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

NOV 05 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. 1In 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 1s 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,

APV eanle

William J. Museler

Enclosure
cc: See page 3
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cc (Enclosure):
NRC Resident Inspector
Watts Bar Nuclear Plant
P.0. 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.0. 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. Burzynski, LP 5B-C

Casteel, FSB 2K-WBN

Christenbury, ET 11H-K

Christensen, TSB 1E-WBN

Cobean, Jr., LP 3B-C

Cuoco, LP 5B-C

Elliott, IOB 1A-WBN

Fecht, LP 5B-C

Huston, Rockville Licensing Office

Johnson, FSB 2J-WBN

Kazanas, FSB 1B-WBN

Koehl, MOB 2N-WBN

McGrath, LP 3B-C

McSwain, MR 2C-C

Meyer, Trailer E23-WBN

Moody, MOB 2R-WBN

Mullee, BR 5D-C

Nunn, LP 3B-C

. H. Weber, FSB 1B-WBN

IMS, QAC 1G-WBN (Enclosure)
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PROPOSED CHANGES TO FSAR CHAPTERS 1, 3, 4, 5
7, 8, 10, and 1

' -NOTICE-

THE ATTACHED FILES ARE OFFICIAL
RECORDS OF THE INFORMATION &
REPORTS MANAGEMENT BRANCH.
' THEY HAVE BEEN CHARGED TO YOU
FOR A LIMITED TIME PERIOD AND
MUST BE RETURNED TO THE RE-
CORDS & ARCHIVES SERVICES SEC-
TION P1-22 WHITE FLINT, PLEASE DO
NOT SEND DOCUMENTS CHARGED
OUT THROUGH THE MAIL. REMOVAL
OF ANY PAGE(S) FROM DOCUMENT
FOR REPRODUCTION MUST BE RE-
FERRED TO FILE PERSONNEL .

~-NOTICE-




ENCLOSURE

(Proposed Changes to FSAR Chapters 1, 3, 4, 5, 6, 7, 8, 10, and 15)
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1.2.2;3, Control angd Instrumentation

The reactor is controlled 0y temperature coefficlents of reac-
tivity, control rod clusters, and 2 soluble neutron absorber, .

.boron,. in the forg or boric acigd.

- Instrumentation and controls are provided to monitor and main-

cain essential reactor facilicy oberating variables such as
neutron -lux, orimary coolzant Dressure, temperature, and control
rod positions within Prescribed ranges.

The non-neutronic process and containment instrumentation mea-
sures temperatures,‘pressure, flows, and levels in the Reactor
Coolant System, steam Systems, containment, and auxiliary Sys-
tems. Process variables which are required on a continuous
tasis for the startup, power operation, and shutdown of the
Plant are monitored in & ccntrolled access area. The quantity
and types of process instrumentation Provided are adequate for
safe and orderly operation of all systems and processes over
the full operating range of the plant.- .

Seactor protection is achieved by defining a region of power
and coolant temperature conditions allowed by the Principal .
ripping functions: the overpower AT trip, the overtemperature

AT trip, and the nuclear overpower trip. The allowable operating

region within these trip settings is designed to prevent any
combination of power, temperatures, and pressure which would
result in a Departure from Nucleate Boiling Ratio (DNBR) "< 1,3,

Additional tripping functions such as a high-pressurizer Pressure

trip, low-pressurizer Pressure trip, high-pressurizer water~level
<ess—=of coolant flow trip, 4 x
RaSeh—&nim  steap generator low-low water-level trip, turbine
trip, safety injection trip, nuclear socurce and intermediate
range trips, neutron flux rate trips, and manual trip are pro-
vided to support the principal tripping functions for specific
accldent conditions and mechanical failures. Independent and
redundant channels are combined in logie circuits whiceh improve
Ctripping rellability and minimize trips from spurious causes.
Protection interlocks, initiation signals to the Safety Injec-
tion System, containment isolation signals, and turbine runback
signals further assist in plant protection during operation.

The Control System enables the nuclear plant to accept a step-
load increase of 10% and a ramp increase of 5% per minute
within the load range of 15% to 100% of nominal power. The
Control System will also take a 50% load reduction with steam
bypass without tripping the reactor.

rea.c-)*o;— coo/an'/ Pumﬁ una’er“volmlttje

ana/ u(\c/ef #efuen_c)/ 1Lr/',>s

l1.2~5




CHAPTER
NUMBER

5.0 (Cont'd)

6.0

1.0

12139

TABLE 1.3-1
DESIGN COMPARISON (EXCLUDING SECONDARY CYCLE)

Nuclear Plant Units 1 and 2 - Comparison with Donald C, Cook, Trojan, and Sequoyah

CHAPTER TITLE
SYSTEM/COMPONENT

Residual Heat
Removal System
Pressurizer*
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

Section

Section

Section

Section

Section

Section

Section

Section

5.

5.10

SIGNIFICANT
SIMILARITIES

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

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

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

System functions are
similar to D. 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

SIGNIFICANT
DIFFERENCES

None.

None.

None.

Trojan does not use an ice
condenser,

dono- [nsert A

None.

None.

Actual physical configuration

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.

INd 716/0
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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 EAM.




System

Post Accident
Monitoring

Source Range Monitor

Proce,s; Pro‘/eclion %5710”1

Reference
Section

7.0
7.0

7.0

‘TABLE 1.3-3 (Continued)

Changes

A Post Accldent Monitoring System has been
added.

An additilonal source range monitoring'system
was added for backup control,.

The Foxbere analoj (nstrumentation in ¥he Process
Pro/ec/fm S/;/em racks has been re_,o/acec/ w/').%
Westinghouse EAGLE 21 digital system.
Con(‘,urren'(/ , Seme ﬁmm[/ma/ ('j'dnje.s were mao/e

which /mproVe ,o/aml ﬁVaI./aél.//')ﬁl and relra /'/"7§/.

Sheet 5 of &

9%d 6.0
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initiates a reactor trip when any appropriate monitored variable
or combination of varlables exceed the normal operating range.

. Setpoints are.chosen to provide an envelope of safe operating

conditions with adequate margin - for uncertainties to ensure -
that fuel de51gn limits are not exceeded. '

-Reactor trip is initiated by removing power to the rod drive

mechanisms of all the full length rod cluster control assemblies.
This will allow the assemblies to free fall into the core,
radely redu01ng the reactor power output.

The - Englneered Safety Features Actuation System automatically

initiates emergency core cooling, and other safeguards functions, Procer 5
by sensing accident conditions using redundant &ralog channeis é?ﬁi;:m
measuring diverse parameters. Manual actuation of safeguards 4

is relied upon where ample time is avallable 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 fﬁnctional ' -
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.otherwlse: demonstrated. The Protection Sys-

M._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
losses of redundancy that may have occurred.

Compliance

The Proteetion 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




WBNP

process protection system, nuclear
instramentatian s;zs\/em and the

a capability for testing 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. 7Under the present
design, there are protective functions which are not tested at .
power. The functions can be tested under shutdown plant condi- |
tions, so that they do not interrupt power operation, as allowed
by Regulatory Guide 1.22. -« /nse»/.38 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 functlon 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

frains 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 g
power supplles 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 protectlon functions are always available.

3.1-16




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 byrassed 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-
tem measurements where applicable. These signals are trans-‘_d .
- ferred. to the Control System by isolation RIch ars evices
classified as protection components. The adequacy of system
isolation has been verified by testing under conditions of pos-
tulated credible faults. The failure or removal of any single
control system component or channel, or failure or removal from
service of any single Protection System component or channel

which is common to the Control and Protection System leaves

intact a system which satisfies the requirements of the Pro-
tection System. Distinction between channel and train is made

in this discussion. The removal of a train from service is

allowed only during testing of the train.

riterion 25 - Protection System Requirements for Reactivity
Control Malfunctions.

The protection system shall be designed to assure that Speci-
fied acceptable fuel deslign limits are not exceeded for any
- single malfunction of the reactivity control systems, such as
accidental withdrawal (not ejection or dropout) of control roés.

Discussion:

The Protection System is designed to limit reactivity transients
SO that fuel design limits are not exceeded. Reactor shutdown

oy full length rod insertion is completely independent of :he
normal control function since the trip breakers interrupt power
to the rod mechanisms regardless of existing control signals.
Thus in the postulated accidental withdrawal, (assumed to be
initiated by a control malfunction) flux, temperature, pressure,
level and flow signals would independently be generated. " Any

of these signals (trip demands) would cperate the breakers to
trip the reactor. ‘

Analyses of the effects of possible malfunctions are discussed
in 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 the
cause of 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 exceeded
even in the event of a single malfunction of either system.

3.1-18

wat 3.1/1



TABLE 3.2-2

WBNP-64

SUMMARY OF CRITERIA - MECHANICAL SYSTEM COMPbNENTS

Seismic .

Scope Safety Class Code QA Required Location Rad Source
Compar tment 1) (2) (3) (4) (5) (6) (7)
Reactor Vessel 1} A 13 X C X |
Full Length CRDM Housing W A -1 X C X 1
CRDM Head Adapter Plugs W A -1 X c X I
Steam Generators (Tube Side) W A . 1i-1 X c X 1
(Shell Side) W A7) 1-1 X c X I
Pressurizer W A 111-1 X c X I
Reactor Coolant Pipe W A -1 X c X I
Reactor Coolant Fittings U] A -1 X c X I
Reactor Coolant Fabricated W A -1 X C X I
Piping
Reactor Coolant Crossover W A -1 X c X v I
Legs ] .
ld /. / 7/ 4 Ziu- /X £ L X7 T DELETE
Reactor Coolant Thermowell : W A 111-1 : X C X 7 T
Thimble Guide Tubing W A It-1 X c X I
Thimble Guide Couplings W A -1 X c X I
Flux Thimble Assembly W 8 111-2 X c X I
Loop Bypass Line W A 111-1 X c X 1
Pressurizer Safety Valves W A 111-1 X c X I
Power Operated Relief W A 1I-1 X c X 1
Valves
1Y) G VIII X P I(L)

Pressurizer Relief Tank

0

Sheet 1 of 12

.
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- conduit, conduit Supports, and conduit banks are provided in the following
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The seismic type testing performed by plier (Westinghouse) is
described in References (1] through [1 est method used was the sine
beat procedurs described in IEEE Standard 344-1971 and Reference [11]. 1p
addition, as noted in Section 3.10.1, Westinghouse conducted a "Demonstration
Test Program® which, when considered in conjunction with the tests presenced
in References [11] through {13], results in meeting the requirements of
IEEE-344-1975. .

%

.Inimmnnn _ . For Reterescs [1] -fﬂm,([/oj) He
NSSS
o -

‘The qualification of the supporting structures for Seismic Category 1

instruments has been accomplished by either analysis or testing. - The method A
commonly used is testing under simulared conditions. All tasts by TVA before
September 1, 1974 on these supporting structures were similar. The suppor:
StTucture was mounted on a vibration generator in 2 manner that simulated the
intended service mounting. The vibratory forces wers applied to each of the

 three major perpendicular axes independently. Maximm service dead loads wers

simulaced. Selsctsd points wers monitored to establish anplification of
loads. 'Testing was done at the Structurs’s rasonant frequencies. The

‘Tesonant frequencies wers determined by an exploratory test using a sinusoidal

steady-stats input of low amplitude, (two continuous swveeps from 1 to' 33 Hz at
a rats of 1 octave per minuts). The qualification test was conducted using .

-the sine beat method at the resonant frequancies using the appropriats

acceleration input as determined from the building Tesponse acceleration
spectra.

Later qualification tests typically'uscd multifrequency time history inpur
motion for whicR the test ITesponss spectra enveloped the Tequirsd response éLi
spectraz in accordance with IEEE 344-1975 guidelines,

3.10.3 ] SupporTs -

The methods and procedures of design and analysis or testing of electrical
equipment and instrumentation Supports, cable trays, cable tray supports,

sections.

, : L
3.10.3.1 mﬂmnmunmmmmm . &4

TVA-designed supports and anchorage for Catagory I electrical equipment
assemblies ensure compatibility with the equipment seismic qualifications test
Or analysis as dsgcribed in Secrion 3.7.3.16.1. Design of these supports is
in accordance with Section 3.9.3.4.2.

All floor/wall mounted Catagory I electric equipment assamblies such as
battery racks, instrument Tacks, and control conscles ars attached by TVA to
the building structurs. The attachments are made by bolting or vwelding to
structural members. Anchorages to concrete are mads by welding to embedded
Plates cast in the concrets with stud anchors, or by bolting to anchors set in
the hardened concrets (solf-drilling bolts, wedge bolts, undercut expansion lG‘%
anchors, or grouted anchors). :

3.10-41
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. ' 1. Foxborc; Model E-1l pressure transmitter and Model é-lB
) ' differential pressure transmitter. »
; 2. Foxboro Process Control Egquipment cabinets.
3. Westingnouse Solid-State Protection System cabinets.
4. Nuclear Instruﬁentatioh System cabinets.’
: 5. safegquards Test Racks.
A

6. Resistance Temperature‘Detectors.

7. Power range Neutron Detectors. Jo. Eaj/c-z.( j'}oroce_g' Frotecthom

8. Reactor trip breakers.

9. Barton Models 2332 and 386 differential pressure

. transmisters.
& Hems (1] “’""‘“f £
. Seismic qualification testing of L i is documented

- - in references (1] through {(10]). Reference [lvf«presents the
theory and practice, as well as justification, for the use of
single axis sine beat .test inputs used in the seismic qualifi-
. cation of electrical equipment. 1In addition, it is noted that
. Westinghouse has conducted a seismic qualification "Demonstraticn
Test Program® (Reference lLetter NS-CE-692, C. Eicheldinger (W),
to D. B. Vassallo (NRC), 7/10/75) to confirm equipment
operability during a seismic event. This program is documented
in references [12] through [ 15] (Proprietary) and references {16] 31,
tarough [20] (Non-?roprietafzzjﬁ ) ’

The Watts Bar Nuclear Plant complies with pParagraph IV,
"Conclusions and Regulatory positions® of the "Mechanical
Engineerifg Branch Report on Seismic Audit of Westinghouse
Electrical Equipment.n 211 topical reports have been completed
and are included in the reference list. . The non-proprietary
topical reports have been referenced as a group above. The

The Watts Bar Nuclear Plant does not use the Eagle Signal Timer
that is under question by the NRC Staff.

- - This demonstrayion test program in conjunction with the Jjusti-
fication for the use of single axis sine beat tests, presented
in WCAP-8373, and the original tests, documented in references
(2] through [(10), meet the requirements of IETE Standard
344-1975 wirrp Recommended Practices for seismic Qualification

\_ ySeismic ;m/féw,z, Festing of ifom [10] Fo TEmE 344 /975 /s documented

(/4 reference 217, 3.10-3
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. : _ 17. Jareck, s. J., "General Method of Developing Mﬁltifrequmcy
Biaxial Test Inputs for Bistables,"™ wCaAP-8635 (Non=-
Proprietary) September, ..197S. :

18. Jareck, S. J. and Vogeding, E. L., "Moltifrequency and
- Direction Seismie Testing of Relays, ™ WCAP-8674 (Non-
Proprietary) December, 1975, :

Loy
w

19. Jareck, s. J., Coslow, B. J., Croasdaile, T, R., and Lipchak,
~ J. B., "Seismic Cperability Demonstration Testing of the
Nuclear Instrumentation System Bistable Amplifier,® WCAP-8331
(Non-Proprietary) October, 197¢.

20. Jareck, S. Je., Coslow, B, Je., Ellis, A. E., and Miller, R.
B., "Seismic Operability Demonstration Testing of the Foxbers
B-Line Series Process Instrumentation System Bistables,®
WCAP-8849 (Non-Proprietary) November, 197s. _

WM‘,@-%{?J f%,o/mcan" 557/4, 3 Ef“;ﬂﬂﬂf ?‘4&/;;9'6&?‘/75%
Tezr éc/p,f) qu/e 2 Prees phfdl;’ﬂ %Jf‘”‘/ ! [/om/’”:‘%ﬂf)

‘ " /«147) [ ?PF.

o 22. WcCApP-8 687, Sc(p/?/t’m!'ﬂ( 2-£638, " E(;qul}omenf Qualification
Test /?e/oor/) Eaﬁ/e 21 Pro;‘BSS Pra?‘ec//an %/SA’M aln/oané’n%f i
: (_Praizn—feﬁzry')’ Feéruar/ /990.

ADD: 2L

\J

23. WCAP-5687, squ/emea/ 2-£69¢, "Efa;/pme,n‘ Qualids catsan
Test /?epoﬂl‘, Eaﬁ-/e 2 Frocess Pl-oizeczlfon %/;/em &")/901’13177[5 ”
(PrOFrt-e{aF)/ ), Feéruar/\/ /99/ :
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TABLE 3,10-2
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QUALIFICATION OF INSTRUMENTATION AND CONTROL EQUIPMENT

' Qualification
Equipment Method#

tandard.to

Organization
Performance
Testing/Analysis
and Date of

Completion

Reactor Trip and 1 & 3 testing
Bypass Breakers

Solid State Pro- 1 & 2 testing
tection Systenm

Eayle-2( Protect 3 '
A Process"h&tﬂr:ene _l—&—_-?‘testing

System

Nuclear Instrument 1 & 2 testing

- System

-Neutron Detectors 1 testing

Process Transmit- 1 & 2 testing
ters

Containment Pressure
Transmitters

Solid State Pro~ 1 § 2 testing
tection System.
Output Relays

Engineered Safe- 1l testing
guards Test ’

Cablnets

1 & 4 testing
Panels . and analysis

Safety System Status
Monitor;ng System

Post Accident - l & 2 testing

Monitoring System

Post Accident
Monitoring Recorders

2 & 5 Testing

Which Qualified#

Westinghouse
w;stinghouse
Wéstinghouse
Westinghouse

Westinghouse
Westinghouse
Westinghouse
Westinghouse

Westinghouse

Westinghouse

Westinghouse
45

Revised by Amendment 45
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l ») 4.2.3.5 Instrumentation Applications .

Instrumentation for determining reactor coolant average tem-
perature (T ) is provided to create demand signals for.

moving grou%ggof full length rod cluster control assemblies to S
provide load follow (determined as a function of turbine im- (--n
pulse pressure) during normal operation and to counteract - N~

operatlonal transients. The hot and cold leg resistance tem-
perature detectors (RTD's) are described in Section 7.2.0A £p®

-

(Tgachor Loolany ' byphss/1ooBs.) The location of the RTD's in _ .
each loop Is shown on the flow diagrams in Chapter 5. The Lo
Reactor Control System which controls the reactor coolant B

average temperature by regulation of control rod bank position
"1s described in Section 7.3. , -

Rod position indication instrumentation

Dro (4 & Q_Se e
the actual position of each control rod ((fulZ 1gngfh £s el D)

(&8 papt Yength) 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
reactlivity control (as well to maintain the desired operating )

. fluid inventory in the volume control tank), consists of a @@@g
group of instruments arranged to provide a manually pre- W
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-
.. 1ty status 1in 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 1limits for the control
banks to glve 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. Auctlioneered T average

d. T reference

4.2-66 7
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relief valves are designed to 1imit 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 time response of -
better than 0.2 seconds. o

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 trap (1f the turbine is tripped)

2. High pressurizer pressure reactor trip
3. 0vertemperature AT reactor trip
4 -5 Low-low steam generator water level reactor trip
‘3 The ASME Code pressure 1imit is 110 percent of the 2485 psig design
pressure. This 1imit is not exceeded as discussed in reference [4]. 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 edu1pment associated
with the high pressure trip is provided in reference [5].

The upper 1imit 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 relijef capability provided by
the power operated relief valves during this surge.

The RCS design and operating pressure together with the safety, power
relief and pressurizer spray valve setpoints and the protection system
setpoint pressures are listed in Table 5.2-7.
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. 3. If all reactor coolant pumps have stopped for more than 5 minutes’ during
‘ - plant heatup, and the reactor coolant temperature is greater than the

charging: 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 system
is being cooled down by the residual heat exchangers, a non-uniform
temperature distribution may occur in the reactor coolant loops. ‘Do not
attempt to restart a reactor coolant pump unless a steam bubble is
formed in the pressurizer.

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

6. At least one reactor coolant pump must remain in service until the 43
reactor coolant temperature is reduced to 160°F. . l

These special precautions backup the normal operational mode of maximizing
periods 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 also
require procedures to prevent developing cold overpressurization transients.

During these limited periods of plant operation, the following procedures will
be followed:

. low
1. To preclude inadvertent ECCS actuatizggduring heatup and cooldown,
procedures will require blocking the¥pressurizer pressure( Ai
“(sfeashling d¥fferenti eseurg, and hjgh sfeap lin€ fldw ALoidcideht
and with low steamline pressure low-loy Tayg(safety injection signal ]‘5
actuation logic et—3980-peis: beloy Pormissive P-1] (relerence Table 7.3-3).

2. During further cooldown, closure and power lockout of the accumulator
isolation valves and power lockout of the nonoperating charging pumps
will be performed at 1000 psig, 425°F RCS conditions, RCS pressure,
providing additional backup to step 1 above.
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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 has
potential for annulus pressurization upon rupture is routed through hot
penetrations.

Inadvertent air return fan operation during normal operation opens the ice
condenser lower inlet doors, which in turn, results in sounding an alarm in -
the MCR. Even with a hypothetical situation in which the operator canmot shut
off 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 that
inadvertent containment spray would not take place with a single failure. The
Spray pump must start and the isolation valve must open before there can be
any .spray. In addition, the Watts Bar containment is so designed that even if
~.an inadvertent spray occurs, containment integrity is preserved without the -
“use of a vacuum relief. : : LR fEges
solid

The containment spray systeméis-automatically actuated/by a hi-hi containment
pressure signal from the state protection system/(SSPS). To prevent _
inadvertent automatic actuati 5 Eour , one from each protection
set are processed through twol cojncidence gates. Both coincidence gates are
required to have at least two high inputs before the output relays, which
actuate the containment spray system, are energized. = Separate output relays
are provided for the pump start logic and discharge valve open logic.
Additional protection is provided by an interlock between the pump and

discharge valve, which requires the pump to be running before the dischafge
valve will automatically open. . ’ ' -

ComPa rator ou*pu?‘s

. 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 net

external pressure in accordance with ASME Boiler and Pressure and Vessel Code
Section III, paragraph NE-7116.

6.2.1.2 Primary Containment Svystem Design

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 a
flat 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




6.2.1.3.10 Steamline Break Inside Containment
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Pibe 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 following
assumptions were used in these analysis:

1. The followiﬁg break fypes were evaluated:

1

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

low sfeamline
b. The largest split break which will not generate the (G8ixiciflent/higH>
I 1gh/Lof-Atedm) pressure signal for steamline isolation. '
c. Small split breaks of 0.6, 0.35, and 0.1 square feet.
low sfeamline
Steam line isolation signals and feedwater line) isolation signals are
generated by, either a \QZghfstedm AToW/lgw-Steam
containment ressqggACZZ§§b An allowance of 7 seconds is used for steam

line isolation:including generation, processing, and delay of the isolation
signal and valve closure. An allowance of 8 seconds is used for feedwater
line isolation- including generation, processing, .and delay of the isolation
signal and valve closure.

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 initiatad by either of two signals, ph-alu ‘A and

- phase B, : S

Phase A signal is generated by either of the following:

- 1. Manual - Either of two Bomsntary controls

2. s..f-cy injcction' signal, generated by one or more of the
following :
Low

Steam /ine pressure i an STeam//ae.

b &7 Lov pressurizer pressuras. .

e A -%n-e&:-e-ﬁ-:h;“.gigh contairment pressurs stgnale.

d » lhnu.ll - Either of two momentary concrols. |
éhuc B signal Is genaratad by either of the félloving:

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

H vs
2. —Twe—eut—ef fousr Kigh-high contairment Pressurs signale.
Contaimment isolation phase A always exisges if contaimment isolation phase 3

exists, vhen the phase B signal is initiated by ﬁtontic instrumentation.
Phase A contaimment isolation does not occur vhci B

APhase B signal i}sx iniciaced ‘
manually. The instrumentation circuits that generate both phase A and phase B
signals are described in Chapter 7.

The Containment Isolation Systen provides for automatic, fast, and efficient
.closure -of-those valvas required to close for containment integricty following
a design basis event to minimize the release of any radicactive material.
Closure times for isolation valves ars "fncluded in Table 6.2.4-1.

6.2.4.2.1 Design Requirements
Containment isolation barrier design includas the fol_!.oving requirsments:
1. As a minisun, containment barriers are designed to ASME Section III

Class 2 requivements. This design meets the requirements of Regﬁlatory
Guide 1.26 for the Contairment

6.2.4-5
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The cold leg injection 2CCUMUlators can be isolatad from the RCs by closurs of
their mOTor-operated isolation valves. Since these accumulactors operata only
aftar considerable RCS pressure loss, the Injection of pressurized nitrogen
via the cold lags i3 por considered a problem.

Injection Mode Aftar Loss of Primary Coolant

The injection moda of emergency core cooling is Iniziared by che safecy
injeczion signal ("SI™ signal), Thig signal is acmuacad by any of the
following:

1. Low Prassurizar prassurs

2. High containmenc PTessurs

Low sfeamiing pressure 4 Steamiine.

4 &7 Manual actuation

Operation of the ECCS during the injection mode ig completaly automaric.
Refer to Figure 7.3-3 (Sheet 3) for completa safety injection logic and
control diagrams. The safaty injection signal in addition to activating zhe
ESF equipment automatically initiates the following actions:

6.3-15
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6.3.5 vInstrnnentltion'A)}liCItlog .
s . - P’_ocess /071667407

Instrumentation and essociatedprsst-og and logic'chnnneis eapléyed
for initistion of Emergency Core Cooling System operation is

‘-diicussed in Section 7.3. This section describes the

instrumentation employed for monitoring Emergency Core Cooling
System components doring normal plant operation and also Emer-
gency Core Cooling System post accident operation. All slarms
are annunciated in the control room.

6.3.5.1 Temperature Indication 3 ‘ 52

-

Residual] Heat Exchanger Inlet Temperature

The flunid temperafnre at the inlet and outlet of each residual
heat exchanger is recorded in the conmtrol room.

Refuoeling Water Storage Tank (RYST) Temperature

Two temperatﬁre channels are provided to monitor the RWST tem-.
perature. Roth are indicated in the Maiz Cortrol Room.

52

e ettt e b e,

Boron Injectiorn Tank Pressure

Boron injection tank pressuvre 1s indicated in the control room.
A high pressure alarm is provided. i

6.3.5.2 Pressure Indication

Safety Injection Header Pressure

Safety injection pump discharge beader pressure is indicated in
tbe control room.

.Lold Leg Accumulator Pressure

anlicate.pre:sure,ch;nnels-are installed on each cold leg

6.3-41
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. 6.5.3 Fission Product Control Svstems o o
R © 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 contaimment
isolation system. This structure and system are directly relied upon to-
maintain containment integrity. The primary containment functiomal 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 moggntary controls.

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

a. Lew 51lmm/fne pressare [n any steamline

N e etean Trov-coincidenc with Towstean tiney .

- b. Low pressurizer pressure.

- H
L. Twe—eut—of—three Migh containment pressure - TR
4.~ -

m
Manual - Either of two moflentary controls
Phase B signal is generated by either of the following:v

1. Manual - Two sets (two switches per set) - actuation 6f both switches . ..
necessary in either set for spray initiation. :

T ' H
2. Twe—eut—6f—feur Migh-high containment pressure signals—

Containment isolation Phase A exists if containment isolation Phase B exists,
when the Phase B signal is initiated by automatic instrimentation. 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 system isolation (containment purge lines only) can be
initiated by either of two signals:

B 1. Manual - Phase A or B manual initiate
. - . - SIS manual initiate
‘ 2. Automatic- SIS auto-initiate
- High radiation (Train A or B sensor)

- High purge exhaust radiation (1 of 2 sensors).
6.5.11 ’




This chapter presents the various plant Irstrunm

ments, design bYases, system descriptions, cesizn ev
3 b . b >

t
“equipment which constitute the protectlon system as defin

The ‘information presented in this chapter emphasizes thcse

to generate a single protective action signal when requi;%
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7.0 INSTRUMENTATION AND CONTROLS

7.1 INTRODUCTION

20
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Control Systems by relating the functional oerso
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and tests ani inspections for each. The infarmation
in this chapter emphasizes these instrumenrs and associ
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TZEE Std. 279-1971 "IZEE Standard: Criteriz for Protec-inn
Systems for Muclezr Power Senerating Staticns.”

oberztion during steady state and ¢t
onditicns I, II, III) and to provide in i
ate the consequences of faulted conditions (Condici
r a discussion of the four conditions see Chapter 1

strumentation and Control Systems which are essential to

assuring.that the reactor can be-operated to produce power in

manner that insures no undue risk to the health and safety o
the public, : :

nown that the appliicable criteria and codes, such zs
Design Criteria and IEEE standards, concerned wisnh
neration of nuclear power are met by these systems.
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The definitions below establish the meaning of words in =-
context of their use in Chapter 7.
) or so-ftware

Channel - An arrangement.of components and modulespAas req;

a2 plant condition. A channel loses its identity where cirngl
action signals are combined. .

—

the critical heat flux (defined as the transiticn from
tciling to film boiling) to the actual local heat flux.

DN3BR - (Departure from Nucleate 2oilinz Ratin) - The ratin
nuc

'y
e
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Module: - Any assembly of interconnected components which consti-
tutaes an identifiable device,;in:trument, or piece of equip-
ment. A modulec can be disconnected, removed zs a unit, and

replaced with a spare. Tt has deflnable performance charzc-
teristics which permit 1t to be tested as a unit. A module

could be a card or cther subassembly of a larger device, pro-
vided it meets the requirements of this definition. '
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‘ ‘ | : Insert A to Page 7.1-1

. 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, "trip accuracy," etc., will then include con-
formity and reproducibility under normal operating conditions.
Where the final result does not have to conform to an actuzl
process variable but is related to another value established by
testing, conformity may be eliminated, and the term reprogduci- -

_ bility may be substituted for accuracy.

Readout Devices - For consistency the final device of a com-
plete channel is considered a2 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
prbcess and environmental effects on field mounted hardware.
Rack efrvironmental 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 word ."trip" might cause con-

fusion (for example, when -starting pumps and other equipment).

Actuation-Acchfacy - Synonymous with trip accuracy, but used

- where the word "trip" may cause ambiguity.

.1

7

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 <200°F with T(avg) defined as the average tempera-
ture across a reactor vessel as measured by the hot and cold

leg temperature detectors.

Hot Shutdown Condition - When the reactor is subcritical by an
amount g?eater than or equal to the margin to be specified in
?he applicable technical specification and T(avg) is greater

7.1-3
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.than or equal to the temperature to be specified in the

applicable technical specification,

Phas c I = Closure of 211 nonessential
mrocess lines which penetrate contzinment initiated by the safety
njection signal.

P B C I - Closure of remaining process

lines, initiated by containment Hi-Hi pressure signal (process
lines do not include Engineered Safety Features lines). '

;v R T

Reactor Trip Svstem Response Time

The time delnjs are defined as the time required for the resctor
trip (i.e., the time the rods are free and begin to fall) to be
initiated following a step change in the variable being monitored

from 2t least 5 percent below (or above) to at least 5 percent
above (or below) the trip setpoint,

Engineered Safetv Festures Actuation Svitex Resvonse Tipe

The interval required for the Engineered Safety Features sequence
to be initiated subsequent to the Point in time that the
appropriste variadble(s) exceed setpoints. The response time

includes $6n30rYpresesss (2nalog) 1nd.10iii iligitxl) delay.
E2zIJJ_Q&&:J&inx_anﬂiiign; - For this“UBTERent, these conditions

cover all normsal process temperature and pressure changes. Also
included are ambient temperature changes sround the transmitters
and racks. '

?ﬂan;:gl-Aggn;;gx‘—-This definition includes channel accuracy,

accuracy of readout devices (isolator, controller), and rack
environmental effects. Where an isolator separates control and

. Protection signals, the isolator zccuracy is added to the channel

sdccuracy to determine control accuracy, but credit is takenm for
:uning beyond this point; i.e., the accuracy of these modules
(excluding comtrollers) is included in the original channel
azcuracy. It is simply defined as the accuracy of the control
signal in percent of the span of that signal. This will then
iaclude gain changes where the control spaen is different from the
span of the measured variable. Vhere controllers are involved,
the control spsn is the input spen of the comtroller. No error
is included for the time in which the system is in a non-steady-
state condition.

7.1.1 Identification of Safety-Related Systems

© 7.1.1.1 Safety-Related Systems

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

7.1-4

45
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to function to achieve the system responses assumed in the safety evaluations
and those needed to shut down the Plant are given in this section. Safety
related systems are identified in Table 1.7-1 and Table 7.1-2 and compared to
similar operating plants in Section 1.3. .

—f.

: instrumenfation chghnels ar processed Asith both Analog apd
digital moduYes. Identdfication/of which ype of modules (anaYog or difital) 63
ess each protectior/instrumedtation chafinel is Provided i

7.1.1.1.1 Reactor Trip System

The Reactor Trip System is a functionally defined system described in Section

7.2. The equipment which provides the trip functions is identified and

discussed in Section 7.2. Design bases for the Reactor Trip System are given

in Section 7.1.2.1. Figure 7.1-1 includes a block diagram of this system. 63

7.1.1.1.2 Engineered Safety Features Actuation System

-The Engineered Safety Features Actuation System is a functionally defined

system described in Section 7.3. The equipment which provides -the actuation

; functions is identified and discussed in Section 7.3. Design bases for the

Engineered 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 Section
7.1.2.1. 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 to
safety-related. equipment such as the auxiliary-feedwater control valves;
dampers in the Auxiliary Building Gas Treatment System and the Emergency Gas
Treatment .System; and the Control Building HVAC System. Further description of
the system is given in Section 9.3.1. :

63

+ 7.1.1.2 safety-Related Display Instrumentation

The Post Accident Monitoring System (PAM) provides essential information
required by the operator to-diagnose and monitor significant accident
conditions. The accident-monitoring instrumentation is designed with redundant

‘channels so that a single failure does not prevent the operator from

determining the nature of an accident, the functioning of the engineered
safety features, the need for operator action, and the response of the plant
to 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 a 56
safety 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 : ":(

1solated from the associated safety-related equipment so as to preclude any 56
.+ +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 {ﬂ
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 WBN instrumentation and controls systems. The RPS,
ESFAS, and SSPS are generally the instrumentation and controls systems within GEL
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.

7'1t2 Identification of Safetv 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

9.3.1 Design bases for nonsafety-related systems are provided in the sections

which describe the systems. Conservative considerations for instrument errors

are included in the accident analyses presented in Chapter 15. Functional o
requirements, developed on the basis of the results of the accident analyses, | poRRiEE
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 systems 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).

L and the SafeJ)/—]?e/m[ec[ birp/a/ 1hs71‘r~umen7la7lfon S)/J‘/ems which are a’escv-_/‘éfa/
in Seckion 7, 5.

7.1-6
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"Regulatory Guide 1.11 - Instrument Lines Penecrating Primary Reactor
Containment, " Regulatory Guides for Water-Cooled Nuclear Power Plancs,
Division of Reacror Standards, Atomic Energy Commission.

"Regulatory Guide 1.22 - Periodic Testing of Protection System Actuation
Functions,” Regulatory Guides for Water-Cooled Nuclear Power Plancs,
Division of Reactor Standards, Atomic Energy Commission. (See Table 7.1-1,
Note 2). ‘

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

The Institute of Electrical and Electronic Engineers, Inc., "IEEE
Standard: Criteria for Protection Systems for Nuclear Power Generating
Stations," IEEE Standard 279-1971. (See Sections 7.2., 7.3, 7.6).

The ins:itute of Electrical and Electronic Engineers, Ine., "IEEE Standard

- Criteria for Class IE Electric Systems for Nuclear Povur-ccnarating

Stations," IEEE Standard 308-1971.

The Institute of Electrical and Electronic Engineers, Inc.,* IEEE Standard
for Electrical Penetration Assemblies in Containment Structures for
Nuclear Fueled Power Generating Stations," IEEE Standard 317-1971. (See
Section 8.3.1.2.3) .

The Institute of Electrical and Electronic Engineers, Ine., "IEEE
Trial-Use Standard: General Guide for Qualifying Class I Electric
Equipment for Nuclear Power Generating Stations,” IEEE Standard 323-1971.
(See Table 7.1-1, Note 4).

The Institute of Electrical and Electronmic Engineers, Inc.," IEEE
Trial-Use Guide for Type Tests of Continuous-Ducy»Class I Motors Installed
Inside the Contairment of Nuclear Power Generating Stations." IEEE
Standard 334-1971. (See Section 8.3).

The Institute of Electrical and Electronic Engineers, Ine., "IEEE
Standard Installation, Inspection, and Testing Requirements for
Instrumentation and Electric Equipment During the Construction of
Nuclear Power Generating Stations,” IEEE Standard 336-1971. (See Chapter
10). :

The Institute of Electrical and Electronic Engineers, Inc., "IEEE
Trial-Use Critaria for the Periodic Testing of Nuclear Power Generating
Station Protsction Systems," IEEE Standard 338-1971. (See Section
7.3.2.2.5 and Table 7.1-1, Note 1).
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The Institute of Electrical and Electronic Engineers, Inc.,

"IEEE Standard for
Qualifying Class 1-E Equipment for Nuclear Power Generating Stations”, IEEE Std.
323-1974. -

Insert 2 to Page 7.1-7

IEEE-Std. 338-1987 "IEEE Standard Criteria for the Periodic Testing of Nuclear
Power Generating Station Safety Systems”,




Electric Equipment for Nuclear Pover Generatiag Stations,’ rd
IEEE Staadard 344-1971. (See Section 3.10,) '

Protection Systems,’ IERE Standard 379-1972, (8¢ Tadle 7.1- [24
1, Note 3) _ , .

4. 'Regulatory Guide 1.53 - Applicetion of the Single-Failnre

xt Criterioa to Nuclesr Power Plazt Protectioa Systems,’

2Z Regulatory Guides for Vater-Cooled Nuclear Pover Plants,
Division of Reactor Standards, Atomic Baergy Commissioa. !24 ’
(See Table 7.1-1, Note 3.). ' '

The techaisal desiga dases for the protasctios systesms ars
provided bdy Yestinghounse equipment specifications whieh consider
the fuactional requirements for these systems aad spplicadle
Sriteria as ideantified ia Tadle 7.1-1.

T.1.2.1.1 Besctor Trip Svsten

TRe Reactor Trip System acts to limit the comsequenses of

Coadition II evexts (famlts of moderste frequeney suwek 2s loss of
feedvater flovw) by, at most, g shstdows of the ressetor aad

tarbine, with tie plaat capabdle of returaing to operstioa after
corrective sctios. The Reactor Trip Systens featuzres impose a
limiting bouzrdary region to plaat operatioa whickh easures that

the reactor safety Illits,llaly:od iz Chspter 15 ‘8T¢ ROt exceeded
duriag Coaditiona II eveats aad that these svents san bhe

.2coonmodated without developing iato mere severe coaditioas. ! 52

Prevesnt or limit core or resctor coolaat boradary damage. The
desiga bases sddressed ia IZEE Staadazrd 279~1971 are discussed ia
Sectiom 7.2.1. The desiga limits for this spystem are:

1. Nisimws DNBR shail sot b¢ less than 1.30 o5 o reselt of aay
aaticipated trassient °r malfuactioa (Coaditioa II fasits).

2. Power dessity shall sot ¢xceed the rated limear pover deoasity
for Coaditioa II faunlts, See Chapter ¢ for fwel deasiga
limits,
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5. The Institute of Electrical and Electronic Engineers, Inc., "IEEE Recommended
~ Practices for Seismic Qualification of Class 1-E Equipment for Nuclear Power
. ‘Generating Stations”, IEEE Std. 344-/975. -

157 The Institite of Electrical and Electronic Engineers, Inc., "IEEE Recommended
/6 Practices for Seismic Qualification of Class 1-E Equipment for Nuclear Power
Generating Stations”, IEEE Std. 344-1987.

16. The Institute of Electrical and Electronic Engineers, Inc., "IEEE Guide for General
I7 Principles of Reliability Analysis of Nuclear Power Generating Station Protection
Systems," IEEE Std. 352-1975 '

| Insert 4 to Page 7.1-8
19 18. The Institute of Electrical and Electronic Engineers, Inc., "IEEE Standard Application
' of the Single Failure Criterion to Nuclear Power Generating Station Class 1E
Systems,"” IEEE Std. 379-1988

2015.  The Institute of Electrical and Electronic Engineers, Inc., "IEEE Standard Criteria for
, Independence of Class 1E Equipment and Circuits,” IEEE Std. 384-198]

21267  The Institute of Electrical and Electronic Engineers, Inc., "IEEE Standard Criteria fot
‘ Safety Systems for Nuclear Power Generating Stations,” IEEE Std. 603-1980

Insert 5 to Page 7.1-8

23 .24 Regulatory Guide 1.47, May 1973 "Bypassed and Inoperable Status Indication for
Nuciear Power Plant Safety Systems”

24267  Regulatory Guide 1.75, September 1978 "Physical Independence of Electrical
Systems"”

2527, Regulatory Guide 1.89, November 1974 "Qualification of Class 1E Equipment for
Nuclear Power Plants" .

, .26 28.. . Regulatory Guide 1.97, December 1980 "Instrumentation for Light-Water Cooled
' Nuclear Power Plants to Assess Plant Conditions During and Following an Accident”
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Insert 5 to Page 7.1-8 Continued

Regulatory Guide 1.100, August 1977 "Seismic Qualification of Electrica] Equipment
for Nuclear Power plants”.

Regulatory Guide 1.105, November 1976 "Instrument Setpoints",

Regulatory Guide 1.118, June 1978 "Periodic Testing of Electric Power and
Protection Systems"

Regulatory Guide 1.153, December 1985 "Criteria For

Power, Instrumentation and
. Control Portions of Safety Systems"”.

- Regulatory Guide 1.153 endorses the guidance of IEEE-Std. 603-1980.

- expands and amplifies the requirements of
IEEE-Std. 603-1980.

Regulatory Guide 1.152, November 1985 "Criteria for Programmable Digital
Computer System Software in Safety-Related Systems in Nuclear Plants",

- Regulatory Guide 1.152 endorses the guidance of ANSI/IEEE-ANSI-7-4.3.2-1982 .
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including a1l permissives and blocks, All blocks of a Protective
Y cleared whenever the Protective -
quired to function in sccordance with General
Design “riteria 20, 21, and 22, and Paragraphs 4.11, 4.12, aad
4.13 of IEEE Standard 279-1971. Control interlocks . (C) are
identified on Table 7.7-1. Because control interlocks are not
. safety related, they have not been_specific%lly designed to meet —
the requirements of IEEE Protection System Standards.

7.1.2.1.6 Bypsgses

Bypasses are designed to meet the requirements of IEEE 279-1971,
Ssections 4.11, 4.12, 4.13 snd 4.14, A discussion of bypasses
provided is given in Sectjons 7.2 and 7.3. B

The criteria for €quipment protection sre §iven in Chapter 3.
Equipment relsted to safe operation of the plant ig designed,
"constructed and installed to Protect it from damage. This is

2t providing reliabie instrumentation vhich is svailable tvader
varying conditions. Ag 22 example, certain equipment ig
seismically qualified in accordance with IEEE 344-1971 . During
construction, independence 2nd separation are achieved, as
required by IEEE 279-1971, either by barriers or pkysical
Separation. This serves to protect sgainst complete destruction
of 2 systen by fires, missiles 0r other natural hazards.

7.1.2.1.8 Diversity

Fonctional diversity has been designed into the systenm.
Generally, two 0r more diverse protection functions wounld

consequences could occur.

For example, there 8¢ sutomatic resctor trips based upon nuclear
flux messurements, reactor coolaxznt loop temperature zand flow
measurements, pressurizer Pressure and level Reasurements,
reactor coolant pump uader frequency and under voltsage
measurements, tnd stoam gemerator water level
measurements, as well a3 manually, and by initiation of o safety
injection signal. ’ :

Regarding the Engineered Sifety Features Actuation System for a
loss-of~coolant accident, g safety injection signal cam be
obtained manually or by automatic initistion from two diverse
Parameter meéessurements. )

1. Low Pressurizer pressure

7.1-11
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INSERT 7.1.2.1.9 cRisinble Trip Sotpoints

The design of’ the Reactor Protection and Engineered Safety
Peatures Systems is such that the Lissabe trip setpoints do
not\require process transmitters to operate within 5 percer b
~ | the M™Ngh art low end of their calibrated span or range. unc-
ticral mequirements established for every channel in e Reac-
tor Protedx{ion and Engineered Safety Features System$ stipulate
tr2 maximum™gllowable errors on accuracy,. linearjity, and repro-
ducidbility. e protection channels .have the eapabllity for
. and zre tested to ascertain that the charactéristics throughout

the sntire span in™gll aspects are accepfdble and meet func-
tional requirciments specifications. Az a result, no protection
charnel coperales normalldy within 5 pércent of the limits of its
speciliec span. )

In this regard, it should be-hosed that the specific functional
raquirements for response-ftime, s {points, -and operating span
are determined from the results and eyaluation of safety studies
:to be carried out usfng data pertinent>so the plant. Emphasgs ¢
1s piaced on estgklishing adequate performance requirements
und2r both n2rmdl and faulted conditions. s will include
- conclderation ¢f process transmitters margins stch that even
under a hifghly improbable situation of full pover wvperation at
i the limits of the operating map (as defined by the high and low
pressydre reactor trip, AT overpower and overtemperature~trip
lip«s (DNB protection) and the steam generator safety valwe
pressure setpoint) that adequate instrument response 1s avail-
able to ensure plant safety.

.1.2.2 Independence of Redundant Safety-Rélated Systems
" The safety;felated systems in Section 7.1.1.1 are designed to
meet.the independence and separation requirements of criterion
22 of the 1971 General Design Criteria and Paragraph 4.6 of
IEEE 279-1971. The administrative responsibllity and control

-3

7.3.92
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Insert 8 to Page 7.1-12

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 tHé4design and installation 'is discussed in Chapter 17 which
.' addresses the Quality Assurance programs applied by Westinghouse and TVa.
The electrical power suppiy instrumentation and control conductors for
redundant circuits of a nuclear plant have physical separation including PAM
Category I and protection set I, II, III and IV instrumentation and control.
Their cables are run in separate raceways to preserve divisional integrity and
to ensure that no single credible event will prevent operation of the
associated function due to electrical conductor damage. Detailed information
pertaining to electrical cable for safety-related systems is given in Section
o 8.3.1.4. Critical circuits and functions include: power, ‘control, and
Process protection -inesrumentstion-channels associated with the operations of the
" Reactor Trip System or Engineered Safety Features Actuation System. Credible
events shall include, but not be limited to, the effects of short circuits,
pipe rupture, missiles, 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 identified in Section 7.1.1.1 are designed to meet the

independence requirements of criterion 22 of the 1971 General Design Criteria

and' IEEE 279-1971 Section 4.6. The requirements consider the following

events: (1) normal activities in the area (e.g., maintenance); (2) high and

moderate energy jet streams, missiles, and pipe whip; and (3) possible damage
caused by:falling loads from the plant lifting systems (e.g., cranes,

. monorails). Exceptions to thess requirements shall be evaluated for technical -
adequacy and documented in Design Basis Documents. : ‘

7.1.2.2.1 General

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

2. - Circuits for nonredundant functions should be run in cable trays or
conduit separated from those used for redundant circuits. Where this
can not be accomplished, nonredundant circuits may be run in a cable .-
tray, conduit, etc.,'assignedlco a redundant function. When so routed, -
it must remain with that particular redundant circuit routing and shall
not cross over to other redundant groups.

3. Horizontal and vertical separadtion shall be maintajned between cable
trays associated with redundant circuits. i

4. Where it is impractical for reasons of equipment arrangement to provide
separate cable trays, cables of redundant circuits may be isolated by

physical barriers or be installed in separate metallic conduit or proven
safe by test or analysis.

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

. 6. Low-level type signal cables shall not be routed in cable trays
containing power cables.. Higher level protection instrumentation analog
and 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 is
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 functiom. Physical
separation is used to achieve separation of redundant transmitters.

Separation of wiring is achieved using separate wireways, cable trays, conduit
runs and containment penetrations for each redundant channel. Each redundant
channel is energized from a separate ac power feed.

egins at the gensors and is
A in the field/wiring, contdinment penefrations, and rotection
channel /racks. . Since All modules aAd componenté within any ¢he of the four
Te -associated #ith a single/protection £hannel, ther

rs

In the Nuclear Instrumentation System i =5

—Racksy and the Solid State Protection Syﬁtem-éapus—EGS\ 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 ints redundant
channels in-the logic racks. /Redun t protection instrymentation channels
are se aratezfzf locating fedundan module:7}zgdiffere racks. Sjnce all

equippent within any rack/is associated with/a single frotection get, there is

no r¢quirement for separation of Ariring and/ compoment’s within th€ rack.

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 which -
interrupt power to the control rod drive mechanisms. The breaker main

_ contacts are comnected 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 -
—instrumeatation- channels, including the sensor signals, -bistsble—
(signals, and associated power supplies. ' ~ *comparator

'Pr-ocesj Pt—o‘{'e C‘li &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 rédundant
;. logic system cabinets is maintained. In addition, they are separated
(by spatial separation, by provision of barrier, or by separate cable
trays or wireways) from the four protection instrumentation channels.

Engineered Safety Features Actuation System

- process profechion - COMP““"""
a. Separate routing|is maintained for the four/redundant sets of ESF
Actuation System tas%%umea;a;&en-channels,kéis%able—output signals
and power supplies for such systems. The separation of these four

[fhannel sets is maintained from sensors through imstrument racks and

to logic system cabinets. process pro*ec?‘:an
redundant and independent provLec/-.'on

b. Separate routing of the ESF actuation signals from the two redundant
logic system cabinets is maintained. The ESF actuation signals are
also separated from the four protectlon inssrumensation- channels.

P)‘OCCSS

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.

:Vital Control Power Supply Svstem

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.

Control Board - o

.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 first 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 routlng 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
. | . ...critical wires. 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 between wiring associated with different i
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.

B

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.

. i
Reactor Trip System and Engineered Safety Features Actuation System process Fro+ecﬁgh
—instrumentation channels may be routed 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

process
There are four separate sets off;rotection channels racks identifiable with
equipment associated with the Reactor Trig System and with the Engineered
Safety Features Actuation System. A&%?g%ection 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 -equipment racks to the

, "Lprocess Fro-fecﬁon
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redundant trains in\the logic racks. The Solid State Protection System input
- cabinets -are divided\into four isolated compartments, each serving one of the
four redundant <wmpusichannels. Horizontal 1/8-inch thick solid steel
barriers, coated with fire-retardant paint, separate the compartments. Four

-:solid steel wireways coated ‘with 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 Color Coding

Red :
I -Blaek-with white lettering
II Black with white lettering
III : Blue with white lettering
Iv Yellow with black lettering

~~Post ‘Accident ‘Monitoring and train-oriented modules are identified as follows:

Color
Train A Orange and white
Train B Brown and White
Speciall . 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 numbered
with identification tags. In congested areas, such as under or over the
control boards, instrument racks, etec., cable trays and conduits containing’
redundant circuitgf%ha%%—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 modificationgor additions. Positive
permanent identification of field routed cables shall be nameplates on the
input panels of the solid state logic protection system.x\

s Provfclecl A/

. ».The .circuits requiring special separations are suffix $ and described in

Section 8.3.1.4.3,

7.1-17
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TABLE 7.1-1

e e e R e abMN L .
NRC REGULATORY GUIDE CONFORMANCE
"-'————“‘_

- The -extent to which the recommendations of the applicable NRC regulacory
guides and IEEE standards are followed for the Class IE instrumentation and
control systems is shown below. The symbol (F) indicates full compliance.
Those which are not fully implemented are discussed in the referenced sections
of the FSAR and in the footnotes as indicated.

. ' WATTS BAR NUCLEAR PIANT

Regulatory Guide 1.11, "Instrument Lines Penetrating Primary Containment” (F)

Regulatory Guide 1.22, "Periodic Testing of Protection System Actuation
Functions" (F, see note 2) :

Regulatory Guide 1.29, "Seismic Design Classification® »

Regulatory Guide 1.30, "Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electric Equipment* (F)

, Regulaéory Guide 1.40, "Qualification Tests of Continuous Duty Motors
- Installed Inside the Containment of Water-Cooled Nuclear Power Plants (F)

Regulacdry Guide 1.45, "Reactor Coolant Pressure Boundary Leakage Detaction
systems" (F, See Note 7) '

Regulatory Guide 1.47, = ypassed and Inoperable Status Indication for Nuclear
‘ Power Plant Safety Systems" (F see note 5) )

Regulatory Guide 1.53, "Application of the Single Failure Criteriom to Nuclear
Power Plant Protection Systems" (F see note 3)

Regulatory Guide 1.62, "Manual Initiation of Protective Actions® (F)
Regulatory Guide 1.63, "Electrical Penatration Asgemblies in Containment
Structures for Water-Cooled Nuclear Power Plants” (See Watts Bar FSAR Section
Regulatory Guide 1.68, "Preoperational and Initial Startup Test Program for

Water-Cooled Power Reactors” (See Table 14.2-3)

Regulatory Guide 1.73, "Qualification Tests for Electric Valve Operators
Installed Insida the Containment of Nuclear Powar Plants” (F)_ ‘

" Regulatory Guide 1.75, "Physical Independence of Electric Systams® (See Watts
Bar FSAR Sections 7.1.2.2, 7.1.2.3, 8.3.1.4, 8.3.2.4, and 8.3.2.5 for
compliance)

Regulatory Guide 1.79, (EcCS Testing) See Section 6.3.4 ‘
Regulatory Guide 1.80, 'Preopeiational Testing of Instrument Air Systems" (F)

. +Regulatory Guide 1.89, "Environmental Qualification of Certain Electrical
. Equipment Important to Safety for Nuclear Power Plants"® (See note 4)

S " Sheet 1 of 5
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| , Insert 8 to Table 7.1-1 Sheet 1 of 5
) - Regulatory Guide 1.97, December 1980 "Instrumentation for Light-Water Cooled Nuclear

- Power Plants to Assess Plant Conditions During and Following an Accident"- (See Watts
Bar FSAR Sechion 7.5), - '

Regulatory Guide 1.100, Augusf 1977 "Seismic Qualification of Electrical Equipment for
Nuclear Power plants” (See Note 8).

Regulatory Guide 1.105, November 1976 "Instrument Setpoints” (See Note 8).

Régulatory Guide 1.118, June 1978 "Periodic Testing of Electric Power and Protection
Systems" (See Note 8).

Regulatory Guide 1.153, December 1985 "Criteria For Power, Instrumentation and Contro]
qutions of Safety Systems" (See Notes § and 9), o )

ANSI/IEEE-ANS-7-4.3.2-1982 "Application Criteria for Programmable Digital Computer
- Systems in.Safety Systems of Nuclear Power Generating Stations" (See Notes 8 and ~)H-) .
. : o
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WATTS BAR NUCLEAR PLANT
NRC REGULATORY GUIDE CONFORMANCE

‘Regulatory Guide 1.152, "Criteria for Programmable Digital Computar System

Software innSafaty-Rela;ed Systems of Nuclear Power Plants® (P) (See note é)

IEEE Standard 279-1971, "Protection Systems for Nuclear Power Generating
Stations" (F) .

IEEE Standard 308-1971, ~Class 1E Power Systéms for Nuclear’Power Gererating
Stations* (F) . :

IEEE Standard 338-1971, "Periodic Testing of Nuclear Power Generating Station
Safety Systems" (See note 1 and WBNP FSAR Section 7.3.2.2.5 for compliance)

IEEE Standard 344-1971, "Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stacions” (F) (For clarificacion of conformance to .

Sheet 2 of §




Insert 9 to Table 7.1-1, Sheet 2 of 5
1555 S+J 523 /974

Class laE Eqmpment for Nuclear Power

"IEEE Standard for Quahfymg
. Note 8) \\Q

Generatmg Stations" -EEE—Sed—323-19;4, (See

Insert 10 to Table 7.1-1 Sheet 2 of §

IEEE-Std. 338- 1987, "IEEE Standard C

riteria for the Periodic Tesnng of Nuclear Power
Generating Station Safety Systems” (see Note 8).-

Insert 11 to Table 7.1-1 Sheet 2 of 5

1555 s*d 344 /%’7

ctroni B¢., "[EEE Recommended Practices for
Sexsmm Quahﬁcatxon of Class leE Equlpment for Nuclear Power Generating Stations” ~FEEE-
~5td—344-198 (See Note 8). \Q

IE:‘EE 5'/c/ 352 /?75

al-a: i ne:, "IEEE Guide for General

Pnncrples of Rehabrhty Analysxs of Nuclear Power Generating Station Protection Systems, "

EEE-5td-352-1975 (See Note 8) . : '
IEEE S‘fd 379 1988

He-HSHEHS-o-Hectiicar-and-Electronic-Ensinas F5;—-1R6-, "TEER Standard Criteria for
Independence of Class 1E Equipment and Circuits, " FEEE Std-384-1981 (See Note 8).
1e EE s%a’ 603 /980

-Alcc;'_

e-of-Electrical-and eers;-Incy "IEEE Standard Criteria for Safety
Systems for Nuclea.r Power Generatmg Stauons W(See Note 8).
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TAsLE 7T1-1 (Con#nueJ)

i 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 functioms 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;-

(Ndte/ to/ TVA) tZhe trip of.turbine from this same turbine

trip equipment also is taken credit for on

_ ‘ an S.I. or R.T@

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 valveqC;:part-stroke testing will be
performed once per 92 days

L 5. . Closing the feedwater control valvesceipart-stroke movement will be
w : monitored during modulation of feedwater once per 92 days

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 functions 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. - The probability that the protection system will fail to initiate the
operation of the equipment is, and can be maintained, EEgepyabiYity low
without testing the equipment during reactor operation; and l;acceP+aL!y

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 the-bypass condition to redundant “systems is prevented.
Sheet 4 of 5
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WATTS_BAR NU P

NRC REGULATORY GUIDE CONFORMANCE

..Note 3. .Conformance to. TEEE 379-1972 and Regulatory Guide 1.53

The principles described in IEEE Standard 379-1972 were used in the design of
the Westinghouse protection system. The system complies with the intent of
this standard and the additional requirements of Regulatory Guide 1.53. The

The referenced Topical Reports provide details of the analyses of the
protection systems previously made to show conformance with single failure
criterion set forth in Paragraph 4.2 of IEEE Standard 279-1971. The
incerpretation of single failure cricerion provided by IEEE-379 does not
indicate substantial differences with the Westinghouse interpretation of the
criterion except in the methods used to confirn design reliabilicy.

Established design criteria in conjunction with sound engineering practices

form the bases for the Westinghouse protection Systens. The Reactor Trip and
Engineered Safeguards Actuation Systems are each redundant safety systems.
The required periodic testing of these systems will disclose any failures or
loss of redundancy which could have occurred in the interval between tests,
thus ensuring the availability of these systems. ‘

Note 4 Conformance to Regglato;x Guide 1. 89

Wacts Bar Nuclear Power Plant 1E equipment within the scope of 10 CFR 50.49 is
qualified in accordance with IEEE 323-1971 or IEEE 323-1974. (See reference 1

of Section 3.11), S pRovides Add oo WNFOLMATI O For The E,P«&.v.z,\
p@oCe” PZo'(ecwao 5\/576‘-&-

Note 5 Conformance to Regulatory Guide 47

Watts Bar Nuclear Plant will be in full compliance with the requirements to

- Regulatory Guide 1.47 (BISI) Revision 0.

Noi:e 6 Confo e _to Re Tory Gujde
. process
Watts Bar Nuclear PlantAprotection-4aoeeunaneteien-racks are qualified by

. Procedures and testing to Westinghouse'’'s interpretation of Regulatory Guide

1.152 (wcap- Wactts Bar Nuclear Plant Eagle 21 Process Protection Systen

Replacement /Hardware Verification and Validation Repore, Aprilli989). :
=319/ S

Note 7 Co uid 4

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

Reju/a'%o;./ Gu/'Je /./52 enoérses
the guidance of AwstfEEE- ST ~
7~4.3.2~1982,

"Sheet S of §5°
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Note 9
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Insert 12 to Table 7.1-1 Sheet .5 of 5

These Rules, Regulations and standards are applicable to the design of the
Eagle 21 Process Protection System. Unless stated otherwise, the revision in
effect on December 1, 1983 is applicable to the design. :

Regulatory Guide 1.153 endorses the guidance of IEEE-Std. 603-1980.

10 '
Note H- ANSIIEEE-ANS-7-4.3.2-1982 - expands and amplifies the requirements of

IEEE-Std. 603-1980.
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TABLE 7.1-3 —

ANALOG PROTECTION INSTRUMENTATION CHANN
Pressurizer Pressure Protection Channels
Pressurizer Water Level Protection Channe
Stedm/Feedwater Flow Protection Chanpeis
Steam Gengrator Narrow Range Watef Level Protection Channels
Reactor Coolant Low Flow Protéction Channels
Impulse Chamber Rrotectior Channels

Steam Pressure Protexgion Channels

- .Containment Presswyfe Prosection Channels

Boric Acid Ta Level Protection Channel

DIGITAMLY PROCESSED PROTECTION INSTRUMENTATION CHANNELS
T avg #hd Delta T Protection Channels

- Redctor Coolant (Wide Range) Temperature and\ Pressure Protection
Channels

Pressurizer Liquid and Vapor Temperature Protectior Channels (PAM)

Steam Generator Wide Range Water level Protection Channels (PAM)

Sheet 1 of 1
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"II’ 7.2 REACTOR TRIP SYSTEM
: 7.2.1 Descripejon

[7.2.1.1 Systenm Deseription

such as mechanical hydraulic limications on equipment, and heat transfer
phenomens. Therefore, the Reactor Trip System keeps surveillance on process
variables which are directly related to equipment mechanical limitations, such
4s pressure, pressurizer water level (to prevent water discharge through
safety valves, and uncovering heaters) and also on variables which directly
affect the heat transfer capability of the reactor (e.g. flow and reactor
coolant temperatures). Scill other parameters utilized in the Reactor Trip
System are calculated from various process variables. In any event, whenever a
direct process or calculated variable exceeds a setpoint the reactor will be
shutdown in order to protect against exceeding the specified fuel design
limic, gross damage to fuel cladding or loss of System integrity which could 63
lead to release of radicactive fission products into the containment.

The following systems make up the Reactor Trip System:

PRoTection
Process. Inssrumencasion’and Control Systen-{-l-}-“’[l , 1]

1
2. Nuclear Instrimentation System (2]
-3, Solid State Logic Protection System [3) ‘
4 Reactor Trip Switchgear [3]
5 Manual Actuation Circuit .
process protection
The Reactor Trip System consists of two to four redundant,
channels, which monitor various plant variables, and two redundant logic
trains, which receive input protection action signals from the insSrumentation 63
channels to completa the logical decisions necessary to automatically open thi]
Teactor trip breakers. - process protection

Each of the two trains, A and B, is capable of opening a separate and
independent reactor trip breaker, RTA and RTB, respectively. The two trip
breakers in series connect three phase AC

. . 7.2-1
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2. Core Thermal Overpower Trips
The specific trip functions generated are as follows:

4.  Overctemperature delta-T trip

Deasurements per loop. The setpoint fovr this trip is continuously
calculated by pProtection ims i circuitry for each loop by
solving the f%}lowing equation:

€AcLe- L1 PRocess

OTAT Setpoint,_ - A‘? K’. . KZ 1l + Tls (Tmi - T'AV;J
'L \1l+ Tzs

+ Ky (P - P') - £, (aD)

An overtemperature delta T Teactor trip occurs when

< AR B VI e e e e

ATl 1 + nS
> OTAT Secpoinc,
1 + r,S
where:
Ty - jch narrow range T,,, input signal from loop
3 .
£
- T 1
Tbu by, -t
1+ T;S
£ - e H B -
B e "Jﬂ.t + Tu“ * Ty s, }713 (3 valid RTDs)
- i J
T. - narrow rahge T, input signal from loop i
I :
¢ - T, 1
t > 1 + 775)
AT, - 1
ave Iy
1
4
Teg = (r., + 1 ) /2
i ave X
1
7.2.5 *
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‘ - where: A T = Indicated AT at Rated Thermal Power
Ja

K, &71.0052

K, = 0.0133/°F

T,T, = Time constants utilized in the lead-lag compensator for T..,
Ty = 33secs; T, = 4secs

$ = Laplace transform operator, sec'!
T, = Average Temperature of loopi(i=1to4)

Ty = Nominal T,,, at Rated Thermal Power (Calibration temperature
for AT instrumentation, < 588.2°F)

K; = 0.000647/psig

P = Pressurizer Pressure, Iblinig- psig

Ps i
P = 2235 fbfiie (Nominal RCS operating pressure)
. fi A0 = is a function of the indicated difference between the top and

bottom detectors of the power range neutron ion chambers.
Gains are selected based on measured instrument response
during plant startup tests such that:

)] for I, - I, between -32% and +10% f(AI) = 0 (where L«g I, are percent
RATEDTI-IERMALPOWERintbetopandbottomhalves of the cores

: : fis less than :
(i)  for each percent that the magnitude of (I, - I,) exceeds-32%, the A\T trip
setpoint shall be automatically reduced by 1.34% of its value at _
RATED THERMAL POWER -
(i) for each percent that the magnitude of (T, - 1,) exceeds +10%, the AT
trip setpoint shall be automatically reduced by 1.22% of its value at
RATED THERMAL POWER.
AT, = Temperature delta between hot leg and cold leg in loopi(i=1to4

T 47T s = Time constants utilized in the lead-lag compensator for
measured AT. T, = 12 seconds; Ts = 3 seconds
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Insert 13 to Page 7.2-5 Continyed
Note:EO-Rm«ieweg Additional information o
| Provided in Sections 7 2.1.1.4.

.




Time constants utilized in :he

for Tm, r1, - 33 S' fz -

Ao "4 0 Reviewe

Please be advised tha gquations for the Overtemperature and Ouerps er
delta-T ctrip setpoints are effec . identical tg fqGations shown in
previous amendments to this FSAR. How = Qrmat has been modified to
provide a more exact rep o

on of the actual inp . on and to allow
for consisteg o omenclature between the Functional Requizenen > hnical
pact ations and FSAR.

7.2-5a “"'
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WBNP-63
Ty - Time constant utilized in the measuf&d Teo1d ag
i compensator, r, = 0,05, l e3>
* v S . 588.2°F (Nominal Tevs at RATED THERMAX POWER), , lea
K, t - 0.000647/psig,
P Pressurizer pressure, psig;
p’ - 2235 psig (Nominal Rc& operating pressure),
S - Laplage transfops operator, s°!,

and f; (AI) is a functionNas the indicated difference between -op and
bottom detectors of the ptwe range neutron ion chambers; with gains
to be selected based o measurdqd instrument Tesponse during plant
Startup tests such sfiac:

for q, - gqybetween -32% an +10% £1\AI) = 0 (where 9. and q, are
percenc RATED THERMAL POWER in the tonand bottom halves of the

core respectively, and q, + % is toctal “RHER POVER in percent

0L AHATED THERMAL POWER):

(11) for each percent that the magnitude of (e - qu)\exceeds 32%, thé

(111)  for each Percent that the nngnifuda of (q; - qy) exceeds + Q8, the

AT Trip Setpoint shall be automatically reduced by\l.34% of its g
value at RATED THERMAL POWER; )

AT Trip Setpoint shall be automatically reduced by 1.22% of
value at RATED THERMAL POWER. :

A separace long ion chamber unit supplies the flux signal for each
overtemperature AT trip channe].

////”’E;:;;;::;\I;(:Dbeyond a-bredefined deadband result in. a.decrease in trip
© . Setpoint. Refer co Figure 7.2-2. .

The requirad one pressurizer pressure parameter per loop is obtained from
Separiate sensors connected to three pressure taps at the top of the
Pressurizer. Four pressurizer Pressure signals are obtained from the three
‘taps by connecting one of the taps to two pressure transmitters. Refer to
Section 7.2.2.3.3 for an analysis of this arrangement.

ey

7.2-6 ¥




A detailed functiong] descripcion of the pProcess e
this function {s concained in reference (11).

b.

(o]

Please be adyfsed that the equations for the Overtemperature and\Q erpover
delta-T trif setpoints are effectively identical to the equations ¥khown in
Previous 4mendments to this FSAR. However, the format has been modify d toe
Provide’ s more exact representacion of the actual implementation and to™mllow

VENP- 63 b 0794 PKG

quipment aksociaced with

Overpower del;a-r trip

This trip protecrs against excessive Power (fuel rod rating protection)

" and trips the reactor on coincidence as listed in Table 7.2-1, with one

set of temperature measurements per loop. The setpoint for each channel is
continuously calculated using the following equation :

p; . -

OPAT Setpoint, = '@) K -~ K 73S (T.,. )
aT° (1 :@,s ) i

) e
- % ( Ten - ‘r:,,t) - f£an

An overpower AT reactor trip occurs when

1 - r.s
ATy | ———|> opaT Setpoint,
1 + r,S

AT, - As defined for overtamperature AT trip

Ty T - As defined for overtemperature AT rip,

AT’ - As defined for overtemperatur AT crip.

K, - 1.09,

K4 - 0MQ2/°F for increasi _-a;eragc temperature and 0 for

decr»:-ing‘avcrage amperature,

7y - Time constqnt w€ilized in the lead-lag compensator for
Tm 77-5

Kq = 0.00126/5F for T™T., and K, = 0 for - < Tew
fl 1
T,“ - As défined for overtempgrature delta-T trip
T3 - ime constant used invlag cogpensator for Tevg: 73 = 0.0S
Reviewer-

Snsistency of nomenclature between the Functional Requirements, Techn al

for ¢
Specifications and FSAR;_’gf
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Insert 14 to Page 7.2-7

Section 7.2.1.1.2 (2)CaD

where: The following parameters have been defined uafhe Overtemperature delta-T
P AT Togs T AT T Tgs v

& &1
(T«vgi )

Ks = 0.02/°F for increasing average temperamre[and 0 for decreasing
average temperature ( Tavg: ) '

' 5
T, = Time constant used in lag compensator for T,,, /T3 = 96 secs
f, /\) = O forall AL

Note:to-Reviewer:  Additional information on associated tan values (7, and T, ) are

Ké = 0.00/26/°F for T > Ta?«gi dnc(
0 for T ¢ T:vgi

A beghe
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ve-caled T,/, at RATED THERMAL POWER (Calibracion gamp *atlre for 63
‘ AT instrumencacion: 8822
As defined for g “iperacure AT trip.
0 for all aI.
) . overpower '
' The source of temperature and flux info lon is identical to that of the

overtemperature AT trip and the resulctant AT setpoint is compared to the same
AT. A detailed functional description of the Process equipment associated 63
with this function is contained in reference [11].

3. ctor Coolant System Pressuri e essure v ve

The specific trip functions generated are as follows:

Pressurizer low pPressure trip

The purpose of this trip is to protect against low pressure wvhich
could lead to DNB. The parameter being sensed ig Teactor coclant
Pressure as measured in the Pressurizer. Above P-7 the reactor is
tripped when the Pressurizer pragsure Reasurenents (compensated for
rate of change) fall below £ limits. This trip i{s blocked
below P-7 to permit startup. Ihe trip logic and interlocks are
given in Table 7.2-1. '
PRese £

The trip logic is shown on Figure 7.2-1, Sheet 2. A detajled’
functional description of the pProcess equipment associatad with the
function is contained in references .

L[g_] and [11].

7.2-8
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AMENDMENT 62

b.  Pressurizer High Pressure Trip

The purpose of this trip s to protect the Reactor Coolant System
against system overpressyre, .

4‘,xt-sThc.- same sensors and transmitters used for the pressurizer low

dompARATOR
¢/ pressure tr re used for the high pressure trip pxcept that

)_,\?ﬂ separaterhistables)are used for trip. These §istabley trip when

o0 uncompensate pressurizer pressure signals exceeg preset limits on

coincidence as listed in Table 7.2-1. There are no interlocks or
permissives associated with this trip function.

The logic for this trip 1s shown on Figure 7.2-1, Sheet 2. The
detatled functiona] description of the process equipment associated
with this trip is provided in references [7].

€. Pressurizer High Water Leve] Trip Es] and EY/J

This trip s provided as a backup to the high pressurizer pressyre
trip and serves to prevent water relief through the pressurizer
safety valves. This trip s blocked below P-7 to permit startup.
The coincidence logic and interlocks of pressurizer high water
level signals are given in Tabie 7.2.3.

The trip logic for this function is shown on Figure 7.2-1, Sheet
2. A detatled description of the process equipment associated with
this function 4s contained in references ].

4. Reactor Coolant System Low Flow Trips [:5] and [//J.

These trips protect the core from ONB in_ the .event of 3 loss of
coolant flow sityation. The means of sensing the loss of coolant
flow are as follows:

a. Low Reactor Coolant Flow

- The parameter sensed is reactor coolant flow. Four elbow taps in
each coolant loop are ysed as flow devices that indicate the statuys
of reactor coolant flow. The basic function of this device is to
provide information as to whether or not a reduction in flow has

occurred. An output signal from two out of the three in

4 loop would indicate a low flow in that loop. OUPPRATOLS

The coincidence logic and interlocks are given in Table 7.2-1. The
logic. for this trip 1s shown on Figure 7.2-1, Sheet 3. The
detailed functional description of the process equipment assoctated
with the trip function 45 contained in referencesi{]. :

s [5] and [11]

62

[ %]

1.2-ma®
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' : b. Reactor Coolant Pump Undervoltage Trip

This trip 1s 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).

D,
pO—

There is one undervoltage sensing relay &eamected)for 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 Coo]ant‘Pump Underfrequéncy Trip

There is no safety-related requirement for a direct trip of the
RCP's for underfrequency. Credit is taken for reactor trip on
underfrequency in the loss of flow accident. " The reactor is 4

i tripped for an underfrequency on more than one reactor coolant pump
motor (e.g. from a decay in grid frequency).

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. 62

. There is one underfrequency sensing relay for each pump motor

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

~Jhe basis_for-not 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

N Power System Frequency Transients in Westinghouse PWR's," states in

o part that "... 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-kV bulk

S power transmission system as integral parts of TVA's total

installed generating capacity. System loads are served

71.2-9
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with 1639 miles of 500-kV transmission line and 8906 miles of 161-kV
transmission 1ine. The 500- and 161-kV transmission systems are
interconnected networks necessary for the distribution of power to
concentrated area loads. A high percentage of the energy is sapplied to
area loads through 500-161-kV stepdown transformer banks connected to the
bulk power transmission system.

‘Without advancing a hypothesis as to how the Watts Bar units could be

N islanded since there are no loads connected directiy 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. A1l 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 form any island on the TVA

transmission. network so that loads exceed the generating capability of a
Watts Bar Nuclear unit, the subsequent analysis is extremely conservative.:

The simulated island used included 500-kV l1ines from Watts Bar to
stepdown substations connected to the 500-kV bulk power transmission
system that loads within the island exceeded generation. With

reason changes in load/generation ratios, changes in line charging
MVA from open-ended 500-kV 1ines 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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WENP-39

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

39

The only anticipatory trip input signal to the reactor
Erctection system is in the reactor trip on turkine
trip. This trip is anticipatory in that it is not
assumed to occur in any of the Chapter 15 accident
analysis. -As—diceussed—im- Section 7.2.1.1.2 (item 6)x
this trip meets a33—6f the requirements of IEEE 279-1971
including seraration, redundancy, and testability.

See reference [6] for an evaluation of loss of flow
accidents caused by power system frequency transients in
westinghouse PWR's.

-~

describes how

' 7.2-9%
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- 33
S. Steanm Generator Trips_ . .

‘ The specifio trip functions generated ire¢ as follows:

' Lov feodwater flow trijp

———

$ trip protects the resctor from a sudden 6ss of
heas sink. The trip is sctuated by stoam/fo€dwator flo
. Bismasch (one out of two) ina coincidence th lov water

ator.,

[
o
<4
o
—
]
o
2]
~”
o
(o)
(o 4
4
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S
[
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(]
(g
o
-
»
o
o
o

Figure 7.2- Sheet 3, shows the logfc for this trip
function.

E
There are no inteXNlocks 8330cjhted with this trip.

A detailed functional \desg iption of the Process equip-
Ront associated with thp€ function is provided in
reference [1].

b. Low-low steam §039tstor water \Nevel trip

This trip Proftcts the reactor f£ro loss of hest siak i
the event o2 s sustained steam/feed ter flov mismatech
of insuffj€ient magaitude to cause s feedvater flow
reactor trip., This trip is actuated oa 0 oxt of thre

low-10€¢ water level signals oconrriag in o stean
genpfator, -

ke logic is shown on‘?ignro 7.2-1, Sheet 3. A Botailed 152
functional description of the process eqeipment
83530ciated vith this trip is provided in reference |

\
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Manual Trip
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 Figure 7.2-1, Sheet 1, shows the logic for this trip. A detailed
~functional description of the process equipment associated with

this trip function is provided 1q.referencesﬁ4&.

Nis1 and (1]

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. ' 62

.1.3 Reactor Trip System Interlocks

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-10 4f
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
activation 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
derived from analog signals in the nuclear power range and
intermediate range channels.

See Table 7.2-2 for the list of protect1oq system interlocks.

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 coolant
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 ﬁﬂpu]se chamber
z~pressure signals below the setpoint (low.plant load). See Figure
7.2-1, Sheet 2, for the derivation of P-7.

The P-8 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 (absence of the P-8

interlock signal) occurs when three out of four neutron flux power

“ range signals are below the setpoint. Thus, below the P-8

setpoint, the reactor will be allowed to operate with one inactive
loop and trip will not occur until two loops are indicating Tow
flow. See Figure 7.2-1, Sheet 3, for derivation of P-8 and
applicable logic. :

Ry

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)
~ occurs when-three 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

:cn.(' reactor control system, utilizing steam dump to the condenser as an

S artificial load, to bring the reactor to zero power. See Figure

= 1.2-1, Sheet 2 for derivation of P-9 and Sheet 3 for logic
applications.

See Table 7.2-2 for the 1ist of protection system blocks.

)
e
xJ

)
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7.2.1.1.4 Reactor Coolant Temperature Sensor Arrangement and Calculational
‘Methodology

The ‘individual narrow range cold and hot leg temperature signals required for
input to the reactor trip circuits and interlocks are obtained using RTDs
installed in each Yeactor coolant loop.

' e
The coldgigggzz;p;§;ture Deasurement on each loop is accomplished with two
narrow range RIDs mounted in thermowells. The cold leg sensors are inherently

redundant in that either sensor can adequately represent the cold leg
temperature measurement. 'FWLMM

The hot leg temperature measurement on each loop is accomplished with three
Narrovw range RTDs mounted in thermowells spaced 120 degrees apart around the
circumference of the Teactor coolant pipe for spatial variations. )

' process
These cold and hot leg narrow range RTD signals are input to the pProtection
system digital electronics and are Processed as follows:

The two cold leg temperature signals are subjected to range and consistency
checks 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,

o and utilized to calculate an estimated average hot leg temperature which is
consistency checked against the other two estimates for average hot leg
temperature,

estinated a&verage. hot leg
10t input signal as follows:

— 4

Ty, = Thu “ Py Sty L ESTIMATED Thor Avernq g

ilter ; T ho sigfal foy the fin RTY (3 - L e 3 in tfe 14 y@;’

P,t = power fraction being used to correct the bias value being used for any

pover level
4 4
Pnt - (Th-v'1 - Tci)/AT.L

7.2-13a
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Insert 15 to Page 7.2-13a

each loop/protection set. - Ore

The following parameters are used in conjunction with the Overtemperature Delta-T and
Overpower Delta-T reactor trips:

T:G=1,2i=1t4) =jthnarrowmngeTwinputsignalfmmloopi

TyG=1,2i=1t4 = Filtered T,q, signal for the jth RTD;
~ =T, (U1 +7T )
™7 = Time constantutilizedinthelagcompensatorfor'rw. Typically set to 0.0
secs.
T.(=1to4) = Group average of the valid input signals
| = (Ten + THNR for two valid input signals
= T’ for one valid input signal

where: j =1,2;andi =1 to0 4

s 1s Je fnec/ " SQCIZI'M 7.2.0.1.2

i) udy.




signa_ Is

If the signal values do not all agree within +DELTAH of the average, the algorithm will
delete the signal value which is furthest from the average. The quality of this signal will be
set to POOR and a consistency check will then be performed on the remaining GOOD
signals. If these signals Pass the consistency check, the group value will be taken as the
average of these GOOD signals and the group quality will be set to POOR. However, if
these signals again fail the consistency check (within + DEI TAH ythen the group value will
be set to the average of these two signals; butthegmupqualitywillbesettoBA-D. All of -
the individual signals will have their quality set to POOR. If one or two input signals is

X
The following parameters are used in conjunction with the Overtemperature Delta-T and ;
Overpower Delta-T reactor trips: '
. | Tw(i=1to3;i=1to4)=jthnmowmnger,,inpmsigm1ﬁomloopi
Tw(=1t03i=1r04) = Filtered T,,, signal for the jth RTD;

= Ty (1/(1 + T )

- & s = Time constant utilized in the lag- compensator forrT,.;,.-w'I-‘ypiélly*settd 0.0
Th G = 11t0 4) =Gtm1paverageoftbevalidinput8igm]s -
o = (Thea + Theu + r,g/sforumevaﬁdinpﬁtsignals G=3)
= (T;mx + TW/2 for two valid input signals G=2)
= Ty for one valid input signal (f=1)
wheref j/= I'to/3 snd)i = 1 to 4
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Subs ectionns 2 AR B,

individual T hot RTD value to
the loop average.

' o
' The individual temperature signals are subjected to a qualicy checking routine)
to establish a quality stacus of the group value, -

4T and T,,, are calculated as follows: -

|
S, = manually input bias which corrects the
|

AT, = Thtw.i - ch_ (J;eMpefzmer. decra benuvee.s

hot e ad cold leq v wopt

({= 1 +o 4))

- = : £ . TweeN
Tavg, = (Thx ave, * Te,) /2.0 (%::p\e::-r:;zj c\ce;r: ‘;Lec(u.:;

Laop ¢ ({=1 €024))
The calculated values for AT and Teve are

then utilized for both the remaindar
of the Overtemperature and Overpower AT pProtection channel and channel ouctpurs
for cantrol purposas. . o

‘ 7.2.1.1.5 gssurizer Water leve] Re erence an

between an upper and a lower tap. The modificacion consiscs of ¢ :
sealed reference leg instead of the conventional open column of water. Refer
'Co Section 7.2.2.3.4 for an analysis of this arrangemant.

7.2-14
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Protection
7.2.1.1.6 oce System

The procesa&iﬁ%mntation system is described in referan] and (11].
The Nuclear Instrumenc System is described in reference [2]\ o

7.2.1.1.7 tat rotection Svste

The Solid Stats Logic Prosgqgiggligstan takes binary inputs (voltage/no
voltage) from the Process, R FUE ear instrument channels corresponding to
conditions (noml/abnonul) of plantc Parameters. The Systen combines these
signals in the required logic combination and generatas a crip signal (no
voltage) to the undervoltage coils and the shunt trip relays (which energize
the shunt trip coils) of the reactor trip circuitr breakers when the necesgsary
combination of signals occur. The System also provides annunciator, stacus
light and computer input signals which Indicate the condition of—bfs-eva-bLe-comPafa{O"
input signals, partial trip and full trip functions and the status of the
various blocking, pernissive and actuation functions. In addition, the system
includes means for semi-automatic testing of the logic circutts. a detailed
descripcion of this System is given in reference (3.

7.2.1.1.8 Lsolation mmplifiersa Devces

In certain applications, Westinghouse considers it advantageocus to employ
control signals derived from .individual protsction channels through isolation deuces

contained in the Protection chanmel, as Permitted by IEEE Standard
279-1971. '

non-procective functions are obtained through isolation located in+R_,

In all of these cases, signals dari;red from .procnction chamnels for devices

-.vocess &he, protection racks, By definicion, non-protsctive functions

include thosa Signals used for concrol, remote Process indication, and
computer monitoring.

eViIce ' .
Isolation Al qualification tyPe tests are described in references (7]
(8], and [11].
7.2.1.1.9 d onmental Var{at{io

The energy supply for the Rsactor Trip System is described in Chapter 8. The

~envirormental’ variations, throughout which the systaa vill perform, is given

in Section 3.11 apd Chapter 8. ('M.e

7.2.1.1.10 Setpoines - | | )

The ut:pbinta that require trip action are given in the Technical
Specifications,

7.2-18
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© 0 7.2.1.1.11 Seismic Design

The seismic désign 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 62
reactor trip logic is presented in Figure 7.2-1 Sheets 1 through 3.

7.2.1.2.1 6Generating Station Cond1t10ns

The following are the generating station conditions requiring reactor
trip.

1. * - DNBR approaching 1.30.

2. ‘HPAQe;'density (kilowatts pef foot) -approaching rated value for -
Condition II faults (See Chapter 4 for fuel design limits).

3. Reactor Coolant System overpressure creating stresses approaching
the 1imits specified in Chapter 5.

71.2.1.2.2 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. R;;ctor Co&]én{ ;ysfem p;;ssuré (pressurizer pressure)
4. Pressurizer water level
5. Reactor.cbo]ant flow
6. Reactor coolant pump bus voltage and frequency

—F——Steam—generator—feedwater—low—

78 Steam generator water level

7.2-16
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8 0. Turbine-generator operationsl status (autostop oil pressure
and stop valve position). ' '

7.2.1.2.3 Spatially Dependent Variables

A) The following variable is spatially dependent:

1. Reactor coolant temperature: See Section 7.3.1.2.3 for a 52
discussion of this variable spatiel dependence. ' '

BN v 7.2.1.2.4 Limits, Margins and Levels

The pzrameter values that will require resctor trip are given in

the Technical Specifications and in Chapter 15, Accident

Analyses. Chapter 15 proves that the setpoints used inm the 52
Technical Specifications are conservative,

The setpoints for the various functions in the Reactor Trip
System have been analytically determined such that the opersa-—
tional Fimits so prescribed will prevent fuel rod clad damage and
loss of integrity of the Reactor Coolant System as a result of
any ANS Condition II incident (anticipated malfunction). As
such, during any ANS Conditionm II incident, the Reactor Trip

System limits the follovwing parameters to:
‘ 1. Minimum DNBR = 1.3 '

2. Mazimunm system pressure = 2750 psia

3. Fuel rod maximum linear power for deteriination 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 Trip
System are adequate to meét_;he atbove considerations, even
assumin®, for conservatism, adverse combinetions of instrument
errors . (Refer to Table 15.1-3). A discussion of the safety
limits associated with the reactor core and Reactor Coolant
L System, plus the limiting safety system setpoints, are presented
ST in the techmnical specifications. The technical specifications
-wiil- incorporate both nominal and limiting setpoints. —Instrement —
_ Nominal settings of the
_%etpoints are more conservative thar the limiting settings. This
allows for calibration uncertainty

i .
AN
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.‘\nd instrument channel drift without violating the limiting ¢
)etpoint. Automatic initiation of protective functions occum t
the nominal setpoints (plus or minus the allowed tolerances) . 35
.- ;A, further-discussion on trip setpoints is given in Section 7
"7.2.2.1.1,

The methodols 7 used 4o devive the Se'//oaimls

The malfunctions, accfdents or other uvnusual events which could

Physically damage Reactor Trip System components or could cause
environmental changes are as follows:

Earthquakes (See Chaftets'Z and 3).

Fire (See Section 9.5 and the September 8, 1980, fire 44l 52
protection submittal to NRC from TVA)

Explosion (hydrogen buildup inside*cbntainnentl."(See_
Section 6.2). o -

Missiles (See Section 3.5).
Flood (See Chapters 2 and 3).

¥ind and Tornadoes (See Section 3.3).

Standard 279-1971 to provide automatic protectior and to provide

.fhe Reactor Trip System fulfills the requirements of IEEE

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 reference the

Safety Analysis Report coverage of the affects of abmormal ' & -

‘events, on the Reactor Trip System in conformance with applicable
General Design Criteria. ‘

7.2.1.2.6 Minimum Performance Regquirements

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 im Table 7.2-3. (See Table
7.1-1 Note 1 for a discussion of periodic response time
verification capabilities.)

Reactor trip accuracies

7.2-18
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Accuracy §, defined {p Section 7.1, Typlcil rc;otbf trip “{52
teenracies are tabolated im Tabje 7.2-3. : |

3. Protection System ranges

7.2.1.3 Finaj Systems Drlngg!

Functional block disgrams, electrical ¢lementaries and other 24

drawings required to assure electric:l-sep:ration and perform a
safety review are Provided in Section 1.7.

7.2.2 Analyses
loqic PRTION 0F The

A fsilnre mode and effects analysis (FMEA) éf thafieactor Trip !52
System has been performed. The basjs of the FMEA is that the

Operational occurrences. Results of thig 3tudy and a fault tree 41
A8alysis are Presented in reference [4]. The results of the

anticipated transieat igs tufficiently low that no Provision need .

7.2.2.1 g Batio of Do

Yhile most setpoints used in the Reasctor Protection System are
fixed, there are variable setpoints, BOSt notably the over-
temperature AT verpower AT

*— All setpoints iga the Resctor Trip System —
have been selected on the basis of engineering design or safety
studies, The capability of the Reactor Trip System to preveat
loss of integrity of the fuel cladding sad/or Resctor Coolant

..System pressure boundary doring Condition II aad III transioats

i3 demonstrated in Chapter 15, These accident analyses sre
carried out using those setpoints determined from results of the
engineoring design studies. Setpoint limits 8re presented in the
technical specifications. discussion of the iatent for each of
v the sccident anszlyses (vhere
is trip is Presented below.
bction’trip setpoints wll provides' for
margin before protection action ig actually required to allow for
ancertainties and instroment errors The design meets the
zoa\

requiremeats of Criteria 10 and the 1971 6DC. —e

7.2.2.1.1 T Se nt Disga

7.2-19
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‘A reliability study for the reactor trip and engineered safety
-..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 lmplementatlon of the same function u51ng analog-hardware.

"Availability is defined as the probability of a 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. surveillance/self-

diagnostic features, will be minimized. Additionally, with the MMI
test unit prov1ded with the Eagle 21 system, the amount of
technician and engineering time required for maintenance and
troubleshooting will be minimized. Thus, 1large 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 MMI. In total, interface with the Eagle 21
process protection system will be reduced, resulting in a decreased
potential for technician induced error Wthh results in 1mproved
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

failure 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 dorresponding 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 con- _
figuration, i.e. operation with.a loop ou service. Although
) operating with a loop out of service overextended time is
considered to be an unlikely event, no profection 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 Condition II translents occurring during this mode of opera-
) tion. This restricted power level is considerably below the
o 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 AT
. function to more restrictive values as listed in the technical
- specifications, the P-8 setpoint can then be increased to the
. -maximum valué. consistent with maintaining DNBR' above 1.30 -for. -
Condition II transients in the one loop shutdown mode. The
resetting of the AT overtemperature trip and P-8 will be
carried out under prescribed administrative procedures and
. only under the direction of authorized supervision with the
B 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
[4] and [5]. The design meets the requirements of Criterion
21 of the 1971 GDC. ,

Preoperational testing is performed on Reactor Trip System

.rcomponents-and :systems to determine equipment readiness for
startup. "This testing serves as a further evaluation-of the -
system d&esign. - - * - . : :

Analyses of the results of Condition I, II, III and IV events,
R 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 7.4,

7.2.2.1.2 Reactor Coolant Flow‘Measufement

\_) The elbow taps used on each loop in the primary coolant system
- are instrument devices that are used to indicate the status of
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the reactor coolant flow. The basic function of this measure-

-ment 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:

AP

5= ()
APO W,
where AP is the pressure differential at the reference flow
W and %P is the pressure differential at the corresponding
flow, w. The full flow reference point is established during
1n1t1al plant startup. The low flow trip point is then esta-
blished by extrapolating along the correlation curve. The
expected 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 percent.

7.2.2.1.3 Evaluation of Complwance to Applicable Codes and
Standards . i . - - r

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

1. General Functional Requirement

The Protection System automatically initiates eppropriate
protective 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 presents minimum. performance
reoulrements

2. Single Fallure Criterion

process Proﬁc’L'm

The Protection|System is designed to provide two, three,
or four i=n channels for each protective func-
tion and two logic train circults. These redundant
channels and trains are electrically isolated and physi-
cally separated. Thus, any single failure within a
channel or train will not prevent protective system action
when required. Loss of input power, the most likely mode
cf failure, to a channel or logic train will result in a
signal calling for a trip. This design meets the re-
guirements of Criterion 23 of the 1971 GDC.
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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.administrative 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.

N
? 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 qualirty 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. Chammel Integrity
. P¥otection System channels required to operate in accident conditions
.. . .. - maintain necessary-functional. capability under -extremes' of-conditions~
relating to environment, energy supply, malfunctions, and accidents. The
energy supply for the Reactor Trip System is described in Chapter 8. The
envirommental variations, throughout which the system will perform is

‘ given in Section 3.1l.

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.using.separate wireways,
cable trays, conduit runs and containment penetrations for each - channe/ are.
redundant channel. Redundant protection &asefumeaeae*ea—aqu&pmeaé—aépA TG3
separated by locating-moéules in different protection .Each .
. wedundant protection /chammel set is energized from a(separate AC power
feed. This design mefets the requirements of Criterion\2l of the 1971

GDC. the roce::m elechronics of chenne| rack sefs.
T, the Ye u"‘cldn'é channels
,/) 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 in

. series with the power supply so that opening either breaker interrupts
- power to all(E41) lefigfh)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
evaluated 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‘

7. Control and Protection System Interaction R

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 isolationsmplifiers. The isolationamplifiers- are classified as

part of the Protection System and are located in the protection process
—tnserumentatien racks. Non-protective functions inchBE_EEEEZf;Ig;;lsv, I63
_used for conmtrol, remote process indication, and computer momitoring."’
The isolatisﬁiempLéﬁéefs-are designed such that a short circuit, open
circuit, or the application of credible fault voltages -Exem—within—the
-eabiness on the isolated output portion of the circuit (i.e., the
non-protective side of the circuit) will not affect the input e
(protective) side of the circuit. The signals obtained through the @gﬁ&
isolation sl are never returned to the pmeseesiwe. racks. This
design meets the requirements of Criterion 24 of the 1971)GDC and
paragraph 4.7 of IEEE Standard 279-1971, reference [9].anﬁF

A detailed discussion of the design and testing of the protectionASYS{e”i ¢3
; 4as€§amea=acioa~isolatiogﬂ&mpiiéiess“are‘given‘in references (7], (8], I “
and [11]. These reports include the results of applying various
malfunction conditions on the output portion of the isolation

R . The results show that no significant disturbance to the
isolation -emplifier input signal occurred. ' + T

. devices

Whmfa&nofamﬁon:ymncompo‘nunm‘moa . " &

. ! ' memxmwhachmqu'm

o gmmﬁmmmmm;mmmmélouof

Acu rotective action, . nnonmuyochuvodbynmofmo-;n.-of-mtzmu'iploqicforuchof
. fur ; : : . Stsam Generator Low W.

Lav.lpnnncuvufuncuon:1#::upontum»oubo#ﬂtt. } } tur.

Signal Scllctor. (MSS). ﬂnmafammmmMgSmew.mmM'.dun
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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.

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 Specificationms.

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
conformance 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 timqg’?excluding

the nuclear instrumentation channels and/or sensors), including the

sensor, are less than or equal to those response times specified in the IGZ
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 /
protection -instrumensation channel portion of the Reactor Trip System 63

- ‘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 plamt-power from cold shutdown to full power. Before

- starting 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 -referenced 3 i imi lon nd-sespoin

portion-of the p'l ant_technical manual documen{eJ i P?fm—ehce /3 4h</

incorporated indo the Technical Specifications. -

7.2-25
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. AMalog Channel Tescs
) ' Analog Shgnnel testing is perform

|rack set by ndividually introducing dummy input signals into the
instrumentation channels and observing the tripping of the approprig
bistables, Outpuf\to the logic circuitry {s interrupted during individual
channel test by a tey switch which, when thrown, de-energize (except ¢
containment spray, whic energizes) the associated logic jrfut and inserts a -
Proving lamp in the bistabls output. Interruption of the bisctable output to
the logic circuitry for any cduge (test, maintenan purposes, or removed from
service) will cause that portion »f the logic tobe actuated (partial trip)
accompanied by a partial trip alarm and chaprel Status light actuation in the
control room. Each channel contains tholxs switches, test points, ete.
Necessary to test the channel. See Seferencs (1) for additional information.

Digital Channel Tests
Automatic digital chanp testing is performed at the 4 gital protection
instrumentation racice via a portable Man Machine Interface™QMI) terminal.
The portable M erminal is connected to the Protection instXwpentation rack
by inserting connector into the protection instrumentation tes Ranel.
sing MI touch screen, the fSurveill;nce,Tgstﬁ,pptionvwill be - Selected..
|Follgwing instructions entered through the MMI

63

. the rack tast processo 111
automatically perform the tests. The MMI provides a printout of the test
results,

— .

. "Charitre po_or interruption of the bistable output to the ogiv—circuicry
for any reason (test, BRANCE purposes, o OVEd Irom service) will
cause that portion of the logic ' “ates—and pccompanied by a channel

ECus light actuation in the contrs
via the portable MMI terminal.

trip alarmm and champn
S~ Lully testable

Nuclear Instrumentation Channel Tests v

The power range channels of the Nuclear Instrumentation System are tested by
using the actual detector input to the channel and injecting test currents
obtained from the detector response curves at various power levels. The output
of the bistable is not pPlaced in a tripped condition prior to testing. Also,
‘Ssince the power range channel logic is two out of four, bypass of this reactor
trzip function is not required.

To test a power range channel, a "Operation Selector” switch is provided to
require 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 Interface (MMI)
test cart. The MMI 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 causing the .

associated logic relays to remain in the non-tripped state
until the "bypass" is removed. This feature of the

~protection system eliminates the potential for an:unwarranted .

actuation in the event of a failure. This condition is also
accompanied by an alarm in the control room.
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syﬂ‘em channel process

-ehannel protection)instrumentation testing/is complete, the logic matrices are \,V”]

tested from the train A and train B logic /rack test panels. This-s%opS*BP

; . 63
provides overlap berween the channelized/protection imstrumentatien,and - Sys'¢»
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 o
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 reguired 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

LT

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

given in reference [3].

Sl
i

A direct reactor trip resulting from undervoltage or underfrequency on the
pump side of the reactor coolant pump breakers is prov1ded as dlscussed in
Section 7.2.1 and shown on Figure 7.2-1. The logic for these trips Ys capable
of being tested during power operation. When 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 5t
and Engineered Safety Features Actuation System are given on Tables 7.2-2 and -
7.3-3 and designated protection or 'P' 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?tiiPS“fér:ﬁﬁ§Ch“cré&it _

is taken in the accident analyses. is provided by the logic testing and *.

_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 &2 check of the input reélays and a logic matric
check. The following sequence is used to test the system:

1) Check of input relays .
comparator [bistable profection

During testing of the process —isstirameonteation system and
nuclear instrumentation system channels, each channel
bietebie is placed in a trip mode causing one input relay
in trein A and one in traim B to de-energize. A contact
of each relay is connected to = universal logic printed
circuit card. This cerd performs both the reactor trip
and monitoring functions. Each reactor trip input relay
contact causes a status lamp and an annunciator on the
control board to operate. Either the Trainm A or Train B
input relay operation will light the status lamp and
annunciator,

Each train contains a moltiplexing test switch. Train A
is normally operated inm the A + B position and train B in
the normal position. . This allows information to be 52
transmitted to the control intervals. A steady status
lamp indicates that both trainms are receiving a trip mode
logic input for the channel being tested. A flnshinééf
lamp indicates a failure in one train. Contact inpufs to
the logAc,.protection system such s8s reactor coolant pump
bus pnderrequency relays operate input relays which are
tested \by operating the remote ctontacts as described
above and using the same type of indications as those
provided for bistable input relays.

comparator
Actuation of the input relays provides the overlap
between the testing of the logic protection system and
the testing of those systems sepplying the inputs to .the
logic protection system. Test indications are status
lamps and annunciators on the control board. Inputs to
-the logic protection system are checked one channel at s
time, leaving the other channels in service. For
example, 2 functiom that trips the reactor when two out
of four channels trip becomes a one out of three trip
when one channel is placed in the trip mode. Both trainms
of the logic protection system remain in service during
this portion of the test. '
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. 2)  Check of logic matrices _ _ (
- , .

Logic matrices are checked one train at a time. Input

relays 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 the

semi-automatic test panel in the train. Details of P

ﬁe?i—automatic teiter opegationlare glven in reference {

- L3]. At the completion of the oglc matrix tests, one o ‘
tomparafor bds4able in each channel of}f‘fvrocess dnstrumentationfor Pm[@/m sk
_ nuclear instrumentation is tripped to check closure of
the input error inhibit switeh contacts.

The logic test scheme uses pulse techniques to check the —
colncidence logic. All possible trip and non trip com- Nl
binations are checked. Pulses from the tester are aoplied

to the inputs of the universal logic card at the same

terminals that connect to the input-relay contalts.' Thus

there is an overlap between the.input relay check and the

logic matrix check. Pulses are fed back from the reactor

trip breaker undervoltage coil to the tester. The pulses

are of such short duration that the reactor trip breaker
undervoltage coil armature cannot respond mechanically.

Test indications that are provided are an annunciator in
the control room indicating that reactor trips from the
train have been blocked and that the train is beilng tested,

3 and green and red lamps on the semi-automatic tester to ﬁgﬁﬁ
indicate 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, loglc.system are described in reference [3]. “The  testing
- capability meets the requirements of Criterion 21 of the <1971
"~ GDC.

Testing of Reactor Trip Breakers

Normally, reactor trip breakers 52/RTA and 52/RTB are in
service, and bypass breakers 52/BYA and 52/BYB are withdrawn

- (out of service). 1In testing the protection logic, pulsc
techniques are used to avoicd tripping the reactor trip breakor:
thereby eliminating the need to bypass them during this testinr.
The following procedure describes the method used for testins
the trip breakers: .

-

1. With bypass breaker 52/BYA racked out, manually close and -
trip i1t to verify its operation. \

N

: 7.2-30 (
| .

wat-7.2/2 & 7.2/2
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. 2. " Rack in and close 52/BYA. Hanually trip SZ/RTA through protection system
: logic matrix,

3. Reset 52/RTA.

4. Trip and rack out 52/BYA.

5. Repeat above ste

PS To test trip breaker S52RTB using bypass breaker
52/BYB. '

Auxiliary contacts of the bypass breakers are

that if an attempt is made to close the bypass breaker in one train while the

bypass breaker of the other train is already cloged, both bypass breakers and
both reactor trip breakers will automatically trip.

also connected in such a vay

The complete Reactor Trip System is normally fequired to be in service.

. However, to permit online testing of the various protection chammels or to

permit continued operation in the event of a subsystem instrumentation channel
failure, the Technical Specifications define

channels. The Technical Specifications also
operation in the event that the channel oper

the minimum number of operable
define the required restriction to
ability requirements cannot be

Channel Bypass .or Removal from Operation

System is designed to permit periodic testing of the protection
instrumentation ch of the Reactor Trip System during reactor
power operation without iniciating a P tion unless a trip condition
actually exists. This is because of the coincidence logic Or reactor
trip. o ——

63

!es
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ma Bypass ec/ cone/;{io

n
The Eagle 21 Process Protection System is designed to permit any channel to be maintajned,)
and when required, tested during power operation without initiating a protective action at the

Insert 20 to Page 7.2-31"

.- Systems. level. - This -is accomplished without lifting electrical leads or installing temporary

jumpers. If a channel in an Eagle 21 protection system rack has been bypassed for any
Purpose, a signal (1 per protection set) is provided to allow this condition to be continuously
indicated in the control room. In addition, the Eagle 21 design has provided for
administrative controls and multiple levels of security for bypassing a protection channel.

The Channel Bypass feature of the Watts-Bar-Unit-+ 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 portion of the Reactor Trip system during reactor
power 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 has
been provided. Use of this feature will permit routine required surveillance testing to be
completed without initiating a protective action unless a trip condition exists.
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‘ : . 12, Operdting Bypasses

Where operating requirements negessitate automatic or manual bypass of a
protective function, the design|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 7
considered part of the protecti@ﬁ system and are designed in accordance \
with the criteria of this section. Indication is provided in the control

room i1f some part of the system has been administratively bypassed or

| _ taken out of service. /The protgftion system has Ahe capability £4t
! testing one /channel in MYypass, /with thé bypass remainifhg in effeet until 6>
| coppl e 7 : (’ -

of the pro*!ec#on sys#e», ' .

etion/of t ing./ —

13. Indication of Bypasses RN
INSERT ————ﬂ’; . i eation fe diceuccad ey .
2l | Sl - ~

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 referenet and [11]. IG 3
15. Multiple Setpoints
: For monitoring neutron flux, multiple setpoints are used. When a more g@ﬁ@g
/ restrictive trip setting becomes necessary to provide adequate AR

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 .part of the

pProtective system and are designed in accordance with the criteria 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.

Lot

-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.

7.2-32




‘ : Insert 21 to Page 7.2-32

. '+ ./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

| : ' " The desipgn provides for admi istrative control of access
‘ - to all setpoint adjustments, \medule calibration adjust-

Frocesgmj e/eqtromc;

Y - ments, and test polnts. For details refer to reference
3 (13, (2], and [11],
(j ~19. Identification of Protective Actions

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

(j 20. Information Read Out

The protective system provides the operator with complete
information pertinent to system status and safety. A1l
transmitted signals (flow, pressure, temperature, etc.)
which can cause a reactor trip will be either indicated . or
recorded for every channel, including 21l neutron flux
-power range currents (top deuector, bottom detector,
“algebraic difference and. average.of bottom and top aetec-
tor currents).

Any reactor trip will actuate an alarm and an annunciator.

- Such protective actions are 1ndicated and identifled by
‘5; the parameter belng measured.

\. Alarms and annunciators are also used to alert the operator
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_is designed to facilitate the recognition, loca-
tion replacement, and repair of malfunctioning components
or modules. Refer to the discussion in Item 10 above.

(; 7.2.273 Specific Control and Protection Interactions

7.2.2.3.1 Neutron Flix

Four power range neutron flux channels are provided for overpower
y and overtemperature AT protection. An isoclated 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
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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 meutron 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 resistancé temperature detector 1;3p
_temperature. measurements is demonstrated during plant.startup tests. by
. . -comparing temperatyrézpeasurements from the narrow range resistance
temperature dete th one another as well as with the temperature

. -...measurements obtained: from the.wide rangefresistancemtemperaturesdete'
located in the hot leg and cold leg piping of each loop. The comparisbns 2
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
range loop resistance temperature detectors as & function of plant power is
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 power is of
importance rather than the absolute values of the delta-T. As part of the

. plant startup tests, the narrow range resistance temperature. Cetector .signals
will be compared with the core exit thermocouple signals. ’

Reactor control is based upon signals derived from protection system channels
after isolation by isolation amplifiexns such that no feedback effect from the
control system can perturb the/protection channels.

clc V;CGS
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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 load, assuming 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 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 or 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 conventional open reference leg systems in pressurizer water
level service. At RCS operating pressures, high concentrations of dissolved
hydrogen in the reference leg water are possible. 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
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 gas into the reference
leg water. / Supplier tebkts werfd run which confiykmed a tiMme respohse of{fiif:>

-~ (tha .0 /seco for.quirn'to system. gccuracy rzguirem§Z§s,,,A/7h '

L4

.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. ' -

7.2-36
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The basic function of the reactor protoctioi circuits associated

yith low steam genmerator water level and—low feedwater flew i3 to

presexve the stesm generator heat sink for renoval of long term
.residual heat. Should-a-conpleta loss of feedwater occur, the

reactor would be tripped on

: tow—lewel 657 0on low-low steam gonerator water
level. In sddition, redundant suxiliary feedwater pumps are
provided to supply feedwater in order to maintaein residual hest
removal after trip.' " Teactor ttipéf(:{j}efo:e the steam
generators are dry to reduce the required capacity and increase
the starting time requirements of thcéjf:nxilinry feedwater pumps

and to minimize the thermal transient on the Reactor Coolant -
System and steam generttgij;,/%;:;:?;??] the following reactor

-that .channel om ultimately tripping. - However,\the mismatch-

rip circuits are provided for esch steam generator to ensure
th sufficient initial thermsl capacity is availsble in the
stoam\gonerator at the start of the transient:

1. A mismatch in steam sand feedvafe: flow coincidept with low
stoam geherator water level; ‘

2. A low-low ste generator water level reggardless of steam -
feedwater flov migmatch;

It is desiradle to minimi®e thermal ansients on s steam
generstor for credidle lossaf feedWater sccidents. Hence, it
should bde noted that controlle alfunctions caused by a pro- .
tection system failure affect %n one steam generator; the steam
generator level signal used in the Reedwater control originates
separately from that used” in the low pdwater reactor trip.

A spurious high sigail from the feedwater Qw channel being used
for control would cause a reduction in feedwadlear flow preventing

between stepd demand and feedwater flovw produced by\this spurious
signal w ‘actuate alarms to.alert the operator of ths ' '
sitvatidn in time for manual correctiom or, if the coad on
continues and the mismatch is not sufficient to trip the r¥actor

\¥o' low feedwater flow, the reactor will evontually trip on a QwW~

ow water level signal independent of indicated feedwater flow.

¢

7.2-38
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Insert 22 to Page 7.2-38

Therefore, a low-low steam generator water level reactor trip is provided for each steam _
generator to ensure that sufficient initial therma] capacity is available in the steam generator

- at the start of the transient. .It.is desirable to minimize thermal transients on a steam
generator for a credible loss of feedwater accident. To minimize perturbations on the
Feedwater Control System, a control grade Median Signal Selector (MSS) is installed in the
control system. Implementation of the MSS will prevent a single failed steam generator
water level channel from perturbating the control system that may result in an unwarranted
plant trausient being initiated. The application of the MSS in the Feedwater Control system
will improve system reliability by providing a "median" signal for use by the control system
to initiate control system actions based on this signal and eliminate the need for the low
feedwater flow previously required to meet the intent of Control and Protection Systemg
Interacﬁon;!.&s-requéred-by@. 279 Secﬁcw/ Thus, because of the design of the
MSS (accepting there,level channel inputs and providing a "median" signal to the control - -
system), the potential for a control and protection system interaction is eliminated, -as

three isolafed
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A spurious low signal from the feedwater flow channel being used for
control would cause an increase in feedwater flow. The mismatch betfeen
steam flow and feedwater flow produced by the spurious signal wopld
actuabe alarms to alert the operator of the situation in time $6r manual
correction. If the condition continues, a two out of three Mfigh-high’
steam gensrator water level signal in any loop, independeat of the
indicated feedwater flow, will cause feedwater isolatipfi and trip the
turbine. The\turbine trip will result in a subsequemt reactor trip. The
high-high steam\generator water level trip is an equipment protective
trip preventing excessive moisture carry-over whAch could damage the
turbine blading.

In addition, the threeelement feedwater g6ntroller incorporates reset
action on the level errox signal, such fhat with expected controller
settings a rapid increase by decrease An the flow signal would cause only
a small change in level befoxe the gbntroller would compensate for the
level error. A slow change in\thg”feedwater signal would have no effect
at allz- A spurious low or high Xteam flow signal would have the same
effect as high or low feedwatef signal, discussed above.

A spurious high steam generator water Yevel signal from the protection
channel used for control/will tend to clese the feedwater valve.

However, before a reackor trip would occur\ two out of three channels for
a steam generator wopid have to indicate a Tow water level. A spurious
low steam generatop/water level signal will tend to open the feedwater
valve. Again, before a reactor trip would occur\ two out of three
channels in a lgop would have to indicate a high water level. Any slow
drift in the water level signal will permit the operator to respond to
..the.level aldrms- and take corrective action. Automatix.protection is-
provided iy case the spurious high level reduces feedwaber flow

sufficieptly to cause low level in the steam generator. ke reactor will
trip eifher on low feedwater flow coincident with low level ey, oo
ultimafely, on low-Jow steam generator water level. Automatic\protection
1s gdso provided in case the spurious low level signal increases
fegdwater flow sufficiently to cause high level in the steam generator.

¥ turbine trip and feedwater isolation would occur on two out of three
\\\\jgh—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.

1.2-39




N;NP—FSAR + 0794 PKG

AMENDMENT 62

The control interlocks, called rod stops, that are provided to prevent
: - - abnormal power conditions which could result from excessive control rod
withdrawal are discussed in Section 7.7.1.4.] and Tisted on Table 7.7-1.
—- Excessively high power operation (which is prevented by blocking of
: } automatic rod withdrawal), if allowed to continue, might lead to a safety
1imit (as given in the Technical Specifications) being reached. Before
such a 1imit is reached, protection will be available from the Reactor
Trip System. At the power levels of the rod block setpoints, safety
1imits have not been reached; and therefore these rod withdrawal stops do
not come under the scope of safety-related systems, and are considered as
control systems.
|
|

7.2.3 Tests and Inspections

The Reactor Trip System meets the testing requirements of IEEE Standard
338-1971, reference [10], as discussed in Section 7.1.2. The testability 62
of the system is discussed in Section 7.2.2.1.3. The initial test

intervals are specified in the Technical Specifications. Written test
_procedures and documentation, conforming to the requirements of reference.

[10], will be available for audit by responsible personnel. Periodic

testing complies with Regulatory Guide 1.22 as discussed in Sections

lngept 7-1-2 and 7.2.2.1.3. |62
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Insert 35 to Page 7.2-40

. To ensure the Median Signal Selector (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 pProper signal
selector action.
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Reactor T?ip

12. Reactor coolant pump
bus undervoltage

13. Reactor coolant pump
bus underfrequency

divr—hor-feedmaber—L£iow

|4 A5 Low-low steam
generator water
level

|$ 3 Safety injection
signal

WBNP-46

TABLE 7.2-1 (Continued)
LIST OF REACTOR TRIPS

Coincidence

Logic Interlocks
2/4 Interlocked with P-7
2/4 Interlocked with P-7

lA-dn-any—No-Interlosls
deeph

2/3 in any No Interlocks
loop

Colncident No interlocks
with actuation

of safety

injection

-GS ) ax 0
2 : ottt S A r

Connentsv

Low voltage on all pumps
pgrmitted below P-7.

Under frequency on 2 pumps

will trip all reactor coolant
punp breakers and cause reactor
trip; reactor trip,blocked
below P-7. //f

ond prrp Trp

(See Section 7.3 for Engin-
eered Safety Features ac—
tuation conditions)

Revised by Amendment 46
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Reactor Trip
Ié-ﬂ#: Turbine-generator trip**

a) Low aunto stop oil
pressure

b) Torbine stop valve
close

17 38: Manval

¢ Reactor trip on turbine trip
analysis. :

TABLE 7.2-1 (Continued)

LIST OF REACTOR TRIP

Coincidence

Logic
/3

44

1/2

Interjocks Commen

Interlocked with P-§ Blocked below P-9

Interlocked with P-9 Blocked below P-9

No interlocks

n -
1l'tntlclpltory-ia-that no credit is taken for it in this accident

Revised by Amendment 52
Sheet 3 T
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Resctor Trip Signal

Power range high neutron

Intermediste range high
neutron flux

Source range hiph neutron
flux

" . Powar . range high positive

neutron flux rate

Power range high negative
neutron flux rate

Overtemperature AT:

Overpower AT

WBNP-63

TABLE 7.2-3

» 0794 PKg

REACTOR TRIP SYSTEM INSTRUMENTAT ] ON

Iypical Range

1 to 120% power

8 decades of neutron
flux overiapping source
range by 2 decades and
including 100% power

6 decades of rioutron
flux (1 to 10% counts/sec)

+ 2 to +30% of full power
-2 to -30% of full power

Tg 530 to 650°F

Tc 510 to 630°F

Tav 530 to &30°F
Przm 1700 to 2500 psi

/0-/
( Typicnl) Trip

ACCU!‘IC!

Qecce.euce i3

taterS—

%.3

3
W \

F(ad) ~50—to—50%2 — (o 4o + Lo?,
AT Setpaint 0 to 4801~ /50 % pow e

Ty 530 to &50°F

Te 510 to &30°F

Tavg 530 to &30°F

AT Setpoint 0 to 40—

“toter—"—

R),O.W\B

/{070 P okt

)/

Typical/Maximum
Time Response
sec

0.5

o.s

0.5

0.5

1.0

1.0

- Shemt t of ¥ 3

55

63

63




Resctor Trip Signal

8. Pressurizor low pressure
9. Pressurizer high pressure

10, ?re:lu:lzer high water
level

11, Low reactor coolant flow

12. Reactor coolant pump bus'
. undervoltage .

13, Reactor covlant pump bus
undexfrequency

WBNP-52

TABLE 7.2-3 (Comtinued)

REACTOR TRIP SYSTEM INSTRUMENTATION

B Typical Trip Typlical Time
Typica]l Range Accuracy R nge c
1700 to 2500 psig + 18 psl (Compensated 2.0
signel)

1700 to 2500 psig 4+ 18 psi (non-ocompen— 2.0

: sated signal) .

Entire cylindrical 4+ 2.25 percent of full 2.0
portion of pressurizer range Ap between taps

at design tempersture
.nq pressure.

0 to 120% of rated flow 4 2.75 percent of full ~3+0— /.2

flow within range of
70 percent to 100
percent of full flow (1)

0 to 100% rated voltage + 1% 1.8

50 to 65 Hx

i+

0.1 Ry 0.6

14, Ateantlof feedwafer flow
mismat

]4 5. Low—low steam generator
water level

/5 46, Turbine Trip (3)

, .
0 to Y20% Inx.//llc. /1 6.5% (/7{ /75
foedtater flov,
+ 6 It..'- 12 ft. from * 2.75 percent of Ap 2.0
nominal full load water signa]l over pressure ('2)
e range of 700 to 1200
psig
1.0

Sheot 2 of 3 - Revised by Amendment 52
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TABLE 7.2-3 (Continued)

REACTOR TRIP SYSTEM INSTRUMENTATION
NOTES: 1 L, '

(1) Reproducibility (see definitions in Section 7.1)

1/2 s eam/feedwat‘,e/r&);v mismate )/ in coincid?cé with 1/2 low/steam generator water level.
el accuragy of feedwatep/flow analog gignal 1s +2.5 pércent of pfaximum cale ted
. t
Accuracy Of steam flow 6ignal 1s +3 /p@ of max calcu1? ed flow over” the pressure
e of 700 to_1200.fsig. ’

4" The reactor trip on turbine trip .afe anticipatory in that no - 40
(3) credit is taken for ,@hfm in the accldent analyses. )

[}

(2) low-low s feam 9ener4/ar warler level Teip response Aome does ast snclide 77','0 7,",,,'(&4/1/ heinchron .

OXd w6l0

Revised by Amendment 40
Sheet 3
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1. Pover. Rengo 1.
Eigh Nemtron
Piux Telp
(Low Betpoiag)

34X

Ty s
1, Pover Range 1.
Nigh Mentron
FPles Yeip

{Nigh Betpeint)

4 x
5 »

Ex

WBNP- 52
TAMNR 7.3-4

REACTOR TRIP CORARLATION

acciomr'®! INGHL arnc, 2. Uncontrelied Boren Dilufvom Gs.
Gucentreiled Rod Ciucter Control 2.2
dccesbly Bank Vithdrawal Prom [ Table 2.2-1 12 (Hgdg{ { 4.,( L)
Boderitical Cendliien
§28.3.3) .

Euulvo Neat Rewoval Due 10
Feodwator Bystenm Malfenctions
(15.2.30)

Bugpture of & Control Rod Drive
Hoohenion Bonsing (Rod Clwster Contrel
Assendly Rjcetien) (15.4.6)

Vasentrolled Red Cluster Centrol 2.3.1

Assomdly Bank Withdrawal Prom s Table 1.2-1 12
Subaritient Coadition

(15.2.1)

Unsontrelled Red Cluster Conmtrol 3. °"fr‘”d B.(M D‘.lut;;“ (lf,l-%)
Asssmbly Bank Withidrawsl ot ‘Power / UJ‘(
(15.1.2) o (Nodd | aod 1) | .

Staxtup of en Ynaetive Resetor
Coslant Leep (15.12.4)

Hxseosive Nest Removal Due to
Foodustor Bystom Malfuastions
(15.2.10)

lt;oulv.o Loed l_-otnnpi
Ineldent (15.2.11)

‘—-—hﬂmﬂol—hw"m

&L&h.l.“—“‘l.—&,m

MH
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e ol 3 omiis bk

Jatermediate
Range Migh
Heutzen Flux
Tedp

Somsree Range
Righ Nestron
Piex Telp

Power Range
Bigh Poeitiy
Moutroan Flux
Rate Trip

Power Range
Bigh Negative
Flua Rete Trip

Overtemper—
atese AT Yrip

WNP- 52
TABLE 7.2-4 (Contlaved)

RRACTOR TRIF COSREIATION
acciong ™’

Pr—ljor-Seceadery—Spetem-Bige

Beptarge—tifvird

Sopinre of o Contsro! Rod Deive
lioohenien Neusing (Red Cluster
Coussel Acoombly Rjoctioa)
{33.4.6)

Unoontrelled Rod Cluster Comtrol
Aceenbly Besk VWithérevel Prom o
Subocitical Condition (15.3.1)

Uneontrolled Rod Cluster Comtrol
Asssmbly Denk ¥ithdzavs] Frem s
Bubesitical Conditica (15.3.1)

2.2.1
Table 2.2.1 45

1.2.1 /2. Uncontielfed Borem Dtladi [If,z‘of)
Table 2.2-1 #¢

Rapture of s Control Red Drive
Neshasnisn Noensing (Bod Clmeter
Centrel Avsembly Kjoetien)
(15.4.6)

3.

(Aedes 33,4, 404 5)

Table 2.2-1

Rod Cluatsr Comtrol Assembly
Niosoligement (15.2.3)

Uasonstsolled Rod Cluster Comtrol
Aseembly Benk VWithérawsl at
Power

Unceatrolled Beroa Dilstion
(15.2.4)

Loss of Ratermal Elootricsl
Losd snd/er Turbine Trip
{15.2.7)

4.-!:...04v‘_l..4_a.-4=;x_n-._xn_

Besdvator-Bysteonticifvactionn_
10— .

Axcessive Load Iaoroaee
Incldent (15.2.11)

8hoot 2 of §
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— I, Uncentinlled Rod Clster Contta) A’nmUr
Bank Wethdvaud From & Suleritiend
Conddion (IS'.I..I)

2.2.1
Teble 2.2-1 44

.21
Table 2.2-1
Note 1
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8. Overpowey
AT Tzip

9. Pressnriger

Lev Prossuse
Teip
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TABLE 7.2-4 (Comtinued)

REACTOR TRIF CORREIAT)ON

Ascipmg™ INCH BFEC
N oe o.'; : precensins oa o e . ) ; . S
Y e 8 Sl od clstes Gotnl Assenlly Witk (1526
425.2.13) ) ) ’ o L‘“‘ (r 4- ; .’
. Aceldontel Deprocsurinntion of the 9. M“j.r Brﬁ“’c of Q /‘imq CAM [ 4 1S4 0)
‘ “ . Usim Sloam Bystea (35.2.13)

o, or CI’O ¢ of 4 /‘l% F.!dwhﬂr 1 pe {/n+.2-:’
757 Lees of Renstor Cootent From / /‘(.:I tur f ” ‘
Saoll Ruptured Pipeo o Prom
Craeds te Lecge Pipes Waieh
< Aetmates NOCS (25.3.1)

1. Umsontrelled Red Cluster Contrel 2.12.1

Assonbly Bank Withéeawal st Tabla 1.2-1

. Pewer (15.1.3) Nete 2

2, Loss of Puturnal Hectricad Leavf arvt /o
3/1’ Bxeossive Nest Remeval Due to '

Feodustor Bystem Halfemet (oas : '7:""1"!( 'n'tf (If-l.'l)
(13.2.19)

MM
(227 27 13 W

4. Aceldenta} Depressurization of
the Naln Stoam Syaten (15.2.19)

-g—
S_._I.M“odny—omn—n"
Rnptncan (18,443

OMd 6.0

5. Major &yﬁm. of a Main Stean lh‘-c(/r»#.z. 1)

t:}".‘ Aesidental Depressariantion of 1.2 )
‘the Besctor Coeolang Systom Table 2.2-1 #9
L(N.!.ll) c
5; Lose of Reastor Coolent From ,' Em,mvc i ue J;‘Cl;{"‘f 6‘“2.”)

Small Reptesed Pipas or From
Craeks In Laxge Plpes Wnioh

Astuates NCCS (15.3.1) {3 Accidetal Depressuripaion o the Moy Steam System (/r‘. 2./3)
G i ameanis elane Mo o Thedvetant operalion it Emergemy Cork Couling Sys e, (s.2.04)
A% Bleam Geserator Tube Reptuse '

(13.4.9)

7. /“{Ajvr ﬂv/ﬁwc of & MainStaiw Line (lf.l-.l-/)
{{ Majer Ropfure of a Man Fredvrate ﬂf;c (/r, 4__1‘2)

XS
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REACYON TRIP COsRRiAfion
me'! | | ACCIm ™! TBHarEc,

2 leg of Wormal Feedswats, (/S“.z. 8)

10, Peasourizes 8. Bacontreljed Rod Cﬂut'or Coatrog 2.2
Bigh Preseuso Saoomdly Boap Yithdrawal o Pover Table 2.2-1. 410 ,
Teip (22.3.3) 4. A’—U af O-€si'fee. /otaer ® STy

4 3. teso of Batormal Klectricat
leed cadfon Tarbing Trip

{28.3.7) .
5. Preconciger 3. asenteellod Rod Crugeey Contgol 3.2.1 > )
Rogh Woatey .‘.lﬂl’ Bank a¢ 8 .3) Table 2.3-3 fl1 [' //4\/"- I?A,‘ o“ 4 /‘{d ” E“/“/"{'f
Lo Sy e ot v (b |
2. Lead ot Bater p ( (¢ 2
Lead and/ee Tazbine Teidp - /4/" / ‘4‘2' ')
(15.2.)
12, Lew Resstor 1, Partie} Less of Poreod lolnlor 2.3
Coolant Plow Coolant Ploe (13.3.3) Tadble 2.2-3 412
u‘““u\—tu-.m
13. Reseter Ceolant 3, Conplete Lopa.ol Foresd .21 o
Punp Bus Usdey Reaster Coofont Plew (15.3.0) Table 2.2-1 235 ’ ~]
veltage Tzip " O
14. Reqoter Coelant 1. Ceaplete Leoss of Porecd ' 3.2 I~
Peup Dus Budor- Reaetor Ceolant Fley (15.3.4) Table 2.3~} 16
ho‘u-oy Teip )
g1 3% B O
5" P e Low-Jow Steam 1. Loss of Neramal Peodwater 2.2.1
) /, Conegator Rater (15.2.9) . Table 2.2-1 413 - )
Level Telp ’ \\. 3. //{4‘/\*,&?{&'1 of a /‘/a"\ FCMMP’
/6 )’.’ Terbine Telp- Loss of Bxternal Rlestrical 2.3 Voo '
Reacter Telp Lead ond/or Tusbine Telp Table 2.2-1 .
(15.2.9) , ; fipe (’f'*‘z' 2’)

Loss of Ofteite Pover to the
Station Asxiliarioes (8tation
Blackont) (15.2.9)

- Table-3,3-3.
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TABLE 7.1-4 (Coutiunmed)

HEACTOR TRIP COUBELAYION
e accipe ™! TRCR_3PEC.
17 A8, Bafety Injectdon 3., Aseldente] Deprescszisstion of See Note 4
Sigasd Aestuailon 5o Malo Bioam Bysiom (09.2.13)
Yﬁ’a? &
&
/8 A Macosd Yelp 4 Avaiiodle Gox sBB Acsddosts See Mote ¢
{Chapter 13) .

MOTRA:
w. Tripe are lieted Ln ozder of diseveslon in Seetien 7.2

. Relecences sefer to ascident analyses prosonted (n Chapter 13,

o. A teoebnlcal specifloation is net reguired beesuss this trip is not assvmed
to funotion in the aceident avalyses.

do—Assldont—aseunss-sbot_tha raantor i txippad at and of 1ile (BOL)—whivh
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7.3 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 sbeam 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. steamline

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 imestrumentesien channels of the Engineered Safety Features Actuation
System. Cprofection sysfem

7.3.1 Description

- The Engineered.Safety 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 III or IV faults). Once the required logic combination is completed,
the system sends actuation signals pothe appropriate Engineered Safety
Features components. The Engineerety Features Actuation System meets the
requirements of Criteria 13, 20, 27,728 and 38 of the 1971 Genmeral 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.

Protection _
1. Process(iae%fumea%&%ée& and Control System (reference [1] and [5]) 63
2. Solid State logic Protection System (reference [2])

3. Engineered Safety Features Test Cabinet

4. Manual Actuation Circuits




" The Engineered Safety Features Actuation System consists of two discrete

- 0794 PKG
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process

portioms of circuitry: 1) .4 protection dmstrumentation portion 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 flows and containment pressures; and 2) a <igdeal[portion logic
consisting of two redundant legie trains which receive inputs from the gProcess T
protection imstrumentation channels and perform the logic needed to actuate é(fﬂf
the Engineered Safety Features. Each digitel,train is capable of actuating the -
Engineered Safety Features equipment required) The intent is that any single
failure within the Engineered Safety Features (Actuation System shall not
prevent system action when required. l6g1c
process

The redundant concept is applied to both theiprotection instrumentatien and
logic portions of the system. Separation of redundant protection process
instrumentation channels begins at the process sensors and is maintained in
the field wiring, containment vessel penetrations and -analeg (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.

process
The variables are sensed by the)/protection imstrumentation circuitry as
discussed in reference [1] and in Sectiom 7.2. The outputs from the protection 63
4nstrumentation channels are combined into actuation logic as shown an Figure

Proc@s;

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

-
o

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

. dctuation 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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' ’9_}k{/ Containment SPray actuation which pPerforms the following
functions: ‘ ’ .
a. Initiates containment SPTay to reduce containment pressure

and temperature following a loss-of-coolant or steamline
break accident inside of containment.

- Initiates Phase B contaimment isolation which isolates the
contaimment following a loss of reactor coolant accidenc, or
& staan or feedwater line break within containment to limit
‘Tadiocactive rsleases. (Phase B isolation together with Phase
A isolation results in isolation of all but safety injeczion
and spray lines Penetrating the containment).

'L} 157, Automatic switchover of the RHR pumps from the injection to the
Tecirculation mode (Postc-LOCA).
Process .
.3.1.1. Instrunencacion
7.3.1.1.2 AProtactﬁon }c1rcu1t‘ry an d [s]
process system

The [procection instrumentation sensors and racks for the)Engineered Safety
Featur ctuation System are covered in Refarences|1]/ Discussed in. chisthese
repo the parametsrs to be measured including pressuras, flows, tank and
Ves ter levels, and temperatures as well as the measurement and signal
transmission considerations. These lacter considerations include the trans-
aitters, orifice plates and flow elements, resistance tamperaturs detsctors,
as vall as automatic calculations, signal conditioning and location and
mounting of the devicss. L t/prdcess/r,j

The sensors monitoring the Primary system are locatsd as shown on the piping
flow diagrams in Chapter 5, Rsactor Coolant Systsa. The secondary system

sensor locations ars shown on the Stean system flowv diagrams given in
Chapter 10.

7.3-4
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7.3.1.1.3 Llogic Circuirtry

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 provisiomns, (f_
provisions for test points, considerations for the instrument power source, .
considerations for accomplishing physical separation. The outputs from the PPOCGSS'“
protection 4mstrumentation channels are combined into actuation logic as shown

on Sheets 1 (T,,, }, 3 (Pressurizer Pressure), 3 (Steam-Frew—and-Differential 63

Pressur 3 and 4 (Engineered Safety Features Actuation), and 3 (Auxiliary
Feedwater) of Figure 7.3-3.

and Steam Pressure Rafe
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
devices are listed as follows:

1. Safety Injection System pump and valve actuators. See Chapter 6 for
flow diagrams and additional informationm.

2. Containment isolation (Phase A - "T" signal isolates all non-essential
process lines on receipt of safety injection signal; Phase B - "P"
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).

(/ﬁ:%
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c. St;m generator tube’ Tupture 0 7 9 4 PK G

2, Secondary Systen

a. Minor secondary system pipe breaks resulting in scteam 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 be

- monitored for the automatic initiation of Safety Injection during each

accident identified in ‘the preceding section. Post accident monitoring
requirements are given in Table 7.5-1 .

1. Primary System Accidents

a. Pregsurizer pressure

b. . Containment pressure (not Tequired for steam generator tube fupture)
2. Secondary System Accidents

a: ‘Pressurizer pressure- - -

b. Steamline pressures-

62
c¢. Containment pressurs v
££0

—Sr——5t0em-Llous
7.3.1.2.3 Spatially Dependent Variables
The only variable sensed by the Engineered Safety Features Actuation System
which has spatial dependence is reactor coolant temperature. The effect on the
measurement is negated by taking multiple samples from the reactor coolant hot
leg and electronically averaging these samples in theAiaseeuneueeeéen-channel

electronics.

TTprocess pPro Tlec‘)(fOV\ 6 3
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AMENDMENT 62

'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.

- 2.

6.
1.

Loss-of -Coolant Accident (See Section 15.3 and 15.4)

Steamline
—Steam-Breaks (See Sections 15.3 and 15.4)

- tarthquakes (See Chapters 2 and 3)

Fire (Section 9.5.1)
Explosion (Hydrogen buildup inside containment) (See Section 15.4)
Missiles (See Section 3.5)

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
interval of time which will elapse between the time the parameter
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




testing. For the overall engineered safety features response time, refer
to the Technical Specifications. In a similar manner, for the overall

|
} reactor trip system instrumentation response time, refer to the Technical
| . Specifications.

Maximum allowable time delays in generating the actuation signal for

loss-of-coolant protection o
Typical maximum allowable time de;gys in generating the actuation signal for

 Steamline break protection are:

r Low -
Q;)/. Steamline pressure (SAFe—ry Tnsccron 2.0 seconds

ANd 5‘regMuU€ .—sag_h‘hoﬂ)

(/. Reactor Coolant System Tevy

—ator— 63
as measured at the resistance tap- .
perature detector sensor outputs

. b, High-high containment pressure for 2.0 seconds
' closing main steamline Stop valves
(STeAMINE Teol aT00) :

C -d-% .Actuation signals for auxiliary 2.0 seconds
feedwater pumps

d-&—,ﬁ( W&Mpm 2.0 seconds
| High Steamuive Pressure Rare
' (5-ref>M hae ISCIA-noo)

. -
' 7.3-10
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Insert 25 to Page 7.3-10

.- Pressurizer Pressure o 2.0 seconds

- Containment Pressure | -2.0 seconds

Insert 26 to Page 7.2-10

Low Pressurizer Pressure 2.0 seconds
(Safety Injection)
High Containment Pressure 2.0 seconds
(Safety Injection)

0794 PKG
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\ . Typical accuracies rsquired for generating the required actuation
J signals for loss-of-coolant protection are: :

< 2. System accuracies:

a. -Pressurizer pressure (uncompensated) d—id—padi Ref. €

6. Cortalnment pressure Ref. &

" Typical accuracies required in generating the required actuacion
signals for [SSean break protection are given:

S+eamline

a. Steamline pressurs L r—ei-apen " Ref. £

- . S ~paig— -

b. Steam)ine pressure rfe ¢ ‘

N | ‘ apap Ref,

¢ A< Containment pressure -signal 18l lull-scale Ref ¢

- d. Pressarizer pressure Ref. ¢
3. . Ranges of sensed variables to be accommodated until conclusion of

‘protactive .action is assured:

Typical ranges required in generating -che required actuation signals for
loss-of-coolant protection ars given: .

a. Pressurizer pressurs . 1700 to 2500 psig

b. Containment pressurs ,-.J..:.n-—%?—gﬂ'g' -2 6 /5 /“:]
(Ice Condenser System)

Typical ranges required in generating the required actuation signals Zor
steamline break protection are given:
e ‘ S364—ee—6364F

& b7 Steamline prassure 0 to 1300 psig.
(from which steamline
pressures is darived)

Lr—5Seeamline—flow Oto—120%mxxhrm . :
b. -Pressum'zer'i;ressure 1700 to 2500 P’

7.3-11
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C.4. Containment pressure ~—+—to—1l-psig .. -
(Ice Condenser System) (—2. 1o 15 psig

7.3.1.3 Final System Dfawings_

The schematic diagrams and other drawings for the systems discussed in this
section are referenced in Section 1.7.

7.3.2 Analysis . .: .
System Relu'abili*/ /Ava:lab//n// and
7.3.2.1 |Failure Mode and Effect Analyses » ) the /05:c Por‘f:o» m‘a

has
A thllure mode and effects analyszs (FMEA) have been performed [4] on/generic

:.‘and BOP related,  that are autopa

Engineered Safety Features Actuation System (ESFAS) equipment similar to the

Watts Bar Solid State Protection System (SSPS), -and—Preecess—Gentrel—System-

<265~ The FMEA has been performed down to the replaceable component level

(an4> transmitter, relay, module, etc.) for the SSPS amrd—RGS. Concerning the JdesseJ

output actuation functions considered, the analys1sE3i@eaded—é;em—éhe—sease;s—a Y

~te- 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-

act:uat:.on fmctmns%s—&e—tw&&—ﬁune&e&s—ﬁtem—ah*eh—%he—ae&a&&e&— m
are the same for the Watts Bar Nuclear Plant as for the i

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 1lE ESF system in

the scope of the Westlnghouse NSSS are reviewed for failure modes and effects.

This.ESFAS FMEA applies to all Watts Bar engineered safety features both NSSS

tically actuated by the dry contacts of the

slave relays in the output capines of jthe SSPS. These reviews have resulted *~

in those conclusions documentied in the FSAR and supplementary documentation

referenced to the docket. It Is moted that Appendix B and C of Reference [4]

provide interface criteria for

7.3-12
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» comparf&' : .
In the ESF, a lioss of instrument powigjwill call for actuation of ESF

comPaV‘a'lOr-f .

‘equipment contrplled by the specificjbistable that lost power (containment

spray excepted).\ The actuated equipment must have power to comply. The power
supply for the ptrotection systems is discussed in Chapter 8. For containment

-:spray, the ‘finaljbistables 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 initiation of the
system via protection channels meeting the criteria in Reference [%)?r—'j
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 GDC.

7.3.2.2.2 Egﬁigment 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 traims.

7.3.2.2.4 Control and Protection System Interaction

The discussions presented in Section 7.2.2.1.3 (Item 7) are applicabie;

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 sensorF}Aprotection instrumentation circuitry, 'and logic

trains of the ESFAS, and/meet the req%irements of IEEE 338-1971.

process SYS%EfHF
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The .following discussions cover those areas in which the testing provisions (*“x
differ from those for the Reactor Trip System. . , ‘

Testing 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 with rhe ECCS test, the

- requirements of GDC 37 on testing of the ECCS 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 ECCS. 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. m
2. Subsequent to initial startup, ESFAS tests will be conducted during each
regularly scheduled refueling outage.
, ) process
3. During on-line operation of the reactor,. all of the ESF protection

itastrumentation and logic.circuitry 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. ' Cor

7.3-14
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4, During normai-operation,-the operability of testable final actuation-
' devices of the ESFAS will be tested by manual initiation from the
control room.

‘Performance Test Acceptability Standard for the "S" (Safetvy Injection Signal)

and for the "P" (the Automatic Demand Signal for Containment Spray Actuation)
Actuation Signals Generation

During the reactor operation the basis for ESFAS acceptability will be the
successful completion of the overlapping tests performed on the initiating
system and the ESFAS, see Figure 7.3-1.S$&Pecks of process indications verify
operability of the sensors ., Protection}iaég;umen%aQéen checks and tests
verify the operability of the circuitry from the input of these circuits
through to and including the logic input relays except for the input relays
associated with the containment spray function which are tested during the
solid state logic testing. Solid state logic testing also checks the -digital
signal path from and including logic input relay contacts through the logic
matrices and master relays and performs continuity tests on the coils of the
output slave relays; final actuator testing operates the output. slave relays

~and verifies operability of those devices which require safeguards actuation

~

and. which can be ‘tested without causing plant upset. A continuity check is
performed on the actuators of the untestable devices. Operation of the final
devices is confirmed by control board indication and visual observation that

the appropriate pump breakers close and automatic valves shall have completed
their travel,

The basis for acceptability for the ESF interlocks will be control board .
indication of proper receipt of the signal upon introducing the required input

‘at the appropriate setpoint.

Maintenance checks (performed during regularly scheduled refueling outages),
such as resistance to ground signal cables in radiation environments are based
on qualification test data which identifiesuwhatmconstitutesAacceptabIE'“'
radiation, thermal; ‘etc. degradation.




o

WBNP-65

. N | | 0794 PKG

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,

'fyemergencyﬂgenerator starting, etc.

# The ESFAS final actuation device or actuated equipment testing shall be

Protection-;nsefumeﬁE&eéeﬂ-Testln

Process Sy.s*fem
Protection|instrumentatien testing is identical to that used for reactor trip

circuitry and is described in Section 7.2.2.1.3 -(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 Logi§ 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 ome
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 coils of the slave relays has been

accomplished. Slave relays (K601, K602, etc.) do not operate because of
reduced voltage.

performed from the engingered safeguards test cabinets. These cabinets are
located near the solid state logic protection system equipment. There is one
set of test cabinets provided for each of the two protection Trains A and B.
Each set of cabinets contai individual test switches necessary to actuate
_.the slave.relays... To-pre ntaé%ide tal actuation,-test..switches. are .of.:the *
type that must be rotated and then depressed to operate the slave relays.
-Assignments -of contacts &f the sldve 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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Typical Circuit path for white lamp "DS"" will be through the normally closed
-solid state logic output relay contact "K'" and through test lamp connections
1 to 3. Coils "Y1" and "Y2" will be capable of being de-energized for
protection function actuation upon opening of solid state logic output relay
contacts "K'". - Coil ."Y2" is typical for. a solenoid valve coil, auxiliary
relay, etc. When the contacts "K'" are closed to block de-energizing of coils
"Y1" 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, i:e., operable position.

' circuits will be energized, and green test lamp "DS"" will be de-energiz'ed. : (~

Time Reguir"ed for Testing
process : syf"m :

It is estimated that]/protection|imstrumentatien 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 . _ @m

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 field.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 deme 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. : same

The procedure’ requiesting at various locations. _/
Process system : . - . Comparator ,
1. &Protection instrumentation testing and verification of)bistable setpoil@

are accomplished at protection_ imstrumentation—channel racks.
- Verification of, bistable- relayz:operation is done at the MCR status

lights. syste
ComPara‘for ystem

*

7.3-20




0794 PKG

WBNP-63

the Engineered Safety Features. The system must sense the accident condition <if::f

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 T

includes the time required for switching, bringing pumps and other equipment <-
to speed and the time required for them to take load. )

Operating procedures require 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 o

can still be met with certain imssrumentatien, channels out of service.
Channels that are out of service are to be pl%fed in the tripped mode or
bypass mode in the case of containment spray. ?rdﬂdkﬁh

7.3.2.4.1 Loss-of-Coolant Protection

By analysis of.loss-of-coolant accident and in system tests it has been

- verified ‘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 ‘ézh-m

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

.this other direct consequence of.a primary system break;.that is, the

Engineered Safety Features Actuation System detects the leakage of the coolant

.+ into the containment. The generation time of the actuation signal of about 1.5
- seconds, after detection of the consequences of-the accident, is adequate.

o ~,

R
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Containment spray will provide additional emergency cooling of .
coptainment and also limit - fission product release upon sensing
elevated containment pressure (bigh-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 for these systoms is
assomed to be about 1.0 second; well within the capability of the
protection systenm equipment. However, this time is short
compared to that regquired for startup of the fluid systems.

The anslyses in Chapter 15 show that the diverse methods of
detecting the accident condition and the time for gemeration 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 Stesm Line Brepk Protectiop

The Emergency Core Cooling System is also actuated in order to
protect against & steam lime break. About 2.0 seconds elapses
between sensing low steam line pressure —andhigh—steam—line—flow—
end generation of the actuation signal. Analysis of steem break
accidents sssuming this delay for signal generation shows that

the Emergency Core Cooling System is actuated for a steam linme
break in time to limit or prevent further core damage for stesm
line bresk cases. There is & reactor trip but the core

reactivity is further reduced by the highly borated water in-
jected by the Emergency Core Cooling System.

Additional protection ageainst the effects of steam line brezk is
provided by feedwater isolation which occurs upon sctuation of
the Emergency Core Cooling System. Feedwater line isolation is
ijnitiated in order to prevent excessive cooldown of the reactor
vessel and thus protect the Reactor Coolant System boundary.

steamline :
Additional protectiomn against a£;$4aa-brenk accident is provided
by closure of 211 steam lime 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 to 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 actuacion of the Engineered Safet
steanline break accident also generates a signal

0794 pye

y Features, the effect of i

. The analyses in Chapter 15 of the steam break accidents and an evaluation of

the procection system 4n9iiuneasaﬁﬁon-ead—ehqanoi-design shows that the

Engineered Safety Features Actuation Systems are

mitigating the effects of a steam break accident.
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Engineered Safety Features Actuation System,

S Analysis .(FMEA) of the
WCAP-8584, Revision 1,

February 1980 (Proprietary) and WCAP-8760, February 1980

(Non-Proprietary).

5. Erin, L. E. "Eagle 21 Microprocessor Based P

(Westinghouse Topical Report, January 1987)3

7.3-28

rocess Protection Syst‘e@ lés




(————* | 0794 PKG
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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)

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)
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Pressure *

; Replace wi), Insert 30
.\) | TABLE 7.3-1
’~4 , ;;pj¢I TRUMENTATION‘OPERATING-CONDITION'FOR ENGINEERED SAFETY FEATURES
. NC. OF
-}‘) NO. OF CHANNELS
| A NO. FUNCQTIONAL UNIT CHANNELS TO PRIP
‘ 1. SAFETY INJECTION
a. Manual 2 1
b. High Containment 3 2

Pressure
| - c. High Different\Nal 12 (3/stedm line) 2 in any one steam
| Pressure Betweek X line
\ Steam Lines
| d. Pressurizer Low 3

* Permissible bypass if feactor coolant pressure less than

High.Steam flow
in 2/4 Steam Line$
Coincident with
low=-low T ve O

low Steam Lipe
Pressure

‘2/steam line

4 Ta §1;nals

Vg

Y Pressure Signals

- Revised by Amendme

1/steam line in any
two lines

2
2

000 psig 4t

44




la.
1b.
c.

1d.

Insert 30 to Table 7.31 0794 PK G

TABLE 7.3-1

INSTRUMENTATION OPERATING CONDITION FOR ENGINEERED SAFETY FEATURES

NO. FUNCTIONAL UNIT NO. OF CHANNELS

NO. OF CHANNELS
: TQ TRIP
SAFETY INJECTION |
Manual 2 1
High Containment Pressure 3 2
Pressurizer Low Pressure* 3 2

Low Steamline Pressure 12 (3/steamline)

2/3 in any steamline
(Lead-Lag compensated)*

CONTAINMENT SPRAY

Manuya]** 4 2
Containment Pressure 4 2
High-High
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TABLE 7.3-1 (Gontinued)

INSTRUMENTATION OPERATING CONDITION FOR ENGINEERED SAFETY FEATURES

NO. OF
NO. OF CHANNELS
NOY FUNCTIONAL UNIT CHANNELS . TO TRIP
2. CONTAINMENT SPRAY
a. Nanual¥*# 4 2
b. Coktainment -4 : 2

Pressure High-High

¥¥Manyal actuation of containment spray 1s accompYished by
actugdting either of two sets (two switches per set Both
switiches in a set must be actuated to obtain a manualdly ini-
tlafed spray signal. The sets will be wired to meet sSepara-
- tion and single failure requirements of IEEE Standard 2R9-1971.
Simultaneous operation of two switches 1is desirable to prayvent
. Anadvertant-.spray actuation.
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fef/ace_ a)/*)% Insert S/

NO. FUONCTIONAL UNIT
1. CONTAINMENT ISOLATION
a. Automatic Safety
Injection (Phase A)
b. Containm&nt Pressure -
(Phase B)
¢. Manual
Phase A
Phase B
2. STEAM LINE ISOLATIO
a. High Steam Flox
in 2/4 Steam Kines
Coincident th
low-1low T /., or
Low Steam7PFessure
b. Containmient Pressure
(High-High)
c. Manyal
3. FEEDWATER LINE ISOLATION

a.

b

Safety Injection

Steam Generator
High-High Level
2/3 on any Steam
Generator

NO. OF
CHANNELS

See Item No.

Table //.3~1

See/Item No.

2

See Item No.

See. Item No.

xee Item No.

1/1xop

See Item\ No.

3/loop

- INSTRUMENT OPERATING CONDITIONS FdR ISOLATION FUNQfégNS

NO. OF
CHANNELS
TO TRIP

1 (b) through (e) of

2 (b) of Table 7.3-1

2 (a) of Table 7.3-1

1 (e) of Table 7.3-1

2 (b) of Table 7.3-1

1/1loo0p .

1l of Table 7.3-1

2/1loop



NO.

1.

la.

1b.

lc.

2;1.

2b.

2c.

3a.

3b.

®

Insert 31 to Table 7.3-2

TABLE 7.3-2

.+ " INSTRUMENTATION OPERATING CONDITION FOR ISOLATION FUNCTIONS

FUNCTIONAL UNIT NO. OF CHANNEILS NO. OF CHANNELS
TO TRIP

CONTAINMENT ISOLATION

' d
Automatic Safety Injection See Item No. 1b through le %

(Table 7.3-1)~
(Phase A) _
Containment Pressure ;See-ttemNo—2b-of Table 7-3-1. 2

HighHigh (Phase B) (4

Manual
Phase A 2 1
Phase B See Item No. 2a of Table 7.3-1.
STEAMLINE ISOLATION

S ine Pressure* : 31 ; VA
Low Steamline Pressure CW 2/3 in any steamlne
High Steamline Pressure 12 (3/Steamline) " 2/3 in any steamline

Rate (Rate-Lag compensated) %

Containment Pressure Seeltem No-2bof Table 731,  »
. Z‘ 4

High-High
FEEDWATER LINE ISOLATION |
Safety Injection See Item No. 1 of Table 7.3-1.
- Steam Generator 3Hoop 12 (3/S'£ealn Genermlor> 2Heop 2/3 in any Steam Generator
High-I—Iigh Level 2/3—
~18-20y-Steam-Geperator-

Interlocked with Permissive P-11; see functional description of P-11 in Table 7.3-3.




‘TABLE 7.3-3

| INTERLOCKS FOR ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

Designation Input - Performed.
P-4 Reactor trip Actuates turbine trip

Closes main feedwater valves
on T below setpoint

avg t—los
Prevents opening of main
feedwater valves which were
closed by safety injection
or High-High steam generator
water level

\
iZi) | Function

Allows manual block of the
automatic reactuation of

safety injection
Qg » Reactor not tripped Defeats the block preventing

. automatic reactuation of
j(??ep/dce with Insert 33 safety injection

2/3 Pressurizef pres- AllObws manual blofk of safety
sure. below seypoint - injfection-actuatfon on low
' Pyessurizer pregsure signal

2/3 Pressu izer‘pres- Defeats manydl block of

sure abovdg setpoint - safety injeftion actuation
A P-12 2/h T, . below set- - Blocks steam dump
L o ~ point _ » , This §gignal i
’ ‘ Jow-low

) Condenser dump valves
Voo . Allows manual bypass of

g - steam dump block for the
\ cooldown valves only

injeftion agtuation /on high

./1 . ' ' stegmline fAow

Allows manigxlblock f safety

" Revised by Amehdment 45




Allows manual block

of safety injection actustion on
low pressurizer pressure signal.
Allows manual block of safsty .
injection and stsamiine isclation on
low stsamiine pressurs. Stsamiine
isolation on high negative rats

Defeats manusi
block of safsty injection actuation.
Defeats manuai block of safety

injection and stsamiine isolation on
low stsamiine prassure and defeats
stsamiine isolation on high negative
rate steamiine pressure.
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‘ TABLE 7.3-3 (Continued)

INTERLOCKS FOR‘ENGINEERED‘SAFETY FEATURES ACTUATION SYSTEM

1
() Function
N - Designation Input Performed
3/4 Tav above  set- Defeats the manual bypass
s point & of steam dump block _
7 low -low
Defeafs manuAl block/of S.I.
actugtion oy high s¥eamline
flo
P-14 - 2/3 Steam generator Closes all feedwater con-
water level above set- trol valves and isolation
point on any steam valves
generator

Trips all main feedwater
pumps which closes the

" pump discharge valves
& ‘ V | ’ Actuates turbine trip

P Iy T ra e e 1ene oy e yvme s g e e
N T T Y M Ty Y AT RS VS YL ATy AT marw
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7.5.3 Design Criteria

7.5.3.1 Scdpe

The following criteria establish requirements for the. functional performance
and reliability of the safety-related Post-Accident Monitoring System (PAMS)
for nuclear reactors pProducing steam for electric power generation. For

‘purposes of these criteria, the nuclear power generating station safety-

related PAMS encompasses those electric and mechanical devices and circuitry
which provide information needed to:

1. Enable the operator to take the Correct manual action during the course
of a Condition II, III, or IV fault or during recovery from a Condition
II, III, or IV fault.

2. Maintain safe shutdown.
7.5.3.2 .Definitions

The definitions in this section establish the meanings of words in the context
of their use in these criteria.

_ or sottware
Channel - An arrangement of components and modules;as required to generate a
single information signal to monitor a generating station condition.
Components - Items from which the system is assembled (for example, resistors,
capécitors, wires, connectors, transistors, tubes, switches, springs, etc.).

Module - Any assembly of interconnected components which constitutes an

~1identifiable device instrument, .or piece of ‘equipment.. A.module can be

disconnected, removed as a unit, and replaced with a spare. It has definable
performance 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 the
requirements of this definition,

Plasma Display - A display of information on a screen via a dot-matrix plasma.
This display may be either alphanumerical, graphical, or both.

' (/nsent A

7.5-2
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- Boftware .— The -entire set .of programs, procedures, and

related documentation associated with a system, especially a
computer system.
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Monitoring System - Where not otherwise qualified, the words ‘monitoring
system' refer to the nuclear power. generating station PAMS as defined in Table -]
7.5-1. o '

Iype Test - Tests made on one or more units to verify adequacy of design.

7.5.3.3 Requirements

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:-I1 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

&g 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. T ‘

.7.5.3.3.3. Single Failure Criterion

Any single failure within the PAMS 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 Componentsfead Modules anJ 5%{%04”9

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.

Ver/’f;'cw[l'on anc/ Va//'c/mlian

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

sztemperatures. are .determined ‘from hot:leg and cold leg measurements in each

. reactor coolant loop. There is an average coolant temperature (T,,) computed
for each- loop, where . : o :

avg

T, .+ T f , .
Tavg - hot COld a/cu/a/o‘n

(See sechen 7. ‘2?',1 1.4 Hor giscussion of Tan a‘nt/ egud ions “5‘9‘/ fo derive T“‘ﬁ‘)
The error between the programmed reference temperature (based on turbine
inpulse chamber pressure) and the highest of the Ty 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 capable 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
L power condition. The T,,, also supplies & signal to pressurizer level
control, steam dump control and rod insertion limit monitoring.

v The-temperature: channels needed to'derive the temperature input signals for
-the Reactor Control System are fed from protection chammels.wvia isolation

aqﬂaééem& devices

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 sttem
7.7.1.2.1 Description

The full length. rod.control system receives rod -speed-and direction signals*-

from the T, control system. The rod speed demand signal varies over the
corresponding range of 5.0 to 45 inches 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. _. L=

Manual control is provided to move a control bank in or out at a prescrlbed
.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 1s maintained by the
j Chemical and Volume Control System. During normal plant operation, the

- charging flow varies to produce the flow demanded by the pressurizer
‘water level controller. The pressurizer water level is programmed as a
function of coolant average temperature, with the highest average
temperature (auctioneered) being used. The pressurizer water level
decreases as the load is reduced from full Joad. This ts a result of
coolant contraction following programmed coolant temperature reduction
from full power to low power. The programmed leve) is designed to match
as nearly as possible the leve] changes resulting from the coolant
temperature changes. :

To control pressurizer water level during startup and shutdown

operations, the charging flow is manually regulated from the Main Control .
Room.

A block diagram of the Pressurizer Water Level Control System is shown on
Figure 7.7-5.

- 1.7.1.7 Steam Generator Water Level Contro}

‘Each steam generator is equipped with a three element feedwater flow
controller which maintains a programmed water level which is a function
of nuclear power. The three element feedwater controller regulates the
' feedwater valve by continuously comparing the feedwater flow signal, the
. steam generator water level signal, the programmed level and the pressure

. compensated steam flow signal. /The stedm genefator Aater leyel sig

origid, altpough defived from ¢ prf;ﬁ§t1on yst;ﬁ{gis from a difserent

chanfel than th;égZiﬁuhi h is ysed on/Figure/7.2- (Sheet B3) for Xhe low ' 62
fe tey’ flow pfactor £rip. /In addition, the feedwater pump speed 1s
varied to maintain a 5}ogrannmd_pressure differential between the steam ..

.header. and the feed pump discharge header. ‘The ‘speed ‘controller '
continuously compares the actual AP with 3 programmed AP.o¢
which 1s a linear function of steam flow. Continued delivery of
feedwater to steam generators is required as a sink for the heat stored
and generated in the reactor following a reactor trip and turbine trip.
An override signal closes the feedwater valves when the average coolant
temperature is below a given temperature and the reactor has tripped.
Manual override of the Feedwater Control System is available at all times.

Interaction) of TEEE 279~ 197/,
 SH.
Lot - Lpun

. ' 7.7-15
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_ Median Signal Selector (MSS). The
.~ :'+..by the control system to initiate con
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Insert 32 to Page 7.7-15

ignals are provided to the Feedwater Control System via a control grade
MSS installed in the control system provides a "median" signal for use
trol system actions based on this signal. Reference [6]
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Reference Iisted in Section 7.2. The following conclusions of tb
evaluation aré>presented in Reference[5]:

] B S
| Stanttaegd _279-1971, refer.to Sectjon 1.2.2.3.5"and to Section 4.4.5 of -—\

A spurious high water Tewel signal from the protection annel used for
control tends to close the Teedwater valve. This level channel is
independent of the level and flov hannels used-for reactor trip on low
flow coincident with low level. S

a) A rapid increasewin the levebSignal completely stops feedyater

flow and actuates a reactsf trip on low ferdwater flow coincident
with Tow level.

b) A slow drif the level signal may not actuate a lowNfeedwater
signal. _Sfnce the level decrease is slow, the operator has time to
resperid to low level alarms. -Since only:one -steam generator

_affected, automatic protection is not mandatory and reactor tridon
two-out-of-three low-low level is acceptable.

A block diagram of the Steam Generator Water Level Control System ds‘—‘"“"J
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 load

without tripping the reactor.

The Automatic Steam Dump System is able to accomodate this abnormal load
rejection and to reduce the effects.of.the‘transientwimposedvupon the

.. Reactor:Coolant System. By bypassing

7.7-15a
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. Operating plant experience has demonstrated the adequacy of the incore

instrumentation in meeting the design bases stated.

7;7.1.10"Control Board

of related equipment. This is referred to as providing a functional layout.
Within the boundaries of a functional layout, modules are arranged in columns

EGTS containment isolation valves not in the containment annulus vacuum fans
flowpath have red and green position indication lights located on the control
board at the control station. ' ) :

Section 7.1.2.2.2.

7.7.1.11 ‘Boron Concentration Measurement Svstem

The boron concentration measurement system is a Ronitoring system of the boron
concentration in the RCS. This System is provided by Combustion Engineering
and provides tontinuous readout in the MCR of boron concentration in the RCS
for the reactor operator. This system provides no control function. The
boron concentration in the reactor coolant system is measured in the letdown
stream of the CVCS. 1In addition to the continuous readout in the MCR, a strip

operator.

This system is not required for safety because it pProvides a monitoring
function only. :

7.7.1.12 Anticipated Transient Without Se¢ram Mitigation System Actuation
B " Circuitry (AMSAC)

To meet the ATWS Final Rule, Watts Bar added equipment diverse from the
existing Teactor trip system. " The existing System is composed of the Fewxboro
? reactor trip

7.7-20
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. '. Process Protection §}/5 tom
1)

-:Westingheuse Eagle 2

h -}nsefumeasas*ea- and the Westinghouse Solid State Protection System (SSPS).

The AMSAC equipment consists of a freestanding panel which is installed in the
#Unit.1l auxiliary instrument:room of .the..Control Building. This modification.
is diverse from sensor output to the final actuation device. The AMSAC 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 is
coincidental with the turbine at or above 40% load. An AMSAC 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 or 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
. AMSAC 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% locad. Load is
~ determined by two pressure transmitters measuring lst stage turbine pressure.
When 2 of 2 transmitters sense 40% load, AMSAC is armed. Only one of the
. -three.narrow 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 AMSAC 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 trlp 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 turblne 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 ~
ocrder 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 thé AMSAC
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.
powered

AMSAC is-pewer from 120V ac preferred power which is 1ndependent 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 AMSAC cabinet is qualified seismic Category I(L).
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‘of the ‘plant - control systemsZare postulated-in-the analy51s of

off-design operational tr ients and accidents covered ln

" Chapter lS, such as, the follow1ng'

1. - Uncontrolled rod cluster control assembly thhdrawal from a
subcrltlcal condition.

2. ‘Uncontrolled rod. cluster control assembly w1thdrawal .at
power.

3. Rod cluster control assembly misalignment

4. Ioss of external electrical load and/or turkine trig

5. Ilcss of all AC power to the station auxiiiaries {(Station
Blackout)

6. Excessive heat removal due to feedwater system malfunctions

7. Excessive load increase. incident

-

8. Accidental .derressurization 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 DNER well atove 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
assumrtion of these pcstulated worst case failure modes of the
Plant Control System.

In some cases, it is advantageoos to emplcy control signals
derived from individual. protection channels through isolation

Aevmes.ampététers contained in the protection channel. As such, a

failure in the control circuitry does not adversely affect the
protection channel. Test results have demonstrated the adequacy

for fault voltages up to 580 volts ac and 250 volts dc.. Cable 39
trays carrying isolation -empdifser-outputs will contain no cables

in excess cf these voltages. 9€Ye

Where a single random failure can cause a control system action
tbhat results in a generating station condition requiring rrec-
tective action and can also prevent proper action of a protectlon
system channel de51gned to protect agalnst the COndlthn,

7.7-21
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7.7.3 Suppliers

All control systems not required for safety discussed in Section 7.7,

. including the Reactor Control System, the Rod Contrel System, the Plant
Control System Interlocks, the Pressurizer Pressure Control,
Water Level Control, the Steam Generator Vater Level Control,
Control, and the Incore Instrumentation are provided by Westin

the Pressurizer
the Steanm Dump
ghouse,

1, Blanchard, A. E. and Katz, D. N., 'Solid State Rod Control System, Full

Length, ’ WCAP-9012-L, March, 1970 (Proprietary) and WCAP-7778, December
1971 (Non-Proprietary). -

’

2. Lipchak, J. B. and Sctokes, R. A., ’'Nuclear Instrumentation Systen, ’
WCAP-8255, January, 1974,

3. Blanchard, A. E., 'Rod Position Monitoring,' WCAP-7571, March, 1971.

4. Loving, J. J., ‘Incore Instrumentation (Flux-!apping System and
: Thernocouples,' WCAP-7607, July, 1971.

5. Shopsky, W. E., 'Failure Mode and Effects Analysis (PMEA) of the Solid
State Full Length Rod Control Systenm,’ WCAP-8976, August 1977,

‘ ' : 7.7-28




_Proprietary Class 2); WCAP-12418 October 1989 (Westingh
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Mermigos, J. F., "Median Signal Selector for Foxboro Series Process Instrumentatio

n Application
to Deletion of Low Feedwater Flow Reactor Tri ," WCAP-

12417 October 1989 (Westinghouse

ouse Proprietary Class 3)
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Safety Loads

Solid-State
Prctection
System

Nuclear Instryu-
ment System
Auxiliary Relay
Racks

Power Switch-
gear

Vital Inverter
Reactor Trip
Switchgear

Control

Dies=l Generator

Centrol

Auxiliary Feed
Pump Turbine

ergency
"Lighting Caitinet

nold Valves

n
O
'—l
1)

TABLE 8.1-1 (cont)

SAFETY LOADS AND FUNCTIONS

Funection
~=ieevion

Prevents reactor from oper-
ating in unsafe condition

Monitors reactor power
level for reactopr control
and trip logic

Auxiliary relays for process
control -

Control power for power
switchgear

Supplies power to the vital
instrument buses

Trips reactor

Remote control of diesel
generators

Automatic start of auxiliary
feed'pump.turbine

Provides power to emergency
lighting panel

Controls flow through

safety related valves

(pneumatic valves with
solenoid pilots)

Power

120V a.c.
120V a.c.

120V a.c. &7
125V d.c.
125V d.c.
125V d.c.

125V d.c¢.

125V d.c.

125V d.c.

S 125V 4.,

125V d.c.
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Process Protection System Monitors process Parameterg 120 vac
. which initiate actuation of regctor
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p and engineering safeguards systems
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-~ The "safety valves .provide 100 percent relieving capacity to pro-
tect the system from overpressure. The capacity provided by the
atmospheric relief valves is over and above the safety valve
capacity. The atmospheric relief valves, which have a set
pressure slightly lower than the safety valves, prevent
unnecessary opening of the safety valves.

Four atmospheric relief valves have been provided per unit (one
per steam generator). ' :

Bidirectional steam line isolatiom valves are jnstalled to pro-
tect the plant during the following accident situations:

1. Break in the steam line piping either inside or outside the
containment. ’

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, : :
as shown in
Figures 10.3-8 and 10.3-5. low steamline pressure, or hi;l, steamline pressure rate
For accident situation No. 1, inside containment, the steam gen-—
erator associated with the damaged line discharges completely
into the Containment. The other steam generators-would act to.
feed steam through the interconnecting 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 provided by closure of the valve in the brokem line. “Hence,

redundancy is provided to allow for a single failure of any one
isolation valve. :

10.3-4 : ’ K

AP Y T A AR - e o s ebatatm i tints s s
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1.7 CONDITION T - MORMAL OPFRATION AND OPERATIONAL TRANSIENTS

N

P,

Corddition I occurrences are those which are expected freauerntl
in-

ar rerularly in the ccurse of power operation, refueling, riad
teniinee, or maneuvering of the plant. As such, Condition I
oceourrences are accommodated with margin between any plant
parameter and the value of that parameter which would reguire
either automatic or manual protective action. as _Con-

dition I occurrences occur frequently or regularly, they must In as much

be considered from the point of view of affecting the conse-
aquencen of fault conditions (Conditions II, TIIT and TIV). In

Lhis reprard, analysis of cach Maull condltion deseribed 1o irrr—
erally based on a concervative set of initial conditions cor-
responding to @EZ:ECE?conditions which can occur during Condi-
tion T operation. the most adverse set of

A iypical 1list of Condition I events is listed below:
1. Steady state and shutdown operations
Aa. FPower operation (= 15 to 100 percent of full power)

.  Start up (or standby) (critical, 0 to 15 percent of
full power)

¢. lot shutdown (subcritical, Fesidual lleat Renmoval Rys-
tem isolated)

d. Cold shutdown (subcritical, Residual Heat Removal Sys-
tem in operation)

¢. Refueling

N

Operation with permissible deviations

Various deviations which may occur during continued opera-
tion as permitted by the plant Technical Specifications
must be considered in conjunction with other operational
modes. These include:

4.  Operation with components or systems out of service
(such as power operation with a reactor coolant purn
out of service) .
cladding

b. Leakage from fuel with defects

¢. Radiocactivity in the reactor coolant

i. Fission products
ii. - Corrosion products
1ii. Tritium

15.1-3
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« .

d. Operation with steam generator lesks up to the maximunm
2llowed by the Technical Specifications : : '

[
7

— e, . Tésting as$;1iové8 bf.the Tc‘ebt:.hﬁiﬁc;l-'f"ISpe»;ificati‘o,il..-~
3. Opezltioniltfriqsientilh R A B
&. Plant heitﬁp iﬁd‘cooldovn (np,to 100°F/hdir for the

: Regctor Coo1nnt System; 200°F/hou: for the pressuvrizer)

b.  Step foudichané@i-(hp to i 10_p§t¢ént) . ﬂ;
c. Rnnp‘lond'changes (vp to § percent/ninu;é)

d. Load rejection up to and including deiign load rejection
transient : - ¥ » : »

15.1.1 Optiwization of Control Systems

whS .
A sontrel_spstew setpoint study . hes—bETET performed fift?‘9&444.in»[5
order to simulate performance of the reactor control and 3

. pProtection systems. - In this study, emphasis 4e¥placed on the ™~ WAS

wetre

development of s control system which will automatically maintain
prescribed conditions inm the plant even under —wejconservative set
of reactivity parameters with respect to both{:ysten stability

the most

and transient performance.

wAS ‘ Vo o R
For each nod7f;£ Plant operation, 1 group of optimum comtroller
setpoints +s/determined. In areas where the resultant setpoints were
ere different, compromises based on the optimum overall
performancen ase mnd& and verified. A comsistent set of control -

Ssystem parsmeters <o deriyed,satisfying plant operationsal
requirements throughout the core life . and for‘pover,levels;

between 15 and 100 percent.

comprsed ' S o
The'studyh9+++—ca-aﬁ44c,an analysis of the following control
systems: rod cluster control assembly, steam dump, steam )
generator level, pressurizer pressure and pressurizer level.

15.1,2- Initial PovarJéoﬁditjons Assumed IniAécgdéﬁt Anslvses

15.1.2.1 Power Rating

Table 15.1-1 1ists the principle poier rating values which zre
¢ssumed in anmalyses performed in this section. Two ratings are
given: : ' ' ‘ Do

1. The guaranteed Nuclear Steam Supply System thermal power

cutput. ?his power output includes thc_thergal power
generated by the :e;ctotfcoolnnt_pnnps.wv,zgf*i' S

I
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‘ 2. The Engineered fzfety Features design rating. The Westi

house supplied Zrgineered Safety Features are des

thermal power higner than the guaranteed value in order
not to.preclude realization. of future potential power
capability. This higher thermal power value is designated
as the Engineerec Safety Features design rating. This
bower output includes the thermal power generated by the

reactor coolant pumps.

Where initial power operating conditions are assumed in acci-
dent analyses, the "guaranteed Nuclear Steam Supply System
3 &, [

thermal power output" vlus allowance for errors in steady s%t
is assumed. Where demonstration of ade
of the containment ard Engineered Safety Features are conce
¥ Features design rating" plus allowance
errcr 1s assumed. The thermal power values used for each

power determination

he "Engineered Safe%

ble 15.1-2. /T

the 35 ré<ing is uself

v —id

-~
ransient analyzed ares given in Ta
o
a

nd consgcuences are co

in an gfialysis
nservafive cor

n/all cases

15.1.2.2 1Initial Coréitions

For accident evalua
adding the maximum

folleowing steady sta: rers are
‘ 1. Core power

age Reactor Coolant
em lemperaturs

n, the initi

O v
M D O

no

Pyt

(<l

ve
NAS)

) >

3. Pressurizer pressure

the initial DNBR unless otherwise
cribing specific accidents.

al conditions

considered:

+ 6.5°F allowa

are obtained

3
24y state errors to rated values. The
er

lowance for
rror

nce for con-

ng-

Dy

troller Geadband and measure-

ment error

+ 30 psi allowance for steady

state fluctuat
surement error

stated in the

ions and mea-

Initial values for core power, average Reactor Coolant System
temperature and pressurizer pressure are selected to minimize

sections des~

15.1.2.3 Power Distribution

k rep/ace w% /n$€r7[ 14

The transient response of the reactor system is dependent on
the initial power distribution. The nuclear design of the re-
actor core minimizes zdverse power distribution through the
Placement of control rods and operation instructions. The
power distribution may be characterized by the radizl factor

The peaking factor limi

Fpr and the total peaking factor F
are given in-the Technical Specifi

®

ety

%étions}
-5

ts

igned forda




1. Core power
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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: :

2 percent allowance calorimetric error

I+

2. Average Reactor Coolant + 5.5 °F allowance for deadband and
System temperature( and measurement error

3. Pressurizer pressure + 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 peaking fac- (
‘tor is of importance. The radial peaking factor increases with
'ndecrea81ng power level ‘due to rod insertion. . This increase in

is included in the core limits 1llustrated in Figure 15.1-1.
Af& transients that may be DNB limited are assumed to begin
with a,F,y consistent with the initial power level defined in .
:the(Tecnnlcal Spe01f1catlons ' i
va/ue of '
The axial power shape used in the DNB calculation is the 1.55
chopped cosine as discussed in Section 4.L4.3.2.2.

For transients which may be overpower limited the total peaking
factor Fo is of importance. The value of F may increase with
decreasiﬁg pow le el such that full power "hot spot heat
is nof excee .. F_x Power = design hot spot heat #
All transients . mayqbe overpower limited are assumed

)

- F_consistent with the initial power
ievel as defined in the?Technical Specifications.

The value of pe

ature as illustrat

W re siow wit respec to the fuel rod thermal time conss
1 temperatures are illustrated on Figures 4.L4-1 ancd k.

ansients which are fast with respect to the fuel rod th

me constant, for example, rod ejection, a detailed heat

e

r calculation is made. @%@

3 fl‘

K ¥/t can be directly related to fuel temper-
ated.on Figures 4.L-1 and L.4-2. TFor uransie:“

5
0= @ s
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»
..
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ot i1 v et
jshNe]

Ut ¢t =y ;_7'
cr ’3‘
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v
3

nts And Time Delays Toc Trip Ascumed Tn Accide

’
b

r t“ip signal acts to open uWO tr:p breakers connected
s leeding .power.to the contr ‘TOG Grive “mechanisms. '
f power to the mechanism cowls czuses the mechanisms

une rod cluster control assembiies which then fall

to the core. There are various instrumentation

lated with each trip function, ircluding celays in

in opening the trip breakers, and in the re-

he rods by the mechanisms. The total delay to trizo

fined as the time delay from the tim & thet trl_ conditions

reached to the time the rods are free and tegin to fall.
Limiting trip setpoints assumed in accident anaTysec and
time de'ay ‘assumed for each trip function are given in Tabl
15.1-3. Reference is made in that table fo overtemperature and

hserf overpower AT ter shown in Figure 15.1-1. '

B —
The difference between the TWmlulng trip point assumed for the
analysis and the nominal Trip point represents an allowance for
instrumentatz ¢hannel error and setpoint error. During s3ees

is demonstrated that actual instrument, time erﬂmsanJ

to or less than the assumed values. Addition-

on sysvem channels are calibrated and instrument

‘ rwponge times determined periodically in accordance with the

3
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' o INSERT AB 4 Page /5.1-6
7 Accident ané1yse§“which assume the S/G Low~Low Water Level trip signal
_..to.initiate. protection functions may be affected by the Trip Tlge_
./ the
T

| "Delay (TTD) (Reference 21) system, which was developed to redu
" incidence of unnecessary feedwater related reactor trips.

The _TTD imposes a system of pre-determined delays upon the S/G Low-Low
Jevel reactor trip and auxiliary 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 TID
is primarily designed for low power or startup operations.
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Instrumentation Drift and Calorimecric Errors - Power Rznce
‘Neutron Tlux

The instrumentation 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 Assemblvy Insertion Characteristic

The negative reactivity insertion following 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 or
approximately 85 percent of the rod cluster travel. /Fgr acciden analysgs the
'/ insertyon time tq¢ dashpot ¢ntry is cdnservat vely takgn as 2.7 geconds/at

.| thermdl design $low and 3/65 secondéd at meclanical sign flow/ based/on

i D-Logp test results desc¥ibed in Beference 1. /Tor the dropped rod cluster
‘control assembly analysis (Section 15.2.3), a rod insertion time of 3.3
seconds is assumed (consistent with reference 21. The normalized rod cluster
control assembly position versus time assumed in accident analyses is shown in
Figure 15.1-2.. Leurve

Figure 15.1-3- shows the fraction of total negative reactivity insertion for a
core where the axial distribution is skewed to the lower region of the core.
An axial distribution which is skewed to the lower region of the core can:
arise from an unbalanced xenon distribution. This curve is used as input to
all point kinetics core models used in transient analyses. .

There is inherent conservatism in the use of this curve in that it is based on
a skewed flux distribution which would exist relatively infrequently. For
cases other than those associated with unbalanced xenon distributions,
significant negative reactivity would have been inserted due to the more
favorable axial distribution existing prior to trip. ‘

The normalized rod cluster control assembly negative reactivity insertion
versus time_ is shown in Figurgé/ls.l-h. The curve¥ shown in &es» figuref
obtaingakf

@&ED rom Figures 15.1-2 and this
was curve Correspanc/inj 4o an inser‘/ion tme fo Jas:(po‘/ 9"71'7 of 2.7 secona/s

15.1-7

. ~ The mos? Iimi{inﬁ inserfion time o a'asﬁpo/ ern/r/ used for aceident aralyses is 2.1

S écona’s .




| _ WBNP-63 0794 P
. | KG

Unfess otierwise ecified /fin the i d1v1dui}/acc1de desc
eacti 1ty ve sus c1mg7éunctio correspgpnding to/mechani al des] n flow
was /assumgd./” A total negative reactivity insertion following a trip of &
percent Ak/k is assumed in the transient analyses except where

. i - e

15.1-7a
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This assumption is conservative
- with respect to the celculn:ed ttip reactivity worth available u

shovn in lele & 3 3 R L
o _z‘he Mostl /:mlf:ng ST

vThe nornelized rod cluster control’ assenbl .negative reactivi:y
" insertion versus time curve for an axial/power distribucion :
skewed to the bottom (Figure 15.1-4) isdused in theee transient I H
analyses, 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 used as

code input./ Unless the/ accidesit descriptions specify ogherwise, _

_ the trip Teactivity o positi n vet time cphrve corr ponding

- : | to methanical design flow w. d in the/ana lysis 63
15153:1:&12&3.&9:.{:1;&:&: .

The transient response of the reactor systen is dependent on
..reactivity feedback effects, in particular the moderator

texperature coefficient and the Doppler power coefficient. These

reactivity coefficients and their values are discussed in detail

. : specifically noted ‘othervise.

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 reactjir pedback effects. The values used are ’
given in Table 15. farence is made in that table to Figure i
"15.1-5 which shows pper and lower bound Doppler power

coefficients as a function of power, 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 coefficien: values is to be found are referenced

below: ‘

Condi:ion II Even:s ,'lfﬁi'.l o ; » :,.::- ~Section

1. Uncontrolled Rod Cluster Control As:enbly o 15.2.1
Bank Vithdtaval Fron a Subcritical Condition -

2. Uncontrolled Rod Cluster Control Assenbly . - 15.2.2

Bank Vithdraval at Pover L j sl o

3;2 mRod Cluster Control Assenbly Hisalignment ;]ﬂ?ﬁ - 15.2.3°

4i:f‘Unconcrolled Boron Dilution Lff}'l;ffffe'TTEfzr o 15.2.4
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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 percent 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 Computer Codes Utilized

aré
Summaries of some of the principal computer(codes used in transient analyses
are given below. Other codes, in particular, very 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 summarized)in their respective accident analyses sections. The
codes[ﬁsed in the analyses of each transient have been listed in Table 15.1-2.
and which conseguently have a direct. $earfq9 on the accident itself

15.1.9.1 (Fa€tzan) Fac TRAN

FACTRAN calculates ‘the transient temperature distribution in a cross section

of a metal clad U0, 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. A sufficiently large number of radial space increments to handle fast o
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, Zircaloy-water reaction and partial melting of

the materials.

FACTRAN is further discussed in Reference {12].

15.1.9.2 ‘b-ele'{ec( Ay Amendment 72

to analyze spe¢ifically the lodg term.(slow) transient
Coolant Syste

15.1-14
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BLXOUT is further Aiscussed in R¢ference [13
15.1.9.3 MARVEL

The MARVELc€0de is used to determine the detailed transient

behavior of multi-locp pressurized water reactor systems caused
by prescribed 1nitial perturbations in process parameters. The
code is useful in predicting plant behavior when different con-
ditions are present in the loops.  For analytical purposes, the
physical, 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. The
other 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 pressurigzer surge

. line. Neutron kinetics, fuel-clad heat transfer and the rod

control 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 any
of the following parameters:

Reactor Coolant System loop isolation
Reactor Coolant System loop flows
Core power
Reactivity
Feedwater enthalpies
Feedwater flow
- Steamline isolation valves
Steam flow
Pressurizer auxiliary spray
10. Reactor trip
11. Steamline break
12. Feedwater line break
13. Reactor Coolant System leak
14. Safety Injection System
15. Steam dump

‘ 15.1-15

OO~ DWW £ no
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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 15.1-1. The.core limits represent the minimum value of
DNBR as calculated for a typical or thimble cell.

MARVEL is further discussed in Reference [14].

15.1.9.4 LOFTRAN

The LOFTRAN progr@m is used for.studies of transient’ response of
a pressurized water reactor system to specified perturbations in
process parameters, LOFTRAN 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 untilizes a homogeneous, saturated mixture for the
thermal transients and a water level correlation for indication
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 nepé%ent the <
.minimum value of DNBR as calculated for typical or thimble cell.

-LOFTRAN is further discussed in Reference [15].

15.1.9.5 LEOPARD

The LEOPARD computer program determines fast and thermal neutron
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.

53

LEOPARD is further described in Referenmce [16].

15.1-16

i
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‘> 15.1.9.6 TURTLE | . -

TURTLE is a two—group: two-dimensional neutron diffusion code featuring a direct
- .treatment of .the .nonlinear .effects .of xenon, enthalpy, 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-dimensional 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 are—previded,

 -~g. channelwise power, axial offset, enthalpy, volumetric surge, pointwise
& . power, and fuel temperatures. -

The TWINKLquGde i1s used to predict the kinetic behavior of a reactor for
transients which cause a major perturbation in the spatial neutron flux
distribution.

.IWINKLE is further .described .in. Reference 18.

-
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FAULTS

CONDITION 11
Uncontrolled RCC Assembly

Bank Withdrewal from
Suberitical Condition

Uncontroiled RCC Assembly
Bank Withdrawal at Power

RCC Assembly Misalignment
Uncontrolled Boron
Ditution

Part{al Loss of Forced
Reactor Coolant Flow

Startup of an Inactive
Reactor Coolant Loop

Loss of External Electrical
Load and/or Turbine Trip

b. e Loss of Normal Feeduatec//
m
wl‘f‘

Loss of Off-Site Power
to the Station Auxiliarfies
(Statjon Blackout)

WBNP-65

TABLE 15.1-2

SUMMARY OF INIVIAL CONDITIONS AND COMPUTER ??NéES USED

REACTIVITY COEFFICIENTS

INITIAL NSSS

ASSUMED THERMAL POWER OUTPUT
MODERATOR MODERATOR ASSUMED*
COMPUTER TEMPERATURE DENSITY
CODES UTILIZED (s k/°F) (& k/am/cc) DOPPLER MUt
TWINKLE, FACTRAN Refer to -~ Least negative 0
THINC Section Doppler power
15.2.1.2 (Part 2) coefficient-
Doppler defect
= -0.9% aksk
LOFTRAN , FACTRAN Figure 15.1-7 lower and 3425
THINC and 0.43 upper (1)
THINC, ~FURFE- .- Figure 15.1-7 upper (1) 3425
LOFTRAN
NA NA NA NA 0 and 3425
» . upper
~PHOENHH, LOFTRAN --- fFigure 15.1-7 ~tower (1) P 3PTarRt” 3425
THINC, FACTRAN . :
MARVEL, THINC 0.43 lower (1) 2397
FACTRAN :
lower and
LOFTRAN --- Figure 15.1-7 upper (1) 3425
and 0.43 .
* LOFTRAN Figure 15.1-7 upper (1) 3570-3425
BLYOLLL MA MA XLAL

TRy

™Y

- gaa-r g
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FAULTS

WBHP-71

TABLE 15.1-2 (Comlinuec/)
SUMMARY OF INITIAL COND|TIONS AND COMPUTER C(Ix(oss USED

CONDITION |1 (Cont’d)

Excessive Heat Removal Due to
feedwater System Mal functions’

Excessive Load Increase Incident

Accidental Depressurization of
the Reactor Coolant System

Accidental Depressurization of
the Main Steam System

Inadvertent Operation of ECCS
During Power Operation
CONDITION 11]

Loss of Reactor Coolant from
Small Ruptured Pipes or from

Cracks in Large Pipes which
Actuates Emergency Core Cool ing

ASSUMED REACTIVITY COEFF[CIENTS
MODERATOR HODERATOR ASSUMED INITIAL NSSS
COMPUTER TEMPERATURE DENSITY THERMAL POWER oUTPUT'
CODES UTILIZED (A k/°F) (A kfgm/cc) DOPPLER (MWL)
MARVEL, LOFIRAN 0.43 lower? 0 and 3425
LOFTRAN Figure 15.1-7 tower? 3425
and 0.43
LOFTRAN --- Figure 15.1-7 upper? 3425
LOFTRAN L. function of Note 4 0
Moderator Density ) (subcritical)
See Section 15.2.13%
(Figure 15.2-40) ]
LOFTRAN C-mmuutr'— Lowen®C , 3425
Figure 15,1-7 and upper
and 0.43
NO TRUMP, LOCTA-|V 3479

Sheet 2 of 4
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18LE 15.1-2 (Continued)

SUMMARY OF INITIAL CONDITJONS AND COMPUTER C(;{DES USED

ASSUMED REACTIVITY COEFFJCIENTS -
MODERATOR MODERATOR - ASSUMED INITEAL NSSS

COMPUTER TEMPERATURE DENSITY THERMAL POWER ouTP(T'
FAULTS CODES UTILIZED (A k/°F) €A k/gm/cc) DOPPLER (MWL)
CONDITION 111 (Cont'd)
Inadvertent Loading of a Fuel LEOPARD, TURTLE Minimm NA 3425
Assembly into an Improper rosition
Complete Loss of Forced —RHOENHH— --- Figure 15.1-7 tower? —2307
Reactor Coolant Flow THINC, FACTRAN . —and-3425
Waste Gas Decay Tank ) NA .-~ NA NA 3579
Single RCC Assembly Withdrawal TURTLE, THINC --- NA NA 3425
at full Power LEOPARD
.
CONDITION IV
Hajor rupture of pipes contalning SATAN-VI, - See Section See Section 3479 '
reactor coolant up to and WREFLOOD, 15.4.1, p 15.4.1,
inctuding double-ended rupture . Lortic 2, References References
of the largest pipe in the BASH,
Reactor Coolant System (Loss of LOCBART

Coolant Accident)

Sheet 3 of 4
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SUMMARY OF  { COND

WeNP-71 .
TABLE 15:1-2 (Con'linu.ec/)

ONS_AND COMPUTER C S USED
/ ___ASSUMED REACTIVITY COEFFICIENIS -
MODERATOR HODERATOR ASSUMED INITIAL NSSS
' COMPUTER TEMPERATURE DENSITY THERMAL POUER OUIPU!'_
FAULTS CODES UTILIZED (A k/°F) (A k/gm/cc) DOPPLER (MWt)

CONDITION IV (Cont’d)
Hajor -secondery—system LOF TRAN FHiNe- Function of Note 4 0 ,

p-to—and- Hoderator . (subcritical)
~“+reluding-double—epded— Density; see :
—Fupture—(Rupture of a Section
Steam Pipe}y 15.2.13

(Flgure .
(, 15.2-40) '
Steam Generator Tube ) NA HA NA ! NA 3579
Rupture
Single Reactor Coolant ~PHOENH, LOFTRAN, eee . Figure 15.1-7 " lower? —239¥—and—
Punp Locked Rotor FACTRAN. 3425 o
fuel Handling Accident NA HA NA ' '3579
Rupture of a Control THINKLE, FACTRAN Refer to .- Consistent. 0 and 3425
Mechanism Housing —tEOPARD~ Section with lower :
(RCCA Ejection) . 15.4.6 Limit shown
on Fligure
15.1-5
" A minimum of 2X mergin has to be applied.
? Reference Flgure 15.1-5
? Reference Figure 15.1-7
* Reference Figure 15.4-9
LM“!"* Rupture of o LOFTRAN ~-- - Figure 15./-7 upper 3425

Main Feedwater P/)oe

Sheet l’ of &

INd 76/
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.' | TABLE 15.1-3

TRIP POINTS AND TIME DETAYS TO_TRIP
ASSUMED IN ACCIDENT ANALYSES

Limiting Trip

Trip Point Assumed Time Delays
Function In Analvsis (Seconds)
Low Reactor Coolant Flow 87% loop flow 1-6/.2
(from loop flow detectors)
Undervoltage Trip 68% 1.5
Turbine Trip Not applicable 1.0
Low-Low Steam Generator 0% -ex—9%- of narrow 2.0+ 771D ¥
Level ) range span -depending— :

. ~SR—She—pPariticulai—

—aecident—
High-High Steam Generator 89.7% of narrow range 2.5
Level, Turbine Trip and level span

Feedwater Isolation
i

x Trn'p Time De/ay (TTﬁ) is apla/ica\é/e an/}/ below 50% RTP . '

l | Sheet 2 of 2
\
|
|
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: N
ctor tiNp on low fee§warter\flow siknal in agy steam\generat
al is actuall¥ a sce flowfeedwader flow Wmismactch in coinc}
low water level.)

: ¥
:z//ff/ Two motor driveNauxiliary feedwacter pumps which are starced on:

" - _both turbine driven

a. Low-low level/in any steam generator

b. Trip of -all{main feedwarer pumps /////
c. Any safety injection signal '

d. Loss of offsite power

e,

. +Manual actuation

fi/ff One turbine driven auxiliary feedwater pump is started on:

both +turbine driven
Low-low level/in any two steam generatcors.
Irip of ald(main feedwater pumps
Any safety injection signal
Loss of offsite power
-Manual actuation

© po o

Refer to Chapter 10 for the design of the Auxiliary Feedwater Syscem.

The motor drivenauxiliary feedwater. pumps are supplied by the diesels if a
loss of offsite power occurs and the turbine-driven pump utilizes steam from
the secondary system. Both type pumps are designed to start wichin one minuce
even if a'loss of all AC power occurs simultaneously with loss of normal
feedwater. The turbine exhausts the secondary steam to the atmosphere. The
auxiliary pumps take suction from the condensate storage tank for delivery to
_the steam generators.

The analysis shows that following a loss of normal feedwater, the Auxiliary
Feedwater System is capable of removing the stored and residual heat thus
preventing either overpressurization of the RCS or loss of water from the
reactor core.

15.2.8.2 Analvsis of Effeccs and Consegquences

Method of Analysis

A detailed analysis using the LOFTRAN [5] Code is performed in order to obrtain
the plant transient following a loss of normal feedwater. The simulation
describes the plant thermal kinetics, RCS including the -natural circulation,
‘pPressurizer, steam generators and feedwater system. The digital program
computes pertinent variables including the stean generator level, pressurizer
water level, and reactor coolant average temperature.

Two cases are examined for a loss of normal feedwater event. The first is the
case where offsite ac power is maintained, and the second is the case where
offsite ac power is lost, which results in reactor coolant pump coastdown as
described in Section 15.2.5.2. :

The case where offsite ac pover is lost is limiting with respect to over-
pressurization of the RCS and loss of water from the reactor core due to the
decreased capability of the reactor coolant pump to aid in residual core heat
removal as a result of the reactor coolant pump coastdown.

15.2-28
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Nac(ear Steam 5,,(,,,,/}, System

'WBNP-65

.

2. The plant is initially operating at 102% of the 3 A J
design rating. The heat added 4 ¥he RCS b/ *he reactor coolant pumps s assaméq.

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 decay
of U-238 capture products is included as an integral part of this
expression. .

4. A heat transfer coefficient in the steam generator associated with RCS
natural circulation.

Two | are .
5. -Oaly—one motor driven auxiliary feedwater pumps ¥ available one minute
after the accident.

~ four
6. Auxiliary feedwater is delivered to -&we- steam generators.

7. Secondary system steam relief is achieved through the self-actuated safety
valves. Note that steam relief will, in fact, be through the
power-operated relief valves or condenser dump valves for most cases of
loss of normal feedwater. However, for the sake of analysis these have
‘been assumed unavailable. ) .

set conservm{ively k:gAe;-

8. The initial reactor coolant average temperature isy6-—52F-lewes than the
nominal value for the case where offsite ac power is maintained since this
results in a greater expansion of the RCS from pump and decay heat during

the transient and, subsequently, a higher water level in the pressurizer.
For the case where offsite ac power is lost, the initial reactor coolant
average temperature is,4—0°F lower than the nominal value since this
results in a greater(ﬁznsity in the RCS and lower natural circulation.
s conservml/ve/y
9. The initial pressurizer pressure is 46 psi higher than nominal. This 46
psi allowance is for steady state fluctuations and measurement error.
Canserva'liveér 0.0%
10. The low-low steam generator level trip setpoint is,assumed to be 9.0% of
Narrow range span.

The loss of normal feedwater analysis is performed to demonstrate the adequacy
of the reactor protection and engineered safeguards systems (e.g., the
auxiliary feedwater system) in removing long term decay heat and preventing
excessive heatup of the RCS with possible resultant RCS overpressurization or
loss of RCS water.

As such, the assumptions used in this analysis are designed to minimize the
energy removal capability of the system and to maximize the possibility of
water relief from the coolant system by maximizing the coolant system
expansion, as noted in the assumptions listed above.
One such assumption is the loss of external (offsite) ac power. This
assumption results in coolant flow decay down to natural circulation
conditions reducing the steam generator heat transfer coefficient. Following
a loss of offsite ac power, the first few seconds of a loss of normal
feedwater transient will be virtually identical to the transient response
(including DNBR and neutron flux versus time) presented in Section 15.3.4 for
. the complete loss of forced reactor coolant flow incident.

15.2-29
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An additionzl assumption made for the loss of normal feedwatar evaluation is
. that the Pressurizer power-operated relief valves are assumed to ‘function
normally. If these valves were assumed not to function, the coolant system
‘ Pressurs during the transient would rise to the actuation point of the
' Pressurizer safsty valves (2500 psia). The increased RCs Pressure, however,
.results in less expansion of ‘the coolant and hence more margin to the point
where water relief from the pressurizer would occur. The balance of plant
assumptions used in the analysis are listed in Table 15.2-3.

Results

Figures 15.2-27a through 15.2-27% show the significant plant p&rameter tran-
sients following a loss of normal feedwater vhere offsice pover is lost. The
calculaced sequence of events for this accident are listed in Table 15.2-1.

dissipate the stored and gé erated heat. One minure following the initiacion

of the low-low level trip, of the motor-driven. auxiliary feedwater pumps
afe Jd= automatically -started and i& at full speed, Teducing the rate of water
level decresgse. ahe

. . e ‘
The capacity of the auxiliary feedwarer pumps &8 such that the water level in
the steam generators baing—fed does not recede below the lowest level at which
sufficient heat transfer area is available vo dissipate core residual heat

' ‘I vithout water relief from the RCS relief or safety valves.

From Figure 15.2-27?, it can be seen that at no time is there water relief
from the pressurizer. If the auxiliary feed delivered ig greacter than that of
Two ene motor-driven pump"s, if che initial reactor power is less than 102% of the Mssg
i = design rating, or if the Steam generator water
level in one or more Stear generators is above the low-low level crip poinc at
the time of trip, then the % t ' -

of 'i‘i ;si e '

L pesuits ana lysis )""?59"“‘1):

will b2 boorded by the
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RCS pressure will stabilize following operator ectiomn to
terminate flow to the 1nndvertant1y opened valve; normal
.operating procedures may then be followed. The operating
procedores would call for operator actiom to comtrol RCS boron 3
concentration and pressurizer level using the CVCS and to 0
maintain steam generator level through control of the main or
suxillary feedwater system. Any sction required of the operator
to stabilize the plant will be in & time frame in excess of ten
minutes following reactor trip.

15.2.12.3 Conclusions

The pressurizer low Pressure and the overtemperature AT Reactor 53
Protection System signals provide adequate protection ageinst
this saccident, and the minimum DNBR remains in excess of 1,30,

15.2.13 ACCIDENTAL DEPRESSURIZATION OF TEE MAIN STEAM SYSTEM

15.2.13.1 Identjification of Causgses and Accident Description

.The most severe core conditions resulting from an accidentsl
depressurization of the Main Steam System are associated with an
inadvertent opening of s single steam dump, relief or safety
valve. The amalyses rerformed assuming a rupture of a main Steam
line are given in Section 15.4.2.1,

accident as the steam pressure falls., The ¢energy removal from
the Resctor Coolant System causes a reduction of coolant
temperature and pressure. In the presence of 2 negative

moderator temperature coefficient, the cooldown results in a
reduction of core shutdown margin. 47

The analysis is performed to demonstrate that the following
~criterion is satisfiesd: Assuming a stuck rod cluster control
assembly, with or without offsite power, and assaoming a single
failoure in the Engineered Safety Features there will be no
consequent fuel damage after reactor trip for a2 steam release
equivalent to the sporious opening, with failure to close, of the {53
largest of any single steam damp, relief or safety velve. This
criterion is satisfied by verifying the DNB design basis is met.

The following systoems provide the_necossary protection against an
accidental depressurization of the main steam system.

1. Safety Injection System actuation from any of the following: [49

8. Two out of three (51 nals of/low-)low pressurizer pressure

b. Two out of three high containment Pressure signals.

signals.
53

15.2-39




0794 pkg

WBNP=55

three low
Two ount of f

14

6ut of/four 196ps low/low T

The overpower reactor trips (neutron flux and AT and the
reactor trip occuring i conjunction with receipt of the
safety injection sig ag.

Redundant isolationm of the main feedwater lines: Sustained
high feedwater flow would cause additional cooldown.
Therefore, in addition to the normal control actiom 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
feedwater pump discharge valvesy (closure rs a.c.cornplished by a main
feedwater pump +rip signal ).

Trip of the fast-acting steam line stop valves (Main Steam

-

Isolation Valves) (designed to close im less than 5 seconds)

on:
Two du'/ 07[ 7[0\1“’
a.) hBigh-high containment pressurex.svhak.

b. qu opt of fouy loops higK steam like flow coj
with feither two out of fdur loops /low steam i
Pres/sure or 0 out of four loopg low-low T .

Two OUJI 0'/\ ‘H‘ree /aa) 5‘7‘?&”’)/1‘178 pressure signa/; " ah)/ S'/eam//ne.

cident

15.2-393

our/loops bfigh| steam lined(flow coincidfnt
h either twd out of/ four 1gops 1gw ste line ressure!

pressure s:'gna/s m any stamline.

53

53
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@ | sl cpa
I 6. Two out of thres high n-;:tlveltertr pressure rato/in sny

ooy (belov Permissive P-11),
steamline 4

15.2.13.2 Analvsis of Effeots sud Conseguences
Method of Anslvsis

The following amalyses of & secondary system stosm release are
performed for this section.

1. A full plant digital computer simulation to determime Resctor
Coolant System transient conditions during cooldown, and 53

the offoect of safety injection [5].

2. Anslyses to determine that there is no consequential
fuel damage.

The following conditions are assumed to exist at the time of a
secondary steam system relsase.

1, End-of-1ife shutdown margin at no load, equilibrium xenon
conditions, and with the most reactive rod cluster coatrol
assemdbly stuock im its fully withdrawn position. Operation of
rod cluster ocontrol sssembly banks during core burnup is
restriocted in such a way that addition of positive reactivity

Q in a2 secondary system steam relesase socident will not lesd to
i & more asdverse condition than the case snalyzed.

2. A negative moderator coefficient corresponding to the end~of-
life rodded core with the most reactive rod cluster coatrol
assembly in the fully withdrawn position, The variastiom of
the coefficient with temperature and pressure is included.
The keff versus temperature at 1000 psi.corresponding to .the

" negative moderator temperature coefficient used is shown in
Figure 15.2-40. ’

3. Minimum capability for injection of high comcentration boric
acid solution corresponding to the most restrictive single
failure in the Safety Injection System. This corresponds to
the flow delivered by ome charging pump delivering its full
contents to the ocold leg header., The injection curve used it
shown in Figure 15.4-10. Low concentration boric acid must
be swept from the safety injeotion lines downstream of the 53
R¥ST prior to the delivery of high concentratiom boric acid
(1950 ppm) to the resctor coolant loops. This effect has
been allowed for ir the analysis,

~.

‘ 15.2-40
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[N

.

of steam release from all steam generators through one steam dump, relief, or
.safety valve. The transient is conservative with respect to cooldown, since
. no credit is taken:for the energy stored in the system metal ‘other than that
+of the fuel elements. '

‘ The cooldown for the case shown in Figure 15.2-41 is more rapid than the case

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 acrion to limit RCS pressure and
pressurizer 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 time frame in excess of ten minutes
following safety injection actuation.

15.2.13.3 Conclusions

The analysis shows that the criteria stated earlier in this section are
satisfied since a DNBR less than the limiting value given by the WBN Technical

- Specifications does not exist. .

15.2.14 Inadvertent Operation of Emergencv Core Cooling Svstem

This analysis was performed after the boron injection tank and associated 900
gallons 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
S==tbnliiee 0D O bauses and Accident Description

Spurious Emergency Core Cooling System (ECCS) operation at power could be
caused by operator error or a false electrical actuating signal. Spurious -
ractuation may be assumed to be caused by any of the following:

‘l... High-containment pressure
2. Low pressurizer pressure
2 ik + o -
- . LLLELK - b b -
: : L
33—l Low-Low—Tr—in-conjunction-with high-steamline flow—exYow 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.




Accident Lvent

Loss of Normal Feedwater
with Loss of Offsite Power Main Feedvater Flow Stops

Lov-low steam generator
vater level reactor trip

Rods begin to drop

Reactor coolant pups

begin to coast dowm

Foupr

W6 steam generators begin .

to receive auxiliary feed from
Two eme motor-driven auxiliary

One main feedwater consrol
valve fzils fuly open

. rator Level
setpoint reached

Minimm DNBR occurs

Sheet 7 of 9

feedwvater pumps J27 128.83)
. Z Peak water level in pressurizer _l486 70
‘ - occurs

10

BT 68.53]
55 70.53(
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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 factors 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 & main steam line rupture is performed to
demonstrate that the following criterion is satisfied:

Assuming 2 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 10CFR100.

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:
‘ 8. Two out of three low pressurizer pressure signa/S. 53 éﬁﬁ@:

b. Two out of three high containment pressurq(s@na&.

c. ELz/'stea liﬁ§/$ressnr in gy{ onm/loog/}elqy4ve td two)
ofit of

hree Ather 106ps,/ Twe out of three low steamhne pressure
signals in any sfeaml/ine. ‘

/4. igh stgamline fJow in twg out of fouy loops c¢incident
with ejther two fout of f¢ur loops low steamlifde pressures
or two/ out of fhur loops/ low-low T/ '

t

2., The overpower reactor trips (meutrom 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 additionm to the normal control action which
will close the main feedwater valves, a safety injection
signal will rapidly close all feedwater control valves, main
feedwater isolation valves, trip the

53
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main feedwater pumps, and close feedwater pump discharge
valves. )

4, Trip of the fast acting steam line stop valves (main steam
isolation valves) (designed to close in less than 5 seconds)

on:

| 53
h  h |

a. Two out of four High-High containment pressureysighals.

b. wo out pf four lbops high /steamline/ flow coincfdent with
either fwo out of four loops low sthkamline prefsure or
. two ouyY of four/low-low Tavg in thg coolant lhops.

Fast-acting isolation valves are provided in each steam line that
will fully close within 7 seconds after a steamline isolation
signal setpoint is reached. For breaks downstream of the
isolation valves, closure of all valves would completely
terminate the blowdown. For any bresk, in any location, no more
than one steam generator would blowdown even if ome of the
isolation valves fails to close. A description of steam 1ine
isolation is included in Chapter 160, '

53

53

Steam flow is measured by monitoring dynamic head in nozzles
located in the throat of the steam generator. The effective
throat ares of the nozzles is 1.4 square feet, which is
considerably less than the main steam pipe and thus the nozzles
2180 serve to limit the maximum steam flow for a break at any
locetion.

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 loccation and deteils of initial conditions.
Design criteris and methods of protection of safety related
equipment from the dynamic effects of postulated piping ruptures
are provided in Section 3.6. '

53

15.4.2.1.2 Anslvsis of Effects and Consequunces

Method of Amalvsis

The analysis of the steam pipe rupture has been performed to
determine: :

13, Two oml o*p #\ree /Ou) S'tleam/ine pPreéssure signa/s fn ar\/ S/‘eam/:'ne,

C. Two owl of three h:'}/\ neja-/fve s'/mm//ng pressuré ra'l[e sigmt/s 'h

aﬁy fﬁamhﬁe{%wﬁmr4%rMﬂahwr—P—H9.
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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 no 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 £f1/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 the 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 steamﬁllne
pressure (coAncident with high steafilineg flow will trip the reactor. Steam
release from more than one steam generator will be prevented by automatic trip
of the fast acting lsolac1on valves in the steam lines by high-high

ory
containment pressureyifna igh/steAm lige flbw coificidefit wifh eyther}
low steam line pressure,lo low ow X, 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 clpsed in less than 5 seconds from receipt of a closure
Slgnal ) 5’9"“/5 ’ . -

15.4-15
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A feedline rupture reduces the tbility to remove heet generated
by the core from the reactor coolant system because of the
folloving ressons:

1. Feedwater to the sfean generators is reduced. Since
feosdvater ig subcooled, its loss R2y cause reactor coolant
temperatures to increase prior to reactor trip;

¢, Liquid ia the steam genmerstor may be discharged through the
dreak, 2ad wornld then not be available for decay heat removal
after trip;

3. The bresk may be large enough to prevent the addition of any
mein feedwater after trip.

An tuxiliary feedwater $ystem is provided to 2ssure that adequate
feedwater will be avsilable suvech that:

1. No substantial overpressurization of the Teactor coolant
$ystem shall occcur; and

2. Liquid in the Teactor coolant system shajl be sufficient to
cover the reactor core at 31l times,

The folloving provides the Becessary protection for a mein
feoedwater ruptur

1. A reactor trip on any of the following conditions:
L, High Pressurizer pressure
b Overtemperature delta-Qgrﬁ

ONne 6 MOoTre

¢. Low~low steam generator intcr level in ﬁayﬁstenn
generatorg

La-;n;_;&&;s—*&.ert+¢+v _
AJ(, Safety injection iixnnl: from any of the following:

i) ﬁTr&—t+oon¥+a4—{1vv'13TITT!v31—144&—44¢34;—44v—%+1*9
Low steam line pressuig v v

High'containlent Pressure

'4&1ﬁ—-1Trr—7tv1-—+*nv—ﬁftfvrvt*+t+—7rvvvtro

An Auvxiliary Feedwater System to provide an assored sonrce of
feedwater to the steam generators for decsy heat removal.

53

,Z.i 5 Low PALGSUAL LA PALSSUAL
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. 15.4.2.2.2 Anajlvsis of Effects and Consegquences

Method of Analvysis

A detailed anmalysis using the LOFTRAN [15] Code is performed in IS3
order to determine the plant transient following 2 feedline
. rupture., The code describes the plant thermal kinetics, Reactor
Coolant System including natural circulation, pressurizer, steam
generators and feedwater system, and computes pertinent variables
including the pressurizer pressure, pressurizer water level, and
reactor coolant average temperature.

he method used conservatively neglects the heat absorbed by
- thick metal of the reactor coolant systeme during the heatup
folTeying the feedline rupture, Conservutively high core
residu best generation is assumed following trip, based of
long-term~operation of the initial power level. The liqeid
relief capseity of the pressurizer safety valves is caltulated by
the code assuming homogeneons equilibriom flow of satBrated —
water, ' : ""_:DtLETE

Or the secondary siNe, no credit is taken for the 470 gpa flow
from the motor-driven tuxiliary pump connected to the affected
steam generator, until Nt is isolated from that loop by the
operstor. The turbine-driyen auxiliary feed flov provides a
maximum of 940 gpm starting™ one minute after lov-low steam-
' generator level trip, and i{ts\flow thereafter is comservatively
‘ calculated as a function of ste fenerator pressure. A 38
conservative upper limit is used for the volume of piping which
must be purged of hot main feedf¥ate before the relatively cold
(120°F) auriliary feedwater iters the\intact steam genmerator. A
conservative upper limit ip used for steoum dump flow capacity,.
The quality assumed for e fluid bloving\down from the affected
steam genmerator to the upture is selected Quservatively as a
function of time, in srder to maximize the delyy before the low-
low water level trip setpoint is resached, and then to minimize
the heat transfer £ffectiveness of the steam genedetor. The
decrease of heat /transfer area vith shell-side liquid mass is
2130 calculateg/

In order to reduce the number of cases analyzed, no credit 3
taken for pressurizer relief valve or spray operation or forN\high
Pressuriger pressure trip, Similarly, no credit is takem for
contsipment pressure initiationm of safety injection, suxiliary 53
feedypfter, and maiz steamline isolatiomn. This permits amalyzing
2 ngly hypothetical case which bounds breaks inside and outside
of the contaizment with and without Pressure control,

Major assumptions for the cpge analyzed are:

1, The plant is initially operating at 102 percent of the
desiga rating.

\

15.4-19 . - ﬁw
Two casey are MA\YteJ. One case assvmes +hat os';ll"-t C‘C-C*"‘;Cd power 15 MalhiiaL
theoughout +a transient, Anothad case assumes +he loss o8 ofSsiie electrical power at thetime of
veactor trip, and +h Res Flow decaradrs Yo naturad cirewladion. Both caurs assvms a
double -ended ruphune oF +hy .QM.},;{- Seedwater Pipe o Sl powres, Mad‘or assvmptioas
Used in +he analysis are as $ollows: ~ e
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2. Initial reactor coolant average temperature is 6.S°F above

the nominal value, and the initial pressurizer Fressure is 3&
Esi akbove its nominal valye. : ' 4l

- - by P o . b S .
ooy tireoperator: ITr—assumption..
‘pcreases. the hedt—input—and nu&imi&ﬁbw

Y—A~Eull _donrle-ended brme—ui-wg_n

r=adrivan a1ivs Al eelnataor riime +tha+ unn’lé—eehem
marno E -83 pume Sul
supsly f88dwater—to—wo—intact Sioam—gemerators-withir ane
W.E_PF PN L RN ‘nnri!—em
Y <

R PO . S
LA —detry o TiTutes aften Fedeter—trio s aSTUMEt—befoxe
the oceraror ACLiIORE—3Fe—Performed.y '

LR S | g b
LT A et rn

38

=
iy

3. The pressurizer -Powe:-oPg_ra&-eJ celied valvee and +he safe
relief yolues cure assymed 4o s-m\ch'nn_ Ne oedit tg Joken Sou
?rbs\u\ltcr Sproy. IAJ-H‘J fb\nswaq Leve! is at + nominaf

P&.pa{\a.mucl \quQM fz.b.u 5% cu\cu—hu‘nkf.

“. No Uu.a!.i‘!- is 4oken For the ;OHOUJifﬂ ?oﬁnHJ ?fv“'&d—ior\ l’ogx'c
6.‘c3/m95 -f-o-m,{*l-iaaix the _conse%uwus_. ¢§ tha aceident: |
- High pressunizen pressuns
= Overtempuatune AT
- H—.%k Pressunizea Leoe
- H’s‘ak condminmund pAessune

5, Main %&Awq}u o ol sﬁam %U'\MA:"Ms is assumed 1o _s+of~ oI
Hu dime e bauak. occuns, (AL main Feedwatin spills out ‘H*OvJA
H hua.k.\

¢. Sau('w\&*CA ‘Q!&A-uc! OL(SCL"“N}( ('\0 54'&:.4\ is assymed ;rom JAe
aSSected steam gentaate, 'Hwougk the $Feed Line rophuns, This
stump'\—ion mrdn\i‘&cs eJV\Mﬂ(j )umou.J ';'fbM +Hne M.SSS a(.&u\«nj

nsert A — 15.4-20




. No érech‘ﬁ- is taben Se -Hu ‘Qonu-iouu anib\ -LVJ +"“'P o ‘H‘l
\ a$Sected sheam gineaate untd the steam Wdﬂ Leved neaches 0%
| . oF +the narcow rangt spam, This assy

ton minimizes +he steam
WM Hoid in at the Fime of +T‘\P, M bef maK;mi 2eg,
the resuldant ‘}\ud'vp the Aeacton coo/o.,.d-.‘ _

2. A doubls —endd break arta °£ 0.223 M g assumed,

9. Mo onddt s doken Sou heat entgy dﬂ.cpo.si-#eJ in reacts coalad syskm
motot aqunj +he RCS /\.za:{-up.

+ Ne oedit is fakem $on clwx%ims PR L}Jow-x '

(. Steam KNeat +ramsSen arsa is assumed +p ole

Hu shalleid, L?AMJ ir\mﬁ oLucNa—us.

ve corg/ residual heat ‘on 15 Assvmed adsd
Dnﬁ-'f-u Ofratiph “at %«j;f\«(zﬁ“q,{ po Leued fvuucla‘:y
reqd'br ip.
gentiats,

CALUL a8

_ 3. The avx(lia.»\,ad Seedwaty, is achvated 54‘1 the Lows-_Low stean
‘ wodzy Leue ! s:‘M. The avxrly Feed waten

a Jorat o«g 410 4pm to +wo un
\ ;vuowi'\% SCemnanip:

is assumed fo suPﬂ»(?
ched steam gererates, bawd on £,

. = The Hauksa, a('uw_M ?UMP ig assurmo( + ;'-@L/. :

- Tha mo*ﬂ%ﬁ/ﬁ% pump su’ofnﬁ%j,\ the %«d}w( steam » 1
s conseavadi IZse ol ks FHow ouf tht brsat

- The

intact steam gentaator aligrud Fo Hat pomp i3 Fheufore
assvmed o feciwe no How,

- The cemaining motor~dai wen, pvmp svpplies flow 4o two
intact steam %M\udors. -

A LD second Mﬂ was assomed %llowh\\’ the fow-Low

Lot signaf
+o a,u“u +Hme Jou

SMUP % 'H& ‘EMW}, diesej ?JMMDJLHS cvr\o/
+he avxflfauu\, Seedisates Pumps, :
The core residual heat 3enermlfon is based on the /979 versjon of
’ ANS 5.1 [vef. 33] based wupon /onj\ Term
__ level .

0/>€fa7//on at the inrdal power
The Jecay of U-238 ca,o?(are proa’ua‘: 15 included 45 an
l'mlejra/ Panl of this expression.
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.éfp% vadves. AolOLH‘io'\ 65, v % ir\decﬁm Slow aids ja cooli down

//?ignre: 15.4-13 and 15.4-14 shov the calculated Plant parsmetérs

i

_The time stquence of events is shown on Table 15.4-9,

DEceTe

Results

flow rite is capable of removing decay heat 1831 seconds xfter
the
or coolant
results for

following a feedline rupture. The zssumed auxiliary feedwater I

this time, core decay heat decreases bel
2uxiliary feedwater heat removal capacity, and re
temperatures andpressures decrease. Calculat
Plant parameters a2  listed belovw,

\\\\ 2
1., Steam relief, prior to . _ _
filling pressurizer 3.5 ft3/sec
N 38
2. Vater relief, ptio;/f:/:ben -

Primary coolnnt/}€nperature .
begins to decrerse _ N 1.1 ft*/sec

~
~

The results ov that, evenm with the conservative method of
calculatiopy the remaining liquid volume is more than adequate to

fill the-Tesctor coolant systenm. Therefore, thé\{eactor core
vould femain covered with water, ~

\.
AN

Al Lo, the calculated required relief rates are wvell vi}hin the
.Telief capacity of the Pressurizer safety valves. Therefore, no
overpressurization occurs within the reactor coolant system.

_— ——

bandc o _
ngws 15-4-13,\29h=a+g—ﬁﬁ} Shows +the calecdated ;JM& Pw”dqsa,;ﬁlkﬁ”j
a Seedfin ruf:{—w Soa the cade usth oFS=ite powses, Fi%&ws 1‘5-4’/4,‘%—;7;;,%.
shows the calculated FJM* parameted S:ro“bwi:\j a Seed Ling roptins @,‘H
Loss of oFrsite Powa, The ca‘écdd-etf 5€5,u.muoj evemts fou both cagoc
7 ' |

Mo.ﬁ.«ra(d is F.uscn*f—za( in Table I15.4-9.

The system response go”ouﬁ(ng the Feed wate, L‘M rupfune 15 simfan  Fad bot
Cadrs MQ%A ‘ d. Results ,Qmswfcd( in the 41’?414\15 show +ho t pressures in Fhe
RCS am main steam syykM femain h.o(ow 110 %o o the resF.(c+r' Ve O[-NJ?/P\

AL 5SS L i .
p uAes, Pressunizen PALSSUAL Tncncades vakd rea ctoa -{—m'p OCcurs op

iow—irlw 54'ea.m %br\ud"o« na ow quv%L 11\&( ?resswu 'H\u\a{zwws lace
4ot Logo of heat input  untd 5+@W¢llisdﬁhonou“A” . ,

| 0 (amf xpansion occurs dur 4o reduced
Aeak + ramsSea c«pah—JHJ in e steam ‘}Wa}o«s, Thy PALSSUAS 2ea %rd&&?
vedue o o Qem +o mainkain FNMMg Pressune ad am o.c:efd-aﬁ—(.: vafus, The
CQ_QCUJQJ.QJ relie§ ok eS ane m‘*h Me_{- C"‘P‘*‘*'""j .,g +he Fz/\(ssur.'tﬁ

the Primany stds amd Kelos +o emaine Fhat sulSicieds Sloid ex‘_;_ﬁs to kep
The Core covened with wadtr,
15.4-21




The ceacts core remadiag co@J wiHy, wat Hwou hout +~ ‘f‘f‘amsfe;\;i’
wo wakin reliet due o Hheamal expansion r¢ Limate by the Aot removay
c@aw\'w e M_qu{lfmg %2%;\/541)\4 amd makeup s prowde

) 5% ir\&e_c_ln'br\ 5\/5*{»&. .BJK bon‘(l'M does not LSSV +Hae ECS
prior o Hy +venasound of e rongi et !

15.4.2.2.3 Congclesiong , | : ' 079!‘_ Pl(p

Results of the tnalysis show that for the postulated feedline
rupture, the z2s3xumed texiliary feedvater $ystem capacity. is
adequate to remove decay heat, to prevent ovarpre:xnrliing the
Terctor coolant system, and to prevent the water level in the RCS
from dropping to the top of the core.

15.4.3 Steasm Generstor Tube Rupture

15.4.3.1 Identificstion of Causes snd Accident Description

The 2ccident examined is the complete severance of 1 single steanm
generator tube, The 2ccident ig assumed to take plsce at power
vith the rezctor coolant contzmjinated with fission products
¢orresponding to continumous operation with a limited tmount of
defective fuel rods. The sccident leads to an increase in
contamination of the secondary system due to leskage of
radioactive coolant from the Reactor Coolant System. In the
tvent of a2 coincident loss of offsite power, or-failure of the
condenser dump system, discharge of tctivity to the atmosphere

takes place via the steam generator safety and/or pover—operated
relief valves., :

In view of the fact that the steam generator tube material is
inconel-600 zad i3 a bighly ductile material, it is considered
©that the assumption of 3. complete severance is somevhat
conservative, The more probable mode of tube failure would be
one or more minor leaks of undetermined origin. Activity inm the
steam and power conversion system i3 subject to contimnmal
sirveillance and an accumunlatjon of minor leaks which exceed the

limits established in the Techmicsl Specifications &F¥ not
. . . AL
permitted during the unijt operation, is

The operator is expected to determine that a steam generstor tube
repture has occurred, and to identify and isolate the faunlty
s$tesam generttor om a restricted time scale in order to minmimize
contamination of the secondary system and ensunre terminmation of
redioactive release to the ttmosphere from the faulty unit. The
recovery procedure can be carried out on a time scale which
¢cnsures that break flow to the secondary system is terminated
before water level in the tffected steam gemerstor rises into the
main steam pipe. Sufficient indicstions and controls are-

provided to enmable the operator to carry out these functions
satisfactorily.
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. Consideration of the indications provided a2t the control board,
' together with the magnitude of the breask flow, leads to the
conclusion that the isolatiom procedure can be completed within
30 minutes of accident initiation.

Azsuming normal operation of the various plant control systems,
the following sequence of events is inmitiated by a tube rupture:

1. Pressurizer low pressure and low level alarms are actuated
end charging pump flow increases in an attempt to maeintein
pressurizer level. On the secondary side there is a steam
flow/feedwater flow mismatch as feedwater flow to
the affected steam genmeratorlis redonced due to the additioneal
break flow which is now being\ supplied to that unit.

alarm

2. Continued loss of reactor coolant inventory leads to a
reactor trip signal genersated 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-1low pressurizer pressure, follows 53
s5oon after the reactor trip. The safety injectiorn signal
antomatically terminates normal feedwater sepply 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
v_ﬂ; ' automaticelly terminate steam generetor blowdown.

4. The resctor 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 generstor
safety and/or poweroperated relief valves.

5. Following reactor trip, the continued action of suxiliary
feedwater supply and borated safety injection flow (supplied
from the refeeling water storage tank) provide a heat sink
wvhich absorbs some of the decay heat. Thus, steam bypass to
the condenser, or in the case of loss of offsite power, steam
relief to atmosphere, is attenuated dering the 30 minutes in

which the recovery procedure leading to isolation is being
carried out,
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TABLE 15.4-1

TIME SEOUENCE OF EVENTS FOR CONDITION IV EVENTS

Accident Event
Major Reactor Coolant

System Pipe Ruptures,

Double-Ended Cold Leg

Guillotine*

Major Secondary System Pipe Rurcure

1. Case A

Event

Steam Line Rupti._es

C@lgh/@tqdh FZo-. JLow Steam Pressure
Setpoint R:zached

Pressurizer Zmpties

Criticality Attained

Boron Reaches Core

Case P
Event

5team Line Ruptures
ow/lLow Steam Pressure
Setpoint Reached
Pressurizer Empties
Criticality Attained
Boron Reaches Core

Single Reactor
Coolant Pump
Locked Rotor

Four loops in
operation, one

locked rotor Rotor on one pump locks

Low flow trip point reached

Rods begin to drop

*See Table 15.4-17

Time (Seconds)

Time (Seconds)

.63

11.0
22.4
56.8

Time. (Seconds)

0.0
0.63

12.0

24.8
73.6

0.03

1.03

Sheet 1 of 2




‘ | . TABLE 15.4-9 | 0794 PKG

TIME SEQUENCE OF EVENTS FOR FEEDLINE BREAK

Event | ‘ , Time (seconds)
With 055k Pourtn Withoud Uik
‘ - — ' Powrt
Feedine Rupture Occurs _ 10 1O
Low-low steam generator level reactor trjp and 28 30 : 320

auxiliary feedwater pump start setpoint reached
in affected steam generator

Rods begin to drop | | 2133 33

Auxiliary feedwater starts to intact steam 8gas a4
generators 5 20
. Cold avyiliony Secdwater reaches infanct S6s _ &l
‘ 3 i +or 290
—pump

. celies . 545,
Pressurizer safedy valve setpoint reached 366

740

Eeo bt omofmotor=dr 1iary foed £1

[ow Steamliae Pressun Sd—?oi:& Emd'\zcl

A1l main steam stop (main steam -isolation) valves closed

AN -resctor—coolant—pump—pover—turned—off — 630
Pressurizer water relief begins l_'BTZISO 4300
Core power decreases to auxiliary feedwater | ~ m ~ 100

removal capacity

Revised by Amendment 53
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