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Fig.5-34 = THustration of Estimation Process for Body Extension

Suspension tower Strain tower

Minimum {Q) extension

a=12m

Required extension

T
St
T

T

bbb
L

= m ) -F
di=124 %&"'\j’"z-‘*
C:Sm = ql
354M - 4678 354M
e ={5M e=|5m
400m
Mecessary extension

354M — 2™ =234T — 64 - 354™~|7™ = |8.4M -» gNx 4

a : Necessary clearance qbove‘ground

b: Depth of jumper |ine

¢+ Necessary élearqnce between conductor and wires
d: Sag at 120°F no wind, 400™ span

e:! Height of wires above ground
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Fig.5-36(1) -  Ciearance Diagram
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Fig.5-36(2)  Clearance Diagram
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Fig.5-36(3) Clearance Diagram
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Fig. 5~36{4)  Clearance Diagram

Strain Contamination Area .
oA
5
8 - /130
o
©









Fig. 537 (D

“Tower Configuration
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Fig. 5-37(2) | Suspension (1°} | ‘suspension  (5°) | - Strain -
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Fig. 539  Mutual Impedance between Wires and
. ~ Transmission Line |
LMl PRSSR.
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.O_-Ooil ) lu'.;---l l Lllll‘l.el-. I b

10 100 T ooe T oo
N S dm, d¢ (m) |
dm, d%s = JI0OE x (dm or dc)

& : Ground conductivity (Ym)

Cdm = (di+d2)/2

]

1

d.c: ( dcl ‘+dc_2') /2'

o wie

deg

e 1 transmission I I

Ly line Let
‘Calculation is necéssary within the distance shorter than

'SKM from transmission line .



Fig. 540 Expldandry "Figur'es for the Cdlcu'lc:?idn'
~ of Electromagnetic Induction Voltage

transmission line

_Wires .
s . le/ba b2 £12/b1 b2+ 223/b2 b3 +£34/b3 b4
_ +.Q45/b4 bs +£6?/b6, b? Foaseeens S

'Culcu[of;ton_"is neces_sqry within the disi'qnce shorter than

SO_O'm' from transmission line
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g st - 21 ' St 31
H S 20 11758 Sm 31 Sm 31

1 @HT280T (I EC standard.)

disc 254m spacing 14 6m

lezkage distance 29 2mn

e/m falling load 12ton

CA—825EC

dise 254m spacing 14 6m

leakage dista.nc_e 43 2unm

e/m falling load 12ton

K2 Figb—5 XbRHI LD, ML L5500V KHL T XOEKLRL TV 5,

(1) Correction f'a(':l_.or for ambient condition 1.05

. Ratio of withstand voltage to 50% flashover voltage 1.12

1550KVX 1.0 X 1.12=1828KY

48 F@ﬁeﬁJbﬁwtéwoMbglrmmﬁbfogmﬁﬁ%ﬁbrpaa
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Table 6-1 Comparison of Each Bus Configurations

Configurations

One line diagram

Legend

o - Clrcuit breaker (C.B,)

x Diécdnnecting switch {D.5.)

Wy Main transformer

Nos, of
circuit
breakers
and

disconnect !
'ingrswitch

Qutage requirement
for circuit breakeér
maintenance

Pyoblem involved in
substation operation

Service ‘stoppage
in case of bug fault '

Double bus bar,

: ) CB 7 Qutage required No problem Fﬁnctioh of system
single tie line ,;J iJJ, )iJ._JJ ' connected to the bus
bus configuration - DS 18 being halved

’ 4 b4 :.I E 4 X X ] .
Double bus bar, %_ CB 10 ditto ditto Function being cut to
four divided. H O ' 3/4
bus configuration § )LJ'LJL LJ LJ:: DS 24
' x X 1:—‘ xox ;:—|
- O :£V
 System separation, Service outage will be-
: _ .apt to be incurred incurred on the main
CB 6 Outage not required in case of outage of | transformer or trans-
Ri bus ba a transformer or " | mission line connected
Clng. ° r DS 12 transmission: line to the faulted bus bar
onfiguration
7 : under the G.B.
maintenance,
1% C.B. bus bar
configuration
R CB 9 ditto. No problem No effect
Preferable o
configuration: ‘DS 18

for Luzon EHV
substation







Table 6-2'

Dupllcated Facllities in Phlllpplne EHV Substatlon

{Comparing with ex1st1ng substatlon)

- Ttem

‘existing 230 kV

substation

‘} Substation

Proposed plan
for EUV -

Noté

Protective relay

Yanstormer. only
(M+B)xl,Including

M+ Main relay '

?ain. (M+B)XA1 bus protec10n(M+B3;ﬁB Béckefgy
‘rans- - ‘ - : - :
e Electric source | . R ; ;
former - | - : 1 route 2. routes
for cooler o T
Cireuit :_011 pump | 51ngle- .;zégpglcate
breaker-. others B | C.B.failure relay -
-.;Lners_' : will.be:installélr
Line protection (HB) x1 . {Mx2 FBxl
'fTé1e4édmmunicétion o R
siroute for line ‘single. .- duplicate
protection - s T
Protectﬂon Bus propeétion single single
relay PR . :
' CB.failure relay ~ single
Fault locator - singie-.
Autométic ' _ fsinflei‘
OScillograph ' . g
o Station source o duplicate’
transformer single (including power’
: supply Toute)
Station | Home Eer"-lce single ditfo
service trans Qrwer 7.
' | Battery charger o o
_ 125V duplicate . duplicate
Battery charger single duplicate
. 48V :
_ 'Telephoﬁe 2 channeis 2 channels
Telephone y ' ' '
and Remote control : .
Others Telex 2 channels 2 channels

Tele-metering




. Fig 6= 1 Sound Llne Abnormal Voltage Rise in case of
: : Other One Line Ground Fault

Name of

Substatldn GGHEd

Ratio
batween

abnormal
voltage and
normal voltage

Sbl#né_:_ 'Kaléyéan : San Jose Naga
1.078 1 1.226 :1;207- G L1265 134
:Nétérl, 'Rahlo hetween abnormal voltage and highest voltage f01

equlpment is indicated as above value x 523 ; such as
- 500 _
~ Naga case l 34 250 ,1_22.

2. ThESé'values are condﬁgted by CPU. The following figure
indicates the case of 1¢ ground fault at Naga'substation'
bus. |

i, =-296/267 —s
- _ : i, = 478/ 60 — : .
- (EX) Kalayaan 1, = 330/247 —s ' Naga
v R T R ;
= .5 ’ T S - A =
e 537242 1! = 468/ 58 — % Va0
Yy, =.1.109/242 - o : _ ' ' Yp=
b O9L292 4V . 433/994 _ ground . "B 1-281/231
Ve = 1.091/134 s _ © Vg= 1.340/147
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Fig.6-3 Conventional Type Layout
{Dead Tank Gas Circuit Breaker)
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Fig. 6-7 Effect of Gradient at Ground Level on Persons
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to walk under the test line and to fill out a analysis of

the answers showed the figure.



Fig. 6-8

Relationship between
Corona Noise Level to
Conductor Radius
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-Fig. 6~9

Current Capaclty of Horlzontallv Stringed
Triple Aluminum Conductor

9
8
i
Current :
capacity 6 7
5 "
KA 4
3 Thermo resistive drawn aluminum
) | strand conductor (Th Al)
Hard drawn aluminum stranded conductor (H. AL)
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- Note 1. ;Bus_éonductor arrangement is
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2. Condition

COnductor temperature
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H.; Al; 90°C

a Ambiént'temperatufe 40°¢C
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Solar radiation 0,1 W/em?
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hand book ' ]
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EHV_System Tele-Communication Route .
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Table 8-1

Summary of Construction Cost Estimates

Item

. Transmission Line

. Substation

Total direct cost.(l } 2)

. Engineeriﬁg cost
'NAPOCOR administration
. Sﬁbm@otél

. Coﬁﬁingentiés

. Sub-~total (6 + 7)

. Price escalation

Total capital cost (8 + 9)
Interest during construction

Grand Total (10 + 11)

Amount
{Unit: 1In Thpusand)

Foreign Cost Local Cost . Total

:(US$) {Pesos) (Pesos)
126,109 714,481 1,660,299
(46,783 111,023 461,895
172,892 825,504 2,122,194
13,795 55,707 159,170
- 53,055 53,055
186,687 934,266 2,334,419
9,334 140,140 210,145
196,021 1,074,406 2,544,564
116,696 2,297,036 3,172,256
312,717 3,371,442 5,716,820
17,448 - 130,860
330,165 3,371,442 5,847,680
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Tagle 8-7 Details of Construction Cost for’

Gened-San Jose Transmission Line

(Unit: In Thousand)

Teem: Foreign Cost ‘Local Cost_ Total

Lrem (Us %) ' (Pesos) _ (Pesos)

1. Steel towers 47,304 4] 354,780

2. Insulators, hardwares 23,705 : 0 177,788

accegsories and tower

dressing _ _

3. Cohductors, ground ‘ 49,364 ' 0 370,230

wires and accessories
4. Tools and equipment 5,736 - 0 43,020
- rental : ' .

5. Sub-total {1 - 4) . . = 126,109 ' 0 945,818

6. Erecti?n of tower§ 0 606,006 606,096

including foundations . _

7.-5tringing of conductors o ‘91,5664 _ 91,664
and ground wires o

8. Sub-total (6 +7) . 0 697,760 697,760

9. Right~of-Way 0 16,721 16,721

_ lQ. Sub%total 5+8+9) 126,109 714,481 1,660,299

11. Engineering cost- ' 10,792 43,583 124,523

12. NAPOCOR administration 0 41,507 41,507

13. Sub-total (10 + 11 + 12) . 136,901 799,571 1,826,329

‘14. Countingencies ' 6,845 119,936 171,273

15. Sub-total (13 + 14) - 143,746 ) 919,507 1,997,602

16. Price escalation 83,428 1,941,509 2,567,219

Total = 227,174 2,861,016 4,564,821




Table 8-4 - Details of Coﬁstrﬁction'cdst for

Substations

(Unit; In Thousand)

Foreign Cost

ite@ Local Cost Total
(Us $) " (Pesos) - (Pesos)
1. Transformer and 46,647 -~ 349,852
switching equipment '
2. Communication 136 - 1,020
3. Civil works - 55,448 55,448
4. Erection and installation - 55,035 55;035
work 7 .
5. Sub-total (142 + 3+ 4) 46,783 110,483 461,356
6. Land acquisition . - _ 540 | 540
7. Sub-totai (5 + 6) 46,783 111,023, 461,896
8. Engineering cost 3,003 12,124 34,646
9. NAPOCOR administration - 11,548 11,548
10. Sub-total (7 + 8 + 9) 49,786 134,695 508,090
11. Contingencies | 2,489 20,204 18,872
12. Sub-total (10 + 11) 52,275 154,899 546,962
13. Price escalation 33,268 355,527 605,037
Total Capital Cost 85,543 510,426 1,151,999




Tabie 8-4(1) Details of Construétion Cost for

Salano Substation

(Unit: In Thousand)

Tted Foreigﬁ Cbs; Local Cost "~ Total
' . (Us$) - (Pesos) (Pesos)
1. Tranéformer and. o 22,208 - | . 166,560
switching equipment : )
'2.:b6mmﬂnication' 72-. - . _:_ 540
3. Ciﬁil works | - 26,977 26,977
4. Erection and'installation L= 22,612 - 22,512
WO rk : _ :
5. Sub-total (1 + 2+ 3 +4) 22,208 49,589 216,689
6. Land acquisition - 560 - sa0
7. Sub-total (5 + 6) 22,280 50,129 217,229
8. Ehgineéring cost 1,413 5,701 o 16,299
9. NAPOCOR administration - 5,429 5,429
10. Sub-total (7 + 8 +9) . 23,693 61,259, 238,957
11. Coutingencies - 1,184 9,187 18,067
12. Sub-total (10'+ 11) 24,877 70,446 ' 257,024
13. Price escalation 15,832 161,691 | 280,431
Total Gapital Cost 40,709 ., 232,137 - . 537,455

(12 + 13)




 Table 8~4.(2) Details of Construction Cost

for San Jose Substation

(Unit: in Thousand)

(12 + 13) -

r

Item Foreigﬁ Cost ‘Local Cost ~ Total
(US$) (Pesos) _ {Pesos)
1. Transfofmer and 11,759 - 88,192
switching equipment
2. Communication 32 -~ 240
3. Civil works - 6,945 6,945
4. Eréction and installation - 11,220 11,220
work : o
5. Sub—-total: (I 4+ 2 + 3 + 4) 11,791 18,165 . 106,598
6. Land acquisition . - - | -
7. Sub—total (5 + 6) 11,791 18,165 - 106,598
8. Engineering cost 693 2,798 7,995.
9. NAPOCOR adwinistration - 2,670 2,670
10. Sub=total (7 + 8 + 9) 12,484 23,633_ 117,263
11. Contingencies 624 3,548 3,228
12, Sub~total (10 + 11) 13,108 27,181 '125,49l'
13..Price escalation 8,342 62,384 124,949
Total'Capital Cost 21,450 89,565

© 250,449



Table 8«4 {3) Details of Construction Cost for

Kalayaan Substation

(Unit: In Thousand)

Foreign Cost Local Cost Total

Item {(Us 3$) {(Pesos) _ © {Pesos)
1. Transformer and &,683 _ - ! © 35,123
switching equipmeunt .
2..Communicafion 32 - ' ' 240
3. Civil works . - 6,428 6,428
4. Erection and installation - _ 9,953 ' . 9,953
work .
5. Sub~total (1 + 2 + 3 + 4) 4,715, 16,381 - 51,744
6. Land abquisition : - - -
7. Sub-total (5 +'6) - 4,715 16,381 51,744
8. Engineering cost 336 1,359 3,879
9. NAPOCOR administration - 1,290 - - 1,290
10. Sub-total (7 + & + 9) 5,051 19,030 - 56,913
ll..Contingencies 253 2,857 : 4,755
12. Sub-total (10 + 11) 5,304 21,587 61,668
13. Price escalation | 3,375 50,236 - 75,548
Total Capital Cost ' 8,679 72,123 137,216




Table 84 (4) Details of Construction Cost for

Gened Substation -

(Unit: In Thousand)

Ttem foreign Cost Locai'Cost' ‘ Totai
: . (Us$) _ (Pesos). ..~ (Pesos)
1. Transfbrmer and | 7,997 - . 59,977

switching equipment ' '

2. Communicatioh - | - -
3. Civil works - 15,098 15,098
4. Erection and installation - 11,250 11,250
work . . Co . '
5. Sub-total (1 +2 + 3 +4) 7,997 26,348 86,325

6. Land acquisition - - .-
7. Sub-total (5 +6) 7,997 26,348 - 86,325
8. Engineering cost 561 2;266 . 6,473
9. NAPOCOR administration - 2,159 2,159
' 10. Sub-total (7 + 8 + 9) ' 8,558 30,773 94,957
. ll._Céntingencies _ :5_428 ' 4,612 .' 7,822
12. Sub-total {10 + 11) 8,986 35,385 102,779
" 13, Price escalation _ o 5,?19 . 81,216 124;109
Total Capital Cost 14,705 116,601 226,888

(12 + 13
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