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ABSTRACT

The Nac lear Regulatory Ca= mission has required all licensees to analyce
the electric powar system at each nuclear station. This review is to deter-
mine if tne onsite distribution system, in conjunction with the offs'te
p c. w c r sources, has sufficient capacity and capability to s..amatically
start ar.d operate all required safety loads within the equipment voltage
ratings. This Technical Evaluation Report reviews the submittals for the
Edwin I. Hatch Neclear Power Staticn.

The offsite power sources, in cor. junction with the onsite distribution
system, have been shown to have sufficient capacity and capability to auto-
catically start, as well as continuously operate, all required safety
related loads within the equipment rated voltage limits in the event af
eitner an anticipated traosient or an accident condition.

FOREWORD
.

This report is supplied as part of the selected Electrical, Instro-
centation, and Control Systems (EICS) issues program being conducted for
tne U.S. Suelear Regulatory Commission, Office of Nuclear Reactor Regula-
tion, Division of Operating Reactors, by EG6G Idaho, Inc., Reliability and
Statistics Branch.

The U.S. Nucicar Regulatory Commission funded the work under the
aatherication entitled " Electrical, Instrumentation, and Control System
Support," E&R 20 19 01 06, e1N A6429.
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ADEQ"ACY OF STATION ELECTRIC DISTRIBUTION SYSTEM VOLTAGES

EWIN 1. HA!CH NUCLEAR POWEP STATION - UNIT N05. 1 AND 2

1.0 IsrRODUCTION

'

An event at the Arkansas Nuclear One station on Septe=ber 16, 1978 is
described in NRC IE Information Notice No. 79-04. As a result of this
event, station conformance to General Design Criteria (CDC) 17 is being
questioned at all nuclear power stations. Tne NRC, in the generic letter
of August 8, 1979, " Adequacy of Station Electric Distribution Syste=s Volt-
ages," I required eaen licensee to con fi r=, by analysis, the adequacy of
the voltage at the class IE loads. This letter included 13 specific gaide-
lines to be followed in determining i f the voltage is adequate to start and
continuausly cperate the class lE ionds.

Georgia Power Company (GPC) responded with an analysis on December 7,
19792 Besides the original analysis, a letter of July 22. 19773, the
Fiial Safety Analysis Report (FSAR), and additional analyses sub=itted on

4April 25, 1980 , comp?ete the information reviewed for this report.
Telepnane conversations in June 14805 clarified portions of the April 25,
19ED, sub=ittal. Tnese t'aversations resulted in additional =aterial sub-
citted on 0:tober 9, 19 8 0'J . MCC contactor ratings were supplied in
February 1981.I

- Based on the information supplied by GPC, this report addresses the
capacity and capability of the onsite distribution system of the
Edwin 1. Hatch Nuclear Power Station, in conjunction with the offsite power

,

system, to maintain the voltage for the required class 1E equipment within
acceptable limits for tne worst-case starting and load cenditions.

Tne following description and evaluation of the Unit I design also
applies to the onsite distribution system of Unit 2.

2.0 DESIGN B ASIS CRITERI A

The positions applied in determining the acceptability of the offsite
voltage conditions in supplying power to equip = cat are derived from the
following:

1. General Design Criterica 17 (GDC 17), " Electrical Power
Sys te=s ," o f Appendix A , " General Design Criteria for
Nuclear Power Plants," of 10 CPR 50

2. General Design Criterion 5 (GDC 5), " Sharing of Stra:-
tures, Syste=s, and Co=ponents ," of Appendix A, " General
Design Criteria for Nuclear Power Plants," of 10 CPF 50

3. IEEE Standard 279-1971, " Criteria for Protection Sys-
te=s for Nuclear Power Generating Stations"

4. IEEE Standard 308-1974, " Class lE Power Systems for
Na:1 ear Power Generating Stations"

1



;. Strft p :, s i t i : :n u detaile: in a letter sent to the

.i na; i , . W .1'

ix ra :es p;sittens hace been established from the GC analysis i;u i d e -
,I <nd the above-listed documents. Tnese positions are given in..

Section 5 of this report.

'.O SYSTEM DESCRIPTION

Iigure 1 is a si=plified sketch of the unit one-line diagram taken
: tom Sneets 5-60 and 5-61 ot the Reference 2 attachments. The distribution
systems for Unit 1 and Unit 2 are identical. The Unit I class IE 4160V
bases can be supplied offoite power from the 230kV switchyard by startup
tre nforcers 1C or ID. Thest buses cannot be connected to the unit auxili-
ary transformers IA or 13.

In two e! ass lE 600V buses 1C and ID are each normally connected by
41dO/600V transformers to class lE 4'$0V Duses IE and IG, respectively An

4160/6007 transtormer, connected to class IE 4100V bus IF can be
,' t t c a l

.,

:ted ta eitner 600V bus 1C or ID ay Jisconnect links. Tne FSAR indi-
c. t e s taat procedures prevent both 600V buses being connected to tne same
t ransf ormer or Deing operated in parallel. Class lE buses IC and ID supply
c++ential power to the 120/20SV AC instrument power system by two separate
t an s f o rm e r s . While the instrument power system supplies both essential
and non-essential 1 cads, Section 8.3.1.1.4a of the FSAR indicates that
failure of a nonessential load will not affect the ability of the system to
supply tn- essantial (class lE) loads.

GPC supplied the equipment operating ranges identified in Table 1 of
tais ceport.*

4.0 ANALYSIS DESCRIPTION

4.1 Design Changes. CPC has changed the tap settings to 0.925
(instead of 1.00)**> on all of the Hatch Station transformers that supply
voltages of less than 600V.

4.2 Analysis Conditions. GPC has determined by load-flow and grid
centingency studies that the maximum expected offsite grid voltage is
239.2kV (104%) and tne minimum is 225.4kV (95%).

GPO has analyzed each offsite source to the onsite distribution system

unser extremes of load and offsite voltace conditions to determine the
terminal voltages to the class lE equipment. The worst case class lE
equipment terminal voltages occur under the following conditions:

1. Start-up transf ormer ID supplying power to the Unit I
class IE buses is the worst-case condition 5 (trans-
former 2D for Unit .).

2. With one unit operating and one unir -tut deva, GPC
determined the maximum expected aus and load voltages
using tne maximum expected grid voltage.

*
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TABLE 1

CLASS 1E EQUlfMENT VOLTAGE RATINGS AND
ANALYZCD WORET CASE TERMINAL VOLTAGES

(% of nomital voltage)
^

.

Maximum Minitaum
Analyzed

Equipment Condition Rated Analyzed Rated Steadv State Transient

4000V Motors Start -- -- 75/70 -- 75.6
Operate 110 107.8 90 91.4 --

550V Motors Start -- -- 75/70 -- 75.1
Operate 110 110.0 90 92.0 --

000V MCC Pickup -- -- 74.8 -- 68.9
ant * ors Dropout -- -- 54.8 -- 63.9.

<;15V : oil) Operate 108.7 100.8 N/A 85.4 --

20SV Motors Start -- -- 75/70" -- 71.2
Operate 110 108.8 90 90.- --

20SV MCC Pickup -- -- 74.8 -- 72.6
contactors Dropout -- -- 54.S -- 72.6
(115V coil) Operate 108.7 108.8 N/A 41.4 --

Los voltage
instruments

and controla
circuits

_

a. 30-second stal? at.;3

b. GPC state 30, "The es moy supply instruments and control ?.i c sitss

as required by CDC 13. We do not know of any connected equipment whien
- not capable of wit.tstanding the analyzed voltages. However not all

manufacturers' responses are yet available. If any equipment is dis-
covereJ wnich does not meet the functional requirements i t, the expected
conditions, it will be the subject of a report to the NRC."

3. With one unit in normal shutdovn and one unit in a LOCA
condition and all bases in sersice, GPC determined the
minimum expected continuous bus *nd load voltages using
the minimum expected grid voltages.

4. With an automatic and simultaneous start of the class IE
loads and a condersate pump, CPC determined the minimum
ex,.seted transient bus and load voltages with the mini-

~

mum expected grid voltage.
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To make tne analyses more conservative, the measured bus loadings were
increased by 5". for some sf the maximum load analyses. Separate analyses
v re r p !1 e d fm 'ath tt.

These conditions re the worst of those supplied by the GPC submittois.
The voltage levels supplied f or analyres using transf ormer IC assumed that
buses IA and 1B are not transferred from onsite power (transformer 13) to
transformer 1C on a u 't trip.

4.3 Analysis Results. Table 1 shows the projected worst case class lE
equipment terminal voltages. It shows that, in all steady-state cases, the
class IE loads have voltages that are within the equipment rated limits.

The worst case transient voltage condition will last less than 12 sec-
onds oefore normal operating voltages are restored.4 At these minimum
voltages, no contactors will drop out to cause spurious tripping of loads.
Only the 20SV motors are not capable of accelerating at the analyzed volt-
nge level; however, they will start as the voltage recovers above 75%.
Their operation is at a voltage above the 7C% stall voltage (i.e., opera-
tion at 70% and full load is acceptable for 30 seconds).

As stated in footnote b o'. Table 1 of this report, GPC has determined
that the 120V AC instruments and control circuits are capable of with-
standing the analyzed voltages.

GPC has not supplied a minimer continuous duty rating for their AC
powered contactors. As shown in Taole 1, this rating needs to be at least-

85%. The contactors are shown to have an analyzed voltage of 0.1% higher
tnan tne contactor rating for maximum coninuous duty. The rating is lower

* than NEMA standards call for. The analyced voltage is not significantly
higher than the rating to cause concern.

44.4 Analysis Verification. The load flow analysis was verified by
measuring the grid, generator and bus voltages, and the actual load of the
buses and selected equipment while Unit I was operating and Unit 2 was in a
normal shutdown. The analysis model van developed from this measured
loading. The model was then used for the CPC analysis. An analysis was
done using the measured generator and offsite source voltages, and the
results compared with the measured bus voltages. The voltages analyzed for
the measured load are within +0.58% of the duplicate measured bus voltages.

While GPC did not directly verify the analysis for buses at voltages
less than 4160V, they did include the load measurements and system imped-
ences in developing the model of the distribution system. In lumping the
lower voltage bus loads on the 4160V bus base, the analysis verification
does account for the low voltage buses.

5.0 EVALUATION

Six revitv positions have been established from the KRC analysis guide-
linesl and the documents listed in Section 2 of this report. Each review
position it stc! 2d below, followed by the evaluation of the licensee
s ubmi t t a l s ,*

5



Position 1--With tne minimum expec ted o f f site grid voltage and .aximum
Imd condition, each offsite source and distribution sy tem connect.on

capable of starting and of continu usly operating allcomornation maat ue
class lE equipment within the rated equipment voltages.

GPC has shown, by analysis, that er ept for the AC powered contactors,
the Hatch Station has sufficient capability and rap _ city for starting and
continuvasly operating all class IE equipment within the equipment voltage
ratings.

GPC shorld determine the ability of the AC contactors to operate
continuously, witnout damage, down to 85* (of 600V).

Position 2--With the maximum expec ted of f site grid voltage and minimum
load condition, each offsite source and distribution system connection
cembination must be capable of continuously operating all class IE equip-
ment without exceeding the rated equignent voltage.

GPC has shown, by analysis, that the voltage ratings of the class lE
equipment are not exceeded.

Position 3-- Los s of offsite power to either the redundant class IE
distribution systems or the individual class IE loads, due to operation of
voltage protection relays, must not occur when the offsite power source is
within analyzed voltage limits.

~

EG&G Idano, Inc., will verify in a separate report, that the rtquire-
ments of this position are satisfied (TAC No. 10025).

.

Position 4--Test results should verify the accuracy of the voltage
analyses supplied.

2 which shows the anal-CPC has has supplied the required information
ysis to be an accurate representation of the worst case voltage conditions
for the class IE buses and loads.

Position 5--No event or condition should result in simultaneous or
consequential loss of both required circuits to the offsite power network
(GDC 17).

GPC has analyzed the connections of the Hatch Station to the offsite
power grid and has determined 2 that no potential exosts for either a
simultaneous or a consequential loss of both circuits from the offsite grid.

Position 6--As arequired 'y CDC 5, ei.ch offsite source chared betweeno

units in a multi-unit station must be capable of supplying adequate starting
and operating voltage for all required class IE loads with an accident in
one unit and an orderly shutdown and cooldown in the remaining units.

a. Sec tion 8.1.1 o f IEEE S tandard 308 permit s the use of a single source .

of offsite power to be shared between units of a multi-unit station.

6



Each unit is independently connected to offsite power and no c o m:.a n
.1 :r: o! . ...tica exbts between units; therefore, this position 3+

si p. t: no daten Statlan.

.

6.0 CON CLUS ION S

*
The analyses suomitted by GPC for the Edwin I. Hatch Nuclear Power

Station were evaluated in Section 5.0 or this report. It was found that:

1. With one exception, voltages within the operating
limits of the class IE equipment are supplied for all
projected combinations of plant load and normal offsite
power grid conditions; including an accident in one
unit and the safe shutdown of the other unit.

GPC should be req; ired to document, by suitable
qua li f i. ca t i on tests, that their AC cantactors can
operate continuously down to 85% (of 60CV).

2. The test used to verit'f the analysis shows that the
analysis is an accurate representation of the worst
case conditions analyzed.

3. CPC has determined that no potential for either a
simultanous or consequential loss of both offsite power
sources exists.,

EG5C Idaho, Inc., is performing a separate review of the undervoltage
relay protec tion at the Edwin I. Hatch Station. This will evaluate the*

relay setpoint s and time delays to determine that spurious tripping of the
class IE buses will not occur with normal of f site source voltages.
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