6.3.4 Short-Term expansiom plan of distribution substations (FY1997~
2001) '

The short term expansion plan for distribution substations in FY 1997 through
2001 will be formulated by revrewlng a new five-year plan obtained {rom MEA.
An outline of the short-term expansion plan of MEA is presented in Table 6,3-9
and its .development by the respective substations in Appendix 6.3-3.

Table 6 3-9 Construct Plan of Dlstrlbutlon Substatlon(r"EA friginal Plan)

a . 1996 . 1997 - 1998 - 1989 2000 2001
Planning Load _ {¥VA] 6,856.23] . 7,456.16 8, 002. 55 8, 586. 20 9,243.0t  9,916.55
Additional Load per. annum [¥¥AT | - -~ 599.93) 540.39 " 583.65 B§6-8l 673. 54
Increase Rate per annum [4) - 8.75 7.33|. 7.29 7. 65 1.29
Number of Substations 124 134 13 140 Y
Number of Banks 2517 " 282 285 . 304 319 343
Installed Capacity (¥VA] 11, 645 13, 065 13,905 14,565 15,485 17, 625
Average Utilization Faclor  [%) - b8.9 Y 57, 6| - 53.0 - 5%. 81 96. 3
Bank Configuration Ratio 2.07 2.10 2. 12| 2.17 2.22). 2.27
Number of New Substations - : - 19 5 1 4 7
Capacity of New Substations  [¥VA] - 5401 - ...440 120 460 800
Number of Expanded Substiations - - 19 8 9 8 . 21
Expanded Capacity [MYA) - 880 340! - 400 420 . D8
Increment [XVA] - 1. 420 780 520 _L780

~load by absorblng 12 kV load,

880

The bank eonflguratlon ratio 1nd1eates as low a value ranging roughly from 2. 1'7
to 2.2, since the share -of' substatlon of one-bank conflguratlon is high-
accordlng to the short-térm expansion plan of MEA in FY 1997 through 2001;
As the electrzc power demand has 1ncreased at an annual average rate of % i
level for the past flve years such a low bank configuration ratio is deemed
to have been caused by constructlon of a number of substatrons of one- bank
conf1gurat10n to cover the rapld 1ncrea81ng demand S |
Another presumable reason is-that -the next’ flve years WIII be a peak per1od of
the voltage boostlng prOJect from 12 kV to 24 kV. In other words 24 kY
substations will be constructed by replacrng ex1st1ng 12 kV transformers with |
24 kY transformers slnce 1t 1s eas1er to promote the work of repIacxng‘-
ex1st1ng transformers after constructlng 24 kV substatlons ‘and: reduclng the
Therefore early 1mp1ementat1on of Substation
construction prOJects 1s also. deemed. to have been. requ1red _
The one-bank conflguratlon of substation is not des1rab1e 1n v1ew of supply

oBha




reliability since there is no relief method of load at the time of one bank
~fault by other than switching the load over to another substation. However,
it is to have been:inevitable to adopt the one-bank configuration during the
process of voltage boosting projects to 24 KV to meet rapid increase of demand
.as mentioned above. : |
According to the five-year plan formulated by MEA, it is found that many
substations have been operated-with exceeding the utilization factor
specifled in the plannxng cr1terla of MEA described below as well as that
spec1f1ed 1n the expan51on plan 1n Clauses 6.3.2 and 6.3.3 wlthout taklng
appropriate remedlal countermeasures in ‘the respective fiseal years.
» 2-bank configuration substatlon with the utilization factor exceeding by 754_
. 3- bank conflguratlon substatlon with the utlllzatlon factor exceeding by 80%
. [1><60 + 1><40]MVA confzguratton substatlon W1th the utllizatlon fector |
‘exceeding by 65% {in excess of 85 MVA) | : _ o
-'[1><60 + 2><40]MVA conf1gurat10n substatlon with the utlllzatlon factor.
exceedlng by 79.3% (in excess of 111 MVA)
» [1x40 + 2:(20]MVA conf1gurat1on substation w1th the UtlllZHthﬂ factor
exceeding by 78.3% (in. excess of 63 MVA) -

. [2x60 + 1><20]MVA conflguratlon substatlon with the utzllzatlon factor S

. -exceeding by 79 3% (1n exCess: of 111 MVA)

.;Accordtngﬁto:the shortﬁterm*plan'of-MEA,.substations.are scheduled to be
-constructedfconcentratedly-in*FY’lQS? and 2000. Judging from the work
| neexecution capability;'it is‘deemed‘essentiel to average this over-
.+ concentration of: substatlon construct1on in these two years.. |
In con51deratton of the above situations, the MEA's extension plan shall be
\.revxewed to relax the concentrated work -period by preferenttally postpon1ng
~the. commlss1on1ng years of - the substations" w1th a utiliZation: factor of less
. than, 40%. - Meanwhlle swltch1ng—over .of 10ad ‘between. mutual substations has
" been studted based: on the. method described in Clause 6.3.2. ‘Since it is
n:imp0331ble to: swttch over load freely between ‘the substations in the area
| }uwhere 12: kV and 2% kV systems coex1st -the " load SW1tch1ng-over procedure is
planned pased.on . the follow1ng COHdlthnS as described in Clause 8. 3 2.
-Sw1tch1ng-over of loed should be executed preferentlally between the same
voltage substatlons



+ Switching of load over. to 12 kV area to 24 kV area should not be executed.
- Switching of load over .to:24 kV area to 12 kV’area is evaluated possible
‘after upgrading the voltage rating of distribution equipment to 24 kV.

The results of review are presented in Tables 6.3-10, 6:3.11, Figs. 6.3-1,
6.3-8, 6.3-9.and 6.3-10 and Appendix 6.3-4.

Table 6,3 10 ‘Construct Plan of Drstnbutlon Substation (JICA Studg Tean Plan) -

Y 1995 A !99? E998 ]999 ' 2000 2001 :
lamning Load @ . [KYAD 6.856. 23| - . 7,456. 16| - 8 002.55[ - 8.586. 21}« 9,243.01}" 9,916.55
\dditional Load per annum [¥VA] - 599, 93  546.38 583. 66 656. 80 ¢73. 54
[ncrease Rate per annum- - [81 | - - RS “1.33 COT 281 7.658] 7.29
funber of Substations BNTY) T 35 i3 4 151
\umber of Banks ‘ . 2571 . 27T 2&9 : ~a020 . o - 318 341
Installed Capacity [¥YA] 11,645 12, 825 13, 585 14, 425 15, 405 17,545
\verage Utilization Factor . [%) 58.91 . - 5810588 7 oi5a.5]- Co60.0 56. 5
lank Configuration Ratio 2.07 2. 13 2.14] y _2.}? . : 2.21 2. 26
\umber of New Substations S - | | FEENT RS- | IR 1
lapacity of New Substations [XVA] - - 300 . 340 340 580 800
wmber of Expanded Substations o 18 10 o -8 _7 ' 7 23
>xpanded Capacity - [NvAY - 920 360 360 380 960
|ncrement 1290 700} ol w0l 1760

[¥VA] '

“The construction work of substationslcencentrated_in“particuler=years is

deemed to have generally been averaged in the substation expansion. plan.

Although the bank: capaci ty expansidn plan tends_to-be conceﬁtratedZStill in
FY 1997 and 2001, however, -this plan has not been: reviewed perticularly'since

even the distribution'&oltage boosting plan to: 24 kV being. studied by MEA
should also be reviewed when the bank capac1ty expan51on plan is to be
=rev1ewed '

should: a bank.fault;or other majorrtrouble-occursliﬁ eifhet of:the -isolated

substation in.the 12 KV or 24 kV'areaefit-is-fouﬁd some ‘cases which would be

‘impossible- to release the load: from the other- surroundlng substatlons and a

1997 through to: 2001,

kY.

However such situations are: deemed inevitable durlng |
the process of progress of ‘such a large.scale.voltage-boostlng pFOJect toi24

problem be raised. in: several substatlons durlng the: short- -term. perlod in FY '




Table 6.3-11 Target for Distribution Substation System Program

(1./74)

Description

Installation Capacily [MvA)

1097

198

1909

201

Consiruction of
_ Substation

Taiban (TN}

Dindaeng (DD}

| Klongkum {KG)

| Muangthong 4
()

Samyarn (YN)

Trokchan (TC)

“|Jatujag (3B

| Kaset (KE)

| siaplee )

Tubyao (TY)

Watkampaeng (‘n':_K)

| Srintang (S0 .-

| Tha-kwian (T1)

| Miangthong 6
)

Prawes (PW)

Prormoné (RP)

Swwintawong . (W)

Wotlakart ) |

Barmai M)

Miangthong 7

| 06) |
| Patanakarn (TA) |

1x60
1x(40)
1 %60
1 %60
1 X(40)

FX(0

(MI’). _:_ L

plbpls (L) |

Sainol S

2xUD

1X(40)+ 1x80

1x60

1 %60

140

960
160
240

2x(40)

XG0
%60

2X60

2X80

1X(0)+ 1X60

2X60

2X60°

x40 .

260"

2%60

| satom (80 -



Table 6.3-11 Target for Distribution Substation System Program -

- (2/74)

Installation Capacily [MVA)

Description -
1997 1998 1999 2000 2001
Suanyai (V) 260
Addition of
Substation
Bangchalong (BN) | 160 lo 2X60
Bangkhaen (KA) I1X60 1o 2x60
Bangkok noi (B0) | 2x40 Lo
: 1 x40+ 160 :
Bangmod (B 2X40) to
2X{d0) + 1x60
Bangpongpang x40+ 1x60 to
' (PG 2%60 :
Donmang (BM} 2x40+ 1x60 1o
260 C
| Huaykwang (HK) 2XE0 1o 360
Klongmi (KV) 1X40 to 2x60
Klongsanamcha i 1x40 to
' (50) | 1x40+ 1x(40) CE L
Lardprag (LP) 2X2) o 2x{40) IXED+ 160 to
20+ 160 -
Luplai (LN) 7 4%40° 1o
3X40+ 1x60 -
Mahamek (M) 240+ 1x(40) -to
360 o
Makasan (45) 2%X40 to '
2%40-+ 1D
Muangthong I IX60 to 2x60-
(M)
Nongkham (N) 1 X404 160 to
axe0 I
Nonthatari {NR) 2x20+ Ix40 to 140+ 160 - to
o | 1x404 160 |- 2x60 '
Pakkred (PE} 2340+ 1x60 to | 140+ 2%60 to K
140+ 260 360 et
Pakman (PN) : - 2X40 to 2X60
Phaisingto {PI) 1 %40+ 2x60 o
30 -
Prachachuen (PC) 2X40 to-
o ' 1X40+ 1x80 -
Samrong (SR) 2X40+ 1x8) to 1X404 2%60 to
: ol 1 x40+ 2%60 360 - |
South Banghok . 2% to 1x80
(8K).1 - ST |
Suansom - (§0) 2x40 to 2XB0




Table 6.3-11 Target for Distribution Substation System Program

(3.7 4)

Installation Capacity [MVA)

| Klongem (69

Description
- 107 1968 1999 2000 - 201
| Surawong (SU) . 340 to
140+ 2x60
Thanontok (TT) 1x40 to 140+ 1X0) to
[ x40+ 1xd0 _ 260
Wangpetchaboon : 2x40 to 2%40+ 1x(40) 1o
(WB) 2340+ 1>{40) 360
Banghae (BE) 1%40 to 2X(40) -
Bangson (BZ) 1X{40) .-lo 2X(40)
\Bearing (RD) | 1x60 to 260
| Ekamai-.(BM) CIxMm to
2X(40) + 1%60
Bkburi (EB) . | IXB0 1o 2X60
| Huamak (HA) 1x40 to 1x60
| Khotor (D) 1X60 to 260 2x60 to 360
|Muangthong 3 - | 1X60 to 260
(%)) '
| Sainamtip (S4) IXB0 to 2x60 to 3x60
LR 1%(40) + 160 :
South Bangplee - | 1XB0 to 2x&0
R
Srieiam (SE} 2X60 to 3x60
Surasak (UK 1X(0) to 2X(40)
Taiban (T 1X60 {0 260
Taweewattana _ 160 to 2x60
el .
| Thonburiree (TR) 1X{40) to 2x{40)
Banghor (AB) | 1X60 to 260 :
Bangjak (JK) . 1x(40) to
o ; o 1 X{40}+ 1x60
Bangkradee (KD) _ 1X(40y to 260
Bangshan (BH) 1X6) to 2X80
Dindaeng () IXU0) to 2x(40)
Ekachai (EC) o 1X80 to 2x60
| Ghoaklang (GK) | 1xB0 to XG0 . '
Jangmtana (W) | 1%60 ta 2x60
l | | 160 to 260

6 49




Table 6.3-11 Target for Distribution Substation System Prograr e (4,74)

Installation Capacity [MVA]

Doseription : -
W 1908 199 2000 - ol
Klongprapa (NL) 1 1X60 1o 260
| Mangthorg 4 - | 1X60 (o 260
() ) '

Patanskarn {TA) ' . I1x60 to 260
Samyarn () 1X(0) to 2X(40)
Shimplee () 1460 to 2x80
Trokchan (TT) 1X(0) 1o 2x(4D)
Tubyao (TY) . . 160 to 2x60
¥atkampaeng (WK) S 140 to 2X60 . .|
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6.4

6.4

Subtransmission Line and Terminal Station System Plan

.1 Methodology of Planning

The study on the:long-term subtransmission line and terminal station system -

(hefeihafter referred to as "the subtransmission system") plan up to FY 2016

has been carried out based on the distribution substation expansion plan -

formulated by the JICA Study Team as discussed in Section 6.3.

In formulating the long-term optimum plan, the subtransmission system should

be planned in such manner that. it can supply power efficiently and be in

conformity with the planning criteria.

(1)

Approach to the subtransmission system plannlng

First, the study on the basnc system configuration at FY 2016 whlch is the -
final target in this Study was carrled out based on the MEA's draft long-

term plah up to FY 2011, taking into account the distribution substation:

:expansidn_plan at FY 2016 formulated by the JICA Study Team;

After formulating the"ldng—term optimum plan at FY:2016, the study on the

':optimUmlsubtransmission.systém'plan at ‘each target year during the period

- of 'FY 1997-2011.has been carrled out by expanding the necessary

‘ _subtransm15310n system faC111t1es in chronologlcal order. toward the ‘FY

(2)
“The. criteria adopted for the subtransm1531on system plannlng in.this Study

2016's plan.

‘Power flow analyses and fault current calculatlon have been carrled ‘out .to

define the nece531ty for subtransm1351on system 1mprovement and expan51on
Criteria for the subtransmission system plannlng

are based on the_MEA‘s planning criteria as presented in-Section 5.2.. ..

_If load flow through the subtransmission system facilities such’ as

subtransmission lines'and_fransformer banks is probable.to exceed the

_ maximumfloading_level as defined in MEA's planning criteria,

‘countermeasures fon=SyStemAimprOVement;and,expansi0n shall: be taken -to

solve -the-problem. :u: i



6.4.2 FY 2016's Plan

Based on the MEA's power demand forecast by the JICA Study Team a$ discussed
in Section 4.3, the maximum power demand is estimated to be increased by
2,346 MM at the average annual growth rate of 3.3% for the periods of FY 2011--

2016. The improvément and.expansion of the subtransmission system facilities

such as subtransmission- llnes and: terminal stations. as wpl] as the-

distribution substations has been planned. accordlng to the increasing demand. .
The study of the subtransmission system plan at.FY 2016 has been carried out -
based on the system configuration at FY 2011 prepared by MEA, taklng into-the
long-term distribution substation plan at FY 2016.

Fig. 6.4-1 and Flg 6.4-2 show the system configuration at FY 2016 planned by
the JICA Study Team. '

(1} Terminal station 1mprovement and expansion

Since the terminal statlon is-the large power. supply source, planning of

the terminal statlon system, therefore, quuires the éfficient. ‘capability

of power dlStPibUthﬂ to ‘the MEA’S dlstrlbutlon substations. That means

each distrlbutlon substatlon must be able to. Supply‘sufficient: power

‘elther in normal case Or emergency . case with h1gh rel:ablilty ‘and ‘keep

the voitage level thhln the criteria. _

If any of the terminal stations-are:unable’ to. cope with the 1ncreasnng

load, the follownng countermeasures should be considered:

- Load reductlon by transferrlng the dlstrlbutlon substatlons fo be
supplied from one terminal station to the other.:

< Addition of termlnal statxon capacity-to be able to. supply the
increasing load.: _ = : - _

~ Construction of new términal statioﬁ%to share load from adjacent_

- terminal stations. - : o o

 Table 6.4-1 shows the: termlnal statxon expanSJOn plan at: FY 2016

formulated by the JICA Study Team, including oountermeasures such as 'load: -

to be switched over to other terminal stations. The two new termlnal _

stations with total capa01ty 1,800 MVA w1ll be constructed and 11 1



existing terminal stations will have capacity added totally 2,900 MVA

compared with the JICA plan at FY 2011, as discussed in the following

Clause 6.4.3. The total increasing capacity, therefore, will be 4,700
MVA, of which 1,200 MVA is invested by MEA and 3,500 MVA is invested by
EGAT

The two new terminal stations'plenned by the JICA Study Team can be

sumnarized as follows:

(a)

Construction of a new termlnal statlon as countermeasures against

overloading of Nonjok T/S and Onnuj T/S.

" The ‘installation of 2 x 300 MVA 230/115 kV transformers are proposed.

As one of the candidate sites, a place around Ramintra area will be

_selected by reason of':

= Located adjacent to the 115 KV subtransmission lines on the secondary
side of both the above mentloned terminal stat1ons
- Easily 1nterconnected also with the northern term;nal stat1ons such as

Jangwatana, Lardprao Klongrang31t ete.

. Inoldentally; the new termlnal statlon (herelnafter referred to as "
~ Ramintra T/S") 1s Iocated outside the EGAT'S 230 kV outer ring lines, so-
" that MEA will have to find a plot of 1and to construct T/S and receive

(b)

pover at 230 kV from EGAT at nearby exnstlng T/S

Constructlon of a new. termlnal station as countermeasureb against

ﬁaoverloadxng of South Bangkok T/S.

The installation of two 230/69 kV and two 230/115 KV transformers, each
rated 300 MVA, are proposed. | | _
As the 69 KV load at South Bangkok T/S is distributed w1dely aiso in the_ 1
area along the west 51de of the Chau Phraya River, it is de31rab1e that

'the new termlnal stat:on should be constructed around Ratburana area,

a:located on the west-side ‘of the'river, by termlnatxng the doublenj
‘circuit of the EGAT's ex1st1ng three circuit 230 kV South Thonbur1 -

‘South Bangkok llne at the new termlnal statlon (herelnafter referred to

e “Ratburana T/81). s



(2)

KLONGRANGSIT

(2)
JANGWATANA

RAMINTRA

NORTH -
BANGKOK

BANGKOK
nol (. )-o _

@), (a)
S THANONTOK (::)--Q! |
o (::)' KLONGTOEY '
(3
RATBURANA
. SOUTH

" BANGKOK

(::).soo;kv Substation -

! <2 B RSO EP R R (O AR
() 20 KV Substation  —— 500 kV Overhead Line & No. of Circuits
New 230 kV Substation @
to be constructed: . ...- - ——— 230 kV Overhead Line & No. of circuits
during FY 2012 2016 2 ; R :
R ST -3 BT e TR F RN TR TS R
Power Sources & e 230_kV Underground Cabje & No, of cirtuits

; Network . _
Note: Figures in circle are correspondent w1th the number of subtransm1ssion line .
to be constructed during the peried of FY 2012 2016 as shown in Tab1e 6 4-2,

Fig. 6.4~1 230 kV System Configuration at FY_ZOIS.'.
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(2) Subtransmission line improvement and expansion

In planning subtransmission line_system, the system reliability must be
considered. That is to say in case of interruption in any iine single
contingency must be able to relieve the situation so that the
distribution system will not be affected. 1In other words, power must be

delivered in either normal or emergency case.

Table 6.4-2 shows the'subtransmission line expansion plan during the

. period of FY 2012- 2016 formulated by the JICA Study Team. The total

length of subtransmission line to be constructed will be 109. 3 ckt-km, of

- which 79.0 ckt-km is overhead line and 30.3 ckt- km is underground cable.

~ These can be brlefly summarlzed as follows

(a) Constructlon of 230 kV double 01rcu1t subtransmission line from Onnuj
T/S to the new Ramintra T/S, a dlstancelof 19.0 km, of which 13.0 km

is overhead line and 6.0 km is underground cable.

1,(b) Construction of the outgoing 115 kV and'69 KV subtransmission line

from the new Ratburana-T/S, the total length of 24.7 ckt-km.

(c) Constructlon of 115 kv subtransm1s510n line to be llnked the i1 new o

distribution substatlons such as Klongdan D/S Lumpagshe D/S etc -
the total length of 26 0 ckt-km. _
(d) Construction of the incoming 69 kV subtransmission line to be llnked-
_ dlStPlbuthﬂ substations with the installation of the third
transformér'such as Samsen D/S, Bangson D/S, etc. to modify the
syStem configuration to “Tspped—tie'normally'open (3 incomings)";'the
total Iength of 6.1 ckt- km

(e) Construction of 115 kY subtransm1551on line to transfer the load at

Maungthong 3 D/S and Maungthong 9 D/S from Jangwatana T/8 to
.Klongrang31t T/S as countermeasures for the overloadlng Jangwatana
T/S, the total length of 14 5 ckt-km '

4Inc1dentally,,230 kV subtransm1s31on 11ne to be linked the new Ratburana
- T/S will be constructed by EGAT 31nce the new termlnal stat1on is
» Iocated under the ex1st1ng EGAT'S 230 kV South ThOﬂbUPl - South Bangkok
" line. ’ :
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6.4.3 FY 1997-2011's Plan

Based on the draft long-term plan up to FY 2011 prepared by MEA, the study of
the subtransmission system expansion pian at each-tdrget-year during the
period of FY 1997-2011 has been carried out according to the dlstributlon
substation expansion plan formulated by the JICA Study Team

(1) Terminal statlon improvement and expan51on

Table 6.4~3 to 6.4-9 show the terminal stat:on expansxon plan at each
target year during the period of FY 1997-2011 formulated by the JICA- Study
Team, including countermeasures such as load to be switched over to other
terminal stations. _ _ | : '._ o
Table 6.4-10 shows the target for terminal station programﬁe up to FY

~ 2016. The total increasing capacity up to FY 2011 will be 12, 915 MVA, of
twhlch 3,000 MVA is constructed by MEA's own investment and 9,915 MVA is -
constructed by EGAT's own investment.

These can be briefly summarized as follows:

(a) Constructlon of terminal station , ,

" The nine new terminal stations with total capa01ty 4, 800 MVA w111 be‘
.constructed. Among these, the following four terminal stations which
are located outside the EGAT's 230 kV outer ring lines will be
constructed with the total capacity of 2,400 MVA by MEA'S own
investment, | _ ' | -

FY 1999: Thanontok T/S  230/115 kv, QXSUU MVA
FY 2000: Sanampao /8 230/115 kV, 1x300 NVA
| 230/69 kV, 1x300 MVA
FY 2006: Klongtoey T/S  230/115 KV, 2X300 MVA
' Thonburi T/S ~ 230/69 KV, 1x300 MVA

. {b) Addition of terminal station SR B _
 The 18 existing terminal stations will have capacnty added totally 8,115
' MVA. Among these, the following two termlnal statlons wxll have -
‘capacity added totally 900 MVA by MEA'S own 1nvestment - ,;
FY 2006: Sanampao /S 230/69 kV, 1x300 WVA to 2x300 VA



FY 2011: Sanampao T/S  230/115 kV, 1x300 MVA to 2x300 MVA
Thonburi T/S 230/69 KV, 1x300 MVA to 2x300 MVA

The installed capacity of terminal stations at each target year up to FY
2016 is as shown in Table 6.4-11.
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Table 6.4-10 Target fos Terminal Station System Program

| ax300;

Name System Inﬁtailation Capacilv (MVA)‘ )
of Yoltage
Terminal Station 0] 1997 1988 1999 2000 2001 2006 2011 2016
Construetion
1. Onnuj 230-115 2x300
2. Thaneniok * 230-115 2x300
3, Sanampac * 230-115 1x300
230~ 69 1x300
§{. Ratchada 230-115 1x300
5. Bangbor 230-145 1x360
6. Xlongtoey * 230-145 2x300
7. Patanakarn 230-115 3x300
8. Talingchan 230-115 2x300
9. Thenburi * 230~ 68 1x300 .
10. Ramintsa * 730-115 2x300
11, Ratburana 230-115 2x399
a 230- 69 2x300
Subtotal — 600 600 500 300 2, 400 = 1, 800
Addition
1. South Thonburi 230~ 65| 3x200 to
T 4x200
2. Klongrangsit . | 230-115| 1x200 to
] 2x200
3. Nongjok 250-135 2x200 to
: o 2x200 +.
_ 1x300
4. Teparak '230-115 1x300 -10
' 2x300
230- 69 ix300 to
T 2x300
5. Jangwatana 230~1156 2x300 to
3x300
5. Sainoi - 230-115 1%300 to
: 22300 -
1. Bangkoknoi 230~115 1x300 1o
: x300
8. Bangkapi 230~ 69 | %200 0 |
N 2x200 + - :
2x300 :
9, North Bangkak 230- 69 %200 +
: 1x285 to
2x200 +
2x300
i0, South Bangkak | 230- 69 4x200 o f
i . 2x200 + :
2x300 :
11. Bangples 230-115 | 3200 1o :
i : . - 4x200 ;
12. South Bangkok 230-115 2x200 1o .
: 3x200 - :
13. Jangwatana 230-115 | 3x300 to :
! . . ,ﬂ43300_
14, Bangbor “230-115 1x300 to |
. 26300 |
15, Onnuj '330-115 2x300 to

Note:  MEA's Terminal Station




Table 6. 4-10 fétéct for Terminal Statien System Prograr  {Cont.)

Installation Capacity (MYA)

. .Nhiué'f ﬁEA's TpiniﬁilVStation:'. 

oy
1

Hame System
. of Yol tage — -
Terminal Station KV} 1997 1958 1999 2000 2001 2006 7011 2016
16. Klongrangsit 230~ 69 ' 2x200 to
. - 3x200
IT[.Lardprao 230- b9 4%200 10
y 7x200 +
2x300
18, Samampao * 230~ 69 1%300 te
2x300
19. Klongrangsit 230-115 2x200 to
! 3x200
20, Nanjok 230-115 2x200 +
: 1x300 to
4x300
21, Bangkoknoi 230-115 2%360 to
. o 3x300
22, Bangbor 230-115 2x300 to
. : 3%300
23. Onnuj 230-115 3x300 to
- 4x300
24, Ratchada 230-115 X300 10
o BRI C 2x300
25, Sanampao -* 230-115 1300 to
- 2x300
26, Talingchan 230-115 24300 to
. o 4x300
27, -Lardprao - 230~ 69 2x200 +:
: x300 1o
4x3060
28. South Bangkek 230- &9 2200 +
2x300 to
o 4x300 - ..
| 26, Thénburi * 230- 69 1%300 1o
g o 2x300
30. Bangples .230-115 4x200 to
S S 7200 +
2%300
31, Klongrangsit 230-115 3200 to
: 4x200
32, Bangkoknoi . 230-115 3300 to
: ‘ P 4x300.
33, Sainoi | 230-115 2x300 to
: o ' 3x300
34, Sanampao * © 930-i15 2x300 1o
. : P 3300
35, Klongtoey * " | 230-115 2300 to
A L 3x300
36, Patanakarn ¢ | 230-115 3x300 to
: LT 4x300
37. Talingchan S 230-118 3x300 to
R : ] 4x300 .
38, Bangkapi : 230-: 69 2x200°+
! S 7x300 to
L 4x300 -
39, .South Thanbur i, 230+ 89 |, 4x200. 10
Sout burl | 230 2x200 +
L L 7x300. .
40, Ratchada. .- .| 230- 69 2x300 to
R S poee 3x300
© 0 subtetal LI R ) 300 |1 s | thmis | zieoe | (3,200 2,900
Total Ao | 1,00 gou- | h200r !5 L acs00 | 3,200 o) 4700 )




Table 6.4-11 Installed Capacity of Temi{\al Stations

(Unit: MYA)
Name Actual Tth Plan s Planning Period _
Tetmina?fSlat fon 1995 ‘1996 1997 1998 1999 2000 2001 2006 201 2016°
115KY_ System _ - :
I. Bangoleo 2200 3200 3x200 3x200 %200 3x200 x200 4x200 4200 | 2x200 #
o . _ 2x300
2. Klongrangsit 2x200 ©3x200 . 2x200 2x200 2x200 2x200 2x200 B 2x200 3xZ00 4x200
3. Nongjok 1x200 X200 | 2x200 + | 2xZ00 + | 2x200 + | 2«200 + | 2x200 + | 2x200 + 4x300 4x300
. 1x300 1x300 - 1x300 1x300 1x360 1x300
4. South Bangkek - 2x200 2x200 2x200 %200 2x200 Ix200 2x200 3x200 3x200 . 31200
5, Bangkoknoi - 1x200 1x300 1%300 1x300 2%300 2¢300 2x300 3x300 4x300
6. Jangwatana —_— 2x300 2x309 Ix300 3x300 3300 3x300 © k300 4x300 ix360
1. Sainei — 1%200 1x300 1%300 2x300 2300 | 20300 | 72x300 | 2x300 3300
8. Teparak [ 1x300 1x300 2x300 2300 2300 2x300 2x300 2%300 2300
8. Bangbor | — ] — S_— — — - 1x300 2x300 3x300 | 3x300
10. Onnuj — — — | 2x300 2x300 %300 2300 | 3x300 a0 | a0
11. Ratchada - — — ] — — %300 1x300 1300 [ 2x300 22300
12. Sanampao * — g —_— _ —e L 1300 | 1x300 16300 | 2x300 | 3x300
i3, Thanmontok * § e —_— — —n 2x300 2x300 - Dx300- +2x300 2):300 - .2)(.300
t4, Klongtoey * - - e ——— — — —_— 2x300 2x300 3x309
15, Patanakarn —— e o — — _ —_ 3x300 3x306 4x300
1. Talingchan — — —_— —_ —— _— — 24300 3300 | 4x300
11, Raminura * — — ——— —_ —_ —_— | — S — 1 2x300
18, ha'tburena . —-—— —_ —r — —_— e —_ — - | 2::300
Subtotal 1400 | 3,300 3, 600 4,800 5.T06. { 6600 §.900 | 10,300- | 12,800 | - 16,200
89KY System ' o
I Bangkapi | 4x200 |  4xzoD 4x200 | 4x200 4x200 s00 | 2200+ | 2200t | 2004 | 4x300
: T 2300 2300 %300
2. Bangkoknoi |  3x200 4x200 4x200 4x200 4x200 4200 | ax200 | 200, | dxes | gze0:
3. Bangplee . 2x200 2x200 . X260 2x200 _ 2x200 2x200 2x200 . 2x200 2x200 _;2_:3200
5. Chidlon * w250 | 2250 | 2x250 2x250 2250 | 2x250 w50 | 2a50 | mas0 | 2«80
5. Klengrangsit Ix200 . 3x200 2x200 2x200 2x200 |: 2x200 200 “3x200 ¢ |° - 3xz00 " 3%200
§. Lardorao . #x200 4x200 4x200 . 4x200 4x200 4x200.. 4x200 foﬂ_ﬂ'f 4x300 | .4;(305_ :
, : %3000
7. Narth Bangkok | 2200 + | 2200 4 | 2x200 4 | 2x200 + | 2x200 ¢ | 2x200 + | 24200+ | 2x200 #0 | zxag0+ | 2¢200 4.
1%285 1x285 1x285 1x285 1x285 1x285 | 2¢300 | . 2x300.|  2x300 %300
8, South Bangkok | - 4x200 4200 4x200 4x200 4x200 00 | ma0b | x00 £ ] 400 | éxdo:
. _ @300 | - 2¢300 _ .
8. South Thomburi |  2x200 | ' 3x200 4x200 4200 x200 | 4m00 | ax200 | ax200" | axzo0 2::220330
10, Ratchada: — | a0 2300 2300 |- 2x300 2x300 2x300 24300 | 2%300 3300 -
11, Teparek . e %300 | tx30 2300 |, 2x300 | 2x300 2x300 2300 | . 2x300 2x300
12, Thanontok - - | —— | 25250 2x250 250 |, 2x250 | 2as0. | 2x2s0 I R I zxis;'r'_’
13. Sansdpao * —_— — —_ — | — b taoe | owaw | zxs00 ] zss00 - 2300
4. Thonturi * —_ — — —_ R g 1x300° . 200 | 2ws0n
15, Ratburana. Ce— | — —_ : — _ — —_— Lo | 2x300
Subtofal 5585 | T3 | L3 | ress | LR I R R T T
Totel . | 06,985 | wess | 0,985 || 12485 | 13,385 | 145850 | 15,600 IEXNERI R

Note: ﬂs _Te_ru_si.r.\ai Station




{2) Subtransmission line improvement and expansion
(a) 230 kV subtransmission line

There will be three new:230 kV double circuit subtransmission line

_-constfuction to-receive power from EGAT's 230 kV terminal stations,
using undérground cable, a total distance 25.9 km.
Furthermore, there will be 230 kV single circuit subtransmission line
addition at the total*distance:of 16.4 km, of which 8.0 km is overhead
line and 8.4 km.is undergfdﬁnd cable.
.Tabie é.é—;?-shows th3'230 kv subtransmission line system expansion

plan. -

Table 6. 4- 12 230 kV Subtransm1531on Line System Expan310n Plan
‘ (FY 1997-2011) _

- Name-.  ‘ S Distance Clrcu1t Conductor Commissioning

Subtransmission Line (km)  (No.) S%ﬁﬁ 2) i{Figﬁg? Year)
Construction - R . R
. lardprao - Sanampao T/S 7.8 2 ox1,200 2000
o 9. Bangkapi - Klongtoey T/S 7.7 2 2x1, 200 2006
b 3. Bangkoknoi - Thonburi T/S 10.4 2 2x1, 200 2006
Addition -
1. South Thonburi - Thanontok T/S 8.0 1 2x400 1997
: S 0.6 1 2x1, 200
2. Lardprao - Sanampao T/S 7.8 1 2x1, 200 2006




(b} 115 kV and 69 kV subtransmission line _
The total length of 115 kV and 69 kV subtransmission line to be
constructed and improved up to FY 2011 will be 1,034.1 km, of which
779.1 km is overhead line andf255.0 km is underground cable, as.is shown
in Table 6.4-13.

~Table 6.4~13 115 kV and 69 kV Subtransmission Line System Expansion Plan
(FY 1997-2011) '

| S (Unit: ckt-km)
Overhead Line Underground Cable

FY .
115 kV 69 kV  Total 115 kV 69 kV . Total
1997 53.4 6.7  60.1 9.0 11.0  20.0
1998 . 111.3 - 12.7 -124.0 - - - 4.7 © 45 9.2
1999 94.5 . 4.3. 08.8 23.5 7.1 31.2
2000 75.6  23.2  98.8 22.7  14.5 37.2
2001 9.5 8.4 IT.8 .5 2.1 1306
- 1997-2001°  344.3 553 399.6 L4  30.8 111.2
2006 . 232.8  42.8 275.6 67.0  30.4  97.4
2011 89.0 14.9 103.9 29.6  16.8  46.4 :-
. -Total . 666.1 113.0 779.1° 168.0° © 87.0. 255.0




6.5 Design of Protective Relay System

To attain further high reliability of 230 kV subtransmission line, ‘the
following protection system shall be applied under this plan on the basis of

two main protection groups and one backup protection group:’
Meanwhile, - the protection systems of 115 kV and 69 kV subtransmission lines;
substations, etc. will be.determined in accordance with the relevant criteria
of MEA with necessary modifications. '

Incidentally, the optidai:fiber shoUld be used as a telecommunication 1ine of

the differential reléys.

Protective-Relay Scheme

| Group 1-; -Digital'Current.differentialrscheme

.Main protection

_Gfoup_2‘;~_Distance relaying‘schemexi o

Backup protection ... ... .. Distance relaying scheme -




6.6 Telecommunication Equipment Related to Power Distribution Facilities

6.6.1 Optical Fiber Telecommunication Network

(1) Optical fiber telecommunication network between district offices

A telecommunication network formation plan is being formulated by MEA
(Refer to Figs. 6.6-1 and 6.6-2) .for the purpoée of forming an opticel"
fiber telecommunication network by FY -1998 between the Head Office
adjacent to the Chidlom T/S and 14 district offices [existing 13 offices
including one office scheduled to be constructed).  As this plan is
effective.in;view,of-the~following'points,'the-MEA?is«reeommended to
promote the plan for implementation:

(a).Since it will be made possible to form & perfectly privately-owned
optical fiber felephone communication network between the above
district offices which are formed at present by pdblic telephone
network and voice radio communication systems, the telecommunication
means will become much.more convenient and the traffic of veiee radio
communication'system be relaxed. | _ '

.(b) It will be possible to make effective: UtlllZ&thﬂ of the SCADA system as
" interconnection charmels.

{c) The optlcal fiber network can be used as 1nterconnect10n channels-of"
computers -installed in the head office and district offices.

(d) The new network can be used as interconnection channels for Automatic’
Distribution System between the Chidlom Load Dlspatchlng center and
individual district offices. _

(e) The new network can also be used effectively as v1de0 transm1351on
circuit between the head office and district offices. _

(f} The network can be used also as protective relay telecommunication
channels of subtransmission line. | .

(g) By making use of a large capacity of optical fiber telecommunication -
network, the network can be'expanded for multiple pdrpose
telecomnunication channels between substations as a backbone network of
MEA. o

In con51deratzon ‘that the optical flber telecommunlcatxon network w111 be
formed mainly by overhead optlcal flber cables (mounted on dlStP]bUthﬂ
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line), any cable route should be so selected as to eliminate the necessity
of relocation resulting from the change of distribution tine route in the
future. From this viewpoint, it is desirable to lay the optical fiber
cable by making use of 69 kV and 115 kV subtransmission line routes which

are relatively more stable than distribution lines.

~An-optical fiber cable route -plan is presented in Fig. 6.6-3. And

construction plén is presented in Table 6.6-1.

Optical fiber telecommunication network for protection of subtransmission

line -

;The;subtransmission-lines_(230.kV) requiring protection scheduled to be

construotedgand the commissioning period thereof (fiscal year)-are'as
listed below:

Route .. Commissioning FY  Length

1. Lardprao - (EGAT)-- Sanampao (MEA) ~ 2000 7.8 km (UG)
2. Bangkapi (EGAT)-- Klongtoey(MEA) 2006 7.7 km (UG)
3. Bangkoknoi (EGAT)-- Thonburi (MEA) ' '2006' 0 10.4 Km (UG)
4. Onnuj ~ * (EGAT)-= Ramintra (MEA)- * 2016~ 13.0 km (OH)
; _ . P 6.0 kn (UG)

As any telecommunication channel for protectlon of subtransm13310n lihé
should be highly reliable,. the microwave radio systems, optlcal fiber
systems or power line carr1er systems are generally used. Since
underground cable'is scheduled to be used under this subtransm1551on line
construction project, application of the pokér 1ihé éarrier wave system

would be difficult. Therefore, it will be appropriate to form the

‘telecommunication systems for prétécfibnnbf sUbtransmisSidn line by

adoptxng microwave radlo system or optlcal fiber syutem In prepération
for selecting the microwave system or optical fiber system, studies
should be carried out on a case-by-case basis regarding whether or not

the micrbwave radio frequenCy.cah be allocated by the relevant éUthority

‘as-well as in V1ew of the topographic conditions and situations of .

'UPb&ﬂlZ&thﬂ

To 1mprove the relzablllty, moreover, the telecommunlcatlon line should be

of a two-route (diversity).configuration.

" 81nce these 230 kV subtransm1551on ilnes are comprlsed of terminal

_ ;67—;87€1§= e



stations.of EGAT -at one end and those of MEA at another end, the
telecommunication system for protection-of»SUbtransmission lines should:be
selected based on an agreement- between both EGAT. and- MEA.
As mentioned above, there are'a number. of uncertaln factors regardnng the
method of forming telecommunncatxon_systems for protection of
subtransmission lines -associated with-this subtransmission line
construction project. In this study, it is assumed for example: to make
effective use of opticai,fiber'telecommunication nefwork'between the -
districts offices in Item 6.6.1(1) above, and the route'plans of optical
fiber cabie;telécommunication Systems for protection of subtransmission
line are as presented below: (For detail refer-toiFig.-6.6=4) i
{a) Lardprao--Sanampac |
Ist route Lardprao T/8 - Sanampao T/8
2nd route: Lardprao T/S - Bangkhen D/0 - Nonthaburi D/0 - Bangy&1 D/0
- Thonburi DAQ - Watlieb DA - Samen D/0 - Sanampao T/S
(b ) Bangkap1m~ Klongtoey o ,
- 1st route: Bangkapl T/S Chidlom. T/S - Klongtoey 178
: 2nd route: Bangkapi.T/S - Bankapi D/0 - Minburi D/0 - Bangplee D/Q
R - Paknam D/0 - Klongtoey T/S
Bangkokn01——Thonbur1_'_ _
_ lst route: Bangkokn01 T/S ThOﬂbUPl T/S 5 SR
2nd route Bangkokno: T/S Bangkhunthin D/O - Yanawa D/O :1'
- Rasburana D/0- Klongtoey D/0, - Chxdlom H/Q . ~. Watlleb D/O
- Thonburl T/S
(d) Onnu3ﬂ—Rasburana o . _
lst route: OnnUJ T/S - Rasburana T/S L et et
_ 2nd route: Onnu; T/8 - M1nburx D/O Rasburana T/S 1; . j-



Bangples
"1998 s
_ | | 1998 } Paknam
Minburi - :

A S -Klohgtoey - -'
1998 Bangkapl _ | |
: Rasburana

1997 ) Head office
Chidlem

: - B ) @ Yanawa

N Watlieb -
1997 | S Bangkhunthian
@ Thonburi

Samsen _ _

Bangkhen

Bangyal
1998 —— 1997
i Nonthabur1 o

o F;g 6 6-1 MEA F1ber Optlc 'I‘ransm;ssmn Conﬁguratmn Network



PABX 60 CH.(2X2MBPS) i
o ;
DATA+VOICE 60 CH.(2X2M3PS)|  “I" C M
| C1
i 18 s 155MBPS (STM=1)
VIDEO 2 CH. (2X2MBPS) i
- i MB P S

SPARE FOR FUTURE |

For : 4 MEA Offices (Chidlom, Klongtoey, Watlieb, Samsen)

PABX 30 CH.(2MEPS)

DATA+VQICE 30 CH.(2MBPS)

52MBPS (STM~0)

VIDEO 1 CH.{2MBRS} 5 2
‘ ' MBPS.

'SPARZ FOR FUTURE

For : 11 MEA Offices (Rasburana, Yannawa, Bangkhunthian, Thonburi,
Bangkapl, Mlnburl, Bangplee, Paknam, Bangyal, anthaburx, Bangkhen)__

TCM Termlnatlng Couvertxng Module
STM~1 Syncroaous Transpurt Module Level one -

STM-0 : Svncronous Transport Module Level zero

Fié._6{6f2 MEA Fiber:Optic Tfansmission.ﬁquipment _'

.:;ﬁLf:QO;;Lv;;;;LTJWH;;} ;;;f=;'ﬂ¥“.:;?>¥.:-: - |




——O Nonthaburi - OBangkhen

O . ; District Office
O : Terminal Station

s Upticai'Fihef Routé

§:--7?— i 230kV- Suh!ransmISSLDn Line

l(Samut Praké;ﬁ)

Fig. 6.8-3 Opiical Fiber Ro
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Table 6.6-1 Optical Fiber Network Construction Plan amoung Distriet Offices

. ‘Planning Period

No, Section Length Capacity 1997 | 1998 | 1939 | 2000 | 2001 | 2006 | 2011 | 2016

1 Chidioa-Xiongtoey 3.9 Knf155Mbps | New

2 Chidlom-Watlieb 9.6 Kml55Mbps | New .

3 Watlieb-Samsen .1 8,4 KniS58bps | . New

4 Klongtoey-Rasburana 11.4 Ko 32Mbps | New

5 Rasburana-Yanawa 3.5 Kof 52Mbps | New

6 Yanawa-Bangkhunthian 9.2 Ko 52Mbps | New

7 Bangkhunthian~Thonburil 26.9 Kof 52Mbps | New

8 Thonburi-Watlieb | 3.3 Ky 524bps | New
9 Chidlos-Bangkapi | 7.5 Km 524bps | — New

10 Bangkapi~Ninburi 18,1 Ed 524bps | —— New

11 Minburi-Bangplee | 25,5 Ko 52%bps | ~— New

12 Bangplee-Paknan 20.5 Km 52Mbps | —- New

13 Paknam-Klongioey. - 18,6 Ko 52Mbps | — New

14 Sansen—Baqgkhen : * 19.5 K 52Mbps | — New

15 Bangkhen-Nontaburi | 16,8 Kaf 52Mbps | —— | New

16 Nonthaburi-Bangyai | 15,0 Ky 52Mbps | — New

17 Bangyai-Thonburi 18.0 K@ 52Mbps | — | New
Construction Cable Length | 235.8 —— | 76.2 km159.6 kal 0.0 kn{ 0.0 kef 0,0 ke 0.0 kng 0.0 kff 0.0 ke -
Nusber of 155¥bps FOTS — 6 68 |10 0 0 |.0 0 0 0 |
Number of 52Mbps FOTS —_ 28 10 18 . 0 0 ) R N+ 0 0

Note FOTS ; Fiber Optic Transmition System
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6.6.2 VHF and UHF Telecommuniéation Network

(1) Trunk radio system
At :present, the MEA is promoting introduction of a trunk radio system of
800 MHz band, and the number of voice communication channels are 15
[extension to 28 channels is possible in maximum in view of the system].
Thereby, the channel shortage problem in contrast to the number of
subscriber units (about 1,800 sets) will be settled aftericompletion of
this Project. The relationShipabetWeen the number of channels and that of
subscriber unit for lhe’trunk-radio system' is presented in Fig. 6.6-5
(ThlS dlagram shows the number of subscrlber units which can be
~ -accommodated by ‘the number- of channels).
Along with-the extension of substations and subtransmission lineé, the
number of subscriber units accommodated in the trunk radio system is
expected to be increased -after FY 1997. :Considering that the
telecommunication means among district offices will be changed over to the
optlcal.fiber telecOmmunicatiun network subsequent to construction of the
:optical'fiber teleCommunlcation'network3as-mentioned previously, however,
‘the trend of increase in the number of subscriber units for the trunk
radiu systen is expected to become moderate.- As:the'numberiofivoice
channels-of trunk-radio system can-be:extended'to'zs channels in the
future, it will be possnble to accommodate - roughly 3,000 sets of
" subscrlber unlts uit1mately in. the future

By 1ncre331ng the number of v01ce channels (reuea{ér.units)_in proportlon
to the' 1ncrease in the number of subscriber units, the trunk radio System
1s evaluated to be sufficient to meet the needs of MEA for radlo

telecommunlcatlon network in the future as well.

'(2)’SCADA Eelecommunicatlon systems g
(a) Installatlon plan of RTU for SCADA
The plan for 1nstalllng RTU for SCADA accordlng to the tPanSMISSIOD l1ne _
and substatxon equlpment exten51on pro;ect of MEA is as follows:

| I) RTU lnstallatlon plan in termlnal and sw1tch1ng statlons
Nlth regard ‘to the termlnal and swltchlng statlons,.the RTU:;



‘installation plan has been formulated based on the following
prerequisites: L . ‘ :
a) The RTU shall be accommodated in the SCADA system when the terminal
and switching stations are to be constructed. :
b} With regard to the Banbor and Patanakarn T/Ss;. the RTU shall be
1nstal]ed at the time of constructing the distribution: station, -and
_be used commonly after construction of the terminal: stations.
Meanwhile, the RTU installation plan in this case is presented-in the
- .Table 6.6-2. - . ' : :
2) RTU installation plan in distribution stations
Kith regard to the terminél-station ‘the RTU installation- plan has
_been formulated based on the following prerequ151tes | _
a) The RTU will be 1nsta11ed only when the number of banks : has been two
.or. more. Therefore, any RTU will not be installed when ‘the number -
of bank .is one. : : :
- b) In case the terminal statiens and distributien substatlone are
constructed in comblnatlon the RTU w1Il be used commonly for both
“of them. . . e . |
. The RTU installation plan.in thls case is presented in the ‘table 6 6 3.
3) Number of .installed RTU _ : _ .
The number of RTU to be,installedfih_the‘respective-fiscal years
accordihg,to the substation extension,plan'is as listed below:: -

Tth|  Planning Period

Item _ - _ SR

| 1o% | 1007 | 1998 | 1999 | 2000 | 2001 | 2006 | 2011 [ 2016
Number of RTUs ol | I

for /3 6l 5| 5| 5 Bl 5| s s

Number of ﬁTUs

for D/S 82 93] 2101 JIOQ' 2120|130 | 149-:’164““ 171‘-

Number of common _ N TR A
use RTlUs 0 1148 12 12 ¢ '12¢ '14 KRN £- 3 A §- ¥ L 5 K S
for T/8 and D/S : Lt "

| Total :number of
RTUs '

98| 109|118 | 126 | 138 | 149 72| 187 | 196 |

(b) Acquisition of radio channels for SCADA system '

BCRE R



Whereas, the capacity of the existing two SCADA systems is as follows:

Contract Maximum Capacity :Radio Channel
MEA-PSD-207/REPEAT | . 80 RIUs 16CH (Actual 16CH) |
- (1981) | (800MHzZ) 5 RTUs/CH
PMA-0532-WBA | 120 RTUS | 24CH (Actual 8CH)
(1991) o C(2.90H) 5 RTUs/CH

The system 1nstalled at FY 1991 is in replacement of that at FY 198L

Since the number of exxstlng radio channels is 24 channels in total

1ncludlng snxteen 800 MHz band channels and eight 2,200 MHz band

_ channels the max:mum number of RTU whlch can be accommodated wnll become

120 (5 RFUs/channel X 24 channels) Judglng from the number of radio
channels. .
When the RTU installation plan is taken into account, therefore, the
number of existing radio channels (120 RTUs can be accommodated) will
be fully occupied in FY 1999. Consequently, it will be required to
extend the 2,200 MHz band radio channels by FY 1999.

Countermeasures for preventing radio wave interference with high-rise
buildings in the central part of Bangkok -
The bropagation interference of the SCADA radio channels is predicted to
become severe further in the future in proportion to increase in the

number of'high—riSe buildings along with the progress of development in

the central part of'Bangkok- As the shadow loss per unit shieldlng area

is greater in the case of 2 200 MHz band radio channels than in the

case of 800 MHz band radio channels, moreover, the propagatlon
interference due to hlgh rise buildings will be so much severe.

As a countermeasure, it considered effective to make positive use of
optical fiber cable network belng planned by MEA at present Meanwhile,
the SCADA radxo wave channels have been formed so far at the respective
substations fromthe two HUB radio statlons at Chidlom and Watlieb (the
section between Chidlom and Watlleb has already been 1inked through

loptlcal flber_cable). By extendlng this system and increasing the

" number of HUB radio stations, it will be possible to avoid the shadow

loss due to hlgh rlse bu:ldxngs (In. case the radlo propagatlon

condxtlons between a number of substatxons zn the northern dlrectlon_

Coeewt



example, it.is considered possible to:link the section between. Samsen
. and Chidlom through optical fiber. cable network on ‘the basis of the
. Samsen and other dlstrlct offices ‘as HUB rad10 stations. )

To prevent propagatlon 1nterference ina partlcular substaticn; if nill
also be effectlve to use radio and cable in combination or make
effective use of radto relay and other systems as adopted at. present by
MEA.

In preparatlon for coplng w1th znten51f:cat10n of hlgh FISG bu1id|ngs in
" the central part of Bangkok in the future, lt wlll also be necessary to
study replacement of the SCADA telecommunncatlon channels to
substations in the relevant area w1th metal cable or optlcal flber cable.
(For detail refer to Clause 9. 9 4
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Table 6.6-2 SCADA RTU Installation Plan of Terminal Stations and Switching Station

Planning Pericd

Name of Actual Fth Plan
No. ABB.| Terminal Station | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 20068 | 2011 | 2018
Switching Station '
1 SRS | Samrong (NEA) | QOx O= Q= Ox Ox OLE Q= Ox SO O=
_ ferminal Station : _ ‘ :
1 BAT | Bangkapi - Ox Ox Ox O | O | On Ox | Ox | Ox Os
2 BOT | Bangkok Noi Or | Os Ox Ox Ox Or | O | Ox | Ox O=
3 BPT | Bangplee Os O= Ox Ox O Os= Ox O | O= O
4:CLT | Chidlom (XEA) O | O+ O« | Ox |0« | Ot | O« | O | O | On
5 KRT [ Klong Rangsit' o O O [ 0O 0 Ke) o | 0 | O o)
6 LPT [ Lard Prao Or | Ox | Ox | Ot | O | O | Ox | O« | Ox | Ox
7 NJT | Nongjok o o | O o 4{ 0 | O O | O. o o
8 NKT | North Bangkok ~ | O* | Ox | Ox | O+ | O | O« | On Ox | Ox | Ox
I BKT | South Bangkok .. | O+ | O« | Or | Ox | O+ .| Or | O« | O | Ot | O«
10 STT | South. Thonburi O+ ["Ox | O |'Ox |[Ox [0 | O | Ox | O | Ot
11| | Jangwattna — New | O | Ox | O | O= Qx| O Ox Ox
12| |Ratchada - — | Nw | O | O O | OO 0|0 O
13|  |'Sainoi — | New | O oF 0 QO | O | Os | Or | Or:
14 Teparak - — | Newt | O | O+ | O | O« | O | O | O= | On
15 _Thanontok(HEA)‘_ —_ New O | O Ox O | Oi._ Ox O= Ox
18| | onnug : — | — |~ |¥%w | O | O] 00| 0!l 0O
17 Sanampao(MEA) . || — | — | = | e | — | New | O | O Ox | Ox
18|  [Bambor — | — =l — | — ] — | o | 0% | O | O
19 Rlongtoey (MEA) —_— - eem — ——— —= — | New* O Q=
20 Patanakarn — — o — — -——-— —~i | O= Cx | O=
21 Talingchan — —- —--- —_ -— — — | New O | O
22 Thonburi (MEA) — | | = | = | =] = | = | Yews'| Ox | On
23 Ramiritra(MEA) - —_ — — — _ — s — — | . Newx
24 Ratburana b — — — —_ ] = —_ —— — .| New=
Number of T/S . 1L 18 6. 17| o1l 18] 19| 23 23 25
Construction Number of RTU .5 o 1l 0 1y 0. 3 0 .2
Number of T/S where RTU is o . o . ol :
installed 1 6 18] 17 17 18] 18] 23 3| 5
Number of T/S where RTU is | - ' e 1 o '
used componly with D/S | gl 1o 11 o Rt A VI R U3 K - 180 .21
Note ;" = 7 mark shows Terminal Station where the RTU is used co_uno'nly with HEA_’S Distribution Statiom.



Table 6.6-3 SCADA RTU Installation Plan of Distribution Stations

No,

ABB,

- Name of
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Table 8, 6-3 SCADA RTU Installation Plan:of -Distribution Stations

No. [ABB,

Name of

Distribution Station

Actual

7th Plad . -

Planning Period

1885 -
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1888. |- 2000 2

001
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Table 6.6-3 SCADA RTU Insta_liation Plan of Distribution Stations

I ' Name of Actual® [7th Plan Planning Period .

No. %A'BB.&Jistribution Station 1995 | 1996 | 1997 [ 1998 | 1998 [ 2000 | 2001 | 2006 | 2011 | 2016
97 UR | Jangren X 1Bank |x 1Bank |X 1Bank |X 1Bank |X 1Bank |X iBank |X 1Bank | New O 0
98 %0 | Rhortor X 1Bank [X1Bank | New | O | © O O O o} @)
99?[ Kingkaew X1Bapk | New | O e O O O O O o
100 XE | Klongmahasawad — {¥s | O © o | o o o | o | o
101 18 | Lardkrabang o | o o] 0 o) o) 0! O | © o
102 ¥3 | Huangthong 3 X 1Bank X 1Bank | New | O o} o O o | o o}
103 NS | Nonsee — |%s | 0l 0ol 0ol 0o]o}| o] o] o
104 PP | Prandipat — New 0 e} 0 @) O O o} O
105 534 | Sainamtip ~— |X1Bank| New e O | © o) o | 0| O
106 5B | Sanaabinnaa — | New o) o | o o) o o | o | o
107 Saorahong ~— X 1Bank |X 1Bank |X 1Bank [X 1Bank |X 1Bank [X 1Bank | New | 'O o
108 PB | South Bangplee — |X1Bank | New | O O o} O ol 0o | O

1109 Srieiam X 1Bank | New o | o O 0 o. O o | o
110 Suanluang X 1Bank | New o) o) o | O 0 ol o | &
111 UE | Surasak X 1Bank [X 1Bank | New | O ol ol o| o} o| o
112 T¥ | Taiban — | — |x1Bank {X1Bank [X1Bank | New | O O | O o .
113 Taweewattana . X 1Bank .{X 1Bank X 1Bank | New O 0] O o ] ) o
114 Thonburirom © —  |x1Bank |[X1Bank | New o o 0 o | ol o
115 Tungsonghong — |'New | O ol o | o o | O O O
116 Y& | Yemarkart X 1Bank | New O e, O e o o | O RN
117 B | Bangbor (TS) — |xiBank| New | O | O | O | Os | O¥ | O | O

- | Bangjak | ——  [X1Bank |X1Bank | 1Bank |X 1Bank | New O | 0| 0|0

" 1118 XD | Bangkradee - -— X 1Bank [X1Bank |[X1Bank | New -| O o| o] 0| O,
120 BE | Bangshan — . |x1Bank |[X1Bank | New | O | © o4} o | 0o O
121 M1 | Banmai —_ | = |'—= | = | =]~ {tfw } O | O | O
122 DD { Dindaeng - | — |x1Bank |X1Bank [X1Bank | New | O o | © o
123 3 Ekach@i — {X1Bank [X 1Bank [X 1Bank |X1Bank [X 1Bank | New o | O G
124 Ghoaklang “—  IX1Bank | New Q o | 0 @ O o |[TOo
125 Jangwataoa(Ts) ¢ | —— [x1Banx| Ox | ox | Ox | Os | O+ | O | O | OF
126 1) | Jatujag | — | —|— ¥ | 0| O] O|O}O|O
127 KE | Kaset — | =~ |¥w | O | O | O} O o | O
128 KG| Klongkus — | —— |x1Bank|x1Bank| New | O | O | O | O | O
129 KL | Klongprapa —  |x1Bank [X 1Bank [X1Bank [X 1Bank [X1Bank | New .| O | O | O

130 MU | Mitrudom — | 1Bank X 1Bank |X 1Bank |X 1Bank {X 1Bank |X1Bank | New | O o
31 {4 | Muangthong 4 — | — ‘[xiBak| ¥ew | O | O | O} O 7O} O
32 %5 | Nuangthong 5 — | — = | — | %« |0} O} O o [ o

1133 M6 | Muangthong & — ==} — | — | b | O | O | O | O

‘134 b7 | Huangthong 7 — |- | = | =] = | = |¥s] O] O ]| O
2 NL | Nanglerng e e e | = = = | New. | O o | o
36 [TA - | Patanakarn (TS) — |'— | = |'"— I|xiBenk |X1Bark| New | Ox | Ox | Ox
37 PU | Plubpla | — = | ==t == |¥w | O } O O]
38 P9 | Prawes. — = == — R | O | O} o .o
39 RP | Prompong . =t | == = | B | O | O ] O.]. .0
40 §I' | sainoi (15) — | = — | — | — | o | O | O j O
41 N | Saayara e ‘ol o | o O O
42 SR |'Satorn - - — JNew | O | O ol
43 fP | Shimplee | ) = New 0O 4 O L O O

' W Sriwzang IR I — Q o Ras O Q. o




Table 6.6-3 SCADA RTU installation Plan of Distribution Stat.ionsa g

4 Nage of Actual - [7th Plan ' " Planning Period B _
No. ABB.Distribution Station 1995 1886 | 1997 1998 1889 | 2000 2001 20086 2011 | 2018
145 ¥1 | Suanyai - — | = | — ] = ]—=1]—= 1% | 0 010
146 Suwintawong — — -~ 4 — — | New. © | O O} O
147 Thakwian — -—_— — b New - O O O O Q-
148 Trokcharn - —  [X1Bank | New o . | .0 O o 0. 0
149 Tubyao —_ — — |X1Bank [X1Bank {X1Bank | New | O | O O
150 Watkampaeng — — ~—  [X1Bank X 1Bank {X 1Bank | New O |0 4 © .
151 Wattakart — — —_ —_ - New O o O O |
152 Ascke — — - e _— —_ — New o | O
153 Bangbuotong -—_ — — — — - —_ — | New 1o
154 Banghuasae — -_— —— _— — e New .| . O o
155 Bangkaew — | — | = = | = | = | =] New o | o
156 Bangpleeyai — | — —_ —_ |- —— — — | New [ O
157 Bangtalard — | — | === |l—]— |¥ | 0 O -
158 Jorakabuo — — — — —_ — |— {¥Fw | Ol O. :
159 Klongbangpi .- — —_— — — — — — | — | New | O
160 Rlongna :- — | — ]| —= 1= |—|— |% | 0ol o
161 Klongpume — | = | — | — | = | — | — | New ol
162 XR | Krungzepkreeta — | === | == |— | — |¥m [ O
163 Land & House —_ | = — | = — | —= | — | New.} O | O
164 ¥8 | Nuangthong 8 — | = === |—=. = |% | 0] 0]
165 ¥ | Muangthong 9 — | = | = |~ = | = b= | 0. 0
166 Praramkao —_ — = — —— - — [ Nw | Q | O ®
167 RJ | Rajchaprarop | — | — | = === | — | New | [ R o2 B
168 Sanampan{TS)- — — — — e —— —_— O=x Ox Ox
169 DX | Sananikom — | — = | — | — | =] = | New O | 0
170 DS | Songsunikom — . — ||| | = | —iNw | O | O
171 Srinakarin — — — — — — — [ New O | O.
172 Thonglor — | = | - — —_ — | — ] New . O
173 Tungkru - -— [ — — — — —_ — New: | O
174 Watdeedod —_— — | = - m— — - New RO o
175 Bangkruay- — — — | — — —_ — — | New.
176 Bangpang — = |- | = |~ |~ | = New.
177 1 Bangpla —— — "“— '-"— e —— — : New -
178 LD | Klongdan - —_ = —-— by = — — New.
179 GT | Klonggratiam — ==~ = | = |~ New
180 Luangpang — || = | == - = on
181 Lumpagshe ' — — | = | — — — New -
ﬂaz Nimituai - — === == | =
83 NY . | Nongyai — - — | — e -
184 fIL | Pinklao — === - | ==
185 Pongpetch —i | — — = —_— | — —_
186 Puttamonton — | | — —_—] - -
187 RO | Rajchakru - | e = — == | — -_—
88 Rdjdamri — = = = = =] =
89f | Satorntai - --—- | -- — —
%0 M. {Talivgchan(Ts). | — | ~— | — 1| — | — | — | =
91'[TY. | Tiamruasait — | — ' ' - —
92. RN | Trimit. — | — il s .




Table 6.6~3 SCADA RTU Installation Plan of Distribution Stations

L-) - Nage of Actual [Tth Plan Planning Period _

No, ABB.{ istribution Station 1995 1996 1997 1998 1999 2000 2001 2006 2011 2016
Number of D/S - 99 124 130 135 139 144 151 167 182 192
Nuaber of D/S with two or ' ‘ : .
more banks 30 33 27 23 18 13 8 0 { 0
Nusber of D/$ with one ban 69 91 103 112 120 131 143 167 182 192
Construction Number of RTU 24 11 8 8 11 11 22 15 9

E Nuaber of D/S where RTU is
installed . 67 92| 104] 13| 121|  1s2f  144| 187|182 192
Numpber of D/S where RIU is '
commonly used with T/S 9 10 11 12 12 12 14 18 18 21

Note;"*” mark shows Distribution Station where the RTU is commonly used with Terminal Stataion,
"O" mark shows Distribution station where RTU is installed. '
" %" mark shows Distribution Station where RTU is not installed. -
"X 1Bank™ mark shows Distribution Station with one bank where RTU is not installed.
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7.1

CHAPTER 7 POWER SYSTEM ANALYSIS

General

The power system analysis studies are carried out parametrically in the

planning stage for each year through the study of load flow, short circuit

fault current and single line ground fault current.

(1)

Load flow study -

The objective of load flow study is to simulate power distribution system

in order to know the power flow, power loss in subtransmission line: system
and transformers, as weil as voltages at various buses in either normal

or emergency'cases In addition, ‘load flow study can help-plan and

arrange configuration suitable fo: the exnstlng and new terminal and-

distribution substations. It also helps locate sites and fix ratlngs of

new.substations:

'3 Phase Shorf Circuit (SC) and:Single Line Ground (SLG) fault currentestudy

The SC and SLG fault current studies are essential as they are the
distribution system analysis when there occurs SC or SLG fault which will -

have impact on voltage and current of- each bus. The results of SC and

_-SLG fault current studies will be used in setting 1nterrupt1ng capa01ty of

-electrical equipment such;as ratlng of circuit breaker ete. - In-addition,
‘they will help choose protective relay for efficient control of

. protection system.as well as arrange suitable power distribution

configuration.of SC and SLG fault current level within the cfitefia.-

:In01dentally, Judglng from the: result of “Feasnbxllty Study (F/S) on Bulk -

;Power Supply PPOJeCt for the Greater Bangkok Area" issued by JICA -in 1993,

' EGAT;bulk_pqwer_transijSJOn,System.up to_FY 2011 can be steady from the

”point,of viewﬁe£=system“stabjlity;;sorthet;MEA;system may: well:-be stable.

" Furthermore, with appropriate reinforcement after FY 2011, MEA system in FY

_ 2016{can,be;expectedﬁtoﬁbe,staple as_within_the}same,eriteria..



7.2 Conditions of Analysis

The power system analysis studies have to be carried out by simulating the
EGAT bulk power transmission system and the whole MEA power distribution

system under the following conditions:

(1) Fiscal year under Study
(a)'Short~term plan
FY 1997, 1998, 1999, 2000, 2001
(b} Long-term plan
- FY 2006, 2011, 2016

(Z) System eonfiguration‘of'planned-years"“
(a) Short¥term plan |
-The latest EGAT- power Development Plan (PDP) has been’ taklng into
consideration in the system configuration of EGAT'S 500°kV and’ 230 kV
transmission systems which transmit the power to the MFA power system.
| Meanwhile, the MEA power system during the period FY 1997-2001 is based '
on the assumed FY 1996's system, the last year of the Revised 7th Plan.

(b) Long—term.plan"', _ _ .
In FY 2006, the EGAT power.system foIlowed“the~latest PDP -as well as
Short-term plan. However, ‘in FY 2011 and 2016, EGAT and MEA systems are
based on the result-of Firsti and Second Field Investigation by the
- -Study Team, ﬁFeasibility Study on Bulk.Power SuppIY'PrdjeCt:for the
Greater Bangkok Area" issued by JICA in 1993 and -the draft long term
plan up to FY 2011 prepared by MEA. ' i

(3) Load forecast at each dlStPlbuthﬂ substation '~

Load forecast at each dlstrlbutlon substation-is based on'the system peak“f'.'

(coincident)-load at each distribution- substatlon accordlng to the: -

‘ dlStPlbuthH substation expan31on plan formulated by this JICA: Study Team T
as discussed in Section €:3: RERSESE I RPN B

The power factor of system peak is assumed to be 95% at’ the Secondary**”
'voltage 31de accordlng to the MEA'S plannlng cr:terla



(4) Planning criteria _
Planning criteria used for the system analysis is based on the MEA'S

planning criteria as presented in Section 5.2.

7.3 Results of Load Flow Study

The following are the'summarized results of the load flow studies for the .
cases considered as the gppropriate pIans for the power distribution system
improvement and expansion, in the Metropolitan Area as presented in Section
6.4. |

7.3.1. FY 2016's System

Fig.7.3-1 shows the result of load flow study for FY 2016's system under-
normal conditions. o
The busbar-voltage at each substation can be_maintained‘wjthjn_the_target

operating voltage criteria under normal conditions as presented in Clause

5,221_by,approppiate‘reecttve,power compensation;instalted;at«sbme--

substations. o

Some terminal statlons undergo overload1ng of 3- 4% agalnst the. target loading
(80%).. However, satlsfactory System performance can be achieved by taklng-'
countermeasures. such as sw1tch1ng the load to other, terminal statlons as-,
presented in Clause 6.4.2.

7.3;2 FY 1997-2001's System

' Fig.7.3- 2 to 7. 3 6 show the results of load flow studles for. FY 1997-2001's
system under normal condxtlons
The busbar-voltage at ‘each substation can be maintained within the target

foperatlng voltage crxterla under normal condltlons as presented in Clause

~ . 5.2.1 by approprlate reactlve power compensation installed at some

. substatlons

'F'Some termlnal stat:ons are stlll several % overloadlng agalnst the target -



loading (80%). = However, satisfactory system performance can be achleved by -
taking countermeasures such as switching load to other terminal stations as
presented in Clause 6.4.3. '

7.3.3 FY 2006's System

Fig.7.3- 7 shows the result of load flow study for FY 2006's systenm under
normal conditions. ' ' h

The busbar-voltage at each substation can be maintained within target
operating voltage criteria under normal condition as presented in Clause 5.2.1
by appropriate reactive.power compensation installed at some substations.

Some terminal substations are still several % overloading against the target
loading (80%). However, satisfactory system performance can be achieved by
taklng countermeasures such as switching load to other terminal statlons as
presented in Clause 6.4.3, ' | v ‘ '

7.3.4 .FY 2011's System
Fig.7.3-8 shows the result of load flow 'study for FY 2011 s system under;

normal COﬂdlthﬂS

The busbar-voltage at each substatlon can be maintained ‘within’ target”

operatlng voltage criteria under normal Condition as presented in Clause 5.9 1 o

hy approprlate reactive power compensation 1nstalled at ‘some substations

Some terminal siatlons are still several % overloading agalnst the target
loading (80%). However, satisfactory system performance can be achieved by'
taking countermeasures such as switching load to other termlnal statlons as
presented in Clause 6.4.3. R h



- 7.4 Results of 3 Phase Short Circuit (SC) Fault Current Study

The SC fault current analysis has been carried oﬁt at each terminal.station
only for FY 2006 and FY 2016. | |
Results of the SLG fault current studies are shown in Fig.7.4-1 and 7.4-2.

The SC fauft current levels at all busbars are withih the MEA's planning
criteria as presented in Clause 5.2.4. _ :
Incidentally, the generator data used for the SC fault current study is
subtransient- reactance (Xd").

7.5  Results of Single'Line Ground (SLG) Fault Current Study

The SLG fault current analysis has been carried out at each terminal station
and some diétribution subStations located in netkork area'such as Watlieb,
Sapandam, Banghunprom, Nanglerhg and Trimit for FY 2006 and FY 2016.

Results of the SLG fault current studies are shown in Table 7.5-1 and 7.5-2.
The SLG fault.current levels at all busbars aré within the.MEA's criteria as
presented in Clause 5.2.4. - | | '
The generator daté used fof SLG fault éurrent study is subtransieht'reactaﬁce
(xd").
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