'3.3.2 Power Subtransmission Line Facilities -

(1 Outline of subtransmission line
At ‘the end of FY 1994,.the total number of existing subtransmission lines
of 230 KV, ‘115 kV.and 69 kV ‘lines were 56 with the total line: length of
875. 4 ckt k.
Subtransmission Line (at FY 1994)
Length of Lines (ckt-km)

Number
Voltage of Overhead - Underground’
. Circuits Line Cable
ook 2 ——  15.006
sk 9 205324 2,990
69 kv 45 581687 70.393
~Total 56 787.011 . 88.389

Outline of the subtransmission line construction.in the Metropolitan arca -
is mainly as follows: | -
1) 69KV overhead subtransm1551on llne
© In‘case of the width of sidewalk 1is less than 3 m, most of “the overhead
. lines are applied" by 1 circuit. In case:of .the width of sidewalk is
;.more-than-eaS:m;.the:overhead-lines'are applied:by 2 ¢circuits on
_ - “condition that the buildings are-set-back:from the sidewalk.
2):115 kV-overhead subtransmission line - '

In case of the width of sidewalk is between 3.5 m, most of the overhead
.alxnes are applied by 1 circuit. -In case of ‘the. w1dth of 31dewalk is
“more than 5.5 m, the overhead llnes are applled by 2 01rcu1ts on

condltlon that the bu:ldlngs are set back from the sxdewalk
3). Underground subtransm1531on 11ne |
';The underground cable system is appl;ed in a short dlstance by maklng

;use of the sndewalk of road and car lane in case it is 1mp0551b1e to
?acqu1re suff1c1ent electr:cal safety clearance and space for
;subtransm1s31on llne '
~(a) 230 kv transmission llnes s
"v,;At present there are 7 czrcuxts startnng from EGAT‘S Bangkapl Termlnal
- Station’which transmit power to Childlom Terminal ‘Station. -
: .3Two more 01rcu1ts are under constructnon by MEA connectlng EGAT‘s South_




Thonburi Terminal Station to MEA's Thanontok new lermlnal Statlon

115 kV subtransmlsszon lines

The 115 kV subtransmission lines receive power from 2307115 kV terminal
station and supply_to the 115724 kV distribution substation and 115 kV

large customers.. Those lines cover the periphery of MEA's distribution

()

area since the distrlbutlon substation located very far from the
terminal station which if supplied by 69 kV voltage system would cause
problems on voltage drop. and load loss.

69 KV subtransmission lines .

The 69 kY subtransm;sSIOn lnnes receive power from 230/69 kv termlnal
station and transmat to 69/24 kV or 69/12 kv dlStFlbUthﬂ substatlon and

69 KV large oustomers Those lines are mostly Constructed in urban area.

{2) Overhead line facilities

(a)

1)

-Conductor

The standard types and sizes of conductor are as follows
400 mn* AAC is the typical and size which is generally used.. Double
conductors per. phase is the standardotype_of construction for 69 kv"
linés - Most of the'existing 115 KV lines are single:conductor per
phase, however, these are being modified to. ‘double conductors per
phase whlch will be the standard type of construction.

2) 400 mm* ACSR is used only for the lines which cross the Chao Phraya

River at South Bangkok terminal station. _
. Current carry1ng capacity of the overhead subtransm1551on Yine is as
shown .in Table 3. 3-1.

Table 3.3-1 Current Carrylng Caoaclty'of_Oyerhéad_Subtraosmissloo Line'

" Rated ; SRS :Current‘Carrylng:capacity.;:
V?&&?ge © 0 Construetion - | . 400 Sq‘mm4A5C5' |

: : -Amp»'“*5:'o‘“ﬁfMVA e

Single Conductor | 845 o 101 o

® Double Conductor Sl 1890 |02

ig | Sinele Corduetor I el T s

. Double Conductor - |~ 1690 . | 337 . -




(b)

(c)

Support structure

The majority of the support structures'of subtransmission facilities
consist of prestressed concrete column.

However, the angle member is used partly in the 89 kV 2 circuits section.
The cross arm made of angle member is used to support the conductor.

The 69 kV and 115 kV'structutes are shown in Appendix 3.3-1 to 3.3-6.
Insulator str;ng ) | | '

AS standdrd supportlng devxces of subtransmtss1on llne, the followlng'

‘suspension insulators (254 mn dia. x 146 mn) are used.

Transmission Insulator Device  Number of One-
Yoltage e _ String Insutators
230 KV Slngle straln ' 14
- 115 -kV -+ Single strain T
69 kV Single strain 4

Note, The arcing horn is not furnished to each 1nsulator strlng for
230,115 and 69 KV subtransmission lines. -

The basic design of insulator assemblies are shown in Appendix 3.3-7 to

-3.3-10. -

(d)

-Foundatlon

Geologically, the area in the MEA'S Reglon consists of soft ground, the

majority of the support structure foundations of subtransm1551on lLine

_are of & COHStFUCthﬂ supporting the prestressed concrete column of

' superstructure by u31ng two concrete piles.

_The structure foundation is shown in Appendix 3.3- 11

(e)

()

Overhead ground wire

The overhead ground wire, which is grounded w1th earth wire/rod, is
furnished to each subtransmission line.

Stay - .

. The stay made of steel wlre is prov1ded at the p051t10n of each dead-end

,Wpole exposed to eccentrlc 1oad.:.:

(g)-fl

Dlsconnectlng switch.
At - the both 31de of branch point for large customers, the pole-mounted

' ﬁdlsconnectlng swntch isvinstalled on the: 115 kV. and 69 kv

subtransmlsS|on lane to enable ~making and breaking - of the line at the

-~ time of: fault.

)

;Arrester

- At the rlser part of. underground cable to ab0veground the: follow:ng



(3) Pr
Th
cl
be

~ (a)

lightning arresters are provided:

Transmission Installation of

Vol tage - Arrester
230 kV. Yes
115 kv - Yes

69 kv . . Yes

oblematical points of existing overhead 1ines
e problematlcal points in the existing overhead subtransm1551on Ilne
arified as a resuit of the Flrst Fneld Investlgatlon are as poxnted out
low: ' '
Branch system _

Since many 69 kv subtransm1551on llnes are T-branched 1n the respectlve

distribution substatlons, whlch have only one transformer Furthermore,

ohly one-circuit 1noomlng equ1pment is prov:ded in many dlstrlbutlon

'substatlons

(b)

(c):

Clearance . - _ ,

As the city development projects have been promoted at a rapid tempo in
the old city, the lack of clearance is raising a probiem-as more new -
buildings have to be built closer to subtransmlssxon llnes

Ground clearance - ' _

As the support structure of. subtransm1351on line . is made of concrete
columns -in many cases, the routes of subtransm1531on line: requ1r1ng a
sufficient ground clearance such as speedways and elevated brldges,
should be detoured.

(4) Underground cable facilities -

(a)

Cable

" The standard types and-sizes ‘of - cable are as follows _
800 mm?* XLPE cable, two conductor {Cu) -per phase, is generally used.
800 mn? oil- fllled (OF} cable is used only for: the 115 KV outgoxngfﬁ

- lines from South Bangkok terminal station.-

© 800 mm? and 1200 mm?* OF cables are used for: the 230 kv llnes from:

Bangkapi  to Chldlom termrnal statlon : L Sy "
1200 mm® XLPE cable Cu) will be used for the 230 KV llnes of: MEA 1ne
the future. Current carrylng capac:ty of the underground?f:

-nfsubtransm1551on line. is. as shown in: Table RIK® 2 EEPL R LI T



{b)

Construction: type

Although the underground subtransmnssnon line is installed according to

- the duct bank system without spec:ai case, the duct bank is adopted in

many. cases of subtransmlssron line in city area.

The each.sectlonal plan is shown in Appendix 3.3-12 to 3.3-14.

Pipe

The duct type is classified into ‘asbestos cement pipe and high density

polyethylene pipe. The former is of a totally banded system (the duct

is reinforced with conorete over'its entire length),‘while the latter is’

of a partlally barded system (the pape joint section is reinforced with
“concrete). :

(d)

Duct scale

The scale of a duct is determlned for. each 11ne In the case of 69-kV 2

_01rcuxts (2 cables/phase) for example, {Doubie circuits x 3 phases x 2'

-écables/phase + some standby ducts] 16 ducts are provided in total

()

(£}

‘The d1mensrons of 24 and 16 ducts are as shown in the flgure below

& |- [ -

8888. | | e ———| (mﬁ:mt

_ 1060
frri—3{. ' ,
-1060 _ [Duct diameter : 140 mm
a) 24 ducts - b) 16 ducts

Pipe : Asbestos cement pipe

Burying depth

The minimum direct buried depth is 1.2 m under car lane sectlon and 0.9
m under sidewalk section and customer area. The duct bank depth is not
less then 0.75 m."MoreOVer, & manhole is provided every between 200 and .

240 meters of duct.

Crossing of underground cable under or over canal

-An exclusive bridge of a steel truss constructron is provrded generally

- for cr0531ng over small rrver ‘or canal. ‘However, an under river passing

System usxng a propulsxon system 1s adopted in some cases. In the case

fof cr0551ng such a large rlver as the Chao Phraya R]VQP a road brldge_

attachlng system or submarlne cable system are also adopted

ogear



“Table 3.3-2 Current Carrying Capacity of Underground Subtransmission Line

Average Current Carrying Capacit
Type.of | S Nunber per C%rcuit ; o _y
Construction of
Cable Circuits | . 800 sq.mm. ~ | * 1200 sq.mn.
Amp. | MVA. | cAmp. | MVA
69 kv In duct bank{ - 1 898 107 — R
XLPE 2 770 92 — —
Direct burial 1 917 110 — -
. : : : 2 860 - 103 C— -
115 kv - In duct bank-| 1 870 173 - - —
XLPE _ 2 741 148 — -
_ o - 3. 681 | - 136 [+ = —
115 kV In trench 1 1293 258 — RS
Low 2 1202 239 ~ —
pressure 3 1124 224 - | =
oil-filled R
230 k¥ | In duct bank | 1 - 960 382
Poly~- . L o2 R e B 754 300:
ethylene _ :
covered, | In trough 1 862 343 o= =
oil-filled | 2 74 | 308 - —
230 kV | In duct bank| 1 - - N.A. | NA
XLPE : 2 - — N.A. N. A
3 - - - - 153 ~ 300




(5) Problematical. points of existing underground subtransmission line

‘The problematical points in the existing underground subtransmission line

clarified as a result of the First Field Investigation are as pointed out
" below: '

{a) Subtransmission line

1) =

Asbestos cement duct

The duct bank is bound over its entire length for reinforcement with

. concrete in the case of asbestos cement duct used as a duct bank for

underground subtransmission line:causing the duct installation.work

period to become longer and traffic congestion particularly when such

~-work- is carried ouf by an open-cut method.
‘Thus,. it is recommended to adopt the:polyester concrete'fibérglass
. reinforced plastic pipe: in-order to curtail work period.

¥ Combined.use_bf overhead line and Undergr0Und line

The existing underground cable - is used paftly among: the .overhead line -

sections: in many cases. dSince there is no fault secticn locating
-detector installed: as an: aux111ary device, 1t is. 1mp0351b1e to readily

judge whether a fault has occurred in the overhead section or

underground section. Therefore, execution of reclosing (re-
transmission) at the time of fault in the undergrouhd cable section
might possibly cause spread of cable damage due to fault current.
Utilization of undergfound space

Power cable of MEA is buried as an independent work separately from

the other buried works (water supply, sewage and other systems) in &

same section, an environmental problem can be raised due repetition

of road excavation. To avoid such a problem, therefore, Common Duct

plahs are_ﬂnder_feaéibility study for several routes in central part .
of Bangkok. In any case, early'implementation_of such projects is.
desired also for effective utilization of underground space for common

uses.

Four route of Common Duct plans are shown in Fig. 3.3-1.

(b) Dlstrlbutlon llne

1)

A one- hole three cable- laying system is adopted for dlStPlbUtIOﬂ line

Instead of the ex;stlng one- hole three cable laying system adopted for
”'distributioh line, it~wou1d.be'adVantage0us to_adopt the triplexitype

3em



cable which can be obtained easiness of work and. reduction of =

- transmission loss.

(6) Utilization factor of subtransmission line

Utilization factor of the outgoing subtrahsmission lines from terminal
station was checked by lookfng up the actual recbrd-of the peak load
current on each line in September 1994, as is shown in Table 3.3-3.

Some of those lines were overloading, namely utilization factor was
exceeding 100%. A suitable countermeasure, therefore,. should be.taken to
such a heavyzloéd line. o :
MEA already has a plan to reinforce, but plan has been delayed. - MEA has a
plan to construct a new terminal station, Teparak, in 1996. - This
terminal station will supply power: to some of distributjon'substatiohs
which are supplied by South- Bangkok and Bangplee' terminal. station ét the
present.  Thus these heavy :load lines will be reduced. - .

In addition, thése-subtransmission~lihes.will,be reinforced from cable 3c
to cable 6c in“the_Sth-power distribution system improvement'and expansion
plan(FY 1997-2001). . '



Table 3.3-3 Subiransmission Line Utilizing Factor

. . . {1 of 2}
Terminal & Line Quigoing |Assumed Peak Ltilizing Practical )
. Switching Conductor |Capacity Amps Facter Capacitly Laying Condition and Hemarks
Station AEps Sep. 1994 % Amps
North Bangkok (NKT-691 Cable 6¢ 1540 840 - 54,5 Trench and Duct bank
) NET-692 Cabhle 6c 1540 1370 89.0 Trench and Duct bank
NKT-697 Cable 6¢ 1540 G670 43.5 Trench and Duct bark
NET=69S - C.6c S00sq 1260 - 1475 171 LBuet bank
. TOTAL 4 . 5880 4355 74.1 - :
Bangkapi -|BAT-681- ~ CH Single 845 1020 120.7 Temporary kine
: BAT-692 Ol Double 1690 860 50.9 - . : :
BAT-693 Cable 6¢ 1540 1080 0.1 : Trench and Duct bank
BAT-634 Ol Double 1690 1150 68.0 -
BAT-697 Cable Ge 1540 J1090 70.8 : Trench and Duct bank
BAT-698 © Ol Double 1680 . 1450 85.8 - )
BAT-699 ol Single 845 800 106.5 Temporary line
TOTAL 7 9840 7550 76.7 - ]
Bangkok Noi BOT-691 C. 6c H00sq 1260 640 47.6 | Trench and Duct bank
: BUT-69Z  Cable 6c 1540 71010 65.6 Buct bank:
BUT-683 Cable 6o 1540 - 1235 80,2 Trench and Duct bank
BOT-698 Cable 6¢ 1540 1270 82.5 Duct bank ’
TOTAL 4 - hE80 4115 70.0 -
Samrong SRS-693 - OH Double 16890 - 995 58.9 -
SRS-695 - OH Double 1690 645 .- 382 -
SRS-697. - OH Double: 1690 940 . 85,6 -
TOTAL 3 070 2580 50.9 -
South Bangkok [SKT-681 OH Double 1690 1200 710 -
: SKT—692: - 08l Double 1890 - 1100 - 651 -
SKT-694 (M Double 1690 1050 62. 1 -
SKRT-695 Cable 6t 1540 1200 71,9 Duct. bank
SKT-696 ~ Cable 6c¢ .. 1540 .~ 1115 2.4 Trench and Duct bank = =
SKT-699 Cable 6c’ 1540 - BOG - 52.3 Trench and Dudt bank :
TOTAL 6 . 9690 6470 . = 66.8 - ‘ : N
Lard Prao LPT-6%1A - Cable 6c 1540 940 61.0 Trench and Duct. bank
LPT-691B  Cable 6c 1540 1460 94.8 Trench and Duct bank :
LPT-6928 - Cable B¢ 1540 - 490 3.8 Duct bank
LPT-693A = Ol Double 1690 1360 80.5
LPT-693B - Cable 6¢c 1540 1430 92.9 Duct bank
LPT-694A Cable 6e 1540 0.0 Puct bank
LPT-694B - Cable 6c 1540 0.0 Duet bank
: TOTAL 7 10930 5630 52.0 -
Bangplee BPT-621A  Cable 6c §540 1250 81,2 Trench and Duct bank
: BPT-692B  Cable 3c 770 1060 137.7 Trench and Duct bank :Note 3
BPT-6938 | Cable 6¢ 1540 0.0 Trench and Duct hank
: : TOTAL 3 3850 2310 60.0
Klong Rangsit {KRT-6814 Cable Gc 1540 930 60. 4 Trench and Duct bank
KRT-692A Cable 6c 1540 480 31,2 Trench and Duct bank
KRT-6928 .OH Double 1690 1320 78,1 -
TOTAL 3 4770 2730 57.2
Chidlom CLT-691A  Cable 3c 770 520 67.5 Trench and Duet bank
. CLT-6918 Cable 3c 770 820 106.2 Trench and Duct bank
CLT-6928 Cable 3¢ - 770 860 1157 Trench and Duct bank
CLT-8934 Cable 3¢ 770 610 79.2 Trench and Duct bank
-|CLT-694A  Cable 3c 770 465 60. 4 Trench and Duct bank
CLT-6%4B Cable 3c 770 560 72.7 Trench and Duct bank
TOTAL 6 . - 4620 3835 83.0 :
South Thonburi |STT-621 Cable 6c 1540 1280 83.1 Trench and PBuct bank
STT-693 Cable 6c 1540 800 5.9 Trench and Duct bank
STT-695 Cable &¢ 1540 - 1130 73. 4 Trench and Duct bank
TOTAL 3 4620 3210 69,5
Grand Total 65150 42835 65.7




_(2 of 2}

Uiilizing

Terminal &. Line Ouigoing |Assumed Peak Practical :
Switching Conductor |Capacity Amps Factor - [lapacity Laying Condition and Remarks
Siation -1 Amps Sep. 1984 % Amps
South Bangkok [SKRT-791 Cable 3c 741 800 108.0 Trench and Duet. bank Note
SKT-793  Cable 3¢ Tl 800 108, 0 Trench and  Duct bank hate 4
TOTAL 2 1482 tROG 108.0 .
Bangpliee BPT-791A° Cable 3c T4 LHOO0 135, 0 Trench and Duct bank (Xote 4
BPT-79183  Cable 3¢ 711 0.0 Trench and- [uct bank ‘Note 4
BPPT-7924 - Cable 3¢ 711 B20 33,7 Trench and - Duct bank iNote 4
C|BPT~7928  Cable 3¢ 41 30 72,9 Trench and Duct-bank Xote 4
TOTAL 4 2964 2160 72. 9 -
Klong Langsit  |KRT-79i Cable 3c 711 : 0.0 Duct bank
TOTAL 1 L 711 .0 0.0
Nonig jok NJT-791 eable 3c 741 490 66, | Duct hdnk atl “snburl incoming
NJT-722 Cable 6c. 1482 620 41.8 Duet bank
TOTAL 2 2223 - 1110 19.5
Grand Total 7410 4870

=]
o
-

Note:

(1} Typical laying condition of subtxnsm]sexon l1nes can bhe . described ‘that the outgoing lines are
usually installed in cable trench in the terminal stations and in duect bank in public arca..
The assumed capacily as mentioned in the table is the average cu1ren1 carrying capﬂc1tv of
cables which are laid in duct bank. ’ :

{2} The practical capacily is set 1o 'he equal to the assumed capzcity.

(3 MEA has a plan to reinforce BPT-692B from.cable 3¢ te cable B¢ in 1892 but p]an has heen

delayed,

‘(4 MEA has a plan to construct a new terminal stationm, Tepa]ak,_in veayr. 1996,
: This terminal station will supply power to some of distribution substations which are
supplied by South Bangkok and Bangplee Lerminal stations at the present. Thus not only. the load
of the mentioned terminal stations but also load of their ouigoing lines will be reduced.
‘In addition, these outgolng lines will be lelnforced from cable 3¢ 16 cable Bc in the 81h ponez
distribution sysiem improvemeni and expansion planf1987-2001).
{3} Cable 3c or B¢ means 3 or 6 x single core cable for single circuit 1ransm1$51on.lzae
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3.3.3 Substation Facilities

(1) Outline of substation facilities

MEA's substatnons are classified Jnto three categorles as followe

{a) Terminal stat1on

Terminal station reduces the voltage of 230 kV system to 115 KV or 69 kv
in order to supply -the power to distribution substations and 115 kV or
69 kv large customers‘ substations. :Terminal stations which supply
power to the MPA's dlStF]bUt]Oﬂ area are connected to the 230 kV EGAT's

transmi551on network. At the ‘end of 'FY 1994, the number of MEA's total
tefminal stations rece:vlng power from EGAT was 10. There is only one
terminal station invested by MEA named Chidlom Terminal Station (2 x
250 MVA). Furthermore, Thanontok Termlnal Station (Z x 250 MVA) under

constructlon w111 be next one. In future, to meet w1th the’ 1ncre351ng

- power demand in densely populated areas, MEA's new termlnal statlons";

(b)

should be constructed.

Sw1tch1ng statlon

For southern 1ndustr1a1 area in Bangkok metropolitan area, MEA has only

f one sw1tch1ng station (Samrong) recelvang electrlc power 69 kV from-

terminal statlons and dlspatchlng to dxstrlbutlon substatlons and 69 kV
customers. e ' ' L

~ Terminal Stetioniaod_SWitchiog:Statfonﬂ_f}l -

Installed. " Number of

Total - o 6,985
“Note: * supply to MEA and PEA :,L3e””-;.f;5;",

Capacity - Subtransm1551on
o ‘ < (MVA) . . Lines
1. Bangkapi =~ (69KkV). 4 x 200 = 800 T
2.. Barngkok Noi (69KkV) . -3 x 200 = 800 . - 4
3. Bangplee - (115kV) - .2 x 200-°= 400 4
o (69KV) 2 x 200:=-400 - 3
4, Chidlom {B69KV) 2 x 250.= 500 6
5. Klong Rangsit® (1198V) 2 x 200 = 400 e
. 5. Klong sit* ] X = :
o _ (69kV) 2 x 300 = 600 3.
. 6. Lard Prao (69kV) 4 x 200 = 800 B
7.. North Bangkok + (69kV) 1 x 285 = 685 4
. _ 2 x 200 = 400 S
'8.. South Bangkok - (115kV) 2. x 200 = 400 200
S . {69KV) 4 x-200 = 800 6
9. Nongjok - (115kV) 1 x 200 = 200 2
10. South Thonburi = (B9KY) 2-x 200 = 400 3
11, Samrong Sw1tch1ng Station : ‘3
56

3- 34”ntfﬁ;;w



{c) Distribution substation

At the end of FY 1994, MEA had 103 distribution substations having
8,364.78 MVA of total installed power transformers. The total number of
customers which installed their own power transformer was 45,
consisting three customers of 115 KV and 42 customers of 69 kV, and
total capacity was 1,082,185 MYVA. In the future, the total of number
of 115/24 kV and 69/24 KV distribution substations will be increasing
gradually by conversion from 12 KV to 24 kV.

~ In consideration that temporary substations with one bank confrguratlon
have been increasing rapidly for these several years, such a trend of
increase is shown in the table below. |

At the end of FY 1994, there were 32 substations with one bank
configuration equ1valent to 31% of the total number of substations.
Most of these one bank substations have been constructed concentratedly
since FY 1989 and out of 14 substatlons constructed in FY 1994, as many
as 11 substations were one bark substations.

_ As.a countermeasure for meeting rapid increase of load in recent years,
1t has been 1nev1table to construct such temporary one bank substatlons
whlch can be 1nstalled within a- short perlod of time. Such SltU&thﬂS
would have made it 1nev1table to consume the valuabie tlme and labor
forces uselessly for planning, desxgn and construction of the temporary
substatlons and could possibly cause delay in construction of permanent
substatlons in the'future. Since various problems ceo probably be
raised in vlew of supply reliaoility as well,;it is urgently required
to strengthen and improve'the capabilitles'of planning, land

_acqu:srtlon design and constructron work. '

In addltlon, the one bank operatlon is allowed only in the case where
all of the load belng transmitted from the substation whlch has been
shut down can totally be- SWltChed over to another substatlon and only
when the ut111zat1on factor of the latter substatxon 1s suff1c1ent1y

: low,



Number

of Distribution Substations.

i) Voltage-wise .

Vol tage ~ Number of Total Ca?aC1ty
(kV) - Stations
115-24 17 1,360
69-24 6. 600
69-12/24 10 1,280
69-12 70 - 5,664.8
Total 103 8,904.8 .
2) Capacity-wise
Capacity Number of Total Capacity
(H$A). : Stations . ; (MVA? _
- Below 60 - 14 540
60- 99 51 3,664.8
-+ 100-139 130 3,460
Above 139 8 1,240
Total 103 -

8,904.8

3) Commissioning year-wise

aNumbef_Of Substations

Commissioning - : Total Number
~ . .. .- . Increment - .Number of Transformers ©oof
Fiscal Year . : : ~Transformers .
: SR per year - - - 1B. 2B -3B. 4B T
Before 1980 40 . o127 11 92
1981 | - - 1 = 3
L1982 1 T B = 1
1983 3 -3 - - 6
. 1984 1 - =l s 3.
1985 4 - 3 1 - 9
1986 2 -2 - - -4
1987 - 2 - 1 1 - 5
1988 i SRS SRR 2
1989 4 1 2 -1 - 8
1990 - 9 4 4 1= 15 -
1991 7 3 -3 1 - 12
1992 S10 - 9 1 ss +11
1993 4 2.2 - - 6
1994 .~ 14 3 - =i AT
- 103 32 05218 1. Co19400
Note: Total peak load 5,424, IMVA
Total capacity = 8,904.8MVA
Utilization factor  60.9%



(2). Types of substations
Although MEA's substation types consist of the outdoor and semi-outdoor
types, while any underground type has not been adopted so far. Recently,
the. semi-outdoor type substation using'Gas—InSUlating Switchgear {GIS) as
primary:circuit switching eguipment has been adopted as a standard type
substation. . - '

‘Note: Although MEA is -so-called "Indoor type" for standard type '
Bomer i T Foport. bOGAUSG mAin powor Lranstormers are
installed outdoor and other substation equ1pments are 1nstalled

The outdgggorlndoor, underground and other types should be selected
independently or in comblnatlon $0 as to attain overall efflciency
_dependlng upon the reglonal condltrons and surroundxng env1ronment
At present the sem: outdoor type substatron is adopted by MEA as a
standard type substatlon as mentloned above presumably because of the
followlng reasons 7 ' _
- AS substatxons are 1nstalled in dense re51dent1al zones 1n C1ty areas in
':many cases 1t 1s requnred to take into account preservataon of urban
| scenery, preventlon of noxse, f1re and other troubles _ _
_ Q'The substatlon equlpment should be. protected from exposure to severe
natural env1ronment (dlrect sun squall etc ) 1nherent fo the troplcal
. zone. L . : : .
L It'is difficult to acquire thefpremisesiof subStatlon:and the use of
Z landhis restricted_ln many cases. L S

'Where the present standard sem; outdoor type rs to be applled unlformly
for any substat1on to be lnstalled in the entxre dlStPlbUthﬂ area of MEA,
many problems can p0351bly be ralsed in: v1ew of land utlllzat1on and
'overalt efflclency in the future Therefore,_1t xs recommended to promote
_ study regardlng the follow:ng respectlve 1tems S0 as to make 1t possnble
' to apply the other types of substatlon in combxnatlon 1n the future ‘
(a) The substatlon capac1ty should be 1ncreased by adoptlng 1ntegrated-:
:three—phase common enclosed type_dls one break po1nt type GCB dtg:tal
g :type protectlve and control devnces, and other reduced 51ze equ1pment
'-fﬁ31multaneously durrng replacement perlod of aged equrpment or
reconstructlon of ‘substation:

(b) Although adoptlon of the underground type has not been planned so far



because of geological conditions, flooding and other. problems in Bangkok,

it would become increasingly difficult to acquire land in overpopulated

areas in the future. Should it become ultimately more economical to
promote effective utilization of aboveground space by installing
substation underground resujting_from-substantial rise of land price, it

would be necessary to study adoption of the underground type substation.

By studying adoption of gas- 1nsu1ated transformer, it should be promoted
to. appiy the underground type or andoor type whereln all’ of the major
equipment are xnstalled lndoor '

(3) Conflguratlon and layout of substatlon equ1pment

(a) Although the GIS have been 1nsta11ed and operated both 1ndoor and

outdoor not only in Japan but also throughout the world such equ1pment

| are spe01f1ed to be. 1nstalled 1ndoor accord:ng to the preva:llng concept

of MEA. Where the GIS are 1nstalled outdoors on the other hand it

would be possrbie in some cases to expand the freedom of substatlon

layout desxgn ease restrxctlve condztxons in land utlllzatlon, and

attain effectlve substatlon layout Where exposure “to dxrect sun 1s to

be avonded 1n thxs case, rt w111 be suff1c1ent to prOV1de a srmple

shelter over ‘the GIS equ1pment

Therefore, it should be con31dered to 1nsta11 the GIS equnpment both

indoor and outdoor 1n the future

(b} Although power capacitor is specifiedAto‘be indoor installation

according to the new standard of MEA 1ndoor capac1tor 1nstalIat10n 1s

not de51rab1e in view of - flre protectlon 51nce the capaC1tor 1s an 011—

filled dev:ce Therefore, it would be necessary to con51der

_:snstallatlon of the capa01tor on roof top of the substatlon bu11d1ng 1n

(e)

the future. Moreover 1t is recommended to study adoptlon of gasﬂ
1nsu1ated capacxtor as practlced already 1n Japan

When the eiectr1c1ty rate dlscount system :s adopted for the customers :
executing lmprovement of power factor, 1t would be poss:ble to expect-

.hthat each customer can purchase and 1nsta11 a capaC1tor by hlmself :

: Should xt be possxble to ellmlnate the nece551ty to 1nsta1} capacxtors

substatlon can be mlnlmlzed

in the MbA's dlStPlbUthﬂ substatxons,_then the overall scale of entxre




(4) Acquisition of substation site and reduction of installation space
Along with densitication of city areas, acquisition of land for substation
is expected to become more and more difficult.” The required site area of -
- the present standard distribution substation (60 MVA x 3 banks) of MEA is
about 1,500 m* (50m x 30m), and such an area should be acquired in
advance at each proposed subsfation location according to-its short and
long term plans. Nearly all of the substation site area proposed
according to the Seventh Power Distribution System Improvement and
‘Expansion .Plan has been acquired.- After formulation of the eigh{h plan,
'however,-it will be necessary to collect and Enalyze the information
pertaining to selection and acquisition of land including the city
redevelopment, railway and road construction plans, and so forth. Then,
activities should be started immediately for acquisition of the substation
site areas proposed to be constructed according to the subsequent plan.
At the same'time,'studies should be promOteo for reducing the:size of
-substation equipment to ensure easy acquisition of substation sites based
on the following basic methods/policies:
Coa) SimplifioatiOn of connection system::.
' b) Simplification of component ‘equipment.
~c) Simplification of aokilrary equipment, =
Among the above items,: Item e) is determined in view of the reliability of
._the power-System-ahd equipment, Ttem b) pertains to reduction of the
sizes of main-substation equipment including the primary and secondary
" switching equipment, franSfOrmers, power capacitor banks end'eo forth.
For this purpose;-optimum equipment should preferably be selected which
‘sufficiently takrng into .account the cost, easxness of maintenance and
operation, and other factors inaddition: to ratlonalizatlon of xnsulatlon
system, insulation and coollng system design.’ |
For srmpllfying the auxiliary equipment in Item c), moreover, 1t is
- desirable .to make effectlve use of valuable space by installing the main
equipment and its auxillary equrpment at the same p031tlon (adJacent to
each other) as well as’ by rev1ewing the: equ1pment layout _
' The basic methods and effects of redu01ng the equ1pment size are presented
'respectwely in Fig. 5.3-2 and 8.3-3.

R R IR
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'Effects of space reduction
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. Fig:3.3-3  Effects of Space Reduwction. -



3.3.4 Distribution System Facilities

(1) Outline of distribution system
At the end of FY 1994, the total number of existing 24 kV and 12 kV
primary lines were 981 and the total_ length of 8,172 ckt-km.

Length of Lines (ckt-km)

: Number

Yol tage of Overhead Underground
o - Circuit Line . Cable
24 kV 206 2994.99 . 45.96
12kv. 715 - 4503.02 . 628.59

Total 981 7498.01 674.55

As dlstrlbutron system voltages of MEA, 24/12 KV are adopted. At present |

MEA is schematlcaliy promotmg a system voltage boostmg pI‘OJGCt from 12'

| 'kV to 24 kV except in the network ‘area around the. Royal Palace - This.

system voltage boostmg pro,]eot to 24 kV bemg promoted by MEA is

.evaluated justifiable when compared wr th the distribution voltages adopted
in major cities of the respectlve countrles of the world:

At the end of FY 1993 ‘the totai oapaclty of MEA's d1str1but10n oapaoxty
was 5,608, 191 kVA whereas that of customers d1str1butron transformers
‘was 3,595,257 kVA and the secondary line length was 17,619 ckt-km.
‘Meanwhile, the low vol tage d1str1bution system adopted by MEA are the o
. following ones: - '
~220/440 V, 1P3W
- 220/380 V, 3P4W

The systems of‘ the dlstrrbutlon llnes applled by MEA are the followmg _

‘. ones: _ : . : o
RadraI with emergency t1e (Flg 3. 3~4)
- - Radial mth autematic reclosmg sectionalizer (F1g 3.3~ 5)
. Underground loop (Fig. 3.3-6) - '

» Underground primary seleotlon (Frg 3 3- 7)

+ Secondary network (F1g 3.3-8) . o ) .
Furthermore, the system bemg stud1ed currently for 1ntroduct10n 1s the L



fol lowing one:

+-Underground special spare line (Fig. 3.3-9)
In the majority of MEA's area, the "radial with emergency tie" system is
adopted as a standard system. - -

Furthermore, the underground loop system is applied by MEA as a supply
system to 12/24 kY customers in high load density and over-concentrated
areas. i |
In.addition, the underground primary selection system is also adopted as-a
supply system to 12/24-kV customers'around the Silom Street.where high
reliability is required in such a high load density and over-concentrated
area. . : B o
With this system, it is poésible to -perform automatic or manual switching~
over to sound-circuit in case any fault has occurred in.distribution line.
Therefore, this system can be eualuated‘as.a-hjghlyrreliable-system.=
B For;the_purpose'ofgimprovlngsthe utilization factor of'equipment,:study
_ seems‘to'haVe been-carriedfOut-for-introductiOn of a more advanced
underground.special line system than these~underground distribution

systems.

To introduce'an optimum system: for each area:depending on_the.locational
'_condltlons by ‘making effective use of the advantages inherent to.these,
underground dlstr1but10n -systems, it is deemed to be a future task to
| ”replenlsh the basic ecriteria for sySten 1ntroduct10n

Adopted for-theisecondary network system applied in the network area
around the Royal Palace is:a regular network system, - -which'has: also been
‘introduced in the Tokyo Metropolltan District of Japan.- :
'Con31der1ng that hlgh rel1ab111ty is requ1red in: the hlgh load density
area around ‘the Royal Palace where. many government agen01es are located;.
this system is deemed to have been xntroduced - Consequently; this
selectlon is evaluated JUStlflable .
ﬁ'fThe features of MEA'S secondary network system are that only the 12 kV
.”- d1StFlbUt10n llne 1s 1nstalled underground while the pole- mounted



transformers and low voltage lines are'installed overhead. :
Although the load around_the Royal Palace is highly dense, individual
customers consisting of small shops; factories and so forth are densely
concentrated. In these areas, the pattern of load is predicted to undergo
substantial changes in the future as a lot of construction, dismantling
and other development works are extended.

In this connection, it is evaluated as-a justifiable selection which meets
actual situations in the area, that the low voltage lines are being
applied-overhead in such areas where the:load:is prone to fluctuate, as
thereby countermeasures can be taken flexibly against load fluctuations.

In the case of the "radial with emergency tie" system adopted by MEA, ‘any
countermeasure has not been taken ‘into account in some aspects at- the time
of 1-bank fault .in substatlon although mutual dlstrlbutlon lines have
been 1nterconnected to cope W1th any fault in distribution line.

Moreover, the overhead ‘line and underground line have not been formed
approprlately taking into -account the normal and short time allowable
currents. 1nherent to the conductor and cable. :

The primary point to be considered in a distribution system configuration
is to design a system ‘capable of protecting itself in time of fault in the
' dlstrlbutxon line. In this regard TEPCO adopts: the mu1t1 ~section and
mul ti-interconnection modes. Besides,. TEPOO normally sets ‘the: operating
allowable current of ithe distribution systemS'lower'than the :inherent
allowable current of eonductors, cables and pole-mounted switches, for the
sake of protection-against faults which:may oceur in other distribution
systems. - Furthermore, the system configuration of - d1str1but10n lines are
S0 deszgned as to 1nterconnect withthose ‘of other banks and substatlons,
so that recovery is well enough p0551b1e with the dlStFibuthﬂ llne 1n‘
case of a fault in one 31ngle bark .of a SUbSt&thﬂr '

“For reference, the sysfems of overhead disfributibn‘lioe'and ‘underground _'.
distribution cable furnlshed in the Tokyo Metropolitan Area are
xntroduced below



{Overhead Distribution Line)
Three-section three~interconnéction system

Another Feeder Bank No.3

Bank No.! é‘]
Reeder A~~~ - 5 - Another D/S
Bank No.2 o Ll[] - B Feeder
Feeder B~ ~g——— & . 0 { Another D/S
Bank No.3 ) + Feeder
Feeder C ~~vgg— . u B } ( Another D/S
e % _ o
Another Feeder Bank No. !
m cnomallyclose w O:300A o~ : AGSRIZ0 oo’
[j : normally open B | S e XIBE 325~—250 mm?

Operatlon Capac1ty
normal ¢ 230 A, TT%(230 A/300 A) of short-time capac1ty
[emergency 300 A (230 A+T70 A)
each sectxon load @ 75 A (=230 A3 section)

Six—_section_ three—1_nterconnectiori system _
- Another Feeder Bank No.3

L]

Bank No.2 ',_Feeder

Bank No.1 _ [lﬂ S : ) _
Feeder A ~ AN} @+ - 28— E}--*-I—S Ahother D/S
Feeder B WD i

' 5 Another D/S

m—u—a——O—#
Bank No.3 _ [I'] . o | __Feeder . |
Feeder ¢~ {i—fW-—(i——&—# D-““l—SAnother s
N Another Feeder Bank Noit © Lo
@ w :romallyclose [ :60A  —— : HAL240 m?

: o ~ inormally open " O 1300A {Hard drawn Aluminum Gonductor)

~—— 't ACSRI20 gm®
o~ i XLPE 500—325 mn?



Operatlon Capacity

[normal 1 450 A, 75/(450 A/B00 A) of short-time capac1ty
emergency : 600 A (450 A+150 A)
each section load : 75 A (450 A/B sectlon)

(Underground 'Dist:ribution Line }

Two-section two-interconnection system

Bank No.?2
Feeder B
|
*f——-é
: ﬁ‘ Another':-
U 'ﬁ‘ M —»»«—5 Feeder
—

/ Another Feeder
Mﬁl.ti on-load switEh '
5x400 A

® : npormally close

o "norr'f'_n‘ally open

— : XIPE3%5-250m* . : g-shaped branch box

—— ¢ MIPE 150/80 m* L% Pad-mounted transformer
Operation Capamty . . o _

normal 260 A, 659’(260 A/4OO A) of short tlme capacuty

[emergency 400 A (260 A+140 4) '

each section load : 130 A (260 A, 72 section)-



Four-section two-interconnection system
' B Bank No.?2

Feeder B

M N
Bank No.! ) ‘-gJ
Feeder A — ' '
L ‘
ry F
I*_illt_i on-load switch - ; N
4400 A | Bank No.3
' Feeder C

e : normally close
O ¢ rnormally open_ _
—— ! XLPE 500—325 rm? s+ ¢ g-shaped branch box
—— 1 XLPE 150/60 mm? 2, : Pad-mounted transformer
Operation Capacity' - o
normal ¢ 400 A, 67%(400 A/600 A) of short-time capacity
[ei'nergency : 800 A (400 A+200 A) |
each section load : 100 A (400 A4 section)



(2) Overhead line system

(3)

The standard types of conductor are as follows:
1
2

) Bare aluminum conductor.
)
3) Spaced aerial cable.
)

Partially insulated aluminum conductor.

4 Preassembly'aerial cable.

Note Item 1) was widely used before, but not used now.. _-'
Item 2) is widely used at present.

The standard sizes and their current carrying capacity are as. shown in
Table 3.3-4. D | |

Underground line system -
The standard-types, sizes and their current carrying capacity are as shown
in Table 3.3-6. '



Table 3.3-4. Current Carrying Capacity of Overhead distribution line

_ Current Carrying Capacity
Type of Conductor 12 kY 24 kY
Amp. | MVA | Amp. | MVA

Bare CondLlcﬁob .

- 35 sgm. 170 3.5 170 7.0

- 70 sqmm. 20 | 5.6 | 210 | 11.2

- 185 sq.mm. | 515 107 | 515 | 21.4

Partially Insulated Conductor o

- 35 sq.mm. ' 172 3.6 172 7.2
|- 70 sq.mm. %0 | 5.4 20 | 10.8

- 185 sq.mm. 488 | 10.1 | 488 | 20.2

Space Aerial Cable o

- 35 sqm. oo | 35 ] 1ol 7.0

- 120 sq.mm. _ 365 7.6 365 | 15.2

- 185 sq.mm. o 40 | 9.8 | 4710 | 19.6
| Preassenbly Aerial Cable .. : N

- 240 sqm. 130 | 8.9 | 430 | 17.8

Table 3.3-5 Current CarrYing Capacity of Underground distribution line

| Current Carrying Capacity
Type of Conductor : 12 KV . 24 kV
| | | Amp. [ MVA | Amp. | MVA
- 35 sq.mm. Cu. XIPE 161 | 3.3 | 161 | 6.6
- 70 sq.nm: Cu. XLPE o35 | 48| 235 | 9.7
- 240 sq.mn. Cu. XIPE 478 | 9.9 | 4718 | 19.8
- 400 sq.m. Cu. XLPE | ee | 1227 | 614 | %55



A Distribution Substalion
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3.3.5 Protective Relay System

(1) Automatic reclosing:

To ensure early restoration from interruption of service and system

stability, automatic reclosing should preferably be performed quickly

after_breaking'of-cirCUit'breaker. ‘Since the reclosing time is limited |

essentially by the following items; an optimum reclosing ‘time is

‘determined -with comprehensively con51der1ng the said items:

.= Operatlng duty of ecircuit breaker. -

- Deionizing time at: fault point. _ :

~ Time: requlred until the residual voltage in large scale motor has been
" lowered sufficiently.

- Informatlon updatlng time in case. of remotely indicating ON/OFF
*information of -circuit breaker. - -

= Operatlon time of. automatic power source changeover deV1ce (line throwﬂ
~over scheme) in distribition substat1on ' '

~ Duration of no—voltage requlred by equlpment arranged in SEPIES

Whether to perform automaticsreclosing of subtransmiSsion*line or not is
_determined taking into account whether execution of automatic reclosing
causes any'prOblem-or'notrin'viewnof human and-equipment safety in
addition to early restoration from interruption of service and assurance
of system stab111ty mentloned above | y
In’ thlS sense, automatlc reclosrng is generally performed in case the main
_ protect1ve relay has been actuated but not performed in case the backup
| protect;ve relay has been actuated Moreover, automat1c rec1051ng is not
-_performed in case all of.the subtransmission 11ne consists of.underground
- cable. Likewise, in case a'fault'occurred in the underground portion of a
subtransm1581on line whlch consists of a comblnatlon of overhead and
underground 11nes the automatlc rec1051ng is normally not performed

' (@) Automatlc reclos1ng of subtransm1351on 11ne B

Slnce the 115 kV and 69 kV systems are solldly grounded the fault
- current is so much greater In case a 51ngle 11ne-to-ground fault has



occurred, voltage drop will take place. The shorter the distance from
the bus to the fault point in subtransmission line, the gréater the
fault current. ' _
Before elapse.of several séconds after the first fault current has
passed in . transformer SUbsequentztOffailure in aufomatic reclosing, a
- fault current will flow again. Since the circuit breaker ié.made vhile
a fault is occurring;continuouSIy in the line, the fault current will
flow simultaneously at the time of making. - This causes a large stress
to the transformer, circuit breaker and other equipment connected.in
- series. In addition, the larger the fault current, the gfeater such a
stress. . When automatic reclosing féilure-has been repeated,: the
deterioration of cireuit breaker is accelerated; and this ultimately
- results in the reduction of equipment reliability. S
In consideration of these 51tuat10ns ‘the MEA has determined the
_reclosing system of subtransmission line as- descrxbed below Meanwhlle,
in the case of subtransmission line consisting of a: combination.of
overhead and underground lines, automatic recloéing is executed even
when a fault has occurred in the underground cable portion of the
‘subtransmission-line. '

1) Protective section a“d‘?‘“'to'“atic-l’eclosing. R
 Section 1  Sectim2 | Setim3 |
F LA ) ﬂL— (A*209’+B*809') —( BR0% )

TR ""1

»

* Main Protection Béck—Ub=Protection:' Back-L Protectlon'
Z1; Inmst.) (225 0.4 sec.) - | 3 0.7 sec. )”

Automatic reclosing .




When the Section 2 and 3 are automatically reclosed, it naturally

‘follows -that the section would also be reclosed automatically even a

backup protective relay has.been-actuated. This means. that electricity

can possibly be transmitted even before the fault point has not been

Zt

eliminated, Such a reclosing system will bring about a highly probable
danger of fault expanding further.to equipment and human damages.

Meanwhile, the Section 1 of two kilometer from the terminal station was
manually switched according to the request of the EGAT to prevent. an

adverse effect upon transformer. .The above-mentioned section has been

.. changed to automatic reclosing since April 1995..

. Reclosing time and frequency of automatic reclosing - ..
' _ereCIosing.time : ;;;' .Frequency'of.automatic,reclosihg
2 sec.(As of Nov. '94) | - 1 time

At the FirsttField.Investigetionf;the.reclosing time has been changed

from 2 sec. to 4 sec. in a part of subtransmission lines according to

“the request of the EGAT to prevent :an adverse effect upon transformer

,The reclosxng tlme of all subtransmlss1on 11nes, however have been
“unified to 4_see ‘since Aprll 1995,

$

Present s1tuat10ns of reclos1ng time |

Out of subtransm1551on line- trlppxng (except in case of trlppxng
caused by substatlon equ1pment) occurred in December 1993 January,
Aprll and September 1994, the reclosrng tlme 1n 49 cases of short

_”'tlme 1nterrupt10n is exam1ned The results are presented below

!_T1me,;%w;5'5. ; w‘z‘}'Shortitrme_lnterrupt;on,,w TR ,QTbtal .

Time . |. lsec. | 2sec. . 8sec. | Adsec. | Gsec. | .

Number |- DR VAR S S A A 49
%) sm'v34m-».2m-:4¢% 112.% | 100%
Total (s r%) 18 (36 7%am4o%) o ‘28r(57;1%e;60%):a —

'From the above results as of November 1994 the re01031ng ‘time of

;iifabout 60% of subtransm1531on 1ihes i§ estimated to be 4 sec (Refer to-

'.-MMeasm



4) - Review of recloslng time _
In the case of -the reclosing time -of subtransmission line, {t is
sufficient-to take into account ohly early restoration from service
‘interruption. Therefore, there is no need to take into consideration
the system stability as in the case of bulk power transmissloh“line
As the items to be studied in this case have -already been descrlbed

- MEA is recommended to take into account the following itens. '

a) Residual voltage in large capacity motor '
In the case of large capacity motor,'residual voltage is reported to
exist tentatively even after service interruption. This residual
voltage changes also in phase-angle'-and excessively large current
flows due to the phase d1fference from power source voltage when
’serv1ce interruption has been restored.: Thereby, ‘the motor is
exposed to a stress. The allowable value of residual voltage after
motor has been exposed repeatedly to this stress is specified at 25

to 30%.
- An example of the design residual: Voltage values in' Japan are as
listed below: = R : '
‘ Design values _
Induction motor (Squirrel cage)
- Rated output , Time~ ~ P: Pole -
Residual ' '
voltage | 400 (kW) | 1,020(kW) 2P| 3,300(kW) 4P | 1,800(kW) 6P
0 80 PU| 0.3sec. | ldsee. | 2.1 sec.”| 0.6 sec.
vy 0.7 # 2.2 3.1~ -_08 ”
040 7728 RN [ B 31 R S SOV I 1R
0.25 » 2.0 » 43 #0164 LT
0.20 »~ |"72:2 # { 74.8 ~”f““'.']7‘2f*”-1“- oL 9 "

Meanwhlle an example of the actual measurements of re31dual voltage_

in an lndustrlal plant where two 15 MVA 1nduct1on motors are |
' -1nstalled are as listed below. The actual measurements have been
'V_made smaller than the deszgn values due to the effect of other load

, R Measurements Lo o T
Re51dual voltage 0 8 PU 0.6 PU - g % 0 25 PU

T1me - ~1.0s 1. 6 sec sec T ‘sec.

'Whlle the re31dual voltage 1s lowered to 25% 2 7 sec 1s requxred o L

- as shown in above table



" In consideration of this condition and an adverse effect of too
short reclosing time exerting upon a part of transformers,. it is
At

the réclosing timé has been

recommerided to lengthen the reclosing time to 4 sec. or over.
the Second Field Investigation,
~improved by:changing its time to 4 sec..

(b} Automatic reclosing of distribution line
".As indicated‘belowf=automatic'reclosing has been executed twice.
Meanwhile, such reclosing-is practiced indiseriminately although most of
the distribution lines are composed of a combination of overhead and
underground lires. ' et '

" Reclosing time Reclosing frequency

3 sec. for Ist reclosing

60 sec. for 2nd reclosing .

1) Review of reclosing time - _ |
o When;the*informationfupdafingTtime'and residual voltage in large
capacity motor are taken into account, it is recommended to lengthen
‘the rec1051ng time from 3 sec.-to 4 sec or over for raising-the
reclosing success ratio.-~ For- reference, the rec1031ng time of
“-distribution line in the T0kyo_Metrop011tan Area of Japan is set at 60
oo ‘ AT e o

(c ) Success ratlo of automatlc rec1031ng _
_The success ‘ratio of automat1c reclosxng 1n the flscal year of 1994 was
;28 2% for subtransm1351on line and 68 57 for dlStPlbuthﬂ 11ne as
-f indicated in' the table below:

Success ratlo of autometlc rec1031ng

Subtransm1331on Hnes | - Peeders
. [Instant. [ Fail o | .Total??ﬁ‘Insfant;. Reclosé | Fail to | Total
ol reelose ~reclose 1" . _reclose ﬁ_inw;;me : reclose I
B 475 3,14p | 1,055 6,126
(28 2%) (71 8%) (100 09') 51 %) -(17-12%} (31 59') (100.0%)

__Generally, the success rat1o of automatlc rec1051ng is reported to be
LESO% or above for overhead subtransm1831on 11ne and 70 to 80% for



overhead distribution line. Although the success ratio of automatic
reclosing for feeders in the case of MEA is roughly-eqnai‘to_the'above,
that of subtransmission line has been worsened substantially. _

In the case ofnfailure in automatic reclosing, not only the circuit
breaker, transformer and other series equipment are exposed to excessive
stresses, but also instantaneous voltage dip arises in.the power system
as mentioned previously. Therefore, the higher the success ratio of
automatic reclosing, the better. For this purpose, it is considered
‘necessary to investigate the causes of frequent failure in-automatic
reclosing of subtransmission lipe and take appropriate preventive
countermeasures. It would also be nne of the options to-temporarily
'suspend automatic recloslng until completlon of the investigations.
Meanwhile, the first and second success ratios of re21031ng of
dlStPlbUtlon line are 51.3% and 17. 2%, respectlvely ThlS indicates
that 35.3% of distribution lines failed 1n the first re01051ng have
succeeded.rn the second reclosing and therefore suggests that the
success ratio of'the first-reclosing can be raised by extending the
first reclosing-timeffrom the present reelosing~time-of.3:sec..' |

(d) Causes of subtransmlss1on line trip _ o S _
‘The causes.of 77 times.of subtransmission line trlp (excludlng those
caused by substation equlpment) occurred in December 1993 January,'
April and September 1994 are as indicated below:

Number of 1nterrupt10ns

- Subtransmission-line - _
Line -.. |Flashover to| Aluminium -~ | Crane Others: | Fault
severed | 24 kV:Iine : rod Ladder Bus Truck - unknown
VR 2 2 h Tl 40
(2.6%) (2.6%) (2] 6%) - __(9;1%)_‘ | el | el 9%)
13 ] 64
( 16.9% ) o SR ( 83 l? )

‘Out of the total number of 1nterrupt10n 1nd1cated above 13 cases or
16.9% of automatlc re91051ng are deemed undeszrable 1n v1ew of publlc
safety In this respect 1t would be one of the optlons to lock

' automatxc rec1031ng of subtransm1351on llne (Refer to Tbble 3 3 6} '_r



(e)

Automatic reclosing of -transmission line consisting of a combination of
overhead and underground lines '

When the underground cable section has been reclosed automatically at
the time of fault, there.is a danger of fire and explosion, which can
possibly spread into other. equipment.

Considering that the majority of the MEA's transmission lines consist of
overhead lines with a small portion of underground cable section, the

probability of fault occurring in the underground cable section is

- deemed low. Even as a result of sampling and investigating the four

-months' .portion of servioewinterruption'records in 1994, only one time

of .interruption was caused byrunderground cable out of 77 times-of fault
(Refer to Table 3.3-6). - |

Therefore, it is deemed not necessary for the MEA to lock automatic

reclosing for the time being in preparation for protection from_fault_in
the underground cable sectlon In other wordé, it'would be necessary
for the MEA to study locking of automatic reclosing for protectlng the
underground sect1on from fault in the future when the share of the

underground cable section is 1ncreased

~ Presented: below. are examples of conditions applicable for automatrc

reclosing of transmission line intermingled with.overhead and

' underground lines in the. Tokyo metropolitan area of Japan

1)

)

6.6 KV distribution line

Since there is no need to take into account the above mentloned
cond1t10ns-because.of:nonfgroundlng system, automatlo rec1051ng is
performed indisoriminately.

154 KV, 66 KV and 22 KV transmission lines

.( i) In the case of overhead transm1331on line pass1ng over congested

(ii

area and using the conductor with a cross section of less than 100
' nnﬁ, automatic reclosing is locked to prevent publlc disaster.
) OF oable (excludlng short distance cable)

~In case a fault has occurred in the underground cable sectlon any

automatlc re01031ng is not performed

(nl) XLPE cable

In case any earth fault current has occurred in the underground

: cable sect1on of transm1351on 11ne durlng fault removal tlme under

S 3-59



“the following conditions, autcxnétic'reclosing is not performed: -
[Condi tions] s o
i) 154 KV and 66 KV ‘transmission line
-~ Rarth fault current : "Over 1,000 A
Fault removal time : Over 1 sec.
i) 22 KV transmission line -
- Earth fault current- : - Over 600 A
Fault removal time - : Over 1 sec.
Meanwhile, disaster preventive countermeasures are taken in the case
of both the OF and XLPE cables in Items i) and ii} above, and the
 devices for detecting the fault arising in the undérg’roﬂn‘d-cable
~ section are installed. Presented below is an examplée of application.

(;):-50 C o 0 0
- : l ......................... : I ..........
SRR R O TS RSO | et
RR | o o
'?(RCR?m()' | o -~ =t Underground ‘Cable
R VNS W NETN - ' =i Overhiead Line - -
: _ y j‘ﬁl - Telecorflmun.lcgt_lon Line |
-1 X RR : Reclosing Relay

" Xi-Xs : Receiving Relay -

' Receiving Equipment _ T



(2) Operating conditions of protective relays
With regard to 109 times of tripping of subtransmission lines,
distribution lines, and transformers occurred in December 1993, January,
April'and September'1994; the operating conditions of protective relays
have been studied as below (Refer to Table 3.3-6).

Centrol

Trlp
i W1re

! f;ﬁﬁknown

~Tpi \at ////
L p

ine- Lharge

Protective Relay Dperatlon ’  Maloperation N=28

- The 109 times of tripping is broken down into 43 times (39.4%) of'regular
: operatlon 28 times (25 7?) of maloperat1on and’ 38 times (34 9?) of 'not

(a) Patterns of maloperation
' Among 28 times of maloperation, the outstanding patterns are as
indicated below: L '
:, 1) Maloperatxon at the time of d1str1but10n line fault (seven ‘times) -
(@ CL 20-and: CL 23 51mu1taneousiy trlpped to clear a fault in CL 23
- feeder . T _ . _
L@ AL 02 and .18 trlpped due ‘to clear a fault in CL 18 feeder
@ KS30 and KS'34 tripped at the ‘same time R :
@ BKE 10 and BKE 15 31mu1taneously trxpped for a fault in BKE 15
feeder _ G R SR o
® VB 420 trlpped for a fault in tle feeder between MB 495 ‘and KJ 436
| feeder ' LoEn TR e B s e
©® WB.10: trlpped after trylng to reclose WB 14 for'a fault in its
: feeder L RN S E
z*ifa() NK: 430 trxpped durlng reclosxng NK 432 to restore load after a



fault in NK 432 feeder( 04:52 pm.; 05:47 pm. April 13, 1994)

_ 2) Maloperation where there was not any change in the power system (five
-times excluding UFR): | :
(D WA 6912 and WA 10 31multaneously trlpped (April. 2, 1994)
@ WA 6912 and WA 10.s1mu1tane0usly tripped (April 4, 1994)
(® SV 6932 and SV 30 simultaneously tripped
@ BJ 410 tripped
& WB 10 tripped ,

3) Maloperation of UFR (three times) - o

(D UFR vorked to shed four 12 kV feeders(Prannck D/S, Dec. 17, 1993)
() UFR worked to shed three lZLRVifeeders(Prannok D/S, Jan..IT, 1994)

C) UFR worked to shed elght 12 kV feeders(Klongsanpesamlt D/S )
4) 'Maloperatlon when subtransmission line was charged (six times)
(D RN 6912 tripped due to charging line _ : :
@ SRS 6972 tripped due to closing MA 6022 to'eharge SRS 697 1line
- @ (LT 69428 tripped due to closing SY 6022 to charge LPT 693B 1ine
- @ LPT 69328 tripped while  closing SM 6022 to. charge LPT 693A line
'(® LPT 69424 tripped while closing CK 6032 to charge LPT 691A line
® LPT 6912B tripped whlle LT0 worked to transfer from Chankasem D/S
to LPT 691B line

(b) Features of maloperation R
1) The maloperat1on at the time of dxstrlbutlon 11ne fault (seven tlmes)

~and Items () and B of the maloperatlon where there was ‘not any
change in the power system (nine times of maloperatlon in total) are
similar to that caused by operatxon of LBP {(local backup protection).

_ Meanwhlle the LBP functloned effect1vely in the case: of five times
of the following 0perat1ng Opportunltles e L
(O NK 20 tripped ( 12 KV CB failed ) => regular operatzon'

. @ WT 420 tripped ( 24 kV CB failed_)-..=¢uregular‘operatlon =
@ BI 410 tripped ( 24 KV CB failed ) = regular operation
@M 10 tripped ( 12 kV (B failed ) - = regular operation .
® DM 20 tripped ( DM 28 protect1ve relay failed ) => regular

0perat1on



2)

3)

N '(é)_'

Cut of maloperation where there was not any change in the power system,
Items (D, @ and () are 31mllax to that caused by operation of
transformer protectrve relays _
Out of three times of maloperation of'UFR, two times occurred in the
same substation. Meanwhile, the UFR functioned effectively in the
case of three times of the fOIIOW1ng operatlng opportunltles
@ 21 feeders tripped. by UFR at 8 D/S
| ( Generator tr;pped at EGAT Dec 16 1993 )
_() 31 feeders trlpped by UFR at 11/8 and 6 D/S
( Incompletely—closxng CB at EGAT Sept 1 1994 )
@ 207 feeders tr1pped by UFR at 7 T/S and 52 /S
- ( Explosmn of CB at EGAT, Sept 22 1994 )

Features of 'not judged' from the results of pfdtectjve'relay operation

Out of thé'SBAtimes'df ‘ndt‘jﬁdged' frOm_the-résults of protective relay

" operetion;_15‘tihesj(éB.S%}'eerrespond to-two or more times of tripping.

@ Chidlon - CLT 6942C 2 times

~ ..@Samong . SRS 6932 . 2 times
-+ @ South Bangkok. SKT.6952B 2 times -
" @ lardpraoc - LPT-6912C.. 2 times'

_® Klongrangsit KRT 6922C 3 times
® Bankapi BAT 69528 4 times-

o In addition, .one time of maloperation occurred respectively in the cases
- of (LT 6342C in Item @ and LPT 6912C in Item @. -

(d)

:Maloperation ratiOfdf:protective-relaysrin subtransmiséion line -

- Among 568 times of protect1ve relay operat1on in the subtransmission

- lines of MEA 113 tlmes of operatlon were .caused by maloperation, thus

the maloperatlon ratio is 2.29%.

" When compared with 0.33% of maloperation ratio in the Tbkyo Metropolitan
_ Dlstrlct_of Japan for example, there is a considerable difference from

that of MEA (Significant level: 1%).



. . Rate of maloperation S
Nwﬂercﬁ‘?mnecmve .| Number of ©  |Rate of

elay operations malopera_ti_ons rr_laloperation
JAPAN | 666) 51982-1991; ' 2 0.33%
- MEA . 068 (1994 o 13- L 2.29%

(e) Implovement of the rellablllty of protectlve relay

1)

Installatlon of automatic osclllograph

By the time of FlFSt Fleld Investlgatlon any automatic osclllograph

was not lnstalled in the MEA's terminal statlon and d1str1butlon

substation. The MEA 1ntends to 1nstall such an automatlc oscillograph

in 1ts termlnal statxon The automatlc OSC1llograph ensures easy

analy51s of “the relatlonshlp between the electrical phenomena in

subtransmlsS1on line fault and reaction of protectlve relays

Although about 60? of protectlve relay operatxon has so far occurred
by unknown causes and maloperatlon but th1s value w1ll be reduced
substantlally and the rel1ab111ty of protectlve relays be improved
remarkably through appropriate countermeasures-after.promotlng
analysis of the above relationship. - lherefore it'is preferable to

' ylnstall such automatzc osc1llograph not only in'the terminal stations

' but also in some typlcal dlstrzbut1on substations.

Prevention of recurrence of maloperation:

Should many similar maloperatioh‘phenomenalbe observed, it will be
necessary to take appropriate countermeasures after. investigating and
clarifying the causes'of such maloperation. | In the case of
maloperatlon oceurring at: the time: of charging: subtransm1531on line,
maloperation of . DZR and OCGR due . to-inrush current: ‘¢an-also be

~considered.- Meanwhlle the automatic osc1llograph also ensures easy

analysxs of 1nrush current.



The relay configuration should be modified to a combination of

instantaneously acting relay and timer.

ﬁ The standard protective relay being applied by MEA has an inverse time '
' lag character1st1cs This relay does not allow approprlate tlmely

o coordlnation wlth the other relays and can possibly cause maloperation

of protective relays. By modifying the configuration of protective

~ relay into a combination of instantaneously acting relay and timer,

it will be possible to ensure easy timely coord1nat10n with other

relays and expect reductlon of nﬂloperat1on
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{3) Applying condition of protective relays
Applying condition of normal pr‘otective relays on the"ME‘.A system are shown
in figures below. OCR, OOGR DOCR DGR are applled as & relay which has

inverse time lag charactemstlcs

(a) Protective relay for 115 kV system

TA& - - TAA
@ 115 kv S m 5K
] _l_ : © LB _|

| %O e .*w-__ép
Terminal e Distribution &

station - : - substation '
o0 S : * 90 _
24 kv R 4 kv
O® -0_. - o® ®
feeder o T | feeder |
AZ i Distance relay (DZR) - ' - 5 Under frequenc reOCK(UFR)
a

@ ; Transformer differential relay -~ () s Overcurrent re
EB ; Bus dxfferentlal relay @ Earth fault relay(OGGR

(b} Protective relay for 69 kV s'ystem'
oaa  TAA;
B 60KV S - I AR S
| {o A ::%o SR
Terminal ® - . Distribution @ P
station R o substatlon -
m 12/24 kv SR @ 1_2/24 V|
%oo . | \%oo S R

feeder . - - feeder - : __
A Directional ovér'cupreht _'t'ei'ay'f' A ¥ Dlrectlonal earth fault relay
| (DOCR) - - L _(DGR)”




(1) Power outage and restoration equipment
(a) The situations of power outage in subtransmission and distribution lines
occurred in Gctober 1993 through to September 1994 are as indicated in

the diagram below:

Times [

500 I

As countermeasures for m1ﬂllelng the effect of such power outage, the MEA
1nsta11ed the followang equxpment _
(b) Automatlc 11ne changeover equlpment LTO (Llne throw -over scheme) _
_Thls equ1pment which is de51gned for automatrc changeover (throw over)
:to standby 11ne when any power source 11ne has been shut down in any
distribution substatlon has been 1nstalled 1n each dlstrlbutlon
.substatlon of MEA as standard equ1pment '
[Changeover sequence] _ _ _ _
‘Step 1: Power outage in the correspondlng dlstrlbutlon substatlon resultlng
.,, : from power source farlure ) L
'-Step 2 Breaklng of 11ne cireuit breaker 1n outage in case any power has not
L ,been sent even after elapse of reclosnng trme (4 seconds)
Step 3: Maklng of standby 11ne c1rcu1t breaker
-SF59,4 Restartlng of power supply

‘ (c) Automatlc bus changeover equlpment BTO (Bus throw over scheme) .
JThlS equnpment Wthh IS des1gned for automatlcally makrng the bus
' -“coupler when transformer has been shut down 1n d1str1butlon substatlon_
_ resultlng from tr;pprng of transformer secondary 01rcu1t has been
installed in each dlstrlbutxon substation of MEA as standard equipment.
[Changeover sequence]
~ Step 1: Shutdown of the correspondlng transformer due to trlpprng of
| transformer secondary circuit. | |
_jStepiéz Automatic making of .bus coupler.



3.3.6 Telecommunication Equipment

The existing telecommunication network of MEA consists of radio
telecommunication system based on the VHF and UHF bands. These are largely
classified into the voice telecommunication network and substatton'monitor and
control network (SCADA system). 'Moreover,'an optical ffber'telecommunication
network has been establlshed between the Poenchit head office and Watlieb
dlStFlCt offlce

(1) Vonce telecmnmunlcatlon radio network
The v01ce telecommunlcatlon network of MEA consrsts of the prlvately—owned
VHF radio system (160 MHZ band, 4 channels) based on ‘the Chldlomr
Substatxon as a master statxon and the trunk radxo system (800 MHz, 15
channels) in addltxon to publlc telephone network ThlS v01ce radlo
telecommunlcatlon system is used for the followxng purposes '

(a) Restoratlon of power supply at the tlme of power outage

. (b) Control, operatlon and maintenance of substatlon facnlxtles

(¢} Proceedlngs for appl:catlon for eIectrlcxty supply from customersi
' betwéen district offxces |

(d) Proceedlngs for clalmlng and payment of electrlcxty rate to and from
customers between dIStPlCt offlces _

In the case of the VIfF radio system among the above systems, the number of:

channels has become 1nsuffxc:ent when compared wrth the number of B

accommodated St&thﬂS after elapse of two decades (20 years) subsequent' |

to starting thlS system Therefore, MEA has been promotlng 1nstatlat10n.

of trunk radxo system 51nce 1994 Thereby, only the trunk radlo system

will be operated by d1smant11ng the VHF radlo system 51nce 1997 'The

trunk radlo system is outllned in the d:agram below | B



System configuration of trunk radio system 1;'

Moreover, the subscriber units of this system is installed in substations,
district dffices, maintenance vehicles (service cars), ete.  The number
of 1nstalled subscrlber unlts by types is indicated 1n the table below

' Number of subscrlber unxts

.| . EXISTING. . . | FUTURE(1997~) L
- ITEM S - o Note
et Vi VHF |- TRUNK. |- TRUNK ONLY RN
Handhold | 825 | 20 540 " Voice
Mobile | B05 | 66 780 Voice
Base 310 16 420 ~ Voice
DAS oy L RN _"80‘:" - Data .
Y Total | 1,140 09 1,820

Note;:DhSieiétfibdfioﬁ automatibn éyStém)

(2) Supervisory. Control And. Data Acqu151t10n (SCADA) system of substatxons and
telecommunlcatxon 01rcu1ts of the SCADA system
(a) Outllne of SCADA system e '_ , ,
_The load dlspatch:ng eenter of MEA located wlthln the compound of
Chlldom Substatlon :s used to undertake operatlon of subtransm3531on

*lxnes dlstrlbutlon llnes and_dlstrlbutxon substatxons w1thln the
sterrltory of MEA et ‘ :

Equnpped Wlth the mimic system board leeqjdjspatehihgjdesk and load

3_ 77 R



dispatching radio equipment in Item 3.3.6(1) above, the load

dispatching-center is undertaking constant monitoring”uf the conditions

of circuit breakers, as well as voltage, current, etc. of
| subtransmission lines éhd substatiun buses'accofding'to the SCADA system

regarding 67 substatlons excludung temporary substatlons among all of

the 107 distribution substations _

The master station of SCADA system is outlined in the diagram below:

WS |- | WS | <= 7 Work Stations  Ethernet LAN .
Ny }1(* N N A e U
I S 1T ] U
_J Ll : e
0PT MXA MXB MXC || MXD
: - Mimic Board
VAX 4000/500 -~ VAX 4000/200
(Main Computer) (Data Base Computer) 1 o
. ; - Tele-Control _J+—0TUS
OPT |~ WS { Remote WS : -+ - i .| Master Equipment: S

(WATLIEB D/0)

" SCADA system master station (Chidlem Load'nispatéhidg:centeé)

The SCADA telecommunlcat:on system between- the Ioad dlspatchlng center:
and respectlve substat:ons consists of 24 UHF channels in totaI
1nclud1ng 800 MHz band (16 channels) and 2 200 MHz band (8 channels),
and the polllng system,_where:n one channel is used commonly for five
substations in maximum, is adopted. =

As SCADA. equipment, the-UHF radlo.equipment end RTU (Remote Terminal:
'Unlt) are installed on the substatnon side. " The substatxon side
equ1pment of SCADA system 1s outllned in the dlagram below

<| [mwe ) low ior| < Status / Alarm (Max1mum 384 points)
RADIO |— s | = ...
EQUIP. ——— :AI — Meterlng Data (MHKIIIIUIH 256 d&ta}
&= B EDO' g COHtPOI(On/Off)(Max1mum 128 poxnts)tﬁ

1~ .
- Send request - '
“(Sending time control by scannlng every 3 sec.y i
Note Modulation Type FSK (Freguency Shift Keying), 1,400bps for 800MHz
'PSK (Phase Shift Keying), 1, 200bps for 2 ZOOMHZ -
{subcarrier frequency: 1, 700Hz ; and lnterface 23) :

~_SCADA-system‘Substatxunwfacplltles e :n?:sf-?a Bt

aemo



(b) Installation conditions of RTU
The present instaliation conditions of the SCADA system of MEA are as
described below: | '
1) Terminal and ShltChlng stations _
The RTUs have been instal led in all of the 10 termlnai statlons and one
switching station.
2) Distribution substations . :
The RTUs have been installed in 67 distribution substations (The RTUs
are used commonly for terminal stations and switching station in nine
substations among such distribution substations) out of 103 distribution
substations. Meanwhile, most of the.substations where any RTU has not
been installed areéso—called.small (tempbrary) substations of one bank
configuration. | |
(c) Configuration system:of SCADA. telecommunlcatlon channels
| Such systems as described below are applled for the SCADA
telecommunication channel:confngurat;on.‘-Out of such systems; - those in
;iItems 2} ~ 4) below are applied asacountePMeasﬁres for preventing UHF
.. radio channel wave-interference reSultihg-from%iﬁcréased»high~rise
*buildingsin the city center in recent years. " | '
1) Link with. radlo directly from Chldlom master station
L Ve L eV :

_J Radio |_ — o : o
S MAS R e s LSS o L B0OMHz band: 56 substations (57 RTUs)
' : -2,200MHz band: 3 substations ( 3 RTUs)

CChidiom” @
2):Link with optiéal'fiber cablie ‘between Childom ‘master station and Watlieb,
and; 11nk with: -radio. between Watlieb and: reSpectlve substatlons

: ' Tm: eV o e
— R Radlo
B oy IR e _| L es
Optxcal Fiber

Chldlom T Watlleb G 00MHz band: 7 substations

3) Use of metal w:re e -;;1;u5”¢i},a=;a:{,;;2;;gl_

a) L;nk,w1th metal cable dlrectly from master statlon



Chidlom
M/S | Metal Cable

=1 | Pathumwan
Metal Cable L—rd

Chidlom
b) Link with rad:o from master statlon dnd further H]th metal cabie

v ¢= PR Y,
Radio
M/S _J : L,
Metal Cable

_Chidlom _ o Mochit . . Chankasem -
4) Radio relay

Vewy ooy
Y R Y s Y

Chidlom: o Samsen - North Bangkok . -

(3) Outline of telecommunication: equ1pment for dlStFlbUthﬂ load dispatehxmg
office
For ‘executing supervision and-operation of 24 kV or lower voltage
distribution lines as.well :as instruction for restoratlon at the time of
power outage, two d:strlbutlon Ioad dispatching. off:ces are located
within the compound of Chldlom Substation (on ‘the same first floor
adjacent to the load dlspatchlng center) to cover-the-southern ‘and- -
northern parts of the MEA's terrxtory | _ _
Installed in the d;str:butlon load dlspatchlng offlees are the system
board (no status dlsplay of 01reu1t breaker and other equipment)
indicating the 24 kV and 12 kV distribution networks and load dispatching
desk as well as the above-mentioned SCADA systenm cohsole'fer clarifying
the states of-higher level power.system to undertake telecommunication:’
with patrol cars and servxee cars through dispatching VHF: and UHF radio
equipment mentioned in Item 3.3. 6(1) above : _
At present, MEA is promoting study on the Dlstrxbut1on Automatlon System '
(DAS) by executlng tests on superv1sory control wlth workstatlon at the
distribution load dlspatchlng offices after 1nstalllng testlﬂg equ:pment
in the Bangrakyai and Mlnburl Districts.
in the future, thlS Dlstrlbutlon Automation System (DAS) is scheduled to
be introduced to all of the dlStPlCt offlces succe831vely accordlng to:

. 3 '80 .:_ L  ,, N



the following schedule:
Present : Bangrakyai'and Minburi (6 RlUs and one Master Station)

1995 : Rasburana (20 RTUs, Samsen (20 RTUs) and Klongtoey {20 RTUs) -
1996 : Samut Prakarn, Yannawa and Bangkapi

1997 : (Next three district offices)

1998 - : (Next three district offices)

Meanwhile, the telecommunications channels for DAS are scheduled to be
operated by using three talking groups of the trunk radio system in 19é5,
fiber optic transmission system in 1996 and both trunk radio system and
fiber optic transmission Syéteﬁ in combination after 1997.

The Distribution Aptoma__tioh.Sy'stem (DAS) is outlined in Figs. 3.3-4 and
3.3-5. :

Optical fiber cable telecommunlcatlon ‘system

So far, the MEA has establlshed the telecommunication channels for SCADA,
trunk radio, computer network and telephone exchanges by means of an
optical fiber cable telecommunication system of 2.048 Mbps between the
Head Office at Ploenchlt and Watlieb District Office.

This opt1cal flber cahle telecommunlcatlon system is 0ut11ned in the

_dlagram below:

CHIDLOM | | WATLIEB

SCADA/EMS ~ {— - SCADA Remote
Master Station | 1CH ‘ Workstation
Trunk Radio | ICH | : - Trunk Radio
Master Station |— ' 1 Remote Watch

s S - Station
— Optical I
: : - , 2Mbps | Fiber =~ [ 2Mbps ——
- . Computer - |— _' ' . Computer
- Network | —FOTS | Cable .FOTS Network
PABX o= PABX
R v
" Future S : ' : | Future
Application | 1CH 5 _ _ | Application

- '“FOTS F1ber Optlc Transm1sszon System o

Conflguration of 2 Mbps optlcal flber cable telecommunlcatlon system
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3.4 Power Demand and Supply in the Metropolitan Area
3.4.1 Power Demand

In FY 1994 MEA's total energy sales increased 10.6% from the last year (o
26,369;83 GWh, as is shown in Fig. 3.4~i, ;Average‘annualrgrowth rate of
energy sales has been considerably increasing or 12.0% during the périod FY
1987-1994. 'The energy:sales by Categories of customers. in'FY 1994 is shown
in Fig 3.4-2. Flg 3.4-3 shows the maximum. 30- m1nute power demand as well
as annual load factor during the period FY 1970 1994. - The maximum 30-minute
power_demand record was 4,755 MW on September 23, 1994; which is around twd
times of théfrecord on September 5, 1988. ‘Average anﬁual.growth rate was
11, 8% during the perlod FY 1988- 1994 Meanwhile, the annual.load factor of
MEA decreased gradually owlng to the growth of both daily and seasonal
f’luctuatton of power demand, as is shown in Fig. 3 4-4 ‘and Flg 3 4- 5

billion kWh
30 :

@e.ay

70 175 '8 85 ‘90 '9d(FY)
Source: MEA System Report 1994 | o

Fig. 3.4-1 Trend of kih Sales
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" Source: MEA Annual Report 1992-1994

Fig. 3.4-2 Energy Sa1és-by Customer Classification

My

5,000
_ (8,755)

Max imum cooo ] Maximum 30-Min.

30-Min. EE R — | Power-Demand

Power . Annual L \
Demand: 3,000 [ | Load-Factor- | -~ _

e R J”,r - x
73R ) P—— S E—
B IR AT _// —-Annual
: : : e e > : - 70 Load

Factor
g g g0 68
1” "c.l\“ r‘ . Y(ﬁs'l) ;
' oot 66
e — — 64
70 0 '35 'O - 'B5 - '90 ‘a4 (FY)

1,000 [ o g

a. 5
* C__’.

" Annual Electric Power Consumption
-~ Annual Load Factor:. —— : L
o © i ok Maximum 30-Minute Power Demand’x 24(h) X 365(d)

_"'.Source:'MEA System Report 1994 g | |

-'Fig.;3,443 Max1mumhﬁo:M{nﬁ{émP§wér béﬁénd‘énd_ﬁnnua1_Load Factor

:-  .ﬂ;:3;%j85.”'§;?”.ﬁ



5,000 ' ' (100%)

4,000 ' e Sep. 23,1994

. —"\._,l/_'.—\/—o - :
//f/" Apr. 24,1989 ' \‘\\;*\\ |

0 4 '8 12 16 20 24 (Time)
Source: MEA System Report 1993,
MEA Monthly Repori Sep.1994, etc.

Fig. 3.4-4 Daily Load Curves on Peak Day
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3.4.2 Power Supply

As is shown in Flg 3.4~ 6 ‘EGAT's total energy production in FY 1993 rose
further to 62,181 GWh or: 11% up over the previous year. Domestic energy
resources namely natural gas,_l;gnlte and hydro provided approximately 72% of

the. total power generation. o - :

The largest portion was obta:ned rrom thermal power plants UtlllZlng different
fuels comprising 44% from the‘natural gas, 22% from lrgnlte, 26% from
imported bunker oil andll% "from di'esei oil Minor shares were provided by 6%
from hydro power and 1% from power purchase - | |
Szgnlflcant escalation was noted for the energy share from natural gas which
grew 33% to 27,523 GWh. ThlS wasrcaused by the commissioning of several new
combined cycle power plants durlng FY 1093. Generatioh from buhker oil, the
‘main fuel for several thermal plants and dlso the standby fuel for the gas-
firing units, was alsc on a rise, yleldlng 15,921 GWh or 5% more than FY 1992
Unlrke many past years, l}gn1te based generatlon dropped oon51derably by 8% to
13,831 GWh. The slowdown in this power source seems to be a result of the
“air quality problem.

Incrdentally, total electrlc energy sales for- FY 1993 grew 11% from FY 1992 to
56,558 Gih following the fast growing demand. Nearly most of the energy
sales was to MEA and PEA. Forty-four. (44) percent or 24,873 Gih was sold to
 MEA, 8% more than last year, as is shown in Fjé. .47
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3.4.3 Power Demand and Supply Balance

The system annual reserve margin continued to go down year by year till FY
1990 frOm 43% in FY 1986 to the level of 12%, as is shown in Fig. 3.4-8,
because of.slowdown of new términal station. After that, however, margin
level recovered to the level of 19% in FY 1994,

Meanwhile, reéenVe mafgin of distribution substations was 3,436 MVA or 41.1%
in FY 1994, as is shown in Fig. 3.4-9, |
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3.5 Electric Rate in the:Metropolitan Area

The present MEA's electric rate applying to general household has been

effective from December 1, 1991, same as those of PEA. ‘The energy charge for
residential and small general service is step-up and gradual increase system.
Therefore, the more'customer‘s'energy consumption increases, the higher
electric rate is. '

Meanwhile, time zone rate system is applied to medium general service, large
general service and specific business for the purpose of reducing peak demand
and improving load factor. '

MEA's electric rate system is shown as follows:

(1) Residential - =
(a) Consumption not exceedlng 150kWh per month

- Enérgy Charge :
First 5kWh or less - 5.00 Baht -
Next  10kWh (6kWh - 15Kkh) ~ 0.70 Baht/kWh
Next  10kWh (16kWh - 25kWh) 0.90 Baht/kih
Next: - 10kHh (26kHh - 35kih) "~ ' 1.17 Baht/kih
Next ~~65kWh (36KkWh - 100kWh) ° © - 1.58 Baht/kWh
Next 50kWh (101kWh = 150kWh) = - - 1.68 Baht/kkh
Next' 250KKh (151KWh ~ 400kWh) 2.22 Baht/kWh
Qver 400kWh | 2.53 Baht/kWh
(b) Consumptlon exceedlng 150kWh per month
Energy Charge: _ R |
- First: 35kWhor less- - - - 89.00 Baht
- Next 115kWh (36kKh -*'-150kwh)' .7 1.14 Baht/kkh
‘Next - 250KkHh (151kh’h - 400KHh) 2.22 Baht/kkh
Over 400kHh - ' 2.53 Baht/kih
(2) Small Gener’al'Sex-'vice"i:su‘j
Energy Charge _ R _
. First 35kWh or less BT 94,00 ‘Baht
Next - 115kHH (36KWh - 150KWH) - 1.14 Bahit/khh
2,92 Baht/kih |

Next 250kWh (ISIkWh = 400kWh)::



Over  400kkh _ : -+ 2.53 Baht/kkh-

(3) Medium General Service _
(a) Average consumption of the last 3 consecutive months does not .exceed
355, 000kWh per month endlng with the current. month.
1) 69KV and Over -
Demand Charge: _ 188. 00 Baht/kw

o Energy.Charge: o -+ .. 1.03-Baht/kkh
) 12-24kV. o o e
Demand Charge: . 210.00 Baht/kH
Energy Charge: 1: .- 1.07 Baht/kWh
3) Below 12kV
Demand Charge: - 237.00 Baht/kW
Energy Charge: - .0 110 Baht/kWR

(b) Average consumption of the last 3 consecutive months ending with the
current month-exceeds 355, 000kKh per month. -
1) 69kV and Over, - -

:Demand_Chafge:- . . : S
Pmpp,mmm—wwmzmmmww
Partial Peak (08.00 AM -.06.30 PM) 32.00 Baht/kN

© Off-Peak - (09.30 PM - 08,00 AM) . —
Energy Charge: -~ - . 1.03 Baht/kkh

2) 12-24kV
Demand Charge: Co DR e e
Peak (06.30 P¥ - 09.30 PM) 305.00 Baht/kW .

Partial Peak (08.00 AM - 06.30 PM) - 63.00 Baht/kiW-
Off-Pesk - (09.30 PM - 08.00 AM) ~ '
Energy. Charge: Lo ewiar orien 107 Bhat/kih
3) Below 12kV " | " ’
Démand Charge:

Peak (06.30 PM = 09.30 PM) 356.00 Baht/kW -~ i,

Partial Peak (08.00 AM - 06.30 PM) 73.00 Baht/kH
owmw;mmm—wmmlma  .
Energy Charge: S0+ 1,10 Bhatykh




{(4) Large General Service
(a)_BQkV and Over
Demand Charge:
Peak (06.30 PN - 09.30 PM)
Partial Peak (08.00 AM - 06.30 PM)
Of f-Peak

Energy Chargei:
(b) 12-24kV
- Demand Chargef
| Peak (06.30 PM - 09.30 PM)
Partial Peak (08.00 AM - 06.30 PM)
Of f-Peak
Energy Charge:

(5) Specific Business
(a) Normal Rate
1) 69KV and Over _
~ Demand Charge:

Energy Charge: =
2) 12-24kY _
Demand Charge:

Energy Chafge:f'xx
3) Below 12kV: - .
Demand Charge:

_ Energy Charge:
(b) Time of Day Rate
1) 89KV and Over . i
Demand Charge: : .'
' ‘Peak  _(%30m—09um

Partlal Peak (08.00: AM - 06.-30 PM):

Off Peak (09.30 PM. - .08.00 AM) =
Energy Charge i
2) 12 24kV
Demand Charge I _
(06 30 PM ~:09. 30 PM);

3'f ?i3[f_93_:;ff : e

(09.30 PM - 08.00 AM)

(09.30 PM - 08.00 AM)

240.00 Baht/kW
32.00 Baht/kW

1.03 Bhat/kWh

305.00 Baht/kW
63.00 Baht/KW

1. 07 Bhat/kkh

-236:00 Baht/kW

~-1.03 Baht/kWh

974,00 Baht/KW
~.1.07 Baht/kih

296.00 Baht/kW
1.10 Baht/kih

240.00 Baht/kW

- 32.00 Baht/kW

“++1.03 Baht/kih <

30500 Baht/kH -



Partial Peak (08.00 AM - 06.30 PM)  63.00 Baht/KN
Off-Peak  (09.30 PN - 08.00 AM) -

Energy Charge: 1.07 Baht/kkh

3) Below 12kV

Demand Charge:_ , :
Peak (06.30 PM - 09:30 PM) 356.00. Baht/kh
Partial :Peak (08.00 AM - 06.30 PM)  73.00 Baht/ki -
Off-Peak  (09.30 PM - 08.00 AM) -

Energy Charge: | 1.10 Baht/kih- -

(6) Government Institutions.and Non-Profit Organizations

{a) 69KY and Over
Energy‘Charge:_
First 10,000kWh or less
Over 10, 000kiWh

(b) 12-24kV

Encrgy Charge:

First  -300kWh or less
~Over - 300kWh
(c) Below 12kV
Energy. Charge: -
First . = 10kWh or less
Over |

10kih

(7) Agricultural Pumping
Energy Charge:

First

Over

100kWh or less
100kWh

Incidentally, automatic adjustment- clause can be'charged in addxtlon to the
11992,
expenses beyond. control by the public utlllty such as the fluctuation of- fuel

above mentloned rate from September

cost ete., adJustment will be made automatlcally and customers wlll be asked

for payment in the electric bill.

-Concerning this adjustment rate, the Energy Adgustment Subcommlttee (EASC), :

39

14,800.00 Baht
1. 48 Baht/kWh

495.00 Baht -

1.65 Baht/KWh. -

18.70 Baht

1.87 Baht/Kih : -

117.00 Baht -~
1,17 Baht/KkWh®

g

L If there should be ‘any change in



which is set up in Energy Policy Committee (EPC) situated in the National
Energy Policy Committee (NEPC) is held every month, making evaluation based on
the index of three months ago. EASC evaluates PEA’s electric rate and

adjustment amount of purchasing price from EGAT simultaneously.

Automatic Adjustment Rate for MEA

Year/Month  MEA-Customers EGAT-MEA

{Baht/kkh) {Baht/kWh)

1992 Seg 0.0617 0. 0587
_ Oc 0.0617 0.1182
Nov 0.0617 0.0914

Dec 0.0617 0. 1064

1993 Jan 0. 0839 0.0951
. Feb (0.0839 (.0912
Mar 0. 0839 0..1133

Apr 0.0532 . 0.0930

May 0.0532 0.1128

Jun 0.0532 0.1119

Jul- - 0.0324 0.0018

Aug -0.0186 0.0780

Sep -0.0186 0. 0353

e -0.0186 0.0265

Nov -0.0186 0.0271

Dec ~0,0186 0.0258

1994 Jan 0. 0691 0.0890
Feb 0.0691 0.0859

Mar 0.0356 0.0746

-~ Apr 0.0036 0. 0469
May (. 0953 0.1270

Jun 0.0280 0.1102

Jul 0.0280 0.0615

Au -0. 0053 0.0849

Se 0. 0750 0.0125

Oc 0.0750 0. 1058

Nov 0.0750 0.1128

Rate.adjustmenf between'MEA and.cuStomerS will be made if and only if the
difference between the appiied rate'of_last month and evaluated rate of this
month is over 0.02 Baht per kWh. . The same rate applies to PEA.

With regard to between MEA and EGAT, payment will be made adding the whole
-ad justment faté to 1.4682 Baht per_kWh;_ Ihcidentally, ad justment rate
between PEA and EGAT s evaluated independent of the above table.

~ The average purchasing price from EGAT was 1.4460 Baht/kWh in FY 1994 against
* 1.4637 Baht/khh FY 1993 and decrease of 1.77 Stang (100 Stang are equivalent
__fo:1 Baht) or 1,2121 The average selling price of MEA for customer in FY
1994 was 177.20 Stang/Khh. The_'fi"gupe’s decreased from 177.66 Stang/kWh in FY
1993 by around 0.46 Baht/Kih or 0.26%.
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