FINAL REPORT (MAIN REFORT) - Chapter 6 : Hydropower Plan

6.3.2 CONFIRMATION OF BASIC PARAMETERS

NORE Waterslied and Streams

The watershed of the Nam Ngiep River is developed north to south, The maximum width of the
basin (west to east, N1.103°02’to NL103°44°) is 180km and the length (north to south, NE 19°25°
‘to NE 18°39°) is 230km. The Nam Ngiep River flows down in the densely forested arca for a
distance between its origin the Khe Mountain with its peak EL.2,125m and the Mckong flood
plain with EL.160m. The upper half stretch runs in the central part of the basin and the lower
half passes through the left s1de (east31de) of the basin. ‘

 The Nam Nglcp Rlver cotlects water from own dramage basin and her 13 tributaries: (1) Nam
©~ Sen, (ii) Nam Siam, (iii) Nam Thong, (vi) Nam Pong, (v) Nam Chian, (vi) Nam ilok, (vii) Nam -
Mang, (viii) Nam Phouan, (ix) Nam Gnok, (x)} Nam Sau, (xi) Nam Kasa, (xii) Nam Tak, (xm)
Nam Xao. Profile of the Nam Ngtep River is divided into ﬁve (5) seettons with an average rlver :
inclination as gwen bclow

: Table 6 3.1 Dmsmn of Nam Ngiep Rtver Slopes

- No. - Nanit Ngiep River Section Lo River Slope
1. - 175km to 110km upstream of dam site - C1:90
2. 110km to 95km upstream of dam site - : ~1:40
© 3. 95km to 75km upstream of dam site S - 1250
4, . | 75km upstream to damsite (0km)_ -~ - - - 1:650
5. Dam site (Okm) o Mekong conﬂuence (—55km) - 1:3,800

"(2) ' Determmatlon of Dam S]te

Out of the proposed dam snte there are two (2) major gorgcs suntable for the site on the Nam :
° Ngicp River at 20km and 40km upstream as shown in Flgure 6.3.1. The following arc the .
topographle charactenstles of the respectwe gorge as the s1te for a lSOm class hlgh dam: :

Table 6. 3 2 Topographlc Condmons at 3-Alternative Dam Sites

, Site SRR Riverbed . | Dam Crest Length
A (Proposed dam site) -~ EL.180m . © 630m -
B (20km upstream from A) - EL230m “1,100m
C (40km upstream from A) : EL 270m - 530m

.'Among the above topographle condltton of Snte C scems the most preferable but its storage

i capaelty will decrease to two-thirds of the same at Site-A, because the upstream reach of the °

TESEIVOIr is steepas 1 () to 40 (L). A 30km long access road has to be constructed additionally '

= to Site-C on the steep mountain slopes from B .Thahua. Furthermore, the dam crest length of .

- Site-Bi is more than lkm. Finally, Stte—A at the most downstream of the river was selected as the

recommendable dam snte

- (3) ‘ Reservmr Capaelty

There were notably diﬂ’erenceS w;thout any regulanty between the exlstmg map and the -

" elevations measured by GPS survey during the Ist Ficld Investigation in August 1998.

Accordmgly, no modtﬁcatmn to the map was done wnth the survey results
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As the revised map had been prepared based on the result of the topographic survey made during
the 3rd Field Investigation in February 1999, it was compared with the existing map of 1:50,000
Scale. As a result, it was revealed that the upper reservoir arca is about 5% narrower than that .
measured by the existing map. Therefore, the upper reservoir area and capacity were reduced -
and the Area-Capacity Curve was modified as shown in Figure 6.3.2.

It was confirmed by the grotmd survey at the Thaviang Sub-District that the difference was large,
about 5% of the total reservoir capacity, for only 20% of the total reservoir arca. Therefore, the
necessity of an acrial photo survey has increased for the entire reservoir area at the next stage.
As well, attention should be paid to accuracy in the economic evoluatron on the medium-dam
development scale, wblch is susceptrble to the storage capacrty :

' Table 6.3.3 Modrl‘rcalron of Storage Capacrty based on Survey Rcsults at Thavrang Sub District

EL. . Areaal Thaviang (km®) | Total Reservoir Area - Reservoir Capacity {mil. m*)

(m) | on Map | by Survey ] Balance | on Map | Modified | Deduction| onMap | Modified | Rate(%)
300 - 451 0.00 4.51 45.00 40.49 4561 1,181.0 1,1354 | - 96.1
320 12.04 - 445 7.59 - 81.50 o 73.91 1666 | 24460 2,279.4 93.2 -

340 19.98 - 14.02 596 | 12000 114.04 302.1 1 44610 4,158.9 93.2
369 2341 20.63 1.78 156.00 148.22 439.5 | 7,221.0 6,181.5 93.9
380 36.92 28.87 8.05 198.00 - 189951 - 597.8 | 16,761.0 10,163.2 | - 944
400 45.31 36.98 8.33 240.00 231.67 761.6 | 15,141.0 14,3794 95.0

ON Study on Sedtment

To set up a provrsronal Mrmmum Operatton LeVel of the reservoir (MOL) sedmrent volume and -
sediment level in the reservoir was studied. Sedlment yields for the Nam Ngiep River basin .

estimated in the “Study of Alternatives” on Nam Theun-2 HEPP was adopted, because the value o

computed in the above study is conservative compared with the figure assumed in the other A
report and the yield actually observed in the Nam Ngum 1 HFPP watershed ' -

E Table 6 3 4 I:,strmate ofSedrment Volume

No. | - - lteims - e Apphed Value

1. | Nam Ngiep basinarea, A = 3,700 km? '

2. | Sediment cquation established by NT-2 Sed,, (Vkm/year) = 448, 8A"°’
3. | Computed unit sedimentrate "~ -~ .- | 4134 t/km’lyear : ‘
4. | Specific gravity of sediment ... . | 2.65Vm’ - '

5. | Density in gppearance co e o s em .

6. | Trap ratio el e | 80%

7. | Void ratio ofsedrment in reservoir - | 40%

8. Curnulatrve sedrment volume in 100 year 87 mil. m* :

~ On the Reservorr Area Storage Curves shown in thure 6. 3 2, the reservorr wrll be ﬁllcd up to ‘

- EL.240m by sedimentation, if 100% of the above eumulatrve sediment in 100 years will be

, transported to the dam srte However mo.,t of the sedrment may be trapped at the ﬂat and wide
_upstream reach of the reservorr . L : . o

: Takmg the above condrtron mto consrderatlon tho sedrment levcl near the dam srte was roughly .

o assumed to be EL.200m in the Study of MOL for reservair operatron The effective reservorr'; -

L capacrty may be reduced due to the sedrmentatron at the upstream reach, but the said storage
= reduction was not taken into account in the Study as the total VOlume of sed:ment is neghgrble ‘
o small eompared wrth the total effectrve capaerty of the reservorr T T T oo
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- (5) 1. mntatron at Scale of Reservoir

““The Nam Sau River is a left bank tributary which j joins with the Nam Ngiep River at 1km
upstream of dam site. As shown in Figure 6.3.3, its origin is located at a saddle having the
altitude of EL.390m.  The maximum FSL of the Nam Ngiep reservoir will be subject to the
elevation of the said saddle, because the opposite side of the saddle inclines to the Nam X’m

* River.

- The maximum FSL to be sludled is, therefore, topographically limited to a practical EL.400m
with the construction of a 15m high auxiliary dam along the saddic to be built on the prospective
foundation around 5m below the ground surface.

(6) lmmdation at the Thaviang Sub-District'

‘. As shown in Flgure 6.3.4, the possnble maximum reservoir level of EL.400m will reach to 95km
upstream of the dam site, wrthm whlch there exist 18 vnllages in total. '

Durmg the 3rd Freld lnvestlgatlon a land leve]mg survey was camed out at the upper reservoir
arca, the Thavian Sub-District, to grasp actual extent and clevations of paddy lands and the
number of villages. As a result, their extent was made clear for the different altitudes between

* EL.320m and EL.380m at 20m intervals, and it was revealed that most of the villages and paddy
.. fields i in the Thaviang Sub-District is released from inundation, if FSL is lower than EL.320m.
The area of paddy ficlds and populahon below EL.320m belongs to the Hom District.

_ Conﬁrmed areas of cultlvatmg lands and the number of vrllages to be inundated at the respectwe_
' elevatlon are as shown below

- T‘able_6.3..5 States of lnundation at Respective Elevation

Pa meular S LR : " _FSLs of Proposed Reservoir S

i EL.240m EL.320m . EL.340m - EL.360m - EL.380m -
Paddy Field (ha) - 0(0%%) 216 (29%) - 642 (86%) - 109 (95%) 746 {100%)
Dry Field (ha) “0(0%) - - 96 (27%) 252 (711%) 312 (88%) 355 (100%)
Vlllage (no ) - 0 (0%) : 5 (28%} 13 (72%) 15 (83%) 18 (100%)

Co (7) ‘ Route for Access Road and Sltes for Temporary Fac1llt1es

‘ rThe proposed dam srte is near Pak:\an lhe eapltal of Bohkhamxay Provmee Between Pakxan!

o and the dam site, there is a National Route-4, which branches off the National Route-1. Route-4

. Tuns north to approaching to the dam site but goes off by turning to the east at Borikhan, 20km
- away from Pakxan. - From Borlkhan, there is a narrow non-paved provincial road, which

- connects to B. Hatkham. When the PrOJecl construction started, betterment of the road between'

Pakxan and B. Hatkham and new road construction from B. Hatkham to dam site will be,
therefore, requlred As for the exlstmg road condlllons and new road eonslrueilon detalls are

R _' -_explalned in Chaptel‘ 8

Major conslructlon lemporary fac:hlles will be loeated downstream of the main dam snte There
- are three (3) flatter areas between the main dam site and re-regulation weir site along the Nam -

- Ngiep River. “At these sites, contractor’s offices and residential quarters and other workshop

T NCANAMNGIEPANERP 069 il

"'_ bulldmgs (warehouses motor pool reparr-shop, concrele plant etc.) wnll be conslrueled
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(8)  Study on Re-regulation System for D/S Reach

The maximum discharge from the Nam Ngiep power plant will be about 220m®s. According to
the operation rule required by EGAT, power generation will be interrupted daily for several
hours and entirely on Sunday and Thai national holidays. On the above condition, water level of
the downstream reach will fluctuate largely with dangerous ranges to the riparian people.

For the downstream water level fluctuation, there arc several ordinary and rather economical
countermeasures such as installation of a river alarm system, river protection works, etc.
However, it was judged indispensable to provide a re-regulation function at the downstream
reach taking into consideration that the impact to the downstream stretch might be extremely
large by such intermittent plant operations as (i) the Project aims at power generation only, but
further study is needed, (ii) plant is operated 2/3 and interrupted 1/3 every day, and (iii) the
downstream water release will be stopped entirely every week and on national holidays. As a
result, the re-regulation facilities will be constructed at Skm downstream of the main dam site to
regulate the discharges from the powerhouse.

The details for the re-regulation facilities are explained in Chapter 8.

(9)  Rural Electrification Plan around Proposed Reservoir Arca

There is a rural electrification plan to extend a 115kV power distribution line from the Nam Leuk
P.S. to Phonsavan through the Hom District: the lower reservoir area and the Thatom District,
which includes the Thaviang Sub-District. According to DL, this plan funded by Asian
Development Bank has been consolidated by EDL and it is waiting for the decision of
development scale for the Nam Ngiep-1 HEPP for a final route selection. As of August 1999, it
is under the Pre-Qualification for the future ICB in September. Prospective route of the above
distribution line is as shown in Figure 6.3.5.

On the above circumstance, the following are necessary to be considered when the development
is made on a large scale:

(i) For the period untit completion of the Project, rescttlement is prospected for 10 years at
least, so a temporary power supply will be required for the Thaviang Sub-District, the
same as the other beneficiaries. .

(i)  If the Thaviang Sub-District benefits from clectrification, a concentration of population is -
foreseen for this region, where wide flat land suitable for paddy field has been developed.
That will force to the Project review of resettlement plan due to the increase of people
and arca to be resettled. In the implementation of a large-scale dam scheme, accordingly,
legislation for restriction of migration to the prospechve reservoir area should be
provided at an early stage. ?

(10)  Application of Generating Pcak Hours

The first electric sales to EGAT in Thailand are the power generated by the Nam Ngum P HEPP. -
At present, the electricity price per kw-hour (lanﬂ) mcludes the following three (3) rates:

JICA NAM NGIEP-F HEPP 6-12 S February 2000
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- Table 6.3.6 Lleclrrcrty Price (Tanff) of Nam Ngum 1 HEPP

ltems Peak Time Partial Peak Time | Off-Peak Time We:ghted Average
Time 18:30-21:30 * 08:00-18:30 ~ 21:30-08.00 00:00-24:00 |
Duration 3.0hrs 10.5 hrs 10.5 hrs 24 hirs
Tariff 5.78 US cents 3 ')‘5 3.00 3.67¢

: At the Theun llmboun IIFPP of whlch eommercra] operatron commenced in Aprll 1998 though' |
a power geneiatlon was planned to operate 24 hours with a flat rate tariff in PPA, actual
- operalion is subject to the EGAT’s daily requirement,” The plarmed Nam Theun 2 HEPP had

- conducted with PPA to operate 24 hours, but, it was changed to generate additionally with 'm'

- mtermedlate peakmg basis over 16 hours a day by using a stand-by generalor due to the EGAT’
requirenient. - Also, EGAT has proposed a new arrangement for elcctricity purchase from the
Nam Leuk HEPP (to be completed at the end of 1999) wrth ao6- hour peakmg basis for the peak
' demand in Thalland

T he power demand in lhalland was lower than the prevrous year in 1998 but darly peak
delmnd is trendmg sharp year by year. Consequently, it is expected for FGAI‘ to requlre inthe -
near future power purch'tse from Lao PDR for peak demand - -

_ _However since bGAl reqtures most ]PPs in Lao PDR to purchase the ]ntermedrate Peakmg
. Power for the time being, the same Intermediate Peaking Power for 16-hour is applied at this

moment for the studzo,r of the Nam Ngiep-1 HEPP. The Nam Ngiep-1 HEPP becomes drastlcally L

_ '_attractrve if EGAT accepts 8 hour peakmg operatlon m the future

Drscharge for Power Generallon

UU

'lhe series of river run- off for power output ca!cu]atlon was apphed to the Study, whtch were

provided for the Nam Ngiep River basin in the “Study of Alternatives” of the Nam Theun 2~
"~ HEPP as explained i in Chapter 4. This run-off series consists of the long-term “monthly mean -

- discharge for 30 years. The average discharge is 162. 3m’/s, which is only 77% of 210. 8m3/s_'
o adopted in the Pre-}-/S Report T he mﬂow duratron curve for 30 years at the proposed dam site
is as follows : L : i SR Lok

e TR : lnﬁowBunﬂanr(‘urre(By'NT-I) St B P
1,600 T - 1 TrT e 1 BEEE BN

SEFTTYE Re—

600

- Runoff (mdJs) j
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Table 63.7 Monthly Discharge (m%s) on the Nam Ngiep River at Dam Site (NT-2 Generated Series)

Year Jan. Feb. Mar. Apr. May Jun, Jul. Aug. Sep - Ol Nov., Dec. Ave.
1966 39.7 138 ni3 300 79.1 2154 8312 7668 - 5400 2347 171 623 2299
1967 486 - 399 M8 325 425 1579 3292 2985 SO45 0 2329 140 - 657 1589
1968 500 - 434 391 363 705 1895 2086 4002 17193 17196 89.1 567 1467
1969 484 422 kYA 47 476 3018 - 8506 6657 2444 1200 753 518 1865
1970 4138 3194 356 23 316 3038 4628 - 6601 - 6540 2187 1094 561 2310
191 403 21 296 274 643 1432 3604 4810 3713 MHT 1001 625 1583
1972 434 - 351 320 - 308 480 1216 3504 1313 0 4281 1928 1085 - 698 ° 1854
S 1973 49.0 426 330 343 0 298 1227 3620 5105 7H83 3061 137.3 23 2027
1974 599 508 446 41.6 540 1472 2207 3401 3909 1860 . 1026 7 595 1420
1978 313 4LS 315~ 328 6.5 186.6 2527 6051 ~ 6158 2659 1303 7129 1972
1976 60.3 525 431 - 395 517 1494 2950 3925 3066 . 1499 1026 733 1444
1977 58.1 494 432 390 -6l 703 2816 3063 2843 142.4 727 470 1219
1978 399 352 323 314 642 2619 4743 6532 4811 . 2147 91.3 557 - 17
1919 T 457 ;400 .. 347 309 - 1001 1832 2044 4094 - 3280 - 1585 846 - 554 1403
1980 474 - 377 0347 . 325 609 - 1599 4430 | 3669 4022 20658 1021 623 1672
1981 .. 526 . 453 383 364 - 761 0 2534 6635 5821 0 4892 2189 1318 ' 707 229
1982 . 587 499 431 . 395 68.1 1854 . 2355 . 5808 3579 1616 - 1056 654 .. 1640
1983 . 542 432 35 - 34 644 1043 2954 4062 - 3186 15346 - 96 574 1393
1984 432 382 331 0307 0 627 1335 4081 4594 - 3226 0 1553 . 910 - 595 1543
1985 - 50.7 413 330 322 682 1663 2752 4053 3482 1669 - 851 - 562 - 1454
1986 393 31 216 - 267 1346 0 2931 - 3959 3057 . 2415 o 1264 0 697 463 1461
1937 819 61.7 562 534 . 312 136 0 1939 3384 1652 - 906 - 604 . 452 - 1120
1988 286 - 234 205 ;0 200 - 618 844 :© 2028 - 3201 . 1631 1321 9.6 445 99.2
1939 - 361 302 . 213 308 70.1 . 2374 2622 3156 @ 2551 1932 - ° 932 582 1347
1990 4.7 . 342 343 0267 . 922 0 2396 3792 . 3518 - 2526 - 1417 85.8 583 - 1457
1991 433 334 281 300 332 1208 2592 - 4266 : 2992 1300~ 146 . 532 - 1284
1992 459 - 353 - 6 - HI - 229 . TS 2193 . 2502 17134 - 917 505 ¢ 405 89.0
1993 310 . 266 - 234 0 254 63.7 169.6 43713 © 3512 3615 1308 718 491 146.6
1994 367 334 - 358 0400 -, 910 3386 4421 8504 . sedl 2229 1218 o644 . 2381
1995 54 46.5 413 372 627 1587 3187 6323 4990 2216 1002 " 584 - 1870

L HCANAMNGIEPAHEPP T o LT 615 ]

Aveage 475 400 354 - 334 653 1821 305 4124 IBE 196 953 S84 1623
633 'COMPAR_ATWE'DAM SCI;IEME AND' LAYOUT
_-(l) E Altematwe Sehemes and Sequence of Study

Altematrve darn type schemes were studled by changmg operauonal range of reservonr to
evaluate the different lmpacts at the upstream and downstream areas of proposed reservoir and
the downstream of the dam site based on the lFE survey results. :

g The altematrve study was cxecuted wrth two (2) phases In the first phase three (3) development
- scales, large, medium and small, were selected changing the Full Supply Level of the rEservoir
. (FSL). The large scale was defined as the schemes to maximize power gencration by i 1ncrcasmg
FSL as high as possible by which al} villages in Homn District and most of the villages in -
* Thaviang Sub-District will be inundated. On the other hand, the small scale was defined as the
“schemes to_develop hydropower without inundation of any villages. The medium scale was
_ therefore mterpreted as the sehemes to be developed with the scales between large and small

"_‘At the second phase, the detalled altematrve study was performed for FSLs between EL 300m '

and EL.390m at 10m intervals except the small-scale scheme, which had been rejected in the Ist

. phase. In addttlon soelal and natural envrronmental assessmcnt was also C'tmed out for each e
. _FSL : : o

: Def' mttons of the altemalr\re scale boundary made in the lst phase are shown belor '

i - February 2000




FINAL REPORT {MAIN REPORT) . o Chapter 6 : Hydropower Plan

Table 6.3.8 Configuration of Dam Type Alternatives (1st Phase)

No. { Altemnative Plans ' ) : Descriplion
i Large- scale dam | The scheme aiming to a large power output by a high dam. Reservoir of the scheme
" | scheme - | will inundate all villages. Possible FSL ranges from EL.360m to EL.400m.
9 Medium-scale The sckeme with a medium-scale dam considering the minimization of impacts b)' the
- | dam scheme development. Possible FSL ranges from EL.240im to EL.360m.
3 Small-scale dam | The scheme to be developed with a small-scale dam taking no inundation ofwliagw
| scheme into consideration. Possible FSL is at EL.240m.

(2) Ist Econonnc Companson Result

An economic- opumum dcvelopment scheme of the Project is defined to maximize the beneﬁt
and internal rate of return computed for the comparalwe types and scales of the development.’
~ Detail of the economic analysis is as gwen in Chapter 6.5. The summary of the comparatlve
economic aspecls of the respeclwe scale is as shown below ' -

Table 6 3 9 ]sl l:conomlc Comparlson of Altemahve Dam Type Schemes s -

Small-Scale - | Medium-Scale Large-Scalc

No. | o Paticotar | Unit e | et L tom FSL EL.360m
1. { Instailed capacity - MW . 17 S 246 377
2. | Total energy production - | GWh 124 1,375 1,983 -
3.~ | Project construction cost | Mil.USS 2332 409.2 - 5769
4. IB - S e P MILUSS | - 3923 5842
5. e o - | MilUSS : Ce - 3072 - 433.0
6. | B/IC s B At R Vi . 135
1. | B-C - Mil.USS$ -143.5 ' - 851 151.2
8. | EIRR ' % - 0.0 1 132 - 14.0
-' e CBCRANKING [ - e
B-CRANKING (mil.US$) 3 .. . EIRRRANKING
20 : NN U VPN T e
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The results manifested the following:
(i) The small-scale dam scheme is not justified from the economic viewpoint.

(ii)  Even in the medium- scale dam scheme, FSLs lower than EL.300m do not seem to be
cconomical B/C<1 and EIRR<0.1 as shown in Figure 6.3.7 above.

(iii)  Project viability of the large scale dam scheme is superior to the medium-scale dam
: scheme.

-In addition, tWo further conclusions were derived from the above on the two conditions below:

_B_Qundarxgondumns

i) The large sc’lle dfrm scheme is possrble only on the condluon 1hat the people at Thavrang
R Sub District agree to resettle to other places. :

-_'(ii) ) - It may be possrble 10 relreve all wllages and cultrvatron lands from mundauon rf FSL is
lowered to EL. 3 10m or less. : '

| *Note As a result of the 3rd Field Investlganon, it was conﬁrrned that EL. 310m is the maximum
_ . reservoir level, which relieves villages and cropping tands in Thaviang Sub-district from
... inundation and a part of Ban Pou and its farmland may be inundated at EL.320m.
‘_ However in the near future, B.Pou will be relocatcd to the arca along National Route-4,
S where will not be affected by mundatlon by a national plan irrespective to the Pro_|ect
- ( ) The large scale dam scheme is economrcally oplrmum development

(u) ~ The medrum scale darn scheme is the economlc-wable ‘and envrronment optlmum
development Its least rmpact FSL may be located at around EL 320m. :

‘ (3) 2nd Economlc Comparrson Result

~ The 2nd economic companson was camed oul for the altematlve FSI,s between EL 310m and
- EL.390m at 10m mtervals The methodology of analysis and the hydrological and topographic
~ data are the same as those used in the 1st altemative study. However, the inundation area of
 paddy ﬁelds the populatron for resetilement and the construction costs were reviewed referring
to the latest data. The summary of the comparanve economrc aspects of the respectrve scale is as

' shown below: - : : : :

o Table:.6.3.10. : '2nd'f§conomic Comparison of -Alternat_ive Daln_'_l"ype Schemes

L
s

FSLS | Inst Capacrty Total Energy { Const. Cost CBIC B-C .. - EIRR
LT (MW) (GWh) (Mll USS) - i (Mll US$) (%)
1. | EL310m o214 b L,192 316.3 [ P 129.83 16.39% _
2. | EL.320m 240 Lo v1349 0] 03396 | 1.64 - 163.21 -} - 17.52%
3. | EL.330m S 263 o1 1508 367.5 168 - | 18644 | 17.85%
-~ 4. | EL.340m S 280 21,626 - | - 3921 ] 169 - : 202,60 - 17.97%
5. | EL350m:-| - 314 | - 1777 - - 4204 1013 |- 23085 - 18.52%
6. | EL.360m 334 -] 1,905 <4456 1 - 176 - |- 25246 - | - 18.81%
7. | EL370m | -~ 356 - | - 2030 [ 4761 - | - 175 | 265.83 18.65%
8 | EL380m | -~ 377 . 2,148 T 75050 | 175 0} - 28237 < 18.69%
9.

EL390m | 401 o |- 2282 | . " 5384 1.74 - 299.29 18.65%
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thure 6 3 8 Results of 2nd Eeonomlc Companson

From the above it was clear that economic- optlmum development Seale is FSL. 360m ‘and
" environment-optimum scale is around FSL.320m. : Therefore, the 3rd economic comparison
. study should be concentrated for these two (2) dam development scales to mvesttgate the most
' recommendable financmg method for each development scale . : :

: Then thc ﬁnal recommendable development seheme of the Pro_lect wnll be determmecl as the R
~ result of the overall assessment of the three (3) main parameters for Judgement namely (i)

natural & social envnronmental issues, (1|) economlc 1ssues and (m) fmancnl tssues (ﬁnancmg
plan) : o : : : _

{4) ,' 3rd Fconomtc Companson Result

'The results of 3rd economic companson is shown in Table 6 3 ll The project fealures, the
hydraulic characteristics and structural d1menstons construction work quantttles constructton
‘cost and enwronmental 1mpact mtttgatton cost are shown in Tables 6 4.6 to 6 4 l2

Tab!e 6 3 1 3rd Economlc Companson of Altemauve Dam ']‘ype Sehemes S

L : . R . Medium-Scale Large-Scale
No. | - Particular | it | R 310m FSl,l:Laﬁom
1. ] Installed capacity - - MW 240 L334

2. " | Total energy production o GWh ] 1349 {1,905 <0
3. | Project construction cost - MILUSS ] - 3460 | 4640 o
4. |B - I CMILUSS 4170 - ] 585.7

s. ¢ - oo e MILUSE - 2587 il -3470 o
6. | B/C Tl R T K 169

7. |B-C . - - Mil.USS - 1584 - 2387
8. {EIRR - c e - % 2172 180 -
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6.3.4 RUN'-OI-‘-RIVFR TYPE ALTERNATIVE AND DEVELOPMENT SCALE

Viability of run-of-river type scheme was albo studled asa supplemental functlon to thc medium
and small-scale dam schemes. :

Through the st and 2nd Ficld Investigations made from August to December 1998, the upstream
rapid of the Nam Ngiep River and a rapid on the Nam Phouan River (right bank branch of the
main stream, which is located at 24km upstream of the dam site) were selected for the site of
run-of-river type alternatives. The run-of-river type alternatives have been named respectively
as “Main Run-of-River Type Scheme” and “Branch Run of-Rlver Type Schcme of which
provrstonal configurauons are as follows - - :

. Tablc 6.3. 12 Conﬁguranon of Run- of Rtver Typc Allemauves

No.] Altematives Description . Q lirm(*1) | Q max (*2)
Main Run-of- By construction of a watcrway of 8.6km long from the o N
1. | River Type prospective intake site at 108km U/S of the dam site, about 273m 6.4 6.m’ ls 26.38mYs
. Scheme of total head (EL.658m of intake sill to EL.385m of T.W.L) wlll S )
be secured. The watershed at the intake site is 765 km’.
Branch Run- The praettcal maximum head will be about'SOm (EL.425m of N N
5 fRiver T intake sill to EL.345m of T.W.L) by extension of a waterway of - 3 '99 3 /. 16.30m
- OFRIVETAYPE 1 5 skm long from the prospective intake site at 8km upstream of - IS VIS
Scheme B Irom e prospee . D Skm hp - S T
the confluence. The watershed at the intake site is 473km?,

- Notes; (' 1) 90% dependable run- oﬂ (*Z)at 70% of ﬂow utlllzauon faclor

o Power intake of the Mam Run- of-Rlver Scheme planned on the main stream is located at 160km
upstream from the confluence with the Mekong or 105km upstream of the main dam site where
- the riverbed is EL.658m on the 1:50,000 map. Power outlet of the scheme is located at 9km :
- downstream of the mtake srte, of whrch the rwcrbcd is EL 385m on the same map :

7 A branch the Nam Phouan Rlver where a Branch Run- of Rlver Seheme was planned wrll Jom
w1th the Nam Nglep Rwer at 24km upstream of main dam site. : '

As the result of the study made durmg the 3rd Flcld Investtgatlon carrlcd out in Fcbruary 1999
however, run-of-river type schemes were deleted from the development altemattves because the
- relative basin inflow to the required waterway length (8,600m long for main run-of-river, 2,500m
- long for branch run- of-rtver) is qurtc small as shown bclow for both run- of-nver schemes B

By the rough cconomlc cvaluatton it was revcaled lhat power generauon whtch is approprlate to
the cost for power waterway, is not expected by the run-of-river type scheme. In other words,
, 'eleclncny produced from the run-of-river scheme is quite expensive. Thus, these schemes are
. not feasible even by the development as a supplemental plant for the dam scheme. Results of a

_ rough economlc evaluauon made for the run- of-rlver schcmcs arc as fo]lows S

Table 6 3 ]3 Economtc Comparuson of Altemahve Run-of Rlver Type Schemes A

No.

Branch Run-of- Rwer Scheme |

ltems ’ © Main Run of Rwer Scheme -
S | Produced Enerev. - —98QHux8760x70% o “98QHux8760x70% T
" 2. |ProducedEnergy | _o1gx1otkWh - - | =184x 10°kWh o
3. | Unit walerway cost ' | = more than 0.47US$/kWh - = more than 0.65USkaWh Lo

+* - Note: 70% in the above equation means annual plant factor.” ~ /. o

© . MCANAM NGIEP- HEPP
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6.4 CONSTRUCTION COST ESTIMATE & ECONOMIC EVALUATION
OF NATURAL & SOCIAL ENVIRONMENTAL IMPACTS

64.1 CONDlTIONS FOR PROJECT COST ESTIMATE

Usually the followmg items are to be included in the economic projcct costs:

(i) _ Constructron cost {construction preparatory works cost direct constmctlon cost of cw:l
and generating units, adnnmstrauon cost, engmeermg servrees cost, etc. )

(i) Operation and mamtenance (O&M) cost after construcuon (O&M costs for generatlng
eqtupment periodic repalrmg costs, costs for plant renewal etc.), and

| :(.iii')‘

Environmental impact mitigation cost (resettlemeut cost, cost for rclocatlon road
- envrronmental impact mmgatlon cost). : - :

i How ever, 1tem (r) does ot rnclude costs for land compensauon tarces 1ntercsts dunng

- conslruction, etc.” And, item (i) also does not include outfit allowance for resettlement,

- guarantee fund for villagers® living after movement at a decent-life level for several years, whrch ]
- were onee consumed as prOJeet cost but restored aﬁer all by the people (nauon) .

ln due consrderatlon below, the economlc cost also does not mclude Shadow Prrces (that are a
- . part of the market prices, which was distorted by various factors such as polltleal mterference
excesswe valuauon of local currency, etc ) : - '

) Domcstrc mpuls were assumed to be neglrgible _ R
(i) %krlled and seml skllled workers were assumcd in short supply locally, and SRR

(iii)

Sharc of the cost for unskliled workers is neglrgrble small

'6 42 ESTIMATE OF CONSTRUC FION WORK QUANT]T]I:S .

Construcuon work quanuues for each altematwe scale are computed by a srmplrﬁcd method on .
the followmg basrc structural condrtions and criteria ('lable 6.4. l) : :

Table 6 4 l Conslructlon Work Quanlllles '

Mam Dam Structure - - - - Power Waterw ay

Type of dam Concrete faced rockﬁll dam ’l}pe of headrace tunnel Pressure type o
‘ “o s | Pressure type, o
Upstream slope 1: l 40 T) pe of pens_loek lme = steel lined conduit < -
Downstream slope 1:1.30 Type of tailrace i Open channel type 3
Freeboard above FSL | 5.0 m Max. limitof tunnel dia. . | 10m = - @ '
Dam ¢rest width 10m Min. limit of tunnel dia. Im R T
Top soil stripping 5 m Mak. ﬂon' velocity of tunnel Headrace tunnel 4 Omls

Penstockllne St}m/s :

“The eritical path of constructlon of the Pl‘OjCCl will be on (he series of the work for river

diversion, dam embankment, reservoir impoundment and wet testing for hydro- mechamcal and -
~electromechanical equipment. Construction penod of each scheme was prowsmnally assumed to_ .
be ﬁvc (5) years for all alternative schcmes : S
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6. 4 3 EST IMAT E OF CONSTRUCTION UNIT PRICES

~ Construction costs were prellmmary eslimated on thc basis of mternatlonal competitive bidding
(ICB). '

At the st Economic Evaluation, the unit prices of major civil work items were estimated
multiplying 1.2 by the average value of the four comparative contract unit prices of the other
similar hydropower projects, which are under construction or recently completed in Asian
“countries. In addition to the above four (4) projects, the contract prices for two (2) projects in
Lao PDR were considered as an average for the 2nd Economic Evaluation. The adopted unit
pl‘lCCS for both stages are as glvcn on the nght end colunm in the tablc below

Tab!e 6 4.2 Contract Umt Pnces of Major le Works at Vanous ICB- Base Pro;ects (US$)

. : ’ I - P (6)1st Stage | (7)2nd Stage
Project Name Unit (‘l) 2) “ €)) (4) (5) . (1)-(@)x] 2 (15)

Qpen excavation, common | m? 3.0 2.0 4.0 3.0 1.5 3.6 22
Open excavation, fock m] 80| 40 110] 60| - 40] 87 - 6.8
Tunnel excavation - m* |32 30 53] 34 40) 0 45 - 3838
Dam embankment(rock} | m* | - 7| - 9 8 6 21 . ¢ -] - 63
Openstructuralconcrete - | m* | 125 62| . 114{ ~ 99) - 90 120 92.9

Tunnel lining concrete - n’ 191 ] - 931 210{ - 96 130 1717 140.5 -
Reinforcement bar - t ],050 - 6081 1,048 6191 1,000 998 S 797
Foundatlongroutmg Sl m 126 { - 110§ - 141 1281 - 100 152 1141

" Remarks; - (i) Unit prlce of dam embankment shows the price for use of materials obtained from rock quames
~ 7.7 (i) Unit price of tunnel excavation includes costs for all kinds of tunnel suppon o
" (iii) Unit price of concrete works includes costs for formwork, and SRR
. (iv) Project description for the above are as shown below: -

No. [ Project Name Country | TypeofDam | Dam Hetght - Status

(1) | Karun4 - “tIran - | Rockfill ' 180m under const. -
(2) | Way Sekampung | Indonesia | Rockfili " | *“113m - | under const.
(3) | Samanarawewa | SriLanka | Rockfill - " | - 100m completion in ‘94
(4 | DaMi* 00 | Vietnam Rockfill - - .- 70m__ " | under const.

{5) | Theun Hinboune | Lao PDR | Concrete weir - - -+ | completion in ‘98
(6/7) Nam Nglep -1 Lao PDR Rockﬁll 1 185m vnder planning

In addmon the umt prtces for electncallmechamcal works of the Pro_lect were csttmated
‘ referrmg to the snmllar mtematlonal hydropower prOJects whrch were recently constmcted by

s ICB contract

| 6 4 4 COST ES F IMA'] E', O I HER THAN DIRECT CONSTRUCTION COST

| 3_\ ; . (1) o Condmons for Cost Estlmate of Opcratton and Mamtenance (O&M)

Economlc llfe and frequency for rcpla ment of generatmg equlpment were assumed to be 50

L years and 30 years, respectwely And the dlSCOUﬂt rate is applled at 10% ,

_ Annual O&M cost of hydropower plants was assumed to be the ﬁxed rate of 1 0% of the total
caprtal cost, Power losses of hydropower plant were assumed as follows _
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Table 6.4.3 Assumed Power Losses of Hydropower Plant

ltem ' kw kWh
Power loss through transmission hne ' 4.0 %  50% -
Forced operation cutage ' 25% 25%
Maintenance outage ~1.0% 1.0 %
Consumption al power station - 1.1% 0.7%

(2)  Estimate of anironmental lmpact Miligation' CoSts

Not only lmnted to hydropower development but also at all kinds of rural developmcnt the
recent trend is going to directly cvaluating the natural and social environmental impacts in the
economic analysis for the project. In line with the above trend, the Nam Ngiep-1 HEPP has also
taken widely and positively into account natural-social environmental impacts and quanntahvely
evaluated and converted those mto monetary values : : :

' ln other words posmve or negatlve values denVed from the natural socml envnronmental _
~ impacts are not considered as financial values to be evaluated for private or business merit. It

" should be evaluated as a social opportumty cost and beneﬁt (economrc cost) from the vrewpomt

- of national socral welfare : : o

A large dam’ scheme development wrll be accompamed wrth an extenswe mvoluntary :

reseltlement by inundation and a decline of CO, purification effect in the river basin due to

- vanishing forest (negatrve indirect factors to the Project benefit). On the other hand, the Project

~ will produce various positive indirect benefits, such as construction of new roads for access to

the construction sites, flood regulatlon by reservoit, possrble pump irigation and rural

~ electrification for the downstream area, fishery/ferry service/tourism in the reservorr provrsron :
of jOb opportumty and regronal economlc actlvauon due to the above beneﬁts, S0 on. :

Most of the envrronmental negatrve factors arc mdemmﬁed wuh the eollateral pl‘OjeCt measures
such as preservation, compensation, countermeasure, elc. The natural-social environmental
‘impacts, which can be quaniitatively evaluated, are ‘shown in Table 6.4.4 together with its
collateral solution, and the monetary conversion for these solutlons are shown at the end of -
(‘hapter64 S : L SRR ;

Table 6 4.4 Collateral Solutlons for Quanmatrvely Evaluated lmpacts SRR

No. Nalural Social Envlronmental lmpacls "7 77 Collateral Solution -
1. lnundatlon ofvrllages IR S Supply of equal-scaled resettlement facilities
. AT PR Monegtary support such as outfit allowance for :
2. Peoples mental burden for reseulemenl (* l) resettlement and guarantee fund for villager's living after
movemeit at a decent-life level for several years.
Water level ﬂucluauon at downslream due to | Provision of re- regulanon pond for stabll:zauon of water

3 discharge from power station S T level
4 Decreasing fishes at downstream réach - | Promotion and constructron of l‘acrlmes for f' shery s
5. | River shore erosion at downstream reach 'Rlver protectwe works: ‘ -

*". | Tentative w ion en - .n P
6 ve water poliution by hydrogen SR Prov:sron of public. wells for downstream vrllages i)

sulfide from the submerged forest
2 Destruction (damage) of peoples productron
) due to consiruction s

g (szd)lmentatlon at uustream end ofresarvorr : l_-leightening r,i_ver b‘_”.“S "_V-h-el‘: a;’; ually ic'qui red

C_or'npensatlo_n and rel_'o_c'ation
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(*n

As the result of EIA, jt was revealed that the present infrastruclures in the Project area are not
satisfactory to the villagers and local market is very stagnant. Judging from the above, even if the scale
of resettlement becomes large, the consensus of the people will be positive towards the resettlement, if a
meticulous welfare is provided to them with well-supply of local electrification, medical facilities,
schools, public wells, etc., supply of equal-sized farmland, technical guidance for agriculture and
stockbreeding, provision of industrial promotion center in the resettlement land, ete.

*2)

Judging from the state of sedimentation measured for the existing Nam Ngum-1 reserveir, prospective -

6.4.5

m

sedimentation at the upstream end of the Nam Ngiep-1 HEPP reservoir is deemed to be negligibly small.

ECONOMICAI EVALUA’I ION OF NATURAL AND SOCIAL
ENV]RONMENTAL IMPACTS

]nterpretation for Other Natural-Soci'tl Environmental 'Impacts :

For the impacts out of those listed in Table 6. 4 4 the followmg mterpretattons arc given:

(@)

@

i)

'\ Mental- burden of the htghland peop]e in the form of changmg lwmg crrcumstances due

to resetlement is considered to be set off by the contribution to the nation with the

- decrcasing  shifting cultivation and guarantee of therr lwes wrth well~supplled
_ reseltlement facilities and support S

Declined CO2 punﬁcauon effect in the river basm due to vamshmg forest is eonstdered to . .
© " set off by the amount of CO, emission, which i IS ‘expected to decrease by hydropower -

development mstead of thermal plant constructton .

Norse, dust water po}lutlon etc durmg constructton wdl be restrtcted and mlmmlzed by '

... applying careful construction controt in conforrmly wrth the local envrronmental rules

)

@

~and regulatlons in Lao PDR.

“In the tropleal country, mﬂuence of the drscharge for power generatron, Wthh wrll
negatwely affect adequate water temperature for irrigation, will be negllglb!y small.

lndnrect Benefits (Posrtwe & Negatwe) dtﬂ"tcult to Quantttatwely Evaluatlon

: Preparatton of the lmparttal criteria for quantttatwo evaluatlons is qulte dtﬂ'lcult agamst the .

" ncgalive impacls on aquatic bio-diversity due to basin inundation and for the species, which

- migrate seasonally to and from the Mekong River, as well as the Project spec1ﬁc beneﬁts other
' than eammgs from export of electncnty as shown in Table 6.4. 5 -

: Based on the results of EIA for the respeetwe items, and w1th reference to the actual
environmental impact evaluations made for the other projects, quantitative and qualitative
" evaluation criteria for the environmental assessment of the Project will be established.
- Environmental impacts will be evaluated from a macroscopic VIeWpomt showmg objecnvely the
- posilive and negattve lmpacts accordmg to the establrshed cntcrla '
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Table 6.4.5 Interpretation for Specific Project Benefits (Positive & Negative) out of Income from Electricity

No. New Economic Opportunities ' Economic Effect
: _ : Flood regulation effect to downstream reach by reservoir
1. Creation of reserveoir storage funclion and prospective enlargemcnl of lmgable area
: around reservoir
o Economical interconnection of Xieng Khouang Province and
2. Navigation in reservoir - _ : Bolikhamxay Province (*1) and prospeclwe tourism
: : development (*2) :
s . Stabilization of catch of fish and prospective development of
3. Fishery in reservoir (*3) rural socio-cconomy
4. Increasing job opportunily by Project : | Increasing people’s living standard wnlh more labor income
5. Resettlement of highland people Decnasm g the area of shlﬂmg culuvallon : -
6. ;];ZCCI:;;::: d%::;i?? ;;3 for agriculture and Modermnization ofrural agriculture and stockbreedmg _
7 Rural electrification by power supply Notable improvement in living circumstances and prospecuve
) from Project .~ - rural industrial development L '
8.~ }i‘:riaojc:c)teconomlc lmpacl derwed fmm Decreasmg poverty and reglonal economic acllvauon :
- -7 | Economic interconnection of both provinces, Xieng Khouang and Bolikhamxay will give impacts to the
(*1) | economic activities in the remote Xieng Khouang Province, which were not briskly due to poor
.| transportation conditions and security problems of National Road Nos. 4 and 7. :
Assuniing from the trend of national economic expansion to the Southem regmn as well as the Tecent
< | inroads of tourism into the areas near the existing Nam Ngum-1 reservoir, it is also presumed that :
4oy | development of tourism will be expected for the areas around the Nam Ngiep-1 reservoir soon afier the N
(*2) :
U2 | completion of the Project. Especially the Thaviang Sub-District, from its topographic advantage with
b widely developed flat land along the reservmr has a hlgh possablhly of lounsm developmem asa resort
area. -
- . .0 | By the construction ofa rural industrial promol:on center in the main resettlement area, lechmcal
(','3) guidance will be provided to the resettlement people dispatching several foreign experts for the - _
_ respective sector. For the above plan, the annual cost required for a practical three years serwce penod

was appropnated in Table 34.15-Das lhe cost for mdusmal pmmouon gundance
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. Table 6.4.6 Project Features for Alternative FSLs

~* JICANAMNGIEP-THEPP .-

. L Alternative FSL (EL.M)
Particular - Unit T FSL.320m FSL 360m
Annual average rainfatl mm_- 2470 2470
. Catchment arca km® 3,700 3,700
Run-off coeflicient - 0.56 0.56
Annual basin inflow]  mill. m’ 5118 5118
~ Specific un-off]  m’km? 14 14
Annual mean unoff]  m'fsec 162.3 1623
River bed at damisite EL.m 173 173
Ultimate sediment level EL.m 200 200
Dead water depth,dwd| ~— m 80 135
" Head variation ratio=abt 0.7} -~ - 0.72 - 086
Mm oper. level, MOL EL.m 250 335
- Drawdown m 40 25
Dra\\'dmm ratio, ¢ / Hg % .30 14
Rated pond level EL.m 307 352
Pond area at FSL km? 739 - 148.2
Pond area at MOL kmt © 231 © 1130
Gross storage capacity, Vg mil. m - 2279 6,782
- Net storage capacity, Ve mil. m 1,279 3092
Regulation ratio, Ve /R - % 35 60
Maintenance flow m'fsec - 0 S 0
Peak output duration hrs 16.0 - 160
Rated tail water level L. m 1748 1748
Min. taitwater level (Riverbed) EL.m 173 173
) - Gross head, Hg S m 1318 - ° 176.8
Po\\ensalemaylength m 600 > 700
) : Loss head m “3.13 3.78
" Rated head, Hd - m 1318 176.8
Ave. combined unit efliciency m_ - - 0.8838 0.388
Max. dischargs, Op m’fsec 2210 - 224.0
Supply ratio, Qpfial -~ - % 136 138
Suppl) durab:hl) Ve/Qpi - day 923 - 160
"~ Peakoutpul] - MW 240 EEL]
Mean annual energy}l - GWh 1,349 1,905
- Annual plant factor] = % 612 - 65.1
) Numbeg of unit] - - no. c 2 3
Unit turbing capacily MW 120 . i 120
Specific speed, Ns| -~ m-kW 140 - 120
~ Ratedspéed,N| - rpm 180 - 230
Umlraled oulpul,P MVA 146 -~ - 135
Economic cost and va:ablhty at dlﬂ‘erent FSLs - Uml mllllon Us$
T S Altemalwe FSL (EL M)
o Pamcular Umt -
: : - EL.320m - - EL.360m
‘. Construction cost] mill.US$ 291.2 3176.4
Env. impact mitigation cost] millLUS$ 17.5 28.7
Engineering service cost] -~ 5% F 154 o203 -
-~ Administration cost % 15.4 203
Contingency| 0% - 0.0 0.0
_ - Project cost| millLUS$ - 339.6 T 445.6
Specific capacity cost| USS/KkW 1,415 - 1,334
Constucuon period year 5 .5
Annual cost] mil.US$ - w2539 . .. 3332
7+ Annual benefit] mil.US$ 417.1 - - 585.7
) o B-C|] milUSS " 163.2 252.5
S BICY - <0 164 - 1.76
o EIRR| - % - 17.5% : 18.8%
. Economlchl‘e time (year)]  Year ~ 50 - 050
o DISCOUHI rate Ca " 10% - 10% -
6-25 1
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Table 6.4.7 Hydraulic Characlensllcs and Structural Dimensions at FSL.360m and FSL. 320111

N o . Alternative FSL (EL.m)
- Particular Unit FSI.320m [ - FSL.360m
1. River Diversion Scheme o : ' 2 B '
Tunnel discharge]  m’/sec 2903 . - 3,245
Number of diversion tunnel no. - 2 . 2
Tunnel diameter| -~ m - - - L 86 10.2
. ~ Tunnellengthf ~ m - S Lioo 1,200
Tunnel lining thickness m 05 ] & 05
2. Dam : : : 5 S -
B Main dam crest level EL.m L3258 o361
Crest Iength m - Lo 524 662 . -
"Riverbed] = EL.m - L 167 : : i LY
- Riverwidth]  —~ m . : | N - 60 -
Maindamheight] =~ m - - 187 - : - 197
- Maindamuw/sslope| -~ ~ - | - 140 - o 140
- Maindamd/sslope| =~ - = C S L300 - S 130
" Saddledambheightf - m o f - - oo 0 D
Saddledam crest lenglh m i R IR
3. Sp||]nay ) T LA ST :
S]:_»ecif' ¢ runoff misfkm® |- 80 ] - 5.0
- Design dlscharge ©om¥s . 15900 : : < 15900
4 Boitom Oullet : CwnT : : L e R
' Demgndtscharge —mlls e 425 - s 425 .
- Number of tunnel no. ool i R IS
- Diameter of tunnel m L RN AT X B
 Tunnel length - m 800 | 8BS0
' ’i‘unnel Immglh;ckness - W 05 SRR T
5. Power Waterway S - - R A A T TS
' Maximum plant discharge] —~ m¥sec_ - ' oy | L 224
Ll Efféctive head m T 132 ) L7
. Headrace tunnel length m - S 420 - ~ 490
- Nusuber of headracetunnel] ~~ no. - | oo 2 2
Unit tunnel discharge| - m¥scc R | B L 112
Radius of headrace tunned] - - m -7 ] - 0 o0 34 00 | e 34
.- Tunnel lining (hickness m._ s L 04 o 04
Number of penstock| ~ - no. LR e A
A\eragedtamelerofpenslock ©om L s e 1.9
' Penstocklength] -~ m o] -~ 7 180 : - 210
Penstock“elghllmfno _ton ooy o 08
' 6Powcrhouse L e e R L e
- P/H e\cavatlonluml : ]0‘ m’ I L e 190
: P/H concrete funit]  10°m’® - g R
AL TL& SIS S e s T T Moo Lol

Transmlssmnlmevollagel KV [ - 230 ] 230

. HCA NAM NGIEP-L HEPP S 6260 L Febay 2000 C
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Table 6.4.8 Construction Work Quantities at FSI..360m and FSL.320m

. . Alternative FSL (EL.m)
| . Panticular Unit EL320m | . EL.360m
I. River Diversion Scheme
Open excavation]  10° m’ 71 78
Tunnel excavation] 10° m? 195 215
Tunnel lining concrete]  10° 349 40.2
"_Cutain grouting]  10° m 6.3 © 84
Consolidation grouting] 10 m 8.3 - 105
: Re-bar ton 1,398 ' 1,608
Cofferdam embankment]  10° m? 290 320
" |2. Dam : : - : o
Main dam embankment}  10° m* : 6,896 12,744
Foundation excavation] 10° m? : 658 © 1,043
Curtain grouting] 10 m .. 3531 - 563
Consolidation grouting] 10° m : 13.6 “ 171
Open concrete works|  10° m? - 468 - 634
~ Re-bar ton i 2,319 3,472
Saddle dam embankment] 10° m? 0 : 0
3. Spillway IR S e : -
R Open excavation]  10° m? 459 | - 5,150
Open concrete works]  10° m? 361 S 452
S : : Re-bar] ¢ ton - . 10318 13,574
4. Bottom Qutlet : R ) o - . '
: - ' Open excavation] 10* 2 - 22
. Tunnel excavation] 10° m’® o - 44 . )
Tunnel lining concrete]  10* m? : 99 - o108
Curtain grouling\l 10°m |- . 7 22 : : 28
Consolidation grouting] ' 10°m 15 : 18 -
T i - Re-bar| = ton 385 ) 420
- 15. Intake S e e ' : '
- Qpen éxcavalion]  10° m® I 96
Open concrete works{  10° m? 28 M
_ LR © Re-bar| " ton ' . C I - 1,012
" |6. Headrace Tunnel LT R Coe
N *_Tunnel excavation] 10 m® 39 46
- Tunne} lining concrete]  10* m? - 8 T
S Re-bar ton - : - 335 393
: - Consolidaiion grouting]  10° m® I - 11
7. Penstock Line L e : R L
S Qpen excavation]  10° m? ' e ] - 7
QOpen concrete works]  10° m? S22 - 2.0
: “- - Re-bar] - ton - 430 -7 s T 404
" |8. Powerhouse R I N R B S
L Open excavation] 108 m® | - S 28 ) s 56 T
<. Openconcreleworks)] 1080m®> | .- 18 . R Y
Co oo it e Redbar ton - R Lo 1,842
9. Metal Works L R e A A
Diversion tunn¢lstoplogs] ton - | - - - 435 . - - . 487
Spiliway stoplogs] - ton ST AT S 477
2o Sillway gates] - ton o 3,180 - C 3,180
Bottom cutlet valves] - ton e Y cod o 213
- Intake sereen and gate] - ton - 535 o 560
B Penstock steel ton - Coc 387 | L 520
BN Tailrace gates| - ton o4 e - 142
10. Generating Equipment e R A R T
S © - Water lurbing{ - ton o300 - o 1,727
~ - Generator, {on e 24 2,706
A ~o - Transforner]  MVA o L2901 - 405
Ii. Transmission Line and Substation -~~~ 7o = &m0 0 e e
" Transmission linetength] — &km | - 1m0 ] i10

U NCANAMNGIERIMERP T 627 T T Febrary 2000
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Table 6.4.9 Construction Cost at FSL.360m and FSL.320m (1/2)

A. Direct Construction Cost {1,000185)

Unit Price Alteraative FSL (EL.M)

Particvlar ) Unit (LSS} Er) I 360 ]

(1) River Diversion Stheme 17,103 20,248
Open excavation]  m’ 56 394 136

. Junnel exeavation] m® ] 1.551 911

Lining concrete]  m* <1408 4910 5,648

Cunain grouting]  m ~-114.1 121 933

Consolidation grouting] = m 114.1 951 1,200

Re-bar]  ton - 21910 LI 1,182

Cofferdam embarkmentf ' - 50 : 1462 1613

{2) Dam : : £3.938 102,900
Main dam embarkment m' w63 43417 £0.286

Foundation excavation]  m’ 5.6 3.666 5811

Curtain grouting m 114.1 4,074 6424

Consolidation grovting]  m 114.1 1,557 1,951
Opencomcreteworks)  m' 047928 -4 5.8H

Re-bar]  ton 7920 18645 25183

Saddle dam embarkment]  m’ : 5.7 [} 0

{3) Spilinay . 69,635 31,763
Opzn excavation]  m* 56 27,555 28911

Open concrele works|  m* 929 13459 42,034

Re-hat|  ten mo 8,622 19818

{4) Bollom Outlet ) 3,951 4,272
Open excavation]  m’ 36 : 122 122

Tunael excavation] m' 338 1,702 1,809

Lining concrete]  m? 140.5 1,387 1AM

Cutaingrouting]  m n4a - 251 313

Consolidation groutin m 114.1 L] 219

Re-bar]  ton 791.0 : s . k3l

(5} Intake 3719 141
- Openexcavation)  mt 56 41 532

Open concreteworks]  m® 929 2615 3,135

- Re-bar]  ton 791.0 : 613 £07

(6) Headrace Tunnel - : - 4,015 414
Tunnel exgavation}  m’ 188 1,497 1,768

Lining concrete] ' 140.5 1176 : 1,381

Re-ba|  fon 7970 : 267 : : 313

Consolidation grouting m 4.1 : 1,075 1,261

{7) Penstock Line - : ' 192 258
Open excavataion]  m’ 5.6 : 38 - 36

Open corcieie works]  m' 929 200 159

~ " Rebar] toa 7910 - M 32

{8) Fowerhouse i ' o 2,508 . 5004
Openexcavation]  m* 5.6 I b3 34

Open concrete works]  m’ 929 1,614 EXF]

* -~ Rebar] ton 910 - 103 1,468

{9) Miscellanzous Civil Works : : : : :

Civil Works (No. toNo s)} R 1.602] 2,238}

(10} Metal Works : : : - B.in : - 34,193
Diversion funnel stoplogs]  ton - 4,000 1,142 - 1947

Spillway stoplogs] _ton 4000 - 1,908 1,908

Spillway gate]  lon 7.000 22,260 : 22 260

Bottom outlet valves]  ton - 6000 1,215 1,275

Intake screcn and pate]  ton 6000 311 3,358

Penstock pipe]  ton 5,000 R Iy 1] - 2,598

- : Tailrace pates] loa 6,000 43 : 852
(11) Generating Equipment : : 62,7159 80,814
Water turbine|  ton 14.000 © 18,206 24,115

Gereiator]  ten - 13,000 29,130 - 35115

Transfomer] MVYA . 3.000 © 2328 30

Indoor swilchgear] MVA 30000] - 310 - - 12,149

Ancillary equip. and cthers] MVA 15,000 4,365 6015

{12} Transmission Line and Substation . 23,2091 24,660
Transmission line]  km 130000] - - 19.£00] . 19,500)

T Substation] MVA 12,000 : 3402 ~4,860)

(13) Misceltaneous M & E Works ) T e
[ TMEEWoks@olowNot2)f - [ 108l N 1,397]

JICA NAM NGIEP-1 HEPP . 6-28 ' < .- Februay 2000
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Table 6.4.10 Construction Cost at FSL.360m and FSL.320m (2/2)

B. Preparatory Works Cost (1,000U85)

B-1 Construction of Temporary Facilities

Alternative FSL (EL.AD

Particular Unit 320 360
' New road construction km 10.0 10.0
Existing road betterment km 33.0 330
Telecormmunication fine km 35.0 35.0
Power distribution line km - 35.0 35.0
Employers site facilitics m’ - 10,000 10,000
New road construction]| "300,006]  USSkm 3.000 3,000
Road betterment US$/km 3,300 3.300
Telecommunication] US$/km 350 350
22kV power distribution) US$/km 700 100
Employer's facilities £ Us$/m? 100 100
Total cost]| (1,000US$) 7,450 7.450
B-2 Other Compensation
Particular Unit 320 360
Access road (W=30m}) m’ 300,000 300,000
-~ Dam site m? 152,200 236,600
Power station m? 8,400 10.500
Others m? 138,200 164,200
Totat area to be compensated m! - 598,800 711,300
Total cost (1,000USY)] - 25| usy/m? 1,497 1,778
B-3 Relocation of Road at Thaviang Distriet :
" Particular Unit 328 330
Relocauon road( =FS$1. Arca/ 5km2) km 15 - 15
Total cost | (1,000US$) 2,250 2,250
Unit const. construction (US$/km) 150,000 o
C. Environmental Impact Miligalion (EIM) Cost
C-1 Constrution of Environmental Appurtenant Structures
: Particular . Unit 320 360
Re-regulation facility | (1,000USS) 1315 3,360
- Berihing facitily in reservoir | (1,000US$) 162 226
River protection work | (1,600US$) 2210 2,240
o Tclal cost (l,DOOUSS) - 5,687 5.826
C-2 Fnumnmenlal .\Iomtorlng & Planning (For deiali. See Chapter 7, Table 2.5.1-2)
: Particular Unit {1 360
- Total cost (l OOOUSS_} - 76064 10,678
n. Reseulcmenl Cosl (For delall. See Chapter 7, Table 7.6.3-4) .
Particular Unit 320 360
Preparation of Resettle. Plan (Table 7.6. 3) {1,000US%) - 600 1,160
Execution of Rcseltlcmenl (Table 7.6.4) ] (1,000U53) 1,114 C 233
- Total cost | (1,000US%) 7,114 24,434
E. Total Project ( ‘ost - :
Particular - Unil 320 360
Direcl Construction Cost ol'le (I-9) {1,000U5%) 161,838 226,083
Direct Construction Cost of M&E (10-13) | (1,000US$) 120415 141,068
Preparatory Works Cost (B-1 to B-3) | (1,000USS$) 11,197 13,728
Total Construction Cost (1) | (1.000USS) 293,450 350,879
EIM Cost (C-1 to C-2) | (1,000U55) 13,351 16,504
Reseltlement Cost (D) | (1,000US5) 7,714 - 24434
Total Environmental Cost (11) | (1,000US$) 21,065 40,938
Tnlal Project Cosl (III =1+ l]) {1,000U5%) 314,515 421,817
I- Ration of EIM Cosl tu Total l’rojecl Coslt - .
Particular EUnit 320 360
- Ratio ol'[IM Cost (=11 /11l) (%0) 6.1% - 97%

Note:
financial evalvations onty

an:ronmenlal Impact Mmganon (IZMI) costs in Lhe abO\e table arc used for 3rd economic and

JICA NAM NGIEP-] HEPP
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Table 6.4.11 Construction Cosl and Annual Costs of Alternhtive Thermal Plant

Hydropower - Thermal Unit
) kW kWh kWY kWh
Transmission loss rate] . 4.0% 5.0% - 1.5% 1.2%
Forced operation outage| . 0.5% - 05% . - 50% . 2.5%
Maintenance outage| - 0.4% - 04% - 13.0% 22.0%
Sration use rate 1.1% 0.7% - 2.1% 16% -
’ Adjusting factors: .~ 1188 T 0964
Hydropower  Gas Tutbine ©C.Cyele
Annoal O&M cost rate 10% |- 25% . 2.5%
"7 Kindoffuelf - - .~ ¢ - fuel oil natural gas
_ Annual fuel cost rate, centkWh| < - 1.52 350 -
Unit capital cost of thermal unit, US¥KW] -« T 250 <500
' R Plant capacity ratef - .~ C2W% 80%
. Economic life time (year) 50 20 250
: o Raw Price End Price . Calorific Value . Efficiency -~ US$&Wh
High speed dicsel, USS7ton[ - 200 1 435 “TIN000 - JKealkg R
Medium fuel oi), USSdon} - 180 -~ 270 10300 [Kealkg - 30%
Heavy oil, USS/ton| -~ 150 . | ~. 225 9,800 . |Kealkg - 27%
- Coal, USS/ton 3 -] 45 75300 . c[Kealkg C35%
. Natural gas, US$/mil.bln 30 - 4.5 246,000 KcaUmil.bt_u' ©45% .
) Geothermal, USSAWh| - 004 0.06 s ‘ -
Eneigy equivalent, Kcal/kWh 861 .
: o ot 1kWh=) 3500 0 fbe o
I milblo=} - 286 kWh .
L : Altérnative FSL (EL.M)
" Pasticular wo | 0 Unit 320 - 360
- *. Thermal plant capacity MYV . o290 - 400
Plant capacity of gas turbine MW . 58 80
- Plant capacity of comb. cycled - MW “o 232 320
" Thermal plant annuval encrgy{ -~ GWh ~ 1,300 1,837
Capital cost of gas turtbine] 106 USS 18 w20
Capital cost of comb. cycle] 106 USS 116 1)
O/M cost of gas turbibe] 106 USS 0.4 - 05
O cost of comb. eycle] 106 USS 29 - 40
Fuel cost, gas turbine] 106 USS : 19.6 R X ) B
Fuel cost, comb. cyele] 106 USS - 364 e 5140
Construction period, gas turbine] . . year N | DR
Construction period, comb. eycle} - year K] IR |

. JICANAM NGIEP-I NEPP
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Table 6.4.12 Hydropower Potential at Different SLs

Qperation: 16 hours
FSL| MOL] - Qpeak Q ave P max E firm E 2nd| -~ [ total] 95% Energy
310 270 210.0 131.4 214 1.0835 107 1.192 903
320 280 - 2210] 1315 240 - 1.249 100 - 1,349 LOA3
330 305 2130 139.0 263 1405 103 1.508 1,183
340 315 2130 - 1400 280 1,518 108 1.626 1.269
350 3200 0 2270 144.2 314 - 1,677 101 1,777 1.382
360 : 335] - 2240 145.1 334 1,800 1035 1,905 -~ 1,467
370 345 . 22701 1459 356 1,932 98 2,030 1,549
K21 350 2340 147.6 n 2,064 85 2,148 - 1,613
390] 350} 2450 - 1623 401 2,205] - 76 2,282 1,779
Qpération: 8 hours K S : : : o : SR
310 F 270 4210 - 1490} - - - 425 1,078 278 1,356| - - - - 878
320 280] . - 443.0 - 151.8 - 476] - - L240p - - 248 1489 - 1L,005] .
330 -~ 305] ©  426.0 152.1] 523 - 1,400F - 251 ~ 1,651 1,158]
340 3is 421.0 1529 558 1,510 264 1,74 1,245
330 ' 320 454.0 - 154.1 6250 - 1668] - - 2271 0 1,895p: - 1,373
360) 0 - 335 448.0 - 1547 663 ~1.789] - 236 2,021 o 1.470]
== 3701 - 345] - - 4540 154.9 . 708] o 1,923 -2 2,150 ~ 1,850
- 380} - 350 - 468.0] - 1559 : 7501 - 2,053 O 209) - 2,262 1,670
390F - - 350 - 4900 1573 - 196 - 2194 189 2,383 - 1,769

CUFSL e :':Ann'ualEncrgy S o o
Eew o TR R

© 380

360 _’_V;_,_V“hr.“.-?; :

340 :
—.-_Iﬁ—hours

320 L
: = = = = 8-hours

300 : SR I — ;
000 L2500 4500 - 1750 2000 - 2250 - 2,500
" ' ' " Energy (GWh) : - T

]

COUBSL U pekOwpw oo
CU(ELm) - A

380 - ' L
340 d e
R FE T S .7 [ —G-hours -
320 - : A.?....,._....____-___T__—-—o_._f_ . ,.,:”——47’. -' EEEE S-hours :

a0 o ===
200 - . 300 400 - 500 600 700 . 800

E i’(.n;e_r()u_lpt.;_l (M_W) S IR

.- [ o e e e e e ———
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6.5 ECONOMIC AND FINANCIAL EVALUATION CRITERIA

6.5, l APPROACH TO PROJECT ECONOM!C AND FlNANCIAL FVALUATION

" This chftptcr focuses on the economxc and financial viability of the PrOJect Thc cconomic
- analysis compared project cost to the cost that would have been incurred should thermal units be
used, thus deriving the benefits of avoided cost. Avoided cost, in this case, could be used as a
- proxy to Least Cost Analysis, assuming that any project which is cheaper than the combmatton
of gas turbme and combmed cycle is fit into the Least Cost Expanswn Plan. -

As the current trend dlctates and the GOL’s pohcy cncourages pnvate sector partrcnpat:on in

" - hydropower generation, financial analysis of the Project is becoming more and more important.

Even if the GOL/EDL is going to underiake this Project by themselves, an independent
_commcrcml operatlon cntlty may be cstabhshed to be responsible for lts own proﬁts and losses

' From the Study Team’s pcrspectwe the cnttcal questlon that the ﬁnancnal analysns should

answer is whether the overall project is profitable, and whether the potentla] investors, private or -

public, or joint efforis, will see the incentives attractive enough for them to forgo the investment

~ opportunities elsewhere to invest in the Nam Ngtep -1 HEPP. I:qually important is whether the

- Project could bnng a reasonable level of income to the government, national and provingial,
through dividends distribution, taxes, royalty, and other charges and duties while mmntamlng an
affordable tariff lcvel no hlgher than that of one of the six IPPs currently under consuicratlon

A detalled ﬁmncnal analys;s was camcd out and a ﬁnancmg scheme of pubhc pnvate j01]‘lt
mvcstment (BOT) was tcsted '

6.5.2 PARAML ¥ hRS I OR I’ROJECT EVALUATION
., (]) D:scount Rate

A dlscount rate of 10% was uscd in economlc analysns o reflect the opportumty cost or scarcnty

- value of capital in Lao PDR. Thls value is derived from rcfcmng to other studies in Lao PDR. . '

A dlscount rate of 12% was also tested For financial analysw a dlscount rate of 12% was used
(2) bxchange Ratc E .

B 'An exchange rate of US$1 00 for 9 000 klps and 37 {} Thal Bahts was used as. rcferencc only B
I]owcvcr, the cost and bcneﬁts are all considered in US do]lars at thls stagc L .

3) Pl‘OjCC'(]lfe

- T he pro;ect life dcpends on thc endurablhty of |ts components The semce h[‘e of cml WOrks is
~ assumed at 50 years and the electrical and mechanical components are - assumed to replace during
the life of the PrOJect chular rcpatr and mamtcnance wnll also be faetored mto the recurrcnt ;

| U JICANAMNGIEPIHBEPP . 0 7t S 6-32 ST T February 2000 B
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cost. - However, for financial analysm only the concession period, 25 years in this case, is
considered. ' : : :

(49)  Others

The cost estimates and corresponding cash flows in economic analyses'reﬁect the mid-1999
price level. International inflation is assumed to be 2,4% per year, based on the World Bank’s
Manufactures Unit Value (MUV) projection up to the year 2010,

: 6 5 3 VALUATION OP COST
- (l) Cost for PI’O_]CCI Evaluatron o

The cost estimated is based on the detarled ﬁgures presented in Chapter 6. 4 The construction
_period is assumed to start from the year 2006, and iast to the year 2010. The Commercial
: Operatron Date (COD) is assumed in the year 2011, Any cost, such as engmeermg and
preparauon fees, bcfore the year 2006 is treated as the cost mcurred in the year 2006. P

(2) O&M and Replacement Costs '

' _Annual operatlon and maintenance costs for the hydropower plant are estrmated on the basrs of
~ the general experience of the consultants for plants under similar conditions, and on specific
~ information for other hydropower plant in the region. The average rate for O&M is assumed at
- 1.0% per annum of the base cost. In ﬁnancral analysrs, however the O&M rate is assumed to -

escalate by the rate of 2. S% per annum. - v ' R : o

- lhe replacement of various eqmpment at mtervals durmg the prOJect llfetrme has been mcluded
~ in the economic analysis with a common operatlon rule a lump sum replacement cost is 1npul in
: the 313t and 32nd year of operauon IR : —

' 6 5 4 VAI UATION OF BENBFITS
(l) Power Beneﬁts B

_The output of the Nam Nglep -1 HEPP is assumed to be at the connecuon pomt of the SOOkV
- level. A capacity contribution des1gnated by the capacrty avarlable for ]6 hrlday and 6- dayl
"_.week throughout the year L : . : .

- The economrc beneﬁts m ﬁrst year of operauon is assumed usmg avorded thennal cost The
financial beneﬁts in the ﬁrst year is calculated usmg a tarlff schedule that wrll be descrlbed in -

. - Chapter 6.7. 4

- (_2)- Indrrcct or Secondary Beneﬁts

- lndlrect or the secondary beneﬁts would 1nclude the creatlon of employment opportumty and

- 1mproved lmng standards of the people around the Project site. This in turn will have ripple

S 'effects on socro econonuc development of the reglon Constructlon of dam would mttlgate ﬂood

U NCANAMNGEPTHERP -t - 0 6-33 - o ey 2000
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hazards thus reducing damage to local infrastructure, livestocks and time waste on economic
activilies, in addition to agriculture benefits. The export of energy will cam foreign exchanges,
which arc badly needed for import of manufactured goods. These benefits are diflicult to
quantify at this stage and therefore not considered in the economic and financial analysis.
~ However, they should not be ignored while making decisions for the selection of the Project.

(3)  Environmental Benefits

Environmental benefits of avoiding thermals unils in Tharland are substantral Although they
were not considered in the FSL.320m Alternative, they will be tested at the next stage of
- Feasibility Study, using the internalized environmental cost of thermal units.” Based on a World
* Bank study, “Incorporating Environmental Concerns into Power Sector Decision-making, 1994,
the environmental cost for coal fired generation is about USel 73.kah gas turbme about
USc1.45/kWh, and combmcd cyclc USc0.94/kWh. ' :

6.6 "EC_ON_OMtc EVALUATION

‘_66 1 GENERAL

To ﬁnd out the optlmum development scheme of the PIO_]eCt the alternattves have been
evaluated from the standpoint of national income gauging essential beneﬁts and costs in the
usual Dlseounted Cash Flow Method as shown below AT : ‘

_ (i) _ _Caleulate the costs of the Project and prepare an annual mvestment schedule for the' :
P prOjCCl total perlod (constructron perlod plus prOJect hfe tlme), L ' TR

(i) '(‘alculate the benefits of the Proleet and prepare an annual mvestment schedule"
~ (hydropower potential was calculated for the respective FSL on a tentattve reservorr
' 'opcratlon rule and bascd on the exrstrng topography and basin hydrology),

(iti) Convert the figures in the cost slream and beneﬁt stream to thelr present values

(iv)  With the cost and benefit streams expressed in thelr present values calculate the economre
mdrces (net present values of B-C, B/C, and LlRR), and A S,

v) Evaluate cconomic vrabllrty of the PmJeet based on the computed economtc 1nd|ees from
the requrrements B- C>0 B/C>l 0, FIRR>10% : : : -

LAt the lst economic analysrs three (3) altematrve schemes wrth the large scale (F SL 360m) the i

medium-scale (FSL.320m) and the small-scale (FSL 240m) dams were considered. And at the o

2nd analysis, the alternatives between EL.310m ‘and EL.390m with 10m mtervals of both the

" large-scale and the medium-scale (FSL 320m) were cvaluated in Chapter 63 3. Fmancnl g :

justification to be evaluated from the pro;ect administration’s point of view were analyzed asthe
3rd stage of economic comparison study in Chapter 6.7 based on the posmble f'mancmg plan and =
assumed electrrcrty export agreemcnt S L : .

L MCANAMNGIERANERP 6340 T vy
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6.6.2 PARAMETERS FOR ECONOMIC ANALYSIS

The basic assumptions for 2nd stage economic analyses are summatized as follows:

" Table 6.6.1 Parameters for Economic Analysis

- - Economic Parameters
No. _ Parameters Unit FSL320m | FSL.360m

1. Total Capacity (FSL.320m Alternative) MW 240 334
2. Plant Ultilization Factor % 64.2 65.1
3. Tolal Cost (exclude 1DC) Mil, US$ 339.6 445.6
4. Years of the Project Considered Years 50 - 50
5. SCF - Not used Not used
6. O&M % 1.0 1.0
7. Auxiliary us¢ and Line Loss % 1.3 1.3

663 }:CO'N'O'MIC ANALYSIS USING AVOIDED COST -
In the economtc analysrs usually hydropower unit is replaced w1th alternative thermal power '
unit(s), which can generate equal electricity on an assumption that the implementation of
alternative project will be planned when the hydropower project has been cancelled.” For

" evaluation of the economic feasibility of the Project, the cost-benefit analysrs was carried out
'rﬂer estabhshmg an avord cost of thermal powcr in Tharland

: 'lhe above concept of economic analysrs is on the basrs of the understandmg that EGAT has
_ pohcy of purchasing generated power from not only IPPs in Thailand but also other surrounding
countries, and that the most competitive rivals are 1PPs of the Thai thermal power. The analysis

~will prove that the hydro IPPs in Lao PDR shall be supenor to the thermal IPPs in Thailand from

- the vrew pomt of natlonal economy.

Thc energy generated from the Nam Ngtep HEPP is assumed to be dehvered to the 500kV lmc at
' the border with a 1.3% auxiliary and line loss rate. Thermal plants contemplated in the recent
" Power Development Program (up to 2011) include 4x700MW Ratchaburi Thermal umts of
: gaslorl fired umts and 6x200 MW combined cycle units for base power supply. - : -

. Gas turbme and combmed cycle were selected as alternat;ve thermal units and its share was

) assumed to be 20% by gas turbine and 80% by combined cycle, which are similar to the ratio
- given for the national power development classification established by EGAT. Unit capital cost
" for the thermal plant was assumed to be US$250/kW for gas turbine unit and US$500/kW for
. combined cycle unit. Medium fue} oil was applied for gas turbine and natural gas was used for
- combined cycle. Price of medium fuel oil was assumed to be 180US$/ton and price of natural
- gas was assumed to be 4,0US$/mil.BTU for the estimation of annual fuel cost of thermal units.

- Unit fuel costs per kWh were computed by using the calorific values of 10,300 Kcal/kg and 30%

;"thermal efﬁcneney for medlum fuel orl and 246 000 Kcallmll Bf U and 45% thermal efﬁc1ency

' for natural gas

o 'Annual O&M cost for thermal umts was assumed to be the ﬁxed rate of 2 S% of the total eaprtal
B eost The followmg power losscs were assumed for thermal umts ‘

. NHCANAMNGIEPIHEPP . o L L February 2000
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Table 6.6.2 Assumed Power Losses for Thermal Power Plant

ltem kW kWh
Power loss through transmission line 1.5% - 12%
Forced operation outage 13.0% 17.0%
Maintepance outage ' : 5.0% 2.5%
Consumptlon al power stalion 2.7% - 50%

Rephcement costs of thermal unifs were scheduled to be incurred at 20 ye‘zrs intervals for gas
turbine and at 25 years for combined cycle. These results were shown in the explamed Table

6.3.10.

6. 6 4 RISK ANALYSIS

The result for the I SL 320m Allematwe is 17 5% in the economic mtemal rate of retum The '

~ Project was then tested against probable risks associated with the project in following cases: (a)

- 10% up cost overrun, (b) alternative fuel price down by 20%, (c) project delay by one year, and
(d) O&\A cost mcreased by 20% : )

o r 'lfable 6..6.3 Resnll_s of Risk Analysls :
No. { - “ - Risk Analysis C EIRR(%)

1. |BaseCase - ST T 11.5%

2. l{a) 10% Increase in ln\.estmenl Cosl ) 18.71%

3. " | {b) Altemative Fuel Price Down by 20% ©14.9%

4. | (c) Project Delay by One Year > - - | - 15.9% :
5. | {d)yO&M Cost lncrease by 20% -~ “174%

_ﬁ‘671 GFNERAL |

_'Analyms for the prolect ﬁnane1al Jusllﬁcatlon is an evaluallon of the pl‘OjCCl economlcs on an
" administrative standpoml of the Project. Since the project is planned as a business enterprise -
. _ﬁnanced by international financial agencies such as ADB, World Bank, ECA, IFC, OECF etc.
. with its revenue given from electric power, water supply, ctc., certainty of repayment of ihe :

prOJect fund thereforc, has to be Jushﬁed by the financ:al analysns - Cle o

lhe ﬁnancnal analyses of 'lhe PrOJect is based on the assumplion lha( lhe scheme w:ll be owned_ o

o and operated by a commercial company that wilt supply to the Thal national grid ali the energy

_ generated The grid is assumed to be operated by EGAT or the future transmission company, .
which will purchase all the energy at a techmcall),r and economlcally acceplable point (at 500kV.
level). The tariff, as well as other relevant paramefers for financial analyses, is determined based
on two principles: (i) the project must be proﬁtablc, and (n) lhe tanfl level should be no hlgher i
than that pald by EGAT to lPPs in Fhalland Ty e T Lo

: 'nqAN}_\MNGHép-mEpp 6236 Tl e R .. February 2000 ,
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6.7.2 ASSUMPTIONS FOR FINANCIAL ANALYSIS -

Financial amlysrs was made separately for two schemes of FSL.320m and FSL.360m.
Projections of financial statements are made in nominal terms. Major assumpttons made for
financial amlysrs arc gtven below:

The fmancral prOJeettons are based on a uniform escalation rate of 2.5% for forergn currency.
And, construction work will start in 2006 and will be completed in 2010, reqmrmg 5 years to
complete as shown in Table 6.7.1. Commercial operation is expected to start in early 2011 with
the working capital as shown in Table 6.7. 2 :

Table 6.7.1 Project Cost Dtsbursement Schedu!e '

 Year . 2006 2007 .| - 2008 - | 2009 | 2011
Disbursements with % of total prOJect cost 10% | 0% - 35% 20% 15%

'lahle 6.7.2 Workmg Caprtal S

" No.* . ltems R SR Condrlions

L Accounts receivables -~ - | 1.5 monibs of revenue - -
2. Cash required - 2 % of revenue
3. Accounts payable - - | 1 month of O&M costs

% Escrow account o 6 month of debt service

All electrrctty generated by the Pl’(}JCCt wrll be sold in bulk to EDL and LGAT under a 25- -year E
. power purchase agreement (PPA) The power generatton and sales schedule is shown in Table
-67 3. _ Co . T

o Table 6 1. 3 Power Generauon arrd Sales Schedule (GWh/_‘,ear}
Po“er Generation “ . EL.320m Scheme : " EL.360m Scheme

Gross generation . - - | o 1,349 7 T 1,905

Salesto EDL & EGAT ~ - | - - . 1,342 - - . e 1,895
Note Statlonusefactor*OS% Lo e L

_' The plant wrll be operated and mamtamed by a well tramed in- housc staﬂ' or a ‘world- reputed
- operating company under an Operatmg and Maintenance Agreement The annual cost of such _
) arrangement rs estrmated at l% of base cost for each scheme wrth an annual esealatron of 2.5%.

- Accordmg to a typlcal pro;ect agreement Lao GOVemment wrll grant the pr0ject company the
. right to construct and operate the project facilities and the right to use the land water rights
" necessary for the project In return, the project company will pay the Govemment an annual

..~ royalty fee of 5% of gross revenues from eleciricity sales. Deprecratron is assumed to be 4% per
- _'annum (strarght-hnc for 25 years) on all deprccrable assets N : : -

. Tax was cons1dered as follows.

SOR Taxes and dutles on lmported capltal equrpment lf any, are assumed to be pard by EDL

L .(n) 3 The Pro_;ect wrll be exempted from mcome tax. for the ﬁrst 5 years of operatron '
' Thereaﬂer tax on net mcome wrll be pard at a rate of l 5% o

The equrty caprtal is assumed to be 32% of the pro_|ect cost aceordmg to Gurrent ﬁnanctal .
- practices. - Equity capital is ‘assumed to be fully pald prior to disbursement of the bank loans .
- except for OFCF loan accordrng to the lrkely loan covenants lhe expected loan terms are gwen

S ICANAM RGP WEFP o L T 63T T F"’f'??“)'zwo |
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in Table 6.7.4. . : , :
Table 6.7.4 Financing Terms _
' Grace Period Maturity - Commitment Front-end Fee
1) : .

Source Interest (%) (years) (years) | 7 Fee (%) (%)
1. OECF 33 5 20 0.0 00
2.1JCB 85 3 - 8 0.5 1.0
3. ADB 85 . 3 I 1.0 = L0
4. IFC 0.0 . 0 -0 0.0 - 0.0
5. TCB 100 - |- 3 : 8 S 1 R L0

Note: OECF  :Overseas Economic Cerporation Fund : T

JCB  : Japanese commercial banks
~ADB  : Asian Development Bank .
~IFC  :International Finance Corporation .
B Thai Commercial Bank .

A flat, 25 years depremahon rate is assumed _ f he concesslon penod is 25 years and aﬂer 25
years, the project will be reverted to the GOL : .

* Deposit ratc on cash on hand and the escrow account is assumed to be 2 5% per annum. Fscrow '
account and dividends are consndered as follow B -

' (i) _The debt service coverage ratlo shall be 1 4 or more S B ‘ _

(i) - The dividends are assumed to be paid at 80% of the net proﬁt from SIh year of operatlon

as far as the requlrement of above (l) be met

-Parameters mmally set for f'manclal anal)'s1s are summan?ed and shown in Table 67 5 for.
FSL. 320m : : : L '

' Table675 lmhal Assumptlons in FlnanmalAnaIymS 7

No llem . ' CAmount -0 A Remarks

I. [Construction Period -~ - c - 5 years ¢ e -
2. [Project Llfe - 4 e 30 vears

| Tarifl Peak Power OﬁPeak Pov.er

3. {1} Initial tanff(c/kWh) 0 6.6 0

~_|(2) Escalation rate : - 2.5% 0 -

- |O&M Costs i R B

4. {(1) Initial Cost (%) - 1.0% of Base cost - -

_{(2) Escalation rate . 25% . o ' I

5. |Loyalty fee - ] - - 50% - ¢ - i |5%ofrevenue .

- : ~ 4303 Mil$ (FSL.320m) [Depreciable assets value - -

- [Depreciation  © . " A Mll':.(FSL360m) SR DT
6. [(1)Usefullife = . - . 25 years-

- 1(2) Residual value - - : 0%
: {3) Method -~ S : Sltalght lme L B 2
7. |Escrowaccoumt © - - 50% g 50% of annual debt semce v
8. [O&M reserve account - son 0% e e

9. [Cash required : 2% : S 2% of revenue
10. JAccounts receivable ) - 12.5% R = |1.5 month of révenue
11. |Supplies and spares s 0% - T ST R
12. |Accounispayable . -} . o 8% oo via s lmonthofO&MCost T
13. |Deposit rate R I 2.5% perannum R
14. jincometax cooac e o 15% fromﬁlhyearofoperauon Aoy
15. |Dividendrate - -~ - - 80% ofNet Profit from Slhyearofoperauon

cawamnoweamer L 6-38 .ty
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6.7.3 BENEFITS ASSUMED FOR FINANCIAL ANALYSIS

F he encrgy generated and supplicd, net of line loss and auxiliary use, is assumed to be 766GWh
for mid-peak cnergy (16-hr/day and 6-day/week) and 576GWh for off-peak energy for
FSL.320m Alternative, while 1,082GWh for mid-peak energy and 813GWh for ofl- pcak energy
for FSL.360m Alternative. An initial tariff of 6.6 cents/kWh in 2011 the date of commissioning
is assumed as Ievelised tariff and will increase with an ahnual escalation of 2.5 %.

Bascd on lhe rules setup by the govemmcnt pohcy, the following three-step fariff structure has
been assumcd :

Table 6.1.6 anary Levelrsed Energy Tanﬁ at Current Price

' S.tep' Years Period - . Tariffin 1999 Tanl‘f in2011
: - {USc/kWh) (USc/kWh)
st - L 1-12 12 4.9 6.6
2nd ~ 13-22 10 - 43 6.3
. 3rd - 2325 3 - 4.7 - 6.6
' Welghled Average : - 4.7 6. 6

_ Durmg the first 12 years the taraﬂ‘ will bc shghtly hrgher to cover the loan repaymenl and to

insure a reasonable level of profit to the investors. In the next 10 years, the tariff will be brought
“down after the loan repa)'ment requirement is eased. The tariff will then retum to its mrtlal level
_]l]St before the prOJect is supposed to be revertcd to the govemment S

_' The EGAT s purchase pnce from othcr pro_]ecis can be used here as a reference to our tariff

~ calculation. For the use of national resources, GOL charges a royalty at 5% of gross revenue.

_ Corporate income fax is also levied on the net profit at a rate of 15%. Ilowever, to attract forcign
. investors, a ta:s. hohday rs usmlly provrded In this case, first 5 years slartmg at COD is assumed.

' Tablc 6.1. 7 Tariff Comparrson o

= Simple Model

Hong Sa ]

: Xp-Xn

- Theun-Hinboun -

1. |Base Tariff (USc) 4.3 6.4 4
2. |Before COD escalation {%%) " 30 - - 30
3. |Post COD escalation (%) 10 - - 30
4. |COD date (Year) S Cr 1999 . 2001 2007

5. |TarifV at 1999 level or COD level © 4.99(1999) - 6.4 (2001) K -
No. - Stepped Model - Nam Ngum 3 - Nam Ngiep

1. °. |1st Step Tariff (USc) - 5.98 . S 6

2. |Years of Ist Step - 12 yrs 12yrs

3. - |2nd Step Tariff (USc) - - 42 6.3

4. |COD date (Year) : - - 2011

5. st Step Tanff at |999 Level - 4.7

o 6 7 4 FlNANCIAL EVALUATION OF FSL 320M AL f ERNA T IVF

'FSL 320m Altemauve of Wthh prcgect “cost is US$3852 mrllron excludmg l[)C FSL is -

EL.320m, plant capacrly is 240MW, annua] energy is 1,349GWh, assumes a joint venture

“bctween GOL and a consortium of private sectors. An independent BOT power developmcnt ‘
"company is assumed in this model and the debt-equity ratio of 65-35 is used. The GOL would
be responsible for 25% of equﬂy mvestment and thc GOL equrly is assumed to come from an

i mtemauonal soft loan

o NICANAMNGIEPITHEPP . ¢t d
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The financial IRR obtained for FSL.320m Alternative is 12.8% as FIRR on Project and annual
net benefit (NPV) is assumed to be US$79.8million (NPV). Dlsbursemcnt of the iject cost for
' fSL 320m Alternative is as shown in Table 6.7.8.

Table 6.7.8 Dlsbursement of Pro_;ecl Cost

 (Buity)/ (Equltyﬂ.qanﬂntcrrgst) Ra_tfio ~3I% L

" Year 2006 2007 | 2008 2009 201 0 2001 | Total
1. Disbursement of Base  Cosl R e
(1) Ratio - 10.0%) . 20.0% 35.0% 20.0% 15.0%f  0.0%| 1000%
{2) Amount (Mil.$) 385 71.0 1348] 710 57.8 0.0 38572
2. Equity ' - ' :
{1} Ratio 28.6% 45.0% 26.4% 0.0% 0.0% 0.0%] 100.0%
{2) Amount (Mil.§) - . 386 S 600 3561 - 00 - 0.0 0.0 134.8
3. Loan (Mil.$) - 0.0 164] 992 770|578 00 2504
{1) OECF - 0.0% 18.0%)] - 47.0%| - 35.0% 0.0% 0.0%] 100.0%
-Disburse. . 0.0 15.8 4121 .- 30.7 - 0.0 - 0.0 87.6
-Interest - Vel 0.0 - 0.5 w0 1.9 3.0 3.1 - 8.5
~ -Total " 0.0 1581 .- 41.7] > 326 30 3 96
{(2)JCB - 0.0% 0.0%]  46.8% 28.5% 24.7% 0.0%]  100.0%
-Disburse. - 0.0 00 - 4190 250 21.6 0.0 87.6
-Interest : 0.0 0.0 - 3.5 59 - 82 =~ 17.6
-Total - - o 00] 00 o 410 S 285 © 21.6 - 8.2 105.3
{(3)ADD - 0.0%] - 0.0% 46.8%| - 28.6%]| - 24.6% 0.0%] 100.0%
-Disburse. - e 00 00 17.6] - 10.7 - 92 001 - 3716
-Interest - - 0.0 200 LS 2.5 - 3.5 1.6
-Total : 0.0 © 0.0 “17.6 122 “11.8] .. 35 45.1
(DIFC < 0.0% 0.0%] - 0.0% 0.0% 0.0%] ~ 00% - 0.0%
-Disburse. - 0.0] 0.0 - 04 0.0 - 0.0 00f - 00
-Interest - : ~ 0.0 0.0 0.0 0.0 0.0 - 0.0
~Total 000 00 0.0 0.0 0.0 000 7 0.0
(5)TCB C0.0%) - 0.0%] 2 0.0%] © 28.5%] - ’ll 5% 0.0%] 100.0%
-Disburse, - 0.0] - 00 - 00 - 10.7 - 269 0.0 - 316
-Interest - 0.0 ~ 0.0 - 0.0 A 19| - 4,9
-Total - 0.0 0.0, 00 107 0 279 - . 39 - 42.5
4. Loan Total . : S E e e T e e e S
-Disburse. 00 158 - 998 -~ 77.1 © 577 o 0.0] © 2504
-Interest - 0.0 000 0 05 6.9 - 1251 181 "~ 38.6
-Total - 0.0 “15.8] 01003 34.0 7020 - 18.7] v 289.0
~ . |5. Equity & Loan 386 = 764 - 1359 - 84.0] - 7021 187 - 4238
6. Front-end Fee ok R AT : : Ce Lo
(1) OECF '0.0 Tl - - - - SRR 040
(2)JCB - L1 s - - - - SR ISR W |
(3) ADB - 0.5 - . - - T R, T
A IFC 0.0 . CE oL - . e e 00
e - Total 19 - 0.0 0.0 0.0] 00] - 00 - 19
1. Comitm't Fee ‘ s Ty S g i
(1) OECF 00l 00 - 00] . 00] - -00] - 00
(2)ICB o 0L 0S5 03] 002 00] 1.6
(3) ADB e 05 es] 03] 02 0o -4l
DHIFC - - C00] 00 o 00) 00 00 00
(S)TCB pec T od) 0] 04l 03] 00l 0 e
' Total . 0.0 14 LAy o 1) T 0.8 i O 4.6
! Grand Total = 40.5 77 8 137 3 - 85 0] - 70 9

|88 43(}3
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lﬂiliioanSS . Revenue Components (Unit:Million US$)

100 - .
80 [&
80 | A Y R T R e SR L S
10 : DDeprecratron
60 - #Tax -

50 ‘D Total 0&M and Insurance -

o S e R o N
40 ~ TYotal Loan SRR ey .Total Loan Repaymentt interest
Repaymentt - . : Royalty :

30 1 Interest :BDividends B
20 .
10

Oli 13 15 17 19 2] 23 25 27 29 31 33 35

& Yeér (20-—) -

Figure-o.'].l_ Revenue Components of FSL.320mAIternali§e _

) 6 7 5 FINANCIAL FVALUATIO\I OF ESL. 360M ALTERNA’I lVb

FSL. 360m Altemahve of wh1ch progect cost is US$5166 mlllron excludlng IDC FSL is
EL. 360m plant capaelly is 334MW, annual energy is 1 QOSGWh '

'The ﬁnancnal ]RR (HRR) obtalned for FSL 360m Altemauve is 13 7% as FIRR on Pro_;ect and
annual net beneﬁt is assumed to be US$143 Tmillion (NPV) :

6. 6 SENSITIVITY ANALYSIS FOR BOTH AI T bRNAT[VbS _

Sensmve analysrs was made for the followmg cases:
@ ]0% lncrcase of Base Cost ' '_ _
- (n) 0% decrease of Annual Energy Generatlon ;

Delay of t'ne prOJect compleuon was not consndered because enough 5 year penod was taken for
: construcuon : SN : .

: 'IVA sensmvrty analysrs of FIRR was camed out for both FSL 320m and }"SL 360m Altematlves to
- test the nsks mvolved m the prQ]ect The results are favorable as shown in Table 6. 7 9 below

_ _ ' Table679 Resullsof Sensrtrv:ty Analysrs ' _ e
No. S RlskAna!ySIS e bt U FSL320m | - FSL.360m

1. |BaseCase - - o o 12.8% L - 13.7%
2. | 10% Increase in lnves!ment Cost = 0 -l S 6% T 12.5%
3. = | 10% Decrease in Total Energy Sales Lo o 11.4% S 123%

U NICANAMNGIEPAHERP T e LAl e February 2000
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The financial IRR obtained for FSL.320m Alternative is 12.8% as FIRR on Project and annual
net benetit (NPV) is assumed to be USS79.8million (NI'V). Disbursement of the Project cost for
IFS1..320m Alternative is as shown in Table 6.7.8.

Table 6.7.8 Disbursement of Project Cost

| Year t2006 2007 2008 2009 2010 2011 ¢+ Total
1. Disbursement of Base  Cost
(1) Ratio 10.0% 20.0% 33.0% 20.0% 5.0% 0.0%]| 100.0%
(2) Amount (Mil5) 38.5 17.0) 134.8 77.0 57.8 0.0 385.2
2. Equity
(1) Ratio 28.6% 15.0% 26.4% 0.0% 0.0% 0.0%] 100.0%
(2) Amount (Mil.S) 38.6 60.7 35.6 0.0 0.0 0.0 134.8
3. Loan (Mil.S) 0.0 16.4 992 77.0 578 0.0 250.4
(1) OECF 0.0% 18.0% 47.0% 35.0% 0.0% 0.0%| 100.0%
-Disburse. 0.0 15.3 41.2 30.7 0.0 0.0 87.6
-Interest 0.0 0.5 i.9 3.0 3.1 8.5
-Total 0.0 15.8 41.7 326 3.0 3.1 96.1
(2) JICB 0.0% 0.0% 16.8% 28.5% 24,7% 0.0%| 100.0%
-Disburse. 0.0 0.0 41.0 25.0 21.6 0.0 87.0
-Interest 0.0 0.0 3.5 5.9 8.2 17.6
-Total 0.0 0.0 41.0 28.5 27.6 8.2 105.3
{(3) ADB 0.0% 0.0% 46.8% 28.6% 24.6% 0.0%| 100.0%
-Disburse. 0.0 0.0 17.6 10.7 9.2 0.0 37.6
~Interest 0.0 0.0 1.5 2.5 3.5 7.6
-Total 0.0 0.0 17.6 12.2 11.8 3.5 45.1
D IFC 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
-Disburse. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-Interest 0.0 0.0 0.0 0.0 0.0 0.0
-To1al 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(3) TCB 0.0%} 0.0% 0.0% 28.5% 71.5% 0.0%] 100.0%
-Disburse. 0.0 0.0 0.0 10,7 269 0.0 37.6
-Interest 0.0 0.0 0.0 1.1 3.9 4.9
-Total 0.0 0.0 0.0 10.7 279 39 42.5
4. Loan Total
-Disburse, 00 15.8 99.8 7.1 57.7 0.0 250.4
-Interest 0.0 0.0 0.5 6.9 12.5 18.7 38.6
-Total o 0.0 15.8 100.3 84.0 70.2 18.7 289.0
5. Equity & 1.oan 38.6 76.4 1359 84.0 70.2 18.7 423.8
. Front-end Fee
(1) OECF 0.0 - - - - - 0.0
(2) B 1.1 - - - - - 1.1
(3) ADB 0.5 - - - - - 0.5
(D IFC 0.0 - - - - 0.0
(5) TCB 0.4 - - - - - 0.4
Total 1.9 0.0 0.0 0.0 0.0 0.0 1.9
7. Comim't Fee
{1) OLCF 0.0 0.0 0.0 0.0 0.0 0.0
(2) B 0.5 0.5 0.3 0.2 0.0 1.6
(3) ADB 0.5 0.5 0.3 0.2 0.0 1.4
) IFC 0.0 0.0 0.0 0.0 0.0 0.0
(5) TCB 0d 0.4 0.4 0.3 0.0 1.6
Total 0.0 i.4 1.4 1.0 0.6 0.1 4.6
Grand Total 40.5 71.8 137.3 85.0 70.9 18.8 430.3
(Fuity) / (Equity + Loan tInterest) Ratio =31%
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Figure 6.7.1  Revenue Components of FSL.320mAlternative

6.7.5 FINANCIAL EVALUATION OF FSL.360M ALTERNATIVE

FSL.360m Alicrnative of which project cost is US$516.6 million excluding IDC, FSL is
EL.360m, plant capacity is 334MW, annual energy is 1,905GWh.

The financial IRR (FIRR) obtained for I'SL..360m Alternative is 13.7% as FIRR on Project and
annual net beneht is assumed to be US$143.7million (NPV).

6.7.6 SENSITIVITY ANALYSIS FOR BOTH ALTERNATIVES

Sensitive analysis was made for the following cases:
) 10% increase of Base Cost

(ii) 10% decrease of Annual Energy Generation

Delay of the project completion was not considered, because enough 5-year period was taken for
construction.

A sensitivity analysis of FIRR was carried out for both FS1..320m and I'S1..360m Alternatives to
test the risks involved in the project. The results are favorable as shown in Table 6.7.9 below.

Table 6.7.9 Results of Sensitivity Analysis

No. Risk Analysis FSL.320m IFSL.360m
1. | Basc Case 12.8% 13.7%
2. | 10% Increase in Investment Cost 11.6% 12.5%
3. | 10% Decrease in Total Energy Sales 11.4% 12.3%
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6.7.7 CONCLUSIONS

Both FSL.320m and FSL.360m Alternatives arc financially viable under the conservalive
conditions following the current actual economic conditions, since their FIRRs are over 12%.
However, FSL.360m Alternative of a larger output is more competitive than FSL.320m one with
the different FIRR of about one (1) point only. Consequently, as a conclusion, the basic data for
the economic cvaluation, such as a topography, geology and hydrology are not enough to
determme the final selecuon of the dam height.
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