ol Ay
gLl S S5y Bl Alial
Arab Union of Producers,

Transporters, and Distributors of
Electricity

da. i d..w e a-.‘%j
P TE NRUET

Committee of Interconnected
Arab Networks
(CIAN)

14/12/2009



AN Al g Jurdil) i gana
Operation & Asset Performance
Working Group
(OAPWG)

4 el eyl Leldal) i)
(¢l g 228 cililas)
Contingency plan
(frequency and voltage protection)

Tunis (g

December 2009 _rasdfd ) O 5i\S

14/12/2009



% .S‘ I i .
Aadia -1
Oial) -2
el -3
A -4
Ll -5
Aad3a -1

Lie Lo 48UIL S yidall alae) ) 3l 5eS i ol Cangy o

e
Availability (S iball Leadll 2al) o
Continuity Aaddll 4y )l jai) @
Cost Aalss Jaly s o

L5 oSl AT 35 ) Aalal ol 35 aUatl g L) aa s
22 il A e e Jead 201 dlea dadail (L)
Tension x5l Frequency

14/12/2009



Questionnaire Jbuiwy!

Table (1)
FIXED U/F LOAD SHEDDING

Does your power system have Under Frequency Loadd8ige8cheme?

YES

or, NO

if YES please fill in the table bellow

Stages

Frequency (Hz) Time Delay (séc)

Percentabeanf (%)

First stage

Second stage

Third stage

Forth stage

Fifth stage

Sixth stage

Seventh stage

Notes:

Questionnaire Jbuiwy!

Table (2)
AF/AT U/F LOAD SHEDDING

Does your power system have rate of Frequency Stediding SchemeF/AT)?

YES

or, NO

if YES please fill in the table ballo

Stages

Frequency (H2)AF/AT | Time Delay (sec)

Percentage of Load

%)

First stage

Second stage

Third stage

Forth stage

Fifth stage

Sixth stage

Seventh stage

Notes:

14/12/2009



Questionnaire Jbuiwy!

Table (3)
UNDER VOLTAGE U/V LOAD SHEDDING
Do you have Under Voltage Load Shedding Scheme?

YES or, NO if YES please fill in the table betlo

Stages| Voltage Level (KV) Percentage () Time Déeg)| Percentage of Load (¢

Notes:

Questionnaire Jbuiwy!

Table (4)
U/F TRIPPING OF GENERATING UNITS
Does your power system have U/F Tripping of Genrggatnits?

YES or, NO if YES please fill in the table bello

Machine Type Machine Capacity (MW)  Frequency (Hg) imd& Delay (sec

Notes:

14/12/2009



Questionnaire Jbuiwy!

Table (5)
U/V TRIPPING OF GENERATING UNITS
Does your power system have U/V Level Tripping |geit of Generation?

YES or, NO if YES please fill in the table bello
Machine Type  Machine Capacity | U/V Level Percentage | Time Delay
(MW) (kV) (%) (sec)

Notes:

Questionnaire Jbuiwy!

Table (6)
O/F (over speed) TRIPPING OF GENERATING UNITS
Does your power system have O/F Tripping of Gemegadnits?

YES or,NO if YES please fill in the table ballo

Machine Type | Machine Capacity (MW) Frequency (Hz)im&@

Delay (sec

Notes:

14/12/2009
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United Arab Emirates UFLS (for GCC Interconnection)

1st Stage at Percentage of load associated is 10%
49.30Hz: from each region.

2nd Stage at Percentage of load associated is 10%
49.00Hz: from each region.

3rd Stage at Percentage of load associated is 10%
48,70Hz: from each region.

4th Stage at Percentage of load associated is 10%
48.40Hz: from each region.

Tripping of interconnectors is at 48.20Hz.

14/12/2009
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The recommended ULFS scheme of each country is suinad in the following table.

F (HZ2)

49.3
49.2
49.1
49

48.9
48.8
48.7
48.6
48.5
48.4
48.3
48.2
48.1
48

47.9
47.8

TOTAL

KUWAIT
(%)

7.5
7.5
7.5
8.7

7.5

BAHRAIN

(%)
5
8.5
6.2
7.8
7.7

7.5

QATAR TOT
(%) (%tot)
5 5.0
8 3.2
4.6
7.5 7.3
4.6
7.5 3.0
5.3
7.5 3.0
4.6
7.5 2.9

Up to each country to set additional ULFS stages within
this frequency range providing specific actions to face
over-voltages

43.7

42.7

43 43.4

s 4-3

Table (1)

FIXED U/F LOAD SHEDDING
Does your power system have Under Frequency LoaddBigeScheme?

YESY or, NO if YES please fill in the table bellow
Time Delay
Stages Frequency (Hz) (sec) Percentage of Load (%)
First stage 49.3 0.2 6.05
Second stags 49.0 0.2 5.9
0.2 Trip of Interconnections:

48.7 Tunisia —Algeria (4 lines) and

Third stage ' Tunisia- Libya (3 lines - not yet
in operation)

48.7 10 -
Forth stage 48.5 0.2 125
Fifth stage 48.25 0.2 10.7
Sixth stage 48.00 0.2 9.3
Seventh 0.2
stage 47.75 11.9
Notes: total 56.25 %

14/12/2009
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Table 2)
AF/AT UIF LOAD SHEDDING
Does your power system have rate of Frequency Stedding SchemaF/AT)?
YES or, NOY' if YES please fill in the table bellow
Stages | Frequency (Hz)AFIAT | Time Delay (sec) Percentage of Load (%)
First stage
Second stage
Third stage
Forth stage
Notes:
on 5 4-3
Table (3)

UNDER VOLTAGE U/V LOAD SHEDDING
Do you have Under Voltage Load Shedding Scheme?

YES or, NOY’ it YES please fill in the table bellow
Stages Voltage Level | Percentage| Time Delay | Percentage of Loag
(kV) (%) (sec) (%)

First stage

Second stage

Third stage

Forth stage

Notes:

14/12/2009
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Table (4)

U/F TRIPPING OF GENERATING UNITS
Does your power system have U/F Tripping of Geiregatnits?

14/12/2009

YES vV’ or, NO if YES please fill in the table bellow
Machine Type Machine Capacity (MW) Fre(qHuZ?ncy Time Delay (sec
Caterpillar (SEEB) GT 2x13.5 2
ALSTOM (Korba GT1 — Sfax GT1 3x 22 4
& GT2) 475
ALSTOM (Sousse CC — ST) 128 . 4.8
ALSTOM (IPP Radesll: GT1A —
GT1B - ST 115 + 115 + 240 5
FIAT (Korba GT2) 34 3
ANSALDO (Rades B: ST3 & ST4) 2x177 3
GE (Thyna GT — Feriana GT —
Goulette GT) 3x118 47.25 3
ALSTOM (Sousse CC — GT1 & 2 x118 : 4.8
GT2) .
GE (Bir Mchergua GT1 & GT2 —
Bouchemma GT3) 3x118 S
FIAT (Bouchemma GT1 & GT2) 2 x 30 47.20 o
ALSTOM (Tunis Sud GT3 — M.

Bourguiba GT1 & GT2 —

Ghannouch GT2 & GT3) 5x22 3
Mechanical Protection

FIAT (Robbana GT — Kasserine

47.00
GT1 & GT2 — Zarzis GT) 4x34 3
Charmille (Sidi Salem Hydro) 33 4
ALSTOM (Tunis Sud — GT1 &

ET2) 2 x 22 5
MITSUBISHIéI_?r;;ies A STL & > x 162 46.90 5
ALSTOM (Ghannouch : ST1 &

ST2) 2x26 46.50 0-25

SIEMENS (Sousse A: ST1 & ST2) 2 x 153 5

Notes: All U/F protections are electrical unlesshtiened

o5 4-3
Table (5)

UV TRIPPING OF GENERATING UNITS
Does your power system have UV Level Tripping pait of Generation?

YESY or, NO if YES please fill in the table bellow

Machine Type | Machine Capacity UV Level | Percentage | Time Delay

(MW) (kv) (%) (sec)
Different 70 3
auxiliary

levels (380 V
10 6.6 kV)

Notes: No details available - Tripping of auxilesi

All machines See above

13
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Table (6)

OIF (over speed) TRIPPING OF GENERATING UNITS
Does your power system have O/F Tripping of Gemegdnits?

YESY or,NO if YES please fill in the table bellow
, Machine Capacity | Frequency | Time Delay
Machine Type (W) ) fsec)
ALSTOM (PP Radesl!:
GTIA- GT18 ST 115+ 115 + 240 52.0 3
ALSTOM (Korba GT1-
Sfax GT14 GT2) Ixz 222 2
Caterpillar (SEEB) GT 2x135 525 2
Notes:
o5 4-3

wattmetric 388 (s dgaa o ddlaall =8l kbl

rtll) g gl g ) Jagled o 5080 (o pe Aglan 3¢l Jan o

(MW )38 ¢y o gl s
S Wy 205KV
J$5-75 035220 | 1p i
3575 035220 | 2 i
J$5-170 0)55-250 was (p g

14/12/2009

14



o5 4-3
wattmetric 38 (s dgaa o ddlaall =8 b
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gMW)&)m (g : lia i
e LF i

Us3140V | JH3150V | . ,
. . G d 225l gl gl
Wotg) v | imoanpy | SRR | o
W60/ | ARO60Y | Gd00chd | gy
W60/ | REQ60Y | Gdoodd |y
W00V | w0607 | Sdl0Gd | oid

43 gzl 5-3

SEC-CTA

ulk System 2006

ing Area

Eastern Operating Area

Forecasted demand : 9680MW.

14/12/2009
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Table-1, Under Frequency Load Shedding Scheme of EOSystem

| 6 [Greaterthaf93] 76 | 82 |
2 | 51 | 18 | 99 |

Interruptible loads|

Time delay is 6 or
9 cycle depending
on the relay C/Cs

+ COA: Implemented in seven stages as shown ie-taftielow:

Table-2, Under Freguency Load Shedding Scheme of CO3ystem

. . 59.5| 04 12.1f  Riyagh 9.5
59.2 0.05 NIL | NIL NIL 13.86 | Qassim 2.46| 3.16
59.2 0.05 [ NIL [ NIL NIL 194 Hail | 0.71
59 0.4 595| -04 0.05 13.86  Riyagh 10{9 10J913.03
59 0.05 NIL | NIL NIL 8.45| Qassim 1.5 | 213
59 0.05 NIL | NIL NIL 17.36 Hail 0.63
58.8 0.3 59.5| 0.7 0 1098 Riyagh 8.64 8.6411.21
58.8 0.075[ NIL | NIL NIL 11.93| Qassim 2.12 2.58
58.8 0.05 NIL | NIL NIL 12.65 Hail 0.46
58.6 0.2 595 -1 0 1257 Riyadh 9.88 9.8812.83
58.6 0.1 595 -0.7 0 16.62 Qassim 2.95 295
58.5 0.05 NIL [ NIL NIL 13.99 Hail 0.51| 0.51 0.51
58.4 0.15 59.5| -1.2 0 13.41 Riyagh 10/55 10|5BL.5
58.4 0.125[ NIL | NIL NIL 5.4 Qassim  0.96 0.9§
58 0.05 NIL [ NIL NIL 14.51 Hail 053] 053] 0.53

Total load shed % of interconnected system = 3%2

14/12/2009
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UNDER VOLTAGE SCHEME:

Criteria :
It is intended to avoid voltage collapse of an ameder the extreme disturbances.

Schemes description
a. There are U/V schemes that relieve local problemy by load shedding and

this is installed in selected areas:

In COA,; this is installed in Dawadmi substation 86@uayiyah substation
8077 and two other substations inside Riyadh city.

In EOA, this scheme is installed in Hafar Al Basinbstation.

b. There are U/V schemes that cater for wide spaéstdrbances within the whole system:

Presently, in COA, this scheme is installed in efesubstations in Riyadh city
and one substation in Qassim area.
In EOA, this is under preparation to cover Dammaea anly.

4 gauil) 5-3

TRANSMISSION OVERLOAD SCHEME:

Criteria :

Such schemes are adopted to avoid equipment failargase that transmission overl
exceeds the shorerm thermal rating which means that there is nough time for th
dispatcher to make the requited corrective actions.

Scheme description
This scheme is implemented using Special Prote@igtem schemes (SPS) in the follov

order:

+ Reverse Power Scheme to shed load in case ofjlositain circuits (in Riyadh city in
COA).

» Over-current relay used as an overload prote¢tiairop partial generation to alleviate
certain overloaded circuits (in Qassim area in COA)

» Power meter used to drop partial generation tHI@&@ADA within SWCC (in EOA)
power plants to avoid overloading on a certain ieing circuit after tripping of other
related circuits in the aim of preventing SWCC frtwtal shut down.

+ Implementing computer programs to detect thecaiitbverload and then send a signal
through SCADA to shed load in the affected area.

14/12/2009
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TRANSMISSION INSTABILITY SCHEME:

Criteria :

Violation of stability limit for the tie lines beteen each subsystems is not
permitted for the purpose of generation economeragon. SPS is intended to
maintain system stabilitgnly in case of such violation due to local generation

deficit.

Schemes description

A Special Protection System (SPS) in COA is impleted to cater for the increase
transfer above the COA / EOA times stability limit. This system has been speaifly
designed with industrgecepted level of reliability, dependability andxibility to ensur
COA system stability in case of loss of two oufair 380KV tie lines during period of hi
import. It will detect any outage of tie lines a&nsing stations and immediately senddloa
shedding signals to pre-selected 132kV substaf@etion stations) in COA.

Whenever the import exceeds the stability limitspditcher will arm SPS scheme |
relevant number of action stations depending oratheunt of import exceeding the tran
stability limit.

4 gauil) 5-3
OVERFREQUENCY SCHEME:

Ciiera:
Steady state over-frequency where AGC is not aailafter a credible disturbance
shall be prevented.

Schemes description
This scheme is located in remote power plants doterected to the system through double

circutt fing strung in one tower (Layla Al Aflaj and Hailln case of loss of t
interconnection, the scheme shall isolate the reduaumber of generating units at dife
frequency settings.

14/12/2009

18



Crieria;

Such scheme is intended to avoid steady statevoltege of values are harmful for eiti
transmission equipment or for system stabilityt€tion of EHV against witching transiel
or temporary over-voltage such as fiafaesonance is normally considered and coven

4 gl 5-3

OVERVOLTAGE SCHEME:

the equipment design stage.

Scheme description
The scheme is under implementation on the EHV stibst in the purpose of trippi

uncompensated or partially compensated high MVAR gacuits to réieve the steady ste

over-voltage problems resulting from tripping ofjorazompensator(s) or system spli.

4 ) 6-3

Table (1)

FIXED U/F LOAD SHEDDING
Does your power system have Under Frequency Loaddihg Scheme?

YSE v or,NO if YEease fill in the table bellow
Stages Frequency (HZ) | Time Delay (sec)| Percentage of load (%)

First stage 49.5 0.5 5
Second stage 49.3 1 5
Third stage 49.2 2 5
Forth stage 49.0 1 5
Fifth stage 48.8 5 5
Sixth stag 48.6 1 5
Seventh stage 48.4 1 5
Eighteenth stage 48.2 1 5

14/12/2009
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Table (2)
AF/AT U/F LOAD SHEDDING
Does your power system have rate of Frequency Seedlding Scheme (DF/DT)?

YSE or, NOv if YES please fill in the table bellow

Stages | Frequency (HZ)| DFIDT | Time Delay (sec) Perce”&%e offoa
First stage

Second stage

Third stage

Forth stage
Notes:

4 ) 6-3

Table (3)
UNDER VOLTAGE UV LOAD SHEDDING
Do you have Under Voltage Load Shedding SchemeliDF

YSE or, NOv i YES please fill in the table bellow
Stages Voltage Level| Percentage | Time Delay | Percentage of load
(KV) (%) (sec) (%)

First stage

Second stage

Third stage

Forth stage

Notes:

14/12/2009
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Table (4)

U/F TRIPPING OF GENERATING UNITS
Does your power system have U/F Tripping of Gerregatnits?

YES v or, NO if YESepise fill in the table bellow
Machine Type Machine Capacity Frequency (HZ) Time Delay U/V (sec)
(MW) (sec)
48.0 60 60
TISHREEN- ST 2x200 47.0 10 10
46.0 [o] o]
TISHREEN - 2x100 48.2 3 3
GT 47.8 5 5
5x213 48.0 60 60
ALEPPO-E 7.0 ) )
3x220 47.4 5 5
ALZARA 47.3 01 01
2x140 48.0 1 1
MEHARDEH- 2x165 47.5 1 1
ST 46.5 10 10
45.0 5 5
6x100 47.75 12.8 12.8
JANDAR- CC 2 x 100 47.0 0 0
ZYZOUN-CC 3x100+1x150 48.5 3 3
3x100 47.9 14 1
NASEREH-CC 1x150 47.5 0 20
SWEDEEH-GT 5x30 47.5 2 2
TAYEM-GT 3x30 47.5 2 2
DERALI-GT 2x250 48.0 0 0
2x140 47.0 o] 0
BANIAS-ST 2x160 47.0 0 0
-
4 6-3
Table (5)
U/V TRIPPING OF GENERATING UNITS
Does your power system have U/V Level Tripping p@t af Generation?
YSE v or, NO if YE$epse fill in the table bellow
Machine Type Machine U/V Level Percentage (% Time Delay
Capacity (MW) (K.V) (sec)
85 6]
TISHREEN- ST 2x200
TISHREEN - 2x100 85 o]
GT
5x213 13.50 90 2
ALEPPO-E 12.750 85 [9)
3x220 12.750 85 6]
ALZARA o1 o1
2x140 15 75 3
MEHARDEH- 2x165 15 70 5
ST
6x100 10.8 2 12.8
JANDAR- CC > x 100 o) o)
ZYZOUN-CC 3x100+1x150 12 80 0.2
3x100 10.5 14 0.2
NASSEREH-CC 1x150 11.25 0 0
SWEDEEH-GT 5x30 2 2
TAYEM-GT 3x30 6.82 65 o]
DERALI-GT 2x250 o] [e]
2x140 0] o
BANIAS-ST 5x160 o) o)

14/12/2009
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49 6-3

Table (6)
O/F (over speed) TRIPPING OF GENERATING UNITS?
Does your power system have O/F Tripping of Genwgdtinits?

or , NO

if YE®pse fill in the table bellow

Machine Type Machine Capacit Frequency (HZ) Time Delay (sec
Mw)
55 o
TISHREEN- ST 2x200
TISHREEN - GT 2x100 55 o
5x213 55 [e]
ALEPPO-E 55 o)
ALZARA 3x220 55 o]
2x140
MEHARDEH-ST 2x165
6x100 55 o]
JANDAR- CC > x 100 55 o)
ZYZOUN-CC 3x100+1x150 55 o]
NASEREH-CC 3x100+1x150 55 0.1
SWEDEEH-GT 5x30
TAYEM-GT 3x30 55 o]
DERALI-GT 2x250
2x140
BANIAS-ST >x160

Lad 7-3

Table (1)

FIXED U/F LOAD SHEDDING

Does your power system have Under Frequency Loaddihg Scheme?

YESY or, NO if YES please fill in the table bellow
Stages Frequency (Hz) Time Delay (s¢c) Percentieadl (%)

First stage 49.4 0.1 9.8

Second stage | 49.2 0.1 9.3

Third stage 49.0 0.1 8.5

Forth stage 48.8 0.1 9.0

Fifth stage 48.6 0.1 6.0

Sixth stage 47.8 0.1 2.6

Seventh stage

Notes:

14/12/2009
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YES or, NOv’

b - Ll

Table (2)
AF/AT U/F LOAD SHEDDING
Does your power system have rate of Frequency Stediding Schem@F/AT)?

if YES please fill in the table bellow

Stages

Frequency (Hz

)AFIAT

Time Delay (sec)

Percentage of Load (%)

First stage

Second stage

Third stage

Forth stage

Fifth stage

Sixth stage

Seventh stage

Notes:

UNDER VOLTAGE U/V LOAD SHEDDING

e - Ll

Table (3)

Do you have Under Voltage Load Shedding Scheme?

YES or, NOY’

if YES please fill in the table bellow

Stages|

Voltage Level (kV|

Percentage (

0) Time Dé&lag)

Percentage of Load (%

~

151

2nc

3rc1

4lh

Slh

Glh

7th

Notes:

14/12/2009
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Table (4)
U/F TRIPPING OF GENERATING UNITS
Does your power system have U/F Tripping of Gelegdtnits?

YESY or, NO if YES please fill in the table bellow

Machine Type Machine Capacity (MW)  Frequency (Hg) imd@ Delay (sec

Gas Turbines and

Combined Cycle 65 - 285 47.5 instantaneous

Notes:

"

e - Ll

Table (5)
U/V TRIPPING OF GENERATING UNITS
Does your power system have U/V Level Tripping Ppait of Generation?

YES vV or, NO if YES please fill in the table bellow
Machine Typg  Machine Capacity U/V Level Percentage Time Delay
MW) (kV) (%) (sec)
Gas Turbines
and
- 10.5-14 70 2.0-3.0
Combined 65 - 285
Cycle
Notes:

14/12/2009
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Table (6)
O/F (over speed) TRIPPING OF GENERATING UNITS

Does your power system have O/F Tripping of Geiggdtnits?
YESV or, NO if YES please fill in the table bellow

Machine Type Machine Capacity (M Frequency (hz)imd& Delay (sec

Gas Turbines
and Combined 65 - 285 51.5 1.0
Cycle

Notes:

il — L
Libya - Egypt Interconnection

Minimum voltage 0.82 p.u. — 0.60 sec.
Minimum frequency: 49.5 Hz — 200 ms.

Wattmeter relays (time delayed): 1220MW
— 3sec Libya 2> Egypt.

Wattmeter relays (time delayed): 240MW
— 5sec Egypt 2> Libya.

Out of step relay: 0.65 p.u. — 2 oscillations.

14/12/2009
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Libya - Tunisia Interconnection

Wattmeter relays (time delayed): 130MW
+ 80MW - 5sec Tunisia = Libya.

Wattmeter relays (time delayed): 240MW
+ 170MW - 5sec Libya - Tunisia.

Minimum voltage 0.7 p.u. — 0.45 sec.
Minimum frequency: 49.5 Hz — 200 ms.

—_xall 8-3

1. Load Shedding Scheme
Stages Frequency Fregatisncy Time Delay | Percentage off Quantity
(Hz) iy (sec) Load (%) (Mw)
First stage 49.3 | Notused| instantaneoys 9% 354
Second stage |  49.0 |  Notused instantaneous| 9% 350
Third stage 48.5 | Notused|instantaneous|  16% 656
Forth stage 48.3 | Notused|instantaneous|  13% 528
Fifth stage 48.0 | Notused|instantaneous| 6% 243

14/12/2009
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Special Protection Schemes (SPS)
1. Frequency set point to trip the tie lines betwte interconnected systems:
Morocco-Algeria interconnection:
Frequency set point: 48.7 Hz instantaneous.

2.Any Special Protection Schemes (SPS) on the tisiin
Morocco-Algeria interconnection: Watt metric relay
Morocco to Algeria direction

Lines 400 kV HASSI AMEUR — BOURDIM:

300 MW : instantaneous Action: Tripping
260 MW :3mn Action:  Tripping
Lines 225 kV n° 25-5 GHAZAOUET- OUJDA & n° 25-45 EMCEN- OUJDA:
180 MW : instantaneous Action: Tripping
160 MW : 3mn Action: Tripping

Algeria to morocco direction
Lines 400 kV HASSI AMEUR — BOURDIM:

650 MW : instantaneous Action: Tripping
Lines 225 kV n° 25-5 GHAZAOUET- OUJDA & n° 25-45 EMCEN- OUJDA:
350 MW : instantaneous Action: Tripping

Morocco-Spain interconnection Automatic load shedding (remote shedding)
conditioned by the value of the active transitlo& morocco-Spain Interconnection

1350 MW (Spain to morocco direction): 0.2 s loadditing all over the Moroccan system
1300 MW (Spain to morocco direction): 2 s loaddghieg all over the Moroccan system
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Thank you
Merci
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