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What was changed during last 50 years in Korea?
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History of the technology development of electricity
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Utility has concentrated on the increasing of voltage level.
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Worldwide highest voltage level
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Just using HTS, 5 times more current without any resistivity in use
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Paradigm shift by utility

> Implications of Korean power network
- Current status and the direction for the future

From “Forthright consumption”
- To “Energy storage”

In technological and scholarly
characteristics of power system

gom “Copper & aluminum
- To “Ceramic (HTS wire)”

7
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From “AC system”

“Consistent direction (Voltage)” u
; J ge) AC :D_e To “DC system
- “Emphasis on efficiency of
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“Image of traditional disciplines”
- “Trends of conservative approach” :
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HTS power application R&D in Korea last 15 years (2001~2016)
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DAPAS(2001.06~2011.03), 10M$/yr

* HTS Xsfm; 154kV class core technology (KPU, etc.)

* HTS Motor; 5MVA class (DHI, KERI, etc.)
* 2G wire; 1km, 500A/cm_width (KERI, SuNam, etc.)
» CAST (Project Management)

* HTS Power cable; 22.9kV and 154kV class (KERI, LS, KEPRI, etc.)

« SFCL; 22.9kV, 600A and 3kA class, 154kV core tech. (KEPRI, LS, etc.)

JEJU Project(2011.07~2016.10), 10M$/yr, 5yrs

* HTS DC Power cable; 80kV, 60MVA, 500m
* HTS AC Power cable; 154kV, 500m
- cable all grid connection to deliver wind farm
power
* SFCL is also considered to connected to grid
* KEPCO (funded and grid opened)

ICHEON(2009.01~2013.12), 5M$/yr

« HTS Power cable; 22.9kV, 50MVA, 500m (KEPRI, LS, KERI, etc.)
» HTS Power cable; 22.9kV, 150MVA 100m
- cable all grid connection
* SFCL; 22.9kV, 630A class (KEPRI, LS, etc.)
» SFCL; 22.9kV, 3kA class
- all grid connection
» KEPCO (funded and grid opened), Korea has only one utility company.
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What was changed last 15 years

« 3 HTS power cables(AC 22.9kV, AC 154kV, DC 80kV) were installed in real test grid.

« 1 HTS power cable(AC 22.9kV) is ready to be commercially available.
« 2 SFCL(AC 22.9kV, 154kV) were connected to the real test grid.
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HTS Power Cable
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Worldwide HTS power cable projects
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World 1st fully commercialized HTS power cable installation [EE1e==1=-Nke

stCable

p Commercialization

First commercialization

® Shingal project: 100% funded by KEPCO

» Project period: Sep., 2016 ~

» Project cost: USD10M

= Type test in progress

\ Verticaldrop
'\ @ Jointbay

System configuration | Installation Site
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HTS power cable graph (Length x Voltage)
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Concept of 23kV HTS power cable application for commercialization

- In order to achieve the economic advantage of HTS power cable,

- a new concept of 23kV HTS power cable was proposed.
- And, more detail economic benefit from analysis was done.

Conventional power network
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b

154/22.9 kV s/s

345/154 kV s/s
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HTS power network
(3 s/s = 2 hub s/s)

a b
22.9 kV hub

22.9 kV hub _ _Le====" (6]
e WY

\ !

\

2 T

1

\ |

. ]

\ @)

345/154 kV s/s

Avoid from
downtown

20% Sep. 2017 EUCAS, GENEVA, Minwon Park, Changwon National University

345/154 kV s/s

~ HTS
cable

Y 4
O 2-c




P P

City information

e A ] (residential, business, industrial area)
o E@ il Name of city; Changwon
7 1 3’?@ Area of city: 126.1 km?
o3| Population of city: 488,135 people
Installed 154kV S/S: 6 stations
(23 Bank)
Installed capacity: 1,380 MVA By
ad: 886.6 MVA(winter season)i &

Far
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s ey
345/154kV 154/22 .9kV | capacity

240 MVA 189.1 MVA
180 MVA  86.5 MVA
240 MVA 1712 MVA
240 MVA  143.9 MVA
240 MVA 147.8 MVA
N F 240MVA 1481 MVA
! Total 1,380 MVA 886.6 MVA

m O O @ >

® 154/22.9 KV substation
O Supply area

O Neighboring s/s
- Underground cable

J PlsF _ Ref. 1) Changwon electric power
154/22 .9kV “ transmission center of KEPCO

Xs/s> As/ls> Ds/s, Y s/s% Es/s>F s/s /Z s/s> Bs/s> Ds/s> Cs/s, Fs/s> W s/s

industrial load area




HTS station using tri-axial HTS power cable T e 7 @ 154/22.9 kV Hub substation
@& 229 KkV switching substation
5km is very enough length to cover the distance of S/S to S/S.  Supply area

This Is one of the next targets of HTS power cable.

I

Supply area
O Neighboring s/s

" \ =< 4 circuit
P\ % 3 circuit
[ 2 circuit

A 1 circuit

- The city receives electric power based on two hub-stations with tri-axial HTS power cables.



2km class tri-axial HTS power cable project €3xepco

« Period; 2017~2021 (5 years)
« Budget: 30M USD/5yrs (fully funded by KEPCO)
 Participants: KEPCO, KEPRI, LS cable(cable supplier)
, and Changwon National University(core design)

* Scope

- 23kV, 50MVA, Co-axial HTS power cable development

- 3km class cooling system development for power cable

- 23kV HTS power network protection algorithm development

- 100m HTS power cable test

- ~2km HTS power cable installation in real power network

Copper
shield PhaseC

' 1 Crvogenic
_RIZ3 dielectric
L RRz:z‘f*\ material Cryostat
T R295 | Unit:mm
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New project roadmap of HTS power cable was established.

Now, here
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2km project (2017.01~2021.12), 30M$

* 23kV Co-axial HTS Power cable

* 3km cooling system for power cable

» 2km 23kV HTS power cable installation
« KEPCO (fully funded)

é4m Shingal Project(2016.09~2017.10), 10M$

B - 1km 23kV HTS power cable
* Real grid connection
» KEPCO (fully funded)

T JEJU Project(2011.07~2016.10), 10M$/yr, 5yrs
‘V;‘, Yc- & y

X X :‘,_,‘, = « HTS DC Power cable; 80kV, 60MVA, 500m
Ny 1, . [ « HTS AC Power cable; 154V, 500m
{ } [ -g= ﬁ 48" @Y™ - SFCL is also considered to connected to grid
* KEPCO (funded and grid opened)

ICHEON (2009.01~2013.12), 5M$/yr

« HTS Power cable: 22.9kV, 50MVA, 500m (KEPRL LS, KERI, etc.)
* HTS Power cable; 22.9kV, 1I50MVA 100m
DAPAS(2001.06~2011.03), 10M$/yr « SFCL: 22.9kV. 630A class (KEPRI LS, etc.) SFCL: 22.9kV, 3kA class

* HTS Power cable; 22.9kV and 154kV » KEPCO (funded and grid opened), Korea has only one utility company.
« HTS Xsfm; 154kV class core technology (KPU, etc.)

e SFCL; 22.9kV, 600A and 3kA class, 154kV core tech. (KEPRI, LS, etc.)
« HTS Motor; 5MVA class (DHI, KERI, etc.)

e 2G wire; 1km, 500A/cm_width (KERI, SuNam, etc.)

« CAST (Project Management)

MiZil 2= DC 80kV
X

Vertical drop
Joint bay

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Why utility company is interested in HTS
power cable in Korea
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Now power line in downtown
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Future in downtown
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Move substation back behind mountain and avoid downtown Il

2~3km is enough to get the economical benefit.
- No power tunnel(154kV), using power duct(23kV), and very cheap substation land

OH line(2cc) rmmmmm JG |ine(2cc)
s Power tunnel 1= === Tri-gxial HTS AC

—— S bstation

Conventional network Superconductivity platform
154kV 120MVA  120MVA 154kV
------------------ | TS/STT -~~~ T T T wmpmyp—S/ST
| |
120MvA 1 : : 50MVA  50MVA : : L
154kV | 23kV 23kV !
| S/S | II II Switch Switch ¥ 1 |
| : 4 1y ! 4 : : |
I I |
! i I 1 1 11 |
I I |
I I I 5omva somva I
| | I
| | 2OPVA 1 oosw 23wy _:_:_ |
I I / | 2 3 I |
I 2 I----------J 3 | I ---------I I I
I I |
I I

5 km between downtown and substationi
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Newly required substation; one HTS cable and one OH m

More power from
superconductivity platform

OH line(2cc) 1mmmm = |G [ine(2cc)
Power tunnel '====== Tri-gxjal HTS cable

New tunnel rmmmm = New OH line(2cc)

New OH line(2¢cC) mm— S hstation

S/S ] Semmmm=m== ] S/S | SS | Smmmm——— S

3 2 3

I----------J

I----------J

5 km between downtown and substation:

Conventional network Using one HTS power cable

; needs one more substation platform 120MVA
_________________________________ 154kV.
: | SIS |
| 120MVA 120MVA 120MVA 1 1 4
' 154kv 154KV ! 154kV A 1 |
SIS SIS | SIS 50MVA |
1 1 1 l I 4 1 1 I I 23KV |
| 1 1 1 1 I 1 1 : '
l 1 1 1 1 | 1 1 Switch |
| 1 1 11 | 1 1 1 |
1 120MVA i | | 120MVA120MVA | | 120MVA,
| 154KV meg—— s 154KV | 154kV 154kV |
I
I
I
I
I
I
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Planning of HTS power cable in Korea
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AC HTS power cable roadmap *

«
R&D Field test Commercialization hCompIeted ’@On going E Plan mDiscussion

@ e @ W

3d@lcryo 3d@3cryo  3d@laxis FCL cable

© DAPAS /Ay @ cheon Ay @ shingal "%
3ph /1 égll\(/X/A 533(/;\ — Zom. case 1
phase/lcryo —|—> 50MVA &

100m 500m 1km, Tkm/unit A @
Completed i 23kV 23kV. 150MVA PACAKGE
P Completed On going ~50MVA e Korean market : 50km, 5km/unit
+ 3km,3km/unit Abroad market toc
A oK
23KV Case 2(1phase
- 23kV
ri-axia e —> oA g
100m___(e) - KV/ 150MVA PACAK
HTS AC On goinqg E=Y Case 3(2p ase) rean market : 50km, JMJ/UJUj
é Power cable Completed J J 60MVA road market too
2km
23kV
Case 5 60MVA
©@© 5km, 5km/unit
e h Jeiu h 000 ﬂ Case 4(3phase)
154kv 154kV 154kV
EJ W ETETdg"e] —> 1GVA —————>60MA—>  500MVA — COCIRC)
. " Lkm, Lkm/unit 50kV, ~1 GVA PACAKGE
Completed Completed ® <€ FCL Cable
. . Korean market :/50km, 5km/unit
= km/unit : unit length between 2 SJBs Abroad market too
(= coverage of 1 cooling system) |—> igg'r‘: FL
= 50MVA/30kV = 1,800Apeak |Case 6(FCF)

= 1GVA/154kV = Apeak .
- gl On going ]

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
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DC HTS power cable roadmap

«©
R&D Field test Commercialization /~Completed ’@On going E . Plan mDiscussion
’iﬁ = km/unit : unit length between 2 SJBs (=
I KESS Termination. Joint box coverage of 1 cooling system)
250KV, 2.5 GW ' = 1GW/250kV = 4,000A

Key components

| 5

2.5GW/250kV = 10,000A
1GW/30kV = 33,000A

Field test
{ HTS DC Completed ié(\)NkV Reliability
Power cable (1km,500m
/unit)
Jeju ,[~ I250 > Demo project
/ Cu HVDC connection
80 kv 1~2.5GW
500MW  — (20km, 5km/unit) |
>00m HVDC HTS DC Package
Completed 250 kV, 1~2.5GW National grid connection
" (800a, 10murit) © okl > e
|
Low voltage
30kV, 1GW . =— Big capacity
Key technologies
Id
*  Field test
Case DC (LVDC type) 30KV, 1GW . R'ee“abﬁiiy
L (5km,5km Demo project
/unit) — Cu HVDC connection
30kv, 1GW
(20km, 10km/unit)
r— 30kv, 1GW _
I (100km, 10km/unit)
LVDC HTS
HVDC HTS (High current) LVDC HTS DC PACKAGE
Worldwide co-work
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
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DAPAS - Icheon - Jeju - New project(Proposed 2016)

R&D Field test Demo project
New 5yr project by KEPCO Expected
@ Started with 30M USD(100% KEPCQ) results
Korean HTS 1st 2yr 2nd 3yr
Power cable @
23kV « 23kV, 50MVA, 500m « 23kV, 50MVA, >~2km * Economic cable
FEepdel « Conventional 23kV « Superconductivity platform » No more substation
Replacement - Demo project * World market

Started with 1.5M USD(funded by Government)
as feasibility by KERI

g, 124kV + 154KV, S00MVA(FCL h\ction) -« 154kV, S500MVA(FCL function), 1km e WS
FCL type cable - Key technology development - Conventional 154kV Replacement . Wgrl d ma?lzlet

C:)@ 30kV - 30kV, 1GW, 100m class « 30kV, 1GW, 5km - No pylon transmission
DC 1GW « Key technology development * « New grid establishment considered « Korean type DC transmission
» DC circuit breaker and so on. ~ + Paradigm shift (AC-DC) * Future market

20,000KRW/m  15,000KRW/m 10,000KRW/m 7,000KRW/m 6,000KRW/m 5,000KRW/m

TS wire price | H00a/4mm  250A/4mm  “300A/4mm  350A/4mm  350A/4mm  380A/4mm  400A/4mm

(example)

2017 2018 2019 2020 2021 2022 2023
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HTS Fault Current Limiter

e

AT
a_j_ " cryostat with _
superconductor coil

.
L A
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HTS FCL trend in Korea (23kV class) €5Kepco
» HTS SFCL in 22.9 kV grid at Icheon substation
» SFCL operation (commercial operation) = SFCL
1. Dec. 2010 — SFCL installation 1. 229 kV, 630 A, hybrid SFCL
2. 23 Aug. 2011 - energized 2. SFCL interruption under fault current
3. Currently under commercial operation 1. < 1.2 kArms : No action
(To protect a 22.9 kV feeder) 2. > 1.4 kArms : Instantaneous action
4. Fault (Feb. 2012) — SFCL properly worked 3. Limiter impedance : 400 mQ

#1
MTH

22,9 kY bus

B mCB D/L

SFCL
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154kV SFCL installed in real grid for testing

i mssc/c

It is waiting for real

fault current even now.
> ; 345kVETEA g : /
— 765kV7tBNE Vs A SRS g v,
qFC/s - 3::::;:2{:; : g \% 4NV impulse generator

154 kV ZEAE BRI Y2 =X Hod 154 kv ZECERI| dXFL
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154kV HTS FCL current status

m A resistive type combined with normal-conducting components

m Components of the SFCL
m HTS element: detects and limits fault current

m Cooling system: cools the HTS element

m Switch: protects the HTS
m Reactor: limits the fault current

Parameter Specification
S Rated voltage (rms) 170kV
Rated current (rms) 2,000 A
Rated power frequency 60 Hz
':' Rated AC withstand voltage (rms) 325 kV
Rated impulse withstand voltage 750 kV. BIL
Cooling Rated short circuit current (rms) 90 kA
system — HTS Operation temperature (K) 71K
element

« Now, more than several months very stable operation.
« Single phase 154kV SFCL, design, fabrication, installation, and operation.
« Three phase system will be developed soon.

« Real grid demonstration might be around 2019.
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HTS DC reactor
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Concept of the HTS DC reactor

» Shape of the conventional reactor » Conductor of the reactor magnet
= Conventional reactor = HTS DC reactor

<HTS wire>

» Characteristics of the HTS DC reactor

- Operation condition : DC

- Conductor type : HTS wire

- Magnet type : Air dry core & toroid-type

<UEe B —> Operation temperature : < 77 K

TRl - No electrical loss (Zero electric resistance)
i ‘""" | > No Flux leakage (toroid-type)

HTS DC reactor from C e e e See weignt and space
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Advantage of the HTS DC reactor

> Size advantage of HTS DC reactor (Same scale, without insulator)

Ref : SIEMENS

HTS DC reactor is one of the solution
for support load problem of large scale DC reactor

LV OCY: £VL/ LUGCAY, ULINL VA ITHHIVVUILL AR, CHaliyvvull iNnauuvliiar Vi nvaioivy



Advantage of the HTS DC reactor

> Install space of the reactor considered magnetic clearances (ref : ALSTOM)

- A : Reactor outer surface, Ds : Reactor outer diameter
- Keep metallic parts not forming closed loops out side B
- Keep metallic parts forming closed loops or large metallic parts outside C

“11xDs ~ 1.7xDs  1.7xDs  11xDs e

» Magnetic field distribution of the HTS DC reactor (toroid-type)

- The toroid-type HTS DC reactor magnet has a much lower leakage flux
- Most magnetic flux line patterns are formed by the shape of the toroid magnet

C
T ittt | e
5' i : ! 5 1.0xDs !
3 e g
1 ! : 1 1 \
—l ! | o atop || [0-5XDs o
Wl ! i I i 11xDs ! : !
| [ ] 1 :
Q! i 11.5xDs! | L
! ! l E BOTTOMI | 15 5xps | i
| ! | bl !__________________: :
_______ i 1.0xDs i




HTS DC reactor (400 mH, 1,500 A) SUNAM, KERI, CNU 37

> Design results of the 400 mH, 1,500 A class HTS DC reactor using coated conductor
> 400 mH, 1,500 A HTS DC reactor will be operated within a few weeks.

RDK-400B

y RDK-415D
Cryo-cooler Grynrcooler
Signal port _= gil.,... = - Current lead
; o, l' Sk feedthrough
Metal current lead l,"- *', fl ) e \
(Brass) C 2
Top plate
Radiation shield (STS)
plate
(A1100) Support bar (GFRP) o
Copper &
cooling stick HTS lead (GFRP) o
3
Flexible copper 3

Heat exchanger-1 blade (OFCu)

(OFCu)

Joint pad (Al-1100) i / // I ‘, ’IHII ’_, Corgtlj_titi%% )pad
‘ )

g g
HTS coil & bobbin "
(HTS wire, A1100) < I]

HTS lead terminal
(OFCu)
Coil holder
Heat exch 2 ‘ (5T=)
eat exchanger-2 |
(AI-1100) p 1360 mm R
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HTS DC reactor (400mH, 1,500A) PUNAM, KERL CNO e

3

L

!

X

i :

module

®

400mH, 400A class 400mH, 1,500A
successfully completed will be tested soon

with good test results
20t Sep. 2017 EUCAS, GENEVA, Minwon Park, Changwon National University




154k(1®P) SFCL
- 400mH, 400A DC reactor

......

On going HTS project or business of AC  Brief specificaio
and DC transmission in Korea

AC 23kV HTS power cable 1km, 23kV, commercial installation
AC 23kV tri-axial HTS power cable 100m, ~2km, 23kV, demo project
AC 154KV SFCL %, Mg, Real grid installation within 2019

B

“AC 154kV-FClofunction HT%; Feasnbillty R&D - e

-

DC rea R = s Herra b

: -y - ; ﬁ" :::-—:-:.w! —
DC 250k wer cable Sy _Jerr

\*r\ ~ CRPRE R TRy h *‘F 5 g

by - ‘:,_. W\ & o = (oY i -
KEPCO (plan, power networl(),‘* — R _ T : b SR
KEPRI (R&D) - AR SR S < 5 =
LS cable (supplier) = = z- i WS T AL
Changwon NationakUnive (coré design) * b B T

KERL, andsoon * =% - TR, TR
i - ey 3 . . ST, . PR STNS S, J - { it



 Back data
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SM AN -154kV B A/120MVA Al A X| CHH| 22.9kV M-S 2= XH & #[0] £/50MVA & £

Biz1
JIEHHEI B AS o
sz guug | oS AS | aguns omerx

b HE |[H[E]| -, HE |H[&

= () | (%) o () | (%)
154KV B4 & A /120MVA 100.1 | A7 A 1 100.1 | 38% 1 100 | 38%
154KV £ & 4 /180MVA 118.1 | A7 A 0 - | 0% 0 - | 0%
154KV £ & A 240MVA 136.2 | A/I7hA 0 0% 0 0%
154KV & A /300MVA 154.3 | AI7h A 0 0% 0 - | 0%
154KV B X A CY K] QI (EHX|JHEHR| L 7| =) 13.0 | Q1/7f A 0 - | 0% 1 13 | 5%
[154kV BHF A LX) 2 (7| = EAIX] 7| F) 33.0 | od/i7jA 1 107 | 40% 0 - | 0%
ASHA|(2 Q) 2071 | 78% 113 | 43%
X E=AH M1 154kV 0191 AHg| 0.1 km
154kV K| =& ™ M3 63.5 | 2A/km 1 317 | 12% 0 - | 0%
154kV X| =& A 2 70| £/4Bank 514 | ©i/km 1 257 | 10% 0 - | 0%
ASHA| (2 Q) 575 | 22% - | 0%
154kV H M A ZF HAAH A 2| 5.0 km
154kV 7}-2 M 2 7| 0] & /4Bank 23.0 | A/km 0 - | 0% 0 - | 0%
154KV X| =2 1t 2 /4Bank 778 | ©/km 0 - | 0% 0 - | 0%
154KV K| =4 X X 24 1/4Bank 114.9 | /km 0 - | 0% 0 - | 0%
A SHAH| (2] 7) - | 0% - | 0%
22.9kV 3AE =X M = 7| 0] 2/50MVA (22.9kV X| = HY A 2 2)-0.1km 52.9 of 0 - | 0%
22.9kV3AtE =X X £ #| 0| S/50MVA (22.9kV X| = Hj X2t 2)-0.5km 60.3 of 2 121 | 45%
22.9kV 3AE =X M - 7| 0] 2/50MVA (22.9kV X| = HY A 2 2)-1km 72.0 of 0 - | 0%
22.9kV 3AE X=X M = #| 0] 2/50MVA (22.9kV X| = HY A 2 2)-3km 132.0 of 0 0%
22.9kV 3AE =X M = #| 0] 2/50MVA (22.9kV X| = HY A 2 2)-5km 186.5 of 0 0%
22.9kV 3AE X=X M = 7| 0] 2/100MVA (22.9kV X| =t M 2 2)-0.1km 54.3 of 0 0%
22.9kV 3AE =X M = 7| 0] 2/100MVA (22.9kV X| = Hlj M 22 2)-0.5km 725 of 0 0%
22.9kV 3AE X=X - 7 0] 2/100MVA (22.9kV X| = H & 22 2)-1km 91.0 of 0 0%
22.9KV SAFEZE XX H 0| 2/100MVA (22.9kV X| = HY A 2+ 2)-3km 185.2 of 0 0%
22.9kV 3AE =X M - 7 0] 2/100MVA (22.9kV X| = Hlj M 22 2 )-5km 259.3 of 0 - | 0%
A BHA (2 2)) 121 | 45%
22.9KV HYj M 7 | & 3.5 | AdI7fA 1 32 | 12%
SA(H ) 265 265




SMZA AL -154kV BIM A 120MVA A A K| CHH| 22.9kV 3AME =X M & #|0| £/50MVA X £
: 154kV HXA ETHA . =2 - 7|12ME ML [HE

=X HE Biz)
—= HEAH| 2 JAEHASE A% M A o A2 K]
= =< o HE |HIE| HE |HIE
2 ) [ (o) | * (o) | (%)
154KV £ 2 /120MVA EEIES 1001 | 12% | 1 100 | 26%
154KV 5 71 A [180MVA 184 | o7~ | 0 % | 0 0%
154KV £ 2 /240MVA 1362 | oA 0 0% | 0 T 0%
154K\ £ 2~ /300MVA 1543 | ot~ 0 0% | o T 0%
154KV B K & Cf K| 2 (B K| JH2EA| = 7|25) 130 | o7~ 0 “To% | 1 13 | 3%
154KV 808 4~ T K| 221 (7| =5 Al K| 7| %) 330 | o7~ | 1 107 [ 13% | 0 - 0%
st (o1 2) 207.1 | 25% 113 | 30%
R =2 ™ 211 154KV 01 9] 712 04 | km
154KV K| =& M 2L 635 | oikm | 1 317 4% | 0 T 0%
154kV X| =S &M M2 A 0] =/4Bank 514 | 9/km 1 25.7 | 3% 0 - | 0%
A3t (212) 575 | 7% T 0%
154kV EH M A7 A A 74 2] 5.0 km
[154kV 71 2 M 2 #| 0] £/4Bank 23.0 | AH/km 0 - | 0% 1 115 | 30%
154kV X| === af 2 /4Bank 77.8 | 9/km - | 0% 0 - | 0%
54kV X| ==X X 24 31/4Bank 114.9 | 2/km 1 575 | 68% 0 - | 0%
st A2 ) 5746 | 66% 115 | 30%
229KV 3AHE 2 A M & 7| 0] 2/50MVA (22.9kV | = bfj 1 2 2 )-0.1km 529 | o 0 ~ | 0%
22.0kV 3AFEZ A F & #[0] 2/50MVA (22.9KV X| = Y ¥ 2 2)-0.5km 60.3 | o 2 121 | 32%
220KV 3AH= 25 & M & 7| 0| 2/50MVA (22.9KV X| = bj| A 2 = )-1km 720 | o 0 - 0%
220KV 3Rk = 2 £ M = 7| 0| 2/50MVA (22.9kV X| == i 7 2 2)-3km 1320 o 0 0%
220KV 3Rk = 2 £ M = 7| 0| 2/50MVA (22.9kV X| == Hf 7 2 2 )-5km 1865 | o 0 0%
52.0KV 3AFE = £ A & 71 0| 2/100MVA (22.9KV X| = bl & 2+ 2)-0.Tkm 543 | o 0 0%
22.9KV 3AHE 2= A M & 7| 0| 2/100MVA (22.9KV X| = Hjj M 2 2 )-0.5km 725 | o 0 T 0%
22 0KV 3AHE 2= A M & 7| 0| 2/100MVA (22.9KV X| =i M 2 2 )-Tkm 910 | o 0 0%
220KV 34 = 2= £ M = 7| 0| =/100MVA (22.9KV X| 2= b M 2 2 )-3km 1852 | o 0 0%
220KV 34k = 2= £ M = 7| 0| =/100MVA (22.9KV X| 2= b M 2 2 )-5km 2593 | o 0 0%
4 27| (H ) 121 | 32%
229KV H{ X 7 ] & 315 | o~ 1 32 | 8%
SEA(H ) 839 380




Biz 1 M7 Z4-154kV B A /120MVA Al A K| CHH| 22.9kV 3A S =X M T #| 0| 2/50MVA H £

= X=E&™ M olelAHZ] 0.1 km & AL,

154 kV HHA S AIX| K| TQUH|S (HHA CHX| T H|B(RHX| WL T 7|Z)CHH]) 1389 0|4
ol A
= A

> 5, 154kV o HE A XY A, 1259{(1389 - 139 = 1259%) O] F7IH| & LT A

2 OE A°

EHABZAR |y uns e
7e INIE
o | us gl o, [us [us
() | o (@) | e

154kV HH X A~ /120MVA 100.1 | A/7 & 1 100.1 | 40% 1 100 | 40%
154kV B A T K| (EH K| 74K T 7| ) 13.0 | 2472 1 13 | 5%
154KV B A CHX| 27| =2 A K| 7] =) 138 [ oAizga | 1 138 | 55%
A 3HA|(218l) 238.1 | 95% 13 | 45%
X| =R 7217 154kV 019 72| 01 | km
154kV X| ZE&H Mg 635 | olkm | 1 6.3 | 3%
154kV X| S5 8 2 #|0| 2/4Bank 514 | ofkm | 1 51 | 2%
ERCE 15| 5%
22.9kV 3AE 2 X F = 7| 0] Z/50MVA (22.9kV X| ZHY & 2+ 2)-0.1km 59| o 2 106 | 42%
22.9kV HY ® 71 | & 3.5 | A2 1 32 | 13%
SEA(HE) 250 250
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Biz 1 M7 Z4-154kV B A /120MVA Al A K| CHH| 22.9kV 3A S =X M T #| 0| 2/50MVA H £

= X=E&™ M olelAHZ] 0.5 km & AL,

154 kV HHA CAIX| K| TQUH|E (HHA CHX| T H|S (X WL T 7|F)CHH]) 1079 0|4
ol A
= A

> Z, 154kV £ HHA RX| 7Y A, 942(1079] - 139 = 949)) 0|4 F7HH| S WME A,

EHABZAR |y uns e
ag K
L, | bie |agl L, | ue |He
N TR I TR A
154kV B X A /[120MVA 100.1 | A/7 & 1 100.1 | 38% 1 100 | 38%
154KV B R A CHX| QL (EH K| 71 2 K] 2 7| ) 13.0 | QA7 2 1 13 | 5%
154kV B1 X A CHX| L (7| = EAIK] 7| ) 138 | odizga| 1 107 | 40%
A 37| (21 9) 207.1 | 78% 113 | 43%
X|= 2 25 154KV Q19 A 05 | km
154kV X| =2 H M2 635 | okm | 1 317 | 12%
154kV X| S & X F 2 #| 0] =/4Bank 514 | oikm | 1 257 | 10%
KZaH a7 2Au| 8 A8 () 57.5 | 22%
22.9KV 3AHE 2 A F I 7| 0] =/50MVA (22.9kV X| 35 Hlj F 2 2)-0.5km 603 | of 2 121 | 45%
22.9KV HY K 7] T & 315 | Al7jA 1 32 | 13%
SEAH(HE) 265 265
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Biz 1 M7 Z4-154kV B A /120MVA Al A K| CHH| 22.9kV 3A S =X M T #| 0| 2/50MVA H £

> x|37<_+_x-| I1E=Ii 0|0lij| 1km & A
154 kV M A AKX (X AU (HHA X[ T S(HX| LXK 7|F)ChH]) 742 0] At

U A

e

> 5, 154kV o HE A XA Y Al 6194(749] - 139 = 619]) O] F71H| 8 THT A.

EHHBIAL | yqums gas
2 2 AH| 8
| v lue| o | s [us
e (e | | e | el
154kV B X A /[120MVA 100.1 | A/7 & 1 100.1 | 35% 1 100 | 35%
154kV B A T K| (EH K| 74K T 7| ) 13.0 | 2472 1 13 | 5%
154kV B1 X A CHX| L (7| = EAIK] 7| ) 138 | odizga| 1 74 | 26%
A 3HA| (24 2) 1741 | 60% 113 | 40%
X| =R 7217 154kV 019 72| 05 | km
154kV X| ZE&H Mg 635 | olkm | 1 63.5 | 22%
154KV X| 2% 2 #| 0| =/4Bank 514 | ofkm | 1 514 | 18%
NS HaT AH 8 28702 149 | 40%
22.9kV 3AME 2 A X I 7| 0] 2/50MVA (22.9kV X| = H}j % 2+ 2)-1.0km 720 | o 2 144 | 50%
22.9KV B T 7§ T A 315 | QA7 A 1 32 | 13%
SeA(HR) 289 289
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