which provides a better unit energy cost is selected as the optimum project scale of the
Downstream Project.

Optimum Development Plan of the Xe Namnoy Project
According to' the above comparative studies on the Xe Namnoy Midstream and -

Downstream Proj_ects, the optimum development scale of the Xe Namnoy Project
(Midstream and Downstream) is determined as the plan below. -

‘Midstream  Downstream

Reservoir HWL 765.0° 2700 m
Reservoir LWL - 7477 266.7 . m

- Effective Storage Capacity 250 2.0 MCM
Fim Discharge 208" 24.0 m¥s
Minimum Qutflow {from dam) 10 - - mlls
Peak Power Duration ' 8 6 hours

* Maximum Discharge 60 96 m’/s

" Rated Intake Water Level IWL) 7586 - 268.4 m
Rated Tail Water Level (TWL) ¢ 2700 180.0 m
 Rated Effective Head (He)  463.0 81.0 m

' Installed Capacity. c 238 67 MW

' Depéndable Peak Capacity 230(8h)  66(6h) T MW
Annual Energy - - 1,02 . - 332 GWh

'13.4.4 Remarks on the Development Plan

The above development plan is proposed as the optimum plan of the Xe Namnoy Project

"pased on the technical studies with the data and information presently available. Several

remarks to be clarified in further stages, however, ar¢ indicated as follows;
a) . Technical Matters

_ though nt is conﬁrmed that the watertight mtegnty of the Midstream Project's
‘reservoir could be secured by foundatlon treatment at the dam site, the distribution
_'ra.ngc of the permeable basalt present there should be confirmed by further
mvestngatlons and the fOundatlon treatment memod should be’ studled in funher
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b)

The geological conditions along the waterway route should also be confirmed by

‘further investigations.

Envircnmental Issues

- It is estimated that approximately 800 poobie will : require rescftlcmcnt.

Appropriate mitigation measures should be studied in further stages. -

Regarding the Xe Pian diversion scheme, a study on the discharge supply for the
downstream area is required in further stages. In this study, the Xe Pian diversion
scheme is planned with no discharge supply to the downstream area from fhe
viewpoint of the effective use of hydropower potential in i_he basin. A development
plan with no diversion scheme and only using the ‘pot:e_ntial,of the Xe Nainnoy
mainstream could be proposed, but depending on the condition of the. downstream
area of the Xe Pian River. S

Regarding  the Downstream Project, study is required ._on:' the discharge for

maintaining the original river functions of the downstream area. For this, an

- operation plan using the regulation pond . of 'thé Downstream Project as a re-
 regulating reSe_rvoir for Midstream Project. This plan provides inferior independent

" economic performance for the Downstream Project. In case, however, the required

flow condifion of the downstream area places. con__straints dn_powef_ plant operation
for the project, the above plan would provide an advantage for the _6p_eration of the
Midstream Project. ' '
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Table 13.4-1 Study on Reservoir HWL (Xe Namnoy Midstream) (1/2)

(without Xe Pian Diversion)

Description - Unit Case-1  Case-2 Case-3 Case-4 Case-5
: 2 Reservoir HWL m 7500 . 7550  760.0 765.0 770.0
Dam Crest Length m 420 540 740 890 930
Dam Height m . 45 50 55 60 . 65
Reservoir Area km? 9.6 13.2 17.3 218 272
Gross Storage Capa. T MCM 104 161 - 237 335 - 457
Sediment Capa. MCM 23 23 023 23 .23
© . Net Storage Capa. . MCM - 38 95 171 266 304
Regulation Ratio % -5 13 23 35 - 40
Reservoir LWL m 7454 745 4 7454 7457 . 1543
Firm Discharge m/s 55 92 13.6 179 187
River Maint, Release m'/s 1.0 .10 10 1.0 1.0
Base Power Discharge =~ ms 0.0 00 - 060 . 00 0.0
Max. Power Discharge ~—~ m¥s 135 ~ 246 . 318 50.7 531
Rated IWL~ m - 74835 7518 755.1 7586 7648 -
Rated TWL _ "m 2800 2800 2800 280.0 280.0
Gross Head. m - 468.5 471.8 475.1 478.6 484.8
Effective Head - . .om 4435 4468 4501 4536 . 459.8
Installed Capacity MW 51 95 146 198. 210
Anmuallnflow .- MCM - 761 761 - 761 761 761
Annual Evaporation MCM -8 9 11 14 19
‘Annual Dam Outflow MCM 469 267 9] 40 40
Anual Turbine Out. -~ MCM 284 485 659 707 702
Firm Peak Capacity - MW 51 93 - 142 192 - 206
AmualEnergy - GWh 299 516 704 764 170
PlantFactor - % 6. 62 55 4 4
Construction Cost .~ . MUS$ = - 1053 1400 1802 2312 2485
Annual Cost - S MUS$ 116 154 198 254 - 273
Annual Benefit-  MUS$ 126 - 224 327 405 426 .
© UnitEnergyCost - $/MWh - 388 298 . 282 333 . 355
“B-C - . . MUS$ L0 70 1238 151 153
BIC o= o109 146 185 LS9 1.56 -
Const.CostkW .-~~~ -MUS$ ' 2,046 . 1481 - 1232 1,160 - ..1,184
- Selected Case_(Tgntativé) o= R - " - S
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Table 13.4-1 Study on Reservoir HWL (Xe Namnoy Midstream) (2/2)

(with Xe Pian Diversion : Qdv-max = 15 m®/s)

Description - Unit ‘Case-] ~ Case-2 ~ Case-3  Case4 _"'Case-S

Reservoir HWL i m 7500 7550  .760.0 7650 7700
Omitted ' ()rmtted

Dam Crest Length m L - 540 740 890° -
Dam Height " m - 50 55 60 Ce
Reservoir Area okm? - 132 . -17.3 218 oo
Gross Storage Capa. MCM - 161 - 237 3350 L
Sediment Capa. - MCM - 23 23 230 e
Net Storage Capa. - MCM 95 165 250 R
Regulation Ratio % - 9 i6 25 0 o
Reservoir LWL m - T454 746.1 (2 AR
Firm Discharge . m3/s ' - 114 15.7 208 -
River Maint.Release m/s - 1.0 1o 10 S -
Base Power Discharge m's - 0.0 0.0 00 -
Max. Power Discharge /s .- 31.2 441 594 -
Rated IWL m - 7518 755.4 7586 - -
Rated TWL m - 2800 280.0 2800 - -
Gross Head m - 4718 - 4754 4786 o s

" Effective Head - “m - 4468 4504 4536 -
Installed Capacity MW - 120 171 232 .
Annual Inflow . MCM - 1,001 1,001 1,000 -~ e
Annual Evaporation - MCM - 9 11 4 - e
Annual Dam Qutflow - MCM - 413 149 48
Annual Turbine Out. MCM - 579 8400 940 L
Firm Peak Capacity MW - 159 160 - 225 e
Annual Energy  GWh - 616 900 1015 L e
Plant Factor = - % . . 59 60 50 L
Construction Cost MUS$S - 2026 2234 0 2707 e
Annual Cost - M.USS - - 223 0 246 298 0w T '
Annual Benefit - MUSS - 333 389 - 498 i k¢
Unit Energy Cost - - $/MWh - - 362 213 293 0w
B-C - © MUSS$ < 110 144 2000 o
B/C - s - 149 158 167 . -
Const.CostkW CMUSS - 1,690 7 1,308 1,168 - ot
Selected Case (Tentativc) - ' - - e ey e

Note) Case'1 does not provide acceptablé reservoir storage capacuy. .
Case 5 is not acceplable for Xe Pian Dwersnon scheme
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Table 13.4-2 Study on Maximum Diversion Discharge (Xe Pian Divers_ion_)

Select_e_ﬂ Case

Description Unit Case-1 ~ Case-2 Case-3 Case-4
Maximum Diversion m?/s 10.0 15.0 20.0 250
Reservoir HWL m 765.0 765.0 765.0 - 7650
Darn Crest Length m 890 890 890 890
Dam Height m 60 - 60 60 60
Reservoir Area km? 218 - 218 218 - 218
Gross Storage Capa. ‘MCM 335 -+ 335 335 . 335
Sediment Capa. MCM 23 g 23 .23
Net Storage Capa. MCM 250 250 250 250
Regulation Ratio % 27 25 24 23
Reservoir LWL m 7471 7477 477 0 M1
Firm Discharge m®/s 20.8 20.8 208 - 208
River Maint.Release md/s 1.0 1.0 1.0 1.0
Base Power Discharge m'/s - 0.0 0.0 0.0 0.0
Max. Power Discharge m/s 60.0 60.0 60.0 600
Rated WL o ‘m 758.6 7586 7586 758.6 .
Rated TWL m - 2800 280.0 2800 2800
- Gross Head m 478.6 478.6 478.6 4786
Effective Head m 4536 4536 453.6 453.6
Installed Capacity MW 232 232 232 232"
Annual Inflow “MCM 942 1,001 1,042 - 1,073
Annual Evaporation . MCM 4 14 14 12
Annual Dam Outflow MCM - 44 48 75 77

" Annual Turbine Out. MCM 883 940 953 984 -
Firm Peak Capacity MW 225 225 226 224

* Annual Energy GWh 955 1,015 1,031 1,062
Plant Factor Yo Y47 50 51 .52
Construction Cost. - M.US$ 2686 2707 2729 2752 .
Annual Cost M.US$ 295 298 30.0 303 .
- Annual Benefit - - Y MUSS - 487 49.8 503 506
" Unit Energy Cost - C$/MWh 309 293 29.1 28.5

. B-C " " M.US$ 192 200 203 204
SBIC - 165 167 168 1.67
- Const.Cost/kW M.USS$ 1,159 1,168 - 1,178 1,188

. *
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Table 13.4-3 Study on Reservoir HWL (Xe Namnoy Downstream) .

Description - Unit Case-1 Case-2 Case-3 -~ Case4.
Reservoir HWL - m- 2650 270.0 275.0 - - 280.0-.
Dam Crest Length m 290 320 370 435 ¥
Dam Height m 30 35 40. - 45 |
Reservoir Area . km? ' 0.5 07 09 - 1.1
Gross Storage Capa. - MCM 35 6.5 105 .- 15.4
Net Storage Capa. . MCM .20 - 20 20 020
Reservoir LWL~ m 2595 266.7 2720 - 2780
Firm Discharge - m¥/s 34.0 240 240 240
River Maint.Release m*/s 0.0 0.0 00 - - 00

~ Base Power Discharge m’/s ' 0.0 0.0 0.0 0.0
Peak Power Duration - Hours . 6 6 6 6
Max. Power Discharge m¥/s © 960 - 96.0 96.0 - - . 96.0 -
Rated IWL . m 262.3 . 268.4 273.5 -279.0'_
Rated TWL - S om 180.0 18_0.0' 186.0- - - 1800
Gross Head m - . 823 884 935" 990
Effective Head . m _ $ 749 81.0 . 86.1 91.6 .
Installed Capacity ~ =~~~ = MW : 62 67 71 76
Anmual Inflow MCM 2100 2009 2,09 2,109
Annual Evaporation MCM - - - -
Annual Dam Outflow - MCM 411 o411 411 .. 411
Annual Turbine Out. MCM 1,698 1,698 1,698 1,698 -
FimPeak Capacity =~ MW 61 . 6 70 15
“Annual Energy. - GWh 307 332 . 33 376
Plant Factor : % 57 57 : 57 . - 587
Construction Cost  M.US$ 1284 1357 1455 . 159.6°

* Annual Cost M.USS . 14.1 14.9 16.0 176
Annual Benefit ~ ° MUS$ 142 . 153 163 173
UnitEnergy Cost . $/MWh 460 450 453 - 468
B-C MUS$ ~ 00 .04 - 03 02
B/C - T 100103 102,099 -
Const.Cost/kW © 0 M.USS 2,078 2,031 2,047 2,101
Sdede&(ﬁﬁe- L o o ::; o
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‘Table 13.4-4 - Study on Reservoir HWL (Xe Namnoy Downstreeam)
' - Integrated Study with Xe Namnoy Midstream -

Description

Case-1

Case-3

- Qelect_éd Case

Unit Case-2 Case-4
Xe Namnoy Downstream (TWL 180, Qmax 96.0 m*/s)
Reservoir HWL m 265 270 275 280
Effective Head m. 75 81 86 92
Inistalled Capacity MW 62 67 3! 76
- Firm Capacity (8 hr) MW 46 50 53 56
Annual Energy GWh 307 332 . 353 376 .
Construction Cost M.US$ 128.4 1357 . 1455 1596
Xe Namnoy Midstream (HWL 765 m, Qmax 60 m*/s)
Rated TWL M0 270 275 280
Effective Head m 463.1  463.1 4586 4536
Installed Capacity MW 238 238 236 232
Firm Capacity (8 hr) - MW 230 230 228 25
Annual Energy GWh 1,052 1,052 1,042 1,031
Construction Cost M.USS 299.5 2995 2966 2958
Midstream + Downstream
Installed Capacity MW 300 305 307 309
Firm Capacity (8 hr) MW 276 280, 281 281
Annual Energy GWh 1,359 1,384 . 1,395 1,406
Construction Cost MUSS 428.0 4352 442.1 4554
Amnual Cost M.USS 471 479 436 50.1
Annual Benefit M.USS$ 63.3 643 . 647 65.0
Unit Energy Cost SMWh 346 346 349 356
‘B-C - M.USS$ 16.3 165 16.0 149 .
B/C — 135 134 1.33 1.30
‘Const.Cost/kW M.US$ 16 L6 1.6 1.6
) e
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Table 13.4-5 Study on Maximum Discharge (Xe Namnoy denstream)

Description Unit Case-1 - Case-2  Case-3 Case4  Case-S

Qmax/Qfirm - 2.4 3.0 4.0 5.0 6.0

Reservoir HWL m 270.0 270.0 270.0 270.0 270.0
Dam Crest Length m: 320 320 320 320 - 320

Dam Height m 35 35 - 35 35 - 35

Reservoir Area km? 0.7 0.7. 07 07 07

Gross Storage Capa. MCM 6.5 6.5 6.5 65 . . 6.5

Net Storage Capa. MCM 2.0 20 200 0 20 .20

Resérvoir LWL m 2667 2667 2667 2667 . 266.7.

Firm Discharge m®/s 24.0 240 240 240 24.0

River Maint. Release m/s 00 0.0 00 00 .. 00

- Base Power Discharge m¥s - 0.0 0.0 0.0 0.0 0.0

Peak Power Duration Hours 10 8 6 48 .. 4

Max. Power Discharge =~ m¥s 57.6 72.0 96.0 . 1200 1440
Rated IWL ' m - 2684 - 2684 2684 2684 - 2684
Rated TWL m 180.0°  180.0 - 180.00 . 180.0. . 1800
Gross Head m 88.4 884 - 884 884 " 884

Effective Head m 787 79.8. 81.0 . 817 - - 823

Installed Capacity MW 39 49 67 . 84 102

Annual Inflow MCM 2,109 2,109 2,109 - - 2,109 - 2,109
Annual Evaporation MCM - - - -

Annual Dam Outflow MCM 806 637 - 411 238 . ¢ 122

Annual Turbine Out. - MCM 1,303 1,472° 1698 - 1871 - 1,987

Firm Peak Capacity MW 39 49 66 .. 83 - .99

‘Annual Energy - GWh 248 284 332 366 387

Plant Factor % 73 66 57 50. . - .43
Construction Cost M.USS 101.2 114.0. 135.7 1583 1825
Annual Cost M.US$ 111 150 149 174. ... 201

Annual Benefit M.US$ 10.0 121 7 153 182 - 209

Unit Energy Cost - $/MWh 448 442 - 450 . 475 - 519
B-C M.USS$ 21208 0.4 08 .08
B/C - 090 096 1,03 - 105 . --1.04

Const.Cost/kW M.US$ 2595 2308 2030 1876 - 1790
Selected Case - *
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Fig. 13.4-5_ Area and Storage Capacity Curve of
Xe Namnoy Midstream Reservoir
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Fig. 13.4-7  Firm Discharges provided by Xe Namnoy Midstream Reservoir
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Fig. 13.48  Area and Storage Capacity Curve of
Xe Namnoy Downstream Reservoir

Area (km?)
1.5 Lo~ 05 0
290 -
_ NG _ L
~ /
N
AN
A ’
Y
_ i \\ /
280 _ : . — .
S
. ~
. ~
| / N
270 . P
| L Sel
Sy
LY
~,
. S
’ ) . \\
260 |- _ . _ — <
_ [
N
PN
250 X
A &
‘ v .
240 L. : —— SRE—
0 5 10 5 20 . 26 30
: -

Storage Capacity (108 m3)

Elevation (m) * Area (km’)  |Storage Capacity (108 m)|
290 144 2T
285 | 122 | 210
280 1.06 ' 15.4
275 K 0.89 : 105 .
270 | 072 poo 65
265 0.47 3.5
260 030 _ 1.6
255 0.12 06
250 005 | 0.1
245 0 . 0

" ¥ measured using 1/10,000 scals topographic maps

13T



-13.5

13.5.1

O _.

‘Remarks Regarding the Development Plan Inventory

Certain basrc parametcrs of each project such as the reservoir HWL and tail water level

(TWL) proposed in the studies on the optimum development plan at the’ Pre-feasrblhty
‘Study stage present differences from the parameters proposed in the dcvelopment plan

inventory. Accordingly, in this section, as a reference, remarks are provided on the

 differences between the project parameters proposed in the two stages respectively.. These

remarks inolude the effects to the upstroam and downstream projects.

However, the basic data such as the dlschargo data and topographm maps used in the Pre-
feasibility study in this chaptcr are more reliable and accurate than that used in the study
on the development plan inventory in Chapter 7. Also, the criteria applied in both studles
also differ in their- pohcres and purposes. It is, therefore; inappropriate to revise the

" development pla.n inventory by directly referring the study results in this chapter In this
~ connection, the inventory proposed in Chapter 7 is not revised in this study.

Se Kong No.4 Project

In the case of the Se Kong No.4 PrOJoct the reservoir HWL and tail water level (TWL)

 were ‘proposed with figures different from those of the development plan inventory.
'Accordmgly, remarks are provided concerning the effect of the study results on the

development plan mventory mcludmg the Se Kong No.3 and No.5 Pro;ects '
Tail' Water Level (TWL) an‘d the Se Kong_No‘.:s Project _

In the mventory plan, the tail water level (TWL) of the Se Kong No.4 Pro_lect was set to be
EL.160m, and the reservmr HWL of the Se Kong No.3 Project located downstream was
set to be EL.160m based on the riverbed - elevation indicated on the 1/50,000 scale
topographrc maps. ‘However, the 1/10, 000 scale map provrdes aTWL of EL.145m for
the Se Kong No.4 PrOJect thereby prowdmg a 15m difference between the TWLs on each

" map. -

o Thls dnﬁ'erenoe is, however, w1thm an allowance bocause the contour interval of the

1/50 000 maps is'20m in elevatlon and the elevations mdlcated on them include a 20m

._maxunum error in general Also ‘to retain a rational relatlonshlp be*m'oen the basic
_ parameters of the prolects at both downstieam and upstream itis. mappropnate to refer to

the results of the study usmg 1110, 000 scale maps
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13.5.2

®

It 1s important, however, in further studies on the Se Kong No.3 P'roject to"con_ﬁnn the -

elevations in the reservoir area. Particularly, Sekong Town, the center of Sekohg

- Province, is located in the Teservoir area of the Se Kong No.3 Pfoject and inundation of
this town may provide a problem. - Accordingly, clarification of the land elevation in this
area is important, . |

‘ Reserv_oir HWL and the Se Kong No.5 Project

In this chapter the reservoir HWL of the Se Kong No.4 Prolect was set to be EL 290m,
- agamst an HWL of EL.300m in the inventory plan - However, there is a 15m difference in

the riverbed elevation at the dam site between the 1/50,000 and 1/10,000 scale Tmaps.

By applymg the elevation gap, the HWL of EL.290m on the 1/10, 000 map is converted to
EL.305m on the 1/50,000 map.. In this connection, the gap with the HWL of EL 300m is
an allowable error. Therefore, it is notable that the study result in this. chapter does not .
affect the development plans of the Se Kong No.4 and No.5 PrOJects proposed in the
mventory study.

In further studics, howeVer,' it is nec_eSSary to confirm the riverbed elevations at and around

the dam site and the outlet site of the Se Kong No.5 Project..
Xe Kaman No.1 Project
Regarding the Xe Kaman No.1 Project, the reservoir HWL -and tail .water level (TWL) -

were proposed with ﬁgures different from those of the development pla.n inventory.
Accordmgly, remarks are provided  concerning the effect of the. study results on. the

development plan inventory. including the Xe Kaman No.2 Project.

 Tail Water Level (TWL) |

In the inventory plan, the tail water level (TWL) of the Xe Kaman No.l Projecf was set to
be EL.120m based on the riverbed elevation indicated on the 1/50,000 scale topographic

| ‘maps. However, the 1/10, 000 scale map prowdes a TWL of EL. 125m for the Xe Kaman

- Noil Pro_|ect

. Here, the elevation djfference between these s only Sm whlch is w1thm the allowance and

no effect is expected on the mventory plan
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Reserveir HWL

In this chapter, the reservoir HWL of the Xe Kaman No.1 Project was set to be EL.260m,
against an HWL of EL.280 m in the inventory plan.

‘As indicated above, however, the difference in the riverbed elevation at the dam site
. between the 1/50,000 and 1/10, 000 scale maps is only 5m in contrast to a 20m difference
-'_m the HWL.  In this connection, the HWL gap of 20m is at an effective level with regard

to the 20m contour interval of the 1/50,000 map and does provide an effect on Xe Kaman
No.2 Project in the inventory. ' - -

Here, the plan of the Xe Kaman No.l Project with a reservoir HWL of EL.260m has been
studied as _an'a.lwmative in the inventory study in Chapter 7.

' Xe Kaman No.2 Project

As stated in (2), the Xe Kaman No.1 Project with an HWL of EL.260m provides an effect

" to the upstream Xe Kaman No.2 Project.

The dam site of the No.2 Propct proposed in the inventory study, is located at the site with
a riverbed elevauon of EL.280m on the X¢ Kaman River.  This. project provides an

. inferior B/C (lcss than 1.0) under the study policy aiming at the evaluation of hydropower
© potential. In this connection, the plan was proposed at the minimum dcvelopment scale
o w1th an effective storage capamty of 20% of_the mean annual inflow volamie,

When the HWL of the Xe Kaman No.l Pl’OjeCt is EL.260m, a site approxmately 8 km
downstream is available for the dam site of the No.2 Project. - This case provides room for
the reservoir capaclty of No.2 PrOJect and it is, therefore, possible to propose a. lower

HWL. - However, the incremental reservoir capacity is not large and the decrease of the

-~ HWL is small, since the valley is narrow along the river betWeeri the riverbed elevations
from EL 280m to' EL.260m. Accordingly, the eﬁ"ect of the HWL change in the No.1

Project to the inventory plan which is aumng to evaluate the hydropower potentlai is

' expccte_d to be mm_ma_l

:Further the Xe Kaman No 3 and No4 Projects were proposed upstream of the No.2 -
' iject and these pro;ects provide better cconomlc performance than No.2 Project. No.1.-
. -Project also affects these projects. It 1s therefore rccommended to review the overall
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_development plan of the Xe Kaman River basin when the basic data such as topographic

maps and hydrological data are prepared.

Xe Namnoy Project

- Regarding the Xe Namnoy Project, the reservoir HWLs and TWLs of both the Midstream

and Downstream . Projects were proposed with figures different from those'_of the

development plan inventory.  Accordingly, remarks are provided concerning the effect of

the study results-on the development plan inventory.

Xe Namnoy Midstream Project

In this chapter, the reservoir HWL of the Xe Namnoy Midstream Project was set to be
EL.765m, against an HWL of EL.760m in the inventory plan. Since the elevation
difference between them is only 5m which is within the allowance of the 1/50 000 scale
maps, no effect is expected on the inventory plan

Xe Namnoy Downstream Project

In this ehapter the- reservmr HWL of the Xe Namnoy Downstream. Pro;ect was set at

- EL.270m, against an EL, 280m HWL in the inventory plan. Comparing the elevations at
‘the dam and powerhouse site of the Downstream- Project indicated in both the 1[50,0(_)0 and

1/10,000 scale maps, the 1/10,000-map indicates elevations approximately 10m lower than
those in the 1/50,000 map. Accordingly, the EL.270m HWL proposed in this chapter is
equwalent to the HWL of EL.280m pr0posed in the mventory plan and prov1de no aﬁ'cct to
the development plan i mventory :

‘Summary of Proposed Projects

. Features of the three projects proposed both in_'the hydropower potential study and in the

pre-feasibility study.are shown in Table 13.5-1 for reference purpose:

. -13'_—_7{_5 o




Table 13.5-1  Summary of Plans proposed in Hydropower Potential Study
and Pre-feasibility Study

Description ' Potential Study Pre-feasibility Study

1. Basic conditions

" Scale of topographic maps - 1/50,000 1/10,000

Discharge data period 5 years 10 years
Reservoir operation , Annual operation Carry-over operation
Peak power duration ' 12 hours '8 hours

2. Proposed Plans

Se Kong No.4 ' _
Reservoir HWL 300 m 290 m
Effective Storage Capac:ty 1,287 - MCM 1,700 MCM
Regulated Firm Discharge 144 ms 143 - m’/s
Maximum Discharge 288 Cm'fs 370 - mfs
Rated Effective Head 140 - m 137.0 m
Instailed Capacity _ 346 - MW 443 MW
Plant Factor _ - 63 Y 47 - %
.| XeKaman No.1 :
*‘i Reservoir HWL 280 m | 260 m
: _ Effective Storage Capacity 833 . .. MCM 1,270 MCM
Regulated Firm Discharge 93 m’/s 89 . mifs
Maximum Discharge ' 186 s 228 : m’/s
* Rated Effective Head - 159 m | 1299 m
" Installed Capacity . 255 0 MW 256 MW
~ Plant Factor o _ 61 % 51 %

Xe Namnoy Midstream

Reservoir HWL . 760 . m - 765 m
- Effective Storage Capacity 255 . MCM © 250 MCM
Regulated Firm Discharge 25 m*/s 208 . mfs
Maximum Discharge 50. Cmfs 60 mfs
Rated Effective Head . 446. m’ 463.0 ' m
Installed Capacity - B 192 . MW 238 MW

Plant Factor - g - 69 % 50 %

Xe Namnoy Downstream

- Reservoir HWL o - 280 . om 270 m
“Firm Discharge o . 334 - mfs 24,0 m'/s
Maximum Discharge. : 100 ms 196.0 m'/s
‘Rated Effective Head c 74 ~m | 8L0 m
Instailed Capacity .~ .. | 63 MW 67 MW

PlantFactor e ' 6l o 7S 57 %

) ‘ _Notes_ 1) Locatmn of propcts in the potenual study is shown in Flg 7.3-1, '
B 2) Locanon of prolects in the pre-feasnb:hty study is shown in the begmnmg of the Report
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14.1

Preliminary Design of Main Structures

" General

In this chapter, the results of preliminary design which were carried out of three projects,
the Sc"Kong' No.4, Xe Kaman No.1 and Xe Namnoy, which were selected for the execution
of pre-feasibility study as statcd in thc sub-section 7.4 in the Chapter 7 are described
hercvnth ' ' ' '

** As a basic concept of the preliminary design, the basic features and type of the structures

14.2
14.21

)

based on the water level for intake, mcthod of intake, power generation system and project

' scalc which were chiosen in the Chapter 13 “Selectioni of Optimum Development Plan” will

be examined and the layOut of the project, using the topograph:c maps of scale Y, 10,000

which were presented in the study, will be finalized.
 The ouﬂinc"' of design is dcsc‘ribéd herewith for these 3 projects in the pre-feasibility study. -
Se Kong No.4 Project

Civil Structures '

General

. Se Kong No.4 is only one project site which was selected in the main Se Kong River in the

pre-feasibility study stage. In this project, a 164 m high dam will be construcied at the

location about 18 km' upstream from Se Kong town and the water will take out from a

‘intake faclhty locatcd in the right bank at the dam site and a power station is constructed at
~ just-downstream of dam and connect thcsc structures by the waterway of 800 m lcngth

The majcr ;Srojcct ﬁgcrec :desi'ghcd for the Se Kong No.4 project are shown in Table
1421 o | | -

Preliminary deé_ign of main structures are described hcfeinaf;cr.

1441
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Dam

On a topographic condition around the dam site, a river width is 160 m, which is rather
wide and a gradient of the riverbed is gentle. The slope at the lower location of right bank
is more gentle, and slope is 10° and above EL. 200 m, the slope is 40° and also at the left

© bank, - the slope is 40°, and above EL.200 m the slope is 20°. This means that _the slope

gradients are.comparatively gentle, Also at just the upstream, the river flow suddenly tum

the right and the slope become very gentle. Therefore, it was judged that 'thej, location of a

dam axis is not variable from the location \afhé_re was selected in the master plan study. A
predicted profile of the main dam has about 900 m of crest.length. From the topogfaphic

_condition, a fill type of dam structure is recommended, but 'in_ca;s_e._of a conventional

zoning type, a dam volurne was estimated to be more.than 20,000,000 m®. In this condition,

~ from view points of heavy rainfall in wet segson in the project area and comparatively a

leng construction period, it should be considered to minimize a dam volume and to apply
construction method to be performed in a shorter period. A type of dam_to meet these

. ,requiréments is a concrete face rockfill dam (CFRD). Also in the case of this type of dam,

a slope is gencrally set up steeper than the conventional type of the dam such as zone type

fill dam. Slope of dam face were selected 1:1.4 for the both slopes, upstream and

downstream, taking a low level of earthquake factor into- consideration. chaus_e;in this . .
area the geéiogiéal age is old and comparatively stable and there is no remarkable records
of damages by earthquakes. And a width of the dam at crestis 8 m.

Further to avoid any overtopping of flood, 5 m freeboard was added for the dam safety

. Total Iayout of the dam structure is shown in DWG. 14.2-1.

Diversion Tunne!

- A flood discharge is a basic figure for design of the _divérsion turinel. A flood discharge
- was decided by a hydrdlogical analysis as follows; . o '

Retumn Period - - Flood Dlscharge

(Year) o (m3/sec)
Cs L 3,524
10 o 4,454
20 S 5,404 g
100 1767
200 . ‘8,870

14-2
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As a fill type dam was selected in this project, an overtopping from the top of dam shall be
avoided, Therefore, a flood discharge in 20 years of return period was selected for design
purpose. '

Flood discharge at 20 year return period is 5,400 mslsec To treat safely the said flood
discharge, a tunnel diameter 15 reqmred to be 12. 5 m and number of tunnel is two lines. In
this respect, a height of cofferdam is 35 m and the dam crest elevation is EL.180 m. An

- alignment of the diversion tunnel is shown in DWG. 14.2-1.
: Splllway

“Incascof a rockﬁll type dam, it shall be avoided to facilitate a spillway structure on the

top of the dam body because of dam stability. Therefore,.in general a spillway structure
will be arranged in'a separate location from the dam. In this project, a splllway will be
located separately from the dam consuienng dam stability and site condition and topo-
graphic condition. Fmally a location was selected in the left bank

a) Desigl_l Flood = -

- Design flood: for examination was_estimated from the hydroi.ogical- analysis and it is
16,400 ‘m’/sec equivalent to PMF. .However, hydrological data in the Se Kong
Basin at this stage is not enough to examine the design of dam structures Actually
there i is no data on records of floods and by this fact, examination of hydrograph to
be produced from the flood records was not able to execute, so that a study on scale-
of splllway could not be done and therefore examination of splliway scale was
checked in an assumption that ali of the design ﬂood is to be treated th:ough the
prllway at the hlgh water level. '

R b)- " Type of’Spiuway'

The high water level is E.L.290 m, and all of design flood shall be dlscharged at

‘this water level To meet this requircment, the bottom level of the spillway is EL.

272 m and the splllway structure is 136 m wide and 18 m high and total 8 units of

the radial gate 14 m width and 18 m hexght will be installed to discharge the design
' ‘.lé,’_'ﬂood The. layout of the spxilway is shown in DWG, 14.2-1 and 14. 2-2
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Intake

a)

Type of Intake -

Intake level of the dam is 290 m at high water level and 275.4 m at low water level

‘and this means that a range of water supply is comparatively limited and a

sedimentation level is rather fow level from the: hydrological analysis. Therefore, a
location of the intake has not specific restriction for selection, but as an intake for
dam type power station, from the total layout the Iocation was selected at a small
valley in the right bank. The inlet level of the intake was selected at EL.263.1 m in

. order to protect an occurrence of air- sanctlon and also for maintenance and

mspectmn of the headrace tunnel, it is con51dered to install a gate betwcen the mtake

. structure and headrace tunnel

b)  Capacity of Intake
A total discharge from the reservoir for power generation is 369 r_n3/sac at maximur.
This is for four units of generator and from this point layout of a waterway was

- examined and then the design of intake was selected as a synunetric type There are

two inlets in a symmetric arrangement 'I'he location of the mtake is shown in DWG.
14.2-1. v

Waterway

As a route of waterway, it was considére_d that two lines of tunnel from the intake wilt be
arranged and the tunnel goes through mountain’ at right bank and comes out from the
mountain at downstream side and be connected to a penstock route. The pcnstock route

goes down directly to the powerhouse Following this concept the prehmmary desngn of

waterway structures was exceuted.
A general layout is shown in DWG, 14.2-1.

' 4)

Headrace Tunnel

Two lines of the pressure tunnel was selected to connect from the h}tﬁke mlet at
EL.263.1 m. Tunnel diameter was set_ 6.2 m and the length are 315 m and 365 m,
respectively. ' ' - S RN
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b) Penetock'

A penstock is connected from the outlet of the tunnel and the penstock is extended to
rear side of a powerhouse along the downstream slope, of which a skope has about
30 degrees. o

As a exact data on weathenng of rock is not available, so that a penstock pipes is
extended 70 m into the mountain to resist a rock pressure. A type of the penstock is-
ring gitder type and supported by anchor block and a number of saddles. The total
length of penstocks are 440 m in both tuninels. A diameter of the penstock pipes are
54 m in general, but after bifurcation the diameter will be 4.5 m and 4.0 m,

respectively to meet each scale of turbine.

Powerhouse and Switchyard -

A type of the powerhouse was decided as semi-underground below EL:154.5 m which isa

level of generator , judging from the topographic condrtron
" A scale of the powerhouse is different due to type of turbme and generator and
‘manufacturers even in the same capaelty, and therefore, a required space will be changed.
" By considering a general scale and type, and generator size, number of unit, and etc., a
scale of the powerhouse was decided as width : 20 m, beight : 43 m, and length : 100 m.

Also a switchyard will be arranged at the opposite bank. Total layout of the powerhouse is

shown in DWG. 14.2-1 and layout of powerhouse building. is shown in DWG. 14.2-4.

Tailr'a'ce

A tallrace wrli be located at just downstream of dam, eheekrng the topographic maps but

considering that a swrtchyard is to be constructed as closed to the powerhouse, the area for

" the swrtehya:d will be prepared by backﬁllmg of the riverbed at downstream of the dam.

Therefore, ‘the tallraee structure is culvert type and the’ draft tube will be arranged to face '

' 'to downstream srde The size of the tar]race structure is12m wrdth i8m herght and 100 -

o 'im length

©) .

| A_ccess: Rdad

_' Road condrtlons in the southern part of Lao PDR as descrrbed at Section 8.5 in (',hapter 8,

C arer not enough for use as’ aceess road for the pro_;ect Especrally in drseussmg the condition
© for the Se Kong No.4 pro_|ect route No 16 eonnects between B. Thateng in north terminal |
~and Attapu in south termmal however the nearest v1llage 10 the pro_lect site is B. Phon and '

145



14.2.2

1.

it is 18 km from this village ro the project site. ’l'here is a village road on the way , but after
that there is no road which mobile can pass. By this reason, for the performance of the

project, it is necessary to construct a new road between B.Phon at the junction with -

Naticnal road No.16 and the dam site. In this preliminary design of p_re-feasibility study, in
this section total 15 km, improvement and new construction are considered. Road design is
7 m width and two lanes for traffics and paved with gravel material.

Geh‘era_tors and Components

Selection of Number ‘and Capacity of Unit

The output of the Se Kong No. 4 Power Plant is planned to be 443MW. There are several

conceivable combinations of number and capacityof units to satisfy this output. But the

fewer number of units is, the lower the construction cost becomes. 2 or 3 units will be

optimum in providing the required economical performancc.'

However it is necessary to ensure a 30 m3/sec river retauung flow for 24 hours for the Se

- Kong No. 4 Power Plant There are two methods to dtscharge tlns river retaunng flow to

the downstream through the turbmefgenerator install a_dedicated turbme/generator or

determine the number and capac1ty of units so that those turbme/generator can operate at a '
“minimun 30 m/sec flow.

Regarding a plan to install the dedicated turbine/ generator for _river‘ reta.iﬂiﬁg flow, the
retaining flow is relatively large at 30 m¥sec. Its output will be approx. 80MW. This

plan was not accepted this time as its designs for a back-up system agamst accidents, the -
_ powerhouse la)out penstock, and headrace would be comphcated '

Therefore, deSpite the merit of its __smaller_ -soa;lc, a coml_:ina_tion of 4 umts, 2 large

turbine/generators (125 malse_c) -and 2 -s:mall _turbihe/genefaftors_ (60 'm?/see) has been
determined. The Francis turbine is available for the effective head as it is'operational with
approx. 30% - 40% flow of the maximum flow. The river retaining flow is equlvalent toa

50% flow. It should be operate with no cavitation or vibration problems Also its destgn

specifications are the same for ¢ither penstock or headrace due to a 2-umt combmauon ‘

each. the powerhouse layout is also simplified.

A combmatxon of 5 units w1ll also overcome the river retauung ﬂow operatxon However

it will lost the scale merit srgmﬂcantly Also the penstock number of headrace and the

i4-6.
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 inner diameter of the headrace become combinations of 2 and 3 units. For these reasons, it

was not employed.

In the next Feasnblhty Study stage it is necessary that the optimum selectlon of number

and capamty of units be re-checked by cons:denng the measures for the river retaining flow,

: turbme/generator operation conditions, transport conditions, and the cost of not only the

electrical components, but also the construction cost of the cwﬂ structures.

_The output of each turbine/generator was calculated as below;

Large turbine/generator = 9.8 XHeX QX 1 11X 7 1. :
=0 8X 137m X 125 m'fsec X 0.914 X0.979
150,000 kKW

Small turbinc/generator =98 XHeX QmaX 1 X 7 a5
=9.8X 137 m % 60.0 m’/sec X 0.912X0.976
- £71,500 kW

Type and Ratings of Major Equipment
The vertical shaft Franc1s turbme is appropnate conmdermg the max1mum discharge and

effective head. The vertical 3- phase AC synchrouOus generator is appropnate for dlrect

connection to the turbme. Since the large turbme/gencratpr is revolving at 180rpm,

. umbrella type gen_crators were selected. The semi-umbrella type generators were selected

for the small turbine/generators.

The rated power factor of this generator is 0. 85 1o contnbute to voltage control in the
power system in response to the long distance tra.nsmlsswn from the load end. The
transrmssmn lines from Se Kong No.4 to R01 Et Substation in load side via Ban
Houaykong Substation are long distance and one dlrection transmission. Since above
condition of the system is very dlﬂicult caused by the Furranch Effect in night time and
voltage drop in heavy load time. The selection of power factor would be re-studied in the

_ mext Fga.sibility_ Studj,r taki_r_l_g' into thc—:_se transmission _considcration.

- Considering the transportatlon condltlon (max 30 tons) 3 outdoor oil filled smglc phase

transformers were selected for each umt as the major transformers in response to the

' mcrc,ase from generator voltagc to thc system transmlssmn voltagc of 230KkV.

C14-7.



The combination.of singie bus and transfer bus, as in Nam Ngum, was selected for the
switchyard. The switchyard equipment is a conventional type. It is. also possible touse a
Gas Insulated Swntchgear (GIS) when oons:denng reduction of the sw1tchyard area and_
simple maintenance. It is necessary that this matter be studied in the next Feasibility Study
" or in the Detailed Des:gn stage. The switchyard is equ:pped with a términal equipment
with a 22kV transmission line to supply electricity to the Jocal load and an interconnected
transformer to step down from 230KV to 22kV. - '

Since this will be an important power plant, a diesel power' generator will be installed as an
emergency facility to back-up the power source in the plant The single-line dlagram is
shown in Fig. 14 2-1. ' '

The ratings of major electro-mechanical equipmerit are as follows ;

Large Water Turbine | :
' Type | ' _Verficél shaft, Francis
Number of units 2
Normal effective head - 137.0m
Maximum discharge 125 m¥/sec
- Turbine output - 150,000 kW -
Revolving speed : '180'_rpm'
Small Water Turbine
Type ' Vertical shaft; Francis
Number of units 2 _
‘Normal effectivehead - 137.0m -
Maximum discharge  60.0-m*/sec
Turbine output -~ 71,500 kw
' ‘Revolvingspeed ~ ~ 250tmpm -
'Larg'éGeneratOr S E : RS . _ ‘;
Ty_be . Three phasé,:'alt{?mat{ng'cur’rent,' syriéhir'.dnous -
- Number of units 2 ' ' '
Output. 174 000 kVA
Power factor .. 085 lag
 Voltage o 154kV.

Frequency 50 Hz

14-8



Révolving speed 180 rpm

" Small Generator

| Type o Three phase, alternating current, synchronous
Number ofunits 2 ' o o
Qutput 86,200 kVA

Pové_ver factor 0.85lag

Voltage 15.4kV

| Frequeﬁdf' 0 50Hz

Revolving speed 250 rpm o

Largé Main Transformer

Type " Ousdoor, oil filled, single phase

Numberof units  2set (6 units)
Capacity 174 000 KVA -
Voltage primary: . 154kV

- secondary: 230kV

. Small Main _Trm_isfor_ther g

“Type - Outdoor, oil filled, single phase

Number of units 2 set ( 6 units) .
Capacity - 86,200 kVA
Voltage primary : 154kV
secondary: ~ 230kV -
 Outdoor Switchyard
' Bus system Single bus + transfer bus
Bus : ' Aluminum_ line
- Number of transmission '
 lines connected 230kV X lect

22KV X 2cct

R
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