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TESTIMONY OF GREGORY KENT PRICE FOR
THE LONG ISLAND LIGHTING CCMPANY
ON SUFFCLK COUNTY CONTENTION 5 --

LOOSE PAKTS MONITORING SYSTEM

Purpose

This testimony establishes that LILCU has dealt adeguately
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 Locse Parts Mohitoring 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 1s 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 voltages up to 500 kv,

The Watts Bar Nuclecar Plant is located 48 miles northeast of
Chattanooga, Tennessee, on the west bank of the Tennessee River.
The plant is connected into a strong existing transmission grid
applying large load centers Beth 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 gprid. Nor-
mal power for the operation of a nuclear unit 1s supplied {rom
unit station service transformers when the unit is connected to
the transmission gystem through its main transformer bank.
Preferred power is supplied from the existing Watts Dar Hydro
1€1-kV Switchyard over two radial lines located entirely on TVA
vroperty. The Watts Bar Hydro 161-kV Switchyard is intercon-~

nected with the TVA power system through 161-KkV trans-
mission lines, five hydro generators, and fourN\gsteam generators.”

: . . S/ X
8.1.2 Plant Electrical Power System

The plant electric power system consists ol the main genera-
tors, the unit statlion service transformers, the common station
service transformers, the diesel generators, the batteries, and
the electric distribution system as shown on Figures 8.1-2 and
8.1-3. Under normual operating conditions the main generators
supply electrical power through isolated-phase buses to the
main step-up transformers and the unit station service trans-
formers located adjacent to the Turbine Building,. The prima-
ries of the unit statlon service transformers are connected to
the isclated-phase bus at a point between the generator termi-
nals and the low-voltage connection of the main translformer:.
During normal operation, station auxiliary power is taken from
the maln generator through these transformers. During startup
and shutdown auxixiary power is supplied from the 161-kv system
through the commont station service transformers. The standby
(cnsite) power is supplied by four diesel pgenerators.



16. NEMA TR1l, Transformers, Regulators, and Reactors

' 17;. NEMA MGl, Motors and Generators
18. NEMA WC5, Thermdplastic-lnsulated Wire and Cable

19, TIPCEA S-61-402, Thermoplastic -Insulated Thermoplastic-
Jacketed Cables S

20. IPCEA S~56-U43L4, Polethylene-Insulated Thermoplastic-
Jacketed Cables .

21, IPCEA S-66-52L4, 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.

2y, IPCEa S-28-357, NEMA WC1-1963, Americzan National Standards
Institute Requirements for Asbestos, Asbestos-Varnished
Cloth, and Asbestos-Thermoplastic Insulated Wires and
Cable (C8.36-1962).

$.1.5.3 Compliance to Regulatory Guides and IEFE 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 whic‘n[m1

| are not fully implemented are discussed in the footnotes as

indicated.

reaure Further claritication op —

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."” (f;——__fl o
Regulatory Guide 1.22 (Safety Guide 22), "Periodic Testing of e
Protection System Actuation Functions." (F) ’
Regulatory Guide ].29,‘"Seismic Design Classification.™ (F)

g.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 T
Electrical Equipment for Nuclear Power Generating Stations." (F)

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

1. The electric penetration assemblies at Watts Bar Nucleif:}>
- Plant are designed in accordance with IEEE 317-1972.

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. power
supply between units.

4. Watts Bar Nuclear Plant Class IE equipment was qualified in
accoridance with IEEE 323-1971.
,l
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.1(5) = THisS g
incorporate first out ;
iesel generator prop€ctive t

QE WaS 1SSUed OO roroers
\ation. However, on all
\PS such as differentig

o Dovided. In additj €
Rstalled to sh
ator unit for generdQOr or engipé Wi
trouble I" T

. Position 2(2) - This requirement to
at pregy testing for both full f
flow 4 Qhereafter, testing wj

onditions.

Position C.2.a.(7) - Thi
the Watts Bar design since
is reguired.

T LMA Theert 8.1- \B

ttk :i%;i;;ét:‘;~.'

484
ul s}

Sy
<

Q-1'8 PosuT
Ylm _})‘as



i i it e = e et o o

inserin @ @
LY : PAC‘E' &'.1-8 (Rép[nces re_J\‘g"_'mns s@r}m Vad(nse, 212 anc\ ;z‘})

A discussion of thevdegree of conformance of the Watts Bar design with the -
. ' requirements of RG 1.63, follows: :

C.1 The electric penetrations have been designed to withstand the maximum
fault current for the time duration of the backup protective device.
A redundant overcurrent protection systen is provided (redundant
breakers or a breaker and a fuse) for all Penetrations except
instrumentation circuits where fault current is not a problem.

The only 6.9-kV circuit feeding loads inside Contaimment (thus
requiring electrical penetraticns) are for the reactor coolant pamps
(RCP). The breakers associated with the RCPs are backed up by.a
second breaker to provide the redundant overcurrent protection systems
required by RG-1.63. The breakers are provided in the normal course
of auxiliary power system Cesign and are non-Class 1E. The primary
and backup circuit breakers are each provided with independent dc
control power from two different batteries so that the failure of
either battery will not violate the single failure criteria.

Provision for testing is Gescribed below.

The 4€0-volt lcad center circuits have a low voltage power CirCUit,f"——--______~ '
breaker backed up by a current limiting fuse. The penetration !

withstands the available fault current vs. time duation for the loag —————
Center breaker and fuse. The breakers have direct acting trips and -

are independent of control power. The fuse is located in the cable
temination compartment of the locad center bolted to the breaker cable

terminal.
‘ The 480-volt motor control center (MCC) circuits have a\molded
: case circuit breaker backed up by a fuse. The penetration

withstands the available fault current. vs. time duration for the
A breaker and fuse. Molded case breakers have direct acting trips. ?Ei"_,.———__
an breakerAfusaWéfe furnished in the standard design of the MCC and are :
’ located in the same campartment with approximately two inches of ai:
space separation. This is considered adequate because of the diverse
principle of operation of the fuse and breaker.

Low-voltage control circuits which have sufficient fault currents

avail to damage a penetration have-a molded case breaker '

 backed up by a fuse. The penetration withstands the available N
fault current vs. time duraticn for the breaker and fuse. The molded
case breakers have direct acting trips.

The energy levels in the instrument Systens are sufficiently low so
that no damage can occur to the contairment penetration.




" the maximum fault current vs. time condition that could occur as a

Table 8.1-2 lists the parameters that show the capability of each

typical penetration to withstand without loss of mechanical integrity,

result of a single random failure of the prlmary overlcad protecticen.
Thus the single failure criterion of IEEE 279 is met. Flgures 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: » ;

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 by,51mulat1ng
fault current following established procedures. I.

The only method recommended by fuse manufacturers for perlodlc
testing of fuses is the measurement of their resistance.
Resistance measurement is cne 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 milliochms 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 Conmercxal Power
Systems) .

Penetration protective devices in 480V circuits energized during plant

. operation are mounted in either motor control centers or Class 1lE low

voltage switchgear. Both Class lE and non-Class lE motor control
centers are ITE Imperial Corporation series 5600 supplied under the
same contract. 211 480V ncn—Class 1lE distribution equipment that
houses penetration protective devices are located in the same seismic
structure as Class 1lE distribution equipment. Equipment bought to
Class 1lE standards is qualified to operate both during and after an
operating basis earthquake (OBE) or a safe shutdown earthgquake (SSE).
The non~Class 1E motor control centers supplied under the same
contract as Class 1E are manufactured using the same materials and
camponents which results in the same high degree of operatlonal
reliebility during an OBE.




| " M%w/ .

l ‘ .2 X/R ratios in excess of 15 were used in the qualification tests.
‘ n

l |

C.3 The duratlon times used in the qualification tests exceeded those
requ1red by IEEE 317—1976 and RG-l 63.

C.4 The ba51c impulse test voltage used in the quallflcatlon 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 Wa

c.7 M

061254.06 .
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of RG L&l Rlleds:

o

Position C.

1

Dose—iletcRuiimdomping
<ustibioatvbon.:
The design of the WBNP 125-volt vital de¢ system and the construction

permit application was made before June 1, 1973.
minimum, meets the requirements of position 3 of the subject
regulatory guide and branch technical position E1CSB 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 offsite power. The ESF. cutput
relays and thelr trained loads that require power to operate, are
assigned as follows:

1 Unit 1
2. Unit 1
3. Unit 2
4. Unit 2

A" traln - 12%W dec Vital Battery I,
"B" train - 129 dc Vital Battery II,

"A" traln - 129 dc Vital Battery III,

"B" train - 12% do Vital Battery IV,

Thus the ESF loads are not shared.

~e——

The design, as a

1200 ac Vital UPS 1-I
1200 ac Vital UPS 1-IIX

1200 ac Vital TJPS 2-IV

The 120-volt ac vital instrument powerAis supplied by four UPS units

per unit.

system (RPS) input relays. The relays fail safe
protection system (RP3) 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.

They furnish power for the four-channel reactor protection

, actuate reactor

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 experisenaing an accident. All sharsd systems
are sized to carry all oredible combinations of normal and accident

loads.

s s
Position x (A

a, Watts Bar 1s a two-unit plant.

-

bD. 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 sarely suut
down the remaining unit.

1200 ac Vital UPS 2-III ——




other unit. Sufficient diesel gener'ator (DG) power is available

to attain a safe and orderly shutdown of both units with the loss
of one DG unit. ' ’

. ¢. The most severe DBE is an accident in one ,unitv and a trip of the

\ R

d. The DG units and the standby distribution system are arranged 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 ia 'required to meet position
2.b. and 2.c.

f. Control and status indication for the DG units is provided on a
central control board (Panel 0-M-26) available to both unit
operators. DC system status (volts, current, etc.) is provided on

2 unit basts. excepl as discussed 1n Note 7

8. The recommendation of RG~1.6, 1.94 and 1.47 are met,

'J}‘c 7
/5.1 ¢ /1‘00 C‘.a 3
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Position C.2.a(2)\\

We understand this requirement to mean that the emergency loads be

Sequenced on to the diesel generator wnit (DGU) with each lcad cperating at

its full lcad rating (that is a pump would be operating at full flow).

This will be done as part of the preoperational testing program. For
subsequengt periodic testing done after preops, the lcads will be sequenced
on as designed except the panps will be operated with their miniflow
connection open and not at full flow.

The most severe disturbence of voltage and frecuency for a diesel generator
unit (DGU) occurs when starting a motor. Whether a motor is operating at
full flow or miniflow, this disturbance is the same. Therefore, the
capacity of a DGU to maintain frecuency and voltage can be proved with the
paps operating at miniflow. The voltage and frecuency will be monitored
by control bcard meters Quring pericdic testing to assure that the
frequency and voltage are maintzined within design limits.

/\\l
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7. Since RG 19 has been rev;set\/'l‘\\c‘ral\edinj infecmation

Ae_‘F;hQ.S -H\e cle_sre_é. oC Con‘ﬁsrmanct wiH\ 2.(3 1.9 2.

C.0

wed mests _+Le .m“'en“t' of TEEE 2871-\9T]

co1
c. 2
c. 3
c4
C. 5

C. 6
c. 7

.

C.8

C.10
c.11
c.12
c.13
c.14

Bt o e R S S

——
Full caopliance T

IS

Full compliance
Full compliance

Full compliance SR ;

Envirommental qﬁalification of the WBNP ciescl oenerator urits will-

bz detailed in TVA'S foviomtmiimirt it et ottt gt
ocpmanerren 1111d envirorment. equi men,‘{’ ualification Vefor:“ to—-
be. retained 1n TVA filec per NeL re airements. -

Full cempliance

(a) Full <compliance
(b) Full compliance

installed at Watts Bar, all diesel generator protective trips such as-
differential overcurrentr have been provided with targets to indicate

- which protective device cperated. In addition, the status of

protective cevices installed to shut down the diesel generator unit

for generator ‘or engine trouble are alarmed in the main controi rocm.
Where more than one protective device tarcet is operated, an analysis
of the problem will be done to Getermine which Gevice operated first.

It is TVA's position that the intent of this resition has been fully
met. Pleace refer to ittt 5], ' 5, rzzponse £o NRC
question 112.22 relating te seismic qualillcaticns of atts Ba

safety- relatcd equipment. 1n additicn, pleass refer tc FEAR Table
3.10.1, sheet 2, for a summary of the geimmic qualification of
electrical cguipment, including the diesel generators. Further Table
3.10.3 "Watts Rar Seismic Qualificaticns," shests 11 throuch 20 for
tests, results, and references of the seismic qualification of various
componentcs cf the diesel generztor unit.

Full compliance

Full compliance
N/A
WA

Does not fully cemply. The lcad quelification Lest was no: écne as
part of the type qualification test. This tect has been run as part
of the preoperational test program, but the requirements of IZEE 387~
1977 were followed. It is T™A's position that ruaning the short-time
load test at the end is a more severe test and this sezuence is
justifiable. However, in order to meet this position, subsequent
periodic testing of these DGUs will be done per this regulatery (P\
guide. ' ' '

B L Y RO T A ST 7 e gy o g s e s G pan iy et
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Rated
Yolts

8,000

600

600

- 600
600

600

6G0

600

*Test current

**These test currents are from the vendor's test re
with the status

Serv

Volts

480

480
480

120
480

Wire

Size
750
MCHM

350
MCiA

250
MCM

2/0
4 NG

8 MG

125vDC 10 MG

125viC 12 WG

Rated Rated
Short Ckt 12t
_Sym Amp_ (x 106 )

36,000 2,910
30,000 634
28,000 324
22,000 91.7
12,500 9.01

6,000 1.41

3,600 0.558

2,300 0.221

the valididty of this table.

061275.03

TABLE 8.1-2
ELECTRICAL PENETRATION ASSEMBLY SHCRT-CIRCUIT CAPABILITY

Tested
Short Ckt

Sym_Amp
50,000*‘
35,000**
33,960**

28,300%*
15,000%*

5,960%*

3,900**

2,410%*

"Approved With Corrections as Noted."

Calculated  Primary Device — . _Backup Device
Short Ckt Opening Time Opening Time I

Sym Amp Sec i Sec (x10

27,000 0.0165 2.7 1,968

0.0165 12.03

10,869 0.024 0.05 5.9

5,076 0.014 0.06 1.55

1,917 0.043 0.05 0.18

992 0.019 0.018 0.17

646 .054 0.150 0.06:

576 0.013 0.07 0.02:

31 .1 .1 0.00¢

0.2 0.2 0.00(

32.5

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



I

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.
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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 1s 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 ecsanger the

other line. S!X bb't'

1-kV Switchyard bus grrangement is de-
ss of any one of the/four main bus sec-
tions will not causg loss of power to of the two pre-
farred power sourcg lines to the nuclear plant. The Watts Bar
i Hydro Plant .SwitcHyard 1s interconnected with the TVA power
i system through 161-kV transmission lines and the five
! ©  Watts Bar hydro generators, as shown on the[SreDosed] transmis-  .o—
§ 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 Hydro
; ' signed so that the
§

The Watts Bar-Sequoyah and the Watts Bar-Athens 161-kV lines
beth 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 Sequoyesh 161-kV
‘Switchyard 1s connected to the 500-kV system through an inter-
tie transformer bank, to one of the generating units at Seauovah antl
Nuclear Plant, to Chickamauga Hydro PlantAto other substations
wnich 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-
ma es_lon 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 a2 second circult from Watts Bar Hydro which is
routed by way of Spring City 161-kV Substation and a 161-kV

The cta@s Gas- Great Lali ]/-KY Tranimiviscad Jiwe 15 Q/a,o/'cf'rum/bj'?

‘ 5312 mifoy Son 9. THiy Fwaws 8,.,,/1—/01': Vg i e JG,,,,,;‘-, %460
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~ \$ transmission line that interconnects with the power system net- ,~
work through the Murfreesboro 161-kV Substation, McMinnville (
161-kV Substation, and the Center Hill Hydro Plant. The Great
Falls and the Winchester 161-kV Transmission Lines cross near
the Watts Bar Hydro Switchyard,

mately 7.38 miles long. Tt is terminated on bus 1, section 2

in the Watts Bar Hydro Plant Switchyard. At Spring City this

line is terminated on the 161-kV bus along with a 161-kV line

that extends to Great Falls Hydro Plant. The Spring City and
Winchester lines that extend from Watts Bar Hydro Plant cross 4
near the switchyard.. ' ( '

}3 The Watts Bar-Spring City 161-kV Transmission Line is approxi-- (’

The Watts Bar-Rockwood and the Watts Bar-Winchester 161-)7
Transmission Lines are terminated on bus 2, section 4 in the
Watts Bar Hydro Plant Switchyard. The Rockwood line is approxi-
mately 23.67 miles long and is terminated on the Rockwood 161-1kV

bus alone wi 161-kV lines fror ¥kt on—rtosm—Plant—and-Cross—
-t THe Crossville 161-kV Substation and

Kingstor Steam Plant are further connected to the TVA 161-kV
transmission system network. The Watts Bar- Rockwood line ig

on a separate right of way and does not cross other lines thot
terminate at Watts Bar Hydro Switchyard. The Winchester 161-kV
Transmission Line is approximately 76.2 miles long and termi-
nates at Winchester 161-kV Substation by way of the Dayton and (1

Core fHrs

_a,///W”" @it P

Nomre 16/-6V Ze

el g coet .
/

%' A ah
| ,¢an,ue.zv /Ag:;ﬂmarﬁzayké; Azzéf

Coalmont 161-kV Substation Taps. The Winchester, Spring City,
and Great Falls 161-kV Transmission Lines have crossings near
the Watts Bar Hydro Plant Switchyard.

Z e rny e

Two 161-kV transmission lines extend approximately 1.5 miles
from Watts Bar Hydro Plant Switchyard to the Watts Bar Huclea
Plant 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. The
other preferred power 161-kV transmission line isgs terminated on
bus 2, section 4 and bus 1, scction 3 in the hydro plant switehn-
yard. This line crosscs over (he Spring City and the Great
Falls 161-kV Transmission Lines ncar the hydro plant switchyard

(Figure 8.2-2). (;,

3

2l o

The transmission line structures for all 161-kV lines described
are designed to exceed load requirements specified in the
National Bureau of Standards Handbook No. 81 (National Electric
Safety Code Part 2). Designing to these requirements ensures

5 SRV Sl
W?m -

T ey -Ay 2

ed to avoid vibration and galloping conductor problems. Lory

experience with area transmission lines verifies that TVA de-.

sign practices have been successful in avoiding vibration proh-

lems. No galloping conductor conditions have been observed in (\'

%W-

the eastern portion of the TVA transmission system.
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Transmission lines in the 161-kV voltage class have two over-—
head ground wires provided for lightning protection. This
shielding has been effective for an area isokeraunic level of
55 and 1s reflected in the average operating record of only
3.86 flashover interruptions annually per 100 miles of li”eZV

'(The use of circuit bre re

akers with high speed reclosingg relays

results in the Majority of thece interruptions beldnp, momentary.

8.2.1.2 Transmission Lines, Switchyard, and Transformers

e two 161-kV and the five 500-)
WwiRh the TVA transmission netwofk ardindictated functionall
on Ngure 8.2-1. The onsite ransmiss\on line arrangement #s
shownN\on Figure 8.2-3 and tpf offsite t
in the Xicinity of the swylchyard is sho
Preferred power will be fupplied from the :isting Watys Bar
hydro 161N switchyard Figure 8.2-U4) over t\o radiza £1-kV
overhead liMes approyimately 1.5 miles long. hese/fAines are

routed to minNmize #he likelihood of their simu\t eous fail-
ure. A :

ines connecting the plant

on Figure 8.2/£2.

Location of tp€ Cowmon Station Service Transf
Figure 8.2~ PhysXal separation is 61 fes
centerline/and 35 feeN between closest parfs. Fire pr¥\cction
has beenfrovided for eRch, with a water:
can be Automatically act

, centerdne to

The primary volta~e i
The secondary voltape

priglry and two secondary w
19€-kV, rated 57/76/95%, OA/FN

w7

e
7

K.9 KV and each is rated 36/48 DA/FL/FOA.

RNsmission line rfiting

FrmersN.s shown on

prinkler syste\ which
Nated by thergfstats or the tranX\orm-
er elgctrical protection MNvices. Eagh transformer has = \1zle

"RePLACE ijl lAsepT 8.2

£.2.1.2 Arrangement of the Start Doarcds, Unit Boards, Common
Boards, and Reactor Coolant Pump (RCF) Foards

8.2-3

N
bt ; , ~
tion service buses are outdoor, nonsegregated, partially venti- %)
lzted, metal-clad structures and are shown on Figure §.2-5. it
the €.9-kV start board these buses enter the cutdoor metzl~clad :z
- 8witchgear and connect to supply brezkers. The desipgn of the
€.9-kV start boards and RCP beards conforms to LNEL, C O37.00 3{
(Szandard for Switchiear fissemblies Irclading Metnl-Fnelosed =
Bug) and is classified as outdoor metul-clad swiichrear., Seo-
tion 20 6.2.2 of this standard defines the requlrements o _ _E?‘
harriers. The circuit breakers at the 7, G}V aparg Leards are U
Taccorically operatca, vertical 1404 Arowout sro oy with o otoped <
snergy mecharnisms.  Thece Clruudt breckers Yave o oot inuous fg
Tirg of 2750 &, an insulatlion svotonm ™o oo OkEY, Inverraptinge N
r=tlirg of 1000 nva, and = mOmenLary rating of 50,000 4 amperes, @2

A
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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 plah; with the ™A

transmission network are indicategd functionally on Figure 8.2—1.' The
onsite transmission line arrangement is shown on Figure 8. 2;3 and the
offsite transm1851on llne routlng in the v1c1n1ty of the switchyard is
shown on Flgure 8.2-2. Preferred power is supplied from the existing
Watts Bar hydro 161 -kv sw1tchyaro (Figure 8.2-4) over two radial 161-kv
overhead lines apprcximately 1.5 miles long. These lines are rcuted to
minimize the likelihood of their simultaneous failure.

The locatlon of Common Station Service Transformers A and B is shown on
Figure 8. 2 -5. Phy51cal separation is 61 feet, centerline to Centerline angd
35 feet between closest parts. Each transformer has & single primary ang
two secondary windings. The Primary voltage is 161-kV, rated 57/76/95,
OA/FE/FOA. The seccndary vcltagé ie 6.9 kV and each it rated 36/98/60,
CA/FA/FOA. The location of Comon Staticn Service Trars ormers C and D is
also chowni on Figure 8.2-5, Physical separation is 70 feet, centerline to
centeziine and 49 feet between clccest parts. Ezch transformer hzc a
single primary and two secencary windings. The primary voltage is lGl-kV,
rated 27/36/45, OB/FA/FCA. The secencary voltace is 6.9 kV and each‘is
r;teé 15/20/25, OA/FA/FCE, Fire protection has tec“ provided for each,

eC bu

[

with a water sprinkler system which can be avtomatical

Yy actiy

f‘J

thermostats cor the transfermer electrical trotecticn Gevices,
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Fram the low-voltage side of each.cammon 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 éénnected 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 boardé

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

the 6.9-kV shutdown boards. g
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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 ana B
and the two 6.9-kV RCP start buses A and B run on separate sup-
port structures as outdoor, nonsegregated, partially ventilatead
metal-clad assemblies. ‘

The bus bars are fully insulated with flame-retardant materizl,
bus supports are flame-retardant, and the metal enclosures are
such that arcing faults in one hu" will not endanger the other.
The 6.9-kV start buses enter the Turbine Building spaced &' 6"
centerllne to-centerline and continue on this spacing acros

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 1ift 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 isclated-phase main generator
bus. Location of the Unit Station Service Transformers 1is
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 well
for routing to the unit and common boards. The unit station
service buses are outdoor, nonsegregated partially ventilated
metal-clad construction until they ernter 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 €.9-kV .unit and
6.9-kV common boards, entering through the tops of the €.2-kV
uniit boards and the bottoms of the 6.9-kV common boards.

A1l of the indoor station service buses are nonventilated, norn-
segregated, metal-clad dripprocf construction. In addition,
the outdoor portions are weatherproof and ecguipped with 120V
l-chase heaters to maintain the temperature inside the housing
at least 5°C above outside temperature. All buses are provided

with gas-resistant seals at entry tc a rpiece of switchgear. At
the pernetration of an outside building well, the buses are Lro- !
vided with a fire-resistant and moisture-resistant barrier. 720

g.2.1.4 Arrangement of Electriczl Control / “AQQXQQ( Plaﬁ¥lﬁ

Figure 8.2-7 shows the electrical ceontrol arez where the relav,

wat 8.2/1
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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-
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.

centage differential relay with harmonic restraint, a sudden
pressure relay, and a neutral overcurrent relay in the 6.9-kV

. Each common station service transformer is protected by a per-’

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 with the NRC regulatory position expressed in the
regulatory Guide No. 1.32 for the preferred design of such a
system, ‘

The transmission line relay protection circuits continucusly
moritor the conditions of the offsite power system and are
cesigned o getect end isolate the faults with maximum speed
ana minimum disturbance to the system.




\

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. >
fault is not cleared within the time setting of the time
breakers connected to the bus section of the faulted line
be tripped and locked out.

The Watts Bar Hydro 161-kV switchyard 1s 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
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 fall to operate. In addition to the line
and bus protection schemes, the 161-kV switchyard power circuit
breakers are protected by breaker failure relays with current
supervision from separate current transformers ocn 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 assoclated 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
pus associated with the fdiled brealker.

andD

The supply to the common staticn service transformers £5,and BQnA C_
pcssesses a high degree of reliability even under electrical

fault conditions. The following discussicn describes the

sequence of events following postulated faults:

Tasert 8.2-3

1. Transmission line fault

If the instantzneous element ¢ the line protective relavs
is actuated the line brezker.is tripped and a2 hizgh speed
reclosure cccurs. If 2fter the hizh speed reclcsure the
fault hzs ust cleared, the breaker will trip azgain and a
standari spesd (cvnchrenism check-voltage chack, roclosurs
gocurs. In the majerity of the cazss Sheses reclcsures
restcore the line back o service mowevear, a trin alzer

D
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appreciable dioturbance on the two 1
the common Station Service transformers.
2. Transmission line fayit and failuyre of the 1ine

breaker to clear the fault,

ure relay ig automatically 1nitiated, Starting g
If the fault ig Not cleareq Within the time sett
timer, a13 Circuit breakers Connected to that buy;
trippeg and locked out. With normal Position ofr.

breakers describeg bPreviously, botp ﬁESEEﬁEEEE&;&

¢ontinue to receive power Without ir

3. Main bys fault,

This type or fault is detecteq by the bus differe
Protection. When initiated, it trips and locks o
Clrcuit breakers Connected to the faulteq bus, T

These faults Cause tripoing of all the transformer
breakers op the high ang low Voltage side of the ¢t
former, 1p addition, the trip relay initiztesg the
former fire Protection Sprinkler and starts the rj

5. Common transformer or transformer feeder Tault and
of one HVvcircyit breaker to operate Preoperly,
61 KY

These events cause the Obpeération or Protect

under above, followeq by the Oberaticn or the bre
failure relay which trips a1 breakers Conncecteg ¢
bus at the time or Tailure, The event recults in ¢

of one transformer; the other transformer continyes

receive DPCwer fromvits main busxfh T%C-hydro Q“H*cky"

The allocation of the 250y d.c, Control power Circuits r
lays ang Circuit breaker; (the description ©f which 1g 3
in the breceding SeCilion) igs Coordingt e With thne }
reculrements of the 2ig zag main arng tronsfer
anid the e€quirement Tor the OPRtlinum ava:)
Station Service transformers A ang m,
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by AT arges
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. the normal and alternate feeders for start bus A while the two
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breakers each. Two of the circuit breakers, 1512 and 1614, are

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 b5us
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 circult 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 1is composed of bus differential relay opera-
tion, 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,
2A, and 2C. Start bus B 1is 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 breakers,
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

“II’ ‘ 8.2-8 »
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The secondaries of ccmmon station service trznsformers C and D (CeST) feed

into two start bqards containing two circuit breakers each. One of these
circuit breakers, 1712 prc?ides power directly to 6.9-kV shutdown boards
1a-A and 2A-A while circuit breaker 1812 provides andthe: source of power
to the same 6.9-kV shutdown boards. One other breaker, 2714, provides
power directly to 6.9-kV shutdown boards 1B-B and 2B~B while circuit
breaker 2814 provides another source of power to the seme 6.9-kV shutdewn
beards. All four of the above circuit breakeré are normally closed with no
provision for automatic or manual transfers between circuit breakers. Thz
125-V dc normal control power for circuit breakers 1712 and 2714 is
supplied “zam a separate battery ani de distribution board from that of
the normal control power for circuit breaker 1812 and 28514. The alternate

control power feeders for these circuit breakers are similarly segregated.

Manual 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 previded:
). Loss of Control Power

2. Bus Failure cr Undervcltace.

8
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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 1s 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. S

shut e
1B, 1C, 2=

boards 1A-A,
boards 1A,

-A, and Z2B-B, respective
and 2D are the al*ernabe S

§.2.1.8 Conformance with Standards

This section discusses provisicons included in %the deslign of the
of“ ite power system to achieve & system design in conformance
th requirements of GDC 17xvand MRC Repulatory Guides 1.6 and
2
2e GDC 18

The following reguirements of [Kag % L oed AR -
g :
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TANseRT 8.2-5

The f£inal connection§ to the casite (stancby) power system (the 6.9-kV
shutdown boards) are feeders from the unit boards and CGmmon - station
service transformers C and D. Unit boards 1E, 1C, 2B, and 2C are the
normal supplies to é.Q—kV €hutdown boards 1a-2, 1B-B, 2A~2, and 2B-B,
respectively. Cammon statien service transfohners C and D provide the
alternzte power sources directly to the 6.9-kV shutdown boards. Cammon
station service transformer C provides alternzte No. 1 power to 6.9-kv
shutdown boards 1A-A and 2A-A through circuit brezker 1712 and zlternate

No. 2 power to 6.5-kV

"

nutdown bozrds 1B-B and ZB-B through circuit brezsker
2714. Comron stetion service transformer D provices elternzte No. 1 power
té.G.Q—kV shutdown boar@s 1B-B and 2B-E through circuit brezber 2814 and
alterﬁate Ro. 2 power to 6.9-kV shutdcvn boards 1A-A and 22-A throuch
circuit brezker 1812, These feeders afe protectec by overcurrent and
ground overcurrent'relays. A1l of these feeder breakers are normally

closed with all transfers between the normmel, &lterncte No. 1 and alternsic

No. 2 feeders occurring at the 6.9-FV chutdovn hoardes,

|
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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."

Each of the above requirements and the provisions included in
the deslgn to meet them is addressed in the discuscion which
follows.

The discussion is arranged in two parts:

1) Physical measures for achieving independence and physical
measures taken to minimize the likelihcod 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

w»osformers and huses

necmLs.
site po “ither
of these - P -he out-
door portion Te busec are weatherprcof a.vﬁ"hujppc with
120V, 1 phasg, wcrs to maintain the T Ur™SJnside th
Fou51ng 23 i pepsfure. Thixgonduc

>l

57 material, bus
closures v“Wl pre
the other bus.

are £

Aand B :
Tne common station service busesymainizin £1 feet centerline-
to-centerline separation, until they converpe at the unit start
roard. The buses run on scparate support structures and run
appreximately 15 feet before entering the unit start xo
the unit start board these Luses enter the outdocr, me
switchgear and connect tc the b sugply brezhers,
zre provided with gas resistanrt s g &t the entry to
cswitchgear The supply and feeder nreziers 2t the 6.
start bo a”ﬁ are electrically cperated, vertical : t
cype, with stored erergy mechanisne e urit <
zistes of z riormal feeder uwrezlier g
srezyer for eackt of the £.C0-17V s
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General Design Criterion 18 requifes.that the offsite power circuits be

designed to pemmit periodic inspection and testing to show:

a. "The operability and functionzl performence of the Components"'of the
circuits,

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

c. "Under ccnditions as close to design as practical, the full operation
sequence that brings the system into cperation.”

el
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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 éystem. One préferred power supply is made up by
cammon 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 common station service tfansfomners A and B and buses are connected
and arranged to provide two physically independent offsite power circuiﬁs
to the onsite distribution system. Eithér of these can be used as the
preferred power supply. The.outdoor poriioné of the buses are
weatherproof and equipped with 120V, 1 phase heaters to maintain the
temperatufe. The conductors are fully insulated with fleme—retardant

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

prevent any arcing fault in one bus from damzging the other bue.
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start buses A and B. The normal Teeder 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 bullding
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 1ift drawout ﬂ}}

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-kV 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 breazker for each board are
separated along the length of the board by several feeder
breakers, thereby preventing a fault in one breaker from cam-
aging the alternate supply breaker. All busec are provided
with gas-resistant seals at entry to the switchgear.

The power from the unit boards is supplied to the shutdown
voards by means of cables routed via separate cable trays and
conduits to their respective boards. The minimum distance e~
tween trays carrying cables to the redundant shutdown boards is
approximately 30 feet, while the trays carrying normal and ealter-
nate supplies to the same shutdown board are at a minimum servar-
ation of 1 foot. A cable fault relay trips circult breekers
provided at each end of these cables so that even a simultariczous
fault of the normal and alternate supply cables to one chutdown
board will not effect the offsite power supply to the redundant
hoard. '

The normal dicstribution system to the unit boards and shutdowr
poards is supplied by the unit station service transformers
during pl

7 opd

lant operation. The common station service trans-
formers are used to supply the power to the unit voards or olir-
site distribution system during generator startup cor shutdown.
In case of an emergency or Tault of the unit station service
transformers, the common station service transformers are im-
mediavely available for use as the of?f T r system and
nrovides two separate, independent, and redundant ci

the onsite distribution system.

+H ¢t ¢

rcuits to
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The two common 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 £he
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 throuch separate
co?duits and cable trays alongside thé 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 shutdown boards.
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Functional Measures

Regulatory Guide 1.6 has been implemented by providing each

a.c. load group with a connection to each of the preferred

source circuits. Figure 8.1-2 indicates that redundant s
1hnn5qy~uﬁui in each unit are fed from different preferred source
circuits. The two preferred source circuits are, however,
shared between the two nuclear units. ;

Pode(

Regulatory Guide 1.32 has been implemented by providing two
immediate access circults to the transmission network. Figures
8.1-2 and 8.2-1 indicate the functional arrangement of these
continuously-energized circuilts

The rest of the discussion deals mainly with the manner in

whlch GDC 17 has been implemented,
ICamdU

Between the transmission sysffem and

the 6900~volt shutdown board$ are:
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down board feeder cables.
fied consists of two parts: 1) a qualitative
that the loss of any one of the links
loss of availability of offsite power to the 6900—volt
boards, and 2) a guantitative analysis to show that
ity of each of the links is such that it will carry
1oad in the event of simultaneous LOCA of cne unit

fall 2

U analvsis
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ﬁ—bﬁ&ﬁ@é? and 6000 volt shut-
Analv31s to show that GDC 17

is satis-
to show

listed will nct cause
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sutdown
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recuiredc
na full
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locad rejection by the other with any of the links cut of service. g~
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. Power is fed into the piant fram the 161-kV Watts Bar Bydro switchyard via

four camon station service transformers (CSST's) rated 161-kvfand 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 nommal source for one start bus
and the alternate source for the .otimer start bus while the other winding is
the normal source for one RCP start bus and the alternzte. source for the
other RCP start bus. Each start bus éerves as the startup source and the

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

unigz/

:ach-of the two 6800-volt shutdown boards for each unit has a nommal }

feed fram one unit board; the unit boards have alternate, or reserve, feeds !
' i
|
!

Q:an different start buses with autamatic transfer from normel to reserve

urce. Also, each 6900-volt shutdown board has two alternzte sources i
directly fram CSST C and D. Thus each 6%00-volt shutdewn board has :

+

access to any one of four common staticn service trensfonrers,
and both 6800-volt shutdown bozards for each unit will be energized from
cffcite power in case of 2 loss of eny cne CS5T,, start bus, unit board,

supply cable fran unit to shutdown board, or sugply cable from CSST C or D

to the shutdown becards.

(
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rmer, and both

The two start buses are physically independent in that each tus
has its own housing. Thus each bus is protected against migra-
tion of a fault from the other start bus by two barriers. Thils
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
are provided and will be energized continuously.

The overcurrent protective relays for the 6£900-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 te
jeopardized by the fault. Should the 6600-volt board incoming
supply breaker trip on backup due to failure of tnp breaker
nearest the fault, the 6900-volt shutdown board being suppliec
by that €900-volt unit board will automatically transfer to tn

alternate 6900-volt unit board. Each 6900-volt 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 thic case
also, the 6900-volt shutdown board fed by that urit board will
tranufer to its alternate 6900-volt unit board.

W] the event of a simultaneo OCA on one genereting unit &y
aXull lozd rejection by th othd{ generating unit while org
CSS is out of service, yhe one r¥gzining CSSTR will sugghy
powerz, 0 the emergency Jads on the CA unit and tc thyfe
loads oN both units ag#ociated with ndgmal operztion wMich
not automitically trghped. These nermalgoperating lgeds er
subseguent I reducgfl by action of the uni%operatopsS. Hoves
no overator aQtigh is assumed to be reguirelf duridg the Iir
10 minutes Tolyling a LOCA. S

The tenmporapd ovrl’oad cendition of the compdn shat?

tranciormne will cndge no significant pregdcted 1osg of trancs-

former 1/« acaordln“ Lo Tables 92-02.206% through 9&;0?.200?
of ANSP Standard CL7.97 Talble 8.2-1 Mstc the ecquipment capid
bilites and worst case Igads.

When ¢ unit ic tripped automdgically due Lo & moechanic

a
including LOCA) such that theszgAnerator main circult b

8.2-14
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The cables for alternate 1 and alternate 2 feeders fram CSST's C anéd D are

also physically independént as they are routed through separate conduits

and cable trays.

.(\)Y



In the event of a simultaneous LOCA on one generating unit and a full lead

el Ay sy ] | [ ‘

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

”.the remaining CSST's would supply power to the emergency lceds for both

o

. would not be loaded above its rating. Table 8.2-1 lists the equipment

R

er transfommer would supply the 6900V shutdown boards for both units, but f

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

first 10 minutes following a LOCA. If either CSST 2 or R were not

available, the other transformer would be automatically overlcaded.

P

This temporary overlcad condition would cause no sicnificant predicted loss

- of transformer life according to Tables 92-02.200" throuch 92-02.200P. of __ - S

ANST S‘h:mAarA C57.‘?2'. The cverlmA would net cause Ae ra&lecl

VO\*C\ e on T\')C 5&‘(\6}‘\/—"6\6&&& busas $\‘n(.e "H)c ave au‘\'bmfca\l
C§nncgcA “\‘b Costy Qﬂ“fj D \,‘Pe-\"H‘ne; CssT C or Were nd aual\\ékle/ﬂ\&

capabilities and worst case locads.

Wneﬁ a unit is tripped automatically cue to a mechanicel fault (including
LOCx) such that the generator main circuit breaker is not immediately
tripped by & fault signzl, this brezker remzins closed for erprcximately
30 seconds to keep stable power availeble to the reactor coolant pumps.

During this period the generator is driven as an unlcaced synchroncus motor

n

ceG. Transfer cf the 6500V vnit

0O
@]

gince the turbine stop velve

L]

€

=

boercs end RCP boarcds is deleyed 30 seconds, enc they are suppliec throuch
. . ) . .

the unit station service transicrmers viea the unit main transformer frac

the 500-kV switchyard. The 6900V shutdown bcercs inmecictely fast transfer

. to offsite power supplied via CSST's C and D for all unit trips. ‘\){\
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not immediately tripped b
3] remain closed for app

In addition to compliance with the above standards for portions
of the offsite power system, the 6.9-kV start board, 6.9-kVv
unit boards, 6.9-kV RCP boards, and the associated 6.9-kV 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 NEMA
EI-2 and wiring to IPCEA S-61-402 and NEMA WCS5.

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 offsite 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
tested routinely and can be performed without removing the
transmission lines from service. A common station service
transformer may be removed from service for testing without
disturbing the other offsite power source. Power can be
transferred from the unit station service transformers to the

common station service transformers to demonstrate operability of
the system.

8.2.2 BAnalysis

Each of the 161-KV circuits providing preferred offsite power
to the WATTS Bar Nuclear Plant is supplied through two power

circuit hreakers connecting with SEPATI AL S OAr OGN @ frutydrriirissupps

8.2-15
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;{/u”ﬁ‘/éo the power required for shutdown of the nonaccident unit.

/ /'uj t”
s tatis
/

buses v ' - »

.« bower for the operation of the nuclear units is supplied from

_W3NP-24

“%w® in the Watts Bar Hydro Plant Switchyard. At the load end <&— [ -
of these feeders, each circuit terminates at a 161-6.9-kV com- V4
mon station service transformer. Each transformers has suffi- =~ (o dmer o€
cient capacity, to supply the essential safety auxiliaries of %

ne unit under loss of coolant accident conditions in addition

iqure 8.2-8 shows the station service condition when normal

the unit station service transformers.

Physical separation of lines, primary and backup protection

systems, and a strong transmission grid minimize the probability

of simultaneous failures of offsite power sources. Results of -
steady-state, transient stability, and inertial pickup studies

show that the offsite power sources remain intact as reliable

sources to supply the onsite electric power system for the loss

of eitber nuclear unit, the loss ot 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.

Transient stability studies included conditions of three-phase

faults on transmission lines connecting the nuclear units into

the transmission system. Studies of these faults included 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 L
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 study of this contingency shows that the transmission sys- —
tem remijans stable with negligible disturbance to the sources -+
of offsite power supply as indicated by the Watts Bar Hydro

161~-kv bus voltage and frequency response curves in Figures

8.2-9 and 8.2-10. :
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TABLE 8.2-1

OUFFSITE POWER 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)

'

T Rating or
Equiﬁﬁent Nominal Limit

Com Sta Serv Trins:
161-kV Winding H ™
6.9-kV Winding X
6.9-kV Winding Y

85.1 MVA (FA 65°C)
~ 53.8 MVA (FA 65°C)
‘*“: MVA (FA 65°C)
6.9-kV Start Bus 4oo0o A
Continuocus Current

€.9-kV RCF PRus 3000 Amps
Continuous Jurrent
SO0

6.9-kV Lcad Feeder ACB R
Interrupting MVA BOU MVA
Momentary Current 80,000 Amps
€.9-kV System Voltage
Minimum Mctor 5940 Volts

Operating Voltage
Minimum Motor 5280 Volts

Starting Voltage

Computed Value

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

3192 Amps

1843 Amps

6700 Volts

5360 Volts

Allowable Operating
Time at
Computed Condition

>4 hr.
Continuous
>4 hr,

Continuous

Continuous

Continuous
Continuous

‘Continuous
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TABLE 8.2-1

OFFSITE POWER SYSTEM
BEQUIPMENT CAPABILITIES, WORST-CASE LOADS

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

Allowable Operating |

Operating Mode:

_ Rating or Nominal Computed : Time at
Equipment Limits —Values -~ Computed Condition
Cam Sta Serv XFMR A
H-WDG 85.1 MVA 54.93 MVA Continuous
X-WDG 53.8 MVA 24.68 MVA Continuous
Y-WDG 53.8 MVA 30.40 MVA Continuous
Com Sta Serv XFMR B ‘
H-WDG ' 85.1 Mva 50.44 MVA Continuous
X-WDG 53.8 MvA 24.68 MVA Continuous
Y-WDG 53.8 MVA 25.89 MVA Continuous

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

Com Sta Serv XFMR C

H-WDG 50.4 MVA

X-WDG 28.0 MVA

Y-WDG 28.0 MVA
Com Sta Serv XFMR D

H-WDG 50.4 MVA

X-WDG 28.0 MVA

Y-WDG 28.0 MvA

12.13 MVA
0 MVA
12.13 MvAa

12.97 Mva
12.97 MVA
0 MvA

Continuous
Continuous
Continuous

Continuous

 Continuous

Continuous
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TABLE 8.2-1

OFFSITE POWER SYSTEM
EQUIPMENT CAPABILITIES, WORST-CASE ILOADS

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

RCP Start Bus A 3000 AMPS 2065 AMPS Continuous

RCP Start Bus B 3000 AMPS 2065 AMPS Continuous
Start Bus A 4000 AMPS 2544 AMPS : Continuous
Start Bus B 4000 aMPs 2166 AMPS Continuous
Operating Mode: Two-Unit Full Load Rejection, Common Station Service Transformer A
Available. '
Allowable Operating
Rating or Nominal Computed Time at
Equipment Limits Valyes Conputed Conditior
Com Sta Serv XFMR A
H-WDG 85.1 Mva 105.37 MVA 4 hr.
X-WDG 53.8 Mva 48.36 MVA Continuous
Y-WDG ’ 53.8 MVA 56.29 MVA 4 hr.
Operating Mode: One-Unit LOCA, One-Unit FLR, Common Station Service Transformer D
Available.
Com Sta Serv XFMR D
- H=WDG 50.4 MVA 25.10 MvVA 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
Equipment Limits —Values
6.9-kV Unit BD ACB 500 MVA 506.17 MVA
6.9~kV RCP BD ACB 500 MVA © 571.07 Mval
Operating Mode: Two-Unit Full Lcad Rejection, Common Station Service Transformer D
Available.
6.9-kV SHTDN BD ACB 500 MVA 377.10 MVA

S\'\er 2. | vﬁ;}\v



TABLE 8.2_1
OFFSITE; PONER SYSTEM" :
EQUIPMENT. CAPABILITIES, WORST-CASE LOADS

. v ."-.f

Equimcapabihues .

Voltage'Limits
| | Allowable Operating i’
L . Rating or Naminal Compuited \ Time at S

- Equipment - — Limits —Values Computed Copdition |
L : , L
Balance of Plant 6.6-kV Rated P
Motors : ‘ g

Min Operating kV Min Anticipated Continuous i

5.940-kV 6.210 kv k

Min Starting kv Min Anticipated - Not Applicable f

5.610~kV 6.210 kv |

Class 1E Motors 6.6~kV Rated
Low Voltage Min Operating kv Min Anticipated? k
Considerations 5.940~kV 6.555 kv Continuous a
Min Starting kv Min Anticipated | -

5.280-kv 5.865 kv Not Applicable |

High Voltage Max Operating kV Max Anticipated3 i

. Considerations 7.260-kV 7.610 kv

Notes: 1. The maximum available fault on a reactor coolant pump board was camputed
' 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 common station service transformer
C or D. The unit operator will receive an alarm signal at 7.260kV and
have the option of transferring to common 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 consists
of: (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 angd Sys-
tems required to assure that (1) fuel deslgn 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
accldents, 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 power
continuouvsly to reactor protection, instrumentation, and control
systems; engineered safety features instrumentation and control
systems; 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. '

£.3.1.1 Description

Standby A.C. Power System

The Standby A.C. Power System is a safety-related system which
contlnuously 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 ruclear
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 3ources to the
distribution portion of the Standby Fower 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 §.2.

System Structure
and 8.1-2a are
FigureS8.1-2 e the single line representztion of the plant
z.c. auxiliary power distribution system. The standby (onsite)
rervion of the system is identified as the diesel generators,

8.3-1
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The power train assipgnment for safety-related electrical boards
1s indicated by use of a -A or -B suffix following its designa-
tion of all drawings and documents. Loads supplled from these
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
power train are shown in Figure 8.1-2, Nonsafety-related loads
are also supplied from the Standby Poler System through Class
IE breakers.
a

The becards, motor control centers, and transformers comprising
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 asslgn-
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.

Physical Arrangement of Components

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

Reference: Figures 8.3-1 through 8.344.

Diesel Generators

The physical arrangement of the four diesel generators and all
support equipment provides physical independence by dsclation
as 1ndicated in Figure 8.3-1.. Fach diesel snd its assoclated
support equipment is separated from all other units by missile

and fire barrier type walls. (o

6900-Volt Shutdown Boards 1A-A, 1B-B, 2A-A, and 2B-B

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

8.3-2
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..’ ' those of train B are located in the Unit 2 area. The train A
(o boards are separated from the train B boards by an 8-inch rein-
g forced concrete wall extended to the celling. The minimum dis- =)
" tance between train A and train B boards is 8 feet 11-1/2 inches.
W’ The two boards associated with train A or traln B are separateqd g
from each other by a distance of 19 feet 9 inches. ' -

6900-480-Volt Shutdown Board Transformers 1A1-A, 1A-A, 1A2-4, ‘

1B1-B, 1B-B, 1B2-B, 2A1-A, 2A-A, 2A2-A, DBI-B, 2B-B, ead-2B2-%)[E.AVIEZEv
These transformers are located in the Auxiliary Building at 2E-A and 1E-B i
elevation 772.0. Four rooms. have been provided so that the
transformers associated with train A and B of both nuclear units :
are in separate rooms. ' The walls isolating these rooms are Fi
made of 8-inch reinforced concrete and extend to the celling. b
The three transformers associated wlth one train of each unit 3
are located in one of the four rooms. '

480~Volt Shutdown Boards 1A1-A, 1A2-A, 1B1-B, 1B2-B, 2A1-A, :
2A2-A, 2Bl-B, and 2B2-B , Y

| Separate rooms for the 1A, 2A, 1B and 2B boards and their re- i
| - spective UBO-volt.Control/Auxiliary Building Vent boarﬁi aae V Lf i
1gcgted in, theyAuxiligpry, B 1lding at elgyation ¢57.0.7T e 48> o I
s?u?cﬁeown boar S Qfe N\c\e o %‘\lo sqci'xu(ons ea&. 8 < =

’ 460-Volt Reactor MOV Boards 1A1-A, 1A2-A, 1B1-B, 1B2-B, 2Al-4,
- 2A2-A, 2B1-B and 2B2-B

P S .

772.0. They are located in Separate rooms on a unit and train
hasis and are located in the same room as the reactor vent
boards associated with the same unit and train. The 480-volt
Auxiliary Building common board is in the room with MCV boards
1A1-A and 1A2-2. The isolating walls of these rooms are con-
structed of 8-inch reinforced concrete extended to the ceiling.

. 'OThese boards are located in the Auxiliary Building at elevation

480-Volt Reactor Vent Boards 1A-A, 1B-B, 2A-A, and 2B-B

|
|
\
', These boards are located in the rooms with the 480-volt reactor
) MOV boards described above.

|

£80-Volt Control/Auxiliary Building Vent Boards 1A1-A, 1A2-4, +
LEI-B, 1B2~B, 2AI-E, 0ho-A, PF1-B arda 2B80-%

“hese boards are located in the rooms with the 480-volt shut-
dovi boards described above.
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~elevation 782.0. Transformers 1A-A, 2A-A, 1D and 2D are located

o ~ wenp . @

480-Volt Diesel Auxiliary Boards 1Al-A, 1A2-A, 1B1-B, 1B2-B,
2Al-A, 2A2-A, 2B1-B and 2B2-B ‘

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

6900-480-Volt Pressurizer Heater Transformers lAQA, 1B-B, 1C
1D, 2A-A, 2B-B, 2C, and 2D

These transformers are located in the Auxiliary Building at

in one room in the Unit 1 area. Transformers 1B-B, 2B-B, 1C
and 2C are located in one room in the Unit 2 area. :

System Operation

INhe 6.9-kV shutdown boards in eagh power train derive power

forfless.A typical transfer scheme is/shown schematically in

om elther of two circuits froyf ¢ 6.9-kV unit boards, or
frym thelr respective standby fower Yource. The [eeders con-
necW\ng each shutdown board wfth thesk three sources are ter ed
the ngrmal, alternate, and candby feelers. The normal and
alterrte feeders can deriyk power from\the nuc¢lear unit vfa a
unit stition service trangformer and sepN\ate 6.9~kV unit/boards
The normdl and alternateffeeders can also\derive power ffom the
separate yeferred sourfe circuits, via sepgrate windings (on
elther of o separatefcommon station servide transforhers) and
separate 6.MNkV unit fHoards. During conditiogs wherefneither .
nuclear unit Xor prgferred (offsite) power is {vallgbhle, each :
6.9-kV shutdow bogrd is energized from a separgte AStandby
diesel generatol\#via the standby feeder. 4

vz T

The alignment gf eXch unit's standby distributigh ¥Jystem is
determined by flant conditions, the sources se)decte® to ener-
glze it, andfhe stadus of components within e disbpibution
system. ‘ ' \

A loss offvoltage on a nkrmal feeder to =a #.9-kV shutdowg board
initizstgk an automatic trA\nsfer to the alffernate feeder, {Xf the
alterngfe feeder has norma voltage. Thg transfer is delayed
unitl fhe residual voltage Mgs decrezseg to 30 percent of nkr-
mal./ The return transfer to \he normef feeder is initiated
mandally and is a high-speed t ansferf completed in five cycl\s

M ecure 8.3-5 for 6.9-kV shutdown ccArd 1A-£. , EV' ;. .

8.3-4
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Stondby !
Thexllass lﬁ?ac Power system for each unit is divided into two redundant
POwer trains. Each train includes & 6900-volt shutdown board powering the

larger safety-related motors, pressurizer~heaters, ang three 480-volt
distribution subsystems.

480~volt
centers.

-hon safety-related electric equipment. A fourth 6900 - 480-volt
transformer will be provided in each Power train as an instzlleg spare. It

will not

The 480-volt subsystems each include a 6900 -
Fower transformer, 480-volt switchgear, and 480-volt motor control
The Class 1E 480-volt subsystems Supply both safety-related ang

nomeally be connected to either the 6500-volt shutdown board or to

the 480-vclt buses, | . o

Each 6900
breakers.
6900-volt

4

=

~volt shutdown board can be powered through one of four supply
For normal unit Startup and operation, the power is fram the
unit board comnection, the brezker shown normally closed on

S~2. Shown normally opsn are the first and second alternzte

supply breakers connecting to the offsite power circuits, angd the standby
brezker connecting to a diesel generator. As stztegd above, for unit trips

both 6800
transfer

. Each 6900

degraded

transfers (supervised by residual voltage relaysf from the nomeal source

to the fi
of prefer
alternate
transfer

~volt shutdown boards for the tripped vnit autcmatically fast
Lo offsite power via their first alternate breakers,

—volt shutdowvm board is equipped with loss—of-voltage relaying ang ;

voltage relaying. The lose-of-voltage relays initiate slow bus (set #o opevate.:

73 ’

Ist alterrate, second alternate, cor standdy supply, in that order ¢ 6&%)‘ ‘

€nce. When a 6900-volt shutcown board is Powered from an g
supply, the loss—of—voltage‘relays will initiaste auvtcmetic

from first alternate to second alternzte or standdy supply, or

fram second alternate to Standby supply. Relays monitor each source and
permit connection only if adequate Power is zveilable, Protective relays

are provi

ded in each shutdown board that lock ocut all supply breakers if

the loss of voltace is caused By overlcad or electrics] fault. Transfer B
between power sourcss in the reverse order are Coerator controlled only.

The first

alternate power connection for train 2 shutdown bozrds is to

camron transformer C, Winding Y, and for train B shutdown beards is o
comon transformer D, Winding X. The second alternate power connecticn for
train A shutdown bourds is transfomoner D, winding Y. For train B shutdown

boards, the secend alternate connection ie <O transformer C, winding X.
Either trarsformer C or D Can supzly the Clase )

units, wi
concurren
rating.

Power svster for both
he other unit in & 4

th one unit in & Gesicn bagie gcCicant
ou eli-cocied power

t fudl lcad rejection, without exceedins its

rm
5
.. O'
+
L
1
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;;er:igh.lcss of veltage (3ecrease to 60

percent or less of r:omigﬁﬁal voltage) 6n a nomal feeder to a 6.9-kV
shutdovn bozrd initiates an autematic transfer to lalte:na.te Ko. 1 feeder or
altemate No. 2 c"zepenéir.-g on the presence of adequate voltazce. The
initiating relayié contacts cldse in 3 geconds upon lozs of voltace. The
transfer is delayed until the residual vol‘.:a-ge' has decreasz@ to 30 percent
of nominel. The return transfer to the normal feeder is iritiated menually

and is 2 high speed transfer, campleted in five Cyclec or lecs.

The sustzined low—oltage relays will trip the connected feader brearer
thereby causing the loss of voltage relays to initiate a transfer to either
the &lternate feeders or the stzncy diecel generator surslv, A typical
transfer scheme is shown schematically in rigure 8.3-5 for 6.5-1v shotédowm

board l1a-A.

A,.‘....m,-‘,,..-‘,.

C ey o e
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A sustained loss (longer than 1.5 seconds) of vcltage 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 480V loads. Table
8.3-2 shows the loads that are automatically stripped. Figures
8.3-6 thru 8.3-13 show the load stripping schematically. When
the diesel generator has reached rated speed and voltage, the
generator will be automatically connected to the 6.9-kV 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
S order of applied loads. The standby (onsite) power system's
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ automatic sequencing loglc 1s designed to automatically connect
the required loads in proper sequence should the logic receive

an accident signal prior to, concurrent with, or following a ADD
loss of all nuclear unit and preferred (offsite) power. < IdsepT
There are no automatic transfers of board supplies between re-' 8.2-2.

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. =& e INSERT

c
leve Ny
" bus, show
hoard to be ™
boards. All ¢
open and diggef

&he shutdown utilits
% 0.9-kV shyiOwn
0 any other or all oth& > shutdown
breakers connected to this are normally
ag_(racked out). Use of Lkt Quires
™Reing of two of thegslreakers. Tre,pur-
= he flexibility of ™s

A manual means of supplying power to the 480V Auxiliary Building
common bcocard (which is not normally supplied power from the
diesel generators during a condition where offsite power is
lost) 1s provided. Provisions have been made to manually con-
nect this board to the U480V shutdown bhoards 1EZ-B and 2B2-B.
This 1s shown in Figure 8.3-15. The purpose of these feeders
‘s to provide power to operate the ice condenser refrigeration
units, located on the 480V auxiliary common, and lycol pumps,
located on the 880V Auxiliary Puilding common MCC R and C, dur-
ing the unlikely condition of a loss of offsite power that ox-
ceeds two to three days. The two normal bus feeder breakers

¢

i,
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The staff degraded vbltage Positians are addressed as follows:

_ Overvoltége relaYs alamn in the control roam. Undervoltage relays

operate if a 6900-volt shutdown board bus voltage drops below the level
required to successfully start all safety-related equipment tifit would |
be started for a SIS. The undervoltage relays initiate.twoﬁggme delay
Sequences. The first sequence will ride throuch normal Systém voltage
transients, but is short enough to allow safety-related equipmernt. to be
Powered within the time required by the sazfety analysis. At the end of
the first sequence, the undervoltage will be zlirmed in the control
roam, and if a SIS has been initiated, or is Subsequently initiateg,
the shutdown board will transfer to its diesel generator. The second
time delay is long enough to allow operator action but not allow damage

- to connected safety-related equipment. At the end of the second

sequence, the shutdown boaré will transfer o its diesel generator.
The undervoltage relaying System design meets a1l the staff
requiremnents.

Degraded voltage relaying will not open the standby supply brezker angd
will not initiate lcad shedding and resequencing if a 6500-velt.
shutdown board is supplied By its diesel generztor. The loss-of-
voltage relays will initieste lead shedding and resecuencing. However,
the voltage set point ang time Gelay for these relays prevent their
operation for any motor starting transients when adequate power is
being supplied to the shutdown boarg. Maximum and minimum limits for
the loss-of-voltage relay set points will be included in the Technical
Specifications. - '

The auxiliary power systen analyses for Watts Bar Nuclear Plant satisfy
the staff position and Tva's Quality Assurance reguirements for
Gocumentation. & S et O S GG ik Freng 3

The auxiliary power system anzlvses will be verified in the
precperational test program. .
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.. must be méved from their normal compartments to the compartments
0 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,
dlesel 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 1s 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
located in the Main Control Room and Auxiliary Control room.
- This 1s 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 480-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 8.1-28 &—
have loads connected to corresponding distribution boards in ’
each train such that failure of any one compornent 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 L80-volt
level each power train i : »

a2 -amm g S RS R e ey
down toard through a 2000-kVA, 6900-4
single spare transformer is provided fo
- formers and 1s manually placed in servic
mal transformers is taken out of service

iS A"N'lAel ‘m+o ‘H\re& A;S“‘Y;Lu"'t‘on sys‘l‘ems/ -‘-Lr&
Wt each 486-volt c\isl‘r'_iLu-Hon system

‘ SQW[;Q_& 8. 3-@ ‘ rﬂ
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from the 6.9-kV shut-
-volt transformer. A&
the normal trans-
ne of the nor-
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BQUEr to a group
€ M™MQ-volt mo i
P the 480-volt
Qther shut-
2 ™Qower trailn. Manuya selection™ne ween
 J0Tmal and alternate™s brle at the motor cont

nter.,

The pressurizer heaters are divideg into four groups. Two -
groups are supplied from each redundant power train 6,9-kV
shutdown board through individual 500-kVA, 6900-480-voit trans-
formers. This is shown on Flgures 8.3-16 through 8.3-19.

Equipment Identification

each;powér train with the exception that the board designation
also has either -A or -B suffix depending upon the power train

~a@ssignment. For example, 6,9-kV shutdown board 1A-A ang 6.9-kV

shutdown board 1B-B are redundant to each other. Similar desig-
nations &are used for safety-relatea loads belng supplied from
safety-related (onsite) boards. For example, RHR (Residual

Heat Removal) pump lA-A and RHR pump 1B-B are redundant to each
other. Further description of the equipment identification
scheme used appears in Section 8.3.1.4.5,

Equipment Capacities

Tables 8.3-4 through 8.3-7 present the bus rating, connecteg
load, and maximum demand load for each electrical distribution
board in the standby (onsite) power system. The connected loadg
and maximum demand locag for each major transformer in the stand-
by (onsite) power system is given in Table 8.3-6. The diesel

generator rating is 4400 kW continuous or e«ssaem ki for two hoursa+ M

<& o power factor of 0.8, 4846

]
The equipment capacities used in Table 8.3-2 & rough §.3-8 are
based on nameplate horsepower of the indi ual loads. FEngi-

neering experience indicates thet motors less than 50 hp have
an efficlency of less than 90 percent wnile those over 50 hp
have an efficiency greater than 90 percent. Therefore, a ¢o
rercent figure is deemed conservative for use in deriving the
derand loadings. The .83 power factor used 1in the tables is
bzsed on engineering Judgment and experience and is considered
coenservative. Using these two figures for efficiency and pDower

8.3-7
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factor, 1 kVA 1s 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 onslte 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 1s 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.

Flan‘\'

Located adjacent to eafh 6.9-kV shutdown board is a test panel
equipped with the necg¢ssary selector switches,.pushbutton
switches, and indicatfing lights for testing the automatic load y
stripping and load sfquencing logic for that particular power b
train. The tests aye to be performed on only one of the <ewes dbuy
power trains per at any one time. Testing of one power

train does not prevent the remaining power train from perfor-

ming ¢#e intended safety function.

System Testing

ar
Testing of the onsite power distribution system 1s divided into
three categoriles:

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 operatlon.

8.3-8
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Test 1 can be performed ‘at any time since no equipment is actu-
ally operated and the test does not prevent an accident signal
from 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 loads _ i
within 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 blockling of the functions within the group under test. &:
The testing of any one group does not prevent operation of any P2
other group or redundant group in the event of a simultaneous (4t
accident and/or loss of preferred power. N
: .
Figures 8.3-6 thru 8.3-13 show a schematic representation of -; S
the ability to test groups as described above. o &
. ¢
Standby Diesel Generator Operation
| 0 d
The diesel generator system is shown on single line diagram, «8 ﬁ |
Figure 8.3-24., The schematic of the engine start and stop cir- ;S - L
-cuits 1s shown in Figures 8.3-25 thru 8.3-28 rerote control of - W ?
tne engine from the Main Control Room is accomplished through d W a
irterposing relays located in the diesel building. The schema- AL,
tic for this control is shown in Figure 8.3-29. i

norma\

from their respective standby power source. Puring conditions v A
where neither the nuclear unit nor preferred (offsite) power o
are available, each 6.9-kV shutdown board :s energized from a '
separate standby diesel generator set.

tained (longer than 1.5 seconds) loss of veltege on the
C «V shutdown board starts the diesel gererator snd initiates
(aTter an additional 3.5 seconds) logic tret trips the ncrmal
o4

. , By
wr alternate feeder breaker, all 6600V loacs except the LEQV o
shutdown board transformers, and the maicr 480V lezds. Table '
-z chows the loeds that are zutomatically tripped. VWren the
8.3-9
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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 1s applied in the absence of a "safety injection signal
(SIS)," the "nonaccldent condltion," and the other, the "Accil-
dent condition," applied when a safety injection signal is re-
celved prior to or coincident with a sustained loss of voltage
on the 6.9-kV shutdown board. A safety injection signal re-
celved 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 donnected. S

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

u, Loads awaiting sequential loading that are required for an
accldent 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 & 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 standty
power supplies in compliance with Regulatory Guide 1.6. The
events which initiate a safety injection cignal are discussed

in Chapter 7.

For test and exercise purposes, e diesel generator may manually & .

be paralleded 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 menually 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 e—

manual start switch as well as remote start from the Main Con-
trol Room for test purposes.\ Autcomatic starting is from an

8.3-10
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The diesel can be stopped by manually opeyated emergency stop

switches located in the Main Control Roonf, Auxiliary Control

Room, and on the diesel control panel in/the diesel building. &

manual stop switch is provided in the Mdin Control Room for

stopping the engine under normal conditfions such as conclusion of

a test or upon return to the nuclear it or preferred (offsite)

power source. Under accident or loss fof offsite power conditions
onnected from the stop

circuit. The normal stopping of the/engine will position the

hydraulic governor at the lower limyt and allows the engine to ro |41

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 toc 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
cantrol 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 ke in the
"ILocal" position. The switch is manually operated from the
*Remote” to the "Local" position. This operation, however,
regquires 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 :
— Po\de( S S*Qms A Aofr‘SGﬂ )(ﬂ“(lsgr\ .
Lach diesel-generator set is furnished by<*qa-z,.uga«,_.~..n. »

mweomebed, and consists of two l6-cylinder engines (
deppee 16-645E4) directly connected to a 6.9-kV Electric Product {EAND
generator. The continuous rating of each set of 4400 kW at 0.8

powexr factor, 6.9-kV, 3-phase, and 60 Hz. Each diesel-generator
set also has an additional rating of =s#& kW for -2-hour

4846

8.3-12 ’ A\
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&LQC&EControl Room, Auxiliary Control Room, and locally in the diesel

-_C'Ebuilding. The instrumentation is not essential for automatic
operation of the diesel.

Diesel Generator Control Power

1 The control circuit voltage for the diesel generators is 125

4. volts d.c. Indicating lights and contacts for the 125-volt d.c.

Nf . service show when the diesel generator is: (1) ready for
automatic start but not running, (2) cranking, or (3) running.

e The source of the 125—volt control power is a battery, and each

o diesel generator has its own battery. The battery is of the lead- |9
acid type and has 57 cells connected in series and divided into

.o{] 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

Echarger operating on a 480-volt, 60-Hz, 3-phase power supply. 40

X }This battery charger is of the staticrectifier type and is

ADD 3>Le:quipped to maintain the battery fully charged at all times.

Diesel Generator Capacity

In compliance with Regulatory Guide 1.9, the tabdle 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.

Diesel Generator

? IA-k  1B-8  2a-F  2B-B

Worst case loading (kW) 3740 3762 3771 3747

2000-hr rating (kW) k750 L7590 4750 4750

Margin (kW) . 1010 488 g7¢ 1003

' 90 Percent of 1/2-hour 4500 4500 4500 4500

o rating (kW)

Margin (kW) 760 738 729 753

|
8.3-16
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COMPUTED DATE

The following will be the replacement for the exlsting paragraph uncar
"Diesel Generator Control Power" as an amendment to the FSAR on page
8.3-16:

Diesel Generator Control Power

The 125-volt de diesél-generétor battery system is a Class 1E systen

. Wwhose function is to provide control power for control and field

flashing of the diesel-generator sets.

There are four dlesel-generator battery systems (one per diesel-
generator set). Each system consists of a battery charger (which
supplies the normal steady-state dc loads and maintains the battery in
a fully charged state and is capable of recharging the battery from
the design minimum discharge of 105 volts dc while supplying the
normal steady-state dc loads), a battery (for control and fileld
flushing of the diesel-generator set), and a distribution board {whieh
facilitates the dc loads and provides circult protection). Each
battery syatam is ungrounded and incorporates ground detection
devices. Each battery systemx is physically and electrically

independent (see PEROO b oniSfommantin. 2 1) | figure 8.3-146):‘9—-5117-3*—5‘ . sy
SOPORGiiren - .
é Stc’\“\bn 8.2.2.1.\

Each battery is of the lead-acld type and has 57 cells connected in
Series and divided into 19 units, every unit having three cells., The
battery is a type 3DCU-9, furnished by the C&D Batteries Division of
Eltra Corporation, rated at 26 ampere-hours at 60 F for a 30-minute
discharge rate. "With the battery in the fully charged condition, the
battery has the capacity to supply 48 amperes (A) for two seconds and
25 amperes for 30 minutes. The estimated design loads on the battery,
during a loss of ac power, is 148 amperes (field flash) for two seconds
and 12 amperes (control) for 30 minutes. Each battery 1s normally
required to supply loads only during the time interval between loss of
norzal feed to its charger and the receipt of emergency power to the
charger from its respective diesel-generator,

The normal supply of dec current to the battery boards is from the
battery charger. Each charger maintains a floating voltage of
approximately 128 volts on the associated battery board bus (the
battery is continuously connected to this bus also) and 1is capable of
maintaining 133 volts during an equalizing charge period (all loads
can tolerate the 133-volt equalizing voltage). The charger supplies
normal steady-state load demand on the battery board and zaintains the
battery in a charged state. AC power for each charger is supplied
from its. respective 480-volt ac, 3-phase diesel generator auxiliary
board. Each charger has access to a normal and alternate ac supply
(see rigures 8.3-30 and =31, typical), from the two respectiive 480-
volt ac diesel generator auxiliary boards. 1Ir the normal cireuis is
unavailable, the alternate circuit is selected by z manual -
transfer. The charger 1s a solid-state type which converts z 3-phase
480-volt ac input to a nominal 125-volt de output having a rated
capacity of 20 amperes. Over this output current range the dc output
voltage will vary no more than +1.0 percent for a supply voltagse
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Analysis of Diesel Conerator 125-Volt DO _Control Powsr System

RS AL

Reference: SER Section 8.3.2.4

The diesel generator 125-volt &c control power system 1s designed to comply
with the requirements set forth in @XC 2, 4, 5, 17, and 18. The Gesign
also conforms with Regulatory Guides 1.32 and 1.6 and 1EEE std. 308-1971.
The following paragraphs discuss each of the requirenents: '

General Desicn Cyiteria 2 and 4

The diesel generator 125-volt dc control power system ig comprised of four
physically and electrically independent battery systems (cee figure £.3-1).
‘These. systems are located in the diecel generetor builcding, which ig a

seismic Category I structure. This structure will previce protecticn freom
the elfects of tornadoss, tornaco missiles, and external flcods.

El] ccnponen‘ts cf this system are seigmnically cuelified and have been
designated as Class 1E eQuipment. Srommmem—. e e it

St o1 ) RN - N e &2 ) P e et Rl oY — - e
" D o — B v g ey e - e P ™ | ra N e, - d e o e e

B it (\Re Sect INp 5.l\>

General) Desicn Criteria 5

The four diesel generator 125-volt dc battery svstems a

individual rcoms on eleveticn 742.0 of the Ciecel

are loczted in the room with the diesel Gencrator

ansociated. Each rocm ie couirped with ite oo SRRt
syctem indepzndent of @1l othors ord cocly 1ocm o cthie
by miceile and fire berrier-tyye valio. FLIO, el stoted ciove, the {eur
battery systens are clectriceily independent (cne ey ciegel-cencrotor
vet). Therefcre, the structures, Eystems, and componenic importsnt for
sefe cperaticn of this cystem are not srarcd.

Cenerel Desicn Criteria 17

The ciesel cerncrator 125

locaticn, separation, re

periorm ite intendsd cef




| ASERT 8.3‘/. 'chj_Q

Also, under cenditions es clese to Gegic G S practiczl, the full
operaticnel secuence that requlle« the L~‘Lory system's operaticn will be
tested pericdically as a part of the diesel generator periodic system test.

Reculatory Guide 1,32

The diesel generatcr 125-volt dc battery system's charcers have the
“capacity to contanOley supply all steaCy-state 1o2¢s and maintein +the
batteries in the design maximum charged state cr, to fully recharge the
batteries from the design minimum discharce s*a:e within an ecceptable time
1ntervu‘, irrespective of the status of the plant Guring which thezze
demands occur. In additicn, a Capacity test will be D“rfC’ﬁCG rericdically
on each diesel generator battery ~ystu, as reccimenced by ILEE 450-1075,

Regplatory (uide 1.6

Each of the four cdiesel Generator bat

attery systems supply power cnly to the
loads cf the diesel cenerator in which it is associated with., Therefore,
the battery systems! safety loads are separated into redundapt losd crouprs
such thzt loss of any cne group will not prevent the minimim on fety
functions from being perfor v;. Elso, there are no provisicns fOL rmancally
or automatically interccnnecting the recundant lced croups of th systen.

JEEE 308-1971

thc overall
wer g\ster

r‘)

As discussed in the above paragrer!
¢icsel ceneretor 125-volt Gec contr
functicr recuirements, recundoncy,
corply fully with this criteria.
that the battery is immediztely
follewing leoss of povwer from the ald

.J

battery has cufficient cepacity to
recuircement of zach commected load.
CLazin iy

-
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certified to operate within the environmental 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 future test and main-
tenance purposes. '

8.3.1.2.3 sSafery-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 feeding
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 following 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. 1In
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, Spurious
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. The

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 submerqgence

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-operatad valves located inside containment e

! below the maximum LOCA water level that are required to function for

other than containment isolation. Valves used for containment
isolation will recelve a signal to close on the Initiation of the
acoident signal. The valvas will close in 10 seconds and will remain

closad since failure of the control ecircuitry can only yleld operation -

in the closed direction.fsensbissnsstsnsmseforeabhonfiosdbng—baicon
' sbasew Therefore, these valves will
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. IS
The plant operator <= instructed to rely On weiwe qualified poSt e
accident monitors following a LOCA so that any spurious
indications from nonqualified electrical sensors *hat coulr
become submerged would not jeopardize dppropriate operator
actions. ' 35

The;g\iitggﬁsiass 1E equipment reqguired to operate.durptmra oY

after & SO _MSLE that will be submerded. Such eguipment is

designed to meet thElEwersd&lnorst possible containment
gﬂxzioemEﬂfET—Eggéfzions, as given 1in FSARSeTtion=Fedden. 40.64

e AY

The safety-related electrical eguipment that must operate in a
hostile environment during and/or subsequent to an accident is 28
identified below. : :

Inside_Primary_ Containment

Low Voltagc Power and Control Cables

The single- and multivle-conductor cables, insulated and jacketed

with flame-retardant thermcplastic compounds, thermosetting comr- 35
pounds, or rubber, are suitabtle for installation in & nuclear ‘
environment. 40.5¢

Auxiliary power cables and control cables at voltages not ex-
ceeding 600 volis between conductors, either d.c. or 60 Hertz
d.C., are insulated with silicon rubber for 125 C conductor
tempeérature. Single conductors are jacketed with ashestos braid.
Single conductors of a multiple-conductor caktle are jacketed with
a alass rraid and the cable has an overall asbestes traid Secket.

Signal cable, at voltages not exceeding 600 velts, is insulated ivr
with cross-linked polyethylene (or other material reetinc TVA 2
approval) and Jjacketed with heat and light stabilized chloro-
sulfonated polyethylene (cr cther self-extincuinhine, radiation-
resistant, and low-moisture absorbing material meeting TVA ap- | e

]

shield (with copper drain wire! ospplied under the Sacke<+.

croval. The conductors are twisted together and then an overal]

Pressurizer Heeter Cable

not evceedina 600

“he Jjow-voltage powe . 3
] with silicone rutier fo

concéuctors, 1s irs

9]
Terraereture, The car

SACTAted Wit sebeen

—

zlecrtrical Penetratior Cables S

The cebles are SizE 2CCCryTing 0 sy e
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., The four channels are electrically and physically separated so
that a single failure in onc channel will not cause a failure in
anotber channel. Each channel has & chsrger, a8 battery, and a
load distribution board.

Capacity

The system has the capacity to continuously supply all normal
loads and meintain 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 & minimum of two
hours with a loss of all a.c. rovwer. The manufacturer's catalog
specifies a 2-hour discharge rating of 696 amperes at 60°F when
discharged to a minimum terminal voltage of 105 volts. This
rating will be confirmed by TVA acceptance tests, and the 44
batteries will be retested periodically, in accordance with the
technical specifications, teo assure that they mesintain adequate
capacity

Charging

The chargers have the capacity to continuously supply the normal

loads and maintain the batteries in the design mazimum charged

state or to recharge the batteries from tke design discharge

state within acceptable time interval while supplying the normal £
loads. Each charger may beé replaced by a spare cherger. One :
L’jfare charger is provided for each two normal chargers.

- . e s g

Ventilation

Each battery room kes redundant ventilation systems to prevent
the accumulation ¢f explosive gases. In addition to the ven-
tilation systems provided to prevent accumutlation of the hydrogen
produced by the battery, there are voltmeters, high voltage
alarms, and administrative procedures for contrcl of equalizing
charges thet will provide additional prctection. . Also, as an
added precauvtion, 211 cells are of the sealed tvpe and heve a
special safety vent that prevents the ignition of gases withir
the cell from a spark or flame outside the cell.

Losding

lLoads are assigned according to their divisional requirements.
lLoads requiring four divisions of separetion are asssigned to the

four channels. Loads requring two divisions of scparstion are
nssigned to Channels I or 111 and 11 or 1V. Two-divisional
‘\
8.3-54
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‘ The Watts Bar FSAR (page 8.3-54, paragraphs 2 and 3) will'be revised
K to read as follows:

Canacitz

The =ystem has the capacity to continuously supply all steady
R state 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
e oinimum of two hours with a loss of all ac power. The- battery T e e
' ratlng stated by the manufacturer is a minimum 2-hour discharge ‘
rating of 600 amperes at 60 F when discharged to & minimum

terminal voltage of 105 volts. This rating will be confirmed by
™A acceptance tests.

Charging

——— The chargers have the capacity to continuously supply all steady

state loads and maintain the batteries in the design maximum
T charged state or to recharge the batteries from the design

—_— discharge state within acceptable time interval winiveew—e DPuirpdete g
’ . . Each charger may be replaced by a spare

ch er. One spare charger is provided for each two normal

————— chargers.
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all others. The heating and ventilating systems are designed (?V‘
to provide an ambient room temperature between 60°F and 10L°FR 3
. and a maximum relative humidity of 98 percent.

Normal D.C. Supply

5“‘63:1\[ s"q"(a C\_C =]

Reference: Figure 8.1-3

The normal supply of d.c. current to the battery boardd is from
the battery charger in each channel. Each charger mairdtains a
floating voltage of approximately 135 volts on the assqdciated
battery board bus (the battery is continuously connectdd to
this bus also) and is capable of maintaining 140 voltsiduring

an equalizing charge period (all loads can tolerate theé 140-
volt equalizing voltage). The charger supplies normalAload
demand on the battery board and maintains the battery in a
charged state. Normal recharging of the battery from the de-
sign discharged condition can be accomplished in 12 hours (with
accident loads being supplied) following a 30-minute a.c. power
ocutage and in approximately 36 hours (with normal loads being
supplied) fcllowing a 2-hour a.c. power outage. Two spare
chargers are available for the four channels (one each for two
channels). Fach Spare charger can be connected to either of
its two assigned channels., It can substitutle for or operate

in parallel with the normal charger in that channel.

A.c. power for each charger is derived frem the station auxil-
iary power system via two 480-volt &.c., 3-phase circuits which

are physically and electrically independent. Fach circuit has

access to a preferred (offsite) and a standby (cnsite) scurce.

)i If the normal circuit supplying a charger is unavailable, the
CUTRINAVL L. «onsne circuit ics selected by a manuzl transfeg zach charger
1s equipped with a d.c. voltmeter, d.c. am

failure alarm. Malfunction of = chargez

Main Control Room. Upon loss of no

€ach may be energized from the 55~

»=ler, and charger
1s annunciated in the
»l power to a charger,
€ridby power sysiem.

Co type which converte o S-phase UE0-
velt @.c. input to & Minal 125-volt d.c. cutput having = .
ratec capacity of 220 emperes. Over this cutput current range (-
the d.c. outpug toltage will vary no more than +3.0 percent "
fer 2 syppls oltage amplitude veriation ¢f +7.5 nercent ana
frequercy~Variation of +2.0 percent. N

The charper ic a solid~asiu

(%2t

€]

e Cperational feztures of the Chargers are: (1) an output
voltage adjustable cver the range of 12% +¢ 140 volts, (2)
equalize and float modes of cperation (the Charger riermally

'rPlacemen‘% of Jr)-\e. Francter cditch —}Le a\-}emq-le }’OSl.‘(L;N\
am”or ’f)\e_ c_\osuf& o‘c ‘H'\e_ 48)0 *-\'DH‘ a.t. \Q(Q_qkef gurfl ;nj(
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TABLE 8.3-3

{ DIESEL GENERATOR LOAD SEQUENTIALLf APPLIED FOLLOWING A LOSS OF

: NUCLEAR UNIT AND PREFERRED (OFFSITE) POWER
{ |

‘ .

\

.

|

Time Total Ioad Applied
in " HP Starting Nonaccident  Accident
Eouivnent Name Seconds* Load’ kVA © _Condition Condition
Miscellaneous Loads ' 0 Yes Yes
| Centrifugal Charging Pump & AHU 2 603 38kLo Yes Yes
| Safety Injection Pump & AHU 5 403 No - Yes
| .
| Residual Heat Removal Pump & AHU 10 Lo3 22ko No Yes
Essential Raw Cooling Water Pump 15 800 Lo60 Yes Yes
Component Cooling System Pump 20 350%*# 1810 Yes Yes
Fire Pump 25 200 Yes Yes
Auxiliary Feedwater Pump 30 600 3240 Yes Yes -
Containment Spray Pump & AHU 35 TO5 No Yes
Pressurizer Heaters 90 485 xw 485 xw Yes No
Set 440 awnd 4840 2
Diemuel Gen(:ratorkRating: WG kv continuous ov—egB-iy oy K hours x DU‘* 0‘(: 24
“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 k1
during preoperational testing.
**Diesel generator 1A or 2B will have two component cooling system pumps loaded 3

AHU - Air Hendling Unit

Revised by Amendment L1




TABLE 8.3-10

LOADS _HAVING MANYAL TRANSFER BFTWEEN POWER TRAINS

Load Normal Supply Alternate Supply
1,5V Bat Chgr I & Inverters 480V Shutdown B3 1AT-A 480V Shutdown B3 1EBE1-F
1269V Bat Char IT § Inverters 480V Shutdown B2 1R2-R 480V Shutdown Pﬁ TA2-A
1.5V Pat Chgr III & Inverters 4BCV Shutdown B4 2A1-A 480V Shutdown Bd 2B1-E
259V Bat Char IV § Intervers 480v Shutdown Bd 282-B 480V Shutdown B3 2A2-A
125V Spare Bat Char 1 Con & Aux RBldg Vent Con & Aux Rlno Vent

Bd tal1-A= 33 1R1-B*
125V Spare Bat. Chér 2 _ Con & Aux Bldg Vent Con & rux Lldg Vent
Bd 2A1-Ax Bd 28 1-Rx

Component Coolinag System Pump C-S UB0V Shutdown B3 2B2-B U48JV Shutdown 5d 1A2-A

Spent Fuel Pit Pump C-S LBOV Shutdown 480V Shutdown
23 1A1-A= 31 2F 1-[s»
i G p=t i s miaeimimtimeeiak e — £\
:J" albJle r*)n o L ‘! hetd - — f‘.\‘-” ‘?‘.—‘;._: i‘ﬁ D..,.)niﬁ,. LY X e Do 32]‘2‘“2

*Thage boards are neither the normal nor alternate supply but are the
available boards from which the loads can he supplied,
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