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BALTIMORE GAS AND ELECTRIC COMPANY

GAS AND ELECTRIC BUILDING

BALTIMORE, MARYLAND 21203
October 8, 1979

AaTmur E LUNDVALL. JR
viCE PRESICENT

SuseLy

Division of Operating Reactors
Office of Nuclear Reactor Regulation
. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attn: Mr. Darrell G. Eisenhut
Acting Director

Subject: Calvert Cliffs Nuclear Power Plant
Units Nos. 1 and 2
Adequacy of Station Electric Distribution
Systems Voltages

Gentlemen:

In your letter of August 8, 1979, you requested infoirmation on
adequacy of station electric distribution system~ voltages. The resoonses
to your questions are provided in the attachment and apply to Units 1

and 2.
Very truly urs , "/)
/

Enclosure

ce: J. A. Biddison, Esquire
G. F. Trowbridze, Esquire
Mr. E. L. Conner, Jr. - NRC
Mr, P, W. Kruse - OF



ATTACHMENT

Rcsponse to NRC Regarding Adeuacy of Station Electric
Distribution System Voltages

The offsite and the onsite distribution system was reviewed
per your request.

The voltage distribution of the onsite distribution system was
calculated by use of the General Electric "N Bus Load Flow" orogram.
This was supplemented by additional calculations in order to analytically
determine voltage condiiloas down to the terminals of each safety
reluted load. The following plant operating conditions were evaluated:

1.) Full Auxiliary Plant load

2.) Full Auxiliary Plant load with ons (1) Reactor Coolant Pump (RCP)
scart

3.) Full Auxiliary Plant load with one (1) Circulating Water Pump
(CWP) start

4.) Full Auxiliary Plant load with one (1) Condensate Booster Pump
(CBP) start

5.) Full Auxiliary Plant load with Engineered Safety Features (ESF)

start

Full Auxiliary Plant load with Engineered Safety Features running

Shutdown load

~N o
.
—

The switchyard minimum voltage of 97% being the worst case
for under voltage conditions was used for cases 1 through 6. Case 7
was evaluated for the maximum as well as the minimum switchyard voltages.

The "Guidelines for voltage Drop Calculations" were applied
during the reviews for Units 1 and 2 as indicated below.

l. Separate analyses should be performed assuming the power source to
safety buses is (a) the unit auxiliary transformer; (b) the startup
transformer; and (c) other available connections %o the offsite
network one by one assuming the need for electric power is initiated
by (1) an anticipated transient (e.g., unit trip) or (2) an accident,
whichever presents the largest load demand situation.

Item (a) is nouv applicable since there is no unit auxiliary
transformer. Grid connected 500 kV/14 kV station service
transformers provide power for all plant loads including
safety related buses. The largest load demand situation
was plant auxiliaries at full load during Engineered Safety
Features (ESF) actuation.

2. For multi-unit stations a separate analysis should be performed
for each unit assuming (1) an accident in the unit being analyzed
and simultaneous shutdown of all other units at that station; or
(2) an anticipated transient in the unit being anaylzed(e.g.,
unit trip) and simultaneous shutdown of all 2ther units at that
station, whichever presents the largest load demand situation.

These wers guidelines for the calculations. 1 ] 26 V7~
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All acticns the electric power system is designed to automatically
initiate should be assumed to occur as designed (e.g., automatic
bulk or sequential loading or automatic transfers of bulk loads from
one transformer to another). Included should be consideration of
starting of large non-safety loads (e.g., condensate pumps).

Automatiz bull loading of offsite transmission lines with
ESF loads was evaluated. There are no automatic transfers
of loads from one transformer to another. Consideration
was given to starting large non-safety related loads.

See individual cases.

Manual load shedding should not be assumed.
Manual load shedding was not considered.

For each event analyzed, the maximum load necessitated by the event
and the mode of operation of the plant at the time of the event
should be assumed in addition to all loads caused by expected
automatic actions and manual actions permitted by administrative
procedures.

The full auxiliary plant load was derived from actual
full load measurements and was utilized in all of the
cases with the exception of case 7.

The voltage at the terminals of each safety load should be cal-
culated based on the above listed considerations and assumptions
and based on the assumption that the grid voltage is at the
"minimum expected value". The "minimur expected value" should bs
selected based on the least of the following:

a. The minimum steady-state voltage experienced at the connection
to the offsite circuit.

b. The minimum voltage expected at the connection to the offsite
circuit due to contingency plans which may result in reduced
voltage from this grid.

¢. The minimum predicted grid voltage from grid stability analysis,
(e.g., load flow studies).

The minimum predicted voltage at the connection to the
offsite circuit is 485 kv (97%) during normal operation.
All design studies such as load flows use this value

as a basis. To prevent the voltage from dropping below
this point, system operators change taps on the Waugh
Chapel Transformers located at the other end of the
offsite transmission line.

The voltage analysis should include documentation for each condition
analyzed, of the voltage at the input and output of each transformer
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and at each intermediate bus between the connection to the offsite
circuit and the terminals of each safety load.

Voltage analysis of the onsite distribution system evaluated
the voltage at each subsequent level of transformation down
to the terminals of the safety-related load.

The analysis should document the voltage setpoint and any inherent
or adjustable (with nominai setting) time delay for relays which
(1) initiate or execute automatic transfer of loads from one source
to another; (2) initiate or execute automatic load shedding; or

{3) initiate or execu’'e automatic load sequencing.

See response to Item 12

For each case evaluated the calculated voltages on each safety bus
should be compared with the voltage-time settings for the under-
voltage relays on these safety buses. Any identified inadequacies
in undervoltage relay settings require immediate remedial action
and notilication of NRC.

See response to Item 12

Voltage-time settings for undervoltage relays shall be selected
SO as to avoid spurious separation of safety buses from offsite
power during plant startup, normal operation and shutdown due to
startup and/or operation of electric loads.

a) Each of the two redundant 4 kV emergency buses is
equipped with two sets of four redundant and
independent undervoltage relays. The fir. ¢ set
of four re.ays are set to provide a two out of
four undervoltage signal upon loss of bus voltage.
(Relays are set to operate at 59% of 4160 V after
time delay of 2 seconds.) The second set of four
relays are set to provide a two out of four under-
voltage signal on a sustained bus undervoltage.
(Relays are set to operate at 87% of 4160 V after
time delay of 8 seconds.) Upon coincidence of two
out of four of either set of four relays, the
preferred supply circuit breakers of the bus with
which the undervoltage relays are associated are
tripped. The signal from the undervoltage relays
of a particular load group acts on circuit
breakers of the same load group only.

b) The coincidence of two out of four undervoltage
signals from either set of four relays also
initiates starting of the diesel generator which
is connected to the bus with which the undervoltage
relays are associated.

Note: The selection of the relays and their respective set-

tings was determined after a detailed investigation in
response to NRC's generic letter of June 3, 1977.
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The calculated voltages at the terminals of each safety load should
be compared with the required voltage range for normal operation

and starting of that load. Any identified inadequacies of calculated
voltage require immediate remedial action and notification of NRC.

See response to Item 11

To provide assurance that actions taken tc assure adequate voltage
levels for safety loads do not result in excessive voltage, assumming
the maximum expected value of voltage at the connection to the offsite
¢ircuit, a determination should be made of the maximum voltage expected
at the terminals of each safety load and its starting circuit. If
this voltage exceeds the maximum voltage rating of any item of safety
equipment immediate remedial action is required and NRC shall be
notified.

Below is the calculated voltage distribution on the safety related
buses for each of the conditions indicated. The figures shown are
the calculated bus voltages using the nominal bus voltage as a
basis.

Startin Running Shutdown
Bus Bus +RCP +CWP +CBP +ESF Aux Load A+ESF Case 7
Bus Volts No. Case 2 Case 3 Case 4 Case 5 Case 1 Case 6 97% 103%

3 4.16 kv 11 .8951 .9261 .8638 .8531 .9418 .9238 .9913 1.0544
7 480V 1lr .8969 .9295 .8639 .8166 «9460 ,9172 1.0027 1.0683
8 480V 11B .9015 .9339 .8686 .8156 . 9503 .9134 1.0082 1.0735

The calculated voltages at the terminals of each safety load is shown
in the enclosed printout.

Tabulated below are the allowable operating ranges for continuous
. Operation of safety related equipment.

Continuous % of 480 V Minimum
Voltage or Starting % of 480 Vv
Equipment Range 4160 v Voltage or 4160 v
460 V Motors 414 V - 506 V 86.3 - 105.4% 345V 72%
460 V £ 10%
4000 V Motors 3600 V - 4400 V  86.5 - 105.8%  3000v 72%
4000 v : 10%
480 V Switchgear 508 V Maximum 105.8% N/A N/A
4160 V Switchgear 4760 Maximum 114.4% N/A N/A
480 V Motor Con- 528 V Maximum 110.0% 398 Vv 85%

trol Center



TESTS

Three problems are evident

1) At shutdown and offsite transmission line voltage at 103%,
the calculated bus voltages are 1.0% to 1.5% higher than
allowable equipment voltages. The allowable offsite
transmission line voltage range is 500 kv + 3% with both
units running. With only one unit operating, the allowable
voltage range is 500 kV + 1%, -3%. Limiting the upper
transmission line voltage at 500 kV + 1%, lowers the
calculated voltages for case 7 to within allowable
equipment ratings. ;

2) At full auxiliary load and ESF start, the 480 V bus
voltages during the starting transient are about 3.5%
below minimum pickup voltage for motor control center
starters. This starting transient would have possibly
caused fuses to blow in starter control circuits; however,
in 1978 fuses were changed out as required to insure that
a degraded voltage condition would not prevent motor
starters from operating once the voltage recovered to 91.3%
immediately after the starting transient. (Required as a
result of NRC generic letter of June 3, 1977.)

3. At Full Auxiliary load and ESF start, the 4 kV bus
voltages during the starting transient are about 1.5%
below the undervoltage relay setting of 87%. In order
to prevent the relay from operating during load starting
transients a time delay setting of 8 seconds is utilized.

Listed pelow are a number of tests that have been completed that verify
the results of the calculations;

1)

2)

3)

Reactor Coolant Pump Start Test. Three pumps were running and
the fourth pump was started. The 500 kv Switchyard voltage was
adjusted to 97% for the test. The 4 kV starting bus dropped to
95% of the initial steady state voltage. Compariag Case 2 with
Case 1 we also see 95% drop DL 95%;

Condensate Booster Pump Start Test. The 4 kV bus voltage was
monitored while the Condensate Booster Pump was started. The
S00 kV Switchyard voltage was adjusted to 97% for the test.
The 4 kV bus starting voltage dropped to 92.3% of initial
steady state voltage. Comparing Case 4 with Case 1 we also see
92% drop. (.8638: 92¥)

T93IE 4

The pick up characteristics of contactors in safety related motor
control centers was tested. Some control transformers have been
replaced as a result of the testing, in order to bring contactor
coil voltage within acceptable pick up value.

To further verify the accuracy of the submitted calculations, we plan to
run voltage profile tests during full ESF starting by December 31, 1979.



GDC - 17

Electrical power from the power grid system to the switchyard is supplied
by two physically independent transmission lines designed and located so as
to minimize the likelihood of their simulataneous failure under operating
and postulated accident and environmental conditions. Two physically
independent circuits from the switchyard to the onsite electrical dis-
tribution system are also provided. The switchyard is designed with
duplicate and redundant systems - e. ., two battery systems, two air supply
systems, two trip coils per breake., two protective relay schemes, and two
guxiliary AC supplies from plant emergency buses.

Enclosures: Voltage Study
Plant Single Line
Safety Related Load Listiiyg
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ELECTRICAL AUX SYSTEM
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ELECTRICAL AUX SYSTEM

GENgRATON LOAD ~ REACTOR STAY]C o g T LINE FLOW o
BUS AREA VOLTAGE ANGLE MW CMVAR MW MVAR My MVAR  MVAR CKT  To Bus MW MVAR
0 5 4Ky 15 -e28 ~s18
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YERT CLIFFS NUCLEAP POWER PLANT

TERMINRL VOLTAGE AT SKFETY FRELATED EGUIPMENT-CASEZ S

CEFNT NO % VOLT AT EQPT
AT STARTING

1ARLO? 88 8748
I8RL108 88 6224
1ARl110 €8 6176
1AL 04 BB 6463
1AR105 8 4227
IARel2 88 2427
IWR109 €8 €3SS
MLELES! 88 6441
1RR407 83 €39S
LnR408 88 5629
IWAL10 88 6176
tAR404 83 533¢
iMR40S 88 4eb6
LMR412 88 2427
1nR409 88 6430
L ELRE 88 6441
INOVS09 83 0447
1NvsSos 85 0389
IA1408 B3 3456
L1HCY4579 B4 9015
LMC74144 84 1190
INCYES9 4 8714
1NCvel17 B84 7812
1Neve27? 84 7812
INCYe3? 84 8393
IMOVoe? 84 9485
1mQv2089 83 0402
INCYe1S 84 3138
LNCYE29 4 21%5¢
1407656 4 6585
1n1402 B4 6727
LNOY4S1s B4 4838
INCVYel4 84 29i¢
iM0v¥e2s B4 7874
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iMuvsSo] 85 0309
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INB106 82 2617
IMBlOB 84 9573
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I1REL121 4 43509
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im0231 82 4627
IMCVS14 €% 18515
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1RCvS5463 €S 0551
< AC74145 B4 481!
INCY660 83 0343

iNCY833 84 5208
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360
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460 .

460
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4690
469
460
369
360
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460
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460
460
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400
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360
460

EGPT NOMW VOLT
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0000
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0000
0000
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0000
0000
2000
0900
9300
0000
00090
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0000
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0000
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0000
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0000
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0000
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646890
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66358
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eTe2
4098
938
s78’
6787

8304

480.

460

460
460

460
460
460
460
460

460

460
360
460

460 .
460
460

460
460
460

460
460 .

460

%000
0009
0000
0000
0000
0209
0Co¢
0Q0¢
00090
0900
0co00
2000
0G00
o0 e
0000
0000
0000
0¢o00
04900
0000
0000
000¢

~N
SO



®©@ 5 e & ¢

CONMPONENT

‘N0
iNO3 '}
INO4 2
IMO40s
iNO40¢
IN14902
iN1 404
1Nl 406
INR Ll 04
iNAL10S
INRLO7
{NRLINE
‘NG 10e
INRLILO
i1NRAL LD
INAGOS
1MA40S
I1NR4C?
IMA4S
18" 409
LTS
iNR4 L
iNR4 12
I1NR412
I1NBL O}
iNB102
‘NB10OS
MB1 06
HB1os
iNB1 19O
INBL 14
I1NB11S
IMBI L6
INB! 18
iNBLLI?
iInBl 18
I1NB1 2!
I1MB1 21
INB40L
1MB402
iMB402
INB404
1ME404
iNBaos
LME406
iNE419
tNEB4LY
i1NB4 13
INE41S
I1NE4L7
INE4 18

DESCRIPTION

CNTNNT PURGCE ALIR SUP FaN

CHRTNNT PUPRGE ®IR EXH FAN

PEW. .RATION RN EXH FAN 12

€% AIR CONPRESSOR 12

sO0RIC ARCID PUMP 12

PENETRATION RM EXH FAN 11

SU AIR CONPRFSSOR 11

BORIC ACID PUNP 11

LPSI PUMP 11

SALT WATER PUNP 11

CNTHNNT SPRAY PUMP 11

HPS1 FURP {1

SEXVICE WATER PUHMP 11

HPSI PUMP 13

HPS! PUNP 13

LPSI PUNP 12

SALT WATER PUMP 12

CNTHNNT SPRAY PUNP 12

HPS! PUNP (2

SERVICE WATER PUNP 12

SEFVYICE YATER PUNP 13

SERVYICE WATER PUNP 13

SALT BATER PUNP 13

SALT WATER PUNP 13

CAYITY COCLING FAN 11

CNTMNT COOLING FAN 11

CNTNNT FILTER 11}

COMPONENT COOLING PUNP 11

CONTROL RM A/C COMPRESSOR

SUGR RM A/C CONPRESSOR 11

CHTMNT COOLING FAN 12

CHRRGING PUNP 11

COMPONENT COOLING PUNP 1

TMPONENT COOLING PUNP 1
IH PLANT EXZHAUST FaN |
TRUMENT AIR COMPRESSO

L ATHNT FILTER 13

CHTNNT FILTER 13

CAYITY COOLING FAN 12

CNTMNT COUGOLING FaN 13

PLANT RIR COXPRESSOR {1

CHARRGING PUNP 13

CHARGING PUNP 13
CNTHNT FILTER 12

TOMPONENT COOLING PUNMP 12
SUGR FEM A/C CONPRESSOR 12
FUEL POCL COOLING PUNP 11
CHTHANT COCLIMGC FAN 14
CHRAEGING PUNP 12

Mall PLANT EXHAUST FAaN 12
INSTRUMENT RIR CONPRESSOR

3
3
{
R

i1
11

i1

11

12




COMPONENMT NURBER

1MOvV2080
INOV41 44
INOVa14s
IN2Vas16
1NOV4S1?
I1NOvVsot
INOY308
IN0YS09
I1NOYSL4
IN0Y3S230
iNOV3231
IN0VS4eel
iMLYS3462
IMOY61 4
IM0Ye1LS
1N0Vele
iNOVeL?7?
IM0Y624
I1M0Ve2S
1NOV626
InDYe27
INOY634e
INOY63S
iMOYe3e
LMOVYe37
INOV644
INOVG6esS
INOVY64e
iM0VYe4?
1MOVe3Se
iN0YeS?9
I1N0VeS9
I1N0Y660

DESCRIPTION

INSTR 2IR CNYMNT ISOL

CHTHNNT SumMP DISCH

CNTHNT SUNP DISCH

S6C 1! FEEOLWATER ISOL 1MOV4S1é
SG 12 FEEDWATER ISOL 1mOves:17?
VYOL CONT TK DISCH MOV

BA TK 12 TO CHARG PUMP S': .
BA TK 11 TO CHARG PUNP (. ¢
BA PUMPS TO CHARG PUNP S3SU_"
S¥ TO CIRC WTR PUNP RM COULERS
SU TO CIRC WTPR PUMP RM COOLERS
CNTHNT HOBN SUMP MURT

CNTMKT NORBM SUNP MURT

SI TANK 1iR ISOL 1MOVél4

LPSI TO LOCP (14 CONT 1MOVELS
MAN HPSI TO LOOP (1A 1MOVELls
HPSI TO LOOP 11A CONT 1MOVEL1?
SI TANK 11B I350L i1MOVe24

LPSI TO LOOP 11B CONT t1MOVE2S
MAN HPS! TO LOOP 118 1MOVE26
HPS! TO LOOP 118 CONT 1MOVE27
S1 TANK 12RA I1SOL 1MOVElse

LPSI TO LOOP (2R CONT 1MOYElS
MAN HPSI TO LOOP 12A 1MOVEele
HPSI TO LOOP 12A CONT 1MOV&3?
SI TANK 128 IS0L 1MOVe4s

LPSI TO LOCP 128 CONT 1MOV64S
MAN HPSI TO LCOP 12B 1mOvess
HPSI TO LOOP 128 CONT 1MOVE4?
RAHUARL HPSI HDR ISOL 1MOVESe
CHTHNT ISOL

CS & SI PUMPS RECIRC

€S & S! PUNPS RECIRC



