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INTRODUCTION

Florida Power & Light Company experienced a major outage on May
16, 1377 =hat extended from F:. Pierce scuthward along the Sast

Coast to the Florida Keys.

High speed oscillograph records, recording charts and other data
nave oDeen axamin in order %o reconstruct the seguence of avents
that cccurred. This report documents the sequence of events, and

recommends corractive measures and further system studles.

SUMMARY

At 10:24 a.m. the Ft. Myers-Ranch 240 XV Line, carrying approximately
420 MW, tripped due to a phase-to-ground fault. The east and south
areas of the FPL system (See Figure 1) became separated Irom the
nor=h and west areas when =hree 240 kV and seven 138 XV lines re-
layed sequentially due to instability. This split of the trans-
mission systam resulted in the St. Lucie Plarnt of the east area

being tied only to the north and the Riviera Plant being islanded

along with a portion of the east area load.

Frequency in the isolated area dropped rapidly with Turkey Peint
Unies L and 2, and Pors Everglades Units 1l and 3 generating 1003 MW
to supply 2957 MW of load (See Figures L and 2). As the freguency
declined, underfrequency relays shed approximately 1544 MW in steps
beginning at 59.2 Hz and continuing through 57.1 3z. The lcad
generation imbalance continued and the frequency dropped to a

minimum value of 49 Hz (See Figure 3). Turkey Point Unit 1l and
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Port EZverglades Units 1 and 3 were tripped by operation of
generator underfrequency protecticn set at 37.0 Hz with a 12

second delay. Turkey Point Unit 2 was tripped by a Dearing Oi.

low pressure signal.

Approximately four seccnds after 10:24 a.m. St. Lucie Unit 1l was

tripped manualiy following a load rejection cue to high freguency.
Prisr =0 =his time =he 3%. Lucie Cperator nad raported low system
voltage, and excessive reactive and armature Jurrent on the unit.
The Riviera units were carrving approximately 3532 MW prior to
separation of the system and were isolated into an area with 105
MW of locad. After six minutes, the operator opened the jenerator

@il circuit breakers due %0 operating problems.

The outage t=hen extended from Ft. Pierce to the Florida Xeys and
ffected approximately 1,300,000 customers. Service was restored

=0 almost all customers by 3:00 p.m.

The east and south areas had been importing approximately 1140 MW
just prior o the system split due to the earlier forced outage

of Turkey Point Unit 3 at 10:08 a.m. This generation loss of 634
MW had isolated Peninsular Florida but the combined spinning
reserve of the Florida Systems had been sufficient 0 cover the
loss and arrest the ‘requency decline at 39.5% Hz. At 10:14 a.m.
Peninsular Florida had been =ied back to the systems to the north.

See Tigures 4 and 5 for details of inter-area flcws, tie flows, loads,

generation and spinning reserve.



DESCRIPTION OF DISTURBANCE

Loss af Turkev Point Unic 3

\t 10:08 a.m., May 15, 1377 Turkey Point Unit 3 axperienced a
reactor and surbine =rip as a result of a false relay operacion.
Chattering contacts in a sensing relay in a reactor coolant pump
hreaker monitor circuit gave false indication of the loss of a
reactor ccolant pump. Turkey Point Unit 1 was generating 534 MW
a= =he =ime of =he =rip. Peninsular Florida Decame isolated from
systems to the north when Tlorida Power Corpcoration's Suwanee-

Archer 230 XV line, two Ft. White-Inglis 115 kV lines, and Ft.

(r

white-Jasper 59 XV line relayed sequentially due to instability.

The frequency dropped to 533.39 Hz where the decline was arrestad

as a resul: of governor response.
S

The system Power Coordinator attempted ©0 order gas turbines
started at F=. Myers Plant. The generators in Peninsular Florida

b ]

began to pick up the frequency and at 10:14 a.m. the north-south

~
-

limes were rs-es=ablished and the frecuency returned to 50 Hz.

was discovered that the crder to sta

L]
of

F=. Myers gas turbines had
2ot heen raceived. They were again orderad to 2e brought on line
and loaded. I =he meantime Por+t Zverglades Unit 2 which had been
synchronized to the system at 3:33 a.m. tripped off line carrying

38 MW due =2 low drum level. Transmission voltage in the Miami

rea was approximaczely 33% of normal.

The 3t. Lucie operazor resported low system veoltage, axcessive
reac=ive on =he unit and excessive armature current. The unit was
sperating in excess of its raced capacity of 1000 MVA. Relief was

needed or =he unit would have =c be removed Ifrom service. System
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voltage had dropped =o 230 kV from a normal of 238 kV. Reactive
lcading was 700 MVARS. Armature current was 27,000 amps on a
maximum rating 2f 26,000. The Dispatcher was again notified but
could not relisve the problam. The Operaticns Supervisor then
instructed the Operator to reduce voltage to protect the unit.

System voltage at St. Lucie fell ©0 213 V. Reactive Loading was

raduced to 350 MVARS.

The Sous=hern Division Dispascher was corderad to swiich on all sub-
station capacitors. The Northern Divisien Dispatcher was ordered

-

o raise the voltage in the 3revard area as much as possible.

An attempt was made =0 start gas turbines at Lauderdale and Port
Everglades from the Power Coordinator's Control Console. None
star=ed at Por: Everglades. Three jas turbines were started locally

at Lauderdale, but failed =o synchronize due to low vcltage.

Loss of =he Ft. Mvaers-Ranch 240 XV Line

At 10:24 a.m. the F&. Myers-Ranch 240 XV line relayed due =0 a

shase-to-ground fault. Just prior to tiis relay acticn the line
was carrving apgroximately 420 MW. The loss of the Ft. Myers-Ranch
240 k¥ line resulted in a furth increase in flow souch freom
Malapar. This power swing resulted in the separation of the east
and south are2as from the remainder of the system at 10:24 a.m. (3ee

igure 1) The sequence of reslay and Dreaxker operations is given

igure 6.
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The $t. Lucie Unit 1 lcad spiked from 790 MW to 850 MW just prior
s the transmission line separation south of the St. Lucie Plant.
The fraguency then went high when the transmission lines crenad

5 =he scuth. Governor action Jdecreased the load rapidly. Approxi-

mately four seconds later, St. Lucie Unit 1l reactor was cripped

manually following lsad rejection to abecut 100 MW. The Riviera

]
o
“4

units were carrying approximately 3532 MW prior to the separaticn

¢ the svstam. Riviera Unizs 3 and 4 became "islanded" with 103

MW of laad. The boiler fires were lost due to a master fuel trip
on the lcad rejection. The fraguency was above 52 Hz and was being
lowered by the operator. After about § minutes the operator cpened
the generator oil circuit breakers manually due %o frequency in-
stability when the units went above 62 Hz a second time. The units

arried their own auxiliaries.

0

The fregquency in the remaining affected area decreased rapidly due

to Turkey Point Units 1 and 2 and Port Zverglades Units 1 and 3

with 1003 MW of generaticn being left to serve approximately 2957

MW of load (See Figures 2 and 3). As the fraquency dropped, under-
frequency ralays shed approximately 1344 MW in stages Detween 9.4

49z anéd 57.1 Hz. Load shedding was completed at approximately 2-1/2
seconds at-which time fregiency was 56.3 Hz. The load and generation

imbalance continued and the fregquency dropped =2 a low of 49 H2z in

approximately 5 seconds. Port Everglades Units 1 and 3 and Turkey

20in= Unit 1 were =ripped by operation of generator underireguency




4z wicth a 12 second delay.

protection set at 57.0
§3.8 Hz. Turkey Point Unit I was tripped with low Dearing oil
prassure signal as the turbine speed decreased. Underfreguency

relays operated, but one 240 XV oil circuit Dreaker failed %0 tzip

when t=he lock-out relay contacts failed tc make up. See Figure 7
and 8 for a summary of events and summary of plant performance

In the ramainder of the system, north and west= of <he split, frequency
ncreased =0 above normal sut recoverad to 60 Hz as the Florida
Power ties =0 the north were ra-estaplished. The remaining system

3533 MW and generation was 1793 MW. Net export was 240 MW

e

load was

until scheduled interchange was re-established.

INITIAL SERVICE RESTORATICN

The Power Coordinators gproceeded to ;den:;fy the affected area and
reconnect the system. Restoration proceeded from the north DY
anergizing the 240 kV transmission lines to the south. At 12:03
o.m. the total system load was 3408 MW with 3318 MW of generation

and 99 MW of import from neighboring utilities.

Ll

rtoss of the Andveown-Orance River 300 XV Lin

At 12:03 p.m. the fault pressure relay on the "A" phase 500-240 KV
autotransformer at Andytown operataed incorrectly when the auxiliary

sooling pumps were started. Approximately 552 MW were Deling carried

'..

L2

on the 300 kV sircuit when the trip was iniciated. See Tigure 3 for
load, generation, and inter-area flow data. This initiatad a gower

swing which rasulted in the separation of the esast and scuth areas
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at Ft. Myers ané Malabar. See Figure 10 Zor the area affected.
jenerasicn in the affected area, consisting of gas turbines and

Riviera Uniszs 3 and 4, was lost.

SERVICE RESTORATION

The affacted ars2a was guickly identified and immediate restoration

(8]

proceeded from the north. Gas turbines quickly picked up isolated

areas and wera rasynchronized wisth the system., 3Start-up pdCwer was

provided tc the steam units rapidly from the rescorad 240 kV system.

Service was restorad =5 all but a few isclared areas oy 3:00 p.m.
There was no significant damage to jenerating equipment. All units

were returned =0 service during the dav.

SYSTEM COMDITIONS

Prisr to the disturbance, the svystaem load was 4660 MW with jeneration
9f 4710 MW. The system spinning reserve was 400 MW with an addictional
1022 MW of available steam reserve and 1371 MW of fast start com-

bus=ion =ursines and diesels. All line flows were well within limicts.

L

Area loaé and generation data is given in Figure 4 Zor the loss of
Turkey Point Unit 3 disturbance, Figure 2 for the loss of the Ft.
Myers-Ranca 240 kV Line, and Figure 9 for the loss of the Andytown-
Orange River 500 kV Line. Figure 3 gives the unit lcading and

raserves atc 10:08 a.m. prior £o any disturkances.
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DISCUSSION

A detailed review and analysis of the events prior to the dis-
surbance and the subseguent rastoraticon of service has Deen
sonducted. A number of specific items which individually weould

be of lesser conseguence, together contributed to the discurbance
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Fe., Mvers=-Ranch 240 XV Line

The F=. Myers-Ranch 240 kV line along with the Ft. Myers-Ranch
138 kv line and the Andytown=Crange River 500 kV line are the
three transmission ties between the 2ast and south areas and the
wast coast. The dissurbance was triggerad by a temporary phase-

to-ground fault on 3 phase while the line was loaded to approxi-

Examination of the operating records of certain critical trans-
mission lines (See Figure ll) indicates this line has had 23
actions since January 1, 1376. 0Of these relay actions, 20 were

of unknewn origin. A concerted effort is being made tc determine

o
.

1¢ ra2ascn for the poor operating record of this line and ©o

develop reccmmendacions for improvement.

Reclosing Practices

Studies of high speed raclcsing practices following prior distur-
sances have shown =he danger of nigh speed recleosing following
stability swings. FPL has added ralay equipment 0 sense out-of-
step conditions in order to block reclosing following trip cue

to power swings.



. Myers-Ranch 240 kV line was initiated
Ay a phase-to=-ground lt, the blocking relay at Ft, Myers was
made up due =9 the heavy line locading inhibiting high speed re-

slesing. The Ranch terminal reclosed. After about three seconds,

vhe Ranch terminal again =ripped due t2 a 3 phase-to-ground fault,

and locked out. It is unknown whether successiul
revented systam separat.

practices under present system condici nas been

Fault Pressure Relavs

Fault pressure relays are mechanical devices used on trarsformers
to detect internal faults by the suddan pressures generated by
these faults. These ralays when set t0 trip, provide positive
backup protection for the transformer on which they are installed.
ifficulties with calibration, and false ocperation from vibration
and/or external faults have occurred. While modifications and
revised test procedures have reduced the problem, since 1371
fault pressure relays on autotransformers on FPL system have been

wired to alarm only.

vhen the autotransformers at Andystown and Orange River were installed
this practice was reviewed. The 360 MVA single phase 500-240 XV unics
had experienced twe failures in test. Delivery schedules had teen
extended such that the spare units would not be available uneil

afcer the line was convaerted. The line, at 300 XV, was needed for



system reliability. 3ecause of these factors, it was decided
&5 inis=iallv wire these relays =o =rip in order =0 linit trans-

former damage that might occur Ircm an internal faulcs.

At 12:03 p.m. the fault pressure relay on "A" phase 500-240 kV

autotransformer operated incorrectly when the auxiliary cooling
pumps were started. Over 550 MW was being carried over the line
and the system was shut down for a second time approximately one

and one-half hours iato the initial restoration.

Subsequent t2sts have shown the rslay on "A" phase ©o be over-
sensitive to pressure. Tripping by all fault pressure relays at
both Orange River and Andytown has Dbeen disabled. With the
installation of spare units at both locations it is planned =o

wire these relays for alarm only, consistent with current practices.

Gas Turbine Automatic Svnchronizing

There are 24 gas turbines installed at the Lauderdale Plant.
Twenty were available for service and on .emote supervisory sontrol.

Four gas turbines were out for routine maintanance.

At 10:13 a.m. the Dispatcher raguested that three gas turdines e
placed in service. The gas turbines started, came up =0 speed

and at 10:20 a.m. were ready to synchronize =o the system. However,
she machine/line voltage masching feature of the auto-syn hronization
system did not allow breakers to close tecause machine voltage

enuld not be lowered encugh o match the ex<reme low voltage on

the system.
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The voltage regulator bandwidth on the gas turbines at Lauderdale
E]

\¥ ]
o

Plant is presently designed such that automatic synchronizing can
se accomplished only when the system voltage is between 15.2 kV

and 12.9 kXV. During the period following the trip of Turkey

3

Poiat Units 3 a:

H

d prior to tripping the Ft. Myers-Ranch 240 kV,
attempts were made by the Power Coordinators to start the Lauder-
dale ané Por+s Zverglades jas turbines. At that time veltage on
tne Lauderdale gas turbine bus was 11.3 XV or 1l1% below the lower

limit for autcmatic mode. 3efore the Cperator could synchronize

the units manually, the fault had ccsurred and the system separaced.

These settings have since been verified as well as tests conducted
with the bandwidth "adjusted" both higher and lower. The manu-
facturer has been contactad regarding the limits essential for
protection c¢f the unit. Power Coordinators were not previously
aware of this limitation. In addition, no metering is available

in the System Dispatch Qffice for reading voltage on the Lauderdale

sus. Engineering has begun to telemeter the Lauderdale 240 kV Dbus

-

voltage to the System Dispatch 0ffice. Transformer tap settings
at Lauderdale and Por: Zverglades nave been changed to provide

hetter ccordination at lower system voltages.

-

Coordinating

"y

The Operating Commictee of the Florida Electric Powe

A ]

u

Group ccordinates the operation of all systems witain insular

en

lorida and establishes operatisnal guides, practices and grocedures



on spinning reserve, lcad shadding and eamergency oOperating pro-

cedures. The Florida systems are designed and operated =o allow
loss of the largest unit in the state without loss of load. Th

required spianing reserve =o accomplish this is allocated among

systems on =he basis of unit size and system peax load. Distri-
sution of the spinning resserve allocation within an individual

systam 15 a functicon of area protecticon, unit availabilitcy and

The FPL system had responded in a "normal"” manner following the
trip of Turkey Peint Unit 3 at 10:08 a.m. By 10:14 a.m. ties
cetween Florida and the Southern Company had seen re-established
and the freguency returned =o 50 Hz. There were heavy lmports of

power into South Tlorida. It would appear that the system was

-

stable. Stability s

ot

udies are under way to verify this. At

10:24 a.m. this major powar outage occurred as a result of a
second contingency sutage, loss of a major cperating transmission

line in addition =2 the lcss of a major generating unic.

AN
0

Providing sufficient spinning reserve 1 any area to cover a

.
.

second sontingency ocutage is a matter of balancing cost and risk.

These facsors must ce dealt with by Power Coordinateors daily.

she ability for security analysis %o improve reliability. However,

until then it must be dealt with on a subjective basis.

Studies to guantify cost versus probability of risk are deing

conducted and operating guidelines devaeloped.

astallation of t=he Systam Control Center in late 1373 will provide



Transmissicn Planning

A longer range alternative tc additional spinning reserve for

double contingency srotecticn i1s the strangthening of transmission

ries into the 2ast and scuth lcad arsas. An example of this is
the Andytown-F%. Myers 300 XV line. Conversion of this line
frem 240 XV =05 300 kV was advanced from 1379 to 13977 to increase

reliability. Acceleration of present transmission 3lans should

3

se evaluated anéd weighed against the cost of increased spinning

reserve t0 r2ach a detarmined level of reliability.

RECOMMENDATIONS

1. TsD Operations/General Engineering - Conduct investigation

and make reccmmendations to improve operating performance

of the Tt. Myers-Ranch 240 kV Line.

b

2. System Planning/Svstem Protection/General Engineering =

Conduc+: review of current practices and designs relating to

high speed reclosing of transmission lines.

3. General Engineering - Review current application of fauls

ressure ralays on autotransformers and generator step-up

‘0

transformers. Investigate to determine all installacions

are in conformance.

4. Puwer Rescurces - Determine optimum settings for gas turbine

voltage regulators considering both generator protection an

o

O

system reliability. Cocrdinate settings wit

by
wn
<

an

cerations.
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General Sngineering = Procure material and engineer :cbDs

s

=0 telemeter Lauderdale 240 kV bus voltage tc the System

Dispatch Qffice.

System Ocerations/Svstem Planning - Conduct studles to

guantify cost versus benefit of providing spinning reserve

4
for seconéd contingencies. Establish operating procedures

Svstem Planning - Zvaluate acceleraticon of transmission

expansion as an alternative toc increased spinning reserve.
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‘ ' Figure 2

EVENT Loss of Ft. Myers - Ranch 240kV Line TIME 10:24 a.m.

Net Interchange
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R—— S NCRTH
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367 3 |
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30 A - |
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) v |
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Jut ‘
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area after system spllic.
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Figure 4

EVENT Loss of Turkey Point 43 TIME 10:08 a.m.

Net Intarchange NORTH
Zefore Afrer | 3EFORE AFTER

50 out 301 ia . LCAD 330 230
-»341 A j !
GEN. 787 213 |

cutside Tias __J
15t 3 47% A § 62 8
1604 A .
V4
|
y
o RS
L -4 - — | -t 4
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| LoAD 705 720 | L2AD 715 753 |
‘ :
i /s ) a 1290 3 -
32 1030 1112 . | e, 1253 1308 |
] |
‘ ;562 AP ;
, ; ; |
{ |
'. i
| l _
i i
; 1530 A i 392 3
|
A\ f@
| scuTH
3EFCRE ATTER
LOAD 2560 2590
GEN. 1668 1000 ;
|
SYSTEM IEFORE AFTER
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Figure S

FLCRIDA PCWER & LIGHT CCMPANY
NET UNIT CAPABILITY-MW AT 10:08 aM

MAY 16, 1977
PLANT CONTINUQUS ACTUAL
UNIT RATE EXP. Lo SR NORMAL LIMITATICON
P31 362 369 328 4l
TP#2 365 18§ 138 2 5 PM Seal leak "A" 3FP.
TPs] a8l 331 534 o
TP%4 33l J 9 - 7=17=77 Refuel.
TL#4 138 3 o - RFC 12:30P
FL#S 133 » 2 - RFC 2:00P
PEs#L 205 20 30 o Condenser l2ak.
PE#2 205 0 38 8] RFC 11:00A Not raleased.
PE#3 368 363 340 28
PER4 363 o) o) = 5=28=77 Qverhaul.
3522 1633 1668 82
EAE ) 273 273 L
aVE4 273 273 T “
SL#l 309 751 754 _> CUnkncwn Heater drain pump out.
1355 1297 1258 45
CC#l 3639 363 333 36
CcC#2 364 173 188  § 5=18=77 2B FD fan motoar repair.
SN#3 13 0 0 - RFC 2:00P
ERED 370 370 258 61
3N#S 370 Y Q - RFC 1l:00P
1611 912 757 104
™31 13 138 ce 23
™82 3638 363 339 3
MT$1 772 772 385 12
1279 1279 1030 182
STEAM 7767 5§18l 4710 400
osL 27 24 2 0 PE #2 will not grtare.
GTPE 338 310 3 0 $=18=77 #12 mainec.
GITL 875 8748 9 0 ‘ #19 base cnly.
GTTM 512 S6l Q 9 §5=20+77 #7 gen. grcund.
1653 1571 2 2
TOTAL 3420 6752 4710 400

Scheduled interchange = 0

Zxpected Mon. a.m. peak = 30C0

Weather:
wind Zast 10 MPH.

Mestly sunny today and Tuesday. H

Required Spinning Peserve = 337
Sun. p.m. peak was 4442 'W.

in lo 80's. Lo in lo 70's.



SYSTEM DISTURBANCE
maY 16, 197/
SEQUENLE OF KELAY AND CIRCUIT BREAKER OPERATIOUNS

EVEND RLLAY
T 11 SO 1.1 1 11 B CORUIY o EVENT  TARGETS  KEMARKS PO L T A

i 10 OBAM Turkey Puint Unit No. 3 Trippad Defuctive type BFD auxiliary relay In Reactor
Coolant Pump wotor clrcult bresker cubicle
coused resctor telp.

2 1009 50AM Port kverglades Unlt No. 2 Tripped Hanually. Unlt had been synchionized o the
system at J:33AK.  Boller tripped due (o low
diunm level,

3 10: 2hAN FiL. Myers Fi. Mycrs-Ranch 2hokv Opened Py, Gh Broward, Hidway aed Ringlling osclilographs ‘
recurded phase to ground fault at this tlwe,

Ranch Fu. Hyers-Ranch 2hOkv Opened (3 Ringling oscillogram ladicated B-Phase o
ground Fault. FL. Hyers terminal did not
recluse because out-of -step recluse blocking
velay was picked up on losd prior Lo fault.

b 5 Cycles kL. Hyers Fi. Myers-Ranch 138kv Opencd AB,C.PP Tiwe assumed. Ft. Hyers terminal did oot
rechose because of speclal clicuit 10 allow
reclosing through check synchionizing relay
only, end only when bine is encrygized. Area
casl of FL. Myers was out of synchronism
before check synchronism relay could operate.

5 120 Cycles Ranch Fi. Myers-Ranch 2L0kv Reclosed Tiwe assumed.

6 +53 Cycles Halobar Halabar -Midway 2LOKV No. | Opencd 6, PP Out-ol-step relay operated Lo prevent
reclosing.

/ 55 Cycles Midway Hidway-Ranch 2hokv Opencd AB, PP, LI Out-of-step relay operated o prevent
reclosing.

U 1558 Cycles Plumosus Hidway-Plumcsus 1 38kV Opencd A,B,C, PP, LI Keclosed at +80 cycles and tripped agaln al .
189 cycles. Targets are for two teips.

9 160 Cycles Fratt & Whitney Pratt & Mhiliney-Kanch 240KV Opened B,C, 21 Out-ul-step relay operated Lo prevent
reclosing.

Hanch Pratt & Whitney-Ranch 2hokv Opened ALL Operation of cone one relay prevented
reclosing.

10 +/8 Lycles B oward Bioward-Ranch 1 38kv Gpened ALC,FP Uut-of -step relays opetated to prevent
reclosing at both terminals.

Ranch Broward-Ranch 138kV Opened ALC,PP

W
-
0
d
e
o o



Lvend

15
16

17

18

3

0

22
23
4
%

26

[ SIATION =~~~
Unibhiwomey Hai Lwan
Unbiwma Hai Lman
28U Cyctles Flussoaus
w824 Cycles Riviera
+86) Cycles Kiviera
89 Cycles Mideay
Plussosus
91} Cycles Hanch
$115 Cycles Ranch
+133 Cycles Raoch
+148) Cycles Kanch

West Pala Beach

v195 Cycles Ranch

+288 Cycles St. lucie

“Unh e Purt Everglades
BT TN Port Everglades
B LN Turkey Point
RTINS Turkey Point

Mar toan-Mi dway G9kv

Har tman-Midway E9kV
Hidway-Plusosus 1380V
Ranchi-Riviera 138kV No. 2
Honch-Riviera 136kV No. 3
Hidway -Plusosus 1386V
Midway-Plumosus 1 38kY
Hauch-Riviera 1380V No. |

Ranch-West Palm Beach 13B8kv

Kauch -MWest Palm Beach 138AV
Kanch-West Palw Beach 13Bhv
KRanchi-West Palm Beach 138AV

FL. Myers-Ranch 260WV

Unit No. 1
Unvﬂ No. |
Unit No. 3
Unit No. 1

Unit No, 2

Event
Opened

Reclosed

Reclosed

-Opened

Opened
Opened
Opened
Opened
Opened

Rec lused
Upened
Upened

Upcied

Tripped
Toipped
1ripped
Ti i pped

Tripped

Exact Lime these units teipped Is nol haown, but It can be assumed thatl

wider frequency (rips occurred about 12 seconds after Event No. 9.

Point Unit No. 2 tripped sumctime later,

Tuikey

KELAY
IANGEYS

Nune Keported

B,C, 22

8,022
AB.C.PP

See bvent No. B
AB,C,2)

C,PP. LI

See Event No. 18

AB.L PRI

("

Uk
uF
uF

Luw Bearing
Oil Pressure

KEMAKKS

Upcrations based on supervisury contral

Computer printout.

Targets for

two Lrips.

Keclosed at #1335 cycles and tripped again

at +ib8) cycles.

Targets are for two Lrips.

Assume zone une relay operated on second
tip since Lis operation blucks reclusing.

Browaid vscillcgraph recorded phase to

ground fault,

Mawally

Under frequency relays operated but one 2hoky
circuit bresker failed o trip because luck-
wul relay contact failed to mabe up.

¢ 70 7 ebwg
o exnbtg



EVENI

2}

F1:

9

3

32

33

i

35

3

9

Lo

Exact Lhime this unit tripped 13 not known,
but it was off prior te _vent No. 28.

1 1.! S SIATION CIRLULE - EVENT
SUnkosn Kivicra Vault No. 3 T¢ipped
10 JuAn Ranch Kanch-Kiviera 138KV No. ) Closed
vl Cycles Kanch Ranch-Kiviera 138kv No. | Opened
+h8 Cycles Riviera Konch-Riviera 138kV No. ) Opencd
+63 Cycles Rivicra Ranch-Riviera 1380V No. | Rec losed
21 Secunds Rivicra Unit No. & Tripped
12:03mM Andy Lown S500/240kV Auto Trans Bank Tripped
+33 Cycles Fu. Myers FU. Myers-Ranch 240KV Opened
FL. Mycrs Ft. Mycers-Ranch 138V Opened
Ranch Ft. Hyers-Ranch 138k Opencd
53 Cycles Kanch Fu. Myers-Ranch 138kv Reclosed
+7] Cycles Halabar Malabar -Midway 240KV No. Opened
Malabar Malobar-Midway 240KV No. 2 Opencd
Mo dway Malabar -Midway 250KV No. Opened
M dway Halabar-Hidway 240OAV No. Opened
182 Cycles Har tman Har twan-Ml dway 69hV Opened
vob Cycles MHi dviay Halabar -Midway ZHOkV No. Reclused
1963 Cycles Mi dwiay Halubar -Midway 240KV No. Heclosed
P98 Cycles Har tman Hai tman-Hidway 69kV Reciosed

RELAY
JARGEYS

See bvent No.

b,C,pP

fFPR A-Phasce

Py
AB,CPP

AB,C,PP

A,B,21
B,C,pP, 21
A,B, PP, 21

A,B,21

i

BRI

Hatal ly

Hanual ly

Hanually

Over-sensitive fault pressure relay operated
vhen cooling ol pumps were staried, This
opened the Andytown-Orange River 5000V tine.
Out-of -step relay blocked reclusing.

Recluse through check synchirondzing.

Keasun tur fallure of out-of-step relay o
bluck reclosing has nol been determined,

Heason for fallure of out-of-step relay o
block reclosing has not been determined.

£ 70 ¢ ebw¢
¢ exnbya



Figure
Page 1

SUMMARY QF EZVENTS
OF THE
INTERRUPTION AND RESTORATION
OF SERVICE
MAY 16, 1977

10:08 Turkey Point Unit 3 reacter trip.

=
o
e
o

Port Everglades Unit 2 tripped.

10:14 Trequency restored to 60EZ.

10:24 Fe. Myers-Ranch 240kV line tripped.
10:24 System separation.

10:24:04 St. Lucie Unit 1 tripped.

10:27 LaBelle picked up from Ft. Myers.
10:27:34 Midway-Plumosus picked up from Midway.

’ -
o
w
o

Riviera Uniss 3 and 4 removed Ircm service.

10:36 © Port Everglades GT's cnvline from black start.
10:39 Breakers closed at Midway %o energize most of
the transmission scuth of Ranch to Andytown =

Lauderdale -~ Port Everglades.

10:43 Port Everglades GT's trigred from overload.
10:49 Port Zverglades GT's starcted.

10:49 Ft. Myers - Ranch 240kV tied t=hru.

10¢3Q Ft. Myers - Ranch l38kV tied thru.

10:50 Lauderdale 138kV GT's on line from black start.
10:56 The Ranch - Riviera #1 138%kV line energized.

to pick up the Ranch =~ Riviera lcad area.

10:87 Orange River - Andysown 300kV energized and

11:0 Lauderdale 240kV GT's on line.

13 ]
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‘ . Figure 7
£

The Davis - Cutler - South Miami 138kV lines

The Dade =~ Little River $1 138kV line energized.
The lLauderdale - Gratigny - Dade 138kV lines
energized.

The Lauderdale - Grevnolds #2 138kV line energized

to pick up the Greynolds area.

The Dade ~- Little River #3 138kV line energized.
The Dacde - Little River 22 138kV line energized.

All transmission lines and distribution substations

energized. Distribution feeders were being ener-

gized as rapidl;

W

s increasing generation and line

loadings would permit.

System lcad was 3408 MW.

Andytown 500~-240kV autotransformers tripped.
Second system separation.

The Port Everglades buses stripped.

The Riviera Plant 138kV bus stripped.

The Midway 138kV bus stripped.

The Pors Everglades GT's on line.

N . :
The Miami

Port Everg

Port Everglades

The Ranch

lades

138k7 bus stripped.
4 -

Hollywood 138kV line energized.

Pcrt 118kYV energized.

138kYV bus stripped.

Lauderdale GT's ¢

The Ft. Myers -

Ranch .40 energized, picking up

s

sransmission from Malapar %o lLauderdale. The

Malapar - Midwav alsc clocsed.
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Figure
Page 4 of

L]

Plumosus bus strigred.

Riviera - Plumcsus #1 138kV energized.
Riviera - Plumosus #£2 138kV energized.
Miami Beach 69kV transmissicn energized.
Ranch - Yamato - 3roward 138kV transmission
energized.

Orange River - Aandytown 300kV tied thru.

Miami - Market - Liztle River L38XkXV ener izad.

Little River - Lemon City 138kV energized.
flagami - Coconut Grove 138kV energized.
Midway - Plumosus 138kV energized.

Ranch - Ft. Myers 138kV energized.

'Qade - Little River #3 138kV energized.
Ranch - 3roward 138kV energized.
Lauderdale - Little River 1l38kV energized.

3roward - Lauderdale #2 138kV energized.

Lauderdale - Greynolds - Arch Creek - Normandy
138kV lines energized.

3roward - Lauderdale 21 138kV energized.
Hollywood energized.

Midway - Hartman - West 53kV energized.
Lauderdale - Hollywood 138kV energized.

Miami - Miramar 69kV energized.

Broward - Qaklané Park - Ft. Lauderdals 138kV
energized.

Lauderdale Unit 4 on line.

w
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Figure 7
Page 3 of 35
rauderdale - Golden Giades 138kV energized.

NDavis - Goulds 138kV energized.

Lauderdale - Gratignv #1 138kV energized.

Davis - Cutler - Scuth Miami 138kV energized.

Davis - Florida City #2 l38kV energized.

Riviera Unit 3 on line.

Gratigny - Golden Glacdes 138kV energized.
Florida City - Princeton energized.
Turkey Point Unit 1 on line.

Lauderdale Unit 5 on line.

ine.

b

Poct Everglades Unit 2 on

(9
r

Port Everglades Unit 3 on line.
Riviera Unit 4 on line.

Turkey Point Unit 2 on line.
Port Everglades Unit 1 on line.
Turkey Point Unit 3 on line.

St. Lucie Unit 1 on line.



10:07AM
Load
rre

Trip

10:00AN
Load
Py

cip

hetore

Unit 3 Unit

M (GROSS) MW

140 315

For Refueling

112
54

g}
On Overhaul

0

SUMMANRY

AfLex

)

PLANT PENRFORMANCE

10:24AN1

Joad Alftex
FL., Myex s/
Hanch

12:02PM
Load
Andytown
Teip

Betfore
Toap
MY M

5000 0

500¢

WY LHTEM

12:03PM
Load Alterx
Andytown
Trip

MW

0

DISTURBANCE

MAY

Generaton

Teipped By

u-¥
AcLion

Lockout
hv’luy

Anti-
motoring
Lrip

U-¥
Action

Manually

U-¥

Actlion

Over-
currant

Over~-
current

10: 30
Manually
12:013~
Lockout

10: 30
Manually
12:0)3-
Lockout

Anti-
motoring
Trip

Tuibine
Tripped
By

Manually

Bearing
oil
L.P.T.

Raeactorx
Tyip

Manually

Manually

Manually

10 30
Carried
auxs .
12:0)
Thrust
Bryg

10: 30
Carcied
GURXD .
12:013
Thrast

bBry

fleactlor
Trip

ol lex
Tripped
ny

R,
Prutec-
Ltion

False
Helay
Action

M.F.T.

Low Drum
l,uvul

Fuel Trip

10: 30
Manual ly
12:03~
Loss of
Fonag

10: 30
Manually
12:03
Losa

ot
Fans

Manually

Returned
To System
For Load
Inyg

J120PHM

9:118PM

S155PM

2121PM

2:171PM

12:23PM"

11 dIPH

2121PM

12:27PM

11:¢10AMS
2:040M

11:107AM &
2:45PM

Outaye
Time

3} hrs-49 min,

S hra-4 min,

11 hrs-10 min, .

7 hre-3L min.

4 hre=11 min.

4 hra-13 min,

20 min.

24 wmin.,

2 hre-41 min, ‘

} hrs-19 wmin,

11 hoe-34 min,
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E=, Myers -

FLORIDA POWER & LIGHT COMPANY

QOPERATING RECCRD OF CERTAIN
TRANSMISSICON LINES

JANUARY 1. 1376 THRU M

AY _3.

18, 2977

Lauderdala 2LQkYV Line

SI '.2, 76

Ft. Myers -

Ligntning caused A-Phase to ground fault.
raclosed successfully nigh-speed.

closed manuaily one minute later.

Qanch 2L0kY Line

2/9/76

5/25/76

5/264/76

8/8/76

10/7/76

1/8/76

11/13/76

(3:00PM)

LR '16
—— ——r ]

(8:37PM)

T jas -
--.-51/6

11/.9/76

C-Phase to ground fault,
successfully high-speed.

C-Phase to ground fault,
successfully high-speed.

3-Phase to ground fault,
successfully high=speed.

A-Phase to ground fault,
successtully high-speed.

A-Phase to ground fault,
successfully high-speed.

cause
cause
cause
C!US€

cause

Jnknown.

unknown .

Junkncwn.

Jnknown.

unknown .

3uzzard caused A-Phase to ground fault.

successfully nigh-speed.
A-Phase to 3round fault,

successfully high-speed.

A-Phasa to ground fault,
successfully high=speed.

A-Phase to ground fault,
successfully high-speed.

A-Phase %o ground faule,
successfully high-speed.

A-Phase to ground faulr,
successfully high=speed.

cause

cause

cause

cause

cause

JnKNown .,

unknown,

Junknown .

JRKNOwN .

UAKNOwN .

Ft.
Lauderdale terminal was

8oth

8oth

3oth

3oth

gotn

goth

goth

Soth

3oth

8oth

Figure
b )

Page 1

Myers tarminal

tarminals

terminals

tarminals

tarminals

terminals

terminals

tarminals

terminals

terminals

rerminals

rarninais

raclosed

raclosed

reclosed

raclosed

raclnsed

raclosed

reclosaa

reclosed

raclosed

raciosed

reclosea

11
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FLORIDA PCWER % LIGHT COMPANY
QPERATING RECORD OF CERTAIN
TRANSMISSION LINES

JANUARY 1. 1976 THRU MAY >°S. 2377
Te. Myers - Ranch 240kY Line (Cont'3)
11/20/76 C-Phase to ground fault, cause unknown.
manually sne-half minute later.
12/7/76 A-Phase 0 ground fault, cause unknown.

12/14/76

12/19/76

12/20/76

succassfully high=speed.

3-Phase to ground fault, cause unknown.
reclosed successfully high-speed. Ranch
sne-quarter minute later.

i-Phase t2 ground fault, cause unknown.
successfully high-speed.

C-Phase to 3round fault, cause unknown.
reclosed successfully high-speed. Ranch
three-quarters minute later.

3-Phase to C-Phase fault, cause unknown.
manually one-half minute later.

C-Phase to ground fault, cause unknown.

cause unknocwn.

Fr. Myers terminal reciosed succassfully

Figure 11l
Page 2 cf

3oth tarminals closed

3oth tarminals reciosed

Fr. Myers tarminal
tarminal clcsed manually

3oth terminals reclosed

Fr. Myers terminal
tarminal closed manually

3o0th tarminal!s closed

80th terminals reclosed

3oth terminals reclosed

the |line caused 2 C-Phase o ground fault.

high-speed and Ranch

tarminal was closed manually one-nalf second later.

line caused C-Phase to ground fault.

Ft. Myers tarminal closed manually one-naif minute later and
Ranch terminal closed manually three-quarters minute latar.

C-Phase to ground fault, cause unxknown.
raclosed successfully highespeed.

C-Phase %o ground fault, cause unknown.

12/25/76
(2:12PM)
12/25/7
(2:13PM)
successfully high-speed.
/277 A-Phase to C-Phase faule,
high=speed.
1/28/77 Cane burning under
2/29/77 Cane surning uncer the
2/ 8/' 77
ocne-quartar minute latar.
3/.8/77
successfully high=speed.
Fr. Mvers - anch 138ky Line
L/8/76

A-Phase to ground fault, Jnknown,

successfully.

cause

Ranch

Ft. Myers terminal
rerminal closea manually

3otk tarminals racloseq

3otn tarminals reclcsed






FLORIDA POWER & LIGHT CCMPANY

OPERATING RECORD

-~
v

CERTAIN

TRANSMISSICN LINES

JANUARY 1. 1376 THRU MAY 235. -277

Pratt 3 Whitnev = Ranch No. 2 240kV Line

NO operaticns

Midway = Ranch 240kV Line
Former !y Midway - Pratt & Whitney No.

-

Pratt % Wwhitnev = Ranch No. °

anc

NO 2perations

rigure
Page 4+
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STATEMENT ISSUED BY FLORIDA POMER & LIGHT, MAY 16,

" LONCERNING POWER OUTAGE ' °

According to a continuing investigation by
as to the cause of Monday's power outage, company

a faulty relay switch in the protection system cau

#3 to trip off the line at 10:12 a.m;

This loss of generation was routinely abso
as other generating units maintained power output
ing the Turkey Point trip.

At approximately 10:24 a.m., a combination

a cascading effect which resulted in the loss of p

portions of FPL's system.

1977

Florida Powar & Light \»\
officials said that
sed Turkey Point Unit

\J

rbed by the FPL system

for 12 minutes follow-

bf factors triggered
pwer to the southeastern

The St. Lucie Unit #1 was tripoed manually gt 10:24 a'm. when.

operators became concerned with wide fluctuations
Thereafter, the Riviera, Port Everglades and Laude
off automatically, along. with the two Turkey Point

Another contributing factor appears to have
status of a new 500 KV line linking Fort Myers and

In System voltage. .
rdale plants tripped
fossil fuel units,

been the out-of-service
Andytown, on U.S. 27

and State Road 84 west of Fort Lauderdale. The libe, which had been

converted from 230 KV to 500 KV, was cperative, buf

service late Sunday night for testing.

p was taken cut of

The line i$ now in service.

First attempts to restore service were thwagted by a malfunction

at the Andytown station at 12:04 p.m.

FPL officials expect it may take several days to determine the

precise cause of the widespread outage.
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