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1E0 M5 2021 FEITIE 28% L AR L7- 23, [FIHRRS Clx, & HIC31% E T =T 2 JEREE5 Z L3 H
EE LTz 4 RO T 72 a3 7Z 2 Thsd [The Executive Action Plan of Jordan Energy
Strategy 2020-2030) (%, Z D72 D BAKA 25 H 2/~ LT 5,

ZOXHZ, ANF U DOEE I X — Tk, BARBEZRLF—OEAREFER E LTSN
TWb, LovL, HAZEBOKREWEAFRET R L —OBINItE D, 2N E TREORENEICES
L CE 2RI ERIC X 2 KN RESHEXID T 2720, FROLZEEMICONT, LV —J8¥
BT EeNHELZRD, BROT a7 MOR#E) L—%2 7 X NVRORE D L —IZHHT 54K
TVl NI, RREMBIE LB, T U AT Y L — RN EE) ORISR E AT
D LT, ANFUDORMEBELZN LS, REERIHLET D, L > T, REEITHAETRE
TARVF —OEAHELE &5 T DRSS NG L ST 5,

1-1-3 #2#FFKR

SV L, K 8.9 T F R A— ML SOEZFETHY . BURARHNIERI OEEZ oy &3
HNLER R A2 S, BEENCIIERELE IR b0o0, aZ ARIIIFEERECTHY . KK
BPRICZ L, 2072, TRAF—([THAIKFEL T D, FEHAMHFEEIZ, FEH, S0 7 7
BT, TAUBRETHY, EHEICHESL 2020 FE0fg A EA7 3 S E X, Al L OVEE W (FEIHLL
8 AR ONEE (R, RHE (ZoflEBi#E) Tho, i, EEEHEFEEL T AU B,
AR, BT IETRETHY . 2020 FoM BAL 3 M EIX, M OLSA, )R Gt
R OME PN R D) . £ OMAF CTh o727,

2021 D INE D 1 ANHT- Y O GDP 1% 45,243.66USD TH Y . FE GDP (3HF a1 LA
JERYER DA 5T 12 2020 4ED 1.6%ME/ 035 2021 FI21E 22% DR RIZiz U Tund 8, LavL,
2021 FEEVU U D R FEFRIT 23% LKIR & L TRV, FRIC, BH (15 k~24 %) & LD RERNE
IEI52%, 31% L mi< O, fEEHITHIVNEIZIT S D N2 ~DRENEETH D, 72721, 2021 FD
GDP @ 35% % (5 TV gk e 1%, REBIERDO AL TH Y | FETHEIEOHIFL & LT
DEEPHHFIND, BHZRAX =X, ZORMHERE, SR FEL2LZL2EERA L T7T7THY,
BARMOREEN ., BHAEEER EAZENLTWD,

1-2 #EEEHIDOESR - BERRUBE

ANKE L OENRKROZEEHOT-DIZIL, V7 Mk /~— REOW A D O EN LB AR AR
ThHb, V7 FEOHSIE LTICA X NEPCO 2% LT, HrDedE & E 1%k 02 & H o
SEM LIS, [HAERET XL =R & BEMGORET Y =27 M) &, 2019 FEHHE
fELCW5b, Y7 MECTORENMLZK S —J7, NEPCO OFE R TIE, /N— RROEERETH

4 Summary of Jordan Energy Strategy 2020-2030 p.21 Figure3
5 https://www.mofa.go.jp/mofaj/area/jordan/data.html#sectionl
6 [ k
7 https://jo.usembassy.gov/wp-content/uploads/sites/34/09-2022-Jordan-in-Numbers.pdf
p.1 Jordan’s trade summary
8 https://www.worldbank.org/en/country/jordan/publication/jordan-economic-monitor-spring-2022  Jordan
Economic Monitor Spring 2022 p.ix
® [k p2
0 [F E p7
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% 400KV ZEEFTOEEMRRAE D L—, FRREY L— BESREY L—72 202, FREA B
WO NMEEY L—MERH SN TE Y, BE&REDTZHOZEDFEFHBEAL TR,

R ) L—DREICEE CE 2WGE . RMOFKDEL L, EOGEITITELMEET D, 7
T ITURNMIEDLIARERELHD, OETORT T T U MREAETDHE  ZOEIBICHREZZE L,
ZOMOHEARZ, BFEEEbRERbDERD,

ZOEXI IR, ALK UBUNIZ, T ANEER A S EBREEITICRS VT, #kR ERUE T
OB NREY U —2EE AN - RTFHEICER T VX REY L EE AN BT A EEOHE
iz BAREBFICERE Lz, ZhaliE x| AEELBEE W& U TEMT 5 0EMESCZ Y%

BT LI, YRR, FEHEARE L, MK EEROMEE, Y e MO HEAE

B D Te DI ERRTERE, 7 r Y =7 O BREEEKT 572 OIS LE R FENSHEEON

BREXRET D L& BT R EA 2 55 L7z,

1-3 EAEDEEIM
EREIZIANY o OEE 7 X —ICBE L, @EICIILTO®EZE/L T\ 5,
# 11 RBEOINE U ENHE S ¥ —BEE

HIINE LB ESLES HEE
BRI v & —ZBOLL R, &
BBy —Fa s | IR F R T
1985~1990 4 & 1 EEE EEOKTFIZEBNTE
FREIEETHIEMEERERT S
SIS AR = — KPS
BHARED ML y— | o
2004~2005 4E i o T 570, BHIFE L X — D
) A B/ N
Wit 17 e i
DA/ INKUEENE T X —~ | BISEO 2015 4-2034 FD~ A H
2014~2016 4F- i AR =T FZURETO D 2 | =TT DOREKOFDEH) I H
7k B D T2 8 DOIEE R OREF T2
INEEFAERRET RV | ZRY AT LAOREN., MGG EE
2019~2023 4EfE F—RMHEA & BEMB D | 8 EDOT=DIZ M BRI HE T DR
B2 b 1t
| R RO 1D O R E
B thR B g |
o _ F O SiHE iRk %38 U T, NEPCO
2020~2022 4E g A ST L A PR SR i o
. OV — b ARMOE & EE DR ]
[E BUAHE B3 B RE R N
REMEZE M EICHESTHHD,
2020~2022 4F 5 TRAX =R PFEROFE | A= RBORONE - EElCltR56E
- {7 B BI%E 2K % b D,
ESE s Z— ORI A 7
HFEE &N .
OB 55 7 5 1 | 2002 Ep B s X — R OB | ICE Y T I L& U EURFICRE L, B
) 5 . _ .
5 : Mgt 7 a5 A n—y | BEERITH b O,
B
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1-4 b FF—DEBIEIFR

/L2 TiE, USAID, AFD, EBRD %, #kx 72 KT —IZ K> TENIE 7 Z —~DEIMPITHOI T
WA L ZOH T EBRD WEMiT 5 7 1 =~ k NEPCO Restructuring Loan*?(Z & & #1% Replacement
Of Sub-Station Automation System (SAS) In Existing Substation With Replacement Of All Old Relays®3/%, BE
FEBANCBIT D IAXDORE ) L—DRIE &V ) md k@ LTl Y . AL PR E W,

# 1-2EBRD I NZF U470y =7

et NEPCO Restructuring loan (Replacement of Sub-Station Automation System
(SAS) In Existing Substation with Replacement of All Old Relays)

FhupkRa European Bank for Reconstruction and Development (EBRD)

REhIEE VT R

S| 265,000

HA7 : T USD

St A 2018 2 b dck 18 R[] 1 (2020 7> b HIAE £ Thikfi)

PASRES /B TE 3 1

NEPCO

RS

NEPCO Restructuring Loan X, LA F 2 2O B THWHILD 16,
O A=—br7Vy RVATLARHEET 2L, FAERET X
NF—DEBHE 2 ET D720 ORAEHRE O iE
© BEFEBOT F—oRME - FEICK VB LRI~
DHLZ
A D 5 B, Oz USD 65million, @IZH K 200 million 2375 C
b b,
Replacement Of Sub-Station Automation System (SAS) In Existing
Substation With Replacement Of All Old Relays 1. DD —E & LT,
Ty ) —AREFEN BT —FEBHD SAS VAT L (L
FTHE LS AT L) ZHH L, 2 TOHWEEY L—OBE%21T
Do

W iz 138 Hw 7 % —~OEBOH & LT, USAID I X 5 Energy Sector Capacity Building 72 £ D7 n Y= 7 h i 5

https://pdf.usaid.gov/pdf docs/PA00T3JR.pdf
12 https://www.ebrd.com/work-with-us/projects/psd/nepco-restructuring-loan.html
13 https://ecepp.ebrd.com/delta/viewNotice.html?displayNoticeld=19085470
14 https://www.ebrd.com/work-with-us/projects/psd/nepco-restructuring-loan.html
15 Non-Technical Summary https://www.ebrd.com/work-with-us/projects/psd/nepco-restructuring-loan.html

p.1
16 Non-Technical Summary https://www.ebrd.com/work-with-us/projects/psd/nepco-restructuring-loan.html

p.1
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28 Joozl FERYELRER

2-1 a2y ~FOERBK
2-1-1 #i#& - AB
() #BETOD Y FEBESE
TuYxr NS T R IL I v 2 B J)At (National Electric Power Company, LA T
INEPCOJ) TH V. TOMBEIIN 2-1 DL BV THhDH, SEOT Y s FOEBNFIL, R
VL —REOEFH TH LN, A7r v =7 TR, — KRB CORRBUE TR, RiE) 1 —
AT 5% 2=y MR TOREZRKESCTEET L2 L 720 ZOMBKKIF T, R CTHE
N7 B EMRSFERP (Transmission Maintenance Division) 7237 v ¥ = 7 FEIEEHE & 72 - 7=,

2-1 FEEHEE (NEPCO) DX

2-1

Board of Directors
Managing Director
Internal Audit Legal
Department Department
Compliance | | Administrative Finamcial Servitude Agreements Lawsuits
Section Audit Section Audit Section Section & Legal Section
Consultation
Section
Managing Director Organizational
Office Department Development Department
Rgistry Communications Quality Risk Strategic
Section & Coordination Section Management Planning
Section & Regulatory Section
Affairs Section
Operation Planning & Transmission Tra.nsmission Technical Financial Administration
Division Bulk Supply Project Maintenance Support Division Affairs Division
Division Division Division Service
Division




Z OFEEBRSTEHFAOFEMIZN 2220 &80 TH Y | Z OMFE O o I fr 135 (Middle Maintenance
Department) N7 o~V RABEFLET o~ A —A NEBHZHY L, 7 4 MESFES (Agaba
Maintenance Department) D £&:# - &+ o 2 7 A & 5F 3% (Protection & Metering Systems Maintenance
Section)/> 7 W NEEFT A D LD,

Transmission Maintenance

Division
Technical Support Power Metering
Section Section
[ | [ [ [ |
East Maintenance North Maintenance Mlddle Maintenance Karak Maintenance Ma'an Maintenance Agaba Maintenance
Dept. Dept. Dept. Dept. Dept. Dept.
Substation Substation Substation Substation Substation Substation
—1 Maintenance — Maintenance — Maintenance — Maintenance — Maintenance 1 Maintenance
Section Section Section Section Section Section
OHTL OHTL OHTL OHTL OHTL OHTL
—1 Maintenance — Maintenance — Maintenance — Maintenance — Maintenance — Maintenance
Section Section Section Section Section Section
Protection & Protection & Protection & Protection & Protection & Protection &
Metering Metering Metering Metering Metering Metering
—— Systems ——  Systems Systems —— Systems — Systems Systems
Maintenance Maintenance Maintenance Maintenance Maintenance Maintenance
Section Section Section Section Section Section
Follow-up &
Administrative
Supervision
Section

2-2 Imv= MEBHFAEOHEBX
(2) AEEE & EEETHF
HPRLRSFER O IRE « FHEIS AT LRSFIRO NEMERIER 2-1 O LBY THY | HI#E (Engineer)
21 4, BEE(Foreman)10 44, $£#E# (Technician) 32 4 CTHERK Z4v, FRFE - HlHI S 2 7 A DS - &
MzEz#H-TEREY, R L—OTH LHELHET 5, i) L—OEF LEICHI > TE, ZOHE
OFFENEE T v~V RET o~ A —AMDTHELEEKTH,

# 2-1 HRRSTEORE - FHAIV 2T ARSTHRO N BB

Number of Members
Total
Grade A Grade B Grade C
Engineers 7 12 2 21
Foremen 00 | - | - 10
Technicians 19 9 4 32

Grade A: B 10 4ELL k. Grade B : #%Bk 5~9 4, Grade C : 5 &7

= T RS ORE  FHAIY AT ARSFRRO ANBREKITER 2-2 O LB THY, B

(Engineer) 6 4., BL (Foreman) 2 4., $fE# (Technician) 16 4 CHERLX4L, Ri# - Hl#E> 27 A
DOERSFERZ - TR Y K#ED L—OFH THE LB T 5. R ) L—OEH THIZHTZ > T,
ZOWMEBOFTRNEE CTT WO THEEET 5,
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# 2-2 T MRTFEOGE -

By 2 7 MRSFIRO AR

Number of Members
Total
Grade A Grade B Grade C
Engineers 1 2 3
Foremen 72 (e I —
Technicians 14 2 | 16

Grade A: #%B% 10 €£LL F. Grade B : #%%k 5~9 4, Grade C : 5 £

(3) BTy METHRDEE - #FEEAEH

ri « BRI AT AORSTRRIE, IR ) L—ORFT LR A E S CEMT 2 & & bic, Bk
UL —0DEMERTEBELHE LTS, LR -> T, K - SEEE2ITO L &b, 1#) L—
DT —HBE U235 51, B TP & T 2FEE D FEi L T 5,

TP ORET U — A MIOWTIE, IR & AR P IRLRSFE O PR - FHE R
T ARSFRN T 0 VU 2 7 NETHROMEE - HEFF A T I OW T, T A MRESFRORE - F
W 27 LRSFRRNE D Z L1270 5, b, B ENESHIMERE M N S 4L CHECR ST IE SRR LS FTRE & 72 5
TN L—IZHEHT D700, MR RE Y L—RBRARE L 20 | RSFO AT,
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2-1-2 Bff - F &
INFE ST WAEITD 2021, 2020, 2019 £ 12 F51F 5 NEPCO OAERM A DR ZF 2-3 12+,
INEUEOEEFHEEIZ, 1 H~12 A TH5H (NEPCO X v IHH)

# 2-3NEPCO 4 Z N2 EWNER [JOD]

aEteE

2019

2020

2021

I. =N

TRV —DARFEILA

1, 550, 232, 999

1, 353, 579, 405

1,312, 964, 331

HADWZEIA 5,192,462 5,505,634 9,127, 385
H AT A DIEEFT~

Lo 5, 038, 280 4,386, 112 4, 030, 690
DELEEHANY
= EN S AR 1,560, 463, 741| 1,363,471, 151| 1, 326, 722, 406

. =¥t

TADIAL
RIS DA ARk
%

A TR E & PE D IR 5
Higy

1, 380, 740, 170

28,710,614

1, 254,092, 911

6, 074, 887

29, 093, 295

1,303, 001, 374

29, 410, 608

KR LOHIEE S O

RALT R— DG 1, 283, 007 1,229, 132 1, 161, 500
ER A 1, 454, 095, 805| 1, 328, 459, 731| 1, 381, 307, 776

it : NEPCO Annual Report 2021, 2020
NEPCO - Annual Reports
Z O, FE iR o 2555 T & 5 NEPCO Transmission Maintenance Division 7> 5 O BEEURE - Tl
PRSFOTRILE 2-4 DiEY TH D,
# 2-4NEPCO FMIRFTH [JOD]

SEHERE 2010 2021 2022
RFTHE

1. A PEMEHERE B 939, 653 912, 623| 1, 585, 824
2. FRBRARA 128, 201 15,100| 233,275
3. T H.. i 8, 414 25, 169 32, 802
RFTHEREET 1,076, 268 952, 892| 1,851,901

Higi : NEPCO Transmission Maintenance Division 7> & B H
F 72, 2023 FEFEORSFHER O FHEOEFHE IOD 1,505,000 TH5H Z & BRI L T\ 5, 51k DORSTF
THRIL, BEDOFTEEN D ZAVE T L RIHFEMERPN I CE, B2 PR ARETH Y 8RRV, F
T s BE O FH 24 8% ¢ & 5 NEPCO Transmission Maintenance Division %, 2-1-3 TH® = )L & » [E{I &%

B OWRICOWVWTIESERNWE W) RfETH L Z L&, TIRL T\,
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2-1-3 H iK%

(Rt - FHS AT DMESFREOFTEIL. A7 0V =7 b THROR#ED L—DRST - EH A2 HEE - T
BY., REY L—0EH - SATFICHLEREMEN I ERBEAL TN D, SROT e Y= s h T,
T AT D 132KV RIE AR ARE Y L—I2 oW TE, F#E) L—Bo B Tide < IR
ANENTAREY L—a=y N TORRR LD, Flo, TH/NEBFTO 132kV &l OREY L —
WZHOWTIE, RV L—IC LD R CHEETHZ LD,

INHO 2 EEORBRIHEIT, EE5 MR T I NOETHROFBICL I EEEELTHZ L
THEBEL TS, Tl T I O - GHHl> AT AMESFROFTREIX, 25 OBEMB I =y
NEMNLTOEBEICL DB LEORBREZEEICH L THBY ., THEICET 2HMKEIC W CIE, 3
RNE O LT E D,

BRSO AN - TR O D7V ME#Y L—a=y FOEELEE L, LEEMICHT |
R ) L— a2 — D — 2 X D THLRTFOBEAN S OPMBRIEREE2 A 70 P =7 MZBWTEE
HT 5, ZAUTEY, AL—RRTREOHE, MeFHEEOHEN, EipMh% 0EFER - R TFE
T2,

2-1-4 BRTRHEER - #41
(1) 400KV ERfED KR

AEFEEFZTEL TWDET o~ P TR T o~ A —A N, THEEHD 400KV %4 D
R L—0BRE —ERICE LOTERETT,

® T~y RZEERT 400KV AR (1996 4% 1)

T Y AEEFO 400KV BREOMEED L—DBURITE 25 LBV THY, HEHHRD
TRAEY L—I%, EERREY L—2 8w, ALY L—2 4, BRREY L—N4HmHTH
Do WITNORED L —bRRIFH IR TH Y . — 7R RE Y L —Fd 15 FRE L IR LT
AR 2T O WVREY L—Th 5,

# 25 Trer Yy RAEERHTO 400KV RIEOFEY L ——F

E PSS HReE EYT s Pl ik
R o Alstom SHNB 102 i 1175
- TR 1
1t B Alstom KVFG142 F 178
PEEE Merlin Gerin SEL S21 A Iepin
Tt A~ B Merlin Gerin S79 BT
AT —T#LE FHSRE | 2% 2 Merlin Gerin | DLDS 3000 117U
TR
[ R Gec Alstom BCH R
AR MCTI MCTI39 1Y
I8 B Alstom KVFG142 Ay
PR . Alstom SHNB 102 F 1178
- FIRGE 1
T A~ S ZEAER Alstom KVFG142 Fr 1LY
B hT—FHR2 & PR o SEL SEL 321 FH I
TR 2 - -
PR Merlin Gerin 579 |- A
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S E Merlin Gerin DLDS 3000 -
[ R MCTI MCTI39 1Y
TR Alstom KVFG142 -
PR o Alstom SHNB 102 Fr 1LY
- TR 1
1t B Alstom KVEG142 s (|70
HREE Merlin Gerin SEL S21 i
Trwrt g A~
AR Merlin Gerin S79 F il
TrwA—A MRl 5 - e
HHOSIE | EfR# 2 | Merlin Gerin DLDS 3000 il
(B 5 ) 5 i MCTI MCTI39 A
TR Alstom KVFG142 -
Pl ) Alstom SHNB 102 1Y
EfRiE 1
I Alstom KVFG142 Rl
PREE Merlin Gerin SEL S21 -
Trowrh A~ FIEA R Merlin Gerin S79 FE il
TovA—A M2 5 | FwHEE | 2% 2 Merlin Gerin | DLDS 3000 117
TR
EFLEEE Merlin Gerin BCH i)
TR MCTI MCTI39 s (175
R Alstom KVFG142 [l
HesR =) o Alstom MBCH13 i 1175
- ERE 1
W ER R il
EE# 15, 25 BT Alstom MGCC82 BT
TR1, TR2 108 Sl ) 1Y
———— F{R#E2
rp M A R Alstom MCGG22 1Y
33kV @ E Alstom MCGG63 1Y
400 kV BE#R 1 B, 2 & I EE) ERE 1 Alstom MCAG34 AR
#1, #2 CARS:=T ) ERE 2 Alstom MCAG34 U

® T I ZEEEHT 400kV

A (1997 4 T)

T J NIRRT D 400KV BAEORGE Y L—DBURITE 26 LB THY, THHLOREY L
—E, EEMRREY L—3 6 H, BIEMEEY LS 6, REREEEY L—2N4HE, Y T b
JARTEDS 31, HERTEROREN 8 T, BIEREN 1L CTH D, WTHOE#ED L —H A 3#R LR ©
b, — T RE Y L—Fdy 15 4F L i U CHRRAE 26 EO T WREY L—Th B,

# 26 THNEEFO 400KV BEOHEEY L——F

PR SRR M REHE R5 Rl Pl LUEEY
PR FIRE 1 Alstom Shnb102 il s
T U7 MERR 1B PR L ABB REZ Ee 1178
- TR 2
FEEhA K 71 Reyroll B3 Al
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FEFNA K T2 Reyroll B3 F 1R
[EEET RS ABB RES 010 F 17
R Gec Alstom LFAA102 A
-1 - Reyroll TEB/AR111 i 1LY
P L
-2 Reyroll TEB/AR111 Al
HRE AR -1 Reyroll TR112 E 1l 7R
HRE AR -2 Reyroll TR112 E 1l 7R
A ff
o Siemens 7SR5111 1170
132kV 744" -
Sing=Lii) Reyroll
’ Y 2DAB il
400kV V)7 | CB X300
HERT R RR-1 Reyroll 2DAB F ik
HEWT R PR-2 Reyroll 2DAB F k7
[ e Reyroll F 178
T JRL-1 Reyroll 2DAB GEdlseil
T Hfk-2 | CB X305 Reyroll 2DAB il
[F] 3 e Reyroll E 117
SIEEERY Reyroll 2DCC Al
U T 7 kL SHR
N 758)-1 CC SHR Reyroll B3 Al
(=7 MERR)
758)-2 CC Reyroll B3 F 1T
e FIRE 1 Alstom Shnb102 LY
PR ABB REZ F 17
A Z 71| FR#E 2 Reyroll B3 F 1R
FEFNA K T2 Reyroll B3 F 17
AR - GECs LFAA 102 117
N L
T -AR Reyroll 2DAB Al
S ERERTD Reyroll 2DCC i 17
N~
758)-1 CC Reyroll B3 Al
Za—v— U SHR
758)-2 CC Reyroll B3 Al
15E2%5 -
W R B ABB RAVK1 E 1l 7R
T JRL-1 Reyroll 2DAB sl
- CB X130
HEWT R PR-2 %230 Reyroll 2DAB F ik
Al HAERR Reyroll Edlspil
HERT R RR-1 Reyroll 2DAB Fr k-7
- CB X105
HEWT R PR-2 205 Reyroll 2DAB F ik
Al HA R Reyroll Edlspil
400kV/132kV Ef#s | LEEEHPS | EfRH#E 1L Reyroll DUOBIAS F k7
15, 2%, 3% WIEAEBEPS | FIRE 2 Reyroll B3 i LR

2-7




TR 1, TR2, TR3 728 P,S,N Reyroll B3 17

S Mt AR Reyroll 2DCC 17

P 2080 L 7 Reyroll SEF F 1178

Hi A& 2 FE Reyroll SEF i)

WP SPi-1 110 Reyroll 2DAB IR T

T -2 %210 Reyroll 2DAB Al

] HARE AR Reyroll i il

F 11 Reyroll DAD3 R T
. A 1 -

400KV BRI 7E F1-2 Reyroll DAD3 R T

1 5 RERR, 2 5 R F2-1 Reyroll B3 F 1T
LA 2 -

¥ 2-2 Reyroll B3 F 17

EARRES i Reyroll B68 F 1R

® U7 NERHBAPART (1999 % T)

T N ERARBI BT IE, 400KV HEEE 7 — 7 VX OFE Y L—R@RE SN TR Y . 05k
TR 27TOLBYTHY , WHIZROEREY L—1T, =7 MEZBROT — 7 VAREY V—23 11
Thbd, i) L—ORRFHIETTH Y | BE 24 FOHWVERHEY L—Th 5,

£ 27 U7 NERBREBABTO 400kV BiEOREY L—B

TRt G % M Hene el EH O A
EER b=t ) o GEC Alstom LFCB102 VA Uz
TV MERR L - R 1
CARSSE SN Reyroll B68 F 17

® T UwlA—ANEEH 400KV i (2008 % T)
T A —A NEBFTO 400KV FEOEHEY L—OBIRIFER 28 DBV THY, T ITTY
ANRORHET L —ThbH, LDPLAERE, T~ A —A ~T o~ P 2BOEERLEY L
ZiE, 2 AR E 7203 2 AR F T AR AIRE & 72 5 ZH PR & Baig L 7= B 28
FREBEHT D720, ZOEERORE) L—DARE) L—a=y NI L2 LT 5,
K 28 T~ A—RNEEFD 400kV RIFOREY L—F

PRAE R SR i H%HE EY | s BT I

e o SIEMENS 7SA522 TN

- TR L —
T A —A b~ T IR SIEMENS 7VK611 F L H LR
VA S R AREVA P437 F &
1 5HR, 2 HEMT 2R FRFE 2 SIEMENS 7VK611 F UK LI
FPARE SIEMENS 7VK611 F L H LR
e o SIEMENS 7SA522 AL

EXCS s
T A —A b~ T IR SIEMENS 7VG611 F L H LR
T ) — AR B AREVA P437 UK LA
1SR, 2 5f MG T 2 Bt AR 2 SIEMENS 7VG611 UK LA
FPARE SIEMENS 7VK611 F oz L




IPP3 PR FiriE 1l SIEMENS 7SA522 F LN
158, 2 B EE 1R 2 Schneider P543 F &
L = o SIEMENS 7VH600 TYHNAE
GT £+2 T B T SIEMENS 7VK611 F BN
15,3%5,4%5 MR ) L SIEMENS 7SJ611 F BN
HERT SRk SIEMENS 7VK611 TV H A
e SIEMENS 7VH600 F LA
HERT SR TR 1 SIEMENS 7VK611 FIH N
T WERRRE SIEMENS F XN
teEREH) SIEMENS 7UT613 FYH N

TR1, TR2
WEWT K o SIEMENS 7VK611 AL i
ySR: 1 SIS EERY T2 SIEMENS 75J611 FVH N
KR/QIE R SIEMENS 75J611 FH N
) F147A SIEMENS 7VH600 F LN
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3-2-3 IR ERET

T Yy AZEEFTD 400KV R D L —ROENEX SR O~HEE K 3-1 18T, 2 DK THIM
OHENAS =y NEURO R LR ABAERLTEY ., TMINCE SR LR HRE) L —BOL4L Y
KT,

004
o[ 3] 4 [AB]RBTAB
051 06 {07
a
1150 €003
A 4
< o[ ], [AB[AB|ABABTAB
3600 0110210510607 4
2500
C002
A 4
b »| AB [ AB [ AB | AB | AB | AB [ AB [ AB [ AB 2200

1800 011011071021 03104105]06]07

1750
coo1
V v
< » AB | AB| AB| AB| AB| AB | AB| AB | AB | AB | . - 200‘.
1200L01 1011031011020 03]04 061071 1800 — " 800
1 800
2500
A 4
Control Panels
Co001 €002 €003
ABO1: Transformer TO1 ABO01: Bashar 1 Protection 1: 400kV Amman East 2 Mainl
ABO02: Transformer TO1 ABO02: Basbar 2 Protection 2: 400kV Amman East 2 Main2
ABO03: 400kV Qatrana #1 Mainl ABO1: 400kV Qatrana #2 Mainl ABOL1: Transformer T02 Mainl
ABO04: 400kV Qatrana #1 Main2 ABO02: 400kV Qatrana #2 Main2 ABO02: Transformer T02 Main2
ABO05: 400kV Q01 CB X110 ABO03: 400kV Amman East 1 Mainl ABO5: 400kV Q01 CB X405
ABO06: 400kV Q01 CB X130 ABO04: 400kV Amman East 1 Main2 ABO6: 400kV Q01 CB X330
ABO07: 400kV Q01 CB X105 ABO5: 400kV Q01 CB X205 ABO07: 400kV Q01 CB X210
ABO6: 400kV Q01 CB X230
ABO07: 400kV Q01 CB X305

X 3-1 Tr~r¥ U REERT 400KV RE) L —RBOEEX
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T A NEEEATD 400KV R LR ORIE X L BEO~HEER K 3-2 1R, T A NEERH T, &
DAY 600mm & 800mm @ 2 FEIHDMEINEIET D, ZOKIIEBW T, HA L OB E#Y) L —
2=y NREORRE 725 RLTEY . FTMNZE MR E R DHEED L—BROAERT,

38139140141)42(43(44(45
7
1200
A 4
23| 24]25]|26|27|28] 29 30(31]32]|33|34|35|36(37
a
1200
< 4
9 |10|11]12| 13|14 15| 16 [ M17|18[19| 20| |21]22
2200 2200
a
1200
A 4
112|3|4@» 5(6] 7| 8 |e>
A
1400 600 600
A
5: Busbar 1 Protection 32: 400kV CB X130
6: Busbar 1 Protection 33 400kV New Ma’an 1 Mainl
7: Busbar 2 Protection 34: 400kV New Ma’an 1 Main2
8: Busbar 2 Protection 35: New Ma’an 1 Common
23: Egypt Interconnector 1 CB X300 36: New Ma’an 1 Shunt Reactor
24: Egypt Interconnector 1 Mainl 37: 400kV CB X105 2200
25: Egypt Interconnector 1 Main2 38: 400kV CB X205
26: Common Equipment 39 400kV New Ma’an 2 Mainl
27: Egypt Interconnector 1 Shunt Reactor 40: 400kV New Ma’an 2 Main2
28: Egypt Interconnector 1 CB X305 41: New Ma’an 2 Common 800
600 800
29: "Power Swing Tripping 42: New Ma’an 2 Shunt Reactor
30: 400kV CB X110 43 400kV CB X230 AEWE : 600mm &
31: Transformer TR1 HV Protection 44 400KV Transformer TR2 HV 800mm O 2 f#%H
45: 400kV CB X210
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T A —A NEEFTO 400kV RE Y L —BOREX A X 3-3 12T, BOSHER, T r
B A BT O & —F @ W:800mm x D:800mm x H:2200mm TH 5, ZDOXIZRWT, HEE DN
LR L—a2=y MIUBROXMR L D2 RLTEBY ., TMINISRRERDEHE) L4 %
N I

'y
2100
v
clofclo 18-2(18-1 16-2|16-1|15-2|15-1|14-2|14-1{13-2|13-1{12-2|12-1|11-1}«* >
0 0 1700
X
1650
y
10-1|09-2|09-1|08-2|08-1|07-2|07-1|06-2|06-1]|05-2|05-1|04-2|04-1|03-2|03-1|02-2|02-1|01-2]|01-1 —//—
b
6600
1600
y
C18 (C17|Cl16 [C15|C14 [C13|C12 | C11|C10 |CO9|CO8 |CO7|CO6 (CO5|C04 (CO3|C02|C01

2550

04-1: 400kV Amman South #1 Mainl
04-2: 400kV Amman South #1 Main2
06-1: 400kV Amman South #2 Mainl
06-2: 400kV Amman South #2 Main2

33 TrwrA—R LB 400kV RE Y L—BOBEX

#ZIE - 800mm
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T~ ABEHO 132kV RiE Y L— B OREX LB OSHEEZ K 34 TR T, Tty
AIEERATD 132kV OLRFEY L —TiL, B OIE2 600mm & 800mm @ 2 FFADMENIRET 5, Z DX
IZBWT, BMADBENRE) L—a=y MO R ERDEEZRLTEY , MINZERSG L 7 50k
Y L BOL I E R,

|10|11|12|13|14|15|16|1?|18|19|

G| =l w| ] =
(Coly e ol IR NN BN e)]

| 20| 21] 22 23] 24] 25] 26 27] 28] 29 30] 31| 32[ 33 34|

[35]36]37[38]39|40]41]42|43]4a]a5]a6]47|a8]49]50]51]52]53]54]55]56]

33kV KR Big 600mm. 800mmiETE

7:132kV Transformer No.4 23: 400/132kV Transformer No.1 Secondary
8: 400/132kV Transformer #.2 Secondary 24:132kV OHL (Backup)

9: 132kV Q.A.l.A. No.2 (Backup) 25: 132kV OHL (Main)

10: 132/33kV Transformer No.1 26: 132kV Bayader No.2 (Backup)

11: 132/33kV Transformer No.2 27: 132kV Bayader No.2 (Main)
12:132kV MARANAH (Backup) 28: 132kB Bus Section

14: Bus Coupler 29: 132kV Bayader No.1 (Backup)
15: 132kV SAHAB (Backu) 30: 132kV Bayader No.1 (Main)

17: Busbar Protection 31: 132kV AL Bayader No.3 (Main)
18: Bushar Protection 32: 132kV AL Bayader No.3 (Backup)
19: Bushar Protection 33: 132kV SALT 2 (Backup)

20: 132kV Q.A.I.A No.2 (Main) 34: 132kV SALT 2 (Main)

21:132kV Q.A.l.A No.1 (Backup)

22:132kV Q.A.lLANo.1 (Main)

X 3-4 Ty~ YU REERT 132KV RE ) L —RBOEEX

T I NEEERETD 132kV Y L—#1E, #F 3-SR SN E O Y L— & B LTS ik
ELTRE L, Sl —7 v EERER — 7 b F RIS B L O T 5 2 Ll b, T ORGK
B L O T3 NEPCO MBS CEMT 5 2 &2/, Hil-RRERINIREDT- O, (FH#Y L —
BEOREIZOWTIE, RESTVEERRET S22 T2,
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£ 3-11 TANIKV REY L—OBERE R
BELTR A

132kV Agaba Town line #1 1
132kV Agaba Town line #2
132kV Qweira line
132kV Aie line
400kV/132kV Transformer #1 Secondary
400kV/132kV Transformer #2 Secondary
132/33kV Transformer ST1
132/33kV Transformer ST2
132/33kV Transformer ST3
132/33kV Transformer ST4
132kV Bus Coupler
132kV Bus Section
132kV Bushar Protection

N S R R R R

3-2-4 fE T EHE/ERERTE
3-2-4-1 WL A& FFZEAHE
(1) BT A&

AREETT, HILWVEREY L—a=y b, 3 R# D L—4 NEPCO (M5 L, fli5 L7 4&4%
Y L —a=y NORUREECRE Y L—E~ORKIEr — 7 VBERHEE, O ONCR#EY L— Dk
HEMERBRRBRIZ DU\ TiX, NEPCO HE MR IEHET 5,

NEPCO X, AHIZ L HMRGEY L—a2=> FORFERHRICELHRE Y L—OBUFORBRNEEIZ
D LD, BARN LM IAEEOREBIEEB ZIRIET DL FEEERICEMT 22 L LT 5,
Fo. THN 132KV PRFEY L—=ITHERICBEIT S NEPCO OFHEIZA O TIMEa E A a H
9 %5723, NEPCO ZMEAF LH 2 % L, [FIERIC B A S I ORBRIEE B 2 kg 3 2 HEE
EL L, BB GO T A0 RE L5 HiEER~AT 5,

B, RS OEROE» D PHM ARG T L E L, EE LT, Mo N T 7 v o3t
DOFHEMECUE GLRFE Y L — D AT & NEPCO Ok THEE MO, IL5EHED 10%RE L35,

F7-. NEPCO OIS RHNILX 3-5 D30 THY | LERSTFRIMEERCIE T 71E7 & OMita
HHE L, HEE T I SO N B TE O T 2475,

Transmission Maintenance Division

East/North Middle Karak/Maan Agaba
Maintenance Maintenance Maintenance Maintenance
Department Department Department Department

X 3-5 NEPCO ZEffis]
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o, A=D =& o T, R L—OREHH, HHOAMBRRDLGENHH120, L6
£ LEIPARNC, BERMT 21T 9 NEPCO OEHEIZX LT, A= —ICLDBHRZ LT 5,

3-14



3-2-4-8
AFEETIL, L -
5 Z & A ATRE

Y27 hkavkR—

3-2-4-9 EHEIIE
Fhi TR, £ 34D EBYTHY, BIRKT240HEZHEL TS,

2 MEHE
FHEHIHANOEEEIC LY, Holc®E
ThHEEZOLNAZ NS, Y7 haryR—3y MIAELT S,

# 314 FEEIfE

D% DLREST « HEH 2 NEPCO H & 73H

0 Emez
[ BEEOrE

14£8

2% H

BHEA

E

20

21

22

23

24

25

B

Bt

ARLEEERL

iaae

ARLEERE

AL 2R

<[,

APLEEIREL

AL

Anwm

)

(JICA.:.. nE)

pE R H S -

EENE

#E%EEVEEE

HanalE

BRAR IR

BE (15, R

WX (g L+ M)

RN - 51EL

HaRE (- BoiR - SER DB IR

BREREE R E

HECARE R R

TRYFAUMER

BEmat

HEERTR AT - BL#R - BUBR

325?@%%%?

”@)Xﬁi %ZIKE/J ﬁb\&@wun&wcé)%)

3-2-6 EHRMEEM

AFHEOLRE ) L — B TR T2 YIRS X, RER, A TE
ZDIZ, PRAERKFE R PV T O R FARDLUZ DN T,
_owfﬁﬁ%ﬁoto%®F%
(CHEFFCE D 2 L B LT,

BERTDE
LT OBE S

SRR A S0 L
1B T 2 EE AR A

16
i

ﬁ
PAES

%
a

OAZIER VB L 72 5,
EER . Al Y =P A BEEr
WEW’k%ﬁ%L\



772U, TANRNEEIND = a—~<7T VA EAT 400KV EEBMRN 2 [FFE LT RN THEIND
BBk, 7T H BB D 400kV/132KV ZEEERC 132KV EEBRRSE AR & 722 D22 I ) IR & e
T OMEND D, T & Tl LI fREROMEITFR 3-156 LBV TH D,
K 3-15 BIIRMMENT 7 — R
AR 158 11 34 PTG i
TP TR 400KV T vy A — | BAREAEL, EE |2 FEEEE LTHM
TrvwoA—=AN | Tr~vrA—ARN1EFE | HIZIF 1.0pu  HEFR e L,

TP T AL 400KV TV A — | BAMEAEL, EE | 2 BRMEEE LTHRH
N7 —F 71 k7 —7F 1[EHR HIEIE 1.0pu  HEFF, 7L,
Ve VA 400/132kV ZEF 45 1 A WEMEAERL, B

HIFIE 1.0pu  HERR,

TP A 132kV Abdoun 1 [Al# WAmRAERL, BT

FIE 1.0pu  #EEE,
R,

1F1F 1.0pu ,%E%o
Ty R 132kV Bayader Old 1 [FIff | i A fFRAEME L, &EE
HIFIE 1.0pu  HERR
T H R 400kV 7 AN —=a—~ | BAREAEL, BE | 2 FfE LA, 7

]
3
TP A 132kV Bayader New 1 [Alf% | i
3
1#)

—a—T 7 1 Bl HIZIE 1.0pu  HERF, 773 400/132kV 14
AR 75.8%. 132kV
PR AT 59.1%
T N 400/132kV ZEt# 1A WEARRAEREL, BT
HIFIE 1.0pu  HERE
T AN 132kV Agaba Town 1 [Elff | AWML, EE
HIZIE 1.0pu  HEFRF,
7 R 132kV Agaba Industrial 1 [7] | A fREAEE L, EE
i HIEIE 1.0pu  HERE,
VR 132kV Qweria 1 [H]# WA AR L, BE
HIFIF 1.0pu  HERR

3-3 HHFEAINEEXOME

AREETIE, BV L—a=y FEMNBIOT B8 132kV Y L—35# ) L— CTOHH
BERATS, ) L—a=y NEHICHT- 0, BEREOIREY L —iE, FrffE Y L—H ff
I T3 X OECHREERE - BN LB L 70 D, Fo8 ) L—BEHIC OV T, MR TE, 7r—
TG TR, MR N L D, fEE L TiE. NEPCO MEfT THF, s iy 4252
L7 b, BARRIIZ NEPCO O 43fHI%

1) AT (B ) ﬁx%%ﬁ%%if@@%

2) i U L —HUE T oo o B H R S5 e A

3-16



3) BERE~HIRGEY) L—Z2 W T D7200DN TR (T H v TF A b)) O
4) BEFFBENGIRRGEY L —iiE, FifRiE ) L—ORE, Bl

5) fest ek

6) Fcf&ry 72X T~ D ik

M OSG (132kV T 77 T

7) BoOPERM TEHE

8) CT, VT, &R, FRBIMREDIE 7 —7 O TFhLE K OBk

9) ffeRRHER

10) i dhds L OMREIR S DLy - BEE

NEPCO (34 £ ThH, BHOZ V=7 THR#ED L—HE, B2 FEiE L CE-EENHY . oI
KIS ATHETH D,

HEE S At 112 TIIS BN R Td D, AFZED K 9 Aok br it 522 0F (R T3 A8 FEANT H)
T, BEM LG RE S BIRLS /2Pl TH D, NEPCO RCilBIZES 5> & ORI R CTld, Ehutkpgic
L DBRON T EL | BRI THDLEDOLH —% b - CHEBMLEN TN 5, FEhikREC X 2 BEPisr
BoOTHEELAZELE R D,

3-4 APz FOEE - HBFEEETE

RT7av=r NOREY L —HHETHORSFIZONTL, TVXANY L—IZEHT 5720 BB
EREEN FERE L TR0 | IHTEOMR#E ) L—D & 9 ZEH ks, RN ARE L 2%, BICEREOT
TENY L= L FRRDE 2T T K72 AR OBWAL., PR5F RO 723D OB IEYEZERITRS T
REL 72D,

Y L= MOV TE, RE Y L —EH, ARSI #00 h L—=27"% NEPCO =
PUETISH LTHEML, MY OERZKD, £z, RiED L—a=y PO, RRMAEEL
TG EITTIRRE Y L— M L R RO OWTYFERWER ~Hi& % & 0 BB E FEhiT 5,

1) PRfIasEaRER

B AR ) L— ARl HERBRO AT —JIB T, R#) L— A —H— L 0 EiFEIRE %
TV, NEPCO > ¥ =7 ORBAFEE 2 Ffi L. NEPCO N CTEE#E U L—RSFOHLE 72D A L R—
DREY L—IRD BN DOBEAZH D,

2) EHISR

WERT e 7 ) L—TIR1IEI Lo AE (U L—R) 2FEL TWe), TV L—
WCHEHT L2 LIk, BAMICEM AN REL 25T 5, HEHERE ORI SRIZ A T
i) L—OEM R Z I L T 2 &b, BATO#ER: - IRICITAZN L E 2 55, NEPCO D
TRk ) U —IRTFOSEAT B EBEG 2T . EMRBOBEL BHEZREL TN ZERHEEL
A%

3-17



3) hL—=7trZ— (ETC) DOIFH
ETC OBV F 2T NIR#EY U —ilBRalAiAr, KEETERMALGREY U —I2BT 5 HAimk
EKEH-> T ZENRKELEZHBND,

35 7Oy FOBIREXE
35-1 AR EREZOHREERE
(1) HAMAAHERE
AEEZFTIIIFARTH 578, Hi L - JHEEE ORI T#%., IR FZER A R S o fseeds
ENABEENDTETH D,
(2) gy EAadRE
A EMN,
OFRT M ERRE . XI5 TEok
Of# Y L—a=y N EBEBRARICEY 1T 5 72O DOEE SRV O L R EEED EhE
@7 71 /AT 132KV PR U L —FiHIER ET £ C ORI — 7 L O3k & R EEE O L
2179, TOEMAKHEMEIT, NEPCOBIIEHAIZL D L, ROEBY TH S -

# 3-16 INF VEEHRFERENBLEHE I VY ERAEER

A Bty (HH)
@ | $RAT D AERARR - e TR 2.0
@ | PRiE U L—If HEE S 0.1
@ | 7 A/ NAEEERT 132KV i ) L — ARSI — T 28.0

(3) MEHESEME
1) FEERS  Sf4F 11 H GAIERTH)
XA T A &1L, B ERAES K T URE LA 277,
2) HEEAZH L — b 0 1US$=14267 1
1JOD =200.77
X BRR BRI D 2 agiii L — ML JRE LA (Bf4 4 11 A) ORiARE (5Fn 4
£10 A31H) #EFEHELZEBES > A (HEND) OFHL— T2,
3) ML - FHEEMIE] - BEAERET, BEMRRE, LML, ML TRICRLZEY,
4) Zofh FEEIX. BAREBUFOBEE W) ORI E 2R E 2 TT .

3-18



3-5-2BE - HiBEEE

PR D U—sa g, EABAAE O E - HERFEEEE L L CiX. NEPCO IZ L 2 EHimimE A &, ETC
TOTVHNY L—IZBET D HIK - &R L 725, (R#EY L—HMIC O\ T, 20~30 D ff
FREGErTBE CTdo D723, N8RBT DLBEZR SIS IRSFHEE D T2 O OB L EN R L 70> T D
L, HNAME LT A D LAY EET DL, 16 FREA HRICENN R ERFHE A THZ LN
YE LU,

1) &R

TIOANY LT IRSFIESRIE L TV D72, 1ERT e 7 U L—0 X 9 IREED SRR
ThD, TRTCOREY L—EEEBOSKRE LFE L ICEMT 2 0E372 < FEEDT TERD 1T
ENE T+ THD, BEERZEHE LTIE, NEPCO =Y =T DN L%, BEFML Tx
TWABEFOREY L —EEBEOEYARERDPHIRCTE 2 M Th Y, THEE EORMBEITZRW,
2) hL—=27%H

ETC ZIEA L., AFEETHHALLHEY L—0RR, OB ED ) F2T7 58 L THARTDL D
&CL R PR A BT 2 MEIT N,

3-19



F4E ooz H FOFEHE



F4E TODY FOFHE
4-1 BEXRBEO-OHDRMREN

FEERO - O ORHREMEE L TE, MMM T 20BN ER SN 5 2 LB L USSR
fE1kB X OB REOE L Z F/NRIZT 5728, NEPCO 12T 3TEIZRLHE LA, BEFEHIEr —7
NOFH, Ri#E) L—a2=y OBV HXAEE, 7 /3 132kV U L —E/- T XL S Bl E(E
ETREEnML, (EETHERFILTHZENRMETHD,

4-2 7OV Y FEFEEZERDO-OICLELGHEFAERA (A1) 218
NEPCO D EFHFIHA K 4-1 |ZHFT 5,

# 4-1NEPCO A#HZFEIF
NE fii %
Al - SRR | 1) #AGET (B 2 BARATGET £ T Ok
2) BAFEDDIRY L—HiE, B L—oORE, Bl
3) MYt T MR DA
4) CT, VT, IR, RrRBERFEOINDS T —7 LB
5) fifEadaER
6) ol 7 B~ ik
7) WES B KOO E DSy - BEFE
EREAMERE R | 1) EHIRBRIC X 2 Bk - koK
2) At v & —I5 I X 2 Bk

I

4-3 SAEREH

TuV el FORBEEHER L, IR L TOL 20IIEA%EHE S TW A REOIEFICE L, 46l
BHOERAZRE) L —OEEREES~OBEAILRKB L OZDOTDDEERA V7 7 OEE, £
7280 EE R AR~ O YA RN E LUy,

4-4 7Oz Y FOFHE
4-4-1 Z4%

INELDENE T H =TI, BETREC RV —OEANEFERE L THESNATWS, L
L. HAZBO KR E WEHAFTRET KL X —OEINIE, 2 E TREOREMICES LT & 7= [F
FERIT LD KFBEEPELHNID T 5720, FHOLEEMITONT, L —EBRETLHZ LN
WEETH %, NEPCO Tlx, HAFRET RUF —KEE A, FEF 1LY 720 O ERERH
MEEIMEIZ S D Z & 3 LTV 2021 42 5 A ICKBBEFEARM L TWD 2 b H V| BHRMOLE
HEHAOBER RO 5NTWD, ZDHD/— REOEE/RFETH D 400kV/132kV ZEFEFT O Y
L—IZ, FIEA XA O VMEEY L—RREZIEA SN TE Y | REHREOIK TR EIN
DN, BERNEDTDHFEY L—DOFFHREA TR,

T E Y L—RREICEIE TS W a ., BARMICRLERR A L, REBZRREFR O
4-1



EEEZSIEETHARND D, o, BEFHA IR WD, FIERSCELSEMAOREY L—T, #
R B OB (LB, BES. B 2L LT, S T ALNERDH Y | REIC L HEPRE
b OB PRSI DINEE X 0 6 | FRRSCIEEE DO - O DIEE Y 2 7 B3MEINT 58S & 5,

EENFA LIS A ., RS ORFRNERERET 5 & FRICH TR Z IR A BT CTREERKRZMHG L
TWARYTOEIEZIZI TS, T, EVEOEER S RAES X OREIES~OFERKE U,
AREMIZZ ) LTV AT 2L T 7Yy b THY, TORYMEREL, FHEBE2E LT LI
EHERICHEE L, AOMERRIAEND,

F7-, IBROBZHEWE, HIEROREY L—%2 T UXNVBOEHE) L—ICHH TR r v =)
M, REFHEDFAE LB, TUXNOREY L —DNm ORISR RE 21T 5 2 & T,
ANE U ORFAEHEE 2R ESW, BEEMICEHSG T 5, LIoBno T, AFEEIHFEMEZ L —
DEAHENE &\ D FLE U DRI LA D,

4-4-2 H3htE
4-4-2-1 EEMHE
TUANY L—IZEHT 52 LICL D RREKEREOEBEE R L, EH AR L DT R
DOYIIEE L OMEE THOBIRNATRE & 72 5 728, NEPCO s b LB, A T F v RTHE
IV —E AT T N, RED L—ORRIEEICYNE R N T 2EEE L, FAHEEE BEEE2 T
KoLBYLET5,
#z 4-2 EEMBIRIEE

fEtE4 AYEE (2022 47)

AR (2028 4) [F3E5ERk 5

Fiz]
Ko  MATEAS
Cef% : MEet) ofu TS FRAT SRS
TR Y 12 0 O V1515 B R 209 461 & <68 (*) 15 {&

(53 /)
AT RfESI—E R

7 MR (B4 - ) 12 — 0 —
UL — 0 BRI LA . B . B

T (A - B4 - [EI#R)
E BEEIC OV TR, BATOT VHUHLOMRIC L D IFERB OB Z2E L LT 5,

ARG R ) L— DT VX AL DME E D R0 1970 454 ~1980 4E D s B 1159 200 43 T
ST, T VX IMEDOB N E A 7= 1985 4, 86 AEICHI 100 3 L L TRY . e boE
T (2024 4E) 76 5AEZIZ 50% LA B, R 1B ~DUEL LT, RBAF CIIHED S ER I
15 FRFE & 7o TN D,

Fo. 2 OEERBEEIEZ RFRE OB HIHME L TH %5, NEPCO O4ERIR7EE &I
19,281GWh T&H V| Ziu# 8760 Ifff] THID LB IIE 2,200MW & 725, 25K 1 472D OfF
BREM Y 200 pO%A ., EFEFOFEMEEE N ROV E RS 5 & 766TMWh L7e%, RN
O HARDTHEZOFIEE 2 A 12,346 MIKWh)ZFEIZ I NVZ v OFERUEEIC L 2R EZHAET DL &
1B0EM LD, ZDD, TNEINK AHRET 5 LK 46.1LEME 720 | SEEHEERFF 13 12
2% & R L EM ORFHRKHIBN R EZ WG T 52 LN TE S,

F7. REBUSERAEIC X A RFEBLOEIC O W T L ET 5, BEICHT-V ., 202145 H 22
HIZAELT-ang v EeLickSsMEEEL D EITRFBRIEZHE L,

4-2



Z DIEEIL, 1FEET) 1860MW, FRAFERFH 5 RO KHIBUYSE CTH Y . wEIZIL 2004 F &
2014 FE T 72 2 M ERE O KBS E N AE L T D,

TP, EEENETHIN, BEREKDE 1ﬁ%%®bt&ﬁmb =MEOREED S
1860MWx5 [Efi]+2=4650MWh & L7-, Z OIEEEE ) EE=FERNI 5T, ZEIUSE R T
LIEERAEOHEEEZRT LT, TROLBVEBICL2BIEEZ ML o712,

*& 4-3 EEOBFHRL (BEDH)

PR 1=EE & (EE A= ESXi=UN
(%) (MWh) (F/kwh) (&)

— B SE 44 2,046 2,860 59
T3 26 1,209 1,600 19
[GHES 16 744 2,800 21

AKGE R S 14 651 1,600 10
Xl 100 4,650 109

ASEIAFE S o -2 HEERORFERIT, BAROEEIA N TREL S & 109 EHATHL N, a1
B DORINCHET 5720, NMEBEODE, $1:4 TINF NIHETH LR 0 EHBRE L 25,
SRS o o FhE, BEEOARNZEERRSZZERICBEELTEBY ., 20 L9 AL EBRGIE
FREY LI RER S > THERHIESCHICEETE T, BiHA#E ) L—IC L > THEDRES
AU, FHERERFRIDEIES 5 Z L CRAETHAREMELND S, WORFEZTH L FEEOEWY L—
FEANTHIET, ZOKBBEEY A7 2T 2 Z LN 2D, ZOHEREERETE D,

4-4-2-2 EHHHE

2021 4 5 AIZIZanZ o a2titilh 3577y 777 MBFEELTNDN, £D X5 2KIEE
B OREDIH TEX D, F-IaNVE AT HTIKRELS A LEFDZ LIV AEFEKRAKLTND Z kﬂ%
BB/ D EHRAKRBELTDAEERDH Y RERMEERLEZERTLIRNDRH L7720, (EED
PHE/NSLTEDZ EIE, EERLDOREIZHLDORND,

BRLRGE D L — (B NEERETE I, KIEBEZI SR L-FF L LCTiE, 2021 4
LADONRXRAZ L THRAELTL, "XRZ U E2TICDEMEBENDDLT T 77T MR35, 220kV
EEFT ORI LT, Fhi#) L— (B PSAEECTh 72720, FHAE AL,
REICESTLDTHL, 2O I kB E LTH Hi#EY L—DF v&/l/ﬁ‘é«@E%ﬁﬂ%ﬁﬂéo

2021 TN FAX U TRAELTET T v 7 70 bOKRNIE, SAEEFSARNT, BIET IR
Y LN EWVESEEALY L—07=), BfETE P, v I T v FRHEY L — b i O E KRR
ALY L— CTENEDSERALRREMEN T4 U, R0 m & ALl Wr, BANEEREBRE )2 ~E ) 11—
DN RAEEMAZIE Uiz, F70, AUANTEREDME T L, AR AMIcEbT gL 7ol

NEPCO D #ME b WAL ) L— N2 EE ] S TR Y | FHRFIZ % 2 & RO KB

SEICEAETHENNDH Y, REY L—FHICK YV 2ok 27 REHRES NS,



AT EH



[BE#] 1.

HEMMEE - KA

K4 Y E T I

MSIATEOE N E B 15
i e . . )
Perk i B s 2L — TN —TE—F— L0 PRE
R Z_: fT/ﬁ/ﬁ/\ ESIC s AL 3

IR
HH O | EEELE/ RER A&t 7o T HRERRGF o b
mk Bfs | fREY L— (LEEH) | lWERG Atk
I b R Y L— (GG | st 7 o7 HREEG = v x o b
EE O TTRn | EAARNT WG MRSt
¥ fy | HEdtE/ A HATE st

[E#] 2.

REITIE

—RIEHAE
FEAR
L@% B L@a EMS - - - — Tt
EBTAE(EE) BEE G, TR, &%) FEE )
1108148 % REFE F— & REE F— & RS F— &
2 |10A158 | + R—nFE 7v<v F—nFE T7r<v F—ng T7r<v V%
5
JICA 7 < o BT
®|C/R%E; e R NICAT VTS BHABE [F4 JICA T v B
o 2 IC/RELHA EEilD
3 |10A168H | B P F#%NEPCOZ5R IC/R:&RH TRV
&1 Ve 5 )
NEPCO#fE(MEMR: —#&12) ;/IR;;E&?;? ‘tgizl;;co.ﬁﬁ
IC/REEHA = F
o - HE 21— LR
4108178 | B R NEPCOU\/ID%»&» NEPCO &R 7+ 2 I_I/DFJ NEPCO‘ -
F% TywyHYREE T TyvLHREA R SRR
FH] TrwrYUREH _ NEPCO
5 |10A18H | & T Hy 2B 7o
& i MDRMER (EARRIHEAD) TIRET AR R EAIRIE T
£ BE ) NEPCO
6 |10819H | 7k T4 - NRA TR
*lew vDBETIE @ e TR e reYe
R AR NEPCO
7 [108208 | % R T EET O 7o
1% MDBEFHE AT EAIRE T
8 | 108218 | £ BREERE B TrwvHE F—n TR
9 [108228 [+ xR Hpmm F—n% mE Tovy
10| 10A238 | B BETEETEE BHETEETAE Ty
11108248 | B h b7 —F8RA H b7 —F+8RA TRV
12| 108258 | X fe4 ) [e2 ) T hr
13| 108268 | 7k T hNIRER T H/NIRER T hN
141108278 | K T h/NIRER T h/NIRER T hNR
15| 108288 | & %) “E) T
16| 108298 | &£ ERlEEE B TRV
17| 108308 | B B ET AT B EET O oy
AR RS . T RS .
18] 108318 | A IR A A A R R (NEPCO. R A EERR (NEPCO ey
JICA) JICA)
19| 1181H | X TryIvE K=~ TrRyvE F=n
20| 11828 | F—r% F—n% M




o IR

investigation

X place of
number| date |day of week JICA Officers . i Team Members (Mr.Kaminaga, |Team Members (
Chief Consultant (Mr.Yoshida) ) stay
Mr.Takeuchi, Mr.Nagano) Mr.Nagano)
1 3/10 Fri Narita to Doha Narita to Istanbul Narita to Istanbul Narita to Istanbul Istanbul
2 3/11 Sat Doha to Amman Istanbul to Amman Istanbul to Amman Istanbul to Amman Amman
AM: 1030-1130 AM: 1030-1131 AM: 1030-1132 AM: 1030-1133
visit JICA visit JICA visit JICA visit JICA
Explanation of survey Explanation of survey Explanation of survey Explanation of survey
PM: PM: PM: PM:
3 3/12 Sun - o o o Amman
Visit NEPCO Visit NEPCO Visit NEPCO Visit NEPCO
schedule adjustment schedule adjustment schedule adjustment schedule adjustment
Explanation of power system [Explanation of power system  [Explanation of power system |Explanation of power
anlysys results anlysys results anlysys results system anlysys results
AM;Visit Custom Office AM;Visit Custom Office Visit NEPCO AM;Visit Custom Office
isi
4 3/13 Mon PM;;Visit NEPCO Explanation [PM;;Visit NEPCO Explanation . . PM;;Amman South Amman
Amman south sibstation .
of M/D of M/D substaion
. X . Internal Meeting 8-13
Internal Meeting 8-10 Internal Meeting 8-11 Internal Meeting 8-12 o
PM;Visit NEPCO
PM;Visit NEPCO PM;Visit NEPCO PM;Visit NEPCO X .
. . . . i . Explanation of project
5 3/14 Tue Explanation of project scope  |Explanation of project scope Explanation of project scope Amman
scope
relay replacement construction |relay replacement construction |relay replacement construction P
relay replacement
method method method .
construction method
Visit NEPCO
. . . Visit NEPCO
Explanation of procurement of [Visit NEPCO Visit NEPCO i
. . . . . Explanation of
materials and cost estimation |Explanation of procurement of |Explanation of procurement of
6 3/15 Wed . ) . X . . procurement of Amman
results materials and cost estimation |materials and cost estimation X
i materials and cost
M/D sign results results i i
estimation results
Visit JICA office
) Visit JICA office Visit JICA office Visit JICA office
7 3/16 Thu Explanation of results . . . Amman
Explanation of results Explanation of results Explanation of results
Amman to Dubai
8 3/17 Fri Dubai to Narita Amman to Istanbul Amman to Istanbul Amman to Istanbul Istanbul
9 3/18 Sat Istanbul to Narita Istanbul to Narita Istanbul to Narita Narita
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Name Position Affiliation
Mr. Amjad Rawashdeh MD NEPCO
Mr. Ahmad Dohni AMD NEPCO
Mr. Mohammad Dawood AMD NEPCO
Mr. Kamel Atout AMD for financial affairs NEPCO
Ms. Maysoon Rawabdeh Head of international cooperation and | NEPCO
communication section
Mr. Ma’moun M. Hmouze | Head of clearance section NEPCO
procurement department
Mr. Ali Hyasat Purchasing department manager NEPCO
Ms. Nisreen Rabbuu Legal department NEPCO
Mr. Hussein Momani Protection engineer NEPCO
Ms. Hanan Abu Quba Operational study engineer NEPCO
Mr. Ahmad Khalaileh Protection engineer NEPCO
Mr. Muhannad Abu Saleh | Protection engineer NEPCO
Mr. Mohammad Momani Engineer NEPCO
Mr. Mohammod Qabbaah Engineer NEPCO
Mr. Osama Fruiyeet Engineer NEPCO
Mr. Musa Amaireh Engineer NEPCO
Mr. Mohammad Atyany Engineer NEPCO
Mr. Mohammad Flahat Engineer NEPCO
Mr. Mohammad Khlefas Engineer NEPCO
Mr. Yahya Karajah Engineer NEPCO
Mr. Amer S. Reafey Engineer NEPCO
Mr. Ali Hani Rousan Engineer NEPCO

Mr. Mahmoud Titi

Director of tariff and agreements

Jordan Customs

Mr. Mohammad Obeidat

Head of customs training center

Jordan Customs

Mr. Tariq Ahmad

Head of exemptions

Jordan Customs

Mr. Yahya Faour General manager / ARROW EXPRESS
Executive director (Transportation company)

Mr. Ayman Faour Business development executive ARROW EXPRESS

Mr. Anas Muhaisen Sales team leader ARROW EXPRESS
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16 |To submit Project Monitoring Report (final) (including as-built within 1 month NEPCO
drawings, equipment list, photographs, etc.) after issuance of
Certificate of
Completion for
the works under
the contract(s)
17 (To submit a report concerning completion of the Project within 6 months | NEPCO
after completion
of the Project
18 (To ensure the safety of persons engaged in the implementation of thelduring the Projectf NEPCO
Project
19 [To take necessary measures for security and safety of the Project site|during the Projectf NEPCO
20 [To secure the budget in the case of malfunction of protection relay Before NEPCO
completion of the
project
21 (To prepare the training course for the multi-pole reclosing by the Before NEPCO
current differential relay completion of the
project
(3) After the Project
NO Items Deadline In charge e ed Ref.
Cost
1 |{To maintain and use properly and effectively the equipment After completion| NEPCO
provided under the Grant Aid of the installation
2. Other obligations of the Government of Jordan funded with the Grant
NO Deadline Amount
Items (Million
Japanese Yen)*
1
1) To conduct the following transportation
a) Marin (Air) transportation of the products from Japan to the
country of the Recipient
b) Internal transportation from the port of disembarkation to the
warehouse
2) To provide equipment By the
® 400kv and 132kv protection relay for Amman South completion

substation
® 400kv protection relay for Aqaba substation
®  132kv protection panel for Agaba substation
® 400kv protection relay for Amman East substation

of the project

supervision (Consulting Service)

To implement detailed design, bidding support and procurement

Total

/

*The Amount is provisional. This is subject to the approval of the Government of Japan.
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[E#]5.  BEARRMEN

1. AT DEHRFKEN

-1 ENFE
AN DB mk% TRT R DI 2019 A D 2021 TR 5.57% CEAFTFEBHW
TWb, aNVFDE T — 7 TR REBHNEBE L R/ NBEIEBEDOENIENS>TND LW
RN D D,
# 1-1 aLFUDE
Year - Peak Load - Growth Rate Minimum Load
Moring Evening
2017 3,320MW 3,220MW - 1,350MW
2018 3,100MW 3,206MW -3.46% 1,290MW
2019 3,260MW 3,380MW 5.46% 1,195MW
2020 3,530MW 3,630MW 7.40% 1,040MW
2021 3,540MW 3,770MW 3.86% 1,090MW
i) NEPCO ANNUAL REPORT 2021
-2 BAMIEA

NE L DOEIHE DT, RFIRT L D ITHAEMREZ R VX —HBEBOEANBEAL TV D, 2017 F
ARG 25 O 2 FRAEFTRE = 1 L X —FBOMAE /11% 9.95% Th - 7273, 2021 FEOHFAFHET 1
X —REOUAE I 28.42% L 70> TH Y, AR RLFX —HEOEANZHIZEAL TN D,
Fo, BARBT XL —RBEOHANI LN, [AFEICH AL — L FEBEFT ORI R LT
W5, BAERTRE= VX —RBOMG IR SR EITC KRG BT ORH &S 2 T\ 5,

F 12 INX OB

Gas Com- _ Renewable Energy Total
Year | Steam . bined Diesel - .
Turbines Cycle Hydro Wind Solar | Renewable | Traditional

2017 | 605MW | 228MW | 2,044MW | 814MW | 6.0MW | 198MW | 204MW |  408MW | 3,691MW
2018 | 605MW | 83MW | 2,740MW | 814MW | 6.0MW | 280MW | 449MW 735MW | 4,242MW
2019 | 605MW | 83MW | 2,740MW | 814MW | 6.0MW | 369MW | 637MW | 1,012MW | 4,242MW
2020 | 363MW | 83MW | 2,740MW | 814MW | 6.0MW | 518MW | 900MW | 1,424MW | 4,000MW
2021 | 363MW | 60MW | 2,740MW | 814MW | 3.6MW | 622MW | 953MW | 1,579MW | 3,977MW

i) NEPCO ANNUAL REPORT 2021




2021 FORKFTFERAREOMG D OMKE TRIRT, RRKOREH T4 RYPA 71T
BURD 70.9%% 56, IRWTERAFEEN 15.3%, 7 4 —PBAREN 85% L 72> T 5, AFERE
XA ZIRETH D720 KGHIEBOMIE N D2 2o TN D,

3.6 —_aw

0.1
8.5
1.6 vl
0.0

= Combined cycle units = Steam units
= Gas Turbine units Diesel units
m Solar units = Wind units
m Imports

fH#t) NEPCO ANNUAL REPORT 2021
1-1 2021 4B KF5 ZLRRF O e 7 Ok

13 BARMOBHRESS
SIS ORRRIOMILIL, 400KV & 132KV THER ST %, NEPCO 0 2021 4D T =27

VLR — MEROEBITNICRE SN TV LOEERAROGEHE . BEROER ZRITFT,

# 1-3 FELEFTOLERORER &

Year 400/132/33 230/132 132/33 132/6 132/11

2017 3,760MVA 100MVA 8,985MVA 155MVA 25MVA
2018 4,560MVA 100MVA 9,151MVA 155MVA 25MVA
2019 5,360MVA 100MVA 9,151MVA 155MVA 25MVA
2020 5,360MVA 100MVA 9,249MVA 155MVA 25MVA
2031 5,360MVA 100MVA 9,329MVA 155MVA 25MVA

Hi#it) NEPCO ANNUAL REPORT 2021



#£ 1-4 EEROR %E%
2 kV

66kV
Year 400 kV 230 kv - (Converted to
Overhead lines Underground Cables | gnerate 33kV)
2017 924km 17km 3,555km 62km 17km
2018 1,164km 17km 3,564km 62km 17km
2019 1,376km 17km 3,752km 62km 17km
2020 1,540km 17km 3,828km 62km 17km
2021 1,906km 17km 3,889km 62km 17km

(i) NEPCO ANNUAL REPORT 2021

-4 BEHFZEDHH

aw&/wéﬁﬁ R DOEBNFEELZ T =2 T VL R—= b BROKO LBV EHE L-, BEIFE
ORI, BEOBNFEIT, MOFH LV TN D 720 n, ZHINRENEEOBLNITE A
ERNWZ ENShotlz, BHFEEIL 400005 18:00 O B — 7 FEHE E TR EF L, 18:00 75 &%
INFRELD 4:00 F TSI TRET 2R EZ R L TV 5,

AK7avxr FOREMKREIRROIY # 2 THIC idf%%VL@ﬁ 132kV EEMREB L O
400KV/132KV ZEgs a5 Ik SH D MENH 5, BT EIIFHN L FHEN TN =9 | %éﬁﬁm W
D#ax THIXEBENFE ’;5%#iﬁw%@&\ﬂﬁ6 ttb\wfﬁ@k LR DR ES
DHONFREIN D GAECEER R E O AME 1T 2RI T 18 éné%é\%agﬁﬁ%%
SEDLTHITAET DLENRD D,

—Summer Peak Load 2021/7/19 —Winter Peak Load 2021/12/20
Spring Peak Load 2021/4/12 Autum Peak Load 2021/10/12
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1-b BEREEIRIILYX—OXKEHH

BTHELC R L7226, BRI R EIC BT 2 KGR E & AR EBOIRE S 2 RO RT,
2021 FFE O KB HED ﬁ%@?:n?WV$~Fmﬂ&hiﬁdw%MWT%D\%@@%%i
iﬁk?ﬁﬁ%MWk&othoik\7:;7»Vﬁ~%2%1¢i@2%1@@@ﬁ%%@%ﬁ
W1 622MW T, EEEROFRTE &L K TR 400MW Th o 7o, KEEFEIZFZR W =3 L 63%, J&
FIFEBITERM RIS LT 67%DREBERL 2> T, KL ET ﬁﬁ SENR K L 72 D 18:00
HE TR TE 52 Lot

—Summer Peak Load 2021/7/19 —Winter Peak Load 2021/12/20

Spring Peak Load 2021/4/12 Autum Peak Load 2021/10/12
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Time of Day
i) NEPCO ANNUAL REPORT 2021
X 1-3 2021 D 2R, KB KE T B O R E

Load [MW]

—Summer Peak Load 2021/7/19 —Winter Peak Load 2021/12/20
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Preparatory Survey for the Project for
Enhancing Power System Operating Capacity
in the Hashemite Kingdom of Jordan

29 Survey, Equipment list &Confirmation Items

March., 2023 (15 Mar. Revision)
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1. Summary of the equipment to be renewed

Substation Classification of protection | Renewal method Work spot
Lo . . Existing relay
400kVTransmission line Replace relay units
panel

400kV/132kVTransformer | ditto ditto

Amman South 400kVBusbar ditto ditto
132kVTransmission line ditto ditto
132kV/33kVTransformer ditto ditto
132kVBusbar ditto ditto
400kVTransmission line ditto ditto
400kV/132kVTransformer | ditto ditto
400kVBusbar ditto ditto

Aqaba

132kVTransmission line

Replace relay panel

New relay room

132kV/33kVTransfiormer

ditto

ditto

132kVBusbar ditto ditto
Agaba Cable End | 400kV Cable line (Egypt | Replace Existing
terminal interconnector) relay panel panel space

Amman East

400kV Transmission line

(Amman South line)

Replace relay units

Existing

relay panel

2. Quantity of 400kV protection relays

unit quantity panel
Protection type Kind of Relays remarks amman amman aqaba cable total aqaba
south east Aqaba end cable ends
current differential Integrated type such as
distance relay, overcurrent 4 4 1 9
relay
relay, voltage relay,
Integrated overcurrent
distance relay relay, voltage relay, 4 6 10
Transmission line protection overload protection,
Hig-impedance .
. . Stub protection 8 6 14
differential relay
Autorecloser 3
undervoltage relay grounding interlock 0 0
. Distance type out-of- .
Out-of-step protection Egypt interconnector 1 1
step relay
overcurrent rela 5 5
Shunt reactor (ShR) Y
. High-impedance
protection 6 6
differential relay
Overcurrent relay
. . 18 22 40
Breaker failure protection & |(CBF)
control (DIAMETER) Synchronization 9 8 17
confirmation relay
Biased differential
4 7 11
X relay
Transformer protection
High-impedance
(400kV/132kV transformers, ) ) 4 4 8
differential relay
generator transformers)
overcurrent relay 2 0 2
undervoltage relay 0 0
. High-impedance
Busbar protection . . 8 8 16
differential relay
Overvoltage protection overvoltage relay 0
Relay setting tool (laptop PC) 1 1 1 1

Spare
relay




2.1-1 400kV Amman South S/S Qatrana 1, 2L

Q'ty /1L
Functions Series Manufacture Model# Type Replacem-ent with Type Remarks Q'ty
functions
Distance ALSTOM SHNB 102 |  STATIC Distance numerical | A% FLDEAF“(;L\‘/a:nCtZ:‘::;i POG 1
Circulating Mainl ALSTOM MCAG34 STATIC High-imp Diff. numerical 1
Overvoltage ALSTOM KVFG142 STATIC
Distance MERLIN GERIN SEL S21 STATIC Distance numerical ditto 1
AR MERLIN GERIN S79 STATIC
FL GEC ALSTOM DLDS 3000 STATIC
Mutual coupling Main2 GEC ALSTOM BCHMore STATIC
Current flow checking MCTI MCTI39 STATIC
Circulating ALSTOM MCAG34 STATIC High-imp Diff. numerical 1
Overvoltage ALSTOM KVFG142 STATIC

® A numerical distance relay includes “AR, FL, Zero-phase-sequence coupling compensation, DOC, OV, DEF etc”.
Distance protection will be used for zonel to zone3 for forward direction and zone4 for reverse direction.
® (Qatrana 2L has SEL-321 numerical distance relay. It will be replaced.

2.1-2 400kV Amman South S/S Amman East 1, 2L

Q'ty /1L
X . Replacement with ,
Functions Series Manufacture Model# Type R Type Remarks Q'ty
functions
Distance, AR, FL, Mutual
Distance ALSTOM SHNB 102 STATIC Current Differential numerical . ] 1
coupling, OC, OV integrated
Circulating Main1 ALSTOM MCAG34 STATIC High-imp Diff. numerical 1
Overvoltage ALSTOM KVFG142 STATIC
. . . R Distance, AR, FL, Mutual
Distance MERLIN GERIN SELS21 STATIC Current Differential numerical . ] 1
coupling, OC, OV integrated
AR STATIC
FL Main2 STATIC
Current flow checking MCTI MCTI39 STATIC
Circulating ALSTOM MCAG34 STATIC High-imp Diff. numerical 1
Overvoltage ALSTOM KVFG142 STATIC

® A numerical current differential relay includes “Distance, AR, FL, Zero-phase-sequence coupling
compensation, DOC, DEF, OV etc”.




2. 1-3 400kV Amman South S/S Transformer 1T, 2T

Q'ty /1T
Repl t with
Functions Series Manufacture Model# Type P acem'en W Remarks Q'ty
functions
Differential ALSTOM MBCH13 STATIC Differential 1
Mainl
Physical
OC, Overfluxing, Neutral OC
ocC ALSTOM MGCC82 STATIC Diff tial ’ ! ! 1
erentia 33kV OC integrated
Overfluxing STATIC
Neutral OC ALSTOM MCGG22 STATIC
33KV OC ALSTOM MCGG63 STATIC
Earth fault over Main2
current (for earthing ALSTOM MCGG22 STATIC oC 1
transformer)
HV CIRCULATING .
ALSTOM MCAG34 STATIC High Imp. 1
CURRENT
Circulating current ALSTOM MCAG34 STATIC High Imp. 1

® A numerical differential relay (Bias) includes “Overfluxing (overexcitation), OC (primary, secondary, tertiary
and neutral) etc”.
® A numerical differential relay can provide trip orders and display for physical relay operation from Bl input.

® |tis O.K that overfluxing have 1-phase VT input. .

2.1-4 400kV Amman South S/S Busbar protection

Q’ty /1Bus+2Bus total

® A numerical high-impedance differential relay can reuse existing the varistor (nonlinear resistance may
be Metrosil® ) and the stabilizing resistor.

8




2. 1-5 400kV Amman South S/S DIAMETER CB

Functions Series Manufacture Model# Type Replijizie;n:swith Remarks Q'ty ?1ltDyIAMETER
CBF-A Mainl ALSTOM MCTI OC (CBF) 1
CBF-B Main2 ALSTOM MCTI OC (CBF) 1

Short zone A ocC 0
Short zone B oc 0
Synchro checking Synchro checking 1
oc Mainl ALSTOM MCTI OC (CBF) 1
oc Main2 ALSTOM MCTI OC (CBF) 1
Short zone A ocC 0
Short zone B oc 0
Synchro checking Synchro checking 1
oc Mainl ALSTOM MCTI OC (CBF) 1
oC Main2 ALSTOM MCTI OC (CBF) 1
Short zone A ocC 0
Short zone B ocC 0
Synchro checking Synchro checking 1

® OC for CBF and Short zone is common IED. (One OC relay has CBF function and OC functions.)

® Timers for CBF and Short zone are separated from each other.
9
2.2 400kV Amman East S/S Amman South 1, 2L
Q'ty /1L

® A numerical current differential relay includes “Distance, AR, FL, Zero-phase-sequence coupling

compensation, DOC, DEF, OV etc”.

10




2.3-1 400kV AQABA S/S Egypt Interconnector 1L

Functions Series Manufacture Model# Type Replijszieon:swnh Type Remarks Q'ty
Distance Mainl Alstom Shnb102 Static Distance numerical 1
Distance ABB REZ Static Distance numerical 1
DIFF-1, STUB Main 2 REYROLL B3 Static DIFF-1, STUB numerical |High-Imp. 1
DIFF-2, STUB REYROLL B3 Static DIFF-2, STUB numerical High-Imp. 1
SYNC ABB RESO10 Static lateomiectadisteace
AR GEC ALSTOM LFAA102 Static lntegrated-in-distance 1
OVR1 REYROLL TEB/AR111 Static Integrated in distance
Common
OVR2 REYROLL TEB/AR111 Static Integrated in distance
85-1 REYROLL TR112 Static
85-2 REYROLL TR112 Static

A numerical distance relay includes “AR, FL, Zero-phase-sequence coupling compensation, DOC, DEF, OV etc”.

AR should be installed on a common panel because of complicated wirings.

11

2.3-2 400kV AQABA S/S Egypt Interconnector 1L

. . Replacement with ,
Functions Series Manufacture Model# Type ) Type Remarks Q'ty
functions
OLR Integrated in distance
SIEMENS 7SR5111 Static
132kV feeder
OLR Integrated in distance
REYROLL 2DAB Static
400kV Syria CB X300
CBF-1 REYROLL 2DAB Static OC-CBF-1 numerical 1
CBF-2 REYROLL 2DAB Static OC-CBF-2 numerical 1
SYNC REYROLL Static SYNC numerical 1
CBF-1 REYROLL 2DAB Static OC-CBF-1 numerical 1
CBF-2 CB X305 REYROLL 2DAB Static OC-CBF-2 numerical 1
SYNC REYROLL Static SYNC numerical 1

® A numerical distance relay includes “Thermal overload function” and it is acceptable.

12




2.3-2 400kV AQABA S/S Egypt Interconnector 1L (continued)

An example of out-of-step protection as impedance type that can be
included in distance relay for transmission line protection.

But it may not be same function of impedance type.

Please tell us the function and scheme of the existing relay by sending

manual.
out-of-step locus passes from Zone A > Zone B >

Zone C (or Zone C > Zone B - Zone A) and remains
in Zones A and C for the detection time (TOST).

X

OSTXF

Impedance
locus

R
/OSTRz /osrm R

OSTXB

13

2.3-3 400kV AQABA'S/S ShR for Egypt Interconnector 1L

® A numerical high-impedance differential relay can reuse existing the varistor (nonlinear resistance may
be Metrosil® ) and the stabilizing resistor.
Could you clarify the type of Metrosil® and value of stabilizing resistor which existing relay panel applied,
and also, existing high-impedance diff. relays’ settings.

14




2.3-4 400kV AQABA S/S New Ma’an 1L,2L

Q'ty /1L
. . Replacement with ,
Functions Series Manufacture Model# Type . Type Remarks Q'ty
functions
Distance Mainl Alstom Shnb102 Static Distance numerical 1
Distance ABB REZ Static Distance numerical 1
DIFF-1, STUB Main 2 REYROLL B3 Static 0C1-Stub numerical  |High-Imp. 1
DIFF-2, STUB REYROLL B3 Static 0C2-Stub numerical High-Imp. 1
AR GECs LFAA 102 Static latesmedin-dickanes 1
Common
50-AR REYROLL 2DAB Static laremmiedin-distanes
0C51-0C REYROLL 2DCC Static ocC numerical 1
DIFF-1 87CC REYROLL B3 Static DIFF numerical  [High-Imp. 1
SHR
DIFF-2 87CC REYROLL B3 Static DIFF numerical  [High-Imp. 1
THMAL OC ABB RAVK1 Static Nutural OC 1

® A numerical distance relay includes “AR, FL, Zero-phase-sequence coupling compensation, DOC, DEF, OV

7

etc

® Could you clarify the type of Metrosil® and value of stabilizing resistor which existing relay panel applied,
and also, existing high-impedance diff. relays’ settings.

® A numerical OC relay (for SHR) has 50, 51 and thermal OC element. But THAML OC uses natural CT.

® AR should be installed on a common panel.

15

2.3-4 400kV AQABA S/S New Ma’an 1L,2L

Functions Series Manufacture Model# Type Replijsgieon;swnh Type Remarks Q'ty
CBF-1 CB X130 REYROLL 2DAB Static OC-CBF-1 numerical 1
CBF-2 X230 REYROLL 2DAB Static OC-CBF-2 numerical 1
SYNC REYROLL Static SYNC numerical 1
CBF-1 CB X105 REYROLL 2DAB Static OC-CBF-1 numerical 1
CBF-2 X205 REYROLL 2DAB Static OC-CBF-2 numerical 1
SYNC REYROLL Static SYNC numerical 1

16




2.3-5 400kV AQABA S/S INTER BUS TR1, TR2

Q'ty /1T
Bias Diff.
®,5) Mainl REYROLL DUOBIAS Static Bias. Diff numerical 1
Hi Imp DIFF 87HVC (P, . . .
5) REYROLL B3 Static High-Imp. numerical 1
87CC
REYROLL B3 Static High-Imp. numerical 1
(P,S,N)
(Bias. Diff) MAIN 2 Bias. Diff numerical 1
OCEF REYROLL 2DCC Static OCEF included in Bias Diff.
EF 50T REYROLL SEF Static EF included in Bias Diff.
EF51 REYROLL SEF Static EF included in Bias Diff.
CBF-1 X110 REYROLL 2DAB Static OC-CBF-1 numerical 1
CBF-2 X210 REYROLL 2DAB Static OC-CBF-2 numerical 1
SYNC REYROLL Static SYNC numerical 1

® A numerical differential relay (Bias) includes “Overfluxing (overexcitation), OC (primary, secondary,
tertiary and neutral) etc”.

® Bias Diff has OC elements and EF elements for primary, secondary and tertiary circuit.

® Could you clarify the type of Metrosil® , value of stabilizing resistor and relay setting value for B3 relays?

17

2.3-6  400kV AQABA S/S Busbar 1, 2

Q'ty /1BUS+2BUS total

® Could you clarify the type of Metrosil® , value of stabilizing resistor and relay setting value for B3 relays?

18




2. 3-7 400kV AQABA S/S Voltage Protection & Generator TR1,2,3

Repl t with
Facility Name Functions Series Manufacture Model# Type ® acem.en Y Type Remarks Qty
functions
REYROLL 0
Voltage protection Over voltage B68 Static
SIEMENS 0
Generator Transformer Bias. Diff Mainl REYROLL DUOBIAS Static Bias. Diff numerical 3
3,4,5 27-MR REYROLL B68 Static Undervoltage numerical 0
(3 transformers, 2 windigs) 50-1 CBF REYROLL 2DAB Static numerical 3
50-2 CBF REYROLL 2DAB Static numerical 3
Q'ty /1TR
® \oltage protection is not needed.
® 27MRis not needed.
19
2.4 400kV AQABA Cable end station
. . Replacement with .
Functions Series Manufacture Model# Type ) Type Remarks Q'ty
functions
Current Differential GEC ALSTOM LFCB 102 [ Numerical Current Differential numerical 1
Mainl
voltage for Interlok Reyrolle B68 static voltage 0

® \/oltage relay is not needed.
® Relay unit replacement, not panel replacement.

20




3. Quantity of 132kV protection relays

_ unit quantity total unit Panel Q'ty Spare
Protection type Relay method remarks amman .
Agaba Qty  |Agaba relay
south
Integrated overcurrent
distance relay relay, voltage relay, 7 4 11 2
Transmission line protection overload protection, 4
overcurrent relay OC/EF/SEF 9 13 1
Control BCU 4 4 1
. Biased differential 3 4 1
Transformer protection —
High-impedance )
(400kV/132kV transformer | i Restricted EF 3 3
differential relay 6
secondary, 132kV/33kV
Current/voltage relay |OC/EF/SEF/UV/25 9 10 19 3
transformer)
Control BCU 6 6
High-impedance )
. . High Imp 4 4 8 2
differential relay
Busbar protection - - 4
current differential
Low Imp. 0 0
relay
) Current/voltage relay |OC/EF/SEF/UV/25 2 2 4
Buscoupler Bussection 2
Control BCU 2 2
Relay setting tool (laptop) 1 1 2
21
Feeder name Main relays Functions type Remarks Relay unit Q'ty | Panel Q'ty
transmission lines Main Distance numerical |AR, 25, CBF integrated 1/each 4
LINE 1 TO AQABA TOWN or Current Diff
LINE 2 TO AQABA TOWN Backup OC/EF/SEF numerical 1/each
LINE TO QWEIRA
LINE TO AIE
INTERBUS TRANSFORMER Backup OC/EF/OV/UV/OL  |numerical |CBF Independent [1/each 2
400KV/132kV CBF1, CBF2 2/each
TR1, TR2
SUBSTATION TRANSFORMER |Main Biased DIFF numerical |CBF integrated 1/each 4
132/33kV Backup OC/EF numerical 1/each
ST1 to ST4
BUS COUPLER Main ocC numerical 1/each 1
Voltage selection |UV/25 numerical |integrated into OC trlay |0/each
BUS SECTIONALIZER OC/EF/25 numerical 1/each 1
towtmpedance D -
BUSBAR PROTECTION Main (Centrafizedtype)  |numerical |C/°Ck zone & Discretion 4 4
zone
High Imprdance
22




3.1132kV AQABA S/S continued

1) For Busbar protection, high impedance differential protection can be applied.
As distance, bias diff, OC relays for feeder protection have CBF function, CBF trip
signal from above relays connect to busbar protection and busbar protection
issues trip command to the related CBs.

2) Panel configuration

800W x 800D x 2000H mm (exclude channel base hight) with front door and rear
door.

3) MIMIC
BCU is considered to apply for MIMIC display.

4) Bias Diff for 132/33kV transformer has REF as low impedance zero-sequence-
phase differential with neutral current. Then, high impedance diff for REF is not
needed.

23

3. 2-1 132kV Amman South S/S

Above relays have already been replaced with new relays. They are out of
replace target.

24




3. 2-2 132kV Amman South S/S

Feeder name Scheme Type Remarks To be replaced with Type Q'ty
Main DIF, HV/LV REF |ABB SPAD346C1 iooldcht ™ \Biased Diff numerical | 1
410 132kV RELAY PANEL Restricted Earth
45MVA TRANSFORMER No.4 Fault (High Imp) |C AL alfietfiee] |
Backup OC, EF ABB SPAJ140C OC/EF numerical 1
S d
eeontaylae ov MCGG, MVTD OC/EF/OV/UV/OL/BF | numerical | 1
backup
400/132kV SGTR No.2 BF (OC) MCT1 BF1, BF2 2
oL MCGG
Trip/Lockout MVAJ NA
SEF CTU OC/EF/SEF/25 numerical 1
Trip CC SV VAX
QAIA No.2 (BACK UP PROT) Tripping Relay  [VAJ
DEAD LINE
CHARGING RELAY VAR
CBF (BF) of SGTR is duplicated ( 2pcs of OC relays) which is same as AQABA Interbus Transformer 132kV side.
25
3. 2-2 132kV Amman South S/S
Feeder name Scheme Type Remarks To be replaced with Q'ty
Main DIF GEC DTH31DFA1D Biased Diff 1
Restricted Earth .
132/33kV 45MVA CAF High Imp 1
Fault (High Imp)
TRANSFIRMER No.1
Backup oC CDG OC/EF 1
EF CDG
VAT
Main DIF GEC DTH31DFA1D Biased Diff 1
Restricted Earth .
132/33kV 45MVA , CAF High Imp 1
Fault (High Imp)
TRANSFIRMER No.2
Backup oC CDG OC/EF 1
EF CDG
VAT

Restricted EF can be included in numerical biased differential relay as low impedance diff. But it is necessary to,
apply high impedance differential relays because of existing CT circuit connections.

26




3. 2-3132kV Amman South S/S

Feeder name Scheme Type Remarks To be replaced with Q'ty
DOC CDD OC/EF/25 1
MANARAH (BACK UP) DEF CDD
25|VAR
_ Main DZ YTG (analog-no use)
MANARAH (Main)
DZ AREVA Micom P443 NA
BUS COUPLER 0oC CDG OC/EF 1
Voltage selection VARX2 uv/25 0
Back Up  |OC.EF CDD x4 OC/EF/25 1
605 1 SAHAB (132kVOHL) b
79 2 VARs
Main DZ YTG (analog-no use)
605 1 SAHAB
DZ AREVA Micom P443 NA
BUSBAR PROTECTION Tripping Relay  |VAJ x12 (number of feeders?)
BUSBAR PROTECTION High-Imp DIF FACx4(Discrimination) High Imp. 4
BUSBAR PROTECTION Tripping Relay  |VAJ x8
® Voltage selection for Bus coupler is integrated into OC relay.
27
3. 2-4 132kV Amman South S/S
Feeder name Scheme Type Remarks To be replaced with Q'ty
Main DOC CDD x3 Distance 1
QAIA No.2 (MAIN) FL analog (FL, DOC included)
Dz GEC ALSTOM OPTIMHO old digital
SEF CTU OC/EF/SEF/25 1
Trip CC SV VAX
QAIA No.1 (BACK UP PROT) Tripping Relay  |VAJ
EELAEYUNE CHARGING |\ /1 o
Main DOC CDD x3 Distance 1
QAIA No.1 (MAIN) FL analog (FL, DOC included)
DZ GEC MICHROMHO(analog)
Secondary
0C, OV MCGG, MVTD OC/EF/OV/UV 1
backup
400/132kV SGTR No.1 BF1,2 (OC) 2 xMCT1 2
oL MCGG
Trip/Lockout MVAJ

® CBF (BF) of SGTR is duplicated ( 2pcs of OC relays) which is same as AQABA Interbus Transformer 132kV side.

® OL for 400/132kV SGTR can be acceptable as integrated in OC.

28




3. 2-5 132kV Amman South S/S

® OCrelay has AR function.

29

3. 2-6 132kV Amman South S/S

Feeder name Scheme Type Remarks To be replaced with Q'ty
oC BBC mechanical OC/EF/25 1
BUS SECTION 25 check synchro |BBC mechanical
Dead bus charging |BBC mechanical
Backup 25 check synchro |BBC mechanical OC/EF/SEF/25 1
Bayader No.1 deadline charging  |BBC mechanical
Distance L8b, mechanical, no use
Main Distance repeat |BBC mechanical Distance 1

Bayader No.1

DOC
DEF
SEF
FL
DZ

BBC mechanical
BBC mechanical
mechanical
analog

Alstom OPTIMHO

Static

30




3. 2-7 132kV Amman South S/S

® “Salt 2” is “Bayader No.4".

4. Relay Unit Dimensions (typical examples)

Following figures show the dimensions of relay unit. Please consider replacement work.

1/2 Size

3/4 Size




4. Relay Unit Dimensions (typical examples)

1/1 Size Size is depends on number of BIO boards.
33

5. Test equipment and Relay setting tools (PC software)

® The installation work of the protection relay will be carried out directly by
NEPCO, and it is envisaged that the installation work will be carried out
simultaneously at several substations. The testing equipment listed in Table
5-1 will be the provided equipment.

Table 5-1 Test equipment

Equipment name Quantity

Relay test equipment CMC356 2

Primary injection tester CPC100 1
® Relay setting tools ( PCs and Software) will be supplied.
Laptop PCs: 6 pcs (Amman South 2, Amman East 1, Agaba 2, Agaba cable station 1)

Software : 11 packages (for installation above PCs and spare 5)

34
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1. Theory and characteristics

Current Differential Protection

Theory and Characteristics

1. Theory and characteristics

Applications

<{System configuration>

Terminal A 2 or 3 terminals line Terminal B

| o |
L 1

y

DIFL 71 DIFL

Communication channels

Communication equipment or fiber optic

This system converts instantaneous values of current, measured at each
terminal into digital values which are then transmitted to the remote terminal; the
differential current is calculated from the instantaneous values of current from
each terminal through digital computation.




1. Theory and characteristics

Basic theory of Current Differential Protection

<Principle>
[ Normal state ] [ Internal fault ]
A ) mmm) B A Em) <=
Ia Ib Ia Ib

| | | ya |

' T
la+Ib=0

Id=Ia+Ib #0

(Kirchhoff’ s low)
Id: Fault current

Bold lines: Zone of protection

Ia, Ib : Inflow, outflow current

Theory equation of operation: Id g k1-Ir + kO
Operating current: Id = | la + Ib |, vector sum

Restraint current: Ir = [Ia| + |Ib], k1, kO: constants

1. Theory and characteristics (Characteristics of DIFL)

The characteristic for the large current region (DF2) is provided to restrain
in this region of operation because the proportional component error
increases owing to CT saturation, etc.

Operating Zone
Internal Fault

7 )
4 )

ma

L Normal or External Fault Zone




1. Theory and characteristics (DIFL small current zone)

The percentage slope is determined from the required One-end Inflow
sensitivity for the detection of internal faults and the error —_
current which is generated in the event of external faults. @ f 7 ;

One-end Inflow

\

Minimum Fault Current

Differential
Current

Operating Zone

Error Maximum

Restraning Current

Example:

Settings: DIFL-I = 1kA, k1= 17% (1/6)

1. Theory and characteristics (DIFL small current zone)

Error Component Analysis

Error:

Fixed Component
- Input Transformer
- Drift of Analogue Filter
- Quantizing Error

Error
Proportional Component
- CT Error
Proportional - Input Transformer
Component - Gain Error of Analogue

Fixed Component Al ..
- Data Transmission Delay

Input Current - Sampling Timing




1. Theory and characteristics (DIFGL)

Zero-sequence Current Differential (DIFGL)
DIFGL (87G)

Zero Sequence Diff. Characteristic

® High sensitivity by use of residual
current

® Sensitivity not affected by load current

Theory equation of operation: Ido ; ko*Iro + kn

Operating current: Ido = | lao + Ibo |, vector sum

Restraint current: Iro = |lao| + |Ibo|, scalar sum, ko, kn: constants

2. Scheme Logics of Current Differential Protection

Scheme Logics of Current
Differential Protection

10




2. Scheme Logics of Current Differential Protection

< Segregated—phase current differential protection (DIFL) >

Example of scheme logic

- 1
‘| DIFL-A ;
i DIF.-A_TP

; - — _
i & ]
: [ i —1¢ &
:| DIFL-B : —
: & & N DIF.-B_TP
I piFLC rE i —
1 - p——
! & & 8 DIF.-C_TP
! Communication i o—1 | g -
Efailure i
1 b =8
DIF._TRIP

CRT_BLOCK
43C ON

Fault detect
(check relay)
element

—| | pIF.Fs_opr

2. Scheme Logics of Current Differential Protection

< fault detect (check relay) function for current differential protection >

DIF.FS_OP

&
&
&
&
&




2. Scheme Logics of Current Differential Protection

Zero-phase current differential protection scheme logic

..............................................

TDIFG DIFG_TRIP

& | DIFG.FS_TRIP

i
i| =lo1]>2PU

1
i| 2 |l02]>2PU
1

Iniee R ock |
DIFG_BLOCK 1
43C ON

— || DIFG_FS H

]

EFD

1
ﬁ >1| DIFG.FS_OP
[DIFG-FS]
+ ¥

"OFE"
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3. Communication Systems

Communication Systems for
Current Differential Protection

14




3. Communication Systems

An example of existing systems

15
3. Communication Systems
Transmission data format (example for 60Hz systems)
G703 1.2, 1
PCM current Cadirectional MUX-A \ MUX-B
differential relay _l_[_ .l |
— ~
Sending Nllil}-‘:gulu po].u:(_\ reversal f-::_':' & % | I —l_ﬂ } %
circuit T 1 1 = Buffer Memory Communication
6dkbps _|Eh : Path
[{_ccui:\ing S —¥ § eﬂ-ﬂ-n-m< <
circuit / it —+— = Buffer Memory
/
* fundamental wave 60Hz. Sampling frequency 720Hz
16




3. Communication Systems

Recent standard of IEEE C37.94

Securing clock recovery, jitter tolerance, physical connection, and
spuriousness are specified by the international standard.

Line Diff. —~ MUX MUX
Relay

Line Diff.
Relay

Optical interface 2km class (2048 kbps)
Graded-Index 50/125 or 60/125 micro m
Connector: ST type

Wave length: 820 nm

17

3. Communication Systems

Transmission data format (example 2)

I[EEE C37.94 frame format

< 88 bits

< >

18




3. Communication Systems

Direct fibre communication

Terminal A

N

Terminal B

Line Diff.

Line Diff

[
[
|

Relay

Y

Relay

Length 30km class 80km class

Single mode 10/125 um DSF 8/125um

Type of fibre

Connector type Duplex LC
1310nm

Wave length

Duplex LC
1550nm

19

3. Communication Systems (redundant configuration (1))

Dual Relay systems and
Dual Data Transmission system

A station

MUX ( ~ MUX
1 1
Ch 2
MUX ( - MUX
{ 2 | W
AN AN | 1 AN, A/
7Y 7Y LT I 7Y 7Y
No.1 Line
RY1 RY2 RY2 RY1
AN AN [ — [ — AN A
Y Y LT LT 'Y VAV
No.2 Line
RY1 RY2 RY2 RY1

Relay 1 and Relay 2 have the separate communication route.

B station

20




3. Communication Systems (redundant configuration (2))

Ch 1
MUX ( ~ ) MUX
1 1
Ch 2
—— MUX ( ~ ) MUX
S 2
A station B station
AN | 1 A/
7Y L L 7V
No.1 Line
RY1 RY1
AN I I A
Y LT LT /Y
No.2 Line
RY1 RY1

Relay 1 has two communication control parts.

These communication routes are separate paths.

21

4. Synchronized Sampling

Synchronized Sampling of
Current Differential Protection

22




4. Synchronized Sampling

Data Sampling Synchronism
between the both terminals

f-..::. fﬁ(ASynchro
t8(Synchronous)
=i+ ip=0 (dT=0),

=iz (AT =0)
T'= Sampling period

Sampling synchronization is necessary.

An error current ic will be generated if there is a lag (AT) in the

sampling timing. 23
4. Synchronized Sampling
The instantaneous values of current from each terminal need to be obtained at
the same time, and synchronization control is required to match the acquisition
timing (sampling timing). A/D Conversion
Data Sampling 001011010111
. .12 .
L Is . jAo;ér"_ Tqe . Lann
A T B L— p\b“ L L2
| : o P
| Ir:
L o Z N .
. / Ip11
IB . T é/
fdo IjAo+jBo . Idl‘i N v
L] - L] L] é
T =I1a+ I I}/ i )
; / Ta11
1 —
loni=lan—+Ipn Sampling Interval y
(Synchronized) o

A 88




4. Synchronized Sampling (Control theory)

Synchronization control is performed on the assumption that the upstream and
downstream (transmit and receive) transmission paths are identical

tq
tm <« >
Master < "l ! !
terminal ® t
> AT € Sampling
timing
Slave . i o ¢
terminal I | P ~
M sy ~ |
tq ts
tqg = AT + tyy tq + AT =tg
ts-tm
AT ==

(a)
At both master and slave stations control is exercised such that the time differences tm and ts
between the time at which the sampling synchronization flag was received from the remote
station and the timing of the sample taken at the local station are transmitted alternately to bring
about the state AT=0 at the slave station side. 25

4. Synchronized Sampling (Control theory)

tm
td T
" «——>i <—>
aster . o ° ° t
terminal
AT =0
Slave
®
terminal . . Te t
ts
" S
Ty t -
To d
€ >
T
-0
ty=(—— -T )+t
d (2 )+ tg

26




5. Charging Current Compensation

Charging Current Compensation
of Current Differential Protection

27

5. Charging Current Compensation

Line Charging Current

Line charging current “Ic” appears differential current “Id”.
AAss BS|S End current:
{ | A terminal: Ic
'Y
O } | » Ic _L | Bterminal: 0
i Ie d=Ic
S
Charging current will flow in the protected section of long-distance
overhead transmission lines and underground cables and can lead

to the incorrect operation of the protection if the value exceeds the
detection sensitivity level.

28




5. Charging Current Compensation

i C.-C., C. 4 \'A i . g = -
il:h - 'Cba Cbb "Cba a Vb Cuei Crew Ce ¢ Earth capacity
e -C., -Co, C.. v, Cu Cie, Cg @ Line capacity
Icarienslee 1 Charge current (cach phase)

C, =C,.,+C, +C_

C, =C,.+ C,. +C,,

C,.=C,+C, +C,

Aph Cab Example
/T\/ Phase-earth (uF/km) | Phase-phase (uF/km)
Con — B-ph 0.01222 -0.00147
C-ph (275kV transmission line measurement capacity)
Che
Cill' :: Cl'l‘ :_ Chl

Charging capacitance of transmission line

It is normally adequate for practical applications to regard the diagonal element as being the same for

each phase, with the off-diagonal element set to zero, as long as the line is 200 km or shorter in length.

29
5. Charging Current Compensation (Divisional Compensation)
Compensation of the charging currents of all sections are equally
divided at each terminal,
Transmission Data
. C dvy
Terminal B: I ——
2 dt
15 | I lip- I
o= rL T
__l lea 1(‘31 1
Val — — V
Molen cr| °°
RL:Line impedance (whole length)
C:Line charging capacity (whole length)
Relationship between charging current and current of each terminal:
Equivalent compensation for all terminals
30

A 91




5. Charging Current Compensation (Lump—sum Compensation)

100% compensation is implemented at the local terminal

Compensation at
one-terminal

I\ Iia Irp- Ip

R.L %—/ﬁ@

\ 4
Y

VA 1T ICA

Relationship between charging current and current of each terminal:

Compensation for all sections in local terminal
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5. Charging Current Compensation (normal condition)

Divisional Compensation Lump-sum Compensation

........

L CUdVide) = G2Vt Vald) C(dV/dt) CVA) =Cavad)

..........

Va ) CI2(dVa/dt) 1A /N

C/A(dVa/de) \
() Compensation quantity of the terminals (b) Each compensation for charging current of the terminals

Charging current and compensation current under normal condition

There is little compensation error in both methods under normal
conditions.
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5. Charging Current Compensation (close-up fault at B)

A close-up fault has occurred external to terminal B, and hence VB is zero.
The area of triangle ‘a-c-d’ is equivalent to the total charging current.

(a) Divisional: the compensation quantity (rectangle) based on the voltage VA/2 at terminal
A'is equivalent to the approximate area of the triangle, and little compensation error.

(b) Lump-sum: under compensation at B terminal, overcompensation at A terminal

33
6. Out—of-Step Protection (Voltage phase comparison)
Out—-of-Step Protection with
voltage phase comparison
34




6. Out—of-Step Protection (Voltage phase comparison)

Out-of-step Detection: voltage phase comparison

O ]
Va

Ea

Z.H I \::_;)

Eis:kt‘i d En

VI!

i

@ zone:Ta

@ zone .V;, Valcos( @ )<k0

S O
) Vi Valsin( ¢ )=0 R &
___________ > Trip
v S O

Out-of-step detection relay using positive-phase

B zone

The out-of-step protection function is realized by comparing the phase
angle of the positive-sequence voltage received from the remote
terminal with that of the local voltage, confirming that the phase angle
difference passes through 180 degrees.
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6. Out—of-Step Protection (Voltage phase comparison)

to separate the power system at the Electrical
Center for a Out-of-step

©- . = -©
'

e,
-
-~
-
.
-~
-~
-~
-~
o

Electrical ~~ —'—._._ l
Center

The best separation point is the “electrical center” of the out—of—
step. Voltage phase comparison will operate only when the
“electrical center” is located in the protected area of line
differential relay.
36




1. Auto—reclosing function

Current Differential Protection

Auto—Reclosing Function

37

7. Auto-reclosing function (outline)

Outline of Auto—reclosing

<TRANSIENT FAULT>

Majority of faults on overhead line B Lightning(Transient Fautt)
Permit re—energization after short time interruption
This processes are performed automatically

®) Auto-reclosing

<PERMANENT FAULT>

Faults on cable circuits mp Insulation Failure (Permanent Fauit)

Auto—reclosing is not performed on cable circuits, and also
transformers, generators and busbars to prevent from the extension
of system damage.
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7. Auto-reclosing function (purpose)

(1) Improvement in Transient Stability

Egss A ) B | Es/0
I :Double circuit in operation

P
@j [Fault 4% .
2L % I : During fault

IT : Single circuit in operation

P=Eg X Es Xsind/ X

P : Power fromAto B a:Normal operating point

&: Phase angle between A and B . . .
b:Point at which the CB trips

X : Reactance between A and B

P P c:Point of auto-reclosing
A2 A3
y a
Po Po
Decelerating Energy Decelerating Energy
Al A
Accelerating Energy Accelerating Energy
—_—
0 5%

SINGLE LINE OPERATION PARALLEL LINE OPERATION(After reclosed)

Accelerating Energy (A1) > Decelerating Energy(A2) Accelerating Energy(A1l) = Decelerating Energy(A3)

= UNSTABLE ) STABLE
39

1. Auto—reclosing function

(2) Reduction in power outage period
» Fast auto-reclosing enables re-transmission of power within
0.5 to 1 sec or so
» Transient stability is improved
® Failure of the entire system can be prevented.

(3) System restoration time and operator workload

» Complicated operations and checks are required for system
restoration. It will take a long time to restore the system.

» The workload for operators will increase.
®) Execute quickly, Reduce workload, minimize human
errors

40




7. Auto-reclosing function (classification)

Classification for dead time

Example of High—speed Autoreclosing Dead time (in Japan):
¢ 500kV system : approx. 1.0s
* 187 — 275kV system : approx. 0.5 — 0.8s

41

7. Auto—reclosing function (classification)

Number of disconnected phases

42




7. Auto-reclosing function (1-phase ARC)

(1) Single-phase auto-reclosing

F Performance

-Reclosing is preformed, if single-phase fault occurs

-Final trip is performed, if multi-phase fault occurs

Case Fault phase Tripping and relosing
#1 line #2 line #1 line #2 line
A/ B|C|A | B|C
1 X 1¢T—-ARC
2 X | X 3oFT
3 XXX 3oFT

7. Auto-reclosing function (3—phase ARC)

(2) Three-phase auto-reclosing

E Performance

-Reclosing is always preformed, if any fault occurs

Case Fault phase Tripping and relosing
#1 line #2 line #1 line #2 line
A|/B|C|A|B|C
1 X 3oT—ARC
2 X | X 3oT—ARC
3 XXX 3oT—ARC




7. Auto-reclosing function (1-phase and 3—phase ARC)

(1)&(2) Combination of Single-phase and Three-phase auto-reclosing

E Performance

-Reclosing is preformed, if any fault occurs

Single-phase AR is performed, if single-phase fault occurs

Three-phase AR is performed, if multi-phase fault occurs

Case Fault phase Tripping and relosing
#1 line #2 line #1 line #2 line
A|/B|C|A|B|C
1 X 1¢T—ARC
2 X | X 3¢oT—ARC
3 XXX 3oT—ARC

45

7. Auto—reclosing function (Multi-phase ARC)

(3) Multiple-phase auto-reclosing (MPAR)

E Performance

-Reclosing is preformed according to the fault condition in
double-circuit line

¢ MPAR is to be performed, if two or more healthy phase remain in

double-circuit line

» Final trip is to be performed, if above condition is not satisfied.
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7. Auto-reclosing function (Multi-phase ARC)

(3) Multiple-phase auto-reclosing

ABC ABC
| Z 4

- ¢ — t

Two-different phase remain
0Open mClose MPAR
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7. Auto—reclosing function (Multi-phase ARC)

(3) Multiple-phase auto-reclosing

ABC ABC

[ >

—H— -
e e — ]
| 7 | I

g a — N

Two-different phase remain
0Open mClose MPAR

A 100
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7. Auto-reclosing function (Multi-phase ARC)

(3) Multiple-phase auto-reclosing

ABC

0Open mClose

Two-different phase don’t remain

FT(Final Trip)

49

7. Auto-reclosing function (Multi-phase ARC)

(3) Multiple-phase auto-reclosing

Case Fault phase Tripping and reclosing
#1 line #2 line #1 line #2 line
A B C A B C

1 X -- -- -- 19T—>ARC --
2 X X -- -- -- 3QFT --
3 X X X -- -- -- 3@FT --
4 X 19T—>ARC
5 X X 19T -ARC 1¢T—>ARC
6 X X 2T—>ARC
7 X X 19T >ARC 19T—>ARC
8 X X X 2T—>ARC 19T—>ARC
9 X X X X 3@FT 3@FT
10 X X X 3eT—>ARC
11 X X X 20T—>ARC 1¢T>ARC
12 X X X X 2T—>ARC 2T—>ARC
13 X X X X 3@T—>ARC 1¢T—>ARC
14 X X X X X 3@FT 3@FT
15 X X X X X X 3@FT 3@FT

101
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7. Auto-reclosing function (High—-speed ARC)

Classification according to dead time
(1) High-speed auto-reclosing

€ The dead time is mainly determined by the de-ionization time

£

The time taken for the secondary arc to disappear

€ Secondary arc current

The dielectric recovery time and de-ionization time

» Longer as fault current increases, In proportion to system voltage

51

7. Auto-reclosing function (Medium-speed ARC)

Classification according to dead time
(2) Medium-speed auto-reclosing

€ The dead time is considered by:

» Attenuation of turbine generator shaft vibration,

» Attenuation of conductor vibration (“Galloping” and “Sleet
jump”) etc.

Phage-to-Phaze Phaze-to-Phase

‘H’ Fall

“Galloping” “Sleet jump”

52
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7. Auto-reclosing function (Low-speed ARC)

Classification according to dead time
(3) Low-speed auto-reclosing

€ The dead time is considered to be more like an automatic
recovery method

> In the event of unsuccessful high-speed auto-reclosing

53

7. Auto-reclosing function (Requirement)

(1) Single-phase auto-reclosing

» Only one out of three phases is opened

» Other two phases maintain the interconnection
between both terminals

» No special interconnection checks are required

A 103
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7. Auto—reclosing function (Requirement)

(2) Three-phase auto-reclosing

» Synchronism-check

Auto-reclosing condition for leading terminal

v
[N

Live VL & Dead VB

=

Auto-reclosing condition for follower terminal
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7. Auto-reclosing function (Requirement)

(3) Multiple-phase auto-reclosing

» High speed auto-reclosing after first confirming of
different phases in double circuit line

» Interconnection of the form of two phases or three
phases

56
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8. Application examples of Japan to long distance line

Line name Line Voltag | In service from
length e

Nishi-Gumma- 137.7km  500kV 1992 ~ TEPCO 1000kV design
kansen

Minami-Niigata- 110.8 km  500kV 1993 ~ ditto ditto

kansen

Higashi-Gumma- 44.4 km 500kV 1999 ~ ditto ditto

kansen

Minami-lwaki- 1954 km  500kV 1999 ~ ditto ditto

kansen

Dai Kurobe- 24516 km 275kV 1988~2011(1)  KEPCO 1:FM (Analog)
kansen 2011 ~ (*2) 2: Numerical

Note: TEPCO : Tokyo Electric Power Company /TEPCO-Power Grid Inc.
KEPCO: Kansai Electric Power Company /Kansai Transmission and Distribution Inc.

FM: Current differential relay based on Frequency modulation, static type relay
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END
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