UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, O. 2. 70558

AUG 25 980

Jocket No.: SO-ZG?(g;)

Mr. Don Warembourg
Nuclear Production Manager
Puplic Service Company

of Colorado
16805 Weld County Road 19 1/2
?latteville, Colorado 30651

Dear Mr. Warembourg:

An event at the Arkansas Nuclear Jne (ANO) staticn on September ', 1378
srought into question the conformance of the station glectric dissribution
system to 30C-17, in two separate regards. Zach of two units at =he ANC
szation nas a dedicated startup transformer powered through 2 sing'e shared
autotransformer [common source of offsite cower) from the station iwitch-
yard. Operation of an autotransformer overcurrent relay caused the loss
of the two dedicated startup transformers. The station elactrical distri-
sution system thus automatically transferred the #411 auxiliary loads of
soth units +o the backup startup transformer exceeding its rated cipacity
and degrading the voltage level at the safety buses. Secondly, during

sur raview of the electrical system at the ANO station, the licensee's
analysis indicated that the "immediate access offsite power circuic’
(dedicated startup transformer) lacked 'sufficient capacity and capability
+o accommodate the simultaneous starting demands of the emergency 'oaas
concurrent with the full house lcads, tn the avent of a Toss of coclant
accident 'LOCA). The condition would result in 21l safety loads -~emaining
3n *he dedicated startup transformer with unacceptadbly degradea soltage.

A voltage degradation during the electrical starting conditicn tecomes

a safety corcern either if the degradation ciauses the starting condition
to se prolonged s0 3s o become a sustained inder-voltage or if the voltage
degradation causes “requent spurious shedding o€ the ESF loads frem the
sreferrsd sower source, the offsite electric jrid. This event was zescri-
sed in MRC's 1Z Information Notice No. 79-04. Additicnal background infor-
mation i{s arovided in Snclosure 1.
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The [E Information Notice lo. 79-04 stated t"at NRC would follow with specific
actions to be taken >y licensees, This letter identifies those actions.

8ased on the ANO event, the NRC has expanded its generic review of the adequacy
of the electric power systems for all operating nuclear power facilities.
Specifically, we must now confirm the acceptanility of the voltage conditions
on the station electric distribution systems with regard %o both (1) potential
overloading due to transfers of aither safety or non-safety loads, and (2)
potential starting transient problems in addition to the concerns expressed

in our June 2, 1977 correspondence with regara tu degraded voltage conditions
Jue %0 conditions originating an the grid.

3ased on the experience at ANO, the NRC is requiring all licensees to review
the electric power systems at each of thefr ryclear powe- plants to determine
analytically 1f, assuming all onsite sources 3>f AC power are not availadle, the
offsite dower system and the onsite distribution system is of sufficient cap-
acity and capadbility to automatically start 25 wel!l is sperate 21) required
safety loads within their required voltage ratings in the event of (1) an antici-
sated transient (such as unit trip) or (2) an accident (such as a LOCA) regard-
less of other actions the electric power system is designed o automatically
fnitiate and without the need for manual shedding of any electric loads. Pro-
tection of safety loads from undervoltage conditions must bde designed to pro-
vide the required protection without causing voltages in excess of maximum
voltage ratings of safety loads and without causing spurious separations of
safety duses from offsite power. NRC shouid Se informed of any required
sequential Toading of any portion of the offsize powe” system or the onsite
distridbution system which is needed %o assure *nat power srovided to all safety
‘oads fs within required voltage limits for these safety 'oads. Guidance on
avaluating the performance of electric power systems ~ith regard %0 voltage
arops is provided in Enclosure 2.

The adequacy of the onsite distribution of power from the offsite circuits

snall e veri led by test %0 assure that analysis results are valid, Olease
orovide: (1) a description of the metnod for performing this verification,

ind (2) the test resuylts. [# pravious tests verify the results of the analysis,
then test results should Se submitted and additional tests need not 2e zerformed.

in additicn, you are request:d %o review the electric Jower systems 2f your
nuclear staticn to determine if there are any avents or conditions which
could result in the simulctaneous ar consequential loss 2f 20th required
circuits to the offsite network %o cetermine f# any sotential exists ‘or
/iglation of 30C-17 in this regard. These reviews should Se completed, and
3 2opy of the analyses provided %o NRC within 50 days of the date of this
Tetter.



“r. Oon Waremboursj ade AUG 2 5 880

In the avent tnat any violations or potential violatfons of GOC-17 or
voltage requirements of safety loads are discovered remedfal action should
be taken immediately. You should provide the Commission with prompt
notification with written followup pursuant to the reporting requirements
of your Technical Specifications.

Sincerely,

s
-~ o
adn et o Elasew
Robert L. Tedesco, Assistant Director

for Licensing
Ofvision of Licensing

gnclosures:

1. Background information on
ANQ event

2. Guidelines for voltage drop
calzulations
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ENCLOSURE 1

BACKGROUND NFORMATION OM ANO EVENT

The event that occurred at the Arkansas Nuclear One station on September 16,
1978, brought into question the conformance of the statfon electric
gistridbution system design to G0C-)7 with regard to the capacity and

the capadility of the onsite systems,

Each of two units at the AND station has o dedicated startup transformer
connected o0 & single shared autotransformer (common source of offsite
power ) from the station switchyard. The incident was Taftiated by

Unit 1 reactor trip concurrent with trip of the unit's Rurbise-generitor.
The Unit 1 auxiliary loads were automatically transferved to Startup
Transformer 1. The powe- being supplied to Startup Transformer 3 (Unit

2 dedicated startup transformer), which was feeding Unit 2, and being
sunplied %o Startup Transformer 1 resulted 1n operation of an autotransformer
overcurrent relay and consequent tripping of the incoming circuit bresker
of the autstransforme=. The autotransformer has the capacity to provide
sowsr for bot® units, but due %o an error, the overcurrent relay was still
set for the cperaticn of Unit 1 only. Loss of fnput power to the two
Startup transformers automatically transferred the auxiliary loads for
both units to the backup Startup Transformer, ST 2. However, this trans-
former 15 designed as an alternate supply for one unit and 15 not designed
to carry fu1) auxiliary loads for doth units. This overload caused a2
voltage degradation at the safety buses. The event to this point
demonstrates that the design of the offsite power yystem 2o the AND
station Units 1 and 2 did not fully meet GOC-17. In the circwastances
exserienced a ANC the fallure of one of the two 0ffsfte electric power
cimeyuits resulted In failure of the other elect=ic power circyit. G3C-17
requires, in part, that (1) electric power from the transmission network
2o the onsite distribution system shall be supplied by two physically
independent circuits (not necessarily on separate rights of way) designec
and located sc as to minimize to the extent practical the likelihocd of
their simultaneous failure under operating and enviromental conditions
and (2) prevision 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 10ss of power generated by the nuclear unit, or

the 10ss o7 power from the transmission metwerk, The ®W0 2id met ey
meet these recuirements. -

Initially, the sequence of events on September 16, 1578 did not Incicate
any pretlem with the elezsrical distriution system of Unit 1. Mwever,
subsequent analysis by the licensee Indicated thet in the event e’ a
LL 8% Unit | during which time Startup Transformer No. 1 woyld de
recuired %o provide powes o both the nonesafety auxilfary electirica




Toads and start the safety loads a voltage degradat on would result.

The safety loads might not transfer to the Unit 1 diesel-generators but
could remein on the startup transformer with ynacceptadly degraded wvoltage.
Although there is margin In the therma! capability of equipment such

a situation could result in thermal damage in the safety equipment and/or
blown fuses in control circuits for these safety Toads. Efther event
could result in disadling these loads during a LOCA. 80C-17 reguires,

in pa=t, that electric power supplies for muclear power plants provide
sufficient capacity and capasility to assure that cersain lipits are

not exceeces in the event of anticipated operational occurrences and

that the core s cooled and containment integrity and other vital
functions are maintained in the event of postulated failures. The

ANC design was not capable of providing the electric power of "sufficient
capacisy and capatility.”



ENTLOSURE 2

SUIDELINES FOR VOLTAGE OROP CALCULATIONS

Separate analyses chould be performed assuming the power source
to safety buses 1y (a) the unit auxiliary transformer; (b)

the startup transformer; and (c) other availadble comnections to
the 2ffsite network one by one assuming the need for electric
power is initisted by (1) an anticipated transient (e.g., unit
trip) or (2) an accident, whichever presents the larjest load
demand situation.

For multi-ynit stations a separate analysis shoulc be pe~formed
for eazn unit assuming (1) an accident in the unit deing anlayzed
and simultanecus shutdown of all other 4nTis a1 thatl siation;

or (2) an anticipated transient in the unit being analyzed (e.5.,
unit trip) and simultanecus shutdown of all other ur‘ts at that
station, whichever presents the largest load derand situation.

A1l actions the electric power system is desicned to automatically
fnitiate should be assumed to occur as desigred (e.3., automatic
bulk or sequential loading or automatic transfers of bulk loads
from one transformer to another). Included should be consideration
of starting of large non-safety loads (e.g3., condensate pumps ) .

Manua'! load shedding should not be assumed.

For each event aralyzed, the maximum Toad necessitated Dy the

event and the mode of operation of the plant at the time of the :
event should De assumed in 3ddition to a1l Toacds cawsed Jy expected
automatic actions and manual actions permitted by ac-inistrative
procedures.

The veltage at the terminals of each safety loac sho.1d e
calculates bases on the adbove 1isted considerations anc assumptions anc
based on the assumption that the grid voltage is at the *minimum
expected value”. The “minimum expected value” shoull be selected
based on the leas: of the following:

3. The minimum steady-state voltage experiencec at the connection
.«0 the offsite circoit. s -

5. *The minimum voltage expected at the conmeciisn i the offsite .
circuit due T2 contingency plans which ma. vesu’t in rec.cel
veitage frem this gric.

t. The minimum predi

cted gric voltage from griz stazility ara’ y3is.
(e.5., Toad fiow stud

jes).

In the repor: %0 NRZ on this matier the ! ,
actions, including any propesed “Limiting Conciticas for Qoeration”
for Technical Speci€isations, in resoonse to exia-ie~ling ve'ltage
at the conneztion to the offsite cirzuit wnicr is leis tman tne
"minimum expectes value.” A copy of the plant srocesire in This
regard should be providec,
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ERCLOSURE 2

QUIDELINES FOR VOLTAGE DROP CALCULATIONS

Separate analyses chould be performed assuming the power source
to safety buses i (a) the unit auxiliary transformer; (%)

the startup transformer; and (c) other availadle comnections t0
the 2ffsite network one by one assuming the need for electric
power is initiated by (1) an anticipated transient (e.g., unit
trip) or (2) an accident, whichever presents the larzest 1oad
demand situation.

For multi-ynit stations a separate analysis should be pe-formed

for each unit assuming (1) an accident in the urit deing anlayzed

and simultanecus shuidsown cf al) other ¢nTis a2t thal s2ation;

or (2) an anticipated transient in the unit being analyzed (e.g.,

unit trip) and simu)tanecus shutdown of all other ur‘ts at that
tation, whichever presents the largest load derand situation.

A1l actions the electric power system is desicned to automatically
fnitiate should be assumec to occur as designed (e.5., automatic
bulk or sequential loading or automatic transfers of bulk loads
from one transformer %0 ancther). Included shou'd be consideration
of starting of large non-sa‘ety lcads (e.g., condensite pumps ) .

Marual load shedding should not be assumed.

For each event aralyzed, the maximum load necessitated Dy the -
event and the mode of operaticn of the plant at the time of e )
event should be assumes in 3ddition to0 all Toads cawsed by expecied
automatic actions and manual actions permitted by actinistrative
procedures.

The voltage at the terminals of each safety loac sho.ld de

calculates based an the above 1isted consigerations and assumptions an<
based on the assumption that the grid voltage is at the “minimum
expected value”. The "minimum expected valve” shoull be selected
based on the leas: of the following:

5. The minimum steacy-state voltage experiences 2t the connection
~20 the offsite circoit. . .

5. “The minimum voltage expected at the conmectisn I the offsite .
circuit due T2 contingency plans which ma. vesy’t in red.ces
voltage from this gric.

c. The mrinimum pre<icted gric¢ voltage from g-fz stazility ara’ ysis.
(e.g., Toad flow stucies).

in the report to NRC on this matter the licemses soc.’c state lanned
actions, including any proposed “Limiting Conciticns for Coeratiorn”
for Technical Speci“ications, in response o exze-iestin: vo'lage

at the connection to the offsite circuit which 1s leis than tne
“minimum expected value.” A copy of the plant procel.re in this
regars should be providec,




10.

.

12.

13.

.z.

The voltage analysis should include documentation for each condition
analyzed, of the voltage at the input and output of each transformer
ang at each intermediate bus between the connection to the offsite
circuit and the terminals of each safety load.

The analysis should document the voltage setpoint and any inherent
or adjustable (with nominal setting) time delay for relays wnich
(1) initfate or execute automatic transfer of loads froc one source
to anotner; (2) initiate or execute automatic loac shedding; or

(3) initiate or execute automatic 10ad sequencing.

The calculated voltages at the termminals of each safety load should
be compared with the required voltage range for normal operation

and starting of that load. Any identified inadequacies of calculated
voltage require immediate remecial acticn and notification of NRC.

For each case evaluated the calculated voltages on each safety bus
should be compared with the voltage-time settings for the under-
voltage relays on these safety buses. Any identified inadeguaczies
in uncervoltage relay settings require immediate remedial action
and notification of NRC.

To provide assurance that actions taken 2o assure adeguate voltage
levels for safety Toads dc not vesult fn enzassive vollsge,
assuming the maximum expected value of voltage at the comnection

to the offsite circuit, a dgermination shou'd be made of

the maximum voltage expected at the terminals of each safety lgad
and its starting circuit. If this voltage exceeds the meaximun
voltage rating of any ftem of safety equipmen: immediate remecial
action {s required and NRC shall be notified,

Voltage-time settings for undervoltage relays shall be selectes

$O as to avoid spurious separaticon of safety buses from offsite

pomer during plant stariup, normal pperation and shutdomn due o -
SLATIUT 80C/or gperation of elgctric ioaas. -

Anaiysis docomermatien should inclede & stateme~t o0F the &ssumsiions
for each case asnalyzed.



