
TENNESSEE VALLEY AUTHORITY 
CHATTANOOGA. TENNESSEE 37401 

400 Chestnut Street Tower II 

April 15, 1982

Director of Nuclear Reactor Regulation 
Attention: Ms. E. Adensam, Chief 

Licensing Branch No. 4 
Division of Licensing 

U.S. Nuclear Regulatory Commission 
Washington, DC 20555

Dear Ms. Adensam:

In the Matter of the Application of 
Tennessee Valley Authority

) Docket Nos. 50-390 
50-391

Enclosed are proposed revisions to ch . 8 of the Watts Bar Nuclear Plant 

Final Safety Analysis Report (FSAR). This information includes revisions 

which reflect TVA's compliance at Watts Bar with General Design Criterions 

17 and 18. A copy of this information was provided informally to the NRC 

during a meeting on February 17, 1982.  

This information will be included in the naxt amendment to the FSAR.

If you have any questions concerning 
D. P. Ormsby at FTS 858-2682.

this matter, please got in touch with 

Very truly yours, 

TENNESSEE VALLEY AUTHORITY 

L. M. Mills, Manager 
Nuclear Regulation and Safety

Sworn to and subsaodbed before me 

this .day o 1982 

Notary Public 

My Commission Expires y2 .O^

Enolos'ire 
cc: U.S. Nuclear Regulatory Commission 

Region II 
Attn: Mr. James P. O'Reilly, Regional Alministrator 
101 Marietta Street, Suite 3100 
Atlanta, Georgia 30303 
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r y8.1 INTRODUCTION '' 

8.1.1 Utility Grid and Interconnections 

S The Tennessee Valley Authority (TVA) is a corporation of the 
United States Government serving the State of Tennessee and 
parts of six other states in the southeast on the boundaries of 
Tennessee. TVA is interconnected with electric power companies 
to the north, west, south, and east of its service area. As S 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 consir.tine of various voltalr'. up to 500 kv.  

The Watts Bar Nuclvar Plant is located 148 miler, northeart of 
Chattanooga, Tennessee, on the west bank of the t'nnessce River.  
The plant is connected into a strong existing transmission grid 
applying large load centers. Both nuclear units are connected 
into TVA's 500-kv transmission system. One unit is connected 
with three and the other with two 500-kv transmission lines 
which are integral parts of the 500-kv transmission grid. Nor
mal power for the operation of a nuclear unit is supplied from 
unit station service transformers when the unit is connected to S the transmission system through its main transformer bank.  
Preferred power is supplied from the existing Watts Bar Hiydro 
I(l-kV Switchyard over two radial lines located cntirrly on TVA 
.roperty. The Watts Bar Hydro 161-kV Switchyard Is I ite.'cn1

ne-ted with the TVA power systcm through rffl 161-kV tr'a. 
rilission lines, five hydro generators, and foum steani gecncerz )-s.  

8.1.2 Plant Electrical Power System 

The plant electric power system consists of the main genera
tors, the unit station service transforn:ers, the common station 
service transform-rs, the diesel generators, the batteries, and 
the electric distribution system as shown on Figures 8.1-2 and S 8.1-3. Under normal operating conditions the main Cgenerators 
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 prinma
ries of the unit station service transformers are corinected to 
the isolated-phanc bus at a point between Ithoy fpit'rittor terinl

C nals and the low-v(.lta1r' connection (nl' the ainin t.raiin oPIsct'?8- * 
During norn.al opeibtion, station auxllinry power is taken r'ionm 
t!:e main generator through these trnnsformcrs. Durinrg. startup 
aid shutdown auxiliary power is supplied from the 361-kv system 
through the commorý station service transformers. The standby 
(onsite) power is supplied by four diesel. renerators.

8.1-1
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16. NEMA TR1, Transformers, Regulators, and Reactors j 

17. NEMA MGl, Motors and Generators g 

18. NEMA WC5, Thermoplastic-Insulated Wire and Cable 

19. IPCEA S-61- 02, Thermoplastic -Insulated Thermoplastic
Jacketed Cables 

20. IPCEA S-56-A34l, Polethylene-Insulated Thermoplastic
Jacketed Cables 

21. IPCEA S-66-521, Interim Standard No. 2, XLPE Insulation (:i 

22. NFPA No. 7b-1971, Lightning Protection Code 

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

tion, Rubber-Insulated Wire and Cable. Specific references 
herein are from the fifth edition dated July 1969.  

24. IPCEk S-28-357, KEMA WC1-1963, Amerizar Nst.onal Standards 
Institute Requirements for Asbestos, Asbestos-Varnished 
Cloth, and Asbestos-Thermoplastic Insulated Wires and 

Cable (C8.36-1962). L.  

6.l.5.3 Compliance to Regulatory Guides and IEEE Standards 

The extent to which the recommendations of the applicable NRC 

regulatory guides the IEEE standards are followed is shown 

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

are not fully implemented are discussed in the footnotes as I 

indicated. re.rt -FRif t c rm1c.+itA or 

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." (7 

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

Protection System Actuation Functions." (F) 

Reulhtory Guide 1.29, "Seismic Design Clasniflcation." (F) 

8.1-6
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WBNP-35

1E2E Trial-Use Std 338-1971, "Criteria for the Periodic Testing 
of Nuclear Power Generating Station Protection Systems." (F) 

10t1 Std 344-1971, "Guide for Seismic Qualification of Class I 
Electrical Rquipent for Nuclear Power Generating Stations." (F) 

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

The electric penetration assemblies at watts Bar Nuclear" 
Plant are designed in accordance with IEEE 317-1972.

Was' WkSirl sufaltr
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. poRwe 7L4 6ltAc 
supply between units. Jow 2AS16 

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

S. Watts Bar Nuclear Plant Class IE equipment was seismically 
qualified to IEEE 344-1971. Regulatory Guide 1o100 addresses 
IEEE 344-1975.  

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

35 
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A discussion of the degree of conformance of the Watts ar design with the requirements of IG 1.63 follows: 

C-1 The electz". penetrations have been designed to withstand the maximum 
fault current for the time duration of the backup protective device.  A reftndant overcurrent protection system is provided (redundant breakers or a breaker aid a fuse) for all penetration$ except 
instrumentation circuits where fault current is not a problem.  

2b* only 6.9-ky circuit feeding loads inside containment (thus requiring electrical penetrations) are for the reactor coolant pan 0P). *Bhe breakers associated with the RCPs are backed up by a 
second breaker to Provide the redundant overcurrent protection systems required by W -l.63. The breakers are provided in the normal course of auxiliary power system design and are non-Class IE. The primary and backup circuit breakers are each provided with independent do control power froi two different batteries so that the failure of either battery will not violate the single failure criteria.  Provision for testing is described below.  

The E0 1-volt load center ciruit's have a low voltage power circuit, 
breakerbacked up by a current limiting fuse. The penetration 
withstands the available fault current vs. time diAtion for the 
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 load center bolted to the breaker cable terminal .  

a» 480-volt motor control center (MCM circuits have a molded 
case circuit breaker backed up by a fuse. 7he penetration 
withstands the available fault current vs. tbme duration for the 
b reaker and fuse. Molded case breakers have direct acting trips. The ?*e2 irus*W4AL furnished in the standard design of the M= and ar.?-'^ 
located in the sawe campamnt with approximately two inches of ai space separation. 7his is cc.%idered adequate because of the diverse principle of operation of the fuse and breaker.  

Low-voltage control circuits which have sufficient fault currents availate to damage a penetration have a molded case breaker 
backed up by a fuse. The penetration withstands the available \on fault current vs. time duration for the breaker and fuse. fIt molded case breakers have direct acting trips.  

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



TabKe 8.1-2 lists the parameters that show the capability of each 
typical penetration to withstand without loss of mechanical integrity, 
the maximum fault current vs. time condition that could occur as a 
result of a single randao failure of the primary overload protection.  
Thue the single fa4u,6 criterion of IEEE 279 is met. -Figures 8.1-4 
through 8.1-10 show typical 'tine-current curves.  

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

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

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

-a 

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

P



C.?.I X/R ratios in excess of 15 ware used in the qualification terts.  

C.3 The duration tiA used in the qualification tett acceded thoe 
required by IE 317-1976 and Wo-1.63.  

C.4 Ihe basic IWpulO test voltage used in the qualification test for the 
mediug voltage puetration was a 2X50 micro-second phase, 2he test 
consisted of a full wve test series of three positive and three 
negative waves.  

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

C.6 WA 

C.7 tN 

061254.06
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^\Position C.1 M-- --- 1 901"r c.

The desia of the VlP 125-Yolt vital do system and the construction 
permit application was ad before June 1, 1973. The desig, as a 
miniam, nets the requirements of position 3 of the subjeot 
reelatowy guide and branoh tchnioal positiono 1CSB 7 an follows: 
The syste is apable of supplying inim USP loads and the loads 
required for attaining a safe and orderly shutdown of the unit 
amUing a single failure and los of offaite power. The ESF output 

relay and their trained loads that require power to operate, are 
maioed as follows:

Unit 
Unit 
oUnit 
unit

1 *A train - 129 do Vital Battery I, 1201 so Vital UPS 1-1 
1 9b8 train - 12W do Vital Battery U1, 120( so Vital OPS 1-11 
1 "A" train - 12W do Vital Battery 11, 1201 so Vital UPS 2-III 
2 "B" train - 129 do Vital Battery NI, 1201 so Vital UPS 2-V

Thus the bSt loads we not shared.  

The 120-volt as vital inastruant power is supplied by four 7PS units 
per unit. They furnish power for tbhe four-channel reactor protection 
systam (OPS) input relays. The relays fail safe, actuate reactor 
protection aysta (P3) signal, on a los of power, thus a single 
failure and/or a loes a offaite power does not prevent the sate and 
orderly shutdown of either unit.  

Plant omon loads such as margenoy gas treatent are supplied fra 
unit 1, chanMnels I and %I.  

In no ame does the sharing inhibit the safe shutdown of one unit 
while the other unit ia experienoing an aooident. All shared systems 
are sied to oarry all' credible oombinations of normal and accident 
loada.

PositionX Ct 

a. Watts Bar is a twoaMit plant.

b* Vith a single failure (Los of a battery or loss 
gme4rater) in tha plant suffioient Ba loads are 
autoatioally available to the amoident unit and 
down the reaining unit.

of a diesel 
still 
to safely abut

__ _ _ __ _ __ I_ _ ___ ____ 
·~ 
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a. The most severe DB is an accident in one unit and a trip of the 
other unit* Suffiient diesel generator (DO) power is available 
to attain a safe and orderly shutdown of both units with the lose 
of we DO unit.  

4. The DO units ad the standby distribution system we arranged in 
two redundait trains per unit. Due to the shared ZSV system 
(eXmplet 3RCI) only one DO unit per plant can be taken out for 
mainteanoe or tested at the same time. With only one DO unit 
unavailable, this position is met asuming loss of offaite power.  

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

f. Control and status indication for the DO unite is provided on a 
central control board (Panel -0-26) available to both unit 
operators. DC system status (volts, current, etc.) is provided on 
a unit basis. a. s iii Atio 

g. The recomendation of 3G-1.6, 1.9 aLnd 1.47 are met.  

*~Se 0. 3' 
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a. Position C.2.a(2)\, 

We understand this requirenent to mean that the emergency loads be 
sequenced an to the diesel generator un it (DGT) with each load operating at its full load rating (that is a ptzp would be operating at full flow).  
This will be done as part of the preoperational testing program. For 
asubequen~periodic testing done after preops, the loads will be sequenced 
on as designed except the pzups will be operated with their miniflow 
connection open and not at full flow.  

The most severe disturbance of voltage and frecuencv for a diesel generator 
unit (DOT) 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 DU to maintain frequency and voltage can be proved with the pumps operating at miniflow. The voltage and frequency will be monitored 
by control board meters during periodic testing to assure that the 
frequency and voltage are maintained within design limits.  

«e 
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C.I~~ ~ FulouUlac - -- --.- __.. . -- .---

C.2 Full ccpliance 

C. 3 Full cpliarance 

C.4 Full coaliance 

C. S Dwirosnental qualification of the TBM die*;l generator urits will 
be detailed in TVA's s i 17>; 68 - - 1.  

jquNMM&ft mldu enviroim~nf. equipment( 4uutl;cr «Ts ~t~r\ r)-fttf -t" 

c. G c TYss. 9ikf  WA.. uejh w4 I cw bc *s 
C. 7 (a) u :oo pliance 
C. 7(a) Full caqplianoe 

(b) Full corepliance 

C.8 Does not comply - Although a first-out serveillancs system is not 
installed at Watts Bar, all diesel generator protective tripe such as 
differential overcurrentr have been provided with targets to indicate 
which protective device operated. In addition, the status of 
protective devices installed to shut down the diesel generator unit 
for generator or engine trouble are alarmend inr the main control roaom.  
Where more than one protL'ive device target is operated, an analysis 
of the problanem wil be done to determine which device operated first.  

. 6.  

C.9 It is VA's position th:.' the intent of this pition has been fully 
met. Pleace refer to --- .'S response to NRC 
question 112.22 relatln. tc saisaic c:li-ti ':.s of Watts 3ar 
safety- related ecuipment. in addition, plucs: refcr to FSAR Table 
3.10.1, sheet 2, for a swonary of theb tsiaaic cqualification of 
electrical oquicrnt, including the diesal generators. Further Table 
3.10.3 "llatts Bar Seismic Qualifications," shmits 11 throiieh 20 for 
tests, results, and references of the seismnic qualification of various 
component., of the diesel generator unit.  

C.10 Full compliance 

C.U Full compliance 

C.12 N/A 

C.13 WA 

C.14 Des not fully ccmply. The Icad qualification test was not dcne as 
port of the typo qualificatic.ni tot. This te# has been run as par: 
of the proopetirailona. test programn, but tho requireents of IEE 387
1977 were followed. Zt is TVA' s position that runming the short-time 
load test at the end ix a :mora severe test and this iseuen!ce is 
justifiable. Howevr, in order tc meet this position, subsequent 
periodic testing of these DGUs will be done per this regulatory P 
'ugee.
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TABLE 8.1-2 
ELMcRIcAL PUeNwMION ASSPUt SHIaRj-CIRCIT CAPABILIT!

Rated 
Rated Serv Wire Short Ckt 
YOUa Y ASin -haIlrW

8,000 6,900 750 
MRM 

600 480 350 
HM 

600 480 250 
I(01 

600 480 2/0 

600 480 4 WG 

600 120 8 tG
480 

600 125VOC 

600 125VOC

10 WC 

12 IM

36,000 

30,000 

28,000 

22,000 

12,500 

6,000 

3,600 

2,300

Rated 
I 2 t 

(x IP 6 ) 

2,910 

634 

324 

91.7 

9.01 

1.41 

0.558 

0.221

Tested 
Short Ckt 

50,000* 

35,000** 

33,900** 

28,300** 

15,000** 

5,960** 

3,900** 

2,410**

Calculated 
Short Ckt 

27,000 

101869 

5,076 

1,917 

992 

646 
576 

31 

32.5

Pringam PMvdae 
Openig Tim 

-Sec 

0.0165 

0.024 

0.014 

0.043 

0.019 

.054 
0.013 

.1 

0.2

1#968 
12.03 

5.9.  

1.55 

0.18 

0.17* 

0.06: 
0.02: 

0.00O 

0.00(

'Test current 

Thcl trst acrrents are frao the vendor's test report, which been reviewed by TVA and returned to the vendor 
with the status "A4rcvcd With Corrections as Noted." These corrections are minor in nature and do not affect the vaididty of this t&a*le.

C61275.03

-9 M

2.7 
0.0165 

0.05 

0.06 

0.05 

0.018 

0.150 
0.07 

.1 

0.2

(toninf Tilt ct
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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 oresented to 
the NRC. This revised figure will be submitted with the appropriate 
SAR text at a later date.  

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

The Watts Bar Hydro l-kV Switchyard bus rrangement is de
signed so that the Lss of any one of the/four main bus sec
tions will not caus loss of power to of the two pre
'*rred power soure lines to the nuclear plant. The Watts Bar 
Hydro Plant.Switc ard.is interconnected with the TVA power 
system through ¶ 161-kV transmission lines and the five 
Watts Bar hydro generators, as shown on thelsE transmi3
sion arrangement, Figure 8.2-2. This switchyard also connects 
the four steam-driven generators in the Watts Bar. Steam Plant 
which are not generated continuously.  

The Watts Bar-Sequoyah and the Watts Bar-Athens 161-kV lines 
both terminate on the hydro plant switchyard bus 1, section 1.  
These two lines are on separate rights of way and do not cross 
each other. The Athens line is approximately 21.78 miles long 
and terminates in the Athens 161-kV Substation along with 
161-kV lines from Fort Loudoun Hydro Plant and Sequoyah Nuclear 
Plant via Charleston 161-kV Substation. The Sequoyah line is 
approxin. "ely 37.37 miles long and terminates in the 161-kV 
switchyard at Sequoyah Nuclear Plant. The Sequoyah 161-kV 
Switchyard is connected to the 500-kV system through an inter
tie -transformer bank, to one of the generatinr units at Seauovah 
Iluclear Plant, to Chickamauga Hydro PlantAto other substations 
which are integral parts of the transmission system with either 
direct or indirect connections to other TVA steam electric or 
hydro generating plants.  

The Watts Bar-nreat Falls 161-kV Transmission Line is approxi
mately 5-12 Miles long.This line is terminated on bus 2, 

/section 2 in the Watts Bar Hydro Plant Switchyard. At Great 
SFills Hydro Plant this line is terminated in the 161-kV switch
Syard along with a second circuit from Watts Bar Hydro which is 
routed by way of Spring City 161-kV Substation and a l6l-kV 

;ra 4~/aJ'J 44.-- O&AI Jrc 
A-* $-j/J A.'4io /OF ?f of I2-' &o /Js Q.fr *I Opt^"r , j. s '.6 

h.. , AV, ? 8.2-1J 3j v 
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cI.  * 'i transmission line that interconnects with the power system-net-.  Swork throue h the Murfreesboro 161-kV Substation, McMinnville 161-ky Substation, and the Center Hill Hydro Plant. The Great 
1 Falls and the Winchester l6l-kV Transmission Lnes cross near 
rthe Watts Bar Hydrohwitchyard.  

The Watts Har-Sprinp City 161-kV Tran,;mizzIon Line is apr;roxi.Sma 'tely 7.38 mniles long. Tt Is termJnated on bus 1. section 2 t 
In the-c; Watts Bart I«ydrn Plant :;wrtchyar-,. At Sprin?, City this line i s t erminate d on the 161-kV bus along with a YAA-kV line I that xStends to Ur e a t F a ll s Ilydro Plant. The Spring, City ard 
Winchester lines that e x t e n d f r om Watt s Ba r Hy d r o Plant cross 

The Watts Bar-Rockwood and the Watts Bar-Winchester 161-wi 
5 Transmission Lines are terminated on bus 2, section 4 in the 

Watts B nar Hydro Plant Switchyard. The Rockwocil line is approxi
mately , 13.0V7  miles lonp, and In terminated on th.h 4ockwoo ?161-.:V A buz alor w U  J61-kV lines fror Js-roR otwm Phnl aii.J C' 

If* n  "- rl  nnvll9lr Ill6-W Subsitation aFnd Kinrttor: Steam Plant are? furthg..r connectod to the TVA 161-kV 1 j X transmission system network. The Watts Bar- Rockwood line I on a separate right of way and does not cross other lines t0 at 
terminate at Watts Bar Hydro Swltchyard. The Winchester 161-kV SP T r a nsmission Li n e is aPProximately 76.2 miles long and termi
n ates at Winchester 161-kV Substation by way or the Dayton and Coalmont 161-kV Substation Taps. The Winoiester, Spring City, 

'E \ and Great Falls i61-kV Transmission Lines have crossings near p the Watts Bar Ilydro Plant Switchyard.  

S^ Two 161-kV transmission lines extend approximately 1.5 miles from Wat s Bar Hydro Plant Switchyard to the Watts Bar Ilucler r 
SPlall siteto furnish preferred power to the nuclear plant.  On e o r these lines is terminated on bun 1, section 1 and bus 2 SSect i o n 2. This line does not, cross othe' 161-kV lines. Th' , othNp prererred power 1,1-kV trin3m]3sior line Is terminateli on buu 2n section 4 and b u " I, sect ort 3 In t hr hydra plant ..iwitcih
y \» yard. Thi 11 r crro:: ; 

OV
; . o v ' (.I- t ^I"'ring CIt.y aitd the GreuI.  

^ ^ Fall. ^ l~iu'rel: ra1): r"" is' 10  L l nn u  nour  t h e  h yd r o  Plant -switchyard (Figure 8.2-2).  

The transmission line structuren for all 161-kV lines described 
ý K Narz^idesl^ned t o e xceed l o a d rrquirements s ecified in the 

S; aaon&!Bureau of Standards Handbook No. 1 (National Electric 
SSafety Code Part 2). Deslgning to these requirements en-surea the adequacy of lines for wind and heavy, icing conditions In / 'S excess o f t h o s e t h a t w o u l d b , expected to occur In this area ;T he phase conductor and shi e l di wire desiir.n tensions are select

ed to avoid vibration and galloping conductor problems. Lor.' 
Sexperience with area trnsml ss.¶on linci verifies that TVA do

sign practices have been succes 3 ful in avoldinpg vibration prol,ler'i. No gallopling conductor conditlono htivn been observed In 
the eas Lern portion of the TVA trasrnm1.i-:nin nyatpno.

.. 6. fn . .
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Transmission lines in the 161-kV voltage class have two overShead ground wires provided for lightning protection. This .shielding has been effective for an area isokeraunic level of 55 and is reflected in the averagr e operalinr rer-ori or ornly 3.86 flashover interruptions annuallyj per 100 milt..; or lrie.4.  

(The use of circuit breakers with high speed reclcVng relays I results in the majority of thece interruptiorns tocnirp: moni.ntaRry.  
-8.2.1.2 Transmission Lines, Switchyard, and Transformers 

e two 161-ky and the five 500- ines coflT4ýting the plant E~~nes conri·~ting the plant | w the TVA transmission netw k ar indicta'c.d functionall 
on ure 8.2-1. The onsite ransmis on lini. arrangement s shown n Figure 8.2-3 andte offsite t nsmision line r tin 
in the icinity of the sw chyard is sho on Figure 8.2 .  
Prefere power will be pplied from the istine Wat Bar hydro 161. switchyar Figure 8.2-4) over o radia 61l-kV overhead ii s appro mately 1.5 miles loneg.' hee ines are 
routed to m ize he likelihood of their sim t eous fail
ure.  

Location of t C on. Station Service Transf mer s shown on 
Figure 8.2- jhys al separation is 61 fe cente. ine to 
centerlin nd 35 fe between ciosest pa s. Fire pr r ectin Jr 
has been rovided for ch, with a water prinkler systt which U 
can be utomatically act ated by ther. stats or thc tran. *ormer e trical protection ices. Ea transfornrer hair, . nle -J pri ry ad two secondary w dings. he primary voltn-e is 

S-kV, rated 57/76/95, QA/F OA. The secondanr vcltnr-c '. i\ .9 kV and each is rated 26/48 ')/rA FOA.  J OA/FA/FOA. ___ 

9.?.l. Arranpement of the Start Boards. Unit Boar-s-, rornon Boards, and Reactor Coolant P _(R) Ec'oajrd 
' ^ the ^lowvoltss. of cv c h ( r, . t.in .rvi(-i I 

:rn 6.9-ký ation se 4pe bu sur,r~ y :S C. n5 ,..>s N in C ? 1hn4. T.hr *e :. i ta
ton service buses ari. outdo', enorsgr.; .. d, partls2l vcnti- 06 ;:ted, meta9-clad structures and are s iicwn or, n Fure F '-5. At ,..e C.9-kV start Loard thcze Lu.;vn er.t -C! th. -. _tdocri n., ^,4-c2d Ir _ 
Sw~tctgear and connec'. to ~urIj breThkt : ' the 
S.9-kV start boards arid RCi' c:'d Cor :rb .. .-, ( .7 .2 

(:-.andhrd for~·:crct 8 :e-;ti · I~ Bis ) and 'An c 1sc fl - a.:; Cutticr.l C!- ' 

tior. 2C 6.2. a c,f to.r , tsjr * f r.r .t. .i:a ii :;.  ýPirrlers; 7;4e circuil. breikkvr ,I %U' 
r. *; , rY;. . y , V ! .l .... i 1 ! ; . .. :.... ... ' . ... ............  

. *' , .. .. a, * * , r, , 4  . . : * , : .iig ' ; I 
e.* t :r 1 ca 11% o ^r .ra , : :: t #'.( v* ; '' * * ! .*** . :t:,:,,,i ; .  

Mk r"":. .T 

r.  8.I 8.2-3 r1
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U8.2.1.2 Lr:k andon pa T4ri renr 

SThe two 161-kV and the five 500-kV lines connecting the plant with the TA 
Stranuission network are indicated functionally on Figure' 8.2-1. Ihe 
S onsite transmission line arrangment is shown On Figure 8.2-3 and the 

offsite transmission line routing in the vicinity of the switchyard is 
shown on Figure 8.22. Preferred power is supplied from the existing 

Watts Bar hydro 161-kv switchyard. (Figure 8.2-4) over two radial 161-kV I 

overhead lines aYproximately 1.5 miles long. These lines are rcuteo to 
MiniMdize the likelihood of their simltaneous failure.  

The location of Ccnon Station Service Transformers A and B is shown on 
Figure 8.2-5. Physical separation is 61 feet, centerline to centerl-ne and I 

35 feet between closest parts. -Each transformer has a single primary and 
two secondary windings. The primary voltage is 161-WV, rated 57/76/95, 
QNV/F/OA. The secondary vcltage is 6.9 kV and each is rated 36/48/60, 
OV/FWA/F A. Thi location of CManon Station Service Transformers C and D is 
also shoWn on Figure 8.2-5. Physical separation is 70 feet, centerline to 
centerline and 49 feet between clsest parts. Each trznsfomer hiarta a 

A 
single primary and two seccndary windinrs. The prin'ary voltace is 161;-k%, 

rated 7/36/45, OA/FA/FCA. The seccnd&ry voltage is 6.9 kV and each is 
rated 15/20/25, QVFA/FCA.. Fire protection has tee. p:oi6e for ecl-., 
with a water sprir.nker syster. wi. can be aeutoatcally ictivjCte by 
tQennostats or the trensfcrmer electrica! Frotectfc:n 6vice\ .  

(\t
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tOn: the low-voltage side of each. cammo sti 

A and B, 6.9-KV station service buses suppi: 

R3P boards via the 6.9-ky start boards. CS 

their respective 6.9-kV switchgear via bus 

CSST's C and D switchgear is then connected 

via cables. Ihe cables are routed through 

the 6.9-kV shutdown boards.

m

··i 

_E 
--r 

u

ation service transfoner (CSST) 

f the 6.9-kW caonr6n uni» and 

bT's C and D are'. connectedi to .  
' '' ^ * .' ' " * . '^ 

identical to CSST's A and B bus.  

to-the 6.9-kV shutdown boards ' 

conduit banks and cable trays to 

p I ^ , . ^ .; * .*, ;.
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the circuit breakers are .utilized at 6.9-WjV. Therefore,, thereo ; :o 
is sufficient margin between the applicaion and the rating of .
these circuit breakers.  

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

The bus bars are fully insulated with flame-retardant material, 
bus supports are flame-retardant, arid 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 8' 6" 
centerline-to-centerline and continue on this spacing across 
the buildinC. The 6.9-kV RCP start buses enter the RCP outdoor 
metal-clad switchgear and connect to supply breakers.  

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

The four unit station service transformers are located in the 
transformer yard, south of the Turbine Building and directly 
under the delta section of the isolated-phase main generator 
bus. Location of the Unit Station Service Transformers is 
shown on Figures 8.2-5 and e.2-6. From each of the unit sta
tion service transformer low-voltage sides two 6.9-kV buses 
originate, one running in the switchyard parallel to the south 
wall of the Turbine Building and connecting to the RCP switch
gear, and the other entering the south Turbine Building wall 
for routing to the unit and common boards. The unit station 
service buses are outdoor, nonsegregated partially v.-ntilated 
metal-clad construction until they enter the Turbine Building, 
where the construction changen to indoor type. After entering 
the Turbine Building, the unit station servjce buses are routed 
to the appropriate supply breakers in the 6.9-kV unit .. nd 
6.9-0V common boards, enterinr, through the tops of the 6.9-kV 
unit bonrds and the bottoms of the 6.9-kV comrr.mon boards.

.1

All'of the indoor station service buses ar' n.-trventllated, non
3eereC.ited, mctl-cl±d drippr.cf conrtruction. in addition, 
the outdoor portions are weatherproof and equipped with I20V 
I-phase h-aters to maintain the temperature inside the housing 
at least 5C atove outside te"perature. All buses are provided 
with gas-resistant seals at entry to a Tiece of switchgear. At 
the penetration of an outside buildnr.c wall, the buses are pro
vided with a fire-resistant and n.c.sture-r-rlst&nt barrier.  

8.2.l.4L Arrangement of Elect:r'.i.. L"ont:,!rl r <aQUClAcf ?I.t+)a 

rigure 8.2-7 shows the electr1'#:-.I ucrtrc3 area where the relay, 

wat 88.2/
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- i 2 9 
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.  

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

The operation of the transformer protection relays will trip 
and lock out the power circuit breakers connecting it to the 
switchyard, trip and lock out associated 6.9-kV circuit 
breakers, and start a high-pressure sprinkler system to prevent, 
or extinguish any possible fire.  

8.2.1.5 Switchyard Control and Relaying ' 

The design of the off'site power system with its provision of 
two immediate access circuits from the transmission network, 
complies 'it.n the NHCC regulatory position expressed in the 
iegulatory Guide Ko. 1.32 for the preferred design of such a 
Uyctem.  

Ihv tran!-sijuriou, line relay Frotection circuits cý.ntinuiously 
%.or.itor t?.s cotijitions of the ottsitc pjvrU.r :-rr.tt-m .snd drf 
--aicn.d o_&tCt i.;d isolate the faulte w;,t maximum qpeec 
an6 minimum 1disturbance to the system.  

8.2-5
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SThe . principal feature-of these schemes 'are described, below.' 

The.nX V linhesaare prot;ected by. three-zone (revireid third 
a:zone) step distance, phase'rilay saugmented with directional' * 

: cooparison ;ocarrier .blokihg and have directionaJL overcurrent 
carrie grudadbcr n ground relays. The relay potential 

cruits are faed from a set of potential transformers connected 
-; ^to each main bus section.

The 161-kV transmission line protective relays system is de
sighned 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&Z.P r 9 v If the 
fault is notocleared within the time setting of theiti all 
breakers connected to the bus section of the faulted line I 
be tripped and locked out. ,

- The Watts Bar Hydro .161-kVy switchyard is protected by a bus 
differential relay scheme. The bus differential relays con- 
tinuously monitor the current inflow and cutflow from the bus 
section under their supervision. Whenever the current inflow '4 
does not equal the current outflow, the relays operate instan- | 
taneously to trip and lock out all breakers in their protected 
bus Section. The bus breakup relays back up the differential 
relays should they fail to operate. In addition to the line 
and bus protection schemes, the 161-kV switchyard power circuit 
breakers are protected by breaker failure relays with current 
supervision from separate current transformers ?n the breaker.  
The breaker failure relays operate through a ti:li"ig relay and 
should a breaker fail to trip within the time setting of its 

.timing relay, the associated breaker failure trip-relay will 
trip and lock out both breakers in that particular switchyard 
bay and also trip and lock out all breakers connected to the 
bus associated with the failed breaker. 8 
The supply to the common staticn service transformners AAand 3InA 
possesses a high degree cf reliability even under electrical 
fault conditions. The following discussion describes the 
sequence of events following postulated faults: 

1. Transmission line fault.  

-If the instantane(.7 -I.enent cf the line prctective relays 
is actuated the line breaker is tied and a hizr. speed 
reclosure cc:-rs. If %fter the ný.rh Efeed reolc-r- .;.r 
fault. has ::,t cleared, the brea;:rr .. ill trip aga! ir.. a 
Sta:iri^:' i 3i:c--i (s.'.' FniS hr nir Chsc ri-') cllOc C.'ijr: ; :***-'; l sUrt 
5C.rs. ;n thie. 'najcrity cr the eises :.ese rel:c-re3s 

rezscre the line back to service. Hc*, a tri? afer 
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this will o ut the brej t. :  : 
There -'tbg t The re is no a pri a ,ble di tUr bae on the two 

'the cOmmo n o sta'tion seri ce tanesroroert 
2. Tran smssion tisel fult a nd Q. 1-in 

i breaker to clear t ult. f t 

. I.  

f. Coumon t1 ranfoo,-. ^tI, te ri- n 

The corespondin minb" breaup relay and b Ure relay is aut 1aly itiated sro tlin a if the fault i not dcl'ard Within the tie set ; 
timer, all circuit breakers conneit'd to that ibui tripped and locked out. With r l r( "t Arakers decribd Previously both, i t 

Continue to receive Power Without i 

"*"iM~~e~ts o~^" e'"v l s  0o.? 150 '*"l. 1» 1 

3. t Main bue' fault. ? I i 
This te of fault is detectedby th bu re protction When icnitiated, it trips and locks o circuit breakers conneted to the:faulted bus. t of this action are similar to those cescribed und.  
Transformer or transformer feeder faults, 
These faults cause tripping of all the transror'l r 
breakers onl the high and low voltage sieofte former. In addition the trip relay Initiates the former fire protection sprinkler and starts thefi 5. Common transformer or trahnsor.jer -feeder fult and of one HVvcircuit breaker to operate Properly.  

T e e 1 Ky) 0 e e r 
The se evnts cause the operation of pZ"Otection d ese 
under 4 above, followed by the operati-n o the by',e failure relay which trips e breater¶ conncected t bus at the time of failure The event reults I of one tranpform er; the O ther tr. an fr~1, C ntlr ce receiv e pr ower fr on t its m he ri sX j~ it e hY d r w itc tY .a 

he allocation Of the 250V d.c. Control Pwor C.lrc'a~it. f ays and circuit breaker,- (the, dec- r"i~'c, Pow" cjj s 
n the precedinj: ''r lIi rj) $.. .oOrd.1r j ft -* i -h r w it.'S f .ulreenents of thrh In c oord irl ated riJ:: ,1.3:t, I. the r 2q. r :: je t Ce.Jii .. 1'a :1 ii,6t : J a iiter% 
:6 ctlon servic± tr! l t 'or ners A arjd g.  

2. 2. Bof-r Dord-
r 6.9-k v rt Bd tr o l a r d Re lba llnf.  

r :'reed "-tIt' bCLri 5 con Jcriinp c· r'r 1.1,, ,-rc2,-
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breakers each. Two of the circuit breakers, 1512 and 1614, are 
the normal and alternate feeders for start bus A while the two 
breakers 1612 and 1514 are the normal and alternate feeders for 
start bus B. Two other breakers, 2512 and 2614, are the normal 
and alternate feeders for RCP start bus A. while breakers 2612 
and 2514 are the normal and alternate feeders for RCP start bus 
B. The two circuit breakers feeding each start bus from a dif- ,^ 
ferent CSST are interlocked and the control circuits arranged 
in such a manner that manually-initiated high 3peed (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 pa-ir of breakers feeding 
start bus A is supplied from a separate battery and d.c. dis
tribution board from that of the normal control power for the 
two breakers feeding start bus B. Alternate control power 
feeders are similarly segregated.  

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

1. Start Bus Pan Failure 

2. Start Bus Transfer 

NJ 3. Start Bus Failure or Undervoltage 
oc5 

Annunciation No. 3 Is composed of bus differontial relay opera
tion, bus a.c. voltage failure, and control tus d.c. voltage 

ci 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 JA, 1C, 
2", and 2C. Start bus B is the normal feeder to 6.9-kV common 
board B and the alternate feeder to 6.9-kV unit boards 1B, 1D.), 
2B, and 2D.  

8.2.1.7 6.9-kV Unit and RCP Board Control and Relaying 

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

Each 6.9-kV unit and*'RCP board can be selected for automatic or 
manual transfer between the normal and alternate supply 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
nato to .he normal supply. Automatic transfers can only be 

0 
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* f& dSMtation W Shervice U trn[ foneUt C and D (CSS D feed 

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

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

3A-A and 2A-A while circuit breaker 1812 provides another source of power 

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

power directly to 6.9-w shutdown boards 1B-B and 29-B while circuit 

breaker 2814 provides another source of power to the sone 6.9-kV shutdown 

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

provision for autaomatic or menual transfers between circuit breakers. Ihe 

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

cupplied from a separat2 battery ani do distribution board frcn that of 

the normal control power for circuit breaker 1812 and 2814. The alternat, 

control power feeders for these circuit breakers are similarly segregated.  

Manual control of the circuit breakers is provided on tne electrical 

control board in the main control rooa 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.  

7he following annunciation is provided: 

1. Loss of Control Power 

2. Bus Failure or Undervoltage.  
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The unit and RCP boards are protected by overcurrent, ground 

"' overcurrent, and differential current prote-tive relays. Man
ual control of the two feeder breakers of each board is prb
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 RCr 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.

Thcf1nal link o othe onsite frer e) power system (the b.s 
S.uto!n boards) is feedei from the ulS^ boards. Unit irds 

trri a, thek 6.d -knhu d 

1B, lC and 2C a r normal suppld 6.9-k t ow 
boards lA-A B lA, and 2B-B,, respectiv eunlt4C 
boards 1, 1 DAlSD and 2D are the alternate s s respec
tively. T fee are protected by cve r rrent .ground 
overcus relays. f thesr- feede f reakers are-nS ally 
clo,- with all transfers i~weer; t `rmnal alternat- r''e, -S 

geurring at the 6.9-kV shut rd..  

6.2.1.8 Conformance with Standards 

This section discur.sses provinlonv. 1riclj? ir t*e d*;;ra-n O the 
off site power nystem to achl'c-vf u oystem <;vr.. ir cýriforrc-.rjce 
itr. rk-quirements of GDC 17)(Varid 1!RC R1! j3ator'y GU'Icr 3.6 alil 
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T 1e following req-ire::)entsmtf L7tePtýs j ^ dsi+e p r 
Abcafnewits ar,| OV.r4c_ Ps^f 

Rculatory Guide 1.6 

teý:ulatcry Guide 1.6 require; tnt&t "£cI ... lcopu (;;ur shr:ould 
s::v a zcnr.n :tion to the pwrc:': '.; 'c:'f. s: c.'w,- r:r.:t. A 

. '^ *td r w~er z'-..;:: f r a^ ;r"r-/< r'^ ir': . '. }.: * It:;
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: i 1 
made from the nornimal to the alternate supply. Automatic trans
fers initiated by loss of 'voltage on the unit board are delayed 
uniti 1the bus residual voltage decreases to 30 percent of nor- 7 

mal. Those transfers initiated by reactor trip or turbine t:triip 
signals on the unit or RCP boards are high speed transfers. „ 
Control power is from the 250V d.c. distribution system;,-.

,' * ^ ,' ,
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The inalconnctios tothe nsit (stn~y)power systaa(te n-k y) e-, 4-i;li--^ 
w or)rfd frd* the ur it boards and-A cd n :si tatio.n 

serVice trmn a to=rs Cn pan D ovite boards IB, ICrt 23, id :2C are ;h ; 

morwa supplies, t 6 J0k4 0hutdiown boards l'-A, ah 2ke and 2B-ae , 

di I14 AS IS4BiR2&t :- nd 2b4 ,, , 

teupectively station service transformrs, C andDprovide the.  

alternate power.soures directly to the 69-kyP r shutdown boards. Crufion 

staionsevic trnsOrmer C Provides altent No. I oe o69k 

shutdown boar&s IA-A and 2&-A through circuit -breaker -1712': ad) altrne 
No. 2 power- to 6i.9-ky sZhLtdoW'n bOaras 13,-B and 23B truhic~~ra 

2714. Cdrumon station service transfonner D provides alternate N6. 1 power'od* 

xto 6.9-Ky shutdown boards 1D-B and 2B-B through circuit breaker 2814 and, 

alternate No. 2 power to 6.9-kV shutdown boards lA-A and 2A-A toikh o 

circuit breaker 1812. These feeders are protected b'y overcurrent: an 

ground overcurrent relays. All <?f these feeder breakers are' Ino4ily 
S.closed dith all transfers between the normil, a4ternate !o. 1 und ternntf 

'closed a -id *ý.-At trm * \: 

o .,'2 fceeders occurring a t the 6.9-k * c- ' uta.'.' *a ms,! 
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s'edofdsf ro 116v "a loss'of co lant accident to.' al's 

safety ~ftu, lh..'nct^ont are maintied..;"' 

5i "Probiisins shall, be include!d to, mini-mi ze .t he 'probat i~t
o '164iftelectrical power from any of therema~ninh 

- isouirces'as a resultof, of rOi,,ncindehnt with 'the flo f of ^-.  
** power from the transmission network, or'the loss of, P owiei 

t - from ·,the onsite electrical .Power sources." $1-stS 

SEach of the above requirementd 'and the provisionz includ ed in n' 
the design to meet them is addressed in the discu:icixTiih^ch ^ ..  
S; follows.  

-The. discussion is arranged in two parts: 

1), Physical measures for achieving independence and physical - -I' 
Smeasures taken to minimize theý likelihood of failures * por 
tions of the offsite power system inducing failure of th otier 
power sources and. 2) functional provisions for achieving ade

: , qtate capacity, capability, and availability; functional n'mea
sires taken to minimize the likelihood of..failure of portions.;1 

i:· \of the offsite power system inducing failure of other power 
sources.  

Physical Measures 

ctwoommnb setAtionriervo :.f 6--r"e s''& "a 1j' ui- 0' 
Sc and arranged to pr 6 two , tically I rnde pe hion~i _T 

*site p r circuits to -e onsite .disth ution, systi 
.of these be s. the. preferred pow 1supPly 1he c.; 
door portione buses are-'weatherproota :' uipped wth 
120V, 1 phas' ers to maintain the tempe i rde te 
housing a east above outside tempe irne. Th.  
Iare-',f insulated w flame-retard 0.materlp 
a r fi^me retardant,.and m'nietal osurecE, w ' 11 i t)l p 

n fault in one bu sfro.nt ot ' gt* 
Ys 

Thte common station service bus ai iritan '6rI f e. c oen4C.r! ine-..  
to-centerline separation, ritil thefy ccnverg.,e at ;he.unit t.art 
:rard. The buses ruri orn esr;arate cup C'r- f,; 1t rrtru s- , x nI r un.  
4)prcxlra6tely 1r fec-t bofcr(- -trte-rinxg the unit :urtr board1 .o a V, 
the unit start tvard the, iJes erttr :the OuluoCU, 1mt0-(lA'i 
'witchgear and connect tc th, toar^ suply t.iea kaIS. T. l bey' 
are provided with gas res.fstant seals Zt the entIry to 0 ? h 
switcheear. The supply andi feeder ;e:*-err at th-j 6.51-V u 

i - '::tart board. are electrically cperated, 'e:M.i '< :lrt .rwo;*' 
-:'pe, ;2tr. stored er.ergy . : -h(l '- *. * rzt * ? c 
t- lr of a r.ornal .V''er *.raca)?r &. &r El^r ;**;.  
f.. ;l:&er fsr each of the •,9-W.5 st ts A 'r-.:;: t tbr n C a 
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G1werall Design Criterion 18 requires that the offfsite povr citcuit~be.  

designed to permit periodic inspection and-testing tbo show: 

a. 'lhe operibilite and fmcticnil performtance of the cu ciuonents" of be 

circuits, 

b. Ihe operability of the circuits as whole systws, aLd 

c. "Under co-nditions P.s close to design as practical, the full operation .  

sequence that brings the system into operation." 

:' ' :* . * . * 
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:he cmon station service transformers and buses are connected and 

arranged to provide two physically independent offsite power circuitsto 

the omnsits distribution systan. One preferred power supply is mnade up by 

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

supply is made up by camion station service transforipers B and C.  

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

and arranged to provide two physically independent offsite power circuits 

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

preferred power supply. The outdoor portions of the buses are 

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

temnperature. The conductors are fully insulated with flame-retardant 

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

prevent any arcing fault in one bus fronm dairying the other bus.



~~%~~"~~a78aF~a~ZI~~:

;·-'· 
-. ;:: i '; . ·2; ·:· ·
-r 

: ' 
.i ·-: 

E-l : 

-L·~ 
X~~Z~ 
r-

The power from the unit boards is supplied to tie shutdown 
boards by means o: cables routed via separate cable trays and 
conduits to their respective boards. The minimum distance be
tween trays carrying cables to the redundant shutdown boards is 
approximately 30 feet, while the trays carrying normal and alter
nate supplies toAhe same shutdown board are at a minimum separ
ation of 1 foot. A cable fault relay trips circuit breakers 
pr-vided at each end of these cables so that even a simultamn!*us 
fault of the normal and alternate supply cables to one shutdown 
board will not effect the offsite power supply to the redundant 
horid.  

The nc air:il c1.;t.ribution systermi to tr.' urnit tobiru and shutdowr.  
boards Izs supplied by the unit station service traraLfornere 
dur!)' g plant operation. The ccmrnon station service trans
forners are used to supply the power to the-urnit boards or o:'f
site distribution -ystem during eener&tor startup cr vhutdowr., 
In case of an emergency or fault of the unit station servi e 
transforrers, the common station; service transf orers are it
mrediately available for use az the cf~fste power system and 
'provider two separate, indeper.ndent, and redundant circuits to 
the orns:te distribution systen.  
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s"t-aifrt 'buses A and B. The normal feeder breaker and i thea-Iter-. ; 

' nate f eder breaker obtain their supply from separate. buspitendf ;^; 
separate common station service transforbers, thereby giVing' 
each start bus two' possible and independent sources of power.  

F rom the feeder breakers of the 6.9-kV unit start boatd the:two .  
S6.9-ýkV unit start buses A and Band RCP start busesAand run ,

Son separate support st:ructures. These buses are outdoor, non
--segregated, and the conductors are fully insulated with flame
retardant material. At the penetration of the outside Building 
wall, the uhit 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 hoard supply breakers.  
Theiise breakers are electrically operated, vertical lift drawout 

ILT .type, ^th: stored energy mechanisms.  

- /The 6.9-RV start buses enter the Turbine Building spaced 8'-6" 
centexrline-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-Wk commron beards. Thle start buses enter the unit bbard 
supply breakers throu-h-the, top of the boards. The normal .sup- ' 
ply breaker and alternate supply breaker for each boar'd are 
separated along the lenrpth of the board by several feeder 
breakers, thereby preventing.a fault In one breaker from danli 
agine the alternate supply breaker. All buses are provided.  
with gas-resistant seals at entry to the switchcear. .

*-
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Itie two coma station service transformers C and D are connected bý? cables 

and araged, to provide two physically independent offaite circuits 
(altertez I and 2) to the 6900V shutdown boards. 7he cables for the 

alternate 1 circuits are routed through separate conduits and cable trays 
througb the turbine building and control building to the shutdown boards.  
The cables for the alternate 2 circuits are routed throigh separate 

condoits and cable trays alongside the exterior of the turbine building, 
across the top of the control building, and then cnter thje top of the 
auxiliary building and drop down to the shutdown boards.
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