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. Chapter 3 OUTLINE OF PEA AND ELECTIC POWER STTUATION

+3-1 Profile of PEA

The sérvice area of PEA 1is approximately 510,000 km*
" (approximately 1.4 times the area of Japan), accounting for 99.4
percent of'thé total. area of the country. There_are 70 Pfoviﬁceé,
688 Districts, 5,990 Tamﬁons and 54,492 Villages in PEA's service

- area, with apprdximately 45 million of pdpulation.

The projects shown in the table below were implemented by PEA
under the First to the Fifth National Economic and Social ngelopu
ment Plan, with.thevfblloﬁing objeétives.

. Extension of the-gléctrified areas
‘ Reinforcemeﬁtirof the faéilifies and - improvement of the
reiiabilitcy

. Reduction of operation cost

: Gom@letéd Projeéts Investment
Project : projects’ under way tost
e " (M.Baht)

Electrification prdjéct 10 3 16,500
Distribution system 16 2 7,340
reinforcement project '

| Project for extension of 2 1 930
distribution line to" '
diesel power plants

. Total 28 | 6 24,770




Making a comparisbn of the scéigs 6f:?EA at the epoch of_the
establishment and 1985, the energy sales.increased from.26.4 Gﬂh to
8,557.1 GWh (324 times), and the assets increased from 87 M.Eaht'tc
25,941,1 M.Baht (298 times). The growth accomplished during the
10-year perio& from 1975 to 1985 i1s shown in Table 3-1, Data éhown
in this table give a clear'idea_of the remarkable growth accomp-
lished during the past 10 years.

" The ratio:o£ introduction of electricity in’ villages was 76:
percent at the end of FY 1986,,ana.PEA is implementing electrifica~
tion projects with the targét of increasing this ratio to 95 per-
cent. The dinvestment program planned' by PEA uader the Sixth
National Economic and Social Development Plan (1987' - 1991) 1is
shown in Table 3-2, and as can be seen, the electrification pro-
jects are expected fo‘bé almost completed in FY 1991,

Such being the case, 1t may. be said that the PEA is facing a

" turning point from the stage of quantitative expanéion to qualita-

tive improvement, and in the leng-term plén {1985 -~ 1991),
importance is being attached to the reinforcement of the facili-
ties, Improvement of the operation and maintenance, and upgrading

of the service level.
Organization of PEA

The organization of PEA consists ‘of ‘head 'office,‘:reéiohal
offices, electric offices, customer serviéé Cénféréiaﬁ&'ﬁustémer
servicé suﬁ—ceﬁtérs.

The Orgaﬁization of head office is sﬁoﬁhiin Table 5?3.' The

technical body consists of 5 departments, planning'and_civil wdfks,



engineering, operation anq maintenance, service and construction,
. which are diﬁidéﬁ further into 13 divisions, the distribution
.syétem'dispatching center_and the trailning center. The administra-
,:tive body consists of A departmeﬂts, administration and personnel,
-economics and f£inance, accoﬁnting' énd- procurement,' whiéh are
divided furthef into 10 divisions, the data procéssing center and
the medical service center.  The head office of PEA is located in
i:ﬁéngkok. ~Most éf the work dong-at head office is relate& to the
projects, with a total number of approximately 5,000 employees.

The regioﬁal organization is shown in Table 3-4.

There are 3 regional offices in each one of 4 Areas, the
ﬁorthern Aféa, Northe&sternlArea, Ceﬁtral Area and Southern.Area,
téfaliing 12 regional offiées; These regional offices are located
iﬂ éhgzmain cities of each tégion; The service areas of each

”fééibﬁél 6ffice are shown'in Fig; 3-1. The regional offices take
cﬁazgé'éf the coordiﬁétién, plénnihg_aﬁd.construction in respon-
éiblé areaé,'withra.total ﬁﬁmber of apprdximately 3,700 emﬁloyees.

_ 'Tﬁé eleéific offices take'charge of the construction work,
éﬁérétioﬁ;'maintéﬁance and féﬁéif of the faciiities, aﬁd customer

'service, and are claséified into 1st grade £0-4th grade electric
qffiées.aECordingiéo the scale. The cuétomef,sérvice‘ceqters take
éharge of'the.constrﬁétion'wofﬁs, méin#éﬁénce and opefation of the

.faCiiitieé.énd cﬁétomer service in respbnsible areas, and the cus-

:;oﬁer ééf;iﬁe-éubeenﬁéfs.are ﬁéinly in:chargé of custdmer service.

..7”.fhe:égistiné:hﬁébér.bf bffiées, staffs;and maintenance staffs

aré.éhowﬁfiﬁ fﬁe:folloﬁingﬁféble. Tﬁé breakdown of each region is

‘shown in Annexes 3-1 to 3-3,



No. 6f

No. of = | No. of -

Offices 0f flces Staffs Maintenance
: Staffs
Electric Offices 111 9,251 1,756
lst Grade 6 925 ; ' 187
ond Grade 3% 3,838 738
3rd Grade : - 54 3,867 714
4th Grade 17 _621 ; 117
Customer §.C. 158 2,767 1,525
Customer S. Sub-G 1,033 1,893 1,893
Total | 1,302 13,911 5,174

The numbéx bf staffs of eacﬁ office'avérages 83.p§rsons for
electric offices (154 for lst grade, 113 for 2nd grade,.72.for 3rd
grade and 3? for Vhtﬁ .grade); 18 persons .for ppsfomer service
centers _and.‘2 persons for cusfomer._service sub—centers. ~On the
-'othef ﬁand, the number of_maintgnance stgffs of_éaéh office ave~-
rages 16 éersons for.eléctric offices (31 for.lsg grade, 22 for Znd
gtade, 13. fér 3rd grade_ and 7 for Agh .gréde}, 10 pefsons for
cusfomer ser§ice cenﬁers and 2 persons.for cﬁstomer service sub-
centers. | |

As for the vehicles;. 4§0 units are allotted to reglonal
qffices, 1,502 units to electric offiées, 362 #nits to customer
serviee éenters and 43 _ﬁnits to éuétome? sérvicg_ éub—ﬁénters,
totalling 2,397 uni;s, as shown in Aﬁngg 3;4. .Ahd.as_can be seén,
the customer serviﬁe.subﬂcenters argﬂsrévided.with ?ﬁactiqally_na
vehicle at a;lf As for tﬁé fypes of_#ghicie#,_thé gxiétiﬁg cafs
consist of 750 unilts of constrﬁction éaré; 961 un;té'of mainteﬁaﬁce

cars and 686 units for other uses (sefvice cars, etc.).



3-3

The offices provided with maintenance function comnsilst of.lll
electric offices and 158 customer service centers,.tdtalling 269
offices, with a total number of 3,281 maintenance staffs. The
éervice-area of each office averages 1,925 km?, and the average
ciréuit length of high-voltage lines is of the order of 331 km. On
the other hand, the maintenance staff per 100 circult~kilometer of
high~voltagg linés is of the order of 3.7 persons., Making a com-
parlson of these Indexes with ﬁhe corresponding ones of Japan, the
average sexvice area of each office is & times,.the average circuit
length ofﬁ high—voltage iinés is 0.4 times, and the maintenance
staff per lOOICircuit;kilometer of high-voltage lines is 3.7 times
larger fh#n that in Japan, respectively, and it is considered that

theré is no problem regarding the maintenance.
Electric Power Demand

(1). Past Records of Power Demand

The past records of power demand of PEA are shown in
Table 3-5, _

In FY 1985, thé power demand..al.nounted to 8,557 GWh in
energy sales and 1,956 MW in peak load, with very high aﬁnual
averége 'érowth_ rates. being . 12,8 percent . and 13,4 percent,

1'respectivgly, dﬁring-.the pést 5 years. = As fo: the - energy
salesjﬁﬁgcustomér'¢1assifications, Resideﬁtial accounted for
34}0'per;ent of tﬁe'total.energy sales, ﬁﬁsiness 16.3 ﬁercent,
1ndustriéljﬁﬁ.4 percent and Otﬁers 5.2 percent in FY 1985, As

fof the :annual_ average- growth .rate, Residential and Large



Industrial increased at particularly high- rates of 16.4
perceént and 14.4 percent, resﬁeétively. " Making a‘bbmparisdn
of the proportion by cuétomer classificatidns”wihh‘that ﬁf
whole Thailand, it is observéd'thét'the proportion is almost
same as that of whole Thailand'for Industrial, whilé-higher
for Residential and lower for Business. The electrification
ratio was 55.2 percent.

In FY 1985, the'éuﬁpIY'éﬁergy'totaIIEd 9,443,5 GWh, con-
gisting of 9,423.9 GWh.(99.f9 percent) of purchaéeﬁ:énergy-and
19.6 GWh (0.21 percent) of generafed enérgy'by PEA. The pur~
chased energy consists of 9.391.0'6Wh'(9§;44 percént) from
. EGAT, 17.5 GWh (0.19 percent) from MEA and 15.4 GWh (0.16
percent} from NEA. The'loss:ratib was 9}4'percent,rand_the
annual load féctor was 55.i percent. PEA owns small~s¢a1e
diesel power plants, witﬁ a totél iﬁstalléd capaéity being
72.9 MW. PEA has impleﬁénted projecfs to renOunCe. diesel
power plants by extending:distribﬁtion lines for the sake of
- cost saving, énd as a result more than 200 plahts have been
renounced so¢ far, 'and 21 plants are in opération at the
présent time. |

The past records of the number of-customefs served_ﬁy PEA
are shown in Table 3-6. At the end:of-FY 1985,*£he number of
- customers amounted to 4,054,20@1_ of‘ which 3,990,533 k98.4
percent) are ?esidential cuStométs. The aﬂnualraﬁe?age-growth
rate showed a very high rate of 16.5 perceﬁt durigg thé past 5_
years. |

* The energy saleé=by region in FY 1985 is Qhown in Annéx

3-5, The Central Region aécounted for 47.8 ﬁercént'of the
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total sales, 79.7 percent of Large Industrial sales and 48.5
percent of Small Industrial sales,

The daily load curves of substations are shown in Annexes

- 3-6-1 to 3-6-4. Annexes 3-6-1 and 3-6-~2 show the daily load

curves in dry season and rainy season of Samut Sakhon 1 Sub-
station, which supplies power to 1Industrial areas, on the

other hand, Annexes 3-6-3 and 3-6-4 show the daily load cufves

_in dry season and rainy season of Suphan Buri Substation which

supplies power to rural areas. As can be seen, in Samut

Sakhon 1 Substation the daily leoad curve is relatively flat,

- but in Suphan Buri Substation there are two peaks in the

morning and evening, _wifh the ﬁeak load recorded in the
morning, The annual load factor by region is shown in Annex

3-7. The annual load factor. is relatively low, with the

. highest record of 64.2 percent in Central Region 3 and the

lowest record of 38.4 percent in Northeastern Region 2 in FY

1985..

Power Demand Forécast

"The fofecast is made of the whole demand and each sub-
station demand. The forecast of the whole demand is made for
the energy sales by customer classifications, supply_energf
and-peakiload, and the forecast of each substation demand for
the,supply energy and peak load. The forecast is calculated
on the basis of past trends, taking.into consideration such

factors as the electrification plans, economic sitwation,

“trends of big customers,-etd.



The”results'pffthe forecast'of"wholeadeﬁandrere'ehoﬁn in
.Table 3-5. In FY'1995,.the;ﬁowef'demahd is'eﬁpeeted to emeﬁet
to 19,185 GWh in energy sales eed?3;877 MY in peak ieed,'with_
the annual aVefage growth-fetes being 8;47perceﬁt.end 7.1
pereent respectively Ae'for ﬁhe anﬁuelravexage”groﬁth rate,
Large Industrial and Reeidential are "’ expected to increase.et
particularly 'high.-retes of '10;5 “percent’ and- B.6 percent,
respectively. :Tﬁé”eléetriﬁieatidn'ratioiis expected to reaeh
76.0 percenf. _ | |

1n FY '1995,” fhefreupbly -eneféy**isi:eXpected to tdtal.
21,015, 6 GWh,'coneisting of 20 960 & GWh (99 T& percent) ofe
purchased energy and 55, 2 GWh (0 26 percent) of generated'
energy by PEA, The increase ‘of generated energy 1s-attr1bu—
table to the projects for the development of sma11~scale power
plants to supply power in remote areas., -The_construetion of
golar energy powef planes was cpmpleted'in July,'1986 eitﬁiehe
ald of the Government of Jeean,-end furtﬁereefe the eeveloeu
. ment of small—scale hydro power and wind pewee eiante.afe"eleo
being planﬁed.. |

The forecast of the numbet of cuetemere is ehown.in:TeSie :
3-6. The number ef.ceetqﬁers'is ekpeeted te_feech 6,432,540 _
et:ehe end of*Fﬁ l995,;withVthejahnual~average:greweﬁ.rate .
being-417_percent. The ennualraverage~groﬁth rate ef_residen-
tial.custbmerSfis expected-to'elow:dOWn for&#? eerceﬁte

The results of *the forecast of “substation demand by
region are shown in Annexes 3-8-1 and 3- 8- 2 the growth ‘rates

are expected..to be - reletively “high in Centrai_ Regien ’2;



" Southern Region 3 and  Northern Region ‘1. The development of

‘the Cenfral Region 2 dis: belng carried out under the Eastern

Seaboard,Development_Project, and it is expected to become the

~future industrial and economic center of the country, as well

as the ‘gateway  for the international trade. As for the
Southern Region 3, the urban development projects af Hat Yai
and Song 1Khla are being planned., On ‘the other hand, the
Northérn Regidn 1 comprises the second-largest ity of the
country, and is 1is£ed atop the main urban development pro-

jects of the Kingdom of Thalland. The Northern Region Indus-

. trial Estate Pfoject is being planmed therein. Importance is

beling attached to the tourism development as well.

3-4 Present-Statué of.Power Facilities

iy

Substations -
The' data related to substations,  sorted by region, are

ghown in Table 3-7._ Detailed data of each substation are

_éhpwﬁ in Annexes 3-9-1 to 3#9*12; and- the locations of ﬁarious

-substations are shown in Annexeé 3~10-1to 3-10-12,

.. The distribution system of PEA is supplied pbwer from 123

. gubstations, with 194_ﬁhits*of transformers and the installed
-;capacity_cf_3,975;HVA.. All - substations: are owned by ECAT,
.,with'éxééption of 3 éubstations ownéd‘by'PEA.  PEA owns only

. the -cigduit- breakers of uhigh~vcltage feeders, - As for the

capacities:of-ﬁnits,-22'kinds ranging ffom-l'HVA to 50 MVA are

IUSed,;With-the most?commén units being 25 and 40 MVA. The

number ‘of installed circuit breakers amounts to 499 units.
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PEA has  control stations -adjacent to the subétatioﬁé of
EGAT, and the control stations afé Operatéd ﬁith-one oparator
working in 3 shifts. At the_'cbntrol. stations the circuit
breakers of the-high—voltagé’éeeders are'iﬁstalléd ogtdooté,'
and on the other hand the switchboa?d,ipUWér supply-equipment;
radio equipment, ete., are installed lin' the_'éonﬁrdl_ foom.
Thére are 4 types of control rooms:, with Type 1 siZed 7 x
12 m, Type 2 sized 7 x 15 m, Type 3 Sized.7.x'21 m;_and_Tfpe'4
sized 14 x 14 m. Type 3 and Type 4 contral rooms are for
115 kV and 69-RV substations. As things now stand, there are
67 control stations, and for the=reﬁaining 56'suBstationsithg.
reclosers are mostly installed . at the outgoing'feederé. PEA
has estabiished the poliey to 1nstaii"control sfations for all
substations, and as a matter of fact there ar€~12'6f~theﬁ
under constructilon, aﬁd 26 more belng planned.

The .protective equipment consists bf 'the overcurrent

relays, grounding relays and teclosing relays.

Distribution System

The lhigh-voltage distribqtion system - 'has 4 vdltage
classes, 33 kv, 22 kV, 11 kV and 3.5 kv, ﬁonsiétiﬁg of 14.6
percent.of.33 kv, 84.4'pércent'of 22 kV, and i;0~pérbent of
11 kV. The 33 'kV system, with the' 3-phase &4~wire multiple
grounding_system, is being=used in Southern Reéibﬁs 2.an& 3,
in part of.Southern-Region'1-(Ranong); and ih.paré'Of Nofthefn
Region 1 (Chiang Rai and Phayao). Thé~22_kV:s§stem,'with fhe

3-phase 3J-wire soiidly grounding syStem,’is.being used in the_
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other regioﬁs. The 11 kV and 3.5 kV systems are being con-
verted .to- 22 kV and '33 kV. The outline -of distribution
facilities is shown In Table 3-8,

- There are 564 feeders of'high—voitage distribu;ion lines
totaling,89;064 ¢ilrcuit~kilometers, and thg average circuit
length per feeder is very long, reaching 158 km. The distri-
bution lines are particularly long in Nprtheastern<Region'2,.
_with_thg average circuit length pér feeder being 327 km. The
;oﬁductors are of bare aluminum and ACSR, with the latter omne
being used for long spans. The conductor sizes being used are
240 mﬁz (transmission capacity of 23.8 MVA at 22 kV), 185 mm?
(19.8 MVA), 120 mm® (14.8 MVA), 95 mm® (12,9 MVA), 70 mn?
(10.2 MVA), 50 mm® (8.5 MVA), 35 om® (6.8 MVA) and 25 mm?
(5.5 MVA). The aerial cables are used in part of the outgoing
lines of sﬂbstations where many feeéers are installied sdide by
-side., . There is practicslly no use of underground cables,
Moét.bf the supporting strmetures consist of concrete poles,
and the cross arms are also made of concrete.

The installeﬁ ICapacity éf- pole-mounted transformers
reaches 7,312 MVA, As for the unit-capacitiesg there are 13
varieties of transformers curreﬁtly in use, with the single
phaseibnes'having-10,~20 and 30 kVA and the three-phase ones
ranging from 50 kVA to 2,000 kVA.

- "_rhe‘-- number -of .reclosers 'ipsﬁalled on the. long—-distance
distribﬁ#idﬁ.lipes'for the saké of protection amounts to 423
units._-There are two types'of reclosers being used, hydraulic
type.and éléctfdﬁic tfpe;'and most of the existing units are
of .hydrauiic type.. = The  remote <control of reclosers is

'impoésible for the hydraulic type, and is possible.for the

3 =11
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electronic type with the -addition of‘coh#fol circuit. The
number. of switches installed on thé high—voltagé.distribﬁtion
lines amounts to 2,023 units. ‘Most of these switches are of
manual type; and 10 units of sectionaiizers-are being used for
trial purpose. The switches are insﬁalléd_at.thg'ratelof 1
unit for every 30 kn of circuiﬁ length. Moreover, 30,137 éets
of fuses ére installed on the spur lines..

There are 85 unigs of ‘antdmétié'-voltage. rggulators
ipstalled' onn the 1ong-distanpe .diStributipn lines. The
present status of VOltage is ﬁy no means satisfactory, and the
future implementation éf the measures to improve the.voltage'
is regarded as indispenSaBlé. The voltaée'regulatibﬁ.ié ope-

rated with a permissible voltage drop ratio of 10 percent.

Communiéation System
The communication system of PEA éongiéts ofiVﬁF.(ISO MHz
band),  UHF (400 Miz Eéhd)'and HF:(B MHz bané).radio, and is
being used for voice'communication ip.simpiei'opé:atioﬁ. |
| The present status of radio statidns'is sh;wn.in Table
3-9. . There ére 1,859 VHF stations being used in all'régidns,
and 108 UHF Stations-being used in 3_regiqns (N1, €l and C3).
H¥ r%dio'is'ﬁsed-for the communicatiﬁnlbetwéén tiead offiqe.and
regional 6ffices, and betwee;“ regipnal éffiées and reﬁofe

offices of each Region.- There are 19 VHF repeater sﬁétions,'

c.owdth 11 stations:located*at flatlands~and'8“5tatiuné‘1oca£éd

atop wountains: Two-frequencies carriét_system-is used in

-repeater stations, and there is no tandem repeater stations.

Eight (8) VHF.wavés,_4_UHF-waves and 3 HF waves are ‘used -

as shown in Table 3-10. Besldes the”said waves, #hg_PEA’haé_i

3-12 .



already reserved 12 UHF waves (400 MHz band). The information
on the present status éf radio frequencies used in Thailand
can not be available officially, but according to the unoffi-
cigl information there 1s some room for additional waves in
400 Mz and 900 MHz bands, and a considerable-ﬁoom in 2,000
MHz band.

" The present status of frequency heing used in each Regilon
is shown in Table 3-11. For the VHF radio, 8 waves (4CH}, 6
wave.(3GH),'4 waves (2H) and 2 waves (1CH) are being used in 4
Regions, 1 Region, 2 Regions and 5 Regions, respectively. For
the UHF radio, 2 waves (ICH) are being used in 3 Regilons.

As things now stand, PEA is carrying out the data trans-
mission between: Head Office and Central Region 1 Office
(Ayuﬁ_tayé) by leasing a communication channel of TOT (Tele-
phone Ofganization of Thailand), but-fEA.hés no'plan to.lease
more channels din the future because the lease charge is.
expensive,

The fesulﬁs of invesfigation bf_radio routes carried out
during the field survey are shown in Taﬁle 3-12. The rédio
vave test'wés carried out in Central Regioﬁ 3, on the other
' ﬁaﬁd_the survey of repeater station.sites éﬂd thé merit evalu-

ation “by -volce ’communicafioﬁ were - carried out. in‘:Northern
Region 1,_Northeast¢rn Region 1, antral Region l.and Southern
B.eg:_(on: 2. It was found as a result of investigation that
:the;é.are some'rouﬁés.with-wrongftransmission quality because
of the'loﬁgédistance transmission, 6bstructioﬁ-by mountains,
etc. Furthermore, the improvement of feliability is also

necessary in connection with the fécilities.
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335 Present Status of Power Faults

The record of power faults_occufred_during the onévyear pefiod
from August, 1985 to July, 1986 1s shown in Table 3-13, and the
details are shown in Amnexes 3-11-1 to 3,11;4,7-'

The frequenéy of faults and duration of supply imterruption
per feeder are very fréquent and 1ong; amounting to 14 times and 3Q

_hoﬁrs during the one yeaf period. Mgking.a ¢6mparison df.these
records with the correspondiﬁg ones_of Japan, fhe-frequency is 31
times larger and the duration is 100 times.ibngér._'Thé energy
sales per feeder 15'1.6 times larger. - The high frequency of faults
per feeder in Southern Region is attributable to the frequent
faulgs cause& by :the contact of lines with trees, and on the other
hand the long dﬁration_per feeder in Northeastern Regions 1 and 2
is attributable  to the long distance of high voitage distribution
lines. The'avérage duration per. fault 15.2;16 hours; As for the
dﬁration-gf each fault, the dﬁration of l1ess. than 1 hour accounts
for 49.3 percent'ofrtotal faults, '1 hour - léss than ‘3 hours 31.0
percent, 3 hoﬁfs'— less than 5 hours 9.9 percent, 5 hours = less
‘than 10 hours 6.9 percent and 10 hours or more 2,9 percent.

The.frequeﬁcy-of faults in'one.Region_pér'yeatlranges.ffom a.
maximum of 844 £imes (583) to a minimum,of_dﬁﬁ fimes'(N3), an& aﬁé-
‘rages - 654 times. The frequency of faults in one Reglon per month

- ranges from a maximum of - 142 times (N1) to a minimim of 16 fimes
(W2), and averages 55 times, feprésentiﬁg.a_véry_largé fluctuation
from month to month. The frequency of_fault ié?ldwest during fﬁe

. month from Deceubev to February.
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As for the causes of faults, the facilities account for 22.8

percent, trees 16,7 percent, birds ‘and animals 9,1 percent, unknown

~causes -24.9 percent and Hother causes 26,5 percent, - The faults

caused by 1ightning, wind - and flood are included in the clasgifi-
cation "other causes". |

- Table 3-14 shows the survey result of the losses of big custo;
mers by supply interruptions.. The data were obtained .from the
eigﬂt customers out of 11 customers surveyed, During the one year
period, the eight customers experienced a total of 217 sﬁpply
intérruptions, with 189 hours in duration, 499 MWh in interruption

energy and 33,1 M.Baht in losses. The losses of these customers by

~ supply interruptions average 66.3 Baht per 1 kWh of interruption

energy. However, the losses of each customer per 1 kWh of inter-.
ruption energy differs greatly from customer to customer. For the
reagon, the losses of big. dustomers was determinéd to be 54.62
Baht/kWh from fhe correlation between the cumulative interruption
energy and Eumulative losses shown in Fig. 3-2, The interruption
energy for big customers in FY 1986 is estimatéd at 6,690 MWh (see
Annex 9-2), with the total losses amounting to 365 M. Baht.

Of the eight big customers, Thai Toray (textile factory) suf-

. fered most with its loss amounting to 18.1 M.Baht, of which 13.9

M.Baht wasAthe_loss suffered in the dyeing pfocess.
Present. Status of Education and. Training

-PEA is laying special emphasis on the development of human

resources with: the objective'bf coping with the new technologies
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and  dmproving the work efficiency. ,'ih -this. connection, the
construction of Training Center was started in 1983, The center

building is already complete, and the construction of vocational

‘school, dormitories, etc., and the provision of training equipment

are being planned in succession. The Trainiﬁg-Center is-located in

Nakhorn Chaisri, Nakhorn'Pathdm'Proviuce,.éppféximately 40 km to

the west of Bangkok, and the site is sized apprdxiﬁately 81;000 m2,

There are 32 training courses in'the:teéhhical fiéid,fas shown
in Table -3-15. Fifty (50)-techniéai'traiﬁing courseé were con-
ducted in FY 1985 for 2,067 persons. Of the said-coufsessthare'are

6 courses related to distribution dispatéhing-jsysteﬁ,“ and 16

courses-for 512 persons were conducted in FY 1985. The curricula

of courses related to the distribution dispatching system are shown

in Annexes 3-12~-1 to 3-12-6.
Power Tariff

The power tariff stiucturé of PEA 1s shown in Table 3-16. An
uniform power tariff 1e enforced all over the couﬁtry._ There is no
demand chafge.for Residential and Small-BuSinéss (un&erVBO kW),.aﬁd
oﬁly'energy charge is_applied for these'éustomers. rThe 1arger-th§

energy consumption the more expensive the'unif energy pfice. In

'_the case -0f Residential customers there are considerable differ—

ences in.the unit pricé aqcoféinthérthe‘energYncongumptidn,:rangv
ing from a maximum of Zﬂll Baht/kwﬁ-t;.a ﬁinihum bf_0.7 Baﬁt?kWﬁ;--”
The power Ehérge'is esﬁecial}y cheap'wheﬂ thé'montﬁly consuﬁption
does not exceed 35 kWh,.with'fhe unit-price'being 0;93 Baht/kWh'£or

the gonéumption of 35 kﬁh...fhe average unii.pricé §f éoid”eﬁérQQ:

amounted to 1.69 Baht/kWh in FY 1985.
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Table

3-1 TEN YEAR GROWTH STATISTICS
(Unit: Million Baht)
Description 1985 1984 1983 1982 1981 1980 - 1979 1978 1977 1976 1975 o0 Teay Incresee, Grouth
Electric Revenues - 14,489,2 12,6299 11,648,3 10,591.2 8,441.1 4,937.3 3,593.6 3,081.1 2,184.5 1,738.5 1,591.3 12,897.9 810.5 24,7
Other Revenues 1,226.8 1,062.3 1,030.1 1,013.8 740,2 495,9 375.2 340,0 209.9 163.0 114,9 1,111.9% 967.7 26,7
Operating Expenses 13,463.4 11,815.6. 10,976.3 10,0224 8,157.0 4,728.7 3,180.7 2,712.7 1,933.0 1,579.1 1,455.5 12,007.9 B825.0 24.9
Depraciation 944.8 752.8 607.2 494.1 387.9 . 292.3 228.9 | 183.9 149.6 123.2 96.6 848.2 878,0 25.6
Interest on Long-Term Loans 887.3 643.0 597.1 580.3 267.4 131,2 96,7 84.6 68.5 3l.4 21,1 866.2 4,105,2 45.3
Foreign Exchange Losses 42.4 12.0 (L. 22,1 13.4 18,1 16.9 29,4 12.4 6.1 10,2 32.2 315.6 15.3
Logses on Baht Devaluation 92.3 - e : - 95,2 1.8 - - - - - - - - -
Net Income 285.8 468,8 499.7 390.9 353.8 262.9 . 445,86 410.5 230.9 161.7 122.8 163.0 132.7 8.8
Investment 3,660,2 3,584,2 3,015.0 2,979.9 2,451.8 1,527.4 1,320.1 1,051.3 902.4 718.4 399.6 3,260.6 .815.9 24.8
Long-Term Loans 14,203.7. 10,601.1 9,661.0 7,518.7 6,079.7 3,919.6 2,792.7 2,212.8 1,872.9 1,226.2 460.0 13,743.7 2,987.7 40.9
Net Assets 25,941.1 23,225.8 20,591.1 17,070.2 14,735.2 t2,401,6 9,684.1 7,401.1 5,937.6 4,795.5 3,479.3° 22,461.8 645.5 22.3
Number of Customers 4,054,200.0 | 3,619,582.0 |3,185,952.0 (2,722,534.0 2,270,36%.0 1,885,635.0 |1,574,039,0 1,349,841.0 [i,144,143.0 927,298.0 181,472.0 3,272,728.0 418.7 7.9
Total Sales of Electricity.
(Million kWh) 8,557.1 1,432.6 6,679.5 5,839.8 5,209,7 4,695.8 4,253.17 3,649.6 3,174.4 2,616.7 2,120.0 6,437.1 303.6 15.0
Average Customer Consumption : ) _
{kWh) z2,112.7 2,053.4 2,096.6 2,145.0 2,294.6 2,490.3 2,702.4 2,703.7 2,774.5 2,821,6 2,712.8 ( 600.1) { 22,1 ( 2.5)
Average Price of Blectricity ' ' ‘

: (Baht /kWh} 1.69 1.7 1.74 1.80 1.62 1.05 0.84 0.84 0.69 0.66 0.75 0.94 125.3 8.5

Total Maximum Demand (M) 1,953,4 1,703.8 £,555.1 1,336,3 1,180.7 1,040,1 949.1 851.7 740.8 640.1 516.9 1,436,5 277.9 4.2
Purchased Power (M) 1,932.8 1,682.3 1,533.0 308.7 1,151,2 1,005.1 913.2 812.6 700.0 595.0 477.1 1,455.7 305.1 15,0
PEA Generation (MW) 20,6 21,5 22.1 27.6 29,5 35.0 35.9{. 39.1 40.8 45.1 39,8 {  19.2) ( 48.2) { 6.8)

Total Electric Energy . _ _ : _

_ {Million kWh) 9,440,7 8,242,5 74411.7 6,453.1 5,806:1 5,200.2 4,760.6 4,120.8 3,513.7 2,875.7 2,30%.0 7,131.7 308.8 15.1
Purchaged Power(HMillion kWh} 9,423,9 8,221,9 7,384.9 6,428.1 5,761.2 5,130.6 £,678.5 4,036,7 3,416.1 2,757.8 2,198.8 o 7,225.1 328.5 15.7.
PEA Generation {Million kWh) 16.8 20.6 26.8 25.0 44.9 69.6 82.1 84.1 . 117.9 110.2 (  93.4) ( 84.7) (17.1)

H.V. Distribution Lines ’ . ] . - i -

' ' {Clrcuic~kM) £89,369.0 80,797.0 70,902.0 61,424.0 50,651.0 41,627.0- 33,851.0 28,417,0 ' 23,640.0 18,736,0 15,444.0 73,925.0 478.6 19,2
Installed Transformers (HVA) 7,312.3 4,919,8 4;598.% 4,048.7 3,537.9 2,944.5 2,301.7 i,786.9 1,545.1 1,325.5 1,127.3 6,185.,0 548,6 20,6
Number of PEA Offices 1,292.0 1,210,0 . 1,119.0 1,024.0 955,0 927.0 874,0 861,90 835.0 502.0 770.0 _ 522.0 67.7 5.3
Humber of Employees 22,584.0 21,382.0 19,605.0 18,188.0 1€,262,0 14,310,0 12,274.0 10,5%4.0 8,883.0 8,028.0 7,502.0 15,082.0 201.0. 11,7
Customers/H.V,Distribution Lines 45,4 44,8 44,9 44.3 44.8 45.3 46.5 47.5 48.4 49.5 50.6 « 5.2 ( 10.2) ¢ LD
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Table 3-3

ORGANIZATION - CHART

BOARD OF DIRECTORS
L. _
GENERAL HANAGER

ASSISTANTS TO GENERAL MANAGER

AUDITING OFFICE

OFFICE OF GENERAL MANAGER

1 FOREIGN ADVISORY TEAM

OFFICE: OF INSPECTORS

|

DEPUTY GENERAL MANAGER
(ADMINISTRATION)

DEPUTY ‘GENERAL MANAGER

'DEPUTY GENERAL MANAGER.

(TECHHIQUES)

ADMINISTRATION AND
PERSONNEL DEPARTMENT

GENERAL AFFAIRS DIVISION
PERSOMNEL DIVISION
WELFARE DIVISION

ECONOMIC AND
FINANCE DEPARTMENT

POWER ECONOMICS DIVISION
FINANCE DIVISION
BUDGET DIVISION

ACCOUNTING AND DATA
PROCESSING DEPARTMENT

ACCOUNTING DIVISION
" DATA PROCESSING CENTER

| PROCUREMENT - AND
TRANSPORTATION DEPARTMENT

PROCUREMENT DIVISION

STORAGE -AND WAREHOUSE DIVISION
TRANSPORTATION AND i

© CIVIL WORRS DIVISION

L MEDICAL SERVICE CENTER

{OPERATION)

REGIONAL ADMINISTRATION

AREA I (NORTHERN)

REGIONAL QFFICE 1
REGIONAL OFFICE. 2
REGIONAL OFFICE 3

REGIONAL ADMINISTRATION
AREA TT (NORTHEASTERN)

REGIONAL OFFICE 1
REGIONAL OFFICE 2
REGIONAL OFFICE 3

REGYONAL ADMINISTRATION
AREA TIT (CENTRAL)

REGIONAL OFFICE 1
REGIONAL OFFICE 2

_REGIONAL OFFICE 3

REGIONAL ADHINISTRATION
AREA TV (SOUTHERN)

REGIONAL OFFICE 1
REGIONAL OFFICE 2
REGIONAL OFFICE 3

3 -2l

: PLANNING AND | :
CIVIL WGRKS DEPARTMFNT

“PROJECT AND PLANNING DiVISION:

CIVIL EMGINEERING AND
ARCHITECTURE DIVISION

ENGINEERING DEPARTMENT

ENGINEERING b:vxsxou'
RESEARCH AND - -
- TESTING DIVISION

. VOCATIONAL ENGINEERING

SCHOOL

_TRAINING CENTER

OPERATION AND -
MAINTENANCE DEPARTMENT

DISTRIBUTION SYSIEM
CONTROL DIVISION

. POWER PLANT DIVISION
WORKSHOP DIVISION ’

DISTRIBUTION SYSTEM.
DISPATCHING CENTER

SERVICES DEPARTMENT

CUSTCMERS ' SER?ICE DIVISiON

- TRANSFORMER DIVISION
*'METER DIVISION

B

CON“TRUCTIOH DEPARTHENT

1 GENERAL CONSTRUCTION DIVISIGN
i PRQJECT CONSTRUCTION DIVISION
POLE AND QROSS-ARH DIVISION

N RURAL ELECTRIFICATION

OFEICE OF




“Table 3-4 REGIONAL ORGANIZATION CHART

REGIONAL OFFIGE

ADMINISTRATION DIVISION

.

GENERAL SECTION .

WAREHOUSE SECTION

GENERAL CONTROL SECTION

BILL SECTION '

ACCOUNTING COMPILATION SECTION.
MATERIALS ACCOUNT SECTION
CONSTRUCTION AND-ASSETS
ACCOUNTS SECTION

ELECTRIC OFFICE

TECHNICAL DIVISION |

15T GRADE
.2ZND GRADE

4TH GRADE

3RD GRADE .

CUSTOMFR ' SE

RVICE CENTER

Lt fW l

CUSTOMER SERVICE SUB-CENTER

L

3~ 22

CUSTOMER SERVICE SECTION
OPERATION SECTION

PLANNING SECTION

TECHNICAL STANDARD SECTION
CONSTRUCTION SECTION

REPAIR AND MAINTENANCE SECTION
WORKSHOP SECTION

GENERAL

WAREHOUSE -
ACCOUNT AND FINANCE
CUSTOMER SERVICE
CONSTRUCTION _
SYSTEM OPERATION AND MAINTENANCE

. METER

TRANSFORMER

TECHNTCAL
ADMINISTRATIVE
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Table 3-10 RADIO FREQUENCY

System - Channel. F;iquency (gz) Remarks
| CH 1 171.250 | 165.500
st CH 2 171.300 | 165.550
ster CH 3 171.350 | 165.600
, CH 4 171,400 | 165.650
VHF

| e 165.500 | 171,250
Repeater . CH 2 165.550 171.300
Sub. Mobile | CH 3 165.600 | 171.350
CH 4 165.650 | 171.400
Master CH 1 | 457.025 | 460.175

UHF 1 — . :
_ CH 1 460,175 | 457.025
Sub, Mobile | .y 4 457.025 | 457.025
Master CH 2 457.125 | 460.275

UHF I _ s
CH 20 | 460,275 | 457.125
Sub. Mobile | oy 5 457.125 | 457.125
450.650 | 460.150
_ 450.675 | 460.200
450,750 | 460,225
UHF L1 450.725 | 460.250 Reserved

470,300 | 475.300
470.325 | 475.325
CH 1 7.541 | 7.541
HF CH 2 7.960 |  7.960
CH 3 . 8.145 8.145
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Table 3-11° PRESENT STATUS OF FREQUENCIES USED IN FACH REGION

B Frequggﬁg sommz | lgod'ﬁﬂz
Region - C : o _
N1 . ' cH 1,_2,-3, 4 -17”cH_2.
N2 | CH. 1, 2,3, 4
Ni - | | on 2
NE1 .: | cH 1, é,}z; 4
NE2 ' e 1
NE3 CH 1, 2
a1 : ¢32;.3  lar
c2 | cm2
3 w2z [ cn 2
s1 | cn 1, 2,3, 4
2 ez
s3 cnré .
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10.
11,
12.
13.
14,
15.
16.
17.
18,
19.

20.

21,

22.
23.

24,

Table 3-15 TRAINING COURSE

Lineman

Distribution Systém Construction

Distribution System Operation and Maintenance

Customer Service

Technician for Customér Sexrvice Center

Technician for Customer Sexrvice Sub~Center

Energy Metering

Recloser

Sﬁitchgear

Transformer Installation and Maintenanc
Voltage Régﬁlator

Capacitor

Distribution Gontfoi Station Opéféfdrs
Distfibution Control Station Operation
Substation Operation

Distfibution System Dispatching Center

Distribution System Dispatching Center

Hotlineman

Chief Hotlineman

Hydraulic Crane Truck fox'Driver
Hydraulic Crané-Tfuck.for Supefﬁisof
Hydréulic:Crané'Maihtenance and.Repair 
Trailer Truck;for Driver |

Forklifg Truck for Driver

3~ 33
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Opefator

Operation for Engineers



25.
26.
27,
28,

29,

30.

31,

32,

Heavy Truck for Driver

Automobile Tachograph Analysis

Séfety_Inspector

Safety Engineer

Safety for Distribution System Construction Supervisor

Fuel 01l and Lubricant

Train-the~Trainer

. Diesel Generating Set Maintenance
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Table 3-16 TARIFF STRUCTURE OF ELECTRICITY DISTRIBUTORS (MEA, PEA)

1. Residential Sefvice

Energy Charge: First : 5 kWh or less .5}60 Baht

Next 10 kWh 0.70 -Baht /kWh-
Next 10 kWh 0.90 Baht/kWh
Next - 10 kWh - 1,17 Baht/kWh
Next 65 kWh 1,65 Baht/kWh
Next 50 kWh - 1.,75 Baht/k¥Wh
Next 150 kWh 1.83 Baht/kWh
Next 100 kWh © 2,04 Baht/kWh
Over 400 kWh _ 2.11 Baht/kWh

Miniwum Charge: Baht 5.00 per month

2, Small Business (Under 30 kW)

Energy Charge: First 40 kWh or less 89.72 Baht

Next 260 kWh 1.81 Baht/kWh
Next 700 kWh -1,92 Baht/kWh
Next 2,000 kWh 2.04 Baht/kWh
Over 3,000 kWh - 2.21 Baht/kWh

Minimum'Charge: Baht 89.72 per month

3, Large Business (Over:BO kW)

Demand Charge: 98.00 Baht/kW
Energy Charge: _ 1.52 Baht/kWh

4, 8Small Industrial: (30-499 kW)

Demand Charge: ' . 98,00 Baht/kW

Energy Charge: TFirst 50 kWh : 1.46 Baht/kWh
Next 150 kWh 1.45 Baht/kWh
Next 200 kWh _ -~ 1.44 Baht/kWh
Over 400 kWh 1.43 Baht/kWh

5. Large Industrlal (Over 500 kW)_

Demand'Charge: ' 90.00 Baht/IW

Energy Charge: First = 200 kWh 1.44 Baht/kWh
Next - 280 kWh 1.43 Baht/kWh

Over 480 kWh o -1.41 Baht/kWh
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6. large Industrial (OFF-PEAK)

OFF~PEAK

Demand Charge: 65.00
Energy Charge: 1.40
ON-PRAK
Demand Charge: 115.00
Energy Charge: 7 1.40
7. Temporary
Demand Charge: 30.00
8. Special Rate
Demand Charge: 87.00
Energy Charge: : 0.9361
9, Water Work and Irrigation
Energy Charge: First 100 kWh or less 117.00
Over 100 kWh 1.17

M{nimum Charge: Baht 117.00 per month

Note: Effective April, 1983
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Chapter 4

PRESENT STATUS AND PROBLEMS OF DISTRIBUTION DISPATCHTNG SYSTEM

Ofganization of Distribution Dispatching System

The distribution system dispatching center of PEA consists of
a central.disﬁribution_system dispatching center and 12 regional
distribution system dispatching centers.

The central distribution system dispatching center belongs to
the operation and malntenance department of head office, as shown
in Table 3-3, and takes charge of the following duties.

. Esfablishment of the regulations and standards of distribufion
dispatching system
"+ Analysis andiplanning of disfribution'dispatching system
. Study of the 6peration of distribution dispatching system
. Study and application of new techniques and equipment
. Education and training

The regional distribution system dispatching center is under

- the control of the operation section of reglonal office, as shown

in Table 3-4, and takes charge of the dispatching duties In respon-

sible area- of- regiona1 office, with 2 operators working in 3

_ shifts. The number of substations and high-voltage feeders under

the control of regional distribution system dispatching centers are

shown in Table 3~7. In Central Region 1, which has the largest

.~ scale, there are 13 substations and 75 féedersf'



4~2 Dispatching Operation System

4-3

The issue. of dispatchiﬁg commands and ﬁhe ekchapge .of
information within the area under the control of reglonal office
are carried out direétly by radio between the regional“distribution
system dispatéhing center  and the contrél' stations, giectric
offices, customer service centers, cusfamer service sub-centers,

mobile radio stations, as shown in Table 4-1.
Fault Handling Procedure

The Fault handling procedure of distribution lines is shown in
Table 4-~2. The oqtline of  the procedure 1s summaiized in _the

followings.

(1) Collection of Fault Information -
There are 3 routes for the regional distribution system

dispatching center to cellect the fault information.

{a) Control station -~ Regional distribution system dispatch-

ing center

(When the ecircuit breaker of control station 1s tripped.)

{b) Office / service. center =~ Regionél distribution system
dispatching center-
(WHen. the circuit breaker of.substation without - control

station is tripped or when the recloser is tripped.)

4 -2



(2

(c)

Customer —- Office / service center -~ Regional distri-

. bution system dispatching center

(Same as Case (b))

The notifications of customer to the office [/ service

center are done either by telephone or directly in person.

The notifications between the PEA organs concerned are done by

"radio.

Fault Handling Procedure

The procedures to be taken after the regional distribu-

tion system dispatching center receives the fault information

are described in the followings.

(a)

(b).

The regional distribution system dispatching center exa~

mines the fault information, and give the commands to

maintenance crews of the offices / service centers to

investigate the faulty point. . The command lssuing route
is as mentioned In Clause 4-2. The maintenance crews and
vehicles are distributed to the offices / service centers

as mentioned in Clause 3-2.

The maintenance crews patrol the service area by mobiles,
and when they discover the faulty point they take the
emergency countermeasures and inform the regional dis-

tribution system dispatching center of the situation.



(c) The regional distribution system dispatching center
directs the system operation and restoration works. to

maintenance crews.

{d) .The maintenance crews restore the s&stem by cérrying'but
the restoration works. When the restoration works are
difficule, the maintenaﬁce_ créws inform the reglonal
distribution system dispatching center of ‘the fact once

again.

“4~4 Evaluation of Present Status and: Problems of Distribution

Dispatching System

The results of the evaluation of present status and problems
of distribution dispatching system are as described 1in the

followings.

(1) The present system, in which the regional distribution system
dispatching center takes charge of distribution dispatching
- task in the service area of regional office, is regarded as

appropriate in view of the following reasons.

(a) The scale of distribution system in Central. Region 1,
which is the largest one, consists of- 13 substatlions and
75 high voltage feeders, and therefore 1t is pbssible to

be covered from a'single.dispaﬁching'centgr._



(b) The maintenance crews are distributed  throughout the
electric offices and customer service centers, and there

is no problem regarding the maintenance.

(2) The following problems are identified in connection with the

(3)

collection of fault information.

(a) When the circuit breaker of substation where the control
stafion ié not .installed is . tripped, the fault inforﬁa—
tion 4s collected from the offices [/ service centers, or
from customers via the offices / service centers. In
this case it 1is necessary to confirm the operation of
cilrcuit breakers, requiring rather long time for the
confirmétion of fault. In particular, the notifications
from customers take very long time in the areas where the

‘public telephone service is not available.

{b) Whén the feciosef is tripped, the oberation of recloser
is detected very rarely'at the control station, There-
fore, the collection of the fault information is dome in
the same ﬁay as in (a) above. Furthermore, it is neces-
sary to confirm the operation of recloser, requiring

considerably long time for the confirmation of fault.

The investigétion of faulty section, and the system operation

for interchanging power to sound section are carried out

'manuaily accdrding to the commands issued at the distribution

system dispatéhing center. That being so, long time 1is



(4)

(5)

required for the detection of faulty seéction and system

switchover.

As a consequence of the said situation, the supply-interrﬁp—
tion becomes long whenever a fault occurs in the system, in-
addition, the faults oceur frequently, éausing'the-frequent'

complaints from customers.

Results of survey of big customers indicate that the damages/
losses attributable to supply interrupfion amount to huge
sums, as described in Clause 3-5, causing the considerable

losses to the national economy.
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Table 4~2 FAULT HANDLING PROCEDURE

SUPPLY INTERRUPTION

RECEIVE INFORMATION FROM

CUSTOMER
BY
CONTACTING

PEA CUSTOMER SERVICE CUSTOMER
CENTER, SUB-CENTER BY - BY
TELEPHONE OR RADIO TELEPHONE

PEA DISTRIBUTION
CONTROL STATION BY
TELEPHONE OR RADIO

'ELECTRIC OFFICE RECEIVE INFORMATION

¥

REGTONAL DISTRIBUTION.SYSTEM DISPATCHING
CENTER RECEIVE INFORMATION AND ADDITIONAL
' DATA BY RADIO OR TELEPHONE

-
T

RDDC EVALUATE NATURE AND LOCATION
OF FAULT AND CONTACT FIELD CREW
TO FIELD INVESTIGATION BY RADIO

FIELD CREW INVESTIGATE LOCATION
-OF FAULT'BY MOBILE

|

FIELD CREW CLEAR LINE AND RDDC
DIRECT FIELD CREW TO RESTORE SUPPLY

~ CANNOT RESTORE SUPPLY

CAN RESTORE SUPPLY

PEA CAN RESTORE SUPPLY
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Chapter 5 DISTRIBUTION SYSTEM DISPATCHING CENTER DEVELOPMENT PROGRAM

5-1 MNecessity of Distribution System Dispatéhing Center Development

During the period from FY 1985 to Ff 1995, the energy sales of
three autﬁorities {EGAT, MEA and PEA) in Thalland is expected to
grow at an annual rate of 6.5 percent from 19,979 GWh to 37,549

_GWh. During the same period; the energy saies of PEA is expected
to grow at an annual rate of 8.4 percent from 8,557 GWh to 19,185
GWh, with the share of PEA in the three-Authoritieé inereasing from
-42.8 percent to.Si.l percent, While the ratio of industrial power
demand to total demand for the three Authordties will decrease from
4479 percent (8,970 GWh) in FY 1985 to 42.8 percent (16,085 GWh) in
FY 1995, that for PEA is.expected to: increase froﬁ 44.4 percent
(3,8@2 GWh) .in FY11985 to 46.3 fercent (8,885 GWh} -in FY 1995, In
short, the power_dgmand'offPEA will continue to grow at a high
growth rate, with ihe ratio of -industrial power demand, which
requires high supply reliability; continuing to increase steadily.
. -The. éircuit. length of high 'ﬁoltage lines increased at an
- anmual rate of 19.2 percent dpring' the past 10 fears, reaching
89,369 km at the end of FY 1985, This tremd of increase is ex-
pected to éontinue in the future, though the incredse rate may
deciine.someﬁhat;

‘The ‘number of ﬁigh.voltage'feéders is planned to increase from
564 ;ﬁ FY 1985-t0 811 in ¥Y 1993. With these expansions, the con-
figurétibn 'of, high wvoltage .distribution system will become

increaSingly:complicated.



On the other hand, the faults of high'véitage'distribﬁtion.
lines totaled 7,846 times, with the supply interruption of 16;918
hours during the on;'year period from August31985 to July 1986,
The frequency of faults per feeder was 14 timeé, with_the=éﬁpply
interruption of 30 hours, indicating an-extremel& high level of
power rfaults; : The average durafion- of"supply_.interruption per
fault is 2.16 hours and fhe supply interrﬁption'1astiﬂg.more than
three hours.account for about 20 pérdgnt of “the fotal_faults. ‘The
losses of big custoners by.supply intgrrﬁﬁtioh.in FY'1986 is esti~
mated at 365 M.Baht, caﬁSing theg‘great lqséés to.-fhe nationai
aconomy. The losses of big cusfomers is ekpected to increase in
the future with the growth of industrial.power demand:and.is esti-
mated to reach 551 H,Baht in.FX 1995.

In spite of_the said.situation,'there is no automated super-
__viédr? control equipment provided fdr tﬁe dispatching operations of
- extensive distribuﬁion.systemgnand.the dis@atching'opetations are
being carried out mainly through the voice communication with VHF

(partially UHF) radio éystem. As.a result, a:considerable amount
of time and labor have been réquired for the COllé;tiﬁn.of fault -
information, detection of fault.sectioné, and intetéhange.bf poﬁer
to sound sections;. and -it is becoming increaéingly difficult fof
PEA to cope witﬁ the situatlon with the cohvéntion&l system, More-
over, the operation of distribution system 1is 9Xpected-;o become
more complicated.aﬁd difficult.ﬁith the grdwfh of,pbgetademéﬁd and"
expansion of facilities in the future,qand ihé'sdtial demaﬁd fqr-ﬁ

more reliable power supply will become more strict.



5-2

To_éope with the situation, it is essential to promote the
automated distribution dispatching operations through the iﬁtroduc—
tion of aun advanced distribution dispatching system and the impro-~
vement of communication systém. It 1s advisable to carry out these

measures: as prowmptly as possible.
Facilities to be Supervisory Controlled

The studies were made of the substation expansion plan, high
voltage‘féeder-expansion plan and the criteria for the installation
of sectiénalizers, to estimate the quantities of facilities to be
supervisofy controlled and the data quantities to be transmitted

through the distribution dispatching system.

(1) Substation Expansion ?1an

The substation expansion plan is summarized by regions in

Table 5-1. The detailed.data of each subétation are shpwn in
Annexes 5-1-~1 to.5—1—12. In FY 2000, a total number of sub-
sﬁations-is expected to feach‘;56 substations, with 270 trans-
formers having a total: capacity of 7,734 MVA, Thé number of
substations -of one region wiil range from:a maximum of 19
substations (Cl) to a minimum of .10 substations (NE2, NE3),

- averaging 13 substations. The most common unit capacities of
 transformers to be installed are 25, 40 and 50 MVA. The uti-
lization: factor of transformers is expected to reach 67.0

 percent in 2000, as shown in Table 5-2.



(2)

(3

(4)

High Voitage Feeder Expansion Plan

The high voltage feeder expansion plan is summafized by
regions in Table 5-3, The detalled data of each substation
are showm in Annexes 5-2-1 to 5b2-1é.‘ In FY 2000, a total
number of high voltage feeders 1s expected to: reaﬁh 841
feeders, with the number of feeders of one fegion ranging from.
a maximum of 116 feeders (Cl) to a minimﬁﬁ of. 48 feeders (81),
averaging 70 feeders. The average number of feeders per sub-
station is expected to be 5.4 feeders, with an average load of

6.2 MW per feeder.

Reclosers

No long-term plan.regardiﬁg_the-reclosers has béen made

by PEA, With more sﬁbstations added, no long-distance'distri—_

bution line is expected to increase. Therefore, for the

" reclosers, the existing number of units was considered to be

left,

Criteria for Installatioﬁ of Sectioﬁalizers

As menfioned_in Ciause 3~4u(2),-0n1y 10 units of sec—
tionalizers are.now-being used for trial .purpose. Therefofe,
the sﬁpply reliability ‘would be improved remarkably, 1f ther
sectionalizers are imstalled and the detéction-of faulty sec-
tions, interchénge of power into  sound sectioné,ﬁre effected
by the remote control from the_distributionisystem.disbatcﬁing

centers,



The effect of the improvement of supply reliability by
the installation pf gectionalizers may be analyzed as follows.
The expressions below are used td calculate the interruption
reduction ratio which is defined as the ratio of reduced
interruption by sectionalizers to the interruption in the case
that no sectionalizer is installed. It is assumed that "n"
units of sectionalizefs are installed for bne line and the

load of each section is uniform,

(a) Yor Radial Line

n

R TG

(b) For Interconnected Line

where,

Dr: Ihterrqption rgduction ratio for radial line
iF _Interruption réductiﬁn ra;io for interconnected line
n : No. of sectlonalizers installed per line

A fixed relationship exists between D_and D.: D = 2D .

1

That is, the interruption reduction ratio for the intercon-
.nected 1line is';wice that for the radial line. The table

below shows D_ and D, with "n" as the parameﬁer.

i

D n 1 2 3 4 5
nr' 1 o0.250 | 0.333 | 0.375 0.400 | 0.417
D, 1 0.500 0.667 0.750 0.800 0.833




1 the incremental

interruption reduction ratlo for each additional unit with

‘The table below shows. dr 'and d

"nth" as the parameter.

I st and | 3rd 4th 5th
d_ -l 0.250 | 0.083 | oibgz’ 0.025 0.017
a 0.500 | 0.167 | 0.083 | 0.050 | 0,033

The table above indiéates'that.fhe_fifst.ﬁﬁit insfalled
contributes.mﬁst to the interfﬁptioﬁ'reduction. The rate of
contribution bf Athe'_second_ and subsequgnt unit .added is
reduced. successively. For the sectionalizer, the following

three cases were studied based on the analysis above,

Case 1: To install one unit for évery”line
Case 2: To imstall two units:for interconnected line .and
‘one unit for radial. line

Case 3: To install two units for every line

The table below shows the intertuption reduction ratio
for the three cases, with the interconnection ratio of high
voltage lines "iﬁ'(supply énergy of iﬁtétébhnéétéd lines/totél

supply energy) used as the parameter.



D . Case 1 Case 2 Case 3

T+ 1 3+ 51 T+ 1
i 3 12 3

0 0.250 0.250 0.333

0.1 0,275 0,292 0.367

0.2 0.300 0.333 0.400

0.3 0.325 0.375 | 0.433

0.4 0.350 0.417. 0.467

0.5 0.375  0.458 . | 0.500

0.6 | 0.400 0.500 0.533

0.7 ' 0.425 0.542 0.567

0.8 . 0.450 0.583 0.600

0.9 0.475 0.625 0.633

1.0 0.500 0.667 0.667

The inte;connection ratioé:of high voltage 1inés for each
region are shown in Table 5-4. The ratios were estimated for
the substations that can be interconnécted by .distribution
lines, The detailed data for each substation are shown in
Annex.5~3ﬂ The average interconnection ratio is estimated at
- 40 peféeqt.

Table 5-~5 shows the numbér of units of sectionalizers to
be required for the above. three casés'in 1994 and 2000. The
reQuiréd number of sectiqqalizers was calculated by reducing
the number pﬁ existing reclosers'on'main lines -from that for
'. thg:abovemgﬂtinéd criteria. Annex 5-4 shows the installation

V.Statns of recldsgrs, and .Anngxes _S—S—l and 5-5-2 show the
7 caicu}ation method of.ghe required number of seétionalizers.
_The total required nﬁmbef of units is as shownrin the follow-

 ing tgble.



Case . : ) :
¥y Case 1 Casge 2 Case 3
1994 691 871 1,400
2000 730 912 | 1,477

{5) Quantity of the Facilities to be Supervisory Caﬁt;olled
Table 5-6 shows the quantities of the_faciiities to be
9upervisory éontrolled_in 1994:1n each fégion. These facili-
ties-.were' estimated to reach 150 substations, 794. circuit
ﬁreakers, 420 reclbsers, and 691, 871 aﬁd 1,400 sectionalizers
for Case 1, 2 and 3, respectively. The detailed_&ata fdr_gach

region are shown in Annex 5-6,
5~3 *Organization of Distribution System Dispatching Center

As a rule, a single distribution syéﬁem.dispatthing center is
to be constructed at each regional office for the reasons described
'beléw. In Southern Région'l; howévér, twb dispatching centers are.
to be constructed because of the restricted condition of radio

routes,

(1) The scale of high'voltagé distribution sySéam is expected to
be in the rangg-of being covered froﬁ:a éingle_diséributioﬁ
gystem’ dispatching ‘center in the f@tu:é. "As- ﬁeﬁtioned in
Clause 5-2, fhe number of substations of bﬁé{fégion ié ex—

pected to range from a maximum of 19 substations to a minimum



(2)

(3

(4)

(5)

of 10 substations, averaging 13 substations. And the number
of high voltage feeders of one reglon is expected to range
from a maximum of 116 feaders to a minimum of 48 feeders,

averaging 70 feeders.

Becauée the regional office is the coordinative organ of dis-
tribution systém planning and operation, the distribution
system dispatching center is most suitable to bé locatéd at
each regional office from the organizationmal and oﬁerétional

viewpolnts.,

There are many cases in which the high voltage distribution

lines of a single substatlon are extended ranging from offices

to offices. Therefore, it is considered that the centralized
dispatching-from_the regional office makes the system opera-

tion easier.

As mentioned in Clause 3-2, there'is no problem regarding the
present maintenance system, because the maintenance staffs are
distributed throughout the electric offices and customer

service centers.

By the installation of repeatef'sta;ions, the data transmis-
sion'system-is possible to cover almost all areas of each

region,



(6) If the distribution system.diﬂéatchiﬁg-center are not centra-
lized but distributed, an Increasing number‘bf.radio waves for
dispatching system will be needed, along with the rééstructure
of the existing communication syséém.. Wifh~more-center facll-

ities required, the construction cost will be much higher,
5-4 TFunction of Distribution Dispatching System

" To solve the probleﬁs of existing distribution dispatching
system descriﬁed in Chapter 4, the measureS"'such as the early
collection of fauit'information, speedy detection of the fauity
section, quilck interchange of power to sound sections, and fést
system-reconfiguratiqn,'etc._are:necessary;--Aiso needed is the
acquisition of data for the interchange of power 1n case of faults
as well as for the:efficient system operation and.pianning.

With the above system :reqﬁiremanfs taken into account, the
following functions were determined for the distribution.dispatch—_

ing system.
(1} Supervisory Functions

{a) Normal Sufervision
| The master terminal unit pqlls thé remoté'termiﬁal
units one by one'tﬁ supervise~their status;-.fhe data to
be collecféd inclqde:
- dpen-élose sté;us of control statioq bfeakers,
distriﬁutioh line teclosefs. and seétionélizers'

(hereinafter referred to as "switching devices") .

5-10



-~ Operation status of control station relays
~ Bus voltage at control stations
~ Active power and reactive power of high voltage

feeders

(b) Detection of Status Changés

Besides the nérmal supervision, the master terminal
unit transmits the status change detection signal simul-
taneously to all its remote . terminal units at fixed
intervals (every n units) .to supervise their status
qhanges. If the ﬁultiple tremote terﬁinal units transmit
the status change signal at the same time, the detection
is made for each group divided beforehand. The status

change detection is made for the switchiﬁg devices.
(2} Control Functions

{a) Individgal Control
In the individual control mode, the master terminal
unit selects a specific remote terninal and open or close

the switching device.

{(b) Concurrent Control
In the concurrent control mode, the master terminal

unit closes all the switching devices concurrently.



(3)

(4)

(5)

(63

‘Display Function

‘The master terminal unit displays the open-close status

~of switching devices, status changes and measured data on the

CRTs.

System Diagnostiec Function
The function to diagnose faults, malfunction of the
master termingl units, power supply units and other equipment

is to be included.

Maintenance Function
The maintenance of the data base following the addition,
removal or replacement of switching devices 1s to be readily

carried out through the use of man-machine interface devices.

Data Collection, Processing and Compilation

The function to collect, process and compile the data fo:

‘the operation and planning of distribution system is to be

included,
(a} Bus Voltage at Control Station and Current, Active Power
and Reactive Power of High Voltage Feeder

The data are to be collected hourly.

(b} System.Operation'Logs
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Table 5-~7 summarized the reqpired data guantities to be trans-
mitted in each region in FY 2000 estimated based on the above func-
tions., = The detalled data are shown in Anneges 5-7-1 to 5-7-12.
The data quaﬁti:ies to be transmlitted in one region for case 3 are
estimated at 630 measured values and 1,459 status iﬁdications for
the largest region (Cl), 267 méasured valﬁes and 631 status indi-

cations for the smallest region (81), and 379 measured values and

"899 status indications on the average.

Table 5-8 shows the calculation results of the polling cycles
{(required duration for collecting data from every remote terminal
unit) for eaﬁh region in 2000, The polling cycles were calculated
for the normal polling and hourly polling, - In case 3, the polling
Cycies of the largest region (Cl) is estimated at 5.2 win. for the

normal polling and 6.1 min. for the hourly polling at the signaling

rate of 200 bauds.

Structure of Distribution Dispatching System

The block.diagram of distribution dispatching system is showm
in Fig. 5-1.

This distriﬁution dispatching system consists of the master
termina1 units (MTU), remote terﬁinal'units (RTU) and feeder remote

ternlnal units (FRU). The MTU and RTU/FRU are linked by UHF radio

_via the:repeater stations, The MTU is connected with the computer

‘gsystém via the front end processor (FFP). The man-machine inter-

face devices comprise the CRT units, printer and loggers.
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5-6

Recent trends are in favo; of concentrating éll-indications:of
the‘0pen—close status of switching devices onto the CRT, diécénfi—
nuing the use of mimic board for status display. Therefore, It ﬁas
planned to utilize the CRT for the status display,'with'the mimic
board used to have a overview bf the total distribution system.
Two CRTs are provided to éach séfiés of the dual.systeﬁ.' Oné of
them may be used exclusively for the'status display.

The data transmission is pérformed By'tﬁe poiling'méthod in
which the master terminal unit polls its remote terminal units fnf
the data collection or control. It is considéred.fhat ‘an Ilhbif
format 1s to be used for the data transmission and the word confi-
guration ig to be variable depending on - the data-quantitiég. With
the polling cycles and tranéﬁiésion' characteristics - taken 4nto
account, the signaling rate .of 200 “bauds ig'iconsidered to be

prefeiable.
Data Transmission System

(1) Da;a Transmission Media
There are thrée typeé éf data transmission media,:namely,
radio wave, communication lihe‘and powér'iine. The communica-—
tion lines are widely used for the supervisory control of the
shbrt—distance.dis#ributidn system with the-cifcuit length'0f
10 km or less. However, the use of communiéétibn lines for
the supervisory control. of the Ilong~distance &istriﬁutibn

system such as that of PEA:involves the-folibwing:problems.
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(a) Because of the high transmission 1loss, the repeater
stations are required to be installed at the intervals of
20 to 30 km, causing the deterioration of transmission

characteristics and high cost.

(b) The transmission characteristics are worsened by the

noise induced by distribution lines.

{c) The data transmission is affected by distribution line

fault or by lightning.

{d) The damaged cable sheaths tend to absorb moisture,

deteriorating the Insulation.

(e) The extended communication cables increase the overall

costs.

The power line carrier system is widely used for the
transmission system. -Fbr_the'distribution system, however,
- there are so many equipment connected and many spur lines
involved that the high frequency transmission characteristics
are complicated with the resulting high transmission loss and
high line noisea

The distribution line carrier is only .partially used on
thé. trial basis for. the supervisory control of the short-
: distanée'distribﬁtion-system with the circuit length of 10 km
ar less, ”ﬁoﬁever, the said'system.is yet to be field-proven
énd' it is éonsidered .to be a technolegically incomplete

system,
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(2)

Another kind of distribution line carrier -with the 1OW'

frequencies of less than 300 Hz is also used for the super-

- visory control - of distribution system, This system s not

suitable for the subervisory control of a large number of
facllities because of its low signaling rate.
For the reasbns, the radio wave was adopted as the data

transmission medium,

Selection of Radio Routes

The selected radio rbutes are snmmarized'.in Fig., 5-2.
The details for eaéh region aré shown in Annexes 5-8-1 to
5-8~12. The routes were selected on the map based on the
results of field-surveyé. The special consideration was given
to cover the all areas.of each region with a minimum.number of

repeater stations. Because the service area is extensive, the

- repeater stations are required throughout all regioms. A

total of twenty-four repeater stations were planﬁed, with
three regions having one station, six regions having two sta-
tions and thrée regions having three stations.

In Southern Region 1, six repeater stations are fequired
in series to cover the Ranong substation in the southern
district from the regional office._.For the reason, two dis-
tribution system dispatching centers were planned to bé con-
structed in Southern Reéibn=l,'one"at'regional officé and.tﬁe
other at Chum Phon electric office.

The radio routes may bé-grouﬁed into'fqur tyﬁes as shown

below. -
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~Type'1

Type 2 O O

Type 3
<:) -Center S;ation
(:) Repeater Station
Type 4 o Rémote Stntfon

The transmission characteristics were studied regarding
each repeater station.and remote stétion (substation, reclo-
. ser) with the target value being a S/N of 25 dB or more (in
the .sténdard sfatqs), a field strength of ;95 dBm, .and a
utiliéation factor.of 957, |

In.the standard status, S/N was 30 dB or more for each
spation.' In terms of the field strength, only a few stations
' turne&.out to bg hardly covera&, but these!étations are reclo-
ser remote Btatioﬁé, which are likely to be covered through
the relocation. |

It is considered that the radio interference can be pre~
vented by - the several measures,. aﬁpropriate allocation of
'frequencies to -each region, employment of directional anten-

- nass, édjuStment of recelver sensitivity, ete.
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Because the maps wifh a.scalé of 1/250,000'were used for
the study of transmissionl characteristics, theré We_fe some
places where the intervals of contour lines ﬁere 80 wide phgt
the detalled topogfaphy couid not be recognized. Prior to the
construction wo;ks, it will be necessary to grasp the topo—'
gréphy on the maps with a scale of 1/50,000'én& to :perform the

propagation tests.

Radio Frequencles

The data transmission in the distribution dispatching

system 1s performed by the polling method, in which the remote

stations are polled one by one. In this case, there are two

patterns of transmitter operation. The required number of

“frequencies is different for each pattern as described below.

{(a) The transmitters 'at center stations, repeater statioms

and remote stations are turned om only at the time of

data transmission.

{8 Center Station
O - Repeater Station

o Remote Station

" f  -Frequency
For this pattern, only two waves are required

regardless of the number of "~repeater stations. The

" obvious advantage is the simp]‘,e requip'mént_-5'config.urati'6n.
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(b)

However, this kind of pattern is not practical because it
takes 0.5 seconds to turn on its transmitter every time a
station transmits data, resulting in the prolonged

polling cycle.

The transmitters at center and repeater statlons are kept
turned on, while the transmitters at remote stations are

turned on only at the time of data transmission,

£y fa
o) (S
13 fs

ol e Glfa e e

The equipment configuration 1s complicated, and 4
waves are :equired in case bf one repeater station, 6
ﬁaves in case of 2 repeater stati’on.s, and 8 waves 1in case
of '3 repeater stations. - But the turning on time qf
transmitters is required only for the remote stations,

resulting in the short polling cycle. . This operation

pattern was adopted in the distribution dispatching

system, The polling cycles mentioned in Clause 5-4 were
calculated baséd_on this operation pattern,

The table below  shows the number .of ceﬁtral and
repeater stations as well as the.number of frequencies

required for each region.



No. of. To. of _ No. of
o | o | e |l
N1 1 2 6
N2 1 3 8
N3 1 2 6
NE1 1 3 8
NE2 1 2 6
NE3 1 2 6
c1 1 1 4
¢2 1 1 4
C3 1 1 43
51 2 3 10
s2 1 2 6
83 I 2
For " number of frequencies all vegions,

apprbximately 12 waves would be required.

UHF (400 MHz band) radlo were adopted for the distribu-

tion dispatching system with the foregoing ahd'the following

factors taken into account:

(a) PEA has already reserved 12 UHF waves (400 MHz band).

(b In Thailand, there are some room in ‘400 MHz band and it

is considered that the required number of freqﬁenéies'fdr '

the distribution dispatching-'system is poséible to be -

secured in the future. .
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{4)

(¢) Based on the results of field propagation tests and the
study 1in Japan, it is concluded that the data transmis-

sion is technically feasible by using the 400 MHz radio.

Improvement of Existing Communication System
As mentioned in Clause 3-4-(3), the existing communica-

tion system has such problems as the low transmisslon quality

~due to the long distance propagatiom and obstruction by moun-

‘tains, and dinadequate number of channels for the required

information quantities,

To improve these problems, the multi-channel radio system

was planned for the . trunk communication system between the

distribution system dispatching center and the repeater sta-

-tlons. This system consists of six channels, with one channel

usad.for_the data tfanSmission, one channel for the dispatch-
ing cbmmuﬁication and the rest for the general communication;
While thére geems Lo bé little necessity for using the multi-
chamnel radic system for the distributilon dispatching system,
the adéﬁtion of this imprbvemeht measure will result in the
improvemeqﬁ of transmission quality and the Increase of the
number of.channels for the existing communication system, For
the dispatching communication, the proposed system provides
the direct communicatioﬁ‘ from the distribution dispatching
center to almost all areas of each'regioﬁ;

As fhe addifional'equipment for the improvement measure,
the multi-channel transmitters-receivers. and the siﬁgle—
channei fransmitters-receivers7for the disbatching communica—

tion were considered at the diétributiqn-system dispatching
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centers and repeater statlons. The additional construction

cost for the improvement measure is estimated at 2.8 M.US$,
(5) Structure of Equipment
The structure of major equipment is as shown in the

followlings.

(a) Center and Repeater Stations .. -

Multi-channel UHF transmitter-receiver with standby
Duplex operation

Transmitter output: 10W

Single-channel UHF transmitter~receiver with standby
Duplex operation

Transmitter outputf 10.W.

Single-channel.UﬁF'transmitterfreceiver
Simplex operation
.Transmittef outﬁut:-.lo W
- Remote sﬁpeiviaory'equipment

~ Grid parabolic antenna

Eight-stages co=linear antenna
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(b) Substation Remote Stations
=~ Single-channel UHF transmitter-receiver with standby
Simplex operation
Transmitter output: 10 W
~ Remote supervisory equipment

~ TFlve-elements Yagl antenna

'(c) Feeder Remote Statiqns
- Single~channel UHF traﬁsmitter~receiver
Simplex operation’
.Transmittér output: 10 W

— Five—-eglements Yagl antenna

The required number of transmitters and receivers im FY

1994 1s showm in the following table.

Stafion No., of 'No. of No. of
Statious Transmitters Recelvers

Center Station : 13 36 16
Repeéter Station 24 78 78
Substation Remote Station 150 150 . 150
case 1 | 1,111 1,111 1,111

roader _ _ _ . .
Remote Case 2 1,29] . 1,291 1,291

Station ‘

Case 3 1,820 1,820 1,820
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5-7 Evaluation of Supply Reliability

Table 5-% shows the'estimated'frequency of power faults and
inferrhption energy in FY 1995.. The fréqueﬁcy of fau;ts was esti-
mated on the assumption that the frequéncy of faults per feedef
will decrease at an annual rate of 5 percent. For the interruption
energy; the decrementél interruption energy waé caléuléted by mul-
tiplying the interruption energy prior to the project by the inter-
ruption reduction ratio mentioned iﬁ Ciause 5-2~(4) (see Annexes
9-1 and 9-2).

The frequency of power faults 1s expected to decrease from
7,846 in FY 1985 to 7,143 in FY 1995.

The interruption energy in FY 1995 1s expected to.decrease
from 30,0 GWh in FY.IBBS to 25.6 GWh for Case 1, 23.3 GWh for Case_
2 aﬁd 21.2 GWh for Case 3, and to decrease to 066.1 percent, 60.2
percent and 54.8 percent, respectively, compared with 38.7 GWh
which is the estimated intérruption energy prior‘té fhe projedt.

, The_éhare of iﬁterruption energy in the enefgy_gales is expected to
decrease from 0.319 percent in FY 1985 to 0.1333percentrfor'Case 1,
0.121 percent for Case 2 and 0.111"perbent-for Cése'B,‘respec-
tively. | | | |

The interruption energy of big cusfomers in FY 1595713 ex~
pected'to-decréase from 6.69 GWh in ¥Y 1985 #o 6;49 Wb for Caée 1,
5.77 GWh for Case 2'énd 5;29 GWh for Case,3, and “to decfeése to.
64.3 ﬁefdent, 57.2 percent and 52.4 percenc; respeéfi§giy; éompare&'
with 10.09 GWh which 1s'ﬁhe'e5£imétad in;erruptioﬁ énérgyEfor'big

customers prior to the project. The‘share of‘interrupti0ﬁ energy
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5-8

~in the energy sales for bilg customers 1s expected to decrease from

0.233 vercent in FY 1985 to 0,095 percent for Case 1, 0.084 percent

- for Case 2, and 0,07 percent for Case 3, respectively,

‘Architectural Requirements

The architectural requirements were studied with the new

regional office building of Central Regilon 3, which was selected

for the site of pilot distribution dispatching center, for a'model,

(1)

Buildings

- The Histribution system dispatching center will consiét.
of a control room, computer room and staff office as shown in
Annex 5-9,

The dispatching center is most desivable to be located on
the top_flobr (4th floor) in coﬂsideration of the relation
with radio antennas to be installed on the roof top and the
ease of installation §f airconditiéning systen.

Tﬁefe.is nO'problem.for the1space as shown in Annex 5-9,
but the columns on .2 -line and € - F lines are not
desirable for the efficient operation of the dispatching
center -and should not be provided. .Without these columns, the
column span will be 9,250 mm;.whicﬁ is not considered to pose
any design prqblgm-strﬁcturally.

.. For the floor structure; the double floor structure (free

: acqess,H =250 . mn)} should be employed for the maintenance of

cables.
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(2)

The floor height of the fourth floﬁr of this building is
3,300 mm an& the ceiling height,'after Aedﬁctioﬁ'of the depth
of 500 mm for roof glvder, is Z,SOC wa. With the rgQuiremént
for increasing the depth of rbof girder for longer coluﬁn sﬁén
and the employmeht of the double floor structure faken into
accoﬁnt, the floor height should be increased by.abQUt.SOO mm
to 4,100 wm.

For the structure of the building, the study was made
only in outline, as the detalled structﬁral“calculations for
the building were not available. The floor of the fourth

floor seems to be constructed with the pre-stréssed concrete

. panels but the concrete strength,; and the tensile strength and

yield strehgth of reinforciﬁg bars are nof known. As the live
load of computer room is estimated to be about 300 kg/m?, it
will be‘neCESsafy ﬁo reinforce the floor by providing steel
members between the existing beams.

While the.strengfﬁ of existing beams is consideféd to be
strucﬁurally_safe, the detailed structural study will be re-

quired. prior to the start of construction work.

Airconditioning system

For the design condition, the oufdoor temperature of 34°C
and relative humidity of 53;1- percent. and the design roém
temperaturerof 25°C and relative humidity ‘of 50'percéht'wete
considered.  Also, the heat.genefation of equipment.was con-

sidered to be 9,500 kecal/h in the computer room and 1,700

"keal/h in the control room.
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For the type of airconditioning system, the type shown in

Annex 5-10 is recommended for the following reasons.

Fase of room temperature control

;

Fase of operation

Installation work is simple and fast

~ Equipment is 1n wide use and relatively low in price.

(3) Illumination
For the design condition, the illuminance of 1,000 1x for
the control room and computer raom, 500 lx for the .staff
- office and 200 1x for the corridors were considered.
The.layout (tentative)_of illuminétion equipment is shown

in Annex 5-11.
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Table 5-5 REQUIRED NUMBER OF SECTIONALIZERS (1994 and 2000)

sets)

(Uhi;:

. 1995 T 5000

egion Case 1 Case 2 | Case 3 Case 1 | Case 2 Case 3
N1 57 77 108 62 82 118
N2 44 54 96 47 - 57" 102
N3 51 65 102 51 65 102
NEL 45 55 96 55 65 116
NE2 23 29 59 32 40 76
NE3 45 53 97 45 53 97
ol 123 159 234 124 160 236
c2 85 101 174 85 0L | 174
c3 95 127 179 97 129 183
sl 43 57 87 43 -’57 87
82 35 43 75 41 49 87
$3 45 51 93 48 54 99
Total 691 871 1,400 730 912 | 1,477
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Table 5-6 FAGILITIES TO BE SUPERVISORY CONTROLLED (1994)

Region No; of No. of | No. of No. of Sectionalizer No. of

Substation Banks Circuit ETr| tans3 tane 3 Recloser
Nl 12 25 59 57 77 108 34
N2 12 21 58 44 54 96 37
N3 12 16 60 51 65 102 33
NE1 14 21 68 45 55 96 72
NE2 10 19 47 23 29 - 59 59
NE3 10 18 64 45 53 97 42
ci 19 31 115 123 159 234 22
c2 14 26 90 85 101 174 2%
c3 12 24 86 95 127 179 19
s1 12 15 48 43 57 87 26
82 12 16 45 35 43 75. 22
s3 1 16 54 &5 51 93 30
Total 150 248 794 691 871 | 1,400 420
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