2001 for Nachtigal I,
2010 for Memvé BIé 1,
2015 for Nachtigal II,
2017 for Memvé Elé 2, and
2021 for Nachtigal HI.
" T analysis summary is shown in Fig. 5.11 and Tables 5.4 and 5.5. The associated

 development time line is ilfustrated in Fig. 5.12.

5.6 Sensitivity Test of Optimized Project Scheme

The sensitivity analysis was made for the net-benefit based DTS optimization. Iis concern is
how the project optimality changes when fuel cost and also construction cost vary. The
variation range of both of fuel cost and construction cost is assumed from 10% increase to

_10% decrease with 5% intervals.
The fuel cost changc effects energy values. The energy value is originally assumed as:

Energy value = (Fuel cost + Variable O&M cost) x Adjustment factor
= (0.0734 + 0.0030) x 1.007 = US $0.0769/kWh (primary energy), and
= (0.0325 + 0.0006) x 1.028 = US $0.0340/kWh (secondary energy).

Therefore, the fuel cost change yields the foﬂowihg energy values:

Unit; US $&AWh

10% up 5% up Original 5% down  10% down
Primary Energy Value ~  0.0843 0.0806 0.0769 0.0732 0.0695
Secondary Energy Value  0.0374 0.0357 0.0340 0.0323 0.0306

* The change of construction costs are similarly assumed from 10% cost increase 1o 10% cost

decrease with 5% intervals.

Using those increased or decreased values, 25 cases (five fuel cost cases X five construction
cost cases) come up for the sensitivity test. The conclusion is rather simple such that all of 25
cases show similar devélopment timing and development order for the South Interconnection
NetwOfk’, tﬁét ié, the order of Nachtigal I - Memvé EIé 1 - Nachtigal I - Memvé EI€ 2 —
Nax:htiga_l 11T or Nachtigal I - Memvé EI¢ 1 — Memvé EI¢ 2 — Nachtigal I1 - N achtigal III, It

can be said that the project optimization is not very sensitive to construction costs and fuel
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prices as long as changes of those values are within 10%; in any case the development order

of Nachtigal I ~ Me_mvé Elé 1 will yield the advantageous net benefit for the system.

The net benefits of four outstanding cases are shown below:

when construction cost increases 10% and fuel pricé_decréases 10%, Bill. F. CFA 307.3 or
Mill. US $1,135.8 (N1 - M1 - N2 - M2 - N3},

. when construction cost decreases 10% and fuel price decreases 10%, Bill. F. CFA 361.2 or
Mill. US $1,334.9 (N1 - M1 -M2-N2-N3),

when construction cost increases 10% and fuel price in_creases 10%, Bill. F. CFA 370.8 or
Mill. US $1,370.4 (N1- M1 - N2-M2-N3), and -

when construction cost decreases 10% and fuel price increases 10%, Bill. F. CFA 424.7 or
Mill, US $1,569.3 (N1 - M1 - M2 - N2 - N3),

Recall that the net benefit is F. CFA 365.8 billion or US $1,351.8 million based on original

construction cost and fuel price without any cost increase or decrease.



SIoIcWEIRd SABUI[E 2A0qE AU} TUTUIGUIOS STANBWISIY 103(01 7T ISTXS 210, «

S/¢W 09 = (L)O PUe 5/¢W 009 = ()0
S/EUI 066 = {§)D S/EW 00§ = (PO S/EWL 0¢E = (IO *S/LW 00 = (DO S/ 06€ = (DO
:sou0s a8xeyostp nreid £ Bumoy[oy o) sxoxeyex uonezndo sy L

HOURI UBIW 9 JO %0LT O3 %06 WO
Aporewrxoxdde 10 s/gWr 059 03 S/gW 05€ wony e (0D

(O ‘soanpudany adoyosiy wuwvid ¥

‘[eATSIUL

W-7 B YA W 14¢ T 01 W [t T UIOI] 218 SUOTIBAS[S 15910 WED PIIBIIOSEY

(€°7°1°0 1~ T~ =) "TeAISII W-T B [3m Ul 88 "IH
01 W §6¢ “IE WY SOEA [aad] A1ddns (A (YH

GO ‘Seanvusany joarY djddng yng '€

W H9Le =TML

23 om.ﬁ ¥ § = 1v] ‘[8usf pouumg eoexIe],
puodpeay ou ‘W gp T = T ‘GISUS[ [SUTN] VRIPBIH  (£)4

W OtE X = I ‘p8udt puun odBIrRY,

W Z'HE = TML paddimba puodpesy ‘[auun; S0RIPEIYON  (Z)4
_ W ($H°T X 7 = AT NE0S] [PUUm3 30BIIRL,

W O9Es = TML paddimbs puodpesy ‘jsuumy sovrpeaq ON (T4

() PO (2 (1) JO 12 10 W 08°7 = 1B [UUEY) 20BIP2S

(1’9 514 998) n | (4 6?.52&&‘@%@@& Z

-SIDALL 0,0{pN PUE ‘Suromig ,E&Z Eoﬁ.ﬁ.oas.ﬁ 10 fre Susn Juowdoass( 2e0g o8re

w g6’ = peusyweq  (D)V.

TeAL wiaIN Auo woly goury Susn juswdopsasc] 91eas [[Ews

w coL'T =adweiweg . (DV

(T'o Sgoeg) @)y ‘soapuson usauSyy wng |

SSION

- SOAMBIISIY

SOAIJRUISYY 300{01d JO UORROISSEID  |'§ Bjqel

ST THELYHA

3 -17



Ser o00'sy 085 0e'08 &'6F 000'Sy 0¥y 00a'or 915 006'9F 00l g UCRBABIXD LIOWILLOD )
SOELY 9895 §6L0E P os8'e TIOTE U Nojsued L
0ot 006’2 O'vs 008"t ] 009't 0'v9 009'1L 0's8S oor'L C0'0F w iuauneal; uogepunoy
Q2 Q00991 O8ee - 000'6LE 08ET 00061 1 0'8Ee Qo0'sh1 gLe {00806 0002 [Tt snoinedus
Lt 009'9Z 568 (Vo ¥4 568 oor'iz 668 oov'iz 6. 006’8t ey L Jatlisg
&g Q054 08e 002’9 oeg - Q0Z'9 Q92 QoeT'e e 009's 0’y cul uocHIsue: ]
g6y 008'6L See 0Lg'sl S'6E oL8'si S'6E QLR'sl 9'PE 0E8'e1 005’2 S desdry
rylel QoT'eLL | L'60L 000'i8 14901 000'26 2'90} 00026 t'e6 | Q0O'PR 004t cuw -, UCHRARDXS UOLULUIOD
181l L'PS5 ’ diryos S LPes G 29t : weq puodpeen g
z0eg'lL -+ 002'9T 42454 Q020 2l Q08's? - ekt Q02'¥2 /922 008'LE 000'L2 cul ajloucy
ovs 000ELZ | g5vs 0052z |0vbs ooo'ziz |oErs 000'LIT . LOPYS 000242 {0002 cw WOUNUEqUR 05
19¢%C 000'cs 9T 000'eS | 9T 0D0'ES 9¢ie - 000'eS 7L 000'eS ooz’ el " UOIISUBLE
Q0L QU0'8% 1004 o00'ez Q0L 000'8T 0'0L 000'8e {004 000'82 008' £l " desdiy
o'l 000'9ZY. - 2981 206"ty eyl coQ'scy =g 00R'90r QL6r'L 000'9gy 005' gw - UOIJEABDXD H20Y
lrepe | 000292 2168 1004°018 L'Ere . jus e fi-TA 861 001124 L'erg8 000’29 001"t £w USHBARING UCURUDD
|g1e0's : S LEF'S ; , L'E00'S 8BHLY Leer's JoUURYD) 92RIPEDH 'S
Ve 00i'Lr L818'T o0L'eg FP5LT. 008’8t §E80'C 00B'4E 10642 Qog'sT 000’12 Cu e ]
255 005'0¢1 Geek 000'LEL SLSy 0Q0'82) | | TR 008921 1 V0Ly 00E'YEL 005'c cu UOREABIXT. D00y
VLIS 00Z'6LS 9'TLS 005028 G998 000'5tS 5025 ;| COS'605 Q'0BS Q0v'ees 00L'% g UOLBABIXT UQWwoD
QTLY . 26pR'e 8TLLE |vese's ose'e ’ ayeu b
€578 008’9 y'2ir'g 0cY'06 reLr'e 00r'06 PeLr's 00r'08 2'699's 008'6L 000" 1L Suw o1910uU0D
§4LS 00g'et 609 oo LL 509 0¥l 609 00r'LL £'88 005'51 00s'e cw LGHEABDXT . %00y
| 2-] 0oe's 9 00g's ¥'g 008'S Ll 008'G E] 000’9 00L'L ol UORBARIXS QU
1288 £'58v'a L5er'9 L'58r'S . LOvLS . . RS ©
e 0044 0'9LZ oor's 08z Qor's 1081z 00v's o8 00F's Q00'0F W jusleas uchepunod :
11822 1 0LE'SPLL 1 PEREL 00Z'eLs 7'ore'l 00Z'CL9 - 1 eOpE'l 00Z'ELS 0’585 00S'Z8 000z e ) snapuaduw)
1ELPS oee’ost 7958 002 988 008'r8 908 | 008’8 (414 Q08'69 - 00’y e 1aY14
BELE 0EL'PL [AFderd 00E'sk 1202 00g'ey VACT 00€'6y oeLs 0cZ'Ly ooy cuw UoRsURL |
13967 ogr'ell 2681 008'SL 2681 008'6.L 8681 0068'SL £Z5L 00608 005’z gl dexdiy.
g6l 028 Lbe Q88T Jololgrar &'e8Z QOY'29T 9'882 00p'292 9'ga7 00b'cag 001’ [ UORBABDXD LIOWILIOT)
) or0aE ov09T 0v09C - veorz , eg uen Z
y'eng 026'Se o' 008'LL - 'z 009'LL 0zez. 009°L4 | g 00g8'LL 0oL'e £ [enotual 1ayoo g Buloyos.
¥'99e Qe | 0T el [syaaa UGISIDAL(T JOAIN |
Loty 05E9'se , T5EL'9E VZIO'PE §isZ'sE SHIOM D It
£082'8 Vigl'L kﬁ (N-r.r 5pi8'e [ Leg0's {1} 3o %,02). Sy10M fuojesedary |
o1 T | (v=04 M) | 2RERTE) (730 1) | CAGYRTY CZRY) : -
wnouny Kuend unotwy | &guenty Junowy Agueny - | junowy | Apuend Wnowy Aguenn | soudyun 3 wun AD SUORLSSACT MIONN PUB SBIMEs ] 100[0ig
g ueld P ueld £ Ueid - URd L URlg )

{{1)m 9300y Kemiayep .._:< ‘uRwubllY weaj s1sod 1osfoid  Z°g sjqel

S$I8LS00

5 - 18



oo [

o) 0 oJo] ] o0 0 o 00 0 0Cco'o0r'2 -uoy sBojdoig

05T o'sei o'seL o'8ZL 52l ' - sayey

eg=raog ) Zhy oELLL (¥1 0'Z00't vee 0168 i6Z veLe BZ 000'000'e oy SajED SNEY

652 fepl P A A 621 'B0Z 9Ll ¥sed £01 Z'69t v5 000'008"L ucy syoBY YselL

9150'Z " ZOi8'k 269k Yips't zivp'L ) ee| 2

14 s ve S5l ve SSE'L v'e oo v'e s5¢'1 018z By auglY |1eiouci

v'iey Sil 9'69¢ ¥Si 968¢ Eecld 9'69€e pSt 00 gcL 000'0Cr'2 Lo} sbodaig

zesp £61 v ort ¥05e apl ¥'0SE ovL zLE £l 000'00F'T | . uot 8jeD 8aIn|$ pues

e80T L 05 POEL'L Ly FOEL'} 1934 rogLL Lik 068z L Eras] 0000042 o3 sl Aemiids

9'860'Z 2ESe'L ge58') aess't Tri8L Aemiidg "L

vore's 2'880°'8 8'299°L Z05Z'L £05Z'L juswidinby feAUBYIW-IPAH 11t

FreLL Q0¥'S1 TTET L ooz'el Freli gor'gl §'620't 00S'vL Frelt oot'st 000'42 g B13.0u0s

o8 ooy 88 or'y o8 oo’y 04 C0S'E 0 000'% 000’2 cu wsunueqws jlog

8858 0og'L8) yezs 00V'80T 9959 009’281 S'E88 004591 9'859 Q09’81 008'c g uOHEABDXS }904

y58 00¥'08 288 00£'68 ¥'ge 00r'0g S8L 0QF'LL 88 50P'08 004'L g LIGHBABOXS UCLLHLOL

L1681 98z)1'T 17 LL6' 5865t LB L wEng sovlel ZL

oS0’y £00'28 9'00S'¥ 004'48 0950’y 000'Z5 9e09's coz'or 0950y 000'Z§ 000'8L gw B{2J2U0D fRUUNL

o'gre’L 00'vee 2'€50'T 0Ov'E6E 0'8Fe'k 000792 6ZFe't 00L'PET oerg'L 00092 000'% gw LIONRARIXD foUUn L

O¥08's P es'9 av06's Sorz's Qr06's s@UUN} ezEE] L

0'zZs8 000'Z1 9v88 009'Z1 o Zse Q0C'ZH £208 Q0L lozse 000'EL 000'1L g DRI

2808 00'el SEeEe 005'er 2508 o00g'er gLz gog'es 608 009'ey 000'2 £ UDIEARIXS YBYS

¥E 0oL'E §¢ Gog'e ¢ 0Q0'e 67 008’2 Ve 508'T 0oLt cw UGHBAROXD LUOWLIDD

9091’1 LI8TL 50948 §'6i0'L oo Jequieyy 7 jeuun | -e8ing Ol

£9Z5¢ 008'55 009z Y 000'09 0vEQ'E 000'tS GeOr'E 000'gy [ LrLE 00425 00C' L2 gl 8jalauon

90LLY 001’561 TOLT) 00L'112 O¢yl'L | 005081 #oL0'L 00%'891 9Lt 000924 Q00's gw UOREARIXD YRUS

gEe | 002’9 5'SC. ooy's SeZ 00.4'9 L0 006's 2z 005'S 00s's gu UDHRARDXE §H0y
9 006°SE Oy 000'0F gee | 000'se zse 000Z¢ . l.isE Qog'se 0oL't gw UOYEARDXD LOWILIOS

£isl's i L'008'S L oro's £8Py a6y  uonms Jewmed 'S

52T . 0os'e 0'0LZ Q0g'e 5792 00S'e §ive 00E'E §29Z Gos'e 000'sL gu 8]8JoUOS (BuLnL

zZ01 00s'rt - £LLE LOB'GL - TZ0k 008'rL ¥'is | DOZ'EL 0k 0Og'FL G00'L fu ~ UONBABIXS aUUn L

L 005'8 g8 - |oo0's T4 005'9 9% 00L'S T 005'9- 001 cw . UORBATING UOLULIGD

&LiE 1ose . - 8ie o §Gye 618 SHIOISUDL @

£196'E 002'Ss 96LE'E 009'LY C'116'C Qo0' QOPL'E 009'8E 2180'e 0oLy 00012 gl 2jalaued

0Bl 000'vE Z2EL LL'LE o6k 000'rE g's0L ZZZ'0E 0¥l aly'se 00S'E L gw . uoneagaxa 320y

0204 ) (454 ") [CFERT) . (w04 1A 7R ITE - |- twdod

wnowy | Apuend ey Auenp Rinowy fpuerD Junowy fpueni WRoWyY fpuend | soudpuny | WNAD suondiosag] YIOA puE sairesd Pafold
G uBld P ueld g ugld 2 \eid L uelg . o

(1) :a3noy Aemuarem ‘(1) :uswiubiy weq) sised joalold 2§ alqel

STXSLSOD

5 - 19



gIsXYy SLYSXy | L0SxYb SYPry TRY XY (i) Auoeded payesuy
o'osv | 000§ sy 0" 00¥ ot {sigw) eBieyosIq ueld wnusxep
09 w 0'egs 0'sse 092 09t (1) e JogeAn e L
ovee -{ozee G'Z6E 0Z68 0068 (w) jona] Addng Iind
Sueld | pusld £ uelg Zueld 1 e 9'0L2¥404 = 1SN aley sbueyoxg
$av0'8ZL Zis'eel OSPLTHE. eerg'ant Lave'oLl 1\ L puei9
ViveLe §8P'0Z 0'L6L5L LELLLL L t6E'BL (A + A+ ALE I +T5+ 10 % 02) stauebuguos A
€186 2618 . viapg - 8’008 828 (Al % 11 's 1+ 40 %) Sesuad)X jRIUAD |A
VELE'S SL6L'S yrov's Z'900'8 ¢'yaz's AN 410+ )+ 140 %01) Seopueg Bupssmbuz A
0sZi'el | co0'sez OSZVEL | 000'SBE oszi'el | ooo'sez o's2Vel - | 00068 - |O'SZL'EL | 000°S8T . [oot'ey w wasAs aUll uolsSIWISURI), T
GoOs've 000r' e 000502 000g'sl 0004’02 87 _Hun - iswdinbs Bugereuss -).-
ogze'le oszs'le 0'gT9'ee 0'526'1E o'szT'ee awdinb3 [EULYINU-ONINT A
02 Z6 T €04 goze z6 9961 ® 8022 423 000007 ucy sbojdag.
oy (5548 o'y veL - Lk 65l |oBge £ZL 0Ll 6Ct 400'000'e “uey $81ED) 19N
21£9 Te0L . gLED 595 gL£9 - B0BJIRE G
osle 201 oLze 601 o3 4:74 86 oez ie Oy6Z 86 000'000'¢ ugy sajes yeit]
ogle oL 0¥eT o9z 0'v6Z . : | esnoylamod: g
8.9 8L g1i8' FrANe gles'l | #80'L o8’ ze0'l 0'615'1 520'L ‘000'00F' 1 uay yaoisued
268’} _ g8 oiLsl g'oer's 0'618') : - 3ajsidd
osre B89 oore 29 | oove o] oove 89 oove {29 000'000'S ucy wiaysAg Bugiiseq
oe o 00 Y o0 v 0 0 0'0 0 000'00F'2 uey sboidorg
ozl oszl ! 0's2t oszh 0'szl '§ - - soey
olEr't BLY OELl'L BE 000’ - | vee o6 | 62 69 82 000'c00'E ucy SeleD ez
gesE Pk A A A 6TL 80z oLt r'sel £oL £9ll 96 006'008' L ucy SHoRY sl
gZo1'e: Zms' GG . rivs'L Lest'L MU yasueg ¢
ospht &8 oove 89 . o'ove 189 oove 28 oore 29 000'000's uo} woyshs Sugyrseg
[CZAER RICZERT AY204 A | [CEERIT [CZRERI (vd0d) : N
oWy Apuend unoury Apuents junoty Aguenty unowy Ajpuenp junouy Aguenn | souduun | BN AD suonduasag] Hos PUR sainea oefold
5 Led ¥ uelg £ ueld Z ueid | ueld .

({1)M :e3n0y Aemusyem 1)y Juatubiy weq) sysog joaford 2's sjqel

SIELS00

- 20



AiEpUSSaS Joj UMMAE00$S N Aewud J0) UANIGSLC 083N BneA ABlsus
‘PRLUINSSE 90LZV4DS = 0O'L$SH

BIELESN W LE6'6ESSN N SEELSSN 1IN L LESSN N VLSS A 8 1E8SN N 500 2lqeUeN gl
(eafiamiszzesn)
222880 AN 122380 N LOZESN A LO'ZESN "IN gLZ8SN "W 2L°Z$SN WA 100 WBO sl
. _ ; (W 1E} 1$SN) 1890
SLEHISSN N 8LE1LESN N 86°0018SN 1IN 99'001$SN N £0'801$SN N EOGOLESM | UCRAMISUOD DIMICUODT
_ ajripaeloid gy
JeshipS 96E leafAND ZoY seafyme ogg 1AMMD ZPE Jeaf/uAnD PBE leakiypn© zag | (Aiepucoag) _
JeafUMD € 1ehpD ZYE J2aliMo € JEBAUAND 9EE SBBARIMD 2 leakiypo ozg| (Aewd) inding ABlsua gz
M 001 MIN 9001 M 088 - M OB AW 96 M 796 INAING Jamed '}y
Alepuosas 1o} pali-o pue ABiaus Aewiid Jog SI0JRISURS) SUIGIN] -SBD Weld [Bullat ] aaleUBKY. o)
salinjeas jueld sAgeuIRY
JESL110818 PUZ [B15 JO 1559 (EYIGES J0 %2 MIAID 6] 1609 [Bid83 10 %G 0 SISOD WRO 8
12212919 PUB (RIS JO) S1R3A GE {112 Jo} S1eBA 05 ayqwaleid g
J8pio Jequiaosg-Aienusy Ul (%) 1ding
SL'6 6202 'SL L1 'S0°L 'BET 006 ‘628 6L 0L FEL DLP BRT OLE ABiauz jo stey ARUoW
1EBAIUAND 968 RIAUMD Z0¥ JeshAnD 98E leahypD Zve leahiypD +BE Jeafiupne Z6g ] (Aepuooag)
1eBAUMD £ 129AUAND Z5E IeafuAD € 1R3AUMD 9EE 1RRAMD T JeafuMD 028 | (Aewid) inding ABlaug g
AN 5001 MW 9'0G1 M 068 AN BB MW 95 MW v'es 1Mo poRUBIEND g
seh G U %ZL 2 _ Slesh g U %El B SIeRh g Ul %ZE R
sesak Z Ul %08 '%05 0% ‘02 ‘5L .'g) s2eA Z Ul %06 ‘%0S OF ‘0 'Sl 'E| SeRh Z U 906G '%0S or'oe'sl'e WsWBsINgsI(Q 1800 ¢
(e'66$SN W) (28028 88N A Fo0848N W) (SP'S0E $5N "IHA) BLesssn A)  (BeElcdsn UmW) - - HEE]
ZEE'ST VA0S M| FIS'9R VASE NN T ZSYZ VAD3 N SHL'ZR VADL W] - 08E'STVADS NG 296'%8 Y404 N 9oud £651) 150D 10dlold g
: " uopensUed Buunp 158.81U] JOU 1500 UORONASUOD JO UOELL INOLLIM [2A3] aoud £561 [oA979%Ud - 7
SIOMEIN UORIRUUCIB| YINOS @) JO anjeA RIasald JoN IR0 ) pazud( 83 01 SanfEA, |,
. . S2IN}Ea ULl CIPAY

Z 313 paaN

| 913 pallsiy

2 913 AW

T

ST

L 913 PaWBN

£ UBld 93 PALAW

< UBld 93 pAMN

L UBld (3 9ALBN

sway

uoneziuido Buiu} pue ajeog Juswidoana( Joy suondwnssy ¢ aiqel.

SIXANOD™LSA

5-121



“Riepuooas io) UAMM/PE0 0$S N *Alewud 10] UAMESL008SN wnieA ABiaug
PRLUNSSE §'04ZV424 = 00 LS8N

i

ge'gssn _H_s_w 9£'88SN N £TTHESN 1IN PEEISSN i - TOPPSSN N SOELESN N 288N NN . 1800 BjgeuEA gl

(eatia/9'zzesn)
238N N 1571880 ."_._E HOE$S N reZESN N PEZESN WA - AP'ZESN N LP'Z$S0 1N B WB0 g1

: T _ . (WwvieL1$8N) 1500
617198SN "IN PPSLIESN A BE0SLESN N LV 2ZLLESN TN LVLHgsN - PRIEZIEEN TN FEEZIESN W USHINNSUOT JUOUCOT i),
) _ sl G _ ) _ el gy

JeahiAD 881 JeshMD OPE TeaAupnD B deakiumS Loy | Jeafyane £ee JeSAUAD LEE I2ahanD 0y (Aiepuodsg) _

Je UMD © B3SO - Jeakupns gee 1IAAND O JBRAUAND SEp BKUMS T JeahumD 2egt  (Rewind) inding Afleug -z
MIN L'vS M 99 AN PEEY _ MINO'EDL NN 9201 AN 5601 MW 5601 nding Jamed -y
. AIBPUGIBS 10} PAIL-ID .n:m.>9mcm ALELILG i0 S101R13URS) mc_.n.__._ 1-5E9) - JUBlg [RULBY | BALBUISHY g

S2unead Jueld SANRUIYY

1801150849 PUE [BFAL J0 1500 (2B 16 %Z AR 10} 1500 [E1E3 10 %S 0

"SISO B0 s
 [BOUI0913 PUR [2jBLU SO SI23A GE “HAID Jo] SIeak 0g gjipeloid g
1apio hmnEmomn.bm:cmﬂ, U E6'S ‘SHEL Japio saquiszsg-Aenuer b (%) mdino i
ez ‘081 2271 10669 ‘6L SET we L 'SLT 6c'c 16 ‘6202 'SL°LL 'S0°2'667T '00'S 'ST'6 6104 'L Oby BRZ ‘0L | . ABIUT Jo jeM Auwow
eAAUMO 8BL . JERAUMO ST JRAUMOEYE| . JeshumD L0b 1AM £2E BAAMMD 2681 JBAAUMO 0S| (Kiepuosas)
AN O SERARAD O JeRA/MD SEg 1B3AUMS 0 | JeRfUpSY eeb 1BAKUME 2 eRbupD s8] (Aewing) g ASreug ‘g
M LS MAL'89 MW v.mm: ML S'€01 NN 9'€01 ! MN-SB0} AN GB0L damod pesjuelens ¢
SIB9A G Ul %TL w sieak g Ul %zl B Siedh g %zl g .
5RI3A Z Ul %06 '%0S| SEIRAZ Ul %0S ‘%06 or'0e ‘si m‘ seizh Z Ul %08 Qoou 0P ‘02 'SL e seieh 7 Ul w0S %S O ‘08 ‘51 '€ WAUISINGSI 159D 3
eciessn wa)| © (egesssn Al GLLIESSN WL (6001 SSN IA)|  (BO'SEE SN MY {ehvoL sSn )| - (Loeve sSn T (949
S6E'8 V404 WA - 18S'%I V404 | 60Z¥8 Y404 W] SOL'UZTVHDD WN|  PPE'06 VAO4 W] BLL'STVHDH N bES'P6 V40H | ooud g661) 1800 josiold g
. donarsuos Buunp ISR} JOU 150D UOHOIISUGS 1O USNB|IUE INOLIM [BAS] mo_._n.mmm_. . PAsTeold g
HIOMBIN UOHOSUU0DIBU] YINOS 3] JO SNIBA JUSSAId 19N [B101 pezuwndo g oysaneA -
. Saunyead Jueld 0IpAY
clbuoeN | zebpuoen | ) eBpuceN coE e | | 513 pALa ZPFoNUIN | pa@omuely | sway
eBiyoeN o ueld Sueld 913 PAUSIN ¥ UBid 313 pALDy J

uonezWRAO Buiw) pue sjesg Juswidoipnag joj suoidwnssy - ¢°g sjqe]

SIXANCD™L8a

5 - 22



*E UE]d JO S55B0 JUaWdGiaaap (| 1Seq BU) SMOUS Bjqe) Siy)
‘poyrap oidoososoy Ag OLBUBSS YIMOID LENIP3A UG paseq puewap Ajlouoe|3

Wpse =84 SEWSP =D SUBld
WZeL =784 SN 005=D ¥ UBjd
Weee =184 SEW sk =0 tueld
WZEE =183 SEW 00k =D Zueld
WOEE =154 S/EW oSk =D L Ueld
1SMO]0) SE SBWIBYDS JuBdoienap $.91T SAUDA BY] Sjousp ¢ of | sugld

HIOMISN UOOAUUCDIRNY] Yinog B olui ind aue sjoafold
[ESINOBN [N} PUE 8|3 SAWIS §|N} JOLE UBAS SNOCO 1M JIoKEP AIUI0SIS USLM JE0A 1Sl L) SBI0USD 188 A Io1e(

£z0z 0zoz SL0ZT €152 © 0102 L00Z

guEld miebugoey | ireBayoenN | 1EGpuoeN | ZOIZ sAWAN | L M3 omueN | 6'E0E'L 0L
£202 0202 8102 £102 oLz 100z

guEld Bebyuoen: | g eBuuoeN | Z (3 oawap | | 1eBIuoeN - | L 9T e | 6'EZEL |6

[}

: £20Z B 5474 BLOZ bogz 0LoZ. LO0T

guBld - Zoigonwan | IimEbigoeN | || leBoysen ilebruceN | Loigesuen jewee'l |8
£20T 020e 20T S10Z 0L02Z 1002

gueld Irebnysen | zgi3emwew | nrebiyoeN | rieBhyoen | oiZone | vISE'L |4
gzoz 1202 2Lz 5102 o0z 100z

gueld ZOlIonuoW | Lo oawow | piyebuyoeN | ieBayceN | 1eBayseN 1eisel |9
£202 1202 6102 L &LOZ oLez L0z

el |- zogeswow | N ieSyoceN | LoiZ pawepy | ffebiuseN | [eBuyoen (SLSE'L (S

| €20z 0zoz’ 8102 5102 200Z LCOZ .

gueld | [ eBnuoeN | ZoiZoawew | | oj5 pawaw | )eBuyoen | jeBiyoeN [ SHLEL [

gzoz 1202 BLOZ SLOZ $00Z 10T .

gueld jeBauseN | HebuceN | zoizomusyy | Lol3onuely | jrebouceN | L'sig (€
£2027 1202 5102 5102 $00Z £00Z

guald 1 Z ol pruow | 11l ieBiyoeN | Iiebryoen | 4 913 eaweiy | |EBuusen (lwle't (T
£202 1202 6102 gL0z 8002 L00T

gueld miebnyoen: | 2913 onwely | f1eBayceN | L oI3 gawen | 1 [eSILOEN T OERE L | b

ueld | Jes A poyeq uis Cooy pig puz B Weuag BN

_ xhoﬁaz.;o_uumccouhmac_ yineg jo Buiwy, Juswdojaaag 'S 2igeL

SIXHIqNC G

5-23




6EeE’Y i gATICy  |mmg PISET TLPY'py  |mng Rt Z'068'Cy _ jmmg 0ERT'l [ GosETy  [mmg

zIT TLOYT  |Zp0T TIT TLO9T  [TH0T T2 TLO09'T  |THOT P74 TLO9T _|ZH0T

. 272 SLEFT  |THOT 87T BLEFT  |TH0T Bz §LEPT | TPOT 87T FLEFT 1 IH0T

IylaL! Ty 8Ly 0p0r Durloes Trrls  (ovte $'ET £6LTT |0VOZ ST £6LTT - 10O

FAL TIETT _ |6£0Z THT Lierz 1680z TYe Tiel'zs 6602 4L VIETZ 680z

64T 9TEET  {850Z 6T 9'T86'T 18502 [e1! €99 LEIES  18£0Z AR AN ZL6E'y 8807

9'5% T'E08°T  |L£0T 95T 1eog' T |L€0Z 9'57 '£98'T  1LE0T 95z TEOR'T  ILE0T

Eh €1 1 £'68 9802 lglgn) £1. £'68 9£0Z frluH| 9°2- +'Z06- I9E0T. ishar [Elan| 2ot 1°5L9 9502

gL 019 09L9°  {$50T (2L 019 09L9°¢  1cE0T (AT 00L9°E 602 LT 28791 ooz

. 2Lz GCTLET |9E0Z |8tz Teezs's - vgoT 84T 67061 pEOT phLl o018 0T6LT  |pEoT

Sl 6Ly YORET  ££07 shag 'ty r9REZ . I£€02 [ 6Ly 1o8eT - -legoz 98T G eTr' T |egog

6T lyiegt  [zgoz ¥6T FIEE'T  |ZE0Z ¥5 PIEET  (TE0T ¥'6Z FIeer - Jegoz

{ghir| 2o g'61E'c - l1£07 I£ldL L'08 961E'E ~ L1E0Z LML €80 PEOR'T  {IE6T [1har| g9 ¥808'Z  |150T

it 6€91°1  10£0T [CICARTTS GEETT  10E0T [FlaE; 048 | SECTZ - |050Z : T'IE 6E9ET - |0£0T

0z £880°T {6207 0ZE £880°T 16707 0Z¢ £'880°1 16202 0Ze £880°T. 6202

IR P'96TT  |8TOT 6TE SLIOT. . |8Z0Z 628 SL10°T |8Z0Z felaL gi8 PEELZ - |820T

GEE b'166 LLOT 65E 158 Loz &€ $158 L20T 6EE- Y156 LZOZ

g¥E 56883 SZ0T $4E 5688 9Z0T [Rad $'688 9202 grE $'688 90T

WLl L9 SFEST  I6T0T L[ go8 L8t lszoz 26¢ L1E8 8202 8'CE 158 5Z0T

3°9¢ LLLL ¥Z0Z $9F LLLL ¥Z0T 29¢ LLLL +Z0T $'9¢ LLLLt ¥Z0T

6LE TLZL £267 ELE V'iZl £20T [ENME! 07101 r6s6't - |ezoz [zhar] 67¢2 OIF9'T  [EZ0T

0'6E.- | 8'6L% 207 0'6£ £'6L0 0L 0’68 2619 TL0L 0'6¢ 8'6L9 2Z0T

0¥ L'SE9 1202 ')y L'§eo 1202 1or Ls59 1202 1ot L5509 1202

iy £P65 070Z : TiF £'y8s 0Z0%, Ty £'¥6¢ 0207 [S1aE {$)1o8| 68 £968 0Z0Z

a1 {zlou| gvo S'6¥8 610T [z 2100 849 96¥R 6162 (2L ZIoH| 8o 968 610Z SIOH| ¥z sty 5107

ZIoBE| 611 £ 181 8102 ZIDHl-6 11 TP 810T ZIOH| 611 £ 1pT 8102 _Delur irlon| 200 OETL 8102

[shir{sion| Les 0'L¥9 LIOZ el {51oH] L'68 orLy9 LIOT [ghyy [eloH]| L6 0'LEY L1602 YIoH| 0'5Z T LIOT

[slon [ghe1f 1201 95S0°T  {810T Yo [elEL] 17401 0'650°T -~ 19107 [sionTiaL] Z'se £'898 910Z [1har] vi6 9656 9102

o lTet £15¢ STz . 768 £I5E $107 . Z6¢ £1et $10Z o'oY T'E9¢ S10T

o §'8ZE #10T IelaL Iplos| 929 £'605 $10Z el [ploH| 9729 £'60S r10T L1y 8'6EE t10Z

[t L0 £107 PIOH] 22 8991 £10T ~Irlon| sz 3998 £10Z : §Tr LLTE €102

{iher [TIoH] vor CELY Z10Z £°8€ 7652 Z10Z . lsss T'85T Z10Z fehar {clon| Log £E8S Z10%

~ {tioH| £ iz 1102 9°6E v'TET 1107 6% vTET  |T10Z CIOH| Fos- 0'80¢- 1107

1oR| T SI51- [ FRv 99T, 0107 . 207 997z~ |oioe gloB| o'ge- LERT- 0102

(1108 [vhar [vioH| 657 £0€T 6007 FYTaL [110HL 024 0'F9¢ 600Z &1y 6112 600Z £lo™| o'¢- ¥5Z- 5002

(o FoH| 81 £8 2007 {tloH; szs- Fere- 2007 I'sy TRET (8007 £IDH| 981 L58 2002

[ 9301 L00T TOH: #ve- 8crl- LO0Z, el [£IoH| €56 8685 £00Z (2L (ZIoH] L'95 6°9€T LOOT

792 L'é6 S00Z, 110H| 97~ LT 9007 {EloH| 9'po- PR 900z ZIoH| +'81- 0L 9002

0'LT 2'56 5007 oni Loz £ SCOT SIOH | &'t~ SHSE- £00Z, 661 £'89 S00Z

84T 1i8 $00Z LT fx] Y007, £1oH| 8°71- £0t- +00Z $'0T [RL) ¥00T

98 [ £00Z $'8z 5’18 £007 AR 90t €007, 'z 109 £00Z

tez P 007 6T 9L Z00T L1z 95 2002 L1z 796 Zooz

Z0E ZIL 1002 708 kAN 1002 P 9'Z8 100Z £z7 98 1002

{eldy iclon Lo6 P61 B00Z telar [gloul Los TPs] 000Z Ly (o] L1e TZER 0007 iy oH[ 19 ZZgt 000z

£I0H! £Z701- £661- 6661 £10H| ZZ01- £'661" S66] TIoH| 1001~ 0’561~ 5661 11oH]| Toor- 0561 6661

£I0H| 682~ L'6E1- 3661 £10H| 6°RL- 1681~ . i866T UoH| 24t R oeE- 8561 oH| Zit- 29¢T- 8561

cloH! o'op- €59 L561 £10H| 9°0t £'¢9- LOGT TOH| L'65- 6L £661- HoH] L6t [T £661

£IOH! £8- ZZi- 9651 £lop] £ ZZi- 9661 1oH! 2'g- 021~ 9661 HOH| Z°g- Q'ZI- 9551

00 00 [T 0'0 o0 5661 00 00 18661 a'0 00 5561

o'¢ 00 651 00 00 ¥661 00 0'Q A [ 00 661

g0 100 €661 o0 00 2661 a0 00 £661 g0 0D £661

50N COAad  [(O-demg [y s10N OrPad _(O-sDareg |max 53108 OriPad__(Oremg [®ax $ION Oad  [(Orgamg [rox
9Z$ 1150 usmdorsag 9TEP1 £0 Wemdolaag 9ZEHE 10 Juatedojaad] : 9CPEZ 10 USwdoRACE

uoneziundo BulwiL pue ajesg wswdojaneq §'G ajqel

SEXCEHSVO

000°000° TS TN




L6208 01147y |wng el £er1ey jumg $ISE'T CPEEYE wng LI w.am”? umg

A TL09'7 - Zvoz 7L TLOY'T _ |Zv0T 77T TLO9'T T80T 7% TLOST, |THOT

18T LEFT  |1¥0C ST SLEF'T _|1H0T . 8T 8LEP'T _ |I¥0T 87T gLeyT V0L

[Pl sy 22T’y ooz [Fdr| Tey £8LT'Y  |0F0E [IEHRERS TEPI'S 0102 [ £6LET (9204

Z¥Z 11eY'z . 1650T 4T TIE1'T . 6502 - YT TIEl's  |6€02 ZHZ UIETZ 6502

S+ 9TE6T  |8E0T 6¥T 9'T66T _ |BEOT 61T 9C65° T |8S0Z el goe LEIE'S  |8C0T

95% 1€98°T - |L£0T [N L Eostt  ligfor 962 1°£98° T |LE0T 9'sT T€98'T  [A€0Z

! (B <'6s 950z ! [£141 [ehams) 16t 89971 _19£0L [o1), [shH! T's1 89971 |9€0T {elar [y 2ot 1°5L9 9£0Z

; [zhar 019, 0'940°C  |5£0Z oLz $'879°T  lseoT 0Lz 88291 15502 QLT $8Z9'T  leeoz

i LT §7T8T  |+S0T gL 6TTS T 0T L o1s GZELT  pE0T [eRiL! 018 i 0'ZeL'T lycoe

| 8T SETF'T  IE€0T [AEMERE 9EITE  EE0T 937 Gyl |SE0T L 9'87 &ETr'l  leeoz

62 PIEST  [ZE07 ¥6z vIEEE 2802 67 - FIgE’]  lzeot {$'6T PISET  [zE0Z

DL lelar) 4817 et I1£0T [GEMERT 9'6IEE 1602 €11 L'08 9GIE'e  [1E0T LI €89 ¥'608°7  |1€0Z

TIg GEOIT  i0E0T i 6E91°1  |og0z ZINL[ 204 £929°T___logoe ML 208 89797 |0s0z

0'7E £880°T 16202 __loze £'880°Y 16707 078 £'880°'T {670Z 0'ZE £880°T _ |620C

(sl81: Z'g¢ £60L°T  18ZOT HEAIES $'96Z°C  |8Z0T 678 SLI0T 18702 6ZE SLIOT - |820T

&°€E TISE LZ0T, 6ES ¥'156 LZ0Z §EE #'156 LZOT [R3a +'166 LT0T

8P £'683 9Z0T 2'HE $'688 9Z0Z 2'9E $'688 9Z0Z. 8've $'688 970T

gLl L¢9 SYTET  isT0Z [plds Lco 89PT8l 6T0T [thir] o8 L8l (8702 85¢ LI5S 5202

8'9% LILLL ¥Z0T 20 LLLL $ZOT 8'0¢ LLLL 5202 8'9¢ LLLL YZOT

5LE 1TLTL £207, 6LE TLZL €202 §LE U224 £20Z. [eldL] o101 0686°T  1€T0T

068 86L9 TTOT. 0'6% 2'6L9 TZ0Z 068 8°6LO 7Z0Z, 06E 8'6L9 7202

ot L5EG 1202 oy L'EE9 1202 1°0F L'§59 1202 ot L§E9 1202

iy £465 lozoe LML [S1OH! a8 £958 0202, el [sloH) v6s £9¢8 0Z0T lehyrl (sloB| ves £'95% 0Z0Z

[2haL (zioH] g've 9°6v8 5102 1gloH: vz 1'sT¥ 6102 CIOH| ¥'Zg [R1%, {6102 SIOH| #'2€ LSZv 610Z

ZIDH| 6711 £151 8107 [80Y $'98t 810Z (pIaL [viOH] L7109 ez, 8107 [¥1¥1, lvloH 0ETL 8102

ooF (424 L10Z Zhil [Z]od! 250 RUIL L10T PIoH! 05T 1L L10T rloH TUZ LI0T

e 0811 £191% - |9I0z, £9, (2100 §'98 9158 910z feldL; €911 gSpit 9107 [1lar 9656 9102

(a1 fidod| £Le 1909 S10Z L ZT68 £'18¢ S10T 50y ¥'E9E 5102 FE98 ST0Z

DOH: Lig- §°90¢- ¥10Z 0 5'8TE $10Z fzhaL (2loH] ¢'29 8'6¥¢ +10Z [zhi1 [zloH §'6r¢ $10Z

TIOH| 8'12- £191- £10Z [T TLOE 10T ! izloH| 9 Ly £10Z 1zio” iy £10z

felyy Iclou {11DH] £92 rLLl ZI0T frhar [1loH! voL £ELy ZI10Z . $'8¢ Z'65T Z10Z THST TI0Z

folod [NIDH| 921 TiL 1102 [oH] +ye- T 110z 9'6¢ FZPT 110Z vIvE 1102

2L 45T 010z UDH|Z' Lz [ 0102 80y 9922 Q10z 997 0102

IrIML [FI0H| 296 LT 600Z 1ML (410K [1]0H| 662 80l 6002 (AR IRE A2 orpos 600Z §1IZ 6002

wiowi o't 0SE 2007 irloH [TIDH| 81 £8 8007 LIDH| 678 UEpe- BOOZ [ 200L

£€z 9901 L00T . (X4 9'90L LOOZ UDH| brpe- 8EHT- L00Z {elar [gloH| £g6 8'68¢ LOOT

782 L'66 960T 9z L'66 900Z oH| 9t Pil- 9002 IeloH] 9ve- FEyT- 9007

oL7 756 $00Z, 0Lz 756 2002 1DH] L'0Z €14 SO0Z SIOH 6'vt- 6beT- £00T

gLz i F00Z 847 148 002 LT Li8 ¥00Z, EIOHISZI- L EO0Y ra0Z

987 S18 £002 98z [ £00Z 9'87 ¢'18 £00Z FEToH 29T L ooy £00T

Y67 Z9L 002 62 9L Z00Z Y62 oL Z00Z L1z LZ9% 00T

Z0g ZIL 1002 Z0¢ TIL 1002 FAA TIL 100Z £TT 9Z§ - 1007

[e11 [g3oH -0 06 YPST 00T [ehiL (E]DOH! L06 P61 Q00T { fehay [£10H: 4706 [ 000Z ML FToH L 19 FAAA 000z

£10H | Z'Z01- £'661- 6651 £JOH ZTOT1- 661 6661 : glor! zzot- £661" 6661 o] 1001~ ¥S61- 6551

ClOH| 684~ L6E1- 8661 ¢I0H] 6'8L- L6E1- 8661 SIOHI 684 LGET- B661 HoH Z L #9¢1- 8661

SI0H| oor £59- 161 £]DH] 90~ £65- 4661 £1OH] 9704~ £59- 4661 1IDH| L'6¢- [ LEGT

cloyl £8- zZI- 9661 ¢IOH| £83- LTl 9651 £1DH]| £°8- zzZl- 9651 Hon!z's- oZl1- 9651

00 o0 5661 00 100 S651 L 00 00 S661 40 00 §661

00 o ¥661 | og 10 7661 o0 00 P66T 00 i) P661

00 00 ~ lesel | 0D |00 £661 00 00 £661 00 00 - €661

SN {OrDAd  [{O-fatey [seox SIION OrihAad_ [(O-gomg [max 53100 (O DAd_ [(OrE)aumg |Jesx SAION O-DAd Oy rway
: 9Z157E0 Jusmdorsacy 96210 WomdoAct OSFZIE0 MIWAOIALT : i 9SHZET0 Wwemdolaag

uoieziwpdp Buiwiy pue 2jess Ewan_gmn 'S 9jqeL

STX'CHSYD

000°000°T$ N

5-25



3'16£°1 L3PF'ry umg TEIET 1 o'168°cy  jumg
77T TLO9'T  1Zh0T T - |TLoo'T  iZvozr !
87T SLEP'T  |TPOZ 872 SLEV'T  {1POT
[thiriogs TYri's ooz §ET €6LTT _|ot0z
YT [IS1Z. |6502 . T TIELT _|6502
5T 9Z66'T . |8202 [ghil] £99 LIS |8£0T
957 1E%8T - JLgoT . |osT 2981 - lrgoz
{eTuz (s 141 $99Z1. . [950Z [l fihH] zo1 1§40 9502
0LT 88Z9T - [5€0T L 1OLT 188291 |SEOT
|81z 65T 50T YA 1675 T IPEOT
[zZhar] 99 9EITE  |££07 (ZhiL] 9'vo 9EITE  IEE0T
Y'6T FIEET (2800 C- ez LPIES’T - |ZgoT
el L'08 9g1e'e 102 IThit| cgg $'608°T |1s02
WpIEL 0'rs GEEITT . |OE0T L oLs GEE1'T 080T
0ZE £'880'1 _ 1670T 0'Z% £280°T [6202-
67¢ $LI0L . |8Z0T 6Z¢ $'LI0T . -|8T0T
EE 156 lezoz 6EF 156 LZOZ
$YE $'688 920% gtE $638__ |9T0T
[1)81i 808 ULLETT  [8T0T g'cE LIER - [5T0T
. §'9¢ LLLE YI0T RS LLEL $TOT
- 6LE TLEL |ezoz fehil] o101 - 0688'T - [£207,
0'6E, 869 T20Z 0'6S £6LY . [7T0T
. Tor Lceo 1207, CTor L'GEY 1702
[s1a1 [sioH! v'65 £'9¢8 BZ0Z fehat {sloH! ves £0c8  l0Z0Z
[gI0H! ¥'28 16T 5102 isloH! ¥Z€ vézy - 6102
i 8'0b 98 810z clgor g'o8 810T
[ZIIL [Z}OH 259 $1IL Li0Z lzly izl ise 8T L10Z
ey [ZloH] 598 o158 |otoe i IzhoH| o'to §%99 .- |910C
768 €158 - [5T0Z. Z6E €8¢ sroz
[p]aL [#1OH] 979 €808 ¥10Z [phye vlon|{9ze - [ceos 102
_vloH| szT -8°991 . |€10T [pioH| s2z 8991 £10T
S8E 2'6sc. _|z10T $'8¢ T65¢ - |TI0T
968 ¥ 1102 9'6¢ P A 1102
. 8°0F 9'52Z © 0102 g0 97T 0102
Dy (1don] 0z 0'59¢ 600Z &1y 11T . |600Z
- [iloHiszs- TEvZ- $00€ ey 1861 8007
TIOH] ¥ ¥e- P~ LOOE [elyr Iglon| £'ee LRGBS . 1007
1IOH| 9'p- ¥Li- 9002 ___IgJoH] ovs- b'obE- 9002
1oH] £0Z €1 5007 elDH| 6'vt- 6FST- £00Z
$LT TL8 +00Z £JOH| 871~ cop- vz
982, 518 £00Z eloM| vt 9'or £00Z
Tv6z T9L Z00Z L1 795~ Z00Z
. T'0E 1L 00T oA 978 1100T
- Aunimgy (o] felug felonl Los ty81 0002 iy Donle1e ZTTEE 000Z
III ®8nyeen; (5] €108 TZ01- £661- 6661 UOH| 1'601- 0's61- 16661
11 1eBryeeN (r] ¢loHl 6'8L- 68T 2651 Hou zee- §9¢t- 8661
.1 1e8nyeeN [g] £108| 9°0t- £59- L66T t1oH]| L6t~ &E9- L661L
(5/EW ¢TT=0) W §'9LL="TOW W O'THE="T5 ), T #Ia samudi [z] £10H]| €8 zZi- 9661 HOH| 78" 0ZI- 9561
(5761 $7T=0 "W 0OLE="TON W 0'Z6€="1SD T 21T snmeyy 1] o¢ [ §661 00 0 5661
: : kg wasaad [0} i) 00 p661 Q0 a0 ¥561
3usld [euLay] 70 UoNonIEag / TuAumacR[daY 1Y) - [ 00 £661 0 00 €661
woeyd oxpAy go uamsonyday ey - wwepd oapfy o wotionasueD DK - 310N O-Pad _[(O-gomeg mag 30N O@ad  1O-@emg mag
) ) 952150 Wawdojaagy 9CTEETO Wamdo[aA]

uoneZiwido m:_E__ 1 pue ajeog juswdojaneg 6'g djqes

STX'EHSVYD

C00000"1S Ly

5-26



mmmmmmmmmmmmmmmm
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

___________________________________

NN

Si0109
algnd

L= o o

o ) [ 1] o

) o o™ - -~
{Mw) peo lemod

- ose

: ~ —
V// s\







FORMULAT.XLS

Cost/kWh based Screening

- Dam Alignment Alternatives (2 cases)

- Waterway Alternatives (3 casas)

- Fuli Supply Level Alternatives (6 cases)

-~ Maximum Plant Discharge Alternatives (7 cases)

First Screening

Discussions on;
- 85%-dependable out flow from
Memve Ele

-

Cost/kWh Optima

- Increase of firm eneigy output at
downstream projects

- Optimum Dam Alignment

- Optimum Waterway Route

- Tentative Full Supply Level

- Tentative Maximum Plant Discharge

\ 4

MNet Benefit based Screening

- Full Supply Level Alternatives
- Maximum Plant Discharge Alternatives

v

hNet Benefit Optima

- 3 optimal development plans
(Plan 1,2, &3)

Second Screening

_"Development Scale and Timingvoﬁﬁﬁii’ézatibn

- Memve Ele's Development Plans 1, 2, & 3
- Nachtigal's Development Plan

Third Screening

Discussions on:
- Demand forecast of South Inter-
connection Network '

v

Development Scale and Timing

- Development Timing
- Best project formulation out of Plan 1, 2, or 3

- Existing hydro plants in Sanaga

Fig. 5.2 Flow of Project Formulation
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VI. BASIC DESIGN

.6. 1 Introduction

This chapter describes the basic design concepts and principal features of the main structures
of the Memvé El€ Project. The design discussed here is, however, of a feasibility study level

mainly to achieve a realistic estimate of construction cost for the project.

Through the comparison and optimization study of project development scale described in the
preceding Chapter 5, Plan Formulation, the following basic dimensions have been worked

out for the project:
(1) Full Supply Level (FSL): EL. 392.0 m
(2) Minimum Operating Level (MOL): EL. 391L.5m
(3) Total installed capacity: 201.2 MW (50.3 MW X 4 units)
(4) ~ Maximum plant discharge: 450 m3/sec
(5) Tail water level for the maximum
plant discharge: ElL. 336.0 m.

The project layout is shown in Figs.6.2 and 6.3.

6.2 Main Civil Structures

6.2.1 River Diversion

Mﬁlti—stagc river diversion by cofferdams will be applied for the purposé of diverting river
flow during the period of the construction works of the main dam. The river diversion will
be carried out at dry and low flow seasons (January - March). First stage cofferdams will be
provided near the left abutment for construction of the dam and spillway section. Second
stage cofferdams be on the islands, and third stage .cofferdams be near the right abutment.

Fig. 6.4 shows the coffer dam layou_t and typical section.

The recorded maximum flood with a peak dis'charge‘ of 2,110 m3/sec was adopted as the
design flood discharge for the diversion scheme. As the proposed dam has a length of 1,850
m and runs on flat islands, rivers and creeks, it is difficult to obtain exact rating curves of the
rivers and crécks. The crest elevation of the cofferdam' was assumed to be set at EL. 385 m
from the limited hydroiogical data and the topography. It is therefore requested that further
hydrological survey should be made in the detailed design stage to clarify this uncertainty,
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The cofferdams are of dumped rockfill dams with an upstream inclined core. The

embankment volume in cach stage is as follows:

First stage cofferdams: 38,000 m3 -
Second stage cofferdams: 21,000 m3
Third stage cofferdams: 13,000 m3
Total: 72,000 m3

6.2.2 Main Dam
(1)  Dam axis

* Taking the geological conditions and the topographic condjﬁons into éo’nsideration,_ two dam
axes are proposed as given in Fig.6.1. The dam axis shown in purple on Fig. 6.1s for the
* small scale dam plan, and that in red is for the large scale dam plan. _F_ig_s.6._3 and 6.5 dépict
the plan and profile of the small scale dam closing only the Ntem by adopting a homogeneous
earthfill type,' which is conceived to be one of promising dam types, whilst the large scale
dam closes the Ntem, and its .uibutaries, the Ndjo' o and the Biwome. '

Construction costs at two sites were compared by the earthfill type to select the optimal
damsite as described in the preceding chapter. The small scale dam axis closing only the
Ntem is selected as the optimal damsite of the Memvé Elé Prdjcct._

2) Dam type

The topography and geology at the proposed damsite will allow the construction of either
concrete gravity dam or fill type dam. However, the dam has a length of 1.85 km and the

height is 20 m at maximum but mostly less than 10 m.

During the field investigation, borrow areas for the impervious materials were found in |
enough quantity near the damsite, resulting in the low construction cost of the earthfiil dam.
But, the rock quarries near the dam site is limited in quantity. Coarse concrete aggregate and

filter material will be produced from quarry rocks.

The geological condition for the dam foundation is good at the left abutment, the river beds
and the islands, but comes into question at the rigﬁt abutment . The assumed rock line at the
right abutment is Iowcr than the riverbed and inclines towered the abutment dlrccuon

resulnng in the thick overburden



The earthfill dam is selected as the most suitable type for the Memvé Elé Project due to the

following reasons:
(i)  Suitability for the construction of low dam with a long crest.
(i) Construction materials available.

(iii) Poor geological aspect at the right abutment.
(iv) Requirements of the foundation treatment are less intensive,

(3)  Dam crest elevation

As demonstrated in Chapter 5, the proposed reservoir has FSL at EL.392 m. In accordance
with the DeSigﬁ Criteria for Dams in ihe Ministry lof Construction, Japan, the crest elevation -
of dam should be désign o be safe against the flood discharge, water wave by wind or
earthquake and other allowance. The height of concrete dams can be determined from the

' table below, depending on existence of spillway gates. In case of embaﬁkment dams, one
meter shall be added to the maximum value obtained from the table.

Existence of spillway gates Crest elevation of dam in m

Yes - Hm+hw+he+0.5  (hw+he<l.5 Hn+2)
. Hd+hw+0.5 (hw<0.5  Hd+1)

No ' - Hn+hw-+he - (hw+he<2 Hn+2)
Hd-+hw (hw<1 Hd+1)

where Hn: Normal high water level

Hd: Flood water level

hw:  Wave height due to wind

he: Wave height due to earthquake
For the preliminary design of embankment dam in the Memvé El€ project, the dam crest is
determined at EL.. 395 m by adding a freeboard of 3 meters to FSL. 392 m. The proposed

dam's design is shown in Figs. 6.3 and 6.5.
(4)  Zoning

The final output for the design of the main dam is shown in Fig.6.5. The homogeneous type
of dam must be provided with drains to preveﬁt phreatic ling from extending to the
~ downsiream slope. The layout of drains shall be determined according to the height of dams,
* pore pressure, amount of seepage and available material. The height of the proposed dam will
be 20 m at the maximum section, Sloped and horizontal drains shown in Fig. 6.5 are mostly

used to lower phreatic line in this scale of dams.
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The embankment volume in each zone is as follows:

1) Impervious zone: 673,200 m3

2) Filter: 84,800 m3
3) Transition: 49,300 m3

' 4) Riprap: 75,900 m3
Total: 883,200 m3

(5) - Foundation treatment

Grouting works will be cian'ied out along thc darﬁ axis. Two rows of curtain grbutihg adopt
1LO m spacmg, arid hole mtervals inarowis 3.0 m. As to the right abmmcnt where the
rock line is lower than the river bed a blanket by impervious materials may be apphed for the

- upstream face of abutment.

- 6.2.3  Spillway

Two spillway sections are provided on the dam as shown in Figs. 6.5 and 6.6. Oneis
located near the intake facilities at the léft abutment. Thespillway is of a movable weir for
discharging flood and sedimentation. ‘The location of spillway and the intake was determined
to ensure a smooth inflow of water into the headrace channel and removal of sédimentati()n in
front of the intake through the spillway gates and the sand flush gate. The other is called as
an auxiliary spillway located near the righf abutment. The spi]lway is of fixed wéir having
the crest elevation at EL.392.0 m same as the full supply level to releasc and control smali
inflow with keeping the water level constant at the full ﬂupply level. fhe location of

spillways were selected by taking into account the foIlowmg iterns:

1) A good quality of rock muss as bedrock with less deposits sediment.
2)  Asite where no potential scouring on the river bed and at the river bank.
3)  Asite where the river diversibn work during construction is easy.

4)  Asection capable of allowing the flow of the design flood dlscharge even
considering sedimentation in future should be dcposued

The spillway is designed to'discharge the 10,0{}0—ye_a: probable flood w1thapeak dischargc--.
of 3,450 m3/sec with a reservoir water level of EL. 392 m not counting the retention effect of
the reservoir. The spillway near the left abutment consists of 1) five control gates being 11 m
wide as discharge'facilitiés for flood control, inspection, repair and maintenance, and 2) a

sluice way as discharge facilities for sand removal from the entrance of the intake.
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The spillway sections are provided with 11 m wide, 10.5 m high and 5 sets radial gates. The
sill elevation of spillway gates is set at EL. 382 m. The sluice way to reduce the amount of
- stream bedload entering the intake is of 11 m wide and 13.5 m high radial gate. The sill

elevation of sluice gate is at EL. 379.0 m, 3 m lower than the spillway crest.

A downstream apron and side walls are provided to protect the streambed and bank against
erosion, The apron and side walls are of reinforced concrete anchored in rock by grouted

- anchor bars and have a drainage system beneath the apfon.

The auxiliary spillway near the right abutment is of non-gated weir with the crest length of
100 m and piers for spillway bridges. If the inflow exceeds the turbihe discharge and the
water level becomes higher than FSL. 392.0 m, the auxiliary spillway releases extra water
automaticélly. This guarantees the safety of dam against mal—opéraﬁon of the spﬂlWay gates.

6.2.4 Watervéay

(1)  General

The waterway for power generation will be composed of an intake, a headrace channel, a
head pond, a penstock intake dam, penstock lines, turbines, draft tunnels, access- surge

tunnel, tailrace tunnels and a tailrace outlet,

The waterway is arranged in the left bank connecting the intake and the tailrace outlet through
a semi-undcrgroun.d powerhouse. The route is selected so as to minimize its length and to
gain water head as much as possible through the Memvé El¢ waterfalls and the Gorges du
Ntem. Plans and préfile_s_ of the waterway is shown in Figs; 6.7 and 6.8..

(2) Intake

The sluice way is provided in front of the intake to protect the headworks from accumulation
of stream bedload, the head pond has a function as a desilting basin to catch suspended silt

load for preventing turbines from abrasion. The intake structure is shown in Fig. 6.9.

The water level in the Ntem river will be controlled by the spillway and thus the location of
intake was selected on the left bank to which a gut (flow line) approaches. The scouring
sluice is installed adjacent to the intake. '



The front of the intake is aligned with the edge of the natural river without projecting out or
_ being set back from the edge of the river bank. If the intake projects out, it may be damégcd
by destructive forces during floods. If it is set back, eddies may be created, resulting in the
inflow and deposition of suspended sediment contained in the flood water.

The intake sill is set at EL. 386 m which is 4,0 m higher than the crest of spillway to prevent
the bedload in the river from entering the intake. Furthermore, a concrete slab provided in

front of the intake leads to the sand flush gate.

The mtakebasm (forcb.ay) is a gradually decreasing approach between the intake and the

headrace channel for m’éaﬁﬁg a sinooth current of water taken in.

To prevent the mﬂow of suspendad substanccs such as trash a screen is msta!led in front of
- theintake. The screen consists of essentially flat steel bars pIaced parallel and space not
greatet than the smallest fixed opening of the water passage of turbine. The maximum flow
velocity is about 0.6 m/sec in front of the screen. The screen has a inclination of one

horizontal to three vertical to facilitate cleaning.'

Four sets of intake gates with dimensions of 11.0 m wide and 6.5 m high is provided asa -
shut-off gates for dcwateﬁng the headrace channel and the head pond for inspection and
maintenance. The gates are of fixed-wheel type operated by hydraulic hoist.

Ordinary type desilting basin is omitted as 1) the river is found to have a small sediment
inflow and very low content of suspended 1oad, the head for the power genération is -
relatively small, and 3) the rotating speed of turbine is low. However, a sand flushing gutter
is prov1ded in the bottom of the intake basin between the screen and thé gaes andledtoa

manual scouring sluice consisting of a sluice gate 1 m X 1 m and a2 m dia. tunnel for

flushing sand.

Just upstream of the intake gates, there are stoplog slots con’sideriiig trouble of intake gates.
Stoplogs provided for the spillway gates can be applied for this purpose.

" (3)  Headrace channel
The headrace channel conveys water from the-intake to the head poﬁd as shown .ih'Fig'.' 6.10.
‘The flow capacity of channel is equivalent to the maximum plant discharge 450 m3/sec. The

cross section of channel selected is a trapezoid with a iiottom width of 15 m and a side slope
of 1:2.0 (vertical ; horizontal). The longitudinal bottom slope of channel is 1/4 000 The
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flow velocity is with in the range between the minimum permissible velocity to prevent
sedimentation 0.6 to 1.0 m/sec and the maximum velocity 4.0 m/sec. 'I‘he channel is of
concrete lining with a total length of 2.5 km. The plan and typical sections are illustrated in
Fig. 6.10. o

Ttie headrace channel is aligned toward south-south-west direction, then turns to south-west
direction at the one-third distance, runs on a foot of a hill,_fﬁrther turns 1o west direction at
the middle distance and leads to the head pond crossing a ridge which is one of proposed
quény sites. In order to establiél{ reliable foundation of the éhannel, the abovementioned
alignment was determined. However, it is unavoidable to cross the swamp zone with a
distance of 300 m at the beginning. Swamp-dozers and geotextile mats will be applied for the

construction in the swamp area having low foundation bearing capacity.

Open and underground drains are provided to remove excess water from the ground surface

and subsoil, Inspection roads are provided at the both banks of channel.
(4) Head pond

The head pond is to be created by constructing a small dam (penstock intake/dam) located in
a swamp near by the Gorges du Ntem. As the headrace channel is rather long and the power
plant is subject to larg.e load demand, the pond is designed to have a capacity to keep the plant
operation for more than 10 minutes with maximum wrbine discharge without inflow from the

intakeT

The head pond has a function as a desilting basin 1o prevent Francis turbines from abrasion.
Thus, it is recommended that the bottom of head pond be vsed as a rock quarry to increase

the storage/sedimentation capacity.

An inspection road is provided around the pond and side ditches along the road collect rain
water from ground and drain outside the p'ond. Also, access roads w the bottom of head pond

will be considered for inspection and removal of sand as required on the long term basis.

(5)  Penstock intake dam

The penstock intake dam is'a combined type dam, consisting of earthfill dams at the both
abutments and a concrete penstd-ck' intake structure at the center as shown in Fig. 6.11. The

foundation condition is good with its shallow overburden.
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Screens are providéd at the penstock intake structure to prevent the floating debris in the

headrace channel and the head pond from being drawn into the turbines.

Four intake gates of fixed-wheel type are provided at the entrance of the penstock to serve for
emergency closure. It is also serve as a shut-off gate for unwatering the penstock and

turbines.

Air-entraining vortices decrease turbine efficiency, pﬁll floating debris onto the trashrack, and
cause rough torbine Gpcration. The inveért elevation of intake is set at EL. 377.0 m to keep a

depth more than two times of penstock diameter.
(6)  Penstock lines

Four penstock lines connect the head pond with the powerhouse in the shortest distance, with
vertical shafts .‘of about 52 m and horizontal mnnels of 42 m. The penstocks are ciassified
into encased steel liners having a diameter of 6.0 - 4.0 m. These are located ini tunnels arid
shafts and fully encased in concrete or encased in a portion of the intake dam. The penstock'

profile is shown in Fig, 6.11.
O Draft tunnels _

Four draft tunnels with a diameter of 6 0 m-are constructed to connect the draft tubes with thc
access- surge tunnel. Each two draft tunnel joins just downstream of the access-surge tunnel 1

The distance between the center of units in the powerhouse and the surge tank is around 70

m.
(8)  Access-surge tunnel -

The length of tailrace tunnels is about 1.4 km and the velocity in the tunnel is around 3.6
m/sec. Under this hydraulic condition, it is necessary to provide tailrace su_rge'tank/chambc‘r

in order to alleviate the water hammer caused by the sudden change of flow condition.

Cn .thc other hand, to economically excavate tﬁ_e_ bbttom of the pit—tyi)c powerhouse,
construction of an acccés tunnel may be needed. It will later serve as a tailrace surge chamber
for Tailrace Tunnel No 2. So, the access- -surge tunnel of 7.m wide and 6 m high is planned
to connect the bottom of pit and the tailrace tunnels. The portal of mnnel must be abovc the

maximum tail water lcvcl to mamtam free release to the atmosphere



An underground surge chamber of vertical shaft type will be separately constructed for the
Tailrace Tunnel No. 1.

9 Tailrace tunnel

Two taJh*aLe tunnels connect the bﬁ‘uwauon just downstream of the surge tanks and the

tailrace outlet in a total length of about 1. 5 km havmg a circular section of 9.0 m in diameter.

The maximum discharges through the tunnels are 225 m3/sec each, being equivalent to the

maximum discharges in two units operation.
(10) Tailrace outlet

At the end of the tailrace tunnels, a portal structure is provided with an elevated sil EL.334 m
" to maintain the minimum draft head and to prevcnt debris from entering into the tunnels as
shown in Fig. 6.12. Outlet gates of fixed-wheel type are provided at the outlet structure as

shut-off gates for unwatering the tailrace tunnel for inspection and maintenance.

The tailrace outlet bay will be provided downstream of the portal structure to smoothly lead
the plant discharge to the Gorges du Ntem. The bay will be 10 m long with the bottom
width of 42 m. The tailrace outlet is illustrated in Fig. 6.13.

6.2.5 Power Station

(I3  General

The selected power station is located on the left bank of the Gorges du Ntem about 1.5 km
" downstream of the Memvé Elé waterfalls. The power station consists of a powerhouse and
- an outdoor switchyard. The pow'crhouse will house four units of vertical synchronous

geﬁerators and Francis type hydraulic turbines as shown in Fig. 6.13.
2) Powerhouse

The powerhouse is a s'enai4undengOund type (pit-type) with 4 reinforced concrete structure
and is designed to house four 50 MW generating units. . The dimensions are 32 m wide, 120
m long an'd. 60 m high, determined essentially by the size of turbines and generators, the draft
head and the area and height required for erecting and installing the generating equipment,

' 'I'he. basic arrangement for the equipment and appurtenant structures in the powerhouse is

shown in Fig. 6.13.
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There is no denying the fact that a cavern powerhouse may be constructed instead of the pit
powerhouse. However, the minimum sound rock cover over the cavern is almost same as the '

~ cavern width and very critical.

The powerhouse consists of a machine bay an erection bay, a space for a control Toom, an
office, etc. at the tailrace side. The machine bay is d1v1dcd into two at the longntudmal ends.
Each machine bay is 42 m wide and 20 m long, consxdemlg the step- -wise-development. The
erection .bay is provided at the middle of powerhouse énd is 26 m wide and 29 m long. |
Beneath the erection bay and between the two machine bays, rock is remained as a rock strut
to conirol the.bchavior of rock around the powerhouse side walls. The space for control

- room and office is 46 m wide and 30 m long.

The main units have a space of 25 m between centers o provide an area for installation and
arrangement of turbines, its auxiliaries and other electrical equipment. The turbine center is

set at EL. 326.5 m, about 7.5 m lower than the minimum tail water level EL. 334 m to secure

" draft head required.

(3)  Outdoor swiichyard

The outdoor switchyard is located in the right bank of the Gorges du Ntem and the
dimensions of which are planned to be 200 m wide and 120 m Iong with the ground elevation
of EL. 378 m as shown in Fig. 6.14,

6.2.6 Saddle Dam

There is a thin ridge near the existing road at Abem Melongo village at about 3 km distanice
from Nyabessan village. The top of ndge is about EL. 397 m and there is a sprmg at the foot
of ridge. A saddle dam or blanket may be constructed on the ridge.

The dam will be designed as a homogeneous earthfill type, the upstream and downstream
slopes of which are 1:3.0 (vertical : horizontal) and 1:2.5 (vertical : horizontal), respectively,
considering the dam height of about 5m. Thc_dani crestis about 300 m long or less and

will be used as a relocation road.



6.2.7 Permanent Access Road

The project will require construction of access roads, relocation roads and haul roads. The

access roads and relocation roads will be permanent use while the haul roads are for

temporary use.

Permanent access roads to the damsite are comprised of the existing road connecting
Nyabessan village and Ma' an, and newly constructed access road between Nyabessan village
and the damsite and between the damsite and the power station. The existing road requires
minor upgrading works for some portions prior to commencement of the construction works.

The distance between the branch point at Nyabessan village and the damsite is approximately
1.0 km. |

The following permanent access roads will be required for the Project:

From ' - To Length (km) | Width (m)
Nyabessan Village Damsite 1.0 6.0
Damsite Powerhouse 3.0 6.0

6.3 Hydro-Mechanical Works

The major itemns of metal works 10 be supplied and installed in the project will be gates,
trashracks, valves, and steel penstock pipes. The following are main features of the

structures reguired for the project;

(1) Spillway gates (with 2 sets of stoplog)

Type: _ Radial gate
Number: 5 sets
Dimensions: | 11 m wide x 10.5 m high



2)

3)

C)

(5)

(6)

N

8

)

Sand flush gate |

Typé:
Number:
Dimensions;

Intake trashracks
Type:

Number:
Dimensions:

Intake gate

Type:
Number:
Dimensions:

Radial g'ate
1 set _ o
1] m wide x 13.5 m high

Fixed scicen
14 S;:ts
10.0 m wide x 9.0 m high

Fixed-wheel gate
4 sets

- 11 m wide X 6.5 m high

Stuice gate in the intake (with 1 sét of stoplog)

Type:
Number::

- Dimensions:

| Penstock intake trashrack

Type:
Number;
Dimension:

Sluice valve
1 set
1 m wide X 1 m high

Fixed screen
8 sets
10 m wide X 18 m high °

Penstock intake gate (with Lset of stoplog)

Type:.

" Number;

Dimensions; -
Penstock line

Type:
Number:

Dimensions:
Draft tube gate
Type:

Number:
Dimensions:

Fixed-wheel gate
4 sets

6.0'm squarc.

- Embedded type

4 Ianes

6.0 - 4.0 m dia. X 95 m long

~ Slide gate

1 set
6 m wide X 6 m high



(10) ITaiIrace outlet gat'es
Type: : ' Pixed-whesl gate |

Number: 2 sets
Dimensions: 9 m wide x 9 m high

6.4 Generating Equipment

Basic design conditions of the generating equipment are summarized below:

- High water level of reservoir:  EL. 392.0m

- Low water level: _ EL. 391.5m
- Maximum plant discharge: 450 m3/s

- Tail water level for ma_iimum plant discharge: ~ EL. 336.0m

- Ratwed head: - 52.3m.

The layout of .four units of generating equipment is determined taking account of the two-
stage development. The Francis type turbines are selected because of head and discharge
available for. each unit turbines taking account of its performance and cost. The type of
generators' is selected to be the vertical-shaft umbrella type synchronoué generator due 10 its

rotational speed and capacities.

The single line diagram will be applied for unit system and high voltage synchronization
system as shown in Fig, 6.15. lThe generator output is to be sieeped up with unit transformer
with double bus arrangcmént’ of 225 kV switchgéar in outdoor switchyard. One 3,000 kVA
local transformer is also provided for 30 kV local supply.

The principal features of the generating equipment of the Memvé Elé Power Station are
outlined as follows:

a)  Water turbine

- Number of units: 4 units

- Type: Vertical shaft Francis
- Rated net head: 52.3m

- Maximum plant discharge: 450 m3/s

- Rated output: _ 251.6 MW for each
- Rated speed: _ 200 rpm

- Turbine efficiency: ~ 0.895

b) Generator

- Number of units: 4 units



- Type: Three-phase synchronous generator of
vertical shaft with static type exciter
- Rated capacity: 55,900 kVA
- Rated voltage: 11 kV
- Rated frequency: 50Hz
- . Rated power factor: 0.9
- Electrical output: 50.3 MW for each
- Generator efficiency: 0.975 |
¢} Main transformer
- Number of transformers: 4 sets _
- Type: QOutdoor use with forced oil circulation
and forced air-cooled
- Rated Capacity: 55,900 kVA
- Rated Voltage Ratio: 117225 kV
- Rated Frequency: S50 Hz
d)  225KkV SF6 circuit breaker
- Rated voltage: 245 kv
- Rated continuous current: 1,600 A
- Rated rupturing current: 40 kA.

Major auxiliary equipment of the power station includes the following:

- one 200-ton overhead traveling crane with an auxiliary hoist for handling
miscellaneous equipment, and

- one diesel engine generator for emergency power supply to auxiliary equipment,
The general layout of the powerhouse is shown in Fig. 6.14. The cutdoor switchyard is -
iltustrated in Fig. 6.18. - ' | |

6.5 TranSmission Line and Substation

6.5.1 Conductors and Overhead Earthwires

{1) Size of Conductor

Power conductors to be applied for the project will be Aluniihum Cbnductor Steel Reinforced
(ACSR) generally used for high tension trahsmissi_on lines. The Mgmi}é El¢ 225kV
transmission line will require double circuits taking account of the maximum output 20IMW

of the power station and the long transmission line distance.



- Maximum Phase current is 45.0 amperes in casc.of 201MW output. From the point of corona
critical voltage, diameter of the conductor for 225k V should be bigger than 20mm in rainy
condition. Accordingly, minimum conductor for the project is ACSR 160 mm2, ACSR
Panther in BS code or ACSR Lark in ASTM code.

Considering line voltage regulation and _line'energy losses on such long transmission line,
conductor used for the project will be either ACSR 410 mm2, ACSR Deer (425 mm2) in BS,
ACSR Condor (400 mm2) in ASTM or equivalent,

Technical particulars of the conductors are as follows:

Particulars of ACSR : 410 mm2 ~ Deer Condor

Strand  (AVmm-+Stmm) 26/4.5+7B.5 30427+ 7421 543.1+7/3.1
Section  (Aluminum) 413.4 mm2 429.6 mm?2 402.8 mm2
(Steel) | © 67.4mm2 100.2 mm2 52.0 mm2
(Total) ' 480.8 mm2  529.8 mm2 454.8 mm2
Diameter (mm) 28.5 29.89 21.73
Unit weight (kg/m) 1.673 1.973 1.460
Ultimate strength (kg) 13,910 16,210 12,600

Current capacity (A) 840 860 840

(2) Size of Overhead Earthwire

Two overhead earthwires will be provided above the power conductors with the shield angle
of 0 degrees for cffcctivc protection from lightning strokes to the power conductors. The
earthwires will be of a galvaniiﬁd stéel_ stranded wire with a section of 70 mm2. Size of the
wire are selected from its mechanical strength for keeping the sufficient shielding and for
preventing reverse flashover from the earthwires to power conductors in the midspan so that
sags of the wires should be less than 80% of that of power conductors under the condition of

still air and the minimum temperature.
Technical particulars of the wire are as follows:
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Nominal section: 70 mm2

Stranding: - 73.5 mm
Calculated section: 67.35 mm?2
Outside diameter: ©10.5 mm

Unit weight: o 0.533 kg/m
Ultimate tensile strength: 5,580 kg |

(3) Sags of Poser Conductor and Qverhead Earthwire

Tensions of power conductor and overhead earthwire vary under air temperature, their
temperature due to current flow and wind pressure on them. Sags of power conductor and
overhead earthwire are computed so that their tensions will not exceed their specified

allowable mechanical strengths .l]l_ldC.I' any climatic condition.

The maximum tensions are usually limited by safety factors specified for their maximum
working tension under the most severe condition and their everyday stress, Every stress of
ACSR conductor is assumed to be that occurred on conductor at average conductor

temperature in still air.

Sags of power conductor and overhead earthwire are computed under the following

conditions referring to the local climatic condition.

(@) Mostsevere design condition: - - maximum wind pressure under min temperature
(b) Maximum wind pressure: ' 480 pa |
() Maximum conductor temperature: 75 degrees centigrade
Maximum earthwire temperature; 40 degrees cengigrade .
Average conductor temperature; 25 degrees centigrade
Average earthwire temperature: 25 degrees centigrade
Minimum conductor temperature: 15 degrees Cenﬁgradc
Minimum earthwire temperature: 15 degrées centigrade
(d) Factor of safety | '
| max. working tension to UTS: more 'than,'2.5 :
everyday stress to UTS: " more than 5.0
() Young's modulus of aluminum: 6,300 kg/mm2
Young's modulus of steel: 21,000 kg/fnm2
(f) Linear expansion coefficient o
aluminum: - 23x109°C

steel: 1.5 x 10:6/°C
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Computation of sags and tensions resulted in the maximum working tensions of power

conductor and overhead earthwire to be 3,500Rg and 1,450kg, respectively.

Maximum and minimum sags of power conductor at equivalent span 400m are as follows:

Span Length (m) ~ Maximum Sag (n) Minimum Sag (m)
| | Tension = 2,404kg Tension = 2,78%g |

50 0.22 0.19
100 | 0.87 0.75

© 200 | - 3.48 3.00
300 | 7.83 6.75
400 1392 | 12.00
500 ' 21.75 18.75
600 31.32 27.00
00 42.63 36.75
800 55.68 48,00
900 | 70.47 60.75
1,000 87.00 75.00
1,500 19575 168.75

6.5.2 Insulation

Insulation of the transmission line will be determined on such basic design phﬂos':)ph}',r that

flashover should not be occurred by internally induced abnormal voltages.

(1)  Insulator unit

Insulator unit to be employed will be a ball and socket type toughened glass or porcelain
standard suspension insulator of 254mm in diameter and 146mm in spacing. Electrical and

mechanical characteristics of each insulator unit will be as below:

(a) minimum flashover voltage : pchr frequency: dry: 78 kV
power frequency: wet. 45 kV

50% impulse: positive: 120kV
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50% impulée:_ negative: 125 kV
(b) minimum withstand voltage . power fréquency:dry: - TOKkV
' i power frequency: wet: 40 kV
(c) electromechanical failing load 12,000 kg '

© (2)  Insulator set

Number of insulator unit per string will be determined so that |

(a) withstand voltage for switching surge of an insulator set in wet condition should
be higher than the crest value of switching surge induced in the system, and
(b) the power frequénc_y withstand voltage of an insulator set in wet condition should
be higher than the effective value of short time abnormal occurred on the line.
Insulator sets will be provided with arcing horns at both line and earth ends for protection of
.thc sets from lightning strokes, for preventing are cascading over insulator discs and for
exqqualization of electric field charged on each insulator unit on the set. Following are |

 insulation design of sets for solid neutral grounding system in the project.

Nominal system voltage | Vo ' ' 225kV
Highest operating voltage _ V=1.15Vo 260 kV
Switching surge U=280\2/3)V  595KkV
Insulation reduction factor : R | 1.1
Short duration over-voltage factor Ov ' 1.3
Require withstand voltage for :

switching surge ' Uo=UxR - 645kV

short duration over-voltage Uo' = (V/ J3_) rxOv 215kV
Required N os. of insulator unit p.er.sct N o | 13
Withstand voltage of set for | |

switching surge - more than Uy 725kV

* short duration over-voltage -more than U’ 420kV

Length of insulator set | Zy=nx0.146 1.898 m
Design horn gap . Z=(0.857, 1.613 m
Impulse withstand voltage of horn gap - more thaﬁ-Uo : 695 kv

Power frequency withstand voltage of horn
gap _ : _morc: than U, . 455 kV



Outline of insulator sets used for the project are illusteated in Fig. 6.16. Double insulator sets

will be used for crossing section over major roads, wider rivers, other lines, etc.

(3)  Minimum clearance of live parts to towers

Minimum electrical clearances of live parts to earthed structures are determined in insulation
coordination. Spatial diagrams as drawn in Fig. 6.17 are generally used for keeping
necessary clearance of live parts to carthed materials.

(a) The standard clearance is equivalent to the gap coordinated with lightnihg impulse
flashover voltage of insulator sets. The gap is practically to be more than the value
obtained from the experimented formula L = 1.115 Z = 0.021 (m). Since Z is the

designed horn gap of insulator set, the necessary clearance for the pi'oject is 1,800mm.

(b) The minimum clearance is required should be more than the gap (1,475 mm)
coordinated with the minimum require withstand voltage for switching surge of
insulator set. The vatue will be 1,500 mm for the minimum clearance for the

. transmission line.

(c) The maximum swing angle of insulator set is obtained in relation with horizontal and
vertical loads working on insulator set. The horizontal load will be sum of maximum
wing loads on insulator set and conductor on the equivalent span of 400 m. While the
vertical load is sum of weights of insulator set and conductor. The maximum swing

angle of insulator set is therefore calculated to be 38 degrees, say 40 degrees.

6.5.3 Towers

(1) Type of tOwers

Supports are of self-supporting and broad base galvanized steel lattice type with body and

hillside extensions create on concrete foundations.

Towers will be classified into the following types, but other types may be required after field

survey and profile design in the next stage.

- {a) Typc S: applying for tangential positions or angle points up to 2 degrees of

horizontal angle deviation, provided with suspension type insulator sets.
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(b Typel.: applying for positions of .Iight' horizontal angle deviation upto 15 degrees

with tension type insulator sets.

(&) TypeM: applying for positions of medium horizontal angle deviation up to 30

- degrees with tension type insulator sets.

=(d). - Type H: applying for posiﬁons of héavy horizontal angle deviaﬁon up to 60

degrees with tension type insulator sets.

{¢) TypeT: applying for line terminating points and/or positions of heavy horizontal

- angle deviation up to 60 degrees with tension type insulator sets.

The hillside extensions are applied for each tower lc'g. so that each iég is suited to the original
land slope of the tower site and that excessive land cutting around its foundation and land

collapse are prevented. General layouts of tower are shown on Fig. 6.17.

2 Hcighf of towers
Heights of towers are determined in the following practice:

H=Gc+Sg+Li+2He+ Hg

where, H= total height of standard tower (30.2 m for standard tower)

Gc=  necessary ground clearance of the lowest power conductors (7.0 m)

Sg = maximum conductor sii_g (14..0'm) _

Li= length of a suspension insulator set, but nil for tension type towers (2.0
He = ve_fticé.l spacing of conductor cross-arms (4.2 m)

Hg=  vertical spacing between upper conductor cross-arms and overhead

earthwire arm (3.0 m) _
Towers will be provided with body extensions i’ a 3m step to the standard height for
maintaining necessary ground clearance on various topographical locations besides the

hillside extensions above stated.

(3}  Design span

Towers will be designed under assumption's' of the following basic, wind and weight spans.
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Type of Tower

Basic Design Span
Wind Span (normal condition)
Wind Span (broken wire condition)

Weight Span (normal condition)

(m) 400 400 400 . 400 400
(m) 500 500 500 500 500
(m) - 350 350 350 350 350

(m) 700 700 700 700 700

Weight Span (broken wire condition) (m) 500 500 500 500 500

Those spans may slightly be modified on the basis of results of field survey and profile

© design.

(4)  Design loads

Following loads will be applied for design of towers.

(a)  Wind loads

- on the projected areas of power conductor and overhead earthwire :480 pa
- on the projected area of tower structures 11,200 pa
- on the projected area of insulator sets :720'pa

b Maximum working tensions

- power conductors
- overhead earthwires

{¢)  Vertical loads

- . tower sfructures:

- power conductors:
- overhead earthwires:

- erection loads:

13,500 kg
:1,450 kg

actual weights of tower structures and accessories

weights of conductors of the specified weight span with
accessories

weights of conductors of the specified weight span with
accessories '

such loads as workers' weights on tower members, reaction of

temporary backstays during stringing operation, etc.
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(d)  Horizontal angle effect

- - Power conductor & overhead earthwires:
| horizontal component of maximum working tensions of
conductors and earthwires due to the specified horizontal angle
deviation

(5)  Design conditions
(a)  Assumed normal loading condition

Followiﬁg loads are assumed to work simultaneously on a tower.

(i)  vertical loads: as mentioned above o

(i) transverse loads:  wind loads and horizontal angle deviation effects

(iii) longitudinal loads: wind loads and creation loads for all types of towers but
together with maximum working tensions of power conductors

and overhead earthwires for their termination for type T tower.

(b) . Assumed broken-wire condition

Under the condition, any one power conductor or overhead carthwire will be assumed to be
broken at the maximum working tensions besides the loads under the normal condition. In
the case of type S, the pull of conductor or earthwire is assumed to be reduced to 70% of the
respective specified maximum working tension with the reason that displacement of the
suspension .insulator set for the broken conductor or suspension hardwares for the broken

earthwire will reduce the respective tension.
(c) Factor of safety
Following facior of safety will be assumed for tower design.

(i) more than 1.5 for the synthe'tic maximum load under the normal loadingcbn_dition
(i) more than 1.1 for the synthetic maximum load under the broken-wire condition,
but 1.5 for the cross-arms ' o '
“Those factors of safety will be taken f_or:yield strength of tower steel materials and proved in
the tower loading test to be carried out in the manufacturer's tésﬁng station. '



(6)  Tower foundations
(8)°  Type of foundations

Standard foundations are of concrete pad and chimney type and are classified into the

following types to apply for various soil conditions at each tower site.

Type of Ultimate Bearing -~ Unit Weight of Angle of Repose

Foundation Capacity (t/m3) soil {/m3) (degree)
Light (L) . 60 1.6 30
Medium (M) a6 - 1.5 20
Heavy (H) 20 14 10

(b)  Design of foundations

Each type of foundﬁtions will be designed for resisting compression, uplifting and horizontal

forces with the following safety factors.

(i) notless than 2.0 against the maximum working load under the normal condition,

and
(i) notless than 1.5 agaiﬁst the maximum working load under the broken-wire

~ condition.

(7)  Tower footing resistance

Published statistics indicate that approximately 95% of the lightning current to fransmission
lines are less than 100kA and 95% of the discharged current through a tower are not more
than 50kA. For preventing the reversed flashover from towers to insulator sets, the footing
resistance of towers should be less than 12 ohm obtained from withstand impulse voltage of

insulator sets.

To reduce fdot'mg resistance, a grounding and will be installed on each foundation stub, and
counterpoise earthwires will be added to towers whose resistance is still higher than 12

© ohms.
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