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L, BIROFHliAGROZ L EE AT 5. VT, ki
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Fig.1 #UKFFOIEEMAKEIET E BESE)
A schematic diagram for estimating discharge for electricity
generation
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h, (i) =[h, (i) — h,]x 0.85 (2)

h(i) 1 i HIZBU 5 HR%EE (m)

hi) - i HIZBUF 2 5 ARFKAL (m)

hy B A OEEE (m)
EBIE, HREREL, REFOLEIEVET 2
DT, THFHEMESINIACETH 5,

c KEWKXDEE
KEDOERIZOWTIE, TOFENRS L DFEIEH D
MR SN BIEMITAKE B X OEREEOLEH (£
NZEN06~93m/s, 19~48m) IZBBLRAMALT
WhHLEEZONDL, 75y AKEERCS EIGET 5,
COKRFLL, [FFBLO/NKIIFEERMHICB VTR DL <
WKL THWDLKETH D,

d KEMNER REWIRHLIUREHH, EHE
i3}
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M & KB 3712, AKERD R X ZEEARRN RO A BiRh =R (e
GRhE) B, 70% EMGET A UNKITFIRHEE R RS,
2006) 0 L72725oC, RS, EEFEERORKE
WoiZ, BRI 07 2R LR TREINS,

F,=9.8x0,xh,x0.7 (3)

P, ik, AR ERORELT] (kW)
0, : FEEMAKE (m’s)
h,: H#Rh%EZE (m)

B, AEEKE, BEAEMEE LI HHBEOKE
IZOWCKERFESI BB AR L 7 b idEKE - A%
HEOZETHL (Fig2 ),

51, FEEAKHIE i m R EEOZ Iz &
bR WEEMEIBRT L0, ZTD L) RREBHEOLE
Bt %, TN TN RIS X OEE =R L I8,
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R*=0.9997 (4)
17, =-0.9313r +4.5696r; —8.5793r +7.2r, —12577
R*=0.9998 (5)
0
r =
O
r,= hhe
estd
n, B RhE

n - ZEVE AR
Oy - KT (= IRFEEMAKE) (mYs)
howa = FEMER R TEZE (M)
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Fig.2 ZimER L OEEZRBEEI (77~ 2 AKH)
Relationship between electricity generation efficiency and discharge/ effective head (Francis turbine)
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e, = (Ifi# DFGHO) / (It DD BO) % 100 (%) (9)

Pt an © e, : BRI
SEIMT) (kW) e, VLRI R

(6)RNOFEEH DA ERMICOIZVEETLZIEIZLD, (8) ik, FIKKmE % @HT 5 &M= 5, 38E
EMRERAEEIIERROBY RKOH NS, WCHHTZAitE a2, — ey [I7R A E]
E=§meﬂ 7) tﬁiﬁé%%<ﬁ1%w5fwﬂ!mg>uﬁML
par TWABY, 22 TIEEFIKIRGEAKRD ADIEEDOK L% D
E T ResEE)®E (kWhiy) T, Ihx Rk FR=E] 55, —h, (9
772, 9B)EDHIBHIH QA2 H) IEER it I AN AE ] % 9E Bf%‘?‘%ﬂ(%%ﬁ%% BE L 72 KRELAS
5 <, 100% %M@ L 72361209 5, EEoRERMAHED

B, AWETIE, SEANNEEEDE (HRNEER) ﬂA%TLFﬁ;&ﬁﬂﬁ+ﬁt%iﬂécﬁl%w¥—
BEHEOZOER L, wWhwa [3ER] HhB X OE W, 2002),

HEIZOWTHERT S, (2) B, BH=ICHET 5 IEE
HDLHEOKIEE HWTERESED 5 [k (5E)
e KEFEDEEICET 2FHEIEE W 3D L) ICEFRS NS,
120 Chfe ) 12, SMAARL, SRR P =980, xh. x07 (103
VEAMPHICIR D BB 5 ) 212, fim - HEOBIICE D
BWIRBENEIBE S 2. LD > T, BEMFLOX P BRI (kW)
I - FFARAL O ZFEIZALATR & VW7 A2 BT O - 818 L 72 KO R A&
KUEIEFEE 21T ) Wi, ‘f"ifbtcﬁﬁ@ﬂ(ﬁ%i%%ﬁ?‘ (=K E) (ms)
LIEDHETH L, UTI 26 TlE, FDDICL By BRI OB R (m)
BLL bW ODOFHMETRIE A FI L, Hiﬁwkiﬁa‘% [FEBEEMAME] (—BHEIC [RmRHZE] &
DFEFITT -3 TIT ) o I 25, 22 Tld [Esmf =Rl X572
(1) ZEEMHKEICET 581 HIOEHIER) 1L, ()N TEFR L FEM T RESRE
Fig.3 1%, —fl2 IR i bl ] &I 2 RBUC WD, FEEBMORAKMTIAVE Rk T L 72556 O
v, T -2-aTHI L7z THREMHATEKRZ] 4 MESEB =T LHTHY, kN TEHRSN D,
HKAl 5 B2 b D TH D (SHE B [ )= 100 (1)
M) $vd), 22T KEOHELY b1 D-D " P x24x365
MO E-E Om#PTREENESE 2SI HICKEL D BEERHAI R (%)
72T hHh, ZOYE, MENDEBATEAEIR, N
IS %l U CAT o3 % S LK ELLS i% X9 & DDk (3) FEEOREFMEIZET 5 FaiE
BEIT—H, WENE T T - 728813 58BN E 0Tk, BEFOESERY 2K 5EE MR % BINT
T 2%, LehoT, EBICHE ﬁﬁf%émg BT 5L EMEEL TS, LA -T, T2 Tl
DFGHO TPl E N /-HifEE b 22T, (k@zodﬁa Wiz, AINKISEEIH LI 20 ER (%
TEASE IS o B, [HANKIIFERTA F 7y 7 ) G v F— 1],

= (JHf% DFGHO) / (Ifif& ACBO) x 100 (%)  (8) 2002) 2\ [BEEATEM THE | [HmcRe et 15

r (KD

H %
Fig.3  FIKBGHIK ORI & K - it RO HE  (EIX)

Schematic diagram for dam discharge distribution and discharge/ plant factor
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L72e TNHREOT T, ERBEHIZK0MY g S
na FHrvF—HHE, 2002).

Y, =0.084x (P, )" (12)
Y, =0.0595% (0, . x b, xn"?) (13)
0.648
Y =12.8x Lo (14)
‘ V hemax

SEEATEY T (HH)
Y, : Ml I TR (A
Y, EERMERTHEE (M)
n: BERER (=1)
FERB I OFFMERTF M ORI TN 20 d B 05, 22
T, 2N 6D ) B b MifE R T b 2 B HLMG T G
IAVFE -, 2002) 28T 5. BERRHEAMIZIE, T
71 (kW) H7- 0 HAliE AT IE (kWh) &7z 1) HAl

D2ONVHY, T TIREENEFNRD L) IZEFRS NS,
Y, +Y, +Y)x10°

CkW:( (s b; E)X (15>
6

Conn :w (16)

CHD (kW) 72 0 EBEEREA (M kW)
QW.7%£ 5% (kWh) & 72 1) L EAM

(M. kWh)
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a THLIZHTBER

(1) ¥ Lol

[RT 720k, KHEHEICZHEE 4265 hax DT
HHEMXI MK MG 2 RER S L TH Y, BT
FABEHIZ TR T Tnb, Huiskis LT, AL
K 9.3 m'/s DRI E B L O & 5.5 XIE8.0m @
BRI — F 3% H LT\ 5, ARIFKAERIL 23,257
Tm’, BWEEHKOIEEC BT 5 A% 38.25 m,
WME4H20H0~9 10 HTH b, IMAT, Tt
Moo FAKERAKE LT, #0.1mYs Z@BERKLTW5A,

(2) F—=F oMk

FRATIZIX, 1989 ~ 2010 4 H it & - IFARAL T — %
%%, Figd |2, Fig.3 27 5\ 22 £/ o H FIZK ik
MEICDWTHIA 2L 2, Figs 12, 22 MOk
KWZEALZRT, SNbT—7 &0, RFEMEL T2

EMoFIEZ, 1 H1H2S 12 331 HEFT1 HEIC
K> (Figsd, 5I1RTEBEH), DO THW 2,
w2, INHHRET— 7 2T, 1 -2-d, e Tik
N7 ZHEOFHMIEDS, KEHBEDOENZ L > TED X
INZHEK T B w2 MFE S Bo T -2-d T L 72KHED
BEEHICHED X, BBOREUTMICZLE b s,
T OKBERBEOHPIZ B TRESH ZIT )0 £
HMEREIZOWTIE, ENPRKIUKEIZFE LW —
Ak e L, MU, BEMAKE (22 £ O HJfH)
WZOW TR (Figd O Bk ZER L 2Bo
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BBERREICSE LW — A2 kT 5. B, N5
wmiE, 14365 HOH B, =2, 37 H, 73 H, 110 H,
146 H, 183 H, 219 H, 256 0 (§ 7+ % Fig.d @ x i
1055 LEAM» S BA-HE) TENWE@Br 5L
MEENEHMENOZ L TH D, RIZ, FEMELFREEIZO
T, ZNDVE R A O F %7572 (RNERTEZE)
3825 m I LW —AxmAke L, MUT, mAAER%
#2009, 08, v, 05FFICFELWT—A%ET L,

(3) HHrfsR

9, T 20 2EMOY AR EE (Figs) %
KD &, BAEO I BAS H 1A TRk AL & 5 R

RO T TRV, R R 2R 2 (SRR AN 5,

BEEH Y L THRLN LM Y LEHTH B, 72720
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AKYNTIE, FEEIHHTHO 10 ~ 11 B EO RN RS i&ﬁﬁﬂﬁ%?ﬁw“(wéo
ﬂ:fﬁ']I—J\/‘(luifﬁﬁl‘umﬁ‘ﬁhﬂ“(b\ bo FEFE LT, A2, Table 112, KHEHADFEE & K FEIRIE O B

Fig.d Oz, BB 80% kM (292 H) % IR,

flidh7-0) T CTHEMZZEMETL, 20BAICED 9, BHEWHICET AIBEICOWT, kW H7z )

Table 1 T % AIZB1 2 FEEMHEZR I ) HEIFED SHTHR
Estimated performance indicators for power generation facility at the T dam
(a) W71 (kW) @7z 0 HZFEAM (1 kW)
O 10%ile 20%ile 30%ile 40%ile o 60%ile 70%ile
299,934 311,283 320,872 337,109 349,985 366,850 385,647 410,314

(b) ZEAE® (kWh) &7 0 EHHEM (19 /kWh)

O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile
Ropx X 1.0 140 123 112 101 95 92 93 98
P X 0.9 136 119 108 97 92 89 90 93
P X 0.8 133 116 105 94 89 86 87 90
P X 0.7 131 115 105 93 88 85 86 89
P X 0.6 135 118 107 95 90 87 87 91
R X 0.5 162 142 130 115 108 104 103 107

emax

(c) wmAMT (kW)
O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile
2,440 2,128 1,908 1,603 1,409 1,202 1,018 832

(d) 4FHAAEsEA = (MWhiy)

O 10%ile 20%ile 30%ile 40%ile DA 60%ile 70%ile
B X 1.0 5214 5,384 5,462 5,374 5,185 4,774 4,202 3,499
P X 0.9 5,370 5,559 5,656 5,572 5,384 4,968 4,386 3,664
e % 0.8 5,510 5,712 5,806 5,730 5,546 5,125 4,532 3,792
B X 0.7 5,568 5,759 5,855 5,798 5,609 5,185 4,586 3,840
B X 0.6 5,431 5,615 5,716 5,662 5,487 5,078 4,495 3,760
R X 0.5 4,505 4,658 4,721 4713 4,584 4259 3,794 3,191

emax

(e) FEWHMAAER (%)

O 10%ile 20%ile 30%ile 40%ile ol 60%ile 70%ile
B X 1.0 24.4 28.9 32.7 38.3 420 453 47.1 48.0
R X 0.9 25.1 29.8 33.8 39.7 43.6 472 49.2 50.3
R X 0.8 258 30.6 34.7 40.8 449 48.7 50.8 52.0
P X 0.7 26.0 30.9 35.0 413 45.4 493 51.4 52.7
R X 0.6 25.4 30.1 34.2 403 44.5 482 50.4 51.6
R X 0.5 21.1 25.0 28.3 33.6 37.1 40.5 05 43.8

emax

(f) B AR HZE (%)
O, 10%ile 20%ile 30%ile 40%ile b ] 60%ile 70%ile
96.7 95.0 92.5 88.0 0.4 71.9 61.3 457

(o) mERmWFHZE (%)
O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile
38.8 48.8 56.5 61.2 65.6 69.3 722 75.8
1) O - BRIUKE: § --%ile: -- % HBIERT R | hopere X -+ WIFHR A O A EZED - 4

FUJTIEN F e, ATTIA) _¢Q‘Eﬁxﬂ%?%7‘@“o
nb, EEANTEROBRENA SN2 WIREIZOWTIE, EEFESEZRL TRV,
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Hfifilx, R#EKELRAME RATUKE) B L7
WA /INEV—T, kWh &7z 1) BRI, [Hi
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Table 1 OLOIRIED 5 &, Fe R, FRHWHESEE
TR, WHKFHRICOWTIE, HEkEERAICL
T2 —AF R FNEW TS — A TR EE Nz, L7z
2o T, BIKOFOWHP T AN F—%, FiljZH T
THRABRIEH T2 2 L 2 BT 5752 518, Hh#KkeEidi
KEUKEMN TSR ET 20D BBLRELTHL I LW
bbb, &by, EMREFEAEEEORKILE B
T oIE, [HEKE = 20% @ MEFERE, LEGR%E
FE=ARAENEED 0TR] OFr — A0 REE %5, i
WY, D7 — Ak T A MEAMEDER S S 13 R
TlZ 7%\ LA L7%AS, Table 1(b) ® kWh & 72 1) H
flild, WTFNOELEHETIZBENTH/IKNEEBIZBNT
WEMOBHLZ L SN D [HEE 250 1, kWh] (F
2010) Z T TWD I ENS, AFEFIZBWTHEMT
REFEAERNEORKEEELESE D 2 Lid, HAETRL
ANVF =2 X BEBEREIIOHN &) B A S AU,
—EDOGHENH L EEZSND,

)5 C, SEEZMATES L OTHEREAZRICOW
TlE, HHEKEZ/NE T BT ERHEDIE L & B EMD
A H7z (Table 1(e), (g))o L22L7%AAH, Fizkod 3 A
FMr/MEDER SN S, FOL) T —ADNT L LR
WEITWVZ Ve COA—FOBAE LT, —H#kIZ, %
BEHSLIIBWTIE, WHERRY —4FE 28 U CiitE
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), FE - mEEREAARET RO L Z ERFEET R
WL EEBENTHDZ ENL VD, BERYLICE
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M OB = I SbhET LT ) &, KBEHERI N
LD IANEELHS>TLE) I ENEZB NS,

(4) SEEMT OELT)

PLEO# L, SEAEIE A (22 R R o) o -
BRI EE D T TH o 7288, BIFEIZIZ Y L=
X, ZDEDKILARFALEG U TREFICEET 5,
2 TWIZ, FTIRo [kWh & 72 ) BERBHAT RN — R
IZBSBERAR OB % E5E L7223, it 0EL8 08
Hhb, HAxORBEAVPENL SV OMERTIRIE SN
LODEFERT Ao FIHE LTIk, FILEidosr—Al
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57510, 50, 90 % EIEIRAE 2 ke, [ % [k
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HCHhDb I EZEESNIZ v, Fig712, 10, 50, 90%
HEMERE 2 VEMICDZ VI T O R nWEb 0%
ZNERS

Fig.6 CHEICA 72X 912, [kWh & 72 1) B3 HAlifR /D
r—A] T, BE - R EHICBLUREO Y — 2
LSy P LEO—HL2EEICHEHL T 2wno
T, ZORNIB VTR S ZEE LT OELE /NS
FEFEUEDE L oTWwa (FigT). & 512, 10%#8:85E
WP L Y, BKEIZBWTIE, JEEEICD R RLH)
B LW —EREORBEIYEFTE 5, 5T, 90%
BEMERE X ), EBREICBWTIE, BEARAIN
O TR I~ FEREIENC IR S5 9 202, R
B cLRrEMrME L L2750 EERDOEEIK
&L, MEUDPETTLLEZOND,

b SHLIZHTBER

(1) 7 AOW%E

S & a0, JKHHT 152 28 THI 7% 3,890 ha % #5702
¥EHFLATHY, BAESLEHITS TS BIX 2 %E
LTWwW5b, wABUKE 7405 m's, AxhEF/KEE 37,600
T o', WREKAIC B 2 EREEIL 46.95m TH Lo
FEEAME, 4 A30H~9ASHTH A,

(2) T— oM hikB L OHR

F= oML, T 3-aDTFAH#ETL, 77—
& WIEZ, 2003 ~ 2010 4ECTH 5o

Fig.8 |2, #EH L -RE MAKEOMILMRE LRI, S
F AT, #EEAKE X OBEHOWKRAT O 720 O
TELASHE, (TR R O A DR Z 17> T b,
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IZ, Table 2 (2, KEBILOFEE & SR O R
ZRT o ARFEFITIE, kWh 720 BERHAMAY, [HiEK
= 60% MR E, HEAEE =RANENEE
DO08fE] Or—ATHR/NE D, 2T, 2O —A
WO &, RERREELRANAEDTEZD 0.8 f5IZFHE
L7288, ke o el a0 AZEI G 2
LB R Fig9 [IRT,

Fig9 X v, JL#EKER T A Mg/ — AD 60%i8:8E
R EICE CIRT S8 &1, (Fig3 @ GH 29512
ATARFTLRRICED) MOTEH (11 A TH~3
H_EA)) O JIHERRGR S £ AF8EPSRe L 2 5 2 L8
bhb, Thbh, KRFEFTIE, FBEHROBEEL /NS
DIZEEE L, FINMERIGE % & o EM % 8 U722 3E AT
)T ENTA MERBIZDORA D Z EHIRENTZAMITT,
COIAR M= ZATIE, BEERE T OB E s
IZEARBBHAOBEMIITE A CHHETES, BELD
A, BBGh7Iy Mehizbeb (Fig9), 4
MTRESSEE =2 A TYH, A (3,134 MWhly) &
34O 1LIZHiM 7z Vi (982 MWhy) L2 B TE %
W (Table 2(d))o L7225 > T, Il -3-a®d T ¥4 &l
REFTH, FICECBIT 5B - BN
ERTLLHE, REMOHLTH D [HEE 250 1
/kWhl I E L DD, & LHERERZOBEB LY K
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Distribution of discharge for electricity generation at the S dam
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ELTHIEIE, —HEOBRHELHLLEEZ LN, K

AR RESSE BB ORI E HIET 7 51X, ARFHH

TUE, [FHE#EKE = 10% B EMERm R, EEFR)%EE=
Table2 S ¥ AIZBIT5H3EHEMi

— B DR 7 2 F R L 72K SR T

¥ X VO 145

WRENEEZD 0815 O — AhM i & % % (Table

2d), B, MoOIBEIZ-O VTR, BBDAT AL
[FEEDEA) 35 5 172 (Table 2) o

PR D BEIREO DA R

Estimated performance indicators for power generation facility at the S dam

(a) H71 (kW) BH7- b EEEM (F /kW)

O 10%ile 20%ile 30%ile 40%ile H 60%ile 70%ile
282,954 314,812 326,360 352,813 378,611 442,696 631,847 651,891

(b) SEAETNIE (kWh) 720 EEEHAG (9 /kWh)

O 10%ile 20%ile 30%ile 40%ile 2aBrAS [ 60%ile 70%ile
B X 1.0 231 166 153 135 129 127 118 118
P X 0.9 228 164 151 133 128 125 116.3 116.6
B % 0.8 228 164 150 133 128 125 116.0 116.3
B X 0.7 231 166 152 134 129 126 117 118
hm X 0.6 241 173 159 140 134 132 122 122
B X 0.5 305 218 199 175 168 163 151 151
(c) wARET (kW)

O 10%ile 20%ile 30%ile 40%ile Ll 60%ile 70%ile

2,387 1,630 1,440 1,108 879 535 180 164
(d) FHWREFAEE = (MWhly)

O 10%ile 20%ile 30%ile 40%ile L 60%ile 70%ile
B X 1.0 2,924 3,095 3,081 2,903 2,574 1,863 967 906
B X 0.9 2,958 3,131 3,119 2,940 2,607 1,888 980 918
B X 0.8 2,961 3,134 3,123 2,944 2,611 1,893 982 920
B X 0.7 2,926 3,097 3,086 2,910 2,581 1,872 972 910
R X 0.6 2,804 2,969 2,959 2,793 2,476 1,800 934 875
R X 0.5 2,213 2,350 2,355 2,240 1,978 1,450 756 709
(e) FEEREMFIHZE (%)

O 10%ile 20%ile 30%ile 40%ile bS] 60%ile 70%ile
B X 1.0 14.0 21.7 24.4 29.9 33.4 39.8 612 63.0
P X 0.9 14.1 21.9 24.7 30.3 33.8 40.3 62.0 63.8
B % 0.8 14.2 22.0 24.8 30.3 33.9 40.4 62.2 64.0
B X 0.7 14.0 21.7 24.5 30.0 33.5 40.0 61.5 63.3
B % 0.6 13.4 20.8 23.5 28.8 32.1 38.4 59.1 60.8
B X 0.5 10.6 16.5 18.7 23.1 25.7 30.9 478 49.3
() HemARRAE (%)

O 10%ile 20%ile 30%ile 40%ile AP 60%ile 70%ile

86.3 86.8 71.3 67.1 473 24.0 225 12.2
(g) TimEfmFIAZE (%)

O 10%ile 20%ile 30%ile 40%ile o 60%ile 70%ile

20.7 344 39.8 43.6 50.5 75.6 77.9 98.4

) O - IKRIUKE 5 - %ile: % BB IHEZRTE R © hypey X —
FUTTIA R e K, AT 7T &_—hgéﬁ)dj%z%%/j—‘j—o
i, HERWTELD

IR KA R D F R TE D - f

BB SN WIRBIZ O W TR, BERREEEZRL TV,
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c MALIZHTDER

(1) & LD

Y EM Z a0, KT IZ 52 5 10 R 9,040 ha % FFD
BEEHLATHY, BESVLAEHIZY L BXA%
LTV B, BRHUKE 8777 m's (9 HHEEREHIZK (L
&) 8.279 m¥/s, LAKGEIZK 0.324 m’/s, T3EM7K 0.174
m’/s), AMEFAKER 30,500 T m’, EHHmKMIZBIT S
HAEET47.94m Th b, EHHHIZ SH1IH~9
H10HTHA, —F, bk¥ESBIOLIERKZ, EH
il L C—EmOMiE1To T\ b,

(2) T— oM LB L ORR

F=F oW hiEE T 3-adT¥AIC#ESTLE, 7—
&I, 2001 ~ 2008 £ TH 5.

Fig.10 12, 8 L 72 BEMHAKE ORI LR T,
REGNE, FEFAKE L RS OBKFET O 720 0H
FAZMA T, Bk EAKE - TEEHRMHE D 7230 O M
ZIZIZHEMZ B TITo TV DOV TH D, 7D
7o, S H A LR TILHIARATHRYE (183 H) 122
FTRIET LTS5, ERDREE, K - T3ERK
MG MR L 72 1 mYs B OBRE TBBLRELEL T
W5,

WIZ, Table 3 |2, KEHBL O E & KMIRE DR
RT RFEFTIE, S &4 LR, kWh &7z 0 ik
filizs, [2EdEKE = 60% B, HEFR)EE =
HRENEZD 081G Dr—A TR/ b, ZZT
Dy —AEDE IR KA EED 0.8
R REE L 7o 8Eic, Km0 ENEEIIOA%E
5 2 558 %, Figll IZR9,

KRFEF T, FEBHOLE LK EORE
(Fig.10) 12X, ik % 20% @B EfERTE F TR
TEE/E XL, TCICEMZBEUEEIREE 2D
ZENbH,L (Figll), 512, A MR/ —20
60% BB RTi R T CIRT &85 &, EME@ELTIEIT
—EOWNEZHAFT L WL D ZD720, [H
r— ZOREHRMAFRIL, oy oL bl TEw
78.89% |23 L (Table 3(e)), kWh & 7= V) EEFHL(HiIZ, b
DY LB L T 70 ] /kWh Td % (Table 3(b)) .
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Distribution of discharge for electricity generation at the M dam

55212 % (2012)

X512, b L 60% MR F CHMEKE T T
ELChH, SEMITRESRAEE DRI, IAME (4,196 MWh/y)
D 64% (2,701 MWh/y) 23 L (Table 3(d)), Wit /AH]
AL, STAIHELTEWV51.9%I2:ET 5 (Table
3 ERATND, T, EMTRSERIEDI K
KembDI, [HHEKE = 20%BBMERGE, MLiEf
Wik = KERNEZED 0.8 5] O —ATH %S (Table
3(d)) .

4 FEH

OICl, #EAAPEENTHS LWV ) BEIRIZBWY
T, WAL EER T L TH D 3 DOFFIMIX 2515 &
LT, BERT VY VOFMZITo 720 R LT,
BRRT V¥ - TA ML, BEBEROBE b
VIR (RRSEBEMAE) OEICKE K
B ENHL L R o7, BARMICIE, FBEMRRER
D/ — A (D T3 & Mr/hr — 2 1) (& [2E8EK
&= P~ 60 %8 EiERRE] THho72DITR LT,
EMTTREAEBNIEORKT — A (LN BB RERAT —
A ) [ E = 10 ~ 20%BBMERRE] THo 72,
— T, HELANEEIIOVTIE, T A M — A,
BEERKNT—ALD, [IRKHEEED 0.7~ 0.8 5]
HEIETDH - 720

[TA MRANT—A] 1, BEFOFRTMRD /Y —
VICkoTEEHLZLO0, FHEBELTCBBERAT
F v NRBEEMIINE =T, 200FHF (SFL M
FLn) T, JEEPEH O N HERR RS2 DIGHTE 50
R TH oo —HT, WTHOHEMITY, #EHEY D
BERTFT VY VETSIEL LN TV o7z, Z
MWICH L, T3EBRRAT — AL T, EFEHIRE R,
R &M — 7 S0l o —ik % B  KEG D5 ER
TV VERHTE 2O L, IFEFHIC BV T,
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RHGED - REEES R B B — AL O RSER S A 2RI L7 NK ISR T

T/ME (v LB OFEL) & B RRKIEOM
ThL— R4 72855 EHOEnE Lo, (B
DI ML= FF 72T 2HRGTHEO—D2 L

T, WRHMNORZLBHAOEHREREL, ThT WCHEEE A b 5.)

Table3 M ¥ AIZ51F 2 FERMRAERAZFE ) SHEIGED AT H
Estimated performance indicators for power generation facility at the M dam

(a) 171 (kW) BH72 0 BEHEAM (F /kW)

V7w )VORHI

TTEPEH], JEEMICH WA 2 L 2 5B 7,
TR E L TWAEBLT oK IS E iR TlE, 2
A MNDOHMS, O L) RBEHOFEERORE T

O 10%ile 20%ile 30%ile 40%ile o 60%ile 70%ile
267,271 310,931 327,568 352,129 408,070 451,384 486,417 494,666

(b) ZEEE (kWh) &7z ) BEEEHAG (19 /kWh)

O 10%ile 20%ile 30%ile 40%ile ol 60%ile 70%ile
R X 1.0 286 133 110 97 82 75 72 72
P X 0.9 282 132 109 96 81 74 71 71
R X 0.8 282 132 109 96 81 74 70 71
P X 0.7 285 133 110 97 82 74 71 71
P X 0.6 298 139 114 101 85 77 74 74
R X 0.5 376 174 141 124 104 94 88 88
(c) AT (kW)

O 10%ile 20%ile 30%ile 40%ile DA 60%ile 70%ile

2,887 1,664 1,391 1,092 677 493 391 372
(d) FHEEsEETE (MWhly)

O 10%ile 20%ile 30%ile 40%ile DA 60%ile 70%ile
B X 1.0 2,700 3,878 4,139 3,951 3,354 2,977 2,647 2,554
o X 0.9 2,737 3,923 4,190 4,000 3,398 3,017 2,689 2,594
e % 0.8 2,738 3,926 4,196 4,007 3,406 3,024 2,701 2,606
e X 0.7 2,704 3,879 4,148 3,963 3,370 2,992 2,677 2,583
B X 0.6 2,589 3,720 3,985 3,810 3,243 2,880 2,585 2,496
B X 0.5 2,054 2,981 3,230 3,102 2,661 2,380 2,157 2,091
(e) FEHERLAMFIHE (%)

O 10%ile 20%ile 30%ile 40%ile ol 60%ile 70%ile
B X 1.0 10.7 26.6 34.0 413 56.5 68.9 772 78.5
P X 0.9 10.8 26.9 34.4 418 57.3 69.8 78.4 79.7
R X 0.8 10.8 26.9 34.4 419 57.4 70.0 78.8 80.0
P X 0.7 10.7 26.6 34.0 41.4 56.8 69.2 78.1 79.3
R X 0.6 102 25.5 32.7 39.8 54.6 66.6 75.4 76.7
R X 0.5 8.1 20.5 26.5 324 44.8 55.1 62.9 64.2
() BrmAFHEE (%)

O 10%ile 20%ile 30%ile 40%ile gLl 60%ile 70%ile

64.1 93.6 87.5 74.1 61.7 54.7 51.9 50.7
(g) FaMmRAAE (%)

O 10%ile 20%ile 30%ile 40%ile AP 60%ile 70%ile

15.0 42.8 52.5 68.3 84.5 92.6 92.9 97.0
) Opa © KUK D= 90 B FEEET I | Aoy DR AR O G R EAED -

BTN Fe e KR,

PN R A 2R o
B, HEFMTEREOBEI A SR WIS

DWW,

FIEERNFEAEZ TR LTV,

A
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FHZBWCTEAERIC L AREBFETON TV AE, 2
TR, T LESEEITOEM TR T L. MFEE
rid, wARFEEMAKE 12 mYs (O B IR AL K
HomYs), ARAERITES 405 m, HAHT) 41,000 kW (41
MW) DO TFAFEEHTH S,

Z 2T, 2002 ~ 2010 SEDFEEMKEB L UVFHE
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Fig.12 |2, 84EMDET —F 12OV TFIE L, H
B OBBEHERB I Z R G ¥ ok, BEFEFFHW
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BWTY, TNaxHWEERBI b Twb, 0
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WU, wmARIICEW LNV BTA (B A B X)
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[ ZRBIRDZEF A SN B DL, BRL EBHEED D
BWVHLS, MitmE Ko CHERNEE AL (F72
WBREEEIETS) SEDXLIELIEH LT EERIELT
Who LA LS, R, TIio RN
FAK & MG 2 7oy Zee L7z (387) 37
b, M OEENIHKN D%\, 5T, T
Hoo BT~ 11 HREE, Wit G8%E) 25
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Evaluation of Hydropower Generation Potential Using Agricultural
Dams in Tohoku Region

UEDA Tatsuki, GOTO Masahiro, NAMIHIRA Atsushi and HIROSE Yuichi

Summary

This study aims to evaluate the electricity generation potential using discharges and water heads available at ma-
jor agricultural (irrigation) dams in the Tohoku region, where the electricity supply has been tight as a result of major
accidents at large-scale power stations caused by the East-Japan great earthquake in March 2011. Since the agricul-
tural dams are designed primarily to supply irrigation water to paddy fields from late April to early September, the dis-
charges tend to fluctuate throughout a year, with peaks in those months. For this reason, when hydropower generation
is conducted using such dams, there would be a trade-off between maximizing electric energy generation (by install-
ing a larger hydropower station) and minimizing construction costs per kWh (by installing a smaller station thereby
smoothing out outputs across a year). Nevertheless, as a result of our case studies on three representative dams, the
above “electric energy maximization case”, as well as the “cost minimization case”, is supposed to be at least profit-
able. We therefore apply these two cases to other dams in the region, and estimate that hydropower plants at the major
agricultural dams in the region would collectively generate around 155,000 MWh/y (electric energy maximization
case) or 97,000 MWh/y (cost minimization case), which roughly amounts to 55% or 34%, respectively, of the electric-

ity demands for operating irrigation facilities (such as pumps) in the same region.

Keywords: small hydropower generation, agricultural dam, renewable energy, water management, cost analysis



