9.3.3 Study of Distribution Yoltage, Conductor Size and Bank
Configuration “

Studied herein is an optimum systiem conflguration in view of the distribution
voltage and conductor size. ' R

When the system configuration is studied based on the distribution voltage and
conductor size, the capacity of distribution line shall be changed. This
means thet where the capacity of ‘distribution line is changed, then the
number of distribution lines outgoing from the substation is aiso changed.
Therefore, optimization of system configuration is studied taking into account
the riumber of feeders per one substation and cost of the distribution line
downstream of the substation barnks. SO

The distribution voltage is studied regarding 12 KV and 24 kV voltages applied
by MEA including 36 KV, & one-rank’ hlgher voltage B C '
The dxstr1butlon line conductor 51ze lS also studied regardlng 185 mm? applled
by MEA’ 1nclud1ng 240 mm“, a one- rank” larger conductor size.

The allowable-current for the respectlve~conductor sizes listed below 1S
coordinated with that for the underground cable applied by MEA. -

Conductor size Allowéble current .

_ Partlally 1nsulated conductor a

185 mmz_ o _ 488 A
- 240 600 A

CU. MLPE , | _
J400me - 6MA

(1).Sfudyfof maiimumihumbef'df_feedefsfpef one substation- -
For prohotiog}thisfstudyf?the'maximum7number of feeders per one bank is
studied. ._ R o L _
.The maximum. number of feeders per one bank can generally be obta1ned from
'_the follow1ng formula :
a PTXaX7
VXV, XPL X8

N =..,



Pr : Bank capacity {MVA) .

P, : Feeder capacity (kA)

Vs : Feeder voltage (kV)

a .+ Target utilization factor of bank -

B ¢ Target utilization factor of feeder

7': Diversity factbr of feeder

N : Number of feeders _ , _
The target utilization factor of feeders speC1f1ed in the planning
criteria of MEA is studied. : :
Generally, the target utilization factor of feeders is so set as to
provide an allowance for relieving the power system in case any fault has
occurred in an adjacent distribution line. _
The ideal distribution line system is a "3-division 3-linkage system",
Since a distribution line is,normal}j formed in a radial form, it is.
apparent when cdnsidered_conceptionaily that the simplest distribution
line interconnecting method is. to interconnect. the distribUtion'linejwith
'adjaeent two distribution_linésfand one;distribution line from the other d
- substation, es shown below. . |

————

A /‘"‘\_,.: > _______ g — A
Substation =00 oo v~ b“-Subs tation
/—\/(, ;/

e

The target utilization factor in the above system'cehfiguratiOn_ean_be
obtained from the following formula since an adjacent distribution line

in fault is relieved by the:three interconnected distribution llnes in

case any fault has occurred in the adjacent distrlbution llne

. 3 sections o
Target utilization factor = —————— X 100 = 75%
T e e - 4.sections . ..



Based on the above study condltxons, the maxrmum number of feeders per one
bank is obtarned by substltutlng the respectrve coefflcrents wrth the
following values

P : 40, 60 and 80 (MVA)

P, :0.488 and 0.6 (KA)

V s 12 24 and 36 (kV}
B L 0.5 |

y ¢ 1.1580, 1.1274 and 1.0895

Table 9.3-7 Number of Feeders = < Pt
- P It VR L . . (Feeders/Bank)
Diversiti Feeder -Feeder Capacity 488 A " Peeder Capacity 600 A
Factor | Voltage| Bank Capacity - B Bank Capacit } .
v b E o v | oA | 80 MVA | 40 M¥A | 60 MVA | B0 MVA
Residential | 12 kv [ Rl RRTY DN (RRETS | RVEE R SNNrd A R 8
Conassol zakv ) 3 | 4 5. 2 | .3 4
kv ] 2 3 4 2 2 3
Commercial | 12 kV 5 8. 10 4 B 8
Lenalaakv ] g gl s g 3 4
-] 3B kY 2 -3 A L2 3
) Industrial | 12 kV . S.t_ 1 10 o 6 8 __
. 10395 PR 4 5 2 3 4
' 36 kY 2 3 4 2 2 3

‘Size of conductor - S
D488 A 189SQuEm .t e o
- 600 A 24Usq MR T

-_,fAccordlng to the plannlng crlterla of MEA the standard number of feeders_

. is seven per one bank 1n case the dlStPlbUthﬂ voltage is 24 kV. This is

_ 'equivalent to the target utnlizat1on factor of feeder whlch is an order of.e .
. 40% accord:ng to the above calculatlon formula _f: ' |

' -,To ensure operatlon of feeders at a low utlllzatlon factor, 1t seems to be"



(2)

(3)

necessary for MEA to increase the number of feeders from a theoretical
value. The feeders are operated at a lower utilization factor presumably
because it is considered poss:ble to relieve the load by one adJacent
distribution circuit where the utilization factor is 50% or less éven in
case a fault has occurred in a feeder. ’ : oo _
In other words, it is predicted inevitable for MEA to operate its -
distribution line system at such a low UtlllZ&thﬂ factor since the number
of switches 1nstalled for interconneotron between dlStPlbUthn llnes and
dividing the llnes is not enough at present

Preparatlon of model of the portion of underground cable sectlon outg01ng

from distribution substation

Studied herein is the portion of the'underground cable section‘outgoing
from distribution substation where the number of feeders per one
substation is different. T _

The portion outgoing from substation may'vary inrindlviduel eaSes
depending on the road and other conditions around-the-substat10n~

‘Therefore, study models are. set and exam:ned under the follow1ng

condltrons : o
Around the substatlon a road is assumed to exist per unlt mesh of 100 m.
The substatlon xs assumed fo face a Hlde road _ . _ ,

. Four 01rcu1ts ‘in maximum shall be ralsed to a w1de road facxng the
substat1on _ S o

The fifth and subsequent c1rcu1ts be ralsed suecessrvely to the road.
every 100 m centerxng on the substatlon o j R L

+ Any overhead line should not be strung across or in parallel w1th :
another overhead llne o

Based on the above COHdltIOHS, the relat1onsh1p between the number of
feeders and length of the underground portion outgoing from substatlon 1s
calculated on a trlal b351s and the calculatlon results are presented 1n
Flg 935 | | |

Trial calculatlon of the length of overhead dlStPlbutlon 11ne ; '”qiwﬁ""_
Studled herern is the length of overhead dlstributlon llne wrthln a supply



area of :substation. :

Since the portion of overhead distribution tine is requ1red whenever any

power ‘demand exists, this portion is closely related to the power demand

conditions regardiess of the number of feeders. In this case, a model has

also_beeh set and studied.

Setting conditions of the model

. The demand is assumed to exist facing a road. -

. A road is assumed to exist per unit mesh of 100 m.

.The overhead distribution line is assumed to be formed on a road per
unit mesh of 100 m.-

. Any overhead line should not be strung across or in parallel with

-ariother overhead: line.:

The: length of -overhead: dxstrlbut:on line can be obtained from the

following:formula on a trlal basis, where the supply area of dlstrlbutxon

line is assumed to be of a ‘square form:

L= axxpx G-
S [ ,_ J_jm_l] o
L : Length of overhead distribution line (km)

£ : Road 1nterval (km) L - o
".Si-; Supp1y area of substatlon (kmz)
'f?;; E Number of blocks




- The supply area of a substation is obtained from the following formula:

P’r S

S = e

o

~S - Supply area of substation (kn?)

Pr ¢ Capacity of substation (MVA)

a + Target utilizatjon factor of substation
o .- load density (MVA/km?)

Based -on the above .conditions, the supply area of substation-and-length'of
overhead distribution line are calculated based on the load density as a
parameter, and the results are presented in Table 9. 3-8.

For comparison with actual cost, the value of foad. denSlty at 80 (MVA/kma)
is used from among those in the above table. : As explained subsequently .
in Clause.9,3.45.thls:load_density is-roughly equal to-that on the
Sathorn Street. | | -

'Meanwhlle, the results of calculating the supply reach of substat1on on a

trial basis is presented in Table 9.3-8 for reference This ealculation
is made accordlng_to the formula indicated in Item (4) of Clause 6.3.1.

Evaluation of study results |
Based on the above conditions, the constructxon cost of equnpment
downstream of feeders is calculated on a tr1a1 b331s accordlng to the
respective bank conflguratlons and the calculatlon results are presented
in Table 9.3-9. '

Meanwhile, the results of studying the road COndltlons around the -

'substatlon by settlng the area to a 200 m mesh unit for preparlng the

study models are attached to Append1x 9.3-1 for reference

. The construction cost mentioned above refers to that 1n case all equipment

are newly constructed. )
Slnce the cap301ty and supply areas of substatlon dlffer in the respectlve
cases, it is 1mpossxble to evaluate the respectlve cases simply by
comparing the total construction: cost Thus, a method of evaluatlng the
respective cases is applied according to the un1t cost per kVA in view of
the effective output of the substations. 7 _ '

As a result of thls study, the followlng can be coneluded



(a)-Distribution voltage
The economically optimum distribUtion voltage is 24 kV in all of -the
respective cases because of therfellowing'reasons. The number of
distribution lines per substation is increased and the construction’
+eost of undergrbund cable for drawing out of distribution line is
extraordinarily high where-the distribution voltage is 12 kV. When the
distribution voltage is increased to 36 KV, the construction cost of
the portion of ‘underground cable section can be decreased as the number
- of distribution lines is decreased, but this cost reduction is offset by
the increase of eonstruction cost of the portion of overhead
distribution lines. .~ e
=Asua'resdlt;rthe.distributionivoltage of 24-kV is concluded
justifiable. (b) Conductor size |
‘The conductor sizeof 240 mm? is concluded to beeconomically
z-advantageeue'over“185 mm? infall of ‘the respective cases because of the
~following reasons. o o : '
'Although the construction cost of overhead dlStFlbUthﬂ line is sllghtly
increased when this conductor size of 240 m - is adopted, the nuiber: of
g d:strlbutxon linés per substation is decreased due to  increase of
transmission cap301ty, so that the constructlon cost of the pertxon of
. the 11nes outgoing from the dlstrlbutlon substatlon can be reduced
“;.substantlally '
-.In thls;study;.however;'the-cost;of repiacing,the.existing 185 mm?#
: condudtdrs,with1240-mm5iconductors-is not taken into consideratioh.
In case the conductor size is to be changed to 240 mm*, it is necessary:
: ito~teke'intO'account:the construction cost for replacement of conductors.
Consrderlng the present situations of most of the distribution
facilities of MEA which have been operated at a low utlllzatlon factor,
whether it is necessary toincrease the conductor size of distribution
'_11nes even. by makxng new 1nvestment is: questlonable
;;When the transm1551on capac:ty per: 01r0u1t is increased the effeet of
',any fault arlslng in dlStPlbUthH ling: can possibly spread over.a.wide
firange of the dlstrlbutlon system..’ It cannot necessarily ‘be said: that
_hreckless 1ncrease of. the transmlssxon capaeity is desnrable in view of



{c)

When the above situations are taken into account, the distribution'llne
conductor size of 185 mm® being -adopted at present is evaluated to be

csufficient.

Bank configuration
Upon evaluation of distribution line.cost per. bank kVA on each:bank

configuration,'the_following general tendency wasfobtained in all of the

- respective cases:

3 X 80 MVA > 3 x 60 MVA > 4 X .40 MVA > 3 x 40 MVA

.~ In other words, the case of '3 x 40 MVA is economically: optimum because

of the following reasons. o .
Since economic evaluation is based on the construction cost downstream
of the substation: feeders, the'greater the substation capacity, the

larger the number of the circuits outgoing from subétation Therefore,_

-the construction cost of  underground cable becomes as much higher.

According to the results of evaluation in view of- the configurations of
sUbtransmission ling and substation bank described in Clause.9.3.1, the
cases of 3 x-60 MVA and 3 X 80 MVA are concluded to be substantlally :
advantageous over the other cases. -

.- However; there is not so much dlfference between 3 x 60 MVA and 3 x 80
- MVA in view of preference. - P
3 X 40MVA> 4 X d0MVA > 3 X 60 VA, 3. BOMVA . -

When the construction cost downstream of substation feeders:is'included'
in the subtransm1351on line and. substation: cost to- each bank

confaguratlon, 3 x 60 MVA is ultlmately evaluated to be: justifiable.
Conclusion -

‘When the above studies are summarized, the system indicated below is

Judged- to be opt1mum

Substation bank.configuration';fs X: 60 MVA: ..
No. of feeders per bank.: 5 ckts:

The number ‘of -feeders includes . a standby one feeder to cope with

=..standby line.in preparatlon for: large scale power demand Meanwhlle,

any feeder for power capac:tor and statlon servnce transformer is not
-taken 1nto cons1deratzon i
Dlstrlbutlon voltage K 24 kY

Conductor size ~  : 185 mm?
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Table 9.3-8 Supply Area of Substation

Supply Reach : Length of Redius
Feeder Length : Road of 100w Nesh -

-19-J9

10.84

Density Supply Area {sg. ke) - Supply Reach (km) Total Feeder Length (kn)
(Wa/sq k3] 340 | 4%40 | 3x60 f 3xB0 |.-3x40 | 4~d40 | 3»60 | 380 | 3x40 [ axa0 [ axe0 | 3=&0

1 Ce.00] 12800 14400 132.00] - 553 6. 38 8. 77 7-82| 1:900.80 | 2.556.90 | 2.856.00 | 3,824.37
2 48.00{ 64,00  72.00[ - 96.00 3.9 4.51 479 5.53] . 056.09] 1.264.00 | 1,425.53| 1,900.80
3 .00 4267  48.00]  64.00 319 369 3.9H) 48| 63357 849.19| 95609 1:264.00
4 .00 szo0f . 36.00] . 48.00 2.7 319 3.39 3.91] 470.30{ '533.57| . 708.00|  956.09
5 19.20)  25.60( _ 98.80| 3840|  2.47 2.8 3.031 - 9501 376.83) 505.96] ' 568.86| -’ 756.01
5 16.00f 2033 2400 3200 2.26 2.§1 2,76 3.19] Jz00] 42480 470.30] 63357
i BT e8| 2087|243 o200 2.41 2.5 2.95] 274,00 950.24| 408.19{ 54469
8 200 600 1800 2400 1.85 2.28 2.3 2.76)  235.56) 312.00| 356.38| 470.30
9 10.671 .92 - 1600 2133 184 213 2.26 2.61] 200.06f 279.05| 312.00| [ 424.90
19 9.60|  12.80) - 14.40)  19.20 1.75 2.02 204} - 2at| 185900 - 950.44]  280.8F) 37683
15 6. 40 B.53 9.60 1280 1.43 1.65 L75 2.02]  126.49] 169.40] 18580 250.44
20 .80 8.40 7.20 g.60 - 124 1.43 1.5 L75|  82.02) 126.49{ 130.53| 185.90
23 384 5.12 5.76 7.68 L1 128 .35 156  74.48|  99.56] 110.40] 149.65
» 320 1.7 480 5.49 Lol L .24 143 . 60.82|  82.66]  92.02] 12640
35 2.7 3.66]. 41 5.49 0.83 1.08 1.4 132 s2.07] g270] &oe] 107.78
10 2.40 3200 - 360 480 -0.87 L0107 Le4|  46.48)  s0.B2f  68.31|  nz02]
5 213 284 321 40 0.8 0.95|. 1.0l 117 -40.86] 5393  60.82] 8266
3 .92 2.56 2.88) : 3.84 0.78 0.90]. 0.9 L) 36,03 4800 S48 7448
55 1.75 2.33 2.62| - 3.49 0.7% 0. 86 0.91 Losf :34.30] 4578 sL80| 6795
&0 1.60) 23], 240 3,20 0.71] - -0.82]: " 0.87 L0} 30:36] 40.86] 46.48{  gp.82
) 1.48 197 2.22] 295 0. 69 0790 0.84 0.97f 26,20 39. 30 .72 58.40
70 1.3 1.83 .96 21f 068 b.76] 0.8 0.93| 2575 M7 A0 19| s2 97
i3 L2 L L92f © 2561 0.64 074 078 0.90  24.89] 300 8603 48.00
80 1.20 1. 60 180} 240 0.62 G 078 0.87) 2091} . 30.36| . 34.B8) . 46.48
8 L13|__ -1.51 1.6af  : 2.96] 0.60 b.69] . 0.73 0.85] “izt.26!  20.49] - sn20| 4510
i) L.07 1.42 Leof o213 058 667 o7 .82 20,69 26.92{ ~ 20.36|  40.86
8 L0 1.3 1520 ono2l 057 G.65) - 0.69[ - 0.80 26.10]  25.56) 29.59f  39.80
100 0.96| - 1.28 Lad| Lozl 0.8 . 64 0.68 0.78| - can64| - 2489  26.40] . 36.03
105 g e 1.3 1.83] . 0.54 0. 62 0. 66 w6 anar| o zase| co2srs| 7]
10 0.87 1.16 1.3 175 0,53 8.6 0. 45 0.75] 16.79| - 2h.54] 25,18  34.89]
113 0.83 L 1.25 Lé74 052 060|043 0.73| cie.a0)  2107)  24.60( . 30|
120 0.80 Lo7): L2 l.6of  o.s0| 0.58) o2 o.m| 143t 20.68) 2191| 30.36
175 0.77 .02 115 154 048] 0.57 0. 61 0.70 4.04f  2020| - 2L45)  2nB
13 0T 0.98 LI - L48] 0.48 0.56 0.50 b.69] 13.78] 1782 2L.07| .20.20
135 6.71 0.93 LO7) 142 . 0.48 0. 55 0.58] - 0.67] 13.48] -17.54] 20.69] 2622
130 .69 0.91 1.03 Larf - b7y 0.54) 0 0.57| . -0.68) 13290 17| 20.30| 2575
145 0.66| - 0.88 0.99 L32) -G48 0.83) - .58 . o0.65) - 13.000 1689 mnwm| 2528
150 0.54 0.85 095 1.28 045 0:52p:°  0.55  0.64f  AL20| 1660 i764]. 2489
155 0, 62 0.83 0.93] L 0. 44 0.510 054 0.83f 1,02 16.40) I7.36] 24.50] .-
160 0.80] .80 0.90 1.20 0. 44 0.50 0.54 0.82f 10841 1431 17.08] 21.9]
ith 0.58] . 0.78 0.87 16 0.43 0.50| :. 0,53 C:61)- 10.86| -14:13)-. 16.79] 2154
10 0.56 075 . 0.85] L3 0.42 - 0.48| ¢ -0.52] - o60f  C10.48]  13.86{  16.60). 21.%¢|:
175 .55 0.73] . 0.82 1L19 0.42 0.48] : 7 0.51] ., 0.59 10,38 13.67 16.30| - 20.98
189 0.53 0.71 0.80 L) en 0.48| © ~ 0.50{ ° 0.58] 10.19] 13.48]  14.31]  20.89
185 0.52 0. 59 0.78) - 1.04] 0.4 0.47 0.50¢- ' 0.57} _10.10] 1329 14713]  ‘20.40]
190 0.51 0.67 0.76 -1 L0d 10,490 0.46 0.49 - 0.5 10. 00 1210 13.95 -20.10
195 0.49 0. 86 074 098] - 040 0.48 0.48] © .86 840} 13.00] 1376 1782
200 0.48 0.4 0.72| 0.9 C0.39 o045 o048 o oss| Test| cin20)l  1ase| . 1784
203 0.47 0.82] . 6.70) o004} 0.39 0.45) ¢ 047 ¢ .55 823 1.0z 1338 17.45

- 2i0 0. 46 061, "0.68p 091} - 0.38) 0.44f C. oapf . 0.54) 814 3685 " 1agel inar)
213 0. 45 0. 80 0.67 0.890 - 0.38 0.4 046 053] taos| . aesaf 13| s
220 044 0.58 0.65| . 0.87 0.7 0431 048] . 0.53| 7.9 10.66[ 1200 16.79
22 0.43 0.57 0. 64 0.85] . [0.37 0430 0.45) | es2] cmer[- aesT] 1200 1660
230 0.42) 058 0.83" ~ 0.83| . 0.36) . 0.42] . 0.45| 052 o8| 04807 1] i640)
255 0.41 0. 54 0.61) - 0.82 0.38 G.42y 044 - 0.51] i7.68]  10.28)° 30.03] 1630
240 _0.49 0.53 0. 60 0.80 0,38 0.41] P 0.44] : 0.50{  7.59 ‘ L)
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9.3.4 Future Plan for Model_Djstricts

The distribution system which should be formed in the model districts in'the
future is studied hereln takrng xnto account the srtuatlons of the

distribution system in the: metropolltan area: of Japan

{1) Sathorn Area o : =
The power demand .and its‘denstty related to the substations in'thIS'model
districts and surroundlng areas are forecast to become as presented in
Table 9.3-10 and Fig. 9.3-6. S
This area will become a hlgh den51ty commerczal area where large scale_
high-rise bu11d1ngs will stand in rows in the. future _

The majority of Customers are blg customers mostly rece1v1ng power supply
dlrectly from 24 kv lrnes, while the government agencres lncludrng
embassies of overseas countrres are rece1v1ng power supply partly at low
voltage. ' ' ' : f _Z
The Sathorn Street is a srngle 51de four- lane road w1th a w1dth of as much
as 3 m, and when the canal between the center of the road is 1nc1uded

- the total road width- is roughly 60 m. L :
In thns area, a. certarn extent of walkway wldth has been acqu:red and
skyscrapers and other bunldrngs are . constructed settlng back rrom
sidewalks. Therefore. it would not be 1mposs:b1e to construct overhead
transmission 11ne along the street _ .
Judging from the present 51tuat10ns of ‘the metropolitan area of Japan '

“however, it is deemed essentral to 1ntroduce underground transm1531on
facilities in this area for preservxng the urban scenery and ensurlng the
reliability and publlc securltles , L : SR
Meanwhile, the road is so wrde that 1t is possrble to acqu1re the space'
sufficient for 1nstallzng underground transm1551on fac111t1es Co
Speaklng of dlstrlbutlon substatlons, the space for construct:ng
substatlons facrng the Sathorn Street 1s st111 ava11able under present-
situations. Along w1th the progress of deve10pment 1n future, however, it

- will become gradually unavallable to acqu:re the land under favorablef
conditions. Moreover, the land prrce for constructrng SUbStﬁthHS»lS:
ant1C1pated to undergo substantral escalatlon at the same tlme ; :

9 fh56r“{



Not only for saving the land cost for constructing a substation in such a
area but also for-effective utilization of land and space, it is
considered advantageous to use a rent room in a high-rise building or
purchase a part of the building for construction of substation.

The space ranging from the first to several floors is allocated for
parking lots to acquire parking space in many cases of constructing high-
rise buildings in Bangkok.

In ‘the case of the metropolitan area of Japan, however, the portion of the

first filoor of building facing'a street allows easy -access of customers

and is most suitable for stores and so forth. Therefore, this portion is

deemed most. important. Since lower building floors are frequently

allocated for parking: in Bangkok, it is deemed sufficiently possible to

© construct-a substation byrleasing or’purchasing-a‘part of the first floor

of building:
Regarding the dxstrlbutxon facilities, the load den51ty is so high that

distrlbutlon.llnes are congested in- some places of this area. Therefore,

underground dlstrlbutxon systen should be -introduced to preserve ‘the urban

scenery and ensure: the reilebllxty and publxc securltles similarly as’ in -

_ the case of transmission faC111t1es

With' regard to- the: power ‘demand - conflguratlon, the magorlty of customers

are OCCUpled by hlgh rise building receiving power supply directly from
24 kV-lines:’ Therefore, ‘the’ spot network system introduced 1n the
metropolntan area of Japan is suxtable to ensure the Pellabllity and

efficnent operation-of dlStPlbUthn lines.-

-Although the 1ow voltage- load-is-limited to only partial customers, - there

are a number of ‘foreign- embassies, government agencies and other important
customers “Therefore, it is ‘deemed desirable to -adopt the reguiar

" network system -adopted also-in:the metropolitan area of- Japan.

The" secondary 51de of both the spot network ‘and ‘regular- network systems is

'connected toa network Slnce lt is possible to supply load from-a sound
- _01rcuit w1thout llmltlng the Toad: even when any ‘fault-has occurred in‘one-’

:cxrcu1t of dlStrlbutan line in the pr:mary system ‘these systems offer
~ high’ supply rellabllity e SEE R .
_ffA future conceptxonal dlagram prepared taklng 1nto account the above
'e sntuatnons is’ presented in an 9t3 7 '



Meanwhile, an example of calculating the capacity of power receiving
transformer for spot network system, and an example of water-proof
countermeasures in the regular network system are presénted respectively

in Appendices 9.3-2 and 9.3-3 for reference.

Phahel Yothin Area . _

The power demand and its density related to the substations in this model
area_and_surrounding”éreas are presented in Tabie 8.3-11 and Fig. 9.3-8.
This. area is a commercial area where comparatively small scale shopping
stores are jumbled up close together.probably‘because this area has been
developed earlier than the Sathorn area. _ g

Under the present ‘situations, the majority of buxidlngs consist of two or
three story shopping stores, and high-rise buildings stand. in rows .in part
of the area. Therefore, low voltage load'is'obsérved'to share abbut 70
or 80% of the total load. _ T R

I't can hardly be.considered that all of. such low story buildings would be
reconstructed to high-rise buildings-along with the progress of
development in future, and low voitage 1oad is predicted to-occupy . a
substantial share in view of the power demand configuration. L

‘The Phahol Yothin Street is'a-singie;side_three—lane§road including. a

walkway with a width of roughly 3. m,lénd when the green belt'along the
road center is 1ncluded the total road width ranges roughly from'40 to
50 m. R _ _
Since this area is not predicted to undefgo S0 remafkable-an urbanization
when compared with the Sathorn area, the power demand for 1mprov1ng the
urban scenery . is - cons:dered to be not so intensive.. Therefore, :it wxll be
sufficient to introduce overhead transmlssxon line in this: area. -
C0n51der|ng that most bu1ldlngs and other facilities are. located very
close to the sidewalks;- the: transm1531on line route should be relocated: to
the green belt along the center of road from the ex1st1ng route along
sndewalks or constructed .under the ground 1f possxble in V1ew of publlc
safety. - : ' '

When considered in.view-of-cdst reduction, it is considered:déSinable;to

“introduce ovérheadﬁtransmission_system byverebtjng;enVironmehfally+-

friendly columns along the green beltfsectiqn'as,séveralfinStances;caﬂzbe
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seen in Japan. However, the-incoming and other sections to substation
should inevitably be connected through underground cable.

As & part of the countermeasures for easing traffic congestion, however, a

‘"sky train" line has been,proposed to be constructed in this area. This

sky train line is scheduled to be constructed in-the form of elevated

'bridge near the green-belt:at the center of road. Therefore, it is

practically -impossible to construct overhead transmission line along the

_ center of this road. Although there have been some examples of attaching

transmission line to the elevated bridge of highway under such similar

conditions in Japan, minute adjustments with relevant authorities will be

required. - -

Thus, it will be inevitable to adopt the underground transmission line

with ‘a normal :duct laying system in this-drea. .

‘With regard to the distribution substations, -as ‘many small® scale buildings

are closely located; it seems-that sufficient space for constructing -
substations is not available in this area. Judging from the fact that
high-rise buildings are constructed by dismantling small. scale shopping

stores and ‘some.of - these stores are moved: to outskirts:in search for a

wider spaceaalong with the progress-of deVelopment, hoﬁever, it is deemed

possible to acquire the.land for constructing substations.

Moreover,_lt wrll also be p0531b1e to: construct substatlons by 1e351ng the

rooms or acquiring & part of high-rise building. -

=When the harmony with surroundlng env1ronment 1s ‘taken into consideration,

it is-deemed preferable: to .adopt-an ‘indoor type substatlon (wherein all
substation: equ1pment are 1nstalled 1ndoor) in thlS area.

E -Regardlng the dlstrrbutron facrlltres, as ‘described: above . regardrng the

transm1551on facilities, buildings are located: extremely close the
s1dewalks,:the.underground;d1str1butron system should be ‘adopted for .
obtaining sufficient separationrto buildings and securing public Safety as
well. as for ensur:ng smooth fire flghtlng activities at the tlme of

. bu11d1ng frre accident. R T .=je.';;-

_In this: area where the share of customers rece1v1ng power supply dlrectly'

from 24. kV llnes is: much lower than the Sathorn area and: 1ow: voltage
-_:.customers share the maJorlty of: load, 1t is. deemed de51rab1e to 1ntroduce
': underground dlstrxbutron cable of a "4 d1v1310n 2= llnkage system" adopted



generally for underground distribution lines in Japan. - Therefore, there
will be no need to introduce the spot network: system. .
According to this system, both the 24 kv and']ow-voitage distribution
lines will be laid in a duct, while the transformer, switches and other
equipment will be installed aboveground. The low voltage System should.be
interconnected with the. low voltage trunk line for preventing long time
suspension .of power'supply at the time of fault in transformer. .

A future conceptional diagram prepared taking into account the above
s:tuatlons is presented in Fig. 9.3-9.

Meanwhile, an example of the system configuration of .a 24 kV systenm,
wherein the overhead and underground lines coexist, is presented as a
speciel case for referenCe in:Appendix- 9.3-4. ‘In addition, an exampie'of'
the standard system conflguratlon of a low voltage trunk: line, and that
of equipment ‘layout of an underground distribution system are presented '
respectively in Appendices 9.3-5 and 9.3-6 for reference.

Jomthong Area

The power demand and its denSIty related to the substatlons ‘inthis model-
district and surrounding areas -are presented*xn'Teble 9.3-12 and'F;g. 9.3- .
1. ' o o : ' s

This area is an industrial area where medium and small:scale faetories
have been located closely since early days. In view of the demand
configuration, therefore,_low voltage lodd shares the majority .of the
total load and 24 kV. load is iimited'to only_a“part.of-customers;_
Moreover, there is no large?Scale-iﬁdustriéi plant receiving power supply
directly fron 69 kV or 115 KV lines. ~Such situations are ot anticipated
to undergo so remarkable change in the: future as well.: :

The street across this area is a single side one- 1ane road ‘and. the road
width including sidewalks is: rough]y 20 m. o o REAEREP |
Thls-area is the least=urban1zed area among the three model district53
There is no problem for the tlme being when the. conceptlonal plan is
formulated along the extension-line of ‘the existing equipment formatlon
Therefore, it .is sufflcient to introduce the follow1ng power systems, -the
overhead transmission: llne, sem:-outdoor type substatxon belng generally_
constructed at present in urban areas, and 24 kV "3 div1snon 3- 11nkage



system" overhead distribution line.

The 24 KV overhead distribution’line of a "3-division 3 linkage system"
makes it possible to relieve the section in oatage through mutually
adjacent distribution lines at the time of fault in the distribution line. -
Therefore, a switch for dividing the distribution line and that for
interconnecting with an adjacent distribution line are installed halfway
of the line. Such switches te be instalfed should preferably be of an
integrated three-phase switching mechanism for the‘purpose of'preVenting;
single phase operation to any three—phase load.. In the case offJapan, a.

system of reclosing the substation cireuit breakers at the time of

trouble in distribution line is adopted together with a system of

automatically separating the Section domnstfeam of that in fault from theE
power system KWhen these systems are adopted together in comblnatlon the:
reliability of distribution system will be further lmproved '
In addition, radial type overhead lines, whlch have been applled at
present, will also_be applicable for ldu voltage dlstrnbutxon_system_xnf-
the future.. E SR o
A future conceptional dlagram prepared taklng into account the above

situations is presented in Fig. 9.3-11. -

: Meanwhlle, an outline. of the system 1ntroduced an Japan for automatlcally;

separating the section of dlstrxbutlon 11ne in fault- (tlme llmttlng typef
fault location system) is attached for reference to Appendix 9 3~T7.
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9.4

9.4.

(1)

(2)

Overhead Subtransmission Line Facilities
1 Selection of Overhead Subtransmission Line Route

Future expansion plan of subtransmission line

The scale of. the construction-and.eXpansion=plan-of subtransmission

facilities have been expanded rapidly-in the Metropolitan area of Thailand
where the power demand has been growing rapidly along with remarkable
economic development and improvement of ‘the people's living standard.  To-
meet such rapidly growing power demand,: a construction and expansion plan
of subtranémission-facilities has been formulated-in Section 6.4 for
ensuring required power with reliability. In accordance with.the above.

plan, the overhead subtransmission lines were designed.

Selection. of: subtransmission line route
The Study Team 1nvest1gated ‘the situations of the ex1st|ng subtransmission

llne routes,; -since itwill constltute a basis of future desxgn of the

existing subtransmlsSJOn facilities in:the Metropolltan area to clarlfy-

the. sxtuatlons of such facilities.

Then, the subtransmission 1ine routes for the future. prOJect were selected

taking.into account the following items:

a) The impact of the route-upon environment should be minimized.

b}’ The route'should be baiancedtnith-the'social'environment.-l

c) Coordxnatnon wlth various kinds of : reglonal development prOJects
| should be: ensured. . _ _ ' B

d) - Technical: coordlnatlon should be ensured :

e¢) The:route should: allow such ‘a system. conflguratxon as to .obtain

optimum electrlc power system

f) The route should be provrded along local roads and meet the requxred

_ topographlc condltlons

33)5 Whether expansaon of ex1st1ng llnes is possible or not should be

studled and an alternative route be also studled depending upon the
:-‘sxtuatlons

_ When selectlng the routes of subtransm1551on lines under the power

dlstrlbutxon system 1mprovement and expans:on plan in the Metropolltan



area, it'is necessary to take into accouhtrthe growth. of power demand and
load centers in accordance with the expansion plans for the respective
fiscal years.

However, it has become more and more dlfflcult since the past several
years to acquire the land under subtransmission lines: resulting from
economic and reglonal development, improvement of living standard and so
forth.  Thereby, it has become neeriy impossible'to-construct new
subtransmission lines. ' :
ConseqUentIy,'expansion and improvement of overhead subtranemission.line
will be carried out by making use of the space under. existing

- Subtransmission Iines and side walks as far as practicable.

Prerequisite conditions for selecting'subtranSmission‘line route - -
The routes of subtransmission 1ines to the Metropolitan area shall be
selected_taking into account the following pherequisite_conditionsi,r.'

- a) ;Increase-of transmission capacity to the Metropolitan area.

- The number of circuits and conductors should. be ‘increased to meet ‘the
.increase of transm1551on capacxty to the Metropolitan ared.

b) 'leflculty to acquire land for new. routes {impossible: part:cularly in
the 230 kV- ioop system) : _
Countermeasures shall be taken to make effective use of the routes of
existing subtransmission 1ines wherever poss;ble

¢) It should be taken into account  to -adopt. underground cable, for the_
subtransmlssxon lines: to the Metropolltan area.

d) Reduction of short-circuit current in the respectlve substatlons
The 230 kV subtransm1551on,system in the Metpopolltan:areaﬂshall be so

~ designed as to reduce short-circuit current in the respective
substations. | | ' '



(4) Transmission capacity of multiple circuits (N-circuits)
The transmission capacity of multiple circuits {N-circuits) refers to that

of two or more circuits with N-1 times of transmission capacity per

gircuit,
_ N Number of Transm1551on capac;ty of multlple :
Voltege conductors oltcults_(N‘01rcu1ts) (MVA) Remarks
o o) | okt | ookt | 4okt N
0 613) | (2,019) | ( ) In case
SRRV e e | R L R .
400 it X 2| 673 1,36 | 2,692 | of N- 1
] o | (504
s00m X 1] 168 336 672
115 KV
| T o] csnloaom
a0 mr x2| 837 | 614 | 1,348
T [ C o] (wn| (o
| 40mm X1 101 202 | 404
oKV b el S St PR
I T I G D R G0N B 0 |
400 X 2| 202 | 404 808

(5) Selection: of the: respective subtransm3551on line routes <~ <& -

The routes of the respective subtransm1551on lxnes accordlng 1o power

- distribution system-lmprovement and -expansion plan in the Metropolitan
area shall be selected as follows:
a) Route of 115 kV overhead subtransmlssxon line {To be selected by u31ng
| ~the side walk or canal side) : j
b) Route of 69 kV overhead subtransm1551on llne (To be: selected by using

the side walk or canal side)



9.4.2 Basic Design

(1) Basic design of overhead subtransmission line _

The basic design of the subtransmission lines under this plan shall be
carried out taking into account the following requirements.

The construction, expansion and improvement work of subtransmission lines
in the Metropolitan area shall be so planned as to m:n:mlze the changes ofr
existing facilities as far as praotscable 1n accordance with thef
standards and criteria bexng applled at present in Thailand. |
The basic des;gn for expansnon and :mprovement of subtransm;ss:on lines
1nclud1ng future plan shall be carrxed out 50 as to be applloable to the’
sectnons of power system in the respectlve FY years of 1997 2001, 2006
and 2011, | |
Should it be clarlfxed dlffxcult to construct any subtransm1531on line
along a new route in the future as a result of executlng site survey,'
then expansion or 1mprovement of ex1st1ng subtransmlss1on 11nes (increase
in the number of 01rcu1ts or conductors) shall be studied |
The basic des:gn shall be carried out by studyxng adoptlon of narrow
phase-to- phase 1nterval tower or underground cable system in case it is’
impossible to increase the space under_any subtransm1551on'11ne. _

The basic design shall be executeditaking-into acoount'the-following%items '
as it will be required to increase the voltage,.or_the-nunber of~circ01ts
or conductors in the'expansion:seetion offexisting subtransmission:line:_ﬂ

a) Expans:on to 230 kV>< 2 ckt or 4 ckt- s
b) Expansion to combination of 115 KV and 69 kV X2 ckt each
¢) Expansion to 69 kV;( 2 ckt (4 ckt) or multlple-conductors



(2) Service voltage of«oﬁerhead_subtransmission line
The system. voltages of 230, 115 and 69 kY being used by-MEA at present are
applicable to 1nternatlonal codes and standards. Therefore, the service
voltages of the subtransm1551on lines to be applled undor this project
shall be as follows:

Major subtransmission lines - | Voltage (kV)
Trunk subtransmission line 230
General subtransmission line _ 115 or 69

(3) .Number- of circutts to be applied for overheadfsubtransmission lines

The largest number of circuits adopted by MEA at present is two circuits
in the cases of .both 69 kv and,230 kV- (underground cable), while one or
two circuits share roughly half the 115 KV system.

As it has become more and more difficult to acquire the Iand along with
remarkable progress of economlc and regional -development 'in the
Metropolltan area for. the past several years, the ‘scale of subtransmission
lines should- be expanded by 1ncreaszng the number of -circuits and/or
conductors' Therefore,=1t 1s-recommended to adopt the following number -of
carcu:ts whlle maklng utmost use of the land under existing.

subtransmtssnon lines

o , Present T 17T Future
230 KVx 2 ckt | 230 kVx 4 ckt
115 kVx 1 ckt 115 KVx 2 ckt
69 KVx 2 ckt | 115 kVx 2 ckt

(4) Number of ‘conductors used 1n overhead subtransmlssxon line : _
The- dlstance of the subtransm1551on 11nes under this plan is comparatively

'short (b= 10 km), and- since: the. subtransm1531on capacity is:determined

:accordlng to: the thermal capaCIty -of;: conductor; the follow1ng number of -

-:conductors is: recommended provnded that the subtransm1551on cap301ty be
acqu:red by :ncreas;ng the number of conductors




(5)

(6)

sSince corona noise, radio interference and other problems occur in the

case of single conductor, the surface potential gradient shall be reduced.

Cross section of cohductof_ _ No. of conductors

400 n® AAC | 2 and 4 conductors
600 mm®- AAC 2 and 4 conductors
800 mnt AAC 1 conductor

Supporting structures of overhead subtransmlss:on line

In consideration of increase in the design load because of the necessxty
to increase the number of conductors per circuit, the self-standing type
concrete pole or steel tower iS'recommended to be applied as a supporting
structure of the overhead subtransmission line to be"construcfed or
expanded under this.plan,?-TherbasiC design of supporting structure is
presented in Fig. 9.4-1. . '

The. steel tower with an X- sect:on member shouid be appl1ed ih case g
comblnatlon of mater:al with angle material ‘is 1nsufflclent In strength..
An" optimum aboveground level of the-subtransm1351on line conductor shaill
be selected taking into account the ambient environment since such a.
level -is determined. according to the electric: f:eld intensity.-

~In some cases where it is impossible to expand any subtransmission- line by

using the space under the existing subtransmission line, adoption of a
steel pole type wlth a narrow phase to- phase 1nterval pole should be
applied. '

Insulator strlng : _

To save the space under subtransm1551on 11ne by minxmlzxng the rolling
range of conductor, adoptlon of 1nsu1ator str:ng (V string or- ten31on |
insulator string) shall be Studled R : '
The 1nsulator5, to be used for the SubtransmlsSIOn llnes under thlS plan _
will be lnstalled under exlstlng subtransm1551on line in many cases. SiTo
reduce rolling range of conductor; therefore,nadoptLOnsprthe v~type_
suspension insulator or eombination 0f~the'tension'ihsulatof’sffihg'ande
Jumper rolllng preventlve type- Suspen51on insulator should be. taken 1nt0
account because of narrow phase -to- phase 1nterval '

S



(7)

Although any arcing horn or shield ring has not been furritshed to many
insulators of existing subtransmission lines of MEA, the insulators of
the subtransmission lines to be constructed in the future shall be of a
construction whereinlthe arcing horn or shield ring can be provided
thereto to ensure immediate removal of faulty arc at the time-of lightning

attack to subtransmission line and lower the fault ratio of the system.

Types of pole foundation for subtransmxssxon line
The subtransmission lines under . this plan are routed generally along the
areas where the ground is soft so that there is a danger of differential

depression of steel tower.: Therefore, the construction of any steel tower

-foundation shall be made free from any danger in view of the strength by

using the pile foundation. : -

At ‘the location where the reaction of pole foundation is intensive,

moreover, & combination of: pile and mat foundations should be applied.

The pile being adopted at present'by.MEA‘is concrete pile. Since the

“reaction of foundation iseintensifiedr the cast-in-place concrete pile

should be adopted and the dlameter and guantity of plles be determined

accordlng to the reactlon of the:pole: foundation. The :basic

configuration of concrete pole and tower foundation is presented - in Fig:

9.4-9.

Conductor. : _ _
The: type of'conductOr,iS'generally selected according to optimum electric
pbweb:system design; therefore, an optimum type :should be determined

_.taking,into.accdunt?thefnecessity to increase the number of conductors. to

two or four

Meanwhlle, the standard conductor for the subtransm1351on 1ines of MFA is

. AAC 800 mm2 (2><400 mm all aluminum strands). However, the conductor

:_typenwlllnbe revlewed=when-the‘electrac-powerrsystem plan: has ‘been
finalized. | | '

"An optlmum conductor type should be selected takxng into account the

>f0110w1ng conditlons

' a} The requlred subtransmlsszon capa01ty (allowable thermal current)

should be Satlsfled



b) Maximum poténtial gradient. of conductor:

¢) Corona noise level.

d) Mechanical strength and characteristics of conductor. _

e) The conductor should be free from adverse effect of corrosion and
~vibration..

(9) In case any land under existing subtransmission line is not available
In such a case, adoption of underground cable should be studied.

(10)Study of environmental impact - _

With the reinforcement and expansion of ultrahigh voltage subtransmission
1ihe-network toward higher voltage and greater capacity; the
subtransmission line facilities ére predicted to cause an impact upon the

' surrounding environment. Therefore;'the'countermeashres for protecting
the. surrounding environment should be studied suff101ent1y in advance
with regard to the foilow:ng items: . _
: ) Preventxon of electrostatic and electromagnet!c induction - 1nterference

" b) Investigation of TV receiving conditions.
c) Investigation of iradio receiving conditions.-
d) Investigation of wind noise.

(11)Survey around the areas along the subtransmissionlline routes
As the conditions of the area along a subtransmission line route will .
largely affect méintenance and management-of‘sdbtransmission-line
facilities, as well as easiness and cost of the. construction work, such
conditions should be-investigated:and.studied_sufffciently‘in édvancé-with
regard to the following items: | gEy _
a) Topographlcal and. geologlcai conditions . (fault soft ground, rlver _'
crossing, ete.). ' - _
b). Climatic conditions (wind'velocfty;"salt'and duSt~éontamihatiQn;
~ lightning attack and so forth). s

(12)Countermeasures preventlng 1mpacts of subtransmlssxon Ilne upon'__
env1r0nment : : ' '

With regard to the impacts of subtransmissiqn'IinE;upon;thé surrounding



9

3)

4)

environment, the following countermeasures should be taken after
sufficient study particularly for preventing the impact of electric field
intensity upon humanebody,.pnob]ems due to wind, corona noise and so
forth.

Electric field 1ntensnty _

The aboveground 1evel of subtransm:ssxon lxne should be determlned S0
that the electrlc fxeld 1nten31ty becomes not h:gher than 50 V/cm
Corona noise _ '

To prevent corona noise arising from subtransmission line, the number of
conductors should be 1ncreased or the corona shleld ring, be mounted on
the 1nsulator strlngs :_

The surface potent1a1 gradxent of conductor shall be made not more than
15 V/cm.

Wind noise

The uind noise preventive countermeasures should be taken by mounting a
wind noise preventive spiral rod on thé subtransmission line to prevent
the wind noise arising when the conductor of subtransmission line comes
into contact with wind. ;

Others

~ ‘sufficient countermeasures should be taken for preserving the scenery in

any specifiéd area by using a special tower matching the environment
where the environment'can possibly be worsened due to the shape of
subtransmission line.



(13) Compensation for. the land under subtransmission . -
Compensations for the land under subtransmission line is .provided at
present by MEA as indicated below, and such compensations should-alsc be
studied if possible in the area where urbanization is expected:

Scope of ~ Scope of compensatioh
land Present compensation Futuré'compéhSation'
Steel pole | Compensation for oniy.land' Cdmpensation for only_land
site _ . | '_
Teﬁpdrary Qompénsatjon -
Land under No cbhﬁénsétioh' | {% of.lahd'pricé)_ob” .
T/L -

compensation for leased

land (every 3-5 years)



870d 1241S LINO¥ID EIONIS 40 NOISNAWIA TVAIONI™d T—-% 6 B1d

mmzow NOISNZJSNS ANOSZ YAMOL NOISNIJSNS MMSTT 4AMOL NOISNAJSNS ANGY

\\E ATeMIAS L HIUMICIS ‘\LH . . MleM3AMS

avou 3 avoy - awou

000°¥§

kil
N3

002 e

SNIMLS NOISNIJSNS A

00012
-1
: 121 .

00s'gt

008 N m

005 ‘*2

R g : T to
g N B 1 8
/ﬂy 1 !
: @ | 3 A
N

4
000’2

-00¢’Z




" NOTLVANNO4 FUNLOANLS 2-F 6 Bid v-v NOILIIS

%2078 .H._Eauzou ~ % .
N\RZ

g9-8 NOLLI3S

N

) 1B
OSp
)

N MIIA QIS .
‘umes SNIGNNGHS /
Wy HI JEN _—m.,.
LN i ! 0l
SIUd ILIEINCD i ._ - \}
00L+8 N I - N
oG _ 8 _ ost - o RSN
p I2IIIIIII V] s 29 el “ “ \\.\\\\* - ‘
a IR JI10E qu____:ﬁ__:_:_u_q
b, I R R 4 45011 1. i m___ | I .
= o - h _ [ ﬁl\ _ _ “ " | _ L _ S
4 L A 1 E 1 ! : L1 I z
= !
A I z Py .._ [ - _ _ _ m . _h _ LA
v A Z “m.___\ 49700 :__v. -
Z e /RIRNN7 \*_:_%____\ 8
9 N “ ____ VIRRLLETE ] g I ‘ﬁ_ 11 1o
7 - m 43,00k azume 4 | h e
7 “ A1tk 2ty g
“ A Iy * |~ A _ — L~
7 - AL s E::_:____g
5 v AN _ N
BA3Y Quod :
g L
3103 13315 ‘ . 30 ILSONGD

NOILVONADd T10d  TIAES o NOLLVONNOd T10d  SLIUONGD




9.5

. 9.5,

(1)

(2)

Underground Subtransmission Line Facilities
1 Selection of Underground Subtransmission Line Route

Future plan of: underground subtransmission lines

The existing underground subtransmission lines in the present supply area
of MEA have been applied partially in many cases where sufficient
clearance or land is not available.. However, it has become more and more
difficult to construct overhead subtransmission lines in proportion to the
progress of urbanization aiong with economic growth and improvement of
living standard in the Metropolitan area. Thereby,“it would become

increasingly important to adopt underground subtransmission lines as a

future supply. system to- the Metropolitan-area in consideration of

1ncessantly growing: importance:to adopt such: underground line system for
preservatxon_of urban secenic beauty as well. ' '

Survey and investigation of miscellaneous’ conditions along the routes

Prior;to,determining-the underground subtransmission ‘ling routes,- it is
essential to-investigate:miscelIaneousJCOnditions and problems along the

routessincludjng,urban=development;projects.and projects:of other

'enterprisesn.-Since'there<can:possibty be various important problems

_which:might-cause_delay1in1the,conStruction-sChedule,'unpredictabIe damage

to.existing facilities,_sufficient survey.and-investigations]éhould be

carried out. regardlng the following items in advance:

(a) Investlgatlon of ‘urban: development prOJects -and prOJects of ‘other

,enterprlses

(b} Invest:gatlon and topographac survey of exzstlng burled fac111t1es

The locations of any existing buried and on-the-road fac111txes shall be
~confirmed based on'relevant: records and by’ field survey

(e)aSurvey of trafflc volume :

‘. The- trafflc volume shall ‘be surveyed to confirm the p0551b111ty of

uytrafflc restrnctxon, avallabxllty of alternatnve detour routes,. etc in -

t'addltxon to the types and: number of vehleles, -as the traffic conditions

: w:ll be affected serlously by the line constructlon worki




(d) Investigation and study of environmental impacts - .

The work should be carried out while sufficiently paying attention to
the noise and vibration due to the work as well as preservetion of -
environment, considering that most of the underground subtransmission -
line construction work will be carried out on and under roads. . The
investigation items of env:ronmental 1mpacts can be classafied largely
into the following -three items::

1) -Investigation of living environment _
. -Actual situations of the people's life in the relevant areas should be
- investigated to confirm the_composition'of'residents,-living standard

and conditions,. belief and will of the people. . - |

2) Investigation of social enviromment : _

“The configuration and actual situations of miscellaneous functions ‘for
maintaining the living. environment shoUld'be investigated to COnfirm_"
the population density, areas for specrfied use, schooIs, hospitals;
high-rise bu1ld1ngs and other fﬂCllitleS

3) Investigation of natural environment : :

The.natural:world constitutingithe,entire'environmentfshould'be

- investigated to confirm'the‘topography, ground water, water: ouality

~In the. case of: large scale eonstruction, the adJacent well -and: pond

- can possibly be affected adversely by reduction of - ‘ground water level

- cutoff-of water. vein, change of - water quaiity and so” forth- following:
the progress: of excavation work. Therefore, the natural environment
shall be 1nvest1gated sufficiently ‘to .confirm: existence and: depth of

- well, pond and underground floors,of_burldingiincluding the depth,‘f
water level and Quality and utilization conditions withinﬁthetrange_o
of env1ronmental 1mpact assessment study in advance.- '

(e} Geological survey RERS
The geological survey - IS ‘highty. important for. determlnlng the work

execution methods to ensure safe and exact exeoution of des:gn and‘v'

.construction.of struotures This. survey shall therefore be carried out o

to obtain detailed- 1nformation of ground w1thout any omission as -
"requ1red ‘design. and execution: of construction work while suffioiently
taking into account . the diver51ty of this survey '
(3) Selection of underground subtransmissxon line routes_



The routes of the underground subtransmission lines shall be selected
based on the results of route survey taking into account the following
requirements and conditions:
{a) Future system configuration and distribution of load
(b) Effective_utilization-of public. land
(c) Harmony with regional environment
1) Coordination with.miscellaneous plans related to land utilization in
~the relevant area
2) :Reqdests on safety; public interferences (electromagnetic induction
-interference, etc.),-preserVation of urban scenery as well as
o coordination with: local :community -
3) Legal restrictions periaining to road and iand utilization.
{d) Impacts}upon flooding; salt contamination, fire accident, landslide,
- grouhd settlement and other disasters | |
_(e)'Easiness and safety in view of construction and maintenance of
subtrénsmission linés- e '
(f) Reductlon of- constructlon ‘cost
(g) Reduction of subtransmission loss and maintenance cost -
(h) Intercomnection with and effective utilization of existing lxnes
(1) Effect of multiple cable laying upon subtransm1551on capacxty
() Executlon of disaster preventlve countermeasures -
(K) Effectlye utilization of land owned by MEA -

_(4) Selection: of the respectlve subtransmxssaon line routes

" The respective. subtransm1551on line routes shall concretely be selected
under car lane or-slde walk;_ In addition adoptlon of bridge cross-linking
'and other'systems'as requifed around‘canal and Tiver croséing sections
shall be studied. = : o |




9.5.2 Basie Design .-

(1) Outline of basic design
The 69 kV and 115 kY underground subtransmiésion ljneS-shéll be deéigned‘
according to the standards and planning criteria being applied by MEA.
The 230 KV lines shafl be designed based on the past design records and
those in Japan, as such standards-and criteria of the 230 kV lines are
not available from MEA. | '
| That the construction cost of underground subtransmission lines ‘is
generally much higher than that. of overhead-lines.' The underground
subtransmission system should preferably be adopted only in thezfoll@wing
cases: _ ' '
(a) In case construction of,overhead-system_subtransmjssion lines is
impossible or extremely difficult because of Iegai-restriCtionS-qr
- restrictions due to land situations. '
(b} In case the underground subtransmission system iS'adVahtagecus over the
overhead system as a whole in view of harmony with‘surroundingi

environment, cost and other factors.

(2) Service voltage o
The service voltages shall be as follows in compllance with: those of ‘the
existing overhead subtransm1351on lines:

- Line categories - - ' R jVOltégéu(kV)"'
* Trunk subtransmissibn-line TP : ‘230; - "
General subtransmission line | 115 or 69 . 1. .

(33 Number of circuits to be applied
The number of 01rcuxts benng adopted at present by MEA is two cnrcu1ts._
s:mllarly in many cases of overhead lines. _ _ _

The subtransmission Capacjty per circuit tends_fq be.incréased in

compliance with the increase of demand in the Metropolitan area. The

BEET



following ‘standard number of circuits should be applied in the future:

Voltage (KkV) No. of circuits

230 _ : 3 (1 cable per phase)

115 or 69 | "~ double (2 cable per phase)

(4) Transm1531on capa01ty J
In. case of de51gn1ng underground subtransm13510n llnes - the
subtransmxssnon capac:ty per circuit shall j1n pr:n01p1e, be determlned
_accordlng_to the standards indicated in the table below:

Service - Subtransmission _ ,: . Concept -

voltage - capacity - -

230 kV (a) '_267 MVA/ckt  The power of one [250 MVA x 4 bank]
e e ‘substation shall be transmitted through
three circuits.

230 kv (b) 320 MVA/ckt = The power of one [300 MVA x 4 bank]
substation shall be transmitted through
. three cireuits.

115 KV .. 288 MVA/ckt - The power of two [60 MVA x 3 bank] . -
o substations shall be transmitted through -
- one circuit.

69 KV: o 192 MVA/ckt_» ‘The power of two [40 MVA x 3 bank]

substatlons shall -be transmitted through

eone CIPCUIt.. SRR




The subtransmission cépacrty of multiple circuits shall be determined
based on "N-1 times" of the subtransmission capacity per circuit in case

of multiple ¢ircuit subtransmission.

Transm1551on capacity of multiple
Vol tage Number of - circuits (N-circuits - (MVA).
%kV) conductors | _
I ¢kt 2 ¢kt - - -3 ckt
' ( 0} ( 320y { 640)
230 1,200mm? X 1 320 640 960 -
( 0 ( 288) | ( 576)
15 800mm® X 2 | 288 | 0 BT6. | 8BB4
- R A 0) o (. 192). - o 384) -
69 800mm* X 2 - 192 384 g 575_'

Note 1) Numerical value in a parenthesis is shown the subtransmission
capacity of multiple circuits

2) This table shows the subtransmission capacity in duct bank -

(5) Cable duct facilities .
The cable duct facilities are general ly classxfled into those indicated
“below.

Direct burying system-

Duct -facilities - Duct’ system

Tunnel system

According . to the.actual-situations.of~MEA?s.fscilrties,*thé iineS“whiCh
can;be_accommodated%pef~r0ute-sre=two circuits of power ssurce
subtransmission lines (2 cables per phase) and eight cifcuits of -
distribution lines, the number of cable ducts is -roughly twenty four
Judging from these situations, the cable duct system should basically be |
applied in ordlnary places. -Howeven,‘xt:should be studied to apply the
tunnel system around the outlet of substation and other places where power
source subtransmission and distribution lines are concentrated. |



(6)

Under the present situations in the Metropolitan area, it would be very

difficult to construct the cable duct facilities based on open-cut method

continuously on a twenty-four hour basis due to the chrohicie traffic
congestion. When nighttime execution of work is taken into account, it
will be possible to execute construction of the cable duct by .open
excavation in the majority of the district. Therefore, the cable duct
faéilities for cable laying have been planned to be carried out basically
according to- the open-cut method. B
As a cable duct type,- wherein asbestos concrete conduits are totally
banded, has been selected taking into account reduction of the cost.

The cablerduct-burying?position'éannot be determined indiscriminately
because of the requirements to ensure coordination with the conditions of
existing buried facilities/materials and the facilities enbedding plans of
other utility enterprises. In:the light of the fact that many water
suppiy pipes, telephone lines and other facilities.have been buried under
sidewalks according to the results of site survey, any cable duct shall,
in principle, be accommodated under sidewalks under this plan.

Manhole

_Thefinstallation'interval of manholes under this plan shall be as

indicated in the ‘table below in view of ‘the present situations of ‘power
facilities in Thailand:

\:T“~Service?voltage .- s Manhole installation .interval-
BB R s ﬁ-iﬁﬂﬁ‘;J". Co200 M,




(7)

Kinds of cable

In the case of the voltage ranging from 69 kV to 230 KV, -the following
three kinds of cables are widely applied:

a) Cross-linked polyethylene cable (XLPE cable)

b) Oil-filled paper-insulated cable (QF cable)

¢) Pipe type oil-filled paper-insulated cable (POF cable):

The OF cable and POF cable have so far been applied for most of the 230 kv
class power systems.. The XLPE cable has also come to be applied for: 275
kV class long distance lines in Japan reflecting the recent trend: of
technology.: The XLPE cable uses no oil so that-this cableufequires-no
0il feed tank and much less auxiliaries than the OF cable.. The XLPE cable

- is more environmentally friendly .than the other cables, and this cable

shall be, in pr1n01ple, applied to all of the voltage classes under this

' plan

(8)

Terminal joint system | |
The air or gas insulation system shall be applied for terminal connection

dependlng on the actual situations of substatlon facilities, condltxons of -
branch sections and so forth. '

The terminal joint for:230kV XLPE cable:is shown.in Appendix 9.5-1. . -

Intermediate connecting system |
Two Kinds of extrusion molded type -and prefabricated type connection - -
sections are used in Japan for the_intermediéte connection section of 230
kv class system. The prefabricated type'connecticn section shall be .
applied under this plan, since fhe extrusion molded type: connection
section does not allow easy connection work and the work schedule'tends-to”
become longer. ' '

The features of the respective connecting systems are as presented below:

Extrusion molded type jOlnt (EMJ) o
In the case of the extrusion molded 301nt sectlon (EMJ) the form of the
joint section is obtained with a die at:the site, and aftér molding an

_insulator by'pre33ure-fi11ing polyethyiéhe resin:into the-iofm using an



extrusion molding machine, a cross-linked polyethylene resin pipe is -~

attached. Then, the form is cross-linked by heating and pressurizing (to
reinforce the linkage of polyethylene molecule). In view of using the
same material as that of the cab}e insulator, the joint section of this
type is featured as follows: .
. Excellent in dielectric strength.
« The joint section.can_bé.downfsized.
. A clean working environment and sophisticated skills are required for
~molding the insulator at the work site.
- In the case of three-phase JOlnt sectlon, a peered of about twenty days
':_.1s required for: assembly since the assembly and fabrication work should
‘be carried out ‘individually according~to-sophisticated work schedules.
The. extrusion molded type joint:is shown in Appendix 9.5-2.

_-Prefabrlcated joint (PJ)
In the case of prefabrlcated joint sectlon (PJY,: insulator parts are shop-
-fabricated in advance*and-assembled;at the,work site.. Therefore, this PJ:
section has the following .advantages over the EMJ.section:
- There is no need to execute'the work continuously on a twenty-four hour
 bas1s : ' ' : '
'rQuallty control is easy as the portion.of field work is small..
- Short in assembly period.
- It is easy to promote automation -and mechanlzatlon of connection work..
The'prefabrlcated joint is shown in Appendix 9.5-3.



9.6

9.6.1

Substation

Selection of Sibstation Sites

The following conditions ‘shall be taken 1nto consxderatlon to make

substation sntes appropriate from a long-term point of view..

(a)

(b)

Substation location for subtransmission system and supply area (to be

-Iocated'load center in the future)

Easiness in drawing out work of incoming and outgoing 'lines incIuding

. easiness in cable duct construction (to be faced a wide road)

- - The candidate locations of new substation'planned by MEA: have been

(k)

reviewed and selected taking- into-consideration the ‘above items for

this plan. Whale the terminal statlon sites for FY-2016. plan have

been selected as described in Clause 6.4. 2.

Moreover, the followings shall be taken;into,acCOUntowhen“the'
- Substation 51tes are concretely selected.

'Selectlon of- type consxderlng reg:onal env1ronment topography and

acqu131t10n of -necessary site area and capa01ty to: be consistent with

wselected type of substation

Effectlve public and company land use, leased room use

Various disasters effect of flood damage, sa}t and -dust damage, flre,
land slide, ground sub31dence, etc. : : :
Convenlence of operatlon and malntenance :

Difficulties in carrying facilities _

Difficulties in building foundations'agaiﬂst heavy neight

Land value including s:te construction. cost and dlfflCUltleS and period
of land acquisition

‘Harmony with regional environment

- Adjustment to various development plans concerned with regionallland
use ' | . '

- Request for environment, safety, urban beauty

- Legal restriction on land _ '

Proper or improper place for worker to inhabft
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3.6

(1)

2 Basic Design

Types of substation-

Generally, the type of substation is selected taking into account the
regional situations, iand3eonditi0ns; economic and other factors. The
present planning criteria of MEA uniformly adopts' a semi-outdoor type, 'in
which power transformers are installed outdoor and other major equipment '
are installed indoor.. However, it will be required to promote study for
adopting underground and-indoor'types (rent toom) in overpopulated areas
in the future as described in Clause 3.3.3, considering the increase in
the difficulties.toéacquire“thetland*due to escalation of land price along
with:overpopulation'expected.to:be'intenSified-on_urban area in the
future as well as countermeasures for protection of environment ‘and so
forth : '

In the areas on the outskirts of city center on the other hand, - adoption

of compact type substation should.also be con51dered dependang on the

Iooal situations.: Thereby, it ‘is recommended to adopt three types as

. future standard substation types by addlng the two:'types, namely, the

(@)

underground {or- indoor tYpe) and outdoor type in add:t:on to- the present

standard.semluoutdoor.type. Presented in Appendlx 9.6-1"is an

installation exampie of compact outdoor type-substatlon:on‘the outskirts
of  the Tokyo metropolitan area. in Japan. - '

Connection system
The'substation-connectton73ystem should comprehensively ‘be studied
partlcularly taking into account the following requ1rement items so-as to

. attain a maximum degree of functions as a power system by mutual

connectlon between the respectlve equlpment.constltutlng a-substatlon as

well’ as between substatlon equxpment and transmxSSIon line or’

| '='dxstr1bution line:

om Safe and exact daxly operatlon and malntenance should be ensured.

'_'— The connectlon system should be made as simple as p0531b1e to attaln a

maxlmum degree of . the performance

= It should be made p0331ble to mlnlmlze the range of the" 1mpact of-any -
- trouble and perform 1mmed1ate load swltehlng and operatlon '



- The entire power system should be free from any substantial. impact when

any equipment has been shut down.

~ Easy execution of future expansion and modification work should be -

ensured. .

- Reasonable construction cost should be ensured.

(a) Primary transmission line -

1)

Terminal - substation

The terminal substation should be connected to three circuits: in a
radial form according to the plannlng criteria of MEA. |
Distribution substation

~The connection system of the distribution substation should be

designed according to-the planning'criteria of MEA. ":As it becomes
more and more difficult to acquire the iand for substation, however,

it is deemed to become essential to further reduce the size of

'substation building. Although the transformer primary circuit GIS'

should be. further- reduced in 31ze,-1t is dlfflcult substantlally to

reduce its size with the. present equipment. conf1gurat10n Therefore,

' it is recommended to ellmlnate the primary circuit. breakers from the

incoming lines when highly reliable underground - subtransm1551onfllne3-
are entxreiy installed in the' urban area . in the future - Adoption. of
transfer trip protectlon sysytem -is 1ndlspensable in-this. case, and
for that purpose, establlshment of a: well malntalned communlcatlon '

network becomes a primary'condrtlon

(b) Secondary outg01ng lines

The connection system of secondary outgonng 11nes should be desngned

- according to the plannxng craterla of MEA..
(c) Bus :

1). 69 kv or: higher voltage bus-

A double main bus. 1-bus tie system shall be applled for the 69 kV or
higher voltage bus according to the plannlng crlterza of MEA. h
distribution. substation bus. system should be applled tue snngle bus
system in future because of the. reasons descrxbed 1n Ttem: (a) above,'

- and the concept of such bus system conf1gurat1ons is: presented 1n ‘the

dzagrams below R (R Y IR ;frq;:a:'ftf~* SHME
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<Single Bus System of Distribution Substation>
{ Application example of TEPCO )

o 1 .
P Y
e
T T

substatlon A I sobstatxon B

24/12 kV bus .
" The connection system between buses’ for the 24/12 kV bus shall be

.. applied according to. the planning oriteria_of MEA. However, the bus

o systemzlacks'in reliability and easiness of operation and maintenance.

: Accordlngly, it should’ preferably be changed to the follow1ng system

=.1n the future:

"L—' _,L_ _J__ :;':i%:J ":o.-;;J;; .' _‘ s::!:_

: k ] b 1 e
S R P TIE FUEN PR O O O
g P i 1 [
_ Present-bus system -~~~ © .- . - Future bus system

(B)JVOltage,_oapacity of_transformer'and nnmber-of banks for distribution

substatlon o e _
Based on: the results of study in Sectlon 9.3, the followlng values should

be-applied: to-the voltage, capacity of transformer and: number of:

transformer banks :
(a) Voltage L

1)

2)«

Prlmary voltage ;ffffj7A1though 115 kV w111 be applied preferentially,
v "'-wiﬁfi:ﬁg KV will be applied wherever advantageous to
:"7f7app1y 69 kV -
Secondary voltage n:b24 kV

(b) Capacnty of transformer : 60 MVA -

©(e) Number of transformers P 3 banks (at flnai stage)



(4)

Number of outgoing circuits
Based on the results of study in Section 9.3, the number of outhIng
feeders should be of 5 circuits.

Power capacitor

-The power capacitor accordxng to the plann:ng criteria of MEA is as listed
‘below:

Terminal Station I X 30Mvar Capacitor/200MVA Transformer

Distribution Substation |2 x 3.6Mvar Capacitor/40 or 6OMVA Transformer

When inappropriate power factor (hereinafter referred to as "pf") of the
MEA's.distribution system (84.84%-according to actual'recqrds in
September 1994) under present situations=iS'takenlinto-conSideration,

“however; it is deemed necessary to beview the plenning,Criteria of MEA for

power capacitor. As a result of trial calculation, . the ‘capacity of -power
capacitor required for distribution substation is 13.6 Mvar: (for 40 MVA)

- 18.1 Mvar (for 60 MVA) per one transformer bank. (conditions: Target

- value of pf = 95% pf 1nclud1ng 2 X 3 6 Mvar of power cap301tor w1th 60%

of utlllzatlon factor = 84. 84%, peak Ioad = 80%)

Therefore, it 1s "deemed necessary to change the unit capa01ty of bank to

4.8 Mvar-from the present value of 3.6 Mvar. Where.the-lmpedance of

distribution system is 4.5% (10 MVA base), the allewable voltage'
fluctuation is 2% or less and the unit capacity:is 4.8 Mvar;«the required -
capacity of power capacitor beeemes_14.4 Mvar (3 x 4.8 Mvar): When
considered similarly, it will be hecessary-to expend:the-power capacitors_
also for.terminalistetion Consequently, it is recommended: to 1nstall
power capac1tors accordlng to the criteria presented below::

2_x 30Mvar Cepaciter/200MVArTrqnsf0rmef'_

Terminal Station . B A SUCH ST
| 3 x 30Mvar Capacitor/300MVA Transformer -

Distribution Substation |3 X 4.8Mvar Capacitor/40 or 6OMVA Transformer

Incidentally, the power'capaciters having about 30%éof-traﬁ5f0rmep
capacity are generally installed in TEPCQr~ o '
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(6) Protection, monitor and control
Basically, the protection, monitor and control equipment will be designed
according to the planning criteria of MEA, those for ‘the 230 'kV or higher
voltage are recommended to be as described below: |
(a) The main protection system should consist of two lines, and one digital
type differentiai relay be applied tentatively for the main protective
relay 1 and one distance relay for the main protective relay 2. ~In the
future, however the d:fferential relay shouid be applled for both main
: protectrve relays 1 and 2. Meanwhlle, the optical fiber should be used
T as a subtransmlssron line- of the dlfferentlal relays
(b) The backup protection system should tentatively be consist of one line
(sequence), and extended to two lines in the future.- The distance

relay should be applled as & protectlve relay

(7 Disaster prevention .
- Every substation equ1pment should ‘be de51gned accordlng to- the basic
: de31gn concept that any trouble 1n transformers does not cause any danger
to the publlc and other substatlon equ1pment The strength of
transformer tank should withstand any trouble in transformer faxlure, and
be designed so that any insulation oil should not be dlspersed around the
-transformer 1n the case- where troubles has occurred (1nsta11atlon of oil
exhaust plpe, 011 collector tank and so forth)

(8) Environment
(a) Countermeasures for preventlng vibration and noise
When the offlclal vrbratlon and n01se control regulatlons are
;establlshed the countermeasures should be taken to satrsfy the -said
~control regulat:ons However, the following countermeasures can be
ftaken into consrderatlon
qn-'Adoptrun of low noise ‘type transformer
- Appllcatlon of sound insulation wall.
' i-— Promotlon of 1ndoor 1nstaliatron of all the substatlon equipment arxd
" applrcatnon of underground type substatlon
o Suff101ent separatlon to-the s:te boundary
S Applxcatlon of " rubber vrbration 1nsulator
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In Japan, the noise and vibration levels of power plant and substation are
regulated within the ranges listed in the table below based on the values
at the boundary of the sites. These regulations are set forth by
prefectural governors, majors of cities, towns and villages.

{a) Noise level

i) Area required to be kept particularly calm

Daytime Morning & Evening ~ Nighttime
45 ~ 50 phon 40 ~ 45 phon 40 ~ 45 phon
i) Area required to he kept calm
Daytime Morning & Evening nghtt1me
50 ~ 60 phon 45 ~ 50 phon 40 ~ 50 phon

i) Combined residential,

commercial and industrial area.. -

| Daytime - Mornlng & Evenlng ' ".'Nighttimé
60 ~ 65 phon | 55~ 65 phon ' 50 ~ 55 phon
iv) Industrial area . -
Daytime  Morning & Evening Nighttime
65 ~ 70 phon 60 ~ .70 phon 55 ~ Gs'phoh'
(b) Vibration level _ : .
i) Area required to be .calm or particularly calm - °
_ Daytlme ~ Nighttime |
60 ~ 65 dB -55_~; GO'dBf'

it ) Combined re31dent1al, commer01a1 and 1ndustrlal area 1nclud1ng

“industrial area

Daytime

- Nighttime

65 ~ 70 dB

60~ 65dB




9.7 .Land Acquisition Plan. for Subtransmission Line and Substation

‘Faecilities
9.7.1 Features and Problematical Points

Acquisition of land and the rights pertaining to the land is: necessary for
subtransmission line and substation facilities according to -the natures of
required equipment and facilities, but it becomes increasingly difficult to
acquire the land as overpopulation of cities advances.

Acquisition of land-does not simply'mean purchase'of land, but includes
settlement of various rights inciuding easement, surface rights,'right.of

lease and so forth for using the:land. ~In & wider sense, moreover,

‘acquisition of land has an extremely wide range of contents and sometimes

includes::the compensation for housing  which can’ no longer be used due to
preparation of: land by reclamation; compensatlon for the loss of trees which
should be felled;. and: that for the ‘losses of agr1cu1tural crops, fishes,
shells: and 50 forth whlch can no Jlonger been obtained.: A0qu131t10n of land
requlrxng such a wide range of sophlstxcated proceedtngs is featured and
raises various problematical points, depending respectlvely upon the
characteristics of the power source, eubtransm1551on line, substation,
dlstrlbutlon and..other. respectlve equ1pment and facilities, patterns of the
rxghts pertaxnlng ‘to the’ required land, local S1tuatlons ar0und the rélevant
1and and'other conditions. : The features and problems about’ acqu131t10n of
land eccord:ng to examples of subtransm1551on line and substation are
descrlbed below ' '

'(1) Overhead subtransmission: 11ne

~As overhead subtransm1531on line -connects the: f1xed power” sources ‘and. the
_load center (substatlons), the 11ne is affected specxflcally by the areas
along the route Slnce the total Bangkok area is included in ‘the functlon

- Zone of metropolls and:- & wlde range of urban1zat10n is in progress;

- proper adJustment for land utlltzatlon are essentlal in:the respectfve

areas slong the Ilne route ; :
_The varlous plans affectlng locatlon of llne route are also extremely
: _dlver51f1ed in. both quantity and categorles These plans 1nc1ude those for:



city development,_road_construotion,_land read justment and improvement,
housing and industrial estate land prepafation and other projects:as well
as large scale urban residence development and other projects undertaken

by private developers.

Underground subtransmission line
As the majority of underground subtransmission lines are laid in the

spaces under roads, every road manager tends to strengthen the

regulations for the occupancy of such spaces reflecting ever-growing .

social interests.in the recent road environment, worsened due to traffic
congestion, noise, vibration and so forth resulting from construction work.: -
Therefore, it has become more and more difficult to ose the roads, -which
are valoable urban spaces. B |

Consequehtly, it has becomelnecessarygto.prOmote_reasonable fofmation‘ofo,
power distfibution_syStem.after adjustment regarding the work period,
method, arrangement, etc. with other enterprieesioCCupying-the‘road:"
spaces for. telephone tine, gas plpellne, water works; etc. Whlle ensurlng
smooth.road- traffic.

Substatlon _ : :
It has become very difficult to: acqunre any subqtatlon site area requiring. -
a considerably sizable space, as‘the situation of-land_utlllzatlonrhave

become more and more serious along with. the progress in urbanization. .- -

The scale of a substation is.determined-according_to:its purpose of use:

ranging from ultra-high voltage and large capacity one_connected.directly
to power source to the one for distributing power directly to costomers,
In every case, a sizable one lot of space is.required,:andfit.should be .
possible tooconstructfincoming.and;outgoingglineseffomlandoto
subtransmission and distribution Iines. -In the-Case'of'distribution
substation,. it should be located in: a load center in view of: 1ts function,

and similarly as in the case of - subtransm1551on llne, the COﬂStPUCthH
work-is affected iargely by urban redevelopment dlsaster preventlve
public work, park gardenlng and other mlscellaneous progects Therefore,
it is essential to- promote adJustment for land utlllzatlon as descrlbed.
prev1ously :
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Meanwhile, the'fo]iowing'five patterns can be considered as those of
settling the rlghts for constructxng substation in a public underground -
space, - , : . _ _

In case -there is a building above the space: Partial ownership

Same as above Room lease

In_case there 'is no such building: Partial ownership (settling of
surface rights) '

-“Same as above: Partial ownership (no settling of surface rights)

_ Same as above: Room lease (land lease)”

Considering substations are permanent facilities, the right‘of'partial

>ownershlp and the surface rights are preferable for the power utilities, .

‘a room ‘Tease system is adopted in some cases where it is dIfflCUlt to

acqu;re'such-rlghts ‘as a result of negotiations with land’ owner. - However,

“it'is advantageous to lease a room oT land from’economics viewpoint in

“Some ‘cases where there is almost no possibility to construct a building

above ground in the future when the substation site afea is located in

. the space under’pdblﬁc park arid so forth.

9.7

(1)

2 “Method of Promoting Land’Acquisition

Ba51c concept of land’ acqu151t10n
As the job of land acquisition is. that of negotlatlons w1th the third

partles for aequlrlng ‘the space*for equlpment-and facilities, this job is

'“difeétlyfrelatedito“businesS operation of’the utility.” Therefore, land

acqu151t:on should be promoted based ‘on’ the follow1ng items of basic

”concept

(a) Prior to formulatlng ‘short ‘and long-term plans, ‘survey should be carried

out suff1c1ent1y regarding the development trend ~development prOJects,

-laws ‘and reguletlons for_land ut111zat1on and other xtems, ‘and ‘the

‘“'fesulisﬁor~soéhﬂsurvey bé“réflectéd”to'the*Short“andiIOns-tefmfplaﬂS

; after suff101ent dlscuss1ons and- coord1nat1on thh the Sectors in

- _charge of planning and work executlon

:dﬁgﬂ.105hgée:;



{b) Through close communication and coordination with tocal public bodies
and relevant administrative.agencies,'sufficient understanding and
cooperation should be obtained regarding the subtransmission line -and
substation construction plans.

(c) Based on the results of formulating a_land_acquisltion:plan in
accordance with the plans,'the land and the right related thereto
should-be acquired from a true. land owner. after concluding a contract
with the owner. e o

(d) When the property right among the land and right_related thereto has
been acquired, the right should be registered.

(2) Study of the: plan o R - o
(a ) Prior to adjustment of preliminary short and . long term plans, study
should be carried out_regarding_the;followihg items pertaining to the
| suitability of the location for site and route, -work period, approximate

.'amount of land. acquisition budget and so forth after receiuing a

request for study for new important project 1tems from. the planning
sector, - _ - o _

1) Study on the: suxtability of Iocation for site. and route . L
Overall study should be carried out regarding the suitability of the
location for site and route 1nc1ud1ng the following items:

Consistency with laws and regulat1ons.perta1ning to land.utilization‘.: '
Whether installation of subtransmission'line and substation is
subject to legal restrictions or not_whether;agjustmentnis possible ori
not.. . | ' R : S
Consistency with land utilization plan of any other enterprise

In the case. where the. MEA's plan is contradictory to any concrete B
land utiiization plan or. development plan of .any.. other enterprise,
the execution period and necessity of any countermeasure should be

_studied to attain the con51stency w1th the plan of the other
enterprise o

2) Study of -work . period _ , . RPN —

A reasonable work. schedule/period should be formulated taking 1nto _ :
--account the 51tuations .of . the land, schedules for land acquisition
'_and exproprlation work execution schedules and so forth



(b)

An gdvance ‘acquisition of land according to the short and long-term

plans should be judged without missing the opportunity taking into

“gccount the increase- in difficulty to acquire the land in the following

“"areas where the subtransmission line and substation construction is

scheduled to be started within 5 years or to be commissioned within 10

~ years ‘after land acquisition:

Land in existing urban area.

1

- Land in the area where “urban or ‘regional development pro;ect is being

executed or under planning.

t

Land in the area where the land place is excavated substantially.

Land in the area subject to other particular situations.

(3)_Preparation for land acquisition

(a)

Primary study _
Primary study should be carried out regarding the " individual work

plans to be formulated in'the_next fiscal year or next thereto” among

- the short and long-term plans, and the results thereof be summarized.

(b)

After sufficiently clarifying the relationship between the equipment

formation and other works taking into account- the countermeasures for

power supplyfto‘meef‘the recent’ demand, “thé' contents of the work plan
should be discussed and studied with ‘the sectors in charge of equipment:
formation“and~cohstruétiontwork bésed.on the above study results.
Formation of land acquisition policy-

Based 6n:the results of fhe study and discussions méntidnﬁd-abdye, a

land acquisition policy should be prepared. individually regarding the-

* proposed route,” major schedule, ‘total budget  (land cost) and so forth,

“-and- & reasonable work plan be formulated by reflectlng the following

items to the wWork plan

Locatxon route and approx1mate space area of the land scheduled to be
Compensatlon pOlle (form of rnght scope of compensatlon etc ).

Land acquxs;tlon schedule

Estlmated amount of total expendlture and budget for land
acqu151t10n - Method of land acqu131t10n (N906551ty of agent for-land -

";. acqu1snt10n) (c) Secondary study



(d)

- For promoting formulation of reasonable land acquisition plan and .
-ensuring smooth .land acquisition, the secondary study (detailed study)
should be carried out with regard to each project for which the land

~acquisition plan and work execution plan nave been formulated, and the

study results be summarized. _ s
- Should it become necessary to change the route and other work
execution plans as a result of the secondary study, the.said plans
should be changed éfter discussions with the sectors in charge -of the
planning and work execution.
Formulation of land acquisition plan e
On the base of the resuits of secondary study, individual land'
acqu131tlon plans including the following i tems should be prepared:
- Location, route and area of land scheduled to.be acquired. -
- Form of right. _ | '
~ Contents of compensation..
Scope' e , |
. Whether ‘it is 90331b1e or-not- to construct any structure urkler- the
~line.

- - Land acquisition -schedule;

- - Total amount of expendlture and. budget for land acqu:s:tlon

= Basnc i tems pertalnlng to contract

- Work compensatlon executlon-plan,and entrustmentfplan therefor.

(4) Execution of land acquisition

(a).

(b)

{c)

Coordination and cooperatxon with the relevant sectors -

- Land acquisition should be carrled out. in close ooordlnatlon and

cooperation with the relevant sectors to ensure completlon or ‘the. work_ 
within the scheduled period. '

Explanation of the pro;ect

To obtain understanding on the constructxon pr03ect from land owner and |
others by publicly announcing . the project, -the contents of the: proJects,
should be explalned to the relevant local: publlc body, admlnlstratlve
agency, land. owner. and people around the pPOJeCt sate

Negotiations for understandlng of sxte survey _ ;

To carry out geolog10&l and topographlcal survey as requnred togt

T R



~determine. the location and range'of equipment insftalilation,
understanding should be obtained from the land owner regarding "entry to
the site" for the survey and "witness of the site" for confirming the
border of the land.
(d) Topographical survey. of the land
*.After prior arrangement with the land owner, topographical survey of the
land and confirmation of border should be carried out while being
directly witnessed by the sector in charge of land acquisition, and
effotts be directed for confirmfng precise conditions of the site,
disposition-of the land owner,:local characters and so forth.
(e) Acquisition of land - :
The land and the-right related thereto to be used for equ1pment
installation should be acquired from a true land owner through
appfopriate compensation according to the equipment construction plan
,and.land acquisition plan.
1) Lland for substation, tower and.other:sites
~--0wnerships;asurface rights and other property rights should be
acquired: as regards. the ‘land for'substation tower -and other sites, -
cand in case it is xmp0531b1e to obtain such rlghts. the rights of
lease should be acquired.
2).. Land under- subtransm1551on line
*aThe easement, rnghts 0f lease, rlghts of use and lease, and other
%rlghts should be acqu1red in'the: case of the Tand under
... subtransmission-line... 1In-the areas, where the PlthS«Of land are
 expected to be frequently transferred, particularly where urbanization
;ls planned efforts. should be dlrected for acqu1r1ng the easement’ and
"other mghts related to. the lad.

Nete “In. Japan, sp901al measures are taken in: the taxation system of Japan

-’wto reduce the. burden of tax imposed. to. the profit from-transfer of

o land ete.: in the case where: the :1and owner or other .person performs _

: . transfer of ~land; settlement of: rights pertaining to the: land and'so -

-ihgforth in connectlon with acquisltlon of 1and and for, instaliation of
='ﬁsubtransm1551on llne,_substatlon and other. facxlltles '

't;;ance these spe01al taXatlon maasures are-also. effectlve for_



(f)

1)

2)

(g)

facilitating smooth acquisition of land, it is recommended to study'
~application of this-system.if_suchra system_has not been ‘established
in Bangkok. |
Contracting
Khen a consent of the land owner has been obtained regarding
acquisition of the land and the rights related thereto, a contract
should be concluded taking into account the following pointe:
~ Whether the person is-a true: land owner-and entitled to conclude.the
contract or not. o a :

- Whether any other right has been settled regarding the land or not.
The contract for acquiring the land and the rights related thereto
-should in principle be completed not later than the~commencement
-period-of the construction work. '

Registration |

Registration should be carried out for transfer of the ownership,

‘settlement of easement, surface.and other rights, when the easement,

surface rights and so forth have been settled subsequent t0'achisition

- of the ownership along with installation Of:substation equipment.

~ (5) Land acquisition schedule control

After adjustment with the sectors in charge of'equipment-planning and wark

execution, ‘the land acquisition plan should be formulated while

sufficiently reflecting the situations of the land area, and the land

acquisition schedule for individuel'works be ccntrolleduae-deSCribed
below: ' | | |

{a)

Confirmation of the progress .of land acqulsltlon and study of'
countermeasures for solvxng dlfflCult problems
The negotlatnon method with land owner and other countermeasures should

be studied to .ensure commlsslonlng-of equipment. on schedule, :after::
confirming: the ldatest progress ofulend acquisiticniandeJHrLfying-.

: difficult'positions; opposing :land cwner-and other eituations

(b)

Study. on: whether rt is ‘possible or:not to start the work

Overall countermeasures 1nclud1ng change of work method and schedule

should be taken: through cooperatnon wlth the sectors in charge of

"constructlon management and work executlon after studylng on: whether



it is possible or not to start the work with the sector in charge of

land acquisition.

(6) Summary

~ Described so far 1n th;s clause are the b351c concept and standard methods

for acquiring the land (including the rights) required for the

transmission line and substation facilities. The process is as presented

in the flow chart in Fig. 9.7-1.

(a)

The land requ1red for construction of such power facilities should be
acqu1red based on the short and long- term plans formulated by the sector
in charge. of‘equ1pment planning. More concretely, land acquisition
should be promoted mainly by and under respons:bllity of the sector in

charge of land acqunsltlon whlle havrng dascu531ons with the sectors in

_ charge of equlpment plannlng and. work executlon as 1nd|cated in Fig.

(b)

9.7-1..

The 1nformatlon pertalnlng to the 51tuations of land 1nclud1ng the lend

utlllzatlon, urban redevelopment main road construction and other plans

should be collected minutely’ through daily activities. Moreover

'negotlat1ons for ‘actual land acqu151tlon should also be promoted'

smoothly For these purposes,g1t is de31rab1e 1o appornt the staff in o
charge of land acqu1s1t10n also not only in the head office but also in

each district. offlce _

':ﬁ.', 9".‘.-.111_, L .'



Fig. 9.7-1 Flow of Equipmént Pl'anning
and Land Acquisition Planning
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