Docket Mos. 50-269

‘ATTN:  Mr. William 0. Parker, Jr..

Charlotte, North Carolina 28242

‘ll’ ' 'UNITEDSTATES 'I' . '"ﬂrTZI.a(
NUCLEAR REGULATORY COMMISSION 05 %
~ WASHINGTON, D. C. 20556 '

June 3, 1977

RECEIVED
JUN 61978

v+ DUKE POWER
- STEAM pRODUCTION DEPT,

Ny

50-270
and 50-287

Duke Pouef Company

‘Vice President : : e e

Steam Production C .
Post O0ffice Box 2178 : : /"Q?‘R
422 South Church Street | N'gt

Gentlemen: .
RE: OCbNEE NUCLEAR STATION, UNITS 1,_2 AND 3 -

He areléurrentIy reviewing the onsite emergency power systems of all

* operating nuclear power facilities to assess the susceptibility of

their safety related electrical equipment with regard to (1) sustained
degraded voltage conditions at the offsite power sources and (2) inter-
action between the offsite and onsite emergency power systems,

We have completed our review of 1icensee responses to our previous
generic request for fnformation relative to the electrical power
distribution systems. Based on this initial review, we have prepared
Ehe]Safety]Evaluation and Statement of Staff Positions contained in
nclosure 1, .

We request that you compare the current design of the emergency power
systems at your facility(ies) with the Staff Positions stated in the
enclosure and: :

(1) propose plant modifications as necessary to meet the Staff
Positions, or . » B

(2) provide a detailed analysis which shows your facflity design
has equivalent capabilities and protective features.

Additionally, we require that certain technical specifications be

“ incorporated into all facility operating licenses. Model technical

specifications, consistent with the Staff Positions contained in
Enclosure 1, are provided in Enclosure 2,
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" Duke Power Company - -2 - June 3, 1977

Accordingly, we request that you apply, within forty<five days of

the receipt of this 1etter, for an amendment to your facility operating
Ticense(s) to 1ncorporate comparable technical specifications to those
presented in the enclosure. Additionally, you should provide a
description and a schedule for the completion of any plant associated
modifications. | :

If you have any questioné on this matter, please contact us.

Sincerely,

A. Schwencer, Chief

Operating Reactors Branch #1
Division of Operating Reactors

Enclosures:

1. Staff Positions

2. Model Technical
Specifications

“cc w/enclosures:

Mr. William L. Porter

Duke Power Company

P. 0. Box 2178

422 South Church Street
Charlotte, North Caro\ina 28242

J. Michael McGarry, IIIL, Esqu1re
DeBevoise & Liberman

700 Shoreham Buflding
806-15th Street, N. W.
Washington, D. C. 20005

Oconee Public Library.
2071 South Spring Street,
Walhalla, South Carolinq 29691
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ﬁ ENCLOSURE 1

' SAFETY EVALUATION AND STATEMENT OF STAFF_POSITIONS
RELATIVE TO THE EMERGENCY POWER SYSTEMS
FOR OPERATING REACTORS

~INTRODUCTION

‘The onsite emergency power systems of operating nuclear power facilities

gre being reviewed to assess. the susceptibility of their associated

redundant safety-related electrical equipmeht to:

(2) Sustained degraded vplt;ge conditions at the offsite power
source; and : '

(b) - Interaction of the offsite and oncite emergency power systems.

We héve completed our review:of the responses to our qener{c request for
2dditional fnformationl/ relative to the electrical power distribution
svstems of currently ooé}atihq nuclear power facilities. In response

to our request, all licensees have analyzed their system designs to
determine that*t the voltage 1gve1s at the safety-rel#ted buses have

been optimized for the full Joad and minimum load conditions that are
expected thrOugHout the anti%ipated range of voftage variations.for

the offsite power sources. The transformér voltage tap adjustmeﬁts

that were necessary to'optimjze the voltage levels have been accomplished.

In addition io the above corrective action, we have developed the following
staff positions for use in evaluation of each of the operating nuclear

wer plants with regard to the two 1tems ident1f1ed above. These positions

Mﬂw

Letters to all licensees, dated August 12 and 13, 1976.

“ heet. rf mrove frw 9 ere 1iCeNses resnense Yoo anr




requests for additional information and of other related information

as cited in the text.

POSITIONS -

1) Position 1: Second Level of Under-or-Over Voltage Protection

with 3 Time Delay

We require that a second level of voltage protection for the

onsite power system be provided and that this second level of

voltage protection shall satisfy the followina criteria:

| 2)

b)

t)

The SeIgction of voltage and time set points shall be

determined from an analysis of the voltage requirements of
I ' . .

the safety-reiated loads at ali onsite system distribution

levels;

The voltage protection éha11 include coincidence logic to

preclude spurious trips of the offsite power source;

The time delay selected shall be based on the following condizions:

)

-
N
~—

The allowable time delay, including margin, shall not

exceed the maximum time delay that s assumed in the

- FSAR accident analyses;

The time delay shall minimize the effect of shart
duration disturbances from reducing the availability

of the offsite power source(s): and

~ The allowable tir:2 diration of a degraded voltage

~ condition at all distribution system 1eve1s*§ha]1

not rezuleidn fpilure of safety systems or comionents;
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d) The voltage monitors shali automatically'initiate the disconnection
of offsite power sources whenever the vbjtage set point and time
delay 1imits haéé been exéeeded;

e) The vo]tage‘mbnitors sha]? be designed to satisfy the requirements
of IEEE Std 279-1971, “Criter1a for Protection Systems for Nuclear

Power Generating Stations 3 and

éﬁ"f) The Technical Specifications shall include 11miting cond1t1ons for

openation, survei]]ance requirements, trip set po1nts with minimum

and maximum limits, and al]owable values for the second-level

vo!tage protection nnnitors.

General Design Criterion 17 (GDC 17) “Electric Power Systems", of Appendix
A, "General Design Criteria for Nuclear Power Plants," of 10 CFR Part 50
requires: (a) two physically;independent tircuits from. the offsite trans-

mission network {although oneiof these circuits may be a delayed access

circuit, one circuit must be ;utomatica11yvavailab]e within a few seconds

following a 1oss-of-coolant aﬁcident); (b) redundant onsite A.C. power

supplies; and {c) redundant D;C. powef supplies.

GDb-]? further requires that ;he saféty function of each a.c. system (assuming
the other system is not functﬁoning) shall be to provide sufficient capacity
and capability to assure fhat} (a) specified acceptable fuel design Timits
and the design conditions fon:the reactor coolant pressure boundary are not

exceeded as a result of anticirfied ofenma ior2) oaczuerences; and {b) the

‘core is cooled and containient integrity wod other viial functions are

maintained during any of the postulated accidents.

i

i
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Existing undervoltage monitors'automatically perform the required func-
tion of switching from offsite power, the preferred power source, to the
redundant onsite power sourcés when the monitored voltage degrades to a
level of between 50 to 70 percent of the nominal rated safety bus voltage.
This is usually accomp]ished after a one-half to one second time de1ay

These undervoltage mon1torsaredesigned to function on a complete 10ss

¢ of the offsite power source.

The offsite power system is the common source which normally suoplies
power to the redundant safetylrelated buses. Any transient or sustained
degradat1on of this common source will be ref1ected onto the onsite

system's safety-related busesr

1

A sustained degradation of th? offsite power system's voltage could
result in the loss of capabiljty of the redundant safety loads, their
control circuitry, and the aséociated electrical components required

for performing safety functiors.

The operating procedures and éuidelines uti]ized bv electric utilities
and their 1nterconnected coooerat1ve oroanizations minimize the pro-
bab111ty for the above cond1t10ns to occur. However. since deagradation
of an offsite power svstem that could lead to or cause the failure of
redundant safety-related electrical equipment is unacceptable, we require
the additional safety margins associated with imp1ementétion of the

protective measures detailed above.




7

o3 46017

«5-

2)  Position 2: Interaction of Onsite Power Sources with Load

Shed Feature

He require that the currentvsystem designs automatically prevent

load shedding of the emergency buses once the onsite sources are
supplying power to a11 sequenced Ioads on the emergency buses. The
design shall also inc]ude the capability of the load shedding feature
to be automatically reinstated if the onsite source supply breakers
are tripped. The automatic.hypass and reinstatement feature shall be-

verified during the periodic testing identified in Position 3.

In the event an adequate basis can be provided for retaining the 1oad
shed feature when loads are energized by the onsite power system, we
will require that the setpoint value in the Technical Specifications,
which is currently specified as "...equal to or greater than..."” be
amended to specify & value hav1ng maximum and minimum limits. The

11censees bases for the setpoints and 1imits selected must be documented.

GDC 17 requires that provisions be included to minimize the probability
of losing electric power from any of the remaining supplies as a resuit
of or coincident with the 1oss of power generated by the nuclear power
unit, the loss of power from the transmission network, or the loss of

power from the onsite e]ectric power supplies.
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The functional.safety re?uirement of the "loss-of-offsite power

'_moﬁitors" is to detect tbé loss of voltage on the offsfte (preferred)

power system and to initiate the necessary actions required to trans-

fer the saféty-rg]ated buses to the onsite system. The load shedding

'feature. which is required to function prior to connecting the onsite

power sources to their rFspective buses can adversely interact with
the onsite power sourcesfif the load shedding feature is not bypa-sed
after it has performed 1£s required function. The load shed feature
should also be reinstateﬁ to allow itito perform its function if the |
onsite sources are inter}upted and are subseduent1y required to be

reconnected to tneir respective buses.

Position 3: Onsite Power Source Testing

We require that the Technical Specifications include a test requirement
to demonstrate the full functionaT_operabi]ity and independence of the
onsite pbwer sources at§1east once per 18 months during shutdown. The
Technicé] Specificationg shall include a requirement for tests: (1)
simulating loss of offsite power in conjunétion with a safety injection
actuation signal; and (é) simulating interruption and subsequent
reconnection of onsite éower sources to their respective buses. Proper
operation shall be detefmined by:

a) Verifying that on loss of offsite power the emergency buses have

boen de-ororrfand aéé that the 1n242 have been shed frem the

I GEIly cusly ib ;.;uruancL wewe w31 regquit alents.,
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~ b) Verifying thatvon.l?ss of offsite power the diesel generators

start from ambient-éond1tion on the autostart signal, the emergency
buSes are energized;with permanently connected loads, the auto-
connected gmergency;ioads are energized through the locad

sequencer, and the éystem operates for fivé minutes while the

" generators are loadgd with the;emergency loads.

c) Verifying that on interrﬁption of the onsite sources the loads
are shed from the emergency buses in accordance with design
reduirements and thgt subsequent loading of the onsite sources

is through the load,fseq_uencer‘.

" GDC 17 requires that prbvisions be included to minimize the probability

of losing electric powef from any one of the remaininj supplies as a
result of or coincident;with the loss of power generated by the reactor
power unit, the 1oss ofépowgr generated by the nucleﬁr power unit,

the loss of power from'éhe.transmission network, or the loss qf power

from the onsite electri? power supplies.

‘The testing requirements identified in Position 3 will demonstrate -

_ the capability of the.onsite power system tO-berform'its required

function. The tests will also identify undesirable interaction

between the offsite and onsite emergency power systems.



' TABLE 3.3-3 (Continued)

Y

- ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION

' : TOTAL NO. CHANNELS
FUNCTIONAL UNIT OF CHANNELS T0 TRIP
LOSS OF POWER
a. 4.16 kv Ewmergency Bus ‘

Undervoltage (Loss of >

Vol tage) 4(3)/Bus 2/Bus
b. 4.16 kv Ewergency Bus

Undervoltage (Degraded

Voltage) 4(3)/8Bus 2/Bus

*(Entries in parenthésis are agplicab]e for
2 out of 3 coincidence logic

**Required when ESF eQuipment is
required to be operable

+**pction A for 2 out of 4 logic
Action B for 2 out of 3 logic

MINIMUM - ]

CHANNELS APPLICABLE -
OPERABLE PERAT!NG MODES** ACTION hainial

3(2)/Bus 1, 2, 3 AorB

3{2)/Bus 1, 2,3 Aor8

swwamsads TYOINHOIL 300N o
0 T T S ‘
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TABLE 3.3-3 (Continued)
.

| ACTION STATEMENTS

ACTIONA - - Nith the nuﬁber of OPERABLE channels oné Tess. than the
. Total Number of Channels operation may proceed provided
both of theifo]lowing conditions are satisfied:

| .
a. The inoperable channel 1s placed in the tripped
cond{tion within one hour.

b. The Minimum Channels QPERABLE requirement is
met; however, one additional channel may be
bypassed for up to 2 hours for surveillance
testing per Specification (4.3.2.1.1).

ACTION B - With the number of OPERABLE Channels one less than the
Total Number of Channels operation may proceed until
performance of the next required CHANNEL FUNCTIONAL
TEST provided the inoperable channel is placed in the
tripped condition within 1 hour.
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TABLE 3.3-4 (Continued)

ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION TRIP VALUES

FUNCTIONAL UNIT

LOSD OF POWER

a. 4.16 kv Emergency Bus Undervoltage
(Loss of Voltage)

(Degraded Voltage)

b, 4,16 kv Emergency Bus Undervoltage

Aa‘ P~

L+l +

1+ +

TRIP VALUE

; volts with a
second time delay

; Voits witha
second time delay

ALLOWABLE -
__VALUES

; volts with a
second time delay

i

+
+
+
+

.. ._..._\i____ ____;A vo‘t_s_ —w_i_t“ﬁ“a e e S

second time delay
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TABLE 4.3-2 (Continued
ENGINEERED SAFETY FEATURE ACTUATION SYSTEM INSTRUMENTATION SURVEILLANCE REQUIREMENTS

I+
!
d
<d
o
3
N
B
b
4

OPERATING

. : CHANNEL MODES IN WHICH

A CHANNEL . CHANNEL FUNCTIONAL SURVEILLANCE

TUCTIONAL UNIT CHECK CALIBRATION TEST REQUIRED
1.05S OF POWER o | ' .

2.  4.16 kv Emergency Bus _
Undervoltage (Loss of , ;
Voltage) . S R M 1,2, 3 !
b. 4,16 kv Emergency Bus
- Undervol tage._([)egraded.... e cm e e e el e e -
Voltage) S R M 1, 2,3

at least once per 12 hours
-at least once per 18 months
= at least once per 31 days

= v w
[}
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_ELECTRICAL POWER SYSTSMS -

SURVEILLANCE REQUIREMENTS

!

4.8.1.1.X Each diesel éenerator shall be demonstrated OPERABLE:

a. At Teast once per 18 months during shutdown by:

1. Simulatiﬁg a loss of offsite power fn conjunction with
a safety injection actuation test signal, and:

a)

b)

Verifying de-energization of the emergency busses '
and load shedding from the emergency busses.

Verifying the diesel starts from ambient condition
on the auto-start signal, energizes the emergency
busses with permanently connected loads, energizes
the auto-connected emergency loads through the load
sequencer and operates for > 5 minutes while its
generator is loaded with the emergency loads.

Verifying that on diesel generator trip, the loads
are shed from the emergency busses and the diesel
re-starts on the auto-start signal, the emergency
busses are energized with permanently connected
loads, the auto-connected emergency loads are
energized through the load sequencer and the

diese) operates for > 5 minutes while its generator
is loaded with the.emergency loads.
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WILLIAM D, PAAKER, JA,

Sream PaoaucTION

: Powzz Buirpizo .
422 SovutH CurrRcH STREET, CmarLOTTE, N, C. 28242

TLLAQnE, fACa P

neL PRESIALNT
372-4333

July 21, 1977

Mr. Edson G. Case, Acting Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulacory Commission
Washingtom, D. C. 20555

: i
Attentfon: Mr. A, Schwencer, Chief
Operating Reactors Branch #1

Dear Mr. Case:

Your lecter of June 3, 1977 requested that we compara the design of the
Oconee Nuclear Scation emergency power systems with the staff positicas

to assess the susceptibility of safecy-relatad elactrical equipment with
regard to (1) sustained degraded voltage conditions at the offsits scurces,
and (2) interaction between the offsite and onsite emergency power syscams.
It 1s our conclusion, as documentad in the attached analysis, chat the
design of the Oconee emargency power system has equivalent capabilitiss
and proteccive fesatures to those described in the staff's positiou.

Your letter requested that an amendment to the Facility Operating License
be proposed to incorporgre comparable Technical Specificatioms to those
provided in the staff pgsition. This ameandment will be submitted by
September 13, 1977.

/ .
Very/truly vours,

I‘\.‘l"—-‘-.- “' ""'L—‘—.r :
“William 0. Parker, Jr.

-

(O

MST:vr ‘
bee: Mr. H. B. Tucker Mr. R. T. Bond

Mr. P. H. Barton |- " Mr. T. P. Harrall

Mr, F. C. Hayworth .. Mr. B. M. Rice

‘Mr. K. S. c&nady Mr. C. J. Vylie .

Mr.-D. C. Holt Master File 0S 801.01 :

Ms. L. J. Bare Section File 0S 801.01 T

Mr. J. E. Smith ) ' . : i

0000T.N7IN291




(OCONEE NUCLEAR STATION
i

Response to MNRC Staif Position on Degraded Svstem Coaditious

o The design of the Ocounee Nyclear Station cusite emergency power system has

i been reviewed and compared with the Staff position as requestad. It has

I . been determined that the existing protection system, relating to degraded

i offsite system conditions, lhas aquivslent capabilitias and protection features
i to those described in uhe Staff's position. - -

i The voltage protection incorporated in the design consists cf zwo-out-of-three

: conincident undervoltage relay logic mouitoring the offsite power syscem. The
undervoltage relays in thig loglc have iaverse time charactaristics thaz will
protect the onsite distridbution system from the effects of varyiag degraded
offsite system conditioms.| The undervoltage protection will initiate sepa-
ration of the onsice emergincy buses from the offgite gower systems immediately
upon complete loss cf ofis power or at a time delay depending on :He axtent
of the degraded coandition.

< 7

= For the postulated conditi ious when the emergency buses must be separated fram
: the offiste power systems due to some degraded condition, emergency power is

: supplied from the onsite K?owee Hydro Station. Two 87.5 MVA hydro-elesctcric

i ) generating units are availgble to serve the ‘emergency buses as described in
FSAR Section 8.2.3. Due to the encrmous capacity of these onsite emerzancy
power scurces, load shedding and sequencing of the emergeancy locads is noz
tequired. Therefore, the present protection system incorporates all lzvels
of protection required for degraded offsite power system conditions due t2
the inherant capabilitites)of the inverse time undervoltage relay.

I 9

The following diécussion aﬁdresses the comparison of the design of the Oconee
Nuclear Station emergency power systems with rhe scaced Staff positions:

Position 1

« 003460

a) In respomsa to tha August 12, 1976 NRC *equesc £or inZorzmacion, an
analysis of che Oconee electrical discribution systam was performed,
documented, and submittad to the Staff. A summary of this Teport 1is

enclosed as Atcachmeat, I. This analysis, covering the voltage requireceats

of che elseccr -cal aquipment under degraded conditions, defined the t=der-
voltage trip setpoint for the inverse-time undervoltage protection zelays
as 88% of the rated bus voltage. This setpoint will initiate trippiag
at the followinz voltage levels and time delays, thereby aroviding pTo-
tection over the full ;ange of voltage decays:

: ' Percent o% Setpoint Time Delay .
J . .
; . - : 9%2 > 5 gec
: 5.0 sec -
: 9p2 3.6 sec
80% 2.0 sec .
S0X 1.0 sec
<35% <0.8 sec
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b)

e)

d)

e)

Position 2

i
This setting orovides adequate margin sufficiant to assure the Joarability
of the emergency loads uqder short-time or long-time voltagze degradation
within the capability *'i'he equipment and within the setpoint limits.

The design of the voltage protection system conforms to this position in
that it provides two-out-of~threae coincideat undervoltage relay logic to
preclude spuriously separating the emergency buses from the offsite power
sources. 1

|
1

The time delays associated with the setpoints which are listed ia the
preceding rasponse to Pasifion 1(a) were selectad based on the followiag
consxderacions. [

1) The allowable time dglay, 1ncluds ing margin to trip offsita powar
and to provide emergency onsite power, does not exceed the 23
seconds peried for a; LOCA condition or the 23 minute perfod for
a non-LOCA condi;ion]cha: is assumed in the FSAR accident amalysis.

2) The time delays selebted prevent short term :ransieu: conditions
from reducing the availability of che offsire power sources and

minimize the effectslo; these disturbances.

3) The inverse-time chqrac aristic of the undervoltage ralays used
for voltage protectgon is well within che allowable limirs estab-—
lished for the safeqy systams 2quipment. This protectiom will,
therefore, separate jthe emergency buses from the offsita power
sources before any voltage level is reached which may be detrimental
to the safetry systems Or components.

The undervoltage protection logic automatically initiates the disconneczizn
of the offsite power soyrces from tha amergency buses whemever the wolrage
setopoint and time delay have been exceeded.

Although desismed oriorito the issuance of IZEZ 279-1971l. the undervel:age
protection logic sacisf%as the requirameqts of this standards.

Technical Speci:icatious will de revisad to zake provisionms Zer th
voltage protection moniﬁors.

|

The onsite amergency power for the Oconee luclear Station is supplied by zhe
Keowee Hydro Station as des;ribed in the FSAR Section 3.2.3. Because of the
ample capability of the two;Keowees unics (87.5 MVA =2ach), no load shedding-

or sequencing of emergency }oads is required. Thersfore, no preventive ingaz-
locks, automatic bypasses, or re-inscatement Zsatures are required. -
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Pogicion 3

The Tachnical Specifications; will be revised as appropriate to include
test requirements that demonstrate the full functional operability and
independence of the onsite power sources at least one per 18 months.
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II.

Summary of the Analysis

EVAL UATION

. the components could

 GHCHT T ARETL

of Oconee Emergency Power'Distribution System

INTROOUCT 10N

The following analysis

system tao determine if
aontrol clreuitry and {nstrumentation is adversely

including associated
affected by short ter
The evaluation has be
conditions (i.e., nor
distribution system aq
voltage conditions.

Figure 1 shows a one-|
system which is the b

the distribution system.

2 are simjlar to Unit
all units.

In performing the ana

safety-related equipme

evaluates the Oconee emergency power distribution
the operability of safety-retated equipment,

or long term degradation in grid system voltage.

n directed toward identifying all possible voltage
al and degraded) that can exist on the plaat_. -
d comparing equipment operating limits to these

ine diagram of the Oconee Unit 3 distribution

sis of our analysis of voltage profiles throughout
Since the distribution systems for Units | and
3, the results of this analysis are applicabie to

ysis on the Oconee system, the limitations of the
nt, including 2ssociated control ¢ircuitry and

instrumentation; were igfined to establish the voltage range over which

design function.

Component,

‘Motors

M.0 Valves

Motor Controllers

operate contfinuously in the performance of their
These continuous operating voltage ranges are:

Voltage

Rating Limiting Yoltace Range
Looo v (+10%) 4400/3600V
575 V (x10%) 633/518V
200 V (£10%) 220/130v
575 Vv (x10%) 633/518V
200 V (x10%) 220/130v
600 v (285%) S10v
208 v (285%) 177v

The voltage ranges defined for motor continuous operation are the mest

restrictive operati ng
of continuous system

This .analysis adresse
are being supplied by

- normal auxiliary load
during refueling, o!aﬂt startup, plant shutdown, 2nd abnormal trip-

of the unit. Ouring

preferred source to supply the required safety loads also.

source of supply in e

_pperation,

conditions and, therefore, establish the bounds

:the candition when the normal auxillary loads
offsite power from Duke's 230 <V system, Thease
are supplled #rcm the offsite power system

ccident conditions the offsite scursa is the
This
ither normal or accident conditions i3 avaiiazls

through startup transformer CT3 which suppiies the L.15 k¥ distridution

buses.
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Since the normaT“apera%ing voltage range (i.e., 227 k¥ to 217 kv) for
the grid system is below the nominal 230 kV system voltage, startup
. transformer CT3 is set on the 218,500 volt tap in order to optimize
voltage profiles throjghout the auxillary system. All load center

transformers as shown |in Figure 1 are set on nominal taps. In order
to determine the voltage profiles at the safety-ralated buses for full-
load and no~load conditions and the range of norma! grid voltasges
defined above, computer studies were run for the following two cases:

Cage 1: With the grid voltage assumed operating at 227 kV and the
auxiliary system undeq minimum loading conditions, the voltage profiles
for the safety-relat' buses were calculated, This sase provides the
highest expscted voltages of 4252/513/212V on the safety-related buses
for the highest rormal operating grid voltage. It should be noted that
sfnce 2 no load condigion does not practically exist on the auxiliary
system, the condition of minimum loading during cold shutdown has been
used instead. Figure|2 summarizes the results of this case.

Case 2: With the grid voltage assumed operating at 217 kV and-the
auxilfary system under maximum loading (i.e., full load) conditions,
the voltage profiles for the safety-reslated buses vere calculated,
This case provides the lowest expected voltages of 3802/543/13%Y on
the safety-related bugses for the lowest normal cperating grid voltage.
Flgure 2 summarizes the results of this case,

For all other possible auxiliary system loading conditions with the
230 kY grid system operating between 227 kV and 217 k¥, the valtage
profiles for the safety-related buses will be within the range.
established by Case !{and Case 2 defined above.

Under normal conditiops the Oconee Unit 3 auxiliary loads ars carried
by the Unit 3 generatpr through unit auxiliary transformer 3T as shown
in Figure 1. The normal operating range for the generator tzrainal

“voltage is 18. 9% kY to 17.68 k¥, In analyzing the voltage profiles

at the safety-related buses, computer studies were run for normal
generator operating vplcages (i.e., Cases 3 and 4} as defined zbove
and for degraded conditions (i.e., Cases S and 6) requiring generator
trip. The case studnrs are as follows:

Case 3: With the generator voltage at its normal maximum value of
18.94 k¥ and the auxiliary system under minimum loading conditions
corresponding to the :onditian of the unit tied to the transmission
system and under load, the voltage profiles for the safety-ralatad
buses were determined. This provides the highest expected voltzges
of 4397/633/219V on the safety-related buses for the highest normal
generator operating voltage. .Figure 3. summarizes the results of this
case, :

I
Case k: With the generator voltage at its normal minimum value =%
17.68 kv and the auxllsary system under maximum loading cond-*:-rs,
the voltage profiles for the safety-related buses were .determines. .
This provides the loqest expected voltages of 3978/573/198V on t-e
safety-related buses for the lowest normal generator operating wsltage,
Figure 3 summarlzes ﬁhe results of this case.
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h'tHer generator voltage assumed at the overvoltage
setpoint of 19.91 kV requiring generator trip and the auxlliary
system under minimum !9ading conditions corresponding to the
Unit tied to the transmission system and under load, the voltage
profiles for the safety-related buses were determined. This provides
the highest possible operating voltages of 4626/667/230V on the safety-
related buses with the generator voltage at the overvoltage setpoint of
the Volts/Hertz protective relaying. Figure & summarizes the results

|

of this case,

I : .
Case 6: With the 230 kV transmission system operating at its normal
minimum value of 217 kV and with the generator assumed operating in 2
degraded loading condition {i.e.,, under-excited condition) corresponcing .
to the loss~of-excitatjon relay setpoint, the voltage profiles (i.e.,
3952/569/197V) for the, safety-related buses were determined. Figure &
summarizes the results of this,
CONCLUS | ONS {
|

All pertinawf combinatﬁons of Opefating conditions were evaluated for
the Oconee auxiliary system, and.it was determined that a1 safety-

. related loads, including associated control circuitry and instrumentation,

will perform their safety functions as required.

|
To ensure that the cpe:ra'bi]ity of system components is not adversely
affected by short term or long term degradation in system grid voltage,
the undervoltage relays that monitor the offsite pcwer system ars sat
at 88% (3660V). This ensures that an acceptable voltage level required
for continuous operation of non-safety- and safety-related equipment will
exist. The time delay Inherent In these relays will eliminate spurious
trips and ensure that degraded undervoltages are detected and cleared
before they can adverﬁely affect safety~-related loads.

‘Figure 5 shows the re#ults of Case 7'which provides the voltage profiles

' on the safety-related buses under degraded offsite power conditions

corresponding to the yndervoltage rslay setpoint of 88% (3660V).

This Case demonstrates that voltages below the continucus operating
1imits of the safety-related loads cannot exist without causing 2
separation from the degraded condition,
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& 3 UNITED STATES
g A NUCLEAR REGULATORY COMMISSION 55 0
3 %ﬂ@ g WASHINGTON, D. C. 20566 ' ‘o
Treaert " December 20, 1978
Dockets Nos.: 50-269
. 50-270
and 50-287

‘Mr. William 0. Parker, Jr.

Vice President - Steam Production
Duke Power Company

422 South Church Street
Charlotte, North Carolina 28242

Dear Mr. Parker:

By our letter dated June 3, 1977, we requested you to assess the
susceptibility of the Class IE safety related electrical equipment

to: (1) sustained degradation voltage conditions at the offsite
power supply and (2) interaction between the offsite and onsite
emergency power systems. By letters dated July 21, 1977 and October 7,
1977, you submitted the detail design of the Oconee Nuclear Station's
emergency power systems.

The Oconee Nuclear Station originally had an undervoltage protection
design to protect the Class IE equipment from a loss of voltage or a
sustained degradation of grid voltage on the emergency buses. The
protection system includes undervoltage relays with inverse time
characteristics which have a trip setpoint set at 88% of the rated bus
voltage, i.e., 4160 volts and with a five second time delay. This
undervoltage protection design provides for two out of three coincident
logic, monitoring the offsite power voltage on each 4160 volt bus. The
undervoltage protection will initiate separation of the onsite emergency

" buses from the offsite power systems immediately upon complete loss of
of fsite power or at a time delay depending on the extent of the degraded
voltage condition below 88% of nominal voltage. The lower the voltage
the faster the trip. ' A ' :

For the conditions when the emergency buses must be separated from the
offsite power systems due to a degraded voltage condition, the emergency
buses are supplied power from the Keowee Hydro ltation. The two 87.5
MVA hydroelectric generating units, power transmission systems (overhead
and underground), and the transformers and circuits have adequate capa-
bilities to serve the emergency buses with an acceptable voltage and
ther$fo;e. no ltoad shedding nor sequencing of the emergency loads are
required. : . ' - : .

~ 0000LN781220Aa
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Mr. William 0. Parker, Jr. : -2

In addition, we have determined through discussions with your staff
that you have performed an acceptable voltage drop calculation of the
4160 volt and the 600 volt buses of the onsite system. As a result
of your analysis, the transient (inrush) voltages were calculated to
be 89% of ‘the rated voltage on the 4160 volt bus and 82% of the rated
voltage on the 600 volt bus. This voltage calculation was based on
the assumptions of automatic transfer of plant loads from the unit auxil-
jary transformer to the start-up transformer or to the Keowee Hydro
units and with the worst case of allowable combination loading. The
voltage levels are adequate for starting all the engineered safety
feature (ESF) loads when being started from either the start-up
transformer or the Keowee Hydro units.

We have completed our review of the existing system design and have
determined that the design affords adequate protection against degraded
grid undervoltage conditions in accordance with the NRC letter of

June 3, 1977, and is therefore acceptable.

" Sincerely,
Tontem, B - Fainkipp
Robert W. Reid, Chief

Operating Reactors Branch #4
Division of QOperating Reactors

cc: See next page
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3.7 . AUXILIARY ELECTRICAL SYSTEMS |

Applicability

Applivs to the availab{li:v of off-site anl! on-site electrical power for
station operation and for operation of sta:ion auxiliaries.

Chiective

To define those conditic..s of electrical pewer availability necessary to
provide for safe reactcr operation and to provide for continuing availability
of engineered safety features svstems in an unrestricted manner and to pre-
scribe safety evaluation and reporting rejuirements to be followed in the
event that the auxilfarv electric power systems become degraded.

Specification

3.7.1 “Except as permizted by 3;7.2, 3.7.3, 3.7.4, 3.7.3, 3.7.6, and
’ 3.7.7, the reactor shall not be heated above 200 F unless the
following conditions are met,

(a) At least two 230kV tranmsmission lines, on separate towers,
shall be in service.

(5) Two startup transformers shall be operable and available to
" the unit's 4160 volt Main Feeder Buses No. 1 and ¥o. 2.

(c) One operable Keowee hydro unit shall be available to supply
power through the Underzround Feader Bus, Transformer CT4 and
the 4160 volt Standhy Buses No. 1 and No. 2 to the units
4160 volt Main Feeder Buses No. 1 and 2. The second Keowee
hydro unit shall be available to supply power automatically
through a startup tranaformer to the units 4160 volt Main
Feader Buses No, 1 and 2.

(d4) The twe <142 volt main feeder buses shall be energized.

{e) The three 3160 "olt Engineered Safetv Features switchgear
buses shall be energ‘zed.

(£) Thrse 500 wolt load centers plus the three 600 volt-208%
Englneered Safety Features MCC Buses shall be energized.

(&) For each unit, all 125 VDC instrumentaticn and control
batteries with their respective chargers, buses, diode monitors,
and diodes supplylng the unit's vital instrumentation and the

" four instrumentation and control panel toards shall be operable,

{h)Y The 125 VIC switchi1g station tatteries with their respective

chargers, buses, and isolating diodes shall be opera™ie.

3.7-1
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(1)

(3

(k)

The Keowee batteries with their respective chargers, buses and
isolating diodes shall be operable.

The level of the Keowee Reservoir shall be at least 775 feet
above sea level.

For each unit, three start-up source voltage monitoring channels
shall be operable.

3.7.2 During hot standby or power operation, provisions of 3.7.1 may be
modified to allow anv cne of the following conditions to exist:’

(a)

(b)

One of the two required startup transformers may be removed

from service for 48 hours provided it 1s expected to be restored
to service 'rithin 48 hours and the other required startup trans-
former is avaiflable for automatic connection to the unit's main
feveder bus.

One Keowee hvdro unit mav be {noperatle for periods not ex-
ceeding 72 hours for test or maintenance provided the operable
Kecwee hydro unit {s connected to the underground feeder
circuit and is verified operable within one hour of the loss

and everwv elzxht hcurs thereafter.

The underground feeder circult mav be inoperabie for periods
not exceeding 72 hours for test and maintenance.

In each unit, the following items may be {noperable for
pericds not exceedins 24 hours: -

1. One 4160 volt main feeder ‘bus.

2. Ona omplete sinzle string of anv unit's tngineared Safety
Fratures 4160 volt switzhgear bus, 607 volt load center -
AOGYV-I08Y MCC and their loads.

>mrlete single string of anv unit's 125 VDC instru-
tian and conzrol hattaries, chargers, buses, and all
iated. 1solating and transfer diodes.

. Ore ¢
menta

d332¢

e 123 V2C {nstrumentation and control panel board and/or
s asscciated loads.

One complete single string of the 125 VDC switching station
batteries, buses, chargers, and the related diode assemblies
mav be de-energlzed for test or maintenance for pericds not-
exceeding 24 hours.

One complete single string of the Keowee batteries, chargers,
buses, and {snlating diodes may be de-energized for tes: or
maintenance for perfods not exceeding 24 hours. )

3.7-2
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(g) Ome 4160 volt standby bus may be incperable for test of
maintenance for periods not exceeding 24 hours.

In the event that the conditions of Specification 3.7.1 are not
met within the time specified in Specification 3.7.2, except as
noted helow in Specification 3.7.4, 3.7.5, 3.7.6, and 3.7.7 the
reactor shall be placed in a hot shutdown condition within 12
hours. 1f these requirements are not met within an additiocral

48 hours, the reactor shall be placed in the cold shutdown condi-
tion within 24 hours.

In the event that all conditions in Specification 3.7.1 are met
except that one of the two Keowee hydro units iIs expected to be
unavailable for longer than the test or maéntenance period of 72
hours, the reactor may be heated above 200 F if previously shutdown
or be permitted to remain critical or be restarted provided the
following restrictlons are observed.

(4) Prior to heating the reactor above 200°F or prior to the
restart of a shutdown reactor or within 72 hours of the
loss of one Keowee hydro unit, the 4160 volt standby buses
shall be energized by a Lee gas turbine through the 100 kV
circuit. The Lee gas turbine and 100 kV transmission
clrcuit shall be electrically separate from the system grid
and non-safetv-related loads.

(b) The remaining Keowee hydro unit shall be connected to the
underground feeder circuit and this path shall be verified
operable within 1 hour and weekly thereafter.

(c) The remain{ng Keowee hydro unit shall be available to the
cverhead transmission circuit but generation to the svstem
grid shall be prohibited except for perifods of test.

(d} Operation in this mode 1s restricted to periods not to exceed
45 days and the provislons of this specification may be
utilized without prior NRC approval onlv once in three vears
for each Keowee hydro unit. Office of Inspection and En-
forcement, Region II, will be notified within 24 hours.

In the event that all conditions of Specification 3.7.1 are met
except that all 230 kV transmission lines are lost, the reactor
shall be permitted to remain critical or be restarted provided
the following restricti{ons are observed:

(a) Prior to the restart of a shutdown reactor or within 1 hour
of losing all 230 XV transmissicn lines for an operating
reactor, the 4160 volt standby buses shall be energized btv
one of the Lee gas turbines through the 100 kV transaission
c¢ircuit. The Lee gas turbilne and the 100 kV transmis<ion
circuit shall be completelv separate from the system grid and
non-safety-related loads.

3.7-3




(b) The reactor coolant Tav shall be above 525°F. Reactor
coolant pump power may ge used to elevate the temperature
from 500 to 525 F in the case of restart. If Tav de-
creases below 500 F, restart 13 not permitted by'tﬁis
specification.

3.7.% In the event that all conditions of Specification 3.7.1 are met,
and planned tests or maintenance is required which will make both
Keowee units unavailable, the 6160 volt standby buses shall first
be energized by a Lee gas turbine through. the 100 kV transmission
circuit and shall be separate frcm the system grid and non-safety-
related loads. The reactor shall then be permitted to remain
eritical for periods not to exceed 72 hours with both Keowee units
unavalilable,

3.7.7 1n the event that all conditions of Specification 3.7.1 are met
except that both Keowee hydro units become unavailable for un-
planned reascns, the reactor shall be permitted to remain critical
for periods not to exceed 24 hours provided the 4160 volt standby
buses are energized within 1 hour by Lee gas turbine through the
100 kY transmission circuit and {t shall be separate from the
svstem grid and all offsite non safety-related loads.

J.7.8 Anv degradation bevond Specification 3.7.2, 3.7.4, 3.7.5, 3.7.6
or 3.7.7 above ghall be reported to the Office of Inspection and
Enforcement, Region 1I, within 24 hours. A safety evaluation
shall ba performed by Duke Power Company for the specific situa-
tion involved which Justi{fies the safest course of action to be
taken. The results of this evaluation together with plans for
expediting the return to the unrestricted operating conditions
of Specification 3.7.1 above shall be submitted in a written
report to the Office of Nuclear Reactor Regulation with a copy
to the Office of Inspection and Enforcement, Reglon II, within
five davs.

373 In the event that one channel of the unit's startup source volrage
zonitoring becomes inoperable, the reactor shall be permitted to
remain critical or be restarted provided the incperable channel is
placed ‘{n the tripped condition within one hour.

3ases

The auxiliary electrical power systems are designed to supply the reguired
Engineered Safeguards loads in one unit and safe shutdown loads of the other
two units and are so arranged that no single centingency can inactivate enough
engineered safety features to jeopardize plant safety. These svstems were
desizgned to meet the following criteria:

"Alternate power svstems shall be provided and designed with
adequate independency, redundancy, capacity and. testability
to permit the functions required of the engineered safety
features of each.unit.”

317-4
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The auxiliary power system meets the above criteria and the intent of AEC
Criterion 17. The adequacies of the AC and DC systems are discussed below
as are the bases for permitting degraded conditions for AC power.

Capacity of AC Svstems

The auxiliaries of two units in hot shutdewn (6.0MVa each) plus the auxiliaries
activated by ESG signal in the other unit (4.8 MVa) require a total AC power
capacitv of 16.8 MVa. The continuous AC power capaclty available from the
on-site power systems (Keowee Hvdro Units) is 20 MVa (limited by transformer
CT4) {f furnished by the underground circult or 30 MVa (limited by CTl or CT2)
if furnished through the 230 kV off-site transmission lines. Capacity
avallable from the backup 100 kV off-site transmission line (Lee Station Gas

-Turbine Generator) is 20 Mva (limlited by CT5).

Thus, the minimum avallable capacity from any one of the multiple sources of
AC power, 20 MVa, {s adequate.

The startup source voltaze monitors automatically initifate the disconnection
of the offsite power scurces from the safety-related buses upon elther a
sustalned degradation of the offs{ite power system voltage or a complete loss
of nffslte power.

Capacity of DC Systexs

Nermally, for each unit AC power is rectified and supplies the DC system
buses as well as keeping the storage batteries on these buses in a charged
state. Upon loss of tiis normal AC source. of power, each unit's DC auxiliary
svstems lmportant to reactor safetv have adequate stored capacity (ampere-
hours) to independently supplyv their required emergency loads for at least
one hour. One hour is considered to be conservative since there are redundant
sources of AC power providing energy to these DC auxiliary systems. The loss
of all AC power t2 any OC system 1s expected to occur very infrequently, and
{er very short periods of time. The following tabulation demonstrates the
zargf{n of installed battery tharger rating and battery capacity when compared
to one hour of operation (a) with AC power (in amps) and (b) without AC power
t{n ampere hours) for each of the three safetwv-related NC systems installed

1% Sccnew!

A 125 V¥JC Iastrumentation and Contrel Power Svstem
“harzer XCa, XCB, or XCS a. 600 amps each
3attery 1CA and 1CB Combined Capacity b. 698 ampere-hours
(i =1, 2, or 3) )
Actual active loads on beth 125 VDC a. Flrst min. - 1371 amps
I 2 C buses XDCA and XDCB next 39 min. - 568.5 amps
duriag lst hour of LOCA b, 581.9 ampere-hours

(¢ =1, 2, or )
8], 125 VDC Switching Stéticn Power Systam

Charger SY-1, SY-2, or S5Y-s Rating a. 30 amps each
Battery SY-1 or SY-2 Capacity b. 14.4 ampere-hours

o mese - s b
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Actual active load per battery a. First min. ~ 130 amps

during lat hour of LOCA next 59 min. - 10 amps
b. 12 ampere-hours

c. 125 VDC Keowee Station Power System

Charger No. 1, No. 2 or Standby Rating a. 200 amps each

Battery No. 1 or No. 2 Capacity " b. 233 ampere-hours
Actual active load per battery a. First min. - 1031 amps

during lst hour of LOCA next 59 min. - 179.4 amps
: b. 193.6 ampere-hours

Redundancy of AC Svstems

There are three 4160 engineered safety feature switchgear buses per unirt.
Each bus can receive power from either of the two 4160 main feeder buses per
unit. Each feeder bus in turn can receive power from the 230 kV switchyard
through the startup transformers, through the unit auxiliary transformer by
-backfeeding through the main step-up transformer, or from the 4160V standby
Lbug. Another unit's startup transformer serving as an alternate supply can
be placed in service in one hour. The standby bus can receive power from ‘he
Hvdro Station through the underground feeder circuit or from a combustion
turbine generator at the Lee Steam Station over an 1solated 100 kV trans-
mission line. The 230 kV switchvard can receive power from the on-site
Keowee Hvdro station or from several off-site sources via transmission lines
which connect the Oconee Station with the Duke Power system power distributien
network.

Redundancy of DC Svstems

A. 125 ¥VDC Instrument and Contrcl Power Svstem

All reactor protection and engineered safetv features loads on this
~ system can be powered from efther the Unit 1 and Unit 2 or Unit 2 and

Cnlit 3 or Unit 3 and Unic 1 125 VDC Instrument and Control Power Buses.
The units' 125 VDC lastrument and Control Power Buses can be powered from
two battery banks and three battery chargers. ~As shown above, one battery
(e.2., 1CA) can supplvy all loacs for cne hour, Also, one battery charger
can supply all connected ESF and reactor protection loads.

3. 125 VOC Switching Staticn Power System

There are two essentially Indepeident subsvstems each complete with an
AC/DC power supply (battery charger), ~ battervy bank, a battery charger
bus, motor contrel center (distributi. panel). All safetvy-related '
equipment and the relay house {n which it is located are Class ! (selsmic)
design. Each subsystem provides the necessary DC pcwer to:

a. Continuously monitar operations of the protective relaving.
b. Isolate Oconee (i{ncluding Keowee) from all externmal 230 kV erid
faults,




c. Connect on-site power to Oconee from a Keowee hydro unit or,

d. Restore off-site power to Oconee from non-faulted portiona of the
external 230 kV grid.

Provisions are included to manually connect 2 standby battery charger to

either battery/charger bus.

C. 125 VDC Keowee Station Power System

There are essentially two independent physically separated Class I
(seismic) subsvstems, each complete with an AC/DC power supply (charger)
a batterv bank, a battery/charger bus and a DC distribution center. Each
subsystem provides the necessary power to automatically or manually start,
control and protect one of the hydro units.

An. open or short in any one battery, charger of Ll distribution center,
cannot cause loss of both hvdro units.

The 230 KV sources, while expected to have excellent availability, are not
under the direct control of the Oconee staticn and, based on past experience,

_ cannot be assumed to be available at all times. . However, the operation of

the on-site hydro-station {s under the direct control -of the Oconee Station
and requires no off- -site power to startup. Therefore, an on-site backup source
of auxiliary power is provided in the form of twin hydro-electric turbine
renerators powered through a cemmon penstock by water taken from Lake Keowee.
The use of a comron penstock is justified on the basis of past hydro plant
experfence of the Duke Power Company (since 1919) which indicates that the
‘cumulative need to dewater the penstock can be expected to be limited to about

one dar a year, princlpally for inspection, plus perhaps four days every tenth
wear. : . :

Cperation with one Keowee Hvdro unit out of service for perlods less than 72
hours is permitted.  The operability of the remaining Keowee hydro unit is
verified within one hour by starting the unit and .energizing the standby buses
through the underground feeder circuit. This action is repeated once every
eight hours thereafter until the Kecwee hydro uni: is restored to service and
wiil provide adlditional assurance cf the operability of the remaining unit.

Pravisions have been established for those conditisns in which long term
rreventative maintenance of a Keowee Hva®o unit ar necessary. The primary
long term maintenance {tems are expected to be hvdro turbine runner and dis-
charge ring welding repairs which are estimated to be neceqgsary every six to
elzht vears.. Also, generator thrust and gulde bearing replacements will be
necessarv. Other {tems which manifest as failures are expected to be ex-
tremelv rare and could possiblv be per‘ormei during the permitted maintenance
periods. Time periods of up to 45 days for each Keowee Hvdro unit are permitted
every three years. During these outages the remaining Keowee Hvdro unit will
bte verified to be operable within one hour and weekly thereafter by starting
the unit and energizing the underground feeder circuit. The remzining Kecwee
hyvdro unit will also be avallable through the uverhead transmissicn path and
will not be used for svstem peaking. Additionally, the standby buses will be

enerzized continuously by one of the Lee gag turbines through the 100 kV trans-
mission circuits :

3,7-7




~ This transmission circuit would be electrically separated from the system
grid and all off-site non-safety-related loads. This arrangement provides
a high degree of reliability for the emergency power systems.

Operation with both Keowee Hydro units out of service 1s permitted for planned

or unplanned outages for perfods of 72 or 24 hours respectively. Flanned outages
are necessary for the inspection of common underwater areas such as the penstock
and to enable the removal of one Keowee unit from service. This would be a
controlled evolution i{n which the availability and condition of the off-site’
grid, startup transformers and weather would be evaluated and a Lee gas turbine
wnuld be placed {n operation on the isolated 100 kV rransmission line pricr to
commencement of the outage. -

A time period of 24 hours for unplanned outages of both Keowee units is accept-
ablic since a Lee gas turbine will be started within one hour and will energize
the standby buses through the dedicated 100 kV transmission line. This period
nf time is reasonable to determlue and rectify the situation which caused the
ioss of both Keowee units.

In the event that ncne of the sources of off~site power are available and it s
considered important to continue to maintain an Oconee reactor critical or re-
turn ft to criticality from a hot shutdown condition, one of the Lee gas turbines
can be made available as an additional backup source of power, thus assuring ’
“continued ‘availability as an auxiliary pcwer to perform an orderly shutdown of-

a unit should a problem develop requiring shutdown of both hvdro units.




4.6

EMERGENCY POWER PERIODIC TESTING

oy plicability

Appliés to the periodic testing surveillance of the emergency power sources.

Objective

To verify

that the emergency power sources and equipment will respond promptly

and properly when requlired.

Specificacion

a.6.1

Monthly, a tést of the Keowee Hydro units shall be performed to verify

proper operaticn of these emergency power sources and associlated equip-

ment. This test shall assure that:

a.  Each hvdro unit can be autcmatically started from the Unit 1 and
2 control room.

b. Each hvdro unit can be synchronized through the 230 kV overhead
circuit to the startup transformers.

c. Each hydro unit can energize the 13.8 kV underground feeder.

d. Thz2 4160 volt startup transformer main feeder bus breakers and
standby bus breaker shall be exercised.

Annually, the Keowee Hvydro units shall be started using the emergency
start circuits in each control room to verify that each hvdro unit
and assoclated equipment will carry the equivalent of the maximun
safeguards load of one Nconee unit within 25 seconds of a simulated
requirement for engineerad safety features.

Monthlv, the Keowee Undergrcund Feeder Breaker Interlock shall be
verified to be cperable.

Aanuallvy, a simulated emergency transfer of the 4160 volt malin feeder
huses te the startup transformer (CT1, CT2 or CT3) and to the

4160 volt standbv buses, and a retransfer to the startup transformers |
shall be made to verify proper cperation.

Cuarterly, the External Orid Trouble Protecticn Svstem loglic shall be
tested to demonstrate {ts abilitv to provide an isolated power path
between Keowee and Oconee.

Annually and pricr to planned extended Keowee cutages, it shall be
Jemonstrated that a Lee Station combustizn turbine can be started and
connected to the 100 k% line. 14 shall be demonstrated that the 100
' ee

k¥ line can be serarated from the rest of the svstem and supply pover
to the 4160 volt main feeder buses.

a,6-1



Aowntin

Annually, 1t shall be demonstrated that a Lee station combustion
turbine can be started and connected to the isolated 100 kV line
and carry the equivalent of the maximum safeguards load of one
Oconee unit (5.8 MVA) within one hour.

Annuallv. it shall be demonscrated that a Lee station combustion
turbine can be started and .carry the equivalent of the maximum
safeguards load of one Oconee unit plus the safe shutdown loads
of two Oconee units on the svstem grid.

Batterles in the 125 VDC svstems shall be tested as follows:

a. The voltage and temperature of a pilot cell in each bank shall
be measured and recorded five times per week for the Instrument
and Control, Keowee Hydro, and Switching Station bartteries.

b. The specifle gravity and voltage of each cell shall he measured
and recorded menthly for the Instrument and Centrol, Keowee
‘Hydro, and Switching Station batteries.

c. Annually, a one-hcur discharge test at the required maximum
safeguards load shall be made on the instrument and control
batterles.

d. Before initial operation and annually théreafter, a one~hour
discharge test shall b2 made on the Keowee Hydro and Switching
Station batteries. '

The aperability of the individual diode monitors in the Instrument
and Control and Keowee Station 125 VDC systems shall be verified
monthly by -impusing a simulated diode failure signal on the moriitor.

The peak inverse voltage capability of each auctioneering diode in
the Instrument and Control, Switchyard and Keowee Hvdro 125 VDC
svstems shall be measured and recorded semisnnually.

The tests spectfied in 4.6.9, 4.6.10, and 4.6.11 will be considered
satisfactorv {{ control room lndication and/or visual examination
demenstrate that all components have operated properly.

Monthlv, it shall be demonsti.-ed that each startup source voltage
mon{toring channel {s cperable.

Annually, the startup source viltage monitors shall be calibrated
to ensure that they can iniliate a trip of the startup source
breakers upen both a complete loss of voltage and a degraded
voltaze condition.

4,.6=2




Bases

The Keowee Hydro units, i{n addition to serving as the emergency power Ssources
for the Oconee Nuclear Station, are power penerating sources for the Duke
system requirements. As power generating units, they are operated frequently,
normally on a daily basis at loads equal to or greater than required by

Table 8.5 of the FSAR for ESF bus loads. WNormal as well as emergency startup
and cperation of these units will be from the Oconee Unit 1 and 2 Control
Room. The frequent starting and loading of these units to meet Duke system
power requirements assures the continuous avallability for emergency power
for the Oconee auxiliaries and engineered safety features equipment. It will
50 verified that these units will carry the equipment of the maximum safeguards
load within 25 seconds, {ncluding instrumentation lag, aftzr a simulated re-
quirement for englneered safetyv features. To further assure the reliability
of these unlts as emergency power sources, thev will be, as specified, tested
for automatlc start on a monthlv basis from the Dconee control room. These
tests wili {nclude verifi{cation that each unit can be synchronized to the

230 kV bus and that each unit can energize the 13.8 kV underground feeder.

The fnterval specifled for tésting of transfer to emergency power sources s
based on maintaining maximum availability of redundant power sources.

Starting a Lee Station gas turbine, separation of the 100 kV line from the
remainder of the svstem, and charging of the 4160 volt main feeder buses are
speciffed to assure the continuity and operability of this equipment. The one
hour time llmit is considered the absolute maximum time limit that would be
required to accemplish this.

The atartup source voltase monitors are provided to detect and initiate proper
action for either a sustained degradation of offsite power svstem voltage or

1 complete logs of offsite power., Monthly these monitors will be functionally
checked and annually thev will be calibrated to ensure proper operation with-

in the requlred trip settings.

FLAR Saction 8



Duke Power Company ' HaL B, Tucker
'PQ Bax 33198 o Vice President
- Charlotte, N.C, 28242 . Nuclear Production
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DUKE POWER

May 8, 1990

U. S. Nuclear Regulatory Commission-~ -
ATTIN: Document Control Desk
Washington, D.C. 20555

Subject: Oconee Nuclear Station
' Docket Nos. 50-269, -270, -287:
Switchyard Degraded Voltage -

Dear Sir:

On April 26, 1990, a conference call between members of my staff and
members of the NRC staff was held. The purpose of the call was to discuss
the switchyard degraded voltage issue. During this phone call, the staff
requested that information regarding the proposed modification to resolve
the problems identified be submitted to them for their information. To
‘this end, a description of the modification is provided. In addition, .
simplified one line drawings to aid in the understanding of the
modification are also provided.

The initial concern was discovered as a result of the 230KV Design Basis
Documentation (DBD) effort. ' It was discovered that during a LOCA event
concurrent with a 230KV switchyard voltage less than 219KV, the unit could
be vulnerable to a single failure event, due to the relative setpoint of
the undervoltage relaying of the startup source breakers and the
undervoltage relaying of .the switchyard isolate circuitry. This situation
.is fully described in LER 269/90-04 submitted April 30, 1990. This LER
provides detailed information regarding this event, the root cause, the
corrective actions taken and to be taken, the basis for continued safe
operation of the 'units, and an assessment of the safety consequences and
implications of the event. In addition, the LER also stated that anothey
concern was identified. This new concern had identified the possibility
that the E breakers could close when the 230KV switchyard voltage is '
degraded (less than 219KV). This finding was also determined to be
reportable. A separate LER on this problem will be submitted May 24,
1990. Please note that the operability evaluation provided by LER
269/90-04 is also applicable to the new concern identified.
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Document Control Desk
May 8, 1990
‘Page 27777

As I stated earlier, to resolve the problems identified, a modification to
the plant was proposed. This modification is to install three
undervoltage relays to monitor the switchyard voltage on the line side of
each of the three startup transformers. Each of the undervoltage relays
will be connected to one of three existing single phase spare potential
transformers. These relays will:-be connected in a two out three
configuration and timed to provide a permissive in each of the two
redundant switchyard isolate circuits through one of two redundant Cutler
Hammer relays. This logic will provide inputs for alarms via the Operator
Aid Computer, the Event Recorder, an annuniciator in the unit 1 and 2
control room, an alarm in the Power System Control Area Operation Center,
and would initiate switchyard isolate if an ES signal is present on any of
the three units. This logic which is safety related, will be fed from the
switchyard 125VDC system. -

For your information, every effort is being made to implement this
modification in a timely manner. I currently anticipate that the above
modification will be installed on all three units by no later tham July 1,
1990, An outage of the units is not required to implement the
modification. If further discussion is desired regarding this issue or
the modification, please don't hesitate to contact us through normal
licensing chanmnels.

Very truly'yours,

Hal B. Tucker
SYDVOLT/PFG

xc: Mr S. D. Ebneter
Regional Administrator
~ U. S. Nuclear Regulatory Commission
Region II
101 Marietta St. NW
Atlanta, GA 30323

Mr. P. H. Skinner
" NRC Resident Inspector
Oconee Nuclear Station

Mr. L. A. Wiens

Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, DC 20555




MODIFICATION DESCRIPTION

The modification will install equipment that will provide an annuniciator
alarm in the Unit 1 and 2 control room, an alarm via the unit Operator Aid
Computer an alarm to the Power Systems Control Area Operation Center and
an event recorder point and, if an ES signal occurs on any unit while the
voltage is at or below the setpoint, will automatically isolate the.
switchyard by initiating the External Grid Trouble Protection (EGTPS)
system, The new logic will ensure the overhead power path from Keowee

'is available during an ES event, even if the switchyard voltage is below
219KV. The modification will install several relays to accomplish this
logic. - _

The EGTPS is designed to detect undervoltage or underfrequency conditions
‘'on both buses in the 230KV switchyard and to isolate the yellow bus, (and
thus the Keowee overhead path), from the transmission system if these
conditions occur. To address the difference between the minimum analyzed
voltage for starting LOCA loads and the voltage at which the EGTPS is.
automatically initiated, the above modification was proposed.

The voltage will be measured by existing potential transformers (PTs). .
The failure modes of these PTs are in the safe direction. The safety
related voltage relay contacts used in the switchyard isolation logic will
be arranged in a 2 out of 3 (2/3) logic. The output of the 2/3 logic will
be connected to actuate two redundant safety related relays. If this 2/3
logic is satisfied and an ES signal occurs on any of the three units, both
channels of the EGTPS will be activated. If the EGTPS is actuated by a
failure of this new logic, unit generation would not be interrupted since
the EGTPS does not operate the unit tie breakers.

The Engineered Safeguards Protective System (ESPS) is a three channel
redundant system employing 2/3 coincidence between measured variables.

The ESPS consists of eight 2/3 coincidence logic networks for actuating
the equipment in four safeguards systems, thus each system is actuated by
a pair of 2/3 logic. Therefore a failure within one channel of the ESPS
will not result in an ES signal being provided to the 230KV Switchyard
Degraded Voltage Protection Circuitry (230KV SDVP). Further details
regarding the ESPS at Oconee is provided by section 7.3.2 of the Oconee
FSAR. An inadvertent EGTPS actuation would allow the units to continue to
operate safely, since the generator output breakers would remain aligned
to the system grid through the 230KV Switchyard red bus (units 1 and 2) or
525KV Switchyard (unit 3). In this condition, the units' auxiliary
electrical power would continue to be supplied from auxiliary transformer
1T, 2T, or 3T, respectively. An EGTPS actuation due to degraded grid
voltage and a concurrent ESPS signal would allow the unaffected units to
continue to operate in the manner just described, while power to the
affected unit would be automatically available through:



a).

b)

c)

«w“‘&"’-'
matsov standby buses if previously powered from the dedicated line
tds;‘thq Lee Gas Turbines,

The 4160V standby buses from the underground on-site emergency power
path from Keowee, or

‘The overhead on-site emergency power path from Keowee.
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Pti By 11145 . - Vice President

Churtesttr N ¢ 252142 . Nuclear Producion
(o)354531

DUKE OWER

June 18, 1990

Document Control Desk
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555 '

Subject: Oconee Nuclear Station -
Docket Nos. 50-269, -270, -287
Switchyard Degraded Voltage

Dear Sir:

By my letter of May 8, 1990, 1 had provided preliminary information
regarding a conceptual design of a proposed modification to resolve
problems concerning the 230KV switchyard that my staff recently
identified. On June 6, 1990, a conterence call between members of my
staff and members of the NRC staff was held. During the phone call, the
staff raised a concern about the impact of degraded voltage on safety
related equipment during normal plant operation. To address this concern,
-Please find attached a discussion of the impact that degraded voltage has
on safety related equipment during normal plant operation,.

. Thet resolution of the problems that we have identified through our Design
Basls Documentation effort is a high priority item at Duke Power. The
proposed modification to be implemented is moving forward. My staff is

"developing a revision to the technical specification, which will be
submitted in the near future. Your continued cooperation and assistance
in resolving this issue is greatly appreciated.

Very truly yours,

Hol B ek,

Hal B. Tucker
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INFORMATION CONCERNING GRID VOLTAGE ADEQUACY

The N&E breakers utilize the Westinghouse CV-7 relays for

~ undervoltage detection. Relays associated with these breakers
are set at 105V tap with 3 sec time delay at 84 volts and

tolerance of + 3%. Based on this setting and considering the

tolerance factor, this setting could effectively be as low as

B84.875% of the 4180V bus rating. These relays are inverse-time

induction type relays. :

According to Westinghouse type CV-7 relay published information
and at the present relay setting, these relays would trip in
approximately 6 seconds at 90% of relay setting. No information
is provided on time required for relay to trip while voltage is
i? relay. settinq value. Sen relay curves attached (Attachment

Considering 84. 875% cf bus voltage and normal unit loads running an
analysis was performed to determine voltage levels at
safety-related buses and load terminals.

An evaluation of the impact of this voltage on safety-related

unit equipment was performed utilizing existing power system
calculations and using engineering judgement. A justification of
voltage adequacy is summarlized below:

- 4KV Motors:
with 84.875% bus voltage the minimum veltage on a
safety-related 4KV motor would be approximately 84.4% (4160V

base) which is equivalent to 87.75% (motor base). An

analysis was performed using Westinghouse information to
examine impact of continuously running the motors at 80%
voltage on motor life. This analysis concluded that this
condition would not have significant impact on motor life.
Copy of analysis is attached. (Attachment 2)

- Overcurrent protective relaying on 4KV Motors:
safety-related motor overcurrent relays are set for motor
starting. The adequacy of these settings were examined for
motor starting at voltages significantly less than 84.87%.
The current values associated with continuously running at
84.87% are considerably below the overcurrent relay
settings.

- Bus & Cable:
These are current sensitive equipment. Lower voltage should
not have any impact on them. Current capacity of buses &
cables are not axceeded.

- 600V &208V Contactors:
84.875% of bus voltage should not impact contactor coils.
See attached manufacturer test information. (Attachment 3)




600/208VAC Motors:

Based on an evaluation of the 600V RBCF motors and
similarity to the 4KV motors, the 600/208V safety-related

~ motors which are normally running should not be impacted by

this condition.

-0verload Heaters:
In safety-related applications, one overload heater is sized

properly for the load but it only provides alarm indication
in the control room. Overlocad heaters capable of tripping
the motors are consliderably oversized for the load and is
provided to protect the cable.

Fuses associated with 600V & 208V Circuits:

Generally, fuses are only provided to protect the control
transformers. <Control transformers are sized significantly
larger than what is recommended by starter manufacturer.
Control transformer and fuse current rating should not be
exceeded due to lower voltage. Attachment 3 provides more
information on this. :

DC Equipment:

The Battery Chargers are designed to provide rated output DC
voltage with input voltage as low as ~-15% of nominal voltage
"(S75V). with B84.875% of 4KV bus voltage, the input voltage
at the chargers would be approximately 82.5% (600V base) or
B6% (575V base).

Based on that the.DC system should be at rated voltage.
(See attached manufacturer data sheet).

AC Vital: v
Since the DC is at rated’ voltage this condition should not

‘have any impact on the AC vital bus.
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

. e
November 14, 1990
Docket Nos. 50-269, 50-270 .
50-287 » g
. ' ' Y,
Mr. H. B. Tucker, Vice President © 7

Nuclear Production Department

Buke Power Company

P.0. Box 1007

Charlotte, North Carolina 28201-1007

Dear Mr. Tucker:

SUBJECT: SAFETY EVALUATION FOR DEGRADED GRID PROTECTION
(TACs 76743/76744/76745)

Your licensee Event Reports {LERs) 269/90-04 dated April 30, 1990,

269/90-04 dated May 24, 1990, and 269/90-05 dated May 24, 1990 reported
situations related to des1gn defxciencies of the degraded gr1d protection
hardware and provided corrective actions. These deficiencies may leave the
station vulnerable to a single failure and/or render safety-related equipment
inoperable or damaged during a degraded voltage condition. However, your letter
of May 8, 1990, described conceptually a new permanent degraded grid protection
modification to be installed in the near future that would, to a great extent,
resolve these design deficiencies. The NRC staff has comp]eted a review of these
submittals. Enclosed is the related Safety Evaluation.

The staff has concluded that the proposed modifications to the design would

~ provide additional undervo1tage protection. Also, in consideration of the
complexity of the plant’s existing undervoltage protection system and the
on-site electrical distribution system, the staff finds the proposed degraded
grid protect1on mod1f1cat1on acceptable. , :

S1neere1y,

C Leonard A. Kiens, Project Manager
Project D1rectorate I1-3 '
Division of Reactor Projects - I/II

0ffice of Nuclear Reaction Regulation

Enclosure:
As stated

—-d

cc v/enclosure:
- See next page
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20665 -

RELATED TO DEGRADED GRID PROTECTION
DUKE_POWER COMPANY
OCONEE NUCLEAR STATION, UNITS 1, 2 AND 3
DOCKET NOS. 50-269, 50-270 AND 50-287

1.0 INTRODUCTION ' /

By Licensee Event Report (LER) 269/90-04 dated April 30, 1990, the licensee for

. Oconee Nuclear Station reported a situation where one of the two required onsite
emergency electrical paths‘cou1d be rendered inoperable during a degraded grid
condition leaving the station vulnerable to a single failure. Also in LER
269/90-04 and LER 269/90-05 dated May 24, 1990, the licensee reported an additional
‘situation where safety-related equipment could be subjected to low voltages

which could render them inoperable or damaged during degraded grid conditions.

The root causes for these conditions were determined to be design deficiencies.

In a letter dated May 8, 1990, the licensee provided a description of the
conceptual design for a degraded grid protection hardware modification intended
as the permanent corrective action. We have reviewed the concéptual design

and find it acceptable as discussed below.

2.0 DISCUSSION

During normal operation, electrical power to each of the three Oconee units is
supplied through its corresponding auxiliary transformer and N breakers (see
attached figure). If a unit's normal path is unavailable, electrical power is
then supplied through the E breakers via the unit's startup transformer which
is fed from the 230 kV switchyard.

On a loss-of-offsite power condition (230 kV grid voltage below 160 kv),
undervoltage relays, which are part of the External Erid Trouble Protection
System, start the onsite Keowee hydroelectric units and isclate the 230 kV
switchyard from thé offsite electrical grid. Emergency electrical power is
then-available from Keowee to each unit through the underground feeder circuit
via transformer CT 4 and the SK breakers or through the overhead path via the
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230 kv switchyard and each unit's startup transformer and E breakers. For the
overhead path to be established through Keowee breakers, a "Switchyard Isolate
Complete" signal must be generated when the necessary breakers in the 230 KV
switchyard isolate the switchyard from the offsite grid and a11gn the
switchyard to the Keowee overhead path.

For a degraded grid condition (230 kv grid voltage less than 211 kV)
undervoltage relays (1 per phase with 2 out-of-three logic) on the secondary
side of each unit's auxiliary transformer open the unit's N breakers.
Similarly, undervoitage relays on the secondary side of each unit's startup

_ transformer open the unit's E breakers. Upon opening of the N and E breakers,
non-safety related undervoltage relays on each unit's § kV main feeder buses

~ sense a loss-of-voltage condition and start the Keowee hydroelectric units.
Emergency power is available through the Keowee underground path and, if the
grid voltage continues to decrease below 160 kY, through the Keowee -overhead
~path by the protective action of the External Grid Trouble Protection System.

2.1 LER 260/90-04

‘In LER 269/90-04, the licensee reported a design deficiency in the degraded
grid protection circuitry. As can be seen from the above discussion, when the
grid voltage falls below 211 kV, emefgency power is supplied to each unit via
the underground path from the Keowee hydroelectric station but the redundant
Keowee overhead path for emergency power is not available until the grid
voltage falls below 160 kV. If the grid voltage should remain below 211 kV
but above 160 kV, only the singie undergrbund pafh is available leaving all
three Oconee units vulnerable to a single failure. During degraded grid
conditions this could cause the inability of safety systems to mitigate the
consequences of a design basis accident/transient unless the operator took
action to manually align switchyard breakers for the overhead path.




2.2 LER 269/90-04 AND LER 269/90-05

In LER 269/90-04 and LER 269/90-05, the licensee reported an additional design
defect involving the inability of the degraded grid protection circuitry to
protect against electrical distribution system voitages falling below minimum
values recommended by equipment manufacturers and possibly causing equipment
inoperability and/or damage. Between 1979 and 1982, the Ticensee submitted
various analyses and justification to support the selection of 219 kV as the
undervoltage relay setpoint for degraded grid protection. The documentation
submitted by the licensee established that with a grid voltage as low as 217

kv, corresponding voltages at class 1E equipment input terminals would be
sufficient to start and continuously operate the equipment within their

voltage ratings for the worst case electrical system loading. With the actual
setpoint placed at 211 kV {or as low as 203 kV considering instrument errors),
the class 1E equipment performance and/or condition was questionable for

design basis scenarios occurring with grid voltages degraded between 217 kV

and 203 kV. In LER 269/90-05 the licensee stated that all post-trip equipment
except for post-LOCA 208 V MOVs (high and Tow pressure injection valves,
building spray valves) would operate and that the reduction in 4 kV motor life

is insignificant. Operator action wQu]d be necessary to restore adequate voltage
to the valves or to manually operate the MOVs during the degraded grid condition.

- 3.0 EVALUATION

‘For immediate corrective action of the design deficiencies, the plant
operators will monitor the 230 kV switchyard voltage every two hours. If the
voltage drops below 225.2 kV, an attempt to increase the grid voltage will be
made, the Keowee underground path will be verified to be operable, electrical
power from the Lee gas turbines will be made available to the units' standby
‘buses, and Technical Specification 3.0 will be entered. If grid voltage
remains degraded, the units will be in hot shutdown in 12 hours and cold
shutdown within the next 24 hours.
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In a letter dated May 8, 1990, the licensee provided a conceptual description
of the permanent hardware modification intended to eliminate the design defi-
ciencies. MNew undervoltage relays with setpoints of 222,5kY will be installed
utilizing existing potential transformers in one phase on the primary side of
each unit's startup transformer. Two-out-of-three logic will be used to
generate an undervoitage signal, After a 9 second time delay this signal will
then generate alarms in the control rooms and, if an ES signal from any unit's
Engineered Safeguards Protective System exists, will then isolate the 230 kV
switchyard from the offsite 230 kV electrical grid.

The guidance for the staff's review of the proposed modification is contained
in Branch Technical Position {BTP) PSB-1, "Adequacy of Station Electrical
Distribution System Voltages." The specific requirements of the BTP for
degraded grid undervoltage protection of Class 1E equipment and our evaluation
of the proposed design modification against those requirements are as follows:

1. Setpoints and time delays shall be determined from an analysis of
Class 1E equipment voltage requiremehts._

The licensee has selected a setpoint of 222.5 kV for the new
undervoltage relays. This setpoint is based on the value 219 KV,
which the staff previously approved, plus 1.6% to account for
instrumentation errors. The time delay for the downstream timers
has been fixed at 9 seconds to allow for short-duration voltage
transients to occur without initiation of undervoltage alarms and
equipment protective action.

2. A short time delay shall be provided to allow motor starting
transients to occur. Following this delay, a control room alarm
should sound to alert the operator to the degraded grid condition.
If a subsequent LOCA should occur, the onsite Class 1E electrical
distribution system should be separated immediately from the offsite
electrical grid.




As stated above, the licensee has selected a 9 second time delay
which should be adequate to allow for voltage transients during

- motor startup, After the 9 seconds have passed, a subsequent

LOCA will result in immediate separation of the Class 1E
distribution from the offsite grid.

A longer time delay, of limited duration such that Class 1E equipment
will not be damaged, shall be provided to allow the operator to
attempt to restore adequate voltages to the Class 1E equipment.
Following this delay, the C]ass'lE distribution system should be
separated from the offsite electrical grid if adequate voltage

is unavailable.

The design modification has only the 9 second fixed delay. A

second, longer time delay has not been incorporated into the

design. Also, the undervoltage condition in itself does not

result in the separation of the Class 1E distribution system from

the offsite grid; an ES (LOCA, MSLB) signal must exist coincidentally
before undervoltage protective action occurs.

In response to a staff question, the licensee stated, in a phone
conference ¢all, that after a degraded grid alarm is received,
steps will be taken to re-establish an adequate voltage level on
the grid. For a sustained degraded grid condition, analyses (see
licensee's letter dated June 18, 1990) related to LERs 269/90-04
and 269/90-05 have been performed covering equipment and plant
performance down to the worst setpoint (203 kV) of the existing
degraded grid protection circuitry. This circuitry will remain
installed and will provide automatic separation from the grid for
scenarios without an ES signal and where voltages drop tc levels

- near where equipment/plant performance is unanalyzed.
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4. The voltage sensors of the undervoltage circuitry shall be Class 1E
and shall be located at and electrically connected to Class 1E
switchgear.

In response to a staff question, the licensee stated in a phone call
that all relays, timers, and auxiliary relays used in the new
undervoltage scheme would be Class 1E. Although it is derived from
a Class 1E source, the 125 vdc control power will be non-Class 1E
utilizing components similar to Class 1E components. The non-Class
1E potential transformers (PTs) are also similar to Class 1E PTs and
are seismically mounted. '

5. An independent undervoltage scheme shall be provided for each Class 1E
division.

The new degraded grid protection circuitry is not divisionalized and
is shared by all three Oconee units. This is consistent with the
overall design of the emergency electrical power system at Oconee
which has two hydroelectric units shared by all three units with the
overhead path from Keowee having some common components with the
preferred offsite source. The overall design philosophy at Oconee
is to ensure that all the emergency 4 kV buses are fed from the same
reliable source selected by a "good voltage" seeking, automatic
transfer scheme.

6. Coincident logic on a per bus basis shall be utilized.

The proposed degraded grid protection circuitry utilizes 2-out-of-3
coincident logic to preclude spurious trips. As stated above, the
 circuitry and its logic are not divisionalized and are not on a per
bus basis. The coincident logic is shared by all three Oconee

units.




7. Test and calibration capability during power operation shall be
provided for the voltage sensors, '
Since 2-out-of-3 coincident logic is utilized in the new design,
it appears that the undervoltage sensors (PTs and relays) should be
testable without interfering with normal operation.

8. Bypass annunciation shall be provided in the control room.
The staff's review of the proposed design modification indicates
that bypasses are not used in the design. '

9. Technical specifications shall include limiting conditions for
operation, surveillance requirements, and trip setpoints and allowable
values for undervoltage relays and time delay devices.

In response to a staff question, the licensee stated that technical
specifications will be proposed but setpoints and time delays will
not be specifically identified.

4.0 CONCLUSION

From the discussion above, it can be concluded that the licensee's proposed
modification does not fully meet BTP PSB-1 in several areas. Requirements
similar to those contained in the BTP were generically applied to every plant
(circa 1978). In the northeastern part of the country, low grid quality
necessitated the staff to back away somewhat from the BTP requirements,
particularly for the requirement to automatically separate the onsite Class IE
electrical distribution system from the degraded grid. For the northeast plants,
the staff'bermitted the use of alarms, procedures and manual opefator actions,

in lieu of automatic action, to ensure that the safety-related components of

the Class 1E systems would not be adversely affected during Tow voltage conditions.
This compromise to the requirements of the BTP was granted due to the known
weakness of the New England grid whereby the forced shutdown of one nuclear plant
could lead to shutdown of other p]ants'in a cascading manner.




For Oconee, the proposéd modification will add another layer of undervoltage
protection to the existing, degraded grid protection circuitry. Due to the
complexity of the plant's existing undervoltage protection scheme and the onsite
electrical distribution system coupled with the speculation that the quality of
the grid servicing the Oconee site may have similar weaknesses to what exists in
the Northeast, we conclude that it is not prudent to impose the complete
requirements of the BTP. Therefore, we find that the licensee's proposed
degraded grid protection modification (excluding Technical Specification changes
which will be evaluated in a separate SE) is acceptable. '
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Adequacy of Oconee Nuclear Station Electric Distribution System Undervoltage Protection
During Postulated Degraded Grid Voltage Events

1. Executive Summary

During the 2014 NRC Component Design Basis Inspection (CDBI) the NRC team
identified an unresolved item (URI) to determine whether a performance deficiency
exists with respect to the licensee’s degraded voltage relay scheme (Degraded Voltage
Relay Scheme [05000269, 270, 287/2014007-04 URI Section [R21.2.b.iv}]).

This paper will address both the current and historical licensing and technical issues
related to the systems that are credited for both the detection and mitigation of a degraded
grid event.

The Oconee Nuclear Station (ONS) was originally constructed with two layers of off-site
power degraded voltage protection. These layers consisted of the Oconee 4kV Safety
Related Power Undervoltage Protection System (4kV UV) and the Oconee External Grid
Trouble Protective System (EGTPS).

The Oconee Degraded Grid Undervoltage (DGUV) System was added in the 1990s time
frame to correct an issue identified in an April 30, 1990 License Event Report (LER)
conceming unanticipated system interactions during an undervoltage condition in the
230kV switchyard. These unanticipated interactions could have caused the Keowee
Overhead path to be unavailable during certain postulated degraded grid scenarios and
thus result in the failure of one of two power paths (Keowee Overhead and Underground
paths) from the onsite emergency AC source (Keowee). This system alerts Oconee
Nuclear Station operators and Duke Energy grid system operations to degraded grid
voltage conditions prior to the actuation of the 4kV Undervoltage protection system.
This system will also isolate the switchyard and start Keowee in the event of an
Engineered Safeguards (ES) system actuation durmg the degraded grid condition as
further explained in this document. ‘

An operating experience (OE) review was performed and it was determine that some
nuclear power plants ultimately rely upon manual or administration actions (via their
control rooms or their grid operation center) to protect safety related buses from adverse
undervoltage eﬁ"ects related to degraded grid conditions.

Iﬂumately, Oconee relies upon the automatic actions of safety related components to
protect Class 1E equipment from adverse impacts due to undervoltage during postulated
degraded grid conditions,
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2. Overview of ONS Degraded Off-site Voltage Protection
a. Oconee External Grid Trouble Protective System Overview (EGTPS)

The External Grid Trouble Protective System Undervoltage system consists of two
redundant channels. Each channel is physically and electrically separated. Each channel
consists of six undervoltage relays which are each connected to a phase of both the red
and yellow buses. When 2 relays on the same phase actuate, this will then actuate a local
red light and another event recorder point. If two out of three relays are actuated, these
two relays will energize four tripping relays which will initiate the operation of the
External Grid Trouble Protective System and automatically initiate a start of the Keowee
Hydro units. Also, this will actuate a computer point, event recorder point, and status
alarm. :

b. Oconee Degraded Grid Undervoltage (DGUYV) Systeni Overview

The Degraded Grid Undervoltage relays consists of three undervoltage relays which are
connected to the 230 kV Yellow Bus in a 2 out of 3 logic scheme. One relay is connected
to each phase to detect any abnormal conditions. When 2 out of 3 relays operate, this
will start a 9 second timer. If the UV conditions recover above the relay setpoint, the 9-
second timer will de-energize. This is designed to eliminate any voltage transients that
occur during switching and faults external to the Oconee switchyard. If at the end of 9
seconds the undervoltage condition has not recovered, a signal will be sent to the
statalarm, OAC, Dispatcher and Event Recorder. If an undervoltage condition is present
on 2 out of 3 phases along with an Engineered Safeguards (ES) signal, the 230 kV
Yellow Bus will isolate and automatically initiate a start of the Keowee Hydro units to
energize the startup transformers.

This system was added as an additional degraded voltage protection system to clear the
onsite emergency power source overhead path. See section 3.d of this document for
additional history regarding this system.

‘¢. Oconee 4kV Safety Related Power Undervoltage Protection System (4kV
.UV) Overview

The 4kV normal incoming breakers provide power during normal operation to the Main
Feeder Bus (MFB) from the respective unit’s auxiliary transformer (1/2/3T). The normal

* source of power to the unit auxiliary transformer is the unit generator, although the
capability is provided for providing power to 1/2/3T from the switchyard.

If an undervdltage is sensed on two out of three phases of the normal source, the normal
breakers will trip and isolate the safety related Main feeder Bus from the grid. The
emergency source “E” breakers utilize the same logic.

The 84.77% nominal voltage analysis is performed at the “must drop out” value of the
27N & E relays, 97% tap. At the 97% tap value, the 27N & E relays will begin to operate
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the disc and after a time delay will provide a trip to either the normal or startup breakers.
This trip will isolate the safety related buses from the degraded source of power.

A Source voltage of 84.77% nominal will bound all degraded conditions due to the
following;:

1. It has been analyzed that all operating safety related equipment will survive a degraded
" voltage of 84.77% nominal. ‘

2. Uncertainty assoc1ated_w1th the 84.77% nominal voltage setting (97% tap) is bounded by
testing that is performed at 99% tap.

3. It has been demonstrated that the undervoltage relays will drop out and actuate on 4kV
undervoltage at 84.77% nominal.

 InaJuly 21, 1977 letter from Oconee to the NRC regarding the assessment of the
susceptibility of safety related equipment to sustained degraded voltage, it was shown
analytically that the safety related loads are protected from degraded grid voltage
conditions. Attachment 1, Section IIl “Conclusions” states the following:

To ensure that the operability of system components is not adversely affected by short
term or long term degradation in system grid voltage, the undervoltage relays that
monitor the offsite power system are set at 88% (3660V) . This ensures that an acceptable
voltage level required for continuous operation of non-safety, and safety-related
equipment will exist. The time delay inherent in these relays will eliminate spurious

trips and ensure that degraded undervoltages are detected and cleared before they can
adversely affect safety-related loads.

- Figure 5 shows the results of Case 7 which provides the voltage profiles on the safety-
related buses under degraded offsite power conditions corresponding to the undervoltage
relay setpoint of 88% (3660V).

This Case demonstrates that voltages below the continuous operating limits of the safety-
related loads cannot exist without causing a separation from the degraded condition.”

In a December 20, 1978 letter from the NRC to Oconee, the NRC stated that, “the design -
- affords adequate protection against degraded grid undervoltage conditions in accordance
with the NRC letter of June 3, 1977, and therefore is acceptable. ‘

See sections 3.aand b of this document for additional history regarding this system.
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3. Licensing History

a. Original Plant Design for the Class 1E Electrical Distribution System
Undervoltage Protection

No original licensing documentation could be located that explicitly describes and
evaluates the undervoltage protection features of the Class 1E electrical distribution
system. The Oconee Nuclear Station originally had an undervoltage protection design
(4kV UV) to protect the Class IE equipment from a loss of voltage or a sustained
degradation of grid voltage on the emergency buses. This undervoltage protection design
provides for two out of three coincident logic, monitoring the offsite power voltage on
each 4160 volt bus. The undervoltage protection will initiate separation of the onsite
emergency buses from the offsite power systems immediately upon complete loss of
offsite power or at a time delay depending on the extent of the degraded voltage
condition. Due to the inverse time trip characteristics of the undervoltage relays, the.
lower the voltage, the faster the trip.

b. August 12,1976 to December 20, 1978 Correspondence Related to the
Millstone Event

In an August 12, 1976 letter from the NRC to Oconee, the plant operaiion and equipment

- failures during a degraded grid voltage condition events that occurred at Millstone Unit
.No. 2 were described. At that time the NRC requested that Oconee investigate the
vulnerability of their facility to similar degraded voltage conditions and provide a
response by telephone.

In a June 3, 1977 letter from the NRC to Oconee, the NRC felt that it was necessary for
all licensees to conduct a thorough evaluation of the problem and submit formal reports
regarding the design of their respective Class 1E electrical distribution systems and their
vulnerability to both long and short term degradation in the grid system voltage within
the range where the offsite power is relied upon to supply important equipment.

As requested, Oconee provided multiple responses to the NRC describing the operation
of our Class 1E electrical distribution systems. In a July 21, 1977 letter from Oconee to
the NRC, an evaluation performed that showed the Class 1E system is not vulnerable to -
the same conditions that were expenenced during the Millstone event. The letter states
the following:

“To ensure that the operability of system components is not adversely affected by short
term or long term degradation in system grid voltage, the undervoltage relays that

monitor the offsite power system are set at 88% (3660V). This ensures that an acceptable
voltage level required for continuous operation of non-safety and safety-related

equipment will exist. The time delay inherent in these relays will eliminate spurious trips .
and ensure that degraded undervoltages are detected and cleared before they can

adversely affect safety-related loa
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In a December 20, 1978 letter from the NRC to Oconee, the NRC stated that, “the design
affords adequate protection against degraded grid undervoltage conditions in accordance
with the NRC letter of June 3, 1977, and therefore is acceptable. The NRC further stated
in this letter, “The Oconee Nuclear Station originally had an undervoltage protection
design to protect the Class IE equipment from a loss of voltage or a sustained
degradation of grid voltage on the emergency buses. The protection system includes
undervoltage relays with inverse time characteristics which have a trip setpoint set at
88% of the rated bus voltage, i.e., 4160 volts and with a five second time delay. This
undervoltage protection design provides for two out of three coincident logic, monitoring
the offsite power voltage on each 4160 volt bus. The undervoltage protection will initiate
separation of the onsite emergency buses from the offsite power systems immediately
upon complete loss of offsite power or at a time delay depending on the extent of the
degraded voltage condition below 88% of nominal voltage. The lower the voltage, the
faster the trip.”

o August 8, 1979 to March 21, 1983 Correspondence Related to the Arkansas
Nuclear One (ANO) Event

In an August 8, 1979 Generic Letter from the NRC to all Power Reactor Licensees, an
event was discussed that occurred at the Arkansas Nuclear One (ANO) station on
September 16, 1978 that brought into question the conformance of the siation electric
distribution system to GDC-17, in two separate regards. Specifically, licensees must
confirm the acceptability of the voltage conditions on the station electric distribution
systems with regard to both (1) potential overloading due to transfers of either safety or
non-safety loads, and (2) potential starting transient problems in addition to the concerns
expressed in our June 2, 1977 correspondence with regard to degraded voltage conditions
due to conditions originating on the grid.

GDC-17 requires, in part, that (1) electric power from the transmission network
for the onsite distribution system shall be supplied by two physically independent circuits
(not necessarily on separate-rights of way) designed and located so as to minimize to the
extent practical the likelihood of their simultaneous failure under operatmg and
environmental conditions and (2) provision shall be included to minimize the probability
of losing electric power from any of the remaining supplies as a result of, or coincident

- with, the loss of power generated by the nuclear unit, or the loss of power from the
transmission network. The ANO station did not fully meet these requirements.

In a letters from Oconee to the NRC on March 13, 1980 and June 4, 1980, Oconee further
described Class 1E electrical distribution system operation and analyses in light of the
ANO event and GDC-17. Oconee is not a GDC-17 plant due to its licensing prior

to General Design Criterion. .

In a March 21, 1983 letter from the NRC to Oconee, the NRC stated that they had
completed their review and determined the following:
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“Based on the results of your distribution system voltage verification tests, performed in
accordance with our guidelines, for the Unit 3 distribution system, we find your voltage
analysis acceptable, Due to the close similarity of the design and loading of the
distribution systems for all 3 units, we agree to accept the results of the Unit 3 tests as
being valid for Units 1 and 2 also. Therefore separate verification testing for Units 1 and
2 will not be necessary. The voltage analysis you submitted, indicates that the
distribution voltages at the safety buses were unacceptable when one unit startup
transformer is shared between two units. Your staff has agreed to implement Technical
Specifications (TSs) to prohibit the connection of more than one unit auxiliary and Class
1E loads to a single startup transformer.” Oconee Technical Specification 3.8.1
Condition A states the following, “Both required offsite sources and the overhead
emergency power path inoperable due to inoperable unit startup transformer.”

NRC Conclusmns '
We have reviewed the EG&G Technical Evaluation Report and concur in the findings
that:

1. The voltageé are within the operating limits of Class 1E equipment for projected
combinations of plant load and offsite power grid conditions provided one startup
transformer is used for one unit.

2. Spurious separation from the offsite power system due to the operation of voltage
protective relays will not occur (with the offsite grid voltage within its expected limits) as
a result of starting safety loads.

3. DPC has determined (by analysis) that no potential for either a simultaneous oi'
consequential loss of both offsite power sources exists.

4. The tests performed by DPC verifies the accuracy of their analysis.

We, therefore, find Oconee Nuclear Units 1, 2 and 3 design to be acéeptable with respect
to adequacy of station electric distribution system voltages subject to the implementation

- of technical spemﬁcatlons change prohibiting the use of one startup transformer for more
than one unit.”

d. April 30, 1990 to November 14, 1999 Corresbondence Related to the Oconee
License Event Reports

In a April 30, 1990 Licensee Event Report (LER) from Oconee to the NRC, it was
reported that Oconee Design Engineering, while developing a Design Basis Document,
determined that the switchyard voltage could drop below the minimum voltage level
(219kV) required for worst case loading during a unit trip and Loss-Of-Coolant-Accident
on the tripped unit. Further review of the degraded voltage scenario revealed that one of -
the two required on-site emergency power paths, the Keowee Overhead, could be
unavailable for automatic connection to the Oconee 230 kV switchyard because of

the relative setpoints of the under voltage relays serving the startup breaker logic and the
external grid trouble protection system. In addition, this same undervoltage condition
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could prevent the startup transformer 4160 V breakers from closing in causing the 230
kV switchyard and its associated incoming transmission lines to be unavailable to
provide their required support function.

These conditions are possible because the 230 kV switchyard bus must be greater than
219 KV in order to adequately supply ES loads while the automatic actuation voltage
setpoint for the Keowee Overhead emergency power path is less than 160 kV. If a
degraded switchyard voltage exists between these relative setpoints, then power to the ES
buses may not be automatically available from either source.

Design Engineering also initiated a Station Problem Report which resulted in the later
development of Nuclear Station Modification (NSM) 52850. This NSM detailed the
installation of an additional two out of three logic arrangement of undervoltage relays
which sense the 230 kV input to each units startup transformers. The NSM
provided an annunciator, digital computer and events recorder indication to plant
~ operators as well as input to the Operator Aid Computer (OAC) when 230 kV |
switchyard degraded voltage conditions exist. This modification automatically initiated
existing switchyard isolate logic if degraded voltage conditions and an engmeered
safeguards (ES) signal on any Oconee unit occur concurrently. This system is known
_today as Oconee Degraded Grid Undervoltage (DGUV) System.

In a November 14, 1990 Safety Evaluation for Oconee Degraded Grid Protection, the
NRC concluded the following:

“Your Licensee Event Reports (LERs) 269/90-04 dated April 30, 1990, 269/90-04 dated
May 24, 1990, and 269/90-05 dated May 24, 1990, reported situations related to design
deficiencies of the degraded grid protection hardware and provided corrective actions, -
These deficiencies may leave the station vulnerable to a single failure and/or render
safety-related equipment inoperable or damaged during a degraded voltage condition.

However, your letter of May 8, 1990, described conceptually a new permanent degraded
grid protection modification to be installed in the near future that would, to a great extent,
resolve these design deficiencies. The NRC staff has completed a review of these
submittals. Enclosed is the related Safety Evaluation. The staff has concluded that the
proposed modifications to the design would provide additional undervoltage protection.
Also, in consideration of the complexity of the plant's existing undervoltage protection
system and the on-site electrical distribution system, the staff finds the proposed
degraded grid protection modification acceptable.”

4. NRC Regulatory Issue Summary 2011-12, Revision 1, Adequacy of Station Electric
Distribution System Veltages .

Criteria a) The selection of voltage and time delay set-points shall be determined from
* an analysis of the voltage requirements of the safety—related loads at all station electric
power system distribution levels;
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Note: Voltage requirements of all safety-related loads should be determmed based on

manufacturers design and operating requirements. For example, safety injection motors
have starting and running voltage requirements. Motor operated valves have minimum
operating voltage requirements. Motor Control Center contactors have minimum pickup
and operating voltages. All voltage requirements for ail safety-related loads need to be
preserved by the DVR circuit(s) during all operating and accident conditions.

Oconee’s Design to Criteria a) The voltage setpoints for the 4kV Safety Related Power
Undervoltage Protection System relays were shown via analyses to automatically protect -
the cbnpected equipment during a postulated degraded grid scenario.

Criteria b) The voltage protection shall mclude coincidence logic to preclude spurious
trips of the offsite power source;

Oconee’s Design to Criteria b)

The 4kV Safety Related Power System Undervoltage Protection and Degraded Grid
Undervoltage (DGUV) Systems utilize 2 out of 3 logic. This requires that 2 out of the 3
phases are in a degraded voltage condition prior to actuation.

Criteria ¢ . The time delay selected shall be based on the following conditions:

Criteria c-1) The allowable time delay, mcludmg margin, shall not exceed the maximum
time delay that is assumed in the final safety analysis report (FSAR) accxdent
analyses,

Note: Time delay condition (1) indicates that the DVR circuits should be designed
assuming coincident sustained degraded grid voltage and accident events. Upon the onset
of the coincident accident and degraded grid event, the time delay for the DVR circuit
should allow for separation of the 1E buses from the offsite circuit(s) and connection to-
the 1E onsite supplies in time to support safety system functions to mitigate the accident
in accordance with the FSAR accident analyses.

Oconee’s Design to Criteria c-1)

The DGUYV system, as stated in Section 2 of this paper, will actuate if an undervoltage
condition is present on 2 out of 3 phases along with an Engineering Safeguard (ES)
signal, the tripping relays (94V Channel 1 or 2) located in the External Grid Protection
System (EGPS) will operate isolating the 230 kV Yellow Bus and starting Keowee Hydro
to energize the startup transformers. The time delay for this postulated event is well
bounded by LOCA/LOOP analyses. The 9 second degraded voltage relay timer + 11
second (transfer to standby bus) is less than the 23 seconds required by the UFSAR.
Keowee will start from an ES signal and not wait for the 9 second timer.

Page 8 of 15
FOR INFORMATION ONLY




If an accident signal (ES) is not present, the buses will be protected by the 4kV UV
system at each respective unit’s 4kV bus. Evaluation showed that the 4kV UV system
response time is one minute or less.

Criteria c-2) The time delay shall override the effect of expected short duration grid
disturbances, preserving availability of the offsite power source(s).

Oconee’s Design to Criteria c-2)

For the DGUYV system, a 9 second delay is utilized to override the effect of expected
short duration grid disturbances, preserving availability of the offsite power source.

_ The 4kV UV system voltage setpoints arelower than the DGUV setpoints. Expected
short duration grid disturbances would not reach the lower setpoints. Due to the inverse
time trip characteristics of the undervoltage relays, the lower the voltage, the faster the
trip. This provides an inherent mechanism which is resistant to nuisance tripping,

Criteria c-3) The allowable time duration of a degraded voltage condition at all
distribution system levels shall not result in failure of safety-related systems or
components. '

Oconee’s Desngn to Criteria ¢-3)

Due to the design of the 4kV UV system, during a degraded voltage below 87.33% -
nominal it has been demonstrated that all operating equipment will survive and be
available if needed for an ES actuation. It has also been demonstrated that a safety
related load can be started and survive to be able to operate at this degraded voltage.
Additionally, it has been shown that the undervoltage relays would actuate at 84.77%
nominal to separate the safety related loads from the degraded source of power. This
actuation has been shown to occur in less than two minutes. It is also important to note
that once the undervoltage relays drop out the voltage has to recover to 100% tap (105
volts) or higher to reset the relay. Although analysis demonstrates that all safety related
loads would survive during a sustained degraded voltage condition of 84.77% nominal,

- the relays would automatically separate the ES buses from the degraded source or the
voltage would have to recover to an acceptable level, 100% tap (87.5% nominal) or
higher.

Criteria d) The voltage monitors (or DVRS as defined above) shall automatically initiate
the disconnection of offsite power source(s) whenever the voltage and time delay limits
have been exceeded.

Oconee’s Design to Criteria d)

~ The 4kV UV system undervoltage protection relays would actuate at 84.77% nominal to
separate the safety related loads from the degraded source of power.
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The Oconee Degraded Grid Undervoltage (DGUV) system will isolate the switchyard
and start Keowee in the event of an Engineered Safeguards (ES) system actuation during
the degraded grid condition. .

Any proceduralized manual actions for DGUV alarms are preliminary actions. The class
1E buses are automatically protected by the 4kV UV system.

Criteria ¢) The voltage monitors (DVRs) shall be designed to satisfy the requirements of
IEEE Standard 279-1971, “Criteria for Protection Systems for Nuclear Power Generating
Statlons”

Oconee’s Design to Criteria ¢)

- All relays, timers, and auxiliary relays used in The Oconee Degraded Grid Undervoltage

- (DGUV) system are Class 1E. Although they are derived from a Class 1E source, the 125
vdc control power are non-Class 1E utilizing components similar to Class 1E
‘components. The non-Class 1E potential transformers (PTs) are also similar to Class 1E
PTs and are seismically mounted.

The 4kV UV system satistfies the requirements of IEEE 279-197 1 per a July 21, 1977
from Duke to the NRC.

Criteria f) The Technical Specifications shall include limiting conditions for operation,
surveillance requirements, trip setpoints with minimum and maximum limits, and
allowable values for second-level voltage protection DVRs.

Oconee’s Désign to Criteria f)

The current Oconee Technical Spéciﬁcations (TS) 3.3.19 include limiting conditions for
operation (LCOs) and Surveillance Requirements (SRs). No trip setpoints are included in
the TS. '

ONS Operating License and Technical Specifications were issued in the early 1970’s. 10
CFR 50.36 (c)(2)(iii) states that a licensee is not required to propose to modify technical
specxﬁcatlons that are included in any license issued before August 18, 1995, to satisfy
the criteria in paragraph (c)(2)(ii) of this section. As such, ONS was not requred to
modify technical specifications to include items that meet Criterions 1, 2, 3, and 4. Note
that 10 CFR 50.36 was modified to include criteria for inclusion of items in Technical
Specifications in 1995. See section 5.d of this document for additional background
information.

The DGUYV system channel redundancy ﬁmitations and setpoints are included in Oconee
TS 3.3.19. A
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5. NRC CDBI Questions/Concerns
a. Does scheme meet AEC 39 (UFSAR 3.1.39), 1977 letter?

ONS Response to S.a

Criterion 39 (Emergency Power for Engineered Safety Features) states the following,
“Alternate power systems shall be provided and designed with adequate independency,
redundancy, capacity, and testability to permit the functioning required of the engineered
safety features. As a minimum, the on-site power system and the off-site power system
shall each, independently, provide this capacity assuming a failure of 4 single active
component in each power system.

ONS UFSAR section 3.1.39 states:

“The electrical systems meet the intent of the criterion as discussed in UFSAR Chapter 8.
Three alternate emergency electric power supplies are provided for the station from
which power to the engineered safety feature buses of each unit can be supplied. These
are the 230 KV switching station with multiple off-site interconnections and two on-site
independent 87,500 KV A hydroelectric generating units. Each nuclear unit can receive

emergency power from the 230 KV switching station through its start-up transformerasa -

preferred source. Each unit can receive emergency power from one hydroelectric
generating unit through a 13.8 KV underground connection to standby transformer CT4.
The other hydroelectric generating unit serves as a standby emergency power source ’
and can supply power to each unit's startup transformer when required. Both on-site
hydroelectric generating units will start automatlcally upon loss of all normal power or
upon an engineered safety feature action.

Two additional sources of alternate power are available, as each nuclear unit is capable
of supplying any other unit through the 230 KV switching station. In addition,a
connection to the 100 KV transmission network is provided as an alternate source of
emergency power whenever both hydroelectric generating units are unavailable.”

No single active failure could prevent the ability of the on-site power system and the off-
site power system, independently, to provide power to the engineered safety features.”

b. Do manual actions “after a DG (Degraded Grid) Alarm steps to resoive” —
are these required to protect 4kV,etc.?

ONS Response to 5.b

No. As described in sections 2(a-c) of this paper, the degraded voltage relay protection

- systems provide automatic isolation initiation prior to Class 1E electrical distribution
system bus voltages reaching any analyzed limits. Proceduralized actions by Oconee
operators are considered conservative and prudent measures to be taken prior to the
initiation of automatic protective actions.
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¢. Does the automatic systems each meet the requirements (1977, BTP,
RIS)? (Analysis vs. set points) '

ONS Response to S.c

- Yes. Past and current analyses show that the setpoints of the automatic system (4kV UV)
are adequate to protect the Class 1E electrical distribution systems during postulated
periods of degraded grid voltage. See section 3.b of this document for additional
information. -

-d. Are 4KV set points credible since not in TS, and should they be per 10 CFR
50.36 (e)(2)(iii)? “ ‘

ONS Response to 5.d

ONS Operating License and Technical Specifications were issued in the early 1970’s. ‘10
CFR 50.36 (c)(2)(iii) states that a licensee is not required to propose to modify technical
specifications that are included in any license issued before August 18, 1995, to satisfy
the criteria in paragraph (c)(2)(ii) of this section. As such, ONS was not required to

- modify technical specifications to include items that meet Criterions 1, 2, 3, and 4. Note
that 10 CFR 50.36 was modified to include criteria for inclusion of items in Technical
Specifications in 1995. '

The ONS Technical Specifications currently require three channels of each of the
following EPSL voltage sensing circuits to be OPERABLE: a) Startup Transformer, b)
Standby Bus 1; ¢) Standby Bus 2: and d) Auxiliary Transformer in MODES 1, 2, 4, 4, 5,
-and 6, and during movement of irradiated fuel assemblies. The EPSL voltage sensing

circuits are required for the engineered safeguards (ES) equipment to function in any
accident with a loss of offsite power. Per the ONS TS 3.3.18 Bases the EPSL voltage
sensing circuits satisfy Criterion 3 of 10 CFR 50.36. SR 3.3.18.1 requires a CHANNEL
FUNCTIONAL TEST be performed every 24 months (per SFCP). The test is a

" functional test of the logic and does not verify the setpoint. This verification is
performed by testing not controlled by Technical Specifications. The exclusion of the
setpoint verification from TSs is addressed below under TS history.

EPSL TS History

On March 11, 1993, Duke Energy submitted a complete rewrite of Section 3.7, Auxiliary
Electrical Systems, using a format consistent with standard technical specifications
(NUREG 1430). The custom Technical Specifications (CTS) that existed at the time of
submittal did not include surveillance requirements for the EPSL voltage sensing circuits
(4kV UV). As such, Duke Energy proposed to add surveillance requirements to require a
refueling frequency CHANNEL TEST as an additional restriction that was not currently
included in Technical Specifications. The proposed TS Bases for the SR very clearly
stated that the actual setpoints for the undervoltage relays on the N and E breakers are
verified independently as a prerequisite to the TS SR. As a result of NRC Requests for
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Additional Information (RAISs) and associated Duke Energy RAI responses and to make.
the LAR adhere to the STS Writers Guide and associated NUREG, Duke Energy re-
submitted the proposed TS on September 3, 1997. No .changes were made to the
proposed TS on EPSL Voltage Sensing Circuits and the NRC issued the TS and Bases as
- originally proposed (Amendment No. 232, 232, and 231). NRC evaluated proposed TS
3.7.4 for EPSL Voltage Sensing Circuits starting on page 28 of the Safety Evaluation
(SE) restating in their summary of proposed SR 3.7.4.1 that the actual setpoint values for
the undervoltage relays for the N and E breakers are to be verified independently as a
prerequisite to the this SR. The NRC concluded based on the bases of the discussion and
evaluation provided in Section 4.0 of the SE that the technical requirements contained in
TS 3.7 are consistent with design requirements, the current ONS TS with differences
- justified, the Bases for TS 3.7 and technical requirements contained in the revised STS
(refer to Section 5.0 Summary on page 46 of SE). Section 6.0 of the SE addresses ITS
Involvement stating that the SE also provides the review for the technical changes that
.are included in Section 3.8 of the ONS ITS that is currently under review, but are beyond
~ the scope of the ITS program indicating that both sets of specnﬁcatlons (3.7 for this
amendment and 3.8 for the ITS conversion) address the same provisions of the electrical
TS. As a result the NRC staff determined that it was satisfactory to approve TS 3.7 and
delay implementation so that implementation was coincident with the ITS amendments.
‘Note that EPSL instrumentation was located in the instrumentation Section of Technical
Specification during ITS conversion so the TS for EPSL Voltage Sensing circuiis is
3.3.18 and for EPSL 230kV Switchyard DGVP is 3.3.19.

e. Commitments to IEEE-603 / 279 for Emergency Power / Off-site connection
ONS Response to S.e | |

In a July 21, 1977 letter from Oconee to the NRC, regarding the 4kV UV system, it was’
stated that, “Although designed prior to the issuance of IEEE 279-1971, the undervoltage
{(4kV UV) protection logic satisfies the requirements of these standards.”

All relays, timers, and auxiliary relays used in The Oconee Degraded Grid Undervoltage
(DGUV) system are Class 1E. Although they are derived from a Class 1E source, the 125
vdc control power are non-Class 1E utilizing components similar to Class 1E
components. The non-Class 1E potential transformers (PTs) are also similar to Class 1E
PTs and are seismically mounted.

6. Degraded Voltage Protection Industry Precedence and Operaﬁng Experience (OE)

Summary: As shown below, due to the reliance on manual and administrative actions
(instead of automatic actions) for the profective of safety related buses, the NRC decided
to issue a backfit to implement modifications to bring these facilities in compliance with
BTP PSB-1, “Adequacy of Station Electric Distribution System Voltages.” Per a
telephone conservation with Southern Nuclear Operating Company personnel on August
4, 2014, plants Farley and Hatch relied exclusively upon manual actions (either by plant
operations or the transmission control department) to protect safety related components
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from the adverse effects of degraded grid voltage protection. Their argument was
primarily based upon the improbability of such a degraded grid voltage condition.

a. Farley Nuclear Plant Backfit Issue

Following a July 1976 event at Millstone involving a degraded voltage condition, the
NRC staff developed generic positions on power systems for operating reactors. ‘Since
degradation of the offsite power system can lead to or cause the failure of redundant
Class 1 E safety-related electrical equipment, the NRC required that licensees install
degraded voltage protection as described in NRC letter dated June 2, 1977, "Statement of
Staff Positions Relative to Emergency Power Systems for Operating Reactors” (ADAMS

. Legacy No. 4007002656). The letter states that "the voltage monitors shall automatically
initiate the disconnection of offsite power sources whenever the voltage setpoint and time
delay limits have been exceeded.” The letter further states that "the voltage monitors shall
be designed to satisfy the requirements of IEEE Std. 279-1971, "Criteria for Protection
Systems for Nuclear Power Generating Stations." This automatic feature ensures the

- adequacy of the offsite power system and the onsite distribution system and ensures that
the electrical system has sufficient capacity and capability to automatically start and

_ operate all required safety loads.

Contrary to the June 2, 1977 letter an NRC Safety Evaluation Report (SER) for FNP
(ADAMS Legacy No. 951211 0043) accepted manual operator actions to compensate for
degraded grid conditions.

b. . Hatch Nuclear Plant Backfit Issue ‘

In a letter dated June 17, 2011, SNC disagreed with the conclusion in the May 25, 2011,
report and appealed the NRC’s decision to issue the backfit under the “compliance
exception” provision of 10 CFR 50.109(2)(4)(i). In your appeal, you stated that a cost
justified substantial safety backfit analysis, per 10 CFR 50.109(a)(3), was required. At
issue was the reliance on administrative controls and manual actions at HNP, as approved
in the 1995 NRC Safety Evaluation Report (SER), for maintaining adequate voltage to
protect Class 1E (safety-related) electrical equipment in the event of degraded voltage
condmons

After review and consideration of SNC’s response, the NRC has concluded that the
decision to use the “compliance exception” provision as allowed by 10 CFR
50.109(a)(4)(i) was appropriate. The staff maintains its position that SNC’s electrical
analysis for HNP must show that the existing setpoints and time delays are adequate to
ensure that all safety-related loads have the required minimum voltage measured at the
component terminal to start and operate safety related equipment necessary to mitigate
the consequences of the worst-case design basis event (DBE), without any credit for
administratively controlled bus voltage levels. The staff maintains that this position is
consistent with regulatory requirements specified in 10 CFR 50.55a(h)(2) and GDC-17.
This staff position is also consistent with the guidance provided in Standard Review Plan,
NUREG-0800 (July 1981), Branch Technical Positions (BTPs) of Appendix 8-A (PSB),
containing BTP PSB-1, “Adequacy of Station Electric Distribution System Voltages.”
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Further, the staff concludes that the NRC change in position, from that in the 1995 SER,
regarding the acceptability of relying on manual operator action to demonstrate
compliance with SNC 2 the applicable provisions of GDC-17 and 10 CFR 50.55a(h)(2),
‘constitutes backfitting as defined in 10 CFR 50.109(a)(1). The backfitting action is
necessary for compliance with GDC-17 and 10 CFR 50.55a(h)(2) and is consistent with
applicable guidance and practices in effect at the time that the NRC staff erroneously

approved the use of manual actions responding to degraded grid voltage condmon in
1995.

c. Operating Experience (OE) Summary

In summary, the above backfit OE does not apply to Oconee due to the fact that Oconee
ultimately relies upon the automatic actions of the undervoltage relays on the incoming
breakers for the safety related 4kV buses to protect the Class 1E electrical power
distribution system from degraded grid conditions. As described in sections 2(a-c) of this
paper, the degraded voltage relay protection system (4kV UV) provide automatic
isolation initiation prior to Class 1E electrical distribution system bus voltages reaching
any analyzed limits. Any manual actions by ONS are only conservative and prudent
measures taken prior to reaching these limits. ,
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