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INTROOUCT 108 .
Florida Power & Light Company (FPL) experienced an electrical
power system disturbance on June 28, 1974, which resulted in the
separation of the southern part of the systest from the north. Load
was shed due-to the underfrequency that existed during the distur-

bance.

High-speed oscillograph records, recording charts and other
data have been examined in order to reconstruct the sequence of
events. that occurred. This report documents the sequence of events

and the corrective measures being taken. R

-
s
"

At 10:42'p.m., June 28, 1974, a phase to ground fault developed
on the Laudanfa-Port Everglades 240KV lne. Due to a maifunction
of a protective relay, fsolation of the faulted Tine was slow.

.The delay in clearing the fault caused the sysu-‘u; become
unstable. The fault and the consequent power Swings resuited in
'l'x‘volugts over the southern part of the system. Protective re-
lays operated to separate the portiom of the system south of West
Palm Beach from the rest of the syste;. : l(Su'FignJ). Turkey ‘
Poiat Mo. 3 sad No. 4 resctors wers tripped by resctor protectiom.
This 1425 M Toss of gemeration caused the frequescy to drop repidly.”
Snderfrequescy relays operated to shed spproxiemtely 702 of the
lesd in the affectsd area. The fregececy recovered aad the systes
ws thot back torether fa 11 misates. Service restorstion ms ces-
’lmbss-i:wzsauuﬁraf-ishtum ‘
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DESCRIPTION OF THE DISTURBANCE
On a dead-end structure of the Laudania-Port Everglades 240 k¥

circuif. nine structures from Port Everglades Plant, a string of in- -
sulators supporting a jumper flashed over on B phase. The Laudania end
opened at 21 cycles with a Ground Pilot target. The Port Everglades
end opened at 41 cycles with a Ground Time target. The Laudania end
reclosed at 43 cycles, re-establishing a B phase to ground fault. The
Laudanfa end opened at 49 cycles te clear the fault from the system.
» The fault persisted for 41 cycles because the contact of the
carrier stop relay (60X) in the pﬁup directional ground relay '
(CLPG) scheme did not close to stop the carrfer signal from Port
Everglades. A simplified diagram of the carrier circuit is given in-
Figure 2. o

The delay in 1solating the fault caused power swings. The system
split south of Ranch at 50 1/2 cycles, was tied back together at 64 1/2
cycles, by automatic reclosing, and split again at 79 1/Z cycles. The

e

relay and breaker operations are suxmarized in Table 1.
At approximately 60 cycles Turkey Point No. 3 and No. 4 resctors

were tripped by reactor coolant flow protection devices. The most

probadle cause of the reactor trip was the operation of the undervoltage
relays om the 4 kY saxilisry bus. These relays are set to trip at 703
of asrmal voltage with a 1 second time delay. A plot of the Terkey Poist
200 LY bus witages is showm on Figere 3.. Low resctor coolant flow, reswitisy
frem the Jow voltage, COuld also have tripied the reactor. The low flow
st point i3 3T of fell ﬂ;du-tb&lq. The pretzctive devices
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at Turkey Point functioned in the conservative manner {ntended to protect
the nuclear reactors. A simplified diagram of the protective devices -
{s shown in Figure 7.

The generation lost at Turkey Point was 1425 M. The loss of
generation caused the frequency to decline to about 54.5 hZ at a rate of
5 Hzlsecon‘dw. Area frequency as recorded on the Dade Substatfon oscillograph
{s shown fn 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 M of load was lost by load
shedding, low voltage and low frequency. load data fs given in Table 2.
The frequency recovered at a rate of about 1.5 Hz/second. The frequency was
back to 60 Hz at 8.5.seconds, overshooting to.61.3 Hz at 10 seconds.

Lauderdale Ho. 4, init{ally carrying 115 Wi, was. tripped at 4 sec,
19 cycles by turdbine thrust bearing protection. When the frequency
increased to 62.5 Hz the auxil fary governor acted to reduce speed on the

»

machine by closing the intercept valves and control valves. Clt;sfng of

the fntercept valves before the control valves caused the intercept

valve interlocking relay to trip the turbine to prevent excessive thrust

from developing. Closing of the throttle valves with the generator breakers
" closed {nftfated the unit lockout which tripped the generator. Cutler No. 6
“{witially carrying 72 Wi, was tripped at 20 seconds by the operator.

SERVICE RESTORATION o
. The Power Coordinators quickly {deatified the affected ares and
prececded to recommect the systom. The tsolated pertion wes resywchronized
&t 10:53 p.s. with the closure of the browsrd-Raach 20 &Y line. Ofs-
Mcfmi&mmam“mmijmdmm
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control.and progressed rapidly, as shown in Figure 5. Restoratinn
was complete except for {solated cases in 56 minutes.

There was no damage to any of the generating equipment or to
the nuclear reactors. All units were returned to service as soon as
safety inspections were completed. Duration of generating unit outages
i3 given in Tadble 3. . .

SYSTEM CONDITIONS

Prior to the disturbance, the system load was 4870 MW, including

3210 M in the affected area. System generating capabﬂity on line was
5486 MM." The capability in the affected-area was 3458 K. The system
spinning reserve was 616 M. Inter-area flows were well within limits.
Area load and generation.data and fnter-area flows. prior to the dis-
wrbapce are given in Figure 6. .
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CORRECTIVE MEASURES

1. The: contact of the carrier stop relay in the primary directional
ground relay scheme of the Port Everglades-Laudanfa 240 kY line at Port
Everglades Plant was ddjusted. The line was returned to service on June
29. o

2. At Turkey Point Plant on Unfts 3 & 4 the following measures are being
undertaken: "
" a. To improve unit trip analysis: ‘
a-1. A digital data processing system which includes discreet
time- stquence of events capability is now on order and should
be operational this year.
* a-z.: A continous. recording high-speed oscillograph is on

order for the nuclear units to record events prior to, during, and
after a disturbance. )

a=3. The auxﬂ%ary bus undervoltage relay operation 1ndicatiof;
to. the "first-out” annunciator system {s to be reconnected to give
indfcatfon after the time delay relays have timed out.

b. To provide greater system relfability the nuclear safety
mittee will review the settings for the auxiliary bus under vol-

' tage resctor trips to determine If they can be reduced from 705
to 62% which {s within lhe_SO‘! setting allowed by the Technical
specifications. The setting had been lowered fn Janvary 1974
from 753 to 702, an adequate setting on the basis of analyses of
*  systom fault conditions. Subsequent fa;lts on the tramswission

1iaes from Tertey Poist had aot cassed resctor trippimg.

€.  The existimg set poiats heve bren tested and fouwnd to be
as folf-;:
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Unit Set point As found
min max

4 kY undervoltage reactor Yolts 83
Trip relay b4 70 69.2 70.8

4 KV undervoltage reactor cycles 60 "61.3  62.5
Trip time delay

Reactor Coolant Flow b
normal b4 100- 97.0 100.8.
trip point - 3 90 89.5 90.5

= -—

3.  Relays for out-of-step detection and blocking of reclosure of ‘
Jines tripped due to stability swings are to be installed on 40 major

1ine teminals. Enéineering is in progress and is expected' to be completed

in six to nine months. i
4, Power transfer capabil{ty between the West Palm Beach and Hiwi-F”t.
Lauderdale areas has been increased by decreasing the second zone relay reach
at Broward on the Broward-Ranch #1, 240 kV line. The mid-breaker of the
Broward #1 and Ft. Myers line terminals at Ranch Substation is being operated
open as an interim measure until transfer trip relays are installed at
lianch {n December 1974 to provide local breaker failure protection. “
The transmission capability into the south area will be further strengthened
_by the addition of the Broward-Ranch #2, 240 kV 1ne, scheduled for com-
plation 1n August 1974, and the Ft. Myers-Lauderdale 240/500 kV line,
scheduled for service in December 1974. C
5. A Task Force has been formed with members from System Operations,
System Protectfon, Power Resources, Engineering and System Planning to
coatinue nvestigation of the disturbence and fellow through with corrective |
measares. Some specific mesns under {nvestigation faclude: | e
a. Trip of Turkey Pofnt No. 3 2ad Mo. 4 resctors by resctor
coslaat flow protection o
b.. Isplementation of cesswres to block reclosing follewing
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out of stcp trip

c. Studies are becing 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 t; loss of the unit.
7. The relays (6CY) which operated at St. Lucie were tested and two
were found to have defective capacitors in the potenti&l circuit, These
reiays were repaired and,returne& to service. 7
8. Relay settings are being examined for proper coordination on the.
affected lines. Preliminary analysis indicates correct coordination for

the ground backup relays presently in service.
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SIMPLIFIED
CARRIER CIRCULIT

CARRIER STOP
CARRIER

TR%HSMITTER
RECEIVER CARRIER START

OPEN TO.STARTZZ G1 (Non directional = 60X
ground over current)

Contact failed
to close after

60X picked up.

6D (Ground directional)

a

60X (6round directional aux.)

CLOSE TO STOP
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' FIGURE §
FLORIDA POWER & LIGHT COMPANY
- JUNE 28, 1974 DISTURBANCE
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LOAD: 580 MW
NET: -150 MW

CAPABILITY= 528 MW
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Legent

yrers Tt O protective device

T 1o9ic symdol “or®
T logic symbal "and®

togfc symbol “and®
L} {2 out of 3 required)

A, logic symbol time delay
@ Trip status Indicator
& Mounciator indicator

A Resctor “First out®
asnunciator

2p-3From power level
v permissive circuit,

" Reactor tri p

N

Reactor coolant
3

Reactor coolant Reactor coolant
Pump 41 '

Wirsta orOr-
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TIME

0
(10:42 p.n.)

[ 4
21 ~

a7V =~
4] A

421/2 ~
43~

41/2 ~
45 ~
49~

-

50172 »~
512 »
5%~

7. "

60 ~ (spprox.)

e R
£33 :
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TABLE 1
SYSTEM DISTURBAKCE

e o
CRAS o
SRS

?
7y

SUMMARY OF RELAY AND BREAKER OPERATIQNS

STATION

Laudania

St. Lucie
Port Everglades

Lauderdale
Laudanta

Browerd
Lauderdale
Laudania

tUafts 3 § 4 reactors

CIRCUITS EVENTS
Laudanfa-Port Everglades Fault on B9
240 k¥
Laudania-Port Everglades Opened
240kV ,

PAN #2-St. Lucie 240kY  Opened
Laudanfa-Port Everglades Fault cleared
240 kv
Lauderdale-Ranch 240kY Opened
Laudania-?ort Everglades Reclosed
240kY
Broward-Ranch 240&\1 Opened
Davis-Lauderdale 240kY Opened
Laudanfa-Port Everglades Fault clesred
240kY,
Broward-Ranch 138kY Opened
Bromard-fRanch 138kY _ Opened

PR #1-5t. Lucie 240KY  Opened
PE¥ #2-St. Licfe 240A7 Reclosed

Tripoed

<
EETEN N R

%

REMARKS
Flashover on deadend, 9
structures from Port
Everglades. Ko damage.

&P

8, 11 (Defectiva nliy)
GT

A’ 8. c. 21
Fault re-establfished

)
»

A,8,C, 12

B, PZ3 (Reverse zone 3, tim
delay 40 cycles)

A. '. C. ". n
A...C.Z' N [}

8, 22 (Defective relay)

mmhaﬂué







} TIME
64 1/2 ~
65 1/2
68 1{2 ~
72 ~

79 1/2 &

35.0 seconds

NOTES:

B

TASLE 1 (page 2)

Lomettd

STATION CIRCUITS ' EVENTS REMARKS
Lauderdale Lauderdale-Ranch 240kv Reclosed .
S$t. Lucie PaW #2- St. Lucie 240kY Opened
Broward Broward-Ranch 138kV Reclosed
Ranch Broward-Ranch 138kV Reclosed
Lauderdale Lauderdale-Ranch 240kv Opened .
Ranch ~ Broward-Ranch 138kV’ Opened LT
Ranch Lauderdale-Ranch 240kY . Opened A, B,.C, PP :
8roward Broward-Ranch 138kY Opened , ’
Ranch Lauderdale-Ranch 240KV Reclosed:
Lauderdale Unit. 4 Tripped Turbine thrust bearing .

: protection.
’Turkey Point Unft 4 240kV breakers Opened , ;:nh::::g:al;l.{pd:}md
. ) reactor trip.
Unit 3 240kV breakers Opened Intentionally delayed

Turkey Point.

%

+

generator trip aftsr
reactor trip. ‘

f

1. Ranch-Yamato 138KV circuit also opened, reclosed, and opened in the 40-80 cycle interval.

2. Cutler unit & tripped off by_operatbr at approximately 20 seconds.

. *
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TABLE 2
SYSTEM DISTURBANCE
JUNE '28, 1974
LOAD DATA

BEFORE
AREA _(md)

Hiami & Southeast Division 2960
Eastern Division

Western Division

Northern & North Centra[ Division

- “

Totals '
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' . . TABLE 3 )
SYSTEM DISTURBANCE ,
. JUKE 28,.1978 . ST
. SUMMARY OF GENERATING UNIT OUTAGES o ) )
v | . o HR:MIN ' .
GENERATING UNIT TIME OFF TIME ON - DURATION CAUSE OF UNIT TRIP
Turkey Point 3 10:42 PH 12:43 AW’ 2:01 Reactor low flow protection
. (6/29)
Turkey Point 4 10:42 MM 12:47 AM 2:05 Reactor low flow protection
I (6729) . :
Cutler 6 10:42 PH 1:35 AM 2:53 Tripped by operator.
: - (6/29) »
Lauderdale 4 10:42 P4 11:56 PH 14 Turbine thrust bearing protection
: . . Lo s ’ ]
. g SRR . ‘4’ » b
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