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ABSTRACT

TITLE : THE RELATIONSHIP OF RESERVOIR WATER LEVEL- DISCHARGE AND
ELECTRICAL POWER GENERATING OF NAM NGUM 2 HYDROPOWER
PROJECT IN THE LAO PEOPLE’S DEMOCRATIC REPUBLIC OF LAO PDR

AUTHOR : THONGPHET CHANTHALOT

DEGREE : MASTER OF ENGINEERING

MAJOR : CIVIL ENGINEERING

ADVISOR : ASST. PROF. KRIT SRIWORAMAS, Ph.D.

KEYWORDS  : EFFICIENCY, ENERGY LOSSES, HYDRO POWER PLANT, NAM NGUM 2

The research investigated the higher efficiency of hydro-electric power generation
by the use of the relationship between the water level, discharge, and electrical
power capacity of Nam Ngum2 Dam in Lao People’s Democratic Republic at a time
when electrical power was below average in 2014 to 2015. The study found that the
efficiency of power generation depended on changes in the water levels in the
reservoir and discharge rates of water for hydropower generation. This had a direct
relationship with the work of the turbine by adjustment of the size of the guide vane
opening which related to the expected energy to be produced and the adjustment of
head loss. This increased the production of electricity. The average performance of
the Nam Ngum2 during the study period was approximately 88% (water level at 354
m.msl) in 2014 with the highest and lowest performances at approximately 91% (373
m.msl) and 83% (344 m.msl) respectively. In 2015 the highest and lowest efficiencies
were approximately 90% (371 m.msl) and 84% (344 m.msl) respectively. To produce
electricity more effectively, two approaches were implemented. The first approach
involved the provision of water into the reservoir to increase the ability to release it
to produce electricity. To raise the water level from 344 m.msl to 354 m.msl, the
volume of 724.22 MCM was required to generate 4,556.46 and 2,728.43 MW of
electrical power in 2014 and 2015respectively. The second approach to improve the
efficiency of hydro-electrical power was the consideration of turbine operation by the
use of the guide vane opening relative to the water level. To improve the efficiency
from 83 to 84% to make an average of 88%, the guide vane opening in the turbine
increased to 46.16% of its original size. By the use of this method, water released in
2014 was 285.28 MCM (5.83% of the total capacity of the reservoir) for an increased
capacity of 4,556.46 MW of electricity and the water level dropped to 350.75 m.msl.



In 2015, the release of water was 168.003 MCM. (3.44% of the total capacity of the
reservoir) for an electrical capacity of 2,728.43 MW and a decrease in the water level
to 352.10 m.msl. The study indicated that during winter, the WPI (the amount of
water used to produce one unit of electricity) was the best and the next values are
the rainy season and summer in which are 379.94, 4,350.79 and 5157.84 m?/kwW
respectively. Consideration of the average water levels in the reservoir found that the
highest was in winter, the second was in summer season and the last was in rainy.
The water levels affected the hydro-electrical power generation directly when
compared with the amount of water used for an electrical power unit. It was
concluded that the water levels in the reservoir resulted in significantly higher

efficiency of hydro-electrical power generation.
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Tnganznssunsideulngvaslan (International Commission oh Large Dam) Sendagad
ICOLD ldwis¥nquszasdudnuaadouly 6 4o do (1) mivauszyu (2) nMandalwimdani
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Aevndmeamudnanusithdusiu ()
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1 srordernluumasiinuthmusssund Iﬂaﬂ’l‘iﬁ@ﬂ%WJL%BU%ﬂﬁgHﬁ?ﬁﬂﬁﬁ‘i35UQ~‘1L‘WB
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(2) s mdihwunanans Sanamdmaansanulnih 15-100 MW
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(@) s mdnihwunadninn Srunamdmanamd syl 0.1-1 Mw

(5) Tswdhmdniowed Sanemdmaamdaanulwih snd 100 kw
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2.2.2 %

msliiaiasrauhesdosmilafinisudnuazini aanand 2.2 WARIAINEN
vip3esiauthns wda Tuszozanegiu [8] 1ru

2.2.2.1 %15 (Gross Head) ﬁaﬂqﬁuquLmnsiwasxmﬁaisﬁuﬁﬂuémﬁuéﬂ
warsviuiwheva sl

2222 ¥nians (Net Head) ﬁaﬁ’;ﬁﬁmﬁﬁﬂﬁquyl,ﬁamaﬁw’uamam%ﬁy’q
NUALED

2223 ¥ni1eenkuy (Design Head) Aorniansiiaestaruinfuniasiog
Uszandnmgeaalurnuafioanuuulasund itheanuuuasdiclndiuiniiede

2224 sefutiAIuAY (Rated Head) AawaninfiaTastarurniuinde sl
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i"umﬂﬁqwn%aﬁ"aﬁwqﬂuaaammmiaﬁammmmaamé’qﬁﬁﬂﬂsxLmﬂﬁaﬁ'u'lﬁﬂqu warmouny
fupsasiufiandalnioanly fiunuuusinssunnuusean (u 3 wiefe wuuwued 14y
vaien wuumesln iuwthuunanuazuuuinadiy Tﬁﬁuﬁaﬁwqa
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fiuiUsemiiteuuwuseanldsn 3 wuu Ae Aufunsuda foiuadosuaziviunuay

dwsuiaunsiuda WudwuwuuildnsivavesUSnaniluluiaduuuwan
wavilvasenvuuiuuny Faansindiniswasuiiamanisinaluvuefiinluie ey
wuuNs1uda Svavuunuusutazunus iWuswiuiidenldnufuunn dvenisvieuves
ANGIRILA 30 F 250 WA UszavEnmEQ

d al s g =
ANA 2.3 AIRUUINTIUTE [8]

2.2.4 \@speruiinluiin
iwIearuialvinditouldfumlululsswimanh Wuwuudalasda Taeldnas
wilsnhusaedoulviiinssuaady waznsiiinauuwivanmuiaiueeain Juaisauie
@ s ulsslnima i ﬁﬁauﬂa:ﬂauﬁﬁwﬁ@ L¥U VAaIA Stator, Rotor LLazm‘%‘laqnsxéju
AunwLvan [7]
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Axco Generator

Turbine
Shaft

Turbine

o ' & o a =l o a
i 2.4 daudsznauidAvaaaiaaniialuii [9]

2.3 Wouunly 2
luideihihiaveiieniulauiiy 2 siwasdeaiisaiudfeyanugiu feyamadauas

13
o =i

InaueinIsEAANG 1 uTels sl 2 el
231 foyaiugiu

Tasansidoulninidy 2 ﬁy’qagiaaﬁﬁu UIUgmile 91LNo51 J9Iniaiesduni
(AWl 2.5) ineon@aulniaidy 1 1Umamﬂm""a'uaaﬂLﬁﬂamﬁaﬂi”mu 35 km LATWIS
PINUATVANIBITUNS UM aianile luwuinsausyanu 90 km mt‘uaumaasaamm 9970
srfiviveadoulwinity 1 Uszunm 2 81 3 km fszdudidusrafuii 375 momsl
annsafiuinile 4, 886 MCM mmawaqamnumamﬁ'l‘uwamwaamulﬂﬁw 30 m @mse
Wusnialg 2, 617 MCM 52 ﬂummamauw 343 mmsl sEFULIRYINYiaNIaLn auw
320 m.msl wa 'i"mummamﬂuaﬂiﬂw'}h EJU‘V] 206.2 m.msl [10]

gluafsy Ve aimﬂmm Iialwﬁmawuuumumns ualwin (Indoor GIS)
maaaﬂama avuwmvma}maumauﬂamwaﬁaamm IialwﬁwmaUmumwaamdmum
vieandaudiou 2 §1 3 m (il 2.6) szuuareas 500 kv mqﬂLﬁaumamaaiuwmaaami
Tivehondauausanalng
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o o & = Y o
ATNWY 2.5 YIR9UDLVDUUNNEY 2 [11]

U/S Cofferdam
Spillwas )

Diversion

= YY) = Y o
2NN 2.6 weuRanalUvantaunIty 2 [10]
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2.3.2 dayamaila

Iuﬁwﬁaﬁ%ﬂ@”ﬁwLaua%agaLﬁaaﬁu Faudou Tsalndih Fau Yssiduazseuy
avdwendoulwiniity 2 Feswazdonilsd

2.3.2.1 fudeu

fudauvaslasenisideulniingiiy 2 fassadradudouiiuiic anumin

feAauNIAnIai3und1 Concrete Face Rock fill Dam %38 CFRD A wgasduLioy
182 m wiawiloszdurtimeia 381 m.msl Auniswesdudou 9 m Amuenvesduiou
485 m AU udeumudniiu 518.8 m Awanslun it 2.7 uazawd 2.8 ma
seUendy 3 Yesvnaniagenaas 15 m a1 17 m olufszueth Sou 2 glaed Jvune
Wur1gudnats 11.70 m A2 me12v099luedd 1 f1ulu 1,100 m glusddl 2 Fuuen
1,200 m [10]

AN 2.8 Aadoutindy 2 [10]



2.3.2.2 lsalvvn

prsdmiunsinsaaisaiudalwiindueinsaouniaasumin
sonuuuliAnsafaiunuunsIuda 3 90 yase 205 MW wazfnduedosindalidi 3 ¢o
Az 2,218 MVA awnsanannszualwile 615 MW wisulwiiade 2,220 Gwh el
srafuihuildiiud 4,886 MCM Aissiutiufudougaan 375 mmst fudrlugrafiuihd
ansafiuthléuszany 107 km? Fauanslumsiefl 2.1 it 2.9 wazamdl 2.10

An5197 2.1 s1andeavadlsslwiitiiiy 2 [10]

318N13 Ve

A&aRmd 3x205 MW
YUATDIN I Francis, kU034
Sunuassaiuialni 3

siuvneni 206.20 m.msl
ixﬁuqaqmmaqﬁwﬁﬂ 216.50 m.msl
mmqwaaﬁwqm’éqaqﬂ 166.6 m
mmgwmﬁwqwﬁsﬁqﬂ 130 m

msIN5lvia

3x149.50 m>/s

NSHAANSIURDY

2,220 GWh mall

Switchyard

Power Waterway

Powerhouse

AW 2.9 unuiaeslselwindeuindu 2 [10]
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A 2.10 Tsalwi [12]

23.2.3 Nafuvaslsalriingsy 2
Tselvifnidu 2 Usznoude 1ndesfaiuuuuns uda wuanss 3 indes
fideusafuglusdus ety Taoil MIV (Main Inlet Vault) $hutiudn iusaide-Un wazmah
ganvaaisius 3 1nSosarivariu Draft tube ﬁmmm@mﬁaaﬂsz@.ﬁaﬂaaﬁ’uﬁwéﬁuuan

lalvilvautnlel
w3 aanaurealsaluininin 2 sanuuulasusen Toshiba, Tokyo,

Japan difindwdin 209.2 MW iiavinisaniiunueziinannia 214.3 rpm finnugeans
1545 m

ai -

AINFIgNTNFINanT166.6 m awrsandnndelniilaide 2183 Mw

5

LATTnUGEAT130 m amnsondandanulada 159.5 MW

i

Uszansnngeanagi 96.32 % Lﬁammgaagj'ﬁ 161.48 m uavidnsnnIs
Iva 1 131.6 m¥/s fuanslunsrad 2.2

dmiumseenuuuidosuiamunvestssliingiiu 2 muduiussening
msgdsiunisusssiniondamdsmulii uasdnuasawenisvhae sy (Turbine
Characteristics) fauanslun1s1ai 2.3 519t 2.4 uaznwil 2.11 fail


khanitha
Rectangle

khanitha
Rectangle


A1319% 2.2 Yoyawalinvaanaiulselwiiuniu 2 [10]

| 518013 Wiy
wilnva iy Francis VF-IRS, kWuInsd
AS? 214.3 rpm

| Mugeay3 154.5 m

i awARRn: 209.2 MW
mmqwaaﬁwqw%ﬁqaﬁqm 166.6 m
dslnifinugaansiiaeian 218.3 MW
mmqwaaﬁwqw%ﬁﬁwﬁqm 130 m
dalwiirugeavisfinfian 159.5 MW

= & [ % e
A15199 2.3 N1599NLUULUDIAUYdlsalWHIUYY 2 [13]

svduth fedudhe | e [Sasanns |Useans| mds | useAn | dids | nns
fuvu | | geavs | lua MW | WER | AW | wAe  (goude
(m.ms) [(m.msl) | (m) | (m¥s) | Ay | Ay | eSee | e3es | (m)
(%) | (MW) | nulla | Auda
(%) (MW)
375 2120 1595 | 146.16 95.55 | 2183 98.0 21390 | 3.49
370 212.0 1545 144.65 | 9552 209.2 98.0 |205.00 | 3.48
362 212.0 146.5 140.09 | 95.46 192.0 98.0 188.16 | 3.47
354 212.1 138.4 13697 | 94.74 176.0 98.0 172.48 | 3.46
345 211.5 130.0 133.25 | 92.85 1595 98.0 156.31 | 3.45

- s ar 1 ar ' ’6’ =
A15199 2.4 AnudunussEninamsgudeiunisUdesinlunswaanszualvin [13)

YA N1SHAR NISHAR NISHAR

1 1A309 2 1304 3 |A309
on31n1slua (m?/s) |50 [100 | 150 [ 200 | 250 | 300 | 350 400 450 | 500
ﬂ’]'iqmuLﬁEJ(m) 1 (159 | 358|366 (377 [3.89 (404 |421 |[441 |463
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Turbine net head H,

M 2.11 Prototype Turbine Performance Chart [17]

PMAWMA 2,11 unu X AeAnuasansvasiiluaiaiuin (Turbine net
head) unu Y mugne fis Uss@nsnimnisedandssulni (Turbine Efficiency) uazunu Y
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2.4.3 ANSAIUIUNIAINTITHARLINHIDTS
NISANUINAIAINITHAANAIULINAI95 aunsamunldainaunisi 2.3 [15])
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i d ﬂ' o =Y
ARABYDILATDINLA WA U A.A. 2014

. Gumsindivasy | Mawaadiaingd o
?,’I i’uﬁ ﬁqwuﬂ Fi'!l,agtl el
Ay H, (m.msl)

V (MCM) AP, (kW)

1 21/4/2014 3.31 54,454.59 354.00

2 22/4/2014 0.47 7,658.02 353.96
3 23/4/2014 0.69 11,331.50 353.96

q 24/4/2014 0.42 6,860.12 353.95

5 25/4/2014 0.33 5,422 34 353.94

6 26/4/2014 0.17 2,348.30 35394

7 27/4/2014 0.65 10,684.90 35394

8 28/4/2014 0.98 16,086.42 353,93
9 29/4/2014 8.94 147,068.51 35392
10 30/4/2014 16.06 263,962.05 353.82
11 1/5/2014 0.25 1,234.73 353.63
12 2/5/2014 3.04 4994150 353.63
13 3/5/2014 0.76 12,502.19 353.60
14 4/5/2014 1.33 21,797.68 353159
15 5/5/2014 0.84 13,774.30 353257
16 6/5/2014 0.60 9,903.44 353,56
17 7/5/2014 1.30 21,280.11 35356
18 8/5/2014 0.32 5,184.90 353.54
19 9/5/2014 1.34 22,045.55 35354
20 10/5/2014 0.44 40.66 35352
21 11/5/2014 3.69 60,427.42 353.52
22 12/5/2014 1.50 24.591.77 353.48
23 13/5/2014 0.33 5,455.42 353.46
24 14/5/2014 1.33 21,798.98 353.46
25 15/5/2014 1.52 24,842 87 353.44
26 16/5/2014 1.45 2373342 353.42
27 17/5/2014 1.32 21,655.46 35341




84

A o o o =3 s QI 1 q‘ < - é 1
ATV H.1 HANTITATUIUNIAINTITNG GIW&N']‘IJI’NT""ILW&J'lu‘H'NVIUiSﬁﬂﬁﬂ'lWﬂﬂaﬂﬂ’lﬂ’J"I

Adgvauasaan el U a.a. 2014 (fa)

. Gumsthiivdes | Maswdaiianda . %
a1 o ; i gl SERULN
Au Rld Lt maag H, (m.msl)
V (MCM) AP, (kW)
28 18/5/2014 318 52,128.34 353.39
29 19/5/2014 4.89 80,035.98 353.36
30 20/5/2014 1.73 28,396.40 353.30
31 21/5/2014 1.46 23920.50 353.28
32 22/5/2014 1.99 32,549.09 353.26
33 23/5/2014 317 51,827.05 35324
34 24/5/2014 3.00 49,141.09 353.20
35 25/5/2014 3.19 52,188.05 353.17
36 26/5/2014 3.19 52,151.25 353.13
37 27/5/2014 2.84 46,452.75 353.10
38 28/5/2014 3.24 52,966.02 353.07
39 29/5/2014 3.22 52,644 82 353.03
40 30/5/2014 10.74 175,440.10 352.99
41 31/5/2014 252 41,198.52 352.87
42 1/6/2014 2.97 48,431.12 352.84
43 2/6/2014 313 51,141.26 352.81
44 3/6/2014 3.22 52,451.90 352.77
a5 4/6/2014 3.01 49 095.03 352.73
46 5/6/2014 3.30 53,761.10 352.70
a7 6/6/2014 2.36 38,542.51 352.66
48 7/6/2014 1.05 17,183.93 352.64
49 8/6/2014 1.7 27,936.73 352.62
50 9/6/2014 1.43 23,328.59 352.60
51 10/6/2014 1.23 20,119.15 352.59
52 11/6/2014 2.25 36,591.16 352.57
53 14/6/2014 1.02 16,638.59 352.55
54 15/6/2014 192 31,342.59 352.54
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AnaauvauATaINuinlWHn U a.A. 2014 (d)

y Guasthiivdey | Masdaiininda o X
?,1 Fudl Vavun Aade G
Ay H, (m.msl)
V (MCM) AP, (kW)
55 16/6/2014 331 53,894.27 352.51
56 17/6/2014 3.72 60,491.07 352.48
57 18/6/2014 q.22 68,635.70 352.43
58 19/6/2014 342 55,605.93 352.39
59 20/6/2014 3.80 61,736.63 352.35
60 21/6/2014 3.48 56,607.78 352.30
61 22/6/2014 1.39 22,540.20 352.26
62 23/6/2014 3.38 54,936.72 35225
63 24/6/2014 291 47,356.65 352.21
64 25/6/2014 3.01 48,843.05 35218
65 26/6/2014 241 3914571 352.14
66 27/6/2014 2.64 42,860.09 352.11
67 28/6/2014 2.28 37,025.51 352.08
68 29/6/2014 3.46 56,11.7.21 352.06
69 30/6/2014 3.18 51,526.27 352.02
70 1/7/2014 3.04 49,258.39 35198
71 2/7/2014 3.26 52,817.19 351.95
72 3/7/2014 5.12 82,991.82 35191
73 4/7/2014 3.35 54,321.33 351.85
74 5/7/2014 3.13 50,684.92 351.81
5 6/7/2014 461 74,743.74 351.78
76 7/1/2014 381 61,727.35 351.73
il 8/7/2014 3.76 60,945.84 351.68
78 9/7/2014 343 55,484.58 351.64
79 10/7/2014 3.30 53,426.53 351.60
80 11/7/2014 3.26 52,734.74 351.56
81 12/7/2014 1.48 23,956.12 351.53
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A15197 W1 WaN1sATLIuNIaINIsHaanas Ul L Tug9Us L EnS nwanasdinda

Aaduvaunsaaninlnii U a.A. 2014 (da)

. Gumsiniivdey | Mawaaiininda o ¥
L:‘] '?uﬁ ‘ﬁﬂ‘lﬂuﬂ Fi‘uagﬂ U
Ay H, (m.msl)
V (MCM) AP, (kW)

82 13/7/2014 1.80 29,048.37 351.51
83 14/7/2014 0.97 15,608.27 351.49
84 15/7/2014 3.16 51,149.30 351.48
85 16/7/2014 332 53,735.54 351.44
86 17/7/2014 3.66 59,074.81 351.40
87 18/7/2014 4.46 72,067.55 351.36
88 19/7/2014 1.30 20961.42 351.31
89 20/7/2014 1.01 16,260.84 351.30
90 21/7/2014 3.53 56,938.12 351.28
91 22/7/2014 3.17 51,121.65 351.24
92 23/7/2014 2.93 34,657.63 351.21
93 24/7/2014 3.84 61,993.94 351.18
94 25/7/2014 3.38 54,490.67 351.13
95 26/7/2014 344 55,469.18 351.09
96 27/7/2014 5.66 91,248.78 351.05
97 28/7/2014 3.27 52,721.46 350.99
98 29/7/2014 3.10 49933 14 350.95
99 30/7/2014 295 47,550.58 350.92
100 31/7/2014 3.36 54,117.79 350.88
101 1/8/2014 2.27 36,550.02 350.84
102 2/8/2014 3.60 58,001.95 350.82
103 3/8/2014 1.06 17,015.99 350.78
104 4/8/2014 0.77 12,436.06 350.77
105 5/8/2014 0.717 12,316.21 350.76
5734 285.28 4,556,462.76
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AadsvawaIaInubalni U a.A. 2015

. inmsthitaes | Mdeudaiinindd .
E:,’] Fudt WA Aady i
Ay H, (m.msl)
V (MCM) AP, (KW)
1 23/5/2015 0.78 10,238.19 354.00
2 24/5/2015 1.19 19,534.53 35399
3 25/5/2015 1.03 16,869.42 35398
4 26/5/2015 0.60 9,454 88 353.97
5 27/5/2015 1.73 28,532.09 35396
6 28/5/2015 1.09 17,956.19 35394
7 29/5/2015 1.93 31,696.41 35393
8 30/5/2015 2.58 42,390.58 35390
9 31/5/2015 2.35 38,691.82 353.88
10 1/6/2015 1.23 20,274.33 353.85
11 2/6/2015 1.27 20,912.38 353.83
12 3/6/2015 0.80 13,181.58 353.82
13 4/6/2015 1.39 22,758.60 353.81
14 5/6/2015 0.53 8,686.73 353.80
15 6/6/2015 1.11 18,239.88 353.79
16 7/6/2015 1.71 28,148.38 353.78
17 8/6/2015 1.28 21,030.56 35376
18 9/6/2015 0.97 15,908.82 353.74
19 10/6/2015 0.87 14,228.13 353.73
20 11/6/2015 0.95 15,587.42 353.72
21 12/6/2015 1.49 24,518.55 253 71
22 13/6/2015 15.7.2 25811722 35369
23 14/6/2015 0.70 11,523.67 353,51
24 15/6/2015 1.69 27,682.14 353.51
25 16/6/2015 2.67 43,785.81 353.49
26 17/6/2015 1.93 31,696.62 35346
27 18/6/2015 1.41 23,147.06 353.43
28 19/6/2015 2.88 47,266.36 353.42
29 20/6/2015 2.80 45952.44 353.39
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i . 'lﬁu’w:i‘l}lﬁﬂa"ﬂﬂ M w*'faﬂﬁ?%‘m’h it
. Jud NINUA Aade

Ay H, (m.msl)

V (MCM) AP, (kW)

30 21/6/2015 2.31 37,842.44 353.35
31 22/6/2015 442 72,411.20 35335
32 23/6/2015 347 51,900.65 353.28
£ ) 24/6/2015 3.01 4928315 353.24
34 25/6/2015 3.62 59,269 .66 353.21
35 26/6/2015 2.70 44.177.16 353.17
36 27/6/2015 1.00 16,332.06 353.13
37 29/6/2015 1.84 30,161.50 353.12
38 30/6/2015 2.44 39,898.95 353.10
39 1/7/2015 1.25 5,386.40 353.07
a0 2/7/2015 14.02 229,192.92 353.06
41 3/7/2015 6.52 106,519.94 35290
42 4/7/2015 13.03 212,688.75 352.83
a3 5/7/2015 8.08 131,645.49 352.68
a4 6/7/2015 3.96 64,547.97 352.58
45 7/7/2015 1.73 28,153.16 352.54
a6 8/7/2015 791 128,809.65 35252
47 9/7/2015 1.40 22,783.89 35245
a8 10/7/2015 0.47 7,638.07 352.41
49 11/7/2015 1.55 25,213.83 352.41
50 12/7/2015 395 64,262.14 352.39
51 13/7/2015 2.67 43,410.18 352.35
52 14/7/2015 3.16 51,304.23 352.32
53 20/7/2015 8.45 137,368.48 352.28
54 21/7/2015 371 60,214.61 352.18
55 22/7/2015 0.83 13,470.58 352.14
56 23/7/2015 2.18 35,333.32 352.13
57 27/17/2015 1.92 31,201.46 352.11
334 168.003 2,728,432.66
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