
Tennessee Valley Authority, Post Office Box 2000, Spring City, Tennessee 37381

NOV o 5 1992

William J Museler
Site Vice President
Watts Bar Nuclear Plant

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Gentlemen:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

WATTS BAR NUCLEAR PLANT (WBN) UNIT 1 - PROPOSED CHANGES TO FINAL SAFETY
ANALYSIS REPORT (FSAR) FOR INSTALLATION OF WESTINGHOUSE EAGLE-21 PROCESS
PROTECTION SYSTEM (TAC 81063)

In a letter dated July 10, 1991, TVA provided notification of its plan to
install Westinghouse Electric Corporation's new Eagle-21 process protection
system at WBN Unit 1 in place of the older Foxboro process control system.
This design modification represents a fundamental advance in electronics
technology since the Eagle-21 system incorporates digital electronics and
microprocessors to accomplish the same reactor protection and control
functions as the Foxboro system, which used analog electronics. Also, as
part of the Eagle-21 modification, several reactor protection features are
being revised to simplify operational control of the plant and to reduce the
potential for initiation of unnecessary protective actions.

Enclosed with this letter for NRC staff review are proposed FSAR changes
associated with installing the Eagle-21 system. The changes are indicated
as markups of the effected pages of Chapters 1, 3, 4, 5, 6, 7, 8, 10, and 15.
TVA plans to incorporate these changes formally in a future FSAR amendment.

In addition to the enclosed licensing information, TVA has already provided
a technical description of WBN's Eagle-21 system in a letter dated
February 26, 1992. This letter enclosed Westinghouse Topical Report
WCAP-12374 ("Eagle-21 Microprocessor-Based Process Protection System"),
Revision 1, and stated that WCAP-12417 ("Median Signal Selector for Foxboro
Series Process Instrumentation - Application to Deletion of Low Feedwater
Flow Reactor Trip") also applied to WBN.
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Note that some of the accident analysis markups in Chapter 15 reflect changes
that are related to both the installation of the Eagle-21 system and also the
recent recaging modification to WBN's reactor fuel assemblies. For
expediency, both of these design changes were addressed in revised accident
analyses at the same time. Detailed information on fuel assembly recaging,
which modified the structural skeletons of WBN's existing fuel assemblies to
incorporate the improved mechanical features of Westinghouse's VANTAGE 5H
fuel design, has already been submitted in separate correspondence. The
proposed FSAR changes for the VANTAGE 5H fuel assembly recaging modification
were enclosed with a letter dated August 24, 1992. In some places, the
proposed FSAR changes in the August 24 letter duplicate the proposed FSAR
changes in the enclosure attached to this letter.

Also note that the description of WBN's anticipated-transient-without-scram
mitigation system actuation circuitry (AMSAC) in Section 7.7.1.12 may need
to be further revised in a future FSAR amendment. TVA is currently
evaluating the operational effects on AMSAC of the new steam generator low-
low level reactor trip setpoint and trip time delay that are part of the
Eagle-21 upgrade. Corresponding changes to AMSAC setpoints may be required.
However, the AMSAC system is not connected to, nor functionally associated
with the Eagle-21 system. AMSAC is only a diverse backup to the reactor trip
system per 10 CFR 50.62, and no credit is taken for AMSAC in WBN's safety
analyses. Therefore, TVA considers that NRC staff review of the Eagle-21
system can proceed without waiting for the details of any AMSAC changes that
may result.

If you.have any questions; please telephone John Vorees at (615).365-8819.

Very truly yours,

William J. Museler

Enclosure
cc: See page 3
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cc (Enclosure):
NRC Resident Inspector
Watts Bar Nuclear Plant
P.O. Box 700
Spring City, Tennessee 37381

Mr. P. S. Tam, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint, North
11555 Rockville Pike
Rockville, Maryland 20852

Mr. B. A. Wilson, Project Chief
U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323
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cc (Enclosure):
NRC Resident Inspector
Watts Bar Nuclear Plant
P.O. Box 700
Spring City, Tennessee 37381

Mr. P. S. Tam, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint, North
11555 Rockville Pike
Rockville, Maryland 20852

Mr. B. A. Wilson, Project Chief
U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

GLP:JV:NCH:CR
cc (w/o Enclosure, except as noted):

M. J. Burzynski, LP 5B-C
S. 0. Casteel, FSB 2K-WBN
E. S. Christenbury, ET llH-K
J. D. Christensen, TSB lE-WBN
W. R. Cobean, Jr., LP 3B-C
L. M. Cuoco, LP 5B-C
W. L. Elliott, IOB lA-WBN
M. J. Fecht, LP SB-C
R. W. Huston, Rockville Licensing Office
R. W. Johnson, FSB 2J-WBN
N. C. Kazanas, FSB lB-WBN
D. L. Koehl, MOB 2N-WBN
T. J. McGrath, LP 3B-C
R. M. McSwain, MR 2C-C
K. A. Meyer, Trailer E23-WBN
D. E. Moody, MOB 2R-WBN
G. R. Mullee, BR 5D-C
D. E. Nunn, LP 3B-C
H. H. Weber, FSB lB-WBN
RIMS, QAC lG-WBN (Enclosure)
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PROPOSED CHANGES TO FSAR CHAPTERS 1, 3, 4, 5 6,
7, 8, 10, and 15,"

REC'.D WILTR DTD 11/5/92 ... 92 11160059

THE ATTACHED FILES ARE OFFICIAL
RECORDS OF THE INFORMATION &
REPORTS MANAGEMENT BRANCH.
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FOR A LIMITED TIME PERIOD AND
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OF ANY PAGE(S) FROM DOCUMENT
FOR REPRODUCTION MUST BE RE-
FERRED TO FILE PERSONNEL.
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T'he reactor is controlled by temperature coefficients' of reac-tivity, control rod clusters, and a soluble neutron absorber,-boron , in the form of boric acid.
Tns"trumen-ation and controls are provided to monitor and main-ian essential reactor facility operat ing variables such asneuron:'.ux pimay oolant pressure, temperature, and cont:orod posl*tons within prescr-'bed ranges.

The non-neutronic process and containment instrumentation mea-sures temoeratures 'pressure, flows, and levels in the ReactorCoolant System, steam systems, containment, and auxiliary sys-temns. Process variables which are required on a continuousbasis for the startup, power operation, and shutdown of thePlant are monitored in a controlled access area. The quantityand types of process instrumentation provided are adequate forsafe and orderly operation of all systems and processes overt~he full operating range of the plant.*.
`..eact-or Protection is achieved by defining a region of powera1nd coolant temperature conditions allowed by.-the principaltripping functions: the overpower 4T trip, the overtemperatureAT t r 1. and the nuclear ov r o e tr p Th al w b e o e a inregion within these trip settings is designed to prevent anyLcombin ation of power, temperatures, and pressure which wouldp result in a Departure from Nucleate Boiling Ratio C.DNBRJ '< 1.3.Additional trip'ning functions such as a hihpesuie pressuretr~p, low-pressurizer pressure trip, hihpesuie water-level~ 4-~-~coolant flow trip, stea and fUeperrea Matz' i t r i- steam, generator low-low water-level trip, turbinetrip, safety injection trip, nuclear source and intermediaterange trips, neutron flux rate trips, and manual trip are pro-vided to support the principal tripping functions for- specificaccident conditions and mechanical failures. Independent andredundant channels are combined in logic circuits which improvetripping reliability and minimize trips from spurious causes.Protection interlocks, initiation signals to the Safety Injec-tion System, containment isolation signals;* and turbine runbacksignals further assist in plant protection during operation.

The Control System enables the nuclear plant to accept a step-load increase of 101% and a ramD increase of 5% per minutewithin t-he load range 'of 15% to- 100% off nominal power. TheControl System will also take a 50% load reduction with steambypass without tripping the reactor.

t-eoc4or Coolarr/ pumnp wJ1Qev-vdIltyej

1.2-5
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TA8LE 1.3-1
DESIGN COMPARISON (EXCLUDING SECONDARY CYCLE)

Nuclear Plant Units 1 and 2 - Comparison with Donald C. Cook, Trojan.snd Seauovah

CHAPTER CHAPTER TITLE
NUMBER SYSTEM/COMPONENT

5.0 (Cont'd)
Residual Heat
Removal System
Pressuri zer*

Engineered Safety Features

Emergency Core
Cooling System
Ice Condenser

Instrumentation and Controls

Reactor Trip System

Engineered Safety
Features Systems

Systems Required
For Safe Shutdown

Safety Related Display
Instrumentation

Other Safety Systems

Control Systems

REFERENCES
(FSAR)

Section 5.5.7

Section 5.5.10

Section 6.3

Section 6.7

Section 7.2

Section 7.3

Section 7.4

Section 7.5

Section 7.6

Section 7.7

SIGNI FICANT
SIMILARITIES

D. C. Cook, Sequoyah,
Trojan
D. C. Cook Sequoyah,
Trojan

D. C. Cook, Sequoyah
Trojan
D. C. Cook, Sequoyah

System functions are
similar to 0. C. Cook
Sequoyah, Trojan

System functions are
similar to 0. C. Cook.
Sequoyah, Trojan

System functions are
similar to that of
of 0. C. Cook, Trojan
Sequoyah

Parametric display is
similar to that of D. C.
Cook, Trojan, Sequoyah

Operational Functions
are similar to D. C.
Cook, Trojan. Sequoyah

Operational functions
are similar to D. C.
Cook, Trojan,
Sequoyah

Sheet 2 of 4

SIGNI FICANT
DIFFERENCES

None.

None.

None.

Trojan does
condenser.

J(.3
not use an ice

.N813 lrser/ A

None.

None.

Actual physical tdonfiguration
may differ due to customer
design philosophy.

None.

The Sequoyah Nuclear Plant
has a 50 percent load
rejection capability while
that of the D. C Cook Plant
is 100 percent. The rod
position indication for the
Sequoyah Nuclear Plant and
the D. C. Cook Plant is an
analog system; Trojan's RPI
is a digital system.

1213g

U

r:

, and Sequoyah
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Insert A to Table 1.3-1, Sheet 2

Sequoyah and Watts Bar have a Westinghouse EAGLE 21 digital
Process Protection System; Trojan and D. C. Cook use an
analog system. Sequoyah's low-low steam generator level trip
function is processed through an environmental allowance
modifier/trip time delay (EAM/TTD) functional algorithm in
the EAGLE 21 system. This allows a lower low-low level
setpoint when an adverse containment environment does not
exist as determined by monitoring containment pressure. Watts
Bar uses the TTD without EAI4.



( :~(9

System

Post Accident
Monitoring

Reference
Section

7.0

Source Range Monitor

Proces95 Pco7eeati •9sjeP?

7.0

7A.

V.

TABLE 1.3-3 (continued)

Changes

A P'ost Accident Monitoring System has b~een
added.

An additional source range monitoring system
was added for backup control.

Proljec/yt jsri ~'Ack5 4e ý eenlP re/)/ced'

UWes4n7Aouse EA 6Li C 2 were /Sy
CorCure(~,/ smeA~nckI~>4f ~'CAanje3 es I~l

Pjic ;mprdve planl aveti/ali/-4.1 ant r/a i 1>'

Sheel 5 of' 6
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,initiates a reactor trip when any appropriate monitored variable
/or combination of variables exceed the normal operating range.
Se~tpoints are-chosen to provide an envelope of safe operating
conditionsg with adequate margin for uncertainties to ensure
that fuel design limits are not exceeded..,

ýReactor trip is initiated by removing power to the rod drive
mechanisms of all the full length rod cluster control assemblies.
This will allow the asseni'blies to free fall into the core,
rapidly reducing the reactor power output.

The Engineered Safety Features Actuation System automatically
initiates emergency core cooling, and other safeguards functions 'pe5
by sensing accident conditions using redundantc;ý cc ýanne ls t iy
measuring diverse parameters. Manual actuation of safeguards
is relied upon where ample time is available for operator action.
The ESF Actuation System also provides a reactor trip on manual

*or automatic safety injection (S) signal-generation..

The response and adequacy of the protection systems is analyzed
for all conditions specified by the ANS N18.2 standard, through
Condition IV.

Criterion 21 - Protection System Reliability and Testability.

*The Protection System shall be designed for high functional
reliability and inservice testability commensurate with the
safety functions to be performed. Redundancy and independence
designed into the Protection System shall be sufficient to
assure that (1) no single failure results in loss of protection
function and (2) removal from service of any component or chan-

..nel does not result in loss of-the required minimum redundancy
unless the acceptable reliability of operation of the Protec-
tion System can be otherwise.-demonstrated. The Protection Sys-
tem shall be designed to permit periodic testing of its func-
tioning when the reactor is in operation, including a capabili-
ty to test channels independently to determine failures and
lo~ses of redundancy that may have occurred.

Compliance

The Protection System is designed for high functional reliabil-
.ity and inservice testability. The design employs redundant
logic trains, and measurement and equipment diversity.

The Protection System is designed in accordance with IEEE Stan-
dard 279-1971. All safety actuation circuitry is provided with

3.1-15

.at 3.1/1
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process pjro/eclior 5ys/e'i) nuc/ea#-
Jn51rurmenlakdy) s1ys/ei QiAa' iM

capbilty or esing with the reactor at power. The Pro-
tection Systems, including the engineered safety features test
cabinet comply with Regulatory Guide 1.22 on periodic testing
of Protection System actuation functions. Under the present
design, there are protective functions which are not tested at
power. The functions can be tested under shutdown plant condi-1
tions, so that they do not interrupt power operation, as allowed
by Regulatory Guide 1.22. '3

In those cases where equipment cannot be tested at power, it is
only the actuation device function which is not tested. The
logic associated with the actuation devices has the capability
for testing at power. Such testing will disclose failures or
reduction in redundancy which may have occurred. Removal from
service of any single channel or component does not result in
loss of minimum required redundancy. For example, a two-of-
three function becomes a one-of-two function when one channel
is removed. (Note that this is not true for the logic trains
which are effectively a one-out-of-two logic).

Semiautomatic testers are built into each of the two logic
* trains in a protection system. These testers have the capa-

bility of testing the major part of the protection system very
rapidly while the reactor is at power. Between tests,' a number
of internal protection system points including the associated
power Supplies and fuses are continuously monitored. Outputs
of the monitors are logically processed to provide alarms for
failures in one train and automatic reactor trip for failures
in both trains. Self-testing provision is designed into each
tester. Additional details can be found in Sections 7.2 and
7.3.

* Criterion 22 - Protection System Independence

The Protection System shall be designed to assure that the
effects of natural phenomena., and of normal operating, main-
tenance, testing, and postulated accident conditions on re-
dundant channels do not result in loss of the protection func-
tion, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity

* or diversity in component design and principles of operation,
shall be used to the extent practical to prevent loss of the
protection function.

Compliance

*Design of Protection Systems includes consideration of natural
* phenomena, normal maintenance, testing and accident conditions

such that the protection functions are always available.

3.1-16

wat 3-1/1



I Insert 38 to Page 3.1-16
For those process protection functions that may be tested in

...bypass,,alarms-are provided in.-the ,control room and at the
process rack to indicate the bypassed condition. Additional
information on the capability of the process protection
system to be tested in the bypassed mode is provided in
Section 7.2.2.1.3, Subsections 10, 11, 12, 13 and 14.
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System in that control signals are derived from Protection Sys-tern measurements where applicable. These signals are trans- jferred. to the Control 'System by isolation~ uich ar eclassified. as protection components. The adequacy of systemisolation has been verified 'by testing under conditions of pos-tulated credible faults. The failure or removal of any slnglecontrol system component or channel, or failure or removal fromservice of any single Protection System component or chan~nelwhich is common to the Control and Protection System leavesintact a system which satisfies the requirements of the Pro-tection System. Distinction between-channel and train is madein this discussion. The removal of a train from service isallowed only during testing of the train.

Criterion 25 - Protection System Requirement's for Reactivity
Control Mtalfunctions.

The protection system shall be designed to assure that spect-fied acceptable fuel design limi-ts are not exceeded for anysingle malfunction of the reactivity control systems, such asaccidental withdrawal (not ejection or dropout) of control roeds.

Discussion:

Th-e Protection System is designed to limit reactivity transientsso that fuel design limits are not exceeded. Reactor shutdownby full length rod insertion is completely independent of thenormal control function since the trip breakers interrupt powerto the rod mechanisms regardless of existing control signals.Thus in the postulated accidental withdrawal, (assumed to beinitiated by a control malfunction) flux, temperature, pressure,level and flow signals would independently be generated. ,Anyof these signals (trip demands) would operate the breakers totrip the reactor.

Analyses of the effects of possible malfunctions are discussedin Chapter 15. These analyses show that for postulated dilu-tion during refueling, startup, or manual or automatic opera-tion at power, the operator has ample time to determine thecause off dilution, terminate the source of dilution and ini-tiate reboration before the shutdown margin is lost. The analy-ses show that acceptable fuel damage limits are not exceededeven in the event of a single malfunction of either system.

3.1-18

wat 3.1/1
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TABLE 3.2-2

SUMMARY OF CRITERIA - MECHANICAL SYSTEM COMPONENTS

Compartment

Reactor Vessel
Full Length CROM Housing
CROM Head Adapter Plugs
Steam Generators (Tube Side)

(Shell Side)

Scope
(1)'

Safety Class

A017)

Code OA Required
(3) (4)

13
111-1
ill-i
Ill-i
ill-I

Pressurizer U A 111-1
Reactor Coolant Pipe U A 111-1
Reactor Coolant Fittings W A ill-1
Reactor Coolant Fabricated U A Ill-1

Piping
Reactor Coolant Crossover U A Ill-i

L.es 5r
rR B 9s ý man f o d U 'W - L-
Reactdor Coolant ThermoweLl,
Thimrble Guide Tubing
Thimrble Guide Couplings
Flux Thimble Assembly
Loop Bypass Line
Pressurizer Safety Valves
Power Operated Relief
Valves

Pressurizer Relief Tank

A 'Il-i
'il-i
Ill-i
111-2
lu-i
ill-i
Ill-i

VIII

-7-- ==2E:P-bEl- T6-
X C R
x C xI
X C xI
x C x
X C xI
x C xI

Sheet 1 of 12

(

Location Rad Source Seismic

SUMMARY OF CRITERIA - MECHANICAL SYSTEM COMPONENTS

K)
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The seismic type testing performed by tj NSSS .pliar (Westinghouse) isdescribed inReferences f 1) through [10 J. ,'etmto sdwstesnbeat procedure:.described in IME Standard 344-1971 and Reference [111. inaddition, as noted in Section 3.10.1, Westinghouse conducted a "DemonstrationTest Program" which, when considered in conjunction with the tests presentedin References (111 through [131, results in meeting the requirements ofTEEZ-344-1975.

Suy'norting Szatuctres (Pasnels. Rack. Cbnts, andB~oards')

The qualification of the supporting structures for.Seismic Category Iinstruments has been accomplished by either analysis or testing. .'-The met-hodcommonly used is testing under simulated conditions. All tests by TVA beforeSeptember 1, 1974 on these supporting structures wore similar. The supportstructure was mounted on a vibration generator in a manner that simulated theintended service mounting. The vibratory forces were applied to each of thethree maj or perpendicular axes independently. Maxim.um service dead loads weresimulated. Selected points were monitored to establish amplification ofloads. Testing was done at the structure's resonant frequencies. Theresonant frequencies were determined by an exploratory test using a sinusoidalsteady-state input of low amplitude, (tWo continuous sweeps from 1 to'33 Hz at.a rate of 1 octave per minute)-. The qualification "test was conducted using.the sine, beat method at the resonant frequencies using the appropriateacceleration input as determined from the building response accelerationspectra.

Later qualification tests typically used multifrequency time history inputmotion for whidE the test response spectra enveloped the required responsespectra in accordance with IEZEE 344-1975 guidelines.

3.10.3 Methods of Oulifvn; TVA-Desirne~d Suon~orts -for Electric-alEo'uinmenr Intue tion and Cables

The methods and procedures of design and analysis or testing of electricalequipment and instrumentation supports, cable trays, cable tray supports,conduit, conduit supports, and conduit banks are provided in the followingsections.

3.10.3.1 Electrical Eaulyment and InsrMentatio Assegbli-es
7VA-designed supports and anchorage for Category I electrical equipmentassemblies ensure compatibility with the equipment seismic qualifications testor analysis as degaribed in Section 3.7.3.16.1. Design of these supports isin accordance with Section 3.9.3.4:*2. .

All floor/wall mounted Category I electric equipment assemblies such asbattery racks, instrument racks, and control consoles are attached by TVA tothe building structure. The attachments are made by bolting or welding tostructural members. Anchorages to Concrete are made by welding to embeddedplates cast in the concrete with stud anchors, or by bolting to anchors set inthe hardened concrete (self-drilling bolts, wedge bolts, undercut expansion Ganchors, or grouted anchors).

3.10-44L
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1'. FOXboro Model E-11 pressure transmitter and Model E-13di~fferential pressure transmitter.

2. Foxboro Process Control Equipment cabinets.
3. Westinanouse Solid-State Protection System cabinets.
4. Nuclear Iflstrumentatioi.n System cabinets.'

5. Safeguards Test racks.

6. Resistance Temperature Detectors.

7. Power range Neutron Detectors. / /; £4.Piocesz 1,4-

8. Reactor trip breakers.

9. Barton Models .332 and, .386 differential Spressu~ree
t ransmjt~ters. e

Seismic qualification testing of "i esdoumntin references f 1) through ('103. Reference I'0presents thetheory and practice, as well as justification, for the use ofsingle axis sine beat-test inputs used in the seismic qu~alifi-cation of electrical equipment. In addition, it is noted thatI Wes~tinghouse has conducted a seismic qualification "DemonstrationTest Program" (Reference, Letter NS-CE-6 92, C. Eicheldinger ()to D. B. Va-ssallo (NRC) , 7/10/75) to confirm equ~ipm~entoperability during a seismic event. This program is documentedin references C 12] through ('1531 (Proprietary) and references (16]t_.arough [20] (Non-Proprietary

The watts Bar Nuclear Plant complies with paragraph IV,ý"Conclusions and Regulatory Positions" of the "Mechanijcal.
En ine rc B a h Re oton S i m c A d t f We i g us

('14] an r'9]
The Watts Bar d Nucea lat doesntueteageSgayie

stha i u ne cqualio b ty f the NRCStaf
flcticatio orhEquipent of Sinle toiai Sinrsae beat ents, mpresetedand Ware.3 3 ancl d teoiia etdcned inth referencesls.Tenn-rpitr()trough ('03 mee t tihe req.re 

5 of e~ Stadar

that97 "is Rne c uetommnded PatiesR SaforSimcQulfcto

Thi Aemnsr1 o tes progrm (~Jin 3ojuc 4o with th usi

/A -. ee LJ 3.10-3
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17. Jareck, s. 3.,r "General M~ethod of Developing MultifrequencBiaxia.1 Test Inputs for Bistables," wCAP-8695 (Non-Proprietary) Septembez,.. 1975.
18. Jareck, S.. j. and Voc~ding, B. L., "Mult~ifrequency andDirection Seismic Testing of Re-!aYsw CP87(NnPro-prietary) December, 1975. WC-87 (Nn

9.Jarecic, s. J. , Coslow, B. J. , Croasdaij.1e, T. R. , and Lipch~kJ. B., "Seismic Operability Demonstation Testing of theNuclear instrumentation System Bistable Amplifier," WCAP- 8831I(Non-Proprietary) Pctober, 1976.
20. Jarecic, S. J., Coslow, B. J., Ell~is, A. Z., and M'iller, R.,B., "Seismic Operability Demonstration Testing of the Foxbcy.':S-Line Series Process Instrumentation Systent Bistables,"WCAJP- 8849 (Non-Proprietary) NOvembe-r, 19 76.

tl7)/7t

22. WdCAP-8667 $,/env'29 ,"' eiQt/ic4:
Tes-i k'o/ '~Aýe -2/ P)-oCeSs rdc/ 6 -

Te5 ý kvelpo.Jý fap'e- Z( Proce5s; I't-oleclie4 -ys/err yt)

3.10-9
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TABLE 3.10-2

QUALIFICATION OF INSTRUMENTATION AND CONTROL'EQUIPMENT

Equipme nt

Reactor Trip and
Bypass Breakers

Solid State Pro-
tection System

APro ce ss. ;st--me
System

Nuclear Instrument'
.System

Neutron Detectors

Process Transmit-
ters

Qual.ification
Method*

1&3 testing

1 & 2 testing

3
-1--2testing

1 &2 testing

1 testing

1 & 2 testing

St~andard .to
Which Qualiffied*

Organization
Performance

Te_-ting/Analysi!
and Date of
CowDlet ion

Westinghouse

Westinghouse

Westinghouse

Westinghouse

Westinghouse

West inghouse

ConainentPressure

Solid State Pro-
tection System
Output Relays

Engineered Safe-
guards Test
Cabinets

..Control Room
Panels

1 & 2 testing
Westitghouse

1 testing
Westinghouse

1 & 4~ testing
and analysis Westinghouse

-Safety Syste-m Stat us
Monitoring System

Post Accident -
Monitoring System

Post Accident
Monitoring Recorders

1 & 2 testing
Westinghouse

2 & 5 Testing -Westinghouse I 45

Revised by Amendment 45
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14.2.3.5 Instrum'entation ADplications

Instrumentation for determining* reactor coolant average tern-
perat ure (T g) is provided to create demand signals for.
moving grou~s of full length rod cluster control assemblies to
provide load follow (determined as a function of turbine im-
pulse pressure) during normal operation and to counteract
operational transients. The hot and cold leg resistance tem-
perature detectors (RTD's) are described in Section 729 RCrlc r/t00 nzbyp s;/lo:s The location of the RTD's in
ea~ opi hw ntefo diagrams in Chapter 5. The
Reactor Control System which controls the reactor coolant
average temperature by regulation of control rod bank position.is described in Section 7.3.

Rod position indication instrumentation is pzoviaed to sense
theactual Dostjion of each control rod (uý 1 rffigh As /e

so that the actual position of the individual
rod may be displayed to the operator. Signals are also sup-
plied by this'system as input to the rod deviation comparator.
The rod position indication system is described in Chapter 7.

The reactor makeup control system whose functions are to per-mit adjustment of the reactor coolant boron concentration for
reactivity control (as well to maintain the desired operating
fluid inventory in the volume control tank), consists of a
group of instruments arranged to provide a manually pre-
selected makeup composition that is borated or diluted as
required to the charging pump suction header or the volume
control tank. This system, as well as other systems including
boron sampling provisions that are part of the Chemical and
Volume Control System, are described in Section 9.3.

When the reactor is critical., the normal indication of reactiv-
ity status- in. the core: is the position of the control bank in
relation to reactor power (as indicated by the Reactor Coolant

* System loop AT) and coolant average temperature. These para-
meters are used to calculate insertion limits for the control
'banks to give warning to the operator of excessive rod inser-
tion. Monitoring of the neutron flux for various phases of
.reactor power operation as well as of core loading, shutdown,
startup, and refueling is by means of the Nuclear Instrumenta-
tion System. The monitoring functions and readout and indica-
tion characteristics for the following means of monitoring re-
activity are included in the discussion on safety related dis-
play instrumentation in Section 7.5:

1. Nuclear Instrumentation System

2. Temperature Indicators

a. T average (Measured)
b. AT (Measured)
c. Auctioneered T average
d. T reference

14. 2-66
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AMENDMENT 62

relief valves are designed to limit the Pressurizer pressure to a value
below the high pressure trip setpoint for all design transients up to and
including the design percentage step load decrease with steam dump but
without reactor trip.

Isolated output signals from the pressurizer pressure protection channels
are used for pressure control. These are used to control pressurizer
spray and heaters and power-operated relief valves. Pressurizer pressure
is sensed by fast response pressure transmitters with a t~ime response of
better than 0.2 seconds.

In the event of a complete loss of heat sink, e.g., no steam flow to the
turbine, protection of the RCS against overpressure is afforded by
pressurizer and steam generator safety valves along with any of the
following reactor trip functions:

1. Reactor trip on turbine trip (if the turbine is tripped)
2.ý High pressurizer pressure reactor trip
'3. Overtemperature A~T reactor trip
4. Low feedwater flow reaetor trip or

4 -5S-. Low-low steam generator water level reactor trip

The ASME Code pressure limit is 110 percent of the 2485 psig design
pressure. This limit is not exceeded as discussed in reference [41. The
report describes in detail the pressure relief devices, location,
reliability, and sizing. Transient analysis data is provided for the
worst cases that require safety valve actuation as well as those cases
which do not.

A detailed functional description of the process equipment associated
with the high pressure trip is provided in reference [5].

The upper limit of overpressure protection is based upon the positive
surge of the reactor coolant produced as a result of turbine trip under
full load, 'i.e. a 100 percent load mismatch assuming that the core
continues to produce full power. The self-actuated safety valves are
sized on the basis of steam flow from the pressurizer-to accommodate this
surge at a setpoint of 2500 psia and a total accumulation of 3 percent.
The actual installed capacity of the safety valves is always greater than
the capacity calculated from the sizing analysis and is indicated so by
the ratio of safety valve flow to peak surge rate being greater than
1.0. Note that no credit is taken for the relief capability provided by
the power operated relief valves during this surge.

The RCS design and operating pressure together w~ith the-safety, power
relief and pressurizer spray valve setpoints and the protection system
setpoint pressures are listed in Table 5.2-7.

5.2-35
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3. If all reactor coolant pumps have stopped for more than 5 minutes'during C1plant heatup, and the-reactor coolant temperature is greater than thecharging and seal injection water temperature, do not attempt to restart
a pump unless a steam bubble is formed in the pressurizer. This
precaution will minimize the pressure transient when the pump is started
and the cold water previously injected by the charging pumps is
circulated through the warmer reactor coolant components. The steam
bubble will accommodate the resultant expansion as the cold water is
rapidly warmed.

4. If all reactor coolant pumps are stopped and the reactor coolant systemis being cooled down by the residual heat exchangers, a non-uniform
temperature distribution may occur in the reactor coolant loops.-Do notattempt to restart a reactor coolant pump unless a steam bubble is
formed in the pressurizer.

5. 'During plant cooldown, all steam generators should be connected to thesteam header to assure a uniform cooldown of the reactor coolant loops.

6. At least one reactor coolant pump must remain in service until the
reactor coolant temperature is reduced to 1600F.

These special precautions backup the normal operational mode of maximizingperiods of steam bubble operation so that cold overpressure transient
prevention or reduction is continued during periods of transitional
operations.

The specific plant configurations of ECCS testing and alignment will alsorequire procedures to prevent developing cold overpressurization transients.
During these limited periods of plant operation, the following procedures will
be followed:

1. To preclude inadvertent EGGS actuation during heatup and cooldown,

anrd wia low steamline pressure 1 -lo Ta g safety injection signalactuation logic at 490, ,Iow Permnissive P-1/ (-lree T4/e '1533).
2. During further cooldown, closure and power lockout of the accumulator

isolation valves and power lockout of the nonoperating charging pumpswill be performed at 1000 psig, 425*F RCS conditions, RCS pressure,
providing additional backup to step 1 above.

5.2-36c
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Section 6.2.4 of this FSAR~describes hot penetrations. The design of the
guard pipe portion of hot penetrations is such that any process pipe leakage
in the annulus is returned to the containment. All process piping which haspotential for annulus pressurization upon rupture is routed through hot
penetrations.

Inadvertent air return fan operation during normal operation opens the icecondenser lower inlet doors, which in turn, results in sounding an alarm inthe MCR. Even with a hypothetical situation in which the operator cannot shutoff the air return fan, the operator has the capability of opening an eight
inch vacuum relief line (Penetration x-80, Section 6.2.4) to relieve the net
.external design pressure.

The logic and control circuits of the containment spray system are such thatinadvertent containment spray would not take place with a single failure. Thespray pump must start and the isolation valve must open before there can beany spray. In addition, the Watts Ba 'r containment is so designed that even ifan inadvertent spray occurs, containment integrity is preserved without the-.use of a vacuum relief.

The containment spray system is-autom~atically actu~ated ~by a hi-hi containmentpressure signal from the sat protection systm/S S) Tprvn
Sinadvertent automatic actuat )i our one from each -p'rot'ectionset are processed through twoýckýcidence gates. Both coincidence gates arerequired to have at least two high inputs before the output relays, whichactuate the containment spray system, are energized. Separate output relaysare provided for the pump start logic and discharge valve open logic.Additional protection is provided by an interlock between the pump anddischarge valve, which requires the pump to be running before the discharge-

valve will automatically open.

FSAR Section 3.8 describes the 'structural design of the containment vessel.
The containment vessel is designed to withstand a net external pressure of 2.0.psi. The containment vessel is designed to withstand the maximum expected netexternal pressure in accoraance with ASME Boiler and Pressure and Vessel Code
Section III, paragraph NE-7116.

6.2.1.2 Primary Containment System Desirgn

The Containment consists of a Containment Vessel and a separate Reactor
Building enclosing an annulus. The Containment Vessel is a freestanding,welded steel structure with a vertical cylinder, hemispherical dome, and aflat circular base. The Reactor Building is a reinforced concrete structure
similar in shape to the Containment Vessel. The design of these structures is
described in Section -3.8:

The design internal pressure for the containment is 13.5 psig, and the design
,temperature is 250*F. The design basis leakage rate

6.2.1-3
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6.2.1.3.10 Steamline Break Inside Containment

Pipe Break Blowdowns -Spectra and Assumptions

A series of steam line breaks were analyzed to determine the most severe break
condition for containment temperature and pressure response. The f ollowing
assumptions were used in these analysis:

1. The following break types were evaluated:

a. Double-ended ruptures1 .occurring at the nozzle on one steam generator.

10oW slear(I h e-
b. The larges split break which will not generate the

e pressure signal for steamline isolation.

c. Small split breaks of 0.6, 0.35, and 0.1 square feet.
low. s~amjrAIre

2. Steam line isolation signals and feedwater linke isolation signals are
generated by either a t1w-t pressure signal or high-higA
c1 ontainment~res sureA 7ý An allowance of 7 -seconds is -used for steam

_'3':' lne is~oati~on including generation, processing, and delay of the isolation
signal and valve closure. An allowance of 8.seconds is used for feedwater

ýI line isolation-including generation, processing,,and-del-ay of-the isolation
signal and valve closure.

3. Failure of a diesel generator is assumed in all cases. This results in the
loss of one containment safeguards train.resulting in minimum heat removal
capability.

'Steam line flow restrictions in the stream generators limit the effective break
area of full double -ended pipe rupture to a-maximum of 1.4 square feet per
steam generator.

6.2.1-30a
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Containment isolation can be initiated by either of two signals, phasue'A and
phase 1.

Phase A signal is generated by either of the following:

1. Manual - Either of two momentary controls

2. Safety injection 'signal, generated by one-or sort of the
following

Lgbj 5ica ý orej:;7q-t A'44 11Aa. Hl i zs o-04J

A-r Low pressurizer pressure.

j~ T~ou*t of thr-e -Xigh contairment pressure

d e- Manual - Either of two fomentary controls.
Phase 3 signal Is generated by either of the following:

1. Manual - Two sets (two switches per set) - actuation of both switches isnecessary in either set for spray initiation.

2. !-A:o- Out Aff.r)igh -high containment pressure. miag.

eontintmwent thelaton phase A always exists if containmnt isolation phase Bexiss, henthephase B signal is initiated by j~touatic instrumentation.
en Is

Phase A containment isolation does not occur wherAphase B signal i#' initiatedmanually. The instrumentation circuits that generate both phase A and phase Bsignals are described in Chapter 7.

The Containment Isolation System provides for automatic, fast, and efficientclosure--of-.-those valves required to close for contaiment integrity followinga design basis event to minimi~ze the release of any radioactive material.Closure times for isolation valves araifncluded in Table 6.2.4-1.
6.2.4.2.1 Dsr etieet

Containment isolation barrier design includes the following requirements:

1. As a minimum, containment barriers are designed to ASME Section ITIClass 2 requirements. This design meets the requirements of RegulatoryGuide 1.26 for the Contairment

6.2.4-5
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The cold leg injectin a bioltdfo the RCS by closur-e of:their motr-rOPerated isolation valves. Since t~hes'e acc-ýuli-ors operate only
after considerable RCS pressu~re loss, the inj ection of pressurized nitrogenvia the cold legs is not considered a problem.

Inj ection Mode. After Loss of Primary Coolant
The injection mode of emargencv core cooling is iniia_ b te;aainjeccion signal (nSIV signal). This signalisau.dbynyote
following:Lsatkabyayo-h

I. Low Praszurizar-pressura

2. High, containment pressure

4 C Manual actuation

Operation of the ECCS during the injection mode is completely automatic.Refer to Figure 7.3-3 (Sheet 3) for complete sfafty7 injection logic andconro dqiagrms. athea safety injection signal in addition to activi.:±ng theES eupen ruoaic-lly initiates the follovin actions:
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6.3.5-Instrumentatiot Arolication

P P-0 e~ $5fr~'Instrumentati nn and associated4 A_&~4H"o9* and logic' channe ls employed
* for initiation of E1mergency Core Cooling System operation is.discussed in*Section 7.3. Thzis section describes the

instrumentation employed for monito.ring Emergen~cy Core Cooling
System components during normal plant operation and also Emer-
gcnicy Core Cooling System post accident operation. All alarms
are annunciated in the control room.

6 .3 .5.1 Temperat re Indication 52
* Residual Heat Exchaniter-Inlet Temperature

The fluid temperature at the inlet and outlet of each residual
heat exchanger is record~ed in the control room.

Refuelint Water Storage Tank tRYST) Temperature

Two temperature channels are provided to monitor the RIST tem--
perature. Both are indicated in theMain -Control Room.

526.3.5.2 Pressure Indication

Boron Iniection Tank Pressure

Boron injection tank pressure is indicated in the control room.
* A high pressure alarm is provided.

Safety Iniection Header Pressure

Safety injection pump discharge header pressure Is indicated in
the control room.

-Cold Lei Accumulator Pressure

Duplicate pressure channels are installed on each cold leg

6 .3-41
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* 6.5.3 Fission Product Cont rol Systems

6.5.3.1 Primary Containment

The-primary containment is designed to assure that an acceptable upper limit
leakage of radioactive material is not exceeded under design basis accident
conditions. For purposes of integrity, the primary containment is composed of
both the freestanding steel shell containment vessel and the containment
isolation system. This structure and system are directly relied upon -to
maintain containment integrity. The primary containment functional design is
described in Section 6.2.1.

Containment isolation can be initiated by either of two signals:
Phase A and Phase B.

Phase A signal is generated by either of the following:

1. Manual - Either of two mop(entary controls.

2. Safety injection signal'generated by one or more of the following:

a. L6W. •l4 Ae prefsctrve ;bI ~ys4rtr54011/iIe

Hhdifferontial pressure betweerr aiy ne-main steamn line and =_R ef

Lb. Low pressurizer pressure.

C. Tw %it ef thrcc nigh containment pressure sina

Manual - Either of two movientary controls

Phase B signal is generated by either of the following:

1. Manual - Two sets (two switches per set) - actuation of both switches
necessary in either set for spray initiation.

2. Twe eiat bf- fseur k'igh-high containment pressure si4gnaeI

Containment isolation Phase A exists if containment isolation Phase B exists,
when the Phase B signal is initiated by automatic instr~iaentation. Phase A
containment isolation does not occur when the Phase B signal is initiated
manually.. The instrumentation circuits that generate both Phase A and Phase B
signals are described in Section 7.1.2.1.2.

Containment purge syst'em isolation (containment purge lines only) can be
initiated by either of two signals:

1. Manual. - Phase A or B manual initiate
-SIS manual initiate

"2. Automatic- S15 auto-initiate
-High radiation (Train A or B sensor)
-High purge exhaust radiation (1 of 2 sensors).

6.5.11
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7.0 INSTRUM4ENTATION AND C0:"TROLs

7.1 INTRODUCTION

This chanter presents the various plant Ins rumentat~on andClontr"ol Systems by relatin~g the functional per-formance -equi-r*--m~ents, desicgn bases, system descriptions, desi:7n evaluaricns,and tests and inspections for each. The info.rmation nrc videdin this chapter emphasizes those instruments and associatedequIpment, which constitute the protection system as d~ef-ined inIEEStd. 279-1971 'tIEEE Standard: Criteria for Protec:iLonSystems for Nuclear Power 0nrtn Sain.

The prrmary purpose of the Innstrumentation and4 Contrc-I Syzis to provide automatic protection against unsafe nrnd :*--.:,r!oze:,
- e.c-or ooeration during steady state and transient power c~:-.rations (Conditions 1, !1, 111) and to provide initiating S~~.to rnitilate the consequences of faulted conditos(ndio
.IV). For a discussion of the four conditions see Chapter '15.The informnation presented in this chapter eMphasizes those In-strunientation and Control Systems which are essential toassu:,'in;_ that the reactor can be-operated to produce power in aMaoc~r thatLl insuren no undue risk to the health and safety ofthe public.

it, iý; shown tChat the applicable criteria and codes, such, as the-General Design Criteria and IEPEE 5tandards, concerned wit tesafe Eenerat'ion of nuclear power are met by these system"s'.

Definitions

The definitions below establish the meaning- of words in -.hecontext of their use in Chapter 7.
Channel -,An arrangement. of-components and modulesAas r~r~to generate a single protective action signal when reur',-r--.a p lant condition. A channel loses its identity whereaction sisnal:; are combined.

DNBIR - (Departure from Nucleatie. Roilin,' Ratio) -The ratio ofthe critical heat flux (defined as the transition from nucleatc'_boiling to film boiling) to the actual local heat flux.

Modult: - An.* as3rý-mh)y of interconnecte~d- components whichý- conoti-tutrn: an idpritifiable device,,inztrument, or piece of" equip-ment. A modulo can be disconriect-ed, ro2moved as a unit, andreplace-I with a spare. It has de.finable performance charac-teristics which permit it to be tested as a unit. A modulecould be a card or other subassembly of a larger device, pro,-vided it meets the requirements of this definition.

S7.1/1
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** Software -,.The entire ~set of programs, procedures, and
related documentation associated with a system, especially a
computer system.
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accuracy, which means reference accuracy or the accuracy of
that,.-device .at reference operating conditions: "Reference
accuracy includes conformity, hysteresis and repeatability." To
adequately define the accuracy of a system, the term reproduci-
*bility-is useful as it covers normal operating conditions. The
following terms, 11trip, accuracy," etc., will then include, con-
formity and reproducibility under normal operating conditions.)Where t-he final result does not have to conform to an act4ual
process variable but is related to another value established by
testing, conformity may be eliminated, and the term reproduci-'
bilitCy may be substituted for accuracy.

Readout Devices -For consistency the final device of a com-
plete channel is considered a readout device. This includes
indicators, recorders, isolators (nonadjustable) and control-
lers.

Channel Accuracy - This definition includes accuracy of primary
element, transmitter and rack modules. It does not include
readout devices or rack environmental effects, but does include

prbcss ad eviromenal effects on field mounted hardware.
Rack e-Yrvironmental effects are included-in the next two defini-
tions to avoid duplication due to dual inputs.

Indicated and/or Recorded Accuracy - This definition includes
channel accuracy., accuracy of readout devices and rack environ-
mental effects.

Trip Accuracy - This definition includes comparator accuracy,
channel accuracy for each input,, and rack environmental effects.
This 'Is the tolerance expressed in process terms (or percent. of
span) within which the complete channel must perform its in-
tended trip function. -This includes all instrument errors but
no-process effects such as streaming. The term "actuation
accuracy" may be used where the wordtltrip"t might cause con-
fusion (for example., when-starting pumps and other equipment).

Actuation Accuracy - Synonymous with trip accuracy, but used.....where the word "trip" may cause ambi~kity.

Cold Shutdown - The reactor is in the cold shutdown condition
when the reactor is suberitical by at least 1 percent delta k/k
and T(avg) is <2000 F with T(avg) defined as the average tempera-ture across a reactor vessel as measured by tuhe hot and cold
leg temperature detectors.

_) Hot Shutdown Condition - When the reactor is subcritical by anamount greater than or equal to the margin to be specifIied inthe applicable technical specification and T(avg) is greater

7.1-3
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P than or equal to the temperature to be specified in the
applicable technical specification.

Phase A Contiainsent Ilsolat ion -Closure of all nonessential
ýOrocess lines which penetrate containment initiated by the safety
ujection signal.

Phase B Containment Isolati-on - Closure of remaining process
lines, initiated by containment Hi-Hi pressure signal (processlines do not include Engineered Safety Features lines).

;vstem Res-Donse Times

Reactor Trip System Response Tim

The time delays are defined as the time required for the reactortrip (i.e., the time the rods are free and begin to fill) to beinitiated following a step change in the-variable being monitored,from *at least 5 percent below (or above) to at least 5 percent 145above (or below) the trip setpoint.-

Enrineered Safety Features Actuation System Re-s-onse Time

The interval required for the Engineered Safety Features sequenceRto be initiated subsequent to the point in time that theappropriate variable(s) exceed set-points. The response timeincludes sensor.'Vvo*upp& (analog) and~l~.Jjit) delay.
Y~'e/Normal Oioeratint Conditin - For this" F~~t, these conditions

cover all normal process temperature and pressure changes. Alsoincluded are ambient temperature changes around the transmitters
and racks.

ýControl Accuracy .- This definition includes channel accuracy,accuracy of readout devices (isolator, controller), and rackenvironmental effects. There an isolator separates control andp~rotection signals, the isolator a~ccurcoy is added to the channelaccuracy to determine control accuracy, but credit is taken forzuning beyond this point; i.e., the accuracy of these modules(excluding controllers) is included in the original channelac:curacy. It is simply defined as the accuracy of the controlsignal in percent of the span of that signal. This will theninclude gain changes where the control span is different from thespan of the measured variable. There. controllers are involved,
the control span is the input span of the controller. No e rroris included for the time in which the system is in a non-steady-
state cond-ition.

7.1.1 Identification of Safety-Related Systems

S7.1.1.1 Safety-Related Systems

The Nuclear Steam Supply. System, (NSSS) instrumentation required

7.1-4
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to 'function to achieve the system responses assumed in the safety evaluations
and those ne 'eded to shut down the plant are given in this section. Safetyrelated systems are identified in Table 1.7-1 and Table 7.1-2 and comnpared tosimilar operati.ng plants in Section 1.3.( S af t y relate instrume ation ch nels ar proceessed ith both nalog addi ital modu ees. Id~en fication of which ype of mo ules (ana og or di ital)X ed Fto pr eess e~ach otecti5 instrume tation ch el is p vjded i Table'
.1-3.

7.1.1.1.1 Reactor Trip System

The Reactor Trip System is a functionally defined system described in Section7.2. The equipment which provides the trip functions is identified anddiscussed in Section 7.2. Design bases for the Reactor Trip System are givenin Section 7.1.2.1. Figure 7.1-1 includes a block diagram of this system. J~
7.1.1.1.2 Engineered Safety Features Actuation System

*.The Engineered Safety Features Actuation System is a functionally-definedsystem described in Section 7.3.' The equipment which provides-the actuationfunctions is identified and discussed in Section 7.3. Design bases for theEngineered Safety Features Actuation System are given in Section 7.1.2.1.

7.1.1.1.3 Vital Instrumentation and Control Power Supply System

Design bases for the Vital Control Power Supply System are given in Section7.1.2.1. Further description of the system is provided in Section 8.3.

7.1.1.1.4 Auxiliary Control Air System

The Auxiliary Control Air System supplies essential control air tosafety.-related.equipment such as the auxili~ary-feedwater control valves;dampers in the Auxiliary Building Gas Treatment System and the Emergency GasTreatment System; and the ControlBuilding HVAC System. Further description ofthe system is given in Section 9.3.1.

7.1.1.2 Safety-Related Display Instrumentation

The Post Accident Monitoring System (PAM) provides essential informationrequired by the operator to diagnose and monitor significant accidentconditions. The accident-monitoring instrumentation is designed with redundantchannels so that a single failure does not prevent the operator fromdetermi.ning the nature of an accident, the functioning of the engineeredsafety features, the need for operator action, and the response of the plantto the safety measures in operation. This system is described in Section 7.5.

All other safety-related display instrumentation is discussed in Section 7.5.

The Bypassed and Inoperable Status Indication System (BISI) does not perform asafety function, nor do administrative procedures call for immediate

7.1-5
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operator action based solely on BISI indication. The BISI equipment is
isolated from the associated safety-related equipment so as to preclude any

.".abnormal or normal action of the BISI from preventing the performance of a
safety function. The BISI is described in detail in Section 7.7.

7.1.1.3 Instrumentation and Control System Designers

All systems discussed in Chapter 7 have definitive functional requirements
developed on the basis of the Westinghouse NSSS design. TVA is responsible for
the total design of the WEN instrumentation and controls systems. The RI'S,
ESFAS, and SSPS are generally the instrumentation and controls systems within
the scope of the Westinghouse supply. Figure 7.2-1 (Sheets 1 through 3) shows
the logic for the Reactor Protection System.

7.1.1.4 Plant Comparison

System functions for all systems discussed in Chapter 7 are similar to those
of Sequoyah Nuclear Plant. Detailed comparison is provided in Section 1.3.

7.1.2 Identification of Safety Criteria

Section 7.1.2.1 gives design bases for the systems given in Section 7.1.1.1,
except for the Auxiliary Control Air System which is described in Section

which describe the systems. Conservative considerations for instrument errors
are included in the accident analyses presented in Chapter 15. Functional
requirements, developed on the basis of the results of the accident analyses,
which have utilized conservative assumptions and parameters are used in
designing these systems and a preoperational testing program verifies the
adequacy of the design. Accuracies are given in Sections 7.2, 7.3 and 7.5.

The documents listed below were considered in the design of the systems given
in.Section 7 '.1.1. In general,--the scope of-these documents-~is-given in-the-
document itself. This determines the systems or parts of syste'ms to which the
document is applicable. -A discussion of compliance with each document for
systems. in its scope is provided in the referenced sections.

Because some documents were issued after design and testing had been
completed, the equipment documentation may not meet the format requirements of
some standards. Table 7.1-1 and Notes 1 through 5 identify the degree of
conformance to applicable documents and justify exceptions. The documents
considered are:

1. "General Design Criteria for Nuclear Power Plants," Appendix A to Title 10
CFR Part 50, July 7, 1971. (See Sections 7.2, 7.3, 7.4, and 7.6).

oLnj 1-e 5a44l1 - Ke W~ed 1is-pa~yIi ~~IA ~~sih~
;n 5edJ,) 7. 5.

7.1-6
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2. *Regulatory Guide 1.11 -Instrument Lines Penetrating Primary ReactorContainment," Regulatory Guides for Water-Cooled Nuclear Power Plants,Division of Reactor Standards, Atomic Energy Commission.
3. "Regulatory Guide 1.22 -Periodic Testing of Protection System ActuationFunctions," Regulatory Guides for Water-Cooled Nuclear Power Plants,Division of Reactor Standards, Atomic Energy Commission. (See Table 7.1-1,Note 2).

4. Regulatory Guide 1.29 (Revision 1) "Seismic Design Classification,"Regulatory Guides for Water-Cooled Nuclear Power Plants," Directorate ofRegulatory Standards, Atomic Energy Commission.

5. The Institute of Electrical and Electronic Engineers, Inc., nIEEEStandard: Criteria for Protection Systems for Nuclear Power GeneratingStations," IEEE Standard 279-1971. (See Sections 7.2., 7.3, 7.6).
6. The Institute of Electrical and Electronic Engineers, Inc., *IEEE StandardCriteria for Class IE Electric Systems for Nuclear Paver.GeneratingStations,' IEEE Standard 308-1971.13

7. Thie Institute of Electrical and Electronic Engineers, Inc.,* IEEE Standardfor Electrical Penetration Assemblies in Containment Structures forNuclear Fueled Power Generating Stations," IEEE Standard 317.1971. (SeeSection 8.3.1.2.3)

8. The Institute of Electrical and Electronic Engineers, Inc., *IEEETrial-Use Standard: General Guide for Qualifying Class I ElectricEquipment for Nuclear Power Generating Stations,* IEEE Standard 323-1971..(See Table 7.1-1, Note 4).

f ~~The Institute of Electrical and Electronic Engineers, Inc.,* IEEE10Trial-Use Guide for Type Test.s of Continuous-Duty Class I Motors-InstalledInside the Containment of Nuclear Power Generating- Stations." IEEEStandard 334-1971. (See Section 8.3).

1.(r The Institute of Electrical and Electronic Engineers, Inc., *IEEE11 Standard Installation, Inspection, and Testing Requirements forInstrumentation and Electric Equipment During the Construction of j63Nuclear Power Generating Stations," IEEE Standard 336-1971. (See Chapter10).

W._1 The Inatitute of Electrical and Electronic Engineers, Inc., "IEEESTrial-Use Criteria for the Periodic Testing of Nuclear Power GeneratingStation Protection Systems," IEEE Standard 338-1971. (See Section7.3.2.2.5 and Table 7.1-1, Note 1).

7.1-7
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9. The Institute of Electrical and Electronic Engineers, Inc., "IEEE Sta ndard forQualifying Class I1-E, Equipment for Nuclear Power Generating Stations", IEEStd.323-1974.

Insert 2 to Page 7.1-7
13. IEEE-Std. 338-1987 "IEEE Standard Criteria for the Periodic Testing of NuclearPower Generating Station Safety Systems".
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The 'astitzt* of Electrical gad Electronic Ragizeers. lag...'IEE Trial-.Use Guide for Seismic Qualification of Class IElectric Equipment for Nuclear Power Generating Stations.,IEEE Staadard 344-1971. (See Section 3.10.)
The Institute of Electrical sad Electronic Engineers, Inc...'IEEE Trial-Use Guide for the, Application of the Single-Failure Criterion to Nuclear Power Geaerating StatioaProtection Systems.' IEEE Standard 379-1972. (See Table 7.1-1. Note 3)

'Regulatory Guide 1.53 - Application of the Sal-alrCriterion to Nuclear Power Plant Protection Systems,'Regulatory Gxides for later-Cooled Nuclear Power Plants,Division of Reactor Standards. Atomic Energy Commiusion.(So* Table 7.1-1. Note 3.)

Tetechnical design beane for the protection systome areprovided by lestiagkouse equipment IPecificatiems which considerthe functional requirements for these systems and applicablecriteria as identified ia Table 7.1-1.

7.1.2.1.1 Reactor Tri. Syvstem

The0 Reactor Trip System. ncte to limit the coasequemeeg ofCondition. 11 events (faults of moderate frequency snobh as lose offeedvater flow) by. at most. a ahutdows of the reactor &adturbine, with the plant capable of returning to oporatioa aftercorrective action. The Reactor Trip System features impose alimitiag boundary region to plant operation which easures thatthe reactor safety limits ajkalyzed is Chapter iS -are sct exceededduriag Condition 11 events aad that these events can boaccomm~odated withou: developiag into more saver* conditions. 152
The design requi~renotats for the Reactor Trip System are derivedby aaalyses of plaint operating the fault conditions whereautomatic rapid control rod insertion is accessary ia order toproveat or limit core or reactor coolant boundary damage. Thedesiga bases addressed In MEE Standard 279-1971 *are discussed iaSection 7.2.1. The design limits for this system are:
1. Niaimua DNBR shall not be less than 1.30 as a result of anyanticipited trasinslat or malfunction (Condition 11 faults).
2. Power duasity shall nct exceed the rated linear power densityfor Coaditioa 11 faults, See. Chapter 4 for fuel dtsigalimits.
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15 7nTe Institute Of Electrical and Electronic Engineers, Inc., 'EERecommended

Practices for.Seismic Qualification of Class 1-E Equipment for Nuclear Power
Generating Stations", S-td. 344-1q-75,
The Institute of Elect~rical and Electronic Engineers, Inc., "EERecommended/6 Practices for Seismic Qualification of Class 1-E Equipment for Nuclear Power
Generating Stations", IEEStd. 344-1987.

186 The Insritute of Electrical and Electronic Engineers, Inc., "IEEE Guide for General17 Principles of Reliability Analysis Of Nuclear Power Generating Station Protection
Systems," IEEE Std. 352-1975

Insert 4 to Page 7.1-8

/9~ The Institute of Electrical and Electronic Engineers, Inc. , "IEM Standard Applicat .ionof the Single Failure Criterion to Nuclear Power Generating Station Class lB
Systems," IEEE Std. 379-1988

2oJ~9 The Institute of Electrical and Electrnic Engineers, n. I tnadCiei o
Independence of Class lE Equipment and Circuits, Inc, EE Stadar 384-1981o

21 .26CThe Institute of Electrical and Electrnic E~ngineers, Inc., "IEEE Standard Criteria foi'
Safet~y Systems for Nuclear Power Generating Stations, IEEE Std. 603-1980

Insert: to Page 7.1-8

Reltr Guide .2 eray17 Proi etn fPooto Sy-stoem
A~.atjn Fnctons(Safty Guide 22)

2.Reguaktory Guide 1.29, SetTtcmber- 19:78 "SGeismicL4 Desi8 Casfition

-23 24CV Regulatory Guide 1.47, May 1973 "Bypassed and Inoperable Status Indication for
Nuclear Power Plant safety Systems-

Nuclear- Power Plant Pretteewdtion Systefms" AU

Z 4- -.26' Regulatory Guide 1.75, September 1978 "Physical independence of Electrical
Systemsn

-5-1T Regulatory Guide 1.89, November 1974 "Qualification of Class lB Bqui~ment for
Nuclear Power Plants"

2Z6 29' Regulatory Guide 1.97, December 1980 "Instrumentation for Light-Water Cooled
Nuclear Power Plants to Assess Plant Conditions D~uring and Following an Accident"'
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Z 72 Re0gulatory Guide 1.-100, August 1977 "Seismic Qaiiai~ fEetia qimnfor Nuclear Power plants". alfatoofEerilEqpmn

~ 0. Regulatory Guide 1.i105, Novemb~er 1976 "Instrument Setpoints".
2-9 3-at Regulatory Guide 1. 118, June 1978 "Periodic Testing of Electric power andProtection Systems',.

3o.~ Regulatory Guide 1.153, December 1985 "Criteria For Power, Instrumen .tation andControl Portions Of Safety Systems".

-Regulatory Guide 1.153 endorses the guidance of EEEE-stcl. 603-1980.
31 .. 33 ANSI/IIEEE.ANS.7-.4

3 .2. 19 82 "Application Criteria for programmable DigitalComputer Systems in Safety Systems of Nuclear Power Generating Stations.
-ANSL'IEEE..ANS..7-

4.3 .2 1982 - expands and amplfies the zMquiremen~ oflREE-Std. 603-1980. t
32-34- Regulatory Guide 1.152, November 1985 "Criteria for Programmab~le DigitalComputer System Software in Safety-RelatedI Systems in Nuclear Plants*,

-Regulatory Guide 1.152 endorses the guidance of ANSL'1EEEANSI-7
4.3.2 1 982 .
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incudng llPermissivesand blocks. All blocks of apogtvfunction are automatically cleared whenever the protectivefunction would be required to function in accordance with GeneralDesign ^riteria 20, 21, and 22, and Paragraphs 4.11, 4.12, and4.13 of IEEE Standard 279-1971. Control interlocks-(C) areidentified on Table 7.7-1. Because control interlocks are notsafety related, they have not been specifiic4aly designed to meet _
the requirements of IEEE Protection System Standards.

Bypasses are designed to meet the requirements of IEEE 279-1971,Sections 4.11, 4.12 ., 4.13 and 4.14. A discussion of by-passesprovided is given in Sections 7.2 and 7.3.

7.1.2.1.7 Egniiome-nt ProteQction

The criteria for equipment protection are given in Chapter 3.Equipment related to safe operation of the plant is designed,constructed and installed to protect it from damage. This isaccomplished by working to accepted standards and criteria aimedat providing reliable instrumentation which is available undervarying conditions. As an example, certain equipment is
seismically qualified in accordance with IEEE 344-1971.' Duringconstruction, independence and separation are achieved, asrequired by IEEE 279-1971, either by barriers or physicalseparation. This serves to protect against complete destructionof a system by fires, missiles or other natural hazards.

7.1.2.1.8 iesit

Functional diversity has been designed into the system.Generally, two or more diverse -protecti-on functions wouldautomatically terminate an accident before unacceptableconsequences could occur.

For example, there are automatic reactor trips based upon nuclearflux measurements, reactor coolant loop temperature and flowmeasurements, pressurizer pressure and level measurements,reactor coolant pump under frequency and under voltagemeasurements, 'and ste-am generator water levelmeasurements, as well as manually, and by initiation of a safetyinj ection signal..

Regarding the Engineered Safety Features Actuation System for aloss-of-coolant accident, a safety injection signal can beobtained manually or by automatic initiati on from two diverseparame ter measurements.

1. Low pressurizer pressure

7.1-11
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5cr o-wam breek aee:idSnn- =^41 =t-Vlnn' -4 -%4-

2. ;;:51i It: dir -if.r'err" a

9f : the s~~ oe'o u~~~ae~'~dn idpyi:

IN5ER .T" 7 .1. 2. 1.9 *.~'Trip SCtDOints

Tht. ole.3gn O.f the Reactor Protection and Engineered Safety
aturers Systems is such that the .444-- trip setpoints dono require process transmitters to operate within 5 perc o 'f

the hh ar,. low end of their calibrated span or range. unc-
tic.rnal equi~remnents established for every channel in e Reac-tor, ?rote--iorn and Engineered Safety Features Syste sstipulate
"Lh !%aximum , ilowable errors on a-ccuracy,, linear y, and repro-
ducibility. e protection channels .have the pability forancd a're tested t ascertain that the charac ristics throughout
t.hc- entire span in 11 aspects are accep ble and meet func-tionial requircmnents s cifications. a result no proteto
chann!d, operates normal ' within 5' rcent of the limits of its
specified span.

In zhis regard, it should b no d that the specific functional
requirement-s for-respons ime, s -oints, and opera~ting' spanare dctermiritd from t results and aluation of safety studies
.týbe carried, ot u ng, data pertinent the plant. EmphasM~

'is p.iaced on &s't ishing adequate perfor 'nce requirements
under both n~l. 1 and faulted conditionS. s will includeconniderati of process transmitters margins s h that even
under, a h .hly improbable situation of full power eration atthe i11 s of the operating map (as defined by the h h and louw
pre-z re reactor trip, A~T overpower and overt~emperatur trip
.lir.-s (DR.B protection). and the steam generator safety va e

essure setpoi.Dt) that adequate instrument response is ava -
able to ensure plant safety.

7.1.2.2 Indeoendence of Redundant Safety-Re lated Systems

ThL'e safetyý-related systems in Section 7.1.1.1 are designed toMeet-the independence and separation requirements of criterion
22 of the 1971 General Design Criteria and Paragraph 4i.6 of
IEEE 279-1971. The administrative responsibility and control
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The Reactor Protection.System trip setpoints have been
selected to ensure that core damage and loss of integrity of
the Reactor Coolant System are prevented during anticipated
operational events. These setpoints were analytically
determined in accordance with the methodology described in
Reference 6. Both the nominal and limiting settings have been
incorporated into the Technical Specifications. Nominal
settings are more conservative than the limiting setpoints.
This allows for measurement and calibration uncertainties and
instrument channel drift which may occur between periodic
tests without exceeding the limiting setpoints.
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provided during th~e design and installation 'is discussed in Chapter 17 whichaddresses the Quality Assurance programs applied by Westingfiouse and TVA.

The electrical-power supply instrumentation and control conductors forredundant circuits of a nuclear plant have physical separation including PAMCategory I and protection set I, II, III and IV instrumentation and'control.Their cables are run in separate raceways to preserve divisional integrity andto ensure, that no single credible event will prevent operation of theassociated function due to electrical conductor damage. Detailed informationpertaining to electrical cable for safety-related systems is given in Section8.3.1.4. Critical circuits and functions include: power,--control, andP rocesx protection lp~wr-z~menetti~ni channels associated with the operations of theReactor Trip System or Engineered Safety Features Actuation System. Credibleevents shall include, but not be limited to, the effects of short circuits,pipe rupture, missil'es, etc., and are considered in the 'basic plant design.Control board details are given in Section 7.7.1.10. In the control board,separation of redundant circuits is maintained as described in Section
7.1.2.2.2.

Instrument sensing lines (including capillary systems) which serve safety-related systems identif "ied in Section 7.1.1.1 are designed to meet theindependence requirements of criterion 22 of the 1971 General Design Criteriaand' IEEE 279-1971 Section 4.6. The requirements consider the followingevents: (1) normal activities in the area (e..g., maintenance); (2) high andmoderate energy jet streams, missiles, and pipe'whip; and (3) possible damagerncaused by-falling loads from the plant lifting systems (e.g., cranes,monorails)-. Exceptions to these requirements shall be evaluated for technicaladequacy and documented in Design Basis Documents.

7.1.2.2.1 General

1. Cables of redundant circuits are run in separate cable tray s, conduits,
ducts, penetrations, etc.

2. Circuits for nonredundant functions should be run in cable trays orconduit separated from those used for redundant circuits. Where thiscan not be accomplished, nonredundant circuits may be run in a cabletray, conduit, etc., assignedt 'to a redundant function. When so routed,it must remain with that particular redundant circuit routing and shallnot cros's over to other redundant groups.

3. Horizontal and vertical separation shall be maintained between cabletrays associated with redundant circuits.

4. Where it is impractical for reasons of equipment arrangement to provideseparate cable trays, cables of redundant circuits may be isolated byphysical barriers or be installed in separate metallic conduit or provensafe by test or analysis.

5. Power and control cables rated at 600V or below shall not be placed incable trays with cables rated above 600V.

6. Low-level type signal cables shall not be routed in cable trayscontaining power cables.. 'Higher level protection instrumentation analogand signal cables (above 100 mV) may be

7.1-13
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routed in the same tray with control cables if a tray .barrier isp ~provided between cables. (

7.1.2.2.2 Specific Systems

Channel independence is carried throughout the system, extending from the
sensor through to the devices actuating the protective function. Physical
separation is used to achieve separation of.redundant transmitters.
Separation of wiring is achieved using separate wireways,.cable trays, conduit

Truns. and containment penetrations for each redundant channel. Each redundant
channel is energized from a separate ac power feed.

Within the p tection inst ent channe ,there are four separate sets of
protection annel racks. Redundant i trumentatia channels are separated by
locating mo ules of redun t instrume t channels n different potection
channel r ks. Separati nn of redun t channels egins; at the ensors and is
maintain in the fiel wiring, con inment pene rations, and rotection
channel acks. .Since 11 modules d componen within any e of the four
racks re-associated ithh aa singl protecto hannel, ther is no necessity
for s Maration of i'n mdul an:o ns within ch rack.

In the Nuclear Instrumentation SystemPocc:Pototý Irtucna-o
-Rarc1ý and the Solid State Protection System4 laa G9' racks where redundant
channels of protection instrumentation are physically adjacent, there are no
wireways or cable penetrations which would permit, for example, a fire
resulting'from electrical failure in one channel to propagate into redundant
channels in-the logic racks. Redun t~protec io int en t atEio n- "'nn 1 ýI els
are se arated b locating edund~n modules :tcdiffere' racks. S* ce all iequip ent withi any rac is asso ated wt a single rotection et, there is
no r quireme for sepa tion of iring an componen s within t rack7.

Independence of the logic trains is discussed in Sections 7.2 and 7.3. Two
reactor trip breakers are actuated by two separate logic matrices whi-ch.
interrupt power to the control rod drive mechanisms. The breaker main
contacts are connected in series with the power supply so that opening either
breaker interrupts power to all full-length control rod drive mechanisms,
permitting the rods to free fall into the core.

1. Reactor Trip System

a. Separate routing. is maintained between the four Reactor Trip System
lnctrumotaton channels, including the sensor signals, -bis~eeble-
inls, and associated power supplies. AcornparcLfor

ýSýMes~spt.c~eclie~h

7.1-14-
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Insert 7 to Page 7.1-14

Within the process protection system there are-four separate
protection channel sets. Redundant protection channels are
separated by locating the processing electronics of the
redundant channels in different protection channel rack sets.
Separation of redundant channels begins at the sensors and is
maintained in the field wiring, containment penetrations, and
process protection channel racks. Thus any single failure
within a channel will not prevent initiation of a required
protection system action.
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b. Separate routing of the reactor trip signals from the two redundant

logic system cabinets is maintained. In iddition; they are separated

(by spatial separation, by provision of barrier, or by separate cable

trays or wireways) from the four protection instrumentation channels.

2. Engineered Safety Features Actuation System
pr-oces~s prc~ec-iov' ~ Urpal-a4ok

a. Separate routing is maintained for the fou "rednansesoEF
Actuation System inztinanntat-ion channels, keab.-output signals
and power supplies for such systems. The separation of these four
channel sets is maintained from sensors through inztrrm-nt racks a"~
to logic system cabinets. py~oce%" rhcir
tred.ndani eand irvdepetrSemn proieclkon

b. Separate routing of the ESF actuation signals from the two redundant
logic system cabinets is maintainied. The ESF actuation signals are
also separated from the four protection itrmnatizon- channels.

ApocesS
c. Separate routing of redundant control and power circuits associated

with the operation of engineered safety features equipment is
required to retain redundancies provided in the system design and
power supplies.

.3. Vital Control Power Supply System

The separation criteria presented above also apply to the power supplies
for the load centers and buses distributing power to redundant
components and to the control of these power supplies.

4. Control Board

Control board switches and associated lights are generally furnished in
modules. Modules provide a degree of physical protection for the
switches, associated lights and wiring. Teflon wire is used within the
module and between the module -and, the -f irst termination -point.

Modular, train column wiring is formed into wire bundles and carried to
metal wireways (gutters). Gutters are run into metal vertical wireways
(risers).. The risers are the interface between field wiring and control
board wiring. Risers are arranged to maintain the separated routing of
the field cable trays.

Certain wiring within control boards has been designed.'and installed to
maintain physical independence. Design features include enclosed
modular switches, metal wireways, use of cable rated at 600V-200'C
temperature rating and with noncombustible insulation of teflon type E
or K per

7.1-15
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.MIL-W-16878 and metallic woven braid applied to the outer jacket of

critcalwires., PVC type tubing (Ty-gon) has~been used in some
installations to insulate up to approximately 6 inches of-the drain wire
where signal cable is broken out to terminate the cable at termination
points.

'Figure 7.1-2 shows the details of the control boards critical wiring
braid installation. Wiring for each train is routed from the field to
separate vertical risers, separated horizontally in enclosed horizontal
wireways, and then routed from the wireway to the enclosed switch module
in metallic braid. Maximum air space between cables of different trains
has been maintained and in no case do cables from different trains touch
nor can they migrate with time to touch.

In order to maintain separation bet~een wiring associated with different
logic trains, mutually redundant safety train wiring is not terminated
on a single device. Backup manual actuation switches link the separate
trains by mechanical means to provide greater reliability of operator
action for the manual reactor trip function and manual Engineered Safety
Features actuations. The linked switches are themselves-redundant so
that operation of either set of linked switches will actuate safety
trains "A" and "B" simultaneously.

Safety-related indicators, e.g., postaccident monitoring indicators are
separated by metallic barrier plates and/or air separation. Teflon wire
is used between the indicators and the first termination point. The
wire routing method is similar to that used for the modules.

Reactor Trip System and Engineered Safety Features Actuation System p)-oceisi Pmre o~t,~
2.nzrumntai~nchannels may be roiuited in the same wireways provided circuits

have the same power supply and channel set identity (I, II, III or IV).

7.1.2.2.3 Fire Protection

Details of fire protection are provided in Section 9.5.1.

7.1.2.3 Physical identification of Safety-Related Equipment
-procesf-

There are four separate sets af,(protection channels racks identifiable with
equipment associated with the Reactor Trip System and with the Engineered

procesxSafety Features Actuation System. A~,protection channel set may consist of
more than one instrumentation rack. The color coding of each instrumentation
rack nameplate coincides with the color code established for the protection
instrumentation channel of which it is a part. Redundant-channels are
separated by locating them in different protection channel racks. Separation
of redundant channels begins at the process sensors and is maintained in the
field wiring, containment penetrations, and equa4.pm-e-n racks to the

k1proces-s prD+echOr%
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Oredundant trains in the-logic racks. The Solid State Protection Sy stem input

.cabinets-are divided into four isolated compartments, each serving one of the
four redundant :9i~channels. Horizontal 1/8-inch thick solid steel
barriers, coated with fire-retardant paint, separate the compartments.. Four

-'solid steel wireways, coated withf fire- retardant paint enter the input cabinets
vertically. The wireway for a particular compartment is open into that
compartment so that flame could not propagate to affect other channels. At
the logic racks the protection set color coding for redundant channels is
clearly maintained until the channel loses its identity in the redundant logic
trains. The color-coded nameplates described below provide identification of
equipment associated with protective functions and their channel set
association.

Protection Set Rd Color Cod Iing

I -&4&ea- with white lettering
II Black with white lettering
III Blue with white lettering

IV Yellow with black lettering

ýPost Accident, Monitoring and train-oriented modules are identified as follows:

Color

Train A Orange and white

Train B Brown and White
Special' Gold and Black

Postaccident Monitoring Channel 1 Purple and White
Postaccident Monitoring Channel.2 Green and Black

Nondivisional White and Black
(Nonsafety- related)

Normal, Offsite PWR Supply White-and Black
Alt Offsite PWR Supply White and Black

All nonrack-mounted protective equipment and components are provided with an
identification tag or nameplate. Small electrical components such as relays
have nameplates on the enclosure which houses them. All cables are numberedJ with identification tags. In congested areas, such as under or over the
control boards, instrument racks, etc., cable trays and conduits containing
redundant circuits,,hall be. identified using permanent markings. The purpose
of such markings, discussed in detail Section 8.3.1.4, is to facilitate cable
routing identification for future modification~or additions. Positive
permanent identification of field routed cables gl~a~llbe nameplates on the) input panels of the solid state logic protection system.tý., pp-ovIeJ £,V

;ý.The circuits requiring special separations are suffix S and described in
SSection 8.3.1.4.3.

7. 1-17
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W. 1 C. Gaugloff and W. D. Luftus, 'An Evaluation of SolidState Logic Reactor Protection in Anticipated Transients, 52
-WCAP776.L July 1971, (Westinghouse ?4ES Proprietary), and J5WCAP-7706, July 1971.

a.T. W. T. Burnett. 'Reactor Protection System Diversity inWesting~house Pressurized Water Reactors.' ICAP-7306,'April 1969.

3. D. N. Kratz, Solid State Logic Protection System Description,WCAP-7672, June 1971.
4. W. C. Gansloff, 'An Evaluation of Anti cipated OperationalTransient in Westinghouse Pressurized Water Reactors,' ICAP-

7 486-L, December 1970, (Westinghouse NES Proprietary), and 152ICAP-7486, Nay 1971.
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Erin, L. E., "Topical.Report Eagle 21 Microprocessor-Based
,-,Process---Protection System, '" WCAP-12374, Rev. 1, December
1991 (Westinghouse Proprietary Class 2); WCAP-12375,
Rev. 1, December 1991 (Westinghouse Proprietary Class 3).

6. Reagan, J. R., "Westinghouse Setpoint Methodology for
Protection Systems, Watts Bar Units 1 and 2, Eagle 21
Version, "WCAP-12096, Rev. 5 (Westinghouse Proprietary
Class 2).

5.

10794 PKG



WBNP -6 9

TABLE 7.1-1 0 9 K

WATTS BAR NUCLEAR PLN
NRC REGULATORY GUIDE COFRSC

The. extent to which the recommendations of the applicable NRC regul atoryguides and IEEE standards are followed for the class IE instrumentation andcontrol systems is shown below. The symbol (F) indicates full compliance.Those which are not fully implemented are discussed in the referenced sectionsof the FSAR and in the footnotes as indicated.

Regulatory Guide 1.11, "Instrument Lines Penetrating Primary Containment" (F)
Regulatory Guide 1.22, "Periodic Testing of Protection System ActuationFunctions" (F, see note 2)

Regulatory Guide 1.29, *Seismic Design ClassificationO (F)
Regulatory Guide 1.30, "Quality Assurance Requirements for the Installation,Inspection, and Testing of Instrumentation and Electric Equipment" (F)
Regulatory Guide 1.40, "Qualification Tests of Continuous Duty MotorsInstalled-Inside the Containment of Water-cooled Nuclear Power Plants (F
Regulatory Guide 1.45, "Reactor Coolant Pressure Boundary Leakage Detectionsystems" (F, See Note 7)

Regulatory Guide 1.47, 'Bypassed and Inoperable Status Indication for NuclearP Power Plant Safety Systems" (F see note 5)

Regulatory Guide 1.53, "Application of the Single Failure Criterion to NuclearPower Plant Protection Systems* (F see note 3)

Regulatory Guide 1.62, *Manual Initiation of Protective Actions* (F)
Regulatory Guide 1.63, "Electrical Penetration Assemblies in ContainmentStructures for Water-Cooled Nuclear Power Plants" (See Watts Bar FSAJ. Section8.1 for compliance)

Regulatory Guide 1.68, "Preoperational and Initial Startup Test Program forWater-Cooled Power Reactors= (See Table 14.2-3)

Regulatory Guide 1.73, 'Qualification Tests for Electric Valve Operators.Installed Inside the Containment of Nuclear Power Plant.,' (F
Regulatory Guide 1.75, 'Physical Independence of Electric Syxtems* (See WattsBar FSAR Sections 7.1.2.2, 7.1.2.3, 8.3.1.4, 8.3.2.4, and 8.3.2.5 forcompliance)

Regulatory Guide 1.79, (ECCS Testing) See Section 6.3.4

Regulatory Guide 1.80, "Preoperational Testing of Instrument Air Systems' (F)
Regulatory Guide 1.89, "Environmental Qualification of Certain ElectricalPEquipment Important to Safety for Nuclear Power Plants' (See note 4)

Sheet 1of 5
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Regulatory Guide 1.97, December 1980 'Instrumentation for Light-Water Cooled NuclearPower Plants to Assess Plant Conditions Duringcni FloBar FSAP •5ec/;oy, 7-5). badFloing an Accident" (See VWails
Regulatory Guide 1. 100, August 1977 "Seismic Qualification of Electrical E-quimnfoNuclear Power plants-, (see Note 8). imn o

Regulatory Guide 1.105, November 1976 "Instrument setpoints- (See Note 8).
Re gulatory Guide 1.118, June 1978 "Periodic Testing of ElcrcPwradPoeto
Systems" (See Note 8). jcrcpwradPoeto

Regulatory Guide 1. 153, December 1985 "Criteria For Power, Instrumentation and ControlPortions of Safety Systems" (See Notes 8 and 9).

ANSLI/EEE-ANS-7-43.2-1982 "Application criteria for Programmnable Digital ComputerSystems "in. Safety Systems of Nuclear Power Generating Stations' (See Notes 8 and l4-1).
10

----------



TABLE 7.1-1 (CornThntteS)J.

VJA~S BAR MUCLEA~R. pIANr-
N~~~~c~ RETTAOR UD CONFORMmaN

.Regulatory Guide 1.152, *Criteria for Progrannable Digital Computer SystemSoft-ware in. SAfetY-Relatad Systems of Nuclear Power Pla~nts* (p) (See note 6)
IEEE Standard 279-1971, nProtection Systems for Nuclear Power GeneratingStations" (F)

IEEE Standard 308-1971, 'Class IE Power Systems for Nuclear Power GeneratingStations* (F)

IEEE Standard 338-1971, *Periodic Testin g of Nuclear Power Generating StationSafety Systems" (See note 1 and WBNP FSAR Section 7.3.2.2.5 for compliance)

() Nuclear Power
(ýIEEE Standard

344-1971, "Seismic Qualification of Class I.E Equipment forGenerating Stations- (F) (For clarification of conformance to
344-1975, See Section 3.1 .1~) IOve up.
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Insert 9 to Table 7. 1-1, Sheet 2 of 51EE6 54d-. 323-1974

Týhe lnstitutz ef Melctiieai and Eketretie Enginccr, sn. IE Standard for QualifyingClass l6E Equipment for Nuclear Power Generating Stations", MZeE . 323-197 (SeeNote 8

Insert 10 to Table 7.1-1 Sheet 2 of 5
ZE.EE-Std. 338-1987, "IEEE Standard Criteria for the Periodic Testing of Nuclear PowerGenerating Station Safety Systems" (see Note 8).ý

Insert I11 to Table 7. 1-1 Sheet 2 of 5IEEE 54d. 344-1987
TheIn~itto f Eccrioij ndEgeetioni Enginemr, -Inc., "IEEE Recommended Practices forSeismic Qualification of Class l6E Equipment for Nuclear Power Generating stationso, HgE-Std. -34 4498 (See Note 8).K

le5 Sicd. 352-1975
The In totte ofElccrisdaiand Ellrnianiees n.,."REEE Guide for GeneralPrinciples of Reliability Analysis of Nuclear Power Generating Station Protection Systems,"EEEE &td. 352 197 (See Note 8).

)E&E- sSi. 379-1988
T h e~~~~~~~ I n ti u t o f E c t i o n l c r n cE g i r ,I c , " I E E E S ta n d a r d A p p lic a tio n o f th eSingle Failure Criterion to Nuclear Power Generating Station Class 1E Systems, "- 4E-S44-3;94 94 8 8&(See Note 8).

IEE Sid. 3e4-Ml8The Isitut s f+;-,+- n letoncEgier, n. "IEEE Standard Criteria forIndependence of Class lB Equipment and Circuits," 'EEStd. 394 191 (See Note 8).IEEE'Sd' 603- 98o
A nsttt of Elcria an l~r~i nie , Inc", "IEEE Standard Criteria for SafetySystems for ,Nuclear. Power, Generating Stations," -IEEE &W-.-603 1980 -(See Note 8).
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TABLE 7.1-1(C re)

WATTS BAR NUCLEAR PLANT

NRC REGULATORY GUIDE CONFORMANCE

Note 2 Conformance to Regulatory Guide 1. 22

Periodic testing of the Reactor Trip and Engineered Safety Features Actuation

Systems,.as described in Sections 7.2.2 and 7.3.2, complies with NRC

Regulatory Guide 1.22, "Periodic Testing of Protection System Actuation

Functions." Under the present design, there are functions which are not

tested at power because to do so would render the plant in a less safe

condition. These are as follows:-

1. Turbine trip equipment that causes a reactor trip;

(N (t# X hJ-~e trip of.turbine from this same turbine
trip equipment also is taken credit for on
an S.I. or .

2., Generation of a reactor trip-by use of the manual trip switch;

3. Generation of a reactor trip by use-of the manual-safety injection
switch;

4.. .Closing the main steam line stop valveS6ýpart-stroke testing will be

performed once per 92 days3

Ag ,N 5. -Closing the feedwater control valvesir
T (part-str~oke movement will be

monitored during modulation of feedwater once per 92 days f

6. Closing the feedwater isolation valves;

7. Reactor coolant pump component cooling water isolation valves (close);

8. Reactor coolant pump seal water return valves (close).

The actuation logic for the functi ons listed is tested as described in

-Sections'-7.2 and 7.3. As required by Regulatory Guide 1.22, where actuated.

equipment is not tested during reactor operation it has been determined that:

1. There is no practicable system design that would permit testing of the

equipment without adversely affecting the safety or operability of the

plant;

2. Th *e probability that the protection system will fail to initiate the

operation of the equipment is, and can be maintained, &Eepai low

without testing the equipment during reactor operation; and Uaiccep4aLJ*

3. The equipment will be routinely tested when the reactor is shutdown as

defined in the Technical Specification.

Where the ability of a system to respond to a bona fide accident signal is

intentionally bypassed for the purpose of performing a test during reactor
:.operation, each bypass condition-is' automatically indicated to the reactor

operator in the Main Control Room by a separate annunciator for the train in

test. Test circuitry does not allow trains to be tested at the same time so

- - -that. extension- of -cthe -bypass, 'condition to redundant 'systems is prevented.
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TABLE 7. 1-1 (ConIkrued) 1079 4 PK G
WATTS BAR NUCLEAR PLANT

NRC REGULATORY GUIDE CONFORMACE
.Note 3 _ýConformanc toIEEE 379-1972anReuaryGie.5

The principles described in IEEE Standard 379-1972 were used in the desig ofthe estnghose rotctio sytem The system complies with the intent ofthis standard and the additional requirements Of Regulatory Guide 1.53. The,formal analyses required by the standard have not been documented exactly asoutlined although parts of such analyses are published in various documents.Westinghouse has gone beyond the required analyses and has performed a fault.tree analysis reference [1].

The referenced Topical Reports provide details of the analyses of theprotection systems previously made to shov conformance with single failurecriterion set forth in Paragraph 4.2 of IEEE Standard 279-1971. Theinterpretation of single failure criterion provided by IEEE-379 does notindicate substantial differences with the Westinghouse interpretation of thecriterion except in the methods used to confirm design reliability.,Established design criteria in conjunction with sound engineering practicesform the bases for the Westinghouse protection systems. The Reactor Trip andEngineered Safeguards Actuation Systems are each redundant safety systems*.The required periodic testing of these systems will disclose any failures orloss of redundancy which could have occurred in the interval between tests,thus ensuring the availability of these systems.

Note 4 Conformance to ReiulatoiX Guide 1.89

Watts Bar Nuclear Power Plant 1E equipment within the scope of 10 CFR 50.49 isqualified in accordance with IEEE 323-1971 or IEEE 323-1974. (See reference 1of Section 3.1) 5 PP-o'.%de-! Adclhrro~JN J6F MAA-r,L)A r-oiz-rkq-Elý

Note 5 Conformance to Rezulatoryp Guide 1.47

'Watts Bar Nuclear Plant will be in full compliance with the requirements to.Regulatory Guide 1.47 (BISI) Revision 0.

Note 6 Conformance to Regulatory Guide 1.152

Watts Bar Nuclear PlantAprotection 4ne~eme-i.t racks are qualified byprocedures anad testing to Westinghouse's interpretation of Regulatory Guide1.152 (WCAP a~q. Watts Bar Nuclear Plant Eagle 21 Process Protection SystemReplacement ardvaro Verification and Validation Report, April 9
Note 7 Conformance t-o Reflatorv--Guide 1.45.

Compliance to Regulatory Guide 1.45 is as identified in Section 5.2.7.3.

e t /e~a 4)-l 6ai/ 14 15 e Ao/0 S e

7-T4.3. 2 1982.
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Insert 12 to Table 7. 1-1 Sheet 5 of 5

Note 8 These Rules, Regulations and standards are applicable to the design of theEagle 21 Process Protection System. Unless stated otherwise, the revision ineffect on December 1, 1983 is applicable to the design.

Note 9 Regulatory Guide 1. 153 endorses the guidance of IEEE-Std. 603-1980.

Note 10e RAtglauqir Gi .12"AJLCStiJýi~nc
A NSLTr r-A14Sf -74-43.2a-182

/0Note 44- ANSIfIEE-ANS-7-4.3.2...982 
-expands and amplifies the requirements of

IEEE-Std. 603-1980.
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TABLE 7.1- 3

ANALOG PROTECTION INSTRUMENTATION CHANNE

Pressurizer Pressure Protection Channels

B. ressurizer Water Level Protection Channe

C. Ste Feedwater Flow Protection Cha s

D. Steam Ge erator Narrow Range Wat Level Protection Channels

E. Reactor Cool t Low Flow Pro ction Channels

F. Impulse Chamber rotectio Channels

G.- Steam Pressure Prote on Channels

.. ,Containment Press e Pro ection Channels

ii. Boric Acid Ta Level Protec *on Channel

A. Tjg d Delta T Protection Channels

B. Re ctor Coolant (Wide Range) Temperature an Pressure Protection

C. PResuie r LiudadVao eprture a PrsueProtectio Canl PM

Steam Generator Wide Range Water Level Protection Char els (PAM)

)r
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7. 2 REACTOR TRIP SySTE

7.2.1 ecito

7.2-1.1 System Description

.The Reactor Trip System automatically keeps the reactor operating within asafe region by shutting down the reactor whenever the l imits of the region areapproached. The safe operating region is defined by several considerationssuch as mechanical/Ihydraulic limitations on equipment, and heat transferphenomena. Therefore. the Reactor Trip System keeps surveillance on processvariables which are directly related to equipment mechanical limitations, suchas pressure, pressurizer water level (to prevent water discharge throughsafety valves, and uncovering heaters) and also on variables which directlyaffect the heat transfer capability of the reactor (e.g. flow and reactorcoolant temperatures). Still other parameters utilized in the Reactor TripSystem are calculated from various process variables. In any event, whenever adirect process or calculated variable exceeds a setpoint the reactor will beshutdown in order to protect against exceeding the specified fuel designlimit, gross damage to fuel cladding or loss of system integrity which couldlead to release of radioactive fission products into the containment.
The following systems make up the Reactor Trip system:
1. Process. TON &.ea.d Control System 4.AC I.,t2. Nuclear Instrumentation System ( 2]-3. Solid State Logic Protection System(34. Reactor Trip Svitchgear (31
5. Manual Actuation Circuit

The Re-actor Trip System consists Of two to four redundant pnaroces rec4tot)pchannels, which monitor various plant variables, and two redundant logictrains, which receive input protection action signals from the ~tuattzchannels to complete the logical decisions necessary to automatically open thereactor trip breakers. 
rrocers FV0ec4;onj

Each of the two trains, A and B, is capable of opening a separate andindependent -reactor trip breaker, RTA and RTh, respectively. The two tripbreakers in series connect three phase AC

7.2.1

1 
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2. Core Thermal Overpower Trips ~BP 3~(7~ K
The specific trip functions generated are as follows:
a. .Overtemperature delta.T trip
This trip protects the core against low DNBR and trips the reactor on
coincidence as listed in Table 7.2-1 with one set of temperaturemeasurements per loop. The setpoint for this trip is continuouslycalculated by protection 

icityfrec opbsolving the f llowing equation: c~c~tyfrec opbEk CG? Z. I FPZOCeSI
OTAT Setpojnr1  - A ý K, +2 (l rS ) (T,, -T- )

+ K 3 (P -P) f 1(41)j
An overtemperature delta T reactor trip occurs when

A lj 1 )' > OTAT Setpoint
1

whr: Tt - j eh narrow range Th, input signal from loop'it

fG

T;m -t b + T + 1 3 (3 valid RTDs)

T- narrow ra e T JLd input signal from l~oop i

f

ff

AT1  ; - .

T f f /

To 
V4C1

7.2.5



Insert 13 to Page 7.2-5 10794 PKG
8~ T'* Indicated /\T at Rated Thermal Power

K, ~1.0952

K 2 = 0.0133/OF

Time constants utilized in the lead-lag compensator for T.,I- I= 3 3 secs; - 2 = 4 secs,

s = Laplace transform operator, sec-'

Average Temperature of loop i (i = 1 to 4)

Nominal T.av, at Rated Thermal Power (Calibration temperature
for /\T instrumentation, -< 588.21F)

K 3 = O.OO0647/psig

P =Pressurizer Pressure, lbti~g - pse

P0=2235 IbAn~g (Nominal RCS operating pressure)

is a function of the indicated difference between the top andbottom detectors of the power range neutron ion chambers.
Gains are selected based on measured instrument response

andi)for.,-L between -32% and +10% f,(81) = 0 (where l i Lare percentRATED THERMAL POWER in the top and bottom halves of the coresrespectively and L + L~ is the total THERMAL& POWER in percent ofRATED THERMAL POWER)
s Ies r "Aan(ii) for each percent that the magnitude of (IA - ~xe -32 %, the _8T tripsetpoint shall be automatically reduced by 1.34% of its value at

RATED THElRMAL POWER

for each percent that the magnitude of aI - 1k) exceeds, +10 %, t he -8Ttrip setPOint shall be automatically reduced by 1. 22 % of its value atRATED THERMAL POWER

8IT = Teprtr det 1ewe o e n odlgi opi( to 4)

Time constants utilized in the lead-lag compensatr formeasured LT. T 4 = 12 seconds; -r 3 3seconds

where:

1- ) - 2 =

T=

-6 '-"(\1

(iii)

4=
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Additional information on associated tan values ('iandT 7 ) arProvided in Sections 7.2.1.1.4.
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K3  - .O00647/psig,

P Pressurizer pressure. psi

PI 2235 psi8 (Nominal R operating pressure),
S - LAP e transfo operator, s-1,
and f, (&I) is a function the indicated difference between _0.p anbottom detectors of the we range neutron ion chambers; with gainsto be selected based measur instrument response during plantstartup tests such at:

Mi for qt - etween -32% an +10% f, AI) - 0 (where qt and %~ arepercent TED THERMAL POWER in the to and bottom halves of thecore espectively. and qt + qb is total - POWER in percento0 ED THERMAL POWER);
(ii) for each percent that the magnitude of (q t - q~) xceed.s 32%, tt*AT Trip Setpoint shall be automatically redu.ced by .34% of itsvalue at RATED THERMA~L POWER;
(iii) for each percent that the magnitude of (qt - qh) exceed + %theAT Trip Setpoint shall be automatically reduced by 1.22% ofvalue at RATED THERMAL POWER.

A separate long ion chamber unit supplies the flux signal for eachovertemperatue AT trip channel.

, -Increases in a eyond a. predefined deadhend result in. a decrease -in tripsetpoint. Refer to Figure 7.2-2.
The required one pressurizer pressure parameter per loop is obtained fromseparate sensors Cozmected to three pressure taps at the top of thepressurizer. Four pressurizer pressure signals are obtained from the threetaps by connecting one of the taps to two pressure transmitters. Refer toSection 7.2.2.3.3 for an analysis of this arrangement.

7. 24 . *-

G 3
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A detailed functional description of the process equipment a .ssociated withthis function is contained in reference(1)

b. Overpower delta.T trip

This trip protects against excessive Power (fuel rod rating protection)and trips the reactor onl coincidence as listed in Table 7.2-1, 'with oneset of temperature measurements per loop. The setpoint for each channel iscontinuously calculated using the following equation

OPAT Setpoint1  I - 5 r3 s T

Y- Tan (r. T "9) - f2(41J
An Overpower AT reactor trip occurs when

A~ 5)> OPAT Setpoint,

ATj As defined for overtamperatur AT trip

K4  1.9

K-5  - 0. 2/*F for increa~sj average teemerature and 0 fordecr ing average amperature,
r7- Time cons t ilized in the lead-lag compensator for

Ke M 0.00126/ for T T..adK o - V
T~n - As fined for overte ratur. delta-T trip

T3- ime constant used in lag c ensator for T. 0.0

ase be ad sod that the equations for the Overtemperature an erpowerta-T tr' etpoints are effectively identical to the equations own inVious; endments to this FSAR. However, the format has been modi d tovid a more exact representation of the actual implementation and to llowonsistency of nomenclature between the Functional Requirements, Techn al:ifications; and FSAR.

7.2-7
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where: The following parameters have been defined iý*h Overtemperature delta-T

K,, 61. 09

Ks 0.02/OF for increasing average temperaturefandt0 for decreasing
average temperature ( T~~q~

3 =Time constant used in lag compensator for T,~, 73 = Gý-secs

f2 (0) = 0Ofor au/\I.i

Note~t- Reviwul Additional information on associated tau values (16t- afl&17 ) are
provided in Sections 7.2.1.1.4.

K6  = 0. 00 /1Z 6/*F -A ir T > TXv

o~ -Pi TO V
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TS d T at RATED THERMALj POWER (Calibration uefoAT instrumentation._ 0tCrfo

S -As defined for* peracure AT trip.

f0 - for all &i

The source of temperature and .flux info ,ovew-po wet,

inon is identical to that of theovertemperature AT trip and the resultan~t 7AT setpoint is compared to the same 6AT. A detailed functi onal description of the process equipment associatedwith this function is contained in reference [Jil.
3. Rea ctor Coolant System Pr!essurLzer Pressure andLýy Wate Lee is

The specific trip functions generated are as follows:
a. Pressurizer low pressure trip

The purpose of this trip-is to protect against low pressure whichcould lead to DNB. The parameter being sensed is reactor coolantpressure as measured in the pressurizer. Above P-7 the reactor istripped when the pressurizer ure measurements (compensated forrate of change) fall below reen limits. This trip is blockedbelow P-7 to permit startup. Jtrip logic and interlocks aregiven in Table 7.2-L..0
tPR e Se 4-LThe trip logic is shown on Figure 7.2-1, Sheet 2. A detailed'functional description of the process equipment associated, with thefunction is contained in references1,1

L[Si.- [7 JL1].

7.2-8 #
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AMENDMENT 6?

b. Pressurizer High Pressure Trip
The purpose of this trip is to protect the Reactor Coolant Systemagainst system overpressure.

4.ŽThe same sensors and transmitters used for the pressurizer lowgY pressure tr gr used for the high pressure that ýAIZA-or.,ký separate istables are used for trip. These itbetrip w enuncogupens~iatte Uporessurizer Pressure signals excee preset limits oncoincidence as listed in Table 7.2-1. There are no interlocks orpernissives associated with this trip function.
The logic for this trip is shown on Figure 7.2-1, Sheet 2. Thedetailed functional description of the Process equipment associatedwith this trip is provided in referenceS ].

c. Pressurizer High Water Level Trip L5J a,4I 0/1.
This trip is provided as a backup to the high pressurizer pressuretrip and serves to prevent water relief through the pressurizersafety valves. This trip is blocked below P-7 to permit startup.The coincidence logic and interlocks of pressurizer high waterlevel signals are given in Table 7.2-1.
The trip logic for this 'function Is shown on Figu're 7.2-1, SMeet2. A detailed description of the process Oquipment associated withthis function is contained in referencesLZ,.

4. Reactor Coolant System Low Flo w Trips 151 aAWY[tj
These trips Protect the
Coolant flow situation.
flow are as follows:

core from oUB in the, event of a-loss ofThe means Of sensing the loss of coolant

a.Low Reactor Coolant Flow
The Parameter sensed is reactor coolant flow. Four elbow taps ineach Coolant loop are used as flow devices that indicate the statusof reactor coolant flow. The basic function of this device is toprovide information as to whether or not a reduction in flow hasoccurred. An output signalI from two out of the three rr7iffiab-T ina loop would indicate a low flow in that loop. C-z a4,Aros
The coincidence logic and interlocks are given in Table 7.2-1. The 6
logic for this trip is shown on Figure 7.2-.1 Sheet 3. Thedetailed functional description of the Process eQUIPment associatedwith the trip function is contained in referenceS ic

7. 2 -8as
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Sb. Reactor Coolant Pump Undervoltage Trip
This trip is required in-order to protect against low flow which
can result from loss of voltage to more than one reactor coolant
pump motor (e.g. from plant loss of voltage or reactor coolant pump
breakers opening).

There is one undervoltage sensing relay ffor each pump
motor connected at the load side of each reactor coolant pump
breaker. These relays provide an output signal when the pump
voltage goes below approximately 70 percent of rated voltage.
Signals from these relays are time delayed to prevent spurious
trips caused by short term voltage perturbations. The coincidence
logic and interlocks are given in Table 7.2-1. The trip logic is 62
shown on Figure 7.2-1, Sheet 3.

C. Reactor Coolant Pump Underfrequency Trip

There is no safety-related requirement for a direct trip of the
RC.P_':s for underfrequency. Credit is taken for reactor trip on
underfrequency in the loss of flow accident. 'The reactor is
tr~ipped for an underfrequency on more than one reactor coolant pump
motor (e.g. from a decay in grid frequency).

There is one underfrequency sensing relay for each pump motor
connected at the load side of each reactor coolant pump breaker.
These relays provide an output signal when the pump frequency
decays to approximately 57 Hz. Signals from these relays are time
delayed to prevent spurious trips caused by short term frequency
perturbations. The coincidence logic and interlocks are given in
Table 7.2-1. The trip logic is shown on Figure 7.2-1, Sheet 3. 162

The RCP breakers are not qualified to the criteria applicable to
equipment performing a safety function.

,TJhe basis..for-nbt having-qualified breakers is that the tripping of
RCP's is not a safety function. Westinghouse topical report
WCAP-8424 - "An Evaluation of Loss of Flow Accidents Caused by
Power System Frequency Transients In Westinghouse PWR's,u states in
part that u ... Westinghouse reactors are adequately protected for
frequency of decay rates up to 5 Hz/sec. without taking credit for
the RCP power supply breaker trip..." A TVA study performed in 1977
and described below determined the maximum system frequency decay
rate to be less than 5 Hz/sec.

The Watts Bar Nuclear units are connected into the 500-ky bulk
power transmission system as integral parts of TVA's total
installed generating capacity. System loads are served

7.2-9
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with 1639 miles of 500-ky transmission line and 8906 miles of 161-ky
transmission line. The 500- and 161-ky transmission systems are
interconnected networks necessary for the distribution of power to
concentrated area loads. A high percentage of the energy is supplied to
area loads through 500-161--kY stepdown transformer banks connected to the
bulk power transmission system.

Without advancing a hypothesis as to how the Watts Bar units could be
Islanded since there are no loads connected directly to 500-kV
switchyards, it was necessary to open six 500-kV lines, twenty-three
161-kV lines, and to remove three operating units from the system to form
an island to investigate frequency decay rates for a Watts Bar
generator. All of the above conditions were imposed on the system
without applying faults to the transmission grid. Because of the large
number of simultaneous contingencies necessary to the largo numbor of
simu~tanzRee" eentingencic: neee,-.ýe-ay to form any island on the TVA
transmiss-ion.-network so that loads exceed the generating capability of a
WattsBar Nuclear unit, the subsequent analysis is extremely conservative.ý

The simulated island used included 500-kV lines from Watts Bar to
stepdown substations connected to the 500-kY bulk power transmission
system th at l oads within the island exceeded generation. With

-~reasoni changes in load/generation ratios, changes in line charging
MVA from open-ended 500-kY lines terminating within the island, and being
cognizant that transmission facilities which are overly stressed above
maximum design voltage ratings result in equipment failures and system
faults to decrease frequency decay rates, maximum values of

7.2-9a
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less than 5 Hz/sec. were calculated. Systems
investigated included winter peak and summer off peak 39
conditions on the TVA system with actual loads and
generation patterns identical to those which TVA uses
for planning its future transmission facilities.

The only anticipatory trip input sign al to the reactor
prctection system is in the reactor trip on turbine
trip. This trip is anticipatory in that it is not

.7...assumed to occur in any of the Chapter 15 accident
9...)analysis. As diseussed in section 7.2-1.1.2 (item 6 )X

this trip meets aJ-fthe requirements of IEEE 279-1971
including separation, redundancy, and testability.

See reference [6) for an evaluation of loss of flou
accidents caused by power system frequency transients in
U.estinghouse PWP3 s..

desCrihes AoW

7. 2-9-i
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a. Low f*edwater flow trip

2 trip protects the reactor from a sudden as ofhe& sink. The trip is actuated by steam/f dvater flomisma oh (One Out Of two) in coincidence th low waterlevel e Out of two) in any steam Sen ator.
Figsure 7 .2- Sheet 3 , shows the 1o c for this trip 152
There are no into ocks assoc ted with this trip.
A'detailed functional es iptiOU Of the process equip-menut associated with th function is provided in

b. Low-low steam Sen ator water *Tel trip
This trip pro ots the reactor fro loss of heat sink i-the event o a sustained steam/feed ter flow mismatchOf insuff ient magnitude to cause afeedwater flowreactor rip. This trip is actuated 05R o aut of tkrelow-l water level signals occurring in a steam

he logic is shown on Figure 7.2-1. Sheet 3. A tailed 152functional description of the process equipmentassociated with this trip Is provided ia reference

7.2-10
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This trip Pro'"ct the reactor from loss of, heat sink in the event of a loss o edae oOeomore ste m g ner to~ r a maj r f edwa er ine m p~ This trip is actuated on two out of three
low-low water level signals Occurring in any steam generator. If a low-low wtrlvlcniinidrienet auiinr one sedat era~ pusignals shall be generated to trip the reactor and start the motor-

drien uxiia~ fedwaer ump. If a low-jow water level condition is detected in two or more
steam generators a signal is generated to start the turbine-driven auxiliary feedwater pump as well.The signals to actuate the reactor trip and start auxiliar~y feedwater pumps are delayed through the
use of a Trip Time Delay MTD) system for reactor power levl beoh0 fRP ~ -~water level in any protection set in any steam genear will beleow a 0 sigoa which strt anelap se d i tim e trip d elay tim er. T h e allo w ab le t Ip t im e d ela ya t is b sed gp n a t he vich n p o we
liev del at the tie- ther lo -l w e ve ti setpoint is reached and the num ber of steam generators that

are ffecej f po er lvelrises after the trip time delay setpoints have been determined, the trip
timedely i re detr~e (ie.,decreased) according to the increase in Power level. At this point

the timer will cotinue timing from the original timer inifiatii 0L However, the trip time del ay
setpoints are not increase'd if the Power level decreases after the setpojs have been determdW
The use of this delay allows added time for natural steam generato level stabilization or opwator

intervention to avoid an undesirable inadvertnt Protection system actuation
The logic for this Protective function is shown on Figure 7.2-1.
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Figure 7.2-1, Sheet 1, shows the logic for this trip. A detailed
funtioaldescription of the process equipment associated with

this trip f~unction is provided in references&-1.

8. Manual Trip KS ~dCi

The manual trip consists of two switches with two outputs on each
switch. One output is used to actuate the train A trip breaker,
the other output actuates the train B trip breaker. Operating a
manual trip switch removes the voltage from the undervoltage trip
coil and energizes the shunt trip coil.

There are no interlocks which can block this trip. Figure 7.2-1,
Sheet 2, shows the manual trip logic. 162

7.2.1.1.3 Reactor Trip System Interlocks

.1. Power Escalation Permissivies

.The overpower protection provided-by the out of core nuclear
instrumentation consists of three discrete, but overlapping,
ranges. Continuation of startup operation or power increase
requires a permissive signal from the higher range instrumentation
channels before the lower range level trips can be manually blocked

by the operator.
A one of two intermediate range permissive signal (P-6) is required
prior to source range trip blocking and detector high voltage
cutoff. Source range level trips are automatically reactivated and
high voltage restored when both intermediate range channels are
below the permissive (P-6) level. There are two manual reset
switches for administratively reactivating the source range trip
and detector high voltage when between permissive P-6 and.P-lO if
required. Source range trip block and high voltage cutoff are
always maintained when above permissive P-10.

The intermediate range trip and power range (low setpoint) trip can
*only be blocked after satisfactory operation and permissive

information are obtained from two of four power range channels.
Four individual blocking switches are provided so that the low
range power range trip and intermediate range trip can be
independently blocked (one switch for each train). These trips are
automatically reactivated when any three of the four power range) channels are below permissive P-10 thus ensuring automatic
activati~on to more restrictive trip protection.

7.2-12
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The- development of permissives P-6 and P-10 is shown on Figure
7.2-1, Sheet 2. All of the permissives are digital; they are

N derived from analog signals in the nuclear power range and
intermediate range channels.

See Table 7.2-2 for the list of protection system interlocks.

2. Blocks of Reactor Trips at Low Power

Interlock P-7 blocks a reactor trip at low power (below
approximately 10 percent of full power) on a low reactor coolantC flow in more than one loop, reactor coolant pump undervoltage,
reactor coolant pump underfrequency, pressurizer low pressure, or
pressurizer high water level. See Figure 7.2-1, Sheets 2 and 3 for
permissive applications. The low power signal is derived from
three out of four power range neutron flux signals below the
setpoint in coincidence- with two out of two turbine i~pulse chamber

- .pressure signals below the setpoint (low, plant load). See Figure
7.2-1, Sheet 2, for the derivation of P-7._

The P-B interlock blocks a reactor trip when the plant is below
approximately 48 percent of full power, on a low reactor coolant
flow in any one loop. The block action (ab~sence of the P-B
interlock signal) occurs when three out of four neutron flux power
range signals are below the setpoint. Thus, below the P-B
setpoint, the reactor will be allowed to operate with one inactive
loop and trip will not occur until two loops are indicating low
flow. See Figure 7.2-1, Sheet 3, for derivation of P-B and
applicable logic.

The P-9 interlock blocks a reactor trip when the plant is below
approximately 50-percent of full power, on a' turbine-tripped
signal. The block action (absence of the P-9 Interlock signal)

Soccurs when-f-hree out-of four neutron flux power range signals are
below the setpoint. Thus, below the P-9 setpoint, the reactor will
not trip directly from a turbine-tripped signal but will allow the

( reactor control system, utilizing steam dump to the condenser as an
artificial load, to bring the reactor to zero power. See Figure
7.2-1 , Sheet 2 for derivation of P-9 and Sheet 3 for logic
applications.

See Table 7.2-2 for the list of protection system blocks.
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7.2.1.1.4 Reactor Coolant Temperature Sensor Arrangement and Calculational.Methodo logy

The individual narrow range cold and hot leg temperature signals required for
input to the reactor trip circuits and interlockc.s are obtained using RTDsinstall~ed in each reactor coolant loop.

The cold q~ette~mpterature measurement on each loop is accomplisheadrwiith 
htwronl

narrow range RTDs mounted in thermowells. The cold leg sensors aeihrnlredundant in that either sensor can adequately represent the cold legtemperature measurement. e streAaIng '4 i thel C.1- a i. fzt*4..SX

The hot leg temperature measurement on each loop is accomplished with threenarrow range RTDs mounted in thernovells spaced 120 degrees apart around thecircumference of the reactor coolant pipe for spatial variations.

,p ro e s-r
These cold and hot leg narrow range RTD signals are input to theA protection.system digital electronics and are processed as follows:
The two cold leg temperature signals are subjected to range and consistencychecks-and then averaged to provide a group value for T cold.

Each of the three hot leg temperature signals is subjected to a range check,and utilized to calculate an estimated average hot leg tamperatue whiich isconisistency checked against the other two estimates for average hot legtemperature.

>hi or ow 1 t r ctiv ly. ext, estimated average hot legtemperature is derived rom. ea ot input signal as follows:

Th Ji Tb A Pg S*Ji etrt.A7 -r)- 1 
Ao m ~J*p49

Where:

P -power traction being used to correct the bias value being used for anypower level

f f
pi- (Th -v T~i )/&T'i

7.2 -l3a P
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A consistenicy check is performed on the T., input signals. If these signals agree within anacceptance interval (DELTAC), the group quality is set to GOOD. If the signals Wr--tJagree. within the acceptance tolerance"DELTAC, the group quality is set to BAD and theindividual signal qualities are set to POOR. The average of the two signals is used torepresent the group in either case. If an input signal is manually disabled or subject to adiagnosed hardware failure, the group is represented by the active signal. DELTAC is afixed input parameter based on operating experience. AQR DELTAC value is required foreach loop/protection set. 0Ohe-
The following parameters are used in conjunction with the Overtemperature Delta-T and
Overpower Delta-T reactor trips:

T4( 1, 2; i 1 1to 4) = t arwrneT. iptsga tmlo

=1, 2; i Ito 4) = itrdTi inlfrtejhRD

1-7 = Yme constantutilzed inthe lg compestrfor Tw Typically set toO0.
secs.

It,(i =1 to 4) =Group average ofthe valid muignal

-(Th~+ ¶l%)/2 for two valid input signals

-,,, for one valid input signal

where: j = 1, 2; and i = 1 to 4

5 is cJWeds~c 1-n SecI;d"i7 .117. Z-1-/- 2
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Then an average of the three estimated hot leg temperatures is computed and the idvda0 gtl are checked to determine if they agree within ±DELTAHI Of the average value. If allo he do agree within -+DELTAH Of ,the average value, the grouqualtqi ettGOOD. The group value (V)is set to the average of the three estimated. average hot legtemperatures.

If the signal values do not all agree within +DIEITAX of the average, the algorithm willdelete the signal value which is furthest from the average. The quality of this signal will beset to POOR and a consistency check will then be performed on the remaining GOODsignals. If these signals pass the consistency check, the group value will be taken as theaverage of these GOOD signals and the group quality will be set to POOR. However, ifthese signals again fail the consistency check (within ±DELTAH),tbm the group value willbe set to the average of these two signals; but the group quality will be set to BAD. All oftheindvidal ignls illhav thir ualty et o POR.If one or two input signals ismanually disabled or subject to a diagnosed hardware fail=r, the grOup value is based on theunaffected signal(s). DIELTAH is a fixed input parameter based on temperature distrbutiontests with the hot leg and operating experience. One DELTAH value is required for eachloop/protection set.

The following parameters are used in conjunction with the ovex emperature Delta-T andOveipower Delta-T reactor trips:

Tt(j G 1 to3; i I to 4) =jth narrow rang . nput 4W rom oop
V1o (G 1 to 3; i I to 4) = ]Filtered Tý.sigulfor heJt.RTD;

= TW, (1/(l + 1%~s))
6 =. Time constant utilized in the lag compensator for Tý. -tTypicafly'set. to, 0. 0

secs.

1~ i =1 to 4) = Group average of the valid input signals

= (Tho- + rh()1, + Vt,)/3 for three valid input signals (j 3)

-(T~~+ 740/2 for two valid input signals ( 2 )

-7,for one valid input signa (j~i

whee1 ~ d i = I to 4
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A T ; ±( t u u l o w r n h i iAlo p . '. ez r . , r Oj D e ~ j - ý I.

th loo averge. Qas whicth corrects the individual T hot RTD value t

AT and T... are calculated as follows:

A = hfai

C(L, I -ýO 4)

Ta.gi = (Thfao + Tc f)U2.0 ~e~7.I.

The calculated values for AT and T.. are then utilized for both the rmainderof the Overtauperature and Overpower AT protection channel and channel uptfor control purposes..naoupt

7.2.1.1-5 Pressurizer 'Water Level Reference Lor Arranrement
The design of the pressurizer water level instrumentationinldsalgh
betwenfila~o ofpter rsaank level arrangement using differential pressurebetwen n uperand a lower tap. The modification consists of :he use of a.
sealed reference leg inste-ad of the conventional open column of water.' Referto Section 7.2.2.3.4 for an analysis of this arrangemenc.
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7.2.1.1.6 Prc s. I. ý;tl , 0794 PKG
-~ The prcs~n rmn~ro ytmi escribed in refer n~es and 1.The Nuclear Inlstrument System is described in reference (2]0-

7.2.1.1.7, Soi tteLf Potection System
The Solid State Logic Pro ~ctin Systea takes binary inputs (voltage/novoltage) from the proces 3% nuc. ear instrument channels corresponding to
conditions (normal/abnorml) of plant parameters. The system combines thesesignals in the required logic combination and generates a trip signal (novoltage) to the undervoltage coils and the shunt trip relays (which energizethe shunt trip coils) of the reactor trip circuit breakers when the necessarycombination of signals occur. The system also provides annunciator, statuslight and computer input signals which indicate the condition f ý bmfloinput signals, partial trip and full trip functions and the status of thevarious blocking, permissive and actuation functions. In addition, the systemincludes means for sem~i-automatic testing of the logic circuits. A detaileddescription of this system is given in reference [3].
7.2.1.1.8

In certain applications, Westinghouse considers it advantageous to employcontrol signals derived from individual protection channels through isolationdJewtc-am~. 1 kn- contained in the protection channel, as permitted by IEEE Standard279-1971.

In all of these cases, signals derived from protection channels fREcg,,1 1 _
non-protective functions are obtained through isolationd~~ r locted i.-4,.

voe~prtcio nAe. racks. By definition, non-protective functionsinclude those signals used for control, remote process indication, *andcomputer monitoring.
Isolation *mpttftr qualification type test~s are described in references [71(8], and (11J.

7.2.1.1.9 Energ, Sumoly and Environmental Variations
The energy supply for the Reactor Trip System is described in Chapter 8. The
environmental' variations throughout which the system will perform, ULe givenin Section 3.11 and Chapter 8. 

ar
7.2.1.1.10 epit

The soepoints that require trip action are given in the Technicalspec if ications.
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As documented in Reference 7, testing was performed on the Eagle 2 1 Process ProtectionSystem to demnonstrate that the Eagle 21 system remained operational before, during andafter applied noise, fault, surge withstand, electro-magetic interference (EMI and Radiated

-Frequency Interference (REI) operating conditions. Objectives accomplished by the test
demonstrated that the physical independence Of the class non-lE and Class 1-E circuitry3 was
miaintajine and that the system was designed to withstand worst-case noise environmentconditions.
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7.2.1.1.11 Seismic Design

The seismic design considerations for the Reactor Trip System are given
in Section 3.10. This design meets the requirements of Criterion 2 of
the 1971 General Design Criteria (GDC).

7.2.1.2 Design Bases Information

The information given below presents the design bases information
requested by Section 3 of IEEE Standard 279-1971, reference [9]. The
reactor trip logic is presented in Figure 7.2-1 Sheets 1 through 3.

7.2.1.2.1 Generating Station Conditions

The following are the generating station conditions requiring reactor
trip.

1. -DNBR approaching 1.30.

2. .Power density (kilowatts per foot),approaching rated value for
Condition 11 faults (See Chapter 4 for fuel design limits).

3. Reactor Coolant System overpressure creating stresses approaching
the limits specified in Chapter 5.

7.2.1.2.2 Generating Station Variables

The following are the variables required to be monitored in order to
provide reactor trips (see Table 7.2-1).

1. Neutron flux

2. Reactor coolant temperature

3. Reactor Coolant System pressure (pressurizer pressure)

4. Pressurizer water level

5. Reactor coolant flow

6. Reactor coolant pump bus voltage and frequency

4 giaa ^t 4.-,. f^ A 4-, r!

7.2-16
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8--.Turbine-generator operational status (autosto0p oil pressure
and stop valve position).

7.2 .1.2 .3 Syatiallv-Derendetit Variables

) The following variable is spatially dependent:

1 . Reactor coolant temperature: See Section 7 .3 .1 .2 .3 f or a f52discussion of this variable spatial dep-endence.

7.2 .1.2.4 Limits. Margins and Levels

The parameter values that will require reactor trip are-given inthe Technical Specifications and in Chapter 15, AccidentAnalyses. Chapter 15 prove; that the setpoints used in the 52Technic-al Specifications are conservative.

The setpoints for the various functions in the Reactor TripSysien have been analyti~cally determined such that the opera-tional 1imt-s so prescribed will prevent. -fuel rod clad damage -andloss of integrity of the Reactor Coolant System as a result ofany ANS Condition II incident (anticipated malfunction). Assuch, during any ANS Condition II incident, the Reactor TripSystem limits the following parameters to:

1. Minimum DNER =1 .3

2. Maximum system pressure - 2750 psia

3. Fuel rod maximum linear power for determination of protection
setpoints -18.0 kw/ft

The accident analyses described in Section.15.2 demonstrate that.the functional requirements as specified for the Reactor TripSystem are adequate to meet the above considerations, evenassuminr, for conserrvatism, adverse combinations of instrument..errors.(Refer to Table 15.1-3). A discussion of the safety
limits associated with the reactor core and Reactor Coolant
System, Plus the limiting safety system setpoints, are presentedin the technical specifications. The technical specifications-will4 incorporate both nominal and limiting setpoints. I f 9t ruam-6*4spans r eetd~o htliiigat3naac~ leftat -5%froees ndo the inctrumftnt spans. Nominal settings of the
.setpoints are more conservative than the limiting settings. Thisallows for calibration uncertainty

7 .2-17
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0 nd instrument channel drift with-out violatin'g the limitingW letpoint. Automatic initiation of protective functions occu--9at
the nominal setpoints (plus or minus the allowed tolerances). 35
A,, further-di'scus sion on trip setpoints i-s given in Section 7
7.2 ..2.1.1. (The tneA ~J / -~ useo' 4~ deleive 1-he seI;,ooi,/s)
7.2.1 ..2.5 Abnormal Events Q~S O 0 Oc in refereLOice 13.

The malfunctions, accidents or other unusual events which could
,physically damage Reactor Trip System components or could cause
environmental changes are as follows:

1. Earthquakes (See Chapters-2 and 3).

2. Fire (See Section 9.5 and the September 8, 1980, fire 14152
protection submittal to NRC from TVA) 44

3. Explosion (hydrogen buildup inside *cont-ainment).. (See
Section 6.2).

.4. Missiles (See-Section 3.5).

5. Flood (See Chapters 2 and 3).

6. Wind and Tornadoes (See Section 3.3).

0 The Reactor Trip System fulfills the requirements of IEEE
K.. tandard 279-1971 to provide automatic protection and to provide
initiating signals to mitigate the consequences of faulted
conditions, The Reactor Trip System provides protection against
destruction of the system from fires, explosions, floods, wind,
and tornadoes (see each item above). The discussions in Section
7.1.2.1.7 and this section adequately address or re~ference the
.Safety Analysis Report coverage of the affects of abnormal
-events, on the Reactor Trip System in conformance with applicable
General Design Criteria.

7.2.1.2.6 Minimum Performance Requirements

1. Reactor Trip System response times

Reactor Trip System response time is defined in Section 7.1.
Typical maximum allowable time delays in generating the
reactor trip signal are tabulated in Table 7.2-3. (See Table
7.1-1 Note 1 for a discussion of periodic response time
verification capabilities.)

2. Reactor trip accuracies

7.2-18



Accuracy, is defined in Section 7.1. Typical rec 079 orti
a ccuracie 5  are tabulated in Table 7.2-3. r a t r t i 5W3. Protection system ranges
Typical Protection SYstem ranges are tabulated in Table 7.2-3.

7.2.1.3 Final systems Drawini,
Functional block diagrams, electrical elauentaries and other 24
drawings required to assure electrical separation and perform asafety review are provided in Section 1.7.

7 .2 .2 AnlLy XesII 

.~§ A ~faijure mode and effects analysis (FXEA) of theri.actor Trip 52Sysem asbeen performed. The basis of the FNEA is that thereactor protection system is designed to sense abnormal plantconditions and to initiate action necessary to assure thatacceptable fuel design limits are not exceeded for anticipated 4
operational occurrences. Results of this study and a fault tree 4analysis are presented in reference (4). The results of thestudy show that the probability of protection system failure in
anticipated transient Is sufficiently low that no provision need.
.be made in plant design to accommodate such hypothetical failure.
7.2.2.1 Evaluation of Design Limits
While most setpoints used In the Reactor Protection System irefixed, there are variable set~points, most notably the over-temperature AT ;Averpower AT ard L~a 4 aa~n 

er1vI 1
T

eiv t Wi.. 09wbk..t-9-4 All setpoints in the, Reactor TTr-ip S~ystem -
have been selected on the basis of engineering design or safetys t ud ies. The capability of the Reactor Trip System to preventloss of integrity of the fuel cladding and/or Roeator Coolan t,.Sys~tem 'pre-ssure boundary during Condition 11 and III tr ansientsis demonstrated in Chapter 15. These accident analyses are
carried out using those setpoints determined from-results of the
engineering design studies. Sotpoint limits are presented in thetechnical specification iscussiom of the intent for each ofthe various reactor trip; and the accident analyses (whereappropriate) which utili *e/t il trip is presented below. 47*~ou~d b e m e tA t a xh \ n ic o o r i~p setpoi nts all providesformargin before protection action isactually required to allow for
uncertainties and instrument errors The design meets therequiremeats of Criteria 10 and 20 o the 1971 GDC.
7.2 .2 .1.1 Tr, Setvo-int Discuss~ionl

'It has been pointed out proviously that below a DM31. of 1.30there is l1ikely, to be signif icant local fuel cl adding f ailure.The DNBR existing at any point in the core for a given core

7.2-19
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A reliability study f or the reactor trip and engineered saf ety
features,, function of -the -Eagle 21 process protection system
hardware has been performed. The basis for this study was to
compare the availability of the Eagle 21 digital system with the
existing implementation of the same function using analof -hardware.
.Availability is defined as the probability of i system to perform
its intended function (e.g., actuate a partial trip) at a randomly
selected instant in time. Results of the availability study
determined that the Eagle 21 digital system is commensurate with an
equivalent analog process protection system availability although
no credit was given to the Eagle 21 process protection features of
automatic surveillance testing, self calibration and self
diagnostics when the study was performed. It is expected that if
credit were given to the Eagle 21 self diagnostic features (EPSOM
checksums, RAM checks, Math Co-Processor checks and Loop Cycle Time
checks) , automatic surveillance testing .and self calibration
capabilities, system availability would be improved.. Therefore,
the impact on the system operation due to channel drift being
,corrected by the Eagle 21 self-calibration feature and the impact
on system, downtime, because -of _the. ..automatic. .surveil lance/[self -
diagnostic features, will be minimized. Additionally, with the- 1'1I
test unit provided with the Eagle 21 system, the amount of
technician and engineering time required for maintenance and
troubleshooting will be minimized. Thus, large quantities of
engineering time required for the review of the quarterly
functional tests, prior to restoring the channel to an operable
condition, is eliminated because of the user-friendly printout
provided from the 1414. In total, interface with the Eagle 21
process protection system will be reduced, resulting in a decreased
potential for technician induced error which results in improved
system reliability and availability.

In the Eagle 21 process protection system design, there are failure
modes which could result in the failure of an entire, protection
rack. During these conditions, the rack will fail to the preferred
f ailure mode (tripped/not tripped condition) providing maximum
protection for the plant. The failure of a single rack is
considered to be bounded by the loss of an entire protection set,
which is the existing licensing basis. This failure has been shown
not to adversely impact plant safety due to the existence of
redundancy, functional diversity and defense-in-depth design
measure employed in the ,design of the process protection system.
Use of these design measures ensures that in the event of a single
failure, the remaining protection system channels would be
available for plant protection if required. Additional discussion
of the defense-in-depth, redundancy and functional diversity design
measures used in the design of the Eagle 21 process protection
system can be found in References [5] and [14].
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the c orresoonding technical specification on safety limits and
~ safety system settings and the appropriate accident discussed

in the safety analyses in which the trip could be utilized.

It should be noted that the Reactor Trip System automatically
provides core protection during non-standard operating c~on-
Lfiguration, i.e. operation with a loop ouV 6 s~ervice. Although
operating with a loop out of service over (i)ext ended time is
considered to be an unlikely event, no pr~oection system set-

* points need to be reset. This is because the .nominal value of
the power (P-8) interlock-setpoint restricts the'power levels
such that DNB ratios less than 1.30 will not be realized during

* any Condit'ion II transients occurring during this mode of opera-
tion. This restricted power level is considerably below the
boundary of permissable values as defined by the core safety
limits for operation with a loop out of service. Thus the P-8
interlock acts essentially as a high nuclear power reactor
trip when operating with one loop not in service. By first
resetting the coefficient setpoints in the overtemperature LT
.Iunction to more,:restrictive values as listed in the technical
specifications, the P-8 setpoint can then be increased to the

,.maximum Va u~econsistent with. maintaining :DNBR above 1.30, for-
Condition !I transients in the one loop shutdown mode. The
resetting of the LT overtemperature trip and P-8 will be
carried out under prescribed administrative procedures and
only under the direction of authorized supervision with the
plant in a hot shutdown condition.

The Reactor Trip System design was evaluated in detail with
respect to common mode failure and is presented in references
[14] and [51. The design meets the requirements of Criterion
21 of the 1971 GDC.

Preoperational testing is performed on Reactor Trip System
:;componentsk-and systems to determine equipment readiness for

strup. -This testing Serve's- -asafurther evaluation ,of the-
system d-sign. -*-

Analyses of the results of Condition I, II, III and IV events,
including considerations of instrumentation installed to miti-) gate their consequences are presented in Chapter 15. The
instrumentation installed to mitigate the consequences of load
rejection and turbine trip is given in Section 74

7.2.2.1.2 Reactor Coolant Flow Measurement

) The elbow taps used on each loop in the primary coolant system

are instrument devices that are used to indicate the status of

7.2-21
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the reactor coolant flow. The basic function of this measure-
mnent is to provide information as to whether or not a reduction
in flow has occurred. The correlation between flow and elbow
tap signal is given by the following equation:

_ (w )2

_P w
0 0

where A? is the pressure differential at the reference flow
w , and 2Pis the pressure differential at the corresponding
flow, W. The full flow reference point is established during
initial plant startup. The low flow trip point is then esta-
blished by extrapolating along the correlatio~n curve. The
expoected absolute accuracy of the channel is within + 10
percent of full flow and field results have shown the repeata-
bility of the trip point to be within + 1 perceint. Q
7.2.2.1.3 Evaluation of Compliance to Appilicable Codes and

Standards -

The Reactor Trip System meets the criteria of the General
Design-Criteria as indicated. The Reactor Trip System meets
the requirement-s of Section 4 of IEEE Standard 279-1971, refL-
erence [9], as indicated below.

1. General Functional Requirement

The Protection System automatically initiates appropriate
porotective action whenever a condition monitored by the
system reaches a preset value. Functional performance
requirements are given in Section 7.2.1.1.1. Section
7.2.1.2.4 presents a discussion of limits, margins and
setpoints; Section 7.2.1.2.5 discusses unusual (abnormal)
events; and Section 7.2.1.2.6 pre~sents. minimum perfo0-rmance.
requirements.

2.Single Failure Criterion

The Protecti onj System is designed to provide two, three,
or four &l e-st-puen-a-i-en c hannels for each protective func-
tion and two logic train circuits. These redundant
channels and trains are electrically isolated and physi-
cally separated. Thus, any single failure within a Q
channel or train will not prevent protective system action
when required. Loss of input power, the most likely mode
of failure, to a channel or logic train will result in a
signal calling for a trip. This design meets the re-
quirements of Criterion 23 of the 1971 GDC.

7.2-22
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To prevent the occurrence of common mode failures, such additional

measures as functional diversity, physical separation, and testing as
...well as .adminis-rative control during design, production, installation

and operation are employed, as discussed in reference [4). The design

meets the requirements of Criteria 21 and 22 of the 1971 GDC.

3. Quality of Components and Modules

For a discussion on the quality of the components and modules used in

the Reactor Trip System, refer to Chapter 17. The quality assurance

-. applied conforms to Criterion 1 of the 1971 GDC.

) 4. Equipment Qualification

For a discussion of the type tests made to verify the performance
requirements, refer to Section 3.11. The test results demonstrate that

the design meets the requirements of Criterion 4 of the 1971 GDC.

5. Channel Integrity

RFo-tection System channels required to operate in accident conditions

* .maintain necessary -functional .capability under extremes-of-conditionsý-

relating to environment, energy supply, malfunctions, and accidents. The

e-iergy supply for the Reactor Trip System is described in Chapter 8. The
environmental variations, throughout which the system will perform is

given in Section 3.11.

6. Independence

Channel independence is carried throughout the system, extending from
the sensor through to the devices actuating the protective function.

Physical separation is used to achieve separation of redundant

transmitters. Separation of wiring-is achieved -us ing..separate. wireways,

cable trays, conduit runs and containment penetrations for each ChVbhel! are.
redundant channel. Redundant protection inztrupntatin 16Aimcnt5
separated by locatingrwed~ele. in different protection *Each

-wedundant prot-edtion channel set is energized from a separate AC power

feed. This design m 7eets the requirements of Criterion 21 of thee 1971

GDC. +he~ Procesf;J5 See - O 1C - ck-arrnel I-eAcd S14S.
Independence of the logic trains is discussed in reference[3). Two

reactor trip breakers are actuated by two separate logic matrices which
interrupt power to the

7.2-23
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control rod drive mechanisms. The breaker main contacts are connected inI) ~series with the oer su su1 so that opening either breaker interrupts
power to al-f11 control rod drive mechanisms, permitting the
rods to free fall into the core. See Figure 7.1-1.

The design philosophy is to make maximum use of a wide variety of
measurements. The Protection System continuously monitors numerous
diverse system variables. The extent of this diversity has been
e'Valuated for a wide variety of postulated accidents and is discussed in
reference (5]. Generally, two or more diverse protection functions would
terminate an accident before intolerable consequences could occur. This
design meets. the requirements of Criterion 22 of the 1971 GDC.

7. Control and Protection System Interaction

The Protection System is designed to be independent of the Control
System. In certain applications the control signals and other
non-protective functions are derived from individual protective channels
through isolation The isolation a- -F4rsare classified as

ppart of the-Protection 
System and are 

located in the 
protection 

proce~sIn.strumentatlen racks. Non-protective functions inclul t ýo-s~esignaldevi'ce.5 used for control, remote process indication, and computer monitoring."
The isolatio-n"'mp14i~e~.sare designed such that a short circuit, open
circuit, or the aappl .ication of credible fault voltages gram wis-4.it eh

anhia-mon the isolated output portion of the circuit (i.e., the
non-protectivee sidee of the circuit) will not affect the input
(protective) s~ide of the circuit. The signals obtaitied through the

* isolation are never returned to the ;:-ti-Wa -racks. This
design meets the requirements of Criterion 24 of the 191I
paragraph 4.7 of IEEE Standard 279-1971, reference [9).~jte~a

A detailed discussion of the design and testing of the protectiOnAsyslehrn

and [111. These reports include the results of applying various
del/'*Ce_ malfunction conditions on the output portion of the isolation1 The results show that no significant disturbance to the

isolation -ea_14444,e- input signal occurred.

Whoms failue of &pa rtction system comPOnent can cause a proces xcuruion which requiresProtective action fth protction Ssystm can withstand another, independn failure without loss ofAIJ Protectjv action, This is nrxma#Y achieved by nmean Of tylo-out.f.bonj (2/4) fti logic for each ofthe Protective function excePt Steam Generaor rotectio. TeSteam Gemnerto Low wWaeLevel protectiv, functio relies upo woutftg (J Trihoie ndacnrlsytmMdaSignal Selector (MSS). The use of a conToVI system MSS prevents any protaetio system failurefrom causing a control system reactio resultWing a need for Subsequent protective action. Thismeets the requirements Of C rftion..261j the 1971 GOC.
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8. Derivation of System Inputs

To the -extent feasible and practical, Protection System inputs are
derived from signals which are direct measures of the desired variables.
Variables monitored for the various reactor trips are listed in Section
7.2.1.2.2.

9. Capability for Sensor Checks

The operational availability of each system input sensor during reactor
operation is accomplished by cross checking between channels that bear a} known relationship to each other and that have read-outs available.

?/ Channel checks are discussed in the Technical Specifications.

10. Capability for Testing

The Reactor Trip System is capable of being tested during power
operation. Where only parts of the system are tested at any one time,,
the testing sequence provides the necessary overlap between the parts to
assure complete system operation. The testing capabilities are in
cdiiformance with Regulatory Guide 1.22 as discussed in Table -7.1-1.

TVA will conduct tests to determine that the Reactor Trip System
instrumentation and engineered safety feature response timeWf'(excluding
the nuclear instrumentation channels and/or sensors), including the
sensor, are less than or equal to those response times specified in the r, 2.
Technical Specifications. These tests will be conducted for both the
preoperational tests and at the periodic tests specified in the
Technical Specifications.

The Protection System is designed to permit periodic testing of the
pt-oce55 protection. z_ý -nti*.- -zon, channel portion of the Reactor Trip System

:during reactor power operation without--initiating a-protective action
unless a trip condition actually exists. This is because of the
coincidence logic required for reactor.-trip. .These tests.may be
performed at any platit-power from cold shutdown to full power. Before
4-arting any. of .these tests with the plant at power, all redundant
reactor trip channels associated with the function to be tested must be
in the normal (untripped) mode in order to avoid spurious trips.
Setpoints are af A-r AN; __d- in the precautions, limitatin and rstpoints
portrion- of the p1 ant techniza-ma1mnual- 4actkrern#ed ih Pefej-epmee 13 4T,/
etleorpOrd.ed' ;,4o A/Ie Tec4wKicdt 5pec4-fe/l~on s.
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A og Channel Tests

Analog nnel testing is performed at the protection instrumentation charack set~b fldividually introducing dummy input signals into theinstrumencatio channels and observing the tripping of the appropri outputbistables. Output o the logic circuitry is interrupted during i 1.vidu~alchannel test by a te switch which, when thrown, de-energiz (exceptcontainment spray, whi C energizes) the associated logic ut and inserts aproving lamp in the bistab output. Interruption of bistable output tothe logic circuitry for any c e (test, maintenan Purposes, or removed fromservice) will cause that portion the logic 0 actuated (partial trip)
a c c m p a i e d b y p a t i a t r p a a r d c h a e l s t a t u s l i g h t a c t u a t i o n i n t h econtrol room. Each channel contains tho swi tches, test points, etc.necessary to test the channel. See eren (11 for additional information.

Digital Channel Tests

utomatlic digital cha testing is performed at the tal protectionnstrumentation ra via a portable Man Machine Interface I) terminal.e portable erminal is connected to the protection inst entation racky insertin connector into the protection instrumentation tes anel.sing I touch screen, the Surveillance.Testo- ption will be~s acted..Poll ng instructi 'ons entered through the 10(1, the rack test processo illa omatically perform the tests. The 10(1 provides a printout of the test

NeucleatIstr.nainhne 
et

The ~o poeiag hnnelsuptof th f NulerInstrmenotputio Syto m cr te ited ycusin theac otual de thetor inptt h ,hne n injctaing test curr neltotaine flrom tnhe detecto repnecturvsatvaion n h power lees cheotu

'of the bistable is not placed in a tripped Condition prior to testing. Also,,since the power range channel logic is two out of four, bypass of this reactortrip function is not required.

To test a power range channel, a "Operation Selector" switch is provided torequire deliberate operator action and operation of
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Process Protection Channel Tests

The Eagle 21 Process Protection System accommodates automatic
or manual surveillance testing of the digital process
protection racks via a portable Man Machine Interf ace (MMI)
test cart. The NMI test cart is connected to the process rack
by inserting a cable/connector assembly into the process rack
test panel. The rack installed test processor permits
performance of operations such as channel calibration,
channel response time tests, partial trip actuation tests,
and maintenance activities. Administrative controls and
multiple levels of security are provided to limit access to
setpoint and tuning constant adjustments. The system is
designed to permit testing of any protection channel during
power operations without initiating a protective action at
the systems level.

Individual channels can be tested in either the "Channel
Trip" or "Bypass" mode:

The Channel Trip mode interrupts the individual channel
comparator output. Interruption of a comparator output in
this mode for any reason (test, maintenance purposes or
removed from service) causes that portion of the logic to be
actuated and initiates a channel trip alarm and status light
in the control room. Status lights on the process rack test
panel indicate when the associated comparators have tripped.

The Bypass mode disables the individual channel comparator
trip circuitry. Interruption of a comparator output in this
mode effectively "bypasses",the channel .in test. caus~ing the
asso-ciated logic relays to remain in the non-tripped state
until the "bypass" is removed. This feature of the
protection system eliminates the potential~for anunwarranted.
actuation in the event of a failure. This condition is also
accompanied by an alarm in the control room.
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.ehefimel protectionjinztr'2- men C 2ti on testing is complete, the logic matrices are

tested from the train A and train B logic rack test panels. This stop S~ef'

provides overlap between the channelized Protecio si~tuztto~n ys~e, C,

trained logic portions of the test program. During this test, all of the logic

inputs are actuated automatically in all combinations of trip and non-trip

logic. Trip logic is not maintained sufficiently long enough to permit opening

of the reactor trip breakers. The reactor trip undervoltage coils are 'pulsed'

in order to check continuity. During logic testing of one train, the other

train can initiate any required protective functions. Annunciation is provided

in the control room to indicate when a train is in test (train output

bypassed) and when a reactor trip breaker is bypassed. Logic testing can be

performed in less than 30 minutes. Details of the logic system testing are

given in reference [3].

A direc~t reactor trip resulting from undervoltage or underfrequency on the

pump side of the reactor coolant pump breakers is provided as discussed in

Section 7.2.1 and shown on Figure 7.2-1l. The6 logic foi these trips 'Is capable

of being tested during power operation. W~hen -parts of the trip are being

tested, the sequence is ,such that an overlap is provided between parts so that

a complete logic test is provided.

This design complies with the testing requirements of IEEE Standard 279-1971

and IEEE Standard 338-1971 discussed in Table 7.1-1. Details of the method of

testing and compliance with these standards are provided in references [1],

[3], and [11).

The permissive and block interlocks associated with the Reactor Trip System

and Engineered Safety Features Actuation System are given on Tables 7.2-2 and

7.3-3 and designated protection or '?I interlocks. As a part of the protection

system, these interlocks are designed to meet the testing requirements of IEEE

Standards 279-1971 and 338-1971.

Testability of the-interlocks associated with -reactor trip's for'-hýich-credit
is taken in the accident analyses. is provided by the logic testing and ý

-semi-automatic testing capabilities of the Solid State Protection System..In

the Solid State Protection System the undervoltage coils (Reactor Trip) and

master Telays (Engineered Safeguards Actuation) are pulsed for all
combinations of trip or actuation logic with and without the interlock

signals. For example reactor trip on low flow (2 out of 4 loops showing 2 out

of 3 low flow) is tested to verify operability of the trip above P-7 and non-
trip below P-7. (See Figure 7.2-1, Sheet 3) Interlock testing may be performed
at power.
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Testing of the logic trains of the Reactor Trip System
includes a check of the input relays and a logic matriccheck. The following sequence is used to test the system:

1) Check of input relays recd)
comparador/b';sfa6le Poe4,
During testing of the process inttpt~ system andnuclear instrumentation system channels, each channel) -~b4-4...1-.- is placed in a trip mode causing one input relay
in train A and one in train B to de-energize. A contact
of each relay is connected to a universal logic printed
circuit card. This card performs both the reactor tripand monitoring functions. Each reactor trip input relay
contact causes a status lamp and an annunciator on thecontrol board to operate. Either the Train A or Train B
input relay operation will light the status lamp and
annunciator.

Each train contains a multiplexing test switch. Train Ais normally operated in the A + B position *and train B inthe normal position.. This allows information to be 52transmitted to the control intervals. A steady status
lamp indicates that both trains are receiving a trip modelogic input for the channel being tested. A flashin
lamp iondJ.tes a failure in one train. Contact inpuws to
the0 lo ,dcfpotection system such as reactor coolant pumpbus un er~req/uency relays operate input relays which arete sted by crating the remote contacts as described
above an using the same type of indications as those
provided for bistable input relays.

t-otflparol- ?/_j
Actuation of the input relays provides the overlap
between the testing of the logic protection system and
the testing of those systems supplying the inputs to the-logi~c protection system. Test indications are statuslamps and annunciators on the control board. Inputs to
-the logic protection syst-em arc checked one channel at atime, leaving the other channels in service. Forexample, a function that trips the reactor when two outof four channels tri~p becomes a one out of three tripwhen one channel is placed in the trip mode. Both 'trainsof the logic protection system remain in service during
this portion of the test.
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2) Check of l~ogic matrices

Logic matrices are checked one train at a time. Inputrelays are not operated during this portion-of the test.Reactor trips from the train being tested are inhibited
with the use of the input error inhibit switch on thesemi-automatic test panel in the train. Details ofsemi-automatic tester operation are given in reference[3]. At the completion of the logic matrix tests, one

in each channel of*"Orocess 4ns-u-eo
nuclear instrumentation is tripped to check closure ofthe input error inhibit switch contacts.

The logic test scheme uses pulse techniques to check thecoincidence logic. All possible trip and non trip corn-binations are checked. Pulses from the tester are applied
to the inputs of the universal logic card at the same
terminals that connect to the input-rela~y conta~tt.' Thust~here is an overlap between the. input relay check and thelogic matrix check. Pulses are fed back from the reactortrip breaker undervoltage coil to the tester. The pulsesare of such short duration that the reactor trip breaker
undervoltage-coil-armature cannot respond mechanically.

Test indications that are provided are an annunciator inthe control room indicating that reactor trips from thetrain have been blocked and that the train is being tested,and green and red lamps on the semi-automatic tester toPOindicate a good or bad logic matrix test. Protection
capability provided during this portion of the test is
from the train not being tested.

The general design features and details of the testability of
-the,, logi c. sy stem are de scrib ed in- ref erence [3] th tes tingcapability meets the requirements of Criterion 21 of the -1971
GDC.

Testing of Reactor Trip Breakers

Normally, reactor trip breakers 52/RTA and 52/13TB are inservice, and bypass breakers 52/BYA and 52/i3YB are withdrawn(out of service). In testing the protection logic, pulsetechniques are used to avoid tripping the reactor trip breaýkor'-;thereby eli 7minating the need to bypass them duri 'ng thi~s t(eZ~t. 'rw~..The following procedure describes the method used for testiripý
the trip breakers:

1. With bypass breaker 52/BYA racked out, manually close andtrip it to verify its operation. .
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2. Rack in and close 52/BYA. Manually trip 52/RTA through protection systemlogic matrix.

3. Reset 52/RTA.

4. Trip and rack out 52/BYA.

5. Repeat above steps to test trip breaker. 52RTB using bypass breaker
52/BYB.

Auxiliary contacts of the bypass breakers are connected into the alarm systemof their respective trains such that if either train is placed in test whilethe bypass breaker of the other train is closed, both reactor trip breakersand both bypass breakers will automatically trip.
Auxiliary contacts of the bypass breakers are also connected in such a way
that if an attempt is made to close the bypass breaker in one train while thebypass breaker of the other train is already closed, both bypass breakers andboth reactor trip breakers will automatically trip.

The Train A and Train B alarm systems operate separate annunciators in thecontrol room. The two bypass breakers also operate an annunciator in the -.control room. ýBypassing of a protection train with either the bypass breakeror with the test switches will result in audible and visual indications.
The complete Reactor Trip System is normally required to be in service.However, to permit online testing of the various protection channels o~r topermit continued operation in the event of a subsystem instrumentation channelfailure, the Technical Specifications define the minimum number of operablechannels. The Technical Specifications also defin, the required restriction tooperation in the event that the channel operability requirements cannot bemet.

11. Channel Bypass or Removal from Operation
Te S stem is designed to permit periodic testing of the protection £power operation without initiating a p tsionuls rpcnio

T~q&V&Ljor reactor
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Insert 20 .to Page 7.2-3 1 B ypassed' cuoddion

The Eagle 21 Process Protection System is designed to permit any channel to be maintained 2and when required, tested during power operation without initiating a protective action at the-,systemns level. Th1is -is accomplished without lifting electrical leads or installing temporaryjumpers. If a channel in an Eagle 21 protection system rack has been bypassed for anypurpose, a signal (1 per protection set) is provided to allow this condition to be continuouslyindicated in the control room. In addition, the Eagle 21 design has provided foradministrative controls and multiple levels of security for bypassing a protection channel.

The Channel Bypass feature of the Watts Bar Unit 4- Eagle 21 system will be used for the
following purposes:

1. To allow for an inoperable Reactor Trip (RT) or Engineered Safety Features
Actuation System (ESFAS) channel to be maintained in a Bypassed condition up to -six
hours for the purpose of troubleshooting,

2. To allow for a failed RT or ESFAS Channel to be Bypassed up to four hours for the
Purpose Of surveillance testing a redundant channel of the same function,

3. To routinely allow testing of a RT or ESFAS Channel in the Bypassed condition
instead Of the tripped condition for the purpose of surveillance testing,

The Nuclear Instrumentation System (NIS) is designed to Permit routine periodic testing of
the Source Range and Intermediate Range portion1 Of the Reactor Trip system during reactorPower Operation. To enable testing of the one-out-of-two channel logic for the NIS Source
Range and Intermediate Range during reactor power operation, a channel bypass feature hasbeen provided. Use of this feature will permit routine required surveillance testing to becompleted without initiating a protective action unless a trip condition exist.
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12. Operiting Bypasses v4' -te ptodecboan cy'senv

Where operating requirements nfe ssitate automatic or manual bypass of a
protective function, the desi ~is such that the bypass is removed
automatically whenever permissive conditions are not met. Devices used
to achieve automatic removal of the bypass of a protective function are
considered part of the protecti;& system and are designed in accordance
with the criteria of this section. Indication is provided in the control
room if some part of thhe s stem has been administrativel b a~ssedd or

to es ng oeýcfharnne in ypassitt bypass emain' g in eff ct uuntill&

14. Access to Means for Bypassing

The design provides for administrative control of access to the means
for manually bypass* channels or protective functions. For details,
refer to referensw[l]) and [11].

15. Multiple Setpoints

restrictive trip setting becomes necessary to provide adequate

protection for a particular mode of operation or set of operating
conditions, the protective system circuits are designed to provide
positive means or administrative control to assure that the more
restrictive trip setpoint is used. The devices used to prevent improper
use of less restrictive trip settings are considered par)t ~of the
protective system and are designed in accordance with the' 'citeria of
this section.

16. Completion of Protective Action

The protection system is so designed that, once initiated, a protective
action goes to completion. Return to normal operation requires action by
the operator.

.17. Manual Initiation

Switches are provided on the control board for manual initiation of
protective action. Failure in the automatic system does not prevent the
manual actuation of the protective functions. Manual actuation relies on
the operation of a minimum of equipment.
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,.Bypass;of a' process protection channel during testing is
indicated by an alarm in the control room. This is discussed
further in Section 7.2.2.1.3., subsections 10 and 11.
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18. Access pr~s;geleciroricxr

The desirn provides for admifisttrat*'Ive control of access
to ail setpoint adjustments, ad- e. calibration adjust-

-> ~menits, anid test points. For details refer to reference
[1], [7-3, and E113.

19. Identification of Protective Actions

Protective channel identification is discussed in Section
7.1.2.3. Indication is discussed in Item 20 below.

20. Information Read Out

The protective system provides t'he operator with complete
information pertinent to system status and safety. All
transmitted signals (flow, pressure, temperatlure, etc.)
which can cause a reactor trip will be. either indicated or,
recorded-for every channel, including all neutron flux
,power range currents (top det-ector, bottom detector,
algebraic difference and average of bottom-and top detec-
tor currents).

Any reactor trip will actuate an alarm and an annunciator.
Such protlective actions are indicated and identified by
the parameter being measured.

Alarms and annunciators are also used to alert the operat-or
of deviations from normal operating conditions so that he
may take appropriate corrective action to avoid a reactcr
trip. Actuation of any rod stop -or trip of any reactor
trip channel will actuate an alarm.

21. System Repair

_The system -i~s designed t~o facilitate the recognition, loca-
tion, r~eplacement, and repair of malfunctioning components
or modules. Refer to the discussion in Item 10 above.

1~ 7.2.2.3 Specific Control and Protection Interactions

7.2.2.3.1 Neutron Fluix

Four power range neutron flux channels are provided for overpower
and overtemperature A~T protection. An isolated auctioneered
high signal is derived by auctioneering of the four channels
for automatic rod control. If any channel fails in such a way
as to produce a low output, that channel is incapable of proper

MIN,
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overpower or overtemperature delta-T protection but will not cause control rod

movement because...of the auctioneer... Two out of four overpower or

overtemperature delta-T trip logic will ensure overpower or overtemperature

delta-T trip if needed even with an independent failure in another channel.

In addition, channel deviation signals in the control system will give an

alarm if any neutron flux channel, deviates significantly from the average of(

the flux signals. Also, the control system will respond only to rapid changes

in indicated neutron flux; slow changes or drifts are compensated by the

temperature control signals. Finally, an overpower or overtemperature delta-T

signal from any two nuclear power range channels will block manual and

automatic rod withdrawal. The setpoint for this rod stop is below the reactor

trip setpoint.

7.2.2.3.2 Reactor Coolant Temperature

The accuracy. of the narrow range resisitanci' temperature detector loop

temperature. measurements is demonstrated durinig plant. startup tests, by

-.comparing temperat`Výeasurements from the narrow range resistance 6

temperature dete ?orswith one another as well as with the temperature
measuemens obtT,-:from the,-wide range- resistance temperature -deteo

located in the hot leg and cold leg piping of each loop. The comparis~~~~

done with the Reactor Coolant System in an isothermal condition. The linearity

of the ,delta-T measurements obtained from the hot 'leg and cold leg narrow I~
range loop resistance temperature detectors as a function of plant power i.s

also checked during plant startup tests. The absolute value of delta-T versus

plant power is not important, per se, as far as reactor protection is

concerned. Reactor Trip System setpoints are based upon percentages of the

indicated delta-T at nominal full power rather than on absolute values of

delta-T. This is done to account for loop differences which are inherent.

Therefore the percent delta-T scheme is relative, not absolute, and therefore

provides. better. protective action without ;the expense of .accuracy. For.-this

reason, the linearity of the delta-T signals as a function of powe'ris of

importance rather than the absolute values of the delta-T. As part of ithe

plant startup tests, the narrow range resistance temperature. detector signals j 3
will be compared with the core exit thermocouple signals.

Reactor control is based upon signals derived from protection system channels
after isolation by isolation --.JIi- such that no feedback effect from the

con .trol system can perturb th~protection channels.

N..-
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Overpressure protection -is based upon the positive surge of the reactor)coolant produced as a result of turbine trip under full load7; assuming the

core continues to produce full power. The self-actuated safety valves are

.sized,.oni-the~basis of steam .flow. from.-the pressurizer to accommodate this

surge at a setpoint of 2500 psia and an accumulation of 3%. Note that no

credit is taken for the relief capability provided by the power-operated

relief valves during this surge.

In addition, operation of any one of the power-operated relief valves can

maintain pressure below the high pressure trip point for most transients. The

rate of pressure rise achievable with heaters is slow, and'ample time and

pressure alarms are available to alert the operator of the need for
appropriate action.

7.2.2.3.4 Pressurizer Water Level

Three pressurizer water level channels are used for reactor trip. Isolated

signals from these channels are used for pressurizer water level control. A

failure in the level control system could fill ox empty the pressurizer at a

slow rate, (on the order. of half an hour or more).

Experience has shown that hydrogen gas can accumulate in the-upper part of the

condensate pot on convent ional open reference leg systems in pressurizer water
level service. At RCS operating pressures, high concentrations of dissolved
hydrogen in the reference leg water are p~ossible. On sudden depressurization
accidents, it has been hypothesized that rapid effervescence of the dissolved
hydrogen could blow water out of the reference leg and cause a large level

~JI~error, measuring higher than actual level. Accurate calculations of this
effect have been difficult to obtain. To eliminate the possibility of such

effects, a bellows is used in a pot at the top of the reference leg to provide

an interface seal and prevent dissolving of hydrogen__as into the reference

The reference leg is-uninsulated and will.-remain at local ambient temperature.
This temperature will -vary somewhat over the length of the reference-leg-

piping under normal operating.
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7 .2 .2.3 .5 Stain Generator Water Leveyl and Feedvater Flow

* The basic function of the reactor protection circuits associated
with low steam generator water level n--4o~4Oewse-f~'sto
.preserve the steam generator heat sink for removal of long term
r~es~idual heat. Should a complete loss of feedwater occur, the
reactor would be tripped on seinps3;ppg- of-;~.f~wtrf-

~i..atehamf -ew--l--v-*4 o-in low-low steam generator water
level. In addition, redundant auxiliary feedwater pumps are
provided to supply feedwater in order to maintain residual heat
removal after trip.~ -_h'A-e-s09 reactor tripgacl7iefore the steam
generators are dry to reduce the required capacity and increase
the starting time requirements of theojYiuxiliary feedwater pumps
and to minimize the thermal tr nsient on the Reactor Coolant

1. A mis tch in steam and feedwater flow coincide with low

2. A low- 'low ste generator water level r ardless- of steam-

It is desirable to minimi thermal ansients on a steam
generator for credible losst fee ater accidents. Hence, itSshould be noted that controlle alfunctions caused by a pro-
tection system failure affect on one Steamn generator; the steam
generator level signal use in the1 edwater control originates
separately from that use in the low dwater reactor trip.

A spurious high si al from the feedwate r v channel being used
for control woul cause a reduction in feedwa r flow preventing
tha cannel on ultimately tripping.Hoer, hmiat-

,between ate demand and feedwater flow produced b this spurious
signal w ;actuate alarms to alert the operator of t s
situat n in time for manual correction or, if the cond on
con nues and the mismatch is not sufficient to trip the r ctor
0 low foedwater flow, th.* reactor will eventually trip on a w-
ow water level signal independent of indicated feedwater flow.
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Therefore, a low-low steam generator water level reactor trip is provided for each steamgenerator to ensure that sufficient initial thermal capacity is available in the steam generatorat. the,. start of ,the transient. .It. is desirable -to minimize thermal transients on a steamgenerator for a credible loss of feedwater accident. To minimize perturbations on theFeedwater Control System, a control grade Median Signal Selector (MSS) is installed in thecontrol system. Implementation of the MSS will prevent a single failed steam generatorwater level channel from perturbating the control system that may result in an unwarrantedplant transient being initiated. The application of the MSS in the Feedwater Control systemwill improve system reliability by providing a "median" signal for use by the control systemto initiate control system actions based on this signal and eliminate the need for the lowfeedwater flow previously required to meet the intent ofControl and Protection SystemXLnteractionf. s _jtt~EEStd 279 Section 4.7, Thus, because of the design of theMSS (accepting the eel chanel inputs and providinig a "median" signal to the controlsystem), the potential fr a control and protection system interaction is eliminated,-as-

'1lwee isolajeI

--------- --__



WBNPFSAR0794 PKG
AMENDMENT 62

'Aspurious low signal from the feedwater flow channel being used for

c trol would cause an increase in feedwater flow. The mi-smatch be een
Ste. flow and feedwater flow produced by the spurious signal wod
actua alarms to alert the operator of the situation in time r manual
correct n. If the condition continues, a two out of th ree igh-high
steam gen ator water level signal in any loop, indepe~ndp of the
indicated edwater flow, will cause feedwater isol atiý6 and trip the
turbine. The turbine trip will result in a subsejue r -eactor trip. The
high-high stea enerator water level trip is an uipment protective
trip preventing cessive moisture carry-over w ch could damage the
turbine blading.

In addition, the three lement feedwa ter ntole incorporates reset
action on the level erro signal, suc h nat with expected controller
settings a rapid increase decrease n the flow signal would cause only
a small change in level befo the ntroller would compensate for the
level error. A slow change in th feedwater signal would have no effect
atall;7-.A:-spurious low or high team flow signal would have the same

effect as high or low feedwat si al, discussed above.

A spurious high steam gen ator water evel signal from the protection
channel used for contro will tend to cl e the feedwater valve.
However, before oa r~eac or trip would occur, two out of three channels for
a steam generator wo have to indicate a 1 water level. A spurious
low steam generator water level signal will te dto open the feedwater
valve. Again, b ore a reactor trip would occur two out of three
channels in a I op would have to indicate a high ter level. Any slow
drift in the ter level signal will permit the ope tor to respond to
_.the-level a rms-and take corrective action. Automat~. -Protection is---
provided Icase the spurious high level reduces feedwa r flow
sufficie ly to cause low level in the steam generator. e reactor will
tr~ip ei her on low feedwate~r flow coincident with low level r
ulti ely, on low-low steam generator water level. Automatic rotection
is so provided in case the spurious low level signal increases
fe dwater flow sufficiently to cause high level in the steam gener or.

turbine trip and feedwater isolation would occur on two out of thre
igh-high steam generator water level in any loop.

7.2.2.4 Additional Postulated Accidents

Loss of plant instrument air or loss of component cooling water is
discussed in Section 7.3.2. Load rejection and turbine trip are
discussed in further detail in Section 7.7.
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The control interlocks, called rod stops, that are provided to prevent.abnormal power-conditions which could result from excessive control rodwithdrawal are discussed in Section 7.7.1.4.1 and listed on Table 7.7-1.
Excessively high power operation (which is prevented by blocking ofautomatic rod withdrawal), if allowed to continue, might lead to a safetylimit (as given in the Technical Specifications) being reached. Before
such a limit is reached, protection will be available from the ReactorTrip System. At the power levels of the rod block setpoints, safety
limits have not been reached; and therefore these rod withdrawal stops donot come under the scope of safety-related systems, and are considered as
control systems.

7.2.3 Tests and Inspect-ions

The Reactor Trip System meets the testing requirements of IEEE Standard338-1971, reference [10), as discussed in Section 7.1.2. The testabilityof-the system is discussed in Section 7.2.2.1.3. The initial testintervals are specified in the Technical Specifications. Written test
.proce'dur-es and documentation, conforming to the requirements of reference,
[10], will be available for audit by responsible personnel. Periodictesting complies with Regulatory Guide 1.22 as discussed in Sections7.*1.,2 and 7.2.2.1 .3.
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To ensure the Median Signal Se-lector (MSS) will function as
described in Section 7.2.2.3.5, operability of the MSS will
be verified commensurate with the Technical Specification
surveillance interval for the associated low-low steam
generator level channels.

The signal selector has been provided with the capability for
on-line testing. Signal selector testing consists of
monitoring the three input signals and the one output signal
via test points. Comparison of the output signal to the input
signals permits determination of whether or not the median
signal is being passed and, consequently, whether the signal
selector is functioning properly. Any output signal at a
value other than that corresponding to the median signal is
indicative of a unit failure.

The signal selector will be tested concurrently with the
process protection channels which provide inputs to the unit.
Test signals are received from the protection system, as
would normal process signals, when the individual protection
channels are placed in the test mode. As the test signal
magnitude is varied, that protection channel which represents
the median signal will also be altered allowing the
technician to determine the presence of proper signal
selector action.
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10. The Institute of Electrical and Electronic Engineers, Inc., "IEEE TrialUse Criteria for the Periodic Testing of Nuclear Power Generating 'CationProtection Systems," IEEE Standard 339-1971.
'11. Erin, L. E. "Eagle 21 Microprocessor Based Process Protection System."

(W s i g o s o i a R p r , J n a y 1 8

7.2-41



Insert 23 to Page 7.2-4107 4 P G
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TABLE 7.2-1 (Continued)

LIST OiF REACTOUR TFUPS

Reactor '14'ip
Coincidence

Interlocks

12. Reactor coolant pump~
bus undervoltage

13. Reactor coolant pLump
bus underfrequency

14- r51Low-low steam,
generator water
level

15 )~Safety injection
signal.

2111

2/4l

Interlocked with P-7

Interlocked with P-7

V2(* In~ ar" blo TntOWr0 1ooh

2/3 in any No Interlocks

loop

Coincident No :Interlocks
with actuation

of safety
injection

Low voltage on all 1)uDmps
permitted below P-7.

Under frequency on 2 pumps
will trip all reactor coolant
pump breakiers and cause reactor
trip; reactor trip blockced
below P-7. /

(See Secftion 7.3 for Enigin-
eered Safety Features ac-
tuation corrlittions)

17 x- 1 ai emrnolreed'eoinII' tW ee" gngrto raorL

Revised by Amendment 46

Sheet 2
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TABLE 7.2-1 (Continued)

LIST OF REACTOR TRIPS

Reactor Trip

1-!.Turbine-senerstor trip**
a) Low auto stop oil

pre ssure

Coincidence
LoS ic

2/3

b) Turbine stop valve
close

I.Interlocks

Interlocked with P-9

Interlocked with P-9

.Comments

Blocked below P-9

Blocked below Pý-9

11-1-6 Kanual No interlocks

0* Reactor trip on turbine trip is anticipatory -4,w that no credit Is taken for it in this accident
analysis.

Rewised by Amendment 52
Shoot 3 .I
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TARLE 7.2-3

REACTOR TRTP SYSTEM INSU!L!!ENTATT2!

Reactor Trip Sianal_
imiscal an iýT~ l'Trip

Accuracy-

Tysmax imum~a
Tine Response

see

I. Power range high neutron

2. Intermediate range high
neutron f Lux

3. Source range high neutron
f u

A. Power- range high positive
neutron f Lux rate

5.Power rang high negative
neutron I'Lux rate

6.- Overtemersture AT:

1 to 1202 power

8 decades of neutron
ftium overtopping source
range by 2 decades and
inc~tuing 1002 power

6 decades of neutron
fLux (1 to 106 coults/sec)

* 2 to *302 of fult power

-2 to -302 of fuLl power

TI, 530 to 650*F

TC 510 to 6300F

TAWO 530 to 6301F

AT Setpoint 0 to 40&0v- 15o 9,Oo x

Ts 530 to 650OF -P
TC 510 to 630*F

Tar, 530 to 630*F
AT Setpoint 0 to 486a"

to at &~ IP fr9rr

7. Overpower AT

. hmat t of X. 3

t0794 PIKc

I S.5r
0.5

-1.0

' 3
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TABLE 7.2-3 (Continued)

REACrOR TRIP SYSTEM INSTRUMENATION

Reactor Trin Signal

It. Prsuie low pressure

9. Pressurizer high pressure

10. Pressuirizer high -water
level

11. Low reactor coolant flow

Twnlcl Ranee

1700 to 2300 psig

1700 to 2500 psig

Entire cylindrical
portion of pressurizer

0 to 12014 of rated flow

Typical Trip
Accuracy

±18 pai (Compensated
signal)

± 18 psi (non-conpen-
sated signal)

+ 2.25 percent of full
range Ap between taps
at design temperature
and pressure.

+ 2.75 percent of full
flow within rang* of
70 percent to 100
percent of full flow (1)

Typical Time
Response (see)

2.0

2.0

2.0

-4-TO-- 1 .2

12. Reactor coolant pump bus'
undervoltage

13. Reactor coolant pump bus
undo rf reque ncy

14.- Zilt 0an f Zfoodwya r flow

)4-4-5-. Low-low *team generator
water level

0 to 100% rated voltage

50 to 65 He

0 to )0% Max. afle.

fee 4ater flow!

+ 6 ft., - 12 ft. from
nominal full load water

+ is

±0.1 Hz 0.6

+ 6 .5% 7(7-7 -/.o---

+ 2.75 percent of tip
signal over pressure
range of 700 to 1200
Pell

2.0
(2)

15 416-. Turbine Trip

Sheet 2 of 3 Revised by Amendment 52

(2

(3)

03
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TABLE 7.2-3 (Continued)

REACTOXR rITPj SYST0M INS¶.UMMIGNAION

NOTiES:

(1) Reproducibility (see defjinitions In Section 7-1)

(0)
Mhe reactor trip on ;turbine trip aeanticipatory in that no
credit is taken for 4heai in the accident analyses.

( 2) Louj-lot sieamt gemle'-t-ao w4Ier- leve / 1'rtip v'(sOwnir / -
4 ~7 £IOP~ de 5 -¶V C/

Revised by Amendment 40

Sheet 3
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TAILI 7.2-4

]power. &sale. I. neventraljj Red Clacter Control 2.2.1 2N1ish Mnifegg. Awas..y soak Withdrawal prom a Table 2 .2-1 02Flax Trip 99"gitioeI Coaditi..

Selpolm(129.2.30)

IX, VNItugo of a Control Red bet'.
U..hoolm 15061in% (Red Cluster CoNtrol

U"co~rd1..'( 8'r-,-% Dilut-iiv

2. Fewer ISOg.

plusu Trip
flaith 81polot)

1.wasoat,.jlod Red Cluster Control
Assembly Be&& witiE.,a.., pro. a
subertleale Condition

2.;.1
Tablo 2.2-1 API

2. 11hoomtgeibed 3.4 cluster control

4. * eaves 1 cion Jnasetj'r Seastog,
C00laffi Leep 415.2.4)

5 aeoooeivo Best Removal Do* to

Ineldest (15.2.11)

sheot 1 91 3

Revised by Amendment 52
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TAMILS 7.2-4 (Continued)

REACMThBlull' IIRZATI(w

hiip O

Rtange milk
Neatens Flux
Trip

CorteUseo, of a o .tgol Red Delve
Nooeheate mo.anin (118d Cluster
coulc.l Assembly Kjootlo.)
18S.4.6)

1. amseomaeiled od 14cluster Costrol
Assembly beak Wjthkdrawal From a
114"Wrltleal Coaditl.. (111.2.1)

2.2.1
Table 2.2.1 05

4. goatee Rage J.. Vaeoutrolled Rod cluster controlNigb Knutson Assembly leak WithSrswal Free a 2.2.1 5c..Flom Trip 11"Orfltleel cendatlea (11.2.1) Table 2.3-1 of

S. Power 11ofge s Rupture of a Centrol Red Delve 2.1.1 (mwe
Nigh p*osltlve I. Meeanlso lew NO618 ("ao Classer Table 2.3-1 Is

Nenten Pum I Control Assembly Rijosties)
Rate Ts p (1.4.4)

r. owor R~ang I- RoA Cluster Control Assembly 3.2.1 I .a . o ~ssa e.Nish Negative Miselemhmeat (15.2.2) Table 2.2-1 04at. a.
02- agoi fsup

7. Orertenpor-
tala.i AT Trip

1. Uncsontrolled Rod0 Cluster control
Assembly Book Withdrawal at
Fewer

2. Uncontrolled boron Dilutiom
(15.2.4)

"meos of Ru1tornal 9lootrie~l
Load mod/or Tmrblae Trip

/. Ezeessve Load locsesse
Incident(5..1

(Is-. /2.J(4*)

.B4~k W~g'drua4 l~%A ~tc
2.2.1
Table 2.2-1
Moto I

Ibeet of SRevised by Amendnent 52

M lId

*4--

£70
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TABLE 7.2-4 (Coatln.#d)

the Roaster Coolant system

6-1 allU'4teed Pipes eq Pro.
Crees, is Latge ]pipes Whish

1. Dwoontgojled B04 Cluster Control 2.Assembly seaab llldegwgl at Table 2.2-1

* s meoseagv Best fteoya t~ to ý

of/th /faj~r ky tahre 6,F k A,'ý Vtem 4,pkr 4,d (z.
(is.

S. Overpow ar
AT Trip

IFB --.-- te eta

7- 'Th 7r?t (1S7.1.7)

4. hAs desatl Dergessurstleat of

.~-Ae.ldeotal beprees&%jjaa ION of2..
.'the Rostert coolant sys tem Tabe 22I0

5 2Loss.4 Ref lterf Coolant From. 
"4'4 L~.1"mall lepsass*d 1PIP4s 

zOr- (tro. /C-*&$g la Laws* Pipes WhichA~jJ 
I~I

Aetisatee aces .. 5 paie r~~e.,a e ~ few~r~ (5..3

PIPS Ruasr.co (LOCA) 439.4.1) 

' '
11 team foersttot TS60 lUcIP,

I ( 15.4.9) --- N 1

8h~et of SRevised by Amendment 52

IM a]

Low Nressus
TriAp

C0

3

7. /ff-4j , Ay Airc 6 /41 a iA Stý,t L,,;ý e 4t. Z, I
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TABLE 7.2-4 (Continued)

au W10

10. 1'0esaarlaor

Nish Water

Coolant Flow

R~. oaster Coolant

pump Be* Under-.

frergm.., Trip

9814,63 9 Trip

L~evel Trip

11 UnontolledjJ Rod CAe 0 low Control
""ably~ 'is&& Witiewl;,,1 atPoe
U1.3.21

a.. sadjow Turbine. T A
(R 15.247)

1. we OOa if@Iled Rod CA ogs . o , j

2. tons atRxs1 l
- od " of.1 Turbi.a Trip

1. elo Lose Of P~ftoed to .motoCool. flot IF'.** 5

1.cmplete 1,00 6 of Forged'
Rose c..gm

02 ~flew (11..4

1. Lonpgo g of~ Morll ro4.

2.2.1

1, I'll of Raternol 21.0trica3
Lo ad sM d/o r Turbine 2.2 .13

Tri 
Ta le..1-

2.1 LOSS ot Offeis. Power to theItalian Auxiliaries (ltatja.

2.2.1
Table 3.2-1.01

2.2.1
table 2.2-1 #11

2.2.1

2.2.1
Table 2.2-A Dig

I.~~~Y 'Afrn4Fw r~

4Jf~ s O~~~~
2,?f)

_0

IfAi .X- . f Aý

~~'&, &rce(

Revised by Amendment 52
shoot 4 of

CD
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TAXLE 7.2-4 (Coutinuod)

17 --tr lately jeJeotgen Al. A6.14demtoo Deprosssmzuatlaxof 0oo gets A
9Lgoufl AeenaagobQ u uses seem #radsn 119.2.11)

IS ae1( k.,..! Trip Av,,1alolo tog all Aoeldeost see 14ole c
(C&Qptsr 15)

~~~~~. ~~~1 t'/ ~?W S A//4 ls(..1

A~t (s- 41. 2. z)'./iJ

a. Tglps are listed In order o .1 dmomsiem in blA..1* 7.2

b. 3etocesee rto or to avoidsmt saaaiyoo pressoted Is Chapter Is.

o. A l..h.I.io opeoifiastAe is met required Usosusi Wei trip Is not &eeomed
to fooell~as Is 0*. asoeeat sooty#**.

Revised by Amiendment 5231k.ot 3 of I

w .

NUMI



0794-. PKG
WBNP -63

o il7.3 ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

-* In* addition to -the. requirements for a reactor trip for anticipated abnormal
transients,, the facility shall be provided with adequate instrumentation and
controls to sense accident situations and initiate the operation of necessary
Engineered Safety Features. The occurrence of a limiting fault, such as a

)loss-of-coolant accident or a s~a break, requires a reactor trip plus
actuation of one or more of the Engineered Safety Features in order to prevent
or mitigate damage to the core fand Reactor Coolant system components, and
ensure containment integrity. A'ine

In order to accomplish these design objectives the Engineered Safety Features
)system shall have proper and timely initiating signals which are to be

supplied by the sensors, transmitters and logic components making up the

various inrtitrumonte1tin channels of the Engineered Safety Features Actuation
System. (.po-(eckibr sysknv

7.3.1 Description

The EngineeredSafety Features Actuation System uses selected plant
parameters, determines whether or not predetermined safety limits are being
exceeded and, if-they are, combines the signals into logic matrices sensitive
to combinations indicative of primary or secondary system boundary ruptures
(Class ZII or IV faults). Once the required logic combination is completed,
the system sends actuation signals ~he appropriate Engineered Safety
Features components. The Engineerq a ety Features Actuation System meets the
requirements of Criteria 13, 20, 2A,28 and 38 of the 1971 General Design
Criteria (GDC).

7.3.1.1 System Description

The Engineered Safety Features Actuation System is a functionally defined
system described in- this,.section. The equipment-which provides the..actuation
functions identified in Section 7.3.1.1.1 is listed below and discussed in
this section and the references.

Prolec4-;oh
1. Process(±notruxnztetizr. and Control System (reference [1] and [5])

2. Solid State Logic Protection System (reference [2]))

* ) 3. Engineered Safety Features Test Cabinet

4. Manual Actuation Circuits

7.3-1
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procesS

TheEngneeed afety Featur es Actuation System consists of two discrete

portions of circuitry: 1) .A protection icrmnainportion consisting 
of

three or four redundant channels per parameter or variable to monitor various

plant parameters such as the Reactor Coolant System and steam system 
pressure,

temperatures and f lows and containment pressures; and 2) a 44 @4 a ý-pot 105-;

consisting of two redundant 4.e~gis trains which receive inputs from thegfrrncesr

protection instrumentation channels and perform the logic needed 
to actuate

the Engineered Safety Features. Each diia train is capable of actuating the

Engineered Safety Features equipment required~ h intent is that any single

failure within the Engineered Safety Features (~tution System shall 
not

prevent system action when required. 165 c'
protes-r

The redundant concept is applied to both thelprotection i:nstrumentatizn 
and

logic portions of the system. Separation of redundant protection 
pvroces5s

inzr~mntaionchannels begins at the process sensors and is maintained in

the field wiring, containment vessel penetrations and .aaalo~g protection 
racks

terminating at the redundant safeguards logic racks. The design meets the

requirements of Criteria 20, 21, 22, 23 and 24 of the 1971 GDC.

prwc~e:95 oe
The'variables are sensed by the~vprotection ntrmtaoncircuitry as

discussed in reference Eli and in Section 7.2. The outputs from the protection ~

incrumntaionchannels are combined into actuation logic as shown =,J.~igur6

7.3-3, Sheets 1, 2, 3, and 4, and Figure 7.2-1, Sheets 1, 2, and 3. Tables 
'

7.3-1 and 7.3-2 give additional information pertaining to logic and function.

The interlocks associated with the Engineered Safety Features Actuation 
System

are outlined in Table 7.3-3. These interlocks satisfy the functional

requirements discussed in Section 7.1.2.

Manual actuation from the control board of containment isolation Phase 
A is

provided by operation of either one of the redundant momentary containment

isolation Phase A controls. Each control consists of two backup linked

actuation- -switches. The separate -trains :are-thereby linked, by mechanical -

means. Also on the control board is-manual actuation of safety injection 
by

one of the.-redundant controls and a manual activation-of contaInment isolation

Phase B by either of the two sets of controls.

Manual controls are also provided to switch from the injection to the

recirculation phase after a loss-of-coolant accident.

7.3-2
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I ý -14ý'

-k5. Automatic switchover of the RHR pumps from the injection to therecirculation mode (Post-LOCA).
PrOces5s

7.3.1.1.2 A Protection InatrNumentmitio CircuitryJt5
The,(protectionfitý ~ tt.. sensors and racks for the Engineered SafetyFeatur ,.c~titOn System are covered in References(l]. Discussed in.this4.eserepothe parameters to be measured including pressures, flows, tank andyesZatez, levels, and temperatures as well as the measurement end signaltransmission considerations. These latter considerations include the trans -mitters, orifice plates and flow elements, resist&=*e temperature detectors.as veil as automatic calculations, signal conditioning and location andmounting of the devices. 

tp.cs
The sensors monitoring the primary system are located as shown on the pipingflow diagrams in Chapter 5, Reactor Coolant System. The secondary systemsensor locations are shown an the steam system flow diagrams given inChapter 10.

7.3-4

Containment spray actu~ation which Performs the followingfunctions:

Initiates containment spray to reduce containment pressureand temperature following a loss-of~coolant or steamlinebreak accident inside of containment.

Initiates Phase B containment isolation which isolates thecontainment following a loss of reactor coolant accident, ora steam or feedvatar line break within containment to limitradioactive releases. (Phase B isolation-together with PhaseA iSOlation results in isolation of all but safety injectionand spray lines penetrating the containment).
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7.3.1.1.3 Logic Circuitry

The Engineered Safety Features logic racks are discus sed in detail in

reference [2]. The description includes the considerations and provisions for

physical and electrical separation as well as details of the circuitry.

Reference [2) also covers certain aspects of on-line test provisions,
provisions for test points, considerations for the instrument power source,

considerations for accomplishing physical separation. The outputs from the,,ptOc~e5--v

protection in-tru~montation channels are combined into actuation logic as shown

on Sheets 1 (T.,1 )_, 3 (Pre~ssurizer Pressure), 3 (Steam -Flow an~d Differential

Pressur5~ 3 and 4 (Engineered Safety Features Actuation), and 3 (Auxiliary

Feedwater)7 of Figure 7.3-3.
4'-an SAeab PeS .4 ~e_

1ýeaM

To facilitate Engineered Safety Features Actuation testing, four cabinets (two

per train) are provided which enable operation, to the maximum practical

extent, of safety features loads on a group by group basis until actuation of

all devices has been checked. Final actuation testing is discussed in detail

in Section 7.3.2.

7.3.1.1.4 Final Actuation Circuitry

The outputs of the Solid State Logic Protection System (the slave relays) are

energized to actuate, as are most final actuators and actuated devices. These

devicesý are listed as follows:

1. Safety Injection System pump and valve actuators. See Chapter 6 for

flow diagrams and additional information.l

2. Containment isolation (Phase A - "T" signal isolates all non-essential

process lines on receipt of safety injection signal; Phase B - Us

signal isolates remaining process lines (which do not include safety

injection lines) on receipt of 2/4 high-high containment pressure
.signal). For further information, Section 6.2.4.

'3. ~Essential raw cooling system and component cooling water and valve

actuators. (See component cooling system, Chapter 9).

4. Auxiliary feed pumps start (See Chapter 10).

5. Diesel start (See Chapter 8).(

7.3-6
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2. ~*steam generator tube rupture 0794 PKG
2.Secondary System

a.Minor secondary system pipe breaks resulting in steam- release rates
equivalent to a single dump, relief or safety valve

b. Rupture of a major steam pipes

7.3.1.2.2 Generating Station Variables

The following list summarizes the generating station variables required to bemonitored for the automatic initiation of Safety Injection during eachaccident identified in 'the- preceding section. Post accident monitoring
requirements are given in Table 7.5-1

1. Primary System Accidents

a. Pressurizer pressure

b. ,Containment pressure (not required for steam generator tube rupture)

2. Secondary System Accidents

a. Pressurizer pressure-

b. Steamline pressures-

c. Containment pressure

7.3.1.2.3 Spatially Dependent Variables

The only variable sensed by the Engineered Safety Features Actu~ation Systemwhich has spatial dependence is reactor coolant temperature. The effect on themeasurement is negated by taking multiple samples from the reactor coolant hotleg and electronically averaging these samples in the -4isrmeneei m channel 6electronics. P - cAýS /e bcdio Y

) 7.3-8
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7.3.1.2.4 Limits. Margin and Levels

Prudent operational limits, available margins and setpoints before onset
of unsafe conditions requiring protective action are discussed in Chapter
15 and the Technical Specifications.

7.3.1.2.5 Abnormal Events

The malfunctions, accidents, or other unusual events which could
physically damage protection system components or could cause
environmental changes are as follows:

1. Loss-of-Coolant.Accident (See Section 15.3 and 15.4)

S4eomlinire
2. .-S~te~amBreaks (See Sections 15.3 and 15.4)

3. Earthquakes (See Chapters 2 and 3)

4. Fire (Section 9.5.1)

5. Explosion (Hydrogen buildup inside containment) (See Section 15.4)

6. Missiles (See Section 3.5)

7. Flood (See Chapters 2 and 3)

7.3.1 .2.6 Minimum Performance Requirements

Minimum performance requirements are as follows:

1. System Response Times

The Engineered Safety Features Actuation System (ESFAS). response.
time is defined as the interval required for the engineered safety
feature sequence to be initiated subsequent to the time that the

) appropriate variables exceed the setpoints. The-engineered safety
feature sequence is initiated by the output of the ESFAS which is
by the operation of the dry contacts of the slave relays (600
series relays) in the output cabinets of the Solid State Protection
System (SSPS). The response times listed below include the

inter *val of time which will elapse between the time the parameter2) as sensed by the sensor exceeds the safety setpoint and the time
the SSPS slave relay dry contacts are operated. The values listed

below are maximum allowable values

- 7.3-9
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consistent with the safety analyses and the Technical Specifications andare' systematically verified during plant preoperational startup tests.These maximum delay times thus include all compensation and thereforerequire that any such network be aligned and operating during verificationtesting. For the overall engineered safety features response time, referto the Technical Specifications. In a similar manner, for the overallreactor trip system instrumentation response time, refer to the TechnicalSpecifications.

The Engineered Safeguards Actuation System is always capable of havingresponse time tests performed using the same methods as those tests performedduring the preoperational test program or following significant componentchanges.

Maximum allowable time delays in generating the actuation signal forloss-of-coolant protection I. 1,O P a s~p ro F: 9Ja*6r
Typical maximum allowable time delays in generating the actuation signal forsteamline break protection are:

r~W stee0mine pressure (SFC-rq~cr

c.Retr Colant Iyste T-3
S as mesured at te resista:c tea.pe int& e dotector sensor oýutut

b6 -,'._i High-high containment pressure for
closing main steazline stop valves

C_4ý Actuation signals for auxiliary
feedwater pumps

14 " S-r ~ 0 Rsu/e Rc~rre

2. 0 68e6I -

2.0 seconds

2.0 seconds

2.0 seconds

2.0 seconds

J~Lo

7.3-10



Insert 25 to Page 7.3-10

PressuiZer Pressure

Containment Pressure

e -frLow Pressurizer Pressure
(Safety Injection)

.f-g- High Containment Pressure
(Safety Injection)

are:

a.

b.

2. 0 seconds

2.0 seconds

Insert 26 to Page 7.2-10

2. 0 seconds

2.0 seconds

0794 PKG
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0794 PKG2. System accuracies:

Typical accuracies required for generating the required act uation
signals for loss-of-coolant protection are:

a. Fressurizer-pressure (uncompensazed) r4-s. 1fe.
6.Ca ahtseaf, prerSJurt k 4Typical accuracies required in generating the required actuation

signals for stsa break protection are given:
AS5+ea Io;'e

a. Staamlin. pressure 4- 1 a oen-~e ~ c.

± I. 5~ *f ~ g~r~rtue
-- F,.. . - -' S -- -- 5%IJ

,ES. ~

c ~Containment pressure s-..fta
dJ - resvriz'ev. pres-vt~re

4-1 QA ý,; =.11. &t-16

RefC. (
3. Ranges of sensed variables to 'be accommodatad until conclusion of

"protective action is assured:

Typical ranges required in
loss -of-coolant protection

a. Pressurizer pressure

b. Containment pressure

Typical ranges required in
staamlino break protection

A.'S teamline pressure
(from which steaz3.ine
pressure is derived)

generating-.the required actuation signals for
are giveni:

1700 to 2500 psig

t- I- vs

(Ice Condenser System)

generating the required actuation s4-gnaJls for
are given:

-520 fl

0 to 1300 psig

eo -I r.ei av

1-700 2o p,*~
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C4x- Containment pressure

(Ice Condenser System)

7.3.1.3 Final System Drawings

The schematic diagrams and other drawings for the systems discussed in this

section are referenced in Section 1.7.

7*32Analysis Rehb'il//A oi bj hi1 adi
7.32.1FaiureMode and Effect Analyses pý4'hO'

A -F.'ailure mode and effects analysks (FI{EA) bav~e been performed (4] -on generic
Engineered Safety Features Actuation System (ESFAS) equipment similar to the
Watts Bar Solid State Protection System (SSPS). and Proco:: Con;tirol System
-EPG&*., The FMEA has been performed down to the replaceable component level

e+g transmitter, relay, module, etc.) for the SSPS .eMd-PS. Concer ~r~he 1  J
output actuation functions considered, the an a lyik4wma sisfvaMth
-to- the output functions available from the-output cabinets of the SSPS. These
output functions involve output slave relays contacts which in some cases*
close for final-device actuation and in other cases open for final'device
actuation. The results of the FMEA show that the ESFAS does indeed comply
with the Single Failure Criterion. No single failure was found which could.
prevent the ESFAS from generating the proper actuation signal on demand for an
engineered safety feature. Failures are either in the safe direction, or a

*redundant* channel or train insures the necessary actuation capability. The
actuation functions &S, ;&ll az t-49 inaput functionr, from whielh the aeetuatiea
fntmeelns are derivezd are the same for the*Watts Bar Nuclear Plant as for the
generic system analyzed, although in the translation of these functions into
the system design a few minor differences in the hardware cannot be precluded.
The Watts Bar ESFAS has been designed to equivalent safety design criteria as
the generic system 'analyzed, and all the specific design features of the Watts
Bar ESFAS as well as, design features of each Watts Bar Class lE ESF system in
the scope of the Westinghouse NSSS are.,reviewed for failure modes and effects.
This,.ESFAS FMBA applies to all.Watts Bar engineered safety features both NSSS

..and BOP related, that are auto ia y actuated by the dry contacts-of the
slave relays in the output ca ine~ of the SSPS. These reviews have resulted-` 7

in those conclusions documen d in t e FSAR and supplementary documentation
referenced to the docket. It is noted that Appendix B and C of Reference [4]
provide interTace criteria for

7.3-12
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A discussion on the reliability/availability of the Eagle 21 process protection system isprovided in Section 7.2.,4'
z



copaa~~osWBNP -65 O 079 1* PK G
In the ESF, a oss of instrument powe wlcall for actuati~on of ESF
.equipment contr~ lled by the specific ý&a~~ that lost power (containment
spray excepted). The actuated equipment must have power to comply. The power
supply for the p otection systems is discussed in Chapter 8. For containment
.spray, the 'final) 'a are energized to trip to avoid spurious actuation.
In addition, manual containment spray requires a simultaneous actuation of two
manual controls. This is considered acceptable because spray actuation on
high-high containment pressure signal provides automatic initiat 'ion of the
system via protection channels meeting the criteria in Reference [3/w-3
Moreover, two sets (two switches per set) of containment spray manual
initiation switches are provided to meet the requirements of IEEE Standard
279-1971. Also, it is possible for all ESF equipment (valves, pumps, etc.) to
be individually manually actuated from the control board. Hence, a third mode
of containment spray initiation is available. The design meets the
requirements of Criteria 21 and 23 of the 1971 CDC.

7.3.2.2.2 Equipment Qualification

Equipment qualifications are discussed in Sections 3.10 and .11.

7.3.2.2.3 Channel Independence

The discussion presented in Section 7.2.2.1.3 (Item 6) is applicable. The ESF
slave relay outputs from the solid state logic protection cabinets are
redundant, and the actuations associated with each train are energized up to
and including the final actuators by the separate ac power supplies which
power the~logic trains.

7.3.2.2.4 Control and Protection System Interaction

The discussions presented in Section 7.2.2.1.3 (Item 7) are applicable.

7-3.2.2.5 Capability for Sensor Checks and Equipment Test and Calibration_

The discussions of system testability in section 7.2.2.1.3.(Item 9) are
*applicable, to the sensors, protection irt'enatn circuitry, and logic
trains of the ESFAS, andr4eet the req 7irmenrts of IEE`E 338-1971.

pro ce ss- K~e n

7.3-13



WBNP-650794 PKG
Th~e.following discussions cover those areas in whi~ch the testing provisions
differ from those for the Reactor' Trip System.

Testinz of ESFAS

The ESFASs are tested to provide assurance that the systems will operate as
designed-and will be available to function properly in the unlikely event of
an accident. The testing program meets the requirements of Criteria 21, 37 ,40, and 43 of the 1971 GDC and RG 1.22 as discussed in Table 7.1-1. The tests
described in this Section and further discussed in Section 6.3.4 meet the
requirements on testing of the ECCS as stated in GDC 37 except for the
operation of those components that will cause an actual safety injection. The
test, as described, demonstrates the performance of the full operational
sequence that brings the system into operation, the transfer between normal
and emergency power sources and the operation of associated cooling water
systems. The safety injection and RHR pumps are started and operated and
their performance verified in a separate test discussed in Section 6.3.4.
When the pump tests are considered in conjunction wit 'h the ECCS test, the
requirements of GDC 37 on testing of the EGGS are met as closely as possible
without causing an actual safety injection.

Testing as described in Sections 6.3.4., 7.2.2.1.3 (Item 10) and this section
provides complete periodic testability during reactor operation of all logic
and components associated with the EGGS. This design meets the requirements
of RG 1.22 as discussed in the above sections. The program is as follows:

1. Prior to initial plant operation, ESFAS tests will be conducted.

2. Subsequent to initial startup, ESFAS tests will be conducted during each
regularly scheduled refueling outage.

p rocess
3. During on-line operation of the reactor,, all of the ESF~protection

in~ruonatonand..logic .circui try will. be fully. tested.. In addition,
essentially all of the ESF final, actuators will be fully tested. The
remaining few final actuators whose operation is not compatible with
continued on-line plant operation will be-checked by means of 'continuity
testing.

7.3-14
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4. During normal operation, -the operability of. testable final actuation

devices of the ESFAS will be tested by manual initiation from the

.Performance Test Acceptability Standard for the "S" (Safety Injection Sigrialland for-the "P"1 (the Automatic Demand Siganal for Containment Spray Actuation)
Actuation Signals Generation

During the reactor oper 'ation the basis for ESFAS acceptability will be thesuccessful completion of the overlapping tests performed on the initiating
system and the ESFAS, see Figure 7.-.fek of process indications verifyoperability of the sensors,>,. Protect2.onAinstrumentation checks and testsverify the operability of the circuitry from the input of these circuitsthrough to and including the logic input relays except for the input relays -associated with the containment spray function which are tested during thesolid state logic testing. Solid state logic testing also checks the -di.git~signal path from and including logic input relay contacts through the logicmatrices and master relays and performs continuity tests on the coils of theoutput slave relays; final actuator testing operates the output.slave relays,and verifies operability of those devices which require safeguards actuationand which can be tested without causing plant upset. A continuity check isperformed on the actuators of the untestable devices. Operation of the finaldevices is c'onfirmed by control board indication and visual observation thatthe appropriate pump breakers close and automatic valves shall have completed
their travel.

The basis for acceptability for the ESF interlocks will be control boardindication of proper receipt of the signal upon introducing the required input-at the appropriate setpoint.

Main~tenance checks (performed during regularly scheduled refueling outages),such as resistance to ground signal cables in radiation environments are basedon- qualification test data ,which identifies what constitutes acceptable-radiation, 'thermal, 'etc. degradation.

7.3-15
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.Train A,' and Train B, respectively, for the redundant counterparts. The
master and slave relay circuits operate various pump and fan circuit breakers
or starters, motor operated valve contractors, solenoid operated valves,

emegeny gnertorstarting, etc.

Protectiondir.3tr~umntio Testing
Process SY-54e'n'

l~Protectionj ntuctto testing is identical to that used for reactor trip
circuitry and is described in Section 7.2.2.l.3-(Item 10).

An exception to this is containment spray, which is energized to actuate 2/4
and reverts to 2/3 when one channel is in test.

Solid State Logic Testing

Except for containment spray channels solid state logic testing is the same as
that discussed in Section 7.2.2.1.3 (Item 10). During logic testing of one

- train, the other train can initiate the required ESF function. For additional
details, see reference [2].

Actuator Testing

At this point, testing of the initiation circuits through operation of the
master relay and its contacts to the coil's of the slave relays has been
accomplished. Slave relays (K601, K602, etc.) do not operate because ofreduced voltage.

SThe ESFAS final actuation device or actuated equipment testing shall be
performed from the enginaered safeguards test cabinets. These cabinets are
located near the solid state logic protection system equipment. There is one
set of test cabinets provided fo_ each of the two protection Trains A and B.
Each set of cabinets conta3Si indiv dual test switches necessary to actuate
.the' slave,, relays... To_1pre nt-acide tal. actuation,- ctest...switches. are of,.:the
type that must be rotatetand Khen epressed to operate the slave relays.
Assignments-of contacts. f t~he ms -ve relays for actuation of various final
devices or actuators has made such that groups of-devices or actuated
equipment can be operated individually during plant operation without causing
plant upset or 'equipment damage.. In the unlikely event that a safety
injection signal is initiated during the test of the final device that is
actuated by this test, the device will already be in its safeguard position.

7.3-17
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Scircuits will be energized, and green test lamp "WS". will b-e de-energized.

Typical Circuit path for white lamp ftDS*" will be through the normally closed
solid state logic output relay contact "K*" and through test lamp connections
1 to 3. Coils "Yl" and "Y2" will be capable of being de-energized for
protection function actuation upon opening of solid state logic output relay
contacts NK,.Coil 'Y2" is typical for. a solenoid valve coil, auxiliary
relay, etc. When the contacts nK*n are closed to block de-energizing of coils
"Yl" and "Y2", the green test lamp is energized to verify operation (opening
of its contacts). To verify operability of the-blockage relay contact to the
green lamp - the green test lamp should now be energized also; open this
blocking relay contact - the green test lamp should be de-energized, which
verifies that the circuit is now in its normal, iLe., operable position.

Time Required for Testing

,p rocess 51y4rr
It is estimated thatiprotection cinqtru:;mcntati~eR testing can be performed at a
rate of several-channels per hour. Logic testing of either Trains A and B can
be performed in less than 2 hours. Testing of actuated components (including
those which can only be partially-tested) will be a function of control room
operator availability. It is expected to require several shifts to accomplish'
these tests. During this procedure automatic actuation circuitry with a
single slave override testing, except-for those few devices associated with a.
single slave' relay whose outputs must be blocked and then only while blocked.
It is anticipated that continuity testing associated with a blocked slave
relay could take several minutes. During this time the redundant devices in
the other trains would be functional.

Summary of On-Line Testing Capabilit ies

The procedures described provide capability for checking completely from the
process signal to the logic cabinets and from there to the individual pump and
fan circuit breakers or starters, valve contactors, pilot solenoid valves,
etc. , including all f iel~d cabling. actually used: in the.. circuitry .called-upon
to operate for an accident condition. For those few devices whose operation
could adversely affect plant or equipment operation, the ~d~me- procedure
provides for .checking from the process signal to the .logic rack. To check the
final actuation device a continuity test of the individual control circuits-is
performed. S are

The escdue reu~esting at.various locations.
Pr6 cus5 SY:OemnFo~aia

1.~Protectioný4nrtrtunentatlon testing and verification off"4ab s setp o i
are accomplished at protection intuetto heanol racks.
Verification of 4istab~re.relayoperation is done at the M'CR status
lights. <~cr1rsse~
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the Engineered Safety Features. The system must sense the accident condition
and generate the signal actuating the protection function reliably and within
-a,;time-determined by.,and consistent with the accident analyses in Chapter 15.

Much longer times are associated with the actuation of the mechanical and
fluid system equipment associated with Engineered Safety Features. This
includes the time required for switching, bringing pumps and other equipment
to speed and the time required for them to take load.

Operating procedures re quire that the complete Engineered Safety Features
Actuation System normally be operable. However, redundancy of system
components is such that the system operability assumed for the safety analyses
can still be met with certain itumttonchannels out of service.
Channels that are out of service are to -be p4 e in th trippe mod orbypass mode in the case of containment spray.

7.3.2.4.1 Loss-of-Coolant Protection

By analysis of.loss-of-coolant accident and in system tests-it has been
verifie~d that except for very small coolant system breaks which can be
protected against by the charging pumps followed by an orderly shutdown, the
.effects of various loss-of-coolant accidents are reliably detected by the low-
pressurizer pressure signal; the Emergency Core Cooling System is actuated in
time to prevent or limit core damage.

For large coolant system breaks the passive accumulators inject first because
of the rapid pressure drop. This protects the reactor during the unavoidable
delay associated with actuating the active Emergency Core Cooling System
phase.

High containment pressure.also actuates the Emergency Core Cooling System.
Therefore, emergency core cooling actuation can be brought about by sensing

thsother direct consequence of~a primary system break;-that is, the
Engineered Safety Features Actuation -System detects the leakage of the coolant
i~nto the containment. The generation time of the actuation signal of about 1.5
seconds, after detection of the consequences of--the accident,-is adequate.
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Containment spray will provide additional emerglency cooling: of.

containment and also limit- f ission product releaseý upon- se-nsiflg

elevated containment pressure (high-high) to mitigate the effects

of a loss-of-coolant accident.

The delay time between detection of the accident condition and

the generation of the actuation signal f or these systems is

assumed to be about 1.0 second; veil within the capability of the

protection system equipment. However, this time is short

) compared to that required for startup of thi fluid systems.

The analyses in Chapter 15 show that the diverse methods of

detecting the accident condition and the time for generation of

the signals by the protection systems are adequate to provide

reliable and timely protection against the effects of loss-of-

coolant.

7.3.2.4.2 Steam Line Break Protaction

The Emergency Core Cooling System is also actuated in order to

protect against a steam line break. About 2.0 second's elapses

between sensing low steam line pressure and high steam lime flow

and generation of the actuation signal. Analysis of steam break

accidents assuming this delay for signal generation shows that5 ) the Emergency Core Cooling System is actuated for a steam line
break in time to limit or prevent further core damage for steam

line break cases. There is a reactor trip but the core

reactivity is further reduced by the highly borated water in-

jected by the Emergency Core Cooling System.

Additional protection against the effects of steam line break is

provided by feedwater iso~lation which occurs upon actuation of

the Emergency Core Cooling System. Feedwater line isolation is

initiated in order to prevent excessive cooldown of the reactor

vessel and thus protect the Reactor Coolant System boundary.

Additional protection against al--~.am break accident is provided

by closure of all steam line isolation valves in order to prevent

uncontrolled blowdown of all steam generators. The generation of

the protection system signal (about 2.0 seconds) is again short

compared to the time t9 trip the fast acting steam line isolation

valves which are designed to close in less than approximately 5

seconds.
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In addition to actuation of the Engineered Safety Features, the effect of asteamline break accident also generates a signal resulting in a reactor tripon overpower or following Emergency Core Cooling System actuation. However,the core reactivity is further reduced by the highly borated water injected bythe Emergency Core Cooling System.

The analyses in Chapter 15 of the steam break accidents and an evaluation ofthe protection system -~t..att~.a~d shappol design shows that theEngineered Safety Features Actuation Systems are effective in preventing ormitigating the effects of a steam break accident.

1. Nay, J., 'Process Instrumentation for Westinghiouse Nuclear Steam SupplySystem (4 Loop Plant)' WCAP-767l, May 10, 1971 (Non-Proprietary).

2. Katz, D. N., 'Solid State Logic Protection System Description,WCAP-7488-L, March 3. 1971 (Proprietary) and WCAP-7672 June, 1971(Non-Proprietary).

3. The Institute of Electrical and Electronics Engineers, Inc., IEEEStandard: 'Criteria for Protection System for Nuclear Power GeneratingStations,' IEEE Standard 279-1971.

4. Mesmeringer, J. C., 'Failure Mode and Effects Analysis .(FM41A) of theEngineered Safety Features Actuation System, WCAP-8584, Revision 1,February 1980 (Proprietary) and WCAP-8760, February 1980(Non-Proprietary).

5. Erin, L. E. wEagle 21 Microprocessor Based Process Protection System,"j6
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5. Erin, L. E., "Topjcaj Report, Eagle 21 Mýicroprocessor.-pas Process ProtectionSystem," WCAP-12374 Rev. 1 December 1991 (Westinghouse Proprietary Class 2);WCAP-12375 Rev. 1 December 1991 (Westinghouse Proprietary Class 3)
6. Reagan, J. R., "Westinghouse Setpoint Methodology for Protection Systems, WattsBar Units I and 2, Eagle 21 Version," WCA.P-12096 Rev. 5 (Westinghouse

Proprietary Class 2)
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TABLE 7.3-1

ITRUMENTATI~ON, OPERATING ýCONDITION FOR ENGINEERED SAFETY F/AtJE

NO. OF
NO. OF CHANN S

NO. FU TIONAL UNIT CHANNELS TO IP

1. SAFETY I ECTION

a. Manual 2 1

b. High Conta'nment 3 2
Pressure

c. High Different'al 12 (3/st m line) 2 in any one steamPressure Betwee line
Steam Lines

d. Pressurizer Low 3 2 44Pressure* I

e. High. Steam flow 2/tm line 1/steam line in anyin 2/~4 Steam Lin s two lines
Coincident with
low-low Ta o ~ T agS, nals 2
low Steam Li e
Pressure 14 Pressure ignals 2

*Permissible bypass if reactor coolant p ressure less than 000 psig 42

Revised by Ainendme 44
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TABLE 7.3-1
INS TRUMLENTATION OPERATING CONDITION FOR ENGIN:EERED SAFETY FEATURES

NO. FUNCTIONAL UNIT NO. OF CHANNEI- NO. OF CHANNELS

1. SAFETY INJECTION

Ia. Manual 2 1
lb. High Containment Pressure 3 2
ic. Pressurizer Low Pressure* 3 2
Id. Low Steiamne Pressure 12 (3/steamline) 2/3 in any steamline

(Lead-Lag comapensated)*

2. CONTAINMENT SPRAY

2a. Manual** 4 2
2b. Contairnment Pressure 4 2

High-High

* Interlocked with Permissive P-il; see functional description of p-l1 in Table 7.3-3.
** Manual actuation of containment spray is accomplished by actamting either of two sets (two switchesper set). Both switches in a set must be actuated to obtain a manually initiated spray signal. Thesets will be wired to meet separation and single failure requirements -of -IEEE Standard 279-1971.Simultaneous operation of two switches is desirable to prevent inadvertent spray actuation.
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I Inserý 30
TABLE 7.3-1 (Continued)

INSTRUMENTATION OPERATING CONDITION F .OR ENGINEERE15 AFETY FEATU

NO. OF
NO. OF CHANNELS

NO. FUNCTIONAL UNIT CHANNELS TO TRIP

2. C TAINMENT SPRAY

a. anual** 24 2

b. Co tainment .4 2
Pre sure High-High

**Man al actuation off containment spray is accomp ished by
actu ting either of' two sets (two switches per set Both
swi ches in a set must be actuated to obtain a manua ly mni-
ti ed spray signal. The sets will be wired to meet para-
ti n and single failure requirements of IEEE Standard 2 -1971.
S multaneous operation of two switches is desirable to pr vent
nadvertant spray actuation.
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TABLE 7.3-2

VINSTRUMENT OPERATING CON

NO.\ F CTIONAL UNIT

1. CONTAI NT ISOLATION

a. Autom. tic Safety
Inject on (Phase A)

b. Containm nt Pressure

c. Manual

2. STEAM LINE ISOLATIO

DITIONS FOR ISOLATION FUN ~INS

0.OF
NO. OF CHANNELS
CHANNELS TO TRIP

See Ite No. 1 (b) throug)
Table .3-1

See Item No. 2 (b) of Tab:

2 

1eI 

e o

See Item No.

ai (e) of

le 7.3-1

2 (a) of Table 7.3-1

a. High Steam Flo See.Item No. 1 (e) o
in 2/4 Steam ines
Coincident th
low-low T or
Low Steam Pessure

b. Contai ent Pressure ee Item No. 2 (b) o.
(High- igh)

C. Man 1 /1op 1/1

3. FEEDW ER LINE ISOLATION

a. Safety Injection See Ite No. 1 of Ta]

b Steam Generator 3/looP 2/l1
High-High Level
2/3 on any Steam
Generator

f Table 7.3-1

f Table 7.3-1

Dop

ble 7.3-1

oop
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TABLE 7.3-2
INSTRUMENTA71ON OPERATING CONDITION FOR ISOLATION FUNCTIONS

NO. FUNCTIONAL UNIT NO. O0F CHANNELS~ NO. OF CHTANNELST

1. CONTAIZNM.ENT isoLATION

la. Automatic Safety Injection See Item No. lb through Wof

C(Phase A)

lb. Containment Pressurez 3 bo Tbc731
High-High (Phase B) ý413,1314*--3.

ic. Manual
Phase A 21

Phase B See Item No. 2a of Table 7.3-1.

2. STEAMLINE ISOLATION

2.a. Low Steamjine, Pressure* SotnNiifTbl731. 
/ se,,Je

2b. Hig Stamlne resure 12 (3/Steamline) 2/3 in any steamnilneRate (Pate-Lag compensated)*

2c. Containment Pressure See:1JJ I [11No 2bofTab: 73:1 2High-High

3. FEEDWATER 11NM ISOLATION

3d. Safety Injection See Item No. 1 of Table 7.3-1.
3b. Steam Generator 3,iM 12j35ia 6eea~r /4e 21n 5/arnGHigh-High Level2~..(/eI~ e~r~r 4g3 

dvi 54ea,
in any SteamGne to

* Interlocked with Permissive P-il; see functional description of P-l1 in Table 7.3-3.
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,TABLE 7.3-3

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION S YSTEM

Designation

P- 4

Input

Reactor trip

Function
Performed.

Actuates turbine trip

Reactor not tripped

£~~")l ~'pac '4Inserl 33

Closes main feedwater valves
on T agbelow setpoint

avgo
Prevents opening of main
feedwater valves which were
closed by safety injection
or High-High steam generator
water level

Allows manual block of the
automatic reactuation of
safety injection

Defeats the block preventing
automatic reactuation of
safety injection

2/3 Pressurize pres- Al ws manual blo k of safety
sure below se point in ection-'actuat on-on-low

p essurizer Dre sure signal

y 5
T 2/3 Pressu izer pres- Defeats man /1block of

sure abov /setpoint safety inj tion actuation

2/4 T agbelow' set- Blocks steam dumpFThis 'ignal coinc enc~e
with ,ilgh s aamline low
act tes s ~4 ety in~j~ction'
~ndI steamne isol tio~n2~

Con ~enster d.Lrp valves
Allows manual bypass of
steam dump block for the
cooldown valves only

Revised by Amendment 45

P- 12

I I__-_ ______._____.__
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)n~er# 33 +/o Table 7,3-3

P-1 1 213 Pressurizer
presaure below

213 Pressurizer
-pressure above

Afows manual block
(If Safety injection actuation onn
low pressurizer presaure signal.J,
Allows Manual block of safety

injctin ad tsamline isolation on
low mmonine Pressure. Steaazline
isolation an high negative nrts
staunline Pressure is PermittedW
when this manual block is

Defeats manual
block of safety injection actuation.
Defeats manual block of safety
injection MWd steamline isolation on
low steamline presaire and defeats
steamline isolafmo on high negative
ran steasm&* pressure.
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TABLE.7.3-3 (Continued)

INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Input

3/4 T above set-

poi nt avg )O W -I0 W

2/3 Steam generator
water level above set-
point on any steam
generator

1)
Funct ion
Performed

Defeats the manual bypass
of steam dump block

Defe s manuj1 block fSI

acty ton oVhigh seamline

Closes all feedwater con-
trol valves and isolation
valves

Trips all main feedwater
pumps which closes the
pump discharge valves

Actuates turbine trip

P- 14
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7.5.3 Desiym Criteria

7.5.3.1 Scope

The following criteria establish requirements for the functional performanceand reliability of the safety-related Post-Accident Monitoring System (PAMS)for nuclear reactors producing steam for electric power generation. Forpurposes of these criteria, the nuclear power generating station safety-related PAMS encompasses those electric and mechanical devices and circuitrywhich provide information needed to:

1. Enable the operator to take the correct manual action during the courseof a Condition II, III, or IV fault or during recovery from a ConditionII, III, or IV fault.

2. Maintain safe shutdown.

7.5.3.2 -Definitions

The definitions in this section &stablish the meanings of words in the contextof their use in these criteria.

Channel - An arrangement of components and modulesAas required to generate asingle information signal to monitor a generating station condition.

Components - Items from which the system is assembled (for example, resistors,capacitors, wires, connectors, transistors, tubes, switches, springs, etc.).
Module -Any assembly of interconnected components which constitutes aniAdentifiable device instrument, or piece of equipment. A module can bedisconnected, removed as a unit, and replaced with a spare. It has definableperformance characteristics which permit it to be tested as a unit. A module.could be a-card or other subassembly of a larger device, provided it meets therequirements of this defifiition.

Post Accident_,Monitoring Function - A post accident monitoring functionconsists of the sensing of one or more variables associated with a par~ticulargenerating station condition, signal processing, and the presentation ofvisual information to the operator.

Plasma Disp~lay - A display of information on a screen via a dot-matrix plasma.This display may be either alphanumnerical, graphical, or both.

7.5-2 Q
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, * ,Sof tware -'The entire set .of programs, procedures, and
related documentation associated with a system, especially a
computer system.
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.Monitorinz System - Where not otherwise qualified, the words 'monitoring
system' refer to the nuclear power-generating station PAMS as defined-in Tablej
7.5-1.

Type Test -Tests made on one or more units to verify adequacy of design.

7 .5.3 .3 Reguirements

7.5.3.3.1 General Functional Requirements

The nuclear power generating station PAMS functions with precision and
reliability to continuously display the appropriate monitored variables. This
requirement applies for the full range of conditions and performance
enumerated.

7.5.3.3.2 Information Readout

One of the channels used to monitor each parameter is recorded to provide a
'historical record of the behavior of the parameters. In general, the
.recorders'are not redundant and do not meet the single-failure criteria. The
recorders for.PAM 'Category-.I parameters do not have..their own' isolation
amplifiers because the incoming signal has already been isolated from the
post-accident monitoring channel. Two-pen recorders are used in most cases
permitting two channels to be recorded on one recorder. The essential raw
cooling water flow and the auxiliary feedwater flow are recorded by the plant
computer with hard copy available on demand by the operator.

The Inadequate Core Cooling Monitoring (ICCM) System, consisting of the
Reactor Vessel Level Instrumentation System (RVLIS), Incore Thermocouple
(ICTC) System and the Subcooling Margin Monitor, displays the status of each
of its systems on a plasma display. In addition,, two three-pen recorders for
ICTC monitoring,,two digital subcooling margin temperature-meters, and-the,
,plant computer are also available for use..

7.5.3.3.3. Single Failure Criterion

Any single failure within the PANS will not result in the loss of the
monitoring function. ('Single failure' includes such events as the shorting
or open-circuiting of interconnecting signal or power cables. It also
includes single credible malfunctions or events that cause a number of
consequential component, module, or channel failures.* For example, the
overheating of an amplifier module is a 'single failure' even though several
transistor failures result. Mechanical damage to a mode switch would be a
'single failure' although several channels might become involved.)

7.5.3.3.4 Quality of Components~-eA Modules arid So[,4jore

Components and modules are of a quality that is consistent with minimum
maintenance requirements and low failure rates. Quality levels were achieved
through the specification of requirements known to promote high quality, such
as requirements for design, for the derating of components, for manufacturing,
-quality control, inspection, calibration; and test.

t veri~rcor4Jion 'andl valAl

7.5-3
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The Reactor Control System controls the reactor coolant average temperature by
regulation of control rod bank position. The reactor coolant loop average

-eprt.s redtrie from hot .leg. and cold leg measurements in each
reactor coolant loop. There is an average coolant temperature (T.vg) computed
for each loop, where:

T ag Thot + Tcold C

(5eesg. 7.2,0..4 eaj,4 Fdio~s' us 0b.4 ý;eTl.
The error between the programmed referenc teprture (based on turbine
inpulse chamber pressure) and the highest of the T., temperatures (which is
processed through a lead-lag compensation unit) from each of the reactor
coolant loops constitutes the primary control signal, as shown in general on
Figure 7.7-1. The system is ca~pable of restoring coolant average temperature
to the programmed value following a change in load. The programmed coolant
temperature increases linearly with turbine load from zero power to the full

- power condition. The T.. also supplies a signal to pressurizer level
control, steam dump control and rod insertion limit monitoring.

The- temperature channels needed to derive -the temperature input signals for
.the Reactor Control System are fed from.,protection channels.-via 'isolation
aaplfi~ers-. -deivuCe5

An additional control input signal is derived from the reactor power versus
__ turbine load mismatch signal. This additional control input signal improves

system performance by enhancing response and reducing transient peaks.

7.7.1.2 Rod Control System

7.7.1.2.1 Description

The full lgngth..rod, control, system- receives; rod ,speed .and-direction signals-
from the T aV control system. The rod speed demand signal varies over the
corresponding range of 5.0 to 45 inchei per minute (8 to 72 steps/minute)
depending on .the magnitude of the input signal. The rod direction..demand
signal is determined by the positive or negative value of the input signal..
Manual control. is provided to move a control bank in or out at a prescribed
fixed speed.

When the turbine load reaches approximately 15 percent-of rated load, the
operator may select the "AUTOMATIC" mode, and rod motion is then controlled by
the reactor control systems. A permissive interlock C-5-'(See Table 7.7-1)
derived from measu-

7.7-4
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The water inventory in" the Reactor Coolant System is maintained by the
charging flow varies to produce the flow demanded by the pressurizer-water level controller. The pressurizer water level is programmned as afunction of coolant average temperature, with the highest averagetemperature (auctioneered) being used. The pressurizer water leveldecreases as the load is reduced from full load. This Is a result ofcoolant contraction following programmied coolant temperature reductionfrom full power to low power. The programmied level Is designed to matchas nearly as possible the level changes resulting from the coolanttemperature changes.

To control pressurizer water level during startup and shutdownoperations, the charging flow is manually regulated from the Main Control_Room.

A block diagram of the Pressurizer Water Level Control System is shown onFigure 7.7-5.

7.7.1.7 Steam Generator Water Level Control

Each steam generator is equipped with a three element feedwater flowcontroller which maintains a progranmmed water level which is a functionof nuclear power. The three element feedwater controller regulates thefeedwater valve by continuously comparing the feedwater flow signal,.thesteam generator water level signal, the programmned level and the pressurecompensated steam flow si nal. T e s e m gene ator ater le el sig
cha el t n the e whi h is ed on Figure 7.2- (Sheet ) for he low J62
varied to maintain a rograiwned pressure differential .between the. steamheader and the-feeld-pump discharge header. Ther speed-controllercontinuously compares the actual AP with a prograrmmed A~refwhich is a linear function of steam flow. Continued delivery offeedwater to steam generators is required as a sink for the heat storedand generated in the reactor following a reactor trip and turbine trip.An override signal closes the feedwater valves when the average coolanttemperature is below a given temperature and the reactor has tripped.Manual override of the Feedwater Control System Is available at all times.
As note above, th steam g erator wa r level s gnal use to cont 1the s am genera r water vel is de ived from he prote ion sys em.Howe er, the c nnel is I dependant f the lev channel used fre tor trip low ste generato water lev coinci nnt with te

feedwat r flow m l tch h are ro ction gr de chan l.f o
the evaluat on of the compliance of steam generator ow werevelchannels to Section 4 (Control and Protection Syste Interaction) of IEEE a-7'-/qW7

7. 2. 2 .3.2 
.

3
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Three steam generator water level signals are provided to the Feedwater Control System via a control gradeMedian Signal Selector (MSS). The MSS installed in the control system provides a "median" signal for useby. the control system to initiate control system actions based on this signal. Reference [6]
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Stan 279-ý1971,, refert Set n ana to Section 4.4.5 ofReference listed in Section 7.2. The following conclusions-of tevaluation are, esented in Reference[5]:

A spurious high water 1 signal from the Protection nnel used forcontrol tends to close the water valve. This- el channel isindependent of the level and f1o hannels use or reactor trip, on lowflow coincident with low level.

a) A rapid increase .in the lev signal c letely stops feedwaterflow and actuates a rea r trip on low fe ter flow coincident

b) A slow drif the level signal may not actuate a low eedwatersignal. nce the level decrease Is slow, the operatorh tieores 'to low level alarms. Since only one--steam generatorfected, automatic protect-ion is not mandatory and reactor tri ntwo-out-of..three low-low level is acceptable.
A block diagram of the Steam Generator Water Level Control System *Is
shown in Figures 7.7-6 and 7.7-7.

7.7.1.8 Steam Dump Control

*The Steam Dump System is designed to accept a 50% loss of net loadwithout tripping the reactor.

The Automatic Steam Dump System is able to accomodate this abnormal loadrejection and to reduce the effects of the transient-- imposed-7upon the
-Reactor Coolant System., By bypassing

----- ---------- --- ................... ...
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S Operating plant experience has demonstrated the adequacy of..the -incoreinstrumentation in meeting the design bases stated.

7.7.1.10 Control Board

A control board functional layout is shown on Figure 7.7-10.
The control board layout is based on operator ease in relating the controlboard devices to the physical plant and in determining at a glance the status,of related equipment. This is referred to as providing a functional layout.Within the boundaries of a functional layout, modules are arranged in columnsof control functions associated with separation trains defined for the RPS andESFAS.

Monitor lights are provided in two places on the control board forautomatically actuated valves and components for Phase A and B containmentisolation and containment vent isolation with the exception of all Samplingand Water Quality system valves as well as those ECTS valves that are not inthe containment annulus vacuum fans- flowpath. Indicating circuits areparalleled to red (open) and green (closed) lights located next to the control-station and to red and green split lens lights on the Containment IsolationStatus panel (CISP).

EGTS containment isolation valves not in the containment annulus vacuum fansflowpath have red and green position indication lights located on the controlboard at the control station.

*Position indication for the Sampling and Water Quality system containmenti solation valves is provided by paralleling indicating circuits to red andgreen lights at the local control station in the Auxiliary Building and to redand green split-lens lights on the CIS?.

For a description of separation of wiring within the control-board refer toSection 7.1.2.2.2.

7.7.1.11 Boron- Concentration Measurement System

The boron concentration measurement system is a monitoring system of the boronconcentration in the RCS. This system is provided by Combustion Engineeringand provides tontinuous readout in the MCR of boron concentration in the RCSfor-the reactor operator. This system provides no control function. Theboron concentration in the reactor coolant system is measured in the letdownstream of the CVCS. In addition to the continuous readout in the MCR, a stripchart recorde~r with the boron concentration in the RCS is provided so thattrends in the boron concentration can be monitored by the control roomoperator.

This system is not required for safety because-it provides a monitoringfunction only.

7.7.1.12 Anticipated Transient Without Scram Miiato ystem ActuationCircuitry (AMSAC)

To meet the ATWS Final Rule, Watts Bar added equipment diverse from theexsig reactor trip system. 'The existing system is composed of the ebr.
7.7-20 trairi~
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411 ~i..: Preeess 71natiumcntation and Contrcl System-, *Westingheuse Eagle 2)1)
* ) nnirumctatonand the Westinghouse Solid State Protection Sysfem (SSPS).

The AMSAC equipment consists of a freestanding panel which is installed in the
,_Unit, 1- auxiliary instrumentý room of the. Control Building. This modification
is diverse from sensor output to the final actuation device. The AM4SAC is
designed to automatically initiate auxiliary feedwater and trip the turbine
under conditions indicative of an ATWS event. Steam generator blowdown is
Isolated as a result of Auxiliary Feedwater Start. An ATWS event will be
detected when low-low level in three out of four steam generators i.s
coincidental with the turbine at or above 40% load. An AI4SAC actuation will
ensure the RCS pressure will remain below the pressure that will satisfy the
ASME Boiler and Pressure Vessel Code Level C services limit stress criteria.

A turbine trip and startup of all AFW pumps occurs when steam generator level
less than 12% below 80% power o~r less than 25% above 80% power within present
time delays which will allow generation of an AMSAC signal. The AMSAC signal
is generated by low-low water level signals in the steam generators. The
ANSAC coincidence logic is 3 out of 4 (3/4) low-low level signals with one
.channel per steam generator and the turbine at or above 40% load. Load is
determined by two pressure transmitters measuring 1st stage turbine pressure.
When 2 of 2 transmitters sense 40% load, AMSAC is armed. Only one of the
-three-narrowr range level, channels -per, steam, generator, is- used, -for -input to.:-.
AMSAC coincidence logic. AMSAC actuation is required at a setpoint that is
less than the existing RPS steam generator low-low level setpoint. The
requirement allows the operation of the RPS before AMSAC.

There is no AHSAC interface to the RPS. The four steam generator level
~, signals are from buffers in the Auxiliary Feedwater System.. Signals from two

turbine impulse chamber dedicated pressure transmitters are used to indicate
if the plant is at or above 40% load and then to determine the t~rip .setpoint.
The output signals to start the Auxiliary Feedwater pumps and trip the turbine
are from interposing relays.

AMSAC is designed so that once actuated, the completion of mitigating action
* shall be consistent ,with the plant turbine trip and auxiliary feedwater

circuitry. AMSAC auxiliary feedwater initiation and turbine trip-goes to
completion after actuation. The output relays are energized to actuated in-
order to prevent spurious trips and false status indication on loss of power
or logic.

The AMSAC contains a manual test panel and built in self checks to annunciate
faults automatically. On-line testing capability is incorporated in the* A14SAC
system. The blocking switch prevents inadvertent actuation by inhibiting the
output relays before enabling the test function. A test status-output shall
inform the control room that the AMSAC is in the test mode and actuation is
bypassed.

pawered
ANSAC is power- from 120V ac preferred power which is independent from the RPS
power supply.

The. AMSAC system, including input comparators, logic processing and actuation
~ output to isolation relays, is non-safety. The QA requirements are given in) NRC Generic Letter 85-06, "Quality Assurance Guidance of ATWS Equipment that

is not Safety-Related." The AI4SAC cabinet is qualified seismic Category I(L).

7.7-20a
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of the-~plant -,control 'syste ms re postulated 1in-the-analysis of
off-design operational treanF ients and accidents covered in

*/ Chapter 15, such as, the following:

1.- Uncontrolled rod cluster control assembly withdrawal from a
subcritical condition.

2. -Uncontrolled rod..cluster control assembly withdrawal at

power.

3. Rod cluster control assembly misalignmen t

4.. loss of external electrical load and/or turbine trip

5. Lcss of all AC power to the station auxiliaries (Station
Blackout)

6.. Excessive heat removal due to feedwater-system malfunctions

7. Excessive load increase incident

8.. Accidental depressurization-of the Reactor Coolant System.

These analyses will show that a reactor trip setpoint is reached
in time to protect the- health and safety of the public under
those postulated incidents and that the resulting coolant
temperatures produce a DNBR well above the limiting value of
1.30. Thus, there will be no cladding damage and no release of
fission products to the Reactor Coolant System under the
assumption of these pcstulated worst-case failure modes of the
Plant Control System.

-7.7.2.1 Separation of Protection and Control System

In some cases, it is advantageous to emplcy control signals
derived from individual, protection channels through isolation

deicsama 4 contained- in the protection channel.- As such, a
fai'lure in the control circuitry does not adversely affect the
protection channel. Test-results have demonstrated tbe adequacy
for fault voltages up to 580 volts ac and 250 volts dc. Cable 3
trays carrying isolation - ~p~Toutputs will contain no cables
in excess cf these voltageS. dic

where a single random failure can cause a control system action
that results in a generating station condition requiring prc-
tective action and can also prevent proper action of a protection
system channel designed to protect against the condition,

7.7-2 1
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The steam dump and Feedwater Control Systems are designed to prevent theaverage coolant temperature from falling below the programmed no loadtemperature following the trip to ensure adequate reactivity shutdown margin.
7.. 7. 3

All control systems not required for safety discussed in Section 7.7,including the Reac to r Control System, the Rod Control System, the PlantI.Control System Interlocks. the Pressurizer Pressure Control, the PressurizerWater Level Control, the Steam Generator Water Level Control, the Steam DumpControl, and the Incore Instrumentation are provided by Westinghouse.

REFERENCES

1. Blanchard, A. E. and Katz, D. N., 'Solid State Rod Control System, FullLength,' IJCAP.9012.L, March, 1970 (Proprietary) and WCAP-7778, December,1971 (Non-Proprietary).

2. Lipphak, J. B. and Stokes, R. A., 'Nuclear Instrumentation System,'WCAP.8255, January, 1974.

3. Blanchard, A.,E., 'Rod-Position Monitoring,' WCAp-7571, March, 1971.
4. Loving, J. J.,, 'Incore Instrumentation (Flux-Mapping System andThermocouples,' WCAP-7607, July, 1971.

5. Shopsky, W. E., 'Failure Mode and Effects Analysis (FM~EA) of the SolidState Full Length Rod Control System,' IJCAP-8976, August 1977.
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TABLE 8.1-1. (cont)

/Safety Loads

Solid-State
Protect ion
System

,Nuclear Tnstru-
ment System

Auxilia=ry Relay
"-a c ks3

PDower 21w4-tch-
g ear

Vital Inverter

Reactor Trip
SwIt c hg ear
Control.

Diesel Generator
Con o

Auxiliary Feed
Pumpn Turbine

Emnergency
Lighting Cabinet

S-olenoid Valves

SAFETY LOADS AND-FUNCTION1S

Function

Prevents reactor ifrom oper-
ating in unsafe condition

Monitors reactor power
level for reactor control
and trip logic

Auxiliary relays for process
control

Control power for power
switchgear

SuP~plies power to the vital
instrument bu~ses

Trips reactor

Remote control of diesel
generators

Automatic start off auxiliary
ifeed pump turbineL

Provides power to emergency
lighting panel

Controls iflow through
safety related valves
(pneumatic valves with
solenoid pilots)

Power

120V a.c.

120V ac

120V a. c.
125V d.c.

125V d.c.

125V d.c.

125V d.c.

125V d.c.

125Vd. c.

125V d.c.

125V d.c.



Process Protection System
Insert 39 to Table 8.1 -i

Monitors Process Parameters
which initiate actuation of reactortrip. and engineering safeguartis systems
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..The 'safe~ty valves.,prov~ide 100 percent relieving capacity to pro-

tect the system from o *verpressure. The capacity provided by the

a'tmospheric relief valves is over and above the safety valve

capacity. Th-e atmospheric relief valves, which have a set

pressure slightly lower than the safety valves, prevent

unnecessary openi~ng of the safety valves.

Four atmospheric relief valves have been provided per unit (one

per steam generator).

Bidirectional steam line isolation valves are inst-alled to pro-

tect the plant during the following accident situations:

1 . Break in the ste~am line piping either inside o r outside the

co0n ta i nme nt.

2. Break in the feedwater piping downstream of the last check

valve before the steam generator.

3. Steam generator tube rupture.

The main steam line isolation valves are 32-inch wye type bi-

directional globe, straight through flow, air to open, spring to

close. These valves are capable of closing within 5 seconds

after receipt of a closure signal on a 'high-high' containment 42

pressure signal, z.. higih 9ztes flew selnsidest wilht 1.c- :itzee

SOnirator proesauve orVo r4actiy czol-t ' as shown in

Figures 10.3-8 and 10.3-5. lowi s4earnl'e pteSS-are, tor'hifA sie@,-dae press'ire ae

For accident situation No. 1, inside containment, the steam gen-

erator associated with the damaged line discharges completely

into the Containment. The jother'steam-generators ,would act to.

feed steam through the iutercinnectiflg header to reverse flow

.into the damaged line and then release into the Containment. The

5-second closing time for-the isolation valves in the other three

lines will limit containment pressure rise below design

pressure. If any of these three valves fail to close, protection

is provide-d by closure of the valve in the broken line. 'Hence,

redundancy is provided to allow for a single failure of any one

isolation valve.

10.3-4
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'11. -1 (ONDITTTO I -I]CRMAL OPIFRATIOII AND OPERATIONAL TRANOI71rET

(>.,IJj ,ti on I occurronrccs are those which are expected freciuen'tlv
nr :*e[gulurly in the couirse of power operation, refueling, -r;aýin-
t.c-n~tnceo, or, raneuverinr,. of the plant. As such, Condition T
ocru .rrences are accommodated with margjin between any plant
par,,ryeter and the value of that parameter which would recui-re
either automatic or manual porotective action. CR~asalcnas .Con-
dit~ion I occurrences occur frequently or regularly, they m-ust as tSnvuch
be considered from the point of view of affecting, the conse-

rii~nc) f' fajult cronditions (Condition-, TI, TTT and TV) . T r
lii Ofp~i0(1, ila yz of' cn oh f':U1 1. 1 (1111c, I'5 r o

er-a.ily based on a. coruoervative set of initial conidi tions -
r'esponding to 4ýesconditions which can occur during Condi.-
t~jon T operati on-L _- Mosýt ad~verse set of'

A !ypiallist of' Condi tion I events is lisfted below:

1'. Steady state and shutdown operations

,-. Power operation (=-15 to 100 percent of full p--ower)

t,. SItart up (or standby) (critJc-al, 0 to 1ý5 percent of
full power)

C. Hot shutdown (sulbcrit i.cal-, R'esidual Heat Removal qsv-
t~em isolated)

(3. Cold shutdown (subcritical, Residual Pleat Removal Ivs
tem in operation)

(.Re f u eling.

2. Operation with permissible deviations

Various deviations which may occur during con~tinued opera-
tion as permitted by the plant Technical Specifications
mut)st be considered in conjunct-ion with other op.-erati o-npal
inodes. These include:

a.Operation with componeonts- or systems out or servicec
(Such aspowe.T. opernition with a reactor coolant pump
out of service)

b. Leal~age from fuel with ~defects

C. Radioactivity in the reactor coolant
1. Fission products
ii. Corrosion products
iii. Tritium

ill",
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d. Operation with steam generator leaks Up to the maximum

- allowed by the Technical Specifications

-e. Tes t ing8 as. allowed by the Technicalý Specificatiol..

3. Operational transients

a. Plant heatup and cooldown (up to 10OOF/hour for theReactor. Coolant System; 200OF/hour for the pressurizer)

b. Step load changes (up t o +. 10 percent)

C. Ramp load changes (up to 5 percent/mi~nute)

d. Loa d rejection up to and inclu ding de sign load re je ct iona
trans ient

15.1.1 Outjmizatiol of Control Systems

A ct.:*-s.setpoint study.._**-,- brw. performed (Wt*! 144- in 5order to simulate performance-*of the reactor c ontrol and
protection ,systems. In this study, emphasis 4-**ypl1aced on t h-e- W'ASdevelopment of a control system which will automatically maintainprescribed conditions in the plant even under-*-conservative setof reactivity parameters with respect to both system stabil ity
,and transient performance. t4L t ostt

For each mode of plant operat ion, a group of optimum con2troller
setpoints +-9,-rdetermined. In areas where the resultant setpoints rtere.[a-r*. different, compromises based on the optimum overall
performanc!~. made and verified. A consistent set of control*system parameters it-. deri -ved,,satisfyint pla~nt operational
requirements throughout the core life and for~power levels
between 15 and 100 percent.

The study. -ill &Q4M4 an analysis of the fol~lowing control
systems: rod cluster control assembly, steam dump, steam 1generat-or level, pressurizer pressure and pressurizer level.

15.1.2 Initial Powe r Conditions Assumed In Accident Analyses

15 .1.2 .1 Power Rating

Table 15.1-1 lists the principle power rating values which areassumed in analyses performed in this section. Two ratings are
given:

1. The guaranteed Nuclear Steam Supply System thermal power
output. This power output includes the thermal power
generated by the react or coolant pumps.

15 .1-4
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2. The Engineered cEafety Features design rating. The Wes+t4ng-

house supplied *-n5ineere d Safe-ty Feaue ar.eine 4odO
thermal- power hrrner than the guaranteed value in ordernot topreclude, realization-of future potential power
capability. Thi:s higher thermal power value is desi.1gn a t-edas the Engineered 'Safety Features design rating. This
power output includes the thermal power generated by the
reactor coolant p~umps.

Where initial power one rating conditions are assumed in acident, analyzes, the "garantee'd Nuclear Stearn 'Supply System
thermal power output" plus allowance for errors in steady stateDower determination is assumed. Where demonstration of adequacyof the containment and_ Engineered Safety Features are c~oncerned,ther- "Engineered Safety Features design rating'" plus allowance
or error is assumed. The thermal power values used for each~~nsentanalyzed are riven in Table 1.-.I l ae

tra sients nd con-s cuences, ar -conserv Iv co a ý redt sinK15.1.2.2 Initial Cond-itions

For accident evaluation, the initial conditions are obtained bya, dd din f-, the maximum. steady state errors 'to rated values. 'Th efLollowingr st-eady st-ate errosarmosia-

Core Dower + 2 percent allowance fr
calorimetric error

2. Average Reactor Coolant + 6.5'F allowance for con-System Temperatur-e Troller deadband and measur
ment error

3. Pressurizer pressure + '30O Psi allowance for stea(
state fluct uat ions and mea-
surement error

Initial values for core power, average Reactor Coolant Systemtemperature and pressur 'izer pressure are selected to minimizethe initial DNBPL unless otherwise stated in the secti .ons des-
cribing specific accidents.

15.1.2.3 Power Distribution reP/ace w4%

dy

/rs'er/ A
The transient response of the reactor system is dependent onthe initial power distribution. The nuclear design of the re-actor core minimizes adverse power distribution through theplacement of control rods and operation instructions. Thepow.er distribution may be characterized by the radial factorP 6 and. the total peaking factor F The peaking f~actor liJmits*are given in-the Techznical Specifilations.,

15.1-5
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15.1.2.2 Initial Conditions

-For accident evaluation, the initial conditions are obtained by adding
maximum steady state errors to rated values. The following steady state
errors are considered:

1. Core power

2. Average Reactor Coolant
System temperature

3. Pressurizer pres sure

+ 2 percent allowance calorimetric error

+ 5.5 *F allowance for deadband and
and measurement error

+ 46 psi allowance for steady state
fluctuations and measurememt error

For some accident evaluations, an additional 1.0 *F is added to the average
Reactor Coolant System temperature to account for steam generator fouling.

Initial. ,values for core power., average Reactor Coolant System temperature
and pressurizer pressure are selected to minimize the initial DNBR unless
otherwise stated in the sections describing specific'accidents.
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For transients which may be DNB limited the radial pea 94n f a-( L

tor is of importance. The radial peaking factor increases with
:decreasing power level ýdue to rod insertion. .This increase in
F in~cluded in the core limits illustrated in Figure15-1

Afft~ranients that may be DNB limited are assumed to begin-
with a FAH consistent with the initial power level defined. in
.the rTechnical Spec .ifications.

Th'.e axial power shape used in the DNB calculation is the 1.55
chopped cosine as discussed in Section 4.4.3.2.2.

For transients which may be overpower limited'the total peaking
factor F~ is of ortance. The value of' Fq may increase with
decreasii~g pow le el such that full powier hot spot heat
i s n ot-L excee' dx(i. . F x Power = design hot spot heat ~u~
All transien s tha+- may be overpower limited are assumed to
beg7in with a I e ofC-F consistent with the initial power
level as defined in thqehia Specifications..

KWThe value of peak 4wn/ft can be directly related to fuel temoe-rCature as illust~rated-on Figures 4.4-1 and 4.4-2. For transients
,.hich are slow with respoect- to the fuel rod th-ermal tLLime constan~t
the fuel temiperatures are illustrated on Figrures 4.4-1 and 4.4-2
For transients which are fast with respect to the fuel rod ther-
m~al :ime constant, for example, rod ejectilon, a detailed heat

L~rnsercalcula-tion is made.

1..3 Trdio Points And Time Delays TIo Trip Assumed nAcd'ent

.:A reactor tr-ip signal acts to open two trio) breakers connected,_Ln series f~eeding. power .to the control .,od drive mehnsms.
The loss of power to tne mechanism coils causes the mechani1sm-s
to ne-lease the rod cluster contzol assemiblies which thlen fallby c~rvituy intlo the core. There are various irnstrum-entation
aei~ys associated with each trip function, inc-luding delays in
silgnal actuation, in oi~ening the trip brea~kers, and in the re-

eaeof the rods by the mechanisms. The totual delay to triop
is defined as the time delay from the time that trip conditions

are eaced-o the time the rods are free and beg-in to f'all.
Limiting trip setpoints assumed in accident analyses and the
time delay'assumed for each trip function are given in Table
15.1-3.- Reference i-s made in that table to overtemperature andInSeri overpower CIT trip shown in Figure 15.1-1. peope-aI;ohaI

pr3o
The difference between the limiting trip point assumed for theanalysis and the nominal trip point represents an allowance for

instrmen JtoŽhannel error, and-setpoint error. During pa=
-tart-u tIA.e tS) _ is demonstrated that actual instrument time errors anddelays are ~qua' to or less than the assumed values. A d dit tion -
ally, prot-e L-1,f system channels are calibrated and instrumentesonse times determined periodically in accordance with the
plant Technical Specifications.

15.1-6
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INSERT B -f e/57.1-6

Accident analyses which assume the S/G Low-Low Water Level trip signal
,to. initiate ,p~rotection functions may be affected by the Trip Ti Tn
Delay (TTD) (Reference 21) system, which was developed to reducS.,fthe
incidence of unnecessary feedwater related reic tor trips.

The-, TD imposes a system of pre-determnined delays upon the S/G Low-Low
level reactor trip and auxil-iary feedwater initiation. The values of
these delays are based upon (1) the prevailing power level at the time
the Low-Low level trip setpoint is reached, and by (2) the number of
steam generators in which the Low-Low level trip setpoint is reached.
The TTD delays the reactor trip and auxiliary feedwater actuation in'
order to provide time for corrective action by the operator or for
natural stabilization of shrink/swell water level transients. The TTD
is primarily designed for low power or startup operations.
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I 15.1.4 Instruinentatcion DriftZ And Calorimetric Errors -PBower Ranze

Neutron Flux

The instrumnentation drift and calorimetric errors used in establishing the
power range high neutron flux setpoint are presented in Reference 22.

The calorimetric error is the error assumed in the determination of core
thermal power as obtained from secondary plant measurements. The total ion
chamber current (sum of the top and bottom sections) is calibrated (set equal)
to this measured power on a periodic basis.

The secondary power is obtained from measurement of feedwater flow, feedwater
inlet temperature to the steam generators and steam pressure. High accuracy
instrumentation is provided for these measurements with accuracy tolerances
much tighter than those which would be required to control feedwater flow.

15.1.5 Rod Cluster Control Assembly insertion Characteristic

The negative reactivity insertion followinxg a reactor trip is a function of
the acceleration of the rod cluster control assemblies-and-the .variation in
rod, worth as a function of rod position. With respect to accident analyses,
the critical parameter is the time of insertion up to the dashpot entry orapproximately 85 percent of the rod cluster travel. F r acciden analy s the

Figure~~~~~~~~~ 1513thwrtefato o oa eatvel reactivt inserto for
corn were~o thme axa distribution is skewe atol the a lowe r egi on d of thcoe

allr pon keignetc ore a odels65 usedin atransient analyses.lobaeo

caesote tanths ascted rihenblace d xrtenon itibtossignificat negativ reactiviywol hv be inserted du too the mr--e- odutre
faorab e axa ditriuinaxsigwront rp
Th'omlzdrdcutrcontrol assembly'n neg(ecin1523,atv reatiit insertiontieo3.
veronsustm is ashmd(ownsistn t withreference2. The unKs own ain e ro clustre
Fs obtaine d from2. Figrc151-2an

F g eo 5 3; - 15.1-7
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percent Ak/k is assumed in the transient analyses except where

15. 1- 7a
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specifically noted otherwise. This-assumption is conservative
with. respect to the calculated trip reactivity voztth available as.
shown in Table 4.3-.3...ems~ ;m-n

The normalized rod cluster control assembl negative reactivity
insertion versus time curve for an ailpaver distribution
skeve~d to the bottom (Figure 15.1-4) ist ed in temeee transient
analyses, Set. wh.i...1 at jatM ..-.4..l isz 1 Where
special analyses require use of three dimensional or axial one
dimensional core'models, the negative reactivity insertion
resulting from the reactor trip is calculated directly by the
reactor kinetics code and is not separable from the other
reactivity feedback effects. In this case, the rod cluster
control assembly position versus time of Figure 15.1-2 is u-sed as
code input. U ess-t ac t de ptions Aecif0 ~rVi eý,

thet rac viy psiti ns 5er time c e co~rr2ponding
to m haea design ow va$ as dn the anlsis G0]

15.1.6 ReactiviSy Coefficients

The transient response of the reactor system is dependent on
-reactivity feedback effects, in particular the moderator

temperature coefficient and the Doppler paver coefficient. These
reactivity coefficients and their values are discussed in detail
in Chapter 4.

In the analysis of certain events, conservatism requires the use
of large reactivity coefficient values whereas'in the analysis of
other events, conservatism requires the use of small reactivity
coefficient values. Some analyses such as loss of reactor
coolant from cracks or ruptures in the Reactor Coolant System do
not depend on reactPo{~fiihedback effects. The values used are
given in Table 15. -.2; re erence is made in that table to Figure
15.1-5 which shows "a op%'r and lower bound Doppler power
coefficients as a function of powier, used in the transient
,analysis. The justification for use-of conservatively large
versus small reactivity coefficient values are treated on an
event by event basis. To facilitate comparison, individual
sections in which justification for the use of large or small
reactivity coefficient values is to be found are referenced
below:

Condition II Events Set~iof

1. Uncontrolled Rod Cluster Control Assembly 15.2.1
Bank Withdrawal From a Subcritical Condition

2. Uncontrolled Rod Cluster Con trol Assembly 15.2.2
Bank Withdrawal at Power

3 . Rod Cluster Control Assembly Misalignment 15.2.3

4. . Uncontrolled Boron Dilution .15.2.4

15.1-8
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the expense of adjacent colder rods. A conservative estimate of this effect is
a reduction of 10 percent of the gamma-ray contribution or 3 percient of the
total. Since the water density is considerably reduced at this time, an
average of 98 percent of the' available heat is deposited in the fuel rods, the
remaining 2 percent being absorbed by water, thimbles, sleeves and grids. The
net effect is a factor of 0.95 rather than 0.974, to be applied to the heat
production in the hot rod.

15.1.9 Co nuter Codes Utilized
or referelncee 

4r( Summaries of some of the principal computerrcodesueintaintnlys
L are given below. Other codes, in particular, er specialized codes in which

the modeling has been developed to simulate one given accident, such as those
used in the analysis of the Reactor Coolant System pipe rupture (Section
15.4), are sulmmarized~in their respective accident analyses sections. The
codes used in the analyses of each transient have been listed in Table 15.1-2.

r'dec which co nsepeii/y hate a. direcl searlh,5 or, ILe accid'entL1ý /

FACTRAN calculates the transient temperature distribution in a cross section
of a metal clad U02 fuel rod and the transient heat flux at the surface of the
-clad using as input the nuclear power and the time-dependent coolant
parameters (pressure, flow, temperature, and density). The code uses a fuel
model which exhibits the following features simultaneously:

1.Asufficiently large number of radial space increments to handle fast
transients such as rod ejection accidents.

2. Material properties which are functions of temperature and a sophisticated
fuel-to-clad gap heat transfer calculation.

3. The necessary calculations to handle post DNB transients:.film boiling
heat transfer correlations, Zircal oy-water reaction and partial melting of
the materials.

FACTRAN is further discussed in Reference [12].

15.1.9.2 beided ly Amen~erve,vl 72

The BLKO Code is use to aanalyze spe ifically the 1o g term.(slow transientbehavior of the React r Coolant Syste process varia es. The " loop"
analyt* al model em oyed permits s dying effects aused by ano alousal aiig o snh plan t oent sI m ted are4 the entire

15.1-14
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1(ýrj.ctor Co ant Z)yStem In~c ding the Press rizer and th asso-c.;Inted pr -suri zer contro systems, the s earn generato , Chemi-Ca1. ') n d olurne Control Sy tern and the st am dump *sys m.

The co is generally pplicable for udying tra ients fol-lowin flow or enthal y, steam flow nd charging r letdown
flow

BL OUT is further discussed in R ference [13

15.2-9.3 MARVEL

The MARVELcZ'ode is used to determine the detailed transientbehavior of multi-loop pressurized water reactor systems causedby prescribed initial perturbations in process parameters. Thecode is useful in predicting plant behavior when different con-ditions are present in the loops. For analytical purposes, thephysical, thermal and hydraulic characteristics of a multi-loop
plant are represented by two "equivalent" loops. The perturba-tion is considered to occur in one -or more physical loops. Theother equivalent loop thus represents in lumped form, the re-.maining loops in the plant.

The code simulates the coolant flow through the reactor vessel,hot leg, cold leg, steam generator plus the pressurizer surgeline. Neutron kinetics, fuel-clad heat transfer and the rodcicontrol system characteristics are modeled. Simulation of the
Reactor Trip System, Engineered Safety Features (safety injec-.tion) and Chemical and Volume Control System is provided.

MARVEL determines plant behavior following perturbations in anyof the following parameters:

1. Reactor Coolant System loop isolation
2. Reactor Coolant System loop flows
3. Core power
4. Reactivity
5. Feedwater enthalpies
6. Feedwater flow
7. Steamline isolation valves
8. Steam flow
9. Pressurizer auxiliary spray
10. Reactor trip
11. Steamllne break
12. Feedwater line break
13. Reactor Coolant System leak
14J. Safety Injection System
15. Steam dump

15.1-15
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MARVEL also has the capability of calculating the transient value
of DNB ratio on the input from the core limits illustrated on
Figure 1.5.1-1. The-core limits represent the minimum value of
.DNBR as calculated for a typica'l or thimble cell.

MARVEL is further discussed in Reference [141.

15.1 .9.4 LOFTRAN

The LOFTRAN progra m is used for,* studies of transient response of
a pressurized water reactor system to specified perturbations in
process parameters'. LOETRAN simulates a multi-loop system by a
lumped parameter single loop model containing reactor vessel, hot
and cold leg piping, steam generator (tube and shell sides) and
the pressurizer. The pressurizer heaters, spray, relief and
safety valves are also considered in the program. Point model
neutron kinetics, and reactivity effects of the moderator, fuel,
boron and rods are included. The secondary side of the steam
generator util izes a homogeneous, saturated mixture for the
thermal transients and a water level correlation for i~ndication
and control. The reactor protection system is simulated to
include reactor trips on neutron flux, overpower and
overtemperature reactor coolant delta-T, high and low pressure,
low flow, and high pressurizer level. Control systems are also
simulated including rod control, steam dump, feedwater control
and pressurizer pressure control. The Safety Injection System
including the accumulators are also modeled.

LOFTRAN is a versatile program which is suited to both accident
evaluation and control studies as well as parameter sizing.

LOFTRAN also has the capability of calculating the transient
value of DNB ratio based on the input from the core limits
illustrated on Figure 15.1-1. The core limits r.epre_ en~t the
.minimum valrue-of DNBR as calcula-ted for typical or thimble cell.

LOFRANis further discussed -in Reference [15].

15.1.9.5 LEOPARD

The LEOPARD computer program determines fast and thermal neutron15
spectra, using only basic geometry and temperature-data. The
code-optionally computes fuel depletion effects for a
dimensionless reactor and recomputes the spectra before each
discrete burnup step.

LEOPARD is further described in Reference [161.

15 .1-16
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) 15.1.9.6 TURTLE 0,794 PKG
TURTLE is a two-group, two-dimensional neutron diffusion code featuring a direct

.,treatment of ..the 'nonlinear effects of xenon, einthalpy, and Doppler. Fuel
depletion is allowed.

TURTLE was written for the study of azimuthal xenon oscillations, but the code
is useful for general analysis. The input is simple, fuel management is.
handled directly, and a boron criticality search is allowed.

TURTLE is further described in Reference 17.

15.1.9.7. TWINKLE

The TWINKLE program is a multi-dimens-ional spatial neutron kinetics code,
which was patterned after steady state codes presently used for reactor core
design. The code uses an implicit finite-difference method to solve the
two-group. transient neutron diffusion equations in one, two and three
'dimensions. The code uses six delayed neutron groups and contains a detailed
.multi-region fuel-clad-coolant heat transfer model for calculating pointwise
Doppler and moderator feedback effects. The code handles up to 2000 spatial
points.,,and performs its .own.steady state-initialization. Aside-from' basic
cross-section data and thermal-hydraulic parameters, the code accepts as input
basic driving functions such 'as inlet temperature, pressure, flow, boron
concentration, control rod motion, and others. Various edits -~e-- ei e4dý
a S,~. channeiw~ise power, axial offset, enthalpy, volumetric surge, pointwise
*power, and fuel temperatures.

The TWINKLE C$&de is used to predict the kinetic behavior of a reactor for
transients which cause a major perturbation in the spatial neutron flux
distribution.

,TWINKLE is further .described in.Reference 18.

15.1-17
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TABLE 15.t-2

SUMMARY OF INITIAL CONDITIONS AND COMPUTER CO)4ES USED

FAULTS

CONDITION 11

Uncontrolled RCC Assemb~ly
Bank Withdrawal from
SubcritIcal Condition

Uncontrolled RCC Assembly

Bank Withdrawal at Power

RCC Assembly Misalignmaent

Uncontrolled Boron
Dilution

Partial Loss of Forced
Reactor Coolant Flow

Startup of an -Inactive
Reactor Coolant Loop

Loss of External Electrical
Load and/or Turbine Trip

Loss of Normal Feedwate r/

SLoss of off-Site Power
to the Station Auxiliaries
(Station Blackout)

COMPUTER
CODES UTILIZED

TWINKLE, FACTRAN
TM INC

LOFTRAN, FACTKAAl
TRINC1)-

THINC, 4U~ftbi
LOFIRAN

NA

-eG*,LOFTRAN
THINC, FACTRAN

MARVEL, THINC
FAC TRAN

LOFT RAN

'LOFTRAN

REACTIVITY COEFFICIENTS
ASSUMED

MODERATOR MODERATOR
TEMPERATURE DENSITY
(A k/*L (A k/gm/~cc)

Refer to -

Sect ion
15.2.1.2 (Part 2)

--- Figure 15.1-7

and 0.43

--- Figure 15.1-7

NA

Figure 15.1-7

0.43

Figure 15.1-7
and 0.43

Figure 15.1-7

DOPPLER

Least negative
Doppler power
coefficient-
Doppler defect
= -0.9% Ak/

tower and
upper (1)

upper (1)

NA

Laffe,-

lower (1)

loLwjer a4n
upper (1)

upper (1)

INITIAL NSSS
THERMAL POWER OUTPUT

ASSUMED*

(MWt)

0

3425

3425

O and 3425

-219f-mrid 3425

2397

3425

-3sv-9- 3425

fi .4. ;1

sheet I of 4



TABLE 15.1-? (Conv~ght~ed)
SUMMARY OF INITIAL CONDITION S-AN CO4PUIrER C?(&ES USED

FAULTS

CONDITION II (Cont')

Excessive Heat Removal Due to
Teedwater System Malfunctions'

Excessive toad Increase Incident

Accidental Depressurizatbon of
the Reactor Coolant System

Accidental Depressurization of
the Maiti Steam System

Inadvertent Operation of ECCS
During Power Operation

CONDITION III

toss of Reoactor Coolant from
Small Ruptured Pipes or from
Cracks in Large Pipes which
Actuates Emergency Core Cooling

COMPUTER
CODES UTILIZED

MARVEL, LOFIRAN

LOP TRAN

LOF TRAM

LOP TRAN

LOPFIRAN

ASSUMEDn REACTIVItY CO- CENTS
MODRJKATOR M(XIERATOR) LLII
TEMPERATURE DENSITY
14& k/*F)_ J kigmicc) DOPPLER

0.43

--- Figure 15.1-7
and 0.43

--- Figure 15.1-7

Function of
Moderator Density
See Section 15.2.13
(Figure 15.2-40)

15.1- ~sI7
and 0. 43

ASSUMED INITIAL NSSS
THERMAL POWER OUTPUT'

0 (MWI342
lowerz

l owe r'

upper2

Note 
4

3425

0
(subcritical)

lowex~
a"4 n ppe V

2

3479

NO TRUMP, LOCTA-Iy

%0

Sheet 
2 of 

4

WONP-71

3425
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TABLE 15.1-2 (Coh7 4 ,hued'

SUMMARY OF INITIAL CONDIT-IONS AND COMPUTER COP()ES USED

FAUL iS

CONDITION 111 (Cont'd)

Inadvertent Loading of a fuel
Asseniuly into an Improper iýosftlon

COMPUTER
CODES UTILIZED

LEOPARD, TURTLE

ASSUMED REACTIVITY COEFFICIENTS
MODERATOR MODERATOR
TEMPERATURE DENSITY
(A k/F)_ (A k/qm,/cc)

ASSUMED INITIAL NSSS
THERMAL POWER OUTr'(Jr

CMWt)DOPPLER

Mini mum
3425

Compl~ete Loss of Forced
Reactor Coolaitt Flow

Waste Gas Decay Tank

Single RCC Assembily Withdrawal
at full Power

THINC, FACTRAN

NA

TURTLE, TIIINC
LEOPARD

Figure 15.1-7

NA

CONDITION-IV

Major rupture of pipes containing
reactor coolant up to and
includfing double-ended rupture
of the largest pipe In the
Reactor Coolant System (Loss of
Coolant Accident)

l ower2

NA

NA

SATAN- VI ,
WREFLOOD,
LOTIC 2,
BASH,
I OC AR I

See Section
15.4.1.
References

-aad. 3425

3579

3425

See Section
15.4.1,
References

3479

C0

Sheet 3 of 4
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SUMMARY Of INITIAL CONDITIONS AND COMPUTER C SUSED

/

FAULTIS

CONDITION IV (Conted)

Major -seemderly-4y*..em
pipe rwpture __p-t4a-a~d_

-FM4w-*~.-4Ru ture of a
Steam PIp9'

Steam Generator Tube
Rupture

Single Reactor Coolant

fPtmlp Locked Rotor

Rupture of a Control
Mechanism Housing
(RCCA Election)

. COMiPUTER

CODES UTILIZED

LOF TRANy-T44fQ-

NA

-13+19944, LOFTRAN,
FACT RAN,

NA

TWINKLE, FACTRAN
-EE8PARD-

ASSUMED REACTIVITYCEFCET
MODERATOR MODERATOR
TEMPERATURE DENSI TY
(A k*FL._ (A klqacc)

Function of
Modera tor
Density; see
Section
15.2.13
(figure
15.2-40)

NA

Figure 15.1-7

ASSUMED INITIAL NSSS
THERMAL POWER OUTPUT'

(MUL)DOPPLER

Note 4

(subcritical)

NA

lower"

3579

P397 Ond--
3425

357.9

Refer to
Sect Ion
15.4.6

Consistent.
with lower
limit shown
on Figure
15.1-5

0 and 3425

A minirmum of 2% margin -has
Reference figure 15.1-5
Reference Figure 15.1-7
Reference figure 15.4-9

ft-- Maov RuQp4(r~e S' a-
Moi a P~ ee dzwa/iev Pi,pe

to be app:lied.

F1*3 4Ve Is.I-7 3426
C0

Sheet 4 of 4
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TABLE 15.1-3

TRIP POINTS AND TIME DELAYS TO TRIP
ASSUMED IN ACCIDENT ANALYSES

0794-PKG

Trip
Function

Low Reactor Coolant Flow
(from loop flow detectors)

Undervoltage Trip

Turbine Trip

Low-Low Steam Generator
Level

High-High Steam Generator
Level, Turbine Trip and
Feedwater Isolation

Limiting Trip
Point Assumed
In Analvsis

87% loop flow

68%

Not applicable

Time Delays
-(Seconds)

/~' . 2

1.0

0% of4 ofnarrow
range span deedig

89.7% of narrow range
level span

2. 0-+ TTb *

* Tri'p Tin1e belay (-rT1) 's eapP/;c4f A/eoy Ze/ouv' S&l. R'TP

Sheet 2 of 2
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*Two motor driveflaeuxiliary feedwater pumps which are started on:
1>04 h.&rberne dr~veri

a. Low-low level1 in any steam generator-
.b. Trip of-al.-4 main feedwater pumps
c. Any safety injection signal.
d. Loss of offsite power
e,. t-Manual actuation

.3 .One turbine driven auxiliary feedwater pump is start~ed on:
bo14k +tarbihe S'-ive,a. Low-low level/in any two steam generators.

b. Tr2. f-.~. main feedwater pumps
c. Any safety injection signal
d. Loss of offsite power
e. Manual actuation

Refer to Chapter 10 for the design of the Auxiliary Feedwate'r System.

The motor drivenawciliary feedwater.-pumps are supplied by the diesels if aloss of offsite power occurs and the turbine-driven pump utilizes steam fromthe secondary system. Both type pumps are designed to start within one minuteeven if a~loss of all AC power occurs simultaneously with loss o f normalfeedwater. The turbine exhausts the secondary steam to the atmosphere. Theauxiliary' pumps take suction from the condensate storage tank for del~ivery tothe steam generators.

The analysis shows that following a loss of normal feedwater, the AuxiliaryFeedwater System is capable of removing the stored and residual heat thuspreventing either overpressurization of the RCS or loss of water from thereactor core.

15.2.8.2 Analysis of Effects and Consequences

Method of Analysis

A detailed anialyuis using the LOFTRAN [5] Code Is performed in order to obtainthe plant transient following a loss of normal feedwater. The simulationdescribes the plant thermal kinetics, RCS including the-natural circulation,.pressurizer, steam generators and feedwater system. The digital programcomputes. pertinent variables including the steam generator level, pressurizerwater level, and reactor coolant average temperature.

Two cases are examined for a loss of normal feedwater event. The first is thecase where offsite ac power is maintained, and the second is the case whereoffsite ac power is lost, which results in reactor coolant pump coastdown asdescribed in Section 15.2.5.2.

The case where offsite ac power is lost is limiting with respect to over-pressurization of the RCS and loss of water from the reactor core due to thedecreased capability of the reactor coolant pump to aid in residual core heatremoval as a result of the reactor coolant pump coastdown.

15.2-28
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Alar-c/ea -5/ear St~ppi/y -•YS/e1l

2. The plant is initially operating at 102% of the Eninoorcd Safete p~design rating. rhe heai a~cifa' IAe kcs h 1Me- reaclIor coo ~-tMrV~~~e/

3. The core residual-heat generation is based on the 1979 version of ANS 5.1[14] based upon long term operation at the initial power'level. The decayof U-238-capture products is included as an integral part of this
express ion.

4. A heat transfer coefficient in the steam generator associated with RCSnatural circulation.

TW ~ar e-5. Galy-.on motor driven auxiliary feedwater pumpsir available one minuteafter the accident.

-or6. Auxiliary feedwater is delivered to- iwo steam generators.
7. Secondary system steam relief is achieved through the self-actuated safetyvalves. Note that steam relief will, in fact, be through thepower-operated relief valves or condenser dump valves for most cases ofloss of normal feedwater. However, for the sake of analysis these havebeen assumed unavailable.

.seil cornserva/ively k~q~et-8. The initial reactor coolant average temperature is A46-.52F lower than thenominal value for the case where offsite ac power is maintained since thisresults in a greater expansion of the RCS from pump and decay heat duringthe transient and, subsequently, a higher water level in the pressurizer.For the case where pffsi te ac power is lost, the initial reactor coolantaverage temperature is 4.*r lower than the nominal value since thisresults in a greaterr density in the RCS and lower natural circulation.
sei cois-e~-aiively

9. The initial pressurizer pressure is 46 psi higher than nominal. This 46psi allowance is for steady state fluctuations and measurement error.

conservgdively 60y.%10. The low-low steam generator level trip setpoint is Aassumed co be -9.0-O% ofnarrow range span.

The loss of normal feedwater analysis is performed to demonstrate the adequacyof the reactor protection and engineered safeguards systems (e.g., theauxiliary feedwater system) in removing long term decay heat and preventingexcessive heatup of the RCS with possible resultant RCS overpressurization orloss of RCS water.

As such, the assumptions used in this analysis are desig'ned to minimize theenergy r 'emoval capability of the system and to maximize the possibility ofwater relief from the coolant system by maximizing the coolant systemexpansion, as noted in the assumptions listed above.

One such assumption is the loss of external (offsite) ac power. Thisassumption results in coolant flow decay down to natural circulationconditions reducing the steam generator heat transfer coefficient. Followinga loss of offsite ac power, the first few seconds of a loss of normalfeedwater transient will be virtually identical to the transient response(including DNBR and neutron flux versus time) presented in Section 15.3.4 forthe complete loss of forced reactor coolant flow incident.
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An additional assumption made for the loss of normal feedwater evaluation isthat the pressurizer power-operated relief valves .are assumed to fmc--ionnormall1y. If these valves were assumed not to function, the Coolant systemPressure during the transient would rise to the actuation point of thepressurizer safety valves (2500 psia). The increased R.CS pressure, however,resu~lts in less expansion of -the coolant and hence more inargin to the pointwhere wa~ter relief from the pressurizer would occur. The balance of plantassu.mptions used in the analysis are listed in Table 15.2-3.

Results

Figures 2.5.2-27a through 15.2-27*k show the significant plant parameter tran-sients following a loss of normal feedwater where Offsite power is lost. Thecalculated sequence of events for this accident are listed in Table 15.2-1.
Follow'ing the reactor and turbine trip from full load, the water level in thesteam generators will fall due to the reduction Of steam generator voidFraction and because steam 'flow through the safety' valves continues todissipate the stored and geiera ted heat. One minute following the initiationOf the lowý-low level trip, =Kof the motor-driven auxiliary feedwater~pumpsONe .ra- automatic.ally ýstarted andiJr at full speed, reducing the rate of waterlevel decrease. t

The capacity of the a'uxiliary feedwater pumps " such that the water level inthe steam generators bea o does not recede below the lowest level at whichsufficient heat transfer area is available to di-sSipate core residual heatwithout water relief from the RCS relief or safety valves.
Fr-om tigure 15.2-Z7f. it can be seen that at no time is there water relieffrom the pressurize . If the auxiliary feed delivered is greater than that off+WO4W,--motor-driven pump, if the initial reactor power is less than 102% of the Nisssf=51'A-r.'d Safe -zA'r r design rating, or if the steam generator wate .rlevel in one or more steam generators is above the low-low level trip.,point at:the time of -trip, then the rzU3r..~l Willb~LLr3engnrtr~f2~

* ~ o ,tu~ c- i-s~ 4r/(L~Sitv L-A;11 k boce1 y tAe c(un/yJSis fne1'f ed..
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SRCS pr'essure will Stabilize following operator action toterminate flow to the inadvertantly opened valve; normal_operating procedures may then be followed. The operatingprocedures would call for operator action to control RCS boron 3concent~ration and pressurizer level using the CVCS and to 3maintain steam generator level through control of the main orauxiliary feedwater system. Any action required of the operatorto stabilize the rlant will be in a time frame in excess of tenminutes following reactor trip.

15.2.12.3 Conclusions

The pressurizer low pressure and the overtemperature AT Reactor 153Protection System signals provide adequate protection against'. this accident, and the minimum DNBR remains in excess of 1.30.

15 .2.13 ACCIDENTAL DEPRESSInTRIZATION! OF THE- MAIN STEAM SYSTEM

15.2.13.1 Identif4ic*atio of Causes and Accident Description

,The most sever~e core conditions result'ing from an accidentaldepressurization of the Main Steam System are associated with aninadvertent opening of a single steam dump, relief or safetyvalve. The analyses performed assuming a rupture of a main steamline are given in Section 15.4.2.1.

* The steam release as a consequence of this accident results in aninitial increase in steam flow which decreases during theaccident as the steam pressure falls. The energy removal fromthe Reactor Coolant System causes a reduction of coolanttemperature and pressure. In the presence of a negativemoderator temperature coefficient, the cooldown results in areduction of core shutdown margin. 
141

The analysis is performed to demonstrate that the followingcriterion is satisfied: Assuming a stuck rod cluster controlassembly, with or without offs~ite power, and assuming a single'failure in the Engineered Safety Features there will be noconsequent fuel damage af ter reactor trip f or a steam releaseequivalent to the spurious opening, with f ailure to close , of the 53Z largest of any single steam dump, relief or sa fety valve. Thiscriterion is satisfied by verifying the DNB design basis is met.
The following systems provide the necessary protection against anaccidental depressurization of the main steam system.

1. Safety Injection System actuation from any of the following: 49
a. Two out of three E] ý -lo o pressurizer pressure jsi5ri/s.
b . Two out of three high containment pressure signals. 5

15 .2-3 9
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1-kre. 0tvpi-essLure sigha/ 5r In y 4 Skofe-Jie.
C. Two o~ut of fou loo ps igh steam linelfo onin

2. The overpower reactor trips (neutron flux and AT and the
reactor trip occuring) ~\onjunction with receipt of the
safety injection sig aj>)

3. Redundant isolation of the main feedwater lines: Sustained
high feedwater flow would cause additional cooldown.
Therefore, in addition to the normal control action which
will close the main feedwater valves following reactor trip,a safety injection signal will rapidly close all feedwater
control valves, trip the main feedwater pumps, and close the
f eedwater pump discharge valvesx (closu.re 17s o.e-cornplished by a &,
feeduwOfrr PUMnP +rip £15vei1).

4.Trip of the fast-acting steam" line stop valves (Main Steam 55~Isolation Valves) (designed t~o close in less than 5 seconds)
on:

a h igh-high containment rsueslPA/

b. Two o t of fou lop hig steam 1e flowco iet(with either t o out of f ur l oops ow st eam nepre sure or o u four loop lo-owT
o u t f 0 o o p a v gTW~O OL'] of ATree louj s4ea,,)/une p-ess(Are .5igncl a /r ;, y jrYeam/inre.
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.5 -earn lire a13
c. Two out of three high negative .tr4.-0-. pressure rate/i n any

-L--.y (below Permissive ,P-11).

15.2.13.2 Analysis of Effects and Conseguences

Nethod of Analysis

The following analyses of a secondary system steam release are
performed for this section.

1. A full plant digital computer simulation to determine Reactor
Coolant System transient conditions during cooldown, and 5
the offeOct of safesty injection [5)

2. Analyses to determine that there is no consequential
fuel damage.

The following conditions are assumed to exist at the time of a
secondary steam sys~tem release.

1. End-of-life shutdown margin a~t no load, equilibrium xenon
conditions, and with the most reactive rod cluster control

asisembly stuck in its fully withdrawn position. Operation of
rod cluster control assembly banks during core burnup is
restricted in such a way that addition of positive reactivity
.in a secondary system steam release accident will not lead to
a moeadverse condition than the case analyzed.

2. A neogative moderator coefficient corresponding to the end-of-
life rodded core with the most reactive rod cluster control
assembly in the fully withdrawn position. The variation of
the coefficient with temperature'and pressure is included.
The keff versus temperature at-1lOOO psi ýcorresponding. to ýthe
negativ.e moderator temperature coefficient used is shown in
Figure 15.2-40.

3. Ninimum capability for injection of high concentration boric
acid solution corresponding to the most restrictive single
failure in the Safety Injection System. This corresponds to
the flow delivered by one charging pump delivering its full
contents to the cold leg header. The injection curve used is
shown in Figure 15.4-10. Low concentration boric acid must
be swept from the safety injection lines downstream of the 5
lIST prior to the delivery of high concentration boric acid
(1950 ppm) to the reactor coolant loops. This effect has
been allowed for in the analysis.

15.2-40
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The cooldown for the case shown in Figure 15.2-41 is more rapid than the case
of steam release From all steam generators through one steam dump, relief, or
.safety valve. The transient is conservative with respect to cooldo'wn, since
no credit is. taken. for the energy stored in. the. system metal :ocher than tUha
of the fuel elementsz.

Following blowdown of the faulted steam generator, the plant can be brought to
a stabilized hot standby condition through control of auxiliary feedwater flow
and safety injection flow, as described by plant operating procedures. The
operating procedures would call for operator artion to limit RCS pressure andpressurizer level by terminating safety injection flow, and to control steam
generator level and RCS coolant temperature using the auxiliary feedwater
system. Any action required of the operator to maintain the plant in a
stabilized condition will be in a tirap frame in excess of ten minutes
following safety injection actuation.

15.2.13.3 Conclusions

The analysis shows that the criteria stated earlier in thi~s section aresatisfied since a DNBR less than the limiting value given by the WBN Technical
,Specifications does' not exist.

15.2.14 Inadvertent Operation of Emergency Core Coolinz System

This analysis was performed after the boron injection tank and associated 900gallons of 20,000 ppm boron was deleted from the Watts Bar design basis, and
therefore it is not referenced in this section.

15.2.14.1 Identification of Causes and Accident-Description

Spurious Emergency Core Cooling System (ECCS) operation at power could becaused by operator error or a false electrical actuating signal. Spurious-'actuation may be assumed to be caused by any of the following:

I._ High-containment pressure

2. Low pressurizer pressure

High 9 team! irndifrfer-ensie-pl rzr

3 4t. Lo:Ls avs ncnucinwt ihzomiof or- row steamline
pressure

4--5- Manual actuation

Following the actuation signal, the suction of the centrifugal charging pumps
is diverted from the volume control tank to the refueling water storage tank.

15.2-42
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TiLBLE 15.2-1
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and return to power. A return to power following a steam line
rupture is a potential problem mainly because of the high power
peaking fac~tors which exist assuming the most, reactive RCCA to be
stuck in its fully withdrawn position. The core is. ultimately
shut down by the boric acid injection delivered by the Safety
Injection System.

The analysis of a main steam line rupture is performed to
demonstrate that the following criterion is satisfied:

Assuming a stuck RCCA with or without offsite power, and assuming
a single failure in the engineered safeguards the core remains in
place and intact. Radiation doses are not expected to exceed the
guidelines of lOCFRlOO.

Although DNB and possible clad perforation following a steam pipe
rupture are not necessarily unacceptable, the following analysis,
in fact, shows that no DNB occurs for any rupture assuming the
most reactive assembly stuck in its fully withdrawn position.

The following functions provide the necessary protection for a
steam line rupture:

1. Safety Injection System actuation from any of the following:

a. Two out of three CWEK o~f low pressurizer pressure s;In~lS.
- ~ 53

b . Two out of three high containment pressureX si9Ials-

C. L o stea/ line pressur/ in a4 one/loo ,rela yv:e ýttw

f~tof /hree thr o s/ 7wuc 0o 7L 0f 9iree low s eam,,,/,e pres5-re
siqrul. s in oany. siea,'-i/ne

d. igh st Iaml ine f Yow in tw out of fou loo0p s 9i inc id ent
withwe~ther two out of f ur loops lo steamli;e' pressureý

Tori tw 9out of f/ ur loops low-low T

2. The overpower reactor trips (neutron flux and AT) and the
reactor trip occurring in conjunction with receipt of the
safety injection signal.

3. Redundant isolation of the main feedwater lines: Sustained
high feedwater flow would cause additional cooldown.
Therefore, in addition to the normal control action which
will close the main feedwater valves, a safety injection
signal will rapidly close all feedwater control valves, main 5
feedwater isolation valves, trip theI

15 .4-10
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main feedwhter pumps, and close feedwater pump discharge
Va1valvS.

4. Trip of the fast acting steam line stop valves (main steam
isolation valves) (designed to close in less than 5 seconds) 5
on: 5

h h
a. Two out of four OHigh-.High containment pressurexsi 9r^aIS.

sina etoiout is reahed For brg eaksdonstream ofn thenwihisolation ~ ~ ~ ~ ~ ~ ~ ~ ~ ur vaosrlsr falvavswudcmltl
temiaeither wdown.t Four any breakin anylocationsnoemore
than w one stea geeaorwoullow down evn t ifoolnetf h

F tacigisolation valves falstrcoe. Arovdesripin fc steam line ta

isolation isles i cluded e in C apte 10. swol omltl

Steam flow is measured by monitoring dynamic head in nozzles
located in the throat of the steam generator. The effective
throat area of the nozzles is 1.4 square feet, which is
considerably less than the main steam pipe and thus the nozzles
also serve to limit the maximum steam flow for a break at any
lo cat ion.

Table 15.4-6 lists the equipment required in the recovery from a
high energy line rupture. Not all equipment is required for any
one particular break, since it will vary depending upon
postulated break loacation and details of initial conditions.
Design criteria and methods of protection of safety related
equipment from the dynamic effects of postulated piping ruptures
are provided in Section 3.6.

15.4.2.1.2 Analysis of Effects and Consequý..nces

Method of Analysis

The analysis of the steam pipe rupture has been performed to
determine:

L. Tw.~o ou/ 6-P -0'ree low) searhn/e pressu~re signal/s ;in ahl s<jeam1/'ne.

C. Two ol or #Aree AyA negalive s~eam/;ne pi-es5t-re r-a j'kdv f;p~I '1

apy sfeamline(U/4, P-ý p

15 .4-11
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energy stored in the fuel. Thus, the additional stored-energy is removed
via the cooldown caused by the steam line break before the n6 load
conditions of RCS temperature and shutdown margin assumed in the analyses
are reached. After the additional stored energy has been removed, the
cooldown and reactivity insertions proceed in the same manner as in the
analysis which assumes no load condition at time zero.

However, since the initial steam generator water inventory is greatest at
no load, the magnitude and duration of the RCS cooldown are greater for
steam line breaks occurring from no load conditions.

7. In computing the steam flow during a steam line break, the Moody Curve [9)
for fl/D - 0 is used.

8. A steam generator tube plugging level of 10% is assumed.

9. A thermal design flowrate of 372,400 gpm is used which accounts for the
10% steam generator tube plugging level and instrumentation uncertainty.

Results

The results presented are a conservative indication of the events which would
occur assuming a steam line rupture since it is postulated that all of the
conditions described above occur simultaneously.

Core Power and RCS Transient

Figure 15.4-11 shows tl~e RCS transient and core heat flux following a main
steam line rupture (complete severance of a pipe) at initial no load condition
(case a). Offsite power is assumed available so that full reactor coolant
flow exists. The transient shown assumes an uncontrolled steam release from
only one steam generator. Should the core be critical at near zero power when
the rupture occurs the initiation of safety injection by low steam'-line
pressureffActdntwitV hi stelin flo~w will trip the reactor. Steam
release from more than one steam generator will be prevented by automatic trip
of the fast acting isolation valves in the steam lines by high-high
containment pressureAin or igh st-e m lii e f w_ coifcdt i ete
low steam line pressure o low ow .v Even with the failure of one valve,
release is limited by i olation valve closure for the other steam generators
.while the one' generator blows down. The main steamline isolation valves are
designed to be fully cl sed in less than 5 seconds from receipt of a closure
signal. I ls
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Af eedl in# rupture reducesa the ab il ity to remove heat genera ted

by the core from the reactor coolant system because of theI folloving reasons:

1. Feedwater to the st eam generators is reduced. Sincefeedwater is subcooled, its loss may cause reactor coolanttemperatures to increase prior to reactor trip;
2, Liquid ia the steam generator may be discharged through thebreak, and woul d then not be avail abl e f or de cay hea t removalafter trip;

3. The break may be large enough to prevent the addition of anymain feedwater after trip.

An auxil iary f eedvater syst em i s provided to a ssure tha t adeq ua tefeedwater will be available such that:

1. No substantial overpressurization of the reactor coolantsystem shall occur; and

2. Liquid in the reactor coolant system shall be sufficient tocover the reactor core at all times.

The following provides the necessary protection for a mainfeedwater ruptur e(ý

1. A reactor trip on any of the following conditions:

A. High pressurizer pressure

b Overtemperature delta-T6 ~.m

c . Low-low steam generator water level in 4'eip~steamgone rat org

Safety injection signals from any of the following:

i)

L o w 34 e e - M v 1 1 % p P ~ _ . IA V 
5 3

..ii) High containment pressure

2. FAnAAuxiliary Feedwater System to provide an assured source offeedwater to th. steam generators for decay heat removal.

,4)L~.DO)w S~A~ .JSL~

15.4-18



WBNP- 53

0794 PI(6
15.4.2.2.2 Analysis of Effects and Consequences

Method of Anlyrs is

A detailed analysis using the LOFTRAN (15] Code is performed inorder to de~termine the plant transient following a feedline
rupture. The code describes the plant thermal kinetics, ReactorCoolant System including natural circu'lation, pressurizer, steamgenerators and feedvater system, and computes pertinent variables
including the pressurizer pressure, pressurizer water level, andreactor coolant average temperature.

relief capa ity of the pressurizer safety valves is ca culated bythe code assu ing homogeneous equilibrium flow of sa& urated

On the secondary si e, no credit is taken for e 470 gpa flowfrom the motor-driven auxiliary pump connect to the affectedsteam generator, until t is isolated from hat loop by theoperator. The turbine-dr yen auxiliary eed flow provides amaximum of 940 Spa starting te minute af ter low-low steam-generator level trip, and its low t ereafter is conservatively
calculated as a function of ste enerator pressure. Aconservative upper limit is used r the volume of piping whichmust be purged of hot main fee ate before the relatively cold(1200F) auxiliary feedwater ters th intact steam generator. Aconservative upper limit i used for at a dump flow capacity.The quality assumed for e fluid blowing own from the affected
steam generator to the upture is selected uservatively assafunction of time, in rder to maximize the de y before the low-low water level tri setpoint is reached, and t n to minimi~zethe heat transfer ffectiyeness of the steam gene tor. Thedecrease of heat transfer area with shell-side liqu mass is

In order to reduce the number-of cases analyzed, no credit ataken for ressurizer -relief valve or spray operation or for ighpressur or pressure trip. Similarly, no credit is taken forc o nt ai eat pressure initiation of safety injection, auxiliaryf e ed ter, and main steamline isolation. This permits analyzinga Vngly hypothetical case which bounds brea~ks inside and outsideof the containment with and without pressure control.

1 153
Major assumptions for the caeanlzed are:

1. The Plant is initially operating at 102 percent of the
Ra~mlre 0Safety Fo*At"~,u design rating.

Two ~~ ~ ~ o,~ 15 .4-19 ec-c.tIv

_ýrvkv fk&. +rc,-%sea^+. Amot'6A-. cas.. D.$$Uls +;v loss c4 e~' eler_-ricjP Fower ct
~ren..t4-or- +rlf,.) x4h +kt IjC rr~j kc. al +0 m&- 1V., SofJ-DI. Cp.4IS a~tP5VM a

~~-e,.~~c~~eA -~'hL~ e-f-k LieJ 4tW*cr -pp oJ ;4, poaXA, MaQjor 0650MAP4-iDASUs$A 'ie. +6 QraI5.i53 ar as 4 flw
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2. initial reactor coolant average temperature is 6.50F abovethe nozrinal value, and the initial pressurizer pressure is 3-6psi above its nominal value. 
4Lv

3.~Torc~co ooln prnoar asumeg t o--nprate'rtint. they are tcre off byt ape~ ate TL- 3Cýa'te
1nr-rp;4;gc the r i

the ohzch .'.~lvo a r TLd tz t oarJri$p-

3. h pedwet ta, eer..e te- ov -L4 .
nt nri vAre.4 z-xi Iu e jar e ±0!3i4 Os +A-e,,

As [I;ý LIMP~~ *IkS5t

- -k -- - -4

*5 A, '4dioy Uv d IFeav~ :s CISU t-o s+ee4

5~~WQ~ ~ ~ a~imhe+~ uk 4, ~ / r rp-& k

hsee Afs!rit 
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1-F igures 15.4-13 and 15.4-14 show the calculated plant paramet rsf ol Io in& a feeddline rupture. The assumed auxiliary feedwaterflo ra i capable of removing decay heat 1831 seconds aftert r ip. Af this time, core decay heat dec'reases bejithauxil iary f ee &ter heat removal capacity, and reor coolanttemertuesan Pressures decrease.. Calculai results forplant parameters a listed below.

* Maximum required reliefNxate from prersiurizer safety valves

* 1. Steam relief, prior to.'
filling pressurizer 

3 .5 f t /sec 3
2. Water relief, prior, ýowhen3

primary coolant2E,ýmperaturen
*begins to dec ase 1 .1 ft/se C

* The esults ow that, even with the consrNtv ehdo
cal cul atio ,the remaining l iquid volume is Z'~ hnadqaetf ill the reactor coolant system. Therefore, teýatrcr

l c u ltheo ' 
thetor

would emain covered with water.

ovrr1 uiaio1cuswti the r eactor cooln 
ytm

Te tim suec of cnt is show onf Tal 549

~l , he ca cula Tte r eq uire d r l e r t s ar l v i bo-i -k th~e

Th. p res po 
antf s JO*y), riu s ti.o e~- A. 1

The timee sequeneo events~ is shown on T.abe~ 15~.L4-9. o

Fc~ ukes 5..4 13A16ý o sI'x 
I>-zd
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15 .4 .2.2 .3 Conclusions 0794 PV"
Results of the analysis show that for the postula~ted f eedlinerupture, the Assumed aUXiliary f Oedwater system capacity, isadequate to remove decay heat, to prevent overpressuri~zing thereactor coolant system, and to prevent the water level in the RCSfrom dropping to the top Of the core.

15.4.3 Steam Generator Tube Rupture

15 .4 .3. Identifiýcat ion -of Causes and Ac-ciLdnt D~escription

The accident examined is the complete severance of a single steamgenerator tube. Trhe accident is assumed to take place at powerwith the reactor coolant contaminated with fission products*
corresponding to continuous ope .ration with a limI ited amount ofdefective fue'l rods. The accident leads to an increase inContamination of the secondary system due to leaakageo ofradioactive coolant from the Reactor Coolant System. In theevent Of a coincident loss of offsits power, or~failure of thecondenser dump system, discharge of act-ivity to the atmospheretakes place via the steam generator safety and/or Power-operated
relief valves.

In view of the fact that the steam generator tube material isinconel-600 and is a highly ductile uaterial, it is considered
that the assumption Of a complete severance is somewhat
conservative. The more probable mode of tube failure would beone or more minor leaks of undetermined origin. Activity in thesteam and power conversion system is subject to continual
surveillance and an accumulation of minor leaks which exceed theolimits established in the Technical specifications notpermitted during the unit operation.. 53

The operator is expected to determine that a steam generator tuberupture has occurred, and to identify and isolate the faultysteam generator on a restricted time scale in order to minimize
contamination of the secondary system and ensure termination ofradioactive release to the atmosphere from the f'aulty unit. Therecovery procedure can be carried out on a time scale whichensures that break flow, to the secondary system is terminatedbefore water level in the affected steam generator rises into themain steam pipe. Sufficient indications and controls areprovided to enable the operator to carry out these functions
satisfactorily.

15 .4-22



0794 PKG

Consideratioi~ of the indications provided at the control board,
together with the magnitude of the break flow, leads to the
conclusion that the isolation procedure can be completed within
30 minutes of accident initiation.

Assuming normal operation of the various plant control systems,
the following sequence of events is initiated by a tube rupture:

1. Pressurizer low pressure and low level alarms are actuated
and charging pump flow increases in an attempt to maintain
pressurizer level. On the secondary side there is a steam
f low/ feedwater f low mismatch QZIe t as feedwater flow to
the affected steam generator is reduced due to the additional
break flow which is now bein g supplied t~o that unit.

2. Continued loss of reactor coolant inventory leads to a
reactor trip signal generated by low pressurizer pressure.
Resultant plant cooldown following reactor trip leads to a
rapid change of pressurizer level, and the safety injection
signal, initiated by low-low pressurizer pressure, follows
soon after the reactor trip. The safety injection signal
automatically terminates normal feedwater supply and
initiates auxiliary feedwater addition.

3. The steam generator blowdown liquid monitor and the condenser
offgas radiation monitor will alarm, indicating a sharp
increase in radioactivity in the secondary system and will
automatically terminate steam generator blowdown.

4. The reactor trip automatically trips the turbine and if
offsite power is available the steam dump valves open
permitting steam dump to the condenser. In the event of a
coincident station blackout, the steam dump valves would
automatically close to protect the condenser. The steam
generator pressure would rapidly increase resulting in steam
discharge to the atmosphere through the steam generator
safety and/or poweroperated relief valves.

5. Following reactor trip, the continued action of auxiliary
feedwater supply and borated safety injection flow (supplied
from the refueling water storage tank) provide a heat sink
which absorbs some of the decay heat. Thus, steam bypass to
the condenser, or in the case of loss of off site power, steam
relief to atmosphere, is attenuated during the 30 minutes in
which the recovery procedure leading to isolation is being
carried out.

15 .4-23
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TABLE 15.4-1

TIME SEQUENCE OF EVENTS FOR mCONDTION IV EVENTS

Accident -Event Time (Seconds)

Major Reactor Coolant
System Pipe Ruptures,
Double-Ended Cold Leg
Guillo tine*

Major Secondary System Pipe Rurzure

1. Case A

Event Time (Seconds)

Steam Line Rupt': .-es 0.0

h t . ow Steam Pressure 0.63
Setpoint R-_ached

Pressurizer Empties 11.0
Criticality, Attained 22.4
Boron'Re;%zhes Core 56.8

2. Case F

Event Time- (Seconds)

Steam Line Ruptures . 0.0

orýw ow Steam Pressure 0.63
Setpoint Reached

Pressurizer Empties 12.0
Criticality Attained 24.8
Boron Reaches Core 73.6

Single Reactor
Coolant Pump
Locked Rotor

1. Four loops in
operation, one
locked rotor Rotor on one pump locks- 0

Low flow trip point reached 0.03

Rods begin to drop 1.03

*See Table 15.4-17

Sheet 1 of 2



TABLE 15.4-9

TIME SEQUENCE OF EVENTS FOR FEEDLINE BREAK

0794 PKG

Event

Feedine Rupture Occurs

Low-low steam generator level reactor tr ip and

auxiliary feedwater pump start setpoint reached

in affected steam generator

Rods begin to drop

Time-(seconds)

10 t

-319

Auxiliary feedwater starts to intact steam IK9

gener ators a
Cc Výcý*U" ;.j~Awczka. ea.kvb',c+

Stvtm ~r~iur~tQo 1ojj +a driusp Alfiairy feA(dWWtv 9

QL00

Pressurizer seaeet valve setpoint reached 710e

k
Low. -. us r!~~&$4p~~ 3G~3 3

All main steam stop (main steam -isolation) valves closed 4 n 44

-All reaetor eee-j-wt puffp pewer turr;ed cuff 63Cr

Pressurizer water relief begins

Core power decreases to auxiliary feedwater

removal capacity

8_M
1-710

486f& " I(ý00

Revised by Amdmn 53
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