9.8

9.8.

(1)

Underground Distribution System Facilities
1 Underground Substation

Generak]y,_the'standard'substation type to be adopted is an outdoor type
substation uith.the'lowest substation construction cost including the
cost of subtransmission and distribution lines connected thereto In the
case where it is necessary to construct. substation at a snte ad;acent to
an overpopulated urban Aarea or busy street where electric power demand is
concentrated, it is not easy to acguire the land for substation and the

land price becomes extraordinarily high in such an overpopulated urban

‘area. Moreover, it becomes difficult to construct any outdoor. type

substation and thereby it becomes essential'to adopt the underground
subStation However, the construction cost of the underground substatlon
is much higher than that of other types of substations. Prior to adoption
of this type, an optlmum site should be selected after suff1c1ent overall

economic comparative study taking into account the long term system
reliability, demand and supply, construction cost of subtransm1331on and
distribution lines as well. ' ' R o

(2) Since the cost of civil, architectural and structural wWork for

_constructing underground  rooms is very high, the construction”coét of;

underground substation becomes: much hlgher than that of the other typet

substations. In the case of TEPCO, for example, the bu1ld1ng constructlonh‘-.

cost occupies as much as nearly twice the equ1pment/1nstallatlon cost asf
presented below for reference: ' '

275KV, 2 x 300MVA substation - 66KV, 2 X-ZDMVA_Substation

Equ1pment/1nstallatlon Construction’ Equipment/instailation Constructlon
cost cost Cost . o e cost

3% 62% %% o 66%
Remarks: o ' '?

1) The building construction cost: refers to the cost .of the bUlldlng

occupied by the power company or the portlon of the bu1ld1ng occup:ed by
the power company according to a partlal ownership agreement/contract

:2) The geologlcal cond:tlons largely affectlng the bu1ld1ng construction




cost are based on the average values in Tokyo.
3) Scale of 275 kV substation: Underground four stories (Total fioor area:
- 16,000 m#) :
4)-Scale of 66 KV substation: Underground two stories (Total floor area:
700 m?)

On the other hand, the land price for substation around some of the busy
'streets of  Bangkok has ‘risen to be equivalent to the construction cost of
substation (excluding the land'COSt): in maximum., - Therefore, it is expected
_to become economically feasible to adopt underground type substation in the
city center of Bangkokin the near future.’ '

Calculation example:
Land price: 125,000(Baht/m?) x 1,320 m* = 165 million Baht
Substation construction cost: - ' L |
a) Equipment and material cost - - : 136 million Baht
b) C1v1l structure & ‘installation’ cost: 31'million Baht
Total 167 mitlion Baht:

Note The value of land prlce for Satorn Substation is quoted as a’ unlt land
prlce, ‘and the substatlon constructlon cost-is quoted ‘from the
. staridard unit price of 115/24 KV, 2.x 60 MVA’ substation for FY 1994.

_ {3) ?rior to adopting the undergrouhd substétidn, the following items should
t.béfinvestigatedﬁand;studied' and: the substationge constructed at a
~“sitesatistying these various conditions. :

2o=cIntcase it:s dlfflcult 8’ space solely for substatxon COﬂStPUCthﬂ
but it is possible to acqulre a-lease or partial ownershlp-of
”:.underground rent room of" buxldlng and: under a ‘park, acqu1re a.-space
."suff1c1ent for smooth 1nstallat10n and operation of substation (space
- for. carrying—ln and out of equ1pment, 1nstallat10n dand malntenance of
cool:ng and ventllatlon equ1pment without trouble) In-addltlon to

‘i +the above, “the fol lowing: requ:rements are satisfied: el
The constructxon plan of the. aboveground portlon of - offnce,
shopping center or re51dence bu1lding related to room lease or



partial ownership should comply with the construction period and
schedule of the substation. '
The contract conditions of the period and scope of rent room and
other conditions should be suitable conditions judging from
commonsense _
- In case the land price is so high and it is economically advantageous
to promote effective utilization of aboveground portion by installing -
_Substation under the'ground-(Exampiea Offices related to load-
dispatching, confrol center, -employees’ dormitory and welfare.
facilities of power company). '_ . |
- It should be possible for the -power. cempany_to take part in regional.
redevelopment (for development.of demand and reduction of
construction cost). |
- Others _
The common interest with the upper building owner shopld}be
ensured by construction of subsfatien (Utilization of exhaust.heat.
from substation .increase in the rate of building volume to lot).
The upper. building-comstruction should be free from any opposition
or any factor causing legal problem from the surroundlng,
community.. . : L .
- To reduce the_high‘undergreund cable installation.cost‘equivalent
'terthecunderground:substation constructiom,cpst,uthefsubstation '
should be located adjacent to a main road. |

- (4) Since the eonstructionmCOstrof~undergroundftypeﬁsubstation-is.higher
than that of the other substation types, it is essential to reduce the
~construction cost after sufficiently: studying the follownng 1tems which
* would affect the construction . cost: -~ . SR LT i
.~ Form of the rights of land and aboveground bu1ld1ng (owned leased
ete. ). S e e IEEREI S
- Utilization: pattern of: upper bunldlng (offlce of : the power company, |
.residence, : part, hotel, offlce, ete.). FERH R NI _
- Utrllzatlon pattern of -aboveground portlon of 1ot (large machlne hatch _ ;'
. position,: maxntenance space,: etc: ). L _ _ |
i Restrlctxons, mrscellaneous countermeasures and equ1pment requrred -

96



based: on' the city_planning.law, building standard law, fire

- regulations and other laws and regulations.

- Geological conditions {scale of continuous wall, specifications and

| quantity of piles, etc.}).

- Substation connection, number of subtransmission and distribution
lines.

- Transformer capacity.

- Breakdown and specifications of equipment (whether or not to adopt GIS
and other reduced size equipment in particular).

- Depth of incoming lines, direction and number of circuits of
subtransmission and distribution lines connected to underground
building.

- Access road for construction work (possibility of access of large
scale uehicles and equipment over a long period).

- Location ‘and -scale of connecting road.

(determination of ‘the scale of cable conduit work in addition to the
above) _ '
- Gooling tower installation position.
-_Protectlon, monrtor and control system

o= Countermeasures for protection from flooding and water leakage.

(5) Since the ground is soft and the ground water level is high in the
Bangkok metropolitan area,_the design and execution of c1v11
archltectural and structural work for underground room will reguire

extens;ve and hrgh level knowhow and technology Therefore, it is’

1mp0551b1e to describe the design and constructlon methods of .

underground substatlon in suffrclent detail because of llmlted space of
thlS report In this report however, it is recommended to construct a
.pllot scale underground substatlon in as early period as pos51ble and
accumulate data and 1nformatlon to contribute for dissemination of such

an underground type substatlon in- the future
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(6) Presented in Appendix 9.8-1 is an example of layout design in case the
underground type is to be adopted for the typical distribution
substation (115/24 kV, 3 x 60 MVA) of MEA.



9.8.2 Utility Tunnel

(1) Definition of utility tunnel -

The utility tunnel refers to a facility provided under a road by a road

manager to accommodate public facilities (cable, gas pipe, water and

sewage pipes) by utilities enterprises (telecommunications, electric

power, gas, water supply, sewage and other facilities).

(2) Kinds of utility tunnel .
The-utility tunnel-is*classified into ‘the following three Kinds and its

- scale varies depending upon its purpose of use.

1

2)

Utility tunnel: It is pfovided under the car lane of road and used
mainiy to accommodate trunk lines of public facilities with partition

walls (10 m width x 3 m height in general).”

.Cable‘box system:: It is:provided under the:walkway -section of road and

-used mainly ‘to- accommodate public facilities for blg consumers withina

3

same space (1.5 m width x 3 m height in general).
Common cable box It is provxded under the walkway section of road and:_
used to accommodate the faC111t1es furn1shed to dlStPlbUthﬂ pole (0.8 m:
w1dth X 1 5 m helght in general) _ ',

A concept of ut111ty tunnel is presented in F1g 9.8-1 and the

'lnstallatlon seotnons by the respectlve klndS 1n F1g 9. 8 2

(3) ObJeCtIVGS of utility tunnel

;| The maJor objectxves of Utlllty tunnel are to reduce traffxc congestlon o

'i;The other advantages are as follows, for- example

i)

3

ACQUlSltlon of walklng space by ellminatlng electrlc poles
-Improvement of urban scenery by ‘eliminating electric poles and wires. -
El1m1natlon of dlsturbances to- flre flghtlng actlvxtles by ellmlnatlng"

o ‘electric poles and wires.
4y
_troubles at the txme of natural dlsasters _

Preventlon of collapse of electrlc poles, break;ng of WIFeS and other



{4) Construction of utility tunnel _ _
A utility tunnel is constructed by the road manager according to a utility
tunnel construction plan to be formulated by the road manager (It is
essential that two public utiltities enterprises among such enterprises

should apply for participation in the project).

(o) Cost to be born for utility tunnel'construction R
Any enterprise intending to occupy a part of utility tunnel is required to
bear a part of the cost required for construction;of_such a utility-
tunnel. .The: cost to be born is equivalent to the-éstimated cost requifed
in case of constructing the underground structure.independehtly by - the
Tespective enterprises. |

(6) Cost to be born for management of utility tumel . - TR
Any person occupying the utility tunnel should bear the cost required for
..reconstruction;-maintenance, repair,'restorafion-from_diSaster and
management of the utility tunnel. | | |

.. /Fig.9.8-1 Concept of utility tumel - .
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9.9 Application of Advanced Technology for Distribution System
9.9.1 Composite'and Conpaot Type Substation Equipment

It has been demanded to further promote reduction of substation space, harmony :
with ambient envi ronment, improvement of equipment efflclency, sav;ng of
maintenance work and so forth, reflecting increasingly tight situations-of
land along with intensification of overpopulation particularly in urban areas.
In consideration of such situations, the compos1te and compact type
substatlon equipment developed acoordlng to outlined hereunder for reference
of MEA for promoting study regarding adoptlon of such composite and compact
type substation equipment in the future.

(1) GIS (275 kV or lower voltage)

Among the maln transformers, switching equ1pment dlstrlbutlon board

_control and other equnpment const1tut1ng substation equ1pment the

swltchxng equ1pment occupies -the largest volume and floor apace.

Subsequent - to: development of GIS 1n 19705, the volume of - SNltCthg.

equipment has been reduced substantlally thereby contrrbuting for

significant sav1ng of substatlon space:’ Although_the GIS technology has

ceaselessly been in progress thereafter, the Iateat technblbgibal

improvement points are mainiy as listed'below’ _ o '

- Reduction of the number of breaklng pOlﬂtS of GCB (from two breaking
poeints to one breakxng p01nt) 7 _

- Improvement of GCB operatxon system (form pneumatxc to hydraullc
mechanism). ' ‘ g

- Three—phase common enclosed GIS.

- Composztlon of dlsconnectlng switch. and ground1ng sw1tch _

- Slmpl1flcat10n of oonstructxon and srze reductlon by applying various
kinds of computer1zed analysxs technlques

As a result of 1mprovement as mentloned above, the GIS has been made

compact to 50~ 60% in welght and 35 - 50% in volume of the type several

years to one decade before (Appendlx 9 9 1). 2 ' :




(2)

(3)

1.

24/12 kV metal clad switchgear

Similarly as in: the case of the GIS mentioned above, the metal c¢lad

switchgear has been made substantially compact to 80 - 85% in installation
space,. 60 - 65% in volume and 75 - 80% in weight of the conventional type
12 KV class switchgear along with recent progress and improvement of
ma jor technology as mentioned-below:

-~ Adoption:-of vacuum or gas circuit breaker.

Digitalization and :integration of-protection and control devices -

Reduction of burden to and downsizing.of PT and CT'resulting from
digitalization of protection and control devices

.Downsizing of circuit breaker, operation-mechanism, cable terminal

. connection- section and'other-oomponent elements -

Combination of molded parts

Power transformer -
In the case of oil-filled power transformer, it has also been made:

possible to substantially reduce-the size and weight through remarkable .

‘development :of ‘new materialseandsimprovementrinfthe insulation and

‘cooling system design. technology including electrlc field and transient

voltage ‘analysis technology by using computer. This ‘in- turn has

.contrrbuted partncularly for. development and 1mprovement of ultra- hlgh

voltage and large cap301ty transformers :
Presented hereunder is an outline of gas insulated transformers applicable

for the: underground or. indoor type substation in case the underground _

type substation is to be adopted by MEA in the near future:

: (a) Variousrgas:insulated;transformer systems ..

| 1) Dry system

* Forced gas olrculated system is applled for coollng, however, cool:ng
E:jcap301ty is- llmlted due to a small specrfxc heat of :SFe gas.

'-‘@;Therefore, this: system is applied: for dlstrlbutlon ‘transformers. In '
e view! of ; 1ts constructlon,‘lt .can: be sald that the insulation oil of

ooils fllled transformer is replaced by SFe gas.

9-12300 ¢



i)

Spray system

In the case of this system, the winding is insulated and cooled by

‘spraying a mixture of SFs and fluorocarbon (CsFis0) to the winding.

Its construction is similar to that of the oil-fTilled tranéformer

-except- in case a . liquid membrane spraying cthtruction is added.

Since the gas pressure is lowered at low temperature, it is limited to
increase the voltage. Moreover, ‘it also limited to increase the

capacity in view of external cooling surface due condensation cooling

-characteristic of mixed .gases.

Separate system

According to this system, fluorocarbon and SFs gas. dre separated and

forcedly circulated :to:the winding and core:for cooling. : Since the

insulation and cooling functions are therefore separated, it is

possible to improve the respective functions and increase the voltage

‘and capacity. This system will be applied mainly for. large capacxty[ ‘

- gas insulated transformers in: the future.

(b)'Effectrof~xntroduclng gas ‘insulated transformer

i) Rationalizetion7of.layout.and reduction of installation‘spaee'by |

it )

~introducing: total gas insulation for transformer including switching

equipment (direct coupling of GIS and transformer can be applied).

Since the fransformer is non-flammable, it is. posSible‘to omit the

following equipment and devxces which - have beeninstalled so far for

disaster prevention of oil immersed. transformer

= Transformer room fire extlngulsher, waste oil tank, separatlon for'
fire prevention and so.forth. _ ' _

Since the conservator for the conyentional'oil.immersed fransformef

is no longer necessary, it is possible:to: lower the height of

transformer room through reduction of the LTC lifting height."

~Note: Althoughrthe*costTOf'the gasrinsuletedrtpansformeneis‘still

~substantially“higher:then thatiof;the oilaimmefsedftransformer,-this _
~ transformer ‘is considered to become economlcally appllcable in. the
' future when cost. reductlon mentloned above is taken ‘into-
consideration.



(c} Application records of various ‘transformer Systehs in the Metropolitan
area of Japan _ o
66 kV-20 MVA transformers (dry system) were installed in distribution :
-substations-of:eleCtric_power companies for the first time in 1988, after
-922/66 KV, 10 MVA or smaller-capacity transformers had been adopted for
private sector's substations for the first time in early 1980s. '
Subsequent to adoption of 154 KV - 200 MVA transformers (separate system)
in 1989 thereafter, ‘the increasingly widely, and 275 kV'- 300 MVA
transformers are installed recently in 2?5 kV underground substations:
Presented in Appendix_9,9—2jare outline comparison between 275 kV. - 300
MVA gas insulated transformer.and Qil:immersed'fran5former with the same

ratings.




9.9.2 New Technology for Constructing Underground Transmission Line

(1) Tunneling method:

It has become difficult to construct Underground transmission line duct
facilities by open excavation method on account of increase.in the traffic
volume in paraliel with the progress of urbanization. in the central area .
.of Bangkok. . As a countermeasure under such-situations.similar also: to
those. in the central part of Tokyo, tne cable accommodation;construction
work. is carried out by the tunneling method in Tokyo as outlined below.
-The tunneling method is applied as the places where: the open excavation
method cannot be applied due to various restrictive conditions. |
According to this method, a vertical shaft is constructed at first. by-open.
excavation method, and then a tunnel is excavated from the lowermost part
of the vertical shaft in the intended direction. '

Baséd on the results of geological survey, the most stable stratum is
selected as an underground tunnel route. ' Generally, many tunnels are
routed across clay and silt layer as deep as gbout 6-20 m.

In city area, there-are little tunnels routed across rock. - Since soft
lower soil is generally.excavated for tunneling, the shield excavation
method and propulsion method are applied widely as . a tunnel excaﬁation
method. | | |
(a}) Shield method
The shield method is a kind of tunnel constructlon method for poor '
subsoil. Tunnels are excavated by a tunnel driving machine known as a
"shield machine" and are constructed fabrlcatlng cxrcular pre- cast
members called "segments" that are then bolted

By the . use of the shield method, circular tunnels with dlameters of.
about, . ¢ 800 mm-¢ 10,000 mm are actually constr'ucted in Japan. |
(b) NATM (New Austrian Tunneling Method) '

"NATM" frequently used for tunnel drlving in mountainous.regjons-ls
applied to culvert works for underground tfansmission Iineszin urean
‘areas in recent years. Culverts with a total length of 2 km up to now'
" have been built using this method in Japan Conventionally NATM was

hardly ever applied to soft ground'ln_urban areas{ ‘However, it will

~ tend to be more utilized in culvert-construetien.worké in future since L
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geologically good locations can be selected more easily as a result of
recent trend towards more deeply located culvert facilities because of
- underground ‘space -overcrowded. - However, soft and water-bearing ground
‘is often excavated in urban areas end thus it is necessary to fully
examing. the measures for handling groundwater and for stabilizing the
cutting face when carrying out NATM.
(c) Jacking method -
~The jacking:method is a method of constructing tunnels intruding
.centrifugal reinforced-concrete pipes or steel pipes with attached
-steel edges at the head pipe, ' into-natural ground from turns in.vertical
».shafts.  :In:this method the soit- end sand in pipes are taken away by
.. MAnpower. or: by machines. - _
By ‘the use of this method; it is.possible.toiconstruct‘tonnels with a
dianeter about ¢ 600w~ $ 3,000 mm, while the.limit of construction
is about 100 m. B |
- Therefore, this method is generally. used in_cases_where the-cut and
cover-method is:difficdltuto=ose at crossings-of:with roads; heavy
trafftc rail ways, and small rivers, etc.). '
{(d) TELS (TEPCO Extrude Lining System) method
' ,-The TELS method refersito'a shield excavation method applying the cast~
- in- place concrete llnxng method According to the conventlonal shield
method, the shop prefabrxcated reinforced concrete segments are
'-asSembled in:the shield-machine and the tunnel-is lined. - According to _
thejTELS.meth0d¢~on.thefotherthand,'theareinforcing bars and. concrete
_4forms are-assembled'inithe shieldrmachine-and%the-tunne1=is-1ined by
-;dlrectly placing concrete without u51ng any segment.: |
In the case of the conventxonal shield method, the. cost of segments
;~occup1ed:a large-portron of thertotal cost: By adopting a:method using
N0 segment itois p0531b1e to: substantlally reduce the overall. tunnel
- constructxon cost ' ' '

(2) Fault locator :
”Accordlng to: the results of 1nvestigat1ng actual power fﬂCllltleS,
H_ re01051ng of the line was reported to be executed even at-the time of
gfault on the underground 31de of the power system con31st1ng of - 4 mrxture




of overhead lrnes and underground cable. -

When the reclosing. 15 executed even when a fault has occurred in any
underground transmassnon line, then the fault can possnbly-spread-to.the
equipment located around the line in fault. Therefore,-it'is recommended
to install fault locators for preventing reclosing at the time of fault on
the underground cable side. _ ; _

In the case of the type of fault locators used generallyoin.Tokyot-the*
fault current -is monitored by installing a through type current

transformer at. the bottom of cable head at the interconnecting point of

overhead and underground lines. -The fault locator is available in two
types: namely, an overcurrent detection type and-a differential detection
type. In other words, it is recommended that the fault information

- obtained by this fault locator should be transmitted to power source

(3)

substatlon and reclosxng be locked . at ‘the. time of fault on the

underground cable side.

Moreover, .a fault location system using magneto-optical. sensor has also
been applied based on the states of the arts of advanced technology. -

Technology for 1ncreasrng the capacity .

Judging: from the. growing: trend of power demand - to the MEA'S dlStPlbuthﬂ
system, it would become necessary-to 1ncrease the capacrty of
transm1551on lines. _ _
Because-of:overpOpulation, groning demand:forﬁpreservationjof'environment
and ‘so forth; the share;of;undergroundatransmiSSion’lines to overall _

~distribution. systems'has~been ekpanded Under such: 51tuatlons the .

measures for increasing the capa01ty of underground transmission llnes
are introduced below.: : :

To expand the capacnty in the: future, it 1s requxred to: increase the.
voltage and current. . -Available: partlcularly for. 1ncre351ng the ‘eurrent
are the methods of reducing losses, adoptlng cooling system,: etc

(a) Reductlon of losses

The 1osses arising when cable is energlzed 1nclude the conductor loss,*f
dlelectrlc loss. and sheath loss.: By reducnng thesé: losses,.it 8
p0531b1e to- increase-the : transmlssxon capacrty
1) Reductlon of conductor loss ;¢c~q'ue: HE



2)

First of all,” the AC effective resistance is lowered by increasing the
conductor size to reduce the resistance loss. Other available
methods include reduction of proximity effect by increasing the
separation of phases and reduction of skin. effect by adopting
insulated individual wire of cable conductor.

Reduction of dietectric loss

The dielectric loss-occurs in proportion to the product of ¢ «lan & .
of cable insulator. To.reduce: the dielectric loss, therefore, it-is
advantageous . to apply:the-cable with.less ¢-tan §. In the case of
incoming line to substation and other short distance cable, . the SFs
gas 1nsulated transmission llne eondunt which is almost free from the

dlelectrle loss { e=1) is applicable.

(b) Cooling system (removal of generated heat)

To obtain as large a transmission capacity of underground transmission
line as p0531b1e, varlous countermeasures are taken mainly by adoptlng
large size cable, lnstallxng two or more cables per phase and further
adoptlng-low loss and large current cable for gas-insulated transmission

line conduit. Should it be consxdered advantageous in view of economy

+ to remove. generated heat by applytng 4a coollng system then adoption of

'such a coolxng SyStem,lS‘Studled “AS maJor cooling. systems are

presented in Table 9.9-1, these-systems have.respectively inherent

kfeatures

E.Therefore, an’. opt imum coolxng system should be selected taklng into...:

account the k1nd of cable, cable. laying, locatlon and system and required

'transmxss1on capacxty



Table 8.9-1 Typical Types and Features of Cooling Sysiems

Object

Type Medium of - Strong Point . | Increase
' Cable ' o rate
Direct 0il OF | Effective for substantially increas- | 2:
(a)Inner — ing the transmission capacity of .
Water | XLPE' comparatively short distance line
Freon gas | OF, XLPE
(b)Outer 0il POF _ Effective for substantfially' increas- | 2 -2.5
— -~ ing the transmission capacity of =
| Water = | cable long distance transmission line - -
Cin ' : '
general
Alr | Tunnel | Comparatively ‘easily applicable in | 1.2-1.3
“in {case multiple cable are laid -
general | ' ' ' '
Indirect | ~Water” - |’ Cable | Comparatively easily applicable for |1.2-2.0
| “in‘ | Jong distance transmission Iine S
general ' '




- 9.9.3  New Technology for Protection and Control

(1) Digital type protective relay

The digital signal is obtained by splitting voltage and current

incorporated in the sampling section at 600 Hz or higher freguency, and

‘'such digital signal is processed in a CPU unit and judged whether there is

any fault or not in the line or equipment to be protected. The features

of this protective relay are as follows:

(a) The round, diamond, leaf and other optiondl forms-of phase-angle

‘characteristics are available.

- As:such ‘phase characteristics are obtained by executirg computer program'

“the characterlstlcs are free from deterloratlon with elapse of time.

The same can a1s0 be applied in the. cases of Ttems (b) and- (¢) below.

"-Generally; when the operating value of- relay is set to a higher

‘sensitivity lével, the'relay can possibly be maloperated due to heavy

power fiow. However, the relay of this type makes it possible to

obtain a ‘characteristic free from the'impactsof heavy-power flow and

- sat the Operatlng value ‘to a higher sensitivity level:

- The - operatlng tlme ‘of -relay (excludlng time delay: relay) is as short as
10 to 20 msee.. _ _ . L , _

~'Since this operating time'is: nearly free from ‘any change due to voltage

’fand current, it is expected to attain’ hlgh speed ‘actuation: regardless of

| < the locatlon ‘of fault pointi- 51ze of background impedance; “intensity of*

-arcing-resistance: and 50 forth Therefore, timely coordlnatlon between

Homutual: relays can‘be atta:ned ea511y In-addition, it is p0331ble to.

'ﬂfreduce the gap of settlng time: between mutual protective relays, and

}'resultantly shorten ‘the: operatlng time of backup protectlve relays.”

ey

Almost ] error ar1ses in ‘the operatlng time of txme delay relay.

f’?The trme 1s measured by countlng the- number of clock puises which ‘are

‘f-almost free from any” change 1n oscnllatlon frequency 50 that the relay

s nearly free from error.

@

The voltage and current waveform as well as the actuatlon conditions of

~ the respectlve parts in- relay at the t1me of fault can be reproduced.

. When a relay has been_actuated due_to_an unknown cause, this functron is




effective to clarify such a cause similariy as in.the .case of the. -
recording data with the digital type automatic oscillograph in Item (3)
below. | - . |
(e} The burden to the digital type protective relay is much smaller than
that to the electromagnetic type protective relay..
(f) The relay of this type can be made much smaller .in size than the
- .electromagnetic. type relay. _ | _ _ _
(g} Automatic self-diagnosis and normal. self-monitor is easily possible;-1, 
. According to the automatic self-diagnosis method, the actuation of relay
| is diagnosed by inputting a mimic voltage (current) at a certain time .
interval, | AT
Whereas, the normal-self—moniton_method is designed. to self-monitor
disconnectfon df.secondary windings of VT or.CT,_erron-outputzof.reiay
Jitself, etc.'at all-times.. These functions have made.it-possibie'to
- substantially.extend_the,interval of periodical -maintenance and

~inspection and substantially decrease the number of inspection items. -

(2) Digital type fault locator e J Co
In case the position of a fﬁultﬁcan be.located,ihfa_shorﬁ,time when_any -
fault has occurred-in Subtransmission}liné,-ituis poSsible_tqﬁremedygthé:.
fault in a short period. The fault locator is designed to:judge: the
iocationﬁdquauiﬁ by measuring the distance to the fault, and .the distance
is measured based on-thé,theory-of'distance_relay. Since -the recently
develbped‘fault.lbcator'has'enabled'subsféntial;redpction.of{size-wjth;low
burden,- such:a fault locator isiintegrated:ihto,a digitaquypegprpﬁective 
relay.: Cdnsequenfly,.thene.will-be'no‘needwto pfeparé;anyiadditibnal
_space. for-instaliation. Unljke;the,Convenfional.method_gpplied”sogfar
for measuring the distance. by mQéSuring;the-reaqhingfximejﬁf-pulse‘to a
fault point, the:digital type-faultyloqétor,énables'highiy;accutatef
| measurement,of-distance»ihﬁcaSEgthenewis;aﬁyabranchspOintjin
subtransmission- 1ine or even in case the impedance.of subtransmission

line varies halfway of the line. . . e

9:;_132'32112-5 R



(3) Digital type automatic osciilograph
The digital type automatic-oscillograph is installed in substation to -
record the waveform of voltage and current, actuation of protective relay
and circuit breakers at the time of fault in power system, verify abnormal

voltage and current as well as abnormal reaction of protective reiay and -

circuit breaker on the occasion of fault arising in the power system. "For ‘-

these purposes, the substation bus voltage, currents in transformers and
subtransmission line, and tripping signal from protective relay to circuit
breaker are input to the automatic oscillograph. The recent automatic

'osci}lograph‘consistingfmainly-of digital type has the following features:

{a) The sampiing'frequency-of as high as 1,600 - 3,200 Hz is used unlike in
the case of the dxgltal type protectlve relay, because of the necessity
-toreproduce: the voltage and current waveform distorted when a fault has
-pccurred :in power. system.. -
(b):By using-communicationaiine,ait is possible to automatically facsimile
~‘the recordéd vOltage'and3cur:ent waveform51tripping.signal and-other

data ahd print put Such data.at an.optional position..

Presented jn the:tab1e'be1owviS an example of specifications of automatic
digifal oscillograph:-(Price-is assumedgto be about 600, 000. Baht/Set).

7 Example of specnflcatlons of automatlc digitat oscxllograph

. No. of analog inputs:16 CH .
‘| Measuri 1 t ggm ?f ONéo oot 32 - fy. (Set at £ t y
suring elesents ing freguenc peci at factor
rire L EO E%"""egoo 3¥OO/CH(Stan§ard IGUU/CH) Y
: Co : A/D resolution 8b

Memory capa01ty 256 kbytes(standard)

Recording memory . (512 kbytes or 1 Mbytes optional)
: Recordlng time :8.1sec(at 256kbytes and 600/CH)
+Method - :Thermal dot line prlnter
| +Dot den51ty 8 dots/mn _
S . Am?litude :
“Recording "1 Ana og Current 5 mmp ? rat1n§) 32 map- p(max )
L ‘Voltage 5l rat

mmB (guaranteed)
ON/OFF 0.5- mm(at ) U 125 mm(at ?
Recordlng paper: 216 mm(W) x 100-m(L)




9.9.4 New Technology for Telecommunication Equipment

In the central part.of Bangkok, it has become increasingly difficult to
acquire radio propagatlon route ‘as a.result of’ constructlon of hlgh rise
structures. Presented herein therefore are configuration examples of - the
SCADA telecommunication circuits usnng optxcalrflber cable and video monitor
system of substations using optical fiber cable.

(1) Configuratidn of "SCADA . telecommunication circuits using optical fiber
cable | ' |
The configuration in casé of forming SCADA telecommunication circuits by
using an optical -fiber cable.network.between.district offices being
‘planned by MEA is as indicated in the.diagfam-below. ‘In"this diagram,
the SCADA telecommunication circuits are fofmed by inétalling node
equipment inithé=district-officeSfand,laying optiCal.fiber cable between
the respective node equipment and respective substatlons (Nodes- #1 and #2).
In the case of Node #3, moreover; ‘optical: fzber cable circuits are formed
between the SCADA master station and Node #3, while UHF rad10 01rcu1ts.
are formed: between Node #3 :and the respectlve Substations:

Node#l| -

_ | OP’I‘ |—[ RTY ]Substatlon#l
SCADA N T Y —l ?:3.3??1333?.3:?3???F:?333533353:3:33333333:31
Waster | {FOTS| —l- | #2\ [ OPT|-{RTU ]Substat10n#2
Station @} ':: e va i eense e aenee e erinenannaanaaent

#n “‘“\x{ OPT HRTU ]Substatlon#n

| R Substat:on
| FOTS. H Node#?2 |< |
ks a{-_ Substatlon
[FO’I‘SH Node#S[ |
E UHF Radlo

HOTS;Fiber Optic Transmission System
OPT ;E/0,0/E Converter - - i Substation




By installing the node equipment as mentioned above, it will become
-possible to form SCADA telecommunication circuits by combining the optical
fiber and UHF radio as appropriate. Meanwhile, it will also be possible
to form telephone channels in.the case of substation where optical fiber
cable is formed..

(2) Video monitor of substation using optical fiber cable
Presented in the diagram below is an example of video monitor system of
substation using optiéal fiber cable. In this case, the video signals
between the respectiVe'substatiohs énd distribt offices undergo pulse
freguency modulation {PFM), and are analog-transmitted through optical
fiver cable. | |
By further installihg é video switcher and analog/digital converter at-a
district office, it will also be possible to video signal of an optiohal
substation to the Chidlom Master Station through optical fiber cable
network between district offices. '

: - ~ District Office ————
Substation #1 ! i
_ Optical _
Video=> | PFM PFM
OPT Fiber oPT
: _ .| Yideo — A/D
' e P : Switcher Converter
Substation #2 1 o
Videoss | PFM PFM - -
T OPT - 0Pt _ FOTS |=—==> T0 Master
_ : L ' Station
Substation #3.
-Video=> | PFM PFM ]
' Monitor TV

PFM OPT ; Pulse Frequency Modﬁlation Fiber Optic Ttansmission Equipment
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CHAPTER 10. CONSTRUCTION SCHEDULE AND COST ESTIMATION

10.1 General

The constructionﬁcost_has'been estimated based on the following conditions.
The subtransmission lineiconstruction project will, in principle, be Carried
out by ﬂsing the equipment and materials including labor force which can be
procured in Thailand, while the equipment and materials which-can not be
procured -in the country wlll be imported from.other countries, and the
required import dutles.therefor-be added to the construction cost.

Whereas, the COnstruction-schedule has been formulated based on the results of

calculating the. work period according to the past records of required period
so far in the countryiand,taking.intowaccount;the,ability_of local -

constructors. for subtransmission line construction. i: ::
10.2  Construction Schedule

| The subtransmissiona}ine construction schedule has been prepared on the basis
~of the past work execution records in Thailand in order that the basic design
of ﬁelévaﬁt structuresEwith:the,scale described in "SECTION 9.-FEASIBILITY
DESIGN" will be completed within the:scheduled period.

10.2.1 Subtranémission.Linesr'

The subtransmlssxon 11ne construct1on schedule has been prepared based on the
: followlng basic: conditlons '

(1} Dellvery perlod of maternals for subtransm1551on 11ne _
_.gThe delnvery period of materials. for subtransmxss1on 11ne shall be as
flndlcated below prov1ded that the- maJorlty of materlals be procured :n
 Tha11and ?Fl;a; ; L '




Delivery period of materials for subtransmission line -

Delivery period

- Items Origin
Supports and accessories Domestic Three (3) months: = -
' -InsulétOrs-and:accessories Domestic 7 8Six (6) months
Conductor and accessories - Domestic Three (3) months -
Cable and accesSories Overseas - Six(6) months
Arrester and accessories ~  Qverseas -Eight1(8)-months.
Others ' * Domestic -

Six(6) months - =

(2) Efficiency of subtransmission line construction work: .

The ability of subtransmission line construction work: is assumed-tbrbe as

indicated below provided that the work be carried out by the local
constructors. '

Efficiency of transmission line construction work

‘Voltage' | No. of Type ‘Support <. “Work o
(kV) ckt i - structures - efficiency
230 | 1 |Overhead Concrete pole | 2.0 km/month
2 Concrete pole. | 1.0°ki/month
I | Underground | Concrete duct | 0.15 lav/month
2. " | Concrete-duct ¢ | 0.13-km/month |t
115 1 | Overhead | Concrete pole | 4.5 law/month
2 Concrete pole 3.0 km/month _
1 | Underground = Concrete duet {023 kivmonth -
2ol | concrete duct | 021 kvmorith -
69 1. |‘Overhead - - |.Concrete pole *  |'4.5 km/month =~ © -
2 o Concrete pole 3.0 km/mdnthrﬁ
1 }Underground | Concrete duct_'___0.23 km/month
2 Concrete duct | 0.21 kn/month




(3) Construction schedute for the respective years -

- In consideration of the necessity to complete the respective works by the

‘fiscal.yeafs'deSignatgd in the iong—term plan, the construction schedule

shall be so formulated as to complete the works by the final scheduled

fiséal years while directing efforts for balancing'the work volume in the

‘respective fiscal years.

The Constructlon work schedule in the short- term expans:on plan is as
presented in Table 10 2-1.

(4) leume of work in the réspective fiscal years

The volume of work to be executed in the respectxve f:scal years are as

1ndlcated below

(a) Volume of work in_ the respect:ve flscal years 1n the short-term plan

(Work Unit : ckt- km)
Ttems “Type | 1997 | 1998 | 1999 | 2000 2001

1 | overhead | 68.1| 124.0| 98.8| 98.8| 17.9
["Total of - SIS R SERESS] SORETI W - ,
' ;_Subtransmlssxon “Underground | 20,6 9.2 3.2 52.8 13.6
' ‘Total | 88.7| 133.2] 130.0| 151.6| 315
Overhead 8.0 0 of 0 0
230 kv Underground 0.8 0 0| 15.6 0
“Total - 8.6 0 0| 15.6 0
‘Overhead | 53.4| 111.3| 94.5{ 7.6} 9.5
115 KV Undergrownd | 90| 47| 23.5| 22.7| 1L5

Total 62.4| 116.01 118.0| 98.3| 210}
Overhead |- 6.7| 12.7| 43} 23.2| 8.4
69K | Underground| 11.0| 45| 77| 145] 2.1
< Total 177 12| 12.0| 87| 105

08t



{b} Volume of wbrk in the respective fiscal years in the long-term plan
' (Mork Unit :: ckt-kmt)

Items - Type - 2001 | 2006 | 2011 | 2016 | ‘Total
| Overhead | 407.6 275.6| 103.9| 79.0| 866.1
| Total of S - — - -

Subtransmission Underground | 127.4 | 141.4 46.4 30.1 | 345.3|

Line — _ —— e .

‘Total . 535.0 | 417.0| 150.3| 109.1|1211.4

Overhead 8.0 0 0| 2.0 34.0

230 kv Underground |  16.2| 44.0| 0| 12.0( 72.2

Total - | 24.2| 44.0| 0| 380 106.2

Overhead | 344.3| 232.8| 89.0| 33.4| 699.5

05K | Undergrownd | 714 | 67.0| 29.6| 13.1| 1811

Total | 415.7| 299.8| 118.6| 46.5| 880.6

“owness | wa| ma| we| me| |

69 kV | Underground | 39.8| 30.4| 16.8 ~5.0| 92,0

CTotal | 81| 2| 37| 24.6| 2246

1 B
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Table 10.2-1 Construction Work Schedule in Short-term expansion plan

| L (1/9)
CONSTRUCTI'ON--WORKS T mwsvmucrm\ SCHEDULE IN FISCAL VAR | '
: — LENGTH REMARKS
| From - To : 1997/199811999{2000(2001 |
: T/S LARDPRAD — /S SANANPAD : ‘ : E f
L20R. 2kt o 2x1200ma® | 15.6kn A
| T/ssaummo\'BURImT/smmnng o] :
2 : X 1200mm? 0. bl ——11- : :
T/S RATCHADA — S/S DINDAENG : -
15 KV'. 1 ckt &}0 2.0m| T
3 ._ 2% 800 m? 5.0 m| i N e
T/S_JANGRATANA — $/S MUANGTHONG 4, '
415K, ekt . 2x80mt | Llmp i ;
Z.T/S'HMN&\'IUK—S/STROKHAN b :
W kv, 1 ck 2 x400 e J8m| :
5 xG0m’ | O8m| | :
LI §/8 KOGRN | 1 E
| IBRY . 2kt o 2x400mn S 6.6
6 2x800 m® | 0.4km ;
- /5 SHIVPLED — THARN #310 . |
TSRV 1kt 2x400nm ~ 2.5km o
~ 11/5 NONGIOK — S/S MINBURI S I
O |IB WL T ekt v 2x40me L T O
8 9x800mt | 0.5k 1
TS ’[EPARAK —3/3 BANGPING - | L
| HBRVLT Tkt L x m : ;
9 | 2380 m* | ; i
C 1S KLOVGRANGSIT — THANCY JANGWATANA'
ISR T ekt 2 m ;
107 S 2x800 m? :
= T/SONNUCH—'I‘HAM)NR(M{IAU _,
ISR Lkt D500 m?. | ;
1 880 m® | O !
* [7/5_BANGKOK NOT_— S/ mm o g
g /15 kV 1ckt . / AmNQ, | =
127 x800 nm”:‘- : ;
= /s TA“EE&A’I’I‘AI\]A —~ S/S SHIMPLEE | 5
Lot USRS lckt .- 2x400mn . .
13 - 2x800 m?. | i
15/ BANGIAK — 'I‘HAN)N SRINAM!ARIN 1 ;
: 115 KV L lckt 2x%m | 3
Rt
T/S O NUCH — THANON smnmmm
SRV Lkt 2%400 m? | i
cc2x80m | 0 3
; "TS{IJNUCH-—-SSBANGJAK Sb
/ kV\. 1ck/ %m 10,
[T/s el - /5 G S R
17 {15 kY. c£ m;xdtOOmn 135k |
‘sssmmmw ~ THANON
{15 lckt 23‘380111:. 1T ; +
SR T nmmmm,
. 19 415 kV 1 ckt "\_i T 2x40 m* Y 4.8ml i
bi {15 K 1.;ckt 5 Zx% m | S4lm|
20l 2 x80me | 0k ;
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CONSTRUCTION WORKS {. . - |CONSTRUCTION SCHEDULE. IN FISCAL YEAR R
—— . " LENGTH — REMARKS
From : To : 199711998[1999(2000{2001| ~
LINK S/S BNAGKAE : HE T B
115146\ 2ckt .. 2x400m? | 0.6km - ﬂ i
2X80 mt | 2 4k :
S/SMINRE ~ THANON SUKA PHIZAN 9 ci
105 K. Tkt . 2x400 m 3. Bkn = ;
THANON SUKA PHIBAN 2- S/S RAMINI ' — |
NSk, Tkt /2}:400 me | 6.2 !
S/S_SAMYARN —T/S THANONTOK :
5K 1 ekt 2x400 11. 3km : ;
: X800 4. 3km : :
S/5 SUMNYAL — THANON #340 : 5
WS W . Tekt \ 2x40m? | 11.0km : : ;
. - 2x80 m? |0 dkm : : -
$/S SUBNYAL — §/S SRITHANYA = ' : =
{15 WL 1okt L 2x40 mi | 30w : z
. 2X 8001'{111 1. Okm : ;
T/S_THANONTOK — S/S SATORN  © : ! :
H5 . Tkt o 2xd0m? | 3dlm ; ; :
- 2x800 m® | 5, Okm N ; ;
lessmcm L B S
ISR . Tckt - 2x800m? | 0.5k } b ,
S/SSA’!R[N—SSSAMYARN - o i ! :
5K, lckt \  2x800m® | 32m| | ; ;
T/S.BANGKOK NOI — S/ BANGKRADEE R §
15K, Tcki < 2x800 m? 1. Slm ; : ; ;
THANON EKACHAT — THANON PHRARAM 2 N i |
oK, Tckt +  2x400m? | 63| : ;
| /5 _BANGKOK NOT — S/S EKACHAL o R
5 K. ekt 2xA0 m? | 90km| !
 5%sme | Toml : 4 ,
LINK 5/ TAIBAN : DT I i é
ISR 2 ekt 2 | 3gm| 5 3 : :
¢ %m- 0| o L]
{15 KWV 2kt %m | ! ! P
Ixﬁgr ‘(}tlon }0 S/8. BANGNFMQJUED - §/8 f l e
2x e . H ; '
T/ — THANON PREAX. KRASA o .
15k Lckt 2x4oo m %ka e
x00m? | 30m| :
T/S SAl ssmwﬁmm ol
{15 kV < ﬁ 2% 'ﬂ . 13.01«11; , g
2X IIII]2 ). Sk |- ;
T/S_SANAMPAD_ -~ S/S DINDAEI\G A P
115 KV, 1kt - . 2x800mn 2T
LINK § smmms A
ISR, "2kt o 2800 m? 2. Thay #
LINK &/ PRARES, o SO S B
15K/, "2 ckt 2x800m2. 0.5k | .t i
| T/8: NowG JoK —S/S BKBURI : R R
15 k' o9 2 1165k | 2
X% o 0 Than, g
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CONSTRUCTION.

CONSTRUCTION SCHEDULE IN FISCAL YEAR

WORKS . '
_ ORKS LENGTH .  REMARKS
"From - To o " 11997]1008(1999]2000]2001] -
LINK 363 RAMINTRA , : R ; ¥ !
RN o%400 m? | LOm!| : : ]
- 2x800 m?. 0.Ikm| : = :
S/S_PROMPONG ssmmmm ' T
115 KV - lc/\ 5x800 m? | 4. Okm my
T/S_RATCHAD —nmmmmmmw, i
[SRATCHADA, = THAND B samp
UWSSPMMMMN | N
115 KV 2 ¢kt 2X800 mm? 0.5km| ;- : ' ;
Wsmmmm—-ssmwma - : : .
115 KV 1m/} X800 m? | 3.6kn [
S/S PLUBPLA — S/S PROMPONG
D5 W Tkt~ 2%800 mi 4. Ok :
umss&mmmm G I Lo !
115 k 2ckt. ~  2x800 m’ 0.5km| - ; : : :
umsssmmmn B BT T i ' :
115 k ekt & - 2x800 mm® 0. 1km ; :
mmmeWMMA—Bmmmnmmgmms q g L
5K, ekt o 2xd 1. 4km F ; ;
Wsnmmmm-—WSmmmmm5 TR R ;
U5 KV, Tkt +  2x800 m’ 1.3m| : ; '
T/S_JANGHATANA — S/S MOANGTHONG 7, |, | 10| R
5k Lokt v 2x800 m o.0m| | ! o HO
WSWMMKM4-yswmmmm5 o A S :
U5 kv . Lckt ~ 2x800 m? 0.3mp |- ;
ssmmmmm1-—ss ST I i
(SO~ VS M | 1w | | : g
uwssmwmmmm . R T H
5 Ry ekt « w%m2=zm1;_ ; |
_ o Olkmi® ;o
A T/SON NUCH — THANON KING DERABANG 1
ISRV Lckt ZX% i’ 4 5
umssmwmm I | E
571 115k 1 ckt < 2x800 umz  lkm | ' ;
'mwmmMmm—-w TURYAD. . | | g ; ;
115 KV 1mt L 2x400 m 2 i ; :
o 2x%8 nm 1 0-dan e ; :
MNNWNMMEMMMT— N i : =
15KV 1ckt ﬁﬁﬂgw-'. = ; i 4
THANON JANGRATANA — nwuummmm N s ; | ;
15 kv < 1kt 2x400 m® | - 4:bkm = i ; :
1T/5 JANGRATANA- — THANON JANGWAT K : : : 3
1ww,1m_*2mmw Lemf | | ; I
| §/5 WATKAMPANK — mAm1 R g
ot S/eek\u 1kt Zx&n P L5k i ; E 3 f
'*'Tsaﬂmnnmmr—SSWNME 1T . E I AR
_f$;/wkv } ckt ;/2x&n m' p F : ; G
Lo/ SR~ § = i 3 s
64 Q%kv\ 1cﬁ e 2 &n - 4 . i I
10-1
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CONSTRUCT1ON WORKS |

CONSTRUCTION SCHEDULE IN FISCAL YEAR

LENGTH ——— CREMARKS
From o To : 1997]1998(1999|2000}2001] T
LINK S/ THA-KWIAN R i
W, 2kt . 2x80me | 24| ;o ¢ Fio|i b
T/S_ THANONTOK —-S/S SRIWIANG A N e RN
M. Lokt . Zxdgomt | 3m| L H P
3X800 35m| ; ; ; ;
S/S SRIWIANG — S/S SIPRAYA poopod
R Lokt o 2x800me | Ldm| Po0
LIi\‘KSGS KLOSGMAL N Lo
BOKV . Lkt 2)(800[[[112 L0k} g N L
LINK SGS WUTTAKART B
K. 2okt . 2x40mE | 40m| : ol H
3X800 mm? 0:5lm | 5 ; Pl
TSSUUI‘H'IH&‘JBUR! mssw,x S é :
/69kV~._ o W0 o o g 5 ,
T/S TEPARAK — S/ SAMRONG : ' ' :
: /ngv lck{w v2x40mE | 12.0mp . s
o 2x800 md 24y ; ;
/5 TEPARMK — THNON SUKHAWIT . : E . :
/69 KV lckt 2xA mE | 10 %m| - ér
: o 2x800 m? 2.4km| ; ; . :
/S SANAPAD — ’I‘HANO\IPHA}{JN vomNgl | ; A SRR
T K. lckt. . 2x800nm.l Oskm| | | L |0 P !
T/S SANAMPAD — ’IHANENYD’I‘HEE N i : R U
BRI oxme | pgm) | o ;
2X800 mo Ol i B = ;
/S SANMJPAU THANON SRIAYUDTAYA, O %
B, Lokt v 2xe0m® | 2% || | N E I
LINK §/S KINGPRTCH . : o
6OIV. T ckt < 23800 m? | LOm| § | R
§/3 WANGPETCHABOON — INTERSRCTION, RAJATRVEE: | 5+ 4 ¢ p b | L
/691&\ Lckt < 2x400 m? LOa| . a ;
o 2x800 m? 07y o | v P i |0 ;
LINK S/S SANSAB. - | D R B B A
OR. Tkt . 2x800m® | 22| | 1 [0 B g
LINK S/ PHAISINGTO - ' -']' S ;
T}%NQ(NWSUKaMfATk— SOr SUgS, m BN - S R R vl SR
ckt . X -3 iK A v 1 IR : :
Saome | G (0| 00|
01 SUANS(M mwsummm gl f
89KV . 1 ckt 2x40me | L8m| poof i g
LI 5 DAoL oxiom | sgm| 1| 1| | g
v &G ~ LA § i :
S AR 2300 me | Oftml SEN R I
$/S THONBURIROM — THANON #340 B R S 3
BW. Tkt L omt | agml b | L]
D Exg0me | Ol | B Pt RO O e
$/S THONBURIRCM - WSUKSAWAT I EE T % =
691\\1\ 1 ckt 2 . R ; é
Mg |t % Al
LING /5 JATUIAG. L R T ;
WRL okt xw | 05w SR |




10.2.2  Substation

The construction schedule prepared eccording to the short and iong—term plans
for the resp'eétive fiscal years (2001, 2006, 2011 and 2016, however, the five
years from 1997 through 2001 are the respectlve flscal years) presented in
chapter 6 can be clarified from the dlsbursement schedule in Tables 10.5-1 to

10.5-2 presented in Clause 10.5.2. Therefore, any constructlon schedule
chart indicated by a bar chart has not been presented herein.

As is clear from theftablefbelow;-the average number of djstribution
substations to-be'constructedfperdyear and those to be expanded per year are
2 - 5.4 and 5.6:~.9, 'respectively The*number of subetetions to be
constructed by 2001 is larger than those to be constructed in other years
since the number of temporary substatlons is 1ncluded Meanwhlle, the prrmary
'voltage of the maJorlty of substatlons to be constructed is 115 kV the
primary voltage of those to be expanded lS ‘shared egqually by llo kV and 69 kv,

115 kV & 69 kv Drstrlbutlon Substatlon Constructxon

o Number of D/S
Ratings - SCTRRIRINEE B
o |~ ~2006 ~2011 ~2016 Total |
15 - 205V, 2 x 6OWA | 20 13 9 8 50
115~ 24KV 3 XBOMVA |0 | 2 f o5 L2 | 9
69 - 24/1%kV, 2 X 60MVA | 6 1| 0 | 0 7
89~ 12kV,. B xd4OMVA-| 0 | 0o | 1 0 1
69 - 12kV, 2xd40Mva | 1 4 0 4 0 0 1
| Total e | e |15 | 10 68
115 KV & 69 KV .Distr'ibution' Substation Addition/Modification
B - Number of D/S
M ~2001 ~2008 | ~2011 ~2016 Total
115 - 24KV,  1.x 60MVA | 19 | 20 21 | 11 1
115 - 24KV, 2 X 60MVA | 7 1 0 1|9
s -y o 3xEOWA | 9 | 140 ] 0 1!
69 - 24/15KV, 1 X 60MVA |~ 13 | 15715 | 16 59 .
69 - 24/12kV, 2 x 60MVA 3 3 | 1 o | 7 |
69 - 24/19KV. Bx 6OWVA | 3 .0 | L0 4]
69 - 24/12kV, 4 X6OWA | 0 | ‘1 | 0 0 1
 Total - | 45 |41 | 38 | 2 | 152

1 o L



230 kY Terminal Station Construction

Number of T/S
Ratings :
e ~~2001 | ~2006 | ~2011 | ~2016 | Total
230 - 115KV, 1 x 300MVA { 3(1) .f 0 : | -0 0. | 3
230 - 115kV. 2 x 300MVA | 2(1) 2(1) 0 21 | 6(3)
230 - 115kV., 3 x 300MVA | 0 1 | 0o f 0o | 1o
230 - 69KV, 1 x 300MVA | 1(1) Hyy o 1 3(2)
Total 6(3) | 4(2) 0 | 3(1)] 13(5)
230KV Terminal Station: Addition/Modification . :
e - Number. of T/S _
Ratings
S ~1.~2001 | ~2006.|- ~2011 | ~2016.| Total
230 - 115KV, - 1.x 200MVA 1 9 e 15
230 - 115kV. 1 X 300MVA 5 3 6 6(2) | 20(2)
230 - 115kV. . 2 X 300MVA 0 0 |1 p0 )
230 ~ 115kV, 3 x 300MVA 0 0 0 1 1.
1230 - 69KV, -1 X-200MVA 1 110 | 0 9
230 - 69kV. 1 X 300MVA 1 1| 1| 1 4(2)
230 - 69KV, 2 x 300MVA | 3 TR I R IR 8
Total 11 ,8(1) .11(1) 11(2) | 41(4)

Note: Figures. in parenthesns are number of Termlnal Statlons owned by MEA

The MEA's substatxon constructxon system con51sts of the followxng four types'
" as presented in Table 10.2-2. Due to lack of the number of MEA'S englneers,

however, an: 1ncrea31ng large number of. oonstruotion progects have been

executed in the full-turn key system of Type 4 where the englneerlng serv1ces

and COﬂStPUCt]Oﬂ work are contracted w1th out31de contractors

' ' ~ Construction
Type _ System _ | _ _ o period *

Type 1 Design, proourement of:materials, installation.l 2.2 months -
work, civil work, ete. are‘ailgcérfied]out:py MEA.

Type 2 The civil work is contracted to other enterpmses, '. 25 months
and all of the other works are executed by MEA -:;;_-fif..

Type 3 Design and technical speoifioations'ere prepared = 31 months

by MEA. Procurement of materiels; installation

and civil work are contracted toother enterpriSes,_
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Type 4 The design and preparation of specifications are 39 months
contracted with an engineering firm. Then a
contractor is selected by bidding, and procurement
of materials, installation and civil work are

contracted with the contractor on a lump sum basis.

*Note: The construction period refers to a standard period of time requifed
until completion of substation after commencement of design or'arrangement
for procurement of materials (commencement of preparation for bidding in the
case of Type 4).









Tabie 10. 2—2 . TIME SCHEDULE FOR VARIOUS TYPE OF SUBSTATION CONSTRUCTION

WORK, : NUMBER DF . MONTH NO.

j
|montrs] 1] 2] 3] 41 5] 8] 7] EE 9 '10[11.112 val1a] 18] 18] 17] 18] 19| 20] 21 [22]2a {24 25| 26] 271 28] 291 30] 31 [ 32] 33| 3¢ |35 [ 38 a7 a8 [38 s0l4i]42]

TYPE1 MEA | i

- PURCHASE e _ | ' MEA

~ CIVIL DESIGN 4 MEA

- CVIL CONSTRUCTION 16

- ELECTRIGAL DESIGN 2

- INSTALLATION 4 MEA

TYPE2 MEA + OTHER UNIT (for CVIL con.)

PURCHASE

H

CIVIL DESIGN

f

BIDDING FOR CIVIL CONSTRUCTION

- CNH. CONSTRUCTION . 12 CONTRAGTOR

ELECTRICAL DESIGN

~ INSTALLATION

TYPE3 MEA + CONTRACTOR (Furnkey Pro}

CVIL & ELECTRICAL DESIGN

SPECIFICATION PREPARATION

- BIDDING FOR GONTRAGTOR

— EVALUATION & $IGN CONTRACT MEA

~ CONSTRUCTION BY CONTRACTOR

TYPE4 FULLY TURNKEY P.F.OJEGT

- DESIGN & SPECIFICATION

= T.O.R,

~BIDDING FOR FIRST CONTRACTOR
=EVALUATION & SIGN CONTRACT

~DESIGN & SPECIFICATION PREPAR, | iad CONFPACTOR

- CONSTRUGTIONPHRASE | 28| R S IDTREE R |
~BIDDING FOR $ECOND CONTRACTO) 3 1 ol G H NEA .
-EVALUATION &4 SIGN CONTRACT |+ 8| ' SRR TR TR ' _ . :
R A R R O "} 2nd CONTRACTOR
~CONTRUCTION R B -

oL (Supenvising by js CONTRACTOR) =
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10.3  Method of Estimating the Construction Cost
10.3.1 Subtransmission Line Facilities

Based on the basic design in CHAPTER 6, which are prepared for composing
optimal power system configuration recommended in CHAPTER 9, all cost
required for renovation of subtransmission lines are to be estimated in this

clause.

(1) The items of construction cost
The total construction cost of each subtransmission line is broken.down

into the following:

.(a) Overhead subtransmission line
1) ' Lire route survey and soil investigation
'2)" Right- —of- way '
3) Prellmlnary work
4) Tower footing
5) Equipment (supply & 1nstallat10n)
© = Tower bodies o L
- Insulator string” ¢
- - Conductor o
= ‘Overhead ground wire’
L Line accessories
*-Groundlng materlal
'“f*fOthers ke
'6)_;Mlscellaneous expense
7)_,Eng1neer1ng & superv151on
-8)"Cont1ngenc;es _”" s
fQ)* Import-dut1es_'
10 )’ f'Val’ue‘_'ddded‘ tax
(b) Underground subtransmlssion line
: 1) Line. route survey and 5011 1nvest1gatlon"~‘ e
) nght ~of = way R D

L .10_‘7'..‘:_‘:175. -. s



3)

5)
6)

7).

8)
9)

Preliminary work : e
Equipment (supply & 1nsta}1atlon)

- Pipe
- Cable

Termination

Splice joint box

1

Line accessories

- Others

Miscel laneous expenée
Engineering & supervision
Contingencies -

Import duties

Value added tax

Item 1) to 6) of overhead subtfansmission_tine and item 1) to 5) of

underground subtransmission line above are categorized in direct cost, and

the remainder indirect cost.

(2) Basic calculatlon method of construction cost. .

In this Case, the construction cost to be allocated is 013551f1ed largely'

into the material and construction costs as descrlbed;belou _

{a)

(b)

e

Material cost e

The material cost shall include the cost of asset utxllzatlon and
processing at manufacture shop as well as the-transportatton cost from
the manufacture to the material storage yard at the site. ;

The cost of materials to be imported from any overseas country shall be
the CIF price to a port in Bangkok.

Construction cost | T T e el .

The construction cost shall include any cost for topographlc survey,
land acqu151t10n and utilization, machinery and_toolg,-tabor_cpst and
tfansportation'cost to be required for execution of thé'construCtion as.
well as the overhead cost of the contractor taklng 1nto account taxes;
duties and so forth. '

Topographlc survey, geologlcal survey - and other prelxmlnary work

_The cost requnred for topographlc survey, geologlcal survey and other
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(d)

(g)

(h)

work shall be allocated for executing the preliminary work for basic
design of the subtransmission lines.

Miscel laneous work

_Any miscellaneous work cost required for execution of the construction

shail be allocated.

Land cost

The cost and expenses as required to acquire land in Bangkok shall be
allocated. | _

in addition, the cost and expenses fTor acquisition of land under
subtransmission~lines and that for substations as well as those
required to miscellaneous proceedings shall be included in the land
cost. '

Import duties

The import duties required for importingfmaterials from any;overseas'
country shall be allocated.

Value-added taxes ) SR i :

Any value—addedftak-to be:imposed in Thailand shall be allocated.. -
Engineering and supervising fees | |

:The ehgineering_feésfrequiredAfor preparation .of -specifications, design.

of subtransmission lines as well as for supervision of work shall be -

-~ allocated.

(1)

Contingency
The amount of the material cost and construction work cost:in‘excess of

the budget for the same shall be allocated in the contingency.

SO | ‘j'-__'_fl__ol_v.'l?:.:_ .



10.3.2- . Substation

(1) Breakdown of construction cost

The construction cost of substation-is broken down into the followxng items:'

1)
2)
3).

4)
5)
6)

Land acquisition cost

Land preparation cost

Equipment cost

- Main transformer

- Primary switching equipment {(GIS)

- Secondary switching equipment (GIS or metal clad switchgear)...
--Station service transformer

Power éapacitor bank
Battery and charger

Control and protectlve relay panels
AC/DC dlStPlbUtlon board

- Cable accessories and miscellaneous items

Inland transportation cost (including insurance premiums) -
Installatlon cost -

Civil work cost (foundatlon work substation: bu1ld1ng constructlon and’

- ‘other. costs)

10}

Engineering and sUperQisory'fees
Contingency |
Import.duties

Value added: tax

The items 1) - 6) and 7) - 10) are respectlvely cla551f1ed into the direct and
indirect costs. The respectlve items of indirect cost are defined as
follows: | |

- Engineering and supervisory fees: 7% of direct cost

- Contingency : : 10% of direct cost
- Import duties _ “: Amount to be imposed on the respective
' products ' .
- Value added tax 1 7% of a sum of the 1mport dutles and :'
| direct cost '

l0-18



{2) Basic data of construction cost

1)

Acquisition of land

- The unit - land price is calculated per 1,320 m* of a required standard

substation site area as indicated in Table 10.3-1, based on the results

-'of'surVeying the ‘land price'for-the candidate construction sites of 27

distribution substations proposed in the 8th Plan (FY 1997 - 2001} now

under formulation by MEA.

Table 10.3~1 Land Pricé-for Distribution Substations

SUBSTATION - UNIT LAND PRICE -~ LAND PRICE

No. :
{BAHT/SQ. M) {Miilion Baht)

1 | BANMAI . © 0 9,583.33 12,650

2 | DINDAENG : o} - ==+ = =1 78,557.95 Cot 10&6%5

3 | JATUJAG * N.A. o

- 4 KASET « L5 U NGAY 1 S -

5 | KLONGKUM 12,000 00 _ , _ 15 840
- B i MUANGTHONG 47 *- " NJA I o =

7 | MUANGTHONG 5 | *  N.AL -

8: 1 MUANGTHONG: 6-|:* - _ “ NJA, -
.9 | MUANGTHONG 7 | * : 7 N.A. -

10° | NANGLERNG -« @ v 2o B7,077.63 0 0 7 e 75,342 ¢
11 | PATANAKARN : ~.56,666.67 | _ 74. 800
12 | PLUBPLA . £ 155,000.00 | o 0 i 72,6800
13 | PRAWES _ © 55,625.00 - o © 73,425
14 [.PROMPONG |« "7 w0~ 82,500.00 |- - -+ 108,900
15. | SAINOI _ _ ' 7,000.00 - 9,240
16 SAMYARN - SRR 100000000 0 T 132,000 0}
17 | SATORN . 125 000.00 ‘ "~ 165.000
18 | SHIMPLEE - _ _ 26 250.00 =00 34,650
19 | SRIWIANG * N A _ o o
20 | SUANYAI = Co e T 38,750.000 | T T 44,5850 .
21 SUWINTAWONG 12 000.00 . 15.840.
22 | TAIBAN . . 15,000.00 |- D 19,800 -
23 | THA-KWIAN .| - 15,000.00 _ : 19. 800
24 | TROKCHAN ' 50, 000. 00 - ' 66. 000
25 | TUBYAD 10,000.00 _ 13,200
26 | WATKAMPAENG Coed 26,329,210 T e 33.435
27 | WUTTAKART 15,000.00 : ) - 19.800
Note:

1. ‘Asterisk(*) means the customer provides land to"MEA for constructing

substations.

2. N.A. means not available.

Excluding the land for the seven substations bffered free of charge for
Cohstruction'from cuStomers, the average unitfprice'offthe-land'for the-

'remalnlng 20 substatlons is 42, 067 Baht/m?.

On the ‘other- hand the 1and area for the 230 kV termlnal statlon is

‘estimated at 3, 250 m? (50m x 65m) referring new GIS substation
'(Thanontok Term:nal Statlon) Among - the five terminal statlons

';scheduled to be constructed by MEA 1tse1f the Thanontok ThOﬂbUPl and -



2)

1)

- 9) -

Klongtoey Terminal Stations are assumed. to be constructed on the. land
owned by MEA. '

~ Although it. is difficult to estimate ‘long term fluctuations of land

price, the land price for substation is assumed herein to escalate at an

annual rate of 5% since the Ninth Plan (since 2002) based on- the above

‘average price level in FY 1995..

Land preparation _

According to the MEA's method of estimating the substation construction
COst, the'land preparation cost is to be included in the civil work cost.
Equipment ' o | o | _

Presented in Tables 10.3-2 - 10.3- 6 are lists of the standard unlt costs
for construction and addition of termlnal and distribution substatlons

presented by MEA. Meanwhlle, the constructlon cost descrlbed xn thrs

~report has been obtained by’ addlng yearly price escalatxon of 2 2% for

foreign currency portion and 5% for local currency portlon snnce the
cost 1s based on the price level: in:FY 1995.

_Regardrng the rates of import dutles to be imposed on 1mported equapment

and materxals (foreign currency portlon), the fotlow1ng rates presented

by MEA are applied:

a} Equ1pment and materials to whlch 5% of duty rate is applled f;:ﬂ.-
- 230 KV power transformer - o
- -89, 115 and 230 kv GIS _
- 69 and 115 KV control and meterlng boards .
- Capa01tor bank

~b). Equipment and materials to whrch 10% of duty rate is applied: -

- 69 and’ 115 KV power transformers
~ — Substation pad- mounted transformer SR

- C) Equrpment and materials to whlch 20% of duty rate is applled:

_ - 24 KV-GIS
- Mlscellaneous equipment -
- Battery '
- AC/DC panel board

;Inland transportation cost ; - BRI
. ThlS cost .is calculated based on: the standard unxt cost llst of MEA

Installatlon cost



6)

This cost is calculated based. on the standard unit cost llst of MEA.
Civil work cost
This cost is calculated_based on the standard unit cost list of MEA. In

soﬁeAcases;rthe values to which the installation cost is also added

'dependlng on varlous lists of standard unit cost are indicated. In

. addition, the land preparatlon of new substation 31te and construction .

cost of substatlon building are included in the civil work cost.




Table 10.3-2 Standard Unit Cost for D/S Construction

1994 Price _ .
QUANTITY - Million Baht
DESCRIPTION (Sets) FC TAX | OTHER LC | TOTAL
D/S Construction, 69-24 kV , 2><60 MVA T . _
1. 69-12/24 XV POWER TRANSEORMER 2 21,273 2.727 - 30, 000
36/48/60 MVA OLTC | R |
2.69 kV, SF6 GAS INSULATED SWITCHGEAR 1 42,857 2.143|. — 45. 000
(2 Incomming/3 transformer bays) :
3.24 kY SF6 GIS 1 25. 000 5. 000 - 30. 000
(3 Incomming/21 feeder) _
4. SUBSTATION CAPACITOR BANK & EQUiPMENTS 2 0.545 0. 055 - 0. 600
5. 23KV, SUBSTATION CAPACITOR BANK & BQUIPMENTS 4 5.714 0. 286 - 6. 000
(BANKS) | _

6. BATTERY 1 0. 667 0.133 — 0. 800
7. BATTERY CHARGER 1 0.236 0. 064 — 0. 300
* 8.69 KV, CONTROL & METERING BOARD 1 3.333 0. 167 - 3.500 |
(2 Incomming/3 Outgoing) _

8. AC & DC PANEL BOARDS 1 0. 250 0. 050 - 0. 300

~1 10. CABLE ACCESSORIES & MISCELLANEGUS ITEMS LS. 2.083 0. 417 - A 500
11, INSURANCE PREMIUMS & INLAND TRANSPORTATION - — 1. 000 1. 000
12, ENGINEERING SERVICE - - 5. 000 5. 000
13. CIVIL CONSTRUCTION - = 25.000 | 25 000

TOTAL 107.959 | 11.041 | 31.000 | 150.000
D/S Construction, 115-24 KV, 2X60 MVA - -
1. 115-24 kV POWER TRANSFORMER 2 29,091 2.909 - 32. 000
36/48/60 MVA LTC '
2. 115 kV, SF6 GAS INSULATED SWITCHGEAR 1. 57.143| 2.857 - 60. 000
- (2 Incomming/3 transformer bays) : ' _
3.24 kV SP6 GIS 1 25,0000 5000 - - 30. 000
(3 Incomming/21 feeder) _ ) . L
- 4, SUBSTATION PAD-MOUNTED TRANSFORMER 2 0. 545 0. 055 - 0. 600
5. 23kV, SUBSTATION CAPACITOR BANK & EQUIPMENTS 4 5,714 0. 286 ~ 6. 000
(BANKS) ' : :
6. BATTERY 1 0.667 | 0.133 - 0. 800
7. BATTERY CHARGER 1 0,236 0. 064 - 0.300 |
8. 115 KV, CONTROL & METERING BOARD 1 3. 333 0.167 - 3. 500
(2 Incomming/3 Outgoing) o i
9. AC & DC PANBL BOARDS _ I 0250 0050 -~ 0, 300
10, CABLE ACCESSORIES & MISCELLANEOUS ITEMS LS. 2.0831 -0.417 - 2,500
11. INSURANCE PREMIUMS & INLAND TRANSPURTATION - - - 1000 1. 000
12, ENGINEERING SERVICE - - . 5.000 5. 000
13. CIVIL CONSTRUCTION - - 25,000 25.000
TOTAL 124,062 [ 11.937 | 31,000 | _1__67.000 -
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Tabie 10.3-3 Standard Unit Cost for Temporary S/S Construction

1994 Price

Million Baht

DESCRIPTION FC TAX | OTIER LC | TOTAU

Temporary S/S 69-12/24 KV, 1X60 MVA

1,69-12/24 KV PONER TRANSFORIBR 13,661 Lad| - | 15000
%6/48/60 MVA | - -
2.94 KV, SWITCHGEAR OUTDOOR TYPE(11, 50) 1] s000]  LoO| - 6.000
| '3.69 KV 576 CIRCUIT BREAKER 1 0.900 | 0.081| ~ 1,000
4. CONTROL ROOM FOR SUBSTATION 1 - - 0.180 | 0.180
5.BATTERY & CHARGER = LS. 06671 0.133] - 0. 800
6.AC & DC PANEL BOARDS LS. 0.007 o003 - 0,020
T.CIVIL WORK & INSTALLATION 00ST . [ 3.000 | ©+3.000
©TOTAL 20.229 | 25811 3.180 | -26.000
Tenporary s/s 115-24 KV, 1 X60 WA
L1524 W POMER TRANSFORMER 14.505| L455( - 16. 000
- 36/48/60 MVA SRR | o

2,94 W, SHITCHGRAR OUTDOOR TYPEC1L, 50) 1 5000 1.000| ~— 6. 000
3.115 kV SF6 CIRCUIT BREAKER 1 0.0 oo091| - 1. 000
4. CONTROL ROOM FOR SUBSTATION 1 - - 0.180|  0.180
5, BATTERY & CHARGER LS. 0.667 0133 - 0. 800
6.AC & DC PANEL BOARDS LS. o017 0003 - 0,020
7.CIVIL WORK & INSTALLATION COST - - 3.000 | 3000
TOTAL o138 2.682| 3.180| 27.000




Table 10.3-4 Standard Unit Cost for D/S Addition S

TOTAL

1994 :Price
| | QUANTITY “Million Baht
1
-, DESCRiFTION Sets) | FC_ | T | OTHR LC| TOTAL
Addition D/S 115-24kV, 2XGOMVA — 3XGOMVA |
1.115-24 kY, POWER TRANSFORMER 1 14.55| 1455 ~ | 16.000
36/48/60 VA OLTC L
2, CABLE ACCBSSORIES & MISCELLANEOUS ITENS LS. | 1000 | o200 = | 1200
3.CIVIL WORK & INSTALLATION COST - — | = | 080|080
TOTAL 15.545| 1.655| 0.800 | 18.000
Addition D/S 69-12/24kV, 2X6OMVA — 3XGOMVA
1.69-12/24 kV, POWER TRANSFORMER 1 13.6% | 1.384| - 15, 000
96/48/60 MVA OLTC ' | 8 o
2. CABLE ACCESSORIES & MISCELLANEOUS ITEMS 1s. | L000| 0.200] - | 1900
3.CIVIL WORK & INSTALLATION COST - - 0.800 |  0.800
| 14.636 | 1.564| 0.880 | 17,000
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Table 10.3-5 Standard Unit Cost for T/S Construction

1994 Price
DESCRIPTION QUANTITY FC TAX OTHER LC| TOTAL
_ : _ (Sets). .
| .230-115 KV, Indoor T/S 2X300 MVA , EGAT's Transformer (ex:Onnut T1/S, Bangbor T/S)
1. 115 kv, SF6 GAS INSULATED SWITCHGEAR 1 119. 048 5. 952 - 125, 000
- (21,27, 1B. 6L) g S :
2.115 KV, CONTROL & METERING BOARD 1 6. 667 0.333 — 7.000
3. CABLE & ACCESSORIES ' 1.S. (.833 0. 167 - 21,000
4,S/S MISCELLANEQUS EQUIPMENT LS. 16671 - 0.333 - -.2.000
5 CUNSTRUCTION ¢ INSTALLAT]ON COST - - 35.000| 3. 000
TOTAL 128.214 | - 6.7861 35.000 | 170.000
I1.230-115 kV , T/S 9% 300 MVA , MEA' s Transformer (ex:Thanontok T/s) -
1. 230-115 kV, POWER TRANSFORMER 2 66. 667 3. 333 - 70. Q00
2,115 kV, SF6 GAS: INSULATED SWITCHGEAR 1 119, 048 5, 952 - 125,000
(2121, 1B, 6L . EREIEE TR R R R B '
3.115-kV, CONTROL & METERING BOARD LS. 6. 667 0.333| — 7.000
4 HIGH VOLTAGE CABLE SUPPORT STEEL WORK & LS. 6. 667 1.333 - 8. 000
* CABLE TERMINATOR . _ ' e
5 SUBSTATION MISCELLANEOUS: EQUIPMENT 2. 500 0. 500 - 3. 000
6. CONSTRUCTION & INSTALLATION COST - - - 7000 7.000
CTOTAL 201.549 | .- 11.451} ~ 7.000 | 220.000
HI.230-115 kV, T/ S 1300 MYA , MEA's Transformer R
. 930-69 kV, T/S.1X300 WA, MEA's Transformer (ex:Sanampao T/8) .1~ - |-
1.230-115 kY, POWER TRANSFORMER 1 33.333 | LeeT| - 35, 000
9.230- 69 kV, POWER TRANSFORMER 98,571 1. 429 = 30. 000
©3.230-115 kv, SF6 GAS INSULATED SWITCHGEAR 190. 476 9,524 - 200. 000
(2 LINEBAY, 4 TRANS,BAY)
4.115 kV, SF6 GAS INSULATED SWITCHGEAR 1 119, 048 5, 952 - 125. 000
(21.27, 1B. 6l) o o ' o
5. 69 kV, SFE GAS INSULATED SWITCHGEAR 1 95. 238 4,762 - 100. 000
(21.21, 1B. 6L) ' _
6. 69 kV, CONTROL & METERING BOARD LS.} 14.286 | 0.7l4 — 15. 000
7.115 kV, CONTROL & METERING BOARD - LS.} o _

8. HIGH VOLTAGE CABLE SUPPORT STEEL WORK & LS. 8.333 1. 667 - 10. 000
CABLE TERM[NATDR e : ' : -
9, SUBSTATION MISCELLANEQUS EQUIPMENT LS. 2.500 |  0.500 - 3,000
10. _CUNSTRUCT!ON 3 IN_STALLA’I‘IDN COST. ' - - 52,000 | 52.000

TOTAL -~ 491.786| 26.214 | 52.000 | 570.000




Table 10.3-5  (Continued)

CQUANTITY

DES.CRIP[ 10N {Sets)

RC TAY | OTHER LC | TOTAL

1V. 230~115 kV, Indoor T/S Addition, EGAT s Transformers
~Jangvattana 2X300 to 3x300 MvA - .

1. 115 kV, CONTROL & M3TERING BOARD 1 6. 667 0. 333. = 7. 000

2.CABLE & ACCESSORIES .. - | Ls. |- 0.83] 0.167| - 1.000
3.5/5 MISCELLANCUS EQUIPNENT | LS. 1667 0.333) - | 200
4. CONSTRUCTION & INSTALLATION COST - =] 200] 200

oW | | 96T 0.833]  2.000| 12000

V 230~ 115 kV Indoor T/S Addltlon, EGAT s Transformers
—bngﬂattana 3><300 to 4X300 MVA o

1, CABLE & ACCESSORIES R 1S L 0.833] 067) = | 1000

2.8/S MISCELLANEOUS BQUIPMENT ' : LS. Lesr | 0.333 - 2. 000
3. ENSTALLATIDN cosT I ' CLTo e T 20000 2,000

TOTAL || 2s0| 0s50| 2000 500

Note, ‘1. For Item Nos. I and I, the construction of T/S and Installation of 69 kV GIS, 69 kV
- - Control & Metering Board have already been included the MEA Tth-plan.
2. For Iten Mo IV, the construction of T/$ and 1nstallatlon of 115 kV 61§ have already been
 included in the MEA Tth plan. : : ; '
3. For Item NoV, the control board has aiready been mcluded in the addltIOH of Jangwatana
T/8 in 1998 B : SRR




Table 10.3-6 Standard Unit Cost for T/S Addition

16,315

1,685

5,000

1994 Price
DESCR]PTiDN QUANTITY FC TAX QTHER LC | TOTAL
_ (Sets)
| .230-69 kV, Indoor T/S Addition, EGAT'_S Transformers
-South Thonburi 3200 to 4x200 MVA

1. CABLE & ACCESSORIES LS. 0. 833 0.1675 - — 1. 000
2. S/SVMISCELLANEUUS_ EQUITPMENT LS. 1. 667 0.333, - 2. 000
3. INSTALLATION COST ' - - - 2000 2. 000

TOTAL 2500 0.500| 2.000| 5.000

Il Bargkoknei indoor T/S Addition, EGAT s Transformers

-230-115 kv, 1 X300 to 2x300 MVA
Teparak Indoor T/S Addition, EGAT's Transformers
o ~230-115 kV, 1 X300 to 2X300 MVA
-230- 69 kv, 1 X300 to 2X300 MVA

1. CABLE & ACCESSORIES 1S, 0.8 o167 — | L00]
2.5/5 MISCELLANEOUS EQUIPMENT LS. S LesTy - 0.333 _ . 2.000
3. CONSTRUCTION & INSTALLATION COST - - 2. 0060 2,000

oL 5500\ 0.500| 2.000| 5.000

i, 230-115 kV Qutdoor T/$ Addltlon, EGATs Transformersa -

~Klong Rangsit 1X200 to 2X200 MVA
Mong Jok  2X200 to 2X200 + 1X300 WA
-Sai Noi 1X300 to’ 2><.300 MVA - O :

1,123 kv, CB, 2000A 31 5 kA : 3 sets 4.545 0. 455 - _5. 000
2,123 kv, CT, Qutdoor’ 1000—2000/5/5/5 A g 02| — 3,000
3,123 KV, 2000 A Motor Operate Disconnecting 4 1. 364 0. 136 - 1. 500

Seitch = o o ] _

4.123 kV, Control Board 4.762 0. 238 — 5,000
B S/S MISCELLANEQUS EQUIPMENT LS. 2.917 (. 583 - - 3.500
_ 6. CONSTRUCTION & INSTA_LLATIUN CosT - - - ' 5,000 .o 000

RS (17 R 23. 000

SRS




10.4 Rates of Taxes and Other Expedses o

10:4. 1. Taxes

The rates of the respectfve taxes shall be aé deSCfibéd_bélow:°f

(1) Import duties o o
The rates of the import duties to be imposed to the materials i::np:or;_t_éd_ |

from overseas countries shall be as follows:

_ Tower_(polé) materials and arm accessories 35%

-Conductor, wire earth and accessories - @ 35%
Insulétors and'accessories ‘ C o 35%
Cable and accessories - o 10%

- (2) Value-added taxes
The rate of value- added taxes shall be %.

10.4.2 Rates'of_the dther.Cost and Expenses

The rates of the'other'dost and:éXpenSés-éhallfbdgsd?d}low§f_i_;

(1) Rate of mjsceil&nepus work coSt:: Sﬁ‘df.théjdiredf_ddst“

(2) Rate of engineering édd supefvisidn fées.:_T%.of.the_di;eé£ cdsf;.":
(3) Confingency'fate :.10§’Qf the-diréct.cdst

4) Escalatlon rate : A
The yearly price escalatlon rates are assumed to be 5% for the Iocal
currency portion and 2.2% for the foreign: current portlon and these
escalation rates will be taken into account for flnan01al analy31s

(5) Foreign exchange rate

The exchange rate of the local currency_to_US. dollar shall be US$1 = 25.0
Baht. | |



10.4.3 Material Transportation Cost

The transportation cost (on the basis of the level in 1994) of the respective

materials in Thailand shall be as follows:

(1) Weight limit of road traffic
According to the road regulations of Thailand, the limit of maximum weight
of load shall be as follows: '
National road or major road : 20 tons

Other roads . : 14 tons

(2) Standard of maximum carrying size
Standard of maximum cafrying size of Thailand shall be as follows:
Maximum width : 3.0 m (Low Bed Trailer : 3.0 m)
Maximum length : 4.0 m (Low Bed Trailer : 10.0 m)
Maximum height : 2.7 m (Low Bed Trailér : 3.0m

(3) Transportation cost
Transportation.cost of Express Transportation Organization of Thailand
shall be as follows: o
Transportation cost (Baht}

Distance of 6-Wheel Truck 10-Wheel Truck
| transportation - - Remarks

' 5tons Car | per 1ton | 10tons Car | per lton
0 ~ 10 500 00| 650 65
0~ 15 - 620 25| 810 80
15~2 | - 72| 45| 930 %5
T 0~ " wm0| 15| 1,010 105
B ~30 | si0|  1mo| 1,210 120
30 ~ 35 1,080 210 " Lawo| 1
% ~40 |  L,150]  280f 1410 150
“w~60 | us0] 0| Lew| 165

g ;5;:.:1Q_}129;§¥: f3g';



Transportation cost of large-sized trailer (Thai. Baht).

Distance of I5tons Car | per 1ton Remarks _
Transportation ' E : Co AT

1~ 3 1,500 100

3 ~ 26 +2,000 135

26 ~50 | . 2,500) 165




10.5 Construction Cost and Expenditure

The construction cost of the respective works are as indicated below:

(1) Construction cost

 The construction cost in this studies is as indicated below:

Construction cost ~ (Million Baht)

. Items :
Local
. currency

- Foreign -

Total -
‘currency _

| subtransmission Line |- 10,033 7,169 ‘17,202

Substation ' '22,606 15,310: - 31,916

Telecommunicat ion 397 - 283, 680

55,798
{ 2,232) -

22,762
911)

“Total -
(1,321) (

{ ). : Million US$

(2) Construction cost in the shorf-term plan
The -construction cost.ih the respective fiscal years are as indicated' .
below: o : _.' n _ R . | . g
' Construction éost-in the-shortrtérm.plan,, (Unif:_Million‘Baht)g'

o Items 1997 1 1998 1999 - | :.2000 - | 2001

CF.C. | 338.96 | 187.24| 484.19|1,810.75 | 196.96

Subtransmission -

Line - L. | 362.24| 405.00| 513.41)1,000.35 | 144.42

Subtotal | 701.20 | 592.24 | 997.60 |2,901.10 | 341.38

1 F.c. |2.637.70| 1,418.87 | 1,576.61 | 2,258.61| 1,517.77 |

: ZESubstﬁtion | S —— _
L L.C.. 1,929.62 842.82 988.32 ‘1,565;531 1,064.71

| subtotal | 4,567.32 | 2,261.69 | 2,564.93 | 3,819. 14 | 2,582.48

DU 4804 ¢ 935.52 45,141 43.04

T

Telecommunicatjor————--
Aecomm O

30,10

T 2s.30] 2uss| s207|  80.65|

 [sototal | | em2| s ma| mes|

1,641.63 1L,757.77 |

-_' TQf8I.:

' 2 F;Cf

13,019.70

2,090.90

4,109.50

: itk LOC-”

2,322.51

1,23.12

2,687, 95.

1,239.78.

2,997.56: (.

- +|“Total.

°5,342.21

'2,914¢75

3,614.01

6,797.45




(3) Construction cost in the long-term plan -

The construction cost in the respective fiscal years are as indicated

| below:

Construction cost in the long-term plan  (Unit: Million Baht)
Planned year 2001 2006 2011 2016 | Total:
Period from the last 50 5 5 5 20
Subtransmission line 5,533.5‘. 8,261.9 | 1,348.4| 2,058.6| . 17,202.4
Substation 15,795.6 | 9,773.2| 6,701.6| 5,646.3| 57,916.7
Telecommunication 336.9 | 169.6|  96.5|  76.6 679.6'
Total 21,666‘0_ 18,204.7| 8,146.5] 7,781.5] 55,798.7
hnhual-invéstuent : o : L ' _.h o
' | 14,333.2 | 3,640.9 | 1,620:3 2,789.9

1,556.3 | .

10.5.1 Subtransmission Line Facility

The amount of construction cost*(on the basis of the price level in FY 1995)

in the respective fiscal years. are as 1nd1cated below:
The exchange rate 1s 25.9 Baht per U S. Dollar

Amount of constructlon cost for subtransm1551on llne faC111t1es

‘Planned year 11997~ 2002~ - | 2007~ | 2012~ | . Total
. . 2001 | 2006 2011 2016 o]
Period-from'the lastyeag .5 | 5 5. 5 20
Amount of oonétructioh- RTINS P e -; 20N
cost . - (Million Baht) | 5,533.5 | 8,261.9 | 1,348.4 | 2,058.6 | 17,202. 4
-Annuai investment I R I S | '3_ - o
.(Mil_lion Baht) 1,106.7 | 1,652.4 o 269.7) 0 41LT|  860.1

The total transmlss1on llne cost aocounts for 17 2 bllllon Baht (688 1 mllllon b

US$) in prlce level in 1995, of whxch 49. 8% (8 6 bllllon Baht) is for’ 230 Ko

subtransm1331on llnes, 37 2% (6. 4 bllllOn Baht) for 115 kV subtransm1331on
llnes and the remalnlng (13 0%) for 69 kV aubtransmlssion llnes, as can be }E
understood from the followrng tables. L '

In the type of - facil:ty, ‘the' constructlon costs for overhead subtransmlssxon
lines share 16.8% (2 9 blllxon Baht) and those costs for underground _i
 subtransmission lines share 83 2% (14.3 bllllon Baht) ' | |

10
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The average investment ranging fram 0.3 to 2.9 billion baht (10.8 to {16.0
million US$) per, énnun-expressed'in price level in 1995, is necessary for
constructlon and renovatlon of transmission lines.

The constructlon cost of the respectlve subtransm1531on 11ne are as presented

in Appendlx 10.5-1.

(1) Construct1on cost of the respective voltage

The constructlon cost of the. respectnve vo}tage for subtransm1351on llne

‘are as lndlcated.beIOH.

(a) Amount of constructxon cost for subtransmission llne facilities

1) Amount of constructxon cost for subtransm1351on line fac;lltles

(Unit Mllllon Baht)

Planned year _2ooi | 2006 | 2011 2015_ Total
Total cost 5.533.5 | 8261.9 .348.4 | 2,058.6 | 17,202.4
| Foreign currency | '3,018.1| 5,058.7 | 683.4 | 1,273.0'{ 10,033.2
lbca&‘chrreﬁéy | 25154 3,203.2 | 665.0|  785.6| 7,169.2
QE. 2) Amount of constructlon cost for overhead subtransm{ssxon llné
‘ fa0111t1es :
| : 3 (Unit:.Niliioanaht)
Plamed year | 2001 | 2006 | 2011 | 2016 | Total
Total cost 1,200.7 | 970.6| 343.1| 270.9| 2,8843
Foreign currency | 246.4| 1727|645} - 52.8| 536.4
[ Locat currency | f,053.8|  7er.9| 86| 218.1] 2,847.9
'3)'iAmoont of?oonstfuCtﬁon cost;for'undefgpoundrsubtransniésion?line
Cfacilities | . o
s L (it Mllllon Baht)
| “fplénnéd §ear5-"{,20011,; ;fgoosﬂ;: | 2011 2016 | Total
| Total cost | 4;233;7Q{f7,290;4 1,005.3 | 5,787.7 14,317.1
Forelgn currency .2,771.5'. 4,886.1 619.0 | 1,220.2 9,496.9
.ngal_currencyfn 1,462;i ' 2,404.3 1386.3| 567.5| 4,820.2




{b) Construction cost for 230 kV transmission line facilities

1)

2)

3)

Construction cost for 230 kV transmission line f30111t1es '

Million Baht)

{Unit:
- Plamned year 2001 - .| 2006 | 2011 - | 2016 -| Total
Total cost 1,918.7| 5,161.8 0.0] 1,485.1| 8,565:6 |
Foreign currency | 1,319.5 | 3,567.6 0.0 993.5| 5,880.6
Local currency |  599.2| 1,594.2|  0.0| 491.6| 2,685.0

Construction cost for 230 kV overhead transmission'lineifaciiities'.1'

{Unit: Million Baht)

Plamed year - -| = 2001 2006 | 2011 2016 | Total’
Total cost 3.4 0.0 0.0 ~93.4| 128.8
[Foreign curréncy 60 0.0 0.0|  20.5|. . 2.5
| Loéai cufféhcy. 29.4 00| 0.0 72[9 . 162.3

Constructlon cost for 230 KY underground transm1551on line: fac111t1es

(Unlt Mllllon Baht)

" Planmned year | 2001 | 2006 2011 | 2016 | Total
Total cost’ 1,883.3| 5,161.8| 0.0 1,391.7 | 8,436.8
Foreign currency [ 1,313.5 | 83,567.6 0.0] 973.0| 5.854.1
Lécalrcurfeﬁéy' 1 569.8 1,504;2 0.0 '413.7: 2,582.7 |

(c) COnstruction cost for 115 kV subtransmission ling facilities .

1) Construct1on ‘cost for 115 kV subtransm1551on 11ne facal:txes '

©(Unit: Mxlllon Baht) '

Planned year 12001”2006 | 2011 | 2016 | Total
|motal cost | 2,685.0| 2,347.6| 962.2| 403.9| 6,398.7
Foreign currency | 1,205.5| 1,108.8| 474.4| 206.2| 2,089.9

| Local currency ;1E47915 ii;243,8 --;-487{8 'ﬂ i9%J%:. éf4d8.8

0-%



2) -

oy

Construction cost.for:115 kV overhead subtransmission line facilities

(Unit: Million Baht)

_ Planned year

2001 | 2006 | 2011 | 2016 | Total
1 Total cost 1105.0] 621.6| 203.3| 112.0] 2,379
Foreign currency | 211.0|  148.1]  55.9 21.0  436.0
Local currency |  804.0| 619.5| 2sm.4|  o10| 1,919

facilities

(Unitf

Construction cost for 115 kY undergfound subtransmissidn line

(d)fConstrUction cost. for 69 KV subtransmission line fécilities

1)

| | million Baht)
[ Plammed year | 2001 | 2008 261; 2016 | Total |
| Total ‘cost ** | 1,580.0 | 1,520.0 668;9_ 291.9 | 4,060.8.
- | Poreign currency | 994.5|  985.7| 418.5|  185.2] 2, 553 9

local currency |  585.5| 564.3| 250.4] 106.7| 1,506.9 |

Constructlon cost . for 69 kV subtransm1551on line - f30111t1es

“(Unit: Mllllon Baht)

2001

2006

Planned year - 2011 | 2016 | Total
Total.cost | 929.7| 751.6| 386.2| 169.6| 2,237.1
 [Foreign currency | 493.0| 81.4| 209.1]  13.3| 1,162.8
| Localécurrency 436.7|  364.2| 1771 9.3 1,074.3

2) Constructlon cost for 69 KY overhead subtransm1531on line faczlltles

(Unlt Mllllon Baht)

aast|

Plaﬁ"¢5'§éaf' :; 2001 f:"ffidba_' 2011. | 2016 | Total -
“ Totalécost . - 159.3_ ©143.0|  49.8]  65.5| 417.6
Foreign currency | 20.4| 246 “as| 13| 1.9
_.Localicurrehcj f'",”129}9 8.4 41.2) 52|




3) Construction: cost..

for 69 kV. underground subtransmission line

facilities
(Unit: Million Baht) -
Planned year | 2001 2006 2011 | 2016 -Total
Total cost. 710.4|  608.6| 36.4] 1041 1,819.5
Foreign ¢§rrency_ 163.6| a62.8| 2005| 62.0] 1,088.9
Local currency | 306.8|  245.8| 135.9]  42.1] 730.6

(2) Construction cost in the respective fiscal years

The constructxon cost in the respective flSCHl years for subtransmnssnon

11ne are as 1ndlcated below

(Unxt

L _ Mllllon Baht)'
Planned Constructlon cost in the respectxve flSC&] years |
year _ Forelgn currency Local currency thal cost’ ; Remarks

1997 | 338.96 362.24 | 701.20 .

1998 187.24 405.00 592. 24

1999 48419 | . 513.41 oeeTe0 | .

2000 1,810.75 . 1,090.35 -2,901.10 -

- 2001 -~ 196.96 14442 341.38
2003 3 R R
2004 | [1,010.75/year | 640.64/year | 1,662 30/year |
2006

2007 | |

2008 | o .

2009 || 1%6.67/year |  133.00/year | - 269.67/year |
o oA L

2011 | -

2012 |y

2013 || _ =

2014 | | 224.60/year |  157.12/year 411.72/year

2015 | | | —

2016 | P |
Total $10,033.23 7,169.19 | - 17,202.42
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