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PurposeI
This testimony establishes that LILCO has dealt acequateiy

with the possibility of spurious alarms in the Shoreham Loose

Parts Monitoring System, and has chosen a system with the

sensitivity to detect loose parts while screening out the plant

background noise and normal plant movements of devises such as

control rods and valves that can result in spurious alarms.

Operational experience at Shoreham will enable LILCO to

calibrate the Shoreham Loose Parts Monitoring System to further

eliminate the potential for spurious alarms.
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8.1 INTRODUCTION

8.1.1 Utility Grid and Interconnections

The Tennessee Valley Authority (TVA) is a corporation of the
United States Government serving the State of Tennessee and
parts of six other states in the southeast 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 transmission
system consisting of various volta,•,-; up to 5).00 1V.

The Watts Bar Nuclear Plant is located 1I8 miles northeast oeC
Chattanooga, Tennessee, on the west bank of the Tennessee River.
The plant is connected into a strong existing transmission grid
applying large load centers. Both nuclear units are connected
into TVA's 500-kv transmission system. One unit is connected
with three and the other with two 500-kv transmission lines
which are integral parts of the 500-kv transmission grid. Nor-
mal power for the operation of a nuclear unit is supplied from
unit station service transformers when the unit is connected to
the transmission system through its main transformer ban1.
Preferred power is supplied from the existing Watts Bar fvydiro
1(1-kV Switchyard over 'two radial lines located entirely on TVA
property. The Watts Bar Hydro 161-kV Switchyard is intercon-
nected with the TVA power system through V161-kv trans-
mission lines, five hydro generators, and fourteam generators.~six
8.1.2 Plant Electrical Power System

The plant electric power system consists of the main genera-
tors, the unit station service transformers, the common station
service transformers, the diesel generators, the batteries, and
the electric distribution system as shown on Figures 8.1-? and
8.1-3. Under normal operating conditions the main generators
supply electrical power through isolated-phase buses to the
main step-up transformer's and the unit station service trans-
formers located adjacent to the Turbine Building. The prima-
ries of the unit station service transformers are connected to
the isolated-phase bus at a point between the genelrator t.er I '-
nals and the low-voltage connectioron () the miain tranutorlH :..
During normal operation, station auxiliary powert is tahen from
the main generato- through these transformers. During startup
and shutdown auxiliary power' is supplied from the 161-kv system
through the common' station service transformers. The standby
(onsite) power is supplied by four diesel generators.



16. NEMA TR1, Transformers, Regulators, and Reactors

17.. NEMA MG1, Motors and Generators

18. NEMA WC5, Thermoplastic-Insulated Wire and Cable

19., IPCEA S-61-402, Thermoplastic -Insulated Thermoplastic-

Jacketed Cables

20. IPCEA S- 5 6-434, Polethylene-Insulated Thermoplastic-
Jacketed Cables

21. IPCEA S-66-524, Interim Standard No. 2, XLPE Insulation

22. NFPA No. 78-1971, Lightning Protection Code

23. IPCEA S-19-81, NEMA WC3-1969 IPCEA-NEMA Standards Publica-

tion, Rubber-Insulated Wire and Cable. Specific references

herein are from the fifth edition dated July 1969.

24. IPCEA S-28-357, NEMA WCl-1963, American National Standards

Institute Requirements for Asbestos, Asbestos-Varnished
Cloth, and Asbestos-Thermoplastic Insulated Wires and

Cable (C8.36-1962).

8.1.5.3 Compliance to Regulatory Guides and IEEE Standards

The extent to which the recommendations of the applicable NRC

regulatory guides the IEEE standards are followed is shown

below. The symbol (F) indicates full compliance. Those which

are not fully implemented are discussed in the footnotes as

indicated. re.cYK e -•±YT| ccc -
•~wr -Fr4 dw....:.+:1 J

Regulatory Guide 1.6 (Safety Guide 6), "Independence Between

Redundant Standby (Onsite) Power Sources and Between Their

Distribution Systems." (F)

Regulatory Guide 1.9 (Safety Guide 9), "Selection of Diesel

Generator Set Capacity for Standby Power Supplies." (

Regulatory Guide 1.22 (Safety Guide 22), "Periodic Testing of

Protection System Actuation Functions." (F)

Regul,-itory Guide 2.29, "Seismic Design Classification." (F)

8.1-6
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IEEE Trial-Use Std 338-1971, "Criteria for the Periodic Testing
of Nuclear Power Generating Station Protection Systems.", (F)

IEEE Std 344-1971, "Guide for Seismic Qualification of Class I
Electrical Equipment for Nuclear Power Generating Stations." (F)

IEEE Std 387-1972, "Criteria for Diesel Generator Units Applied (9
as Standby Power Supplies for Nuclear Power Stations." (F)

1. The electric penetration assemblies at Watts Bar Nuclear-h. •EPLA
Plant are designed in accordance with IEEE 317-1972. __/ srT•

2. Regulatory Guide 1.75 was issued after the Watts Bar design (
was complete. Separations criteria for WBNP are given in
Paragraph 8.3.1.4.2.

3. Watts Bar Nuclear Plant shares the vital 125V d.c. powe ?I-- ?LAC.c W4
supply between units. MSE& T

4. Watts Bar Nuclear Plant Class IE equipment was qualified in
accoriance with IEEE 323-1971.

5. Watts Bar Nuclear Plant Class 1E equipment was seismically
qualified to IEEE 344-1971. Regulatory Guide 1.100 addresses 35
IEEE 344-1975.

6. The Watts Bar design complies with all of the positions of
Regulatory Guide 1.108, Rev. 1, except as follows: 40.67

Position C.7(5) - This e was issuea too
incorporate first out nun ation. However, on all

esel generator pro ctive t s such as differenti
o current, targe have been ovided. In addit n, C.
the atus of pr ective devices stalled to shsdown W
the di el gen ator unit for gener or or engi
trouble e armed in the main contr room. r

b. Position .2. 2) - This requirement to emonstrated X
at pre ration testing for both full o and minimum
flow onitions. hereafter, testing w 1 be erformed I
at e minimum flow onditions.

osition C.2.a. (7) - Thi position s not applicabl to
the Watts Bar design since o sw4 ching of fuel suppl s
is recuired.

-.. .......
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A discussion of the degree of conformance of the Watts Bar design with the

requirements of RG 1.63 follows:

C.I The electric penetrations have been designed to withstand the maximumfault current for the time duration of the backup protective device.A redundant overcurrent protection system is provided (redundantbreakers or a breaker and a fuse) for all penetrations exceptinstrumentation circuits where fault current is not a problem.

The only 6.9-kV circuit feeding loads inside containment (thusrequiring electrical penetrations) are for the reactor coolant pLmps(RCP). The breakers associated with the RCPs are backed up by asecond breaker to provide the redundant overcurrent protection systemsrequired by RG-!.63. The breakers are provided in the normal courseof auxiliary power system design and are non-Class 1E. The primaryand backup circuit breakers are each provided with independent dccontrol power from two different batteries so that the failure ofeither battery will not violate the single failure criteria.
Provision for testing is described below.

The 4S0-volt load center circuits have a low voltage power circuit f-_ýbreaker backed up by a current limiting fuse. The penetrationwithstands the available fault current vs. time duation for the load-.center breaker and fuse. The breakers have direct acting trips andare independent of control power. The fuse is located in the cabletermination compartment of the load center bolted to the breaker cable
terminal.

The 480-volt motor control center (MCC) circuits have a moldedcase circuit breaker backed up by a fuse. The penetrationwithstaunds the available fault current vs. time duration for thebreaker and fuse. Molded case breakers have direct acting trips. The---- b5reaker,4fuss2W• furnished in the standard design of the MOC and ar• e •
located in the same conpartment with approximately two inches ofspace separation. This is considered adequate because of the diverseprinciple of operation of the fuse and breaker.

Low-voltage control circuits which have sufficient fault currentsavailade to damage a penetration have-a molded case breakerbacked up by a fuse. The penetration withstands the availablefault current vs. time duration for the breaker and fuse. The molded
case breakers have direct acting trips.

The energy levels in the instrument systems are sufficiently low sothat no damage can occur to the containment penetration.



Table 8.1-2 lists the parameters that show the capability of each
typical penetration to withstand without loss of mechanical integrity,
the maximum fault current vs. time condition that could occur as a -
result of a single random* failure of the primary overload protection.
Thus the single failure criterion of IEEE 279 is met. Figures 8.1-4
through 8.1-10 show typical time-current curves.

In addition to the single failure criterion of IEEE 279, the following
requirements of IEEE 279 are met as follows: I

1. Testability: The overcurrent protection system provided for
6900-volt penetration circuits include drawn out-type relays
which are field testable using manufacturer provided test sets
or TVA test sets to simulate fault currents following established
procedures. Low voltage power circuit breakers and molded case
circuit breakers are field tested using test sets built by
Multiamp Corporation or equal. Testing is done byl simulating
fault current following established procedures.

The only method recomnmended by fuse manufacturers for periodic
testing of fuses is the measurement of their resistance.
Resistance measurement is one of the final checks made at the
factory to assure fuses have been manufactured correctly and are
properly labled as to size. The validity of duplicating a factory
test that measures milliohms in the field is questionable. In
lieu of field testing by resistance, we will establish a fuse
inspection and maintenance program that will ensure: (1)
that the proper size fuse is installed, (2) that the fuse shows
no sign of deterioration, and (3) that the fuse connections are
tight and clean. (See IEEE Std 242 1975 Recommended Practice for
Protection and Coordination of Industrial and Carnercial Power
Systems).

Penetration protective devices in 480V circuits energized during plant
operation are mounted in either motor control centers or Class 1E low
voltage switchgear. Both Class 1E and non-Class 1E motor control
centers are ITE Imperial Corporation series 5600 supplied under the
same contract. All 480V non-Class 1E distribution equipment that
houses penetration protective devices are located in the same seismic
structure as Class 1E distribution equipment. Equipment bought to
Class 1E standards is qualified to operate both during and after an
operating basis earthquake (OBE) or a safe shutdown earthquake (SSE).
The non-Class 1E motor control centers supplied under the same
contract as Class 1E are manufactured using the same materials and
conponents which results in the same high degree of operational
reliability during an OBE.



9

CL2- X/R ratios in excess of 15 were used in the qualification tests.

C.3 The duration times used in the qualification tests exceeded those
required by IEEE 317-1976 and RG-1.63.

C.4 The basic impulse test voltage used in the qualification test for the
medium voltage penetration was a 2X50 micro-second phase. The test
consisted of a full wave test series of three positive and three
negative waves.

C.5 Aging tests in excess of 5000 hours have been run on all non-metalic
materials to establish arrhenius curves.

C.6 N/A

C.7 NA

061254.06
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Posi tion C.1

The design of the WBNP 125-volt vital dc system and the construction
permit application was made before June 1, 1973. The design, as a
minimum, meets the requirements of position 3 of the subject
regulatory guide and branch technical position ElCSB 7 as follows:
The system is capable of supplying minimum ESF loads and the loads
required for attaining a safe and orderly shutdown of the unit
assuming a single failure and loss of off site power. The ESF, output
relays and their trained loads that require power to operate, ar-e
assigned as follows:

1. Unit 1 "A" train - 125V dc Vital Battery I, 1201 ac Vital UP.S 1-I _-1

2. Unit 1 "B" train - 1251 dc Vital Battery I1, 120V ac Vital UPS 1-1I
3. Unit 2 "A" train - 1251 do Vital Battery III, 1201 ac Vital UPS 2-I11
4. Unit 2 "B" train - 1291 dc Vital Battery IV , 120V ac Vital UPS 2-IV

Thus the ESF loads are not shared.

The 120-volt ac vital instrument power is supplied by four UPS units
per unit. They furnish power for the four-channel reactor protection
system (RPS) input relays. The relays fail safe, actuate reactor)protection system (RPS) signal, on a loss of power, thus a single
failure and/or a loss of offsite power does not prevent the safe and
orderly shutdown of either unit.

Plant common loads such as emergency gas treatment are supplied from
unit 1, channels I and II.

In no case does the sharing inhibit the safe shutdown of one unit
while the other unit is experiencing an accident. All shared systems
are sized to carry allf credible combinations of normal and accident
loads.

Position X _, "

a. Watts Bar is a two-unit plant.

b. With a single failure (Loss of a battery or loss of a diesel
generator) in the plant sufficient ESF loads are still
automatically available to the accident unit and to safely shut
down the remaining unit.
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c. The most severe DBE is an accident in one unit and a trip of the
other unit. Sufficient diesel generator (DG) power is available
to attain a safe and orderly shutdown of both units with the loss
of one DG unit.

d. The DG units and the standby distribution system are a-ranged in
two redundant trains per unit. Due to the shared ESF system
(example: ERCW) only one DG unit per plant can be taken out for
maintenance or tested at the same time. With only one DG unit
unavailable, this position is met assuming loss of offsite power.

e. No interface of the unit operators is required to meet position
2.b. and 2.o.

f. Control and status indication for the DG units is provided on a
central control board (Panel O-M-26) available to both unit
operators. DC system status (volts, current, etc.) is provided on
a unit basis. /--gce_ t I 5liscus s l e_

g. The recommendation of RG-1.6, 1.9, and 1.47 are met.

imrf Is*, .WOW..... .. .. .... ....



I .Position C.2..a(2)k_

We understand this requirement to mean that the emergency loads besequenced on to the diesel generator unit (DGU) with each lcad operating atits full load rating (that is a pump would be operating at full flow).This will be done as part of the preoperational testing program. Forsubsequer4t periodic testing done after preops, the loads will be sequencedon as designed except the pXnps will be operated with their iriniflow
connection open and not at full flow.

The most severe disturbance of voltage and frec'aencv for a diesel generatorunit (DGU) occurs when starting a motor. Whether a motor is operating atfull flow or miniflow, this disturbance is the same. Therefore, thecapacity of a DGU to maintain frequency and voltage can be proved with thepumps operating at iniriflow. The voltage and frecuency will be monitoredby control board meters during periodic testing to assure that thefrequency and voltage are maintained within design limits.
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C. 1 Full ccoplianece

C. 2 Full compliance

C. 3 Full compliance

!C.- 4 Full compliance

C. 5 Enviror.nental qualificat:ion of the `.WBNP diescl oenerator Lmnits will
b, detailed in 'IVA 's rLoWD ; t ' ..

C . G F oLl- c C IM l i a n c e l  . , , e l lS

C. 7 (a) -ull .:ompliance

(b) Full compliance

C.8 Does not comply - Although a first-out serve, 1. nce system is not
installed at Watts Bar, all diesel generator protective trips such as
differential overcurrentr have been provided with targets to indicate
which protective device operated. In addition, the status of
protective devices installed to shut doc the diesel generator unit
for generator or engine trouble are alarmed in the main control room.
Where more than one protective device target is operated, an analysis
of the problem will be done to determine which device operated first.

C.9 It is TVA's position thWr the intEnt' of t \-,sition has been fully
ynet. Please refer to W40 . ''--.0s rezponse to NRC
question 112.22 re2.ating tc seis.ic q'ui- >--c.1- of Watts -ar
safety- related e-,uipment. in addition, pleaseýi refer to FZ-E-AR Table
3.10.1, sheet 2. for a sur=.ary of the se'ismic qualification of
electrical equir-, ent, including the diesel generators. Further Table
3.10.3 'W.Iatts Bar Seismic Qualifications," sheets II throuch 20 for
tests, results, and references of the seismic qualification of various
components of the diesel generator unit.

C.10 Full compliance

C.11 Full compliance

C.12 N/A

C.13 P/A

C.14 Does not fully comply. The lead qualification test was not done as
part of the ttpe qcuac.ification t• st. This test has been uas part
of the preoperational test program, but the requirements of IEEE 387-
1977 were followed. It is T\"A'-s rsition that running the s .-L
load test at the end is a more severe test and this se,,uence is
justifiable. HI,:ever, in order to meet this position, subsequent
periodic testing of these DGUs will be done per this regulatory
guide.
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TABLE 8.1-2

ELECIRICAL PENETRATION ASSEUBLY SHIORT-CIRCUIT CAPABILITY

Rated
Rated Serv Wire Short Ckt
votsJ VYo__ ai e SMnp.

8,000 6,900 750 36,000

600 480 350 30,000
MOM

600 480 250 28,000
MOM

600

600

600

480 2/0 22,000

480 4 PING 12,500

120 8 AWG 6,000

Rated
I 2 t

ix IQ06_)

2,910

634

324

91.7

9.01

1.41

Tested
Short Ckt
-Sym Amp

50,000*

35,000**

33,900**

28,300**

15,000**

5,960**

Calculated
Short Ckt
Sm Amp

27,000

10,869

5,076

1,917

992

646
576

Priukry DeviceOpening Time

Sec

0.0165

0.024

0.014

0.043

0.019

.054
0.013

Backup Device

Opn- Time 2

2.7
0.0165

1,968
12.03

0.05

0.06

0.05

0.018

0.150
0.07

1.55

0.18

0.17'

600 125VDC 10 JMWG 3,600

600 125VDC 12 14IG 2,300

*Test current

*"•Mese test currents are from the vendor's test report,
with the status "Approved With Corrections as Noted."
the valididty of this table.

which been reviewed by IVA and returned to the vendor
These corrections are minor in nature and do not affect

051275.03

0.558

0.221

3,900**

2,410**

31

32.5

0.s06
0.02'

0.00(

0.00(



Replace revised Figure 8.1-2 shown in Amendment 44 with the same
figure of the previous amendment since the revised figure shows the
new fifth diesel generator which has not been formally presented to
the NRC. This revised figure will be submitted with the appropriate
SAR text at a later date.

S
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WBNP

8.2 OFFSITE (PREFERRED) POWER SYSTEM

8.2.1 Description

8.2.1.1 Preferred Power Supply

The features of the offsite power system are shown in Figure
8.2-1, Development Single Line Diagram.

Preferred power is supplied from the existing Watts Bar Hydro
161-kV Switchyard over two 161-kV overhead lines approximately
1.5 miles long, located entirely on TVA property. These two
transmission lines will be supported on separate towers, and
the separation of the two lines will be sufficient to ensure
that the failure of any tower in one line will not e danger the
other line. 1ix / k

The Watts Bar Hydro 1-kyV Switchyard bus /rrangeme nt is de-
signed so that the ss of any one of ;the four main bus sec-
tions will not caus loss of power to J Sij of the two pre-
frred power sourc lines to the nuclear plant. The Watts Bar
Hydro Plant .Switc yard is interconnected with the TVA power
system through 161-kV transmission lines and the five
Watts Bar hydro generators, as shown on the t transmis-
sion arrangement, Figure 8.2-2. This switchyard also connects
the four steam-driven generators in the Watts Bar. Steam Plant
which are not generated continuously.

The Watts Bar-Sequoyah and the Watts Bar-Athens 161-kV lines
both terminate on the hydro plant switchyard bus 1, section 1.
These two lines are on separate rights of way and do not cross
each other. The Athens line is approximately 21.78 miles long
and terminates in the Athens 161-kV Substation along with
161-kV lines from Fort Loudoun Hydro 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-kV
Switchyard is connected to the 500-kV system through an inter-
tie transformer bank, to one of the generating units at Seauovah
Nuclear Plant, to Chickamauga Hydro Plantto 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 Falls 161-kV Transmission Line is approxi-
mately. 5L.12miles long.This line is terminated on bus 2,
section 2 in the Watts Bar Hydro Plant Switchyard. At Great
Falls Hydro Plant this line is terminated in the 161-kV switch-
yard along with a second circuit from Watts Bar Hydro which is
routed by way of Spring City 161-kV Substation and a 161-kV
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' transmission line that interconnects with the power system net -work through the Murfreesboro 161-ky Substation, Mclvinnville161-kV Substation, and the Center Hill Hydro Plant. The GreatFalls and the Winchester 161-kV Transmission Lines cross near
the Watts Bar Hydro Switchyard.

• The Watts Bar-Spring City 161-kV TransumisIon Line is approxi.-mately 7.38 miles lon);. Tt is terminated on bus 1, sectionin the Watts Bai' Nydre 'Plant :ýwitchyardl. At Oprinf, City thl,,*• line is terminated on the 161-kV bus along with a 1 6 1-kV linethat extends to Great Falls Hydro Plant. The Spring City andWinchester lines that extend from Watts Bar Hydro Plant crossnear the switchyard.(

The Watts Bar-Rockwood and the Watts Bar-Winchester 161-k_Transmission Lines are terminated on bus 2, section 4 in theWatts Bar Hydro Plant Switchyard. The Rockwood line is approxi-- mately 23.67 miles long and is terminated on the Rockwood 161-kVbus alont< wi 16l-kV lines fror Fni Pl..an F4 t a n•_ 4-o_
osFV l'I E.. 1-kV Substation aridKinristor Steam Plant are further connected to the TVA 161-kVtransmission system network. The Watts Bar- Rockwood line iso on a separate right of way and does not cross other lines th.,atterminate at Watts Bar Hydro Switchyard. The Winchester 161-kV.\ Transmission Line is approximately 76.2 miles long and termi-V nates at Winchester 161-kV Substation by way of the Dayton andCoalmont 161-kV Substation Taps. The Winchester, Spring City,and Great Falls 161-kV Transmission Lines have crossings nearthe Watts Bar Hydro Plant Switchyard.

Two 161-kV transmission lines extend approximately 1.5 milesfrom Watts Bar Hydro Plant Switchyard to the Watts Bar INuclearPlant site to furnish preferred power to the nuclear plant.
One of these lines is terminated on bus 1, section 1 and bus 2.

Section 2. This line does not cross other 161-kV lines. Theother preferred power 161-kV transmission line is terminated onbus 2, section 4 and bus 1, section 3 in the hydro plant swýitch-yard. This line cross:;.. over the Spring City and the GreatFalls lUl-kV Transmission Lines near the hydro plant switchyard(Figure 8.2-2).

The transmission line structures for all 161-kV lines describedare des!ined to exceed load requirements specified in theNational Bureau of Standards Handbook No. 81 (National ElectricSafety Code Part 2). Designing to these requirements ensuresthe adequacy of lines for wind and heavy icing conditions in (excess of those that would be expected to occur in this area.The phase conductor and shield wire design tensions are select-ed to avoid vibration and galloping conductor problems. Lorfrexperience with area transmission lines verifies that TVA de-sign practices have been successful in avoiding vibration prob-lems. No galloping conductor conditions have been observed inthe eastern portion of the TVA transmission system.

8.2-2
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Transmission lines in the 161-kV voltage class have two over-head ground wires provided for lightning protection. Thisshielding has been effective for an area isokeraunic level of55 and is reflected in the average operatjngr rec'ord of only3.86 flashover interruptions annually per- 100 miles o lijne.
CTh-e use of circuit breakers with high speed reclosing relaysresults in the majority of these interruptions heing momentary.

8.2.1.2 Transmission Lines, Switchyard and Transformer.-,

Xe to161-ky and the five 500-- ines connectinfr the plantw. h the TVA transmission netw k ar indictated functionalion gure 8.2-1. The onsite ransmisson line arrane

• ne,e enes are

shown n Figure 8.2-3 and t e offsite t nsmission line r tingin the icinity of tihe swchyard is sho on Figure 8. 2. 0Prefe-re power will be upplied from the isting Wat Barhydro 16.2 switchyar Figure 8.2-i ) over o radia 61-fVnoverhead ii s ap pro Imately 1.5 miles long. hese ines are WUrouted to min ize he likelihood of their simu t eous fail- Vure.

Location of t Co on Station Service Transf 'mers '-s shown onFigure 82- Phys al separation is 61 fe ,cente. Inc t~ocenterline nd 35 fee between closest par s. Fire r .ectionhas been rovided for ch, with a water prinkler svste whichcan be utomatically act 7ated by therm stats or the tran. norm-
a. ies Etaa the asr iii ha')nZ.•o

er e ctrical protection transformr aOriry and two secondary w dings. The pnr riary v it5a es
1 -kV, rated 57/76/95, OA/" OA. The -econdary v"0t1rC s w9 kV and each is rated 36/48 OA/F/'/POA. /C4-4

! Arrangement of the Start Boards, Un-t Boards, Common
Boards, and Reactor Coolant Pu.- (DCP) Boards

the lowvolta s. of each com ..Sicn serviC -

nit o ~rrl:ip tbý vVT t- :'ý'r Te ta- ltion service buses are outdoor, nonsegr.-ato-d, partally venti-lated, metal-clad structures and are show'n on Figure 8.2-5. .. tthe 6.9-kV start board these buses enter the outdoor neta2 -c~adswitchgear and connect, to supOpli breaker,. The desisr,- of' the6.9-kV start boards and RCP boa?-ds conforms 'L- , C ?7.(S-andard for- Switchfear Assertslies inc b 1 *,g C,} Trd- FIe neC .C,Bus) and is classifjc,(3 as outdoor meta"l-cl,) T e: 11-'dJ',. Sec-tion 20 6.2.2 of this standard defin e s t r'e2ui,:e.e. 1s i'-harriers. The circuit breakers a1, th,- . IA ,2 ,:. D ::rd :-"re..... ' trc l.,-. operate6i , verlt -al >iF's <jr'::a -,*;V t. . '< • ..:', :: ao

9. t :.;- s~f `750 a , ar; i .-s "U]. i -. : :._ ',.': . ._ .. , , ...
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8.2.1.2 Transmission Lines, Switchvard, and Transformers
The two 161-kV and the five 500-kV lines connecting the plant with the TVA
tran•miission network are indicated functionally on Figure 8.2-1. The
onsite transmission line arrangement is shown on Figure 8.2-3 and the
offsite transmission line routing in the vicinity of the switchyard is
shown on Figure 8.2-2. Preferred power is supplied from the existing

Watts Bar hydro 161-kV switchyard (Figure 8.2-4) over two radial 161-kV
overhead lines approximrately 1.5 miles long. These lines are routed to

minimize the likelihood of their simdltaneous failure.

The location of Caomon Station Service Transformers A and B is shcwn on
Figure 8.2-5. Physical separation is 61 feet, centerline to centerline arnd
35 feet between closest parts. Each transformer has a single primary and
two secondary windings. The prira.ry voltage is 161-kV, rated 57/76/95,
OA/FP/FOA. The secondary voltage is 6.9 kV and each is rated 36/48/60,

OA/FA/FOA. The location of Cranon Station Service Trarsformers C and D is
also shown on Figure 8.2-5. Physical separation is 70 feet, centerline to
centerline and 49 feet between closest parts. Each transformer has a
single primary and two secondary wind-ics. The primary voltage is 161-ky,
rated 27/36/45, OA/FA!/FCA. The secondary voltage is 6.9 kV and each is
rated 15/20/25, OA/FA/FcA. Fire protection has been, provideo for each,with a water sprinkler svstem which can be au.... Ic i byt:_0i;c• 

cE - _ ctvatedf by.,

t~ermiostat-s or the tranormer e•ercal •rotecti devices.
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Fram the low-voltage side of each. cimmon station service transformer (CSST)

A and B, 6.9-kV station service buses supply the 6.9-kV common, unit, and

RCP boards via the 6.9-kV start boards. CSST's C and D are connected to

their respective 6.9-kV switchgear via bus identical to CSST's A and B bus.

CSST's C and D switchgear is then connected to the 6.9-kV shutdown boards

via cables. The cables are routed through conduit banks and cable trays to

the 6.9-kV shutdown boards.



The circuit breakers are utilized at 6.9-kV. Therefore, there

is sufficient margin between the application and the rating of
these circuit breakers.

From the 6.9-kV start board the two 6.9-kV start buses A and B
and the two 6.9-kV RCP start buses A and B run on separate sup-
port structures as outdoor, nonsegregated, partially ventilated
metal-clad assemblies.

The bus bars are fully insulated with flame-retardant material,
bus supports are flame-retardant, and the metal enclosures are
such that arcing faults in one bus will not endanger the other.
The 6.9-kV start buses enter the Turbine Building spaced 8, 6"1
centerline-to-centerline and continue on this spacing across
the building. The 6.9-kV RCP start buses enter the RCP outdoor
metal-clad switchgear and connect to supply breakers.

The 6.9-kV unit and common boards are indoor, metal-clad switch-
gear with electrically operated, vertical lift drawout breakers
with stored energy mechanisms.

The four unit station service transformers are located in the
transformer yard, south of the Turbine Building and directly
under the delta section of the isolated-phase main generator
bus. Location of the Unit Station Service Transformers is
shown on Figures 8.2-5 and 8.2-6. From each of the unit sta-
tion service transformer low-voltage sides two 6.9-kV buses
originate, one running in the switchyard parallel to the south
wall of the Turbine Building and connecting to the RCP switch-
gear, and the other entering the south Turbine Building wall
for routing to the unit and common boards. The unit station
service buses are outdoor, nonsegregated partially ventilated
metal-clad construction until they enter the Turbine Building,
where the construction changes to indoor type. After entering
the Turbine Building, the unit station service buses are routed
to the appropriate supply breakers in the 6.9-kV unit and
6.9-kV common boards, entering through the tops of the 6.P-kV
unit boards and the bottoms of' the 6.9-kV common boards.

All of the indoor station service buses are ncnventilated, non-
segregated, metal-clad dripproof constructionj. In addition,
the outdoor portions are weatherproof and equipped with 120V
l-phas4 heaters to maintain the temperature inside the housing
at least 50 C above outside temperataue. Al]. buses are provided
with gas-resistant seals at entry to a piece of s-witchgear. At
the penetration of an outside build nJng wall, the buses are pro-
vided with a fire-resistant and -oisture-resistant barrier.

8.2.1.4 Arrangement of Elect.-ical C'o-ntl-ol i',rea ýýJCllf Flatn

Figure 8.2-7 shows the electricý-. control area where the relay,

8.;-4
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control, and 250V d.c. control power distribution panels are
located.

Control power for power circuit breakers and associated protec-
tive relays is distributed from the 250V d.c. supply via cir- 29

cuit breakers on the control room d.c. distribution board.

Physical isolation of control power supplies for control of the
two preferred power circuits is achieved by metal barriers be-
tween adjacent panels.

Two separate 250V d.c. buses are provided in these panels.
Each bus can be fed from one of the two 250V battery boards
through manual, mechanically interlocked, nonautomatic circuit
interrupters. The power circuit breaker and associated relay
control circuits are allocated to these two d.c. buses on the
basis of switchyard connections. This allocation of control
circuits ensures that the control and relay circuits of the two
common station service transformers are fed from two indepen-
dent d.c. distribution buses. Each such circuit is protected
by a 30-ampere circuit breaker and supervised by an amber indi-
cating light located on the recording and instrument board.
These indicating lights are grouped on the panel on the basis
of the d.c. buses they are connected to, and their wiring is
physically separated on the panel on the same basis.

Each common station service transformer is protected by a per-
centage differential relay with harmonic restraint, a sudden
pressure relay, and a neutral overcurrent relay in the 6.9-kV
winding neutral.

The operation of the transformer protection relays will trip
and lock out the power circuit breakers connecting 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.

8.2.1.5 Switchyard Control and Relaying

The design of the offsite power system with its provision of
two immediate access circuits from the transmission network,
complies wit:I the NRC regulatory position expressed in the
Regulatory Guide No. 1.32 for the preferred design of such a
system.

The tranrsiissionr line relay protectiorn circuits continuously
monitor the cornitions of the oftsite power svstem and dre
IŽesiqned to -pLct arid isolate the faults with maximum sreed
anrd minimum Jdisturbance to the system.

8.2-5
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The principal features of these schemes are described below.
The 161-kV lines are protected by three-zone (reversed third. zone) step distance phase relays augmented with directional

comparison carrier blocking and have directional overcurrent

carrier ground and backup ground relays. The relay potential
circuits are fed from a set of potential transformers-connected
to each main bus section.

The 161-kV transmission line protective relays system is de-

signed to maximize the reliability of the incoming power to the
plant. The protective relaying provides for fast detection of
faults and should the transmission line protective relays fail
to clear the fault, adequate backup protection is available in
the form of bus breakup relays. The bus breakup relays consist
of impedance and ground relays.-If the
fault is not cleared within the time setting of the tim all
breakers connected to the bus section of the faulted line 1
be tripped and locked out.

The Watts Bar Hydro 161-kV switchyard is protected by a bus
differential relay scheme. The bus differential relays con-
tinuously monitor the current inflow and cutflow from the bus
section under their supervision. Whenever the current inflow 00
does not equal the current outflow, the relays operate instan-
taneously to trip and lock out all breakers in their protected
bus section. The bus breakup relays back up the differential
relays should they fail to operate. In addition to the line -1

and bus protection schemes, the 161-kV switchyard power circuit h-
breakers are protected by breaker failure relays with current
supervision from separate current transformers on the breaker.
The breaker failure relays operate through a timing relay and
should a breaker fail to trip within the time setting of its
timing relay, the associated breaker failure trip relay will
trip and lock out both breakers in that particular switchyard
bay and also trip and lock out all breakers connected to the
bus associated with the f.iled breaker.

The supply to the common station service transformers Aaand BQnA
possesses a high degree of reliability even under electrical
fault conditions. The following discussicn describes the
secuence of events following postulated faults:

i. Transmission line fault.

If the instantrneous element of the line -rctective relays
is actuated the line breaker i - t-iosed and a h'zh sneed
reclosure oc-,urs. f after the n-- se _ccs ;-
fau Lt has 'net cleared, the breakrer I trio again. an a
s• •-cai st.ed, J , •...(c ,:chrcnismcheck- "'r rage .. chck, iosre
occurs. In t"-e majority of "te cases tese rec.... ....
reslore zhe line back to service. e o r, a trf_. a::er

.2-6
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this Will lock out the breaker isolating the fai
There is no appreciable disturbance on the two I
the common station service transformers.

2. Transmission 
line fault and failure of the line

breaker to clear the fault.
The corresponding 

main bus breakup relay and bre
ure relay is automatically 

initiated, starting a
If the fault is not cleared within the time sett
timer, all circui't breakers

5 connected to that bu;
tripped and locked out. with normal position of.
rakersscribe 

previously, bothcontinue to receive Power without ir3. Main bus fault.

This type of fault is detected by the bus differe
protection. When initiated, it trips and locks o
circuit breakers connected to the faulted bus. TI
of this action are similar to those cescribed und.4. Transformer or transformer feeder faults.These faults cause tripping of all the transforme,breakers on the high and low voltage side of the t
former. In addition, the trip relay initiates the
former fire Protection sprinkler and starts the fi5. Common transformer or transformer feeder fault and
of one Vy.*ircuit breaker to operate roperlta

• ( 1 W K ¥ ) " p p r t e n . . .•T h e s e e e t c u e t 
, r ycause the operation 

of Protection .. c.
under 4 above, followed by the operaticn of the bre
failure relay -4hich trips a 1 1 breaý.ers conncected tbus at he --me Of failure. The event resu'lt5  n

-of onetrnf

of oe tansormer; the other tr'arjs.-orr-,erOt½rece ive Power fromeits mein `s-A chrtsinupc
mThe allocation of the 2 50V d. .cc. oe crlc itr.

l a y s a n d c i r c u i t b r e a t, e r s ( t h e d s i P o , c i , iin the preceding s rt o j) is 
Ioor(5 inat ca t< • tIrequir &ements of thc Zr,' . r In' a tr -an 3 th e r equir en e ,nt • :r o e ori*u a v a i la i v : the cstation service t A ard B.

0

6. 9-kv Start Boards -njýtroý
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breakers each. Two of the circuit breakers, 1512 and 1614, are
the normal and alternate feeders for start bus A while the two (
breakers 1612 and 1514 are the normal and alternate feeders for
start bus B. Two other breakers, 2512 and 2614, are the normal
and alternate feeders for RCP start bus A, while breakers 2612
and 2514 are the normal and alternate feeders for RCP start bus
B. The two circuit breakers feeding each start bus from a dif-
ferent CSST are interlocked and the control circuits arranged
in such a manner that manually-initiated high speed (5 cycles
or less).transfers can be made from either breaker to the other
breaker. Automatic transfers can only be made from the normal
breaker to the alternate breaker and are delayed until the bus
residual voltage reduces to 30 percent of normal. All auto-
matic transfers are initiated by undervoltage on the bus. The
250V d.c. normal control power for the pair of breakers feeding
start bus A is supplied from a separate battery and d.c. dis-
tribution board from that of the normal control power for the
two breakers feeding start bus B. Alternate control power
feeders are similarly segregated.

Manual control of the circuit breakers is provided on the elec-
trical control board in the Main Control Room where the opera-
tor has instrumentation showing the voltage on each of the two
buses and current flowing in each of the four feeder breakers.
The following annunciation is provided:

1. Start Bus Fan Failure

2. Start Bus Transfer

3. Start Bus Failure or Undervoltage

Annunciation No. 3 is composed of bus differential relay opera-
Ition, bus a.c. voltage failure, and control bus d.c. voltage

failure. Start Bus A is the normal feeder to 6.9-kV common
board A and the alternate feeder to 6.9-kV unit boards 1A, 1C,

-Z 2A, and 2C. Start bus B is the normal feeder to 6.9-kV common
board B and the alternate feeder to 6.9-kV unit boards 1B, 1D,

2B,, and 2D.

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 the start 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
manual transfer between the normal and alternate supply breaxers.
Manual transfers are high speed (5 cycles or less) and can be
made from the normal to the alternate supply or from the alter-
nate to the normal supply. Automatic transfers can only be

8.2-8 .
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The secondaries of cc=non station service transformers C and D (CST) feed

into two start boards containing two circuit breakers each. One of these

circuit breakers, 1712 provides power directly to 6.9-kV shutdow boards

1A-A and 2A-A while circuit breaker 1812 provides another source of power

to the same 6.9-kV shutdown boards. One other breaker, 2714, provides

power directly to 6.9-kV shutdown boards IB-B and 2B-B while circuit

breaker 2814 provides another source of power to the same 6.9-kV shutdcwn

boards. All four of the above circuit breakers are norzmnally closed with no

provision for automatic or manual transfers between circuit breakers. The

125-V dc normal control power for circuit breakers 1712 and 2714 is

supplied f-rm a separate battery and dc distribution board frcn that of

the normal control power for circuit breaker 1812 and 2814. a-e alternate

control power feeders for these circuit breakers are similarly segregated.

eanual control of the circuit breakers is provided on the electrical

control board in the main control room where the operator has

instrumentation showing the voltage on each of the two buses and the

current flowing in each of the four feeder breakers.

The following annunciation is provided:

1. Loss of Control Power

2. Bus Failure or Undervcltage.



made from the normal to the alternate supply. Automatic trans-

fers initiated by loss of voltage on the unit board are delayed
unitl the bus residual voltage decreases to 30 percent of nor-
mal. Those transfers initiated by reactor trip or turbine trip
signals on the unit or RCP boards are high speed transfers.
Control power is from the 250V d.c. distribution system.

The unit and RCP boards are protected by overcurrent, ground
overcurrent, and differential current protective relays. Man-
ual control of the two feeder breakers of each board is pro-
vided in the Main Control Room. The operator has instrumenta-
tion that gives the voltage of each board and the current flow-
ing in either of the two feeder breakers. The following annun-
ciation is provided:

1. Unit and RCP Board Transfer

2. Unit and RCP Board Failure or Undervoltage

Annunciation No. 2 is composed of board differential relay opera-
tion, board a.c. voltage failure, and control bus d.c. voltage
failure.

final link to the onsite an 7 ) power system (the 6.
shut n boards) is feede rom the u t boards. Unit rds
1B, iC, and 2C ar e normal supplie L. 6.9-kV jutdown
boards A-A, -B -A, and 2B-B, respective - le unit
boards 1A, D and 2D are the alternate s s respec-
tively.r, fee are protected by o\ .urrent ground
overcur t relays. o these feede reakers are n "I.allv y

elor- with all t r orma 1 aser e e!i ransfers tent e.-

•2urrin at the 6.9-kV shutd ard. w

S.2.1.8 Conformance with Standards

This section discusses provisions: rncluded in t-h- desin of the W
offsite power system to achieve system Jsig> i( CS nf rior-a]'ce
witn requirements of ODC 17XVand NRC Regulator's Guides ] .6 a'sd

The following requirements of '-u "

R-egulatory Guide 1.6

7:egulatory Guide 1.6 requires that "EacI . c. oa d rur should
ve a conn-ction to the refer, offs over source
:<_-.-: et d iower s ouc e may s- . :Zr,5r . . <1 .

8.2-9



The final connections to the cnsite (standby) power systen (the 6.9-kV

shutdown boards) are feeders from the unit boards and co•-,mon station

service transformers C and D. Unit boards 1B, IC, 2B, and 2C are the

normal supplies to 6.9-kV shutdown boards IA-A, 1B-D, 2A-A, and 2B-B,

respectively. Ccrunon station service transformers C and D provide the

alternate power sources directly to the 6.9-kV shutdown boards. Conmon

station service transformer C provides alternate No. 1 power to 6.9-kV

shutdown boards IA-A and 2A-A through circuit breaker 1712 and alternate

No. 2 power to 6.9-kV shutdonm boards l&-B and 2B-D through circuit• breaker

2714. Co=,mon station service transformier D provides alternat-e No. 1 power

to 6.9-kV shutdown boards 1D-? and 2L-B- throuch circuit breal cr 2814 Aand

alIternate No. 2 power to 6.9-kV shutdc,wm boards lA-A and 2A-A through

circuit breaker 1812. These feeders are protected by overcurrent and

ground overcurrent relays. All of these feeder breakers are normally

closed with all transfers between the normal, alternate N{o. 2 and alterm½t

No. 2 feeders occurring at the 6.9-k; seutdow, boarcs.



seconds following a loss-of-coolant accident to assure

that core cooling, containment integrity, and other vital
safety functions are maintained."

5. "Provisions shall be included to minimize the probability

of losing electrical power from any of the remaining
sources as a result of, or coincident with, the loss of
power from the transmission network, or the loss of power
from the onsite electrical power sources." < IKSE:-T

Each of the above requirements and the provisions lnclude'd in 8-2
the design to meet them is addressed in the discuu•;ioo which
follows.

The discussion is arranged in two parts:

1) Physical measures for achieving independence and physical
measures taken to minimize the likelihood of failures of por-
tions of the offsite power system inducing failure of the other
power sources and 2) functional provisions for achieving ade-
quate capacity, capability, and availability; functional mea-
sures taken to minimize the likelihood of failure of portions
of the offsite power system inducing failure of other power
sources.

Physical Measures rj

two common station servi U nsformers ,and buse.- are c01,
c and arranged to pr -de two p1ically irdepenU-` f-

site p r circuits to e onsite dis tr ution sy.tem .ither U
of these be use s the preferred rowe supIc -he ou t - _
door portion s ne buses are weatherproo f a u uuippec d lh it
120V- e 1 phas .I ers to maintain the t.e, onverse att Inite the

'housing a -east 5 above outside temsperoure. Th us nductors
are c;,vinsulatead w flame-retarnteri materiat , ba ort. s A

r e a m e r et a r d oa n t ,r ad e m e tea l c l o s u r e s o iu t l p r ev t a - cY ý a
swinth fault in one bus from t 'P i the srthreCbs.!

The common station service hue~aiti 6bfelcr rie

are povidd wih ga re ustsantseals at fheetr to t.r~ le-
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r_,ppro.':tm.-ately 15 feet before ente2:-n 'lgheoRu ron. Ft
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switchgear and connect to thesa -a su:_l -h e E~
a~re provided with gas resi~st-art sea-ls at the er'Lry to Tre
switchgear. The s up-yly am nfd .` der 1--ea Yers a t he u. rJ it
start boardi are e lectrical ly c pcrat eo, vertical df dr i%;c,-
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%eaker for each of the C .9-7' sts rues 7D a "
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General Design Criterion 18 requires that the offsite power circuits be

designed to rlper£nmit periodic inspection and testing to show:

a. "The operability and functional performance of t-he ccmponents" of the

circuits,

b. The operability of the circuits as whole systernz, and

C. 'Under conditions as close to design as practical, the full operation

sequence that brings the system into cperation. "

• i.
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The common station service transformers and buses are connected and

arranged to provide two physically independent offsite power circuits to

the onsite distribution system. One preferred power supply is made up by

coimmon station service transformers A and D while the other preferred power

supply is made up by common station service transformers B and C.

The two comnon station service transformers A and B and buses are connected

and arranged to provide two physically independent offsite power circuits

to the onsite distribution system. Either of these can be used as the

preferred power supply. The outdoor portions of the buses are

weatherproof and equipped with 120V, 1 phase heaters to maintain the

temperature. The conductors are fully insulated with flame-retardant

material, bus supports are flame retardant, and the metal enclosures will

prevent any arcing fault in one bus froat damaging the other bus.
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start buses A and B. The normal feeder breaker and the alter-

nate feeder breaker obtain their supply from separate buses and

separate common station service transformers, thereby giving

each start bus two possible and independent sources of power.

From the feeder breakers of the 6.9-kV unit start board the two

6.9-kV unit start buses A and B and RCP start buses A and B run ,-•

on separate support structures. These buses are outdoor, non-

segregated, and the conductors are fully insulated with flame-

retardant material. At the penetration of the outside building
wall, the unit buses are provided with fire- and moisture-re-
sistant barriers. The RCP start buses enter the outdoor metal-

clad switchgear and connect to the RCP board supply breakers.
These breakers are electrically operated, vertical lift drawout
type, with stored energy mechanisms.

The 6.9-kV start buses enter the Turbine Building spaced 8'-6"

centerline-to-centerline and maintain this spacing through the
building. The start buses are tapped at appropriate places and

routed to the appropriate supply breakers in the 6.9-kV unit
and 6.9-kJ common bcards. The start buses enter the unit board
supply breakers through the top of the boards. The normal sup-
ply breaker and alternate supply breaker for each board are
separated along the length of the board by several feeder

breakers, thereby preventing a fault in one breaker from dam-

aging the alternate supply breaker. All buses are provided
with gas-resistant seals at entry to the switchgear.

The power from the unit boards is supplied to the shutdown
boards by means of cables routed via separate cable trays and
conduits to their respective boards. The minimum distance be-
tween trays carrying cables to the redundant shutdown boards is
approximately 30 feet, while the trays carrying normal and alter-

nate supplies to the same shutdown board are at a minimum separ-

ation of I foot. A cable fault relay trips circuit breakers
provided at each end of these cables so that even a simultaneous
fault of the normal and alternate supply cables to one shutdos'n
board will not effect the offsite power supply to the redundant
board.

The normrral dist ribution system to thc un-It boa.r.s and sl-utdow- .
boards iS supplied by the unit station service transformers
during plant operation. The common station service trans-

formers are used to supply the power to the unit boards or off-
site distribution 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 in-

mediately available for use as the cffsite cower system and

provides two separate, independent, and redundant circuits to
the onsite distribution system.

8.2-12 ('1(~k
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The two cornon station service transformers C and D are connected by cables

and arranged to provide two physically independent offsite circuits

(alternates 1 and 2) to the 6900V shutdown boards. The cables for the

alternate 1 circuits are routed through separate conduits and cable trays

through the turbine building and control building to the shutdown boards.

The cables for the alternate 2 circuits are routed throigh separate

conduits and cable trays alongside the exterior of the turbine building,

across the top of the control building, and then enter the top of the

auxiliary building and drop down to the shutdowm boards.



Functional Measures

Regulatory Guide 1.6 has been implemented by providing eacha.c. load group with a connection to each of the preferred
source circuits. Figure 8.1-2 indicates that redundant - Pte

in each unit are fed from different preferred source
circuits. The 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 and 8.2-1 indicate the functional arrangement of these
continuously-energized circuits.

The rest of the discussion deals mainly with the manner in
which GDC 17 has been implemented.

Between the transmission sys em and tY inco ing breakers on
the 6900-volt shutdown board are: co, on station ser-vice
transformers (CSST), A-and B!; two 6900-vo, start buses, and
B; two 6900-volt RCP start buses, A,*M B; 6900-volt unit
boards, 4 1B, IC, 4, ý., 2B, .and.. .

r? A. - I T) IP l" l" ;i A P. ' ' ý @ , , " , . *

S..... t • .... 1 ..... ...... ;, and 6900-volt shut-
down board feeder cables. Analysis to show that CDC 17 is satis-
fied consists of two parts: 1) a qualitative analysis to show
that the loss of any one of the links listed will not cause
loss of availability of offsite power to the 6 900-volt shutdown
boards, and 2) a quantitative analysis to show that tlhe carac-
!ty of each of the links is such that it will ca:rry its recuired
load in the event of a simultaneous LOCA of one unit a3u full
load rejection by the other with any of' the ]n kr- oul Cf -,ervice.

e-vJer is lea 1Into T1-1. , pit. J LL 1 ( 0-1tI-.. ts Q
sW I-chyard via two common st- ion S vice tsO1lf~1~( 2T ) O
-ate 16-k to C .9-kV and ia tw,,o 6 ' -volt stc.1' " I s ad c

s two 6. 9-kV sec .idary i.,Jidings, -,e of which- 71I c

normal s r 'cE- f or o ne- art bus and the a~ ernate SOU12 r
t~e t:er.Irt bus rile t -i dt~u indnj t h~ 'c

r otre_ _e

cme o on BC htr us ai-d the altc-_rnat( fo o Ce C r f 102 he
h;er, ?TC s tart uLis. Each star-t bus serrvs as E scr tu:

-ore and th 're ry e un u r2  c 1 e to 0c T t1- 0fCr'd
q i O- v C) 1: um uar I......u'i. Fc: th tV 00-vl
_J udo in -ards ocr fi j r1111u ],' fe f C. ' , u

an 1 ,arcc 'ho .14! Ufln (

r1tL

J:u
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Power is fed into the plant fran the 161-kV Watts Bar Hydro switchyard via o-

four cammon station service transformers (CSST' s) rated 161-kV and via two
6900-volt start buses. Each CSST has two 6.9-kV secondary windings, one
secondary winding of CSST A and B is the normal source for one start bus

and the alternate source for the other start bus while the other winding is

the normal source for one RCP start bus and the alternate source for the
other RCP start bus. Each start bus serves as the startup source and the

reserve running source to two of the four 6900-volt unit boards for each

uit/

Each of the two 6900-volt shutdown boards for each unit has a normal
feed fram one unit board; the unit boards have alternate, or reserve, feeds

ram different start buses with autcaatic tran-sfer fron normal to reserve

rce. Also, each 6900-volt shutdown board has two alternate sources

directly fram CSST C and D. Thus each 6900-volt shutdowm board has

access to any one of four common station service transformers,

and both 6900-volt shutdown boards for each unit will be energized from

cffsite power in case of a loss of any one CSST,, szart bus, unit board,

supply cable fran unit to shutdown board, or suz-lv cablI froa CSS= : C D

to the shutdown boards.
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t er common statio e rm er, and both o tO - :

shutdown achunit will be energ- 6 offsite (
poe fof any one CSS 1,tb::o
vl ale from dn ut :n b.rd

The two start buses are physically independent in that each bus

has its own housing. Thus each bus is protected against migra- .:

tion of a fault from the other start bus by two barriers. This

circuit independence extends through the start board (the out-

door switchgear assembly which houses the breakers feeding the

start buses from the CSSTR's) on to the common station service

transformer terminals. Sufficient heaters to prevent condensa-

tion in the bus conductor insulation or supporting insulators

Sr=P-T are provided and will be energized continuously.

> The overcurrent protective relays for the 6900-volt breakers

are coordinated to provide a selective system for line faults

and for ground faults. Thus a fault on a non-safety-related

load circuit supplied from a 6900-volt unit board, will be

isolated so that the continuity of power to that unit board and

to the shutdown board fed from that unit board will not be

jeopardized by the fault. Should the 6900-volt board incoming

supply breaker trip on backup due to failure of the breaker

nearest the fault, the 6900-volt shutdown board being supplied

by that 6900-volt unit board will automatically transfer to the

alternate 6900-volt unit board. Each 6900-vol1 unit board main ..

bus is protected by bus differential relays which will isolate

this bus in the event of a unit board bus fault. In this case
also, the 6900-volt shutdown board fed by that, unit board will
transfer to its alternate 6900-volt unit board.

nthe evcent of a simultaneo OCA on one(ý generating unit ar
aull load rejection by ti th g e ner1'atirg unit while orn

CSS is out of service, Vi one r aiim STF'su
N power 'o the emergency ads on the C1A unit and to th-

loads a both units a, ociated with n al operation wi.icn are
not auto, tically tr ped. These norma- operating 1 ds are

subsequent reduc by action of the uni ooerato.,. Howev r
Io ouerator ti is assumed to be reauire durý . the _fr.10 minutes fol ving a LOCA.

-, The tv 2' -,,,-o_ .e,, )e

... h .n.,n ovcoad condition of the co n ion snrrsi-
trarnsf or~~ w~ll • cle] snn gnficar't r .rctcdc 16o s of tra, -

former I` e accordinr -o Tables o'-0.2C, through 0 2.2001
of A :t rtr ,1irn 0L7-92 T. -I tIe t h equip, i, cr.a -
b il t a- and wor st case ads.

C. Ia u)11-1 Ui-tr1 e dC a uitcaec._ n a unit is trippoed autom ica -, uieti mrc....ua

including LOCA) such that the -•nerator main cicu it breake,
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The cables for alternate 1 and alternate 2 feeders fram CSST's C and D are

also physically independent as they are routed through separate conduits

and cable trays.



In the event of a simultaneous LCCA on one generating unit and a full load

rejection by the other generating unit with one CSST not available,

the remaining CSST's would supply power to the emergency loads for both

units (CSST C and/or D) and to those loads on both units associated with

normal operation which are not automatically tripped (CSST A and/or B).

These normal operating loads would be subsequently reduced by action of the

unit operators, however, no operator action would be required during the

first 10 minutes following a LCCA. If either CSST A or B were not

available, the other transformer would be autcraatically overloaded.

This temporary overload condition would cause no significant predicted loss

of transformer life according to Tables 92-02.200M through 9 2-02.200P" of -

AA iI Str~an-A C-S7.%/. The 0~~la CAMdA Aeo+ cai•-A

. 4 1 -- T C... rid I ,. 14> , 4 /e C'h1 eC. or lu•icli

CAevr transformer would supply the 6900V shutdown boards for both units, but. would not be loaded above its rating. Table 8.2-1 lists the equipment

capabilities and worst case loads.

WVnen a unit is tripped automatica1ly due to a mechanicdal fault (including

L2CA) such that the generator main circuit breaker is not i=rrediately

tripped by.* fault signal, this breaker r~air_ closed for a=crcximately

30 seconds to keep stable power available to the reactor coolant pum•.

Daring this period the generator is driven as an unloaded s%nchronous rotor
since the turbine stop valves are closed. Trasfer of rte 6O0V unit

bWards and RJ boards is delayed 30 seconds, and they are supplied throuch

the unit station service transsformers via the unit main transformer Lrcr

the 500-kV switchyard. The 6900V shutdowm boards irmme-diatcly fLst tranzfer. to offsite power supplied via CSST's C and D for all unit trips.
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not immediately tripped b e fault signal, this breaker
wi remain closed for app xima y 30 seconds to keep sta e
ppowe available to the r ctor coo t pumps. During thi
perio bhe generator w' be driven a an unloaded sync nous.motor Si e the turb e stop valves wi have been cdo d. The
power to t 6900- t unit boards, and ts to the 00-volt
shutdown boa cp11 be supplied through t unit tation ser-
vice transform and via the unit main trans r from the
500-ky switc r The load on the unit stati service trans-
former is 1 s than or a full test of engin rin afety fea-
tures whi the unit running at full lo . nThe ds start-
ed auto tically are le in total than C reactor co ant
pump. his presents no p lem since t normal auxi ti
pow system is designed to event v tage drop greater ton
1 ercent on startingwthe la st tor and also to carry 1

est load of emer encu e i ament rn nmalso i eerati

In addition to compliance with the above standards for portions
of the offsite power system, the 6.9-ky start board, 6.9-ky
unit boards, 6.9-ky RCP boards, and the associated 6.9-kb buses
were procured in accordance with certain TVA standards and in-
dustry standards. TVA specifications require conformance
of this equipment to such standards as the following. The over-
all construction, ratings, tests, service conditions, etc., are
required to be in conformance to ANSI C37.20 and NEMA SD-5; the
power circuit 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 NEMAEI-2 and wiring to IPCEA S-61-402 and NEMA WC5..

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

Criterion 18

The off site power system has been designed to permit appropriate
periodic inspection and testing. Such testing can be
accomplished without removing the main generators from service.
Transmission line protective relaying will be inspected and 24
tested routinely and can be performed without removing the
transmission lines from service. A commnon station service
transformer may be removed from service for testing without
disturbing the other off site power source. Power can be
transferred from the unit station service transformers to thecommon station service transformers to demonstrate operability of
the system.

8.2.2 Analysis

Each of the 161-ky circuits providing preferred offsite power
to the WATTS Ear Nuclear Plant is supplied through two power
circuit breakers connecting with separate :....fJ>

8.2-15
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beebin the Watts Bar Hydro Plant Switchyard. At the load end 4-
of these feeders, each circuit terminates at a 161-6.9-kV com-. mon station service transformer. Each ran-t6rmerj has suffi-
cient capacit* to supply the essential safety auxiliaries of

,ne unit un er loss of coolant accident conditions in addition
/ (.4'o the power required for shutdown of the nonaccident unit.Figure 8.2-8 shows the station service condition when normal

power for the operation of the nuclear units is supplied from,,j /• the unit station service traitsformers.

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 as reliable
sources to supply the onsite electric power system fox 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.

TAransient stability studies included conditions of three-phase
faults on transmission lines connecting the nuclear units into
the transmission system. Studies of these faults included un-
successful reclosures in which the line was removed from ser-
vice, and stuck-breaker conditions in which one nuclear unit
and its 500-kV lines were disconnected automatically from the
transmission system. 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 sec-
tion 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 ex-
ample considered to be the 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 nonaccident unit.
The stud of this contingency shows that the transmission sys-
tem rem ahs stable with negligible disturbance to the sources
of oafsite power supply as indicated by the Watts Bar Hydro
l6l-kV bus voltage and frequency response curves in Figures
8.2-9 and 8.2-10.

8.2-16
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TABLE 8.2-1

CPFSITE POWE-R SYSTEM - EQUIPMENT CAPABILITIES AND WORST-CASE LOADS

(Loss of One Common Station Service Transformer, LOCA on one Unit,
Full Loda Reject by Other Unit, First Ten Minutes)

Rating or
EquifýMent Nominal Limit

Corn Sta Serv Ti5 5W•.:
161-kV Winding H 85.1 MVA (FA 65 0 C)
6.9-kV Winding X Y53.8 MVA (FA 65-C)
6.9-kV Winding Y 53.8DMVA (FA 650 C)

6.9-kV Start Bus
Continuous Current

6.9-kV RCE Eus
Continuous Current

6.9-kV Lcad Feeder ACB
Interrupting MVA
Momentary Current

6.9-kV System Voltage
Minimum Eotor

OperatinRi Voltage
Minimum r~otor

Starting Voltage

4000

Computed Value

117.3 MVA (138%)
44 MVA (81.8%)
73.3 MVA (136%)

3192 Amps

3000 Amps 1843 Amps

'WMVA 482
80,000 Amps 58,264

59 40 Volts

5280 Volts

6700 Volts

5360 Volts

Allowable Operating
Time at

Computed Condition

>4 hr.
Continuous
>4 hr.

Continuous

Continuous

Continuous
Continuous

Continuous



TABLE 8.2-1

OFFSITE POWER SYSTEM
EQUIPMENT CAPABILITIES, WORST-CASE LOADS

Two-Unit Full Load Rejection, Common Station Service
Transformers A and B Available

Rating or Nominal
Limits

Crn Sta Serv XFMR A
H-WDG
X-WDG
Y-WDG

Can Sta Serv XFMR B
H-WDG
X-WDG
Y-WDG

Operating Mode:

Cam Sta Serv XFMR C
H-WDG
X-WDG
Y-WDG

Can Sta Serv XFMR D
H-WDG
X-WDG
Y-WDG

85.1 MVA
53.8 MVA
53.8 MVA

85.1 MVA
53.8 MVA
53.8 MVA

Computed
Values

54.93 MVA
24.68 MVA
30.40 MVA

50.44 MVA
24.68 MVA
25.89 MVA

Allowable Operating
Time at

Computed Condition

Continuous
Continuous
Continuous

Continuous
Continuous
Continuous

One Unit Loss of Coolant Accident, One Unit Full Load Rejection,
Common Station Service Transformers C and D available

50.4 MVA
28.0 MVA
28.0 MVA

50.4 MVA
28.0 MVA
28.0 MVA

12.13 MVA
0 MVA

12.13 MVA

12.97 MVA
12.97 MVA

0 MVA

Continuous
Continuous
Continuous

Continuous
Continuous
Continuous

Operating Mode:



TABLE 8.2-1

OFFSITE POWER SYSTEM
EQUIPMENT CAPABILITIES, WORST-CASE LOADS

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

RCP Start Bus A 3000 AMPS 2065 AMPS

RCP Start Bus B 3000 AMPS 2065 AMPS

Start Bus A 4000 AMPS 2544 AMPS

Start Bus B 4000 AMPS 2166 AMPS

Operating Mode: Two-Unit Full Load Rejection, Common Station Service U
Available.

Rating or Nominal
ComoiutedLimmits Vu

Cam Sta Serv XFMR A
H-WDG 85.1 MVA 105.37 MVA
X-WDG 53.8 MVA 49.36 MVA
Y-WDG 53.8 MVA 56.29 MVA

Operating Mode: One-Unit LOCA, One-Unit FLR, Conmon Station
Available.

Continuous

Continuous

Continuous

Continuous

ransformer A

Allowable Operating
Time at

Computed Condition

4 hr.
Continuous
4 hr.

Service Transformer D

Com Sta Serv XFMR D
H-WDG 50.4 MVA 25.10 MVA Continuous
X-WDG 28.0 MVA 12.97 MVA Continuous
Y-WDG 28.0 MVA 12.13 MVA Continuous

Equipment Capabilities
Worst-Case Fault Currents

Operating Mode: Two-Unit Full Load Rejection, Common Station Service Transformers
A & D Available.

Rating or Nominal Computed
Enu at Limits Value•

6.9-kV Unit ED ACB 500 MVA 506.17 MVA
6.9-kV RCP BD ACB 500 MVA 571.07 MVA1

Cyerating Mode: Two-Unit Full Load Rejection, Common Station Service Transformer D

Available.

6.9-kV SHTDN BD ACB 500 MVA 377.10 MVA

CcmDuted

s6-ct 2-



TABLE 8.2-1
OFFSITER SYSTEM'

VUEIPWT ,CAPABILITIES, W.RT-CASE LOaDS

Eguip~ft Capabilities
voltageLimts

Rating or Nominal
Limits

Balance of Plant
Motors

CanputedValues

Allowable Operating
Time atComputed Conditio

6.6-kV Rated

Min Operating kV
5.940-kV

Min Starting kV
5.610-kV

Min Anticipated
6.210 kV

Continuous

Min Anticipated Not Applicable
6.210 kV

Class 1E Motors

Low Voltage
Considerations

High Voltage
Considerations

6.6-kV Rated

Min Operating kV
5.940-kV

Min Starting kV
5.280-kV

Max Operating kV
7.260-kV

Min Anticipated
2

6.555 kV

Min Anticipated
5.865 kV

Max Anticipated
3

7.610 kV

Continuous

Not Applicable

Notes: 1. The maximum available fault on a reactor coolant pump board was computed
for a two-unit full load rejection; at the same time one preferred
offsite power circuit was out of service. This is worst case where
both units' reactor coolant pumps are contributing to a fault on a single
bus. These are very extreme contingencies that TVA does not expect to
happen simultaneously. The maximum available fault on the inside
terminals of a given reactor coolant pump circuit electric penetration
with the above contingencies imposed results in a computed value at the
electric penetration that is within the penetration rating and a computed
value within the 6.9-kV RCP board circuit breaker rating.

2. Degraded voltage relaying setpoint.

3. Maximum anticipated when connected to coaimon station service transformer
C or D. The unit operator will receive an alarm signal at 7.260kV and
have the option of transferring to comnon station service transformers A
or B, which will be less than 7.260kV.

061363.01
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8.3 ONSITE (STANDBY) POWER SYSTEM

8.3.1 A.C. Power System

The onsite a.c. power system is a Class IE system which consistsof: (1) the Standby A.C. Power System, and (2) the 120V Vital
A.C. System. The safety function of the Standby Power.System
is to supply power to permit functioning of components and sys-
tems 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 postulated
accidents, subject to loss of the Preferred Power System and
subject to any single failure in the Standby Power System. The
safety function of the 120V Vital A.C. System is to supply powercontinuovsly to reactor protection, instrumentation, and control
systems; engineered safety features instrumentation and controlsystems; and other safety-related components and systems, sub-
ject to loss of all a.c. power and any single failure within
the Vital A.C. System.

8.3.1.1 Description

Standby A.C. Power System

The Standby A.C. Power System is a safety-related system which
continuously supplies power for energizing all a.c.-powered

*electrical devices essential to safety. Power continuity to
the 6.9-kV shutdown boards is maintained by switching among the
nuclear unit source (the normal source), the preferred (offsite)
source, and the standby (onsite) source. Source selection is
accomplished by automatically transferring from the nuclear
unit source to the preferred source to the standby source, in
that order. The reverse transfers are manual. The circuits
connecting the normal, preferred, and standby sources Io thedistribution portion of the Standby Power System are shown in
Figure 8.1-2. The normal and preferred power circuits and the
transfer scheme used to effect the source switching for these
circuits is further discussed in Section 8.2.

System Structure

FigureS8.l-20-- the single line representation of the plant
a.c. auxiliary power distribution system. The standby (onsite)
zertion of the system is identified as the diesel generators,

8.3-10,
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the 6.9-kV shutdow boards, the 480V shutdown boards, and allO motor control cen rs supplied/by the 480V shutdown boards for
both units. e rs

The Standby Pow System ser ing rhdivi ed into two' !redundant "--. 6power t ns i ta -.__1 M.) -Ii power to allasafety-related equipment.

The power train assignment for safety-related electrical boards
is indicated by use of a -A or -B suffix following its designa-
tion of all drawings and documents. Loads supplied from these

1 boards are always safety-related unless designated on the single
line drawings with a triangle symbol. Equipment shown on sche-
matic drawings is safety-related when designated with a train

.• assignment of A or.B. The sources and boards comprising each
TQ power train are shown in Figure 8.1-2 onsafety-related loads
i are also supplied from the Standby Po er System through Class

-• IE breakers.

Z Physical Arrangement of Components

t, The boards, motor control centers, and transformers comprising
N the system are arranged to provide physical independence and

•- ' electrical separations between power trains necessary for elim-
• ' inating credible common mode failures. The power train assign-

ment for safety-related electrical equipment is.indicated by
use of an -A or -B suffix following its designation on all draw-
ings and documents. -

The specific arrangements of these major components are de-
scribed as follows:

Reference: Figures 8.3-1 through 8.3-4.

Diesel Generators

The physical arrangement of the four diesel generators and all
support equipment provides physical independence by isolation
as Indicated in Fig!ure 8.3-1. Tach diesel mscId its associated
support equipment is separated from all other units by missile
and fire barrier type walls. V

6900-Volt. Shutdown Boards lA-A, lB-B, 2A-Al and 2B-B

These boards are located in the Auxiliary Building at elevation
757.0. They are arranged electrically into two power trains
with two boards associated with each train and each unit. The
boards comprising train A are located in the Unit 1 area and

(
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those of train B are located in the Unit 2 area. The train A
boards are separated from the train B boards by an 8 -inch rein-forced concrete wall extended to the ceiling. The minimum dis-*tance between train A and train B boards is 8 feet 11-1/2 inches.
The two boards associated with train A or train B are separated
from each other by a distance of 19 feet 9 inches.

6900-480-Volt Shutdown Board Transformers lAl-A 1A-A, IA2-AlBl-B, lB-B, 1B2-B, 2Al-A, 2A-A, 2A2-A, 2B1-B, 2B-B,- 2B2-B) IE -6,IE:b
These transformers are located in the Auxiliary Building at 2E-A a -v ?E-5.elevation 772.0. Four rooms have been provided so that thetransformers associated with train A and B of both nuclear units
are in separate rooms. The walls isolating these rooms aremade of 8-inch reinforced concrete and extend to the ceiling.
The three transformers associated with one train of each unit
are located in one of the four rooms.

480-Volt Shutdown Boards IAl-A, 1A2-AP lBl-B IB2-B, 2AI-A,
2A2-A, 2BI-B, and 2B2-B

Separate rooms for the 1A, 2A, lB and 2B boards and their re-
spective 480-volt Control/Auxiliary Building Vent boards areiocWted in the Auxili yBT~ildin, at eliyation 57.0.Th•e 49-qb•+
480-Volt Reactor MOV Boards lAl-A, IA2-A, lBl-BP IB2-B, 2AI-A,
2A2-A, 2B1-B and 2B2-B
These boards are located in the Auxiliary Building at elevation
p772.0. They are located in separate rooms on a unit and train
basis and are located in the same room as the reactor vent
boards associated with the same unit and train. The 4 8 0-volt
Auxiliary Building common board is in the room with MOV boards
!Al-A and 1A2-2. The isolating walls of these rooms are con-
structed of 8-inch reinforced concrete extended to the ceiling.

480-Volt Reactor Vent Boards lA-A, lB-B, 2A-A, and 2B-B

These boards are located in the rooms with the 1 80-volt reactor
,7"OV boards described above.

'80-Volt Control/Auxiliary Building Vent Boards IAI-A, lA2-A,7D!B 1B2-B, 2A!-A, 2A2-A, 2BI-B and 2B2-Td
T.hese boards are located in the rooms with the 4 8 0-volt shut-

down, boards described above.

8.3-3



480-Volt Diesel Auxiliary Boards lAl-A, lA2-A, lBl-B, 1B2-B, (i
2A1-A. 2A2-A. 2BI-B and 2B2-B

These boards are located in the diesel generator building at
elevation 760. Theyare located in separate rooms on a unit
and train basis. The isolating walls of the rooms are rein-
forced, poured-in-place concrete. Interconnecting doorways are
protected by selfclosilng fire-resistant doors.

6900-480-Volt Pressurizer Heater Transformers lA-A, lB-B, 1C
ID, 2A-A, 2B-B, 2C, and 2D

These transformers are located in the Auxiliary Building at K>elevation 782.0. Transformers 1A-A, 2A-A, 1D and 2D are located
in one room in the Unit 1 area. Transformers lB-B, 2B-B, 1C
and 2C are located in one room in the Unit 2 area.

System Operation

he 6.9-kV shutdown boards in ea power train derive power
om either of two circuits fro t 6.9-1:V unit boards, or

fr their respective standby ower ource. The feeders con-nec ng each shutdown board th thes three sources are ter ed
the rmal, alternate, and andby fee ers. The normal an
alter te feeders can deri power from the nuclear unit a aunit st tion service tran ormer and sep ate 6.9-kV unit boards .
The norm and alternate feeders can also erive power f om the

D eli separate eferred sour e circuits, via se rate windi s (on6 either of_ o separat common station servi transfor*ers) and
separate 6., kV unit oards. During conditi s when neither
nuclear unit or pr erred (offsite) power is vail le, each6.9-kV shutdo bo d is energized from a separ te tandby

W diesel generato via the standby feeder.
The
The alignment e ch unit's standby distributi stem is

termined by lant conditions, the sources se -cte to ener-
gize it, and he sta is of components within edis ibution
system.

A loss o voltage on a n mal feeder to a 9-ky shutdo board
initiat an automatic tr sfer to the al ernate feeder, f the

c. altern ýe feeder has norma voltage. TK transfer is dela ed
W unitl he residual voltage s decrease to 30 percent of n r-mal. The return transfer to he norma feeder is initiated

ma ally and is a high-speed t nsfer completed in five cycl so less.A typical transfer sche is shown schematically in
gure 8.3-5 for 6.9-kV shutdown "O rd lA-A.
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Th•,glassl1E.ac power system for each unit is divided into two redundantpower trains. Each train includes a 6 900-volt shutdoj-board powering thelarger safety-related motors, pressurizer-heaters, and three 4 8 0-voltdistribution subsystems. The 4 80-volt subsystems each include a 6900 -
4 80-volt power transformer, 480-volt ss;,itchgear, and 4 8 0-volt motor controlcenters. The Class IE 4 80-volt subsystems Supply both safety-related andnon safety-related electric equi•-ent. A fourth 6900 - 4 8 0-volttransformer will be provided in each power train as an irstailed spare. Itwill not normally be connected to either the 6900-volt shutdown board or tothe 4 8 0-volt buses.
Each 6900-volt shutdown board can be powered through one of four supplybreakers. For normal unit startup and operation, the power is from the6900-volt unit board connection, the breaker show•n normally closed on/},.]. 2 /-2 9 4-=_-. Shon normally open are the first and secohd alternatesupply breakers connecting to the offsite power circuits, and the standbybreaker connecting to a diesel generator. As s'ated above, for unit tri' aboth 6900-volt shutdown boards for the tripped unit autonatically fasttransfer to offsite power via their first alternate breakers.
Each 6900-volt shutdonr board is equipped with loss-of-voltage relaying anddegraded voltage relaying. The loss-of-voltage relays ini. tiate slow bustransfers (supervised by residual voltage relaysF from the normal SOurce -Z i 0to the first alternate, second alternate, or stanaoy supply, in that orderof preference. When a 6 90 0-volt shutdown board is powered from anO alternate supply, the loss-of-voltage relays will initiate automatictransfer from first alternate to second alternate or stand:)y supply, or
from second alternate to standby suppl y. Relays monitor each source andpermit connection only if adecuate power is avallable. Protective relaysare provided in each shutdo-wn boar that lock out all supply breakers ifthe loss of voltage is caused by over.cad or electrical iault. Transferbetween power sources in, the reverse order are ooerator controlled only.The first alternate power connection for train A shut3D- boards is tocacrnon transformer C, windino Y, and for train B shutoc+'-b boards is tocoraon transformer D, windin6 X. The second at-lrate po.er connection 'ortrain A shutdown. bords is tranisfo-er D, windi.z V. For- trin B shutdo'nboards, the second aLternate connection is to tra.nsformer C, windinc X.Either tra.nfor-,.er C or D cz~n sup.-ly t' Class l, power SvC- for bothunits, cith One urit in a desiin bi:_s accidant and tihe c.:her u-nit in aconcurrent f ull load rejection, +.... excecý-nz ts salf-cooled PowEratuing.



gsneratzz, ,i• LIMIE-nb-M it fz £ r.rA loss of voltage (d3ecrease to 60

percent or less of nomi~nal voltage) 61n a non-, al feeder to a 6.9-ky

shbLtdm,. boar7d initiates an auto7atic transfel to alternate No. I fee(er or

mlter-,te a-o. 2 dependi-ýg on the presence of a(ýeguate voltage. The

initiating relays contacts cl-oe in 3 :recends u.-on loss of. 'ojace. The

transfer is delayed until the residua!. voltage 1 ha: h e reasc-c to 3'0 pErcent

of naninal, The return transfer to the nonma-al eeaer is i Piatez3 - ually

and is a high speed transfer, canpleted in five cycles or less'

The sustained lo-w-voltage relays .ill trip the c-ect&e fecader breaker

thereby causing the loss of volt-a-ce re'ays to in'tiate a tr-.nzc-c,':.• to either

t'he alternate feeders or the stan.. y ieseL £ererato: SU7Žy.. A y picad

transfer scheme is sho'r schematically in Zi-7:e 8.e-5 fr C,-kV z '-

board !A-A.
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A sustained loss (longer than 1.5 seconds) of voltage on the
6.9-kV shutdown board starts the diesel generator and Initiates
(after an additional 3.5 seconds) logic that trips the normal
or alternate feeder breaker, all 6900V loads (except the 480V
shutdown board transformers), and the major 4i80V 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 shut-
down board bus. (Refer to Figure 8.3-14.) This return of
voltage to the 6.9-kV shutdown bus initiates logic which con-
nects 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.

(ADDI
1 A SEP -T

There are no automatic transfers of board supplies between re-
dundant 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 at the 480V level and involve 10
loads which are tabulated in Table 8.3-10. _99: %- - S

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 con-
nect this board to the 480V shutdown boards IB2-B and 2B2-B3.
This is shown in Figure 8.3-15. The purpose of these feeders

"is to provide power to operate the ice condenser refrigeration
u•its, located on the 480V auxiliary common, and I -yco] pumps,
located on the 480V Auxiliary Pu1,l0ing1 common MCC B anrd C, dur-
ing the unlikely condition of a loss of offsite power that ex-
ceeds two to three days. The two normal bus feeder breakers

8.3-5
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a n e neans of manually inter C onne;porrng er sources at the 6.9-,I 
dedleve s provided. This I -ovided b e shutdown utilibe v s n F Tebus, sh on Figure ýý,which allows a 6 9 -kV sh ownwh ic'
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oards. All c breakers connected to this are normally
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lopen and dis nec (racked out). Use of bu', uires
TLn a rtion and c ing of two of t re ke s. T, ur-
pose this utility bus to increa he flexi ility of , e

dby Power System.
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The staff degraded voltage positions are aodressed as follows:
I. Overvoltage relays alarm in the control rocm. Ondervoltage relaysoperate if a 6900-volt shutdown board bus voltage drops below the levelrequired to successfully start all safety-related equipment tHt wouldbe started for a SIS. The undervoltage relays initiate two-.-4e delaySequences. The first sequence will ride through normal systen voltagetransients, but is short enough to allow safety-related equipment to bepowered within the time required by the safety analysis. At. the end ofthe first sequence, the undervoltage will be ala-rned in the controlroam, and if a SIS has been initiated, or is subsequently initiated,the shutdown board will transfer to its diesel generator. The secondtime delay is long enough to allow operator action but not allow danageto connected safety-related ecruipment. At the end of the secondsequence, the shutdown board will transfer to its diesel generator.The undervoltage relaying system design meets all the staff

requirements.

2. Degraded voltage relaying will not open the standoy sulply breaker andwill not initiate load sheddinQ and resecuencino if a 6 900-vcltshutdown board is suo.lied by its diesel generator. The loss-of-voltage relays will initiate load shedding and resecuencing. However,the voltage set point and time delay for tLhese relays prevent theiroperation for any motor starting transients when adequate power isbeing supplied to the shutdown board. Maxdrum and minimatr limits forthe loss-of-voltage relay set points will be included in the Technical
Specifications.

3. The auxiliary power system analyses for Vatts Bar Nuclear Plant satisfythe staff position a-nd. V s Quality Assurance reCuirEnents fordo~cumentation. _QF _Ae 3c r , . - " . - . .

4. The auxiliary power system analyses will be verified in thepreoperational test program.

* Il
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must be moved from their normal compartments to the compartments C;
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
transducer driven ammeters for the normal and alternate feeders, i
diesel generator feeder, and all motor loads. Also included
are bus voltmeters and various annunciations which are located
in the Main Control Room and Auxiliary Control Room. This is
shown on Figures 8.3-16 through 8.3-19. The diesel generator
feeder has a watt transducer and a var transducer mounted on
the 6.9-kV shutdown board which drives remotely located meters ,:
in the Main and Auxiliary Control Rooms. The diesel generator
feeder voltage is also monitored remotely.

All of this instrumentation is used in testing the deisel gen-
erator and in monitoring the 6.9-kV shutdown boards during nor-
mal conditions and loss of offsite power conditions.

Remote instrumentation of the 480-volt shutdown boards consists
of bus voltmeters and various annunciations all of which are
lo6ated in the Main Control Room and Auxiliary Control room.
This is shown in Figures 8.3-20 through 8.3-23. All the boards
.have locally mounted ammeters which monitor the normal and al-
ternate feeders.

Remote instrumentation of the 48 0-volt motor control centers
consists of annunciation in the Main and Auxiliary Control Rooms
upon loss of board voltage.

System Reliability

The redundant power trains shown in Table 8.3-1 and Figure 8.1-2,1 A.
have loads connected to corresponding distribution boards in
each train such that failure of any one component or the entire
train will not prevent the redundant system from performing the
required safety function. The equipment requiring a.c. power
during a loss of offsite power and/or accident condition is
supplied from the 6.9-kV shutdown board directly or indirectly
through the transformers at a lower voltage. At the 480-volt
level each power train h-• 4-- 4

119@ i-@ @-,PO'.PA zfrom the 6.9-kV shut-down board through a 2000-kVA, _ý6904 •-volt transformer. A
single spare transformer is provided fo the normal trans-
formers and is manually placed in servic when ne of the nor-mal transformers is taker out of service or 7,-a enance. •

IS I~r~4 (~+- 4 ree_ AlYK~r;itscn ý,Iretees
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Ec 0volt shutdo supplie e to a grOUP orcontrol ters in the large -volt loadsAmotor con ter is no 1 , P t lotoads.

W~~~ shtdw fo -...... • om othe 48o v l

U' shutdown bo has an alternate feed f t 4 her shut-
down bo o the sa ower train. Ma sedown altrn 

,r lon'bweenthe mal and lternate ders is e at the motor conMt.e r .
The pressurizer heaters are divided into four groups. Twogroups are supplied from each redundant power train 6.9-kVshutdown board through individual 500-kVA, 6900-480-volt trans-.formers. This is shown on Figures 8.3-16 through 8.3-19.

Equipment Identification

Redundant major electrical equipment carries the same name ineach power train with the exception that the board designationalso has either -A or -B suffix depending upon the power trainassignment. For example, 6 .9-kV shutdown board lA-A and 6 .9-kVshutdown board 1B-P are redundant to each other. Similar desig-nations are used for safety-relatea loads being supplied fromsafety-related (onsite) boards. For example, RHR (ResidualHeat Removal) pump IA-A and RHR pump IB-B are redundant to eachother. Further description of the eauipment identificationscheme used appears in Section 8.3.1.4.5.

Equipment Capacities
Tables 8.3-4 through 8.3-7 present the bus rating, connectedload, and maximum demand load for each electrical distributionboard in the standby (onsite) power system. The connected loadand maximum demand load for each major transformer in the stand-by (onsite) power system is given in Table 8.3-8. The dieselgenerator rating is 4400 kW continuous or - kVW for two hours at, a power factor of 0.8. 4 64t
The equipment capacities used in Table 8.3-2 rough 8.3-8 arebased on nameplate horsepower of the indi , uaj oloads. Engi-neering experience indicates that motors less thant 50 hp havean efficiency of less than 90 percent while those over 50 hphave an efficiency greater than 90 percent. Therefore F 90percent figure is deemed conservative for use in deriving the'enand loadings. The .83 power factor used in the tables isbased on engineering judgment and experience and is consideredconservative. Using these two figures for efficiency and power

d.3-7
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factor., 1 kVA is then equated to 1 horsepower for purposes of (the calculations used to determine data in these tables. Sec-
tion 8.3.1.2.1 pertaining to the a.c. power system analysis
will discuss the adequacy of the components in the system.

System Controls

Table 8.3-9 shows the vital 125V d.c. control power sources for
each onsite shutdown board. Each board has a normal and emer-
gency (or backup) control bus, with each bus having access to
two 125V batteries by way of a manual transfer switch located
in the boards. The normal control bus supplies power for Main
Control Room operation. The emergency control bus supplies (.
power for Auxiliary Control Room operating modes. This is shown
on Figures 8.3-16 through 8.3-23.

The control power for onsite motor control centers is single
phase 120V a.c. supplied either from the center's own bus
through a 480-120V transformer or from each individual load
feeder through a 480-120V transformer.

System Testing F Ir

Located adjacent to e h 6.9-kV shutdown board is a test panel
equipped with the nec ssary selector switches,.pushbutton
switches, and indica ing lights for testing the automatic load
stripping and load s quencing logic for that particular power
train. The tests a e to be performed on only one of the-*-w-,t....
power trains per at any one time. Testing of one power
train does not prevent the remaining power train from perfor-
ming1 - intended safety function.

Testing of the onsite power distribution system is divided into

three categories:

1.. Simulated "Loss of Preferred Power" test.

2. Group tests for equipment that can be tested during power
operation.

3. Group tests for equipment that cannot be tested during
power- operation.

8.3-8 .
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STest 1 can be performed at any time since no equipment is actu-ally operated and the test does not prevent an accident signalfrom performing the intended function. Indicating lights are
used to verify the test.

Group tests (test 2) during power operation for testable type
equipment will only be performed when the system parameters
will permit the starting, stopping, and restarting of the loadswithin the load group under test. The testing of one group of
functions within a power train does not prevent the other groups
within the same or redundant power train from performing their
intended safety function in the event of a simultaneous acci-
dent and/or loss of offsite power signal.

Group tests during power operation for nontestable type equip-
ment will only be performed when the system parameters will
permit blocking of the functions within the group under test.
The testing of any one group does not prevent operation of any
other group or redundant group in the event of a simultaneous
accident and/or loss of preferred power.

Figures 8.3-6 thru 8.3-13 show a schematic representation of - _
the ability to test groups as described above.

Standby Diesel Generator Operation

~ The diesel generator system is shown on single line diagram,
Figure 8.3-24. The schematic of the engine start and stop cir-Wcults is shown in Figures 8.3-25 thru 8.3-28 remote control of
the engine from the Main Control Room is accomplished through V
interposing relays located in the diesel building. The schema-
tic for this control is shown in Figure 8.3-29. r rr--OL a)rM4

.The 65.9-ky stdown boards in each power train deriveApower
from circuits from the 6.9-kv unit/ toard1, or
from their respective standby power source. During conditions
where neither the nuclear unit nor preferred (offsite) powerare available, each 6.9-kV shutdown board is energized from a
separate standby diesel generator set.

s sustained (longer than 1.5 seconds) loss of \-olzace on the
9.-V shutdown board starts the diesel general cr and riitiates

(aser an additional 3.5 seconds) logic that trips the ncrrialalternate feeder breaker, all C9OOV loads except the .L 0\
••tdown1 board transformers, and the ma,,or 480" loads. Table

. shows the loads that are autoratCa1, i~cc-. WC-e the
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diesel generator set has reached rated speed and 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.

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 "Acci-
dent condition," applied when a safety injection signal is re-
ceived prior to or coincident with a sustained loss of voltage
on the 6.9-kV shutdown board. A safety injection signal re- .
ceived 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 have their sequential timers reset to time
zero from which they will then be sequentially loaded.

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 not connect them to the shutdown boards. There
are nof automatic transfers of shutdown boards between standby
power supplies in compliance with Regulatory Guide 1.6. The
events which initiate a safety injection signal are discussed
in Chapter 7.

For test and exercise purposes, a diesel generator may manually
be paralled,&T with the normal power source. A loss of offsite
power or a safety injection signal will automatically override
the manual controls and establish the appropriate alignment.

The diesel can be started by manually operated emergency start
switches located on the unit control board in the Main Control
Room and Auxiliary Control Room. (The engine also has a local d
manual start switch as well as remote start from the Main Con-
trol Room for test purposes Automatic starting is from an

8.3-10
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The diesel can be stopped by manually ope ated emergency stop
switches located in the Main Control Roo , Auxiliary Control
Room, and on the diesel control panel in the diesel building. A
manual stop switch is provided in the M in Control Room for
stopping the engine under normal condi ons such as conclusion of
a test or upon return to the nuclear it or preferred (offsite)
power source. Under accident or loss of off site power conditions
this stop switch is automatically di onnected from the stop
circuit. The normal stopping of the engine will position the
hydraulic governor at the lower limit and allows the engine to 10 141
run for 10 minutes at idle speed ( rpm) before bringing the
engine to zero speed. Emergency stopping bypasses this 10 minute
idle speed time and brings the engine directly to zero speed.
Should an emergency start signal be initiated during the 10
minute idle speed time of a normal stop condition the engine will
automatically return to synchronous speed and emergency
operation.

Diesel engine speed and generator voltage are manually controlled
remotely from the Main Control Room only during testing of the
unit. An emergency start signal automatically disconnects these
manual controls and returns both tc automatic operation.

A "Local-Remote" manual selector switch, located in the diesel
building, must be in the "Remote" position for all manual remote
control from the control room to be in effect, with the exception
of emergency start. Similarly, for the manual controls located
in the diesel building to be in effect the switch must be in the
"Local" position. The switch is manually operated from the
"Remote" to the "Local" position. This operation, however,
requires an electrical permissive interlock signal initiated from
the Main Control Room. The switch is manually operated from the
"Local" to the "Remote" position. These operations are shown in
Figure 8.3-24.

Diesel Generator Description ,S- A AOMwei -X t\ y

Each diesel-generator set is furnished by : - -- -1_-<-_- 0.

rormos, and consists of two 16-cylinder engines (-'- -99 ,
I 16-645E4) directly connected to a 6.9-kV Electric Product E AD
generator. The continuous rating of each set of 4400 kW at 0.8
power factor, 6.9-kV, 3-phase, and 60 Hz. Each diesel-generator
set also has an additional rating of r kw for -2-hour

A4c45.
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_'O Control Room, Auxiliary Control Room, and locally in the diesel_• building. The instrumentation is not essential for automatic
• operation of the diesel.

4

~•

$5

lA -A

Worst case loading (kW) 3740

2000-hr rating (kW)

Margin (kW)

90 Percent of 1/2-hour
rating (kW)

Margin (kW)

4750

1010

4500

760

Diesel Generator
1B-B 2A-A

3762

4750

988

4500

738

3771

4750

979

4500

-29

8 .3-16

Diesel Generator Control Power

The control circuit voltage for the diesel generators is 125
volts d.c. Indicating lights and contacts for the 125-volt d.c.
service show when the diesel generator is: (1) ready for
automatic start but not running, (2) cranking, or (3) running.
The source of the 125-volt control power is a battery, and each
diesel generator has its own battery. The battery is of the lead- 4 2acid type and has 57 cells connected in series and divided into
20 units, every unit having three cells. The battery is type
3DCU-9, furnished by the C&D Batteries Division of Eltra
Corporation. The battery system is capable of supplying the
control loads for 30 minutes when the battery is at the lowest
expected temperature. Each battery has an independent battery
charger operating on a 4 8 0-volt, 60-Hz, 3-phase power supply. 40
This battery charger is of the staticrectifier type and is
equipped to maintain the battery fully charged at all times.

Diesel Generator Capacity

In compliance with Regulatory Guide 1.9, the table below compares
worst case loading of the diesel generators with their continuous
rating and 90 percent of their 2-hour rating. Worst case loading
occurs for a simultaneous loss of offsite power and a loss-of-
coolant accident on Unit 1. As shown, adequate margin exists, in
all cases, between worst case loading and diesel capacity.

2B-B

3747

4750

1o0o3

4500

753



COMPUTED DATE ,The following will be the replacement for the existing paragraph under"Diesel Generator Control Power" as an amendment to the FSAR on page
8.3-16:

Diesel Generator Control Power

The 125-volt dc diesel-generator battery system Is a Class 1E systemwhose function is to provide control power for control and field
flashing of the diesel-generator sets.

There are four diesel-generator battery systems (one per diesel-generator set). Each system consists of a battery charger (whichsupplies the normal steady-state dc loads and maintains the battery ina fully charged state and is capable of recharging the battery fromthe design minimum discharge of 105 volts do while supplying thenormal steady-state dc loads), a battery (for control and field.. flushing of the diesel-generator set), and a distribution board (whichfacilitates the do loads and provides circuit protection). Eachbattery system is ungrounded and incorporates ground detectiondevices. Each battery system is physically and electrically
independent (see Pagas i 77, -2, and figure 8.3-46.0".

Each battery is of the lead-acid type and has 57 cells connected inseries and divided into 19 units, every unit having three cells. Thebattery is a type 3DCU-9, furnished by the C&D Batteries Division ofEltra Corporation, rated at 26 ampere-hours at 60°F for a 30-minutedischarge rate. 'With the battery in the fully charged condition, thebattery has the capacity to supply 48 amperes (A) for two seconds and25 amperes for 30 minutes. The estimated design loads on the battery,during a loss of ac power, is 48 amperes (field flash) for two secondsand 12 amperes (control) for 30 minutes. Each battery is normally
required to supply loads only during the time interval between loss ofnorzal feed to its charger and the receipt of emergency power to thecharger from its respective diesel-generator.

The normal supply of dc current to the battery boards is from the
battery charger. Each charger maintains a floating voltage ofapproximately 128 volts on the associated battery board bus (thebattery is continuously connected to this bus also) and is capable ofmaintaining 133 volts during an equalizing charge period (all loadscan tolerate the 133-volt equalizing voltage). The charger suppliesnormal steady-state load demand on the battery board and maintains thebattery in a charged state. AC power for each charger is suppliedfrom its respective 480-volt ac, 3-phase diesel generator auxiliaryboard. Each charger has access to a normal and alternate ac supply(see figures 8.3-30 and -31, typical), from the two respective 480-volt ac diesel generator auxiliary boards. if the normal circuit inunavailable, the alternate circuit is selected by a manual -transfer. The charger is a solid-state type which converts a 3,-phase48 0-volt ac input to a nominal 125-volt dc output having a ratedcapacity of 20 amperes. Over this output current range the do outputvoltage will vary no more than +1.0 percent for a supply voltage

.7
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Reference: SER Section 8.3.2.4

The diesel generator 125-volt dc control power systecm is designed to conplywith the requirements set forth in (DC 2, 4, 5, i7, and 18. The designalso conforms with Regulatory Oaides 1.32 and 1.6 anc, IEEE Std. 308-1971.The following paragraphs discuss each of the requireme.nts:

General Design Crita 2 nd 4

The diesel generator 125-volt dc ccntrol power system is ccmprised of fourphysically and electrically independent batterv systcms (see figure 8.3-1).These, systems are located in the diesel generator ,-Idirg, which is aseiardc Category I structure. This struc.. re will provie pro-ec-icn fromthe effects of tornadoes, tornado missiles, and external floods.

All ccrnponenits of this system are sei•-i al!y cualified an6 have h-een
designated as Class !E equipm-o.-nt Z. , . - ,

General Desicn Criteria 5
CA i t, r . )

The four diesel generator 125-volt dc b-tte- -- sstems Lre located irindividual rom.s on elevation 742.0 of the ciesel cencrator buildinc. IhC-.Vare located in the room W.;ith thrje diesel _c rotor w'iiiu whi -c is•~~~ V ,:•=••, ich each i
... occioteo. Each room is. d t,' ci V.'ctn U -.- , d.q 

rEa v< r O.r7,t6 iI O-P O 'pndce]t of al- 1 thCi; C , r -1•• ' : atv ; s J. Ie cjý C f •, ba r e - \ -- \.a-s " .. ,, , :!
i4 , 

t\ 
, C s

bUttery E-ystEms aLe cleCctrically in resndcnt (oe C),:• d•-,- .-set) Th eerc fore, the 'truCtUCs t, a.. m•,
saeOporaticn: of this svst-em are not Sac

Cr~iP, a am•- Crterra )7

T;1e diesel ce--=-ator 125-volt Cc L tt.. S-Zt"<:' tdo-i-:re--~ai~ scort n ronac c•': iC=t7 " er u,•Ces tro C-- rtcj'-, toCn cr - t ...t.t
__• ,-; L L", C- ii c':. C -C•a 7

5t-•"r ::, J.:. c •o - t.( :,"." . .......L-c c " - :.. ..

C . ., ... .L•• • .. .' ' ••" ] : •<.=C-C :e C:.,; :

.....~ ~ ~ ~ ~ ~ ~~ ~: C ..."-r " • ;' , ; i•', C:c:.. .

..C " 1, ]2 : .. . C : -- C ; ' C,

! . : - 7- .-

L:. u!<: L~ t : :..C :: ic:,
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Also, under conditions as close to design us practical, the fulloperational seqojence that requires the battery system's opsraticn will betested periodically as a part of th~e diesel generator p-erioIic system test.

Reoulatory G-ide 1.32

The diesel generator 125-volt dc battery system's chargers have thecapacity to continuously supply all steaCy-state loads and maintain the
batteries in the design, may:immt charged state or, to fully recharge thebatterics from the design minimn ' discharge state within an acceptable timeinterval, irrespective of the status of the plant duringr which -demands occur. In addition, a capacity, test will be prrfcmFcd 1--.a ri Ccalon each diesel generator battery system., as reco,-mended by IEEE 450-1975.

2qUjatorL,_Q-.!e 1.,6

Each of the four diesel nenerator battery syst-ems supcly powýer cny to theloads cf the diesel Gener-ator in w1ich it is associatet ,d vii. Therefore,the battery systems' safety loads are separated into rcdunant load croupssuch that loss of any one group will not prevent tLhe sinr.m safetyfunctions from. being performe. e Also, there are no re:rovisions for manuall.yor autorratically interccn•necting the reds-ndant load6 roups of this system.

IEEE 308-1971

As discussed in the above paragraphs, the overall sy'stcm oesci oi thcciese! generator l25-volt Cc control jr'.'er syste-r : inco'5&ortS , critefunctio.n rc- ire_,nts, recm•,- rc-y, capcbiiitx, 5n• sa. cill2-.ce in or6ev to
comply fu"ly \..ith this criteria. In aEdoit c, the s--ts dceiien is suhthat the battery, is i4!eCuktelv avaiELabl Purin, Cn,- nafolJ c, I . r loss of i c,,.,er fr1c,. th e lterCtin ")-rcIrcnt , StvS- E70, eLcbattery r as sufficient capacit to Cnet t0Le L c',,e- . n- t.,

reic~ent of ,ach comected lead.

C., I :2 . ,'
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certified to operate within the environmentai requirement called
for in the design criteria. (Refer to Section 3.11). The
arrangement of circuit interrupters and switches permits easy
isolation of the installed assemblies for furure te:;t ind mairi-
tenance purposes.

8.3.1.2.3 Safety-Related Equipment in Potentially Hostile
Environment

Electrical equipment located inside containment has been designed
to maintain equipment safety functions and to prevent
unacceptable spurious actuations. All power cables reeding
equipment inside containment are provided with individual
breakers to protect the power sources (both IE and non-IE) from
the effects of electrical shorts. Additionally, each power cable
is provided with a cable protector fuse which, in the event of a
breaker failure, is designed to protect the containment
penetration. These breakers and protector fueses ensure that,
should an electrical short occur inside containment, the
electrical power source will not be affected.

A listing of major nonsafety-related electrical compcnents
located inside containment that may be inundated followina a LOCA
appears in Table 8.3-28 along with an explanation of the safety
significance of the failure of the equipment due to flooding. In
addition to the electrical equipment listed in the table, the
water level inside containment may also flood nonsafety-related
local control stations, electrical sensors, electric motors for
motor operated valves, and electric solenoids for air-operated
valves. The following paragraphs illustrate how the flooding of
this equipment does not affect the plant safety. All local
control stations located inside containment are provided with
manual throw switches located outside containment at the motor
control center. These manual switches are used to remove control
power from the local control stations during normal operation.
In order to utilize the local control stations during operating
conditions where containment access is permitted, the manual
switch must be closed to provide power to the local stations.
Indications are provided in the main control room whenever the
manual throw switches are in the closed position. Thus, s[purious
operation of safety-related equipment due to post-LOCA
submergence of the local control station is prevented.

There are no electric motor-operated valves located inside
containment below the maximum LOCA water level that are required
to function for other than containment isolaton. Valves used for,
containment isolation will close prior to submergence. -he
submergence of a motor-operated valve will not cause the valve to
change from its safe position.

The control air supply is automatically isolated outside
containment in the event of a LOCA. therefore, the submergence
of electric solenoids serving air-operated valves cannot affect
the safe positioning of these valves.

8.3-33
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There are no electric motor-operated valves located inside containment
below the maximum LOCA water level that are required to function for
other than containment isolation. Valves used for containment
isolation will receive a signal to close on the initiation of the
accident signal. The valves will close in 10 seconds and will remain

closed since failure of the control circuitry can only yield operation
in the closed direction. s . ."is
14*Awv.. Therefore, these valves will .t .. .1-. ,y : .

~~~~R tLf:t..Operoke- 1ý'ert- {lcPIO l 0crLlirs CAA

eA~l-er -. - *5~5~
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The plant operator -:w instructed to rely on q cualified post.accident monitors following a LOCA so that any spurious
indications from nonqualified cl-ctric,-] .i ný.ors ,at Co)1]1ibecome submeraed would riot jpoparOdiz,, r 'I:rupri~it- ; o.rat Cr
actions. 3,

T eis noo Class 1E equipment required to n t-, r
after a 4•.•MSLp that will b•- 1efoed Such eaoui pment isdesiqn:nedto meet • possible containment

Lenvim° nditions, as given in- - 1 40.64

The safety-related electrical equipment that must operate in ahostile environment durina and/or subsequent to an accident is 28
identified below.

Inside Primary Containment

Low Voltaac Power and Control Cables

The sinqle- and multiole-conductor cables, insulated and jacketedwith flame-retardant thermcplastic compounds, thermosetting corn- 35pounds, or rubber, are suitable for installation in a nuclear
environment. 

40.58

Auxiliary power cables and control cables at voltaaes not ex-ceeding 600 volts between conductors, either d.c. or 60 Hertz
a.c., are insulated with silicon rubber for 125 C conductor
temperature. Sinole conductors are jacketed with asbestos braid.Sinale conductors of a multiple-conductor cable are jacketed witha alass braid and the cable has an overall asbestos braid jacket.

Sigial caDle, at voltaaes not exceeding 600 volts, is insulatedwith cross-linked polyethylene (or other material meetinc TWA 35approval) and jacketed with heat and light stab1iz C,. 0 r (-sul' ornalted polyethyle ne (or cti:,'r self- xti::u,",n , ra (B.-resistant, and low-moisture absorbinq mt-:-ia] .- eet:ina TV d,Lroval. The conductors are twisted toaarc •'J then an ove.ra: "shield (with copper drain wire) pziea un'er the jacket..

Pressurizer Heater Cable

The low-voltage P'ower caole, rot excee5inc (O0 vo1ts betweerc'rcuctors, is irsulat~ed '•ith szi rcne Ti:be fotr 2C0C rc-c -~d'c- <:>
.... •~a
4 :' "- ,'.'' C::-.- e I

'  
af" • C<Pc,•, '• '- ' *.,(.,. -..:: T •

Eecr- ri cal P'-ni•.trat i c- Cab:. "

"The Ccbles atre d era+- d :rid size< r ccr'-" , o -.' i m ,- -•  :(

7e 3-t3a -
a I -s 'a
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Separations

.- n- __

Each battery room has redundant ventilation systems to prevent
the accumulation of explosive gases. In addition to the ven-
tilation systems provided to prevent accumulation of the hydrogen
produced by the battery, there are voltmeters, high voltage
alarms, and administrative procedures for control of equalizing
charges that will provide additional protection. Also, as an
added precaution, all cells are of the sealed type and have a
special safety vent that prevents the ignition of gases ,ithin
the cell from a spark or flame outside the cell.

Load inr

Loads are assigned according to their divisional requirements.
Loads requiring four divisions of separation are assigned to the
four channels, l oads requring two divi sions of scp•:r :tion ar c
assigned to Chainel ,F .1 or I II and I I or IV. Tw o - d i v i i o n aB

8 .3-54

(,Y

B
r The four channels are electrically and physically separated so

Kc that a single failure in onc channel will not cause a failure in
Sanother channel. Each channel has a charger, a battery, and a
load distribution board.

Capacity

f The system has the capacity to continuously supply all normalj loads and maintain the battery in a fully charged condition.
With the batteries in the fully charged condition, the system has
the capacity to supply the connected loads for a minimum of two
hours with a loss of all a.c. power. The manufacturer's catalog
specifies a 2-hour discharge rating of 696 amperes at 60OF when
discharged to a minimum terminal voltage of 105 volts. This
rating will be confirmed by TVA acceptance tests, and the
batteries will be retested periodically, in accordance with the
technical specifications, to assure that they maintain adequate
capacity

Charging

The chargers have the capacity to continuously supply the normal
loads and maintain the batteries in the design maximum charged
state or to recharge the batteries from the design discharge
state within acceptable time interval while supplying the normal
loads. Each charger may be replaced by a spare charger. One
spare charger is provided for each two normal chargers.

W ý'__entilation
A
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The Watts Bar FSAR (page 8.3-54, paragraphs 2 and 3) will be revised
to read as follows:

C apacity 
______

The system has the capacity to continuously supply all steadystate loads and maintain the battery in a fully charged
condition. With the batteries in the fully charged condition,
the system has the capacity to supply the connected loads for aminim=m of two hours with a loss of all ac power. The batteryrating stated by the manufasturer is a minimum 2-hour dischargerating of 600 amperes at 60 F when discharged to a minimumterminal voltage of 105 volts. This rating will be confirmed by
TVA acceptance tests.

Charging

The chargers have the capacity to continuously supply all steadystate loads and maintain the batteries in the design maximumcharged state or to recharge the batteries from the designdischarge state within acceptable time interval "'il7 - - --p___g
e..- .1-. _ limd. Each charger may be replaced by a sparech er. One spare charger is provided for each two normal

. .. .. . ... .. . .. ... .. . .. .. . . .... .. . .
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all others. The heating and ventilating systems are designedto provide an ambient room temperature between 60OF and 104 0Fand a maximum relative humidity of 98 percent.

Normal D.C. Supply Ie
Reference: Figure 8.1-3 cSieL AcC
The normal supply of d.c. current to the battery board is fromthe battery charger in each channel. Each charger mai tains afloating voltage of approximately 135 volts on the ass cdatedbattery board bus (the battery is continuously connect d tothis bus also) and is capable of maintaining 140 volts duringan equalizing charge period (all loads can tolerate th 140-volt equalizing voltage). The charger supplies normal loaddemand on the battery board and maintains the battery in acharged state,. Normal recharging of the battery from the de-sign discharg"ed condition can be accomplished in 12 hours (withaccident loads being supplied) following a 30-minute a.c. poweroutage and in approximately 36 hours (with normal loads beingsupplied) following a 2-hour a.c. power outage. Two sparechargers are available for the four channels (one each for twochannels). Each spare charger can be connected to either ofits two assigned channels. It can substitute Jor or operatein parallel with the normal charger in that channel.
A.c. power for each charger is derived from the station auxil- (iary power system via two 48 0-volt a.c., 3-phase circuits which
are physically and electrically independent. Each circuit hasaccesf to a preferred (off.site) and a standby (onsite) source.\If the normal circuit supplying a charger is unavailable •heIe~~~fr• •_ ?t~~-w*.@o-i circuit is selet ed•- by..g • na~ lb e n

f c u s s b manual transferl Each chargeris equipped with a d.c. voltmeter, d.c. am -ter, and charger.-lute alarm. 'Ialfunction of a chargr is anunciated in theMain Control Room. Upon loss of no 7 power to a charger,each may be energized from the U•+ ndbo rPo)';r¢syte

The Kjr. i. a :oi-l typ*lI., c' t -~s 11GWo-volt L.C. inpu to du tl nal l25-volt d.c. output having aratec capacity of amperes. Over tis otnutl curren, t ran•ethe d.c. output voltage will vary no more trhan +1.0 percentfo Toltage amplitude variation Of +7.5 r-,ercent anofratn- variation of +2.0 percent.

..ecpratiorna2 features of the chargers arc: (1) an outnrutvoltage adjustable over the range of 1215 to 91-0 v.olts-, '(2)ecuali ze and float modes of c -erat + a char{-r normt¾,

cir-e rn e- +ranJ'e f •r <vlt_ Ir +4 a•_rCe yb,& I I

anVIA )or -i).e CJ1sufe& Jf' 4e- 60 -4~ AL+ 
S. 13

4V CiY~e +LLý try,, _)q-rb In fe UI 0Y
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TABLE 8.3-3

DIESEL GENERATOR LOAD SEQUENTIALLY APPLIED FOLLOWING
NUCLEAR UNIT AND PREFERRED (OFFSITE) POWER

Eouiniment Name

Miscellaneous Loads

Centrifugal Charging Pump & ARU

Safety Injection Pump & AHU

Residual Heat Removal Pump & AHU

Essential Raw Cooling Water Pump

Component Cooling System Pump

FirE Pump

Auxiliary Feedwater Pump

Containment Spray Pump & AHU

Pressurizer Heaters

Time
in

Seconds*

0

2

5

10

15

20

25

30

35

90

Total
SHP

Load'

603

403

403

800

350**

200

60o

705

485 kv

Starting
kVA

38o0

2240

4o6o

181o

3240

485 kw

A LOSS OF

Load Applied
Nonaccident Accident
Condition Condition

Yes Yesr

Yes Yes

No Yes

No Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes
32

No Yes

Yes No

St 4- 4PAs
!'I f!!:t Gencratorjflating: '0!0 kw continuous Q--00:-kw for J' hoursX 0DJ 6E' 7-4
)Time is Measured from the time of closing of the generator breaker connecting' the
diesel generator to the shutdown board. Values given are nominal times. Actual
times are consistent with the diesel generator loading analyses and will be verified
during preoperational testing.

-Diesel generator IA or 2B will have two component cooling system pumps loaded

AiU - Air Handling Unit

Revised by Amendment 41
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TABLE 8.3-10

LOADS HAVING MANUJAL TRANSFER BETWEEN POWER TRAINS

1 5 V

1 V

12v V

Load

Bat Chqr I C Inverters

E-'.at Char IT T Invertprs

}'at Chgr III I Inverters

Bat Char IV F Intervers

Scare Bat Chqr 1

129V Spare Bat. Char 2

Component Coolinq System Pump C-S

qp-,nt Fuel Pit Pump C-S

Normal Supply Alternate Supply

480V Shutdowr• B1 1A--A" 4BOV Shut.oinwn Bd 1 E1-F

L48V .2hzitdown Bd 14 2-B 480V Shut1own11 Pd 1A2-A

48OV Sihutdown Bd 2AI-A 480/V Shut-iow!,i Bd 2B1-F

490v Shutdown Bd 2B2-B 480V Shutdown Bd 2A2-P

Con F, Aux Bldq Vent Con & Aux Blcýa Vent
Bd 1A1-A* 3d lbl-B*

Con C Aux Blda Vpnt Con C bux Bdq Vent.
Bd 2A1-A* Bd 2B1-P*

J4O0\ Shutdown Md 2B2ý-B 480V Shut.5own Bd 1A2-A

480V qhu tdown 4,Hf'V Shu town
i3, 1A1-A •1 o 2F 1- L *

-A

*7'b•se boards are neither thp normal nor alternate Supply but are ,hs
aviir•aIg boarls from which the loads can be su•pliei.

~, 
I
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