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LACBWR GENERATING UNIT

INTRODUCTION

The Nuclear Requlatory Commission (NRC) has required the
licensees of all power reactors, in a letter dated August 8,
1979, to show that each plant's station electrical distribution
System will provide an adeguate supply of power tec essential
loads during the contingency which presents the largest

l1oad demand on the auxiliary system. This request was a

result of the incident at Arkansas Nuclear One Station

described in detail in the NRC's IE Information Notice
79-04.

This report documents the results of the study conducted

to determine the adequacy of the electrical distribution
System at the LACBWR Generating Unit to provide a power
source of sufficient capacity and capability to supply the
engineered safety feature loads in the event of a contingency
presenting the maximum load demand on the system. The

study has been made according to the guidelines outlined

in Enclosure 2 of the MNRC letter dated August 8, 1979.

STATION ELECTRICAL DISTRIBUTION SYSTEM

The staticon electrical distribution system for LACBWR Generatin«
Unit is shown on Attachment 1. The auxiliaries for the unit
are supplied from two, 2400V and four, 480V switchgear buses.

Of these six buses, two, 480V buses are designated as essential
buses, namely, 480V ESS bus 1A and 480V ESS bus 1B.

During normal operaticn the auxiliaries are supplied from
unit auxiliary transformer #1 (UAT) . When the unit is not
in operation as during start-up, shutdown, unit trip, or a
loss of coolant accident ‘LOCA), the auxiliaries are trans-
ferred to reserve auxiliary transformer #1 (RAT). The
transfer of load from UAT to RAT is avtomatic provided

the main feed breaker from UAT at 2400V bus is tripped

and its overcurrent relays have not operated.
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The offsite power to the safety related buses is available
via RAT #1. The LACBWR Generating Unit does not have

a generator breaker or any other available connection

to the offsite network. Hence, the study has been conducted
for RAT operation only. This is in reference to item #1

o. the NRC guidelines.

LOADING ANALYSIS

The case chosen for detailed voltage evaluation represents
the loading of the auxiliary system which will result in
the worst voltages at the auxiliary buses as required by
the guideline (item #1).

The LACBWR station is a one unit boiling water reactor.
Hence, the multi-unit analysis required by the guideline
(item #2) is not applicabie in this case.

The worst loading condition for RAT operation exists when,
the unit experiences a loss of coolant accident. The unit
was assumed to be generating rated output at the time of
the event. All loads operating for the unit's 100%
generation were transferred from UAT to the RAT. In
addition, the RAT was assumed to carry the LOCA load.

The largest motor among the auxiliaries has been started
to determine the voltage dip during the motor starting
condition. No manual load shedding has been assumed in
the analysis. The above approach satisfies items 3, 4,
and 5 of the NRC guidelines.

Bus loadings reflecting the above operating condition are
shown on Attachment 2.

OFFSITE POWER SUPPLY

The offsite power at LACBWR Generating Unit is supplied from
the 69 kV generator plant bus. This bus can be connected
either to the 69 kV main bus or to the 69 kV transfer bus
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at the Genoa Substation. The voltage at the 69 kV generator
piant bus varies between 70,8 kV and 73.2 kV. This voltage
rang has been determined on the basis of minimum and maximum
steaay state voltages experienced at the connection to the
offsite circuit of the station electrical distribution
system. The minimum voltage was used as a basis for
determining the voltages at equipment terminals. This
complies with item #6 of the NRCguidelines for voltage

drop calculation.

A minimum of 718 MVA three phase short circuit level has
been determined to be available at the 69 kV generator
bus.

CRITERIA FOR ACCEPTABLE VOLTAGE

The criteria for the acceptable voltage range at motors,
contactors, and control circuits is based on equipment
ratings as defined by the National Electric Manufacturers
Association. These standards require that the maximum .
voltage should be limited to 110% and the minimum voltage
be limited to 90% of motor rated voltage. Alternating
current contactors should withstand 110% of the rated
voltage continuously and should close successfully at

85% of their rated voltage.

In order to provide adequate torque for motor starting
and to prevent contactors from dropping out at 480V motor
control centers, the starting voltage should be limited

to an acceptable level. This level is 80% of motor rated
voltage.

PERFORMANCE OF ELECTRICAL DISTRIBUTION SYSTEM
1. Existing RAT Tap Settings (72450-24140V)

The results of the study made for RAT #1 operation using
the present tap settings of the «AT and the 480V auxiliary
transformers ar= shown on Attachment 3. This attachment
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indicates the voltage at the input and outpucr of each

transformer and at each bus between the connection to

the offsite circuit and terminals of the safety related
load and, therefore, complies with the requirement of
item 47 of the NRC guidelines. The attachment also shows
the maximum postulated loads on the buses and the
existing tap settings and the nameplate impedances

of the transformers. The attachment further shows

the cable and bus duct impedances between different
buses and between different transformers and switch-
gears used in the study.

Attachment 4 tabulates the maximum expected voltage,
the minimum operating voltage, and the motor starting
voltage at the terminals of various safety loads for
the case analyzed. This attachment ‘omplies with the
requirement of items #9 and #11 of cne NRC guidelines.

Attachments 3 and 4 indicate that the maximum expected
voltage at any motor terminal is within the criteria cf
acceptable voltages described in Section V of this z
report. However, the running voltage at 480V buses °
are below 85% of the bus rated voltage and the running
voltage at some 440V motor terminals are below the
minimum criteria of acceptable voltage.

Proposed RAT Tap Settings (70725-2400V)

In order to improve the voltages at the 480V system to
an acceptable level, we evaluated the performance of
the electrical distribution system by setting the HV
tap of the RAT at 70725V. This was the only change
made from the previous case evaluated in Section VI.1.

The results of this change case study are tabulated in
Attachments 5 and 6. These results indicate that the
maximum expected voltage, the minimum running voltage,
and the motor starting voltage at the terminals of all
safety or non-safety related loads are within the
acceptable criteria.
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'Recommendation

In order to increase the distribution system voltages

to acceptable levels during a contingency when the

RAT is carrying the normal auxiliary load (corresponding
to 100% unit generation) plus the emergency load, we
recommend that the high side tap of the RAT be changed
from its present setting of 72450V to 70725V (the next
2.5% lower tap). The taps of 480V auxiliary transformers
will remain at their present settings (2520-480V).

UNDERVOLTAGE RELAYS

Attachment 7 lists the existing voltage time settings of
the undervoltage relays at different auxiliary buses. Two
sets of undervoltage relays at 480V ESS buses 1A and 1B

are required to transfer the load from the offsite power
Source to the onsite diescl generator if the offsite source
is lost or degraded. The first set, devices 427 ESA and
427 ESB, will transfer the load in case the nffsite sour

is lost and the new set of the undervoltage relays (planned
by Dairyland Power Cooperative) will cause the transfer
when the offsite source voltage is degraded.

We have determined that the bus voltage at 480V ESS bus 1B
can go as low as 359V during the starting of the 1500 hp
Rx feec water pump at 2400V bus and to 361V during an
assumed simultaneous startup of all motors connected to
the 480V bus,

The present and planned settings of the first set of under-
voltage relays on these buses will, for the voltage dips
evaluated, give a time delay in excess of 9 seconds before
closing their contacts. The second set of undervoltage
relays has a fixed time delay of 9 seconds. This delay

in the operation of the undervoltage relays 1s sufficient
to prevent relay operation during the transient voltage
dips caused by motor starting. Further, these relays
incorporate sufficient time delay (1.2 sec. or more) for

@ zero voltage condition on the bus; hence, the short
circuits would be cleared without undervoltace relay operation.
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VIII. VERIFICATION OF ANALYSIS BY "TEST"

IX.

/ss

Meter readings taken on February 2, 1980 at 21 hour during
hot shutdown of LACBWR Generating Unit, while the auxiliary

buses were fed from the RAT, were used to verify the validity
of this analysis.

Attachment 8 shows the meter readings of the source volta jye,
bus voltagc, the loads in amperes at the auxiliary buses,

and the kilowatts flowing through the RAT. The attachment
also indicates the calculated values of the bus voltage

for the loading of the auxiliary system at that time.

A comparison between the meter readings and the calculated
values of the bus voltages indicate that the differences
are well within the metering accuracy ecrrors.

It is, therefore, concluded that the results of the analysis
are valid as demonstrated by the close agreement between
the measured and calculated values.

%

CONCLUSION

The study has demonstrated that,with its high vdltage tap
setting changed from present value of 72450V to 70725v,

the RAT and the onsite distribution system are >f sufficient
capacity and capability to start as well as operate all
required safety related loads within their required voltage
ratings during a contingency which presents the largest

load demand on the auxiliary system.

ﬁ#. /ALLvaf.
Prepared by H. Ashrafi, Electrical Analyst
.*.igézq/T:quf:;l..{’.

Approved by S. Z. Haddad, Head
Electrical Analytical Divisicn
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ATTACHMENT 2

BUS LOADINGS ASSUMED FOR
OFFSITE PO'ER SUPPLY ANAL.SIS

For Reserve Auxiliary T ansformer #l1 Operation

Bus Load

2500V Bus 1A ' 700 kVA
480V Bus 1A 600 kVA
480V ESS Bus 1A 40 kVA
480V Turb Bldg MCC 1A 103 kVA
2400V Bus 1B 2100 kva
480V Bus 1B 800 Kva
480V ESS Bus 1B 149 kVA
480V Rx Bldg MCC 1A . . 80 kva

4560 kVA
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Mo | Full Mot ¢
Load Load |Start
volt | vols| voir! we
~ 1348 voit wv | 73.2] 70.8) 70.8 )
s of 69 kV |106.1[102.6 [102.56
_ jaus Volt 2425 2232 |2162 [1%0
Iy or 2830w |101.0] 33.0l va1
v of 2300w 1195.4] 97.0] w40
_ isus Volt w2 Jeor [393 leo
v of 139w 96.2] 84.9] 81.9
vof 449v  10s.0| 92.5] a9.s
_ {Bus vole 462 leos |37 |22
AV of 330V 96 . 84.6| 78.7| (com~
v oof a40v | 105.0] 92.5] 85.9|binea
ESS
Mutor
HP)
_ |3us volr 462 | 404
A of i80V 96.2| 84.2
v of s40v  [105.0{ 91.8

LACBWR GENLRATING UNIT

RAT CARRYING NOSMAL ALY,

LOAD (FOR

e

100% GENERATION) ¢ EMEAGENCY LOAD
RAT WITH PRESENT TAP SETTINGS (72450-2400V) s b PO
Load iload BStare
Yolt lioje bate |mo
€3 kV Cenerator Bus IBus Vols kv | 73.2( 70.0! 70.8%
v of 69 kv |106.10102.¢ 1o2.s
H PFeserve Aux.
VAl Tr nsf, 81 '
AYYYYN72450-2400V ! 4
X T+ 7835 MUA 3
5 MVA (0A) |
—~
N n-Seg Bus Duct ‘
Taped = 0.000462 |
4.56 MVA |
+1 0.004622 . §
_9_1._'!?? |
'
24004 2400V Bus 13 Bus Volt | 2425 12232 11966 | 1503 |
e — § of 2460V | 101.0f $3.Gf B1.%
Cable Imped able Jsped Y of 2300V 105.4] 97.0)] 85.5
=3.001354 00 kVA @ 2.1 1WA & [+0.06108) ’
+30.0008%902] 0.86PF 0.869F 30 . 0006874 !

) i
499V TRELA 460V THILB ] }
2520-480V 2520-4@cv ! l ! !

wdays 73071000 kVA e 75371000 xva | | }
mr-\ Z=5.4% @ 750 kVA AerYs Za5 34 2 150 ! , 1 i
VA i 4
430V Buls 1A ¢8OV Bud 1B o Bus Volt €z {403 !3es | 130 |
-5 p = b of 450V %6.2 #4.0) 79.2
Cabie Imped) ' 1 Cable Inped v of $30v 165.a 91.61 86.¢
=0.003792 600 kVA BJ0 kJA & |=0.001491
+J0.00217782] @ 0.89pF 0.940? «10.0022184 |
[ -
480V £ss!Bus 1A 430v EFS Bus 1o {Bus volt 462 |41 |351 | 228
1 ‘ i % of 480V 96.3 3.7 73.1 (Com-|
Cable Imped |§ of 440V 165.@ 91.1) 79.9bired’
40 kVA @ 1i9 k/A @ «0.0122 £s3
0.94PF 0.5397 +10.60370 Hotor
{Cible tmped : : e
=0.6051 |
+26.00110
! Rx Bllg MCC 1A Bus Vole 462 | 399
v of 48IV 96 £3.1,
v v of 440V 105.4 90.
fom 2
@ 0.85°F
{
’
ATTACHMENT )
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ATTACHMENT 4

VOLTAGE AT THE TERMINAL OF
SAFETY RELATED LOAD
LACBWR GENERATING UNIT

WITH EXISTING TAP SETTINGS

1. Maximum Voltage Expected at the Motor Terminal
(Acceptable Voltage is 110% of Notor Rated Voltage)

Maximum Acceptabl:

Motors Connected Voltage @ the

To Max. No-Load Voltage* Motor Terminal .
2400V Buses 2425U*% 2530V
480V Buses 462V* 484V

2. Motor Running Voltage for the Case Analyzed s,
(Acceptable Voltage is 90% of Motor Rated Voltage (440V) i.e.,35:"

Voltage @ Worst Drop In Voltage

Bus the Bus the Motor Feeder Motor Motor T«
430V ESS 405V 5v Emergency 4007
Bus 1A Core Cool

Pump 1A
Turb Bldg 404V 4V Any motor 40077
MCC 1A fed from

turb bldg

MCC 1A
480V ESS 401V 6V Emergency 3935V
Bus 1B Core Cool

Pump 1B
Rx Bldg 399V 5V Any motor 3957
MCC 1A fed from Rx

bldg MCC 1A

L

*Th=2 max@mum expected voltage at the motor terminal will be lower th
the maximum no-load voltage due to voltage drop in the transformer
and the cable supplying the connected equipment.,
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Motor Starting Voltage for the Case Analyzed
(Acceptable Voltage is 80V of Motor Rated Voltage (440V)i.e., 3°:V)

Starting Voltage @

Bus Motor Started HP the Motor Terminal
480V ESS Simult. start 122 378V

Bus 1A of ESS motors

480V ESS Simult. start 228 351v

Bus 1B of ESS motors



No Full Motor
Load Load |Start
Volt | Voit|] Volt | HP |
- Fuu volt kv | 73.2| 70.8| 73.8
Y of 69 kV 106.1(102.6 [102.6
- |Bus Volt 2484 | 2293 [2220 |50
b of 2400V | 103.5| 95.6] 92.5
V of 2300V |108.0{ 99.7| 96.%
|
)
_ |Bus Vol 473 419 405 |60
\ of 480V 98.6] 87.4) B4.4
Y of a4V 107.5] 95.2] 92.2
Bus Volt 473 j418 389 [122
T |y of 480V 98.6] 87.1| 81.0{ (com=
v of 440V 107.5) 95.0| 88.5|bined
ESS
Motor
HP)
. |Bus Volt 473 416
b of 480V 98.6| 86.7
V of 440V 107.5) 94.5%
0

LACBWR GENERATING UNIT
RAT CARRYING NORMAL AUX., LOAD (FOR

100% GENERATION) + EMEBGENCY LOAD
L No  |Full tor
RAT TAPS AT 70725-2400V toad |Load Start
volt vole ue
63 kV Qr Bus %us volt kv | 73.2] 70.2 | 70.8
Y of 69 kV [ 106.1;102.6 j102.6
9
H Reserve Aux.
WAL TransE. §1 :
CYYY Y™ 70725-2400V !
% Z = 7% @ 5 MVA
S VA (OA)
1—1'
Non-Seqg Bus Duct l
Imped = 0.006462
: 4.56 MVA
+J 0.004620 8 0.98pF
Izcoov Bus 1B Bus Volt 2484 (2293 [a018 | 13060
‘ - b of 2400V }103.5) 95.6 | 84.1
Cable Imped able Imped S of 230av | 108.0! 99.7 ] 87.8
=0.061354 700 kVA @ 2.1 MVA @ |~0.001083
+J0.000859%2] 0.86PF 0.86PF +J0.0006870
480V TROLA 480V TRLB I
2520-480V 2520-480V | i
wadas 75071200 kVA wAday 790/.990 ava | |
~ Z+5.4% & 750 kVA YN Ze5 . 4% T 750 | {
- KVA '
480V Buls 1A _ 4sov Bug 18 * lous voir 473 lezs  hisa e
e 'S "‘ - v of &R0V 98.6| 86.6 8i.4
Cable Impea Cable Imped v of 440V 107.5] 94.3} 89.1
=0.001792 6. kVA 800 kJ/A @ [=0.601491 [
+J0.0021770] @ 0.89PF 0.94p7 +J0.0022180 ‘
480V ESS|Bus 1A 430V EPS Bus 10 Bus Volt 473 418 {3861 228
‘ T i o: 480V 9"‘i 86.3| 75.2 (Com-
able Imped (% of 440V 167.5] 94.1| 62.2|bined |
40 kVA @ 149 k/A @ =0.0122 ! £SS
0.94PF 0.93p? +J0.00370 I Noter
Cable Imped f up
=0.0051 i
+J0.00110
A MCC 1A Bus vclte 473 411
camddimmd * of 480V 58.6f 85.6
b of 440V 107.5/ 93.4
e 80 kVA ’
. @ 0.85pF

ATTACHMENT 5
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ATTACHEMENT 6

VOLTAGE AT THE TERMINAL OF
SAFETY RELATED LOAD
LACBWR GENERATING UNIT

2%% VOLTAGE BUCK THROUGH RAT

1. Maximum Voltage Expected at the Motor Terminal
(Acceptable Voltage i1s 1108 of Motor Rated Voltage)

Maximum Acceptabl:

Motors Connected Voltage @ the
To Mix. No-Load Voltage* Motor Terminal

2400V Buses 2484V* 2530V

480V Buses 473V* 484V

2. Motor Running Voltace for the Case Analyzed .
(Acceptable Voltage is 90% of Motor Rated Voltage (440V) 1.e.,2"

Voltage @ Worst Drop In Voltace

Bus _the Bus the Motor Feeder Motor Motor T -
480V ESS 418V 5V Emergency 413
Bus 1A Core Cool

Pump 1A
Turb Bldg 4lsv 4v Any motor 4127
iICC 1A fed from

turb bldg

MCC 1A
480V ESS 414v 6V Emergency 4057
Bus 1B Core Cool

Pump 1B
Rx Bldg 411v 5V Any motor 406V
MCC 1A fed from Rx

bldg MCC 1A

*The maximum expected voltage at the motor terminal will be lower
than the maximum no-load.voltage due to voltage drop in the trans-
former and the cable Supplying the coanected equipment.
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3. Motor Starting Voltace for the Case Analyzed
Acceptable Voltage is 80V of Motor Rated Voltage (440V)i.e., 352V)

Starting Voltage @

Bus Motor Started HP the Motor Terminal
480V ESS Simult. start 122 389V

Bus 1A of ESS motors

480V ESS Simult, start 228 361V

Bus 1B of ESS motors



_Undervoltage Relay At

2400V Bus 1A

2400V Bus 1B

480V Bus 1A

480V Bus 1B

480V ESS Bus 1A

480V ESS Bus 1B

ATTACHMENT 7

EXISTING UNDERVOLTAGE RELAY SETTINGS

Device

No.

227 1A

227 1B

427 1A

427 1B

427 ESA

427 ESB

Voltage
Setting

1860V

1860V

220V

220V

328/372*

328/372*

% Of
Bus Voltage

TT 9

77.5

45.8

45.8

68.3/77.5*

68.3/77.5*

Time Dial
Setting

2 Sec

2 Sec

1l Sec

1l Sec

2.5/2*Sec

2.5/2*Sec

Function

Trips all rod scram
ckt #1, partial scram,
CWP, Rx FCP,Alarm and
seal 1in

As above

Trips main breaker at
480V swgr, Alarm and
seal in

As above

Starts diesel gen,
trips DG test load
bkr, trips feed from
480V bus

As above
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Undervoltage Relay At

480V ESS EBus 1A

480V ESS Bus 1B

480V Turb. Bldg. MCC 1A

480V Rx Bldg. MCC 1A

Device Voltage
No. Setting

Second level* 400V*
cf UV pro-

tection for

safety related

loads

Second level* 400*
of UV pro-

tection for

safety related

loads
4277 328V
427R 220V

$ Of
Bus Voltage

83.3*

83.3*

68.3

45.8

*indicates planned action by Dairyland Power Cooperative.

Time Dial

Setting

9 Sec*

9 Sec*

1.5 Sec

1.5 Sec

Function

As above

As above

Trips all rod scram
ckt #1 and ckt $2
Alarm and seal in

As above



Meter [Caicud
Read~- |lated ti€44
ing [Value [Error cation
s Voit kv |* 72 72
bus Vole P2310v| 2348 | 1.60 eterind
A nacou-
rw
|
Bus Volt ¢ d40v] 430 0N

*indicates t%. meter reading.

SMBYE CL..CRA. ooy

« UNET

HAT CABRYING HOT SUUTIOWN LCAD

69 XV Gen

erator Dus

*

X

=~
Non-Seq Dus Duct
tmped = 0.0600462

H Feserve Aux,

laauTranst, 0l

Y 12450- 2400V

( Z =78 8 5 MVA

. 5 MVA (CA)

‘ J70A®* 1250 kW
1.48 MVA

+J 0.00462.

9 0.84PF

Cable Imped

«0.00]154 400 kVA
+30.0008532
754* ¢ 480V TRELA
2520-480V

o 75071000 kVA

f\f’r'\ T=5.4% 3 750
480V Buls 1A

V

300 kVA

2400 Bus 18

“

F;blt Inped
=0 .00108)
+J0.000687

464 kUM

79A% 4 430V TRe1p

2520-480V
Uk 150/1u00 kVA
Yy Z=5.4% @ 750

4P0v Bug 18 e,

316 kVA

VA

ATTACHMENT 8

I
i

beter Calcud
Fead~- [lated HASES
ing (Valce |Esropjostaon
us Volt av [* 72 22
|
]
dus Volt 2300 il:&l 2% |Meter-
f i -6
| ’ Tnacou
| racy
| {
‘ |
i { '
Bus Volt v 438 ‘ 439 |0.2¢
i
|
|
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