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ABSTRACT

The Nuclear Regulatory Commission has required all licensees to analvze
lectric power svstem at each nuclear station. Th s review is to deter-
f the onsite disctribution systew, ia conjunction with the offsite
puower sources, has sufficient capacity and capabality to automatically

start and operate all required safety loads within th: equipment voltage
ratings. This Tecnnical Ev:luation Rerort rev.ews tre submittals for the
Yaine Yankee Atomic Power Station,

Lhe &

sine 2

The offsite power sources, in conjunction with the onsite distribution
vstem, nas been snown to nave sufficient capacity and capability to auto-
ticaily start, as well as continuously operate, all required safety loads
7itain tae equipment rated voltage limits in the eveat of either am antici-
pazed transienl or an accident condition.
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-
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FOREWORD

This report is supplied as part of tne selected Electrical, Instru~
mentation, and Coatrol Systems (EICS) issues program being conducted for
tne U.8. Nuclear Regulatory Commission, Ofiice of Nuclear Reactor Regula-
tion, Division of Operating Reactors, by EG&G Iclaho, Inc., Reliability and
Statistics Brancn.

The U.S. Nuclear Regulatory Commission fundad the work under the

zuthorization entictled "Electrical, Instrumeantation, and Control Systesm
Support,” B&R 20 19 01 03, FIN No. A6236.









eview positions nave been establisned from the NRC analysis guide-~
the above-listed documents. These are stated in Section 3.

1]
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tion 8 of the Maine Yankce FSAP and tne atzachments of seferences 2
's:uss the onsite d.stribution system. Figure 1 of :his report, is
~fied unit one-iine diugram of the Maine Yankee electric distribution
axen from Reference ..
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“~ure i shows that the class iI 4160V buses 5 and 6 are rupplxed
power from auxiliary buses 3 and 4, respectively. '“hen the uait generator
is opera~.ng, these buses are powersd by :ransfcr:e: x24. Upon loss of the
unit gezerator, buses 3 and 4 (and hence class IZ Suses 5 and 6) are augc~
ma:ically transferred” to re-<ive pover from the l15kV grid via starcup
transioToer x14; non-class lE, £.%kV huses auteomatically transfer to startup
traﬂs.o zer xl6. The unit generator can be isolaced from auxiliary trans-
former x14 and tha main trans“ormers enat'ing :he— t> supply cifsite power
to the class lE buses as a delayed second source ‘rom the 343kV grid. Bus

3 can also be powered by tertiary windi ags of starsup transformer xlé.
PlaLi Procedure No. 1-22-3 prevents use of tnis scurce except wnen all
otner scurces of AC power have failed.

Zacn 4130V class IE bus supplies power for & B0V class IE bus (Nes. 7
and 8. via serarate 4160V/4BOV transiormers. 120V vical buses are sup, lied
power Irom uniaterruptable power supplies (UPS).° wrich auctisneer power
froz statlion batteries or 480V buses 7 or 8.

a2lo supplzcd the equipment operating ranges identified ia Table 1
of this report.” The FSAR shows zhat stuation 125V 2 buses supply power
for tne <i50V class 1E motor comtrol circuics.

4.0 ~NALYSIS DESCRIPTION

-.. Analvsis Conditions, MYAPCo has analyzed all but one offsite
source connection to the onsite distribution systez under excremes of load
and oifsite voltage conditions to determine the terminal voltages to lE
aquipzect. However, MYAPCo did not provide aqa’rses for bus 3 receiving
power Irom transformer xl6 as the connection is no: eguired by GDC 17, snd
it iz not credited in the FSAR as being a source of ..fsz:e pover. The
MIAPCo voltiage anzlyses snow that:

‘.  Tne maximum load terzinal voltage occurs during unmit
shutdown when transformer x24 carries the minimum
auxiliary and class lE loads with the 3435kV distri-

sution system at its maximum voltage of 252kV.

o5 The minimum steady state load terminal voltage occurs
when gn accident occurs without loss of cffsite power
with transformer xl4 carrying the maximus auxiliary and
class lE loads wx;h the 1i5kV distridbution system at
its tinimum continuous voltage of 116.5kV.

1o
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TABLE 1

MAINE YANKZE ATOMIC POWER ST
CLASS 1E EQUIPMENT VOLTAGE RATING

(X of nominal voltage)

ATION
S AND
ANALYZED WORST CASE TERMINAL VOLT

AGES

Maximum Minimum
Rated Analvzed Rated Analvzed
Neminal
Voltage Steady
fquipment (100%) tate Transient
Motors 4V
8cart - i 75 e g9.88
Operace 110 108.2 90 95.8 o
=60V
Stars - - 80° e 82,65
Operace 11 108.3 g0 90.45 -
Starcars ~80V
Ploxkup - - 80 - 79.5
Propous -— —-— 70 — 19.4
Operzce d 103.8 80 88.5 -
Low voliage
inscrumeat and
control civcuits®
8. Momentary minimum motor terminal voltage waen starting a condensate
psmp. This sssumes the condensate pumps, heater drain pumps, and cir-
c.lating water pump have been previously shed.

i

Appendix A shows the torque-speed curve of the largest
loa

L 3
d.

Mozentery zinimum motor terminal voltage wien starting

Water Pump (250 hp).

Not supplied by licensee.

460V Service

UPE is powered by station batteries or rectifiers only.




3. The minimym transient load terminal voltages occur with
the conditions of 2 (above) with the start of a conden-
sate pump? (for the 4000V class lE equipment) and the
start of a service water pump (for the 460V class IE
equipment).

The study accoun:ted for cable and transformer impedences., Fiald
inspections verified the transformer tap settings. The minimum (.ad con-
sists of component cooliang water pumps, lighting, and scme unspecified 480V
loads. MYAPCo assumed a constant 120kV at the source sonnections due to
automatic load tapcnaa;in;z autotransformers locaced there, while the
Maine Yankee Atomic Power Station switchyard voltage was free to follow the
lcad demand.

4.2 Analysis Results. Taole | shows the worst case class IE squip~
sent terminal voltages identified in the MYAPCo analysis. The worst-case
motor starting voltage transient conditionm will last only while starting
tue 2500 hp condensate pump. At the minimum voltages identified in Table
no contactors will drop out to cause spurious tripping of loacds.- Coa=-
tactor pickup is prevented until the voltage recovers.

»»3 Analveis Verification. MYAPCo measured the grid, generator and
bus voltages, and the actual load of the buses and selected z2quipmen:
This was done twice, with tne transformer loading as follows:

Loading
(x of rated)

Transformer Test 1 Test 2 Buses Supplied
x24 (4160V) 83.4 65.6 3y &y S(IR); B(1K)¥
x26 (6900V) ¥5.2 96.0 1, 2

x507 (480V) $8.0 68.9 7(1E)

x508 (480V) 38.0 58.8 8(lg)

*Buses J and 5 are located adjacent to each other, and
the study considered them at identical potential, with
scparate load groups. Buses & and 6 are the same.

Analyses were done using the measured generator source voltage and the
measured loads, and tne results compared with the measured bus voltages.

a. This pump was studied as the largest load on the same transformer that
supplies power to the zlzss lE buses. Although larger motors are in
service at the Maine Yankee Atomic Power Station, they use 5.%kV from
separate transforzers.

wn



Two comparisons were made which show the analysis to be within +].30/
~2.42% of thne actual measured bus voltages for the class IE buses. For all
buses, the deviation was within +1.30/-3.56%. A negative figure indicates
tnat tne actual measured voltage is higher than the predicted voltage.

5.0 EVALUATION

ix review positions have been established from the NRC analysis guide-
lines* and documents listed in Section 2.0. Each review position is
stated below, followed by the evaluation of the licensee submittale.

Position l-=With t%e minimum expected offsite grid voltage and maximum
load condition, each off.ite source and distribution system connection
combination must be capable of starting and of continuonsly opersting all
class lE equipment within the rated equipment voltages.

MYAPCo nas shown by analysis that the Maine Yankee Atozic Power Stacien
has sufficient capability and capacity for starting and continuously oper=
atiog the class lE loads within the equipment voltage ratings (see Tavle .).
dowever, MYAPCo has not analyzed for when the tertiary winding of the trans-
former x16 supplies power to class 1E bus 5.

Position 2~-With the maximum expected offsite grid volrage and minismum
-oad condition, each offsite source and distribution system conmection
combination must be capable of comtinuously operating all class If equip-
zent without exceeding the rated squipment voltage.

MYAPCo has shown Dy analysis that the voltage ratings of the class IE
equipment wil. not be exceeded. MYAPCo states that even if a switchyvard
velzage of 124kV (4kV higher than the maximum expected voltage) was present,

tnat no load would have its voltage limit exceeded.

Position 3--Loss of offsite power to either the redundsn: slass 1E
d: triopution systems or the individual class IE loads, due to operaction of
voltage protection relays, must 00t occur when the offsice power source is

#ithia analyzed voltage limits.

EGSC ldano, [nc., will verify, in a separate report, that the raqui
ments of this position are satisfied (TAC No. 10032).

e
*
m

Ll

Position 4~—The NRC letter! requires that test results verify the
accuracy of the voltage analysis supplied.

MYAPCo nas supplied the required information<+“ which shows the
calculations to be an accurate representation of the class IE buses and
loads. The test -#s performed using the unit auxiliary transformers; how=-
ever, since the case studies using tne unit auxiliary and the startup trans-
formers are in close correlation, the test results are considered valid.

Position 5-~No event or condition should result in the simultazneous or
R Sttt i : g ] .
tons¢ruential loss of both rzquired circuits from the offsite power network
to the onsite distribution system (GDC 17).



MYAPCo has analyzed the Maine Yankee connections to the offiire power
grid and has determined that no potential exists for the s%mul:aneous or
consequential loss of both circuits from the offsite grid.*

Positicon 6--As required by GDC 5, each offsite source shared between
usits in a multi~unit station must De capable of supplying adequate starzing
and operating voltage for all required class 1E loads with an accident in
one unit and an orderly shutdown and cooldown in the remaining units.

This applies to multi-unit stations. It does not apply to the single-
unit Maine Yankee station.

5.0 SUMMARY

The analyses submitted by MYAPCo for this review were evaluated as
stated in Section 5.0 of tais report. It was found that:

i. Voltages within the operating limits of the class IE
equipment are supplied for all normal comdinations of
plant load and offsite power grid comditions.

However, the NRC should require the MYAPCo :o incorpor-
ate limiting concditions of operation in the unit Tech-
nical Specifications that restrict use of the bus §
feeder from the tertiary windings of transforser xl6 as
prescribed in Plant Procedure No. 1-22-3,

The test used to verify the analysis shows the analysis
to be an accurate representation of the worst case
conditicas analyzed.

*2

3. MYAPCo has determined that no potential exists for
eitner a simultanous or 3 consequential loss cf both
cffisite power sources.

EG&G Idah,, Inc., is performing a separate review of the undervoltage
relav protection at the Maine Yankee station. This will evaluate the relay
setpoints and time delays to determine that spurious tripping of the
clase 1E ouses will not occur with aormal offsite source voltages.

7.0 REFERENCES

14 NRC letter, William Gammill, to All Power Reactor Licensees (Except
Humboldt Bay), "Adequacy of Station Electric Disrribution Systems
Voltages," August 8, 1979.

24 MYAPCo letter, Robert H. Groce to Office of Nuclear Reactor Regulaticn,
U. S. NRC, "Adequaczy of Station Electric Distridution System Voltages,"
Feoruary 28, 1980.

3.  MYAPCo lerter, Ropert H. Groce to U. S§. NRC, "Request for Additional
Information on Adequacy of Station Electric Distribution System Volt-
ages,'" June 30, 13580.
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Telecon, A. C. Udy, EGSG ldano, Inc., P. Johnson, Yankee Atomic Elec~
tric Cowpany, October 1, 1980.

Yankee Atomic Electric Company report No. 1204 "Auxiliary Power System
Voltage Study for Maine Yankee Atomic Power Station,'" dated
February 28, 1980, attacnment to Reference 2.
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