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INTRODUCTICN

3y lettar daced July 25, 1983 [Ref. 1], Sacrameato Muaieipal Urilicy
Districe (SMUD), the liceasee, requested Lo =mdify the License Amendment No. 46
ou this subject which was spproved by the !'AC on March 21, 1583 [Ref. 2]. The
changes are required to =ake the staction load-snedding system operable bacause

of the diffgrence i{a the 'as designed' and 'as built' time delays which are

shown in Technical Specificatior (TS) Table 3.7=1. All load-shedding systemw
per TS 3.7-1 mst be operabla before the uait is drought eritical.

By cumarous talephone conferences [Ref. 3] and telecopied supplements
(Refs. & to 6], the licensee subwitted a revised proposal dated July 29, 1983
(Ref., 7], to the licecsee amendaent request.

The purpcse of this report is to evaluats the proposed Technical
Spectification changes to datermiae whether zhe proposed time delays will provide
the required operability of the nuclear services Joad=shedding systems.

T™e review basis criteria that were applied in determining the accept—
ance of the proposed TS changes were coataived {n the following:

(1) NRC letter (R. W. Refd) to SMUD (J. J. Mattimoe), dated
June 3, 1977 [Ref. 8], Letter subject on Degraded Grid
Voitage Protection.




(2) NRBRC letter ‘W, G, Gamadll) %o all Power Reactor Licensees,
daced August 8, 1979 [Ref. 9]. Letter subject on the
Adequacy of Statioa Electric Discribution System Voltages.

3.1 DEGRADED GRIC VOLTAGE PROTECTION

A previous Lawrence Liverwore National Laboratory (LLNL) report
[Ref. 10] concluded that the licensee met all of the NRC staff positions as
required ic the June 3, 1977 letter [Ref. 8]. Spacifically, these positions

- - -
are;

To provide an undervoltage/ovarvoltage protecticn scheas
vhich will protect all Class LE @quipeent from sustainad
voltages outside the equipwent's degign Iimits. This
schems was designed based on the voltage requiremsnts of
of the equipmant, LEEE standards, and to reduce the possi-
bility.of epuricus separatioas {roo the preferred cffsite
sources due to short duracion voltage transienmts.

Te prevent auy adverse interaction of the onsite and off-
site sources as a result of the load-shedding scheme.

To inelude Limiting Conditions for Operation (LCOs), and
Surveillince Requirements ia the TS.

3.2 ADEQUACY OF STAl 'ON ELECTRIC DISTRIBUTION SYSTEM VOLTAGES

Two previous LLNL reports [Refs. 11 and 12}, concloded that the
requirements of the NRC latter dated August 8, 1979 (Ref. 9] has been aet.
These reports evaluated the licensee's voltage analyses and proposed modifi-
cations with respect to the NRC guidelines i{dentified in Reference 9. The
licens~a's analysis demonstrated that the af fsite sources, in cenjumctica
rAth the onsite distribution system, has sufficlent capacity and capabilicy
to automatically start and continuously operate all required Cluas 1E equip—
et within the equ.ipnut's voltage ratiogs under worst~case conditious.
These conditions wers maximua load-demand/miniaum expected normal grid voltage
and mnima loasd-desand/maximun expected grid voltage. The normal operating
grid voltage range was identified as 221 kV to 239 k¥, For voltages outside
the nsoroml operating range, the undervolrage/overvoltage protaction scheaes
will provide the required protecticn so that the Class 12 equipment will not
be subiected to sustained abaorwal valtages. Continued plant operatiocm with
the grid woltage below 218 kV (upper tolerance on the undervoltage setpoint)
was limited by the plant's TS to 26 hours. In addition, the evaluatioce
concluded that spurious operation of the undervoltage /overvoltage protectioon
schepes will not occur as a result of wotor startiag transients under the
vorst—case conditions analyzed.
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Also, as part of the report, the licensee comzitted to perform further
analyses on the 480=volt MCC overload protection davices and tO0 repoOrt any
requirted changes.

4, EVALUATION

PROPOSED UNDIRVOLTAGE /OVEEVOLTAGE SETPOINT CHABGES

UNDERVOLTAGE SETPOINTS

During operational testiog of the recently inscalled undervoltage/
ovarvoltage protaction schemss, the licenses deteraiaed zhat the performance
requirements of the undervolrage relays, as defined io the TS (Table 3.7-1),
could aot be met. This is becamuse the propos trip setpoint of 3771 * 38
volts with a tioe delay of 12 + 1.2 seconds fell within the area or tne
relays' characteristic curves undefined by the nsagufacturer (2 C2 of the
crip setpoint). Thereiore, resting at this seatpoint voltage produced varyiag

1me delsys to trip outsids the tolerances specified in the TS table.

These varying trip times werte directly related to the testC voltage
starting point. For voltage starting points cear the upper relay tolerance
or greater, the tTrip tioe was essentially independant to the starting voltage

and would result i{n longer trip times. As the voltage startiag point becime
n=arer to the setpoint, the time dalays becams wOTre depeadent to the starting
voltzge and would result in shorter trip times. As a resul:, the licensee
proposed an eavelcpe of tTip times (Ref. 1] which defined an upper add lower
band liwiz. The lower band limits (e.ge, 8.3 seconds ac 982 of che trip
sezpoint) are such that the possibilicy of spurious actuations could ocaur
during =otor startiog transients.

After discussions with the NRC staff, the licensee performed more
ehan 100 tescs on the undervoltage relay to establish the rccuracy and repeata”
wlicy of the relays' performance characteristics. The Cests were conducted in
three sreas. rIhe first test are=a cantered on 99% to 101< of che ctrip setpoint
vith the second test area from 902 to 100Z of the trip setpoiant. These two
.raas coversd the spectrum of the relzys' performance curve which was not
Jef Llaed by the sagufacturaer. The final area tested covered the range of O0X
to 302 of the trip setpoint where the relay’'s parformmace is defined. The
resulets of these tesats, shich are showm in Attachment A, demonstrated that
the relays’ characteristics are as previcusly defined by the voltage/ti
curve [Ref. 13]. Therefors, a high leve] of confidence exists that the relay
will trip in approximately 12 secouds at the trip setpoint. To ensure that
the reiays' performance characteristics are as required, the licensee is
sroposing (Ref. 7] the following surveillaace points in TS Table 3.7-1 for
the undervoltage protection scheme:




Jandervoltage Equivalent Time Delay
Setpoint 4160 3us Voltage (Seconds)

Trip Setpoin: 3771 *+ 38 (Rot Testad)

982 of Setpoiat 3635 8.2 .82
90Z of Setpoint 3394 « 32
70T of Setpoint 2640 ] 31
oz og Setpoint 0 + .15

For testing purposes, the above time delays are based on an inicial
starcing >us voltage of 4160 volts.

A voltage a2nalysis (kef. 13] which was evaluated in Reference 11,
demenstrated that starting the condensare pump at a grid voltage of 214 kV and
218 kV (* tolerance of the trip setpoint) under worst case load—deaand condi-
rions would not cause spurious tripping of the undervoltage protection scheme as
designed. Further tests (Ref. 3] showed that starting the condensate pump at a
bus voltage of 3771 volts (trip setpoint), the bus voltage would recaver to 3733
(zigus tolerance of the trip setpoint) in 2.0 seconds. This voltage recovery
occurs in approximately half the time tripping would cccur, thus precluding
spurious tripping.

An evaluation of the test results indicares that the undarvoltage
relays' performance characteristics, as required, have Ddeen clearly defi{ned and
with sufficient repeatabilicy inm the area of 902 zo 100% of che trip setpaint.
Therefore, the lizensee's proposed setpoints will provide the protection parfor-
mence as previously evaluated of the Class 1B equipment from sustained degraded
voltage and to preclude spuriouns trips froam the preferred offsite scurces.

4,1.2 OVERVOLTAGE SETPOINTS'

In addition, the licansee determined the need to extend the time
delay on the overvolzage setpoinct of 4580 + 46 volts from the origical
3.0 seconds to approximately 8.0 seconds. This oeed for the time delay
{ncrease {3 to prevent spurious tripping when starting the reactor coolant
pump (RCP). The ZCPs are supplied by one winding of the startup traas~
farmars vhile the Clags 1E uses are supplied from the other winding. The
-asiorzar design characteristics are such that when low voltage occurs om
the one winding during RCP start, voltage compensation causes higher voltage
on the other winding (to Class 1B buses). This increase io voltage exceeds
the overvoltage J-second trip setpoint and causes bus tTipping. The licensee
is propusing (Ref. 7] the following trip setpoints.

Overvoltage Equivalent Time Dealay
Setpoint 4160 Bus Volts (Seconds )

Trip Setpoint 4580 + 46 (Not Tested)

102 of Setpoint 4672




The licensee defined the maximuo expected switchyard voltage of
239 k¥, To meet the equivalent of the upper tolerance of the overvoltage
setpoint would require a grid voltage of 244 kV. Assuming oo bus lcad, this
*his voltage equates to 4626 wolts (1112 of 4160 volts) and 521 volts (1132 of
460 wolts) on cthe Class 1E buses. As required equipment is loaded onto the

h:s@s, the voltage at the equipment terainals will becoee more within the + 10Z
upper dasign limirt.

An evaluation of the additional time delay of 5 seconds froa the
sreviously evaluated 3 seconds (8 seconds maximua) to the aquipmeut 's voltage
requirements, indicatas that the proposed overvoltage trip sefpoint will szill
provide the required protectiom of the Class 1L equipemnt and will preclude
spurious separations from the preferred offsite sourcec No significant effects
will occur as a result of the increased tims the equipment mey be exposed Lo
overvoltages.

bo2 PROPOSED DESICN CHANGES

During the installation of the undervoltaga/overvoitaga protaction
the licensee determxiced that some w=inor circuitry chamges frew the
design [Ref. 13] would eliminate a conflict in sowms alarm ammunciator

and would provide consolidation. Specifically, these changes {ncluded

(1) The daletioca of individual woltmeters on the undervoliage/over=

voltage potential trassformers o & comoon voltaster with a
selsactor switch.

(2) The daletion of an suxiliary time delay relay 628 and coabined
series time delays with 624,

(3) The separation of the arcunciator and undervoltage/overvoltage
relay targets by a2 high speed auxiliary relay to assure target
actuation.

The deletion of the circuit imputs to the computer.

The additiocn of an overvoltage alaram ou the 480—volt buses with
a setpoint aof 504 volts.

An evaluation of the above design changes finds that the design require-=
ments as stated iu Reference 8 are still aec.

4,3 PROPOSED LCO AND ADEQUACY QOF STATION ELECTRIC
DISTRIBUTION SYSTEM VOLTAGE ANALYSES CHANGES

The licensee's voltage analyses which were evaluated in References 10
and 11 degonscrated that for grid voltages at or abobve 218 «V (cormal operatiag
raage of 221-239 ¥¥), the Claes 12 equipmmat can operate indefinitely at chis
voltage with no equipment degradation. For grid voltages at 216 k¥ (lower
rolerance of cthe undervoltage relay), the Class lE equipment could be degraded




1 this voltage persisted foT longer thanm 12 seconds. Yrom this, the uader=
volrage pretection gechems was designed with a volcage trip setpoint with
tolerances to zorrespond with the 214 k¥ and 218 kV grid veltage values.

Whilae undervoltage relay trip caa be assured to occur at soce valuas
from 214 &V o 218 k¥, it camnot be guaranteed at a specified particular value
within this band. Should ths grid volcage degrade to 214 kV to 218 k¥ and the
relay trip occurs, the Class 1E equipmant will not be exposed to 2 narsful
degraded voltage condition. 1f the relay trip does mot occur, the Class 1E
equipzent could be exposed to such a voltage iundefinitely. The licansee's
analysis on the Clase 12 oqu.ip:-n:'t woltage requireseunts demonsciated that the
equipmeant could cparate for a maximum of 24 hours in the band of 214 kV to 218 xV
with no significant effecrs or degradation om the operability of the equipment.
Therefore, the provision for limiting plant operatioun to 24 hours below 218 kV
{s included im the prese=nt TS.

The presect TS allows operation for 24 hours below 218 xV, after
which doth elactrical divisions would be powered by the emergency diesel
generaturs. The licensee has proposed to revise this TS to explicitly
require better controls. 1¢ the grid should fall to below 218 xV, pre~
plaoned actions to increase the grid volrage wouid be igitiated immediacely.
1f the grid remmins below 213 xV for 8 hours, or if it falls balow 216 kV,
and undervoltage protective action has notC occurred for either divisiom, ome
of the redundant alectrizal divisions at the planc will be zacually traas—
fecrad to its assoclated sasite power source (i.e., diesel geoerator) and
gperate {ndependeat of cthe offsite power. <he other alectrical division will
rema.n on the of faite power SOurce, wizh the diesel generalor assocliacad with
rhat divisioa operable and i{a tha cormsal standby status. Operation in this
configuration would be allowed for up to 74 hours. This temporary plant con~
figuration srovides the saximun flexibility for the possibility that either a
problea develops with the operstiog diesel generator OT & probles develops
wich the offsice power Or the non-safety~relatad portions of the onsite power
distribution systeme This configuratioca provides the greatest assurance that

1X¥ losds will not be lost due to a degraded voltage and that at least one
of the redundant elactrical divisioms will be provided in auy eventuallty.
Therefore, 1 recomssad that the NEC accept che licensee's proposed changes for
administracive controls for grid voltages below 218 kV.

As required in Referance 11, the licensee further analyzed the 480—
volt MCC overload protection devices for Llanadequacies when operating between
Y14 kY aad 218 k¥. The results of the analysis indicated that cartain 4160-volt
motors cequirted au (pereased time delay for overcurrent from 6 cyclas cffset <o
7.5 eyeles ctotal * 1 cycle, and cartain 480-volt MCC overload heaters required am
{ncrease %o 1.15 timms #ull load amperes |(Raf. 4]. The liceusee's aoalysis
indicated that with these overcurrent device changes, the bus supply bdreakers
will trip on undervolt age /overvoitage pefore any load trips om overcurreat aund

still provides the required equipeent protection.

With the analysis results on the overload protection devices, the
licensee has demonstrated the adequacy of the stacion's electrical distribution
gystem voltages and the required equipment protection from sustained degraded
voltages.




Se CONCLUSION

Based on the inforostion submitted by SMUD, for the Rancho Seco Nuclear
Generating Plant, it is concluded that:

(1) The proposed mmderveltage relay setpoints will provide the design
protection performaace for the Class 1= equipment froa sustained
degraded voltage.

The proposed overvoltage getpoint time delay will still provide
adequate protection of the Class 1B equipment from sustaloed
ovarvoltage.

The design requiremsents are still wet with the proposed design
modifications.

The uadervoltage/overvoltage setpoints (voltage and time) will
preclude spurious separations froa the preferred cffsite sources.

The proposed TS LCOs for limiting plant operatioa below 218 kY
provides the grestest assurance rhar the Class 1E equipment will
not be exposed ©2 sustained degraded voltages.

The equipment overload protection device changes gtill previde
the required equipment protection and yet allows bus supply
breaker tripping om undervoltages /overvaltage conditions o
occur firsc. .

Accordingly, 1 recommend that the NRC accept the proposed Technical

Specificatiocns changes on the undervaltage/overvoltasge trip setpoints aad txizing
conditions for operatiom.
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RELAY TEST DATA

4160 VOLTS STARTING POINT

END PT. 2 Or SETPOINT TIME RANGE (10 RUNS)

3775 wolts 100,12 11.563 11.79
volts 1002 1,244 11.498
velts 99,82 10.837 11.307
volts 99.72 ‘ 10.662

99.4% ] - 10,414

99.2%

volrs
volcs
J voltrs
< volts

volts

volts
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ATTACEMENT A
RELAY TEST DATA
FIGURE 2

UNDERVOLTAGE RELAY
TIME-VOLTAGE CHARACTERISTIC

START VOLTAGE P20INT - 4150 V¥
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ATTACHMENT A

RELAY TEST DATA
FIGURE 2
UNDERVOLTAGE RELAY
TIME-VOLTAGE CHARACTERISTIC STARTINC POINT
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END PT VOLTAGE

Z SETPOINT

3728

ATTACAMENT A

RELAY TEST DATA

STARTING POINTS
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