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CEeps...

Basic Data about CEPS, a.s.

CEPS, a.s. — the only one TSO company in CR

Foundation : 1998
Ownership :

» Osinek, a.s. ( National Property Fund) 51%
» Ministry of Finance 34%

» Ministry of Labour and Social Affairs 15%
Number of employees : 430



CePs...

Grid Structure

@mm

Rohrsdorf ! _ e

TU Slmu:E

PRUHERDU_%

PPC Vfesovd

TISOVA -

ULOLIHE

Etzenricht

400 KV line —_

220 KV lina —— Varin
Power plant -

Substation - ]



Cceps..

Transmission system of the Czech Republic
(situation as of 31.12.2004)

CR
Equipment Bohemia| Moravia in total
400 KV line (ko) 19214 o987 2 201
of which double lins (krn) = 132 S09
2220 KV line (kamn) BEG oh4 1 440
of which double line (krn) 249 229 478
110 KV line (ko) 45 S0 105
of which double line (k) 39 17 o6
400 kV cross-frontier lines (-) 4 G 10
220 kV cross-frontier lines (-) 0 & (5
400 KV substations (-] 15 8 24
220 kV substations (-] 11 3 14
110 KV substations (- L 2
4000220 KV transformers  (-) 2 2 4
400110 KV transformers  (-) 27 14 41
220110 KV transformers (-) 14 L& 20
Transformation capacity (MYWA)| 1 11 190 & 000 17 180




CEPs.
AM (Maintenance)

Corporate environment

« HQ + 3regional centers

« Main volume of maintenance (preventive as well as
corrected) outsourced

« Small skilled teams able to provide diagnostic tasks —to
keep the know-how within company

« Maintenance based upon EQ types rules (standards),
outage plans coordinated by dispatch center

 In 2002 launched a project to improve asset management
IT (grid, equipment, types, unplanned and planned
events, maintenance planning and results inventory and
statlstlcs)

 Before, all technical data stored in xls/doc/mdb/paper

2002 project goal:
“Build an IT system for support of Asset Management allowing its
technical and economical optimization”



CEPS.
Project history and future

History

o 2002 - 11/2003 : analysis of initial state, benchmarking, theoretical
model (KPI's, weights of system components, lifetime modeling, reliability
and costs evaluation, maintenance tasks and intervals optimization (CBM,
RCM, RBM etc.), selection of suitable IT tool

e [1/2003 — 11/2005 : creation and service of centralized “tailor made”

technical information IT (B-SW) : all inventories, equipment and grid
history, maintenance planning and optimization, interconnection with currently
existing expert systems and dispatch center outage planning IT, easy access
to information from any point whithin company, evaluation of trends and
statistics calculations

« [1/2005 : top management decision to buy SAP
« 11I/2005 — /2006 — B-SW “transfer” to SAP
e /2006 — ? — productive service of SAP R/3 PM module

Future

« SAP R/3 Data warehouse implementation (BIW, SEM)

 TID system for integrated collection and automatic expert
evaluation of monitored parameters (data from SCADA, fault
recorders, transformer and special monitoring systems
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First step: Structured terminology

Identification of a specific NT;_%TJW\
place where an equipment -~ 2% "
is to be installed in network v
(using single line diagram)

Y484

437
V438

Identification of a specific
equipment (using its serial
number)

Identification of equipment
groups of the same design
(using manufacturer’s
designation & specification)
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Equipment population

_(O| I

j Kind: IEircuit breaker

j Stts.: I.ﬂ.ctive

E| | Babylon
=1fos] Bezd&Sin

Dejt: No.: |2EEID

CEPS - : :

& flerhead iies Ch ter: |Single component object
Gaffses stred Cole:  [L =||BEZ-GAACAD2OMI_L2
|oelPsPS Wyvchod obll name:

== s i : |Breaker OM1_L2

= M har.
=1-(28] 01. Substations aly char. [ 400Ky

Unit: [£3m0 ¥ Impmtance:l 0,40

[~ Tech. typ obj.

Referent: | KC

& 2

- R 245 kv BEZDECIM Hole"
2 & R 420 ky BEZDECIN

[#-[28] 01. Main steel construction
- 1. bus Wi

H- D 2. bus W2l

Ei® 5. bypass Wh1

- @ Bayw 01 -v451

ID(s.No.): |00/35051736/8
Type: |34P2FI-420

Mir. year: |2U|j|j Dper.slalus:lm operation vl

Object data
Cigre :Rated
U, Location,
Service

Cmp.name IEilc:uit breaker

Mfr.: I Siemens, Berlin

@ Bay 02-T40

Date of ingtallation to object:

Comp. data
Cigre:

[#-(29] 1 - interconnections z ey g M an u faCt u rl n g
. Dbject charactenstics | Comp. chractenistics  Twpe characteristics

- @ Disconnector: 31_L1 year

- i} Disconnectar: G1_L2 P —— Walue Llrut MHote -

-~ ) Disconnectar: G1_L3 007 |Est. medium SFE

-~ i Disconnectar 3211 002 |Dirive zingle phaze

-~ i Disconnectar 32 _L2 003 |Drive type zpling |

- i Disconnectar, 2 _L3 004 |F ated voltage 420 [ e

-~ i Disconnectar: QZ:L‘I 005|Rated current 3160 B, ) Ty p e d at a
-~ i} Disconnector B2 _L2 006 |Fated OPEN current 40 ks e — N

- @ Disconnectar 32 _L3 007 |Rated CLOSE current 1 (23] Cl g re.

N Breaker GM1_L1 008 | Short-time current a0 bty .

Breaker OM1_L2 003 |5 hort-circuit duration 1 T =17 O p e r at I n g

- i geaker QM1_L3 BT i e f

o YTNGRL L1

@ v Note:

2 mech., Main

| LILI & Rec status Active
/ <
Object tree

Component
details

History |Docum. |SChEITIE|La_'r'DUt *nmpnnentl Object

| insulation, Type

of enclosure
Object
details
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Events database

Object events: Components events:
« Unplanned outage * Major failure
 Planned outage e Minor failure
» Service switch-off « Corrective maintenance
* Preventive maintenance (acc. to
Type events: CEPS standard or extraordinary)
« Random failures « Commissioning
« Systematic failures (design, . Disassembly

manufacturing, installation,
ageing, etc. ) see CIGRE

e Disposal

guestionnaire “Cause”

Links between different events has to be recorded
to describe causes and consequences



Ce0s...

Example of unplanned event
420 kV CT AOK (1996) explosmn In 2004

» Normal service of
OHL

» Two strokes into
OHL conductor -
5-10 km distance,
10 kA, 2nd stroke
at the end of single
pole autoreclosing
seguence

10



CEPS...
Example of unplanned events inventory —

Outage report

ajd B I @AQ DHB & OO0 @ m

(@ @| Display PM report: Unplanned Outage T DiSpa'[Ch center enters
G NI S & | arecord about the

. 7 (4]
. D, - -l outage on the same

Detail | @QRef. | §2 Protectionfunction | [z Organization | Links | | day Of the Outage

Reference object

Location viss_ OHL V453 (KRA - NEZ) H|5g 5
wﬁ .ns.aa.zum 15:55:00 Priority 1 1-Very high 2 Categ O rl eS '

End: 09.06.2004 20:43:00

m » Classification

Description
Classification HI KI unsuccessful AR
Outage cause 01 22¢0  configuration change by relay function |[E|
Author Pelr Spumj B | ¢ Outage Cause
Origin CEPS CEES  Intemal
Comment CT explosion in S/S KRA (=) ..
1 o * Origin
Planner group 140 / 1000 PsPS Stfed ® Ter m I n atl O n
Main WorkCtr 1410 / 1240

Notif.date 09.06.2004 = m O d e

=l

o] L0
l D | 260 02| saptst2 | INS %

11



Ceps..
Example of unplanned events inventory —

Outage classification

Display catalogue |

&= CLASSIFICATION

—3 HI unsuccessful AR

—& LO local without AR

—0& NO other

—0&8 0Z successful one end AR

—0E8 ZA successful two ends AR

—@ 7z high importance

«|» «|[»

v ¥ a X




cepl.. _
Example of unplanned events inventory —

Outage cause

Display catalogue
B Place of outage cause Place of outage cause
—3 01 configuration change by relay function
—3 (02 configuration change by maloperation
&= 03 configuration change by forced O operation
—8& 04 O or C operations failed
—3 05 change of configuration impossible
4> 4| »
v % a X

13



Ceps..
Example of unplanned events inventory —

Outage origin

Display catalogue

= ORIGIN Origin

—&E CEPS Internal
—&E MIMO External
—0 NEZNAM Unknown

V||| X

14



Ceps..
EXample or unplanned events inventory —

Mode of outage termination

Set of status
Status

() 01 PISIOC Put into servise in original configuration

@ 02 TBUS Putinto service via transfer busbar
() 03 OTHER Other

15



CEeps... *
Example ot unplanned events inventory —

Outage link to failure report

< | ald HIe@@ RHB (Do I BE @m
[@ Display PM report: Unplanned Outage
(< Tl e
Links
| REPORT TYPE STATUS EQUIPMENT TYPE
120000000074 MaF PRZAZPHL | AOK 420
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Example of unplanned events inventory —

Failure report

1200000000111 MaF 2 =
NOPR ORAS [F9/es BO "
1930000000001 |}
> Description | & Characteristic | B Ref | % Links
| Reference object
Locations KRA=GA AGADS(Q)-TA1_L1  PTP: TA1_L1 (05 - V453) 5]
Equipment 101000000000003651 CT %
(i}
Date of failure
Beginning 09.06.2004 15:55
End 09062004  15:55
Description
Failure mode MAJOR 01  Internal dielectric failure (fashover, breakdown, PD) [ ]]
Type AOK 420 o B

Preliminary couse (text)

[Lightning stroke into OHL V453

[<1[»]1]

Responsibility

Planner group 140 ~ 1000 PsPS Stfed

Main WorkCtr 1410 / 1240

Reported by R4:59A Report date 20.06.2004
[«[x][

an|

W]

> [ 260 5] saptst2 | INS

Regional center
enters a record
about basic
iInformation about
the failure within
one week

Description :

- Status : type of
the failure and
environment
contribution

- Failure mode

17



CEPs...
Example of unplanned events inventory —

Type of the failure and environment contribution

Saet Status

STATUS %
1 E1 Without damage
2 EZ2 Small damage (reparable)
3 E3 Big damage (reparable)
= 4 E4 Ilrreparable
5 AR Successful AR
6 ZA Minor failure

ENVIRONMENTAL STRESS

[ 1] 01 No contribution -

[1 02 Temperature too low

[1 03 Temperature too high

04 Lightning

[] 05 Strong wind I:

[ 1 06 Rain
[=]
[—1]

e

18
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Example of unplanned events inventory —

Failure mode

Display catalogue
= FAILUREMODE Failure mode

— 1= MAJOR Failure mode for major failure
—— » 01 Internal dielectric failure (flashover, breakdown, PD)
—— » 02 External dielectric failure (flashowver)
—— » 03 Loss of electrical connections integrity in primary
—— » 04 Loss of electrical connections integrity in secondary
—— » 05 Leakage of insulation medium (loose part)
—— » 06 Loss of mechanical integrity
— » 07 Accuracy out of tolerances
—— » 08 Providing false signals for protection systems
—— » 09 Damping circuit loss of function
—— » 10 Monitoring device loss of function
— » 11 Other

—1=] MINOR Failure mode for minor failure
—— » 01 Changes in diel. functional characteristics
—— » o2 Weakness in el. connections integrity in primary
—— > 03 Weakness in el. connections integrity in secondary
—— » 04 Leakage in insulation medium
—— » 05 Weakness in mechanical integrity
—— » 06 Changed parameters of secondary outputs
—— > o7 Changed characteristics of damping circuits
—— » 08 Changed characteristics of monitoring devices
e 09 Other

<111 | [<1[»]
o | = | X




CEPRS...
Example of unplanned events inventory —

Failure characteristics

han BE o — | Regional center enters

([@®im| Display PM report: Failure card d b h

O sE | arecord apout the
s SRS W B e o = < failure details when
e ¢ e P o | they are known

| Repair -

Type of repair 5 Rep nt of failed eqL with design | &5 . . .
— Failure characteristic:
" Conditions 2 Mormal service - no swilching operation command in the substation ! ° Type Of the repair
Dm'hﬁﬂﬂ N - -

S e LIS MTER o e Service condition

E:rm::rrcwse :;:.:r::m 11 Lightning overvoltage in excess of rating %; 1] ) Falled part

 Origin
 Primary cause

[ | 260 ¢ saptst2 | INS 2




CEDs...

Example of unplanned events inventory —

Type of the repair

Type of repair ]

—

|
|v e [G8]s] D@ &

Dﬂn

1 Repair of failed component on site

Repair in factory or shop

Replacement of failed component on site
Replacement of failed components and its enclosure

Replacement of failed equipment with another design
Replacement of seals or refilling only

Placed back into service without repair

N oo, ON

| B

21



CePs... _
Example of unplanned events inventory —

Service conditions

Conditions |

—

|
EROEREERERE

D |D

De-energized - available for service
Normal service - no switching operation
Normal service - during switching operation
Fault clearing operation in the substation
Misoperation in the substation

During or directly after testing/maintenance

O A WINI—

, , >

22
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Example of unplanned events inventory —

Display catalogue

= FPART

— = OTHER

T
2
g
;
p

(o h=]

YYYYYYYYYYYYYY
4000
AUN=QOK

T g TTHTTHTTHT
m
0
0
Z
0
>

Failed part

Failed part

Other
Component in primary part

HW tank (primary terminals incl.)

Insulator (porcelain, composite or resin)

Earthed metal tank or enclosure

Bushing (intermal tube)

Spacer or any other rigid HW intermnal insulation
Rigid HW extermnal insulation

Main internal insulation

Primary winding

Capacitors in CWT

Components for expansion control of insulation mMmedium
Sealing (e.g. gaskets and O-rings)

Primary part at optical I'T

O ptical fiber in primary part of optical IT

Part of component in primary part but unidentified

Intermal component in secondary part

- 16 Secondary winding
L 17 Secondary winding insulation
- 18 Shielding of secondary winding
- 19 Intermnal earthing connections and bushings
- 20 Intermnal damping circuits components
- 21 Secondary reconnection taps
- 22 O ptical dewvice in optical 1T
- 23 Transmission optical fiber at optical 1T
- 24 Electrical circuit at optical IT
— =] EXTERMNA External (air insulated) accessory
I L 26 Terminal board
I - 27 External earthing
= - 28 External cable connection
I - 29 Pressure monitoring dewvice
— - 30 Pipes and sealing for pressure monitoring dewvice
T - =31 High frequency equipment protection components
I - 32 Monitoring dewvices other than pressure
— - 33 Any other accessory at optical IT
[= 1= ]I

1 IL=1[>]

| | = | == | | DX

23



Ceps..

Example of unplanned events inventory —

Failure origin

- Origin |

| w

v B G8)s]  |8E] |

DD

Electrical in primary circuits
Mechanical in primary circuits
Electrical in secondary circuits
Mechanical in secondary circuits
Tightness of insulation system
In optical devices

Other

N O WN-

15 Zaznamy nalezeny

x|
M,
S

24



CEDs...

Example of unplanned events inventory —
Failure primary cause

Display catalogue

= CAUSE

—— = OTHER
—1I= BEFORE

o1

02
o3
04
05
06

YYYYYY

—I= SERVICE

o8
09
10
11

12
13
14
15
16
17
18
19
20
21

22
23

yYYYvYYYYYYYYYYYYY

Primary cause

Unknown other causes
Period before putting into service

Design fault (manufacturer responsibility)

Engineering fault (utility responsibility)

Manufacturing fault (poor quality control)

Incorrect transport or erection

Inadequate instructions for transport, erection, operation
Other

Current in excess of rating

Voltage at power frequency in excess of rating
Switching overvoltage in excess of rating
Lightning overvoltage in excess of rating
Mechanical stress in excess of rating
Environmental stresses in excess of ratings
Corrosion

Wear / Ageing

Incorrect operation

Incorrect monitoring

Electrical failure of adjacent equipment
Mechanical failure of adjacent equipment
Human error

Incorrect maintenance

External damage caused by animals, humans etc.
Other abnormal service conditions

(<]l »]]

| Il <]l »]

a0 | | == 2%

25



Fallure links to outage and work order

Ceps...
Example of unplanned events inventory —

ala il GQQIQM&%IJ‘L‘:M«MII @F

@ | Display PM report: Failure card

g‘l G 0 8 & .
E— P e -
-"__"""@ sesen | LiNkS
| | REPORT TYPE STATUS EQUIPMENT TYPE i
S| (110000000111 ot PRZAZPHL | V453_ ]
i_ﬁ:ﬂooooooom ot PRZAZPHL | VAOL
I 140000000254 wo PRZAZPHL | Disposal CT W
|
|
|
[4]
il [+]
[J[»]] | [d[>]
i]'\["ﬁl N Ié:_l*f%%z

26




CEDs...

Example of equipment analyses

30 4
25
20 -
15 1
10 |

Number of HV CB minor failures

LINE

1998y 1999y 2000y 2001y 2002y 2003y 2004y 2005y

72,5 kv
220 123 kV
6%
| 245kV
420 kV 30%
59%
Number of HV CB major failures
16 -
14 -
121 S
10 4 \\\
8 - —
6 -
4 |
2
0 I I I I I I

1998y 1999y 2000y 2001y 2002y 2003y 2004y

2005y

class1to4:
308 live tank CBs

27




CEDs...

Example of equipment analyses

Number of HV CB major F x failed subassembly

16
14
: =
— — — — b
8 ]
6 ] Oc
4-J:I[_ IEIi_ 4[FJ_ g -
2 - ||
1998y 1999y 2000y 2001y 2002y 2003y 2004y 2005y
Number of HV CB minor F x failed subassembly
30
25 g
20 - ] M | Oa
- - mb
15 : a
— _ Oc
10 |— [ | | O Total
O 7ﬂ I I I I \Ij— I I

1998y 1999y 2000y 2001y 2002y 2003y 2004y 2005y

a— Comp. In
primary
circuit

b—-Comp.in
control,
auxiliary
or monitor.
circuit

28



Ceps..
Conclusion

» Structured data collection allows analysis of
equipment history

» Automation (match codes) can bring high added
value to the data collection process by making it
as simple as possible to the personnel

» Using the history of unplanned and planned
events, the equipment condition can be evaluated
to support AM decision making process

» The system can be used to justify decisions of
equipment refurbishment, replace or changing
maintenance intervals and tasks, allowing flexible
long-term work planning

29



CEDs...

Future challenges

®»Automatic collection of monitored data
(SCADA, fault recorders, transformer
monitors, etc.)

®[nterconnection to expert systems

10 evaluate automatically monitored data

»to deliver recommendations about
maintenance rules changes

= Interconnection to economical system to
evaluate corporate risk of AM decisions

30
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Future challenge — Example : Data from fault recorders

e
—— ]

———

Central Server
Storage of events
evaluations (warnings -+
events importance ranking)
Structured TXT

e

Expert system - Module 1
{specific event recognition
and calculation)

.

Interface of selected data

Data

about ECQ

from SAP characteristics

Fguipmenit

TID — MONITORED
CHARACTERISTICS
CENTRAT DB

Module 2 |
MModule 3 |

EXPERT SYSTEM MATN DATA
PROCESSING AND VISUATLISA TIOM

- 1 _

P ——— e —]

Central server folder -

Storage of structured
CFG and DAT input

event records
I

[
cfe and dat files

—

User’'s central DB

module - eSADA
(INTRANMNET)

| Fault recorders

- SIGRA -view at the event data

(visualization)

31
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The whole system than will look like a
nice, organized city
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