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Synopsis

Makio dam in the Kiso River is a multipurpose dam which generates hydroelectric power and supplies
water to Aichi Irrigation Project. Reservoir sedimentation increased in the Dam because of Nagano West
Earthquake in 1984. It cost about 3 million yen to recover active storage capacity in 1996 by excavating
deposited sediments. In the future, flow regime is going to change due to global warming which will
have another impact on water resources management. In this study, we assessed multiple effects of the
several reservoir sedimentation scenarios and future inflow changes calculated by GCM model and
distributed hydrological model (Hydro-BEAM). Regarding hydroelectric power generation, annual total
generation can be almost maintained by modifying seasonal dam operation rule. However, water supply
to the Aichi Irrigation Project will be subject to severe damage mainly by the loss of active storage

volume and additionally by future flow regime change.
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OREOE T, ILRL  HERAB TH 5. £z,
IR Z AU ) BN 9 LT\ 5. bAE
DORBNTFHHERIBK B 1,700mm & £ <, HERIATHR
OIEFCHERUC LY, FHIFICE & o =Bk 4
CRDMEANHD. O LD Igthnt, biSEIXHRE
IR T THMAERE - JHOIEF etk T2 (W) ¥
LIKIRHIBRBE R 2 > & —, 2008).

HITE 23 2l Gl | A K & < BER B R &E W2 &
o, AFAOME, BiSOmEN» G X A ERET HERN
KEWVERAR, 2012). TDOZ LE2RPMINTRTHOLE L
T, BRI TEKEZECTEREAT. ) 0o

JIBEHIFZEDRIB Sz 2 LRBT B 5 (1, 1991).

ZOXIREFERH Y, DARENIBIEE TITHK 2,700 H
DRY LzixiE L, HRE 4 fLoX MEAEICR T
(World Commission on Dam, 2001).

#2700 DX LAREICE Y, 1 AdT2 Y ORPAKR
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BOYNIRETHI2bRETH 223, 1987 Fi2iE 1

ANY 720 O KAEFEE 660 m 0> 1.4 %5 F TIZEE L.

BUE, DOEOW)IAMERIL, & LO%EIC X R

WCEVKTIEICH D Lz D (PR, 1991).

TRPAERE - MHENERTH D Z &L, X LOERERD
A - MR PSR W TARIR R TIE RV, 2 A
WMATBDEWO b, RfRO/NS T U+ v am— R
EVE, & LR TS EEN SN D RN & 5
3, ZIK VRIRO K X 7RI -CIRRAS 12 2 SN O
TTRICHERS U CHERD & 72 5. 72, A P O T,
mﬁ%%ﬁ%@&gzmzrmé’;éi@%%:mu
DOWEKRIZ L BRILR 7 &, BIRSEFIC b RE S %
Uzuﬁkiﬁmmm_uﬁﬁéHﬁi_@ioﬁk%
WRIEEDIRT L, 4 L0 100 (EEHEHERD &% FF % 7
STHR T L T D HIRZ . X AHER OBETTIC X
> CTHBRPKED R b s &, doka i LTt
W% 2 AL S OKR AR IR EZAT 5 BREMKT
THZENEESND.

—75, & LHEWFE CTHET S 100 A T —L D%k
W, RUBEEENCAE S IO ZEL BRI CTH Y, FFiZ
EEHIROKRS - glE o & L REHOZL, HERCH I
X DK DEA T2 L1, BEOKLHFHRIC IS TREE
SNEBEFOX AOERICKRE REEL 6T L
NEZ NS, WAL, & AHERC L D ADETKE =D
B &, KUBEZEENLE D BRI AT DA, FE7E
ERICEZBEBIZOVWTFig 1D XS IZEELTWD
(¥4, 2013).
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Fig. 1 Assessment of the influence of reservoir sediments and
climate change on hydroelectric generation (B4 5,
2013)
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Fig. 2 Outline of Makio Dam and the Aichi Irrigation project
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Fig. 3 Outline of the project of excavating deposited
sediments
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Fig. 4 Change of reservoir sedimentation (in the active
storage and the Dead storage) in Makio Dam
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— BRI 33T 2 HERD R R 1L, BB AT T
TR BRI 4 LB RRE L, BEEM SN D
b A I FAREIT 2 RELSNC b, TR - HERE LD
TEARC &0 BB~ 2 071550, kit BRIz gD /1 /<
AZRE L, FEDRA - HEE 1% & L T~/ A 8
AT DHITERENSH DH(F « Sameh « g5K, 2012, EA -
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% (Bettinaetal, 2007).
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—HRENT H DGENT S SRR E R Lo T, ¥
Wik T 2 BEED A LEAMRE AV CTITbn .
MR A KB D A LEA R I EDER LA
FIKE B E BRI, 5/1-12/1 £ TEVKNLZHERF L
TWb. —FHT, MBICEHKREDRLGEHTL
», 12-3 A DY W TIE, BRY AidirdizkE —

TRERFE L, 3I3LITITHFRALAS Om (272 5 & 5 i
ATV, 4 A oS HKZ W T 5/ ICHONmAKIZZR D
L 7ERR R EN TN D

Ll RS ME FROSHMAKOERTH L0
& LIE BRI S < SR AER ST T L, B
KOTIK A D& 5 FELE LK OE D THRDA L L
ANBEHEFFT2 2 EB3ROLNTND. 2070, B2
& 23 EZ5(5/1-10/3) TIEFR L & LA R 200 mifs AT
FIITA WL LA 100 mifs LITF, EFRLSCII4 ¥
Z AR 100 mifs LA & 72D & AFRBUKMHIR S,
LY DAREL O Z DRAERAE LTV LGS
1% 15 mi/s HitE DL, SIEH ARAENRE LTS

B3 10 mfs B DHIRA T AL TN .

Fo, TIHOWFEET VLN, BRET VL )
HORET VAR E L. ¥8KET MTE F(5/1~10/3)I2
JEKOZ2S 3m LA FIC 72 o712 & &1, % Omifs & L
7o WRRIEY LAOFMETKEEZBZ HKESE L,
ORI EIIIHE L MERO L O L Lis, AT D
NODOEMEEEBHWNEN LIZBRBY LT IV EARERK
L.

2.2 IKEI-BF/KERRER(H-V BER) D/ — 51T

HEWDHEATOHERD S R L O A L » T, EF 2D
H-V fliff « BRI ER LT D 2 L 2B L, Hibik
IPRPUTIE U7z 6 DD X LET )V EVER L 7= (Table 1).

BB A AT 1961 A (RERRINF), 1994 AF-(HRHI L 2q0),
2007 AE(HRHI T EH4%), 2010 2 F ATk E R O
H-V HifR OB AT (Fig. 5). Z Z T, 2100 4F
D H-V MR ZER T 2125720, 2007 DK

FETERR LTz,

Table 1 Reservoir Height-Volume (H-V) curves based on
several reservoir sedimentation scenarios

-
Casel-1 1L &L,

Casel-2 L 7L ELL

Case2-1 &HY ALY &Y

Case2-2 &HY HREY L

Case3-1 HY BRO215 HY

Case3-2 HY BHIRD 245 L

5

Fig. 5 H-V curve before the project of excavating
deposited sediments

Fig. 6 Shape of reservoir sediment

Fig. 7 Change of the amount of amount of annual reservoir
sediment

Casel-1

JEAI LH D 2007 4R35 4 M AHHA Ligho
A THY, 2007 FEDOHV XEZOEEHNS
Casel-2

PEHI TH 2 TR T 5E T, 732 2007 4E20°5 93
EM WAL= —AThD. ZOHE, K
THEOEHIETH S 500 JimZ 50 2007 FEIZHA S8
72bo & UTER L=, 500 /5 m @ b OHERE R I
1961 F(REERIRF) & 1994 4E(HRHI LR OHER LR 4 5
& L L7 (Fig. 6).

Case2-1

A T4 D 2007 F-75> 5 93 4F-MIT 7z o TEURDF
PHEBHED B L AR DO_R— A THID LT BETH 5. &
DR 2012 £EF TOE S L OERTHERD B D2
{b%& Fig. 712”3, 1979 =5 2007 4% Ci, gL
Wk - R BRI PE AR 1 & D KR e DR RE A X b
SOHEIRE THFIC L D NBPIERORBERRE NS
Z 6h, FEUERMERDEIL Z oMM 2RO TR L.
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Case2-2

PRI TEFHA1T > T ZeL 2007 4EICER & [FIRED~_—
ATHID LIZIBETHD.
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WHITHFH D 2007 E205 93 4ERITH Tz > THIR 2
fEON_R—ATHR LI=HATHS. Zhig, Fﬁiﬁﬂ?/\*ﬁ L
L CRRE LT : DT, MLk - REPIRVE R
D KB e T AEFEA R R0, RUER TN X D i@i
FEEOMMN EOFREEEEBE LIZLOTHS.
Case3-2

JEHI T H 21T > TR 2007 FISHRRD 2 fED~2—
ATHERY LT=56Th D,

23 FEFRARAZEOEHE

FERTPRBRARIL, FHFHRIC & > TR 7= BIER
S IR DR ARG N TOMRE X LR AR D
BE %, A ZEICERRARICE T TR, A
W&, 4y A A R BR 55 BE A £ 7 /L (Hydro-BEAM:
Hydrological River Basin Environment Assessment Model)
Z AWz, Hydro-BEAM OFERIICEE L Cix, &ikEo (L
D, 2009)ZBBLCWElEElw., 22T, @
Hydro-BEAM ~D A NE 5T — 4, @FtHEHHIC L - C
KD T2 BAERMESAE TSR 2 fFRAESRME T Tl
B NRABEOEG ZRT

(1) Hydro-BEAM DAARERT—4

BAERME, PERKUESAT FEENICBT 5D, TRl
DIV v KAy 2l Lo EMOKIR, r#ﬂ?% AR
Wi, = LC 1R BN O BE RN BRI E T L DA
ML 725,

BERWESMEO ANTMEE, HIEK S8R 27 A
(AMeDAS: Automated Meteorological DataAcquisition
System) & Hi 5 58LIHE  (SDP: SurfaceDaily Product)
OBIT — 2 %50, BRI E - (1IDW) 2
WTZ Uy KAy a7 =2 R LIER L7z

RIRIZOWTIE, RefEEZFRIH L, Y - A -
AEEZ2EHE LT, BT —F L U TEAL. 1
RER BN O REK B DWW, BT — 2 2 20 F 5
M U7, MEER L ORIEEDT, SISz
SR - BRKE - B - RRUE - KERRE - HREER o EI
Bl 7 — & % L1, SVAT(Soil-Vegetation-Atmosphere
Transfer) & 7 /L % AV CHLZR il O ORI % fighir 3 5
Z & THEE LT

—J, FFREESM T TOTRIMIL, IPCC 5 4 KT
i EEICRBIT S ALB 1) FicES<, [RBITERE
WFZERTIC & 2 8\ MR 2R KK E T L (MRI-

AGCM3.28)D H I1fE R A W TER Lz, KiRic>»
W, BESESRMICBIT 5% 7Y v KAy a2 ORHE
MORIROBBNEIZ, MRI-AGCM3.2S O -4 D
BE LR DIk KD EFRE 2N 2 % A
Wz 1 EEREEAL DR K BRI OV TS, BIERRSIEC
*Té%ﬁUfoyv1@1ﬁﬁ$ﬁ®%m%@ﬁ
T, SR OEE & FERICHIBPN -2 O BUIE < 5t
?éﬁﬂém{%mkﬁn 15 %F Uiz v MEER
FOERHET, FRoKE - BkET—# &, BlllE
&) UARGE L 728G - KEJTE - KZERJTE - BRI o B
BT — & &6, SVAT TF /L& HWTHEE L.

(2) MHEFEIZE > TROE-RAREHGTI<H
T ARREEGTORES LRAEBDEIS

Hydro-BEAM % fV T, BIfEAUEE Tl 1993 42~2009
£, FFIRRE Tl 2093 4E~2109 £ TORE L LD
YIHRMMARZ R, BUELKESM TIioxd 2 0 k& %
KT TOREL LIRABEDE|IGE RO, T2, RS
JIAKRIZI T, SVAT EF /L TR LA BT
I - A MR K & - A RN R - A AR -
A R RS & - A R AR R OBUERE & kR
oD 55, HAMBERKE (Fig. 8) & AMATHER
E& (Fig. 9 O EWEY L~D A AZEOBE
S &Rl O Ll & BIE R OB R D
kgD A B AZ&OEIE (Fig. 1002 L FITRT .
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Fig. 8 Comparison of monthly total amount of rainfall in
Kiso river system by SVAT model between present and
future climate
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Fig. 9 Comparison of monthly total amount of snowmelt in
Kiso river system by SVAT model between present and
future climate

— 495 —



(m?/s)
45

40
35
30

% aFEEE

20 pRESE
15 -+

10

; . I
0 T T T T T T T T T T g 1

PR R R PR R PR

14 +
12 7
1 |

R R LR LD PP

Fig.10 Monthly inflow in present and future climate
calculated by Hydro-BEAM (top figure) and the ratio
of future inflow to present inflow (under figure)

24 ETIIZKBEHFREOIE

AW TIE, B —ACBWTHRY MEAESEST
VDO IMETEH D HENGRED KT EIZ L DFIRE,
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& TERBUT X - THERDEETT, U Eh OB Rl L7z

AT, OKNEEERE, KOZFOFREOHERE, O
KIEHE, L OFORKOFHFEIEZ DN TR B,

(1) KOFKBEESLUREFIEDIHE

KN EREIIE IR e AHERL > TRDS
W, WREX LB T 5EEZmM)IL, A RTKA+
UM)ThD. ZIT, ARIFAKOIL, & LOKGEA D
DA LNAKNECTOEMTH L. W 5L, ¥ AEH
WONE B S0, BIRE%EEDS EHT 5. BRZ AT
BIF2AKRNFBEERIIUTOXTROLNDS.

FEE ) (kw)=9.8 X AR B(ndfs) X (. (2.1)
X LD ZEFRAL+94)M X 0.85

718 (kwh) = FEEH 71 (kw) x KEfE] (h) (2.2)

FEERIZEOFEITIL, ik 17 E D 5 ERE 22 £ D
R0 8.4 F/KkWh, STk 23 4= LI 12 F/KWh OFIZE
EERHIENTED (BAD, 2013) LEEL, 220

BAOHREZIT o2, BATIREM OB IEEN &SN
EEEBEL, FHOREERICHIZEH (794) @
HEEHNEROES EMREENEE) LHELL.

(2) BKEESIUBRFBROGE

BB AOIFKNLA 3mEL IR T L7z, +43
WEIARKICKEMRET 5 2 LB TERVEKATH
LHERMRL, BAKICEE—AHEY oBKEL, 1EH
(A, 1996) & e L CRE AT 7.
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Fig. 12 Total amount of effective discharge (observation and
calculation)
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(observation and calculation)
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Fig. 14 Monthly average inflow into Makio Dam, Kaneyama
Dam and Imawatari Dam (observation and calculation
(observation X ratio)
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Fig. 15 Representative example of Makio Dam operation
result in each case
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Fig. 16 Monthly average water level (m) in Makio Dam in
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Fig. 17 Change of the amount of water level from present
climate to future climate in each case
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Table 2 Total effective outflow and ineffective outflow in 18 years in the each case

HERDHEITERE EEIH & SUREH |BESEMEEm)/RIEANEE M) | H2ETKE (Bm3) | BB SBURE(Bm3) | LESNBERE (Fm3)
. mEEY 74%? 142/94 6655 649888 200608
BETHEL -
N mam. | oE 142/04 o155 643830 20180
maEYy | —BE 142/107 5410 cazsed 205
s RIS ) 5% astesn tozte0
O 142/112 4910 P e
maEy 2T 142/120 4105 3L282 G195
oo ) || o
PRHIfEL . 142/123 3515 e R
Table 3 Water availability in the each case
KA (%) BHETEL R ETEY(5Hm3/E)15hm3/ &) SRR 00Fmd/ )
ey | AL ey | AL ey | gaml
BExk 164 163 155 150 742 730
fExl 193 188 783 19 165 16,
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Fig. 18 Amount of monthly average effective discharge in

18 years in each case
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Fig. 19 Change of the amount of monthly average effective
discharge from present climate to future climate in
each case
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Fig.20 Relation between the active storage and times of
the max daily outflow in April in 18 years
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Fig. 22 Change of the amount of monthly average ineffective
discharge from present climate to future climate in each case
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Fig. 23 Relation between the active storage and the percent
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Fig. 24 Relation and the active storage and water availability
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Table 4 Total amount of effective outflow and hydroelectric power generation in 18 years in the each case

HERDE TS HREIH & SUREH BEAMEEM)/REANEEMAEITKE (Fm3) | BEMBRE(EmI) | LEBEHE (Fkwh)
EEIAY R 142/94 6655 kit IR
ERETEL K 665885 200644
FHIEL b 142/94 6155 B T
53k 661688 200333
Y i 142/107 5410 642864 198440
LR EATEY(15T5m3/ LS B Ll
AL A 142/112 4910 638736 198264
%k 654850 202087
Y B 142/120 4105 631249 199132
ERESTHYGOAMI/ e S i Ay
IR e 142/123 3515 621992 196711
K 639564 202064

Table 5 Ratio of the total amount of hydroelectric power generation in normal case (present climate, excavation, no progress of

reservoir sediment) to hydroelectric power generation in other cases

EEEY | ﬁmn‘ wEIEY | iREIEL EEEY | EEIEL
BHERXE 1.000 1.004 1.008 1.007 1.011 0.999
FRxiE 1.019 1.017 1.026 1.026 1.027 1.026
® Ra
o
g 3 ;(1 :‘2" :\‘}‘ ‘,ﬁ* \_?\ A __,.Q‘ N \\-_,\2‘ =
Fig. 26 Change of the amount of monthly average
a) Present climate ineffective discharge from present climate to future
climate in each case
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Fig. 25 Amount of monthly average hydroelectric power

generation in 18 years in each case
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Fig. 27 Relation between the active storage and the annual

total amount of hydroelectric power generation
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Fig. 28 Relation between the active storage and the amount
of summer hydroelectric power generation
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Fig. 29 Relation between the active storage and the ratio of
water shortage days
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Table 6 Percentage of the number of water shortage days in 18 years in the each simulated situations

Bk (96) WRETEL  |HRETEYIS5AmM3/E)|HETEY(B0AmM3/ &)
’ EEAY | EEEL | EEEY | EHEL | EEEY | EEIEL
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Fig. 30 Relation between the active storage and the amount
of hydroelectric power generation benefit
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Fig. 31 Relation between the active storage and the drought
damage amounts in present and future climate
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