UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C. 20008

NCLOSURE 1
COMPLIANCE WITH G 7

NORTHEAST UTILITIES
MILLSTONE UNIT 2

DOCKET NC. $0-336

1.  INTRODUCTION

puring @ safety system functional inspection (SSF1) conducted by the licensee
approximately two yeers ago, a concern was identifiea wnich was subsequently
claesified as an allegation by the staff. The concern {nvolved the compliance
of M{11stone Unit 2 with GDC 17; specifically, @ scensrio wherein a single
fault on & Class 1E bus could cause the simultaneous disruption of power from
the reserve station service transformer 2 (RSST-2) to both redundant & kV Class
1€ buses. By & memorandum from Charles W. Heh1, Director, Division of Reactor
Projects Region 1 to Jose Calve, pssistant Director for Region 1 Reactors, DFP
1/11, datec May 20, 1981, the staff was requested to assess two safety issues:
one involving a licensing guestion regarcing the compiiance of Millstone ¢ with
GDC 17; and the other 2 protective relaying question of breaker coordination.

2.0 BACKGROUND:

The offsite power system is the preferred source of power for Millstone, Unit
2. The electrical grid is the source of energy for the offsite power system.
The safety function of the offsite power system (assuming that the onsite
power systems are not aveilable) s to provide the capacity end capability to
ensure that the specified acceptadble fuel design limits and design conditions
of the reactur coolant pressure bouncary are not exceeded and to ensure that
core cooling, containment integrity, and other vital functions are maintainec

in the event of accicents.

The normal station service transformer (NSST) which is powered by the main
generator, provides normal power to twe onsite & KV non-Class 1E buses, 24A anc
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248. MNon-Class 1E buses 24A anc 248 supply power to ¢ xy Class 1E buses 24C
and 240, respectively. 1n the event of & unit trip, (lass 1E buses © . and 24D
are automatically transferred to Unit 2 reserve station service transforiner
(RSST-2) by & fast transfer scheme. In the event that neither the NSST nor the
RSST-2 15 available to provide power, Unit 1 RSST (RSST-1) can be connected
manually to buses 24C or 24D, GBreakers from RSST-1 are interiocked with &
locally operated Kirk key switch to restrict power ¢rom RSST~1 to oniy ore
Class 1E bus. On complete 10ss of offsite power, Class 1E buses 24C anc 240

are connected automaticelly to their respective EDGS.

3,0 EVALUATION

One issue raised by Region 1 was regarding the compliance of Millstone Unit 2
with GDC 173 specifically, ¢ scenerio, involving 2 LOCA wherein 2 single
failure on an onsite Class 1€ bus and eventual loss of the RSST-2 could cause
she simultaneous disruption of offsite power to both updt 2 redundant 4kV Class
1f buses. The single g24lure s 2 bus fault on either 4kV bys “Z&C" or 4kV bus
v24p" which follows 2 lerge break loss of coolant accident (LOCA). The LOCA
will result in 2 reacior and turtine trip &nd an sutomatic trensfer of both
onsite buses to offsite power circuit RSST-2. If the single failure, such as

a bus fault, occurs on onsite dus "A" following the LOCA, excessive current
will flow on the faulted bus “A." Low voltage will occur on buses “A" and “8"
as they are both fed from the same transformer winding end will poth experience
the same voltage 4rop. As & result buses "A" and "8* trip on undervoltage
nefore the supply breaker to bus “A* cen trip on overcurrent and thereby,
1solate the fault. Undervoltage relays 2t Unit 2 are set to trip faster (set
at 70¢ with a time celay of 0.5 second) than the overcurrent relays (overcurrent
trip time for a 2-phase polted dus fault et 4Ky is 0.78 second). Thus, instead
of the fault being igolated by an overcurrent trip of appropriate division "A"
bresker, the fault affects both the divisions.

Once Division "A" anc Division "B" buses nave isolated themselves from their
cffsite power circuit (pSsT-2), n¢ automatic transfer can occur to RSST-1
recause this transfer requires menual operation. Both Unit 2 EDGS will start
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and counect to their respective buses (24C and 24p). The division A" £0G
should then trip on overcurrent as & result of the fault remaining on the
aivision “A" bus, The dgivision "8" EDC unaffected by the fault on ¢ivistion

“a* bys will connect <o bUS “g" and will provide the necessary capacity and
capability to coo)l the core and safely shutdown the plant should this scenario
occur. However, a concern 1S raised that consicering a fault on bus "A,"

bus "B* does not stay connected to RSST-2 for es long as possible pbefore
switching over to the EDG. This concern i$ fyrther discussed in the evaluetion
of the coordination of the protective cevices.

The staff's evaluation of the compliance of M111stone Unit 2 with GDC 17 1s as
follows:

a. An offsite power system ané an onsite power system shall
be provided, e:ch indepencent of the other and capeble of
providing power for a1l safety functions. The cffsite and
onsite power systems consicered together must meet the single
£ailure criterion cn 2 system basis without loss of copability
to provide power for a1l safety functions.

The power system at Millstone 2 1s diviced into two electrically independent,
physically separated groups, each with access to twd cffsite power sources viz
RSST-2 and RSST-1 and one unsite standby aiesel generator. RSST-2 is an
immeciate access source and RSST-1 is & delayed 2cCcess sources. The offsite
and onsite power systems considered together meet the single fatlure criterion
on & system basis without loss of capability to provide power for a1l safely
functions. The only requirement in 6DC 17 for axplicitly meeting the single
failure criterion s with regard to the onsite power Systems. There is no
requirement in GDC 17 with regard to the Jffsite power system to assume 2 sirgle
fa4lure coincident with an accicent ang 10S8S of onsite power supplies. This
would be, in effect, requiring mltiple single failures in addition to the
accicent in question which i {nconsistent with the stated requirement of GDC
17. Therefore, Millstone 7 meets the requirement of this portion of GOC i7.
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b. The complete onsite electric power system (Class 1E) swst be
capable of sustaining a single faflure without less of capability
to provide power for the minimum required safety functions.

GOC 17 requires that the onsite electric power supplies, including the batteries,
and the onsite electric distribution system, chall have sufficient independence,
redundancy, and testebility to perform their safety functions assuming & single
failure. The redundant civisions are electricz1ly independent and physically
ceparate to assure the availability of the power supply to the safety related
ecuipment assuming a single random failure. Given 2 single fatlure, i.e., the
fault on @ 4 KV bus, both divisions trip from their offsite power supply on
yndervoltage, the EDGs start ard load the (lass 1E buces, one ED6 will farl to
gnergize the faulted division, and the un-faulted division remazing powered from
{ts EDG. This meets the single feilure criterion,

c. The offsite system shall be comprised of two physically
independent circuits connecting the transmission network (grid)
+o the onsite gistritution system (safety puses). Separate
sransmission Tine towers are required but common switchyard
structyres are acceptable.

Two physically {ndependent circuits ere provided by RSST-Z and RSST-1 cennecting
the grid to the onsite distribution system. In the event that power is noct
available from RSST-2, the operator can manua1ly connect one of tne emergency
buses to RSST-1. There {s no requirement for meeting single fatlure, 2ng in

the absolute sense, single f2ilure cannot be net because there are events for
«hich the offsite system is not designed which could feasibly cause loss of
both sources. Therefore, the gesign meets the citeg criteria.

4. DOne of these circuils shall be designed to be available within 2
few seconds following & Toss of coolant accicent.



The staff has designated this circuit as the “immediate access or {mmediate
availsble circuit.” To meet this requirement, the offsite source myst be
norma1ly connected to or it must have an automatic transfer to energize the
pus from offsite power £01lowing 2 LOCA, Since only one such circuit is re-
quired, the offsite power system need not meet the single failure criterion
with respect to its immediate access function.

At Millstone 2, the requirement to provide offsite power from at least one of
the two offsite circuits to be svailable immedietely following & LOCA s
provicded by an automatic transfer of aivisions "A* and “B" to RSST-2. To be
designec to be available immediately, & GDC offsite power source must efther be
norma1ly connected to the Cless iE dus or 1t must have an automatic transfer to
energize the bus from the offsite power source following a LOCA. The staff has
sccepted both these epproaches for offeite power to be available immedistely.
Therefore, Millstone 2 meets the requirement of this pertion of GDC 17.

¢. Fach of the two reguired offsite power circuits shall be designed
to be availsple in sufficient time to effect sefe shutdown in the
event of loss of a1l onsite power and the toss of the other circuit.

The first source has been desigrated by the ctaff as the "‘mmediate éccess or
immeciate available circuit,” @nd this offsite power circuit {s provided by
the sutomatic fast transfer of divisions A and B t0 RSST-Z.

The second circuit has been designated by the staff as the "delayed access
circuit,” and this offsite power circuit 1s provided from RSST-1 to the Class

1€ buses 24C or 24D by the operator after locally aligning the key interlocks
and shal) be availadle ir sufficient time following loss of the other offsite
source “to assure that specified acceptable fuel design 1imits and design
conditions of the reactor coolant pressure boundary are not exceeded.” breakers
from RSST-1 are inter-locked with 2 locally cperated kirk key switch to restrict
power from RSST-1 to only one Class 1E bus. Therefore, Millstone 2 meets the
recuirement of this portion of 6DC 17.



¢, Pprovisions shal) be included t0 minimize the probapility of losing
electric power from any o the remaining supplies in the event of
loss of the nuclear unit generstor, the most critical transmission
1ine, or the 108§ of power from the onsite electric power supplies.

vhe icensee had earlier performed the anglyses and verified that the grid
remained stable in the event of loss of the nuclear unit generator, the Targest
cther unit on the grid or the most critical transmission 1ine or the loss cf
power from the onsite electric power supplies.

Rased on the above, it is clear thet ‘n the evalustion of the offsite power
cireudt design, GDC 17 does not assume 2 single fatlure coincident with an
accident and a loss of onsite power supplies. 1f such & single failure were
sssumed for the offsite power systems [11ke loss of the offsite power grid),
the electric power system could not provide its sefety function because the
onsite power would 21so not de available. Therefore, the ability of Unit 2 %O
cope with 2 simultaneous loss of onsite ac power 2nd offsite ac power should
ot be considered in the context of evaluating Millstone 2 for compliance with
soC 17. However, any single failure may be 2ssumed in the evaluation of the
design for conformence to GDC-17. Ffor an event such 83 an emergency ¢iese’
generator (EDG) bus fault, the review chould show that no more than one Class
1€ givision is disabled and that offsite power (delayec access) can be manually
restored to at least one givision of the Class 1E system. For the offsite
system, this eveluation of course excludes such events as seismic, tornadoes,
etc. for which the offsite system {s not designed. Since the assumed bus fault
does not prevent the comnection of the delayed access source to the unfaulited
remaining Class 1E bus nor coes it prevent the yse of the EDG on the unfaulted
bus, the minimum recuirements of GOC-17 on the electric power system for
¥illstore, Unit 2, for this postulatec event are satisfied.
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The second issue raised by Pegion 1 was that a dus fault on 4kY bus “A" can
result in an undervcitage trip of both &KV Class 1f buses “A* and “g" from
sheir NSST rather then in sn overcurrent trip of division *A." Thus, the
protective gevices do not isolate only that portion of the electricel system

where the abnormaiity occurs.

The offsite power system {s the preferred anc most reliable source of power for
plant safety systems. The plant should remain connected 0 the preferred
source for as long as possidble pefore switching to the EDGs. Therefore, the
relaying coordination {s an important issue Decause 1 a feu't should occur on
either of the &4kV buses, the overcurrent cevice should trip the faulted bus
breaker prior to allowing the Jndervoitege relaying scheme to trip both buses.
At Millstone 2, the time-overcurreint relay trip time (from the curve GEK-38054)
st 20,000 ampere faylt current is 0.9 second and the over cyrrent trip time
for @ 3-phese bolted bus fault is 0.78 second. The loss of voltage protection
scheme is set at 70% and¢ 0.5 second and scts faster than the gvercurrent
protection. Taerefore, the source of power to both divisions is removed rather
than isclating the fault. A gocd engineering practice regerding protective
devices is that in which the protective cevices isolete only that portion of

the sys.em where the abnorme )ity occurs.

Unit 2 operators heve 1imited means 0 1gentify the location of a fault on the
4kv bus, given the scenario of & bus fault on one aivision causing both Class
1€ buses to trip on yndervo 'tege. Following the trip, the faylt location is
provided by twe indicetions: an undervolitage condition on both Class 1E buses
and an overcurrent trip of the EDG that attempted 0 energize the faulted bus.
The staff has found that cornecting an EDG on 2 faylted bus is not gnoé

angineering practice.

In respunse to the sbove, the licensee i evaluating various options including
the bus differential scheme, increasing the yndervoltage relay time celay, of
+he ‘nstallation of newer, fast acting overcurrent relays.



The first option 15 to fnstal) the bus differential relays. A ¢iffereatial
relay trips the feeder breaker if the current supplied tc the bus exteeds the
current output from the bus s @ result of the fault on the bus. Technically
speaking, this 1s the bect and most expensive scheme, requiring the longest

teed time for installation.

The second cption 1s to increase the 1088 of voltage time delay from 0.5 seond
to 1.2 seconds to provide adeguate overcurrent and undervoltage relaying
coordination. If the undervoltage time gelay 15 incressed, the gverall time
for the undervoltage relays to operate can be 2s long as 13.2 seconds which

is greater than the FSAR EDG start time of 12 seconds. This requires further
analysis and, therefore, {¢ the least recommended.

The third option is to install newer, fast-acting overcurrent relays, such that
14 a bus feult occurs on Division A following the LOCA, excessive current will
£low on the faulted Division A, the overcurrent relay will fsolate the feuit
before the undervoitage relays have time to trip both the Class 1E buses.

The staff relies on the exercise of good engineering practice by the desigrers
of electrical power systems'at nuclesr power plants to provide for the proper
tunctioning of protective devices. Protective devices should isolate only that
portion of the system where the abnormality occurs. The staff, therefore, finds
the cesign at Millstone 2 to be i{nadequate in that the fault is not fsolated

aré will result 4n a premature trip of both Class 1E buses from the preferred
offsite power supply. Therefore, it 1s prudent for the licensee t0 employ @

bus ¢ifferentia]l scheme or the fast scting overcurrent relays so as to isolate
only the faulty bus.

4.0 CONCLUSION
We have concluded the folluwing:

Since the recuirements of GOC 17 for the offsite power system co "ot
assume 8 single f2¢lure (such as & Class 1E bus fault) coincicent
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with an zccident and loss of onsite power supplies, Millstone Unit 2
design complies with the requirements of GDC 17 anc is, therefore,
acceptable.

Protective devices should i1solate only that portion of the system
where the abnormelity occurs. The staff finds the design ot
Millstone, Unit 2, to be inadequate in that the fault is not isclated
and will result in & premature trip of both the Class 1E buses from
the preferred offsite power suppiy. Therefore, it will be prudent
for the Yicensee to employ & tus differentia) scheme or the fast
acting overcurrent relays so as to fsolate only the faulted bus.
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