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Over Current Earth Fault
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Power System Simulation for Engineering
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Underground
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KEL
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BIY
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POL

Kelaniya
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Old Laxapana Stage 1
New Laxapana
Polpitiya (also shown as Samanala in some
documents)

Notes on terminology: The term “transmission line” refers to electric conductors supported on steel
towers. A transmission line may consist of one or two circuits, and an earth wire. Each circuit consists
of three wires, one for each phase: R, Y and B.
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EXECUTIVE SUMMARY
The Sri Lanka Power System experienced
a complete blackout at 01:29 on Friday, 9th
October 2009. While the power supply was
being restored, another complete blackout
occurred at 04:44 on the same day.
Further into the restoration process,
another near-total blackout occurred at
09:26 on the same day. Ceylon Electricity
Board (CEB) reported that the supply was
fully restored throughout the country by
14:04, the last Grid Substation (GS) to be
restored being the Trincomalee GS. Three
successive blackouts and a cumulative
restoration duration exceeding 12½ hours
from
the
first
blackout,
is
an
unprecedented sequence of events in the
recent history of Sri Lanka Power System.
PUCSL investigated (a) the sequence of
events that lead to each blackout, (b) why
the events were not contained at the local
level (b) the restoration process and the
procedures adopted, and (c) standards,
procedures and security levels adopted by
CEB.
(1a) The First Blackout at 01:29
Initiating event: It was confirmed that the
first blackout at 01:29 was initiated by the
conductor (wire) of the R-phase of the
Kolonnawa-Kelanitissa 132 kV circuit No 2
falling on the ground, owing to the failure
of a joint. The incident occurred inside the
Kelanitissa power plant switchyard. The
segment of conductor that touched the
ground was the segment attached to the
switchyard end.
Cause for the joint failure: It was
deduced that a joint between two dissimilar
conductors (“Zebra” and “ZTACIR”) done
in 2006, using inappropriate jointing
accessories and techniques, has caused
the joint to deteriorate and fail, and
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consequently, the conductor to fall on the
ground. A comprehensive analysis of the
structure of the joint and its failure mode, is
included in the report, and described later
in this summary.
Consequences: While one segment of the
failed conductor touched the ground, the
other segment, attached to the terminal
tower located within the Kelanitissa power
plant switchyard, and by then hanging
loose, touched the other two conductors (Y
and B) and the tower cross arms. This
caused a complete three-phase to ground
short circuit, causing very heavy currents
to flow in the failed line as well as in many
other transmission lines, transformers and
generators. These heavy currents caused
a fire at Kelanitissa, which has been
reported to CEB’s System Control Centre
(SCC).
Reasons for the faulty line not being
isolated immediately: Protection systems
installed should automatically cause the
faulty line to be tripped and isolated from
the
system,
typically
within
75
milliseconds. The Kolonnawa-Kelanitissa
line is protected at both ends. Only the
Kolonnawa end of the line has been
automatically isolated by the protection
system, while the primary and secondary
(backup) protection at the Kelanitissa end,
as well as the differential protection which
has been especially installed on this
important line, did not operate.
Adequacy of spinning reserve: Just prior
to the incident, the generating system had
adequate spinning reserve (148 MW)
against the largest generator (AES 165
MW, which too was loaded only to 70
MW). Even If the largest generator failed,
which incidentally was at Kelanitissa, the
probability of survival of the power system
without a collapse was very high. The
collapse of the system would not have
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occurred, if the protection system
immediately isolated the faulty circuit at the
Kelanitissa end. Records show that the
faulty circuit was carrying 254 ampere,
which is estimated to be about 50 MW, in
the
direction
from
Kelanitissa
to
Kolonnawa. The circuit No. 1 from
Kelanitissa to Kolonnawa was also active
at the time, and would have immediately
taken-over the power flow on the faulty
circuit No.2 if it was isolated.
Cascading failure: The faulty circuit
(Kolonnawa-Kelanitissa circuit 2) was
isolated from the Kolonnawa end at
approximately +550 milliseconds. One end
of the R conductor now on the ground at
Kelanitissa end, and the Y and B phases
which were connected to ground by the
loosely hanging other end of the R
conductor, were being fed by all the
thermal generators located in Kelanitissa,
generators connected to Kelanitissa and
the other generators elsewhere in the
system through the Kelanitissa-Biyagama
220 kV lines. This situation prevailed for
about 3 seconds, by which time,
generators
throughout
the
system
commenced tripping out for their own
protection, owing to the high current and/or
lower voltages being imposed on them. As
a result, not a single generator remained
on the system and all customers served by
the grid lost supply approximately +3
seconds from the initial event of the
conductor joint failure.
Conclusions on the first blackout: The
primary cause is the failure of the joint,
which could have been prevented if the
correct jointing equipment and accessories
were made available to the maintenance
staff. The secondary cause is the failure of
the protection system to detect the fault
caused by the failed joint and isolate the
faulty line. The blackout could definitely
have been completely avoided (a) if the
primary protection for the line has been
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properly commissioned and maintained,
and the blackout may have been avoided
(b) if backup protection had been effective.

(1b) Restoration after the First Blackout
CEB follows a pre-defined restoration
procedure to recover from a total blackout.
Restoration philosophy: The summary of
the procedure adopted is (i) Small gas
turbines at Kelanitissa are started-up and
power supply to parts of Colombo city is
restored through the 33 kV network. (ii)
Kotmale generating station would be
energised first, additionally receiving
power from Victoria, Randenigala and
Rantembe power plants, which would then
be delivered to Colombo and the suburbs
through Biyagama, and to the north
through Anuradhapura. (iii) Generation at
Laxapana
complex
and
southern
generation (Samalawewa, Embiliptiya and
Matara) may be started up to serve the
western and the southern sectors (iv)
These three isolated systems will be
gradually synchronised with each other.
Key causes for delays in restoration: (i)
Problems at Kotmale substation: Inability
to operate circuit breakers at the Kotmale
switchyard, is the key reason for the long
delay, and subsequent instability of the
system for several hours. Hydroelectric
power plants can be started fast and are
suitable to serve a changing demand
during restoration, but the constraint at
Kotmale caused the major generating
capacity of four power plants to be
unavailable to help restoration. (ii)
Deficiencies at the SCC: The mimic (large
display diagram) was not functioning prior
to the failure, which caused a major
limitation on information. CEB also
reported that a complete blackout also
occurred in the Supervisory Control and
Data Acquisition System (SCADA),
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causing SCC engineers to depend entirely
on information from power plants and grid
substations obtained through telephone.
Even if all systems were functioning, the
SCC has only data acquisition facilities
and does not have supervisory control
over the power system, requiring all
operating instructions to be conveyed to
power plants and grid substations on
telephone.
Restoration through other routes: With
the loss of Kotmale, CEB attempted (with
limited success) to serve the Mahaweli
power through the Rantembe 220/132 kV
coupling transformer, through Badulla,
Laxapana, Polpitiya to Kolonnawa. The
Rantembe transformer has a limitation of
105 MVA (about 90 MW), and it generally
serves Badulla, Nuwara Eliya and the
eastern province. Considering the high
concentration of demand in the western
and north-western provinces, this route
has a major capacity limitation at (i)
Rantembe transformer and (ii) LaxapanaPolpitiya-Kolonnawa lines. As such, other
routes of restoration excluding Kotmale
had severe limitations, and effectively
prevented the full, speedy and stable
restoration of supply.
Prior investments that would have
enabled
speedy
restoration:
(i)
Transmission investments: There is no
transmission route other than KotmaleBiyagama line to transfer the full output of
Mahaweli power plants to the western
sector of the country, to enable speedy
restoration after a blackout. (ii) Generation
and Substation investments: The large
thermal generating capacity at Kelanitissa
and those connected to Kelanitissa, cannot
be used to serve a varying customer
demand during the restoration procedure,
owing to limitations in their control
mechanisms, and the capacity mix of
generating units and transformers. Such
improvements have been proposed in
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planning studies from time to time, but
appear to have been placed at a lower
priority, and not implemented.
Conclusions
on
the
restoration
sequence: The key reasons for the delay
in restoration are (i) inadequate facilities at
SCC, and the failure of all the available
facilities at the time of the first blackout, (ii)
inability to access Kotmale switchyard, (iii)
bottlenecks in alternative restoration
mechanisms followed, (iv) absence of an
alternative route for large power transfers
from the hydropower plants in the central
province to the western region, and (v)
absence of the required control facilities to
use thermal generation to support varying
loads during restoration.

(2) The second blackout at 04:44
Status by 04:44: By 04:44 on 9th October
2009, two hours and fifteen minutes into
the restoration process, seven hydropower
plants and the Sapugaskanda thermal
power plant were delivering power to the
grid, and 35 grid substations were active.
The 33 kV network in Colombo city
continued to be served with the gas
turbines at Kelanitissa. Hydropower from
the Mahaweli power plants was being
supplied through the alternative route,
Laxapana-Polpitiya to Kolonnawa. The
crucial Kotmale switchyard remained
inactive because circuit breakers could not
be operated.
Initiating Event: At 04:44, New LaxapanaPolpitiya circuit No.1 tripped. The
confirmed indication is that it tripped from
the Polpitiya end on over-current. At the
time of tripping, the circuit had been
carrying a current of 440 ampere. Almost
immediately thereafter, Old LaxapanaPolpitiya circuit No 1 also tripped on overcurrent. The current recorded on this
circuit at the time of tripping had been 875
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ampere. Twelve out of the 35 GSs that
remained re-energised by 04:44 lost
supply immediately. The system was
unstable until about 05:00. More power
plants tripped and more GSs lost supply
during this period of severe instability. The
second blackout was a total failure, except
for the Colombo 33 kV network.
Analysis of the Failure: Out of the two
“tie” lines (each with two circuits) between
Laxapana and Polpitiya, only one circuit of
each line was active by 04:44. Without the
SCADA system, SCC staff would not have
known the rising load levels of these two
circuits. The current of 440 ampere is
around the thermal limit of these lines and
that had made the over-current relays to
operate and trip the line. This had caused
the load to transfer to the other line and
tripping that too on operation of overcurrent protection.
If the over-current
relays had been set allowing some
overload, it would have enhanced the SCC
flexibility, but conservative over-current
setting cannot be considered as a reason
for the failure.
Conclusions on the second failure: The
initiating event is the tripping of New
Laxapana – Polpitiya circuit No 1, on overcurrent, and the immediate tripping of the
Old Laxapana-Polpitiya curcit No 1. Such
large power flows, to the level of triggering
over-current protection was required owing
to CEB being compelled to serve both
Mahaweli and Laxapana power through
the NLX-POL. However, ex-post modelling
of the power system using PSS/E software
did not indicate a possibility of a total
system collapse owing to this initiating
event.

(3) The Third Blackout at 09:26
Status by 09:26: The generating system
and the loads had been stabilised to a
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large degree. The last tripping before
09:26 had been a trip at Victoria power
plant at 07:55. After restoring the Victoria
power plant within one minute thereafter,
between 07:55 and 09:26, SCC continued
to restore supply to twelve more GSs,
including distant locations such as
Trincomalee and Vavunia, for the first time
after the 01:29 blackout. The important
switchyard at Kotmale was now back in
service, and Mahaweli power was being
delivered through Kotmale to Biyagama.
Initiating Event: At 09:26, one of the four
circuits linking Polpitiya and Kolonnawa
had tripped on over-current. Its loads
immediately transferred to the other two
circuits (the fourth circuit had been in
service only from Polpitiya up to
Seethawaka GS). Owing to increased
loads, the two remaining circuits also
tripped out. Much of the generation and
GSs to the north and west of Kotmale and
Polpitiya lost supply, whereas the southern
network served by Samanalawewa and
Matara generation survived this outage.
Conclusions on the third failure: Here
too, as in the second blackout, overloading
of a circuit was detected by over-current
relays as a fault, and tripped the circuit
immediately. SCC staff was not aware of
the current levels of the above line or any
other transmission system component
owing to the absence of the mimic diagram
and hence they were not able to take any
remedial action. As the day peak was
setting in, the demand would have been
rising steadily on the re-connected GSs.
With the tripping of Polpitiya-Kolonnawa
lines, the central hydropower generation
was separated from the system in the
western sector of the country. In a normal
situation, under-frequency load shedding
relays
would
have
detected
this
separation, and shed load on the section
with excessive customer demand, to help
the system stabilise. However, as the
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system was still going through restoration
after a blackout, it is not reasonable to
expect under-frequency relays to assist
system stability by shedding 33 kV
feeders. No specific recommendations are
given in relation to our analysis of the third
failure.
(4) Reasons for the Failure of the Joint
The type of joint: The joint that failed was
a straight-through joint between Zebra and
ZTACIR conductors, done in year 2006.
However, accessories used had been
those meant for a Zebra-Zebra joint. The
Zebra jointing sleeves do not fully fit the
ZTACIR conductor, and has left the 12 out
of the 19 core strands outside the inner
sleeve of the joint. Further, owing to
inappropriate sleeves/sleeve sizes, severe
arcing has caused the ZTACIR conductor
strands to evaporate, until the joint finally
failed on 9th October 2009. Severe
corrosion was observed around the failed
joint and its sleeves.
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Reasons to use inappropriate jointing
accessories: The straight-through joint
had been an ad-hoc solution to overcome
problems of a “T” joint. Since the ZTACIR
conductor was first commissioned in 2004,
a “T” joint to tap the conductor has been
causing heating and arcing problems. This
was because the “T” joint used was not of
the appropriate type. Five other similar “T”
joints were used on the same line in
Kelanitissa and remain in service to date,
but the geometry of the R conductor
between the terminal tower and the gantry
caused additional mechanical stresses on
its “T” joint.

Conclusions on the joint failure: The
use of inappropriate “T” joints on ZTACIR
conductors, and the straight-through joint
between Zebra and ZTACIR conductor
using inappropriate jointing accessories, is
the primary cause for the conductor to fail
on 9th October 2009.
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1 OVERVIEW OF THE SRI LANKA
POWER SYSTEM
Electricity has been available in Sri Lanka
since 1895 in isolated networks, using
diesel generators in towns and using small
hydroelectric generators in the tea
industry. Commencing in 1950 with the
first generators installed at Laxapana, the
national grid evolved over the past 60
years. The national grid now serves over
4.5 million customers throughout the
country1.
There are 27 major generating stations in
Sri Lanka, and about 85 small generating
stations. Each generating station has a
number of generators. Electricity is
produced at the major generating stations
at a voltage of about 12 kilo volt (kV),
depending on the design features of each
generating station. The voltage is then
stepped-up2 to either 132 kV or 220 kV,
and power is supplied to transmission
lines. The transmission lines traverse long
distances to carry the power to locations
close to major residential or industrial
areas. The transmission lines deliver
power to grid substations.
There are 56 grid substations receiving
power at either 132 kV or 220 kV. Power is
then stepped down to 33 kV (to 11 kV in
certain areas), and delivered to distribution
lines. These distribution lines carry power
to locations very close to where the
customers require power. For large and
medium
industrial
and
commercial
1

Customers in the Jaffna peninsula are served with
a mini-grid covering the peninsula. Similarly, several
islands and towns in the northern province are
served with mini-grids. Over 300 community level
small hydropower-based mini-networks are also in
operation.

2

To reduce heating losses in transmission network,
the voltage is increased and thereby, the current is
reduced.

Public Utilities Commission of Sri Lanka

customers, electricity is delivered at 33 kV
(or 11 kV). For small customers including
households, electricity supply is further
stepped down to 400 volt (three phase) or
230 volt (single phase), and served
through road-side distribution lines.
Therefore, all the generating stations,
transmission lines and distribution lines are
interlinked. This interlinked network of
generating stations, transmission lines,
distribution lines and customers, is
collectively referred to as the “national
grid”.

1.1

Origin of a Grid Disturbance

At any given moment, electricity produced
should exactly match the customer
requirements including the network losses.
Automatic control equipment is fixed at
generating stations as well as in certain
grid substations, to ensure this balance
between the customer demand and the
electricity produced match with each other.
If there is more customer demand than
what the generating system can produce,
unless the automatic control system act
fast and produce more electricity, there will
be a critical situation which may even lead
to a collapse of the entire generating
system. Similarly, if there is less customer
demand than what the generating system
produces, unless the automatic control
systems act to rapidly reduce generation,
there will be an emergency situation, and a
failure is possible.
A mismatch between electricity generated
and electricity used can be caused by, (a)
customers
suddenly
increasing
or
decreasing their consumption, (b) sudden
tripping of a transmission line, grid
substation or a distribution line, forcing
customers to be without power, or when a
disconnected group of customers is
reconnected, (c) sudden tripping of a
generating station, and (d) Sudden change
to the output of generating units such as
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mini-hydro plants or wind electric
generators owing to water/wind flow/speed
variations.
The impact made on the national grid by
individual customers, including large
industries, by switching on and off their
equipment is minimal. Similarly, switching
on and off of a distribution line, too, cannot
cause a critical situation in the national grid
because the amount of power delivered by
each line is small compared with the
capacity of the grid.
Therefore, all significant impacts that may
lead to critical situations in the national grid
and threatening the security of electricity
supply, are caused by changes in the
generating system or the transmission
system. These changes can be caused by
(a) human intervention, (b) nature, (c)
failure of any equipment, or (d) caused as
a
result
of
protection
equipment
responding to human intervention, a
natural cause or the failure of any
equipment.
A critical situation in the national grid, if not
arrested by automatic equipment followed
by human intervention, may lead to a total
shutting down of equipment one by one in
quick succession. This happens when the
cause for the critical situation is not
immediately addressed by automatic
equipment, which would begin threatening
the safety of other equipment in the grid.
Such other equipment would automatically
shutdown, for their own protection.
All such events in a power system occur
within a fraction of a second.

1.2

 Three (3) small hydropower plants and
one wind power plant owned by CEB
 Five (5) oil-fired thermal power plants
owned by CEB
 Nine (9) oil-fired thermal power plants
owned
by
Independent
Power
Producers (IPPs)
 About eighty3 (80) Small Power
Producers (SPPs), most of which are
small hydroelectric power plants
These generators supply the national grid,
which has a large number of transmission
lines connecting the generators and the
Grid Substations (GSs). There are
approximately 2,000 km of overhead
transmission lines4, 41 km of underground
transmission lines, serving power from the
27 major generating stations to the 56 grid
substations.
At any given time, a number of generators
would be in operation, to serve the
customer requirements. In deciding which
generators should be operated, the
following factors are taken into account.
For medium and large hydroelectric
generators,
 Priority drinking water and irrigation
water releases, which require the
relevant power plant to be operated
 Availability of water, to avoid reservoir
spilling during periods of heavy rainfall
or periods in which heavy rainfall is
expected
For oil-fired generators,
 Minimisation of cost of operation
 Minimisation of costs/charges for starts
and stops

The Generating System
3

The generating system consists of
 Thirteen (13) medium or large
hydropower plants owned by CEB
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As of 31st January 2009, and increasing, as more
SPPs are added to the generating system, as and
when they are ready for commissioning
4

route length. On certain routes there is more
than one line.

Page 2

For all major generators,
 The requirements to maintain the
standard voltage at all grid substations
 Any
planned
or
unplanned
maintenance
Small hydroelectric generators and the
wind power plant are used all the time, to
maximise their contribution to the
generating system and to avoid wasting
the water and wind resources.
The general philosophy is that the
generating system is operated in such a
manner that the total cost of producing
electricity is minimised. As rainfall is a
significant determinant of the availability of
hydropower,
economic
planning
is
conducted over a period of 12 months
ahead.

stations, steps up to the transmission
voltages of either 132 kV or 220 kV, and
delivers the power to grid substations, and
steps down the power to 33 kV at each
grid substation, and delivers to the
distribution network.
Figure 1.1 shows the geographic layout of
the generating and transmission system.
The transmission operator, CEB, should
closely monitor the operation of all the
generators, transmission lines and grid
substations.
The
distribution
lines
originating at grid substations and
operating at 33 kV or below is the
responsibility of the regional and area
operating units, and they are not under the
direct control of the transmission operator.

The institutional responsibilities are divided
along the following lines:
 Ceylon
Electricity
Board
(CEB)
operates the transmission system, and
thereby, has the overall responsibility
of ensuring the safe, reliable and
economic operation of the entire
generation and transmission system.
 CEB operates all its own generating
stations.
 In case of IPPs, the relevant owner
operates their own power plant, under
instructions from CEB.
 In case of SPPs (mostly mini-hydro),
the relevant owner operates their own
plant, without any instructions from
CEB, but such power plants can
operate only when the associated
medium voltage distribution line (33
kV) is in operation.

1.3

The Transmission System

The entire 2,000 km of transmission lines
and the 56 grid substations with all
associated equipment would form the
transmission system. The transmission
system receives power at generating

Public Utilities Commission of Sri Lanka
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Figure 1.1: Sri Lanka Generation and Transmission System

Public Utilities Commission of Sri Lanka

Page 4

1.4

1.4.1

Power System Reliability and
Security
Security against Outages

The worldwide minimum standard of
operating a power system is that, when
any single element in the generation and
transmission system fails to operate or
malfunctions, the power supply to all
customers
should
continue
without
interruption. The entire system should be
able to operate without any damage to
equipment.
The single outage criterion is generally
referred to as the n-1 criterion, meaning
that there can be a large number (such as
n) of elements in the generation and
transmission system, and the system
should be healthy if only n-1 of such
elements are in service.
In Sri Lanka, the declared security
indicator is the same single outage
criterion described above, but is applied
only to the transmission system. If a failure
occurs in the distribution system, at 33 kV
or below, it is inevitable that a customer or
groups of customers would be without
electricity supply. Owing to large unit sizes
of individual generators operated in Sri
Lanka compared with the total demand,
the system cannot be operated by
maintaining a generation mix to satisfy the
(n-1) criterion. Thus, system operators rely
on Under Frequency Load Shedding5.

5

An automatic mechanism installed at grid
substations to disconnect pre-designated customer
loads whenever a significant supply demand
imbalance occurs due to tripping of a large
generator.
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1.4.2

Security against Sudden Change
in Customer Demand

If there is a sudden increase in customer
demand, the generating system should be
able to serve that requirement, without
compromising the service to that customer
and to all other customers. Such sudden
increases may occur when an industry
starts-up, or when a distribution line is
reconnected after an outage or a failure.
When one generator suddenly fails, that
too causes a shortage of generating
capacity, and its lost generation should be
immediately served by the healthy
generators.
There must be adequate spare generating
capacity already in operation, ready to
serve the demand at the same time it is
required. This requirement is known as the
spinning reserve, to indicate that the spare
capacity must be spinning (rotating) and
not stationery.
The amount of spinning reserve available
at any given time is at the discretion of the
system operator, CEB. Spinning reserve
uses water and fuel without producing
electricity, and therefore, has a cost. About
10% of the customer demand is the typical
spinning reserve held in power systems
worldwide. The CEB practice is to use a
spinning reserve of more than 5% of gross
generation at all times. However, System
Operators are given the option of not
starting additional generation, solely to
meet the spinning reserve requirement, if
the expected period of violation is small
(see Annex AA). The latter decision has
been taken solely on economic grounds to
avoid starting up additional generation
closer to sharp demand peaks observed in
the morning and evening, purely for the
purpose of maintaining the spinning
reserve limits.
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It is also common in other countries in the
world to follow an additional security
criterion. If the largest generator in the
generating system fails without warning,
the remaining generators should be able to
immediately
serve
the
customer
requirements served by the failed
generator. Therefore, it is common to
follow an additional security criterion to
hold spinning reserve at least equal to the
demand served by the largest generating
unit. However, this criterion is not adapted
to Sri Lankan system, as often during the
tripping of the largest generator, (except
during a high demand period), system
frequency would always reach low values
causing Automatic Under-frequency Load
Shedding to operate before spinning
capacity is utilised6. Also, due to the
reason mentioned under 1.4.1, if adopted,
this criteria would require the System
Operators to maintain a spinning reserve
of almost 20% at most times, which is very
uneconomical.
Larger security levels such as n-2 on the
transmission network, higher percentage
of spinning reserve and accommodating a
two generators out condition, may also be
followed, all of which would cause the
investments and operating costs to
increase.

1.5

1.5.1

Challenges in Operating the
Power System
Requirements
Power System

to

Manage

a

For the safe, reliable and economic
operation of the power system, the System

Operator7 should ideally have a free hand
in determining which generators to be
used to serve the customer demand. To
effectively operate the system with a high
degree of reliability, the System Operator
should have the following:
Reliable Information and Software Tools
 On the status of all equipment in the
system
 On the level to which the equipment is
utilised, such as the currents and
voltages
 Demand
forecast
and
historic
information
 On factors contributing to demand and
generation, such as weather and
rainfall, and their forecasts
 On any special problems/concerns
about equipment, such as limitations.
 On line displays on wide screen (mimic
diagram) and on consoles
 Software tools to determine the most
economical and safe mode of
operating the system
Supervisory Control
 Remote operation of all critical
equipment of the system
 Ability to remotely intervene to improve
system reliability
Guidelines and Experience
 Clear guidelines on system operation
 Procedures in case of regular and
emergency situations
 Experience in power plant and
transmission operations
 Adequate experience in system
operation
 Hands-on experience in managing
emergency situations
7

6

This is a characteristic of the generation mix, which
is hydropower and diesel engines, which inherently
have lower ability to sustain the system until more
generation is added by the spinning capacity.
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Utilities use different designations for the person
with overall operational responsibility at any given
time. “System Operator”, “Dispatcher” are common.
CEB uses the designation “System Control
Engineer”.
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1.5.2

Constraints and Status of CEB
Resources

It is clear that CEB, particularly its System
Control Centre (SCC) has limited
resources and many constraints in
operating the power system. The
constraints faced by the SCC, which are
crucial in a system emergency, are listed
below:
Information and Operational
o Comprehensive information on the status
of the system is not available. Only a
limited number of locations are
monitored and available on display at the
SCC
o Supervisory control is not available,
which means all operations of switching
on and off should be done at the local
level.
o There are no software tools to examine
the system security to examine how
close the system is to a possible outage,
and how close it is to the most
economical mode of operation.
Experience of Staff
o All System Control Engineers at SCC
have less than two years of
experience,
although
other
categories of technical staff are
available with longer years of
experience.

Public Utilities Commission of Sri Lanka
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2.1

2 SYSTEM FAILURES ON 9TH
OCTOBER 2009

2.1.1

This chapter describes each of the three
system failures, commencing from the first
failure at 01:29. Analysis of each failure is
based on data obtained through the
Disturbance Fault Recorders8 (DFR),
event records, CEB reports and other
system information provided by CEB.
PUCSL had discussions with all the
relevant CEB staff, and visited several of
the relevant sites.

The First Failure
System Status before the First
Failure

Conditions immediately before the first
failure, at 01:29 on 9th October 2009,
show that the power system had been in a
state of electrical and mechanical
equilibrium, with no significant variations of
voltages and power swings. Almost all
generators have been available, and all
transmission lines9 were in operation.
Weather conditions are reported to have
been normal throughout the country.
During early hours of the morning, the

Table 2.1: Configuration of the Generating System before the 01:29 Failure
Generation
Mahaweli complex
- Kotmale
- Victoria
- Randenigala
- Rantembe
- Ukuwela
- Bowatenna
Laxapana Complex
- Old Laxapana Stage 1
- Old Laxapana Stage 2
- New Laxapana
- Polpitiya
-Wimalasurendra
- Canyon
CEB Thermal
- Kelanitissa
- Sapugaskanda
IPP Thermal
SPPs (Minihydro)
Total
Spinning reserve

8

Capacity
3×67 MW
3×70 MW
2×60 MW
2×25 MW
2×20 MW
1 x 40 MW

Availability
Yes
Running, 67 MW
Yes
Yes
Yes
Yes
Yes

3×8 MW
2×12.5 MW
2×50 MW
2×37.5 MW
2×25 MW
2×30 MW

Running, 24 MW
Running, 25 MW
Running, 100 MW
Running, 75 MW
Running, 25 MW
Running, 30 MW

24 MW
24.5 MW
100 MW
75 MW
10 MW
10 MW

Total 257 MW
Total 152 MW
Total 738 MW

Yes
Running, 122 MW
Running, 424 MW
not assessed
891 MW

(12 MVA)
122 MW
333 MW
743.5 MW
891-743 = 148
MW

MW
45

45 MW
243

122

2,614 MW

DFRs are installed in certain key power stations
and grid substations. Information recorded in these
devices includes current & voltage waveforms
immediately prior and during the fault, circuit breaker
and protection relay operations. Some of the DFR’s
are
remotely
accessible
from
System
Control/Maintenance Branch offices of CEB. A
considerable number of DFRs are not functional,
and need to be replaced or repaired.
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Generation

333
743

customer demand for electricity is at
minimum levels. Transmission system
voltages too, have been maintained at
satisfactory levels at all nodes, just before
the sequence of events that led to the
failure. The schematic diagram of the CEB
generation and transmission system is
9

132 kV and 220 kV lines and grid substations
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shown in Figure 2.1. The availability of
each generating plant and the levels to
which each operational power plant was
loaded immediately prior to the failure, are
summarised in table 2.1.

.

Figure 2.1: Schematic Diagram of Sri Lanka Transmission System
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2.1.2
Information in indicate that,
(a) The spinning reserve has been 148
MW, while the size of the largest
generator connected to the grid was
165 MW (AES Kelanitissa, an IPP)
(b) The spinning reserve has been higher
than 5%10 of the total gross generation
of 743 MW.
(c) Maximum loading on a single
generator has been 70 MW (AES
Kelanitissa), which was less than 20%
of the total gross generation.
Furthermore,
(d) Voltages of all transmission system
bus bars have been within the
stipulated limits, thus the correct
reactive power balance has been
established.
Accordingly, it can be confirmed that
system operation prior to the 01:29 failure
has been in conformity with the CEB Policy
on Power System Operations11.
Conclusion: Weather conditions and
system
operating
conditions
immediately before the failure had been
normal, with the system operating
within limits of security as defined in
CEB’s policy. Therefore, weather
conditions
or
system
operating
conditions were not a contributory
factor to the failure.

Key Event that Triggered the
Failure

At 01:29, the R phase conductor of the
KEL-KOL circuit No 2 fell on the ground,
inside the KEL substation.
Investigations revealed that the R-phase
conductor had sheared at the edge of a
straight-through joint12 that existed in the
section between the terminal tower and the
line gantry13 at KEL end. This is the
primary cause of the mechanical failure
that led to the R-phase conductor falling on
the ground. This resulted in breaking the
R-phase conductor in mid span into two
parts, with one part falling on the ground
creating an earth fault14. The other part of
the R-phase conductor, still hanging on the
insulators attached to the terminal tower,
had got entangled with the cross arms of
the
terminal
tower,
simultaneously
touching the other two conductors (Y and
B phases) of the same circuit (see Figure
2.2).
Following are likely to be the major
reasons for the joint failure (a) mechanical
stresses and tensions (b) improper
jointing, and (c) incompatibility. A
comprehensive analysis of the joint failure
is given in Chapter 4.
12

A straight-through joint is between two
conductors, to maintain continuity of current flow. “T”
joints are required to tap the electricity supply from a
conductor to an off-line requirement.
13

A tower supports transmission lines. The terminal
tower is a special tower at the starting point of a line.
A gantry is a steel structure, on which insulators and
other equipment would be mounted.
14

10
CEB’s norm is to maintain at least 5% of gross
generation as the spinning reserve
11

See Annex AA for CEB Policy on System
Operations
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An earth fault is caused when an electricity
conducting wire touches the ground, causing
currents to flow through the ground. Such currents
flowing through the ground can be up to several
kiloamperes. The magnitude of the earth fault
currents depends on the neutral earthing
impedance. If these abnormal situations are allowed
to remain, they will cause damage to equipment as
well as human beings and animals.
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With the R phase conductor first on the
ground, it created a line-to-ground fault. In
less than one second, the other two
conductors of phases Y and B were in
contact with the ground (through the
tower). Thus, the initial R-phase to ground
fault had rapidly developed into a full-scale

three-phase to ground fault. Now, all the
three wires of the KEL-KOL circuit No 2
were in contact with the ground, causing
dangerously large currents to flow. A fire
has been reported to the KEL staff, and
the information had been subsequently
conveyed to the SCC.

Figure 2.2: Location of the Conductor Failure showing the Broken Conductor

Note: This is the terminal tower, located inside the KEL substation. Each conductor is
terminated at the gantry on the left hand side (not visible) and connected to the switchyard
equipment (not visible). KOL is 2 km away on the right-hand side of this terminal tower. This
photograph has been taken when the tower-side section of the broken R-phase conductor still
remained entangled with the tower, touching the Y and B conductors as well.
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Figure 2.3: Fault Location, Transmission and Generating Plant at Kelanitissa
BIYAGAMA

BARGE
60 MW

76 MVA

220kV
CC

XLPE 150 , 2km

CC
109MW+
54 MW

104MW+
10.5kV 61 MW
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81 MVA
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220kV
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2x150 MVA

149 MVA
15kV

KELANITISSA

132kV
500 XLPE
1.6 km

33kV

132kV

2x60 MVA
11kV
33kV
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GT7
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132kV
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KOLLUPITIYA
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Figure 2.4: Conductor Arrangement (from Tower to Gantry) of KEL-KOL Lines

Note: This picture shows the arrangement at the gantry. The terminal tower is partly visible
on the right-hand side. This photograph has been taken after the conductor was restored.
The R-phase is the closest see in the picture. The conductor rising from the gantry to the
tower snapped and fell on the ground.

Figure 2.5: Mode Details of Conductor Arrangement at Kelanitissa
Position of
failed joint

T-joint

Public Utilities Commission of Sri Lanka
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2.1.3

Response
System

of

the

Protection

Investigation conducted using DFR
records confirmed that the earth fault has
developed at 01:29, first on the R phase
KEL-KOL circuit number 2, and in
approximately 500 milliseconds (ms), it
has progressed to become a 3-phase to
earth fault (seeFigure 2.6).
A protection system is a group of
equipment that has the capability to detect
abnormal situations in the power system,
act in a pre-determined manner and clear
such abnormalities discriminatively and
speedily, with minimum interruption to the
power supply and minimising any harm to
human beings and equipment. A protection

According to the protection relay15 event
list (see B), protection relays at the KOL
end of the KEL-KOL circuit 1 (healthy) and
circuit 2 (faulty) had detected the fault in
12 ms and 522 ms, respectively. As a
result, the respective circuit breakers of the
two circuits at KOL end had tripped,
causing the faulty line to be isolated from
KOL end.
However, protective relays at the KEL end
of the affected circuit No 2 had failed to
operate and open its circuit breakers. This
failure of the protective relays to detect
and isolate the faulty line, caused the fault
to progress into a major blackout

Figure 2.6: Initiation/Progress of the Fault (from a DFR record)

Note:
is a copy ofand
the DFR
recordingat
taken
the DFR available at KEL end for KEL-KOL circuit 2. It shows that during the preuseThis
currents
voltages
thefrom
location
fault period, all three voltages were healthy (see the three line voltage plots in R=red, Y=brown, B=blue). The horizontal time axis begins
as
inputs
to
perform
its
tasks.
0.5 seconds before the fault.
(i)
At 0.0 second, the R conductor opened (joint failed) and the DFR was triggered. R phase current is reduced to zero.
(ii)
When the R conductor on the gantry-side dropped and touched the
ground (at 0.5 seconds), large currents in R-phase conductor
15
protection
relay is a device, which responds to
(shown in red) and the zero sequence currents (shown in green) areAseen
in this record.
abnormal
conditions
in ainpower
system
by analysing
(iii)
After about 0.5 seconds thereafter (approximately at 1.0 second),
B-phase currents
(shown
blue) also
increase
and the zero
sequence currents decrease. B-phase currents began increasingcurrents
when theand
loose
end of at
thethat
failed
R-conductor
entangled
voltage
location,
and got
provides
a with
the B and Y phases, and the tower cross arm.
signal to the circuit breaker to automatically operate
(iv)
The Y-phase current sensor on the DFR has been defective andand
hence
its currents
have not circuit.
got recorded. Otherwise, a large
isolate
the abnormal
increase of current in Y-phase (shown in brown) would have been visible on this record.
(v)
About 3.5 seconds after the event joint failure, the currents and voltages reached zero, indicating that the total blackout has
occurred.
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Failure of the operation of the protective
devices on KEL-KOL circuit 2 at KEL end
had
allowed
the
fault
and
the
accompanying heavy currents to persist for
a duration of around 3 seconds, forcing all
the generators to supply heavy currents to
the faulty circuit. Accordingly, the
generators at KEL generating complex had
been feeding the fault directly through the
220/132kV transformers at KEL. The rest
of the generating stations in the network
had been feeding heavy currents to the
fault through the BIY-KEL 220 kV
transmission lines. This had caused the
system frequency and voltage to drop to
unacceptably low levels, and all the
generators to carry excessive currents.
At this stage, various protective devices
installed to protect generators from being
damaged, have first detected the heavy
currents and operated to disconnect
themselves
from
the
network.
Furthermore, auxiliary devices16 too may
have failed to sustain their operations, with
the voltage and frequency at low levels.
As such, all the generators in the system
had automatically shutdown within a period
of 3 seconds from the initial event of the
conductor falling on the ground, causing a
complete blackout. All generators were
automatically isolated, and most of them
continued into the shutdown sequence,
and reached a standstill position within a
few minutes. A few generators isolated
themselves, but continued to remain
rotating, without supplying electricity to the
grid.

16

Auxiliary equipment, such as pumps, fans, and
soot blowers, required for the operation of the key
equipment such as the boiler, turbine, engine,
waterwheel, or generator of a power-generating
station.
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2.2

Protection Philosophy

In this subsection, the philosophy of the
protection system followed by CEB to
detect
and
automatically
isolate
transmission lines, in response to faults, is
described. The degree of protection, level
of protection and the principles of
protection employed to protect a
transmission line mainly depends on
factors such as voltage levels, line lengths
and system stability.
2.2.1

Primary Protection

The type of primary protection used for
132 kV overhead transmission lines in the
CEB network is distance protection,
enhanced with carrier-aided Permissive
Under-reach Transfer Tripping (PUTT).
PUTT ensures simultaneous tripping of
both ends of the line within the basic (Zone
1) time under fault conditions. According
to the planned protection schemes, any
fault on a transmission line should be
detected by the protection relays within 25
ms and cleared by isolating the faulty line,
in 50 milliseconds17. Where a transmission
line is of short length, the policy is to use
feeder differential as the primary
protection, which too initiates simultaneous
opening of circuit breakers at both ends of
the line for any type of faults. However, in
the case of the KEL-KOL line, which is a
short line, the primary protection function
has been further enhanced by providing
(a) feeder distance protection, and (b)
Directional Earth Fault (DEF) protection, as
well.
All 220 kV transmission lines of CEB are
protected with two primary protection
systems, both based on the principle of
distance protection, and enhanced with
17

Circuit breaker opening time is around 50
milliseconds
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PUTT. Relays used for all these protection
systems are either of numerical type or
static type. The lines have local backup
protection schemes such as over-current,
earth fault, as well. In addition, breaker
failure protection has also been provided
on 220 kV lines. However, the KEL-KOL
line is at 132 kV, and the above protection
systems were not available on this line.
Almost all the lines in the network are
equipped with auto re-closing18 facilities.
Re-closing will take place only if the fault is
cleared in the basic time (zone 1 time).
Accordingly, any single line-to-earth fault
on a transmission line (i) should be
detected in 25 ms, (ii) line switched off and
isolated in 50 ms, and (iii) re-closed in 1.2
to 5.0 seconds from the instant of initiation
of the fault. If the fault persists, then it will
be tripped in a further (25+50) ms from the
time of closing the circuit breaker, but will
not be auto re-closed.

2.2.2

Backup Protection

When the above primary protection
scheme provided for any power system
component fails to operate as designed,
backup protection schemes come into
operation.
Local backup protection for 132 kV lines is
provided by their own Over-current Earth
Fault (OCEF), Directional Earth Fault
(DEF) and Directional Over-current (DOC)
relays. OCEF relays of 220/132 kV auto
transformer
incomers
or
generator
transformers, form the remote backup
system, depending on the system
configuration.

The second zone of the distance
protection relays of the upstream 132 kV
lines are also expected to provide backup
protection
for
the
downstream
transmission lines, but these may not
cover the entire line length owing to
various limitations. Third zone of an
upstream transmission line will cover a
longer length of the downstream lines and
operate with a time delay of around 1.3
seconds.
Upstream 220 kV lines are not expected to
detect and respond to the 132 kV line
faults within their second zone, or at times
even in their third zone, because such
faults will be seen after a large impedance
offered by the autotransformers. Presence
of in-feeds at a bus-bar will also make the
backup protection provided by a distance
relay of an upstream transmission line
ineffective.
If the grid is built and operated conforming
to the reliability standard of n-119, then if a
fault is isolated with primary protection, no
further outages or islanding20 is likely. The
faulty line or equipment will be isolated in
the shortest possible time, typically in less
than 100 ms. Non-operation of the primary
protection for a fault and detecting that
fault with backup protection, which then
activates to isolate the faulty section, is
likely to cause the outage of larger
sections of a network, and may result in
islanded sub-grids. Such islanded sub19

The n-1 standard refers to a norm that if one
element (such as a generator, a transformer, a
transmission line) in the grid is isolated owing to a
fault, the grid will operate without interrupting the
electricity service to any customer. In principle, Sri
Lanka’s 132 kV and 220 kV grid is designed with the
capability to withstand n-1 condition.
20

18

Re-closing is done automatically because some
faults are momentary, and should not cause the line
to be switch-off. If the re-closing is successful, the
line remains connected.
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Islanding is the phenomena where a grid
separates out into several blocks, which attempt to
operate as individual grids. If the power generation
and customer demand balance each other (which is
very unlikely), such an islanded network may
operate without failure.
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grids are most likely to have an imbalance
between
electricity
generation
and
customer demand, leading to the tripping
of generators and some transmission lines.
In the main grid or in an islanded sub-grid,
this situation can be prevented by load
shedding relays, which detect either an
under-frequency situation or a high rate of
change of frequency, and disconnect
customer loads.

station to station. At BIY, earth fault
protection has been provided using the
residual connection on the 132 kV and 220
kV sides, whereas at KEL, an earth fault
relay has been provided using a current
transformer in the neutral, and at
Pannipitiya (PAN), schematic drawings do
not show any earth fault protection except
for the outgoing circuits of the tertiary
delta.

2.3
The
grid
consists
of
generators,
transformers and transmission lines.
Failure of both primary and backup
protection to detect and isolate a
transmission system fault for a long period
will cause the generator protection to
operate, as a last resort. Generator
protection
systems
are
voltage
restrained/controlled or at times have
simple OC relays, negative phase
sequence relays, loss of synchronism
relays, voltage/frequency relays, etc., to
protecmt them from abnormal situations
arising due to external conditions.

Analysis of Protection Relay
Operations

As stated in section 1.1.1, distance relays
at the KOL end of KEL-KOL circuits 1 and
2 had detected the fault in 12 ms and 522
ms respectively. However, neither the
main protection relays nor the backup
protection relays at KEL end of the circuit 2
have detected the fault and acted to isolate
the line.

If system operation is in accordance
with the adopted reliability standard
and the faults are detected and isolated
with the primary protection schemes,
then total system outages are unlikely.
If the primary protection fails and
backup protection isolates the fault, it
may result in islanding, and could lead
to total or partial outages of the grid. If
both primary and backup protections
fail to detect the fault, a total system
outage is the most likely result.

When the primary or local backup
protection systems of a line fail, the
protection systems of the equipment
immediately upstream of the faulty section
(remote backup) are expected to detect
and isolate the faulty section, but on this
occasion, this too has not happened. This
had allowed the fault to persist, and the
generator protection relays, the last line of
defence in case of an abnormal situation in
the power system, had responded
correctly and isolated the faulty circuit,
effectively switching off all the generators
in the system. No damages have been
reported to any equipment in the system
as a result of the fault or the consequent
cascading failure of generation.

2.2.3

In the light of the above, protection
schemes and operations of the;

Autotransformer Protection

All autotransformers have been provided
with differential, Restricted Earth-fault
(REF) and Bucholz, as primary protection,
along with OCEF protection. However, the
protection schemes employed differ from
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(a) primary protection relays and its back
up protection relays of the faulty line,
and
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(b) back up protection relays of the power
system components immediately
upstream of the faulty line
were analysed to determine as to why
such relays did not respond to the
abnormal condition caused by the fallen
conductor.
2.3.1

Protection Relay Operations of
the KEL-KOL Line

Ideally, for a fault on the KEL-KOL circuit
2, primary protection relays at the two
ends of the line, namely differential,
distance and DEF should operate, and
isolate the faulty circuit within (25+50) ms.
If primary protection fails, then backup
protection should have operated.
At the KOL end of the KEL-KOL circuit 2,
the distance relay had operated in zone 2.
This is the correct operation as the zone1
covers around 85% of the line and the fault
had been in the last span of the line, when
looking from KOL end.
Figure 2.7: KEL-KOL Transmission Line
Configuration and the Fault Incident
Kelanitissa Switchyard

KOL

KEL

Circuit 1

outage on 9th October 2009. When
commissioning high speed differential
relays, it is imperative to ascertain that the
current transformers at the two ends are
capable of performing duties expected of
them, especially considering that the fault
level at KEL and KOL is about the highest
in the 132 kV network, and the Current
Transformers (CTs) feeding the differential
relays at KEL end have a very high lead
burden21, even though the numeric
differential relays have very low burdens.
Possibility of mal-operation of such a
protection relay system under through-fault
conditions cannot be ruled out and if the
second primary protection had been in
service, it cannot be considered an unwise
decision to keep the former out of service,
until it is proven that CT mismatching will
not happen.
The distance relay at the KEL end of the
KEL-KOL circuit 2 had been found to be
defective and hence it had neither
provided the primary protection nor the
backup protection through the backup
elements incorporated in the relay22.
According to the relay event list23, KELKOL circuit 1 distance relay at the KOL
end had detected the fault in 12 ms or in
zone 124. If this information is accurate,
then it is an incorrect operation25. Such

Terminal Tower
Circuit 2

R phase fell
on ground

R phase touched Y and
B and cross arms of
terminal tower, hence
grounded

21

The burden is the electrical load, usually
expressed in VA, on a current transformer. An
excessive burden may cause a current transformer
to mal-operate.
22

However, no primary protection (Distance,
Differential or DEF) or backup protection
(OCEF) of KEL-KOL circuit 2 at KEL end
had operated.
Differential relays on KEL-KOL circuit 2
which are now in service, had not been
properly commissioned at the time of the
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This relay has now been sent to the manufacturer
for repairs.
23

Annex B

24

Relay minimum operating time is 25ms; hence the
12ms record could be in error.
25

Importance of the correct operation could be
assessed by the fact that had the line 2 relays
operated correctly from both ends and opened its
circuit breakers, thus isolating the fault, the mal-
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errors could happen when distance
protection is used for short lines such as
KEL-KOL, which is only 2.2 km long.
To verify the correctness of the above
relay timing information obtained from
relay operation log, DFR records at KEL26
were analysed. It shows that the KOL end
circuit breaker of KEL-KOL circuit 1 had
tripped in around 573 ms. which suggests
a zone 2 tripping.
DFR record appears to be correct and we
conclude that the distance relay of circuit 1
at KOL end had operated correctly.
The primary protection relays or the
backup protection relays at the KEL end of
the KEL-KOL circuit 1 could not have
operated for this fault as the power flow on
the circuit had ceased due to the opening
of the circuit breaker at KOL end due to
the zone 1 operation of the distance relay.
The final outcome being, both circuits of
KEL-KOL line getting opened from the
KOL end, thus making the fault to be fed
only from KEL-KOL circuit 2 from the KEL
end, of which both protective relays were
found to be either defective or nonoperative.

delayed clearing, thereby allowing
the fault to persist.

2.3.2

Protection Relay Operations
Upstream of KEL-KOL Line:
Remote Backups

When primary protection or local backup
protection fails to clear a fault on a
transmission
line,
remote
backup
protection should clear the fault. The
objective of this section is to analyze the
capability and performance of the remote
backup protection of the KEL-KOL 132kV
lines.
As shown in Figure 2.8, power system
components immediately behind the KELKOL line at KEL end are the 2x150 MVA
autotransformers,
AES
generator,
Colombo Power generator (Barge) and the
BIY-KEL 220kV double circuit line.
Figure 2.8: Power System Components
upstream of KEL-KOL Lines
BIY

Kelanitissa Switchyard

KEL

KOL

KEL

Circuit 1

Non-operation
of
the
primary
protection at Kelanitissa end had
prevented the fault being isolated
within the designed fault clearing
time for transmission system faults.
Failure of (line) local backup
protection relays aggravated the
situation by not initiating even a

Terminal Tower
Circuit 2
132kV

26

No DFR records are available at Kollonnawa end.
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R phase touched Y
and B and cross
arms of terminal
tower, hence
grounded

220kV

2.3.3
operation of the line 1 distance relay would have
resulted in loosing the important link between
Kelanitissa and Kollonnawa.

R phase
fell on
ground

Autotransformers at Kelanitissa
and Biyagama

As stated in section 2.2.2, the protection
scheme provided for the autotransformers
at KEL is different from that at BIY, where
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132kV

the earth fault relay current inputs have
been derived through the residual
connections.
At KEL, the earth fault relay current inputs
have been derived through a current
transformer in the neutral. For a two
winding transformer, it is the normal
practice to provide SBEF with the inputs
from a CT in the neutral, but in the case of
an autotransformer, it is not so as the total
earth fault current does not flow through
the neutral27. This phenomenon is
illustrated in Figure 2.9.
Figure 2.9: Flow of Earth Fault Current
in the Neutral

The relay setting calculation for the KEL
transformer confirms that the earth fault
protection has been provided with the CT
in the neutral. The earth fault relay setting
had been selected to initiate tripping in 2
seconds when a current equal to the
transformer throughput current flows in the
neutral.

appear to be more acceptable compared
with that at KEL. A similar approach for
KEL would have resulted in a more
meaningful back up protection for outside
faults.
2.3.4

Biyagama- Kelanitissa
Double Circuit Line

220kV

In accordance with the CEB protection
philosophy, the BIY-KEL 220 kV double
circuit line is provided with two distance
relays. The 2nd zone of these relays will not
see any faults on KEL- KOL line, as those
will be after the 2x150 MVA, 220/132 kV
autotransformers.
As BIY-KEL 220 kV is a comparatively
short line, these relays may not see the
fault even in the third zone. At the time of
the fault, the 110 MW AES Gas Turbine
generator, the 55 MW AES steam turbine
generator and the 60 MW barge generator
had been connected to the KEL 220 kV
bus. Owing to these in-feeds, the BIY end
relay of the BIY- KEL line would have seen
the fault as a fault even further away. This
phenomenon is explained in Figure 2.10.
Figure 2.10: Distance Measurement by
Biyagama End Relay of BIY-KEL Line
BIY
Kelanitissa Switchyard

KEL

I1
I1

KOL

KEL

Circuit 1

A more satisfactory way of providing
backup earth fault current is to use the
residual connection, as has been done in
BIY28.

2I1 + I2 + I 3 + I4

Terminal Tower

I2

Circuit 2

132kV

I3

R phase fell
on ground

R phase touched Y
and B and cross arms
of terminal tower,
hence grounded

132kV

I4
220kV

The approach adopted for BIY in
calculating the over-current relay settings
27

Protective Relaying - N Chernobrovov

28

CEB has already changed the EF protection
arrangement as recommended in the Interim Report
of this study.
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Total voltage drop from Biyagama to
fault
= (I1 ZBK) + (2I1+I2+I3+I4)ZKK
Impedance seen by Biyagama relay
= {(I1 ZBK) + (2I1+I2+I3+I4)ZKK} / I1
= {ZBK + 2ZKK + (I2+I3+I4) ZKK / I1}
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where ZBK is the impedance of one
BIY-KEL transmission circuit and ZKK is
the impedance from the KEL 220kV
bus to the fault. It could be seen from
the above that the actual impedance
from BIY to the fault is equal to (ZBK +
ZKK), but when there is generation at
KEL and the second BIY-KEL circuit in
operation, the impedance seen by the
relay is increased by a factor equal to
( ZKK+ (I2+I3+I4)ZKK / I1).
The Biyagama end relays of BIYKEL line will not provide backup
protection for faults on KEL 132kV
bus or beyond, especially when
generator in-feeds are present on
the KEL bus.

2.4

Cascading
Failures
and
Collapse of the Transmission
System

As seen from the above, neither the
primary protection of the lines nor the
various backup protection schemes had
operated to detect and isolate the fault.
This had allowed the fault to persist, thus
causing the system voltage and frequency
to drop to very low levels and making the
generators to carry excess currents. In
addition, when a fault of this nature
persists for a long duration, transient
stability of the system will be affected
resulting in heavy power swings, and
generators may fall out of synchronism.
Generator protection relays are set to
detect such conditions and as designed,
those had operated and got all the
generators safely isolated from the grid.
Embedded generators connected to the
grid, a sizable quantity, would have been
the first to trip. Out of the large generators,
the first generator to trip had been the 60
MW barge power plant, and the next had
been AES power plant (110MW+55MW).
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The rest of the generators/lines had failed
in cascade thereafter.
Failure of the primary protection of the
faulted transmission line as well as the
various local and remote backup
protection schemes, had allowed the
fault to persist, and this had caused the
generator protection relays to operate
and tripping their circuit breakers,
thereby causing a total grid failure.

2.4.1

Simulations
Behaviour

of

System

There was adequate spinning reserve in
the system at the time of the failure. The
failed KEL-KOL circuit 2 carried about 254
ampere (estimated to be 50 MW) and with
the healthy parallel KEL-KOL circuit 1 fully
capable of carrying 100 MW, it was clear
that there would have been no system
collapse, if the failed circuit was isolated by
its protection system. As such, no specific
ex-post
system
simulations
were
conducted to study the system behaviour
with and without the failed line.

2.5

The KEL- KOL 132 kV
Transmission Line Reliability
and Performance

The KEL - KOL double circuit line
operating at 132 kV is an important link in
the Sri Lanka power system. The line was
first built in 1963 along with the
commissioning of the 2 x 25 MW
Kelanitissa power plant, to link the two
outdoor switchyards of KEL and KOL. The
conductor used in 1969 was Lynx29, and
29

Wires used for transmission lines are usually
described by names, which fully describe their
structure, material, number of strands in a conductor
and the diameter of a strand.
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as more generation was added at KEL,
this was replaced with Zebra conductor in
the 1980s. With further enhancement of
generating capacity at KEL and other
system upgrading work, CEB had decided
to enhance the current carrying capacity of
the line by replacing the Zebra conductors
with
TACIR30
conductors.
This
replacement has been done in year 2004.
No major structural changes had been
done to strengthen the original foundations
or towers built in 1969, to fix Zebra, and
subsequently TACIR conductors, both of
which are heavier than the Lynx conductor
for which the structures were originally
designed. Two towers, however, have
been newly constructed when the TACIR
conductor was fixed in 2004. In spite of the
fact that the TACIR conductors had the
capability to operate up to a temperature of
2100C, upgrading the rest of the hardware
to match this temperature too, had not
been considered necessary.
The transmission line runs through slum
areas. At certain locations, transmission
towers are used as supports for the
dwellings (see Figure 2.9). Conducting
routine inspection and maintenance has
therefore become a problem. These leave
lots of question marks over the
transmission line performance, security
and reliability.
Switchgear on this line at KEL end has
been upgraded and rehabilitated on many
occasions when new generation was
added at KEL, mostly as stop-gap
measures. The KOL 132 kV switchyard
has already been replaced with a Gas
Insulated Substation (GIS), and work on a

132 kV GIS at the KEL end too is in
progress. On its completion, the existing
transmission line will continue to link KOLKEL switchyards.
In the circumstances, we recommend that
CEB should explore the feasibility of
replacing the KEL-KOL transmission line
with UG cables. CEB has many 132 kV
UG circuits in its system and hence these
two new KEL-KOL UG circuits will not
impose any significant additional burdens
on the Operations and Maintenance
(O&M) staff. In operating the UG circuits,
effects of resonance appears to be the
only concern (though very unlikely owing
to the very short length) as it will be
operating with a predominantly overhead
(inductive) system.
Short lengths of underground (UG) cables
(300-500m) have to be used connect the
existing KEL-KOL transmission line to the
respective GISs at each end. Therefore, if
replaced by UG circuits, the length of the
UG circuits will be about 2 km compared
with the present length of 2.5 km of the
overhead line.
On the one hand, dismantling the
transmission line will make valuable land
available for development and on the other
hand replacement of the transmission line
with UG cables will contribute towards a
marked improvement in reliability, security
and performance of this important link.
If so decided, the TACIR conductors
removed from this line, which are
comparatively
expensive,
can
be
effectively re-used to strengthen one of the
important tie-lines between Laxapana Polpitiya.

30
Talloy Aluminum Conductor Invar Reinforced
(TACIR). This is a special conductor, which has a
comparatively higher current carrying capacity for
the given weight of conductor.

Public Utilities Commission of Sri Lanka

Page 22

Figure 2.11: Unauthorised Dwellings
Use Towers for Support

etc. Hence for the grid to have recorded no
total/partial failures for eighteen months,
the transmission system would have been
maintained without allowing faults to occur,
or if and when faults occurred, the
protection systems would have effectively
isolated the faults. This is indeed a
commendable achievement.
2.6.2

2.6

Reasons for the Shortcomings
Leading to the Failure

In this section, the issues in the
background to the events that occurred on
9th October 2009 are described.
2.6.1

Performance
of
Transmission System

the

The total grid failure experienced on 9th
October was the first in the year 2009.
There have been no total or partial grid
failures for eighteen months until 9th
October. As explained in section 2.2.2, a
total grid failure is the most likely result of
the failure of both primary protection and
backup protection provided for a
transmission system component.
The
failure of primary protection, but clearance
with backup protection may give rise to
islanding, causing either a partial or a total
failure.
The transmission system, especially in a
tropical country like Sri Lanka, is subjected
to various kinds of faults caused by
adverse weather condition such as storms
and lightning, and by pollution, way leaves,
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Transmission
System
Maintenance and Operation

It
was
noted
that
transmission
maintenance or operation is being carried
out under extremely trying circumstances.
The grid is supposed to be designed with
n-1 reliability, but at most times, such
reliability standards are sacrificed during
operation due to financial considerations.
For example, when sufficient water is
available and spilling is a possibility,
ignoring all reliability standards, certain
transmission lines are loaded to near
thermal capacities. In these situations,
tripping of one of these highly loaded lines
could lead to a total or partial grid failure.
In such a situation, releasing transmission
lines for maintenance work becomes
virtually impossible and as a result,
maintenance
programs
are
either
postponed or hurriedly done, thus totally
disrupting the planned maintenance
programs. This affects system reliability in
no small way.
A few decades ago, transmission system
maintenance and protection system
maintenance were considered as two
separate activities, and the responsibilities
were assigned to two separate Divisions
within CEB. Technology employed for
power system protection has completely
changed, and a single Intelligent Electronic
Device (IED) performs control, monitoring,
measuring and protection functions. CEB
has taken a step in the right direction by
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entrusting
the
responsibilities
of
maintaining both protection and other
transmission equipment to one Division.
Developing professional expertise in these
fields, for that matter in any field in
electrical engineering, needs long years of
experience, commitment, ability, sound
understanding of the fundamentals and a
continuous knowledge transfer.
Once
CEB develops such expertise, a path
should be opened to transfer this
knowledge and experience to others, and
also to retain such professionals in the
respective Divisions. This seems to be
lacking to some extent.
2.6.3

Project Supervision

CEB adopts a policy of conducting new
construction or rehabilitation work under
separate projects. Most such work will
involve commissioning of transmission
assets or protection equipment. Success
of a project depends on supervision, and it
is essential that expert knowledge of the
specialised Divisions is used to ensure that
projects
are
designed,
built
and
commissioned without any shortcomings.
Responsibility should be pinned on the
specialised Divisions on the proper
commissioning of transmission assets, as
a wrongly commissioned unit could always
initiate a partial or a total grid failure.
2.6.4

Asset Management

Sri Lanka’s high voltage transmission
system development commenced almost
60 years ago. Most of the equipment
installed at the initial stages still play a vital
role in transferring power from hydropower
stations to load centres. Whilst in service,
power system components are subjected
to abnormal situations (such as higher
currents). Although the damage to
equipment may not be visible immediately,
such abnormal conditions will have a
cumulative effect on equipment aging. This
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will impose a very heavy burden on the
maintenance personnel.
CEB may have a policy on asset
management, but it can be clearly seen
that an effective asset refurbishment
program is not being implemented. This
deficiency
can
be
overcome
by
strengthening the asset management
function.

2.7

Power Outages: International
Experience

Power outages or blackouts occur in all
countries including the developed world. A
detailed list of such incidents can be found
in
http://en.wikipedia.org/wiki/List_of_power_
outages . This reference provides a
comprehensive list of blackouts both in the
developing world and the developed world.
The most widespread and widely reported
blackout in the developed world, referred
to in some reports as the worst blackout in
the history of mankind, was the August
2003 blackout in North America on 14th
August 2003. Problems remained in an
area of the North American Power System
from 12:00 to 16:00, such as line trippings,
other equipment and alarm failures.
Shortly after 16:05, several overloaded
transmission lines sagged and touched
trees, causing widespread tripping of lines
and power plants. The blackout affected
about 50 million people in USA and
Canada, shedding 61,800 MW. The event
contributed to at least 11 deaths and cost
an estimated USD 6 billion. Complete
restoration of power to all the affected
customers took four days, although many
of the key locations had power restored
within 12 hours. Several areas had rolling
blackouts for several weeks, until normal
service was restored. In April 2004, the
study conducted by US - Canada Power
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System Outage Task Force31 concluded
that a combination of human error and
equipment failures had caused the
blackout. The primary cause was identified
as
non-compliance
with
reliability
standards and operating guidelines. The
final report made 46 recommendations to
reduce the risk of future widespread
blackouts.
The most widespread blackout in the
developing world recently reported was the
Java-Bali blackout in Indonesia at 10:23 on
18th August 2005, which affected an
estimated 100 million people. The capacity
unserved was estimated to be 2700 MW. A
transmission line outage followed by
generator tripping was the immediately
visible reason for the blackout. By 17:00,
power has been restored to most areas.
There are many more blackouts reported
in the media all over the world.

31

https://reports.energy.gov/B-F-WebPart1.pdf for part 1 of the report. Other parts
similarly numbered.
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3 RESTORATION AFTER THE
FAILURE
In this chapter, CEB policy on power
system restoration after a total or partial
failure, the attempts towards restoration
after the first failure on 9th October 2009,
events that led to the two subsequent
blackouts, and the final restoration, are
described.

3.1

Introduction

Power system outages or separation of the
grid into islands generally take place under
dynamic instability or steady state overload
conditions. CEB transmission system is
planned according to the n-1 criterion and
should be able to sustain any single
contingency (ie outage of a single
component of the transmission grid)
without loss of service to customers.
Dynamic instability may be initiated by
multiple contingencies such as loss of
several transmission lines or several
generation units possibly due to faults not
being isolated or delayed fault isolation.
The extent of the affected area will only be
known after the event and only then could
attention be focused on restoration.
Power system behaviour during a
restoration process depends on its
characteristics as related to its active and
reactive power balance. Restoration
strategy centres on the operating policy,
load management, real power (MW)
management, reactive power (MVAr)
management and also on system stability.
It is one of the most challenging tasks
faced by the SCC staff, and the sizeable
quantity of embedded generation in the
system
makes
it
more
difficult.
Furthermore, with the planned addition of
wind generation and other small renewable
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resources through net metering etc,
restoration in the event of an outage is
bound to be even more complex.
Emergency and abnormal situations of the
power system can be varied and the power
system may suffer partial or total
shutdowns. System control staff needs to
be aware of such situations and adapt to
the changing system conditions during the
restoration. To prepare the staff for such
eventualities and also to ensure a smooth
and speedy restoration process under all
possible situations, most utilities maintain
restoration plans based on their restoration
objectives, operating philosophies and
practices, with the characteristics of their
power plant restart capabilities and power
system reintegration peculiarities.

3.2

CEB Restoration Plan

CEB has a well laid out and documented
plan to restore the supply after a total
failure. It has been first published in 2000
and revised in December 2005. The
approved plan is generally used as a
guideline, and the System Control
Engineer in charge of the operation is
expected to exercise his discretion on the
action required, depending on the system
configuration
and
the
system
requirements. A brief summary of the
restoration process is given below.
3.2.1

Order of Priority

The CEB plan emphasises that the order
of priority during a restoration process to
be,
(a) Safety of persons
(b) Protection of equipment
(c) Availability of supply
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3.2.2

Standing Instructions

Upon the failure of the grid, standing
instructions have been issued to all
operational staff manning each grid
substation (GS), power station (PS) and
receiving station (RS) to switch off all
medium voltage feeders, capacitor banks
and filter feeders, and to keep transformer
AVRs at the nominal position with manual
control.
In
addition,
the
standing
instructions specify the 132 kV and 220 kV
incoming/outgoing breakers that need to
be switched “off” and switched “on”. The
instructions also require all generators,
which had been connected to the grid prior
to the failure re-start, and in addition, all
generators where black start facility is
available to immediately start, and to be in
readiness for synchronisation.

3.2.3

Restoration Plan

Restoration commences on many fronts
through the creation of several small
independent mini-grids using certain
identified generators and loads. These will
then be synchronised with each other in a
step by step process.
Accordingly, the gas turbines at Kelanitissa
(GT2 and GT5 first, followed by GTs 1, 3
and 4) will be started and they will form a
small independent system with the
Colombo 33 kV network connected to the
Kelanitissa GS to provide power to certain
parts of the Colombo Municipal area.
The first step of restoring the HV grid is the
energisation of the Kotmale and Biyagama
substations with Kotmale generation. This
is done by closing the respective circuit
breakers and switching on the KotmaleBiyagama circuit 1. Thereafter, one of the
main transformers at Biyagama will be
energised and a light load will be added to
it by energising a few 33 kV feeders
serving customers.
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Likewise, independent systems will be
created
with
the
generation
at
Laxapana/Polpitiya/N
Laxapana,
Wimalasurendra, Samanalwewa, Kukule
and Ukuwela and selected 33 kV loads at
selected GSs. These sub-systems are kept
lightly loaded.
The final step in the restoration process is
to connect up the individual sub-systems.
This will be done by synchronising the
individual systems with each other at
identified locations ensuring the voltage
and frequency stability.
Although the above appears to be a simple
process, execution of the same effectively
and efficiently, depends largely on the staff
experience, their sound judgment and
understanding of power system behaviour,
availability of system information, reliability
of equipment and available facilities.

3.3

System Control Centre and Its
Facilities

System Control Centre (SCC) is tasked
with the responsibility of economic
dispatch of generation and maintaining
transmission system connectivity, reliability
and stability to ensure a safe, reliable and
economic delivery of electricity to the
distribution network. In carrying out these
tasks, the main tool that allows SCC
personnel to look up to is the Supervisory
Control and Data Acquisition (SCADA)
system. CEB has not acquired an Energy
Management System (EMS) as yet,
causing economic decisions to be made
off-line, with no detailed evaluation of
system security as a consequence of
decisions on economic dispatch.
3.3.1

SCADA/EMS System

Basically, a state-of-the-art SCADA/EMS
system installed in a modern SCC gathers
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identified data from power stations and
grid substations, enables carrying out
remote switching operations and assists
the operations personnel to arrive at
correct decisions. It has no capability of
detecting faults occurring in a power
system, but will allow the System Control
Engineers (SCEs) to initiate preventive
action to mitigate cascading failures. Most
importantly, such a system would be of
great assistance in the event of a
restoration of power after an outage.
Unfortunately,
the
current
facilities
available in the CEB’s SCC located in
Dematagoda, first installed in the 1980s,
fall far short of the above. It has no
supervisory control facilities at all, requiring
operating instructions to all locations in the
power system to be conveyed on
telephone, and the devices at such
locations to be manually operated by
personnel on site. Data gathering facilities
are limited to only 25 stations out of a total
of 71 stations in transmission grid,
inclusive of the nine IPPs.
Owing to the upgrading work that has been
ongoing at the time of the system failure,
even the mimic diagram32 has been
rendered inoperative, virtually forcing the
SCEs to obtain the status of the system
components via telephone/radio (for all 71
stations) or through computer monitors
(and that too, for 25 stations only).
3.3.2

Human Resources

When operating with such an underequipped SCC, capability of the human
resource is of paramount importance. The
knowledge, experience and skills of the
SCC staff become even more important,
when they are faced with emergency

32

A large illuminated automatic display showing the
connection arrangement and active “on line” status
of the power system at any given time.
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situations such as the restoration after a
total system failure.
Currently all SCEs on shift duty are new
recruits, but the senior staff are available
on standby. CEB reported that all SCC
senior engineers had arrived at the SCC
within an hour from the first failure at
01:29.

3.4

Restoration attempts after the
Failure at 01:29

SCC
has
commenced
restoration
immediately after the failure. However,
owing to,
non availability of SCADA
facilities,
(b) non availability of an active
“mimic diagram”,
(c) protection relays failing to
operate properly, and
(d) time constraints in analysing
system indications/alarms,
(a)

SCC personnel on duty would have had
difficulty in identifying the reason for the
system collapse and which part of the
system was faulty. The only clue SCC
would have had was zone 1 operation of
the KEL-KOL circuit 2. However, SCC
would have been confused with the relay
indication from NLX-POL line 1, which also
indicated zone 1 tripping. Therefore, with
no firm knowledge as to which
line/equipment is faulty, SCC had
commenced restoring the electricity supply
in accordance with the laid down
restoration procedures. Meanwhile, acting
on information received from an external
party that a fire was observed in the KEL
switchyard, transmission maintenance staff
had been inspecting the switchyard, but
had not been able to identify the physical
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point of fault owing to poor visibility in the
night.
The first generator to be re-started was the
Victoria power plant at 01:44, 15 minutes
after the blackout. This was followed by
New Laxapana and Old Laxapana.
Rantembe GS was energised by 02:02.
Ampara, Badulla and Nuwara Eliya GSs
were energised using power from VictoriaRantembe at 02:05.
CEB records show that power has been
restored to some parts of Colombo within
40 minutes of the first failure at 01:29, and
those areas had remained unaffected
during the subsequent disturbances.
Meanwhile, attempts were being made to
serve power from the Victoria power plant
(which started at 02:12), when a problem
at
Kotmale
switchyard
caused
transmission lines from Victoria to be unconnectable to the Kotmale switchyard.
Power from both Victoria and Randenigala
(a total of 330 MW) cannot be transferred
through the 220/132 kV transformer at
Rantembe, of which the rated capacity is
only 105 MVA. Similarly, Kotmale’s own
generators could not be switched-on
immediately owing to several problems.

3.4.1

The Problems at the Kotmale
Power Plant

The Kotmale power plant, the key station
in a restoration after a blackout, had two
problems immediately after the 01:29
failure. (i) The auxiliary supply/black start
power failed to come up owing to a
spurious signal to the associated circuit
breaker, which kept the circuit breaker
open (ii) Even after the problem (i) was
resolved, none of the circuit breakers in
the switchyard could be switched on33 to
33
The standing instructions upon a system failure
has been for the Kotmale operating staff to switch-
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perform the vital functions of (a) receiving
power from Victoria, Randenigala and
Rantembe power plants and delivering to
the Kotmale-Biyagama transmission line
(b) delivering Kotmale’s own generation to
the Kotmale-Biyagama line. Operations
staff at Kotmale were unable to perform
any switchyard circuit breaker operations.
The issue has been investigated based on
the reports provided by Kotmale power
plant staff and discussions held at PUC as
well as at Kotmale. Information provided to
us indicate that (i) the problem with the
circuit breaker to switch the auxiliary
supply was swiftly overcome by manual
over-ride, but (ii) the inability to switch-on
220 kV circuit breakers was of a more
serious nature, that prevailed until about 6
am, when Kotmale staff physically entered
the switchyard and manually switched-on
the circuit breakers.
According to the Kotmale staff, the
problem was subsequently traced to a
failure of the synchronisation check unit of
the breaker control hardware. The specific
problem was a faulty relay in the fuse
monitoring unit of the circuit breaker
serving the Kotmale-Victoria circuit no. 1.
This specific problem in the synchronising
check unit of one circuit breaker caused all
other circuit breakers to be inoperative, a
significant protection and blocking feature
that has been in place, perhaps unknown
to power plant staff, ever since the power
plant was built in 1985. The problem has
since been overcome by preventing the
failed signal of one circuit breaker affecting
the control functions of another circuit
breaker.

off all the circuit breakers in the switchyard, and
await instructions from the SCC. The auxiliary
supply/black start power should, however, have
come-up automatically.
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3.4.2

transformer. Transformers typically can be
overloaded to 150% for 30 minutes without
loosing life, but it was revealed that the
protection relay of the Rantembe 220/132
kV transformer has been set at a much
lower level, thus preventing the maximum
use of the transformer under exigency
situations.

Restoration Continued without
the Kotmale Switchyard

Hence, SCC was compelled to deviate
from the normal procedure of bringing the
electricity supply to the western province
via Kotmale and Biyagama, and implement
alternative routes. The bottlenecks in this
alternative routing finally caused the
unstable operation of the system, that was
to last for several hours into day.

Polpitiya-Kolonnawa 132 kV lines (two
lines, each with two circuits) have been
made “in and out” at several GSs on the
way, and considerable time would have
been spent in closing these breakers.
These two lines are almost 50 years old
and with no firm declaration on the current
carrying capacity of the lines34, SCC would
have had to be careful not to overload the
lines above their rated current carrying
capacities.

WIth Kotmale inaccessible, SCC had
attempted to transfer the hydropower
generation in Mahaweli power plants
through one of the weaker routes
available,
ie
Victoria-RandenigalaRantembe-Badulla-Laxapana-PolpitiyaKolonnawa (see Figure 2.12). This route
has a bottleneck at Rantembe where the
rated capacity of the 220/132 kV
transformer is only 105 MVA, whereas, the
power plants at Victoria and Randenigala
(which
should
pass
through
this
transformer) have a combined capacity of
330 MW. This bottleneck has been further
constrained by the limitations imposed on
the level of trip setting of this crucial

When restoring a dead system, it is quite
possible that most GSs would have initially
experienced higher than normal voltages
owing to light35 loading.
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Figure 2.12: Circuits to Serve Mahaweli Power through Polpitiya
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When a GS at the end of a long line has no
significant customer load connected to it, it is
possible for the voltage at the GS to be higher than
the voltage at the sending end of the line. This
phenomenon is known as the Ferranti Effect.
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With all the above constraints, power had
been brought to
 Kolonnawa RS (to the gas insulated
substation, GIS) by 02:48,
 Network
south
of
Laxapana
(Balangoda-Galle-Hambantota)
by
03:15,
 North of Colombo (up to BiyagamaKelaniya-Sapugaskanda) by 03:34
and
 Almost entire Colombo metropolitan
area GSs by 04:27 (for certain
substations, in more than one attempt
to restore).
By way of generation, by this time, in
addition to power from Mahaweli power
plants (constrained by the Rantembe 105
MVA transformer), Laxapana complex
(except Old Laxapana, OL Stage I), SCC
had synchronised Sapugaskanada PS and
Samanalawewa PS into the system.

3.4.3

Attempt to Close the Faulty Line

The SCADA system was not operational
over the first few hours into the blackout,
and information available to SCC was
minimal. KOL was energised for the first
time after the blackout, approximately at
02:40. Since SCC was not aware of the
primary reason for the blackout, an attempt
had been made to extend the 132 kV
system up to KEL by energising the faulty
KOL-KEL
transmission
circuit.
The
objective may have been to add the large
generation capacity at KEL. This had not
been successful, and the closure of the
faulty line had caused the tripping of
Kosgama-Kolonnawa line at 02:43,
causing the loss of one of the two main
routes available at that time to transfer
power from both Laxapana and Mahaweli,
to the load centres. KOL had however,
been re-energised at 02:48.
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3.5

The Second Failure at 04:44

During the restoration process after the
01:29 failure, CEB records indicate that
there were 23 trippings of GSs or PSs after
the initial events at 01:29 until 04:44. This
time is significant because the system
experienced a second blackout at 04:44 on
9th October 2009, 2 hours and 15 minutes
after the system collapsed for the first time.
By 04:44, SCC was continuing with the
restoration and the system had the
following configuration:
Power plants: Hydropower plants at
Randenigala,
Rantembe,
Victoria,
Wimalasurendra, Polpitiya, Samalawewa
and
Kukule
were
synchronised.
Sapugaskanda thermal power plant was
synchronised. The gas turbines at KEL
were supplying the 33 kV network in
Colombo city as a separate system.
Grid substations: Thirty five (35) out of 56
GSs in the system were energised.
At 04:44, NLX- POL circuit 1 tripped on
over-current from POL end, but remained
energised from the NLX end. At the time of
tripping, the NLX-POL circuit 1 had been
carrying a current of 440 A. Almost
immediately after the above circuit tripped,
the OL1-POL circuit 1 had also tripped.
The current recorded on this line at the
time of tripping had been 875 A.
CEB records indicate that about twelve out
of the 35 GSs that remained re-energised
by 04:44 lost supply immediately, and the
system remained unstable until about
05:00. More power plants tripped and
more GSs lost supply during this period of
severe instability, causing a total collapse
of the system.
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3.5.1

Analysis of the Second Failure at
04:44

This failure may have been partly caused
by “cold load pickup”36. When GSs are
energised and 33 kV feeders to serve
customers are gradually switched on as
instructed by SCC, a large number of
distribution transformers will be energised
almost simultaneously, giving rise to
significantly high magnetising inrush
currents. In addition, loads that remained
connected to the grid which was hitherto
dead, would also be energised, burdening
the system with large currents comprising
motor starting currents and currents on
constant impedance loads. With the onset
of the increasing demand during morning
hours starting at 04:00 (leading to the
morning peak, which usually occurs
around 06:00), all categories of customers
would have commenced using the power
received after a long lay off. All these
would have given rise to large currents.
There are two lines, each with two circuits
between Laxapana and Polpitiya. The first
line is from NLX to POL and the other is
from OL1 to POL. Only one circuit each of
NLX-POL and OL1 to POL lines had been
switched “on” during this period and the
increase in load currents would have been
seen by the protection relays monitoring
the circuits, as a fault condition. Tripping of
the first circuit had caused an increase in
current on the second circuit, giving rise to
the tripping of the second circuit almost
immediately after the first.
36

Cold load pickup is the phenomenon that takes
place when a distribution circuit is re-energised
following an extended outage of that circuit. Cold
load pickup is a composite of two conditions: inrush
and loss of load diversity. The magnitude of cold
load pickup current is a combination of non-diverse
cyclic load current, continuously operating load
current, transformer magnetising current, capacitor
inrush current, etc. The combination can result in
current levels that are significantly higher than
normal peak load levels. (Source IEEE)
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As even the limited SCADA facilities had
not been available, SCC staff had no
access
to
on-line
information
on
transmission line loading data. Hence they
would have been totally unaware of the
transmission line current levels. If all the
four circuits between Laxapana and
Polpitiya were in service, the currents in
each circuit would not have reached overcurrent relay tripping levels. However,
since it had not been established even by
this time, as to which transmission line was
faulty to cause the 01:29 blackout, SCC
staff would perhaps have been cautious
not to energise the other two circuits
between Laxapana and Polpitiya. . It must
be noted that the System Restoration
Manual of CEB also specifies that
restoration to be initiated via only one
circuit (OL1-POL) out of 4. The remaining
circuits are to be energized in stages.
Furthermore, over-current relay settings
too, had not permitted the transmission
lines to be loaded above their continuous
rated capacities, thus reducing SCC’s
flexibility of operating the transmission
network. The standard practice is to use
over-current relays to provide fast
discriminative protection against system
faults. Controlling overloads is the
responsibility of the SCC37.
A disturbance of this nature in a weak
power system38, could give rise to loss of
37

It is not suggested that conservative over-current
relay setting is a reason for the failure on this
occasion, but the Committe emphasises the
advantages the system could gain by setting the
over-current relays to protect against system faults,
ignoring the overloading function. Lower current
settings will be associated with higher Time
Multiplier Settings (TMS), whereas higher current
settings will yield lower TMS, which helps to isolate
the faults quicker.
38

Two islanded systems resulted with the 04:44
failure. The islanded system north of Polpitiya
comprised the two Polpitiya generators and the very
low inertia diesel generators. The other islanded
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synchronism or out of step condition. This
is normally accompanied by oscillations of
real
power
and
apparent
power,
threatening the stability of the power
system. Such occurrences have been
confirmed, and in fact, Polpitiya generating
Unit 2 had pole-slipped immediately after
tripping of the NLX- POL lines, according
to the event list. Load shedding relays
cannot be expected to perform any useful
role in these conditions.

3.5.2

Simulation
of
the
Condition upon the
Failure

System
Second

Upon requests by the PUCSL, CEB
Transmission Planning Branch conducted
an ex-post stability analysis of the system
as follows. The system conditions by way
of generation, transmission lines switchedon and the GSs connected, along with
their loading levels, were represented in a
model using the PSS/E software. The data
set at 03:30 and 04:30 were used in two
separate studies. The total generation was
807 MW and 298 MW, respectively. In
each simulation, New Laxapana-Polpitiya
double circuit line was tripped. In both the
studies, the system indicated that the
voltages and load angles would stabilise
within about five seconds, without any
possibility of runaway conditions39 leading
to a blackout.
system comprised Laxapana complex generation
and Mahaweli complex generation connected by a
long double circuit 132 kV line, where the transfer
reactance would be substantial. The two generating
systems would have drifted apart.

39

Runaway situation would make the two groups of
generating systems to drift away from each other.
However, before reaching the stability after a
disturbance, the two systems will oscillate around
one point in the power angle characteristic. This will
cause power swings and some distance relays
which have no power swing blocking will operate
and create more islands within the islanded network.
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Accordingly, this study cannot conclude
the precise reasons for the second system
failure at 04:44, although the initiating
event is concluded to be the tripping of one
New Laxapana-Polpitiya circuit on overcurrent.

3.6

The Third Failure at 09:26

CEB records indicate that SCC continued
to restore supply after the second
blackout, in spite of the severe instability
experienced, and the constraints of (i)
Kotmale not being available (ii) SCADA
system limitations. By 09:26, all GSs in the
system would have been energised at
least once after the first failure at 01:29.
Many GSs had been energised more than
once, but failed repeatedly owing to
various problems and instability of the
system.
The normally available SCADA facilities
were back in service, and the restoration
work continued. At 09:26, one of the four
circuits linking POL and KOL had tripped
on the operation of the over-current relays.
With the tripping of this circuit, its loads
transferred to the other two circuits (the
fourth circuit had been in service only up to
Seethawaka GS), and owing to the
increased loads on these lines, overcurrent relays had operated and tripped
the lines out.
The day-peak of the system usually occurs
around 12:00, and it is certain that loads
on the system would have been increasing
at a much faster rate than on a typical day,
as the restoration process was in progress.
As explained previously, the advantage of
setting over-current relays to protect
against system faults ignoring the
overloading
function,
is
amply
demonstrated here.
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One of the Kotmale - Biyagama 220 kV
lines had been in service by this time.
Possibly due to the power swings created
with the disturbance, Ukuwela-Habarana
132 kV lines too had tripped on distance
protection. The distance relays installed on
the Ukuwela-Habarana lines are not
equipped with the power swing blocking
feature. Laxapana- Badulla lines too had
tripped thereafter.
As a result, the system was separated
again into two islands, one with lesser
generation compared with the load, and
the other, vice versa.
In these situations, ideally one would
expect under-frequency relays to initiate
automatic load shedding and prevent the
collapse of the system. However, during
restoration after a grid failure, 33 kV
feeders originating from GSs are switched
on according to a priority ranking and the
important feeders are switched on first.
When designing an automatic load
shedding scheme, the general hypothesis
is that a grid disturbance commences
when the grid is in a stable state, serving
all customer loads. Therefore, important
feeders are shed last, in the final step of
an automatic load shedding scheme.
Hence, although some load shedding
relays had operated after the 09:26 events,
they would not have been adequate to
save the system from the total collapse.
With a weak interconnected system, a
transient instability situation would have
arisen, giving rise to power swings, thus
separating certain generators from the
system.
It is an arduous task to set the underfrequency relays in a system where
generating plant inertia constants are in a
wide range. Sri Lanka grid has generators
with inertia constants ranging from 0.1 s
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(slow speed reciprocating engines) to 8 s
(rotating machines). Different machine
combinations are connected at different
times, based on system economics and
reactive power control requirements. With
the planned retirement of generating plants
with lower inertia and with more rotating,
higher speed base-load machines, more
meaningful load shedding schemes can be
expected in the future.
The obvious solution to the above problem
would be to reduce the transfer reactance,
by strengthening the transmission system.
This
needs
large
investments,
implemented in the longer term. However,
minor improvements could be achieved by
replacing the existing AVRs (if they are
slow) with fast acting AVRs. Power system
stabilisers are another alternative.

3.7

Reasons
for
Restoration

Delays

in

Experience with the earlier system failures
shows that, system restoration is normally
carried out within a period of around 2 to 3
hours. Although Sri Lanka power system
cannot be compared with those of the
developed world, time taken for restoration
after a failure can be considered
satisfactory if it is within three hours.
However, the complete restoration after
the first failure at 01:29 on 9th October
2009 took almost 12½ hours, which is an
unacceptably long duration. Reasons for
such a long delay need to be closely
studied, with the objective of improving
performance in any similar events in the
future.
3.7.1

System Control Facilities and
Human Resources

One of the major reasons for the delay in
restoration had been the non-availability of
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even the limited facilities that were
normally available at CEB’s SCC in the
recent past. Work has already commenced
on the design of a new SCC, and the new
centre should be equipped with all the
required facilities. Also, it is essential for
action to be taken to keep the new SCC up
to date, with on-going technological
advancements.
However, it is essential to ensure that until
the new SCC is built and commissioned,
the present SCC be provided with at least
the limited facilities.
Although inadequacy of human resources
at SCC cannot be taken as a major reason
for the delay in restoration after the
October 9th blackout and subsequent
events, knowledge and experience of the
operating personnel play a vital role in
fulfilling the main functions expected of a
SCC. This requirement will be even more
pronounced with the state of the art SCC
to be built and commissioned shortly.
Therefore, it is strongly recommended that
CEB should initiate and implement all
possible measures to ensure that suitably
qualified and experienced officers are
selected to serve this important Division,
and action be taken to retain the
experienced personnel and to maintain a
proper balance between experienced and
new professionals.
3.7.2

ensure that no such lapses will occur in the
future40.
However, the fact remains that electricity
supply availability to the entire country is
heavily dependent on Kotmale PS and
Biyagama GS, and the double circuit
transmission line between the two stations.
Up to 580 MW of hydroelectric generating
capacity is served through Kotmale PS
switchyard, to (i) Biyagama to the west,
and (ii) to Anuradhapura to the north.
Kotmale-Biyagama lines were built over 30
years ago. Generation into the Kotmale PS
will be further increased by another 150
MW with the addition of the Upper Kotmale
power plant by 2011.
No significant improvements to the
transmission system to serve the ever
increasing hydropower to the load centres
are included in the on-going transmission
development work, to ensure that the
declared reliability levels would be
maintained. We also note that the
220 kV/132 kV transformer at Kotmale PS
has been out of service for some time,
thus preventing at least some of the
Mahaweli hydropower to be served
through Kiribathkumbura (Kandy) through
the 132 kV network. The transmission link
between Polpitiya and Kiribathkumbura is
currently operated as a direct link without
the connection to the 132 kV switchyard at
Kotmale, and interconnection to Kotmale
220 kV system.

Technical Limitations

It has been proven beyond doubt that the
other major cause for the delay in
restoration was the inability to operate the
switchgear at Kotmale PS. It is essential
that engineering staff should find a
permanent solution to the problem and

The limited transmission capacity to serve
hydropower from the central region to the
western region is further aggravated by the
limitations of the only other transmission
route, the Polpitiya-Kolonnawa lines (two
40

Kotmale PS staff reported that a temporary
solution has been implemented immediately after
the incident, to enable circuit breakers to be
switched on. Further, a decision has been made to
revise the procedures, to leave one circuit breaker
closed at Kotmale after a blackout.
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lines, four circuits). These two lines are
almost 50 years old.
The country had seen the addition of
Canyon (2 x 30 MW), and Samanalawewa
(2x 60 MW), Embilipitiya (100MW) to
strengthen the generation south of
Polpitiya over the last three decades and
this generation also have to be served to
he Western Province via the same route of
OL1-POL and POL-KOL 132 kV lines.
Transmission system improvements have
been largely confined to (i) interconnection
requirements of new power plants (ii)
augmentation of existing GSs, and (iii)
building of new GSs, required to cater to
the increasing demand. However, the
transmission system improvements to
address ageing lines and bottlenecks are
rarely implemented.
This is a very unsatisfactory situation, but
there will not be any short term solutions to
overcome these bottlenecks.
Furthermore, there is unacceptably high
incidence of faults on most parts of the
country’s
33
kV
medium
voltage
distribution network. These faults will not
have a direct impact on the transmission
system, when such faults are cleared
correctly by the protection relays and
circuit breakers. This aspect was not
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studied in detail, under this study.
However, it should be noted that all such
faults will stress the equipment and
increase the work load of the Transmission
Maintenance Division in addition to being
an inconvenience to the consumers.
Minor delays have also been caused due
to the inability to close circuit breakers at
certain stations. It is important for the SCC
to select suitable synchronising points and
also for the maintenance personnel to
attend to all deficiencies in this regard.

3.7.3

Inability to Use Large Thermal
Generation Capacity in Colombo

In October 2009, total installed capacity of
thermal generation in and around Colombo
exceeded 800 MW, with at least 430 MW
at KEL itself. At least 500 MW of these are
gas-turbine driven generators and could be
started within a short time. However, due
to various problems, this large generation
capacity cannot be used to restore power
during an outage, without hydro generation
plants in the system. This is a totally
unacceptable situation.
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4 ANALYSIS OF THE CONDUCTOR
FAILURE
The initiating event of the system failure on
9th October 2009 was the failure of a mid
span compression joint in an electrical
conductor of the Kelanitissa- Kolonnawa
circuit no 2, in the line sector between the
terminal tower and the gantry at the
Kelanitissa. The Department of Materials
Science and Engineering, University of
Moratuwa, investigated the failure of the
conductor.
This chapter presents the
results of the study.

4.1

Description of the Conductor

The conductor on this line is of type
‘ZTACIR’ with an inner ‘Invar’ core (with 19
strands) and two outer layers of
conducting strands of thermally resistant
aluminium with Zirconium ‘ZTAl’ (with 42
strands). ZTACIR is especially used to
reduce the sag in transmission lines when
a higher current carrying capacity is
required.
Figure
4.1
shows
the
58ZTACIR/AS conductor used on the
failed Kelanitissa- Kolonnawa line.

Figure 4.1: Structure of the 58ZTACIR/AS Conductor
ZTAl

Invar

4.2

Description of the T-joint

In 2006, a T-joint to tap the ZTACIR down
conductor of the R-phase of circuit No. 2 of
the transmission line, ruptured. The T-joint
taps the down conductor (please see
Figure 4.2), and serves power to an allaluminimum conductor, which is connected
to the switchyard. Investigations revealed
that the T-joint used between 2004-2006
on the ZTACIR conductor was a T-joint
normally used for Zebra conductors. CEB
staff reported that this ad-hoc measure
was required because no special ZTACIR
T-joint spares were available, although this
was a line newly built in 2004. CEB staff
reported that frequent tightening of the Tjoint was required once in a few months,
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and hot spots were frequently detected on
the T-joints. Similar T-joints were fixed in
all the other five conductors on this line,
and they have been in service throughout
2004 to date, but with constant care by
CEB maintenance staff.
In addition, owing to the short distance
between the tower (where the three
conductors are in a vertical plane) and the
gantry (where the conductors are in a
horizontal plane), higher mechanical stress
would have developed in the conductor.
This is because of the sharp angle
between the main conductor and down
dropper.
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Further, the T-joint designed to tap a
horizontal conductor was now being used
on a conductor with a sharp incline, and it
would have collected water, which may
have promoted corrosion, from the top end
owing to the high slope of the conductor

from the terminal tower to the gantry,
leading to an increased level of corrosion
visible in the sample. These are the
possible reasons for the fracture of the
conductor at the T-joint in 2006.

Figure 4.2: A T-joint Similar to the one that was Mechanically Stressed

ZTACIR
conductor

T-joint
All aluminium
down dropper

Note: This is a recent photograph and not of the original Tjoint that failed in year 2006

As a remedial measure, in 2006, a section
of the ZTACIR conductor between the
gantry and the terminal tower has been
replaced with a Zebra conductor. This
Zebra conductor had been connected to
the ZTACIR conductor with a mid-span
compression joint. Owing to the nonavailability of the correct material and tools
to make a mid-span joint connecting the
ZTACIR conductor on the line-side with the
Zebra conductor on the gantry-side,
jointing material designed for the Zebra
conductor had been used. After being in
operation for approximately three years,
this mid-span joint failed at 01:29 on 9th
October 2009 and dropped to the ground,
leading to the grid failure.
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4.3

Analysis of the Failed Joint

The main part of the damaged mid-span
conductor joint made available by CEB for
the study team, is illustrated in Figure 4.3.
A Zebra conductor (on the left hand side)
has been connected to the ZTACIR
conductor (on the right hand side) with a
steel inner sleeve and an aluminium outer
sleeve. See Figure 4.9 for further
information.
The section of the conductor joint shown in
Figure 4.3 was sectioned at two locations
(1st cut and 2nd cut) to examine the
condition of the joint.
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Figure 4.3: Damaged Mid-span Compression Joint made available to the Study Team

Dent caused by the
impact of the hot cable on
the concrete at ground level

2nd Cut

1st Cut

Zebra
Conductor

Outer Sleeve
Crimped Area
Crimped Area

ZTACIR
Conductor
(not available)

Un-deformed Area

Notes: This is the last segment of the line at Kelanitisa end. The Zebra conductor was hanging from the insulator
string on the gantry, and the section shown in this diagram hit a concrete structure at ground level. Severe ground
fault current would have flown in the section during the 3-second period.

Figure 4.3 shows the entry of the
undamaged Zebra conductor to the midspan joint on the left hand side, while on
the right hand side, where the ZTACIR
conductor was fixed, the whole conductor
has been completely burnt and the strands
Figure 4.4. This indicates a very high
increase of the temperature, possibly due

have become detached from the outer
sleeve. However, some burnt conductor
parts were found stuck inside the outer
sleeve. The strands had melted and some
spatter was also observed on the inner
surface of the outer sleeve, as seen in
to high contact resistance between the
conductor strands and the outer sleeve.

Figure 4.4: Burnt Strands in the Outer Sleeve on the TACIR Conductor Fixing Side

Outer sleeve
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The conductor was cut initially in the crimped area (see the position of the 1st cut in Figure
4.3) and it was found that the core strands were separated from the inner sleeve and also the
ZTAl strands of the ZTACIR conductor were removed from that area (see Figure 4.5).
Figure 4.5: Inner Sleeve Observed at 1st Cut from ZTACIR Conductor Side

Outer
sleeve

Steel
strands

No conductor strands were observed
between inner and outer sleeve. The
damaged mid-span joint was further cut
(see the 2nd cut shown in Figure 4.3) and a
part of the inner sleeve was taken out from
the outer sleeve, where it was found that
the inner core wires from the ZTACIR
conductor was detached and the fracture
surface was indicating some corrosion. It

Inner
sleeve

was also observed that only 7 stands of
the 19 strand Invar core of the ZTACIR
conductor were fixed inside the inner
sleeve (see Figure 4.7). This is because
the joint had been made with sleeves
meant for the Zebra conductor, in which
the inner steel sleeve can accept only the
7 steel strands of the Zebra conductor.

Figure 4.6: Fracture Surface of the Steel Strands of the Inner Sleeve, at the 1st Cut

Fracture Surface of
the inner strands of
ZTACIR conductor

Inner Sleeve
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On the other side of the inner sleeve (at
the 2nd cut), it was clearly visible that there
were 7 Invar (core) strands which were
properly fixed and not damaged (See
Figure 4.7). Since the Invar strands in the
ZTACIR conductor has less strength than

the corresponding steel strands in the
Zebra conductor, using only 7 strands of
the 19 available strands would definitely
have made the connection to be of
inadequate strength.

Figure 4.7: The Inner Sleeve with 7 Invar Core Strands at the 2nd Cut

Furthermore, severe corrosion was also
observed on the outer side of the inner
sleeve. It was not clear whether the

corrosion has taken place before or after
the heat increase (See Figure 4.8).

Figure 4.8: Severe Corrosion on the Surface of the Inner Sleeve

The balance 12 Invar strands of the
ZTACIR conductor were free and only
fixed by the outer sleeve. This may have
caused a premature fracture of the core,
and caused the detachment of the current
carrying aluminium strands from the outer
sleeve. In this process, severe sparks may
have been created and temperature would
have increased to a level adequate to melt
the aluminium strands. The fracture
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between the 7 Invar strands and the inner
sleeve might have been accelerated by
severe corrosion of the inner sleeve and
mechanical stresses.
Therefore, the structure of the straightthrough joint between Zebra and ZTACIR
done with the inappropriate sleeves, would
have been as shown in Figure 4.9.

Page 41

Figure 4.9: Schematic Diagram of Failed Mid Span Compression Joint
.
Outer Sleeve
(Aluminium)

Inner Sleeve
(galvanized steel)

Steel core
Steel
Steel side)
Zebra conductor (gantry
Core
– 7 steel strands
Conductor – 54 Al strands
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Only 7 Invar strands
connected to the
inner sleeve

12 loose
Invar strands

Invar core

ZTACIR conductor (tower side)
Core
– 19 (7+12) Invar strands
Conductor – 42 ZTAl strands
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5 ISSUES RELATED TO
TRANSMISSION MAINTENANCE
Studies revealed several improvements
required in transmission maintenance
functions.

5.1

Maintenance Staff

Information was obtained about the staff
situation in the Transmission Maintenance
Branch. The hot line work force is
managed by one engineer and seven
electrical superintendents, and a total
workforce of 73 workers. An electrical
superintendent leads a gang. The main
questions are (i) the age distribution of the
workers (ii) the overall adequacy of staff.
Thirty seven workers (ie 50%) are in the
age group 40-60, which is not satisfactory,
for demanding tasks involved in hotline
maintenance. Typical CEB practice has
been to allocate fifteen workers to one
gang.
Accordingly,
even
if
the
unfavourable age distribution is ignored,
the hot line maintenance function is short
of 32 workers, or the equivalent of two
gangs.

5.2

Maintenance Equipment

It was observed that facilities and
equipment used for maintenance, ranging
from tools, material and even vehicles,
have not been replaced for many years. As
the transmission network is ageing and is
expanded, many of these facilities should
also be renewed and expanded.
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Annex A: CEB Policy on Power System Operations
Document Reference No: DGM/SYC/TCH/23
POLICY ON POWER SYSTM OPERATIONS – SYSTEM CONTROL BRANCH –July 2009
Item
1.
1.1

Description
Operation Policy.
System Operation Priority
Safety of Persons
Protection of Equipment
Availability of Supply
Quality of Supply
Economics of System Operation

1.2

Water Usage priority
Water Service & Drainage
Environment
Irrigation
Power
System Frequency
The statutory frequency limits are + or – 1% of 50 Hz. System Control
will operate the system with the following frequency range as normal
49.5 Hz – 50.5 Hz.
System Voltage
System Control will operate the transmission system with following
voltages.
As normal
220kV (+ or –5%)
231 kV to 209 kV
132kV (+/- 10%)
145.2 kV to 118.8 kV
33kV Grid bus (+/- 2%)
33.66 kV to 32.34 kV

1.3

1.4

1.5

1.6

Remarks

Under emergency
220 kV (+5% /- 10%)
231 kV to 198 kV
132 kV (+/- 10%)
145.2 kV to 118.8 kV
Spinning Reserve
Spinning Reserve Margin to be not less than 5% of gross generation.
Additional generation may not be started (for short durations) only to
keep this spinning reserve margin.
Maximum Generator Unit
The maximum load of any generation unit shall be less than 20% of
gross generation. However, for the purpose of maximizing thermal
generation alone, this could be increased to 22.5%. (The additional
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loading margin should not be used for cost minimization but only for
hydro minimization). The total Kerawalapitiya plant load(and not loads
of individual units) must be considered in deciding the maximum unit
size as long as the facility is feeding to a single line.
1.7

Frequency Control Machines:
Frequency control is done by one of the following stations
1.Victoria, 2. New Laxapana, 3. Samanalawewa, 4.Kotmale.

2.0

Communication policy:
At least two modes of communication facilities PLTS, PLC, DCN or
Telecom should be available between the System Control and any
Grid Sub/Power station connected to the grid.

Public Utilities Commission of Sri Lanka

Page 45

Annex B: Event List the Relay at KOL end of KEL-KOL Circuits
KOL end circuit No.1
2009-10-09

01:29; 26.386

System IO

General Start Signal

ON

131

0-00-00 00:00; 00.000

20

Directional Inverse Time

Start Signal

132

0-00-00 00:00; 00.000

20

Directional Inverse Time

Start R

ON

133

0-00-00 00:00; 00.000

20

Directional Inverse Time

Start S

ON

134

0-00-00 00:00; 00.005

1

Distance Start R+S+T

ON

135

0-00-00 00:00; 00.007

1

Distance Start R

ON

136

0-00-00 00:00; 00.007

1

Distance Delay 1

ON

137

0-00-00 00:00; 00.007

1

Distance Start RST ON

138

0-00-00 00:00; 00.007

1

Distance Com Boost

ON

139

0-00-00 00:00; 00.010

1

Distance Meas Fward

ON

140

0-00-00 00:00; 00.010

1

Distance Start O/C ON

141

0-00-00 00:00; 00.012

142

0-00-00 00:00; 00.012

1

Distance Trip CB R ON

143

0-00-00 00:00; 00.012

1

Distance Trip CB S ON

144

0-00-00 00:00; 00.012

1

Distance Trip CB T ON

145

0-00-00 00:00; 00.012

1

Distance Trip CB

146

0-00-00 00:00; 00.012

1

Distance Com Send

System IO

ON

General Trip Signal ON

ON
ON

KOL end circuit No.2
70

2009-10-09

01:29; 26.386

System IO

General Start Signal

71

0-00-00 00:00; 00.000

20

Directional Inverse Time

Start Signal

72

0-00-00 00:00; 00.000

20

Directional Inverse Time

Start S

73

0-00-00 00:00; 00.007

1

Distance Start R+S+T

ON

74

0-00-00 00:00; 00.007

1

Distance Start S

ON
ON

ON

75

0-00-00 00:00; 00.007

1

Distance Delay 1

76

0-00-00 00:00; 00.009

1

Distance Start RST ON

77

0-00-00 00:00; 00.009

1

Distance Com Boost

ON

78

0-00-00 00:00; 00.039

20

Directional Inverse Time

Meas Forward

79

0-00-00 00:00; 00.069

1

Distance Start O/C ON

80

0-00-00 00:00; 00.085

8

Synchro Check

81

0-00-00 00:00; 00.095

20

Directional Inverse Time

PermitToClose
Start R

ON

OFF
ON

82

0-00-00 00:00; 00.099

1

Distance Start R

83

0-00-00 00:00; 00.102

2

Sensitive Earth Fault for

0.08 UN

84

0-00-00 00:00; 00.102

2

Sensitive Earth Fault for

Fault Forwards

85

0-00-00 00:00; 00.105

2

Sensitive Earth Fault for

Send

86

0-00-00 00:00; 00.112

14

Logic

Binary Output

ON

87

0-00-00 00:00; 00.112

16

Logic

Binary Output

88

0-00-00 00:00; 00.125

4

Inverse Time Earth Fault

89

0-00-00 00:00; 00.132

20

Directional Inverse Time

Start T

90

0-00-00 00:00; 00.142

1

Distance Meas Fward

ON

91

0-00-00 00:00; 00.362

1

Distance Start T

92

0-00-00 00:00; 00.389

2

Sensitive Earth Fault for

Public Utilities Commission of Sri Lanka

ON

ON

ON

ON

ON

ON
Start Signal

ON

ON

ON
Fault Forwards

OFF
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93

0-00-00 00:00; 00.389

2

Sensitive Earth Fault for

Send

94

0-00-00 00:00; 00.395

14

Logic

Binary Output

OFF

95

0-00-00 00:00; 00.395

16

Logic

Binary Output

96

0-00-00 00:00; 00.409

4

Inverse Time Earth Fault

Start Signal

97

0-00-00 00:00; 00.449

2

Sensitive Earth Fault for

0.02 UN

98

0-00-00 00:00; 00.449

2

Sensitive Earth Fault for

Fault Forwards

99

0-00-00 00:00; 00.449

2

Sensitive Earth Fault for

Send

100

0-00-00 00:00; 00.455

14

Logic

Binary Output

ON

101

0-00-00 00:00; 00.455

16

Logic

Binary Output

ON

102

0-00-00 00:00; 00.469

4

Inverse Time Earth Fault

103

0-00-00 00:00; 00.509

1

Distance Delay 2

104

0-00-00 00:00; 00.509

1

Distance Delay 1

OFF

105

0-00-00 00:00; 00.522

System IO

General Trip Signal ON

106

0-00-00 00:00; 00.522

1

Distance Trip CB R ON

107

0-00-00 00:00; 00.522

1

Distance Trip CB S ON

108

0-00-00 00:00; 00.522

1

Distance Trip CB T ON

109

0-00-00 00:00; 00.522

1

Distance Trip CB

110

0-00-00 00:00; 00.522

1

Distance Com Send

111

0-00-00 00:00; 00.529

1

Distance 2.39 [refLength]

112

0-00-00 00:00; 00.529

1

Distance 0.37 + j 1.20 Z (TR)

113

0-00-00 00:00; 00.529

1

Distance Start O/C OFF

114

0-00-00 00:00; 00.532

7

Autoreclosure

115

0-00-00 00:00; 00.542

2

Sensitive Earth Fault for

Fault Forwards

116

0-00-00 00:00; 00.542

2

Sensitive Earth Fault for

Send

117

0-00-00 00:00; 00.549

118

0-00-00 00:00; 00.554

119

0-00-00 00:00; 00.559

120

0-00-00 00:00; 00.565

121

0-00-00 00:00; 00.585

4

OFF

Start Signal

ON

Def. Trip ON

OFF

Bin.Inp.

3/ 6

OCO Ready

OFF

Inverse Time Earth Fault

Start Signal

Bkr. Open

OFF

OFF

OFF

ON

OFF

122

0-00-00 00:00; 00.585

1

Distance Meas Fward

123

0-00-00 00:00; 00.589

1

Distance Trip CB R OFF

124

0-00-00 00:00; 00.589

1

Distance Trip CB S OFF

125

0-00-00 00:00; 00.589

1

Distance Trip CB T OFF

126

0-00-00 00:00; 00.589

1

Distance Trip CB

OFF

127

0-00-00 00:00; 00.589

System IO

General Trip Signal OFF
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ON

ON

Bkr. Closed (67N)

Distance Delay 2

ON

ON

3/ 8

3/ 5

OFF

ON

Bin.Inp.

Bin.Inp.
1

OFF

OFF
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Annex C: Details of ABB Relays
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