g TglNESSEE VALLEY AUTHORITY

CHATTANOOGA, TENNESSEE 3740t

“ . - + 400 Chestnut Street Tower II

May 19, 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

P 'Dear Ms. Adensam:

- In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ' ) 50-391

In L. M. Mills' letter to you dated April 15, 1982, TVA provided proposed
revisions to chapter 8 of the Watts Bar Nuclear Plant Final Safety Analysis
Report (FSAR). At the request of the NRC Power Systems Branch, enclosed are
oversized copies of figures 8.1.2a, 8.2-1A, 8.2-1B, and 8.2-1C. Also enclosed
are additional revisions to section 8.3. Please note that the information
provided by this letter and the letter dated April 15, 1982 is in addition to
power systems information provided in Amendment 46.

If you have any questions concerning this matter, please get in touch with

Very truly yours,

R. H. Shell
Nuclear Engineer

L ~ Sworn Eﬁ subscribed before me
f © this day of 1982
Notary Public J M
My Commission Expires Q-’ é_ - p
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TgN ESSEE VALLEY AUTHORITY

CHATTANOOGA, TENNESSEE 37401

400 Chestnut Street Tower II

May 19, 1982

Director of Muclear 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 )  Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

In L. M. Mills' letter to you dated April 15, 1982, TVA provided proposed
revisions to chapter 8 of the Watts Bar Nuclear Plant Final Safety Analysis
Report (FSAR). At the request of the NRC Power Systems Branch, enclosed are
oversized copies of figures 8.1.2A, 8.2-1A, 8.2-1B, and 8.2-1C. Also enclosed
are additional revisions to section 8.3. Please note that the information
provided by this letter and the letter dated April 15, 1982 is in addition to
power systems information provided in Amendment 46.

If you have any questions concerning this matter, please get in touch with

Very truly yours,

TENNESSEE LEY AUTHORITY

,Qr N‘

R. H. Shell
Nuclear Engineer

. Sworn gﬂ‘,subscr‘ before me
~ this day of 1982

Notary Public ‘ Q
My Commission Expires ’:5 'é %

Enclosures

An Equal Opportunity Employer




WEBNP-46

transfer. The charger is a solid—-state type which converts a
3-phase 480-volt ac input to a nomimal 125-volt dc output having
a8 rated capacity of 20 amperes. Over this output current range
the dc output voltage will vary no more than +1.0 percent for =
supply voltage amplitude varjation of +10 percent and frequency
varisation of +2.0 percent. Some operational fsatures of the
chargers sare: (1) an oumtput voltagsr adjustable over the range of
S 7325 to 133 volts, (2) cqualize avd flosat mcdes of operatioon {(the
charger normally cperates in the loet mode =t 128 volts, But can
be switched to the equalize mode with an outpu: of 133 volts, (3)
W a8 current-limit feature which limits continuous overload
~ operation to 125 percent of rated output, (4) protective devices
'\ which prevent a failed charger from external overloads, (5)
Gjmetering and alarm circuits to monitor the charger output.
S ‘

S The diesel-generator 125-volt dc control and field flash circuits
¢) are supplied power from their respective dc distribution panels
..located in the diesel building on E1l. 742 (see Figure 8.3-1). A
> typical panel and its associated loads is shown on Figure 8.3-55,
—t Each circuit (including the battery charger input to the panel)
=— is protected by a thermal-magnetic circuit breaker. The battery
. input circuit to the pamnel is protected by a thermal-magnetic
. circuit breaker and s coordinated fuse. Local metering on the
L distribution panel and battery charger include s updimpupummepepgism
charger current,¥battery and charger voltage, and battery system
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Prior to placing the 125-volt dc diesel generator battery system
into service, the system components will be tested to ensure
their proper operation. The diesel-generator battsries will be
preoperationally tested for the following conditions:

1, To verify that the diesel generator battery capacity will
) meet the manufactunrer’s gnaranteed performance.

2. To verify that the diesel generator battery system has the

' ability to supply power before, during, and after loss of the
480V ac power supply to the diesel genmerator battery charger
in the worst case condition.

3. To verify that the battery charger will recharge the diesel
generator battery to the nominally fully charged condition
while supplying power to the normal comtrol loads.

4. To verify that the diesel generator is able to start, come to
speed, flash the generator field, and build up voltages when
the diesel generator battery is on equalize charge,

46

- ' There are two alarms in the MCR for each DGU,
One is labeled "Diesel Generator Control Cower Failure." This alarm not

L only alerts the operator to a loss of control power it indicates a cemplete:

loss of the diesel generator dc power supply. The Ather alam i ed-
Los oply. S labeleg- "
Diesel Generator Battery Trouble." This alamm indicates (1) loss of the

bgttery charger ac supply, (2) loss of battery charger output, and (3)
diesel generator battery System overvoltage. ' ;
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certified to operate withinm the environmental reguirement called
for in the design criteria. (Refer to Sectiom 3.11). The
arrangement of circuit interrupters and switches permits easy
isolation of the installed assemblies for future test and main-
tenance ?urposes.

8.3.1.2.3 Safety-Related Equipment in Potentisllv Hostile
Environment

Electrical equipment located inside containmeni has been designed
to maintain equipment safety functieocs 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. : ADD IASEH
| - - “4T 83.12.2-]
A listing of major nonsafety-related electrical components
located inside containment that may be inandated 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. In
addition to the electrical equipment listed in the table, the
water level inside containment may also flood nonsafety—related
local control stations, electrical sensors, electric motors for
motor operated valves, and electric solenoids for air-operated
valves. The following paragraphs illestrate 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 contrel room whemever the
manual throw switches are jin the closed position. Thus, spurious
operation of safety~-related equipment due to post—LOCA
submergence of the local control statiom 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 isolation. Valves used
for containment isolation will receive a signal to close on the
initiation of the accident signal. The valves will close im 10
seconds and will remain closed since failure of the control
circuitry can only yield operation in the closed direction from
the motors before the flooding takes place. Therefore, these

8§.3-33
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(See Awené{x gA and §8)

A failure analysis has been mzde on the ability of
S

3

electrical power
ged electrical
contai iment?
zed in ovent Cf
10Ch, and cther components are disconnected Curing normal operation. 'The ;
remaining components, powered from & Class 1E socurce or sharing a.raceway
-yiith Class.1E circuits, were assumed to be electrically shorted for the
-2nalysis. Cables and cable splices are qualified for submergence. The
.resultsrofithe evaluations indicate that the submergonce of electriczl
components -will not prevent the Class 1E electric (edther &C or DC) systems.
fran perfoming their intended safety function for the rostulated sulmerged

Ly
“(both AC and DC) systems to yithstand failure of suom
‘caponents fran the postulated LOCA £lood levels ins
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passed tests conforming to IEEE Standards for Electrical Pene-
tration Assemblies in Containment Structures for Nuclear Fueled
Power Generating Stations, IEEE 317 s

970

Electrical Penetrations

The electrical penetration assemblies,are a=~-~,e;

containment intecrity during all GGSluu bas:
Temperature riss under faulit-current condiii
electric power is continucusly availabls to
equipment, perietrations for redundant cables are loca

or more separate areas in the containment structure.

System DeSCYlgtlon

21; posier) basl‘{- (Pb‘w and corﬂ[rd) : medium

There a types of electrical penetations: e
voltage, low voltage] and instrumentation types. Modular type
penetrations are used for all electric conductors passing through
the primary containment. A double pressure seal is formed within
each module through which the conductors pass. The modules are
inserted into header plates with factory attached field weld
rings that are field welded to the outboard end of each
containment nozzle. The modules are retained in the header plate
by a threaded midlock capnut and are sealed to the header plates
with .a dual midlock ferrule arrangement except for the high
voltage modules which use a double "O" ring seal.

. To provide suitable termination of cables at the penetration,
junction boxes or dead-ended covered cable trays are provided
inside containment. These enclosures serve as an electrical
splicing box for field connectlon of conductors or for mounting
of connectors.

The penetration assemblies are designed, fabricated, and in-
spected in accordance with the latest edition at time of contract
of the ASME Boiler and Pressure Vessel Code, Section III,

bsection NE for Class MC vessels, and are code stamped.

. Mejmm

=g VOltage Power Penetratlon Assemblies

wum:
The «mémd= voltage penetrations have six 8KV ferite insulated, 750
mcm conductors each supported in a sealed 2 1/2" tube which is
attached to the kack of the header plate on the outbcard end and
a support plate on the inboard end. The conductors are
terminated in ceramic bushings at each end. The conductors are
sealed at the ends of the bushings with a midlock ferrule. There
is a separate Kapton insulated 2/0 conductor for carrying cable
shields through the penetration. The pressure retaining tourdary
includes the weld ringyheader plate, bushings, bushing extensicn
tubes, "O" ring 5 nd dlock ferrules.

8.3-34 Q?}C\
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And Contes)

Low Voltage PowerAPenetratlon Assemblies

anacﬁnfrbl ) . . i o
Each low vcltage power,penetration 1s sultable for 500 voits AC
+

or less. The cables pass through the header plste and extenc
pevond each end of the nczzles as pigtails. Wire sizes 2/0
larger vermﬁnabe witn bolted spsde-tvpe connectors while sma
sizes terminate winh Crlmp type 1n line splices. A1l 1o
Dower corduc -OrsS & insulated with Kapton &n. 2o megle
steel mocdule thx*b cy cdual pelysulione seals.
Instrumentation Fenetration Assemblies

Each assembly has either multiconductor, twisted, shielded

or

cables, triaxial cables, coaxial cables, thermocouple cables,
a combination thereof. The multiconductor cables and
thermocouple cables are insulated with Kapton and are rated at
600 volts AC or less. They pass through the header plates and
support plates and extend beyond each end of the nozzle as
pigtails. The shields are carried through the header plate
ungrounded. The multiconductor cables and thermocourle cables
are terminated with insulated in line cable splice. The coaxial
and triaxial cables are insulated with Kapton and polysulfone.
Thev are carried through the penetration assemblies maintaining
their concentric confiquration. The two shields of the triaxial
axre not grounded or tied together through the assembly.

Qualification Tests and Analyses

Each penetration assembly is capable of maintaining containment
integrity when subjected to the maximum emergency environmental
conditions listed below plus a total accumulated radiation dose
) x 108 rad. The leak rate does not exceed 1 x 10-# standard
_cublc centimeters rper second of dry-ﬁeéﬁﬁuu Z

25 nitroge
'”Plrst #B-Minute Inszde
Parameter Containment
340 F
Temperature ——c -
Pressure e apmimiiu - - -

Relative Humidity

Next 10-Day
Parameter

Temperature

Pressure
Relative Humidity

Topsiq ==
_ PR=S-S= E =TSN
20% to 100%

Inside
Containment
2 F
e GmamaRn:
oG r—
I\IL
20%

T s e

- “_i
to 100%

Zbysb
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Vital instrument cables
-

fcr the generating station protection

system (GSPS) which includes the KPS znd ESF may Le routed in
the same conduits, wirewzys, or cabls trays provided the cir-
cuits heve the same crarscteristics such as power supnply and
channel identity (I, I, III, or IV}

2ir

ac )

tr

Unit 1 analog circuilts and Unit 2 analog circuilts may be routed
in the same conduits, cable trays, or wireways provided the
clrcuits have the same characteristics such as power supply and
channel identity (I, II, III, or IV). In like manner, Unit 1
train A cables may be routed in the same conduits, cable trays,
and wireways as Unit 2 train A cables. Unit 1 train B cables
may be routed in the same conduits, czable trays, or wireways as
Unit 2 train B cables.

Cables for non-safety-related functicns are nct run in conduit
used for essential circuits except at terminal equipment where
only one conduit entrance is available. The non-safety-related
cable 1s separated from the safety-related cable as near the
device as possible. Cables for non-safety-related circults may
be run on cable trays with those for essential circuits with
the following restrictions. When a ncn-safety-related cable is
routed 1in a tray with essential (GSPS) cables, that cable or
any cable 1n the same circuilt has not been subsequently routed
- onto another tray containing a different division of separation

- . -0f essential cables. All conduit systems located in Category I
structures have seismic supports, and are described in Section
3.10.2.

There are certain safety-related components which are powered
from two redundant divisions (channels or trains) through manual
transfer devices. These components include the component cool-
ing system pump C-S, the spent fuel pit pump C-S, and the steam
turbine driven auxiliazry feedwater pumps 1A-S and 24-S. The
ocutput feeder cables from the transfer device to the component
require special separation and are routed in separate conduit(s)
with no other circuits. - These circuics are identified by a

*_/ assbcl‘a‘l'e;l\* .

. NonﬁiviSionalfg;bles that are routed in czble trays desicnated for
Class 1E cables have been treated the same as the Class 1E cebles. The
nondivisional czbles are stbiject to the szme envirormental qualification,
£lame retardznce, cable Gerating, splicing restricticns, and cable tray
£i11 zs the Class 1E cables. &lso, the nondivisional cables have the same

circuit protecticn and short circuit rating as &visionzl czbles.|Baced
" the amalysis st asssciated circutts (see QFY@‘A,;‘ C)

1

—1

[,

v

on The results of

TYA has Ac_mbns‘*'{a‘l'eé T\L\a’\‘ Class 1E crvenits are nof Aeérac\u\. .

1
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Analvsis

) . ) e Y, "
CAEANT ST LiAlE

Puroose

The purpose cof this analysis was Lo e*’;gate the r 2 the Cless 1E
Buxiliary Pcwer System (AZG) to the submergence an sequent fault of
electrical eculfﬁcnt inside the contairment vessel during post-LCCh
flcoding. The effect of flooding on the rncon—Class 1E L wer system was not

analyzed since its failure muold not affect the Class lF power system or
any electric equipment required to mitigate’ the accident.

Assurptions

1. Conductivity of the water used in flooding the contaimment vessel is
high enough to cause the equivalent of bolted 3-phase faults on’
submerged circuits.

2. Power outlets and receptacle boxes are deenergized.
Rgfgrghcg

Letter from L. M. Mills (TVA) to Ms. E. Adensam (NRC), dated March 3, 1982,
- which included addltlonal information concerning power systems at Vatts Bar
Nuclear Plant.

C re

The Class 1E devices of the APS located below the anticipated maximum flocd
level were identified. These devices were examined to determine if they
‘would be tripped (deenergized) due to the plant's operating mode. The
remaining devices will be energized and faulted due to flooding. The
effect tp submersion on the energized devices was studied as follows:

1. The relationship fo the faulted Class 1E equipment to the APS vas
typically sketched.

2. The 480V system fault currents were calculated or taken from the issued
Contairmment Penetration Pretection Study. The 120V system fault
currents were calculated.

4]

~de a e
rrotective devices response

P

3. These currents were plottfd a
ir

long with th
curves to show proper coordinatio

n.
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o WATTS BAR NUCLERR PLANT

APPENDIX EA

whn cornect Sy sten
ciive rel ely
: th 1o
> upstrean deard.  This izt es Dacls for wre ye Sysiaa,
The ability cf each circuit’s redundant protective devices to clear faults

inside contairment was verified in the issuzsd containment penetration
protection study. :

In no case were there more than two submerged components comnected o a -
common bus below the 6900-480 volt transformer. In that instance the
described procedure was follcwed to verify that the protective relaying
for each device adequately isolates the faulted devices from the remainder
of the system without loss of the upstream board. - S

The effect of submerging hand switches, level switches, and annunciation
contacts fed from single phase control transformers is not considered
significant. These transformers have fuse protection in their secondary
" circuits. A short or ground fault of the circuit element fed by these

- transformers has no adverse effect on the Auxiliary Power System.

C i

L2

'The post~LOCA f£loed will not cause breakers to trip out of seguence or
degrade the 6900V or 480V voltage levels of the Class 1E Auxiliary Power

8a-2
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WATTS BER NUCLEAR PLANT

Purrose

The purpose of this analysis was to evaluate the response of the Class 1E
instrunent and control (I&C) power system (125 volts dec and 120 volts ac)-
to the submergence and subsequent fault of certain electrical ecquipment
inside containment during post-LOCA £looding.

Assurotions

1. The conduct1v1ty of the post-LOCA flood water is high enough to assume
a zero impedance ground fault.

2. All components are sﬁbmerged at the same time; therefore, the worst
- case condition will be imposed on the I&C power system.

3. ‘A loss of offsite power condition is assumed, therefore, all submerged
: electrical components powered frem the Class 1E I&C power system will
be' supplied from the DC power systems.

4. Only the submerged Is&C components powered from the Class 1E I&C power
o system were evaluated.

B The:fault current (Igc) for the components powered from the 125-volt
vital dc power system was calculated at 120 volts dc (initial battery
voltage upon loss of ac power), this will impose the worst case
ccndltlon on the batteries.

6. The fault current (Igc) for the components powered from the 120-volt
vital ac power system was calculated at 120 volts ac (nominal output
voltage of UPS), which will impose the worst case conditions on the UPS.

Reference
Letter from L. M. Mills (TVA) to Ms. E. Adensam (WRC), dated March 3, 1982,
which inclucded acditional information concerning power systens at Watts Rar
Nuclear Plant.

Method of Analvsis
The Class lE devices of the (I&C) power system located belcw the

anticipated maximum £lood level were idzntified. These devices, powered
from the Class 1E systems, were categorized into threes groups:

N

8B-1
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C. Equipment not required to opsrate for accident mitigation and whose
failure is not critical to plant safety or accident erwoatlon.

Each submerged component was evaluated in the following manner (except the
solenoid valves that are deenergized upon a loss of coolant accident or
safety injection signal and junction boxes associated with response time
testing which are not energized during unit operation):

1.

For each submerged component, equivalent electrical mecdels were
constructed from TVA schematic and connection diagrams identifying the
circuit power source; primary and secondary (if applicable) protective

- devices; and intermediate cables, if any, from power source to the sub—-
¢merged component, p01nt of fault. : '

The componenus 1Qent1f1ed as elcments of instrument loops, tempesrature
sensors, neutron monitoring circuits, radiaticn monitoring circuits and
loose parts monitoring circuits were evaluated and found (because of
the circuit design) to contribute no fualt current to the Class 1lE I&C
power system.

For the remaining components, conductor sizes and cable lengths were
obtained from appropriate cable routing schedules. Assuming a.
conductor~to-tonductor fault for ungromnded systems and a
conductor~-to—ground fault for grounded systems, the fault current for
each of these components was calculated as the ratio of power source
voltage to the sum of cable resistances from power source to the point
of fault. Mathematically,
_ : v
Source
Isc = & Rcables

For each value of fault current cowputed, a protective device clearing
time was determined frcm mqnufac;L*e*‘s time-current curves. The
protective devices (primary and backup) were then evaluated to verify
they would clear b~fore the main brezker on Lhe associzated cictribution
panel tripped. This evaluation and the time-current curve for esch
protective device was evaluated.

8B-2
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5. The effect

B e -
SUSCem was

> time’ .

Conclusion

. The results of this analysis show that the submergence of the electrical
components will not prevent the Class 1E 120-volt ac angd 125-volt dc I&C .
power systems from performing their intenced safety functicns. All faulted
components (where applicable) will be isolated by their primary or backup
protective devices without tripping the main breaker on the associated

. distribution panel. In addition, the submergence cf multiple components
from the same power System will not exceed the Class 1E I&C power system's
capacity rating. ' -
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EFYENTDIN &C
Fault 7Zmzlysis of fesocieted Caliles
Purpose
The pur o:e cf this analysis was to vcri;y that the electrical faults, caused
by the ‘failure of the associated cables, will not ccmpromise the independence

of the redundant cable systems.

Reference

Letter from L. M. Mills (TVA) to Ms. E. Adensam, dated Farch 3, 1982, which
included additional information concerning associated cable analysis at Watts
. Bar Wuclear Plant.

thod of Analvsis

For each associated cable identified, an equivalent electrical model (block
diagram form) was developed from TVA schematic and connection diagrams
identifying the circuit power source, applicable protective dev1ces, and
intermediate cables, if any, from power source to origin of associated cable.

- Conductor sizes and cable lengths were obtained frem appropriate cable
routing s»nedules.

© Assuming a conductor—to—conductor fault for uncrounded sys;ems and a
conductor-to—ground fault for grounded systems, the fault current was
calculated as the ratio of power source voltage to the sum of cable
resistances from power source to the point of fault. Mathematically,

v
Igc = source

23 R

cables

Calculations of this nature were performed at appropriate fault locations,
where minimum and maximum fault currents were determined for each C¢rcu1t~
i.e., worst case fault conditions were aSCEItalREd.

For each value of fault current comnuued, a protective device clearing time
was determined £ om manufacturer's time-current curves. The fault cendition
thermalzenergy (I2 t) was calculated and was cempared to the associated cable
rated I<4t.

8C-1
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