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@ Japan:A Country Vulneable to Floods

(@I Flood damage in Japan )

Natural and social conditions in Japan make the entira country vulnerable to floods.

WFlced damage (1990 prices) during 10-year pariod from 1980 to 1926 (Unit: millian yen}
Hokknido 382,088 | Tokyou 151356 Shiga 36,290 | Kagawa 28,991
Aomod 101,391 | Kanagawa. 49,569 | kyoto 48,413 | Enime 118,626
wata 135,576 | Nigata 208,736 | Osaka 222,636 | Kocti 375,043
Miysgh 182,737| Toyama 96,221 | Wyogo 178,756 | Fukuoka 93,637
axta 124,706 | snkawa 40,789 |Narm 52841 [Ssga 94601
Yamagata 00 BE6 .Fulmi 55,676 | Waknyoma 67,542 | Mognsakl 123,581
Fukushimal 74,021 | Yomonashl 60,336 | Tottorl 46,882 | Kumamoto 269,637
looroki 82,124 | Magano 95,374 | Shimane 157,396 | ona 254,028
Toohigi 165,680 | @i 86,980 | Okayama 165,380 | Miyazaki 221,895
Qunnma 71,285 | Sniucka 180,940 | Hiroshima 123,419 | Kageshime475,495
Saltama 141,087 | alehi 88,172 | Yamaguehl 85,241 | Okinewn 26,104
Ohba 110,040 | Mie 181,700 | Tokushima 76,197 | o 6,408,832

Haote: Tha fiquras do not add up due o rounding.
Source: Flood Damage Statiatics 1998 (River Buresy, Ministry of Construation)

¥200,000 million
¥100,000 million

Inarmnilonnl comparison of fons! cover ralios
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Q: Doesn't afforestation make dams unnecassary?

A: Forests are often called "green dams” becauso forosts roduod rnoll
inta rivars by latting rainwatar infiltrata the forest soll and latting It flow
away slowly during nenflead pericds. The belle! that "green dams”
make human-made dams unnacessary 13 & misundersiending, This is
avident from the fact that flcods and droughts occur in Japan every
year although Japan Is one of the most forested countries in the world.
Under the infleence of changing weather conditions, forests do nol
nacessary oot for the benelit of human beings. Whan saturaled as a
rosull of a long or heavy rain, the forest soll cannot be expgctad to
mitigate flooding, In the event of drought, the amount of water that
flows into rivars decreases because forasts absarb soll watar far thalr
own growth. It Is nacassary, tharefare, to mitigate ficod and drought
damaga by making both forasts, or "natural dams,” and human-made
dams function atfectivaly.

—
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(@I Natural conditions

Topography of Japan is steep, and rivers in the @Flood duration and flood discharge per unit drainage area
country generally run fast and energetic because : e
of their steepness. The climate In Japan is A ucoml
characterized by concentration of rainfall
oocurring mainly in the tsuyu (=baiu) and typhoon 5.  Ghikugo Rivar [1440 km?)
seasons and by large differences between 1853 flood {Hasa)
streamflows under ordinary weather conditions & PR
-and those during heavy rain. 1847 flood (Kawamata)
- . o Tennegsee River (55,400 km ¥
» i‘ 4 1846 flocd [Chattanocga)
ki I 2 Columbla Aivar (21,750 k)
1861 fleod (Wilsenville, Qragon)
| I
g
ot TF 5 3 5 & 7 & 5 fo 1@y
@®Longitudinal profiles of Japanese and continental rivers
E'T”;"‘i" Loire River Golorado River
ml | Jaganii River
1.000 Diurmnos River  Saronns Rlvor
800l | Fui e o Fiver
= Nila River
600 Mizsiasipp! Alver
Yoghino Saing Rivar /
Hivar £ Shinana River l,’r "Ill Mlm River
400 Ahone River Mekong River /[
2 ogami River : Fd i
2001 / Tona B :|-"-‘ .‘j y ri
-—_ ’ # —— E— . ——T "
s 200 400 GO0 800 1,000 1,200 1,400
1 Distancs fram dvar mouth {km)
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i‘ m Social conditions )

:;p:!a:;:':::ns:ﬂmi V& d:’ :: %gﬂn @Population and property on floodplains: Japan vs. United States
ig -
prone areas. Flooding In thess Papulation dansity . Japan
of fleodpiaing Floodplain = e — —
3;?:5 can cause tremendous _ rocdoer BN T I
age. — —
Populatian 40% - E% ,
Linitled Statas
Floodplain I )
el
Population  gag = 1% i
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Roles of Dams _

@ Role of Dams in Flood Control

One of the most important roles is to regulate river discharge in times of flood to reduce discharge downstream and

mitigate flood damage. Flood regulation by means of dams, along with river improvement works downstream, s a
very effective means of flood mitigation

"i If there's no dam... Illl o ! If there's a dam... - .

L

Q: Doesn't a dam cause a flood, instead of
preventing it? b nflc bk raservols
A.

. Dams reduce flood damage downstroam by storing part of flood flows in rvar
ghannals, Whon a major flood exosading the storage capacity of a dam flows
inta the dam's rosarvalr, the dam lets it pass downstream as is for tha sake of

sataty. If this ooours, the stage of the rver downstream may riss sharply. Even Releasa from
5 dam

In casas like this, however, a dam doas not ralaasa a flow greater than the kLl nh

flcod flow entaring tha resarvolr. Flood damage, therefore, will not be x

Increased by a dam. 3
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5) Flood Control Effect of Dams

A total of 584 flood control operations were performed in 1999 at dams under the jurisdiction of the Ministry of
Construction. Through these operations, about 50 percent of the flood flows that entered the reservoirs was stored
behind the dams to reduce flood damage downstream.

M Flood control dam operations in 1999
250,000

B Peak flood discharge reductions attained in
1999 (by 584 control operations)

[ Starage at tima ol peak inflow
M Ralonso at Hme of poak nflow

a) Total flood peak

inflow Approx.187,000m%s

b} Releasa from dam at

3
time of peak inflow Approx.115,000m’/s

¢} Reductlon In flood flow
downstream (a - b)

Approx, 72,000m%/s

d) Flow control ratio

(c/ax100) Approx. 39%

B Example of flood contral dam operation (Haji Dam, Gono River, baiu frant rain on June 29 and 30, 1999)

A heavy rain brought about by an active baiu (summer rainy season) front hovering over western Japan caused
major damage to the Chugaku region.

On June 29, the peak inflow at Haji Dam reached 1,140 m%/s. According to the dam operation rules, about 55 percent
of this flood flow was regulated and releases were made at a rate of 507 m?%s in order to reduce damage
downstream.

Later during the rain, the design high water level was exceaded at the Yoshida gauging station (Yoshida-cho,
Takada County, Hiroshima Prefecture) downstream of the dam. In view of the possibility of serious damags,
thersfore, the flood control storage was increased by about 200 m®s so that releases were made at 300 m¥/s, in
order to prevent flood damage from spreading.

pLsii]
AmaIS 11

Flood control dlﬂgram 130 A LLE ] 175 L] 200 X200 2330 LE )

Ghchagn
*Ggggggg SB8EZ=

|

Prak inflows 1,190 mVs |

.. .
| Pk rotansa: 57 mire

Faite ]

J.]?-J:gﬂ L 1300 A fLoe] | TR Fran il 2330 1 ] 400 .
River stage Dam data
Yoshide-cho, Takeda County, area | Name of Dam | Haji Dam
i T 2 Mama of river ! Gone RivariGono River Systam)
/ .\' : ':'J‘ Type : Gravity :nn;;ta dam
Halght 50.0m
I Length 300.0m
Efecha srepezpaty | 41,100,000m”
Pl ol sonagoegenty | 31,600,000m
Yaar complatad . Marah, 1874
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Roles of Dams = _

. Japan:A Country Vulnerable to Droughts

(@I Past droughts in Japan )

)

Water trucking
[Drought of 1984, Matsuyama City)

BCrought fraquancy
Draasght pesaes in e
past 20 yaars,

Reservolr bottom exposed during e
drought (Drought of 1880, Yagisawa "y
Dram)

Reservolr bottom exposed during drought
(Drought of 1924, Samoura Dam)

Source: Data compiled by Natlenal Land Agency (Water Resources in Japan 1999 (in Japanese)).
Mote: The above map shows the number of years in which drinking water supply was interruptad
or restricted in the 10 years from 1979,

o WATER FEVOLUTION



(E Influence of drought on everyday life )
B In case of a lour-momber family ll @
- B Tap watar
S0L=4parsons=200L W Rocyoled waler

Whormal usage

=

Bath G0L  Wipiog el wih atowes 1 Washing one's lack: 16L Cooking:S0L
(Canaon | ﬁ = e Oe 1 >
A, [Evory two days)  ["No bath” day) (Using stored watar) {Using stomd watnr]
Lt ] L [Using paper iabla wors)
’ 2, ACHIELSER (Leundesing ) "
Caoking L - . mfm
B . 1 2 ) o
T
Innormal  Intimasof
times  drought o 300 Saving and storing water used

|T-:ﬂl&t. | = 3og Laundaring: 60 L Tollet, ete.: 100 L '
(Using storod waler for flushing)  {Saving wator, cloaning]

{Every two dirys) = @fﬂ
Mﬂﬂlﬂiﬂﬂl r | by T City's Burssn of Wador Supply and apeled |0

zﬂwmnmhﬂmurTMM =
Bk R B Waber Saving Mede Ensy 0n Japanasal
ummmmm by Wosrd Lahesntary, Ima).

(@< Major historical droughts )

Bath and Iu.ur..-u.nﬂ;-;;
avary two days

. Yearfarea Feriod of water rationing
wﬁd'Tni:ruﬂ?m ic Drought. (dio h“""" July 10 to October 1 (84 days)
1967 Nagasaki Drought (Nagasaki City) September 26 1o December 5
1973 "Takamatsu Desart” drought July 13 to Saptember 8 {58 days)

1878 Fukuoka Drought (Fukuoka City, etc.) May 20 to March 24 next year
e —————————————— 3

1987 Meatropolitan Area Drought (Tokyo, ete.)  Juna 16 to August 25 (71 days)

e— - - — pn—

1894 Nationwide drought

Matsuyama City
296 days

Takamatsu City Fukuyama City
139 days 285 days
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Roles of Dams

Overview of Water Resources in Japan

Japan is located in the Asian mansoon zone, one of the most rainy regions of the world. Annual mean precipitation
of about 1,710 mm is nearly twice as high as the world average of about 970 mm. Since, however, Japan is a
densely-populated small country whose per capita precipitation is as low as about one-fourth of the world average,
the country is by no means blessed with water. In addition, the concentration of rainfall in the rainy and typhoon
seasons makes river How regimes unstable, making water utilization difficult.

B Pracipitation in different countries

Anrual mann procipiakion (mmmar ) Par cophin prealpléation [|1'r'||"u.u.r.|'|.|nuu'|]
[1.000 10,000 | 20,000 | 30,000 |

480 | CAushalia__) MISTOET

Se2 |\ Canada . TATeer |
7B0 | Uniled States | [ 26667
100 ||  SaudArabia 1,413
[ /i =360 | Pniippines T
750 b I GEmnce. ) | 7,086
1,000 | | italy, ) ] 528
L LTi4 | .Jepan o [l 5150
660 | | | Ghina J =] 514
1,470 | | _Indig o) = 4709
1,064 e mmm@ ) ] 4418
a7 | | World average | | 22881

Seurcu, Mabonal Land Agancy

The volume of water stored behind dams in the Tokyo
metropolitan area is only one-tenth of the raservoir
storage in New York.

Il Resarvoir storage (per capita) in major cities of the world

7

3T

Q: Why are they building dams when water

demand is not increasing?

A: People often believe erronecusly that water demand will decraasa as the
population decraases. In reality, however, per capita water consumplion
i& currantly Incraasing as tha living enviranment changes (e.g.. Increase
of nuclear families, increase of flush toilets), and water demand s
gotually on the incroase. Drier-than-useal weathar in recent years has
alsc caused water demand fo grow. IT this tendency continues, water
demand will continua to grow and ansuring that such demand Is met will

bogomo irmpaortant.

BUrban population and annual precipitation

PopulaTie 11,530,007 [TR5000 in Mek Themund it Pepuisticer T30
Feainfgl 1405 o 1560109 Fnniuit 3% e 1950 Vi

20

me HII
i 12

Prondation, 8,780,000
Fainfalt 1020 mm {185E.1080) TEB roon {10401+ 10040
.‘MI i

150
L]

154.-
lIII'p
i
Flnl'ﬂll Fnnfan

2 || nu1||||1:' MM 123466788 101112 |

On average, the volume of water taken by Tokyo from the
Tone River, a source of water for the Tokyo area, runs
short once In three years. Considering the fact that in
major cities in other countries, water shortage occurs
about once In 10 years, thaera is an urgent need to
implement water rescurces development projects. Cities
in Europe and the United States usually use as their
goals the severesi drought on record or a 50-year
drought, while Japan uses a 10-year drought. Measures
nead to be taken, therefore, against extreme droughts
such as the construction of low-flow augmentation
resenvoirs.

Mame of city Drought frequency Goal
Tokyo Once in 3 years | 10-year drought
San Francisco |Once in 11 years | everest drought
New York Once in 7 years S““’%ﬁ?*&g‘gﬁé‘ﬂm
London Once In 15 years | 50-year drought
1
Dikpenen. shay] Watnr consumplion by howsehold size

g

Pof AL wllal COntasmpnn
4
]

z

[ & 4 E] =2
Finnuhuhl slow Garsunivuesteld)
Thoheac 1) Sbusiga: BN LEAH RSSY.
[ [ ——a——yT L T TV

—
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@ Examples of Effective Dam Operations against Drought

(‘- Effect of Naramata Dam and Watarase Retarding Basin)

The year 1994 saw 40% to 70% higher than usual rainfalls in the months of April to August and a nationwide water
shortage. The Tone River system was no exception, and restriction was imposed on water intake from 22nd of
Septamber.

If it had not been Maramata Dam (completed In 1990) and Watarase Retarding Basin (completed substantially in
1989), the restriction on water intake would have lasted for more than a month and the impact on people's lives
would have been even more serious.

WWater control structures in Tone River system I Lowss-than-ususal reinfall in 1984 and effect of Naramata Dam and Watarase Retarding Basin

Binmga mﬂr Heemal siorage capasily 481,630,000 =

e
A8 '\.f‘\

| ighest walsd Il 15 Bumman
f A O, D00 m'

}
00000 " \ T —— L e
e ]
[ TSE—-
[ r— [

\ S(" -
00,000 | | ia:;;_m-.-uan L |

o, P P sy v || o kaaie |

v _ !“"“......

. Rl iy 3

P
—

(@ Effect of dam development in southern Ehime region )

Since the coastal area of Ehime Prefecture’'s Nanyo region, which includes Uwajima, Yawatahama and other cities,
lacks major rivers, the area suffers from water shortage almost every year. Impact of the severe drought in 1967 was
particularly serious: almost all water supplies were shut down or restricted, and citrus, which is a major agricultural
product in the area, withered,

With the completion of Nomura (1981), Sukagawa (1978) and Sanzai (1980) dams, the area became less vulnerable to
drought and, during the drought of 1994, suffered no damaage even though the drought was as dry as the 1967
drought.

T

50 A

J\_ ! [ri |~4-t"_,|'" gt

Yawatahama City ,J

o : :
- A et Dmught-prans anans mro shoen by colars,

Lugand
= Muninipnlity tha undorsand limitod - lme sale supiy
= Municipality thal endurws reduced-gressene waber supply
= Municipalily thal undorwan walor infake restriction
Uniaftacted nran imunieipaities sandad by 3 wabar supply dams)

| =]

Paaifia Cannn

|
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Roles of Dams

Purpose of Comprehensive River Development Projects

(‘- Flood control J

Flood discharge and therefore flood damage downstream are reduced by controlling flood flow with a dam.

(@D Maintaining normal functions of river )

During periods of drought, dams augment low flow conditions to maintain the normal function of rivers (providing
secure water supplies for existing water uses, navigation, fishery, tourism, prevention of saltwater intrusion,
prevention of river mouth blockage, protection of river management facilities, protection of wildlife, keeping river
water clean).

0 WATER REVOLLITION



WFreventing saltwater intrusion

Saltwater invades the freshwater section of a river if Saltwater intrusion can be prevented by
the normal flow of the river is not maintained. _ __ maintaining normal flow.
River water ————__ =

j = —— —

River water

M Maintaining groundwater level

Groundwater level can be kept high
Wall by maintaining normal river flow,

BPraventing river mouth blockage

If flow is low... If low is high...

Sea current
Sea current

Protecting wildlife

| WATER REVOLUTION @




Roles of Dams

7. Purpose of Comprehensive River Development Projects

(E. Development and municipal and irrigation water and power generatiun)

The purpose of comprehensive river development projects is to meet the growing demand for supply municipal and
other water supplies and to produce hydroelectric power, a type of clean energy, in order to meet the energy
demand.
Dams can increase river flows that are available dependably throughout the year by storing water during periods of
higher flow and supplying it during periods of low flow. Thus, dams make development of new water resources
possible.

(1) Flow nesded to malntain normal functions of river

(2 New demand

&) Supply from dam needed to maintain nommal funclions of river
Ritver flow B} Supply from dam nooded to mest new demand

(natural flaw)

Flow

MNew demand Ezﬁ;/_
——" . :

Domestic watar Flush toilet

Swimming pool Diomestic water

@ WATER AEVOLUTION




BMunicipal water

Agricultural watar Agricultural water

B Power generation

'LL"--.T - 'P' vyreoa

Power generation
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Roles of Dams

Concept of Comprehensive River Development Project

-
AR

- . A b " 5 .
f b . AN 4 : =
Goncrata grawty dam . Vi b o S

= _- >y "_ e -~ '. . -
er ..c‘ ; ___ : . : ~ s . et
- e 1 i { ; 3 > o . = o N
e - T G -
__'h e _
i T . ‘h R, ; ; Y 'ﬁ‘ﬁi >
y = - ¥ L Lk Ly /"/

| Water use efficiancy irnpmwamantpm_mcl prct ..l_,—- - _t,

-
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Estuary barraga
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Roles of Dams

Comprehensive River Development Projects and
Mechanisms for Flood Control and Water Utilization

(‘- Multipurpose dam construction projects )

Multipurpose dam construction projects aim to provide downstream flood protection by securing the capacity
needad to retain flood flow and reducing peak flood flows. By use of this capacity, multipurpose dams stabilize
streamflow for water supply downstream by storing river water during periods of higher flow and releasing stored
water during periods of low flow

e Ty

Relaasing reducad paak flow

Release @ Securing normal flow
& Munlzipal water
@ Agricullural wales
@ Power ganaration
Olr_wra
Origawa Da {Ghu Hﬁ-gi-ﬂr.‘lﬂl i)nnsit.n.;;il‘m Bureau) !
(ﬂ Estuary barrage construction projects )

The purpose of estuary barrage construction is not to store flood flows, but to pass flood flows safely. There are
cases where stable water supply is made by possible by securing the capacity to store river water, as in the case of
dams, and there are also cases where it is made possible by preventing saltwater intrusion to create a freshwater
zone. Choice batween these methods is made according to such factors as barrage location.

e
Barrage |
=TT Maintalning freshwater zone *i
e
: Soa- | _,..---"'"r"
Magaragawa Rivor Estuary Barrage (Water Resources Developmeant water <X _r______..--"'
Public Carporation) _F_,.-ﬂ"‘"' Proteotion Irom salt damaga

Qimm REVOLUITICN



(@I Lake development projects

)

Development of Lake Kasumigaura{Water Resources Devalopmant
Public Corporation)

The purpose of lake development projects is develop new water resources by protecting the areas around and
downstream of lakes and controlling outflows from lakes with structures such as lake shore levees, weirs and bank
protection works.

Loeven construction

2 A

Laka shora leves (Lake Kasumig&urﬂ Developmaent,

Water Resources Davelopment Pu

(@ Water conveyance channel

Water conveyance channel projects involve controlling | Rlbvarr &
the flow regimes of rivers by, for example, divert water .
from a higher-flow river to lower-flow river. The aims of
these measures are development of new water
resources, replenishment of water for unspecified use,
and flood control such as interior drainage for smaller

lie Carporation)

)

! Burplus fow
Reguired minimum flow of rer
Insuflechant Mw

Q: | hear that the age of dams has ended in the United
States. Is it true?

A pirect comparisan of the water resource sltuations in the United States and Japan is nol
possibla because of considerable ditferences In metecrological, geographical, social,
economic and ather conditions babwaen the two countries. Az one Indicator, per capita
resarvolr staraga in the Unitad States is more than about 17 times that In Japan. Under
theso circumstancas, in the United States, new dam construction s ne Inngsr very
aotive, and the maintenancea and reconstruction of axisting dame have bacome the major
gotivities. It was in viow of these conditions that Mr. Danial P, Beard, then Commizsionar
of the Bureau of Reclamation, said, "Tha dam-bullding era in the United States is now
over" at The Internativnal Commission on Irrigation and Drainaga(lCID) Since, howeaver, a
total of 38 dams (dams higher than 15 m) are currently under construction in the Unitad
States, the proclemation “The dam-building ora in the United States is now aver.” is by
ne means true.

Por caplin wattr storsge in @ Ferenl I.WILFI'_I

c ]

i

I

£-]

[Erie | o ol s
] I:
lma | e |
= - i

ar

[

-

_m USA  South Teless UK Jasen
Boced
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WATER REVOLUTION @



Roles of Dams

9. Comprehensive River Development Projects and Mechanisms
for Flood Control and Water Utilization

(ﬂ Water use efficiency improvement projects )

During periods of low flow, treated sewage is subjected to advanced treatment, and advanced-treated sewage is
raleased into rivers to maintain the normal functions of rivers and thereby develop new water resources and improve
river water guality.

=)

_r"/ A dam is constructed for flood contral
and water resources development.

Convarsion to municipal water

e

e ) G
Rivar puriﬂcniiin plant e t plant
// 1)) — J Fiow o ter

Replenishment with - Sa—
'\‘\ ke tﬁufatud sEwagE ) Flow of water use

(-'é' Dam tie-up projects )

By connecting, by water channels, large-capacity dams (reservoirs) with low inflows from small drainage basins and
small-capacity dams (reservoirs) with high inflows from large drainage basins, water being released without being
utilized is stored behind other dams. Thus, with a view to securing the required streamflow during periods of low
flow and improving the river environment, effective use is made of existing dams to develop water resources ina
short period of time.

T

.?:_'.-_ L

Large-capacity dam with .
small drainage hasln

‘I- Conveyance of water being reloased
without being utilized

Reduction of water released

3 utilized

*/ m#':r,,,
ﬂ-.:,""\._ = Incmm in riv

o, - "E'J o e
e R WESE | 3 et
e

-:"?n:.rﬂ
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Diverse Measures

) Outline of Comprehensive River Development
» Project for Meeting Diverse Needs

A comprehensive river development project includes various construction projects aimed at wide-area flood control
and water utilization, such as dam construction, estuary barrage construction, lake development and flow regime
control river projects, and management projects aimed at making proper use of completed structures.

To meet diverse needs of different communities, various projects for meeting area-specific needs, as described
below, are organized in combination with main projects.

LIaImes 0=l UL proge

&AL aLUOSIITed

1. Improving rural or ather living anvirenmant through localized flood contral
and watar utilization maasuras

Community reservolr projects SEEEEEEEETERTE PhddsamsERE A dRaRE BEidisasEEEEE aann

2.Implemanting measures sgainst ingreased runofl due to residential land
development In addition to other llood control measuras

Gﬂmmun“‘f1mwﬂ"’ﬂmﬁn|dlmﬂfﬂ‘mu G AR EE AR A B R B AR A R RN R a R R AeEEEE R A

3. Making the minimum required voluma of water avallable even during
pariods of drought

......... S adai e SR Q Q

4, Improving the living enviranment in a snowy region by supplying
snow-melting/snaw-removing watar

Sﬂﬂlwl:ﬁflll'mﬂlmpl'ﬂm FEETAS S S EER R A A AR BiadsssEEpA b dddanEbE

© 0 © ©

5. Revitalizing a reservolr area by use of wolorside space creatad by a dam (reservalr)

- L. Project for amvironmental fmprosement, .
Resarvoir utiliization projaats P tar rasacvolr ulilizaticn O 0 0
e e rention-oriented dam and rosarvogir 100 O
s FlECTERTICN-CrlEntod mullipurposs dam . ... 0
and resarvoir

B, Improving the quality of resarvair water as a source of water supply

== (@ (Q] |9
Epaciliad resarvald drainige Dagin. oo o o
projoois

7. Alm]ngam. achiove an overall improvement of watar anvirenment Including elimination of
waterlass soctions downstraam of a dam and accsystem conservation

Water environmont creation projects —gwr‘ﬂmmﬁ:: v KA A O O
s Drtrrimnd-sibigsen 1IBNwWEY DIOJECLE ¢+ rvoseses 0 O
s "1 SrBAMT PROBNIN" 4 1i4aass ey O'
(moasurns agrinat acid rain)
e W \ar anvironmant anhancamant dam: 1 oa e Q
8. Preserving a dam of histarical valua
Hmﬁﬂﬂﬂﬂﬂ'ﬂpl‘lllﬂlﬂﬂ!‘lﬂl’ﬁhﬁﬂ ..... PR R E R e e e e e e e B Baaa O

8. Ramaving sediments accumulated In a reservalr to keap tha dam functional

Resarvoir sediment ramoval projacts s Flazarvoir conzarvallon projoots »oressssees
e £ nacifind dam sedimont remaoval projects =«

— i 51T FASTIFANION rOjBELS *rr ey

10. Rehabllitating or upgrading an existing dam and appurtenancas for saler ocperations,
renewel or enhanced porformance

..............................

11. Making more effective use of a dam to revitalize the local community
Community-friandly dam projects ERIIRREE LRI R T e T e R 0

e © 000

12, Organizing a cosl-glfective dam project adapted 1o local needs
Consarvation of forests i dam araas [TTOTSORUORSINSRNNS O T o | Q Q
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10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

(i. Community reservoir projects )

Local water demand in mountain regions and peninsulas and on Islands may be as small as several hundred liters
per day, and most of these areas depend on wells and small strearns. These waler sources may pose problems
associated with water security during periods of drought or water quality. Since these areas are also vulnerable to
floods, there is an urgent need for food control and water utilization measures,

The purpose of a community resarvoir project is to build a community reservoir to meet local flood control and water
utilization needs associated with a small local stream.

)

v M el 1 Y
Rycrigawa Community Reservoir (lwate Prefectura) Kanabara Community Resarvair (Nagano Prafactura)
(ﬂ Community improvement dam projects )

A community improvement dam project involves the implementation of measures against increased runoff resulting
from residential land development and the construction of a fload contral dam. The purpese of these measures is to
achiave flood control goals while promoting development projects.

Without a community With a community
improvement dam improvemant dam

Flead conirol capacity
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(B Low-flow augmentation dam projects )

Areas particularly vulnerable to drought, such as [ —
large cities, require drought control measures so B Conventional reservoir
that people's lives, economic activities and the
city's functions are not interrupted even during
periods of extreme drought. Under a low-flow
augmentation dam project, a dam (reservoir) is
constructed, therefore, to secure the minimum
required quantity of water aven during periods of Water utilization capacity
extreme drought.

== ' Sediment capacity

W Operations of low-flow augmentation dam

t B Low-flow augmentation reservoir

=]
=
B
g T Supplied by ;
= | omnsnioral dm Water utilization capacity
| Low-flow
Supplied by low-flo [ ti pgﬂty y
| Required quantity augmenaliondam Agmentation CAEES
ot Waler Sediment capacity
‘Withdrawal from river during
, pariod of xlreme drought o1
@. Snow control dam projects )

The goal of a snow control
dam project is to improve the
living environment in a snowy
area by developing snow-
melting or snow-removing
water and supplying it during
winter,

tMaking snow-melting or snow-removing water available

WATER REVOLLITION @
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10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

(E Reservoir utilization projects )

Bl Projects for environmental improvement for

reservoir utilization (1994-)*

At a dam under the jurizdiction of the Ministry of Land, Infrabtracture
and Trasport environmental measures are taken in the reservoir
area to induce proper land uses in the reservair area, theraby
contributing to smooth dam management. The reservoir area is
also provided as a place for rest and relaxation, and the raservoir
itsalf is enhanced as a recreational resource, in order to activate
the local the reservoir area.

# |nstitutad through integration of dam area environmental improvement
projects (1975-) and reservoir utilization promotion projects (1983-).

.- . 'r".

Wind surfing > % ° B, A

O T

= Infrastructure

-

LT

Blossom viewing at a walerside park
{Haji Dam, Chugoku Reglonal Developmeant Buraau)

WATER FEVOLUTION
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10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

(E‘ Reservoir utilization projects )

E Recreation-oriented reservoirs (1989-)
In addition to a main dam, a check dam to form a reservolr whose water level always remains the same Is built while
maintaining harmony with the natural environment of the reservoir area. By enhancing accessibility of the reservoir,

these measures help revitalize the local community.

il

Lake surface for recreation
(water level kept constant)
__.,--"'""_F-_

l Reduction In sadimantation behind

main dam due to offect of check dam,
and watar quallty Improvement dueg
1o sedimentation and removal of
Incoming poliutants

wSurcharge level

wMormal water level

Water guality improvement dua to
falling watar from the check dam
and the resultant asration

ElRecreation-oriented multipurpose

dams (1880-)

A dam project jointly implemented with a
local public body, "third-sector" or othar
entity for the construction and installation
of racraation facilities utilizing the dam
structure and the reservolr, such as
restaurants, camping grounds and
multipurpese halls, is undertaken to help
promote leisure time activities.

e S —
—- m— * =
— T — = = e~ —
- =l B~
- e = e N —8 =

Activities in closa contact with watar on water surface formed by check dam
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@ Reservoir water quality improvement projects )

B} Reservoir water quality improvernent projects (1993-)
Urbanization of the drainage basin of a dam and devastation of mountains in a dam area cause long-term
turbidity of reservoir water and eutrophication. To prevent or mitigate such problems as turbidity and
autrophication, an assortment of measures for water quality preservation:

M Dredging, asration, shallow water aeration, algae removal, etc.

B Construction and installation of ponds and phosphorus-absorbing materials; and feeder stream measures to be
implemented as part of both a dam project and a sewerage project, such as advanced treatment, taken for tha

purpose of nutrient removal

BMSlope protection works for turbidity prevention, such as revetment, board fencing, planting, sodding, as turbidity
prevention measures. If necessary, an expanse of land is acquired as an environmental conservation zone for water
quality preservation.

BA tree zone (lakeside grove) is created to prevent sediments and turbid water from entering the reservoir.

Graaning of lakeside slope

ke A

Phosphorus-absorbing materials laid in a tributary channe

Aaration machanlsm Shallow water agration in reservair

WATER HEVOLUIT ZI_%



10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

B Reservoir water quality improvement projects )

E Specified reservoir drainage basin projects (Type Il Green Belt) (1987-, institutionally expanded in 1994)
Various water quality control measures are taken to cope with deterioration of reservoir water quality
caused mainly by domestic wastewater influent from the reservoir drainage basin and wasting of the
surrounding woodland.

W To control turbid water inflow, vegetative cover is created by such means as tree planting in an area in the
dam area where sediment inflow neads to be controlled.

MTo prevent eutrophication of the reservoir, nutrients (e.g., nitrogen, phosphorus) are removed from the
reservoir drainage basin,

; _._|~A 2 - " 'ﬂ

o R f k=) F
Bare land In a raservoir araa upon cnmplstlun af piantmg Bara Iand in a resarvoir area two years after planing
(:n Water environment creation projects )

Bl Projects for improvement of reservoir water environment (1993-)

With the growing public demand for comfortable living, people are beginning to reconsider the muiti-faceted
value of water and recognize the need to create an ecosystem-friendly environment.

Various measures to improve the riverrine water environment, such as development of fish-friendly streams,
are currently underway. As part of such effort, active measures are taken to improve the types of river-
crossing structures listed below and Install environmental conservation facilities in order to improve the
overall water environment of reservoirs and downstream areas.

*

There's no water in the river! Water's back!

T ._—--":'r.l'
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@0utlet facilities for releasing environmental flows
Structures for releasing water for environmental
flows to eliminate waterless sections downstream.

@®Fishways

Facilities for enabling migratory fish to pass through
a dam. A fishway is installed on a channel that meet
the following requirements:

BMMigratory fish already existed before dam
gonstruction and continues to inhabit the river
section in the dam area.

B Construction of a fishway can be expected to
considerably improve the environment for migratory
fish species.

BFishway construction is technically possible.

Dammed-stream fishway projects (1993-)
A fishway is installed at a relatively low fishwayless dam or weir that is under construction in a middle or
lower reach of a river and that is adversely affecting the riverine environment extending over a long river
section by hampering fish migration.

®Released water treatment plant

Plant for treating water released from a dam that is
installed in cases where water released from a dam
is posing a water quality problem (e.qg., odor)
downstream and is hampering river utilization at, for
example, river parks, scenic spots or camping
grounds.

@Spawning grounds

Spawning grounds or similar facilities provided to
improve the habitat of fish in the sections upstream
and downstream of the dam.

@0Others

Facilities, other than those mentioned above,
designed to improve the water environment
upstream and downstream of the dam.

WATER REVOLUTION @
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10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

Water environment creation projects )

El "Clear Stream Phoenix" Projects (acidity control measures) (1991-)

The quality of river water is declining because of wastewater that enters the rivers from their drainage
basins. There are even rivers that are strongly acidic. These rivers have had a considerable impact not only
on people's lives but also on the riverine ecosystem. The aim of a Clear Stream Phoenix Project, which is
organized concurrently with dam construction, is to restore a sound nature-rich river-improve river water
quality, makes a river inhabitable for fish again and makes river waler usable-by installing neutralization
plants.

é‘"] & H’ﬂm"@wm :

ﬂ'l \{ Wm‘?a
Vs a3 b Al n
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[t 717

E 0,2 0 o
a ©

& =

-
WAL st Shilyhama City @¥usston Het Sprng

Befora Aftar N

Sumrmit Agquacus solution af lirme put inte rivar
pHLO Trom noutralization plant

ﬁmﬂuﬂﬂmuhmhm&ummﬂ

Water environment enhancement dam (1988-)

As a solution to the problem of declining environmental functions of urban rivers resulting from urbanization,
river flows for environmental purposes, such as dilution flows, are made available, and suburban recreation
spaces to promote human-water contact are provided.

Diution water In castla moast Hunnlng watar ag landscaping Playing with water in suburban recreation

alamant space
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@ Historical dam preservation projects )

Historical dam preservation project (1890-)

Dams of historical value are preserved, and at the same time their flood control and water utilization
functions are enhanced.

@Reastoration and redevelopment of dam structures

The functions of an aging dam are restored, and new flood control and water utilization functions are
developed.

@Preservation of historical landscape

GCivil engineering structures associated with a historical dam such as a dam body, intake structures and
bridges are preserved or restored, and a historical dam environment is created, giving consideration to the
aesthetic design of surrounding structures.

@®Providing a place for dam history education

Damn-related documents and memorabilia are preservad and put on exhibit to provide a place for education.

e -l - -
. - ww - =

Watar intake tower designed to go well with historical landscape Sayama Pond menticnad in the Emperor Suinin
section of Kajiki (Record of Ancient Matters)

Emrty Ercrwn Puriod reppr {1520]

I:Imm_ul-lmbmn Edia Penod .
[mid- oe kahar Edio Period] "

~
T T = — —

Faighy Aghabdiation
jearty Edo Period, foy Kalagin Balsumob)

T

—

Tenpai Rehabiltation joaly Mara Panod, by Oyagl
——

Criginal dam body {5 peaturny]

Fourdsiion groumd

Cross saction of Sayamaike Dam

WATER REVOLU r@@



Diverse Maasurasl

|

10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

(B Reservoir sediment removal projects )

As one of the measures to be taken against reservoir sedimentation, sediment accumulated in a reservoir is
removed to restore the reservoir's storage capacity.

Bl Reservoir conservation projects (1979-) E Specified dam sediment removal projects (1987-)

As a measure to be taken in connection with At a dam whose design sediment storage capacity has
reservoir sedimentation, check dams or other already been exceeded by the volume of sediment
structures are constructed to keep the actually accumulated in the reservoir, that part of the
reservoir functional and make effective use of sediment that is reducing the effective storage capacity
dredged material as concrete aggregate. is dredged and permanent sediment control works such

as flush pipes are provided. These measures are taken to
restore flood control and water utilization functions early
and to increase storage capacity.

Check dam

[l Disaster restoration projects (1992-) .

If a volume of sediment far exceeding the |
Fluiad cunilial Capadity - A
s
L f B0 B

design storage capacity of a reservoir has
e

flowed into the reservoir and that sediment
accumulation in the reservoir has encroached
,———‘.--"f o

on its storage capacity to the extent of
diminishing flood control capacity to a certain
degree, a disaster restoration project is
undertaken to remove the sediment
encroaching on flood control capacity.

Q: Dams are eventually made unusable by

sediment accumulation, aren't they? Sedimentation ralio by FeGION  pay of 199m)
I,."" | i e A sy

the volume of sediment that can be axpacted to accumulate in 100
years, sedimenl accumulation usually does net pose a problom, Tha
average sedimantation ratlo for dams in Japan in 1887 was 7.0%, g
and although the some dams in the Chubu ragian shew high | B
sadimantation ratios, they are by no means unusable. However, in g

&

/A Since a newly constructed dam usually has snough capacity lo store ‘ i e e i A

praparatlon for possiblo luture accumulation of greater-than-
expected volumes ol sedimant due to devalepment In upstream
greas or oxtromo lloods, which may hamper the functioning o
resorvairs, varous measures (sea the next page) are boing laken to

= : 1
recucn sadimant inflow Into reservolrs and remove accumulatad | l |

sodiment, With tha recent recognition of the neod to supply a [ l | | ,‘ 1 || | D_D'l }
certain amount of sediment to the rivers downstream for gt TR — - per g
anvironmantal purposes, attempts are being made in soma rivars at E § g ] i ] R j‘
ralsasing part of the sediment acoumulaled in resarvoirs Into the i3 E i =
channels downstream. * frommiaier st el o ek o atursiod el
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Measures against reservoir sedimentation

According to such
factors as the nature of
sediment being acc-
umulated in each re-
servoir, various mea-
sures are being taken
against ongoing or
future reservoir sedi-
Imentation.

Saediment is caught al the roservoir Dradgars and other equipment are

entrance and remaoved. used lo romove sedimeant accu-
mulatad on tha bottom of the
reagarvoir,
(3)Passing downstream (@Flushing

In times of flood, sediment s lat to In timas of flocd, force of waler is
flow on downstream via a bypass used o flush out accumulatad
tunnel. sadimant.

Removed material is
utilized as concrete agg-
regate and embankment
material.

(8) Planting for erosion control

WATER HEVDLUTlDﬁi@
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10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

(‘E’ Projects for improvement of dams and appurtenances )

In-service dams are screened to identify dams and
appurtenances that ara not functioning well or are functionally
inadeguate because of aging or by other reasons. The dams
and appurtanances thus identified are improved extensively
and urgently to enhance their performance.

Bimprovement or construction of spillways, gates and other
flood control outlet facilities and low flow outlet facilities;
sediment control using bypass tunnels, etc,; extensive slope
stabilization works around dam body

B Example of an upgraded outlet structure
L ! "’ f

o]

Improvement or construction of spillways, BB
gates and other facilities 1}
-
=

-

Tase Dam (Tohoku Ragional Davelopmeant Bureau)

Aging and falling outlet facility 4 ‘

e

o
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Sediment control through bypass tunnel, stc.

i y Extensive slope stabilization
_ : 4 works around dam body

Bypass tunnel

T

-
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10. Outline of Comprehensive River Development Project
for Meeting Diverse Needs

(‘“ Dam projects open to local communities )

With the growing public demand for opportunities to enjoy nature and recreations, dams, reservoirs and the
surrounding areas are being expected to play an important role in activate local communities by providing open
spaces rich In water and greenery, promoting their utilization and conserving the environmant.
To meet such demand, effort iz being made to reflect the creativity of local communities, make dams more
comfortable to stay at and more open to local communities, and revitalize local communities.

Image of a dam opéen o
local community

s

Dam body and plaza opened to the public for upstream- Dam designed to well with surrounding landscape

downstream exchanges {Hiyashi Dam, Water Resourcas (Miharu Dam, Tohoku Regional Devalopment Buraau
Development Public Corporation)

Intarnal space opeaned to the public Lakeside camping site

@ WATER FEVOLUTION



(@D Dam area woodland preservation system )

There are cases where a local public body or other entity acquires and manages the woodland around a dam on
condition that the dam owner does not pay for the relocation of an existing road. Under this system, part of the cost
of acquisition and management is borne by the dam owner within the limit of the cost of road relocation, with a view
to implementing the dam project in a way suitable for the local economic and social conditions

Before dam
construction )

A new road or roads are constructed to Part of the cost of dam area woodland

= E;_ﬂﬂ[}fgﬁﬁtg&rzf;dthﬂ oSt Rwton o the !_':l preservation is borne by dam owner.

[

Ftelam:lted

R

| . TN .-r

(Effect of new system)
¢ Project cost reduction
® Preservation of woodland around the dam

..L .,,I“ =3

WATER REVOLUTION @



Diverse Measures == = —

) Revitalization of Reservoir

Measures for reservoir area development
Various measures for reservoir area development are taken to mitigate the impact of dam construction
on the reservoir area and revitalize the local community.

Making land and housing available Stimulating industries

?s;'il" : e —

Housing davalopmeant

Building public facilities

Road construction Park construction

Activate the reservoir area
The construction site of a dam is opened to the public as a place for out-of-classroom education and
for communication betwean visitors and the local community.

A pavillon bullt at a construction site, where visitors can In the pavilion, visitors can experience the heaviest rain in

learn about the dam and flood control, as wall as nature, Japan or In the world to leam tha horrors of flooding and
industries, histary and culture of tha area. (Otaki Dam, the blessings of rain. (Otaki Dam, Kinki Regional
Kinki Regional Development Bureau) Davelopment Bureau)

@ WATER FEVOLUTION



Using dams for various events
In reservoir areas, dams are used for a variety of events to revitalize local communities and promote
communication between the reserveir area communities and bensficiary communities downstream.

b2 o e SN S
Relaasing carp (Kyuragl Dam, Kyushu Ragional Carp streamers flown over lake at Dam Festival (Memura
Development Buraau) Dam, Shikoku Regional Dvalopmant Bureau)

Water Fastlval at Lake Sameura (Sameura Dam, Water Event hald Inside a hollow gravity dam (Yokayama Dam,
Resources Dovelopment Public Corporation) Chubu Regional Devalopmant Buraau)

==

Revitalization of Mivagase Dam area
s b Thosand iy (¥, i 100 milns)
2504 i s

[T Ty —— W - - T pmtian (¥, 5 1 i

Tourst exdondiboe

Humber of svents  Tetsl sumber ol igunisis

‘ One of the communitias daslgnated as
“bizu-no-sato” (villages of waler)
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Diverse Measures

2) Conserving and Creating Natural Environment

In planning and implementing a comprehensive river development praject aimed at protecting people from floods
and securing drinking water supply, the Ministry of Land, Infrastructure and Transport makes creative efforts to
minimize impact on the natural environment and create a new, sound natural anvironment.

_- Environmental conservation )

B Greening of lakeshore slopes-Minoogawa Dam (Osaka prefecture)
At the site of Minoogawa Dam located in Meljinomori Quasi-national
Park, thorough research and studies on the natural environment
wara conducted because the construction work was to be carried
out at a site blessed with nature. According to the findings thus
obtained, various environmental conservation and restoration work
was carried out.

One of the nature conservation/restaration projects adopted as part
of this effort was the greening of the lakeside slopes. In the project,
surface soil taken from the forest area to be submerged was spread
over the lakeside slopes so as to form green slopes as early as
possible. A follow-up study conducted five years after complation of
the dam confirmed the progress of nature recovery, indicated by the
ongoing racovery of vegetative cover and the Increase in insect
population.

These pre- and post-construction efforts for conservation of the
natural environment at Mincogawa Dam were recognized with the
Environment Award sponsored by the Environment Agency in June
1983,

T S

& years aftar completion

() Area shown in the phe & months befora complation
RRgEe of dam (1982) of dam (1988)

[ty ot oty [ ot sty ot
] P i ey [ [T

Changes In vegatation from 1882 1o 1886, In the soll Importation arens,
sammunitios of temporary plants such a8 Pelygenum thunbargll wone
Lakeside slope covared with imported soil e roplaced by pioneer sorub [communities of Rubus hlrsutus and Arafia

haaa:l almbar).

BMan-made stream of ayu-Lake Biwako (Shiga Prafecture)

Young ayu (Plecoglossus altivells) produced in Lake Biwa are an
important fisheries resource that accounts for 70% of all seeds
released into streams In Japan. There had been concern about the
possibility that lake level changes caused by comprehensive
development of Lake Biwa might hamper ayu's migration up natural
streams pouring into the lake. Effort was made, therefore, to develop
aquaculture technology for maintaining the population of the
fisheries resource, and a man-made river for spawning and hatching
was constructed at the mouths of the Ado and Ane rivers. Young of
ayu that migrate downriver from these man-made rivers have
increased dramatically, by far exceeding the number of sea-going
young from natural streams in recent years,

Adult ayu In spawning bed of man-madea river

A man-made river consists of a channal whose bed |s covered
with a 20 om thick layar of gravel to serve as a spawing bad, a
pump station that pumps up water from Laka Biwa, and a
stocking pond for parant fish equipped with lighting equipmeant
that is usad to control the spawning sgason.

Man-made saction of the Ado River  Man-made section of the Ane River
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BFor waterbirds and fishes-lida Dam (Ibaraki
Prefecturs)

"Shoals of Waterbirds and Fish" at lida Dam have
various features specifically designed for
waterbirds and fish, such as wando (small inlet-
shaped pools), log piles, nesting cliff and marches.
There is also an "observation wall" (hiding wall
with observation windows) from behind which
visitors can observe wild birds. There are other
sanctuaries for waterbirds and fish, such as Fish
and Omurasaki Paradise (omurasaki is a butterfly
species called "great purple emperor”) and
Floating Island of Waterbirds, distributed over the
Lake Kasama area.

Hyasaphyts garman
. [t greriang
[
M T L)
o e
Wi =l
e _Moating i, ]
W | o
Dbaretion wall

‘Shoats o Wilerhirds and Fish

Fioating Island of Watarbirds ~ Observation wall from which to
obsorve wild birds
(Shoals of Waterhirds and Fish)

Fish and Omurasaki Paradise

@ Harmony with nature )

B Lakeshore landscape-Uryu Daiichi Dam
(Hokkaido)

The reservoir formed by Uryu Daiichi Dam has the
largest reservoir area (2373 ha) in Japan. Lake
Shumarinai (reservoir), which was completed in
1943, offers splendid views of landscapes in
harmony with nature in Hokkaido. In 19738, the
lake area was designated as Shumarinai
Prefectural Natural Park. The lake has a ria-coast-
like shoreline, and there are a total of 15 islets of
various sizes on the lake.

View ol Lake Shumarinai, Tha lake offars scenic views that Ria-coast-lka shoraling and Izlets of  Benlen |sland, onge of the islats
change with the seasons. various sizes flaating an tha lake
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Facts and Concepts
@ Dam Project: From Inception to
Post-construction Management

The process of a typical dam project from Inception to post-construction management is illustratad balow.
Depanding on the size of dam and other factors, the whole process takes 10 to 20 years.

)
- r ' _ @Defining a dam systam for flood contnol and
L =, Sl watrulzaton and detomiring e /
: l Feasibility study | Jssaunce of i cone
- ®Collecting and analyzing basic informatian
bV, ”_
A . __".
| Implementation | §&:nimmaien o sesan
{ [ pmlnﬂmdy -ggm::l:mn
- ~ 4 ®Hegotiations for
l Land acquisition | @on-the-spot mspscion
S 1 ® Announcement of criteria
-t Sl | [ ST < P
: b. - & e s
W ot N e
e B R py )
| B - L‘I . ]
Construction
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Facts and Concepts — = ——

Dam Management

Dam management refers to all actions taken to properly maintain and operate a constructed dam in order to achieve the
goal of the dam project. Dam managemsnt activities include facilities management, which involves inspection,
maintenance, rehabilitation and other tasks performed to ensure safety of the dam structure and the reservoir area and
keep various facilities functional, and functional management, which involves observation, control, operation and other
tasks carried out to attain the goals of the dam such as flood control and water supply.
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Facts and Concepts

@ Glossary of Dam-related Terms

Reservair level .

(1) Design flood level: highest water level in a reservoir in the case where the design flood discharge®
for the dam flows down from the dam

(2) Surcharge water level: highest water level of flowing water in times of flood to be temporarily
retained in a reservoir

(fe)] Nnrmal pool level: highest w,atal' level of flowing water to be retained by a dam in ordinary times
(during nonfloc ods)
@) N bk

Fimi ng level: water level at the level o lowest sill of the intake from which to take
in w om the reservoir, Usually, water below the mir m% level cannotbeused

(6) Highest water level during flood season: highest water level during a flood season in cases
where normal pool level is lowered to increase flood control capacity

* Maximum flood dlscharga that, from the standpoint of engineering, is likely to occur at the dam sita_

Flasarvnlr r:apaclty - i
al., sitytotal of sediment smrﬁ capﬂy dead storaga capagcity for water

acity

g@pacity: total storage caﬁcity of a

[ Storage capacity and dead storage %/ Dasign fiad loval

7 Sarohprge watar lovel

(3) Flood control capacity: capacity of the space between
Flood control capacily

normal pool level (or highest water level during flood season) and
surcharge water level

(4) Capacity for water utilization: storage capacity of the
space between minimum operating level

(5) Sediment storage capacity: capacity for sediment that is
likely to accumulate in a reservoir in a certain period of time
(usually 100 years)

(6) Dead storage: capacity of the space (if any), in a reservoir for
hydropower generation or for other purposes, between the
highest level of sediment storage zone and minimum operating
level

Normal discharge

Normal discharge is a minimum streamflow that is needed to maintain the normal functions of river
water and that satisfies both a specified minimum discharge needed to be maintained even during
periods of drought (minimum acceptable flow) for purposes such as navigation, fishery, landscaping,
salt damage prevention, protection of river management facilities, maintenance of groundwater level,
protection of plants and animals and maintenance of cleanness of river water and a minimum discharge
needed for downstream uses and specified for proper river management.

Tof Mormal poal baval

%/ Highest water lovel
dluirlrvg fiood season

Examples of environmental measures during construction

Turbid water treatment: Dam construction produces a large volume of wastewater including water
used to wash concrete aggregate, water used to wash the dam bedy during construction, and water
used to wash temporary equipment such as concrete mixers and buckets. In order to prevent adverse
impacts on the environment, wastewater thus produced is chemically treated so that treated water,
which satisfies the specified water quality requirements, can be used again or be disposed of.

Moise control: Dam construction often involves the use of large construction equipment. If necessary,
such as when there are houses near the construction site, measures such as using low-noise
equipment, restricting the use of large machinery to certain hours, imposing speed limits and installing
noise reduction systems are taken to prevent noise problams.

Test impoundment

Since impoundment is the mast important task to be performed to make the most of the functions of a
reservoir, it is Important to fully confirm its safety. In a dam construction project, test impoundment is
carried out after completion of the dam body, and only after safety of the dam body, outlet facilities and
the reservoir area has been confirmed, normal dam operations are initiated.

o —

N B =
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] f dams:

180 I‘I"IB increaslng.ly—ﬁjﬁ’ i -
Jnstruction in recent yéa:srdarn;n for flaud‘
d water utilization continue to grow. Under tl'lm
w:k is underway to-make more effective use
ting da -or redevelop them besides uurtstmmlrlg
dams. There are basically two methods for
elopment of existing dams: Increasing reservoir
capacity (by, for example, making the dam higher or
excavating the reservoir) ‘and changing the way an existing

‘gonstruction or modificatian 6’f intake
facilities, etc.).

r FWatar quality standards for raaan?olrs
In the classification for environmental qu

reservoir is operated (making operational ¢ es through ™|
Ias'outlat

Ralzed

=

reservoirs are class - afﬁm un:li’n or aturai fakeﬁiand mi
with a storage mmﬁmmg TEI Dl]ﬂ UD[II s} MEFB {n

[Rivers (excluding tv_alceail_ 3

set for the protection of the len ] ‘environment

6.5~8.5 <1mgl |<25mglL > 7.5mg/L | <50 MPN/100 mL
68.5~8.5 <2mgl |<25mglL > 7.5mg/l | <1000 MPN/100 mL |
6.5~8.5 <3mgl |<25mgl >5mgl | <5000 MPN/100 mL |

6.5~8.5 <5mgll |<50mgl = 5 mg/L

B.0~8.5 <Bmgll |<100mglL = 2 mg/L

ade lakes

No visitle
6.0~85 < 10 mg/L suspem:led solids | > 2 Mo/l

-l-

< 1 mg/L

bl =T

[ Lakes [natural lakes, and man-made Inli‘hs wﬂhn napaﬁwgmaadﬁg 'Ij)ﬂﬂ'ﬂ ﬂﬂl‘.@.m’] L
i Caliform count

6.5~8.5 <3 mglL =5 mg/L = 7.5 mg/L

< 50 MPN/100 mg/L

< 1000 MPN/100 mg/L ’

arganlc mattar increases.

65~85 | <5mgl | <i5mglL | >5mgl
T No visible
6.0~85 | <8mglL | o edsids | >2MolL

. =5
SR
Notes -~~.': Ve '
"11.- '.ﬁr & -|""
"lr\.r...

pH (hydrogen ion concentration): Values smailler than 7 indicate a uﬂ@%
BOD (biochemical oxygen demand): The amount of axygen mn‘ﬁ}ﬁpﬂb‘c whm,ﬂﬂﬂﬂ hcrqma

COD (chemical oxygen demand): The amount of oxygen consumed by chammal pm

55 (suspended solids): Insoluble solid particles ranging in size from about 2mm to 1 pmin suspunsiun in wamr H‘"«-—\

4 e

00 (dissolved oxygean): Thau:urnnuqt aof oigﬂn dissalvad In watar. Claar W a high DO valua.

Chiya Dam (Okayama Prafectura)
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Facts and Cnncepts._ =

([) Dam Basics

Dams in Japan: Height & Capacity Ranking

Mooring facilitias Control olfice é?

Rank "M oo o dam  Type | L2029 Owner  Yeurpanghind
. (AR ey OMOOLEAT PR (oretectum) =ikl pa S,
M Main components of dam > 1 | 186.0 |  Kurohe A | TOyama |Fasis Do BrwrCa, e 1860
g ¢ = —E T I760 Takase | H | Nagano | T e b ompry 1581
al'-‘l'l-"l'-‘l“'tlil‘lt 5 158.0 WAramala | F | (SUNMA | e e oo Pobic Cosmen | | i
4 | 157.0 Okutadami G | Fukushima | Placee Frwes Grvespmest o 0| 1961 |
' b | 1660 Urayama G | Darama | W R Deiprel Fis oo | 1998
' Axis of dam 6 | 1655 Eakima G| SNZUDKA | Bt Fowss Devikopmest G L1 1956
| 7 | 155.0 Hagawado A | FAQAnn | Tosrs Ewci Fowel Gompany 1960
Grest road B | 154.0 | Todongawa A | [SRaWA | G s 10 wiwress | 1070
8 | 145.0 Cxqochl G | Tokyo [ Tous P 1967
10 | 145.0 Tagokura 15 | FURuERImE [ Do Pows Dovecpmast Co. a1 1858
11 40,0 Ariming {3 | TOYBMAE | sy b Prves Company 1558 |
— Foaoting 17 | 1400 Kuzakl G | GuUNma | s et ik ooss | 1076 |
11 | 1400 Kawajl A_|_Tochig] | o egoeal Drescorenl W Bows | 1083 |
91 | 1400 Wzogawa T | Napang | s Rese Dembpe i Cosoris | 1995
1 601 Okutadami G| Fukushima | Swcs Pows: Deveicoment G | 1961
-] 454 Tagohura (5 | Fukuehima | Elecr Power Devinpmont G, LI, | 1958 |
3 L] Miboro B Gifl | ook Fowee Davimopment Co., LI 132:13__
4 253 Kuzu [Z] Tkl | b Fomn Comepmentts, i, Weamy i tonamaie |
e 5 338 rijiﬁa?: A Nara | Fmces Fowss Deispmmen G, Ui | 1 D64
g | 427 Sakuma G5 | Shizucka |Fncee Pawe Devepmon Go. Lid | 1958
HoRIE S 7| 316 Sameuta | G | Rochl |l e bl | 1977
] P61 | Hiolsusa | A | Wiyazakl | Fyusss Bkchic Paws Cu. b ELTr]
Water level mater ] 254 | Tamagawa G Akita [ Tohoku Regionad Dvekopment Bowau | 1880
10 231 | Tecongawa | Tohikawn | e fome oo o, L WilTmi T | 10178 |
B Typas ol dam  A:arch dem R rockill dam As-of ond of 19598

E: earth dam  (3: congoabe gravity dam

Dams in the world: Height & Capacity Ranking

) = Rank "M Nameotda  Typo Gountry
i ey o Ry pi g™ A T [y
i |=— Invartad plumb lina 1 300 Nurek | E | Russia 1880
Waterstop fixed: | pl 1 285 | Grande Dixence | @& | Swiizenand 1861
Baso width ] are Inguri 1 | A Huesia 1880
I w ' 1 262 | Vajonl A | aly 1961
5 261 Chicoasm E/R | Maxico 1980
B 250 | Mauvoisin A | Switzedand 1957
B 250 | Guavio E/R | Columbia 7990
B 245 Hayano-shushansk AG | Fussia 1988
B | 245 | Efan A | China (20007
10. ] 242 | Mica ER | Canada 1973

Heavy construction eguipment used at dam site

700000 | Owan Falls G | Uganda 1054

e
2 182000 | Kakhovskava EiG | Russia 1856
3 | 180600 | Rarba A | Zimbabwe/Zambla 1958
4 169270 | Bratsk Ef3 [ Russia 1864
% | 168900 | Aswan High ER | Egymt 1870
6 | 153000 | Akosombo E/R | Ghana [EEH
7 | 141852 | Daniol Johnson A | Canada [EE
8 135000 | Gurl E/R_| Venezuela 15986 |
] 7300 | Krasnoyarsk G| Nussia 1967
10 703049 | W AC.Bennen € | Canads 1967

W Types of dam  A: arch dam  R: rockfill dam  E: earth dam G gravity dam
# -Tha yaar in parentheses i3 en estimated year of complolon
-An asterfsk {+) indicates siorage capacly including the capacity of 2 natural laka.
compaction Source: Weler Power & Dam Construction Yoar Book 2000

Dump truck (77 1) Concrate bucket (6 m?, 20 1)
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Dams can be classified into a number of types according to materials used, type of structure and other
characteristics. Represantative dam typas in Japan are shown balow.

Arch dam

An arch dam is a dam designed to resist water pressures and other external forces by the arch action of the
structure. The horizontal cross section of an arch dam is in the shape of an arc or parabola.

BN

Shorenji Dam (Water Resources Developmeant Public Cerporation)

Concrete gravity dam
A concraete gravity dam is a dam built to resist water pressures and other external forces by its own waight.
Concrete gravity dams are usually linear in shape, and its cross section is basically a triangle.

RGN

e\ &
? R e \

Tamagawa Dam (Tohoku Regional Development Bureau)

Fill dam

A fill dam Is made of rocks, gravel, sand and/or soil. Belonging to this category are zoned fill dams,
homogeneous fill dams, and fill dams with impermeable facing.

1

S 7S

Rock zone

Gallery
—  Fllter —

Maramata Dam (Watar Resourcas Davaelopmant Public Corparation)
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Hybrid dam
A hybrid dam is a combination of a concrete gravity dam and a fill dam.

Concrete gravity
| dam section i Fill dam sootion |

A

Gosho Dam (Toheku Regional Development Bureau)

Hollow gravity dam
A hollow gravity dam Is a type of concrate gravity dam that has a hollow structure.

{ T A '-.5.
Kanayama Dam (Hokkaldo Davelopment Bureau)

Buttress dam
A buttress dam consists of a reinforced-concrete upstream face and a series of walls called buttresses.

| WATER BEVOLUTION @



To rationalize construction by achieving such goals as improved economy and shorter construction periods, various
construction methods have been developed in recent years.

(‘. Columnar block placement method (conventional method) )

In the columnar block placement method, dam concreta is placed in a number of columnlike blocks.
o ;

CE ELCM (rationalized construction method) )

In the Extended Layer Construction Method (ELCM), a number of blocks are placed concurrently without
making steps as in the pillor-shoped block placement method.

T L3 "".' "

B

Hinatl Dam (Watar Rescurcas Development Public Corporation)
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(@< RCD Method (rationalized construction method) )

The Roller Compacted Dam-concrete (RCD) Method is a rationalized method of construction. The RCD
Method is an innovative construction method utilizing the advantages of the fill dam construction method,
which uses equipment such as trucks, bulldozers, vibratory rollers and tire rollers.

RCD dam under construction

e

\_\\\_\ e Cable crane —
Batcher plant §

Vibratory joint cutter

{1) Direct delivery
to dump trucks by
inclines

(Kanto Regional Devalopmant Buraaw)

(3) Tower crane and
bucket method of
concrete deliver

(2) Direct delivery of
concrete by belt
conveyors

Gassan Dam Satunalgawa Dam
(Tahoku Reqglonal Devalopmeant Buraaw) (Hokkaido Devalopmeant Buraau)
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Facts and Concepts :

@ Reducing the Cost of Dam Construction

In their meeting in April 1997, the cabinet ministers approved the Action Guidslines on Measures for Reducing Public
Works Construction Costs. At the meeting, it was decided to take every action to reduce public works construction

costs by more than 10 percent by the end of fiscal year 1983,
In fiscal year 1994, leading the efforts in the government, the Ministry of Construction (currently the Ministry of

L.I1.T)began its all-out effort to reduce the cost of public works including dam construction.

HMExample of work flow in cost reduction effort

Surikamigawa Dam
(Fukushima Prefecture),
Tohoku Regional Development Bureau

Work flow in cost reduction
effort (FY1998)

3
3
Surikamigawa Dam Work Office
(technical personnel)
-~ =
\\J/ Dam construction joint venture
Surikamigawa Dam technical committee e o
Devalops an  agenda associated with the dam
construction project as a whole and axplores ways to
tm::jum:l 'Ihnrlgfncdqirmtmannluwu:h Iu v’;kn:w to :#;tij:mjg lh;
foAals asc n tha at plan 1or Sons {»iv]
raduction in public works projacts. V
@ Rationalizatlon @ Construction method Sur]kamigawa Dam
@ Labor saving @ Temporary works plan . :
@ Rsview of current design @ Construction schedule Construction Project
N / Rationalization Committee
Exploras possibilities of cost raduction in all
~ aspects of the Surikamigawa Dam construction
b project and develops an agenda
Project team
® Dam body
Eﬂfly dissolution of pending problems @ Relocated roed
& Quarry @ Managamant facilities
@ Eihiant el @ Intake and wtlatlfacilltles
@ Concreta @ Road relocetion @ Management facilities
@ Boring and grauting -
@ Intaks and outlet
facliities
~ l J/
Decision making ) Surikamigawa Dam Construction Fruj;:t\f/ Worki A
organization Cost Reduction Committee orxing groups
| Work office | [ Joint venture | (1) Dam structure
@FParsonnal 1 Seice dam manage: b anginear working aroup
{tschnical managers and above) @ General menagar or equiveient fhoad office) ‘ (2) Road relocation
: Itesm-biy-tam ovaluation :s.mm ol ngoneda foms warking aroup
Making daclsion latad Predim it
?ﬁh :ﬂn Eﬁmﬂ; oo H wmg’q?mmn . i (3) Construction facilities
N @ Ecanamy af detign and censtruciicn working group
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BExamples of cost reduction measures

(Lfsing excavated material as concrete aggregate Ootaki Dam (Nara Prefecture), Kinki Regional Development Eureau)

By using higher-quality portions of
muck produced from excavation for
the dam body as concrete
aggregate, quarrying reguirements
as well as muck disposal cost were
reduced.

Convantional method

Bround

[Excavation i (:“)
Muak daponal
= ol

(5 B!
. Mtk — Camant Lower 5}05‘;
Cludriiod JTrlHunmntm metho
rmataal hagrogens Pint
= g i
Excavalion : Gﬁ":l‘:dﬂ“b”:r?““
ugih] )
et
@ “‘H‘W
A,

#*Muck: materlal produced as a result of excavation

( Using CSG Method for revetment work  Tokuyama Dam (Gifu Prefecture), Water Resources Development Public Corporation )

In view of the site conditions including the work yard conditions and locally available materials
(riverbed sand and gravel), the CSG Method* was employed for revetment work.

H-B'-'EEI‘II built by CSG Mathod

Full view of complated revetmeant

Conventional method

Locally produced material
(riverbed sand and gravel)

!

Revetment construction using
reinforced gabions

Typical cross section of revetment

Retaining wall built by CSG Method

Tokuyama Dam

Locally produced materials
(riverbed sand and gravel) csE Method

! (Bouldars)
i Mixed with camant

A 4
Used as embankment  (Jsed for revetment
material construction

@ Use of locally produced matarlals makes for effective use of resources.
@ A shorter construotion period can be achiaved.

#2503 Mathad (Camanind Sand ane G Mithod): o conesinction method in wiich locally produced sand snd gravel @ mioed with SeTant, and midunss thus chitained & compacted ko bulld sruchmes.
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Facts and Concepts

20

Outline of Budgeting System for Comprehensive
River Development Projects

(- Budgeting system

P
1_‘;‘_*_

.J..'.-'_ L

..,sill.‘l

MLUIT public works expenditures =

Flood contral —- ratioral kical
- AR S TR T
Maintenanca and enhancement of MLIT public works axpandituras _
normal functions of flowing watar (national, local) | S
REEREER. NI ST O
~ MLIT public works expandriurus il 4 1
|mgﬂﬂ0ﬂ —{ I Iocal ; partly bome by m,_

WL E LR B G

Lavies on water usars i 1
— (levies on water users, Ministry of -
Health and Walr&fﬂ subsi Ius}

La‘dasunwamrusars

Industrial watar fl!ﬂumwallm Ministry of
ntemational Trade and Imlws subsidies)
Powear genaration E [ liees con wiatler users, I.im'ﬂ' af
Halth and Welfare subsidias In some ases)

.d-,.. 5

Act on Special Measures for the

TR - Rl 4 T e el BT i
Speoified mullipurose | specified Multipurpose Dam Act 2 H
Ministry of 43
moc | Somprehensive river, | River Law Land,Intrstrugion s /
and Transport :
Flow regime ML
gontrol rivers River Law (MLIT)
Water Resources Developmont| Water Resources
WARDEC E:ﬂ\ﬂ:ﬁnggmmd Promotion Act Davelopment
(specified facilities) | Waler Resources Development Public Corporation |
Public Carporation Act (WARDEC) :i' -
Multipurposa dams | River Law W =
Subsidized Prefectural e
govammants e
Flood control dams | Rivar Law




) : R
i -_-'*;_'r
: Chl |
| WMUIT projects Art. 59, Art 60 Para. 1 and Art. 36 of the neg
| ®Specitied multipurpose River Law; Art. 8 ol the Specified & i "
dam construction projects Mullipurpose Dam Act; AR.7 Para. 4 of the | | Leree-seale projectst 7710 | 1957 o N
Spacial Maasuras Law for Development of | | Other projects®  2/3 L.." oY 3 L}
Okinawa A% o | Sl d
@MLIT comprehensive river Art. 58, Art. 60 Para. 1 and Art. 96 of the Large-scale projects') 7/10 | 1851 o i o
devalopment projects Rivar Law; Art. 7 Para. dof the Special Cither projects® : 2/3 phs Ca
Measures Law for Developmeant of Okinawa | . g b
@MLIT flow regime control Art. 58, Art. 60 Para. 1 and Art. 86 of the Large-scale projects) 700 | 1972 Sl AN 5
rivar projacts Rlver Law; Art. 7 Para. 4 of the Special ki o w i
i Megasures Law for Devolopmeont of Chinawa Other projectsd : 2/3 } L :_:1-1 CHERV !
@MLIT dam maintananca Art. 59, Art, B0 Para. 1 and Art. 96 of the 5.610s | 1957 ek . i
projacts Rivor Law; Art, 7 Para, 8 of tha Spacial el 14 4
Maasuras Law for Davalopmant of Okinewa = ¥
@MLIT dam fasilities Ari. 59 and Ari. 60 Para. 1 of the River Law 2/3 | 1994
improvement projects
@MLIT dam environment Art. 59 and Art, 60 Fara, 1 of the Rivar Law 1/2 1803
Improvement projects
B WARDEG projects
@ Construction projects Art, 268 Para. 1 of tha Water Rasources Large-scale projects ! 7A0| 1962
Development Public Comporation Act Other projects @ : 2/3 1967
® Management projects Art, 27 Para, 1 of the Water Resourcos 8510
Development Public Gorporation Act =
Z Wsubsidizad projects i
®5ubsidized multipurposa Art, B0 Para. 2, Art, 82 and Arl. 98 of the {Class A rivar)d 1
dam construction projects River Law; Art. 5 Para. 1 of the Spacial Large-scale projects 5510 !
Measures Law for Devetopmant of Okinawa | Other projects  1/2 1, x
{Class B river)
@ Subsidized flood control Art, 60 Para. 2, Art. 62 and Art. 86 of tha 14 | 1967
dam construction projects River Law; Art. § Para. 1 of tha Spacial 1972
Measures Law for Development of Okinawa
@ 5Subsidizad dam Art. 16 of tha Local Finance Law a0
®subsidized dam Art. 61 of the River Law; Art, 18 1/2m | Class A river 45 4
rehabilitation projects of the Local Finance Law 173 é?::a = e
@Subsidized dam environment | Art. 18 of the Local Finance Law 1977 i o {
improvement projects 13 1975 -y ﬂ
" PG T AP
. T, N : ] o R . x|
| =3 i .-! ! g = ‘.'n-___ % A L. % ™
o~ P S = i s . T Yl
~ | Dam Total storage capscty of mom than £,000,000m? |

3 I Lake wator lovel control tacility | All fw!‘litlaa
| Headrace, foodway or cut-off channel | Length of more than 750 m
Arca of more than 150 ha (overall) |+

Length of more than 160 m
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