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DISTURBANCE ON 08/15/2023 AT 08:30 AM INVOLVING INTERCONNECTIONS
NORTH-NORTHEAST, SOUTHEAST-NORTHEAST AND NORTH-SOUTHEAST

Rio de Janeiro, August 25, 2023
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. DISTURBANCE INVOLVING THE NORTHERN INTERCONNECTIONS
NORTHEAST, SOUTH-EAST-NORTH-EAST AND NORTH-SOUTH-EAST

y General description of the disturbance

y Presentation of the ONS
Sequence of the main events, until the separation of the North and Northeast regions from the rest of
the SIN « Preliminary analysis of the dynamic performance of the SIN

y Presentation of Agents

» Description of the disturbance and analysis of the performance of the protection systems, with the
agents' view of the events involving their assets

y Restoration Process

y Presentation of ONS
» Actions to stabilize the system right after the shutdown
* Analysis of the restoration of each
electrical area * Main difficulties faced in the restoration process

y Presentation of Agents

» Description of the asset recomposition process, main difficulties and steps taken or in progress
trend
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DISTURBANCE INVOLVING NORTH-NORTHEASTERN INTERCONNECTIONS,
SOUTHEAST-NORTHEAST AND NORTH-SOUTHEAST

08/15/2023 at 08:30 am

Start of disturbance:
LT 500 kV Fortaleza Il — Quixada

. Area affected by load shedding
Total load cut y 22,547 MW

N/NE y 12,264 MW
S/SE/CO y 10,283 MW
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Origin of the Disturbance

Fortress i

Pecem Il
.| | 1

Sobral 1l . Quixada
i Teresina ll
U -
::I: i-f Tiangua ll
Good Hope

SJ do Piaui Curral N. do Piauf Il miracles

I 1 1 ki Miracles Il
] I
R. Goncalves
Q. Novalll
The disturbance began at 8:30:36.944 with the
Miracema m Gilbugs || Puritirama opening of the LT 500 kV Quixada — Fortaleza Il

with no incident of short circuit in the electrical
system. The shutdown was caused by the

incorrect operation of the Switch On To Fault
(SOTF) logic.
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Southeast Frequency
Northeast Frequency

North Frequency
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Main events of separation of the North and Northeast Areas from the rest of the SIN

10=8h30Min36,944s

8h30min36,944s Aberturada LT 500 kV
Quixada — Fortress i
(SOTF)
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TO +530ms

North Frequency
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2nd EVENT

LT 500 kV Quixada - Fortaleza
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Main events of separation of the North and Northeast Areas from the rest of the SIN

%

TO + 530 ms

1st Event

Zortress I
A
.

8h30min37,476s LT 500 kV P. Dutra — B.
Hope in P. Dutra (PPS)

8h30min37,512s LT 500 kV P. Dutra —
TeresinallCland C2and LT
500 kV P. Dutra —

Empress C2 (PPS)




Machine Translated by Google

PPS LT 500 kV P.DUTRA-BEAY Abre 4 LT 500 kV

TO +530ms

North Frequency
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Southeast Frequency
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Main events of separation of the North and Northeast Areas from the rest of the SIN

TO + 1687 ms

1st Event

8h30min38,633s LT 500 kV Miracema —
Gilbués Ill (PPS)

Miracg
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Main events of separation of the North and Northeast Areas from the rest of the SIN

N \ ¢

TO+ 1770 ms

1st Event

A /Fortress Il

8h30mMin38,716s 230 kV separation

between Milagres - Banabui 'irazc L
8h30min38,737s Separation 230 kV

Teresina ll — B. Esperanca

(21)
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Main events of separation of the North and Northeast Areas from the rest of the SIN

TO + 1926 ms

1st Event

AL 4rtress Il

-
N

8h30mMin38,777s LT 500 kV Pocgdes Il —
Padre Paraiso C1 and C2
Mirackma
(PPS)
8h30mMin38,872s 500 kV separation between
R. Goncgalves - Colinas
(21)
LT 500 kV SJ Piaui — CJ

FV Nova Olinda C1
(double loss SEP)

Potions Il
M

(.

~ / p. pafadise
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PPS LT 500 kV P.DUTRA-BEAY Abre 4 LT 500 kV

TO +530ms

North Frequency

LT 500 kV MIRACEMA — GILBUES IlI

6th EVENT

Southeast Frequency
Northeast Frequency

LT 500 kV Quixada - Fortaleza

TO +1687ms

8:30:36.944

TO =

SE

nd Teresina/

on of 230 kV between Milagres/Banabu

0 +1770ms

TO +1926ms
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LT 500 kV R.Gongalves — Colinas
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Machine Translated by Google

Main events of separation of the North and Northeast Areas from the rest of the SIN

TO + 1965 ms

/ 1st Event

Fortress Il

R.Gonqys/ 5th
—— ’

8h30min38,911s LT 500 kV Gilbués Il

— Buritirama (21)
LT 500 kV Gilbués Il - SJ

Piauf (21)
LT 230 kV Gilbués I

—Bom Jesus Il (21)

Al iers Il

Potionsifil
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PPS LT 500 kV P.DUTRA-BEAY Abre 4 LT 500 kV

TO +530ms

North Frequency

GILBUES Ill

LT 500 kV MIRACEMA

7th EVENT

Southeast Frequency
Northeast Frequency

LT 500 kV Quixada - Fortaleza

TO +1687ms

8:30:36,944
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Main events of separation of the North and Northeast Areas from the rest of the SIN
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Main events of Separation of the North and Northeast Areas from the rest of the SIN
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Main events of Separation of the North and Northeast Areas from the rest of the SIN
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Main events of separation of the North and Northeast Areas from the rest of the SIN
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Main events of separation of the North and Northeast Areas from the rest of the SIN
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Main events of separation of the North and Northeast Areas from the rest of the SIN
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Satisfactory performance of the ERAC

* During the event, loss of generation was observed, based on the behavior of the frequency of the SIN. In this sense, in
view of the generation deficit experienced by the SIN, the Regional Load Relief Scheme (ERAC) was implemented in order
to promote the balance between load and generation.

* The ERAC performance analysis will be carried out in a specific meeting, to be held on 01/09.
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SIN Dynamic Performance

Installed Capacity NE Subsystem
eOL ~23GW

UFV ~ 5GW

f—g

A" N w8 EC Installed Capacity
—aTucurui ) i bt 4 EOL+UFV ~ 3 GW

Installed Capacity RN
EOL+UFV ~ 8,6GW

Pl Installed Capacity
EOL+UFV ~ 5 GW

: Colinas

BA Installed Capacity
EOL+UFV ~ 9,4 GW

X Ruiritirama
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SIN Dynamic Performance - Pre-Occurrence Operating Conditions (08:30 am)
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SIN Dynamic Performance
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SIN Dynamic Performance — Opening P. Dutra — Boa Esperanca (PPS Performance)
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= = =500 kV Paulo Afonso 4 = = = 500 kV Sapeacu = = =500 kV Xingo = = = 500 kV Campina Grande Il
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SIN Dynamic Performance - Event Simulation

with Official Database (Real-time case)
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Dynamic Performance of the SIN - Simulation with the Official Database x Event (PMU)

Tensdo Acu Il 500 kV

530 ms

1.1

—PMU
— Simulagao - Base Padrao
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- pu
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Glossary to Identify the Simulations Performed

* Simulation with the official electromechanical transient database

* The opening of LT 500 kV Quixada — Fortaleza Il was reproduced using the official ONS dynamic database.

» Simulation with adjusted electromechanical transient database

» The official electromechanical transient database, distributed by ONS, was adjusted in order to approximate the
simulation response to field response, considering the opening of LT 500 kV Quixada — Fortaleza Il. « For

this, changes were made to some mathematical models of the generating parks in the region of
interest, which are predominantly wind and photovoltaic.

» The voltage observed in SE 500 kV Acu lll is an indication that the adjusted models are more adherent to the
field.

» Simulation for comparison with oscillography records

» The adjusted database was used as a reference, in view of its adherence to the field response of the
voltage in SE 500 kV Acu Il

* In each comparison below, a simulation was performed in Anatem with the base adjusted, replacing only the
model under analysis by the model of the official base, with the objective of evaluating its performance against the condi
of the event, using oscillography data as a reference.
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Official Base x PMU Register x Adjusted Electromechanical Transients Database

Tensao Acu Ill 500 kV
— Registro PMU
] — Base Padrao
1,1 1 — Base Modificada
_ ¥
1 -
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Comparison simulation between official database models and field response
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— Oscilografia

1,14 — Simulagao

1,05 -

0951

Tensao - pu
o
(o]
1

0,85 1
081
Oscillography x Official model of the park

0,751

0,77

0,651

L fE 1T 71T

LENLENL I BN B B DL R B SN A B LN B S N R T L B S S | T T T T T T T T T T T
0 002 004 006 008 01 012 014 016 018 02 022 024 026 028 03 032 034 036 038 04 042 044
Tempo - segundos



Machine Translated by Google

Comparison simulation between official database models and field response

EOL1 Reactive Power
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Comparison simulation between official database models and field response

Active Power EOL1
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Comparison simulation between official database models and field response

UFV Voltage 1
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Comparison simulation between official database models and field response
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Comparison simulation between official database models and field response

Active Power UFV 1
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Comparison simulation between official database models and field response

EOL 2 Voltage
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Comparison simulation between official database models and field response

EOL 2 Reactive Power
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Comparison simulation between official database models and field response
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Comparison simulation between official database models and field response
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Comparison simulation between official database models and field response
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Comparison simulation between official database models and field response

Active Power EOL 3
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SIN Voltages and Frequencies Visualized from the Phasor Measurement System
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Main Preliminary Findings

» The opening of the LT 500 kV Quixadé - Fortaleza Il was caused by the incorrect operation of the fault closing protection
(Switch Onto Fault - SOTF) during normal line operation. It was also observed the improper performance of its scheme
automatic reclosing.

* The opening of the LT 500 kV Quixada - Fortaleza Il caused a significant reduction of tension in the system, resulting in the opening «
LT 500 kV Presidente Dutra — Boa Esperanca for actuating the out-of-sync protection (PPS), which also commands
the opening of the LT 500 kV Presidente Dutra — Teresina Il C1 and C2 and LT 500 kV Presidente Dutra — Imperatriz C2 lines.

» The voltage reduction observed after the opening of the LT 500 kV Quixada - Fortaleza Il was not verified in the simulations
carried out by the ONS to reproduce the disturbance of 08/15/2023, using the real-time steady state case
and the official electromechanical transient database, based on information provided by agents.

* In all studies carried out by ONS to define guidelines for the operation of the system, which include opening
of LT 500kV Quixada - Fortaleza Il, no voltage reduction was observed that violates the criteria established in
Network Procedures and, therefore, any situation that resembles the occurrence of 08/15/2023.

» After the PPS action, there was a cascade shutdown of system equipment, leading to a blackout in the North region
and the partial disconnection of loads from the Northeast region.

» After the separation of the North and Northeast by action of the protection systems, the performance of the Regional Scheme was ok
of Load Relief (ERAC) in order to recover the balance between load and generation, reducing load shedding in the South,
Southeast and Midwest, energy importers at that time.
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Main Preliminary Findings

» Given the scope and complexity of this nuisance, the ONS requested and received a significant amount
of oscillographic records, which made it possible to identify signs that the generation sources close to the
area of interest did not perform as expected with regard to voltage control.

 The most consistent line of investigation points to this performance below expectations as a second
event that triggered the entire subsequent transmission line shutdown process. the ONS
was able to satisfactorily reproduce the disturbance by changing the transient database
electromechanical, highlighting a possible difference between the behavior of equipment controls
effectively implemented in the field and the performance of the mathematical models made available to the ONS.

* It is based on exhaustive simulations that ONS identifies safe regions of operation and determines the generation
of the various energy sources that make up the SIN to supply the load, ensuring compliance with the
performance standards set out in the Grid Procedures, particularly the criterion that
Simple contingencies in the electrical network must not cause loads to be cut.

* In order for the ONS to guarantee safe operation 24 hours a day, 7 days a week, it is imperative that
dynamic models in the database faithfully represent the performance of implemented controls
in the field of all plants with a direct relationship with the Operator.

» Given the scope and complexity of this disorder, the ONS continues to deepen the analyzes of the
disturbance to a final conclusion.
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Disturbance on 08/15/2023 at 8:30 am
Involving the N/SE, N/NE and SE/NE interconnections

Analysis of the restoration process

RAP meeting - 08/25/2023
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Agenda

1. Post-disorder initial situation
2. Main actions for system stabilization
3. Recomposition analysis: overview and by area

4. Main difficulties of the recomposition process
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Pre-disturbance situation: 08:30

Generation Verified Scheddled 2,493 2,514
Hydraulics

Thermal 1.399 1.389
Wind 210 304
Solar 3 0
Total 4.104 4.207
Charge Verified Scheddled 6,588 6,561
Total

Generation Check Schedulg¢d

Hydraulics 35.284 3p.267

Thermal 9.698 9.829
Wind 16.748 17.256
Solar 5.777 6.124
Total 67.508 68.476
Charge Check Schedulgd

Total 67.507 6B.200

# AC flow

—

DC flux

FNXG 3.463 MW | Limit =/6.000 MW

collector
Porto Velho

Itaipu 50Hz

Northeast

Verified Schedyled Generation

Hydraulics 2,459 2.539

Thermal 387 449
Wind 16.317 16.745
Solar 3.211 3.681
Total 22.454 23.334
Charge Check Schedulg¢d

Total 10.151 1p.242

‘. ' {FNEN = 5879MW|L|m|t—5800MW
\

FNS =528 MW | Limit = 4,000 MW

, FNESE = 6.392 MW | Limit = 7.000 MW

FNS+FNESE = 6,920 MW | Limit = 9,600 MW

Southeast/Midwest

Generation Check Schedul¢d

Hydraulics 20.180 20.088

Thermal 6.445 6.505
Wind 3 3
Solar 2.562 2.441

Total 29.189 29.037

Charge Check Scheduléd

Total 38.882 39.165

Generation Verified Schedyled 10,073
Hydraulics 10,206

Thermal 1.468 1.486
Wind 218 204
Solar 2 2
Total 11.761 11.898
Charge Check Schedul¢d

Total 11.887 1p.232

Data in MW

Solar generation and
load without MMGD
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Post-occurrence situation: 08:40

Generation Verified Scheddled 0 2,514
Hydraulics

Thermal 0 1.389
Wind 0 304
Solar 0 0
Total 0 4.207
Charge Verified Schedyled 30 6,561
Total

Northeast

Verified Schedyled Generation

Hydraulics 2,459 750

Thermal 117 449
Wind 2.983 16.745
Solar 515 3.681
Total 4.365 23.334

Charge

Check Scheduld

Total

4.335 1p.

FNXG 0 MW | Limit = 6.000 MW

el ‘. FNEN = 0 MW | I‘_|m|t =5.800 MW
. Porto Velho { \ ‘
Generation Check Schedulgd . 1
Hydraulics 33.601 3p.267 .\ 0 \
NS \ _FNS = 110 MW | Limit = 4,000 MW
Thermal 6.910 9.829 -~ L )
LS
Wind 3172 17.256 N 108 ‘\ .
\ FNESE = 30 MW | Limit = 7.000 MW
Solar 1.949 6.124 “
Total 45.632 68.476 ¥ . o
\ FNS+FNESE = 141 MW | Limit = 8,600 MW
Charge Check Schedulg¢d 3.724 ,’
Total 45.482 6B.200 ” 2.948
Itaipu 50Hz Southeast/Midwest
* Generation Check Schedul¢d
Generation Verified Schedyled 11,608 Thermal 5.677 6.505
Hydraulics 10,206 Wind 3 3
Thermal 1.115 1.486 Solar 1.431 2.441
Wind 186 204 Total 28.355 29.037
Solar 3 2
Total 12.912 11.898 Charge Check Schedulgd
Total 31.153 39.165
w—p  AC flow
Charge Check Schedulgd
=m===p  DC flux Total 9.965 12.232

Data in MW

Solar generation and
load without MMGD
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Load shedding by state

RR: isolated system

23%
20%

14%

23%

26%

29%

19%

31% do SIN

99.5% of the North
61% from the Northeast

20% from the
South 20% from the Southeast/Midwest

Data provided by agents to prepare the BISE



SIN Overview - Pre-disorder situation: 08:30 am
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SIN Overview - Post-disturbance situation
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Post-occurrence control actions

1) In the Northeast:
« Actions for voltage control.

« Limitation of wind and solar generation on the amount that remained synchronized after
the occurrence.

2) Well S/SE/CO

» Maximization of hydraulic generation in synchronized plants to restore load/generation balance.

 Actions for voltage control.
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Evolution of recomposition

Interrupted load
9.000

8.000
7.000
6.000
5.000
4.000

3.000

2.000

1.000

s NOrth == North East —Onthe e G theast/Midwest

100%

80%

60%

40%

20%

0%

Load restored

= N\Orth == North East —Onthe == G0 theast/Midwest

Data informed by the agents for the elaboration of the BISE
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Evolution of recomposition

Bogota
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COLOMBIA . \
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Equipment turned off

Transmission
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Subsystem
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transformers
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Conflguratlon at 08:40 am - Start of recomposition

Service Conditions — 08:40 am

hydroelectric

UHE Luiz Gonzaga

Wind
1 AND
photovoltaic
188 MW
S Thermal
[ -ﬁif’ L Mty FNESE — (NE -> SE)
227
N 'mm,w P. Afonso IV FNEN — (NE -> N)
A "*Qﬁ c;r:m wiAm
Taus ii *":"* ‘5— Natal il 2 AND NE load
o /. = 3 MW
| ¥ lco y i araiso
\R, ¥ . cGr:nnenf . 54
3 A\ [Milagres” —
e et P =)
e . . e S o= - )fli;gres | 4
~ - _Ribeiro Gongalves = fura No B
= '—=ié5§= foo W L/

Garanhuns Il ‘.-',.

- t‘,f"k Z,

At 08:53, the ONS authorized the restoration of
the interrupted load.

P e = /.I/
— A x /
= 7 Messias
{ A r /'" o

ﬂt Mace

UHE

=
Hxings Arapiraca il

At 8:43 am, the 1st GU at UHE Itapebi was synchronized and
the load taking started in the Itapebi Corridor.

Y

I Bareinas Il ”{

| = :..‘f

At 9:22 am, the reestablishment of loads was authorized

= ya
- -\__; Ria da [‘}‘\
I!:"r-: 3 2 \Llu, f \
| \ \ o
BN
T / A#os ,—LJHE [Epel
uzing i <
s L\
Lil&'!ta ”“'—Eunaml
pe pamasod |
- - ‘ _‘
[] section energized . o
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Conflguratlon at 09:41 — UHE Sobradinho energized

oS _’ ‘;,_1‘._///
A o ' - '.»ﬂ"-?ao camara Il

Agu u)@ﬂg_n:‘%cgm »anm
t’f.-

Quiadale—___

Taa s / Nsu\ n
g
W ico F Y*Garslso
/
\ / /|
/ c.Grange m ¢ Ji T
a s Iniiagres” i T — -4{: y
/ * F,‘w,,,‘:-mu " _,F_‘I = £ T K. - 111
. Ebzeu Martnz Y S.L Pt~ P £ e Pau
& 2 N - ?_-?;«:‘-- }ﬂagres ] ; 7 Fero
~ff~y_Ribeiro Gongalves < ~[Cuma Novo _.~ gy 3| I
P —_— Jdo Plaul__— C / 7 |§
/ / - \ = & Recife Il

Service Conditions — 09:41

hydroelectric

Wind

photovoltaic

Thermal

FNESE — (NE -> SE)

FNEN — (NE -> N)

NE load

At 09:34, the LT 500 kV Miracema / Gilbués was turned on.

¥’ ;
N Messias
2 ]
B
=

Macei

At 9:40 am, SE Sobradinho received voltage from SE Luiz

Gonzaga.
Difficulty in self-healing at the UHE

Sobradinho.

{_sapeagu

As 09h41, syncronizada a 22 UG na UHE ltapebi —
Difficulty synchronizing.

At 09:44, UHE Xingo integrated to the island through LT
500 kV Xingé / P. Afonso IV.

\gR¥ Formoso [T —::E
i Janadba il
l Afrios \“ _UHE Itapeni
Ltms'va”!' \ J‘-
Liiania e o

Pe par:snl g

X

[] section energized ——
gy
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Configuration at 10:50 am — Northeast integrated to the SIN

Service Conditions — 10:50 am

hydroelectric

Wind

photovoltaic

e

f—

0

;.

i Jumr; ] { £

"
do Bonfim "E Ems

E:TFdlf: ‘k :

| # msum

i ‘
+ Armios ~ i UHE Hapeni
wzina l
o, ¥
Liitant u | Eunapaliz
Pe. Paraiso

[] section energized

;.‘-’Jarulm

Thermal
t Ny FNESE — (NE -> SE)
2 Tl
% t, __"'qf.?h(:a'mm il ENEN — (NE - N)
\&:ﬁ_ " FCerara Mirim
- 7 Ji*:g-:*r{"igwaum NE load
¥ kco // 4 “:“f“baratso
: o = = A
;L_:ﬂ;“"’ Gongawes /[ NS "ur;?,Nov;_,---"" \r— / v} - )
» "’*"‘-\. L " o [ e At 10:32 am, the SE Sao Joao do Piaui received voltage from the
/ -L;-magg ova Il s Garanhuns Il /. g 5 '!*R'? » - .
e o = n‘t\ v SIN through the SE Ribeiro Gongalves.
sy N Messias

At 10:49 am, parallel between the island of the
Northeast area and the Southeast area through the LT 500 kV

S. Jodo do Piaui / Sobradinho, integrating the Northeast area
to the SIN.
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Conflguratlon at 12:57 pm — Itapebi Corridor integrated into the SIN

Service Conditions — 12:57 pm

hydroelectric

Wind

photovoltaic

Thermal

./‘-ulrazn{/
£ Hk?._gll s/é'

FNESE — (NE -> SE)
FNEN — (NE -> N)

NE load

Plaut LT
JooPiau_ *

At 12:01 am, the LT 500 kV Imperatriz / Maraba C2 was turned on, integrating
the North area to the SIN.

Z&E ymada Nova I k. Garanhuns Ii 2
Tt UHE L Gu'*aaga .

2 L =
—— — \ g \
b g P S Messias
UHE Sobradinho 3 F u.HE Pt Mo w S ol *

| = i = ‘e“ﬁ”" [/ Y& *mm:.tma
: E::y o~ o —~ :‘t"'__‘mmr::l “I U . :""” : . .
| l | = ouetrana / -_,m_’; St | Yooy 7 As of 12:12 pm, the release of EOL and UFV generation to service the load
| | k\_ - L AJ/- ardim
I: ‘ & , | GEntm;;C::.: Irece \'-_-._. E;Fmﬂ!rb‘ l_""""""‘J 2 began -
,‘:; X e "?;_‘E il 4 / i) i —-:Jorr., do Chapeu | B
i '/'5.% \ :: Pz Agics . i-,‘f f 'jj?fn;_'_':—d-—ﬁE :;:_.:"\ pe“ o ﬁ“: va TK"\JJ“%' Camagan IV
| ';'.J i ‘ / %Ecamapaﬁ ] ~n . .
- & At 12:56 pm, the LT 230 kV Santo Antonio de Jesus / Funil C2 was turned on,
.-.-,“ué-,-:- e _ Caveagu
XN\ closing the Itapebi parallel with the SIN.

{ = L
Liziania e

Fe F:F-usc!
Texeira de Frekas 0

=t

-

—

[] section energized
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Configuration at 14:10 — Full load restoration released

Service Conditions —2:10 pm

e

s hydroelectric
.{ir'
L Wind
_‘ f -r-ﬂ?/;cenl .
A\ \i? —_ photovoltaic
- Fod e
o N rdgus Tt ; Jﬁmz W Thermal
’f'! : . / w.&?_uu "’#
| I s 3 =y | sty FNESE — (NE -> SE)
- *-:\'I—,:= : ‘_ﬁ" ‘%é:abmn. i ": & 'm?éoca-rara 1l ENEN — (NE > N)
¥ \%..',: 2o 7 Teresina 1 g "";ch'eraraw'lﬁ
_,'(:,"PA‘, b ,- Tonid B - ‘PL' 'r{fuu.u\ n NE load
- 3 /._ :'\"__i_#:'HE Sca Experanga " ¥ ico ;
% 5 Peo fMnagres” = . .
/ 5 o T T = A At 2:02 pm, the LT 500 kV Bacabeira / Paranaiba Ill was turned on,
Enseu unvn‘?:— ."_.:g'._ -, E ot = -}iﬂagfes . S pemo . . . .
j,"_“"’“'" i — P ar \¥- G reinforcing the interconnection between the North and Northeast systems
p Y = P . s_ﬁme-l
R b "‘__kduewaca Nova Il '—ZE?
Bom .f:h:.‘.i-._ £ :-:‘ UHE L Ganng) - P ] .
; B, B k= s At 2:10 pm, the ONS authorized the total restoration of loads (93%
1 / UHE Sobraginho %= 0 I 5% Nz
— P o v ﬂ‘: Maces .
| L P T i ANE of loads in the Northeast area were restored).
| ot --:";l‘ " ’E'rf:Jun-e'n\u - E 3 -
E | = ""—_." f‘ﬁ . _"'T? -'._?_E"_'r 30 Boafim Il = . 2 /
! 2 i a2 T e
| S . Tk f T
| Curo &% f:‘f_ -
\ i | ; /| ' ."{;'?f--» b B o2 At 2:45 pm, the charges in the Northeast area were
'*, I R < :“_5:” i S canagann restored.
1 N [/ Macaibas D=/ TE=TUN 7 b a3
! s - 4 / ..‘*{3 ‘\_\\7 o ‘-—_.;EC:ma:;z'l |
-‘j" — ﬁ:"}‘.‘ s o y ;;«; Sapeagu
= ;“ iccara e B e
e e o=, At 3:03 pm, LT 500 kV G. Valadares 6 / P. Paraiso C2 was
e Y&gm ' / - switched on, reinforcing the Northeast / Southeast Interconnection.
‘ : — dikita i - Nif’r--'“-:‘s“"" g — ;mm‘
| - | —
b Amos ~/ < UHE &
U.(Z‘]'Iac! \
Luziania

[] section energized oD
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Tucurui / Para Area

Amasotlk\fda !V-‘H:l- SE At n:».-.:!.:-
Regido Norte o
¢ SE Tucurui @ ".?:1..... .
S Hammsna
UHE Tucurui M . ".‘?:,':_'.:
By i
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kg =2 E c3 ot
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(0 = .(3:|-w Lc3
— (i 2 0w

i
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o
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z Puma
SE Integradora
k. -0
- rg ™ — 2 x 100 MVA
L Puma
SE Serm
20 Sorms Van)
SE Integradora
136 Mvar ] 2x750 MVA
%0 W -2 ﬂ i E h

e 5 Bgana
SE omad "a““ SE Santa Maria [PSE Ouien
i
!-_;-l_—-.. [FSECus 2x 150 MVA . ——#5E Capitlo Pogo
1 >
| _"_.!Iala i SE Capasma
3 x 100 MVA —
@ SE Castanhal C)
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24km o
21 B War SEiphums  SEPwagesinas o
1 }
. s oA
1510 ) o~
2x150 WA = M e PPEA
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+0
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sERee
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el

Main difficulties:

« Difficulty in remote control of equipment, compromising the
preparation for recomposition.
* Necessary ONS coordination in practically the entire phase

fluent.

1st GU connected to UHE Tucurui

4th UG connected to HPP Tucurui

Home charging socket

Conclusion charging socket

Parallel

* Facilities were not prepared for rebuilding.
* UHE Tucurui did not assume frequency control, as per

set out in the instructions.

09h11

09h41

10h26

14h33

12h01
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Tucu frul Area / West SeCtlon 1st GU connected to UHE Tucuruf 09h1l1
Altamira 4th GU connected to UHE Tucurui 09h41
SE Xingu Home charging socket 10h35
g P Conclusion charging socket 13h42
UHE Tucurui | —\\J
Ruropolis
— D Itaituba
- ow Corning . :
04 UGs —(0)— T Transamazonica | =
C1 7N | +
(: )_I_-”_-f":_\:.— g_ é é oy
e o T 7N
A/ — _'\-‘-//
TN '—( 'A,' \P 1 1 () T
N e ,—.ll . 598 - I‘\ Vo |
- n || - Nl
Q1 —D
0 4 o [7
o~
@_l_(’ 75— proe Tapajos Il ‘
s =\
a2
.y
r*;rj Tapajos
UHE Pimental

® —

Main difficulties:
» At 12:47 pm there was a partial loss of reestablished loads, around 63%, due to the shutdown

automatic 138 kV bus SE Rurépolis. The restoration of loads returned at 12:59 pm
following normally until the end of the restoration. At 1:50 pm, COSR-NCO authorized the
full restoration of loads from Para.
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09h00

Area 500/230 kV Maranhao / Estreito

12 UG ligada UHE Estreito

09h26
10h35

43 UG ligada UHE Estreito

. SE Elovadora 3600 MVA,
SE Miranda Il PaliroNeves, 454 = h : -
g e ome charging socket
SE Acailandia D3 SE Colstorn Dalta 6 i g g
2Zx90 MVA 9 kV
ia 9 km g A
. Marabé<— 500 kV da Regiao Norte b oi.@ o SE Contro Conclusion charging socket 14h41
var
<G 5 i SE Sdo Luis IV | 2x200 Mva [P 5F haadl
o 365 km SE Sao Luis Il SE Maracans
iR' — a 52k 2x600 MVA
. SE Parnaiba 03 "“’”i R
UTE Porta d
SE Imperatriz 1 e UTE Nova Venecia I L e S2KM [~
1x168.8 MW UTI hao il
— i O oy ? e @ o
amaiba
SE Marab-'i‘_ SE Presidente Dutra  '*7*"W s S e > — i 128
UHE EStreito 3x180 Mvar UTE Parnaiba V. —e UTE Maranhio v o R SE Sdo Luis | ,,
SE Teresina ll Do HIBANE oA [ s contro
Bx 135 MW 1404 km SE S.A. Lopes _e
UHE Estreito SE Boa Esperanga > UTE Maranhiio V . it sEma
47 Mvar 57 Mvas TX 50m R NN SE Bacabeira R = SE Maracans
435 Mvar 454 435Mvar B 67 Mvar 523w PR 183 Mvar 142 km I ssaim | soskmf R 2x136 18 km 2 A ina SEReggencs  SESiquneise Se
it e o ] > o o o Wuar = —( “ — [}
165 Mvar 'g iﬂm Mvar 180 ma-i R %r! 36 Mvar R I? R T
4x600 MVA 2X6ZMVA  24(-100/ +150) MVar
161 Mvar 390 Mvar 300 ki ssomvar - fl 301 Mvar 1958 km L 888k 39,8 kn _@_I_Eﬂ
161 M: Lg] L3 SE Cohatras
Y € 150 mvar c1 150mvarf BR E136 mvar c2 IR c2 R C2 183K _ s
136 Mvar SEvale  SE Sio Luis Il AR Maichle S
2x450 MVA ,_+’ B0 kV
2 136 M
161 Mvar 451 Mvar 388 km 451 Mvar 150 Myvar i {l & 3x150 MVA I E ’
i 163 Mvar 36 ki
s T [ LRI = i e
E 3x(+100/ 70 W sakv
H £ . o sowa  BSUMART o erts SE Geranorte
= & 1x450 MVA Dutra (Equatorial MA)
1x600 MVA | 5 S0 e UTE Geramar | SE Refinaria
_@_ ‘;; :: e 2x20 Mvar 165,87 MW SE Alumar
2.7 km
SE 2x100 MVA O ApSEadin e B - UTE Geramar II
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il Aco Verde et 8 . 210M . 345KV PHA
ltacaiunas UTE Suzano SE Imperatriz | e f SE Tocantingpolls SE Peritoré i G 192 havar
24136 Mval2x136 Muar k 120km s5kn " 105 km @—[Lgi:
el —arp R 411 SEPortoFranco sy oo R| RrRIR 50.8 Mvar P s
161 Mvar 0 3x33 MVA Franco H= 192 Mvar
'161 mvar SE Colinas S Cassmna 200 MVA  1IERV 2x100 MVA SE Itapecoru | 61,1 Mvar -2
R R R R —@—l-@ SE tapacoru Il 55,5 MVar o .w'i'l'“ e
161 Mvar 161 Mvar J 28 198 Mvar X SERI 3x100 MVA 70/4100 M e so v iy 19.2 tevar
S E Rib 5520 Mogunt S8 Hngustinn 2 (700 var) SE Acar ! o
SESantalnds  SEZ6Doca  SE Nova Olinda

wAN

2 x 136 Mvar] Gongalves i 3100 MVA
] - e e SE
(CEMAR) Nogumitas 2
ke E Balsag, Chapadinha Il SE Trés Marias SE Encruzo Novo
- A=t 2x100 MVA BE Qon
| Nunes Freire

2x100 MVA  (CEMAR) 20 Mvar -]
e b o
" . I {Enargisa T0) = g- b RX 240 krm w"’i I@_ :I.’ SE Manaus o
£ = E Interligagdo SES.J.do *“ ko il -®_ SE Chapadinha | | SE Urbano
ci Norte Nordeste ~ Piaui  AmaZ30kVoeste  sciocmnionts s . ‘g .
c2  |e3 e i o0 Main difficulties:
—— T St Arguaina .
® « Difficulty in resuming load.

SE Guaral Il SE Bacabal SE Coelho . H H
AR (p“’“’:’s‘“.:x’"““ s e Neto *"L — * At 11:04 am, the Estreito HPP was shut down due to oscillation
]

SE 530 Mataus " R|
SE Caxias I | of frequency.

SE Bielandia
SE C 100 MW
proske SIOOMVAY 11 76km g 104 km 265 MVA

165 Mvar @ rg SE Palestina SE Teresina
Q <1 * ONS opted for carrying out a recomposition alternative, for the 230 kV of the

h

165 Mvar 165 Mvar SEPalmas il SE Paraiso 2
*,

20 Mvar . I
Holnokany 120 am «| Area 230 kV Oeste

e aad B ad
+ + gmum+ * {Rg“‘“f da Regido Nordeste SE P. Dutra.
- * At 12:22 pm, the 1st GU at Estreito HPP was synchronized and elevation started

SE Gurupi SE Lajeado
generation to the programmed value. At 12:31 the plant reached

Interligagdo Norte Sudeste
programmed generation value.
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M anaus area Balbina GUs connected to vacuum 09h04
Ponta ANA Lechuga UHE BALBINA
mpi'. M us 9 (Mpo1) Energization of SE Balbina 09h17
{Tipo 1) Porb_ﬂogm Redengio Flores ' | r— .
WA CT0 e "y - =
st 2" LECq-'GA -y G A Manaus subsystem
3 N 1 :
-0 ‘ . Home charging socket 09h19
iz JONGe 1w
m"ﬂ Cachosra n_, Conclusion charging socket 13h45
0w
AT R

Maudé Subsystem

Home charging socket 09h52

Conclusion charging socket 13h45

Interconnection with the SIN 13h31

Main difficulties:
 Failure in communication channels.
* Delay in starting up thermal generation.

%{ Maué: 10:59 am
\

Manaus: 10:10 am

Subsistema Manaus Subsistema Maua

T A S

Ctoua wles o e s — Appeared: 10:09 am
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Amapa area

UHE/SE Coaracy Nunes

TV
138V

I Muw
@ WA

VAW
,_,@.'_O

34 MVA

5y AW

::' - WM _O

X0 MYA
Farary o e p—
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~af=40

nwa
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87 m Q l 59 ke 10 am
-
o Al |

ey
TV
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:J u 7Y MW
UHE Cachoeira 3 x84 W
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Larm al WS
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UTE Santana H‘-IP._H..!!]._"“"‘I
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i
o (AH—QD—+
LM 2500) i

knu- uu—.vg

. P
{:‘ Mhear nu{
.

20090 MVA

Lanmes
N b

o0 160 Mvar

Main difficulties:
* Supervision and remote control issues.

* Loss of communication channel with the distribution company between 09:12 and 13:48.
* During the fluent recomposition process, 4 situations occurred that caused the

beginning of recomposition.

* At the time of interconnection with the SIN, UHE Coaracy Nunes served 25 MW of load.

C. Nunes UGs linked to empty

Integration with SIN

95% of the load recomposed

08h46

13h34

14h17
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Recomposition of Acre/Rondonia
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Samuel Area — Acre/Rondbnia

PORTO UHE/SE
VELHO SAMUEL

ABUNA

30 Mvar

RIO BRANCO I

20 Mvar

Rondo6nia

Synchronism 12 UG de Samuel

Home charging socket

Conclusion charging socket

Parallel

Acre

Synchronism 12 UG de Samuel

Home charging socket

Conclusion charging socket

Parallel

Samuel Ariquemes

08:51 Main difficulties:
09h18 Lack of substation preparation
* Need for recomposition
11h42 .
coordinate.
10h29
08:51
09h58
11:30 a.m.
10h29
Ji-Parana
—)-—>
Vilhena
Jaru Pimenta Bueno Jauru
! wis | SIN
3 § o=

UHE Rondon

5 i_
Flovg @
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General aspects that
made the recomposition difficult
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General aspects that made the recomposition difficult

. Large volume of calls from agents requesting information about the situation.
Many requests for guidance on restoration actions that should be fluent.
Fluent recomposition needed to be coordinated in several areas.

Many substations were not prepared for recomposition by agents.

Failure of supervision in several installations.

Failed agent teleassistance.

Need to move operators to the facilities.

Failure in communication channels with agents.

© © N o 0 & W D

. Need to use alternative unsupervised communication channels (cell phones).
10.Difficulty in communicating with some agents (missed calls).

11. Delay in responding to ONS requests (load connection, substation preparation, line energization, etc.).

12. Restoration of loads disconnected by ERAC before frequency stabilization at 60 Hz.
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Major Disturbances - Last 15 Years

Energy LOAD INTERRUPTION

TIME No
DAY AND HOUR ORIGIN SIN N NO S SE/CO
AVERAGE Supp“ed :

(MWh) MW % MW % MW % MW % MW %

LT 500 kV Quixada
15/08/2023 Q 46.235 22.547 34 6.058 100 6.206 61 2.355 20 7.928 20
08:30 / Fortress I
2T gl el 02:31 51.692 20.529 26 5.115 82 11.507 82 1.083 8 2824 6
15h48 Narrow
LT 500 kV Ribeiro
28/08/2013 Goncalves / Sédo 02:41 23.189 8.610 13 80 1 8.530 81
14h58 Jodo do Piaui C1 and
c2
26/10/2012 SE Hills 03:37 37.518 10.828 17 3073 68 7.661 78 | ' 183 d
00h14
00h08 SE Luiz Gonzaga C C : C
10/ 1212/ Eigg SE Itabera 03:38 89.371 24.566 41 ~ | 802 9 104 1.23.660 63

Average time = Unsupplied Energy [MWh] / Load Shedding [MW]
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