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

JUN 1 8 1992

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) - PROPOSED CHANGES TO FINAL SAFETY
ANALYSIS REPORT (FSAR) CHAPTER 8 (TAC 63649)

TVA has initiated a significant design modification to the electric
power distribution system for WBN. This modification involves the
replacement of Common Station Service Transformers (CSSTs) C and D with
new transformers that each have two secondary windings with automatic
load tap changers. As part of the design modification, offsite
preferred power via CSSTs C and D will become the normal operational
power supply for the 6.9kV shutdown boards. One 6.9kV shutdown board
will be powered from each secondary winding. The 6.9kV shutdown boards
will no longer be supplied from the unit generator via the unit station
service transformers (USSTs) and 6.9kV unit boards, except for special
maintenance situations that may be permitted when both units are in cold
shutdown. Also, the second alternate supply breaker (fed from the
opposite CSST D or C) for the 6.9kV shutdown boards will no longer be
racked out during normal plant operation.

This new CSST design eliminates the possibility of overvoltage on the
safety-related 6.9kV and associated 480V shutdown boards during cold
shutdown when a postulated condition of minimum load on these boards
combined with maximum allowable grid voltage could exist. The new CSST
design also ensures that adequate voltage on the 6.9kV and 480V shutdown
boards is maintained during a postulated design basis accident with
maximum load and minimum grid voltage.

The above design modification was described in a letter from TVA dated
September 13, 1991, as part of a response to a request for additional
information concerning various electrical issues in FSAR Chapter 8. In
that letter, TVA committed to submit appropriate FSAR changes describing
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the design modification. Preliminary FSAR changes have now been drafted
and they are enclosed with this letter as page markups. In addition to
describing the design modification to CSSTs C and D, the enclosed FSAR
markups also incorporate the results of a load shedding analysis for
various offsite power contingencies and expand the related discussion of
compliance with General Design Criteria (GDC) 17. The FSAR changes
related to load shedding at WBN support information previously provided
by TVA in the letter of September 13, 1991.

Please review the enclosed set of proposed changes to FSAR Chapter 8.
TVA plans to incorporate the changes formally in a future FSAR amendment
after receiving NRC concurrence.

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

Sincerely,

William J. Museler
Site Vice President

Enclosure
cc (Enclosure):

NRC Resident Inspector
Watts Bar Nuclear Plant
P.O. Box 700
Spring City, Tennessee 37381

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

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

The Steam and Power Conversion System consists of a turbine-generator, main
condenser, vacuum pumps, Turbine Seal System, Turbine Bypass System, hot well
pumps, condensate booster pumps, main feed pumps, main feed pump turbines
(MFPT), condenser feedwater heater, feedwater heaters, heater drain pumps, and
Condensate Storage System. The system is designed to convert the heat produced
in the reactor to electrical energy through conversion of a portion of the
energy contained in the steam supplied from the steam generators, to condense
the turbine exhaust steam into water, and to return the water to the steam
generator as feedwater.

Each turbine generator unit consists of a tandem arrangement of one
double-flow high-pressure turbine and three double-flow low-pressure turbines
'driving a direct-coupled generator at 1800 RPM. The generator has a nameplate
rating of 1,411,000 kVA at 0.9 PF with 75 psi hydrogen pressure. Each unit
employs a horizontal, triple pressure, single shell, single pass surface 6

,:condenser.. Return to the steam generator is through three stages of feedwater
pumping and seven stages of feedwater heating. Safety relief valves and power
operated relief valves, as well as a turbine bypass to the condenser are
provided in the steam lines.

1.2.2.7 Plant Electrical System

The Plant Electric Power System consists of the main generators, the unit
station service transformers, the common station service transformers, the
diesel generators, the batteries, and the electric distribution system. Under
normal operating conditions the main generators supply electrical owero through
through isolated-phase buses to the main step-up transformers and the unit to the non-
station service transformers(located adjacent to the Turbine Buildin K-The safety auxil
primaries of the unit station service transformers are connected to the power systi
isolated-phase bus at a point between the generator terminals and the normal
low-voltage connection of the main transformers. Duringbperation, station normal-;;7-unit staTii
auxiliary power is taken from the main generator through the. V.transformers o,, steaV
-......g nn...r an...dp .... dst......, .ili. ia r IS.r .i. nupr .... from the 161 kV
system through the common station service transformers. The standby onsite
power is supplied by four diesel generators. An additional fifth diesel 1-7
generator is available which can be substituted for any one of the normally
aligned diesel generators.

safeýty-related
TheAPlant Distribution System -e~erreceivesac power aheleer-,o
-P@rzr -OiM4II, the two i..dopzrinde p.raie.fedrz Eeffs.it...) power ze:L.&rzuitz ~or6ke I Gt
four 4400 kW diesel-generator standby (onsite) power sources and distributes it
to both safety-related and nonsafety-related loads in the plant. The two A

1.2-7



ATTACHED INSERTS FOR
SECTION 1.2.2.7 (PAGE 1.2-7)

INSERT 1

Offsite electrical power supplies Class 1E circuits through the 161kV system
via Common Station Service Transformers C and D.

INSERT 2

... Common Station Service Transformers C and D through the shutdown boards
(which are powered from the offsite power system)...
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circuits shall be designed to be available in sufficient time
following a loss of all onsite alternating current power sup-
plies and the other offsite electric power circuit, fto assure
that specified acceptable fuel design limits and design condi-
tions of the reactor coolant pressure boundary are not exceeded.
One of these circuits shall be designed to be available within a
few seconds following a loss-of-coolant accident to assure that
core cooling, containment integrity, and other vital safety
functions are maintained.

Provisions shall be included to minimize the probability of
losing electric power from any of the remaining sources as a
result of, or coincident with, the loss of power generated by the
nuclear power unit, the loss of power from the transmission
network, or the loss of power from the onsite electric power
sources.

Complianc"l

The capacity and capability of either the onsite or offsite
electric power system is sufficient to assure that (1) specified
fuel design limits and design conditions of the reactor coolant
pressure boundary are not exceeded as a result of anticipated
operational occurrences and (2) the core is cooled and
containment integrity and other vital functions are maintained in
the event of postulated accidents.

Onsite Electrical Power System

The Onsite Electrical Power System serves both nuclear power
units and certain common plant equipment. It consitsts of two
independent diesel generator systems, each system containing two
diesel generator units, two redundant Class IE eleitric-power
distribution trains, and four redundant vital instrument and
control power channels, each provided with an uninterruptible AC 51
power supply and distribution panel. A plant Class lE DC power
system is. provided with four redundant divisions, each consisting
of a battery, battery char.ger, and distribution panel. Each
redundant onsite power supply, train, and channel has the
capability and capacity to supply the required safety loads
assuming the failure of its redundant counterpart.

Offsite Electrical Power System

The offsite electrical power source consists of two physically
independent circuits which are -a &r-..LIn anergized and-ime-de4--t-_•_-
available. The offsite sources are two independent 161-kv
transmisasion lines terminating, at the 161-kv switchyard, provid-:.
ing power to the plant, on de and, via the commo station service'
transformers 0 n na 04
For a detailed description and analysis of the Electric Power

.3 .1-11
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,8.0 ELECTRIC POWER

8.1 INTRODUCTION

8.1.1 Utility Grid and Interconnections

The Tennessee Valley Authority (TVA) is a corporation of the United StatesGovernment serving the State of Tennessee and parts of six other States in thesoutheast on the boundaries of Tennessee. TVA is interconnected with electric
power companies to the north, west, south, and east of its service area. As
shown in Figure 8.1-1, the TVA grid consists of interconnected hydro plants,
fossil-fueled plants, combustion turbine plants, and nuclear plants supplying
electric energy over a transmissionsystem consisting of various voltages up
to 500kV.

The Watts Bar Nuclear Plant is located 48 miles northeast of Chattanooga,
Tennessee, on the west bank of the Tennessee River. The plant is connected
into a strong existing transmission grid supplying large load centers. Bothnuclear units are connected into TVA's 500kV transmission system. One unit isconnected with three and the other with two 500kV transmission lines which are.....integral.parts-of-the 500kV transmission grid.. rml pater ýfr thez iefti o

untitznnzztz~it th.... tr-anmijjien nyto hrou..gh it main traxwfrfcrtz•-
6 Preferred power is supplied from the existing Watts Bar Hydro'161kV
Switchyard over two radial lines located entirely on TVA property. The WattsBar Hydro 161kV Switchyard is interconnected with the TVA power system through
six 161kV transmission lines, five hydro generators, and four steam
generators. to the non-safety
8.1.2 Plant Electrical Power System auxiliary powersystem.
The plant electric power system consists of the main generators, the unitstation service transformers, the common station service transformers, the
diesel generators, the batteries, and the electric distribution system as
shown on Figures 8.1-2, 8 .1-2a, and 8.1-3. Under normal operating conditions,

-the main generators supply electrical power through isolated-phase buses tothrough the main step-up transformers and4the unit station service transformers
(located adjacent to the Turbine Building Kthe primaries of the unit station
service transformers are connected to the isolated-phase bus at a point
between the generator terminals and the low-voltage connection of the main

unit transformers. During normal operation, station auxiliary power is taken fromstation the main generator through the transformersA - --- • .5- tp n z .s.ervice I--- il.... f ....... nthe 161kV system through the common station
service transformers. The standby (onsite) power is supplied by four diesel
generators. An aditional diesel generator unit (ALGU) has been provided
(equivalent to the existing diesel generators) to replace any one of the four
existing diesel generator units.

See alta ch ed See altacheI
Inseert 2. IneWI

8.1-1



ATTACHED INSERTS FOR
SECTION 8.1.2 (PAGE 8.1-1)

INSERT I

Offsite electrical power supplies Class 1E circuits through the 161kV system
via Common Station Service Transformers C and D.

INSERT 2

During startup and shutdown, all auxiliary power is supplied from the 161kV
system through Common Station Service Transformers A, B, C, and D.
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Offsite (Preferred) Power System

1. Each of the two offsite power circuits has sufficient capacity, iscontinuously energized, and is available to supply the plant safetyloads within a f naa s following a loss of coolant accident (LOCA)to assure that core cooling, containment integrity, and other vitalsafety functions are maintained.

2. The two offsite power circuits (not including the Watts Bar Hydro 161kVyard) are designed to be physically independent so as to minimize thelikelihood of their simultaneous failure under operating and postulatedaccident and environmental conditions.

Onsite (Standby) Power Systems

1. The onsite power systems are designed to provide sufficient capacity toassure that acceptable fuel design limits and design conditions of thereactor coolant pressure boundary are not exceeded as a result ofanticipated operational occurrences. Further, these systems providesufficient capacity to ensure that the core is cooled and containmentintegrity and other vital functions are maintained in the event ofpostulated -accidents in one unit and to safely shutdown the other unit.

2. The onsite power systems are capable of performing their safetyfunctions assuming a single failure.

3. The onsite power systems are located within Category 1 structures sothat they are protected from natural phenomena.

4. The onsite power systems are designed to perform their safety functionconsidering the effects of the following events:

a. postulated accident environment

b. fires

c. accident-generated missiles 
4

d. fire protection system operation .. (3..
e. accident-generated flooding, sprays, or jets c2J

f. single act, event, component, failure, or circuit fault that couldcause multiple equipment malfunctions.

g. Loss of all offsite power or loss of all offsite power concurrent
with a LOCA.

5. The onsite power systems are designed to permit appropriatesurveillance, periodic inspections, and testing of important areas andfeatures to assess the continuity of the systems

8.1-3
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8.?2 F$JfE~1D OE YTl

R .2. 1 Dcescr ti9 n

Preferred .C4 ý oer Is supplied from TVA's 161 kV transmission grid itWntts Bar Hydro rlant switchynrd over two separate transmission lines, eachconnecting to two 161 - 6.9 kV common stntlon service trnnsformers at Watts wag
Bar Nuclear Plantt g......... t ,The Class 1E power syste

- fff.sIte power tuhrough common station service transformers C-camplnd e t e d  i.- -Pr-t:,-!.--.l-t"1 ny • ., . . •

The &Qr-zA• power ystem cnn be. trans•fere A r_0__t4W--_-•-_n_orn powe-r Is .... t
• "-eoffstte-e power supply to demon.trate operability of the Prrxrr-DA_-• ."r_-)'-•e'v•Trann-,fer.r from the nortoal suppl to. ý Y

. supply may he manual or nutnmatic.nAnt, al (routine) transfers,i.tiate(-t ate dscret on o . ic opera or for test or normal operation, are0 open circuit with n dead bus time of approximntely six cycles. Manunl.
tranTsrfP.vS, may be effected from the mailn control room by placing the'auto-mannul' transfer switch In mantal., then placing the control switch frthoe so]ected supply breaker In thp 'clo-qe' position and the control swittch for
tfhe supply breaker in the 'trip' position.

For al 1 -nt t generator trips except thone cant.ed by electrical faults thatopen the main generator 500 kV circuit breaker, the Balance of Pl.ant (ROP) qciux I 1 ary power system remains cotioec-•ed to Its unit sources for 30 second!..,then fa.t. tranSfers to offsl. t power s•ippli.ed through common transformers Aand R. If the unit trip is caus;ed hy an electrical fault, t:hie OP system
transfer Is not delayed.

System analyses have been madie that show for an acceptable range oftransmiss.Ioru grid conditions, one offsite power circuit consisting of one 161kV transm[ission line and trnnsformer/4."-- b, or the other transmission lineand tranIformet9_•rC
2 1s capable of starting and runntng all requiredi

safety-related loads for
a design bansis accident in one unit and a concurrent full-load rejection inthe other unit. The anauilyses for the Cl ass IF power rystemn assumed that. nl.lequ ipment that Is started by a safety Injection signal,(sis) started at the,same time all. equipment thai: is tripped off by a SIS wans tripped, and tha-tall continious londs that could be operating Immedintely after the SIS.whether safety-related or not, were ri.,nning. A load shedding feature is 63provlded for part of the BOP loads In the event the 161 kV transmission system
experiences system contingencties.

Fu'rc -exkm4tk 4AelceV Mals ~ ~r

\o-aa~s COY\+N-O cw{~u \AýrI k \ 2kCmL
8.2-1



. ATTACHED INSERT FOR
PARAGRAPH 8.2-1 (PAGE 8.2-1)

Automatic transfers only occur when the relay logic is tripping a transmission
line and the associated common station service transformers.
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8.2.1.1 Preferred Power Supply

The features of the offsite power system are shown in Figure 8.2-

I, Development Single Line Diagram. Preferred power is suppl'ied

-from the existing Watts Bar Hydro 1.61-kV switchyard over two 161-

IV overhead lines approximately 1.5 miles long. located entirely

on TVA property. These two transmission lines are supported on

separate towers, and the separation or the two lines is

sufficient to ensure that the failure of any tower in one line

will not endanger the other line.

The Watts Bar Hydro 161-kV switchyard bus arrangement is designed

so that the loss of any one of the four main bus sections will "

not cause loss of power to both of the two preferred power source

lines to the nuclear plant. The Watts Bar Hydro Plant switchyard

is interconnected with the TVA power system through six 161-kV

transmission lines and the five Watts Bar hydro generators, as

shown on the transmission arrangement, Figure 8.2-2. This

switchyard also connects the four steam-driven generators in the

Watts Bar Steam Plant which e not en -er dt con tinuously.

The Watts Bar-Sequoyah and the Watts Bar-Athcns 161-kV lines"'both

terminate on the Hydro plant switchyard bus I. secc ion I. These

two lines are on separate rights of way and do n'ot" cross each

other except for a common river crossing. The ALhun. line is

approximately 21.78 miles long and terminates in the Athens I1i l-

IV substation along with 161-kV lines from Fort Loud, n" lydro

Plant and Sequoyah Nuclear Plant via Charleston 161-kV

substation. The Sequoyah line is approximately 37.37 miles long

and terminates in the 161-kV switchyard at Sequoyah Nuclear

Plant. The Sequoyah 161-kIV switchyard is connected to the 500-kV

system through .an intertie transformer bank, to one of the I

generating units at Sequoyah Nuclear Plant, to Chickamauga jfydro

Plant, and to other substations which are integral parts of ,the

transmission system with either direct or indirect connections to

other TVA steam electric or hydro generating plants.

The Watts Bar-Great Fal-ls 161-kV transmission line is

approximately 53.12 miles long. This line is termina.ted on bus

2, section 2 in the Watts Bar Hydro Plant switchyard, and is

tapped to supply the Pikeville 161-kV substation at a point

approximately 30.5 mil es from the W2tts Bar llydro Plant. At

Great Falls Hydro Plant this line is terminated in the 161-kY

switchyard along with a second circuit from Wattt. Bar IHydro which

is routed by way of Spring City 161-kV substation and a 16 1-kV

transmission line that interconnects with thu power system

network through the Murfreesboro 161-kV subst-ation. McMinnvil Ic

161-kV substation, and the Center Hill llydro Plant. The Great ,

FaIlls and the Winchester .161-kV tr.ansmis.sion line.% cr.l..s .near the

Watts Bar Hlydro switchyard.

The Watts Bar-Spring City 161-kV trSnnsmissiu.n line is

9.2-2
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Transmission lines in the 161-kV voltage class have two overhead
ground wires provided for lightning protection. This shielding.has been effective for an area isokeraunic level of 55 and isreflected in the average operating record of only 3.86 flashoverinterruptions annually per 100 miles of linc. The use of circuitbreakers with high speed reclosing relays results in the majority
of these interruptions being momentary.

8.2.1.2 Transmission Lines. Switchyard. and Transformers

The two 161-kV and the five 500-kV lines connecting the nuclear
plant with the TVA transmission network are indicated
functionally on Figure 8.2-1. The onsite transmission line
arrangement is shown on Figure 8.2-3 and the offsite transmissionline routing In the vicinity of the Hydro Plant switchyard isshown on Figure 8.2-4. Preferred power is supplied from theexisting Watts Bar Rydro 161-kg switchyard over two radial 161-kVoverhead lines approximately 1.5 miles long. These lines arerouted to minimize the likelihood of their simul taneous failure.

The location of common station service transformers A and B isshown on Figures 8.2-3 and 8.2-5. Physical separation is 61
feet,. centerlIne to centerllnc annd 32 feet 9 inches betweenclosest parts. Fach transformer has a single primary an d two
secondary windings. The primary voltage is 161-kV with thewinding rated 57/76/95 MVA, OA/FA/FOA (Future). The secondary
voltage is 6.9 kV and each winding is rated 36/48/60 MVA,
OA/FA/FOA (Future).

Th c tion of common t tIon i erv Ic t ra s forme-rs and ,1 i 1a I S own on Fig,,re .s .2--3 a nd R .2 A. P' . ,y f)para t i ,i7 0 fC t. center ine-- o -- cunterlIne n i 4 f eet 4 i.n • c hetw:,(7nS o.c aost parts. Eac transformer h s a single pri anry wind].in g a ndtw sccondary win Ings. The prim ry voltage is fI-kV. then di 1.ng Ig s ra ted 27/36/ 45 MVA. 0 /IFAIFA. The s condary voltfage ci. s 6 . 9-k,.R and c,, w.indin-g I.s , tc-d 1_ 5/.20/2.5 At V , 0,AF/'A-,. / :A

Fire protection is provided for each common station service
transformer by a water sprinkler system which can he
automatically activated by thermostats or the t rann former
electrical protection devices.

8.2.1.3 Arrangement of the Start Boards. Unit Boards, Common
Boards, and Reactor Coolant Pump 2CP) Boards

From the low-voltage side of cp-Mmon station service transformers
A and R, 6.9-kV station service buses supply the 6.9-kV common,AtniLt .and R(CP bonrds v Ia the 6 9 1V start hoards Th"r. stat R iio
Sc r v Ic e ( a t a r t ) hb S e s R re out do o rr, no n s 3 p r c g a t o nd , p A r t I a yve n t I I n t c i d , me t a I c I a d a ( r U c t i f t x n and ire a h own n n 1:I g u r c It . 2 5At the 6.9-kV start hoard these hunes enter the out door mcr il-clad switchgear and connect to supply breakers. The design of

\o-ok\y'f\Cý 027ý PCVQ&aC L T'\c j -2 -1.

•-c..-V_ ,o1 tl"

>Cc oJ



The location of common station service transformers C and 1) is

also shown on Figurcs R.2-3 and 8.2-6A.• lihy.-i al separation is

70 fect, centerl inc- to-center] Inc and 8••) fect 4 inches betwecn

closest parts. Each transformer has a single primary winding and

.two secondary wind nIs ns,%-v 3a•lhzAtJef4*.-O\-A• \o•.J .Yy

cwmndn 5sr atd•-C/f )PMACs The primary voltage is 161kV. t he

winding Is rated 27/36/45 MVA, OA -A/FA The secondary voltage

Is 6.9-ky and each 7 winding is rateld 5 20/25 MVA, AJ

33/1A4
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.to-.the, bus 'asso iated with the failed breaker. e' a

Each common sta ion service transformer is protected by a
percentage diff rential relay with harmonic restraint, a sudden
pressure relay,'and a neutral overcurrent relay in the 6.9-kVwinding neutral. The operation of the transformer protection
relays will trip and lock out the power circuit breakersconnecting it to the switchyard, trip and lock out associated
6.9-kV circuit breakers, and start a high-pressure sprinkler
system to prevent or extinguish any possible fire.

The 161-kV power supply to the common station service
transformers possesses a high degree of reliability even under
electrical fault conditions. The following discussion describes
the sequence of events following postulated faults:

Transmission line fault:

If the instantaneous element of the line.pro'tective relays is
actuated, the line breaker is tripped and a high speed
reclosure occurs. If after the high speed reclosure the
fault has not cleared, the breaker will trip again and a
standard speed (synchronism check-voltage check) reclosure
occurs. In the majority of cases, these reclosures-restore
the line back to service. However, a trip after this will
lock out the breaker isolating the faulted line. There is noappreciable disturbance on the two feeders to the common
station service transformers.

Transmission line fault and failure of the line circuit
breaker to clear the fault.

The corresponding main bus breakup relay and breaker failure
relay is 'automatically initiated, starting a timer. ,If the
fault is not cleared within the time setting of the .1imer,
all circuit breakers connected to that bus will be tripped
and locked out. With normal position of circuit breakers
described previously, both offsite power circuits to :the
nuclear plant continue to receive power without
interruption.

Main bus fault.

This type of fault is detected by the bus differential
protection. When initiated, it trips and locks out the

... ... ... .0, u u LO nLA faulted bus. The effect sof this action are similar to those described under 2 above.

4. Transformer or transformer feeder faults.

These faults cause tripping of all the transformer circuit
breakers on the high and low voltage side of the

I .

2.

3.

I

8 .2-8
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transformer. In addition, the trip relay initiates the transformer fireprotection sprinkler and s'tarts' the fire pump. This event results inthe loss of two of the four common station service transformers; theother two transformers continue to receive power from the main bus in
the .hydro switchyard.

5. Common transformer or transformer feeder fault and failure of one 161-kV -*..... circuit breaker to operate properly.

These events cause the operation of protection described under 4 above,followed by the operation of the breaker failure relay which trips allbreakers connected to the bus at the time of failure. The event resultsin the loss of two of the four transformers; the other two transformerscontinue to receive power from its main bus in the hydro switchyard.

Control power for power circuit breakers and associated protective relays issupplied by two independent 250V batteries and is distributed via circuitbreakers on separate panels. Figures 8.2-lb and 8 .2-1c show the single linediagrams for the two panels at Watts Bar Hydro Plant. .

Two separate 250V dc buses are provided in these panels. Each bus can be fed,from one of: the.two 250V battery boards through manual, mechanicallyinterlocked, nonautomatic circuit interrupters. The power circuit breaker andassociated relay control circuits are allocated to these two dc buses on thebasis of switchyard connections. This allocation of control circuits ensuresthat the control and relay circuits of the two nuclear plant lines are fedfrom two independent dc distribution buses.

Should a system disturbance cause a total loss of offsite power, a black startcan be accomplished for worst-case scenario in less than one hour. This iswithin the capacity of the vital batteries at the nuclear plant.

8.2.1.6 6.9-kV Start Boards Control and Relaying

6.9-kV Start Buses

The secondaries of common station service transformers A and B feed into twostart boards containing four circuit breakers each. Two of the circuitbreakers, 1512 and 1614, are the normal and alternate feeders for start bus Awhile breakers 1612 and 1514 are the normal and alternate feeders for startbus B. Two other breakers, 2512 and 2614, are the normal and alternatefeeders for RCP start bus A, and breakers 2612 and 2514 are the normal andalternate feeders for RCP start bus B. The two circuit breakers feeding eachstart bus from a different common station service transformer are interlockedand the control circuits arranged in such a manner that manually- initiatedhigh speed (six cycles or less) transfers can be made from either breaker tothe other breaker. Automatic transfers can only be

.-q ••,.

8.2-9 , ,
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ATTACHED INSERT FOR
PARAGRAPH 8.2.1.5, ITEM 5

PAGE 8.2-9

Automatic transfers only occur when the relay logic is tripping a transmission
line and the associated common station service transformers.
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made from 'the n6rmal breaker to the alternate breaker and are delayed untilthe bus residual voltage reduces to 30% of nominal. All automatic transfersare initiated by undervoltage on the bus. The 250V dc normal control powerfor the pair of breakers feeding start: bus A is supplied from a separatebattery and dc distribution board from that of the normal control power forthe two breakers feeding start bus B. Alternate control power feeders are
similarly segregated.

Manual control of the circuit breakers is provided on the electrical controlboard in the Main Control Room where tihe operator has instrumentation showingthe voltage on each of the two buses and current flowing in each of the fourfeeder breakers. The following annunciation is provided:

1. Start Bus Fan Failure
2. Start Bus Transfers
3. Start Bus Failures or Undervoltage

Annunciation No. 3 is composed of bus differential relay operation, bus a.c.voltage failure, and control bus dc voltage failure. Start bus A is theAnormal feeder to 6.9 kV common board A and the alternate feeder to 6.9 kV unitboards IA, IC, 2A, and 2C. Start hbs B is the normal feeder to 6.9 kV commonboard B and the alternate feeder to 6.9 kV unit boards IB, ID0, 2B, and 2D..

6. 9 kV Swi tchtf_ G and I) • __O'.I \3 1•--{-•

F rhe secondaries of common station service transformers C and D feed into 6.9kV switchgear C and switchgear D (Figure 8.1-2A). Each switchgear containstwo circuit brc'akers. Commotn station service transformer C provides alternateNo. I (preferred) power to 6.9 kV shutdown boards IA-A and 2A-A throughcircuit breaker 1.712 and alternate No. 2 (preferred) power to 6.9. kV shutdownboards lB3-B aind 2B-1B through circuit breaker 2714. Common station servicetransformer D provides alternate No. I, (preferred) power to 6.9 kV shutdownboards IB-B and 2B-1B through circuit breaker 2814 and alternate "No. 2(preferred) power to 6.9 kV shutdown boards IA-A and 2A-A through circuitbreaker 1.812. These feeders are prot:ected by overcurrent and groundovercurrent relays. All of these feeder breakers are normally closed- Allalternate No. 2 feeder breakers located on the 6.9 kV Shutdown Boards areracked out during normal plant operation and are utilized only when thealtetriate No. I power supply is not- available (i.e., the alternate No. 2feeder breakers are not intended for use under any normal operating
conditrions) All transfers between the normal and alternate No. I and No. 2feeders take place at the 6.9 kV shut:down boards.

6.9 kV Switch gear C and D Control

The normal control power for circui t breakers 1712 and 2714 is supplied fromthe existing 125V. dc vital battery board I: the
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ATTACHED FOR PARAGRAPH TITLED
"6.9kV SWITCHGEAR C & D"

(p. 8.2-10)

The secondaries of common station service transformers C and D feed into 6.9 kV switchgear
C and D (Figure 8.1-2A). Each switchgear contains two circuit breakers which are aligned to
the common station service transformers as follows:

1. Common station service transformer C:

This transformer provides normal (offsite) power from the secondary Y winding to 6.9 kV
shutdown board lA-A through circuit breaker 1712 and from the secondary X winding to 6.9
kV shutdown board 2A-A through circuit breaker 2714. In addition, this transformer provides
alternate (offsite) power from the secondary X winding to 6.9 kV shutdown board 1B-B
through circuit breaker 2714 and from the secondary Y winding to 6.9 kV shutdown board
2B-B through circuit breaker 1712.

2. Commow station' service transformer D:

This transformer provides normal (offsite) power from the secondary X winding to 6.9 kV-
shutdown board 1B-B through circuit breaker 2814 and from the secondary Y winding to 6.9
kV shutdown board 2B-B through circuit breaker 1812. In addition, this transformer provides
alternate (offsite) power from the secondary Y winding to 6.9 kV shutdown board lA-A
through circuit breaker 1812 and from the secondary X winding to 6.9 kV shutdown board
2A-A through circuit breaker 2814.

These feeders are protected by overcurrent and ground overcurrent relays. All of these
switchgear circuit breakers are normally closed. All alternate and maintenance feeder circuit
breakers located on the 6.9 kV shutdown boards are open during normal plant operation and are
utilized only when the normal power supply is not available (i.e., the alternate or maintenance
feeder breakers 'are not intended for use under any normal operating conditions). All transfers
between the normal, alternate and maintenance feeders take place at the 6.9 kV shutdown
boards. The maintenance supplies are only to be used when both units are in cold shutdown.

WP51\BOB'S\SWlTCHGEAR.DD
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operator has instrumentation showing the voltage on eacii of the two buses andthe current flowing in each of the four feeder breakers.

The following annunciation is provided:

1. Loss of Control Power
2. Bus Failure or Undervoltage

8.2.1.7 6.9 kV Unit and RCP Board Control and Relaying

The alternate feeder to each 6.9 kV unit and RCP board is from one of thestart buses with the normal feeder being from a unit station service
transformer.

Each 6.9 kV unit and RCP board can be selected for automatic or manualtransfer between the normal and alternate supply breakers. Manual transfersare high speed (6 cycles or less) and can be made from the normal to thealternate supply or from the alternate to the normal supply. Automatic.transfers can only be made from the normal to the alternate supply. Automatictransfers initiated by loss of voltage on the unit board are delayed until thebus residual voltage decreases to 30% of nominal. Those trans.fers initiatedby reactor trip or turbine trip signals on the unit or RCP boards are highspeed transfers. Control power is from the 250V dc distribution system.

The unit and RCP boards are protected by overcurrent, ground overcurrent, anddifferential current protective relays. Manual control of the two feederbreakers of each board is provided in the main control room. Load sheddingprovisions are included for these boards and will trip the alternate supplybreakers on the 6.9 kV RCP board 1C, ID, 2C, and 2D and 6.9 kV unit board 1B,IC, 2B and 2C. The operator has instrumentation that gives the vol~tage ofeach board and the current flowing in either of the two feeder breakers Thefollowing annunciation is provided:

1. Unit and RCP Board Transfer
2. Unit and RCP Board Failure or Undervoltage
3. Load Shedding Initiated

Annunciation No. 2 is composed-of board differential relay operation, board acvoltage failure, and control bus dc voltage failure. Annunciation No. 3 iscomposed of a loss of voltage on either 6.9 kV start bus A or B or a 161 kVtransmission system contingency (load shedding trip circuits are manuallyenabled) and both units I and 2 tripped. U,,-j • ... , l , ,n
"t.ipl• 

n6.9 kV shr•. beardr lA-A, IB-B, 2A A, dI,,

kV

8.2.1.8 Conformance with Standards

This section discusses provisions included in the design of the offsite(preferred) power system to achieve a system design in conformance withrequirements of CDC 17, CDC 18, and NRC Regulatory Cui-des 1.6 and 1.32.

The following requirements of these documents apply to offsite

8.2-11"
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ATTACHED INSERT FOR
(NEW SECOND PARAGRAPH ON PAGE 8.2-14)

These cables (designated P and R) are routed in close proximity to each other in the conduit
vault as they transition from the cable trays to their respective CSST switchgear ductbank and
in the Turbine Building as they transition from the cable trays to their respective conduits.
These cables routed in free air, where they are in close proximity in the conduit vault and
Turbine Building, are firewrapped to preclude one faulted circuit from affecting the other circuit.

WP51\B0B'S\SW1TCHG2AR.DD
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for the -a-t-:-astVs\ -- circuits are routed through separate conduits --

rthrough the turbide building and into the
Suxiliary building to the shutdown boards. The cables for44\ve

.alternate•scrrc'oits are routed through separate conduita-e-dE-- -- cX\.e.
alongside the exterior of th tIbn buldng

across the top of the control building, and then enter the top of '1
the auxiliary building and drop down to the shutdown boards

(Figure 8.2-6A. -6B, -6C, and -6D). This routing. assures that+\r YACt0m " • \
and alternate %for each shutdown board are

physically separate and independent of each other. It does

result in circuits from the secondaries of CSST C (designated as
R) and CSST D (designated as P) being routed on common support

structures for a distance of 42 feet from a conduit vault to tile

Turbine Building wall. (See Figure 8.2-6b.), These tra'y supp.orts

are separated horizontally 6-1/2 feet, and the trays are 17 feet

above grade, except where they enter the conduit vault. For this

limited area, the moat likely, threat to either the,-lz~t-1o
alternatex(circuits would be a runaway vehicle. (----r Y4\ t-

A chain link fence (see Figure 8.2-6a) separates the cable tray a ,•(

supports from a maintenance access road. In addition, there is a --

4-foot slope from the base of the pedestal-type supports to the

road which is 10 feet away. Due to the size and quantity of

insulated cables in each tray, it is very unlikely that either

circuit would be lost due to a collapse of a support for any 41
reason. Since cables for each circuit are separated as 3-phase
bundles in the respective P or R designated tray, phase-to-phase
f aults between c ir cuit ar t
considered ext emely uzlikely. Thus, a ground fault on one

circuit is the most liVl47YrLpe of fault.

A ground fault or a short circuit on the secondary side of either

CSST C or CSST D is cleared by operation of its respective

breaker in the Watts Bar Hydro Plant 161-kV switchyard. A
simultaneous fault on either of the two secondary side (6900
volt) of both CSST C and CSST D would result in the loss of all 52

offsite power t~o the .nuclear plant.

However/ the faulted circuits oan be isolated by opening the CSST

C(VZD"-switchgear breakers. By reclosing the Watts Bar Hydro 161-
kV switchyard breakers, power can be restored to the nuclear

plant shutdown boards through the unfaulted secondaries of CSST C1

and/or D. An alternate path is available to the shutdown boards

from the 161-ky circuits by way of CSST A and/or CSST B n the
&ma supp y c r u to the shutdown bords. Et er operatioon

cane c mlihe sffi ttime to azure tha specified
ace p ble.fl, design m It s an sign con ions of t

reactor coolant Xesu.re b da.ry are t excefi

The off1ite circuits are designed and located so as to minimize

-to th-e extent 'practical the li-kel ihoo.d 'of.,.their, 2si 0mu0ltane~ous

failure under operating and postulated accident conditions.

8.2-14
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other. All buses are provided with gas-resistant seals at entry to the
switchgear.

Functional Measures

GDC 17

Each of the two 161 kV circuits providing offsite power to Watts Bar Nuclear
Plant is supplied through two power circuit breakers connecting with separate
sections of the main bus in the Watts Bar Hydro Plant switchyard. The two
overhead transmission lines are routed to minimize the probability of their
simultaneous failure. Each 161-kV line terminates at a pair of 161 - 6.9 kV
common station service transformers (A and D, and B and C, respectively).
Each pair of transformers, as well as the buses and cables that are used to
connect them to the onsite power (standby) distribution system at the 6.9 kV
shutdown boards are physically and electrically independent.

e _ -e 6.9 kV shutdonboards ar
c-nnec-ed to h e offsiae power- c pcommo seasion s e- a-s=z-e
(CSS7) C orD, vith one Dower tr-i- c':i conneczed to = ,ransý-orer
through Vie 6.9 kV shutdown boards aluernaco No. sunoly breaker. If a loss
of power from either CSST C or D occurs under c - ,the a:ec
6.9 kV shuzdown board loads will be sequentially loaded onto their res-ec:.c:e
diesel generator. XO~V\ ~ ~ ff6~

For an acceptable range of 161 kV grid conditions, either offsize 'ower
---- c-t can szarz and suvply all eleczrical equipment tnat wou I be s, . '!

:rom t=e Class lE distribution systems for -a desig-n basis accident in one Ur-
and concurrent full-load rejection in the other unit (via zransf6rmers C cr
D), and power at least half of all running 30? loads chrough craforners A =
3. =or. :His event, trarfsor-mer C or D would be ooeracing within ics OA.

_,and adecuace voliage..wou'd besupplied co-the safety-related buses. ...... -
6.9 kV shutdon boards are beinag supplied from cranszo-mers C and D, the load
on, transtcrmers A and 3 has 1r%±1e -C~ no effec on tne 6.9 kV s'udw boa:voltage. A load shedding scheme is provided that would reauce the 30? loads
if the 161 kV transmission system experiences any system oroblem cha •
precludes the supply of adequate powe--.r.

This load shedding scheme-reduces the BOP loads by tripping selected loads if both
Unit 1 and Unit 2 generators are tripped and a 161kV transmission system
contingency exists. A 161kV transmission system contingency is when either the
SQN line or Rockwood line is out of service. Initiation of the load shedding
scheme is accomplished automatically by undervoltage relays and both units'

...generators tripped-.or by th-eopera'torsel-ecting the, 161kV %system cont'ingency_. -.

switch mode and both units' generators being tripped. The WBN operator will
manually select the 161kV contingency position on the normal/16lkV contingency
switch and anytime both generators are tripped the load shedding circuits will
,immediately initiate a load shed command. Two reactor coolant pumps and two 6.9kVunit boards per unit are tripped by the load shedding scheme when the above
conditions exist. Tripping of these loads will result in a significant reduction
(50 percent of the reactor coolant pumps and unit boards) of the station load.

8 .2-15
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,he load shedding scheme consists of two redundant trip and lokout circuits for each
circuit breaker receiving a load shed command. The redundant load shedding circuits are
located in different,6.9kV start boards. One load. shedding circuit associated with CSST
A is in 6.9kV start board A, and the other which is associated with CSST B'is in 6.9 kV
start board B. Control power to the redundant auxiliary power system (APS) load
she~ddig circuits is provided from separate 250V dc batteries/battery boards. APS load
shedding circuit 1 receives control power from 250V DC Battery 1 via 250V Turbine
Building Board 1 and APS circuit 2 from 250V DC Battery 2 via 250V Turbine Building
Board 2. Loss of control power to either 250V Turbine Building Board initiates
automatic transfer from the normal dc supply to the alternate dc supply with
annuiciation that auto transfer has occurred. This maximizes the ability of the load
shedding scheme to operate if grid and generator conditions warrant such operation.

Th•- 6.9 kV shuzdown boards are provided with loss of-vol:ageere/lays tnha=
iniiaza te=ran:sfer from the normal (.9 k;; .... b... ui pp ly'_ _-h

D a o u to the standby (diesel
generator) power supply, in ge.n er~i-l zc_~~:( z~o or l--•--;---r .... •n---= -iup..__.

, -a E cd)a " - l .... r u If the standby supply is nz\I
Paralleled with one of the p eupplies fo r testing, loss of Zhe
scandby supply would cause v ower relays to =riD the -.. ... aker: at=--ozr= zi_•.-l -a ini~i:d durlng c:•in cf -he :• --d '-

Loss of the offsi:e supply would cause the instantaneous overcurrent relay to trip the
standby circuit breaker, the loss of voltage relays to trip the supply breaker and
loads, and subsequently the diesel generator load sequencer to load the shutdown board
with the non-LOCA loads. if an accident signal is initiated during testing of the
standby supply, the parallel connection is maintained unless loss of offsiZe power
also occurs. Should a LOCA and a loss of offsite power occur when the diesel
generator is parallel with the grid under test, the same sequence of events take place
as loss of offsite power except the diesel generator sequencer will load the accident
loads. Only one diesel generator will be in the test mode at any given time.

no ~m- mews Ar 1 q
ar~e- 0~\~~'-X ~ox~ V -c

~~+0
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to .power the safety-related loads. Therefore, loss of any 9nsite powergeneration will not.prevent the-distribution system from being powered from
the offsite circuits.•\

Common ation service transformers C and D both have two 6.9 kV secondarywindingsOne secondary of t transformer is the i t alternat-powerSupply forone 6.9 kV shutdown board in each unit. e secondary is the#--i-4 alternate power supply for the other 6.9 kV shutdo board in each-unit. The impedance between the two 6.9 kV secondary windings is more than 95 ES.CJ,peerc-percent of the sum of the H to X and H to Y winding impedances, (H refers tothe primary winding). The loading on one 6.9 kV winding has little effect onutthe voltage at the other winding, although this effect was considered inestablishing grid interface requirements.

Overcurrent relaying and loss-of-voltage relaying for the shutdown boards arecoordinated so that a faulted or overloaded bus will not be transferred fromone preferred power circuit to another because of depressed voltage resultingfrom the fault or overload. For the range of grid conditions identified asacceptable, loss of power from one offsite power circuit, whether from failureat the transmission grid interface, failure of any part of the preferred powercircuit itself, or failure of part of the onsite distribution system, will notcause C or degradation of the other offsite power circuit.

The design of the control power feeders to common station service transformers(CSST) C and D switchgear and to 6.9 kV shutdown boards A-A and B-B ensurescompliance with GDC-17, i.e., a loss of control power will not result in a
loss of power"(CSSTs C and D).

CSST C switchgear (circuit breakers 1712 and 2714) and 6.9 kV shutdown boardlA-A feeder breakers 1716, 1718, and 1932 receive normal control power from125 VDC vital battery board (VBB)I. CSST D switchgear (circuit breakers 1812and 2814) and 6.9 kV shutdown board IB-B feeder breakers 1726, 1728, and 1934receive normal control power from 125 VDC VBBII. A design basis loss of VBBIand a single failure of VBBII (lost of control power) will result in theinability to automatically trip CSSTs C and D switchgearaad filli it,aumic. tranfzfr cf-g-kV ghiutdnt_ bzardz !A A n lBB to Lho Cr - f. Thisdoes not, however, result in loss of offsite power; breakers 1712, 2714, 1812,and 2814 remain in their normally closed position and breakers-l--7_l 1932,and 1934 may be manually closed as necessary. Thus, TVA is in full
compliance wifth GDC-17.

Regulatory Guide 1.6 has been implemented by providing each a.c. load groupwith a connection to each of the preferred source circuits. Figure 8.1-2indicates that redlindant power trains in each unit are fed from different
prefe'rred source circuits. The

8.2-16
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C / two preferred source circuits are, however, shared between the
two nuclear units.

Regulatory Guide 1.32 has been implemented by providing two
immediate access circuits to the transmission network. Figures\ 8.1-2, 8.1-2A, and 8.2-1 indicate the functional arrangement of

boards is supplied by the unit station service transformers ....
during plant operation. The common station service transformers

/ are used to supply the power to the unit boards or offsitedistribution system during generator startup or shutdown. In
case of an emergency or fault of the unit station service
transformers, the common station service transformers are
immediately available for use as the offsite power system andprovide two separate, in dependent, and redundant circuits to the
onsite distribution system.

In addition to compliance with the above standards for portions
of the offsite power system, the 6.9-kV start board, 6.9-kV unit

Power continuity to the 6.9KV shutdown boards VS
provided from common station service transformers C and D.
To provide a stable voltage these transformers-w+i-have
automatic load tap changers on each secondary, which
adjust voltage based on the normally connected shutdown
boards. They . also have the capability to be manually
adjusted from the control room, but on-an-aecident-signal. -(-_.he-operator-shall-restore. automatic operation9-'. y\• 4f YJ'fy-y\O \ M 'flO -

• -KV '4A~'C) • IioE

vav,ýcj~JY AA:?e 0u-A) t-ý Noa-ýd

~~~ MV ~
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boards, 6.9 kV RCP boards, and the associated 6.9 kV buses were procured inaccordance with certain TVA standards and industry standards. TVA
specifications require conformance of this equipment to such standards as thefollowing. The overall construction, ratings, tests, service conditions, etc.,are required to be in conformance to ANSI C37.20 and NEMA SG-5; the power 6 3circuit breakers are referenced to ANSI C37.4 through C37.9 and NEMA SG-4;associated relays are specified to conform to ANSI C37.1, instrument
transformers to ANSI C57.13 and NF2VIA EI-2 and wiring to IPCEA S-61-402 and
NEMA WC5.

The design of the equipment arrangement was also implemented to comply withGDC 3 for fire protection and with GDC 18 and Regulatory Guide 1.22 for each
of periodic tests and inspections.

Criterion 18

General Design Criterion 18 requires that the offsite power circuits be
designed to permit periodic inspection and testing to show:

6at" "The operability and functional performance of the components" of the
circuits,

67, The operability of the circuits as whole systems, and

C "Under conditions as close to design as practical. the full operation
sequence that brings the system into operation." , \ ,>

T 'e offsite power system has been designed to perkit appropriate periodi Iinspection and testing. Transfers from the normal st pply to the rrefeýr ,P-\ -
......... s -,,- ....__upply or fr m t etee reheR3

oste) supply or rot f t 'the standby supply may bemanual or automatic. Testing of these transfers while the nuclear unit is atpower could result in transients that could cause tripping of the reactor orturbine. For this reason, testing of the manual and automatic sequence will be
per o rme yrr rg-t-tans f e r s. om.the•normal --- supprLye o-te

9ýeechnrf-cml-spx-cfm tr ons-r -Tes-ng-~of<---he-trans f

8.2.2 Analysis - m C 1 --)
Each 161 kV circuit and w__ n - transformers tJj sufficient
capacity and adequate voltage to supply the essential

L tvjnývycC
-Cj"eY- fly, kCcVtA 151 M 5cy
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.safety auxiliaries of one unit under loss of coolant accident conditions in (
addition to the power required for shutdown of the non-accident unit. z4rd__-

-f -iehfuLieaL unLus is supplied--fr Ltho ,,tIt- •tatizni z;.rviz. transformers

Physical separation of lines, primary and backup protection systems, and a
strong transmission grid minimize the probability of simultaneous failures of
offsite power sources. Results of steady-state, transient stability, and
inertial pickup studies show that the offsite power sources remain intact an
reliable sources to supply the onsite electric power system for the loss of
either nuclear unit, the loss of 500 kV lines connecting either of these units
into the transmission system and the loss of the next largest generating unit -
on the system, or the loss of the most critical 500-kV transmission line. The
effect on the offsite power system resulting from the loss of the largest unit 63
on the system is illustrated in Figure 8.2-8a, Sheets 1 and 2.

Transient stability studies included conditions of three-phase faults on
-transmission lines connecting the nuclear units into the transmission system.
Studies of these faults included stuck-breaker conditions in which one nuclear
unit and its 500 kV lines were.disconnected.automatically from the
transmission system. The results of these studies are shown i6"Figure 8:2-8a,
Sheets 3 through 12. These plottings show the voltage and frequency of the G3
offsite power system during and following these disturbances. Transient
stability studies of the 161 kV system supplying preferred power to the
nuclear plant included three-phase faults, stuck-breaker conditions, and main
bus section interruptions.

Due to the large number of diverse generating units and strong
interconnections, the likelihood of an outage of a sufficient part of the
transmission system to cause the loss of all sources of offsite power is
considered to be extremely remote. An example considered to be :-he most severe
condition of postulated transmission disturbances is one in which one nuclear
unit is under, loss-of-coolant accident conditions during the time when power
is required for shutdown of the other non-accident unit. The st-ady of this
contingency shows that the transmission system remains stable with negligible
disturbance to the -sources of offsite power supply as indicated by the Watts
Bar Hydro 161 kV bus voltage and frequency response curves in Figures 8.2-9
and 8.2-10. C A'.Y-. L --'.-

System Operation / ''' -

Each 6.9 kV shutdown oard can be powered through any one of four shutdown
board supply breakers. or tn' startu 2nnormal operation, power is
supplied from"W* - iw , 'he breaker5,ýhown normally closed

503'C• on Figure 8.1-2a. Shown normalty open are the breakers connecting the-'=S

ofsie)%power
circuit to the shutdown board (via common station service transformers C and
D), :•the breaker connecting the shutdown
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b oard to a separate standby diesel generator. During normal operation the
second alternate feeder circuit breaker is racked out but may be placed back
into service should the firs.t alternate ower su ply become disabled.

Automatic slow bus transfers from the normal supply to the alternate
(preferred) offsite power supply are initiated by loss of voltage. Completion.... of the transfer is delayed until bus residual voltage decreases to 30% of
nominal. Return to the normal supply is manual only. All manual transfers
and any generator trip actuated transfers are fast transfers completed in
approximately six cycles. Manual transfer may be effected between any
incoming feeder breakers. Manual, transfers are made by holding the preferred
incoming feeder breaker control switch in the "Close" position while the
source breaker control switch is placed in the "Trip" position.

During conditions where neither nuclear.unit nor preferred (offsite) power is
available, each shutdown board is energized from a separate standby dieselgenerator.

ach 6.9 kV shutdown board is equipped with loss-of-voltage relaying. The
loss-of-voltage relays initiate slow bus transfers from the normal supply to3 the first (or, when in use, the second) alternate or -to the standby diesel

F generator supply, in that order of preference. When a 6.9 kV shutdown board
is supplied from an alternate (preferred) supply, the loss-of-voltage relaysC6 will initiate automatic transfer from the first alternate or second alternate
to the standby diesel generator -supply. A slow bus transfer from the normal
supply to the first (or, when in use, the second) alternate supply is
supervised by residual voltage relays set to operate at 30% of nominal. The
transfer from the normal supply to the second alternate supply is not normally
in place because the second alternate supply breaker is normally racked out.
Transfers from any source to the standby source are not supervised by these
residual voltage relays. Voltage relays monitor each source and permitL() \connection only if adequate power is available. A typical transfer scheme is
shown schematically in Figure 8.3-5 for 6.9 kV shutdown board lA-A.

To protect the Class 1E equipment (motors, etc.) from a sustained degraded
undervoltage, each of the two 6.9 kV Class 1E buses per unit are provided w ith
degraded voltage relaying which consists of a set of three instantaneous
solid-state under-voltage relays. These relays have a nominal setpoint of9 6560V ± 1/2% (95% of nominal). The relays are arranged in a two-out-of-three
coincidence logic to initiate two time delay sequences (see Figure 8.3-5A).
The first sequence of a maximum of 10 seconds will ride through normal system
voltage transients (motor starts - both safety and non-safety related) before
annunciating an undervoltage in the main control room. At the end of this
sequence, if the voltage is still low and a safety injection signal has been
initiated, or is subsequently initiated, load shedding from the 6 9 kV
shu•down.boardwill.be . nitia.ted,and. the. shutdown board.will be subs'equently
transferred to its diesel generator. The
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ATTACHED REPLACEMENT
PARAGRAPHS FOR PAGE 8.2-19

PARAGRAPH 1

board to a separate standby diesel generator and the maintenance circuit to
the shutdown boards (via the unit boards). During normal operation the
alternate feeder circuit breaker may be placed into service should the normal
power supply become disabled.

PARAGRAPH 2

Loss of voltage and degraded voltage from the normal source will result in an
automatic transfer to the standby diesel generator power supply. Bus
transfers from the normal to the alternate source shall be automatic fast bus
transfer initiated by common station service transformer protection devices.
Return to the normal supply is manual only. All manual transfers are fast
transfers completed in approximately six cycles. Manual transfer may be
effected between any, incoming feeder breakers. Manual transfers are made by
holding the incoming feeder breaker control switch in the "Close" position
while the source breaker control switch is placed in the "Trip" position.

PARAGRAPH 3

Each 6.9 kV shutdown board is equipped with loss-of-voltage and
degraded voltage relaying. The loss-of-voltage and degraded voltage
relays initiate bus transfers from the normal supply to the standby
diesel generator supply. When a 6.9 kV shutdown board is supplied from
an alternate supply the loss-of-voltage and degraded voltage relays
will also initiate automatic bus transfer to the standby diesel
generator supply. Voltage relays monitor each source and permit
connection only if adequate voltage is available. A typical transfer

.... scheme.,isshown, schematically in Figure 8.3-5 ,for 6.9 kV shutdown board
lA-A.

PARAGRAPH 4

To protect the Class 1E equipment (motors, etc.), each 6.9 kV Class 1E
shutdown board is provided with one set of degraded voltage relays and
three sets of undervoltage relays. The degraded voltage relays (27
DAT, DBT, DCT) have a voltage setpoint of Wf 7. of 6.9 kV (nominal,
decreasing).

These relays are arranged in a two-out-of-three coincidence logic
(Figure 8.3-5A) to initiate a 6 second (nominal) time delay. At the
end of 6 seconds if the voltage is still low, an alarm will be
annunciated in the Control Room, a trip of the 6.9 kV shutdown board
supply breaker will occur and load shedding from this board will be
'-initiated.
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PARAGRAPH 4 (continued)

The undervoltage protection consists of three sets of relays. The
first set of these relays (27LVA, LVB, LVC) have a voltage setpoint of
87% of 6.9 kV (nominal, decreasing). These relays are arranged in a
two-out-of-three coincidence logic (Figure 8.3-5A) to initiate a time
delay that is set between 0.25 and.0.5 seconds. At the end of this
time delay, if the voltage is still low, a trip of the 6.9 kV shutdown
board supply breaker will occur. Once the supply breakers have been
opened a second set of induction disk type undervoltage relays, 27D,
which has a voltage setpoint of 70% of 6.9 kV (nominal, decreasing) and
an internal time delay of 0.5 seconds at zero volts, will start the
diesel generator. A third set of induction disk type undervoltage
relays, 27S, which has a voltage setpoint of 70% of 6.9 kV (nominal,
decreasing) and an internal time delay of 3 seconds, at zero volts,
will initiate load shedding of the 6.9 kV shutdown board.

The time delays associated with the 27DAT, DBT, DCT and the 27LVA, LVB,
LVC relays are designed to allow for normal voltage transients on the
system.
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To protect the Class lE equipment from a sustained over-voltage, each e
9 6.9 kV Class lE buses per unit are provided with a set of two instanta-
neous solid-state overvoltage relays. These relays are arranged in a
one-out-of-two Q logic which will annunciate in the main control
room. The relays will have a nominal voltage setpoint of 7260 volts ± 1
percent (110 percent of motor rated voltage with a time-delay of 300 seconds).

Cjhe operator will take the necessary action to reduce the voltage.

U ecj'PonAkeo~ ~&,e 6AG-aryv\ -)
The loss of voltage load shedding relays are not bypassed when on diesel
power, but will remain in the circuit at all times. TVA"s basis for retention
of this feature is that it provides for automatic resequencing of the loads
following any temporary loss of bus voltage. Since the loss-of-voltage load
shedding relay setpoint is fixed at 4860 volts ± 5 percent (70 percent of
Nwith an inverse time delay, the starting of the largest driven load

..,/will.not .cause..-actuation of the load shedding feature. Therefore, the
oDeration of the load shedding relay system is:

1. To shed the loads to prevent overloading the diesel generator.

2. Allow the diesel generator to recover to rated speed and voltage.

3. And reconnect the loads in proper sequence.

Overcurrent and differential overcurrent protective relays are provided for
each shutdown board to lockout all supply breakers if the loss of voltage is
caused by overload or an electrical fault. This prevents transfer of a fault
between offsite power circuits or to the diesel generator. This minimizes the
probability of losing electrical power from the transmission network on the
onsite electrical power source.

In the event of a loss of voltage on either 6.9 kV start bus A or B or a 161
kV transmission system contingency (load shedding trip circuits are manually
enabled) and both unit 1 and unit 2 tripped, the load shedding scheme will be
initiated. This load shedding scheme will trip off part of the BOP loads.
The alternate supply breakers on 6.9 kV unit boards 1C, 1B, 2C, and 2B;
6.9 kV RCP boards 1C, 1D, 2C and 2D; and 6.9 kV common board A, panel 16 will
be tripped and locked out. The load shedding scheme is armed at all times and
two redundant trip and lockout circuits are provided for each circuit breaker
being load shed. These redundant circuits have coincident logic features to
minimize the probability of failure to operate and spurious trips. Functional
test capability is built into each load shedding circuit. The test features
..allow-, independent.;testingIof each circuit: while-maintaining:,the %load -shedding.:
feature of the circuit not undergoing testing.

8.2-20



TABLE 8.2-1

OFFSITE POWER SYSTEM
EQUIPMENT CAPABILITIES, WORST-CASE PARAMETERS

2. Operating Mode: Two-Unit 'Full Load Rejection. Common Station Service
Transformers A, B, C, and D Available

• ('C'•m-e...i-a_.n •tayi:. T -;~f• = • i- "-ot -_-_ he-v1 7~llowead bl T in:g-for--r

• -AloaleOertnRating or Nominal •Computed Time at

-E~ e Lnt Lmils I SCompte Cuondiin
• H-IW 95 s.1 M,'A 56.68 Contiuou

Operating Mode: One Unit Loss Coolant Acoident,..Ona Unit ull Load Rejection,
Cmon Station rvioe Transformers A, B, C, d D available

(Common Sta on Service Transformer Cis not as heavily loaded a Transformer D)

\-WDG 50.4 WA 2.97 MVA ContinuousX-W\G 28.0 MVA 1 97 WA Continuous
Y-WWy 28.0 WV XA Continuous
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Equipment

Com Sta Serv XFXR A

X-WDG:

X-WDG

Y-VDG,

Com Sta Serv XFER .

H-WDG
X-WDG
Y-WDG

Co= Sta Serv XFMR D
H-WDG

Y-WDG

•. Operating Mode: One
CoME

Eguipument

Com Sta Sec-v XiMR A
H-YDG;

X-WD(
Y-WDG

Co. Sta Serv XME)
H-VtXG

X-WDG
Y-WDG

Co= Sta Serv xF)RC
H-TDG

X-WDGY-•rDG

Coa Sta Serv XFMR D
H-WW)G

Y-WDG

Rating or Nominal
Limits

•6WA•6 UVA
AB NA
4-b WVA

"T(; XVA
46 WVA
4eb tVA

5S XVA

•SMVA

40 EVA
4-C XVA4,C XVA

Allowable Operating
Computed Time at-
V4lues Computed Condition

4Br,3xvA7
?2.'59 EVA:
Z4'!AO2MVA

?2,2.5ýEVA
s1 i 47(

9.69 EVA
4.7r5 XVA
15.07 XVA

9. ro3MVA4.55- wxv
15, 03 XVA

Cont inuous
.Continuous*

Cont inuous'.

Continuous
* Continuous
.Cont inuous

Cantinuous
Continuous

Continuous

Continuous
Continuous

Continuous

Unit Loss of -Coolant Acaident,...One Unit Full Load Rejection,
on Station Servioe Transformers A, B, C, and D available

Rating or Nominal
-- Limit:

G XVA
46 (VA

46 YVA

-7 WA
42)XVA
.48XVA.

•5.EVA

40'iVA
5SDWA

.4c) RVA

4.0 WVA

Allowable Operating
Computed Tim'e at

V~glues ComPuto .d Condition

4S.46 EvA
22.59 XVA
23.e - 7VA.

4,5. ot VA
-12.G9 VA2. 1.% *ZI R

lO.S6NVA

4.77bkVA
15,19 XVA

101M VA
5.68 EVA

. 5.WVA

Continuous
.Continuous
Continuous

Continuous
Continuous
Continuous

Cantinuous
Continuous

Continuous

Continuous
Continuous
Continuous

Fýe_ý T%ý_z
F-, C50-AWMEý47
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TABLE 8.2-1 (Con't)

OFFSITE POWER SYSTEM
EQUIPMENT CAPABILITIES, WORST-CASE PARAMETERS

Gerating Mode: Two-Unit Full Load Rejection, Common Station Service
/ ,_•Transforrmeri' A, B, C, and D Ava'llable.

(R •Start Bus B and Start Bus B are not as heavily loaded as RCP star Bu A and\Start Bu A. respectively) 1

tart Bu 4000 AMPS 2544 ASinuous

Operating Mode- Two-Unit Full Load Rejection, Common Stati n Service Transformer A

Allowable Operating
Rating or Nominal Compute Time at

EguipmentLimits ___ Computed Condition

Corn Sta Serv XFMR A

H- 8DG 8 A Continuous
X-WDG 25.75 MVA Continuous
Y-WG 53• . VAy 32.37 MVA Continuous

Operating Mode: One-Unit LOCA, e-U t FLR, Common Station Service Transformer A
and D Available.

Com Sta Serv XFMR D
H-WD 0. 25.10 MVA Continuous
X-WDG 28. XVA 12.97 MVA Continuous
Y-WDG 12.13 MVA Continuous

Equipment Capabilities
Worst-Case Fault Curren

Operating Mode: Two- it'Full Load Rejection, Common tation Service TransformersA D Available.

Rating or Nominal Computed
Equipment Limits ____lue_

6.9-kV nit BD ACB 500 MVA 461.74 MVA
6.9- RCP BD ACE 500 14VA 417 `A

Operat g Mode: Two-Unit Full Load Rejection, Common Station Service ansformer A
and D Available.

6.9-ky SHTDN RD ACB 500 NVA 377.10 )IVA

Sta Bus Automatic Transfers are not allowed between common station service

s7 Transformers A and B. Load may be added at the operator discretio

w
Sheets 2y f 3
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ý Operating Mode: One Unit Loss of Coolant Accident, One Unit Full Load Rejection,Common Station Servioe Transformers , 'nC.

Euaipmrent

Corn Sta Serv X:RFn

rf-TDG
X-WDGY
Y-WVTo

Corn Sta Ser-v MIR C
H-WDG

X-WDG
Y-WDG

Rating or Nominal

76 XVA

ThvAA48 MVA
4Z XWA

5 SW/A
545 MVA

4 0 HVA

Computed

VaL he S

S57.)-XMVA•.59 vA
3i.54WVA

I.Zr VA

Allowable Operating
* Time at

Computed Condition

Continuous
Continuous
Cont inhous

Continuous
Continuous
Continuous

OPeratinguMode: One Unit Loss of Coolant Acci t.. Unit.Comon Station Service Transformirs A, zycd Full Load Rejection,

Allowable Operating
Time at

Conti nuous

Continuous

Cont inuous

•Continuouz
dontinuous

Continuous

Equ i~ment

Com St& Serv XFXR A
19- UDG
X-WD,
Y-WDG,

Corn Sta Serv XFMR D
H- VWG
I-WDG
Y-WYDG

Rating or Nominal

7 XVA4b5 MY/

z MVA

40 WVA
4-0 JIVA

Cowputed

157. 06 XvA

M5.S9 MVA
31.54 wA

I1 .27 MVA
I. I- WVA



TABLE 8.2-1 (Con't)

OFFSITE POWER SYSTEM
EQUIPMENT CAPABILITIES, WORST-CASE PARAMETERS

Equipment Capabilities
Voltage Limits

Rating or Nominal
Limits

Computed
Values

Allowable Operating

Time at

.Computed Condition

Balance of Plant

Motors
6.6-kV Rated

Min Operatinz kV
5.940-kV

Win Starting kV

5.610-ky

Max Operating kV
7.260-kV

Min Anticipated
5.970-kV

Min Anticipated

Max Anticipated

Continuous

Not Applicable

Class lE Motors 6.6-kV Rated

Min Operatint IV Min
5.940-kV

Min Starting kV Min
5.610-kV (

Max Operating kV Max
7.260-kY

Notes: 1. Degraded voltage relaying setpoint.

Anticipated'

55 V N,
G G. G93

Anticipated
5.7643IkV N

Antici.Patod."ý

1iD

T7 ?-SO

ontinuous

ot Applicable

, -'•4t -h -47ll be less th., 7

Tu tOC~mmOn station Scryice LraII~u~wcr----
E&Oeive R2 1 = .! r o'gni6.I t7 2 0h -_

- ~'- --- tin _
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8.3 ONSITE (STANDBY) POWER SYSTEM

8.3.1 AC Power System

The onsite ac power system is a Class IE system which consists of: (1) the
Standby ac Power System, and (2) the 120V Vital ac System. The safety
function of the Standby Power System is to supply power to permit functioning
of components and systems required to assure that (1) fuel design limits and
reactor coolant pressure boundary design conditions are not exceeded due to
anticipated operational occurrences, and (2) the core is cooled and vital
functions are maintained in event of a postulated accident in one unit and to
safely shutdown the other unit, subject to loss of the Preferred Power System
and subject to any single failure in the Standby Power System. The safety
functions of the 120V Vital ac System is to supply power continuously to
reactor protection, instrumentation, and control systems; engineered safety
features instrumentation and control systems; and other safety-related
components and systems, subject to loss of (11) ac power and any single failure
within the Vital ac System.

8.3.1.1 Descrip tion

Standby ac Power System

The Standby ac Power System is a safety-related system which continuously
supplies power for energizing all ac-powered electrical devices essential to
safety. Power continuity to the 6.9 kV shutdown boards is maintained by
switchin amtng--he-ntltrT--M-rr-i--- he--nme-l--sot re-e--- the preferred oIv?'GA "cC

y,\. / offsite5 sources, and the standby (onsite) source Source se Iectio i s(.
A accomplished by automatically transferring from

q.-ef-e-rF-ed---sourcee to the standby source, 4-n--hat--e.r • ••- e reverse transfers
•are manual. The circuits connecting the normal, . and standby

sources to the distribution portion of t e Standby Power System are shown in
Figure 8.1-2A. The normal and , e-te• power circuits and the transfer
scheme used to effect the source switching for these circuits is further
discussed in Section 8.2.

System Structure

The standby ac auxiliary power distribution system consists of the following:

a. The four Class IE existing diesel generator units (EDGU).

b. The 6.9 kV shutdown boardsp-,2 A <ý,.C 5,ywkaoýr\ k-9Xk Oqc(i-
sgan bo ASs

8.3-1
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in one' room in the unit I area. Transformers lB-B, 21-B, l.C and 2C are.
locateclin one room in the. unit:2 area. .(-Figure 8.3-2) .

System Operation ýD -4-'Y-Vq~ Y'naY'\5'-tYAsr~

Each 6.9 kV shutdown ) rd can be powered through any one of four Shutdown

board supply brears. \or • ,: -,,t normal operation, power issupplied from e6. kV U oa'c cri. - Tue breakert~how,, normal l.y closed izs
on Figure 8.]1-2A. Shown normally open are the breakers connect.1p, the
alternate -- f .. ' :fs i Iv pow r
circu its to the shutdown board (vi.n (:omon station service transformers C anid
D), qj the breaker connecting the shutdown board to a diesel, generator for
standby operation i nd Tiltecnnta m.sppy s i' ,, ly r ,

Fot a di.scussion of the aut omna., it r1.r'1r of the shur clownl ho'na Or'; r (I

~ ~~ccc rz.~hccir' 1 '' L ý r.eferred (offsite.) power Is Ao
avai.labl.e. each shut-4down board is ener ized from a separate standby di e.e I

Each 6.9 kV sh own board is eliplind wi.t:h los~s-of-voltagei .ayirg "The
loss-of-voltage relays initiate 1L.t4tr-m-rr (ztpr.c.cccl K' .

......... ~ -1 - -.. .. ... rr .. .. ti I.. . C I'
" • ~ to- 1'• , , ,,, .; x L u . iie iO : . - .I'M][ to t1

f:.c:~ ulti n~ (pi %'-r) ~ t ~ anr ~rr nr I t-Pryla t- P i . t14~c -'41p a
, When a 6.9 kV shutdown board is supplied from an al 1terrin-e

. r eti) supply, Oire loss-of-voltage relays willin A iate automatic
transfer F-ron thie f- -_ " (- t .alternate t.o the.... -
di.ese I generator supply. VoIta..r rel ays mont..or each soui'ce and permi.c:
connection onl].y if adequate power is avai lable. A typi.cal tra,,sfer scheme is
shown in Figure 8.3-5 for 6 . 9 kV sludow board 1A-

1r-4-e Ce

5t\G'ý

J \13eJL-&

:cci'~j rl t'' .?LvC 117 ~ - :t. - -

| ........... ..... . E R ...... .... t; . . ... G P.. . 0 .6 W -o- 1 1. 1 q I .. R -I . C Ar
1,5 f" .... .....1c ir -.... @ .... ..
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To protect the Class 1E equipment (motors, etc.), each 6.9 kV Class 1E
shutdown board is provided with one set of degraded voltage relays and
three sets of undervoltage relays. The degraded voltage relays (27DAT,
DBT, DCT) have a voltage setpoint of 98% of 6.9 kV (nominal,
decreasing).

These relays are arranged in a two-out-of-three coincidence logic
(Figure 8.3-5A) to initiate a 6 second (nominal) time delay. At the
end of 6 seconds if the voltage is still low, an alarm will be
annunciated in the Control Room, a trip of the 6.9 kV shutdown board
supply breaker will occur and load shedding from this board will be
initiated.

The undervoltage protection consists of three sets of relays. The
first 'set of these relays (27LVA, LVB, LVC) have a voltage setpoint of
87% of 6.9 kV (nominal, decreasing). These relays are arranged in a
two-out-of-three coincidence logic (Figure 8.3-5A) to initiate a time
delay that is set between 0.25 and 0.5 seconds. At the end of this
time delay, if the voltage is still low, a trip of the 6.9 kV shutdown
board supply breaker will occur. Once the supply breakers have been
opened, a second set of induction disk type undervoltage relays 27D,
which has a voltage setpoint of 70% of 6.9 kV (nominal, decreasing) and
an internal time delay of 0.5 seconds at zero volts, will start the
diesel generator. A third set of induction disk type undervoltage
relays, 27S, which has a voltage setpoint of 70% of 6.9 kV (nominal,
decreasing) and an internal time delay of 3 seconds, at zero volts,
will initiate load shedding of the 6.9 kV shutdown board.

The time delays associated with the 27DAT, DBT, DCT and the 27LVA, LVB,
LVC relays are designed to allow for normal voltage transients on the
system.
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Paragraph 8.3-1.1

1. To shed the loads to prevent overloading the diesel generator.

2. Allow the diesel generator to recover to rated speed and voltage.

.'3. -And-reconnect-.,the loads in proper sequence.

Overcurrent and differential overcurrent protective relays are provided for

each shutdown board to lockout all supply breakers if the losje of voltage is

caused by overload or an electrical fault. This prevents transfer of a faulted bus
between offsite power circuits or to the diesel generator. This minimizes the

probability of losing electrical power from the transmission network or the

onsite electrical power source.

A to 4ýneioss (lngOEr then-1.5 eaied-of voltage on the 6.9kV
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To protect the Class lE equipment (motors, etc.) from a sustained
over-voltage, each 6.9 kV Class lE bus is provided with a set of two
instantaneous solid-state overvoltage relays. The relays are arranged in a
one-out-of-two logic which will annunciate in the main control room. The
relays will have a nominal voltage setpoint of 7260 volts + 1 percent (110
percent of motor rated voltage). The operator will take the necessary action
to reduce the voltage.

The loss of voltage load shedding relays are not bypassed when on diesel
power, but will remain in the circuit at all times. TVA's basis for
retention of this feature is that it provides for automatic resequencing of
the loads following any temporary loss of bus voltage. Since the loss-of-
voltage load, shedding relay setpoint is fixed at 4860 volts ± 5 percent (70
percent of 6.9kV) with an internal time delay of 3 seconds at zero volts,
the starting Of the largest driven load will not cause actuation of the load
shedding feature. Therefore, the operation of the load shedding relay
system is:
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There are no automatic transfers of board supplies between redundant power

sources. All 480V shutdown boards and all motor control centers have alternate

feeders to their respective board buses. Transfers between the normal and

alternate feeders are manual. Some manual transfers of loads between power

trains are used. These transfers are tabulated in Table 8.3-10. ,I 1%

All circuit breakers supplying the alternate feeders for the manual transfers

in Table 8.3-10 [with the exception of the spent fuel pit pump C-S, the 125V

auxiliary feedwater turbine (AFWT) dc manual transfer switch (units I and 2),

and the 120V AFWT AC manual transfer switch (units 1 and 2)] are normally

opened. The transfer switches are mechanically interlocked to prevent closing

a switch in a manner to parallel both feeds. For the components where power

supply alignment is critical (battery chargers, inverters, and component

cooling water pump C-S) the alternate feeder breakers are verified open in

accordance with the technical specifications. For the other components (spent

fuel pit pump C-S and turbine driven auxiliary feedwater pump control power) 5

where power supply alignment is not important; 
breaker position verification

is not required.

A manual means of supplying power to the 480V Auxiliary Building common board

(which is not normally supplied power from the diesel generators during a

condition where offsite power is lost) is provided. Provisions have been made

to manually connect this board to the 480V shutdown boards 1B2-B and 2B2-B.

This is shown in Figure 8.3-15. The purpose of these feeders is to provide

power to operate the ice condenser refrigeration units, located on the 480V

Auxiliary Building common board and glycol pumps, located on the 480V

Auxiliary Building MCC B and C, during the unlikely condition of a loss of

offsite power that exceeds 2 to 3 days. The two normal bus feeder breakers

must be moved from their normal compartments to the compartments which are

connected to the 480V shutdown boards 1B2-B and 2B2-B.

System Instrumentation

Remote instrumentation of the 6.9 kV shutdown boards consist of
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shutdown board starts the diesel generator and initiates logic that

trips the supply feeder breakers, all 6900V loads (except the 480V

shutdown board transformers), and the major 480V loads. Table 8.3-2

shows the loads that are automatically stripped. Figures 8.3-6 thru

8.3-13 show the load stripping schematically. When the diesel

generator has reached rated speed and voltage, the generator will be

automatically connected to the 6.9 kV shutdown board bus. (Refer to

Figure 8.3-14). This return of voltage to the 6.9 kV shutdown bus

initiates logic which connects the required loads in sequence. Table

8.3-3 shows the order of applied loads. The standby (onsite) power

system's automatic sequencing logic is designed to automatically

connect the required loads in proper sequence should the logic receive
* an accident signal prior to, concurrent with, or following a loss of

all nuclear unit and preferred (offsite) power.
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cuits is shown in Figures 8.3-25 thru 8.3-29. Remote control of the engine
from the Main Control Room is accomplished through interposing relays located
in the diesel building. The schematic for this control is shown in Figure
8.3-29.

The 6.9 kV shutdown boards in each power train derive p ower from •
. I .-tit: bonS C and D or from

their respective standby power source. During gonditions where vke4z-ýh he•uieeai- uni-rro, preferred (offsite > '-•?'available, each 6.9 kV shutdown
board is energized from a separate ýstandby diesel generator set.

"-DELETE
AND
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As shown in Table 8.3-3, there are two loading sequences. One, which is
applied in the absence of a "safety injection signal (SIS)," the "nonaccident
condition," and the other, the "Accident condition," applied when a safety
injection signal is received prior to or coincident with a sustained loss of
voltage on the 6.9-kV shutdown board. A loss of offsite power coincident with
a safety injection signal is the design basis event; however, a safety
injection signal received during the course of a nonaccident shutdown loading
sequence will cause the actions described below:

1. Loads already sequentially connected which are not required for an
accident will be disconnected.

2. Loads already sequentially connected which are required for an accident
will remain connected.

3. Loads awaiting sequential loading that are not required for an accident
will not be connected.

4. Loads awaiting sequential loading that are required for an accident will
either be sequentially loaded as a result of the non-accident loading
sequence or have their sequential timers reset to time zero from which
they will then be sequentially loaded in accordance with the accident
sequence. Refer to Section 8.1.5.3 for the degree of compliance to
Regulatory Guide 1.9.

A safety injection signal received in the absence of a sustained loss of
voltage on a 6.9 kV shutdown board will start the diesel generators but will
not connect them to the shutdown boards. There are no automatic transfers of
shutdown boards between standby power supplies in compliance with Regulatory
Guide 1.6.
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A loss of voltage on the 6.9 kV shutdown board starts the diesel
generator and initiates logic that trips the supply feeder breakers,
all 6900V loads except the 480V shutdown board transformers, and the
major 480V loads. Table 8.3-2 shows the loads that are automatically
tripped. When the diesel generator set has reached rated speed and not
less than-95% of rated voltage, it is automatically connected to the
6.9 kV shutdown board bus. The return of voltage to the 6.9 kV
shutdown bus initiates logic which connects the required loads in
sequence. Table 8.3-3 shows the order in which loads are applied.
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The events which initiate a safety injection signal are discussed in
Chapter 7. -*

For test and exe cise purposes, a diesel generator may be manually paralleled
with a normal or rafer--d power source. A loss of offsite power ad

. I Miu-il will automatically override-the manual controls and establish
r the appropriate alignment.

-_-- The diesel can be started by manually operated emergency start switches
located on the unit control board in the MCR and Auxiliary tontrol Room. (The
diesel also has a local manual start switch as well as remote start from the
MCR for test purposes). Automatic starting is from an accident signal or a
loss of voltage or degraded voltage signal. All automatic and emergency start
signals operate to deenergize a normally energized control circuit. These
signals also operate a lockout relay that removes all manually operated stop
signals except emergency stop and all protective relaying on the generator
except generator differential. The lockout relay must be manually reset to
return the D/G to its standby alignment at the diesel generator relay panel in
the diesel building or the ADCU Building. A local idle start switch is
provided to start and run the engine at idle speed for durations of unloaded
operation. During this type operation any emergency signal will cause the
engine to go to full speed and complete the emergency start sequence.

W,

8.3-11
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Motor Insulation

For most applications insulation is Class B. Motors in areas

which are subject to unusual operating conditions either during

normal, emergency, or accident operation are designed to be

suitable for operation in these environments. These include

conditions such as gamma radiation and high humidity, tempera-

ture, and pressure.

Interrupting Capacity of Distribution Equipment

The criteria for selecting the interrupting capacity of switch-

gear are as set forth in ANSI Standard C37.01 for 6900-volt

circuits and C37 .13, Section 13-9.3 .5 for 480-volt circuits.

No circuit interrupter is applied in a circuit where it would be

required to interrupt a current exceeding its interrupting

rating.

Motors rated at and above 400 horsepower are supplied at 6900 52

volts. The switchgear interrupting rating is 500 MVA, or a[ 55

maximum of 41,000 amperes. S"b Table 8.2 1 fte-l

Motors below 400 horsepower are supplied at 480 volt's. The

smaller motors, in general 50 horsepower and below, are fed from

480-volt motor control centers. Larger motors are usually fed

from 480-volt metal-enclosed switchgear (load centers), unless

frequency of operation or location of motor relative to a feeder

board indicate otherwise. Current limiting fuses are provided in

480-vol t motor control center feeders with thermal-magnetic

molded-case circuit breakers to limit the available fault current 52

to the breakers' interrupting rating of 14,000 amperes. • | "

Electric Circuit Protection ?y'-J O . , -

The auxiliary power system fo each unit receives power

from unit station service tr usformers Dur.ing startup.

shutdown, and loss of - supply to a 6900-volt unit-board for

any reason will be supplied

by •-.oommon station service transformers Whether the 52

6900-volt boards are being supplied by their norma sources or

alternate sources, the entire a.c. auxiliary power system, from

the station service transformer to the eme gency load motor

control center electrically farthest from the sources, is a

coordinated selective trip system. N E5

Motor feeder protection is selected and set to protect the motor

and its cable. It is backed up by-the next upstream circuit

breaker in the event it should fail to open its circuit under

fault. -Backup protection will isolate the board feeding the 1 52
faulted circuit but will not necessarily protect the circuit with 52
the failed breaker against 4amage.

8 .3-23
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The diesel generator is .6900V, 3-phase, wye-connected with the neutral
grounded through a relatively high ohmic resistance to keep ground fault
currents to a low level. The maximum ground fault current available from the
diesel generator is approximately 5 amperes. Ground faults are detected by avoltage relay across the neutral grounding resistor. Grounds cause an alarm
but do not cause any breaker operation.

- . The 480V systems are supplied through A-A transformers, and 480V systems are
not grounded. This permits minimum disturbance to service continuity. Ground
detectors are provided on each 480V load center to indicate the presence of a
grounded-phase conductor. No ground fault relaying was required since there
would be only a very small current flowing to a single-line-to-ground fault.
A ground fault on more than one phase is a line-to-line fault and will trip
the feeder breakers of the faulted circuits.

Sharing of the ac Distribution Systems and Standby Power Supplies

The onsite ac power distribution system for Watts Bar Nuclear Plant is divided
into two divisions or trains in each unit (A and B). Each power train is made
up of,•a 6900V. switchgear (6900V shutdown board), 480V power transformers and
switchgear, and 480V motor control centers. Each power train, through its
6900V shutdown board, has power connections to a unit generator, both offsite
power circuits, and a dedicated diesel generator. Except for the
(preferred)power supplies, there are no ac power connections between the onsite
power trains within a unit or between- the two units.

Safety systems that are shared between-the two Watts Bar units are listed in
FSAR Section 3.1.2 under Criterion 5 (GDC-5) - Compliance. Therefore, there ["
are electric motors powered by the onsite distribution system of one unit that
drive safety-related machinery (i.e. essential raw cooling water pumps,
component cooling system pumps) required for safe shutdown of the other unit.
For example, the ERCW system is arranged in two headers (train@) each serving
certain components in each unit (see FSAR Section 9.2.1.2). There are eight
ERCW, pumps arranged electrically so that two pumps are fed from each shutdown
board (lA-A, lB-B, 2A-A, 2B-B). Only one pump per board can be automatically
loaded on a DGU at any one time. The pumps supplied from the 'A' boards pump
into the 'A' train header and likewise the 'B' pumps. The minimum combined
safety requirements for one 'accident' unit and one 'non-accident' unit are
met by only two pumps on one header (train).

8.3-26



TABLE 8.3-4

UNIT 1 POWER TRAIN A BOARD

ioi~ 'Zv2• 1 \53

LOADING

Board Bus Connected ax. Load Mode to
Rating Load Demand Maximum
kVA kVAt / k.A •em.ind k .13

'.9kV Shutdown Bd IA-A 14.300 A

400V Shutdown Ed 1Al-A (3200/1600 a but) 266011330 2077/1671 569/1162

480V Shutdown Bd A2-A (3200/1600 . hut) 2660/1330 1517/1004 1370/853 BiBi'-

Reactor NOV Rd 1A1-A 498.8 4---rrV- -,01'--¢cy2. BI 22
Reactor NOV Bd IA2-A 498 .8 -sI-2 1 -4V-'31 .i=w B

Con A Aux Bldg Vent Bd lAi-A 498 8 A"- 4 15c)  -4-ý--A4- A

Con A Aux Bldg Vent Ed 1A2-A 498 8 ..s-o-•443 -1 4 -t- 385" - RB

Reactor Vent Bd IA-A .498 .8 .,_ s--( c
Diesel Aux Rd 1A1-A 498.8 .- \2"- '4-123 -

Dieeel Aux Sd IA2-A 498 8 125. .A.,',_. z.6-

A -Accident shutdown with normal power available ACyv=
B- Nonaccident-t n

C - Unit shutdown in maintenance condition

*Connected Load figures include valves, motor operated dbors, elevators, air-
conditioning, and space heating.

Revised by Amendment 52
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TABLE 8.3-5

UNIT I POWER TRAIN B BOARD LOADING

2'3 G 6/1A 4•4•5
Board Bus Connected rM.x. Load Mode to

' eoc_, -r 5' 2 \ -f Rating Load Demand Maximum

kYVA .k.&.... 0 Demand k

6.9 Shutdown 3d 13-B IZ e/114 '300 49 ~i,~~

480V Shutdown Bd 131-B (3200/1600 a bus) 2660/1330 2 9/1432 18j750/11l437. 4444B1/e'C 0 C

480V Sh ttdown Nd IB2-B (3200/1600 a bus) 2660/1330 809 1 la I/7 G I A -Z .. . . 0
Reactor NOV Bd 1B1-3 498 .,8 -4ttr2-'01 B -TGI,'-,0

Con a Aux Bldg Vent BBd 11-B 498.8 44b,-4 -.r6 -AY4 A

Con 4 Aux Bldg Vent Bd 1B2- B 498 .8, *+ "-7(, • 4:Z.4- A

C1-2- a- ia ~ j~~ 498 .8 '+W 1(C' )9'(0 G B

Roact'or Vent Rd lb-B 498 .8 ~ 4SG ~ 7~~C

Dicese Aux 3d 131-0 498.8 .tS\ .LA

Diesel Aux 3d 131-B 498 .8 .,S.'3 4-~2- 'I

A - Accident ,hutdown wit na.. ma ower available

C - Unit shutdown in maintenance condition

*Connected woad figures include. valves, motor operated doorai elevatora, air-

conditioning, and space heating.

Revised by Amendment 52
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TABLE 8.3-6

PNIT 2 POWER TRAIN A ROARD LOADING cp(%'( G

-Bord Bua Connected Max. Load Xodc2osS/L-3,,1. RIoad Don-,-d USX I
to

Reactor MOV 3d 2A1-A 
498.8 "• •• "" BR,,ctor WOV 3d 2•2-A 498.8 j.J•-l',1 ...,4-rl~ •t •

Con S Anx Dold, Vent 3d 2,1-A 498.8 .J-'4-•G •-- •4-t A
Co,, B As Bldg Vent 3d 2A2-A 498.8 4±-i-2.l• .-s.-3-(c•
R eactor Vent Bd 2A-A 149.30 6C

4i80e Shutdw 3 d 2AI-A (320 /.60 a but) 11330

Diesel Aux Bd 2A21-A 49"8.81 83 :Z .-.~-&3•( .,3J'/\

~Q~b 
) 260 0113

A - Ac4ident shutdown with (3o0-/160 aora bE!

C - Unit "shutdown in maintenance condition """..
eConnected load figures include valves., motor operated doors, elevators, air-

CondtAonnu , and space heatlng. ... ..

Revised by Amendment 52
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TABLE 8.3-7

UNIT 2 POWER TRAIN B BOARD. LOADING c

Board Bus Connected Max. Load Node to
Rating Load Demand Maximum

6.9kV Shutdown 3d 2B-B A 300 4- 06 A

490V Shutdown id 2314j?3200/l600 a bus) 2660/1330 2138/11546 1701 I-i-r
480V shutdown 3d 232-B (3200/1600 a but) 200 51330,,1 1-03,•/ 10,85 1401 06

Reactor NOV 382381-3 498 .8 _O44r 4 W5ý B -

Reactor NOV"3d 132-B 498.8 . 1 .--' ..-- 2\\ A

Con I Anx Bldg Ven't 3d 231-B 498.8 .,-cA ..-4"4- A

Con G Aux Bldg Vent 3d 2B2-B 498.8 .,.i .L" 4-- 1. A

ReactorVeant 3d 23-3 498.8 .A, 5b 44 3'55 C

Diesel Aun zd 2B1-3 498.1 .S4l- 4 .jrA,

Diesel Aux 3d 2B2-B 498.8 .. J_ 1 \X0- -• 4- yf"\

+9RA_19f-*d9 o - .1ium DenmaLkIYA
A - Accident shutdown with normal power available c• ee "-sc',

C - Unit shutdown in iaintenance condition

*Connected load figures include valyes, motor operated doors, elevators, air-
conditioning, and space heating.

Revised by Amendment 52
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ALARM (LOW)

TRIP NORMAL.,ALTERNATE NO.I.
a LOAD IN"

MCR DEGRADED VOLTAGE
ALARM (HIGH)

HIGH 6.9KV
SHUTDOWN BUS
VOLTAGE (7260V)



DEGRADED VOLTAGE

-- TRIP BREAKERS AND
INITIAME U[)D SIED

-- MCR UEGRABED
VBLTINE APARM L RIW )

LOSS OF VOLTME

SUPPLU BRENYERS

S15 OVA~
ORVM MCR DEGRhiDED VOLTAGE

5 V _ -- ALPRMt (HIGH)

"707. 1IZ INITIATE LI•tD SHED (3.1) INTERNAL TIME D)ELA"/AT ZERO VOLTS)

107. lIZ T DETELET TWICE

"707 1/2 STKFT DIESEL (0.5 INTERNAL TIME DELAY AT ZERO VOL-TS)

Sl c

HIGH (0.5KV
SIIUTDOWN BUS
VOLTAIGE

* E

Ii

-- )
m Z
no

2<

m

UC

>tr

Zr

c-

CA-U


