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Omaha Public Power District
1623 Harmey Omaha, Nebraska 62102
402/536-4000

December 19, 1983
LI1C-83-305

Mr. James R. Miller, Chief

U.S. Nuclear Regulatory Commission
Ccfice of Nuclear Reactor Regulation
Division of Licensing

Operating Reactors Branch No. 3
Washington, D.C. 20555

Reference: Docket No. 50-285

Dear Mr. Miller:

Adequacy of Station Electrical Distribution
System Voltages at the Fort Calhoun Station
Unit No. 1

The Commission's letter to the Omaha Public Power District dated October 20,
1983, formalized the latest request for additional information on the sub-
ject issue. The following responses are labeled by the number of the re-

quest.

s The attached two tables (Attachments 1 and 2) teaether with the fol-
lowing discussion provide the Listrict's response to the first request

for additional informatior.

The two tables contain analyzed voltage values which have been revised
using more realistic loading rather than the more conservative loading
which has been used in earlier analyses. These loading figures are
hased on a load survey which was conducted this past year (see Attach-
ment 3) and also on the manufacturer's specifications of pump loading
requirements under various operating conditions (see Attachment 4),
Specifically, the condensate and feedwater pumps which when operating
in the recirculating mode, as they would be during accident conci-
tions, require 70% and 63% of their motor horsepower, respectively.
Also, there is an automatic 480V load shed initiated by the accidei t
signal which was not taken into consideration by previous District
analyses. Thus, the maximum post accident loading on either of the
safequards buses would be 9.82 MW on the 1A4 side, (ti> 1A3 side ha
only 1/3 of the condensate system, thus it will always be more lign ly
loaded than the 1A4 side which feeds the other 2/3, therefore, volt
ages were not analyzed for the 1A3 side). The 9.82 MW includes bus
1A2 and all loads which could be, but would not likely be, running,

i.e., worst case.

The minimum and maximum grid voltage values are determined by the Sys-
tem Operations Denartment Operating Guide 11-78 (Attachment 5). This ;
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requires that operators maintain the 161 kV level at the Fort Calhoun
substation between 163 kV (101%) and 169 kv (105%) and the 345 kV at a
minimum 351 kV with the unit cut of service. As discussed in the Dis-
trict's original design (see Attachment #6 of the August 28, 1978, sub-
mittal) the generator actually regulates the voltage on the 22 kV bus
when it is operating in a preset range regardiess of what Tevel the
offsite grid is at. To 1llustrate this point, a recent check with the
unit at full load showed the 345 kV at 103% and bus 1Al at 99% of 4160
v. Because the unit does reaqulate the 22 kV bus, calculations were
not done for the case whare an automatic fast transfer had occurred
seitching buses 1A3 and 1A4 from the preferred 161 kV to the 345 kV
with the unit remaining at 100% load. However, the hot shutdown oper-
ating mode would be the loading condition relevant to lower voltage on
the 345 kV grid. This loading on the 1A4 side would be 7.14 MK, in-
cluding one each: feedwater pump, condensate pump, and heater drain
pump. Operation with buses 1A3 and iA4 on the 345/22 kV system with
the unit at power is done only on very rare occasions, however, the
District will take steps, via cperating procedure, to assure that the
bus voltage does not exceed 4400 volts (110% of 4000 volt rated
motors). This will be satisfactory; the plant does have direct con-
trol of the 22 %V bus voltage via the generator exciter control.

Also, in order to substantiate these maintained values, the actual 161
kV and 345 kV levels have been recorded beginning September 30, 1983,
to the present at approximately 8-hour intervals. The lowest recorded
voltages have been 164.3 kV and 347.0 kV (102.0% and 100.6%, respect-
ively) and the highest voltages were 170.9 kV and 358.8 kV {106.2% and
104%, respectively), while the average values were approximately 168
kV and 352 kV. These minimum and maximum grid values are well within
the safe operating range for the Class 1E motors at the Fort Calhoun
Station which is quaranteed by motor manufacturers to be 90 to 110% of
nameplate voltage. As shown in Attachment i, the minimum analyzed
grid voltage of 101.1% of 161 kV provides 96.6% of nameplate voltage
(460v) at the motor teminals (worst case). This 101.1% of 161 kV is
the analyzed minimum expected grid voltage (ref.: the District submit-
tal of August 30, 1983), while the minimum allowable ac per Operating
Guide 11-78 is actually slightly higher at 163 kV or 101.2% (sce
Attachment 5).

Calculations were not done for the steady-state maximum case simply be-
cause it was obvious that the maximum expected 161 kV grid level would
have to be in the range of 113 to 114% to cause a 110% motor terminal
voltage, and the maximum voltage analyzed on the grid is only 105.1%,
while the maximum recorded is only 106.2%. The maximum analyzed is
lower than the maximum recorded for the same reason that the minimum
analyzed is lower than the minimum recorded; because the voltage drop
parameters used in the calculations are worst case and thus more con-
servative than the real world operating conditions. This consistency
points out the validity of the model used for calculating the grid
voltages, i.e., the analyzed values are consistently in the range of
1% lower at both extremes, both minimum and maximum.

The minimum transient voltage values, as per the subject telephone con-
ferences of September 26, 29 and October 6, 1983, were .2 be calcu-



Mr. James R. Miller December 19, 1983
Page Three

lated based on the inadvertent starting of a larne non-Class 1E load
during accident conditions to determine if it would actuate the acci-
dent undervoltage (0.P.L.S.) relays, thereby automatically transfer-
ring the Class 1E buses to diesel-generator supply. The analysis
determined that the starting of either a reactor coolant pump or a
feedwater pump (both highly improbable occurrences during an accident)
would cause a transient both low enough (83% voltage) and long enough
(15 sec. in the case of the reactor coolant pump) to actuate the
0.P.L.S. relays. The 0.P.L.S. relay trip setpoint on bus 1A4 is
£9.97% voltage for 5 seconds. At the end of the 15 second motor start
transient (RC-3D) the bus voltage would recover to 93.4% and the
0.¥.L.S. relays would reset at 90.9%, according to the manufacturer's
specifications, allowing the transfer back to the 161 kV grid.

In the District's submittal of August 31, 1281, the results of scme
transient starting tests were compared to the corresponding analyti-
cally derived values. The District believes that this comparison
showed the validity of the analytical mode! that has been used consis-
tently since the original undervoltage study submitted on August 28,
1978. The important parameter to compare is the consistency of the
difference between the calculated values and the tested values, and as
discussed in the August 31, 1981, submittal this difference was consis-
tent. The magnitude of this difference is a function of the selection
of the input parameters and thus is not as important. For example,
the conservative bus loading values used in the calculations of the
August 28, 1978, submittal and all other earlier submittals, accounted
for a comparative difference as large as 3.8%, however, the consisten
cy of this difference variad by only 0.3%, down to 3.5%. Therefore,
the actual voltage drop model is accurate and the District does not
believe that any further testing is necessary.

The taps on transformers T1A-3 and T1A-4 are on 161 kV ard this is
what has been used in the analysis.

1

Sec Nuestion #1, and Attachments #1 and #2.

In closing, the following 1ist of District submittals to the Commission is
orovided so that the Commission may verify that they are all available for
reference in the Commission's file on the adequacy of Fort Calhoun Station
distribution system voltages. It has been brought to the District's atten-
tion in correspndence over the last 3 or 4 Commission requests for addition-
al information, that due to personnel changes the Commission may not have
reviewed past information which has been provided by the District. If any
of these submittals are not in the Commission's files, the Commission is
requested to notify the District so that copies may be sent

September 17, 1976, to Georage E. Lear, ONRR

Auqust 28, 1978, to Robert W. Reid, ONRR via H. H. Voigt of LeBoe
Lamb, Leiby and MacRae

May 13, 1981, to Robert A. Clark, ONRR

N

March 19, 1982, to Robert A. Clark, ONRR
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§. May 21, 1982, to Robert A. Clark, ONRR

6. December 1, 1982, to Robert A. Clark, ONRR

April 22, 1983, to R. A. Clark, ONRR

8. August 30, 1983, to R. A. Clark, ONRR

Sincerely,

Division Manager
Production Operations
WCJ/DIM/ rh-%
Attachments
cc: LeBoeuf, Lamb, Leiby & MacRae
1333 New Hampshire Avenue, N.W.
Washington, D.C. 20036
Mr. E. G. Tourigny, NRC Project Manager

Mr. L. A. Yandell, Senior NRC Resident Inspector



Attachment 1
Worst Case Analyzed Voltages
With the Plant Distribution System Supplied by the 161 kV arid

Plant Conditions: Post Accident Operation,

Plant Conditions: Normal Operation
A1l Class 1E Loads Operating

With Unit at 100% Load

Transient Minimum | Steady-State Minimum After

Steady-State ‘ Steady-~State
Maximum

|

Minimum | Due to Large Motor Start! Large Motor Start Transient

——

|
l

See Note ! See Note
|

. -
96.2 - 83 | 93.4
50v ) ‘ e (9.25 MW Load on Bus (Start RC~3D with 1(9C,9% 15 required for reset
| 7.82 MW Load on Bus) | of undervoltage relays)

Terminals of
Class 1E Load
(2 of 4160v)

See Note

See Note

l
Terminals of
Class 1E Load
(2 of 460v name-~
plate voltage

ratinag)
ating

— ————————————————— e——

See the discussion of the applicable question fer explanation of why these calculations were not performed.
1 F ) |




Attachment 2

Worst Case Analyzed Voltages
With the Plant Distribution System Supplied by the 345 kV Grid

Plant Conditions: Normal Operation Plant Conditions: Post Accident Operation,
With Unit at 1002 Load A11 Class 1E Loads Operating
Steady-State Steady-State Transient Minimum Steady-State Minimun After
Max i mum Minimum Due to Large Motor Start | Large Motor Start Transient
(Observed) (Observed)
Offsite
Grid 104 100.6 See Note See Note
{% of 345 kV)
Bus 1A4 85.9
(%2 of 4160v) See Note See Note (Start RC-3D with 92.8
7.14 MW Load on Bus)

Terminals of

Class 1E Load See MNote See Note See Mote 92.7

(%2 of 4160v)

Bus 1B4A
(2 of 480v) See Note See Note See Note 9].4

Terminals of
Class 1E Load See Note See Note See Note 94.8

* of 460v name-
plate voltage
rating

NOTE: See the discussion of the applicable question for explanation of why these calculations were not performed.




T1Al Feeding

T1AZ Feeding

T1A3 Feeding

T1A4 Feeding
Alignment 1 is considered worst s» loading on the
shown at its lightest loading.

Alignment 2 is the lightest loading on the 16

Alignments 1 and 2 are given assuming all equipment is running necessary
for 100% power operation of the generator.

Actual data taken with the unit at 100% load
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Alignment 2

Bus Major Loads
1Al RC-3A - 2 MW
FW-2A - 1,62 MW
FW-4A - 2.84 MW
FW-5A - .49 MW
CW-1A - 1 MW
1A2 RC-38 - 2MW
FW-28B - 1.62 MW
FW-4B - 2.84 MW
FW-5B - .49 MW
CW-18 - 1 MW
1A3 RC-3C - 2 MW
Misc. - 1.3 MW
1A4 kC-3D - 2 MW
FW-2C - 0
FW-4C - 0
FW-5C - 0
CW-1C - 1 MW
Misc, - 1.3 MW
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Fort Cathoun _.ation Unit No. OV -10-. .0-2

Operating Pr uc(_dmc Ho. ]Q E "‘U[
Avnuncialor _a_ 106 k.
Punel Cn-20 ‘)
Trip Set Poiut JAN] 8 1979 Tech. Spec.
Vindow __Alavm Device (Reset) Corrective Action Reference
A-1 Tronstormer T1A1 Contact operu- | Level low Mark| Auto: Alarm 2.
Uil Level low tion of gauge | on gauge Follow-up-Check for oil
contacts Temp. 90°C, lesk and cxcessive
0il leuk or
cooler/fun
/,_ - V"—\/’V‘\/’ mal function
sv—v—\/\
A-2 Tru stormer T1i-1 Secondary 2(-1X 3115 volts Auto: Alarm -1
Low Voltuge 1A1-13 Follow-up-Check generator
and or 345 KV voltage for
2[(-2X 3125 volts malfunction. If unable
1A1-13 to clear alarm, transter
or bus power to 161 KV systex.g
, 27-Th L003 volts if voltage below 3114V.
( TIAL
A= 4 Trans rormer 1'1 A=) Contuct opera- |Transformer Auto: Alarm
hi6oV Bus Grounded Lion on ground | fault or 1604 F? low=-up=Locate grounded e
Fanlt relay equipment component with fault
6hX/1A1-B rfault. locator and de-energize
it plant coaditions allow
Contact electlrical
maintenance.
h-h v Vol t Bus Teans Contuct from 22KV system Notify: 906 &
To UV Blocked synch=check out ol’ synch Electrical Maint,

reluy 29%-1/G1
ar under-freq.

reluy 81/G)

with l10IKV or
gen. I'req.
YUl .

Check: Relays/IFFlags
Notity: System Protection
ror check prior Lo resettipy
any rlugs/reluys. Do not

I — u

_perlorm any hot ,Qzua-tn'ullazlt.fa‘ai ,
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Foirt Calhoun Station Unit No. 1

Cperating i'r('»co.:«hn'u Ho. 10 "”*‘:" $
Aununciutor A-1 . n - OP-10-AV(-£
Panel CB-20 B . g
| I
Trip Sel Point RO Teeh, Spae.
Mindes Alarm } Device (Ileset) vorrective Action Heference
| |
‘ b-6 Diesel Breaker Contact opera- Breaker FEwer- | Auto: Alarm 2.7
i 1ADL Tripped tion in breaker| gency Control : If lockout relay
: 1AD1 Switeh in the 86/p1 operates, D2 ‘
| "Prip" posi- will start. load ¢
| tion, control shed of Bus 1A3 if '
| switch on no other power
: CB-20 in the supply on bus.
: “prip" posi- | Follow-up-lnvestigute
tion, lock reason for trip and trans-
relauy 86/M1 fer emergency loads to
{ provided Bus 1Ak insuring D-2 it

i Lreaker pro- | Operating does not exceed
! tection over- | ©verload rating.

I ride is not i
: eflect, or
i diesel DI

w""*‘“\\/__—\\/-—' e shutdown.

LBOV Bus 1B3A, 1B3B and 1B3C \155;—- Auto: Alarm

27-1X

Low Vol lage 1B3A Verify if valid alarm; if
and
27-2X

50, check for transformer
malfunction and inform
Electrical Maintenance.

‘:

and ]
27-2X
1B3B
or
\ 27-1X
1B3C ////
and :
o

R{ 3-1 71

.




i N N
0P-10-A18-1
Fort Calhoun Station Unit Ho
Operating Procedure lNo.
Annunciator __ A-18 Zi :
a
, Panel CB-20 G
mz 1983
SWGR Room L8OV Bus Fire Sprink-’ Li16ov Trans T1A-L } Trans T1A-W{/Trans T1A-A
L{VAC Al-187 | 1B4A, 1BMB ler Diesel | Bus 1A2-1Ak 4160V Bus Secondary il Level
Trouble and 1BLC Rm=-2 Actuat | Transfer Ground Low Voltagel/lo 0il Temp
. Ground ed Off Auto ii
3 A~1 f\ A-2 A-3 A-k A-5 A-6) _—_ A-T ( i A-5 A-9
: e S e” iy
LE0V Bus thV Bus 7] Diesel Bkr.| 4160V Bus 2}\20‘1’;?‘?25 L160v Bus> L160V Bus | Trans TI1A-h
I B3A-LA Bus{ 1EBLA, 1BLB \ 1AD2 1A2-1AH v DC Tx'-ans Bus 1Ak | 1AL Traons Winding
Tie Bkr. & 1BLC Tow | Trip 125V DC fer Sw Emen| Iow Voltage ] Feeder Bkriy Tewmp Hi
Off Normal | Voltage j Transter S suppl orf < Auto Trip
Off No orma

B- 1 B-2 B-3 B~ rfad B-£, B-7| B-8 B-9
- - -
LBOV Bus S Diesel D2 OPLS Lock | Bkr. 1ALk Bkr. 1AL2 Trans T1A-)| Trans T1A-k
1B3B-LB l3us Overload Out Relay Auto Trip Auto Trip Gas Press. | Pressure
Tie DBreaker Test Switcl Relief Kelay Oper
Off Normul Open Chan-

' : nel B

=1 C=2 C-3 Cc-h C-5 c-6 =7 c-8 C-9
LBOV Bus Trans. Diesel D2 Bus 1Al Bkr. 1ALL | Bkr. 1AL2 Trans T1A-!
1 B3C-LC T1B-hA/LB/ Lockout re-|} Lockout re- Lockout re-| Lockout re-| Lockout re-
Bus Tie LC Winding lay Oper lay Oper lay Oper lay Oper lay Oper
Bresker OFf] Temp Hi 86/D2 B6/1AM-TFB | 86/1Ak4N 86/1ak2 B6/T1 AL
“.)I'm.,x 1

[y p-2 | D=3 D-4 D-5 D-£d D-7 p-8 D=9 _

R4 4-2-83
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| RRTITER _CB-20 i

PTesh. Upec.
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Auto: Alarm 2.7
Follow-up: Verify if
alarm valid. Transfer
power supply if power
supply has malfunctioned.

Trip
- —Device
—*:7‘64&1“\\/ ’\V— ~7

4160 V Bus 1Ak Low Voltage

1A

4160V Bus 1Ak

Aut ) Trip

Transformer Feeder Breakers

Contact opera-
tion of CB-20
control switch
and breaker
position.

CB-20 Control
switch in the
after close
position and
the breaker
open ror the
fellowing
breakers:

Alarm

Trips 4BOV trans-

former secondary

breaker and assoc-

iated island bus
tie.

Follow-up-Close bus tie
breakers to feed the

island and 480V bus from
Bus 1A3, after insuring

the trip was not a fault
on the bus.

T1B-hA,
T1B-LB,
T1B-4C, and
T1C-hA,
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