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L PDR R ORB#1 Rdg
Mr. E. E. Utley, Executive Vice President DEisenhut OELD
Power Supply and Engineering & Construction NSIC Edordan
Carolina Power and Light Company JTaylor ACRS (10)
Post Office Box 1551 GRequa CParrish

Raleigh, North Carolina 27602 Gray File RDudle

JAN 79 1984
Dear Mr. Utley:

SUBJECT: ADEQUACY OF STATION ELECTRIC DISTRIBUTION VOLTAGE

Carolina Power and Light (CP&L) was requested by NRC letter dated August 8,
1979 to review the subject matter. The review was to consist of:

a) Determining and analytically the capacity and capability of the
offsite power system and onsite distribution system to automatically
start, as well as operate, all required loads within their required
voltage ratings in the event of 1) an anticipated transient, or 2)
an accident (such as LOCA) without manual shedding of any electic
loads. '

b) Determining if there are any events or conditions which could result
in the simultaneous or, consequential loss of both required circuits
from the offsite network to the onsite electric distribution system
and thus violating the requirements of GDC 17.

CP&L responded by letters dated October 5, 1979, July 23, 1980, October 14, ‘
1982 and March 23, 1983. We have requested our contractor, Lawrence
Livermore Laboratory (LLL)}to review these submittals.

We concur with LLL findings that additional information is required before
we can conclude that the electrical distribution systems at H. B. Robinson
Unit No. 2 are adequate to maintain the voltage within the design 1imits of
the required Class 1E equipment. Attached is a copy of our draft Safety
Evaluation on this subject.

Please provide additional information as required to resolve the four open
items identified on pages 5 and 6 of the draft Safety Evaluation within

45 days of the date of receipt of this letter, and a schedule for providing
the verification testing data described in open item (4) page 6.

cc: See next page ‘
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The reporting and/or recordkéep1ng requirements contained in this letter
affect fewer than ten respondents, therefore, OMB clearance is not required

under P. L. 96-511.
ORLGINAL SIGNED BY

Steven A. Varga, Chief
Operating Reactors Branch #1
Division of Licensing

Enclosure:
As stated

cc: See next page
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Mr. E. E. Utley, Executive Vice President
Power Supply and Engineering & Construction:
Carolina Power and Light Company

Post Office Box 1551 .

Raleigh, North Carolina 27602

Dear Mr. Utley:
SUBJECT: ADEQUACY OF STATICN ELECTRIC DISTRIBUTICN VOLTAGE

Carolina Power and Lfght (CP&L) was requested by NRC letter dated August 8,

1979 to review the subject matter. The review was to consist of:

a) Determining and analytically the-capacity and capability of the--
offsite power system and onsite distribution system to automat1ca11y
start, as well as operate, all required loads within their required

voltage ratings in the event of 1) an anticipated transient, or 2)
~an accident (such as LOCA) without manual shedding of any electic
Toads. : : -

b) Determining if there are any events or conditions which could result
-~ in the simultaneous or, consequential. loss of both recuired circuits
from the offsite network to the onsite electric distribution system

and thus violating :the requirements of GDC 17.

CP&L responded by letters dated October 5, 1979, Ju]y 23, 1980, October 14,
1982 and March 23, 1983. We have requested our contractor, Lawrence
Livermore Laboratory (LLL) to review these submittals.

- We concur with LLL findings that additional information is reauired before
we can conclude that the electrical distribution systems at H. B. Robinson.
~Unit No. 2 are adequate to maintain the voltage within the design limits of
the required.Class ‘1E equipment. Attached is a copy of our draft Safety
Evaluation on this subJect '

P]ease provide additional information as required to resolve the four open
items identified on pages 5 and 6 of the draft Safety Evaluation within

- 45 days of the date of receipt of this letter, and a schedule for prov1d1ng
the verification testing data described in open item (4) page 6.




Mr. E. E. Utley

The reporting and/or recordkeeping requirements contained -in this letter
affect fewer than ten respondents; thererore, OMB 1eapance is not required

under P. L. 96- 511.

Enclosure:
As stated

cc: See next page -
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Mr.

E. E. Utley

Carolina Power and Light Company-~

cc:

G. F. Trowbridge, Esquire.
Shaw, Pittman, Potts and Trowbridge
1800 M Street, N.W.

, Washington, DC 20036

Regional Radiation Representat1ve
EPA Regiona IV

345 Courtland Street, N.E.
Atlanta, GA- 30308

Mr. McCuen Morrell, Chairman

Darlington County Board of Supervisors’

County Courthouse
Darlington, South Carolina 29535

State Clearinghouse
Division of Policy Development
116 West Jones Street =

_ Raleigh, North Carolina 27603

Attorney General

Department of Justice

Justice Building

Raleigh, North Car011na 27602

U.S. Nuclear Regulatory Commission
Resident Inspector's Office .

-H. B. Robinson Steam Electric Plant
Route.5, Box 266-1A

Hartsville, South Carolina 29550

James P. 0'Reilly

. Regional Administrator - Region II

U.S. Nuclear Regulatory Commission
101 Marietta Street :
At]anta, GA 30303

Mr. R. Morgan

General Manager

H. B. Robinson Steam E]ectr1c Plant
Post Office Box 790

Hartsville, South Carolina 29550

H. B. Robinson Steam Eiectric
P]ant_Z
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DRAFT

SAFETY EVALUATION
H.B. ROBINSON STEAM .ELECTRIC PLANT, UNIT NO. 2
DOCKET NO. 50-261
ADEQUACY OF STATION ELECTRIC DISTRIBUTION SYSTEM VOLTAGES

INTRODUCTION AND SUMMARY

Carolina Power and Light Company (CP&L) was. requested by-NRC Tetter dated
August: 8, 1979 to review the electric power system at H,B. Robinson,,Unit 
No. 2.. The reView was: to consist of: _ -
a) Determining analytically the capacity and capability of the offsifé
power system and ohsiterdistribution system to automatﬁca]]y start
as well as operate all required 1oads within their required voltage

ratings in the event of 1) an anticipated transient, or 2) an accident

(such as. LOCA) without manual shedding of any e]ectr1cal Toads.

b} Determining if there-are any events or conditions which could }esu1t
in the simultaneous or, consequential loss of both required circuits
from the offsite network to the onsite electric distribution system

and‘fhuS'violating the: requirements of GDC 17.

" The August 8, 1979 letter included staff guidelines for pérforming the required
vb]tage analysis and the 1icen$ee was further required to perform a test in order
to verify thé-valfdity of the analytical resu]té. CP&L fesponded by letters
dated October 5, 1979, July 23; 1980, October 14, 1982 and March 23, 1983.

A deta11ed review and technical evaluation of the submittals was performed by
LLL under contract to the NRC, with general superv1s1on by NRC staff This
~work is reported by LLL in Technical Evaluation Report (TER), "Adequacy of

Station Electric Distribution System Voltagés For The H.B. Robinson Steam




 Aguide1ines in NRC lettér to CP&L dated August 8, 1979.

terminal voltages were within the equipment design ratings. However, the cases

f.;'1ec':tr1‘c ‘Plant,. Unit 2,"™ Qed July, 1983 (attachéd).‘, .

we'haQe revfewed_this report and concur in théfconclusion that additional
infdrmationiis required to-cgmpTeté the evaluation of the adequacy‘of the
station electric distribution systems to maintain the voltage within the
design limits of the required Cléss 1E equipment for wast case station

electric load and grid vo]tage.

EVALUATION CRITERIA

The criteria used by LLL in this technical evalution of fhe,ana]ysiS'inc1udes

~@GDC 13 ("Instrumentation and. Control")}, GDC 17 ("Electric PoWer'Systems“) of

Appéndix A fo 10 CFR 50; IEEE Standard 308-1974 ("Class 1E Power Systems for
Nuclear Power Generating Stations"), ANSI C84.1-1977 ("Voltage Ratings for

Electric Power Systems and Equipment - 60 Hz"), and the staff positions and B

ANALYSIS AND TEST FEATURES

Initially CP&L;anaIyzed the1aaequacy of the plant's onsite distribution based |

on the postulated extremes,of grid'Vo1tage ranée from 0.95 pu to 1.0§apu.. The

initial results of the anafysis showed that in most cases the worstvcase

where- the vo]tége was.marginal were Feana1yzéd-by Qéing an actual grid voltage

schedule (0.97 -1.01 pu) aé maintained by the system control center. The

fo110wing is a list of the major assumptions used for the analysis: .

(1) Design brake hofsepower (BHP) wa§ used for the 1érge and medium sized
motors (approximately 10%‘greafer'than the recorded running load). The

data is taken from the FSAR and manufacturer~speed-torque curves.

start o
LRA/FLA = 6.5 was used where actual data was not available.

(2) Nameplate horsepower, Pffﬁﬁ = 0.88, Pf = 0,20, eff = 0.92 and

.



(3)

(4)

(5)

(6)

(7)

o o ®

Motor cable feeder size and length used from breaker coordination study.

Transformer nameplate data with assumed X/R ratios. The assumed ratios
were based on NEMA and ANSI standards and actual compiled Westinghouse

transformer data.
MCC starter data from manufacturer,

Safety injection loads per FSAR..

Power'factor’used.atLBHP extrapolated.ffom'typical motor characteristic

curves.

The worst case Class 1E equipment terminal voltages accur under the following

conditions:

(1)

(2)

(3)

.The'maximpm steadyestate:voltaéghocéﬂkgiwhéa'therd¥%site;grid.is at its

maximum expected voltage of 1.06 pu of'the 115 Kv nominal with the plant

in a cold shutdown mode.. A1l buses are lightly loaded.

fhe minimum steady-state voltage shows when the plant is operating at

100% and a LOCA occurs.. AlTl electrical loads required to support this_

‘mode being’ supplied power from the startup transformer via the 115 Kv

system while the 115 Kv system maintains a minimum operating voltage
of 0.97 pu. This is to show realistic system voltage profiles based

onithe*voltage schedules maintained by the system control center.

The minimum transient voltage occurs when the p]anf'is operating at

100% power and a unit trip occurs. The offsite 115 Kv system is at

0.95 pu and a reactor coolant pump is being started.
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The analysis. submitted Femonstrated that the offsite source (voltage schedule
of'0.97 pu.tb 1.01 pu) and the onsite distribution system has the capacity and.
capability to start and operate the €lass IE equipment within their voltage
'design rating under wd?st case conditions. However as for the extremes of

the grid vo]taées (0.95 pu to 1.06»pu) assumed in the analysis, this was

shown to be marginal equipment. voltages. To ensure the above grid voltage
“shedule is maintained the licensee has committed to install undervoltage and
overvo]tage'MOhitors:on the offsite 115 Kv system so that appropriate corrective

action can be taken upon receiving an alarm.

CP&L4verifiéd:their-anaiytica1 results by performing tests. The power source

for the test was the startup transformer 1oaded_to a minimum 6f 40% and |
the unit at 50% reactor powér. The verification test results indicated a

maximum percentage error for steady state conditions of + 1.1% and - 2.69% for

_ ttanSienthonditions at:théf480-Volt class IE buses. A negati&é»percentage

error indicates that tﬁe;measﬁred values were higher than the calculated valués.
Nevertheless these percentage errpré are within the-accuracy réquirement‘outlined |

in the staff pdsitioh and are acceptable..

CONCLUS IONS | B | . o
We have reviewed the LLL TechnicaT‘Evaluaiion Report and concur in %he'findings

that: | . | |

(1) " CPSL has provided verified vo]tage analysis to demonstrate that Class 1E

equipment voltage will remain within acceptable operating 1imits for the

worst case conditions analyzed.

(2) The test used to verify the analysis was valid and showed the analysis

- to be acceptable.
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(3) : Spurious tripping fr&the: offsite sources will not aur under worst case
' cpnditions;. Spurious tripping is prevented during the starting of the
. reactor coolant pump by manual]y bypassing/reinstating the degraded grid

protection scheme.

(4) For the maintained voltage schedule of 1.01 pu, the Class 1E equipment's
maximum grid Voftage design 1imit will not be exceeded under maximum grid

voTtage (minimum plant load) conditions.

(5) No eveﬁt or condition will resultxin-the;simu]taneous or consequential
1055:of’both'required circuits to the onsite dfstribution'system (cémp1iance
with GDC 17). However, there will be a time delay of 16 to 24 hours if a loss
_of the immediate aécess offsite power supply occurs. During this contin- |
gency,;the plant safety reiated equipment will be supplied by the emergency |
.&;ééels;W“fherefare-two such diesels, in addition, a third diesel dedicated

to shutdown has been provided.

The following information is'stilj required to be submitted by the licensee:
(1) The setpoints for the overvoltage and undervoltage monitors on the 115 Ky

system and the corrective actions to. be-taken upon receiving an alarm.

(2) Update the plants FSAR and‘incdrporate Timiting Conditidns for 6perati6n'
in the Technical Specifications on the use of backfeeding through the
‘main/unit auxiliary transformer to the Class 1E buses. It should also

include any administrative controls.

(3) Include in the design modification for the bypassing/reinstatement of
| the degraded grid protection scheme during RCP starting, a failure-to-

reinstate alarm or provide for automatic bypassing/reinstatement.




(4) Results. of the in-plant tests for verifying the acceleration times

of the starting loads used in the voltage profile analyses.

After resolution of the above items, PSB will_issue a supplement to this

evaluation report,
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TECHNICAL EVALUATION REPORT ON THE
ADEQUACY OF STATION ELECTRIC DISTRIBUTION

_ . SYSTEM VOLTAGES FOR THE
H.. B.. ROBINSON STEAM ELECTRIC'PLANT, UNIT 2

(Docke: No. 50-261)

James C. Selan

July 22, 1983

This is an informal report intended primarily for internal or limited extemal distribution.
The opinions and conclusions stated are those of the author and may or may not be those
of the Laboratory. '

This w;)rk was supported by the United States Nuclear Regulatory Commission under
2 Memorandum of Understanding with the United States Department of Energy.

NRC FIN No. A-0250




ABSTRACT

This report documents the technical evaluation of the adequacy
of the station electric distribution system voltages for the H. B. Robinson
Steam Electric Plant, Unit 2. The evaluation is to determine if the onsite
distribution system in conjunction with the offsite power sources has suffi-’
cient capacity to automatically start and operate all Class 1lE loads within
the equipment voltage ratings under certain conditions established by the
Nuclear Regulatory Commission..

, The:analysesAsubmitted.demonstrated‘that the station's. electric
distribution system will supply adequate voltage to the Class. lE equipment
for the worst—case conditions analyzed.

FOREWORD

This report is supplied as part of the Selected Operating Reactor
Issues Program 11 being conducted for the U. S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation, Division of Licensing, by Lawrence
Livermore National Laboratory.. t

The U. S. Nuclear Regulatory Commission funded the work under the
authorization entitled "Selected Operating Reactor Issues Program II,”
B&R 20 19 10 11 1, FIN A-0250.
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TECHNICAL EVALUATION REPORT ON' THE
ADEQUACY OF STATION ELECTRIC
DISTRIBUTION SYSTEM VOLTAGES

FOR THE H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT 2

(Docket No. 50-261)

James C. Selan

Lawrence Livermore National Laboratory, Nevada

1.. INTRODUCTION -

) The Nuclear Regulatory Commission (NRC) by a letter dated
August 8, 1979 [Ref. 1] expanded its generic review of the adequacy of
the station electric distribution systems for all operating nuclear power-
facilities. This review is to determine i1f the onsite distribution system
~ in .conjunction with the offsite power sources has sufficient capacity and
capability to automatically start and operate all required safety loads
within the equipment voltage ratings. In addition, the NRC requested each
licensee to follow suggested guidelines and to meet certain requivements
in the analysis. These requirements. are detailed in Section 5 of this
.TepoTt..

By letters dated October 5, 1979 [Ref. 2], July 23, 980 [Ref. 3],
October 14, 1982 [Ref. 4], and March 23, 1983 [Ref. 5], Carolina Power and
. Light Company (CPsL), the licensee, submitted their analysis and conclusion
regarding the adequacy of the electrical distribution system's voltages at
H. B. Robinson Steam Electric Plant, Unit 2. LT L .

The purpose of this report is to evaluate the licensee's submittal
with respect to the NRC criteria and present,the.reviewer‘s conclusion on the
adequacy of the station electric distribution systems to maintain the voltage
within the design limits of the required Class 1E equipment for the worst case
starting ‘and load conditioms. -



2. DESIGN BASIS CRITERIA

. The design basis criteria that were applied in determining the
adequacy of station electric distribution system voltages to start and
operate all required safety loads within their required voltage ratings
are as follows: :

(1) General Design Criterion 17 (GDC 17), "Electric Power
Systems,” of Appendix A, "General Design Criteria for
Nuclear Power Plants,” in the Code of Federal Regulationms,

~Title 10, Part 50 (10 CFR 50) [Ref. 6].

(2) General Design Criterion 13 (GDC 13), "Instrumentation and
Control,” of Appendix A, "General Design Criteria for
Nuclear Power Plants,” in the Code of Federal Regulations,
Title 10, Part 50 (10 CFR 50) [Ref. 6],

(3) ANSI C84.1-1977, "Voltage Ratingslfor Electric Power Systems
and Equipment” [Ref. 7].

(4) 1IEEE Std 308-1974, "Class 1E Power Systems for Nuclear Power
Generating Stations"” [Ref. 8]. :

(5) "Guidelines for Voltage Drop Calculations," Enclosure 2, to
NRC letter dated August 8, 1979 [Ref. 1].

3. SYSTEM DESCRIPTION

An electrical one-line diagram of the distribution system for the
H. B. Robinson Steam Electric Plant, Unit 2, is shown in Figure 1. The output
of the main generator is connected to the 230 kV offsite system through a main
transformer bank (three single phase transformers). The unit auxiliary trans-
former (UAT), which is also connected to the main generator output, supplies
the majority of the auxiliary electrical system during on-line operation.
The startup transformer (SUT) No. 2 is connected to the 115 kV offsite system
which is tied to the 230 kV system by an autotransformer. The buses supplied
by the "Y" winding of SUT No. 2 are 4160-volt Bus No. 3, 480-volt Bus No. 3,
Emergency 480-volt Bus No. 2, 480-volt MCC No. 6, and 208/120 MCC No. 9.
Auxiliary power during startup, shutdown, or after a reactor trip, is supplied
by the 115 kV system.
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FIGURE 1 - H. B. ROBINSON STEAM ELECTRIC PLANT, UNIT 2
ELECTRICAL ONE-LINE DIAGRAM




An engineered safeguards signal will result in a reactor trip with

an engineered safety features (ESF) load sequence occuring. With offsite power
available, the first ESF loads will start at T=5 seconds and the last loads at
T=40 seconds. At T=60 seconds, the turbine will trip with the UAT loads trans-
ferring to the SUT. For the failure of the single SUT, power could be supplied
by placing either into service a spare SUT (minimum of 24 hours to connect) or
enable backfeeding through the main transformer bank and UAT (minimum of 16 hours
to enable). The use of the onsite sources in the interim time will be governed
by limiting conditions for operations in the plant's Technical Specifications.

A voltage schedule at the plant's switchyard is maintained at 0.97
per unit (pu) to 1.01 pu and monitored by the system's control center. Should
the voltage begin to drop, capacitor banks in the effected areas will automatically
come on—line to correct the low voltage problem.

The onsite auxiliary system consists of four 4160-volt non-Class 1E
buses and eight 480-volt buses, five of which are non-Class lE, two are emer—
gency (Class 1E), and one dedicated shutdown bus (Class 1E). The dedicated
shutdown bus can be supplied by offsite power, onsite emergency diesels, or a
dedicated diesel generator.

The Class 1E equipment is protected from sustained undervoltage
conditions by two levels of undervoltage protection schemes. The first level
scheme (loss-of-voltage) has a voltage setpoint of 328 volts + 1 volt
(68% of 480 volts) with a time delay of 0.75 + 0.25 seconds. The second level
scheme (degraded voltage) has a voltage setpoint of 412 volts + 1 volt
(86% of_ 480 volts) with a time delay of 10 seconds + 0.5 seconds.

' 4, ANALYSIS

4,1 ANALYSIS CONDITIONS

Carolina Power and Light Company analyzed the adequacy of the plant's
electrical distribution system for various plant operating scenarios. Voltage
profiles were made using computerized load flow programs. The analyses were
performed using an offsite grid voltage range from 0.95 pu to 1.06 pu which is
outside the voltage schedule maintained by system control center of 0.97 to
1.01 pu of the 115 kV nominal. In conjunction with the minimum and maximum grid
voltage, worst case plant load conditions of maximum load (accident) and minimum
load (cold shutdown) were used in the analyses. In addition to the above analysis
conditions several other assumptions were made and are as follows:

(1> Design brake horsepower (BHP) was used for the large and medium
sized motors (approximately 10% greater than the recorded running
load). The data is taken from the FSAR and manufacture speed-
torque curves.
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(2) Nameplate horsepower, Pfpyn = 0.88, Pfgeare = 0,20, eff = 0.92
and LRA/FLA = 6.5 was used where actual data was not available.

(3) Motor cable feeder size and length used from breaker coordinatiom
study.

(4) Transformer nameplate data with assumed X/R ratios. The assumed
ratios were based on NEMA and ANSI standards and actual compiled
Westinghouse transformer data.

(5) MCC starter data from manufacturer.

(6) Safety injection loads per FSAR.

(7) Power factor used at BHP extrapolated from typical motor charac—
teristic curves.:

Using the above analysis parameters and assumptions, the transient
voltage profile analysis was based on starting the largest motor on each bus;
6000 Hp on the 4 kV buses, 350 Hp on the 480-volt buses, 125 Hp on the 480-
volt MCCs and 3.9 Hp on the 208/120-volt MCCs. |
4,2 ANALYSIS RESULTS

The initial results of the analyses showed;fhat with the grid voltage

(0.95 to 1.06 pu) outside of the plant's required voltage schedule (0.97 to

1.01 pu), the worst case terminal voltages were in mosc cases within the equip~
ments  design ratings.. In those instances where the voltage was marginal, the
cases were reanalyzed with the grid voltage at 0.97 pu, a.tap change (lowered
by 2 1/2%) to 4056 volts on the station service trarsformers, actual measured
load values, and with the automatic load shedding ci the steam generator feed~
water pump (SGFP) with a LOCA signal. Also included in the reanalysis was the

- tripping (manual) of a reactor coolant pump at 30 seconds after a LOCA signal.
- Various other loads may also be tripped of f manually from 20 minutes to 30 g
. minutes following a LOCA signal [Ref. 5, p. 12]. _ .

: The worst case Class 1lE equipment terminal voltages occurl under the
following conditions. and are summarized in Table 1:

4,2.1 Overvoltage: Plant in a cold shutdown mode, offsite grid voltage
' "of 1.06 pu of the 115 kV nominal, supply power through the SUT 'Y’
winding, buses loaded to their most lightly loaded condition.

4,2.2 Undervoltage = Steady State: Plant operating at 100X power and a
LOCA occurs, all electrical loads required to support this mode
" being supplied power from the SUT via the 115 kV system, the 115 kV
system is at 0.97 of nominal, all normal loads are running with the
Class 1E loads sequencing om, station service transformers at the
4056-volt tap, actual measured load values used, and automatic trip-~
ping of the SGFP.




TABLE 1

H., B. ROBINSON STEAM ELECTRIC PLANT, UNIT 2

CLASS 1E EQUIPMENT VOLTAGE RATINGS AND ANALYZED

WORST CASE TERMINAL VOLTAGES
(in % of Equipment Nominal Voltage Rating)

Minimum

- Maximum
Rated Analyzed Rated Analyzed
Nominal : '
Voltage
Rating -  Steady Steady
Equipment (1007%) - ) State State Transients ()
Motors 460
Start ‘ 75 86,1/74.1
Operate 110 113.3 90 92.4
MOVs
Start _ - 82,5/72.0
Operate 200 110 110.0 90 89.0(b)
Starters 480 s
Pickup 84 86.7
Dropout 60,4 80.4/70.2
Operate 1:0 107.3 . 85 86.7
Starters 208/120
Pickup : 79.8 85.6 : .
Dropout 53.4 79.3/69.2
Operate 110 105.8 85 85.6
Other (¢)
Equipment

(a) The first worst case transient value represents the Class- 1E loads starting
(see Section 4.2.2) while the second value represents the worst case transient
caused by starting the 6000 Hp reactor coolant pump (see Section 4.2.3). The

(b)

(c)

Class 1E loads are sequenced on.

Duration of motor operated valve actuation is 1 minute to 4 minutes. If RCP
is tripped off at 30 seconds, steady state voltage will be 90.5%.

Fed from inverters or regulating transformers which maintains an output
voltage of 120 volts + 0.5% over an input range of 380 to 520 volts

(79% to 108%Z of 480 volts).




4.2.3 ' Undervoltage — Transient: Plant operating at 100Z power and a unit
trip occurs, all electrical loads required to support power operation
are running with the electrical loads being supplied by the SUT from
the 115 kV system, the 115 kV system is at 0.95 of nominal and the
6000 Hp reactor coolant pump is being started. ' '

4.3 ANALYSIS VERIF;CATION

Carolina Power and Light Company verified their analytical results
by performing two tests. The first test was to determine the degree of valid-
ity of the computerized. analysis. The power source for the test was the start~
~up transformer loaded with a minimum load of 40Z and the unit at 50%Z reactor
pover.. The:loading'on:the=associated.connected_buses<wasewith a: total minimum:
load. on the 4160-volt buses of 40Z. and a combined minimum total load on the
480/208/120=volt systems. of 40Z. Recording meters- were used to record the test
data. The results of the first test indicated a maximum deviation of 4.88% in
the comparison of the calculated to measured values.. Evaluation of this percen~
tage error led to the formulation of the second test which was to determine the
accuracy of the assumed power factor used in the analysis. System loading was
used as close as possible to the first test. The results of the test indicated
that the power factor was indeed lower than assumed which accounted for the
larger percentage error. Ihe new power factors were then used in the computer
model to determine: the analysis accuracy. The test verification results now
indicate a maximum percentage error for steady state conditions of +l.1% and
-2.69%. for transient conditions at the 480-volt Class 1E buses. A negative
percentage error indicates that the- measured values were higher than the calcu-
lated values. : :

Se EVALUATION

N

The NRC generic letter [Ref. 1] stated several requirements that the
plant must meet in the voltage analysis. These requirements and an evaluation
of the licensee's submittals are as follows:

(1) With the minimum expected grid voltage and maximum load condition,
each offsite source and distribution system connection must be
capable of starting and continuously operating all Class 1E equip-~
ment within the equipment's voltage ratings.

The original analyses showed that for grid voltage of 0.95 pu to
1.06 pu of nominal (outside the plant's voltage schedule), the
equipment terminal voltages were only marginal in a few cases.

The licensee submitted a reanalysis for the worst case conditions
using the voltage schedule of 0.97 pu to 1.01 pu of nominal, which
demonstrated that the offsite source connection through SUT No. 2
and the onsite distribution system has the capacity and capability
to-aqtomatically start and continuously operate the Class 1E
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(2)

(3)

equipment within their voltage design ratings under worst case
conditions. The licensee has committed to install undervoltage
monitors on the 115 kV system to alarm in the control room of a
potential low grid voltage condition [Ref. 5]. The exact setpoint
would be determined from additional studies. The licensee is
required to submit the undervoltages alarm setpoint and the proce-
dures for corrective action upon receiving the low voltage alarm.

In addition to the above analyses, the licensee is proposing to
place operating limits on the use of the backfeed feature through
the main/unit auxiliary transformers. The Class 1E buses will be
supplied by the backfeeding feature only in a cold shutdown con-
dition. The Class 1lE buses will be supplied by the diesel gene-
rators during a hot shutdown condition with the remaining station
buses supplied by backfeeding. An analysis was not required for
the cold shutdown condition since plant loading will be at a
minimum. These operating limits are required to be incorporated
in the plant's Technical Specifications.

With the maximum expected offsite grid voltage and minimum load
condition, each offsite source and distribution system connection
must be capable of continuously operating the required Class 1E
equipment without exceedin; the equipment's voltage ratings.

The analysis submitted demonstrated that under the worst case
condition of minimum load/maximum grid voltage that a potential

“overvoltage of approximately 3% above the +10% design rating

could occur. However, the analysis voltage of 1.06 pu is above
that restricted in the plant's voltage schedule of 1.01 pu which
is to be maintainzd by Systems Control Center. Therefore, based
upon the plant's voltage schedule and planned corrective actions,
the length of time of the 3% potential overvoltage which could
occur as analyzed is considered to have little to no adverse
effects on the equipment before corrective actions are taken.

The licensee has committed to install overvoltage monitors on the
115 kV system to alarm in the control room of a potential high
grid voltage condition. The setpoint for the alarm has not

been determined. Therefore, the licensee is required to submit
the alarm setpoint after determination and the procedures for
corrective action upon receiving a high voltage alarm.

The analysis must show that there will be no spurious separa-
tion from the offsite power source to the Class lE buses by the
voltage protection relays when the grid is within the normal
expected limits and the loading conditions established by the
NRC are being met.




(4)

(5)

Based;onrthe~observedies:imatg-accelerationttines:(5_7’seconds)
of the starting loads (except for the reactor coolant pumps),
gpurious separations from the offsite sources will not occur - -
(Ref. 5]. The accelerating time for the.RCP varies from 11.5
seconds (motor manufacturer data) at 96X bus voltage to 38.5
seconds at 77.3% btus voltage. The starting of the RCP could
cause a voltage transient of sufficient magnitude and duratiom
to exceed the degraded grid undervoltage relay setpoint of

412 volts + 1 volt with a time delay of 10 seconds * 0.5
seconds. The licensee has installed a manual key lock switch
and indicating light in the trip circuit of the degraded grid
relayszfor‘bypassing/reinstating:the protective feature [Ref.5].

Based,onzthe<rev1ew.ofjtherbypdssing/reinstating'design modifica—

tion, I recommend that the: licensee be required to install a.

. failure-to-reinstate alarm in conjunction with the indicating

light for reinstatement. A more acceptable and preferred method
is. to install an automatic bypass/reinstatement design by utiliz—
ing, in part, a definite time—delay relay in the RCP starting =
circuit. The starting of the RCP would automatically disable
the undervoltage relays, and after the time delay relay times out,
automatically reinstate the undervoltage relays. The time-delay
vould.be,determined,by'the coordination of the undervoltage relay
setpoint (412 volts. + 1 volt for 10 + 0.5 seconds) with the motor
accelerating time at the: setpoint. '

Theflicensee%hasecommitﬁed to do an in—plant test to verify the:
acceleration times of the starting loads used in the analyses. .

Test rerults are required to verify the voltage analises calcu~
lations submitted.. :

CPSL verified their analytical results by performing several
tests. The test results produced worst case percentage errors

of +1.1% for steady state conditions and -2.69% for transient

conditions.. These percentage errors are within the degree of
accuracy of the recording equipment and are judged acceptable.

Review the plant's electrical power systems: to determine if any
events or conditions could result in the simultaneous loss .of
both offsite circuits to the omsite distribution system (com—
pliance with GDC 17). :

In Figure 1, two offsite circuit piths to the onsite distribution
system exist through startup tramsformer No. 2 and by backfeeding

_through the main transformer bank No. 2 and the unit auxiliary

transformer No. 2.. As stated in the plant's updated FSAR, the
loss of the single startup transformer would result in putting
into service a spare SUT (minimum of 24 hours) or by backfeeding
through the main/unit auxiliary transformers (minimum of 4 hours).
The licensee has revised the 4 hours to a more realistic time of




16 hours to accomplish the backfeeding [Ref. 5]. The licensee
states that no event or condition could cause the loss of both
circuits [Ref. 5]. However, the GDC 17 criterion assumes the
“loss of all onsite alternating current power supplies”. There-
fore, the licensee has not demonstrated, and is required to, that
in the minimum time frame from 16 to 24 hours (no AC power avail—
able), that the reactor could be maintained in a safe condition
until the restoration of at least one offsite circuit is accom—
plished. -

6. CONCLUSIONS

Based on the information submitted by Carolina Power and Light Company
for the H. B. Robinson Steam Electric Plant, Unit 2, it is concluded that:

D)

(2)

(3)

(4)

(5)

The offsite power source through the SUT in conjunction with the
onsite distribution system, has the capacity and capability to
supply voltage to the Class 1E equipment within the voltage
design ratings under worst case conditions..

Spurious tripping from the offsite sources will not occur under
worst case conditions. Spurious tripping is precluded during
the starting of the reactor coolant pump by manually bypassing/
reinstating the degraded grid protection scheme.

For the maintained voltage schedule of 1.01 pu, the Class 1E
equipment 's maximum grid voltage design limit will not be
exceeded under maximum grid voltage/minimum plant load conditions.

Acceptable test verifications were made to verify the analytical
data submitted.

No event or condition will result in the simultaneous or conse-
quential loss of both required circuits to the onsite distribution
system. However, a minimum of 16 to 24 hours is required before

a delayed offsite source connection can be accomplished.

The information still required to be submitted by the licensee to
supplement the voltage profile analyses is as follows:

(1)

The setpoints for the overvoltage and undervoltage monitors on
the 115 kV system and the corrective actions to be taken upon
receiving an alarm.

flO'




SN

(3)

4

- | (%)

(2)

(4)

‘ .

Update the plants FSAR and incorporate~liﬁiting‘conditions for

operation in the Tgchnical.Specificatiohé on the use of back-
feeding through the main/unit auxiliary transformers to the
Class 1E buses. Should also include any administrative controls.

Include in the design modification for the bypassing/reinstate-
ment of the degraded grid protection scheme during RCP starting,
a failure-to-reinstate alarm or provide for automatic bypassing/
reinstatement.

Results of the in-plant tests for verifying the acceleration
times of the starting loads used in the voltage profile analyses.

Demonstrate that during the minimum time frame of 16 to 24 hours
necessary to restore: at least one offsite source (no onsite
gources available); the reactor can be maintained in a safe condi-
tion. *

Accordingly, I recommend that the NRC accept the voltage analyses
submitted which demonstrates the adequacy of voltage to the Class 1E equipment
for starting and continuous operation under worst case conditions.
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