabinets

Preservation of independence and redundancy is achieved in the protection system
rack by using isolation amplifiers to separate individual channel inputs from
both the control system outputs and the protection system outputs. Westinghouse
personnel performed tests to demonstrate that credible faults or electrical
interference in cables associated with the reactor trip system would not degrade
the system performance requirements for the nuclear instrumentation sysiem and
the solid-state protection system. These tests were made in support of the
Diablo Canyon license application. Similar tests were conducted by Westinghouse
on the 7300 series process control system and are described in Westinghouse
Topical Report WCAP-8892A, "7300 Series Process Control System Noise Tests."

The staff has reviewed and approved the procedures for and results of these
tests. A1l cables external to the reactor trip system racks are installed to
satisfy the requirements specified in the Westinghouse test reports.

7.2.2.2 Trip Setpoint and Margins

The setpoints for the various functions in the reac.or trip system are deter-
mined on the basis of the accident analysis requirements. As such, during any
anticipated operation and occurrence, the reactor trip system limits the fol-
lowing parameters to
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(1) minimum departure from nucleate boiling ratio of 1.30
(2) maximum system pressure of 2750 psi (absolute)
(3) fuel rod maximum 1inear power of 18.0 kW per foot

The reactor. trip system bistable setpoints are established considering the
following:

(1) safety limit setpoint--value assumed in the accident analysis
(2) limiting setpoint--Technical Specification value

(3) normal setpoint--value set into the equipment and obtained by subtracting
allowance for instrument drift, calibration uncertainty, transmitter error,
and base starting margin from the limiting setpoint

The detailed trip setpoint review will be performed as part of the staff's

review of the plant Technical Specifications and will be completed before the

operating license is issued. The applicant was requested to provide an evalua-
tion and/or an analysis of the effect of post-accident environmental conditions
on the setpoint for the reactor trip system instrumentation (Technical Speci-
fication Table 2.2-1) and the engineered safety feature actuation system instru-
mentation (Technical Specification Table 2.2.2). This information will be
provided for review with the applicants proposed Technical Specifications.

7.2.2.3 Response-Time Testing

To ensure that the response time of each protective function of the }eactor
trip system and the engineered safety features actuation system (ESFAS) is
within the time 1imit assumed in the accident analyses, the Technical Specifi-
cation requires response-time testing at specified intervals. This aspect of
the design will be reviewed when the plant test procedures are available.
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7.2.2.4 Generic Westinghouse design modification for automatic reactor trip
using shunt coil trip attachment.

The Westinghouse Owners Group (WOG) has submitted a generic design modification
to provide automatic reactor trip system (RTS) actuaticr of the breaker shunt
trip attachments in response to Salem ATWS events. The staff has reviewed and
accepted the generic design modification and has identified additional informa-
tion required on a plant specific basis. The applicant has not however, pro-
vided a response to Generic Letter 83-28 which established the requirements for
this modification. The resolution of this matter will be addressed in a supple-
ment to this report.

7.2.2.5 TMI Action Plan Items I1.K.3.12 Confirm Existence of Anticipatary
Reactor Trip on Turbine Trip.

The Shearon Harris design includes an anticipatory reactor trip on a turbine
trip. Two out of three logic from trip fluid pressure signals or by all closed
signals from the turbine steam stop valves will cause a direct reactor trip
above 10 percent of rated thermal power (P-7 interlock). The staff finds that
the applicant's compliance with the Action Plan guidelines for this item is
acceptable.

7.2.3 Evaluation Conclusion

The staff has conducted an audit review of the RTS for conformance to guideline
of the applicable Regulatory Guides and industry codes and standards. In
Section 7.1 of this SER, the staff concluded that the applicant had adequately
identified the guidelines applicable to these systems. Based on its audit
review of the design for conformance to the guidelines, the staff finds that
there is reasonable assurance that the systems will conform to the guidelines
applicable to them. The scope of the review included the FSAR descriptive
information; electrical, instrumentation, and control drawings; and piping and
instrumentation diagrams. In addition, meetings with the applicant, architect/
engineer, and the NSSS supplier were held. These meetings provided a forum for
information exchange and the answering of staff questions.
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Staff review has included the identification of those systems and components

for the RTS that are designed to survive the effects of earthquakes, other
natural phenomena, abnormal environments, and missiles. Based on its review,
the staff concludes that the applicant has identified the systems and components
consistent with the design bases for the RTS. Section 3.10 and 3.11 of this

SER address the qualification programs to demonstrate the capability of these
systems and components to survive applicable events. Therefore, the staff

finds that the identification of the systems and components satisfies this
aspect of GDC 2 "Design Bases for Protection Against Natural Phenomena," and 4
“"Environmental and Missile Design Bases".

Based on its review, the staff concludes that the RTS conforms to the design-
bases requirements of IEEE Std 279. The RTS includes the provision to sense
accident conditions and anticipated operational occurrence and initiate reactor
shutdown consistent with the analyses presented in Chapter 15 of the SAR.
Therefore, the staff finds that the RTS satisfies the requirements of GDC 20,
"Protection System Functions." i

The RTS adequately conforms to the guidance for periodic testing in Regulatory
Guide 1.22, "Periodic Testing of Protection System Actuation Functions," and
1EEE Std 338 as supplemented by Regulatory Guide 1.118, "Periodic Testing of
Electric Power and Protection System." The bypassed and inoperable status
indication addequately conforms to the guidance of Regulatory Guide 1.47, "By
passed and Inoperable Status Indication for Nuclear Power Plant Safety Systems."
The RTS adequately conforms to the guidance on the application of the single-
failure criterion in IEEE Std 379, as supplemented by Regulatory Guide 1.53,
“Application of the Single-Failure Criterion to Nuclear Power Plant Protection
Systems." Based on its review, the staff concludes that the RTS satisfies the
requirements of IEEE Std 279 with regard to system reliability and testability.
Therefore, the staff finds that the RTS satisfies the requirements of GDC 21, :
“Protection System Reliability and Testability."

The RTS adequately conforms to the guidance in IEEE Std 384 as supplemented by
Regulatory Guide 1.75 for protection system independence. Based on its review,
the staff concludes that the RTS satifies the requirements of IEEE Std 279 with
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regard to independence of systems and hence satisfies the requirement of GDC 22,
"Protection System Independence.”

Based on its review of failure modes and effects for the RTS, the staff con-
cludes that the system is designed to fail into a safe mode if conditions such
as disconnection of the system, loss of energy, or a postulated adverse environ-
ment are e}periencod. Therefore, the staff finds that the RTS satisfies the
requirements of GDC 23, "protection System Failure Modes. "

Based on its review of the interface between the RTS and plant-operating control
systems, the staff concludes that the system s;atisfies the requirements of 1EEE
Std 279 with regard to control and protection system interaction. Therefore,
the staff finds that the RTS satisfies the requirements of GDC 24, "Separation
of Protection and Control Systems."

Based on its review of the RTS, the staff concludes that the system satisfies
the protection system requirements for malfunctions of the reactivity control
system, such as accidental withdrawal of control rods. Section 15 of the SAR
addresses the capability of the system to ensure that fuel design limits are
not exceeded for such events. Therefore, the staff finds that the RTS satis-
fies the requirements of GOC 25, "protection System Requirements for Reactivity
Control Malfunction."

The staff's conclusions, noted above, are based on the requirements of 1EEE

Std 279 with respect to the design of the RTS. Therefore, the staff finds

that the RTS satisfies the requirements of 10 CFR 50.55a(h) with regard to 1EEE
Sstd. 279. .

The review of the RTS has examined the dependence of this system on the availar
bility of essential auxiliary support (EAS) systems. Based on its review, th{
staff concludes that the design of the RTS is compatible with the functional
performance requirements of EAS systems. Therefore, it finds the interfaces
between the RTS design and the design of the EAS systems acceptable.
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7.3 Engineered Safety Features Systems

7.3.1 System Description

The ESFAS is a portion of the plant protection system that monitors selected
plant parameters and, on detection of out-of-1imit conditions of these para-
meters, will initiate actuation of appropriate engineered safety features (ESF)
systems and essential auxiliary support systems equipment. The ESFAS includes
both automatic and manual initiation of these systems. Also included with the
ESF sysiems are the control systems that regulate operation of ESF systems
following their initiation by the protection system.

The ESFAS is a functionally defined system and consists of
(1) process instrumentation and control

(2) solid-state and relay logic

(3) ESF test circuits

(4) manual actuation circuits

The ESFAS includes two distinct portions of circuitry: (1) an analog portion
consisting of three to four redundant channels per parameter or variable to
monitor various plant parameters such as reactor coolant and steam system pres-
sures, temperatures, and flows &nd containment pressure and (2) a digital por-
tion consisting of redundant logic trains that receive inputs from the analog
protection channels and perform the logic to actuate the ESF equipments. The
ESFAS is composed of a NSSS designed by Westinghouse and the BOP designed by
Ebasco. .

|

There are seven ESFAS actuation functions in the Harris design. The initiation
signals for each of the ESFAS functions are listed below. The numbers in paren-
theses after each initiation channel indicate the coincident logic; for example,
two out of four (2/4).
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emergency core cooling actuation (safety injection S signal)
(a) low pressurizer pressure (2/3)

(b) low steamline pressure (2/3 in any line)

(¢) high containment pressure (HI-1) (2/3)

(d) manual actuation (1/2)

(2) containment isolation phase A actuation (T signal)
(a) safety injection S signal
(b) manual actuation (1/2)

(3) containment spray system actuation and containment isolation phase B
actuation (P signal)

(a) high containment pressure (HI-3) (2/4)
(b) manual actuation (2/4)

(4) main steamline isolation actuation
(a) low steamline pressure (2/3 in any line)
(b) high containment pressure (HI-2) (2/3)
(c) high negative steam pressure rate (2/3 in any line)
(d) manual actuation (1/2 for all lines or 1/1 for each valve)

(5) feedwater line isclation actuation
(a) safety Injection S signal
(b) steam generator high level (2/3 in any generator)
(c) Tow Tavg (2/3) coincident with reactor trip

(6) auxiliary feedwater system actuation
(a) safety injection S signal
(b) Steam generator low-low level (2/3 on any generator)
(¢) blackout signal (complete loss of offsite electric power)

(d) loss of both main feedwater pumps

The turbine-driven auxiliary feedwater pumps will be started on any of
the following signals:
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(a) low-low level in two steam generators

(b) blackout signal

containment combustible gas control manual actuation (1/2)

The cssential auxiliary support (EAS) systems are

(1) onsite power supply system

(2) emergency service water system

(3) component cooling water system

(4) essential services chilled water system

(5) 120~V ac plant protection power system

(6) safety-related 125-V dc power system

(7) control room air conditioning system

(8) reactor auxiliary building (RAB) equipment cooling system

(9) diesel generator building ventilation system

(10) RAB sw'tchgear room ventilation system

(11) emergency exhaust systems

(12) spent fuel pool pump room ventilation system 1

(13) RAB electrical equipment protection room ventilation system

(14) fuel oil transfer pumphouse ventilation system

(15) emergency service water intake structure ventilation system
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7.3.2 ESF and EAS System Operation

7.3.2.1 Emergency Core Cooling System Actuation

The emergency core cooling system (ECCS) cools the reactor core and provides
shutdown capability for pipe breaks in the reactor coolant system (RCS) that g
cause a loss of primary coolant greater than that which can be made up by the
normal makeup system, for rod cluster control assembly ejection, for pipe breaks

in the secondary coolant system, and for steam generator tube failure. The

primary function of the ECCS is to remove the stored and fission product decay

heat from the reactor corc during accident conditions. The ECCS consists of

the centrifugal charging (safety injection) and residual heat removal pumps,
accumulators, residual heat removal heat exchangers, refueling water storage

tank (RWST), and boron injection tank with the associated piping, valves, and

instrumentation.

The ECCS provides shutdown capability for the accidents described above by
injecting borated water into the RCS. The system's safety function can be
performed with a single active failure (short term) or passive failure (long
term). The emergency diesel generators supply power if offsite power ic
unavailable.

The safety injection S signal will start the diesel generators and automatically
initiate the following actions in the ECCS:

(1) starts centrifugal charging pumps (safety injection)

(2) opens RWST suction valves tu charging pumps

(3) opens boron injection tank inlet and outlet discharge parallel isolation

valves
(4) closes normal charging path valves

(5) closes charging pump miniflow valves
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closes boron injection tank recirculation valves

(7) stops boron injection tank recirculation pumps

(8) starts residual heat removal pumps

(9) closes.volume control tank outlet isolation valves
(10) opens any closed accumulator jsolation valves

Switchover from the injection mode to recirculation involves the interlocks
described below. The changeover from the injection mode to recirculation mode
is initiated automatically and completed manually by operator action from the
main control room. Protection logic is provided to automatically open the two
containment sump isolation valves when the RWST level (two out of four) reaches
a low-low level setpoint in conjunction with an $ signal. This automatic action
will align the two residual heat removal pumps to take suction from the contain-
ment sump and deliver water directly to the RCS.

The charging pumps (safety injection) will continue to take suction from the
RWST following the above automatic action, until manual operator action is
taken to align these pumps in series with the residual heat removal pumps. A
spare charging pump is provided te allow continued plant operation when one of

the two charging pumps is out of service.

7.3.2.2 Containment Isolation System Actuation

The function of the containment isolation system (CIS) is to isolate nonessen-
tial lines that pass through the containment boundary. The CIS is designed to
limit the release of radioactivity from the containment during abnormal events

and accidents.

The CIS is automatically actuated by signals developed by the ESFAS in two
phases: phase A containment isolation and phase B containment isolation.
Phase A isolates all nonessential process lines penetrating the containment.
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Phase B isolates all other process lines not included in phase A containment

isolation, except the safety injectioh and containment spray lines.

Containment isolation valves, which are equipped with power operators and are
automatically actuated, may also be controlled individually by positioning
hand switches in the control room. Containment isolation valves with power
operators are provided with an open/closed indication, which is displayed in
the control room at the main control board and the status panel. All electric
power supplies and equipment necessary for containment isolation are Class 1E.

7.3.2.3 Containment Spray System Actuation

The two redundant trains of containment spray provide borated water, containing
sodium hydroxide, to the upper regions of the containment to reduce the contain=
ment pressure and temperature and to remove fission products following a loss~
of-coolant accident, a main steamline break, or a feedwater line break.

The containment spray system (CSS) has two phases of operation, which are
initiated sequentially following system actuation; they are the injection
phase and the recirculation phase. Once the CSS actuation signal is initiated,
isolation valves open to begin the injection phase, and the valves associated
with the spray additive tank open to allow sodium hydroxide to mix with the
spray. For the recirculation phase, the spray pump suction is automatically
switched from the RWST to the containment sump when a low level in the RWST is
reached. The system includes features for periodic testing to confirm proper
functioning.

7.3.2.4 Main Steamline Isolation Actuation

The main steamline isolation signal is generated on low steamline pressure or
high-high containment pressure. A manual block permissive is provided for the

low steamline pressure signal for use during normal plant cooldowns and heatups. -
A high rate of steamline pressure decrease is used to initiate main steam 4
isolation when the low steamline pressure signals are blocked during normal

plant startup and shutdown. The block of the low steamline pressure signal is.
automatically removed and the high rate signal is automatically blocked when
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the pressurizer pressure is above a preset value. Stored energy for closing
the main steamline isolation valves is supplied by pneumatic/hydraulic accumu=
lators. Hydraulic fluid is pumped into the valve actuator to open the valve
against a pressurized pneumatic system. The valve is closed by pneumatic pres-
sure when the hydraulic fluid pressure is relieved. A dual hydraulic control

system is provided to ensure redundancy. The main steam isolation valve is
capable of being tested online by partial closure of the valve.

7.3.2.5 Feedwater Line Isolation Actuation

Feedwater line isolation is provided to terminate main feedwater following a
pipe rupture or excessive feedwater event. The feedwater line isolation signal
is generated on safety injection, high steam generator water level, or low
reactor coolant temperature coincident with a reactor trip. On receipt of this
signal, the main feedwater isolation valves and other valvas associated with
the main feedwater lines are closed. Redundant actuation systems are provided
for each valve operator and receive closure signals from the two redundant
ESFAS trains.

7.3.2.6 Auxiliary Feedwater System

The function of the auxiliary feedwater system (AFWS) is to provide an adequate
supply of water to the steam generators if the main feedwater system is not
available. The AFWS consists of two motor-driven pumps and one turoine-driven
pump with associated valves, controls, and instrumentation. The motor-driven
supply is independent of the turbine-driven supply for each steam generator.
The two supplies connect in the containment at the auxiliary feedwater nozzle
on the steam generator. The auxiliary feedwater (AFW) actuation system will
automatically start the pumps and position the valves to provide feédwater to
the steam generators. The initiating conditions are listed in Section 7.3.1,
item (6). The AFW pump suction is normally supplied from the seismic Category I
condensate storage tank. The pump can be manually aligned by remote control to
take suction from the emergency service water system.

The AFWS can be manually init ated and controlled from the main control board
or the auxiliary shutdown panzl. The AFWS control is addressed in Section 7.4
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of this report. The AFWS has automatic isolation logic to terminate auxiliary

feedwater to a faulted steam generator. The detailed design evaluation is
addressed in Section 7.4.1.3.

7.3.2.7 Combustible Gas Control System

The combustible gas control system controls the buildup of hydrogen gas inside
the containment. The combustible gas control system consists of hydrogen moni-
toring, hydrogen recombiners, and the hydrogen purge system. The hydrogen moni-
toring system has redundant and separate hydrogen analyzers located outside
containment. Each analyzer is powered from an independent onsite power source.
Two hydrogen recombiners are manually controlled and are located inside contain-
ment. The design meets functional requirements in the post-accident containment
environment including seismic Category I criteria. The two hydrogen recombiners
are powered from separated safeguard buses. The containment hydrogen purge
system is provided as a backup means of controlling hydrogen inside the con-
tainment building. It consists of a purge makeup penetration line, an exhaust
penetration line, and a filtered exhaust system that discharges to the vent
stack. The hydrogen purge system would be used only if the recombiners were
ineffective.

7.3.2.8 Onsite Power Supply System

The onsite ac power system consists of two 6.9-kV diesel generators, two 6.9-kV
ESF buses, various ESF and non-ESF 480-V buses, motor control centers, and
208/120-V power panels. The dc power system consists of two safety-related
125-V batteries, one nonsafety-related 125-V battery, and one nonsafety-related
250-V battery, each with its own battery chargers and dc Joad center. There
are four 120-V ac safety-related power distribution panels for safeﬁy-re1ated

vita) instrumentation and control loads. Each power panel has a separate

rectifier/inverter.
7.3.2.9 Emergency Service Water System

The normal service water pumps take suction from the cooling tower basin. If
both coaling towers are inoperative, service water wiil be provided by the
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emergency service water pumps. Only equipment essential to accident mitigation

or safe plant shutdown will be supplied by the emergency service water system.
The emergency service water pumps take suction from either the main reservoir
or the auxiliary reservoir. The emergency service water systena is designed to
seismic Category I requirements. The nonsafety-related parts of the service
water system will be automatically isolated during emergency operation by a
safety injecticn actuation signal.

7.3.2.10 Component Coolant Water System

The component cooling water (CCW) system provides an intermediate closed cooling
loop for removing heat from reactor plant auxiliary systems and transferring it
to the service water system. Two 100% redundant CCW loops are provided. One
installed spare pump can be manually connected to either CCW loop and supplied
emergency power from the source associated with that loop.

7.3.2.11 Essential Service Chilled Water System

The ess;ntial service chilled watar system provides chilled water to various
safety-related air conditioning systems in the auxiliary building. It consists
of two 100% systems, which are pcwered from redundant emergency buses. The
nonessential portions of the chilled water system are automatically isolated
from the essential portions on receipt of a safety injection actuation signal.

7.3.2.12 Control Room Area Ventilation System

The control room area ventilation system is designec to (1) maintain suitable
control room temperature and humidity for continuous plant operation; (2) detect
radioactive material, chlorine, or smoke in the control room; and (3) automati- "
cally isolate the control room on detection of the above hazardous conditions. .
The control room area ventilation system serves both the Units 1 and 2 control
rooms. The system consists of four 50% capacity air-handling units, four 50%
capacity exhaust fans, four 50% capacity purge fans, and two 100% capacity
filtration systems.
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7.3.2.13 ESF Ventilation System

The ESF ventilation system consists of auxiliary building ESF equipment cooling,
switchgear room ventilation, fuel oil transfer pumphouse ventilation, diesel
generator building ventilation, emergency service water intake structure venti-
lation, and spent fuel pool pump room ventilation. The ESF ventilation system
is designed to serve all areas containing equipment essential for accident
mitigation and safe shutdown.

7.3.2.14 Containment Vacuum Relief System

There are two redundant vacuum relief trains. Each of the redundant trains has
a butterfly valve that can be remotely operated by a control switch in the
control room. Each train is automatically controlled when negative containment
building pressure is between 0.25 and 2.5 in. water gage. The butterfly valve
and damper will close and be prevented from opening when a containment isola-

-~

tion signal is present.
7.3.3 Specific Findings

7.3.3.1 TMI Action Pian Item II.E.1.2, AFWS Automatic Initiation and Flow
Indication

The automatic system used to initiate the operation of the auxiliary feedwater
system is part of ESFAS. The redundant actuation channels that provide signals
to the pumps and valves are physically separated and electrically independent.
Redundant trains are powered from independent Class 1E power sources. The
initiation signals and circuits are testable during power operation, and the
test reguirements are included in the plant Technical Specifications. Manual ‘
initiation and control can be performed from the main control board or the :
auxiliary shutdown panel. No single failure within the manual or automatic
initiation system for the auxiliary feedwater system will prevent initiation of
the system by manual or automatic means. The environmental qualification of
this system is addressed in Section 3.11 of this report.
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One auxiliary feedwater flow indicator and one wide range level indicator are

provided for each steam generator. The level and flow indications for two
steam generators are powered from the Class 1E channel A power Source, and
those for the other steam generators from the channel B power source. The
staff concludes that the Harris design satisfies the requirements of TMI Action
Plan Item II.E.1.2.

7.3.3.2 System Level ESF Manual Initiation Capability

IEEE 279-1971 requires that the protection system shall include means for

manual initiation of each protective action at the system level. Manual ini-
tiation should depend on the operation of a minimum of equipment. In the
Shearon Harris design, some of the protection systems do not have system level
ESF manual initiation capability. These protection systems include the feed-
water 1ine isolation, containment ventilation isolation, control room isolation,
fuel-handling building ventilation isolation, RAB ventilation isolation, and
auxiliary feedwater isolation. By a letter dated July 1, 1983, the applicant
has addressed the manual initiation capabilities for each of the above systems.
The staff has reviewed the design and finds it acceptable.

7.3.3.3 Test of Engineered Safeguards P-4 Interlock

On November 7, 1979, Westinghouse notified the Commission of an undetectable
failure that could exist in the engineered safeguards P-4 interlocks. Test
procedures were developed to detect failures that might occur. The procedures
require the use of voltage measurements at the terminal blocks of the reactor

trip breaker cabinets. >

The staff raised a concern on the possibility of accidental shorting or ground-

ing of safety system circuits during testing, of the P-4 interlocks.

In response by letter dated July 15, 1983, the applicant committed to incorpo-
rate a built in test features which will consist of the addition of two volt-
meters and two selector switches to the reactor trip switchgear assembly wired
to the P-4 contact matrix. The staff finds this modification is acceptable and

eliminates the identifed concern.
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7.3.3.4 IE Bulletin 80-06

As was done for operating reactors through IE Bulletin 80-06, tﬁe staff
requested that the applicant review all safety systems to determine if any
safety equipment would change state after reset. The applicant has stated that
the requested reviews have been performed and that safety-related equipment
will remain in its associated emergency mode following reset. Confirmatory
tests requested by the Bulletin will be performed to verify the conclusion of
this review. The staff finds this acceptable.

7.3.3.5 Level Measurement Errors Resulting From Environmental Temperature
Effects on Level Instrument Reference Legs

The staff requested that the applicant evaluate the effects of high tempera-
tures in reference legs of water level measurement after high energy-line breaks.
This issue was addressed for operating reactor through IE Bulletin 79-21. By

a letter dated July 15, 1983, the applicant has committed to insulate the

steam generator reference legs as a permanent solution to the heat up concern
addressed in IE Bulletin 79-21. The staff finds this acceptable.

7.3.3.6 Steam Generator Level Control and Protection

Three steam generator level channels are used in a two-out-of-three logic for
isolation of feedwater on high steam generator level, and one of the three level
channels is used for control. This design for actuation of feedwater isolation
does not meet Paragraph 4.7 of IEEE 279 on "Control and Protection System Inter-
action" in that the failure of the level channel used for control could require
protective action and the remainder of the protection system channels would not
satisfy the single-failure criterion. By a letter dated July 15, 1983, the
applicant has committed to add a fourth steam generator level channel. A two-
out-of-four high-high steam generator water level signal will then used to
initiate turbine trip and feedwater isolation in place of the existing two-
out-of-three logic. The staff finds this acceptable.
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7.3.3.7 Containment Spray System Chemical Additional Control

The containrment spray system cools the containment atmosphere and removes the
fission products after a LOCA. The staff has identified the concerns on the
adequacy of the instrumentation for terminating sodium hydroxide addition in
the containment spray system and the capability to test the spray additive tank
jsolation valves. The applicant has modified the design to provide redundant
class-1E level indicators for the spray additive tank, and provide testing
capability for tank isolation valves. The staff finds that these design medi-
fications acceptable.

7.3.3.8 Non-Class 1E Inputs to Class 1E Control Circuits

In response to a staff request, the applicant provided a 1ist of non-Class 1E
control signals that are used as inputs to Class 1E control circuits. The
applicant stated that all of non-Class 1E signals are through an isolation
device before signals are input to Class 1E control circuits. Failure of non-
class IE input will not affect the class IE control circuits. The staff has
audited the schematic drawings and finds the design acceptable.

7.3.3.9 Spare Component cooling water (CCW) pump

A spare CCW pump is provided to allow continued plant operation when one of the
two CCw pumps is out of service. The spare pump can replace either pump in the
redundant CCW loops and still maintain the required safety train separation

o in the electrical power supplies and control circuits. The applicant was
roquested to revised the propesed Technical Specifications to include the
testing of the Spare pump breaker and the CCW surge tank level instruments.

7.3.3.10 Spare Charging Pump

A spare charging pump is provided to allow continued plant operation when one
of the two charging pumps is out of service. The spare pump can replace either
pump in the redundant safety injection trains and still maintain the required
safety train separation of electrical power supplies and control circuits. The
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applicant was requested to revised the proposed Technical Specification to

include the testing of the spare pump breaker.
7.3.3.11 Solid-State Logic Protection System test circuits

On August 6, 1982, Westinghouse informed NRC under 10 CFR 50.55(e) that a poten- -
tial significant deficiency was identified in the solid-state logic protection
system (SSLPS) test circuits.

During testing of the master relays, the voltage applied to the slave relay is
reduced from 120-V ac to 15-V dc to preclude their operation during this phase
of the testing. Also during this test a light is placed in series with the
master relay contact, which is normally used to pick up the slave relays. On
completion of these tests, the light used to confirm the continuity of master
relay contacts and slave relay coil is removed from the circuit. The problem
revealed is that these tests do not confirm that the continuity 1ight is removed from
the circuit. If the light remained in series with the slave relay coil, the
operability of the protective action would not be assumed. The applicant has
proposed a circuit modification developed by the equipment vendor (Westinghouse)
to resolve the concern. Based on a review of the proposed modification the
staff finds it acceptable.

7.3.3.12 Failure Modes and Effects Analyses of ESFAS

The description of the ESFAS analysis, which is provided in FSAR Section :.5: 8. 35
is incomplete. It does not provide all of the information required by RG 1.70,
Section 7.3.2, which demonstrates how the requirements of the GDC and IEEE
279-1971 are satisfied and the extent to which the recommendations of the appli-
cable RGs are satisfied. The applicant has referred to the failure modes and
effects analysis (FMEA) referenced in FSAR Section 7.2.2 and Table 7.3.1-1.

The staff has requested the applicant to confirm that this FMEA

(1) 1is applicable to all engineered safety fealures equipment within the BOP
and NSSS scope of supply
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(2) 1is applicable to design changes subsequent to the design analyzed in the
referenced Westinghouse Topical Report

(3) has met the interface requirements

In FSAR Amendment 9, the applicant confirms that the Shearon Harris Nuclear
Power Plant- complies with the interface requirements of Appendix B of WCAP
8584/8760. This FMEA together with the assumption of compliance to the inter-
face requirements of Appendix B and the considerations ot Appendix C is appli-
cable to engineered safety features equipment within NSSS and BOP scope and
design changes subsegquent to the design analyzed. The staff finds this
acceptable.

7.3.4 Evaluation Conclusion

The revi.w of the instrumentation and control aspects of the ESF systems
included the ESFASs and the ESF control systems. The ESFAS detects a plant
condition requiring the operation of an ESF system and/or essential auxiliary
supporting (EAS) system and initiates operation of these systems. The ESF
control s;stems regulate the operation of the ESF systems following automatic
initiaticn by the protection system or manual initiation by the plant operator.

The staff concludes that the FSFAS and the ESF control systems are acceptable
and meet the relevant requirement of GDC 2, 4, 20 through 24, 34, 35, 38, and
41 and 10 CFR 50.55a(h). This conclusion is based on the following:

The staff has conducted an audit review of these systems for conformance to
guidelines of the Regulatory Guides and industry codes and standards applicable
to these systems. In Section 7.1 of this SER, the staff conciudecd that the
applicant had adequately identified the guidelines applicable to these systems.
Based on its audit review of the system design for conformance to the guide-
lines, the staff finds that there is reasonable assurance that systems conform
fully to the guidelines applicable to these systems.

The staff's review has included the identification of those systems and compo-
nents for the ESFAS and ESF control systems that are designed to survive the
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effects of earthquakes, other natural phenomena, abnormal environments, and
missiles. Based on its review, the staff concludes that the applicant has

identified those systems and components consistent with the design bases for
those systems. Sections 3.10 and 3.11 of this SER address the qualification

programs to demonstrate the capability of these systems and components to sur-
vive thse events. Therefore, the staff finds that the identification of these
systems and components satisfies this aspect of GDC 2 and 4.

Based on its review, the staff concludes that the ESFAS conforms to the design-
bases requirements of IEEE Std 279 and that the system includes the provision
to sense accident conditions and anticipated operational occurrence to initiate
the operation of ESF and EAS systems consistent with the accident analysis
presented in Chapter 15 of the SAR. Therefore, the staff finds that the ESFAS
satisfies the requirements of GDC 20.

The ESFAS conforms to the guidelines for periodic testing in Regulatory

Guide 1.22 and IEEE Std 338, as supplmented by Regulatory Guide 1.118: The
bypassed and inoperable status indication conforms to the guideiines of Regula-
tory Guide 1.47. The ESFAS conforms to the guidelins on the application of

the single-failure criterion in IEEE Std 379, as supplemented by Regulatory
Guide 1.53. Based on its review, the staff concludes that the ESFAS meets the
criteria of IEEE Std 279 with regard to the system's reliability and testability.
Therefore, the staff finds that the ESFAS satisfies the requirement of GDC 21.

The ESFAS conforms to the guidelines in IEEE Std 384, as supplemented by Regula-
tory Guide 1.75, for the protection system independence. Based on its review,
the staff concludes that the ESFAS satisfies the requirement of IEEE Std 279
with regard to the system's independence. Therefore, the staff finds that the
ESFAS satisfies the requirement of GDC 22. '

Based on its review of the analysis for the ESFAS, the staff concludes that the.
system is designed with due consideration of safe failure modes if conditions
such as disconnection of the system, loss of energy, or postulated adverse
environment are experienced. Therefore, the staff finds that the ESFAS satis-
fies the requirements of GDC 23.
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Based on its review of the interfaces between the ESFAS and plant operating

control systems, the staff concludes that the system satisfies the requirements
of IEEE Std 279 with regard to control and protection system interactions.
Therefore, the staff finds that the ESFSA satisfies the reguirement of GDC 24.

The staff's conclusions noted above are based on the requirements of IEEE
Std 279 with respect to the design of the ESFAS. Therefore, it finds that the
ESFAS satisfies the requirement of 10 CFR 5).55a(h) with regard to IEEE Std 279.

The staff's review of the ESF control systems included cnformance to the
requirements for testability, operability with onsite and offsite electrical
power, and single failures consistent with the GDC applicable to these ESF
systems. The staff concludes that the ESF control systems are testable and are
operable on either onsite or offsite power (assuming only one source is avail-
able) and that the controls associated with redundant ESF systems are independ-
ent and satisfy the single-failure criterion and, therefore, meet the reievant
requirements of GDC 34, 35, 38, and 41.

7.4 Systems Reouired for Safe Shutdown

7.4.1 Description

This section describes the equipment and associated controls and instrumentaticn
of systems required for safe shutdown. It also describes controis and instru-
mentation located outside the main control room that enable safe shutdown of

the plant in the event the main control room is evacuated.

7.4.1.1 Safe Shutdown System

The systems required for safe shutdown are those required to (1) control the
reactor coolant system temperature and pressure, (2) borate the reactor ccolant,
and (3) to provide adequate residual heat removal. Equipment used for the
identified mode of shutdown includes

(1) hot standby
(a) auxiliary feedwater pumps and associated valves
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(b)
(c)
(d)
(e)
(f)
(9)

boric acid transfer pumps and associated valves

steam generator safety valves

reactor coolant charging pumps and letdown orifice valves
pressurizer heaters '

pressurizer sprays

steam generator power-operated relief valves (PORVs)

Items (e), (f), or (g) are desirable but not required to maintain hot

standby conditions.

(2) hot shutdown

(a)
(b)
(c)
(d)
(e)
(f)

Item

(3) cold
(a)
{b)
(c)
(d)

Item

auxiliary feedwater pumps and associated valves

boric acid transfer pumps and associated valves

steam generator PORVs

reactor coclant charging pumps and letdown orifice valves
residual heat removal pumps and associated valves
pressurizer heaters and sprays

(f) is desirable but not required to maintain hot shutdown conditions.

shutdown

residual heat removal pumps and associated valves

boric acid transfer pumps and associated valves

reactor coolant charging pumps and letdown orifice valves
reactor coolant pumps

(d) is desirable but not required to reach cold shutdown conditions.

(4) supporting systems and associated equipment required for all modes of

shutdown

(a) component cooling water system

(b) service water system

(c) onsite power supply system

(d) diesel generator fuel oil storage and transfer system

(e) safety-related heating, ventilation, and air conditioning systems
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(f) control room panels or auxiliary control panels

(g) emergency lighting

To achieve and maintain safe shutdown, the'reactor and the turbine are tripped.
Automatic protection and control system functions are discussed in Sections 7.2
and 7.3. The controls and the indicators for all of the equipment listed above
are provided in the main control room. In addition, an auxiliary control panel
is provided that allows the plant to be maintained in a hot shutdown condition

or taken to cold shutdown should the main control room beccme uninhabitable.

7.4.1.2 Remote Shutdown Capability

If temporary evacuation of the control room becomes necessary, an auxiliary
shutdown panel located cutside the control room is provided to bring the plant
to a hot-standby condition. The plant can also be taken tc cold shutdown from
outside the control room by using instrumentation and controls on the auxiliary
shutdown panel in conjunction with local control stations and local operator
actions. Two transfer panels are provided for the two safety trains. The
transfer of control, by the transfer panels, will arm the controls of the
respective electrical trains on the auxiliary shutdown panel. Control will
take place only when the switch at auxiliary shutdown pane)l is activated. The
transfer panels are designed as enclosed cabinets and all controls are mounted
inside. Opening of the cabinet activates an alarm on the main control board.
The auxiliary shutdown panel and the two transfer panels are designed in accord-
ance with Class 1F requirements and are located in three separate fire zones.

The instrumentation on the auxiliary shutdown panel has sufficient backup
controls and indications to satisfy the single-failure criterion.

7.4.1.3 Auxiliary Feedwater Control
The staff's review on the AFWS includes the following considerations:

(1) automatic initiation (discussed in section 7.3)
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(2) capability of controlling flows to establish and maintain steam generator

level
(3) capability of controlling the steam generator pressure

(4) capability of isolating a faulted steam generator resulting from feedwater
or steam line breaks

(5) capability for posttrip control from auxiliary shutdown panel

Steam generator level is operator controlled by positionirg the AFW regulating
valves. The two motor-driven pumps and their associated controls are redundant
and powered from safety train A and B, respectively. The AFW pump turbine is
driven by steam supplied from the main steam piping of two steam generators.
The pump speed is automatically controlled by the differential pressure between
pump discharge pressure and the turbine steam inlet pressure. Operator speed
control can be performed at the main control board or the auxiliary control
panel.

During plant cold shudown, the main steam PORVs are automatically controlled

by steamline pressure with remote operator adjustment of the pressure setpoint
from the control room or the auxiliary shutdown panel. Operator adjustment of
the AFW flow rate and steam generator pressure setpoint is used to control the

cooldown rate.

A system is provided to terminate AFW to a faulted steam generator. A compari-
son of the differential pressures between all steam generators is made and used

in conjunction with the main steam isolation signal (MSIS) to determine a steam
line break and terminate auxiliary feedwater flow to the faulty steam generator.
The steam generator pressure mismatch signal and MSIS are combined in a coinci-
dence logic to develop a steam generator available signal (SGSAS). A SGAS will
perform the following actions: :

a. Open the auxiliary feedwater regulating and pump discharge valves to the
intact steam generator.
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b. Close the auxiliary feedwater regulating and pump discharge valves to the
faulty steam generator.

when in a shutdown condition, manual initiation of the selected auxiliary feed-
water pumps is required. This can be accomplished by using the manual control
switches provided on the main control board or the auxiliary shutdown panel.
Auxiliary feedwater flow indication, pump suction and discharge pressures, AFW
turbine speed, valve positions, steam generator level control, and level indi-
cations are provided on the main control board and the auxiliary shutdown panel.
The staff finds that the design of the Auxiliary feedwater control is acceptable.

7.4.2 Specific Findings
7.4.2.1 Capability to Achieve Cold Shutdown

The Harris design uses the steam generator PORVs in conjunction with the AFWS
to allow the plant to be cooled from the pressure setpoint of the lowest safety
valve setting down to the point where the residual heat removal system can be
p1aced'in service. However, the PORVs are located in the steam tunnel, and the
PORV actuator is only qualified to 165°F (the steam tunnel normal temperature
is around 105°F). The staff identified a concern that the PORV may not function
under a postulated steamline break accident in the steam tunnel; therefore, the
plant may not be able to achieve cold shutdown. By letter dated July 1, 1983,
the applicant has committed that the main steam power oprated relief valve
operators will be gqualified to function under a postulated steam line break in
the steam tunnel. The staff finds this acceptable.

7.4.2.2 Testing for Remote Shutdown Operation

During the review process, a concern was raised by the staff regarding the
remote shutdown capability and the need for a test to verify design adequacy.
The applicant stated that emergency procedures will be prepared to include
remote shutdown, and a test will be conducted during startup testing to confirm
the capability for remote shutdown. This item is confirmatory, subject to
confirmation that this test has been successfully completed.
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7.4.3 Evaluation Findings

The review of systems required for safe shutdown included the sensors, circuitry,
redundancy features, and actuated devices that prevent the reactor from return=
ing to criticality and provide means for adequate residual heat removal. The
review inc’uded the FSAR descriptive information, logic diagrams, single-line
diagrams, schematic diagrams, and piping and instrumentation diagrams.

The staff has conducted an audit review of these systems for conformance to
guidelines of the applicable Regulatory Guides and industry codes and standards.
In Section 7.1 of this SER the staff concluded that the applicant had adeguately
identified the guidelines applicable to these systems. Based upon its audit
review of the system designs for conformance to the guidelines, the staff finds
that there is reasorable assurance that the systems conform to the applicable
guidelines.

The staff review has included the identification of those systems and compo-
nents required for safe shutdown that are designed to survive the effects of
earthquakes, other natural phenomena, abnormal environments, and missiles.

Based upon its review, the staff concludes that the applicant has identified
those systems and components consistent with the design bases for the systems.
Sections 3.10 and 3.11 of this SER address the qualification programs to demon-
strate the capability of these systems and components to survive applicable
events. Therefore, the staff finds that the identification of these systems
and components satisfies this aspect of GDC 2, "Design Bases for Protection
Against Natural Phenomena," and 4, "Environmental and Missile Design Bases."

Based on its review, the staff concludes that instrumentation and controls have

been provided to maintain variables and systems that can effect the fission
process, the integrity of the reactor core, the reactor coolant pressure bound--
ary, and the containment and its associated systems within prescribed operating
ranges during plant shutdown. Therefore, the staff finds that the systems
required for safe shutdown satisfy the requirements of GDC 13, "Instrumentation

and Control "
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Instrumentation and controls have been provided within the control room to

allow actions to be taken to maintain the nuclear power unit in a safe condi-
tion during shutdown including a shutdown following an accident. Equipment at
appropriate locations outside the control room has been provided with (1) a
design capability for prompt hot shutdown of the reactor, including instrumenta-
tion and controls to maintain the unit in a safe condition during hot shutdown,
and (2) a potential capability for subsequent cold shutdown of the reactor
through the use of suitable procedures.

Staff review of the instrumentation and controls required for safe shutdown has
examined the dependence of these systems on the availability of essential auxil-
iary support (EAS) systems. Based on its review and coordination with those
having primary review responsibility for the EAS systems, the staff concludes
that the designs of EAS systems are compatible with the functional performance
requirements of the systems reviewed in this section. Therefore, it finds the
interfaces between the designs of safe shutdown systems and the design of EAS
systems acceptable. '

Staff review of the instrumentation and control systems required for safe shut-
down included conformance to the requirements for testability, operability with
onsite and offsite electrical power, and single failures consistent with the
GDC applicable to safe shutdown systems. The staff concludes that, in general,
these systems are testable and are operable on either onsite or offsite elec~
trical power, and that the controls associated with redundant safe shutdown
systems are independent and satisfy the requirements or the single-failure
criterion.

In summary, the staff concludes that the syctems required for safe shutdown are
acceptable and meet the relevant requirements of GDC 2, 4, 13, and 19, and the
guidelines of Regulatory Guides 1.47, 1.53, and 1.62 subject to the closeout of _
the confirmatory items noted in Section 7.4.2.
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7.5 Information Systems Important to Safety

7.5.1 Description

The safety-related display instrumentation systems provide the information
necessary for the operator to perform the required manual safety functions fol-
lowing a reactor trip. Information that the operator needs to maintain the
plant in a hot-standby condition or to proceed to cold shutdown within the
limits of the Technical Specifications is also displayed. The operator uses
these information systems to monitor conditions in the reactor, the reactor
coolant system, the containment, and the process systems during normal opera-
tion of the plant, including anticipated operational occurrences and for post-
accident monitoring. The display system alcu includes bypassed and inoperable
status information.

The following information systems are provided:

(1) plant process display instrumentation

(2) reactar trip system monitoring

(3) ESF system monitoring

(4) ESF support systems monitoring

(5) -auxiliary control panel instrumentation
(6) control rod position indication system

(7) safe shutdown monitoring system

(8) post-accident monitoring instrumentation
(9) bypassed and inoperable status indication
(10) control board annunciation and Tight boxes

The bypass and inoperative status indication for the Harris design is in con-
formance with RG 1.47. The bypass indication on the bypass panel is arranged

for the ESF and the EAS system on a train basis. The system bypass indication ~

will be indicated automatically whenever an ESF system is bypassed or becomes
inoperable as a result of loss of control power or a valve not being in its
proper position. A bypassed or inoperable condition can be actuated or reset
manually by the operator by depressing the system window pushbutton. The
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subsystem level bypassed and inoperable status will be monitored by the plant

computer system.

The post-accident monitoring system is designed to monitor plant variables

during and following an accident. Instrumentation provided for the monitoring

of post-accident parameters is qualified for operation in post-accident environ-

mental and-seismic conditions. The instruments are powered from 120-V ac instru-

ment

buses, which are normally energized from the onsite emergency buses. Each

channel is powered from a separated power supply.

The following systems parameters are included in the postaccident monitoring

system:

(1)
(2)
(3)
(4)
(5)
(6)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(2%)

reactor coolant cold-leg and hot-leg temperature (loops 1 and 2 only)
pressurizer water level

reactor coolant pressure (wide range)

containment pressure

steamline pressure

steam generator water level (wide range)

component cooling water heat exchanger discharge pressure
component cooling water surge tank level '
component cooling water heat exchanger discharge temperature
refueling water storage tank level

containment spray pump A and B discharge header pressure
auxiliary feed water flow to steam generator

auxiliary feed water pumps A and B discharge pressure
turbine auxiliary feedwater pumps discharge pressure
emergency service water pumps A and B discharge pressure
service water pumps A and B header flow

service water booster pumps A and B pressure

service water booster pumps A and B flow

diesel generators A and B voltage

diesel generators A and B field voltage

diese]l generators A and B current

batteries A and B voltage

~ontaiument sump level
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7.5.2 Specific Findings

7.5.2.1 Loss of Non-Class 1E Instrumentation and Control Power System Bus
During Operation (IE Bulletin 79-27)

The staff requested that the applicant review the adequacy of emergency operat-
ing procedhres to be used by control room operators tc attain safe shutdown

on loss of any Class 1E or non-Class 1E buses supplying power to safety- or
nonsafety-related instrument and control systems. This issue was addressed for
operating reactors through IE Bulletin 79-27. Base on a review of the appli-
cant response to this matter, additional information has been requested to
support the applicant's conclusion for this review.

7.5.2.2 TMI Action Plan Items

11.D0.3--Direct Indication of Relief and Safety Valve Positions

Each of the three pressurizer safety relief valves is equipped with a reed-type
switch, which provides a position indication (open or closed) in the control
room. An alarm is provided in conjunction with this indication. The valve
position indication is powered from a vital instrument bus. The code safety
valve position is derived from reed-type switches mounted on the valve top.
The safety valve positions are displayed on the Emergency Response Facility
Information System (ERFIS) CRT located on the main control board. The resist-
ance temperature detectors (RTDs) are provided as the backup device to detect
any valve seat leakage. 1f there is any leakage, the RTDs will actuate on
annunciator on the main control board. The valve position indicating switch
will be seismically and environmentally qualified. The staff finds that the
applicants compliance with the Action Plan guidelines for this item is
acceptable.

11.F.1--Accident Monitoring Instrumentation Positions (4), (5), and (6)

position (4), (5), and (6) of this action plan item require installation of a
containment pressure monitor, containment water level monitor, and containment

hydrogen concentration monitor.
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The Shearon Harris design includes containment pressure monitering and contain-

ment water level monitoring instrumentation as required by NUREG-0737 Item
11.F.1 Attachments 4, "Containment Pressure Monitor," and 5, "Containment Water
Level Monitor." Continuous indication, display, and, if desired, recording of
containment pressure over a range of -5 to 135 psig will be provided in the
main control room by redundant Class 1E pressure transmitters. Continuous
Class 1E indication of containment water level from the bottom of the contain-
ment sump to the top of the sump (narrow range) and from the bottom of contain-
ment to the elevation equivalent to 600,000 gallons (wide range) will also De
provided in the main control room from redundant instrumentation channels. The
staff has reviewed the accuracies of the containment pressure and water level
instrumentation and found them acceptable. In addition, the applicant has
stated that the containment pressure monitoring channels shall meet the design
and qualification criteria of Regulatory Guide 1.97, Revision 2, and, for the
containment water level instrumentation, qualification will be in accordance
with the criter‘a for Class 1f transmitters located inside containment and the
narrow range monitors will meet the requirements of Regulatory Guide 1.89.

The hydrogen monitoring system has a range of 0-10 percent hydrogen concentra=
tion by volume with an accuracy of t 2 percent of full scale. The system has
redundant recorders for containment hydrogen concentration on the control panels
with alarms for hydrogen analyzer malfunction, loss of power, and high hydrogen
concentration (i.e., greater than 3.0%) in the main control rcom. The applicant
has also stated the hydrogen monitoring system is capable of continuous indica-
tion of containment hydrogen concentration within 30 minutes of the initiation
of safety injection. Based on the staff's review of the post-accident hydrogen
monitoring system, we find that the requirements -of NUREG-0737 Item II.F.1,
Attachment 6, "Containment Hydrogen Monitor" have been met.

11.F.3--Instrumentation for Monitoring Accident Conditions (RG 1.97, Revision 2)

The Commission has instructed the staff to use SECY-82-111 (Supplement 1 of
NUREG-0737) in the implementation of emergency response capability (including
requirements for post-accident monitoring). Therefore, conformance to the
guidelines of RG 1.97, Revision 2, will be included in the evaluation of designs
for the emergency support facilities. The implementation schedule will be
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established in conformance with Supplement 1 of NUREG-0737. The completion of
the review of this item will be performed during the post-implementation review
discussed under TMI Action Plan Item III.A.1.2, "Upgrading Emergency Support
Facilities."

7.5.3 Evaluation Conclusions

The information systems important to safety provide the operator with informa-
tion on the status of the plant to allow manual safety actions to be performed
when necessary. The scope of review inclucded tables of system variables and
component status to be indicated, function control diagrams, electrical and
physical iayout drawings, and descriptive information. The review has included
the applicable acceptance criteria and guidelines and design bases, including
those for indication of bypassed or inoperable safety-related systems. The
review has also included the applicable acceptance criteria and guidelines and
design bases, including those for indication of bypassed or inoperable safety-
related systems. The review has also included the applicant's analysés of the
manner in which the design of information svstems conforms to the acceptance
criteria and guidelines that are applicable to these systems as noted in the
SRP.

The staff concludes that the information systems important to safety are accept-
able and meet the requirements of GDC 2, 4, 13, and 19. This conclusion is
based on the following.

The staff has conducted an audit review of these systems for conformance to
guidelines of the Regulatory Guides and industry codes and standards applicable
to these systems. In Section 7.1 of this SER, the staff concluded that the
applicant had adequately identified the guidelines applicable to thése systems.
Based on its audit review of the system design for conformance to the guide]ine§ﬁ
the staff finds that there is reasonable assurance that these systems conform

to the guidelines applicable to these systems.

Staff review has included the identification of those systems and components
for the information systems that are designed to survive the effects of earth-
quakes, other natural phenomena, abnormal environments, and missiles. Based un
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its review, the staff concludes that the applicant has identified those systems
and components consistent with the design basis for those systems. Sections
3.10 and 3.11 of this SER address the qualificaiton programs to demonstrate the
capability of these systems and components to survive these events. Therefore,
it finds that the identification of these systems and components satisfies this
aspect of GDC 2 and 4. T
The staff concludes that the information systems important to safety, including
the accident monitoring instrumentation, are consistent with the plant safety
analysis and show substantial compliance with the guidelines of Regulatory
Guide 1.97, Revision 2. Therefore, the staff finds that the information sys-
tems satisfy the requirements of GDC 13 for monitoring variables and systems
over their anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions. Further, the staff finds that con-
formance to GDC 13 and the applicable guidelines satis”ies the requirements of
GDC 19, with respect to information systems provided in the control room from
which actions can be taken to operate the unit safely under normal conditions
and to maintain it in a safe condition under accident conditions.

In summary, the staff concludes that the information systems impcrtant to safety
are acceptable and meet the requirements of GDC 2, 4, 13, .and 19.

7.6 Interlock Systems Important to Safety

7.6.1 Description
This section addresses the safety-related interlocks that
(1) prevent the overpressurization of low pressure systems

(2) prevent the overpressurization of the primary coolant system during Tow

temperature operation

(3) ensure the availability of ECCS accumulators
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(4) automatically open sump isolation valves for the recirculation mode of
operation ‘

The objectives of the review have to confirm that design considerations such
2s redundancy, independence, single failures, qualification, bypasses, status
indication, and testing are consistent with the design bases of these safety-
related systems.

7.6.2 Specific Findings
7.6.2.1 Residual Heat Removal System Isolation Valves Interlock

The residual heat removal isolation valve interiocks are provided to prevent
overpressurization of the RHR system. There are two motor-operated valves in
series in each of the two residual heat removal pump suction lines from the
reactor coolant system hot legs. Separate and diverse pressure transmitters
powered from separate safety power trains are used for the isolation valve
interlocks. Each valve is interlocked to prevent it from opening if RCS pres-
sure is greater than 425 psig and to automatically close it if RCS pressure
exceeds 750 psig. Valve position indication is provided in the control room.

The redundant valve interlock design includes independence, separation, and
diversity and satisfies BTP ICSB 3, "Isolation of Low Pressure Systems from
the High Pressure Reactor Coolant System," and therefore is acceptable.

7.6.2.2 RCS Overpressure Protection During Low Temperature Operation

The overpressure protection during low temperature operation is provided by
automatic actuation of the pressurizer PORVs. In its review of the-automatic
control logic for these vaives, the staff found that a failure resulting in a
high output signal from either of the two auctioneers would preventboth of the
valves from opening when needed. Because ng indication of the auctioneered
safety output signals is provided to the operator, such a failure could remain
undetected. Furthermore, even if such a failure would be detected, the system
would remain inoperative because no capability to manually arm the system to
replace a failed permissive signal from the auctioneer is provided. By letter
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plicant has committed to install switches on the main
The manual arming
temperature

dated July 1, 1983, the ap
or the operator to manually arm this system.

control board f
will be included in the operating procedure when the reactor coolant

is equal to or below the set point and before beginning the filling operation.

The system arming will be reset when the system is brought back above the system
The staff will define the arming set point - -

and the instruments for overpressure protection

The staff finds this design accept-
s to be

temperature set point for arming.
in the Technical Specifications,

will be under periodic surveillance test.

able subject to its review of the updated drawings and FSAR description

submitted by the applicant.

7.6.2.3 Accumulator Isolation Valve Interlock

valve is provided at each accumulator outlet. These
To prevent an inadvertent
cuit breakers.

A motor-operated isolation
valves are normally open during plant operation.
power is removed from the valve motor cir

closing of these valves,
that power is restored to the valve

Administrative control is required to ensure
circuit breakers during plant shutdown. These valves are interlocked so that

they

(1) open automatically on receipt of a safety injection.signal

(2) open automatically whenever the RCS pressure is above sI unblock (P-11)

setpoint

(3) they cannot be closed as long as the safety injection signal is present

the performance of a periodic check valve leak-

Administrative controls require
that the safety function is maintained

age test. The interlock will ensure

during the test. :

There are two sets of valve position indicating lights on the main control
board. One set of lights js operated by a valve motor limit switch, and the
other set is actuated by a valve stem limit switch. An alarm will also sound

when either of the limit switch senses that the valve is not fully open. The

valve position indicating lights operated by valve motor limit switch is located
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at the control module for each valve. These lights are powered by separate

Class 1E, 120 V AC power supply which will not be affected by the power removal
from the valve motor circuit breakers. The valve position indicating lights
operated by stem limit switch is located at safeguard light box which is powered
from 125 V DC power supply. The staff finds that the design satisfies the
Branch Technical Position ICSB-4 and therefore is acceptable.

7.6.2.4 RHR Recirculation System Sump Isolation Valves Interlock

This interlock is provided to automatically open the four safety injection
system recirculation sump isolation valves (two series valves per train) when
two out of four RWST levels reach the low-low level setpoint after safety injec-
tion actuation. The valve cannot be closed as long as a safety injection (SI)
signal is present. The interlock from an SI signal can be removed by a reset
switch, which is separate from the system level SI reset switch. The interliock
reset switch only resets the slave relay in the solid-state protection system
output cabinet. The purpose of this reset capability is to permit the operator
to remove the actuation signal if the corresponding sump isolation valve must
be closed and maintained in a closed position following a LOCA. The staff
finds the design acceptable.

7.6.3 Evaluation Conclusion

The staff conlcudes that the design of the interlock systems important to safety
is acceptable and meets the relevant requirements of GDC 2 and 4. This conclu~

sion is based on the following:

The review of the interlock systems important to safety included the interlocks

to prevent overpressurization of low-pressure systems when connected to the

primary coolant system. The staff position with regard to this interlock system

in BTP ICSB-3, "Isolation of Low Pressure Systems from the High Pressure Reactor
Coolant System." Based on its review, the staff concludes that the design of
this system satisfies the staff's guidelines.

Staff review included the interlock for the ECCS accumulator isolation valve.
The staff's position with regard to this interlock system is BTP I1CSB-4,
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"Requirements of Motor Operated Valves in the ECCS Accumulatory Lines.” Based
on it sreview, the staff concludes that these interlocks satisfy the staff's
guidelines. Based on its review of the interlock systems ‘«portant to safety,
the staff concludes that the systems design bases are . ~~sistent with the plant
safety analysis and their importance to safety. Further, the staff concludes
that the aspects of the design of those systems with respect to single failures,
redundancy, independence, qualification, and testability are adequate to ensure
that the functional performance requirements of these systems will be met and
that they meet the applicable requirements of GDC 2 and 4.

7.7 Control Systems

7.7.1 Description

Tke plant control systems that are not relied on to perform safety functions
but that control plant processes having an impact on plant safety are described
in this section and include the following:

(1) rod control system

(2) plant control interlocks

(3) pressurizer pressure and level control
(4) steam generator water level control

(5) steam dump control

(6) safety instrumentation freeze protection

The rod control system provides for reactor power modulation by manual or auto-
matic control of control rod banks in a preselected sequence. It displays con-
tro) rod positions, alerts the operator in the event of control rod deviation
exceeding & preset limit, and alerts the operator on inadequate shutdown mar=
gins resulting from excessive control rod insertion. The automatic rod control
system is designed to maintain a programmed average temperature i the reactor
coolant by regulating the reactivity within the core. The system is capable
of restoring reactor coolant average temperature to within £3.5F° of the pro-
grammed temperature. The automatic rod control is performed between 15 and

100% of rated power.
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The plant control interlocks prevent further withdrawal of the control rod
banks either by a control system malfunction or an operator error. The inter-
locks are derived from nuclear instrument channels or reactor coolant over-
temperature, overpower channels The intef1ocks also 1limit automatic turbine
load increases during a rapid return to power transient (through the negative
moderator coefficient). The interlock can be cleared by an increase in coolant
temperature, which is accomplished by reducing the boron concentration in the
coolant.

The reactor coolant pressure is controlled by using either the heaters or the
spray of the pressurizer plus PORV steam relief for large transients. The
water inventcry in the RCS is maintained by the CVCS. During normal plant
operation, the charging flow varies to match the flow demanded of the pres-
surizer water level controller. The pressurizer water ‘evel is programmed as
a function of coolant average temperature. ODuring startup and shutdown opera-
tions, the charging flow is manually regulated to maintain pressurizer water

level.

The steam generator level is programmed by a three-element feedwater controller,
which regulates the feedwater valves by continuously comparing the feedwater
flow signal, the water level signal, the programmed level setpoint, and the
steam flow signal. An override signal closes all feedwater valves when the
reactor coolant Tavg is below setpoint and the reactor has tripped. During
startup or low power operation, a feed-forward control scheme uses steam gen-
erator level and nuclear power signals to position a bypass control valve,
which is in parallel with the main feedwater regulating valve.

The steam dump system is designed to accept a 100% load rejection without
tripping the reactor. The system functions automatically by bypass{ng steam
directly to the condc.aser and/or atmosphere to maintain an artificial load on
the primary system. The rod control system can then reduce the reactor coolant

.

temperature to a new equilibrium value without causing overtemperature and/or

overpressure conditions.

A demand signal for the load-rejection steam dump controiler is generated if
the difference between the reference reactor coolant average temperature (based
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on turbine impulse chamber pressure) and the measured reactor coolant average

temperature exceeds a preset value. To prevent actuation of steam dump as a
result of a small load perturbation, an independent load rejection sensing
circuit is provided. This circuit senses the rate of decrease in the turbine
load as detected by the turbine impulse chamber pressure and blocks the steam
dump unless the rate exceeds a preset value. The applicant stated that no
credit for steam dump other than Code safety relief valves is taken in any
safety analysis.

A freeze protection system is provided to ensure that instrumentation sensing
and sampling lines for systems important to safety are protected from freezing
during extremely cold weather.

The freeze protection system is designed to protect pres«lected piping systems
exposed to ambient temperatures between 40°F and -2°F. 7Two thermostats are
connected in parallel to turn on and turn off the heating devices. The thermo-
stats are preset to turn on at 40°F ana off at 45°F. Redundancy for the freeze
protection system is provided for the systems which are critical to the safe
operation and essential for safe shutdown of the plant.

7.7.2 Specific Findings

7.7.2.1 Control System Failure Caused by Malfunctions of Common Power Source

or Instrument Line

To provide assurance that the FSAR Chapter 15 analyses adequately bounas events
initiated by a single credible failure or malfunction, the staff has asked the
applicant to identify any power source or sensors that provide power or signals
to two or more control functions, and demonstrate that failures or malfunctions E
of these power sources or sensors will not result in consequences more severe 1
than those of Chapter 15 analyses or beyond the capability of operator or

safety systems.

The applicant has not provided a response to this item. Additional information

is required.
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7.7.2.2 Control System Failure Caused by High-Energy Line Breaks

Operating reactor licensees were informed by IE Information Notice 79-22,
issued September 19, 1979, that if certain nonsafety-grade control equipment
were subjected to the adverse environment of a high energy line break, it
could impact the safety analyses and the adequacy of the protection functions
performed by the safety-grade equipment. The staff has requested a review by
the applicant to determine whether the harsh environment associated with high-
energy line breaks might cause control system malfunction and result in a
consequence more severe than those of the FSAR Chapter 15 analyses or beyond
the capability of operators or safety systems.

The applicant has not provided a response to this item. Additional information
is required.

7.7.2.3 TMI Action Plan Item

I11.K.3.9 Proportional Integral Derivative (PID) Controller Modification

PORV PID controller be set to off. This action removes the derivative action
from the controller so that the actuation signal to this valve is no longer
sensitive to the rate of change of pressurizer pressure. The applicant has
implemented this recommendation. The staff finds that the applicant's compli-
ance with the Action Plan guidelines for this item is acceptable.

7.7.3 Evaluation Conclusions

The control systems used for normal operation, which are not relied on to per-
form safety functins but which control plant processes having a significant
impact on plant safety, have been reviewed. These control systems include the
reactivity control systems and the control systems for the primary and secondary

|
|
|
|
|
|
westinghouse recommended that the derivative time constant in the pressurizer
i
|

coolant systems. ‘

The staff concludes that the control systems are acceptable and meet the rele-
vant requirements of GDC 13 and 19. This conclusion is based on the following:
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On the basis of its review of the plant transient response to normal load
changes and anticipated operational occurrences such as reactor trip, turbine
trip, upsets in the feedwater and steam bypass systems, the staff concludes
that the control systems are capable of maintaining system variables within
prescribed operating iimits. Therefore, it finds that the control systems
satisfy this aspect of GDC 13.

Staff review of control systems included features of these systems for both
manual and automatic control of the process systems.

The staff concludes that the features for manual and automatic control faci-
litate the capability to maintain plant variables within prescribed operating
limits. It finds that the control systems permit actions that can be taken to
operate the plant safely during normal operation, including anticipated opera-
tional occurrences, 4nd, therefore, the control systems satisfy GDC 13 with
regard to normal plant operations.

The ~taff has requested that the applicant identify any power sources or sensors
which provide power or signals to two or more control systems, and demonstrate
that failures or malfunctions of these power soruces or sensors will not result
in consequences outside the bounds of the Chapter 15 analyses or beyond the
capability of operators or safety systems.

The staff has also requested a review by the applicant to determine whether the
harsh environments associated with high-energy 1ine breaks might cause control
system malfunctions and result in consequences more severe than those of
Chapter 15 analyses or beyond the capability of cperators or safety systems.

The staff will report on the resolution of these issues in a supplement to this

report.
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