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TNTRGOVCTlON

Florida Power L Light Cae7pany (FPL) experienced an electrical

power system disturbance on June 28, lgli, which resulted in the

separation of the southern part of the systta froa the north. Load

ws shed due-to the underfrequency that existed during the distur-

hence.

High-speed oscillograph records, recording charts and other

data have been examined in order to reconstruct the sequence of

events. that occurred. Thi report documents the sequence of events

and the corrective aeasures being taken.

5799NR7

At 10:99 p.n.. June 98. 1974. a phase te pfeund fault deueluped

oa the Laudania-Port Everglades 240kV'line. Oue to a aalfunction

of a protective relay, isolation of the faulted'line was slow.

.The delay in clearing the fault caused the systca to become

~table. The fault and the consequent power swings resulted in

Tm voltages over the southern part of the systca. Protective re-

lays operated to separate the portion of the systee south of Mast

Pa1a leach froa the rest of the systca. 'See Fiyere,-l)- Turkey

PORC No. 3 and No. 4 reactors ~ tripped by rector protectite.

Tlrls !4S lit loss of geeeretim caused the frWaeacy to drop repin

y-'eod

4e the affected ~. Tle treeeeecy recoil and ts7e system

~ tied back tegether ie ll antes. Sctvfce u~eretsoa ~ ~
~Oece ie SC eSaetes aaceae for a fee fmlatepa cases.
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OE5CRIPTION OF THE OlSTURBAHCE

On a dead-end structure of the Laudan5a-Port Everglades 240 kV

c5rcu5t, n5ne structures from Port Everglades Plant, a str5ng of 5n-

sulators support5ng a )raper flashed over on B phase. The Laudan5a end

opened at 21 cycles w5th a Ground P5lot target. The Port Everglades

end opened at 41 cycles w5th a Ground T5me target. The Laudan5a end

reclosed at 43 cycles, re-estab15sh5ng a 8 phase to ground fault. The

Laudan5a end opened at 49 cycles to clear the fault from the system.

The fault pers5sted for 41 cycles because the contact of the

carr5er stop relay (GDX) 5n the pr5aary d5rect5onal ground relay

(CV%) scheme d5d not close to stop the carr5er s5gnal from Port

Everglades. A s5mpl5f5ed d5agram of the carr5er c5rcu5t 5s g5ven 5n.

F5gure 2.

The delay 5n 5solat5ng the fault caused pcwer ar5ngs. The system

spl5t south of Ranch at 50 1/2 cycles, was t5ed back together at 64 1/2

cyclis. by automat5c reclos5ng, and sp15t aga5n at 79 1/1 cycles. The

~clay and breaker operat5ons are sumar5zed 5n Table l.
At approx5mately 60 cycles Turkey Po5nt No. 3 and No. 4 reactors

uevm tr5pped by reactoe coolant flee protect5on dev5ces. The an't

probable cause of the reactor tr5p was the operat5on of the undervoltage

relays w the 4 N aux5llary bus. These relays are set to tr5p at
70'f~l voltage m5th a 1 secomd t5me delay. A Plot of the Turkey Po5et

2 kT bms uoltages 5s shaee cm F5gere 3.. Loe actor aolmlt flew, result54ag

Aw the lei voltage, comM also heee tr5SjW the remcter. The lear
f4'at

pe5mC's CC ef fell floe ertth m tsme delay. Tle precect5ve ~lcca





at Turkey Point functioned in the conservative manner intended to protect

the nuclear reactors. A sieplified diagrams of the protective devices "

is sham in Figure 7.

The generation lost at Turkey Point was 1425 Sl. The loss of

generation caused the frequency to decline to about 54.5 hZ at a rate of

5 Hz/second. Area frequency as recorded on the Oade Substation oscillograph

is shan in Figure 4.

The underfrequency relays in the affected area operated between 59.2

Hz and 58.5 Hz to shed load. A total of 2250 la( of load uas lost by load

shedding. lee voltage and low frequency. Load data is given in Table 2.

The frequency recovered at a rate of about 1.5 Hz/second. The frequency uas

back to 60 Hz at 8.5 seconds. overshooting to.61.3 Hz at 10 seconds.

Lauderdale No. 4, initially carrying 115 IQ, uas. tripped at 4 sec.

19 cycles by turbine thrust bearing protection. Mhen the frequency

increased to 62.5 Hz the auxil iary governor acted to reduce speed on the

mchine by closing the intercept valves and control valves. Closing of

the intercept valves before the control valves caused the intercept

valve interlocking relay to'trip the turbine to prevent excessive thrust

fVaa developing. Closing of the throttle valves vrith the generator breakers

closed initiated the unit lockout erich tripped the generator. Cutler No. 6

Nally carrying 72 lQ, ms tripped at 20 seceaS by the operator.

Qe hoar Coordinators quickly identified the affected area and

peecec~ to ~act the systoa. The isolated pertioa ~ resyacaroalzed

at TO:53 ~ with the c)eamon ef the breIaarvt4aeA 240 N line. Ois-

tribetien circuit vesta..atioa ws began Sms~aly ay use et sepervisery
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control.and progressed rapidly, as shown in Figure 5. Restorat<nn

was complete except for isolated cases in 56 minutes.

There was no damage to any of the generat1ng equ1peent or to

the nuclear reactors. All un1ts were returned to service as soon as

safety inspections were coapleted. Duration of generating unit outages

1s given in Table 3.

SYSTEM COND IT ltNS

Prior to the disturbance. the systea load was 4870 W. 1ncluding

3210 W in the affected area. Systeo generating capabi11ty on line was

Q86 W.'he capability in the affected area was 3458 W. The systee

spinning reserve was 616 W. Inter-area flows were well with1n limits.
Area load and generat1on data and inter-area flows. prior to the dis-

turbance are given in Figure 6.
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CORRECT IVE MEASURES

1. The contact of the carrier stop relay in the priory directional

ground relay schejae of the Port Everglades-Laudania 240 kV line at Port

Everglades Plant was d4usted. The line was returned to service on June

2. At Turkey Point Plant on Units 3 d 4 the following aeasures are being

undertaken:
I

a. To improve unit trip analysis:

a-l. A digital data processing system which includes discreet

tiae sequence of events capability is now on order and should

5e operational this year.

a-2.„ A'ontinous. recusing high.-speed oscillograph is on

order for the nuclear units to record events prior to, during. and

after a disturbance.

a-3. The auxiliary bus undervoltage relay operation indication

to, the 'first-out'nnunciator systea is to be reconnected to give

indication after the tiae delay relays have tieed out.

b. To provide greater systole reliability the nuclear safety

cowaittee will review the settings for the auxiliary bus under vol-
I'agereactor trips to determine ff they can be reduced f~

7'o

62K which is within the QUES setting allowed by the Technical

specifications. The setting had been lowered in January 1974

Gee 75'o 70K, an adequate setting on the basis of analyses of

Systca fault conditieas. Subseyaat faults ce the transmrlssion

lines fan Tertey Poiat had not caused reector tripping.

C. Tle existing set points have beaa tested a+i foead ta be
~e

as follows:
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Devfce

4 kV undervoltage reactor
Trfp relay

Unl t ~Set fnt As found
m1 h IMx

Volts 83 82
'I 70 69.2 70.8

4 kV undervoltage reactor
Trfp t1me delay

Reactor Coolant Flow
normal
trfp pofnt

cycles 60

100.
90

61.3 62.5

97.0 100.8.
89.5 90.5

3. Relays for out-of-step detect1on and blockfng of reclosure of

lfnes trfpped due to stabflfty swfngs are to be fnstalled on 40 maSor

lfne tenafnals. Eng1neerfng fs fn progress and fs expected to be completed

fn sfx to nfne months.

Power transfer capabflfty between the West Palm Beach and Namf-Ft.

Lauderdale areas has been fncreased by decreasfng the second zone relay reach

at Broward on the Broward-Ranch $ 1, 240 kV lfne. The mfd-breaker of the

Broward fl and Ft. f|yers lfne termfnals at Ranch Substat1on fs befng operated

open as an fnterfm measure untf1 transfer tr1p relays are fnstalled at

Ranch fn December 1974 to provfde local breaker faflure protect1on.

The transmfssfon capabflf ty 1nto the south area wfll be further strengthened

, by the addftfon of the Broward-Ranch f2, 240 kV 1 fne. scheduled for coe-

pletfon fn August 1974, and the Ft. lfyers-lauderdale 240/500 kV 1fne.

scheduled for servfco fn December 1974.

5. A Task Force has been formed wfth miners fry System Operatfons,

System Protectfm, Power Resources, Engfneerfng and System Plannfng to

comtfoue fnvestfgatfon of the dfsturbance and follm through wfth correctfve

masmes. Same specfffc meas under fnvestfgatfom foclude:

e. Trfp of Turkey Pofnt Io..3 aod No. 4 reactors by abactor

~la¹t flm protectfon

Eeyleme¹tatfoo of caosmros to block reclosfog followfog
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out of step trip

c. Studies are being made to determine the requirements for high

speed ground back-up relaying to assure that faults will be cleared

fast enough to prevent system instability.

d. Trip of Lauderdale Unit 4

e. Governor response

6. The turbine manufacturer has been contacted regarding the loss

of Lauderdale No. 4 unit to provide assistance in correcting the con-

ditions which led to loss of the unit.

7. The relays (GCY) which operated at St. Lucie were tested and two

were found to have defective capac1tors in the potential circuit. These

relays were repaired and. returned to service.

8. Relay settings are being examined for proper coordination on the,

affected lines. preliminary analysis 1ndicates correct coordination for

the ground backup relays presently in service.
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F I GURE 2

5 IHPLlf I EO

CARRIER C IRCUIT

CARRIER STOP
CARRIER
~J6NI TTER

RECEIVER CARRIER START

OPEIl TO, START Gl (Non direct)ona
ground over current)

CLOSE TO STOP

Contact fal led
to close after
GDX p1cked up.

GD (Ground dlrectlona1 )

GDX (Ground dlrectlonal aux.)

resistor
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FIGURE 5

FLORIDA POWER fc LIGHT CO|IPANY

JUNE 28, 1974 DISTURBANCE
'YSTEMLOAD
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NORTHERN

6EK: SM W

LOAD: 690 %

KET: +190 W

COKTIKUN5
CAPAS lLITYs

960 W

12'

j61 IS

6EN: l30 %

LOAD: 580 %

NET: -150 W

CONTINUOUS „

CAPABILITYs 528 W

26 IS
6EN: 350 %

LOAD: 6lO %

CONTINUOUS
CAPA8ILITTs

540 W

LOAD CKMNTIIWANI

¹i%~ FLO5 PRI& TO

STSTGI DISTMQKE~ 25 'l$74

IQNQ' FT. LANI~

CEN: 3195 %

NO 2960 %

KA +235%

CNTlNNX5
CAPANILITVs

3455 IQ
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STATlON

TABLE 1

SYST84 0!STURBANCE

SU5efARY OF RELAY ANO BREAKER OPERATlONS

ClRCUlTS EVENTS

Laudanfa-Port Everglades Faul t on BB.
240 kV

Laudanfa-Port'verglades
240kv

Flashover on deadend, 9
structures frea Port
Everglades. Ho damage.

31 1/2

421/2 ~

43~

44 1/2 ~

49~

Sl 1/2 ~

Qi

St. Lucfe

Port Everglades

Lauderdale

Laudanf a

Brcaard

Lauderdale

Laudanfa

St. Lecfe

St.. Lecfe

PN t2-St. Luc'.e 240kV Opened

Laudanfa-Port Everglades
240 kV

Fault cleared

Lauderdale-Ranch 240kV Opened

Laudanfa-Port Everglades
240kV

Breard-Ranch 240kV

Reclosed

Opened

Davfs-Lauderdale 240kV Opened

Laudanfa-Port Everglades Fault cleared
240k'(

~rd-Ram 13BkV

Brolian&faech 13BkV

PQ tl-St. Life Nkf Op+ed

PQ fZ-St. Lac 5 e 240k'eclosed

B, Zl (Defectfvo relay)

GT

A, B, C, Zl

Fault ~stabl fshed

A,B~C~ Z2

8, PZ3 (Reverse zone 3, tea
delay 40 cycles)

Ai ae Ce PPe Zl

A, I, C, Zl

I, ZZ (Oefectfve relay)

40 ~ (appal.) Torte'ofat Qafts 3 a 4 reactors Trfeyed
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~NE
64 1/2 ~

65 I/2 ~

68 1/2 ~
C

72 %

79 1/2 ~

79 1/2 ~

82 1/2 ~

83 ~

98 1/2 ~

4 seconds
+19 ~

STATI

Lauderdale

St. Lucfe

Broward

Ranch

Lauderdale

Ranch

Broward

TASI.E I (page-2)

CIRC ITS

Lauderdale-Ranch 240kV

PIM f2- St. Lucfe 240kV

Broward-Ranch 138kV

Sroward-Ranch 138kV

lauderdale-Ranch 240kV

Sroward-Ranch
138kV-'auderdale-Ranch

240kV

Broward»RaAch 138kY

Lauderdale»Ranch 240kV

Unft 4

EVENTS

Reclosed

Opened

Reclosed

Reclosed

Opened

Opened

Reel o
sad'r

fpped

As Bs,C, PP

Turbfne thrust bearfng
pro tact fon.

Unft 4 240kV breakers Opened30.5 seconds Turkey Pofnt

35.0 seconds Turkey Pofnt

NTKS'ntentfonally delayed
generator trfp after
reactor trfp.

Unft 3 240kV breakers Opened Intent fonally delayed
generator trfp after

Ranch-Yaaato 138kY cfrcuft also opened ~ recloseds old

reactor trfp.

fn the 40-80 cycle fnterval.

er unft 6 trfpped off by operator at approsfeately 20 seconds.
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TABLE 2

SZSTEH OISTURBANCE

JUNE '28 1974

LOAD OATA

Naa1 6 Southeast Dkv)s)on

BEFORE

~IS

2960

AFTER LOST
~l%

960 2000

Eastern Oivfsfon '250

Nest'em D)vision .,

Northern f North Central D)vfsfon

Totals '870. '620



(

l

1

I 1'



2

s

TABLE 3

SYSTEH OISTURBANCE

JUNE 28„1974

SUGARY OF GENERATING UNIT'UTAGES

f
GENERATING UNIT

Turkey Point 3

Turkey Point 4

Cutler 6

Lauderdale 4

TIIK OFF

10:42 PH

10:42 PH

10:42 PH

10:42 PH

TIME ON

'2:43

AH'6/29)

12 47 AH
(6/29)

1:35 AH
= (6/29)

ll:56 PH

NR:HIN
DONNE ION

2:01

2:05

2:53

1:14

CAUSE OF UNIT TRIP

Reactor low flow protection

Reactor low flow protection

Tripped by operator.

Turbine thrust bearing protection


