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Japan’ s New Technology of Upstream Cofferdam Method

~Needs and Development background ~

By a social environmental change, the needs of dam are

changed.
v" More hydraulic power, More flood storage , etc
For these needs, it is necessary to install new conduits or

penstocks in the dam body .

w Highest water level during a flood w Highest water level during a flood

|

Flood storage

J, Current i_' _____________ -

Qurrent A 4 - disch Drop in water

discharge = lIrrigation water capacity Ischarge

facilies /] facilities oo et
Lowest water leveld _flood control

release

Flood storage

Install new |t
conduits /|
at low level

Able to use dead capacity in lower level of the reservoir
to new purposes such as flood control .

. =

New technologies of construction were demanded,
safely in the full reservoir , in low cost, in a short term .

Upstream
cofferdam

1

Install new conduits
Drillin a holl downstream

-

Image of the construction method

Full reservoir




's1o9(o4d 18ylo 104 8Snal JO A}1|1QISSOd
"yidep Jelem pue ysiay wep e ul uolloLlsal ON

Kiessadauun

‘ogejuenpe s|
s109(04d J9Y10 0} 8SNaJ ‘ISASMOH "ISB3| 10N

uoloadsul Jo) ssedoe
Ases ‘snjesedde punose 1oedwi |BO07

Jle ul guljquesse
2y} 0} Syuey} ssaulysdipielem Jayeg

"9|qIssod S| U0I}ONJISUOD |3||eled
1s9110ys

YI0M J8MO|[BYS ‘YoM pagiawgns 3ses

‘wep ay) 0} pes3n) pue JI0AI8sSal 8y} U0 ddueApe
Ul pe}oNpuUod S| saAes| 91es Jo Juljquiasse ay |
ajeg pajeigajul ay} Su13eso

3uneol} ysujede snyeseddy

J9A0D

Ea/_

B)
@ smesedde

uonusasid buneoy4

wepiaj0d walsAs Apoq Suneo|q
poylaw uoI}ONIISU0d Ma

"Wepia4od dy} Jo ddueles|d
pue yydsp Joajem ‘Qysioy wep e Ul U0I}OISAI ON

9}210U09 |e}sapad ay} 10} uolepUNO}
9y} pue UO[}1LIUdWIPaS 4O JudLIILal |

[B30} Ul JyS1om seaT

pajwI]

191eM Japun
Suljquiasse nyis-ul 0} anp a8exes| aJo|\

‘de)s Aq de3s palonpuood SI YIom ay |

193u07

yiom Jadea( ‘Suloe|d
91940U02 YonWw 10} YoM pagiawgns

"¥08p 8y} 40} UOJIBABOXD Jold SBpNjoUl YoM 8y |
saAed| 9)eg pajesedas Jo Suljquasse nyis-uj

(99Q) 91940U09 |BISOPAY

91910U0d |ejsepad

JI0AIDSDY

199ys

ETh)

wepia}309 wajshs |ejsepad

g <V < G 192U3[|90X8 O yuey

Kouekonq ay} Jo ainssaud
SS8| YHm yidap Jsrem 1amo| o4 Alljige|ieae JaysiH

SR Y
slaquiew poddns yonpy

Jed 35810 Wep 8y} U0 Peo| Yanpy

Ja1em Jspun
uljquasse n}is-ul 0] anp agexes| a0\
‘deys Aq dejs pa3onpuood SI yIom ay |
188u07]

YJOM JoMOo|[eYS ‘YJom pagiawagns sso

'sioyoue Aq peyioddns si jes| yoeg
sanes| 9je3 pajesedss Jo Suijquasse nyis-u|

9IN30NJ3s awely Jaddn

[

o
N2
< _J9n0D
woog
|elaw

1=)peIg N

wep19}jod walsAs swely poddng

POYy3aW UOIIONIISUOD |BUOIFUBAUOYD

uoljouysal
‘Ajnqeleay

wep.Jayod ayj mojaq
}iom uopesedaid

slaqwiaw pajioddns
pue wep.ayod
0 3yBiom [ejo)

wep ay} o0} Joedw

abeyes| a|qissod

uonejjejsul
8y} Jo J9joeiey)

poyjaw uone|jejsu|

uoljoNASU0d
suLnp wepiayod

ays jo Aouehong sy

104 S9IN30N43S |eJodws |

aunssaud yoddng ®

AoueAong ®

peoT peaq (T)
[speoj Jole|n]

weJdelp dewsyos

uoI39NJ11SU0I
0 poyiay

POY1aW U0I1INJISUOD WRPJILL0D Wed}sdn 4O UuosiJ




JIOAI9S®] 9] U0 SUOp aq ued wep.iajjod weajysdn JO uolje||ejsul 0] speayyng jo >_nr:0mmm Woij JI0Mm ||V —uo_‘_wn_ UOI3ONIISU0D

uoljonpai 3s0) pauslIoys

Suiuoiysod y | juswanoidwi A1ajes Ayjigexom panosdw
n ulaiemaq

—wep1ayod weaisdn ay) Jjo Suluonisod pue suneoyy —wepiayoo
10} wepiayjod weassdn ay) woiy Sulid}emap — weasjsdn sy} spisul adeds Jupjiom Aip e 3ulndas —
uolejjeisu] 9 SUIMo| " ¢ wepJayod wealisdn ay) wolj gulivyemaq-g

SuIMO0} JO MIIAIBAQ

WEepJaod pesyy|ng jo MainidnQ
weaJisdn

b@am\_mmwc_ Jaqueyd Louekong
ae|d us

Alqwasse
JO MaIMBAQ

-19}eM By} Japun-

pesyyIng Jemo- B

Alquassy

>_nEmmm.m Japun
RECL R

Alquiasse —uonjepodsues) 110AI9S8) —
Jepun —speayy|nq [|e jo A|quiasse — 981eq ay} Aq eale —110A19S31 9} uo 35ieq aY} 0JuU0 —
peayy|ng 110AI9S31 9} UO speayy|ng Jo A|quiassy e Alquasse 0} speayy|nq jo uoljeyiodsuel] g 981eq 9y} uo speayy|ng jo Sulpeo'T

Kouekong apinoad 03 peayy|ng yaeas ul 8injonuis ysiuie Aq pasosdwi Ajjuesiylusis g ued poylaw wWepsayod weasisdn ayj Jjo Ayljigetom ay |

—powan wepioyod wesnsdn won— pOYJI|\] Wepsayjo) weansdn adL] Suneol




Floating type upstream cofferdam method

Overview of New Technologies  The cofferdam construction requires long diving hours at a
very deep water depth, large temporary equipment, and a
long construction timeframe.

For the floating type upstream cofferdam method, steel plates
(skin plates) are attached to both the inside and outside of the
bulkhead to make an airtight structure, and this becomes the
buoyancy chamber to make the bulkhead float.

It is important to maintain the balance between buoyancy
forces and dead weight by filling and draining the bulkheads
blocks in the proper order.

And this new method was used for the first time in the
Tsuruda Dam upgrading.

Efficiencies of the technologies
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Efficiencies of this method :

This is dependent on scale of the cofferdam and construction
depth, as large temporary facilities, such as pedestal concrete
and support framework, are unnecessary and diving work can be
greatly reduced, costs and processes can be reduced, and safety

Loy B can be improved, leading to an increase in construction
efficiency.
For actual construction, bulkhead blocks made at local factories will be assembled Moreover, when drilling holes in the same dam, it is necessary
on the reservoir to standardize them and they will be towed to the installation with conventional methods to dissemble and then reassemble
position by a ship, and subsequently pulled by a winch and secured. the bulkheads, but with this method there is no need to
And then, water is drained from the cofferdam. disassemble the bulkheads; flood the cofferdam and detach the

bulkheads from the dam-body and tow it as is to the next
construction site where it can be installed.

Summary of the project
The concept of the project is to increase flood capacity and discharge facilities.

[Dam Specifications] The increase in flood storage will increase to a total capacity of between 75 million m?® and 98 million
Type : Concrete gravity dam m?3 by transferring the power generation capacity during flood season of 2.5 million m3 and dead water
Height i 117.5m storage of 20.5 million m3, for a total of 23 million m3, to flood storage.The discharge facility was
\L/ir;f:e' 14153.3;000m3 expanded to enhance discharge capacity by adding three conduit gates on the right dam-body (EL
Y 115.6) at a location lower than the current discharge facility (EL 130.0) in accordance with the decline

urpose : flood control and power generation
purp P g of the lowest water level.




Controlled blasting technique with an electronic detonator

In the conventional blasting technique with a DS (decisecond-level) electric detonator, the gas created by the previous blast escapes through the construction
joints before the next blast occurs, which makes this technique not suitable for concrete demolition. Therefore, by adopting the MS (millisecond-level) electric
detonator, the next blast is successfully detonated before the gas escapes.

However, there were concerns about a blast vibration at private residence area exceeding the limit value set by management standard. Our solution was to
deploy an electronic detonator (product name eDev Il) and set one-hole one-step blasting with a time difference of 15 milliseconds, which enabled demolition
blast to generate moderate vibration that was significantly lower than the standard limit value.

- Upstream side Downstream side

— _’fﬂ
41.4m

Procedure of Demolition by Blasting

Drilling Charging explosives Blasting completion

[Characteristic]

- Time setting in arbitrary milliseconds for each detonator is possible on the spot.

- Time setting can be set in 1 ms increments within range from 0 to 20,000 ms.

- The precision of the set time is £ 0.1%.

- Includes safety devices to protect integrated circuits in the detonator from high voltage such as static electricity or induced current due to lightning strike.
- Includes a capacitor that stores the energy necessary for communication with the explosive device as well as for ignition.

- Each explosive device can detonate up to 500 electronic detonators.

This technique is effective in cases such as blast vibrations need to be suppressed, especially when other properties are in close proximity, or in when
construction time is too limited to deploy conventional blasting technique.

[Regarding Environment, Surroundings, etc.]

(Plan) Vibration level: not to exceed management standard value of 75 dB
(Actual) Vibration level: actual value of 61 dB (average)

[Future Prospects]

- Among controlled blasting methods for demolition, this technique is the most superior at present.
- In the introduced case, we set 15 ms as the time difference, however, we are still working on finding the optimal setting.

[Dam] Arase

Work Description [Type] Concrete gravity dam
[Dimensions] Height 25 m Length 210.8 m Volume 47, 167 m3
[Purpose] Power generation

[PhaseS] {Phuse'l ]
Left Bank Gatepost and Management Bridge Removal Drawdown Equipment's Installation and Gate's Removal

[Phoseé] [Phqsezﬂ :
Left Bank's Removal Right Bank's Removal {Purpose]
To remove water intake facilities and drainage
[Phase3] lines, which are structures inside the river, due to
Gate and Right Bank Water-Route Section's Removal the shutdown of the hydroelectric power station.




LIBRA-S Method: Temporary piers oblique tie installation method

[Purpose]  To streamline the submerged brace installation work for temporary platforms.
[Background of selection of the method]
The brace installation work had been carried out using divers. However, the small range of visibility of the dam interior significantly harmed the work
efficiency. The high turbidity of water after floods suspended the work for several days. Due to these, this work method to streamline the
underwater operations was developed.
[Construction conditions] ~ Construction depth: 0 - 30m
[outline of work method]
In constructing the substructure (brace) of a temporary platform, unit substructure members are assembled above water and slid downward and
installed, thereby considerably reducing the diving operation.
Most of the braces are assembled on stages installed above water, which reduces submerged operations, leading to an increase in the
construction efficiency and safety.
Once the work is completed, only bolts are loosened under water then the substructure members are collected in succession and demolished
above water. This also results in higher safety and efficiency.

(1) Preparation work electric chain  (2) Temporary brace assembly work above water
blocks

(1) Preparation work
Install a hanging working stage above water.
Mount electric chain blocks onto the upper structure girder.
Tie brace bands onto steel pipe piles to couple braces and
Temporary brace steel pipe piles.

//’& K T 75 (2) Temporary brace assembly work above water

brace bands T¥ YTTY UTTY VT TY D
1/ L/ R\l /A

Install horizontal and diagonal members.
Hook the chain on a hanging jig on the upper horizontal

. - - = members.
. . o \ working stage . - . (3) Sliding down of braces
- s Run the electric chain blocks to slide the braces one level
(3) Sliding down of braces (4) Repeating of sliding downward.

(4) Repeating of sliding
Repeat the above steps from tying brace bands in (1) to the
rest.

WE=AWA=A
==

W/ T T ] - e e e O W
T i“ W
Run the electric chain
blocks to slide the braces
one level downward.

A . A .
ssembEISIEEES Mount electric chain blocks.

Summary of the project

[Dam] Kanogawa dam
[Type] Gravity concrete dam
[Specifications of the dam]
Height : 61m. Crestlength : 167.9m. Volume : 161,000m3
[Purpose]
Flood control, hydropower

[Purpose of work]
A tunnel spillway will be constructed on the right bank of the dam in
order to increase the flood regulation capacity of the existing Kano
River Dam 1.4-fold.
Tunnel spillway:
Standard finished inner diameter: 11.5m; maximum cross section of
excavation: 320m?

Source: Ministry of Land, Infrastructure, Transport and Tourism,
Shikoku Regional Development Bureau pamphlet




Full Rotation and Full Casing Method

[Purpose] To bore holes for installing steel pipe sheet piles in the bedrock under water. Construction site view with rotary excavator RT-300

[Background of selection of the work method]

* Relatively economical for the excavation of 2m-dia. and max. 30m-deep holes in submerged bedrock.
Stand pipe

* Has an operational record. 32300

* Applicable to a wide range of bedrocks.

Excavation scale:
Width 10m x length 45m x maximum depth 30m Rotary excavator
Excavation volume: 4,900m3 RT-300
Excavation shape:

Width 11m x length 11m x average depth 10m

M&mp Excavator rack

Slush tank

e mm rmm e

Revolving hydraulic unit
/ﬂ Casing tube

Tremie pipe

Hammer grab .~

Revolving jack
Weight

Construction equipment overview

[Characteristics]

* This method can apply to a wide range
of soils and also allows for greater
construction depth and excavation
diameter than other methods.
(Excavation depth: about 50m;
excavation diameter: 3,000mm)

* The method supports most soil
conditions.

* Clayey soil deposits on the outer
periphery of the casing could increase a
friction resistance, possibly hampering or
preventing the revolving of the casing.

Summary of the project

[Dam] Kanogawa dam
[Type] Gravity concrete dam
[Specifications of the dam]
Height : 61m, Crestlength : 167.9m. Volume : 161,000m3
[Purpose]
Flood control, hydropower

B rivacd viw I3

[Purpose of work] J I
A tunnel spillway will be constructed on the right bank of the dam Hy i Flenee bl
in order to increase the flood regulation capacity of the existing 3
Kano River Dam 1.4-fold.

Tunnel spillway:

Standard finished inner diameter: 11.5m; maximum cross section

of excavation: 320m? Source: Ministry of Land, Infrastructure, Transport and Tourism,
Shikoku Regional Development Bureau pamphlet




Underwater wire saw method

[Purpose] A part of underwater concrete structure was cut and removed by the wire saw,
which was then placed above water level.
[Selection process of method]
Because of the lack of visibility in the reservoir (only 0~1m), the original method, that the
main body was set underwater was changed to the alternative method that the main body
was set on the barge above water level and extend wire into water, since it will be difficult
to cope with incase of cutting the wire, and it has less ability of cutting, etc.
(Adopted wire saw : K-WAC-04. 32.2Kw)
[conditions] Water depth : 0~30m, Concrete strength : Approximately 30N/mm?
[Features)
* Under water concrete structure was cut by wire saw and was placed above water level.
* Itis possible to execute when that the reservoir has the lack of visibility and it is
difficult to work underwater.
* Maintenance work is easy because the wire saw itself is placed above water level.
* It is not necessary for the wire saw to replace every place to cut off.
* Great depth result in the increasing the risk of cutting wire because the length of the
wire saw is long.
* Since the method use crane, restraint
time will be longer.

K ;
= )

T =

R rxAmny 7

{ - € -
” ]
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Cutting of the concrete structure undrewater by wire saw

[Procedure of the work]
(i) Set the wire saw body (cutting machine) on the barge and cut the concrete in the
underwater block into blocks of 20 t or less.
(i ) Cut the concrete block by lifting it with a crawler crane (120 t) placed on the temporary
gantry.
(iii) Dispose of the removed concrete lumps in large trucks after handling them to a

predetermined location Lifting cut concrete mass in water

Summary of the project

[Dam] Kanogawa dam
[Type] Gravity concrete dam
[Specifications of the dam]
Height : 61m. Crestlength : 167.9m. Volume : 161,000m3
[Purpose]
Flood control. hydropower

[Purpose of the project]
A tunnel flood discharge is newly constructed on the right bank of the
dam, with the aim of setting the flood control capacity of the existing
Kanogawa dam 1.4 times.
A tunnel flood discharge:
Standard inside diameter 11.5m, Maximum excavate section 320m?

In the Kano River dam remodeling project, new low water discharge

facility "and "selective water intake facility" are constructed for the

purpose of preventing cold water discharge and prolongation of turbid Image of the project

water discharge and suppressing eutrophication of reservoir. "Reprinted from the pamphlet of Yamasakizaka Dam Construction Office, Shikoku Regional
Development Bureau, Ministry of Land, Infrastructure and Transport"




Drilling the existing dam body using road header

Dam=kardy Drilling o

P In the existing dam, a total five holes were drilled: three for
: the expansion of discharge pipes and two to move the
power generation intake pipes.

To drill five locations in the same dam-body is the largest
scale in Japan, as a dam upgrading work.

The drilling depth per hole is approx. 60 m, which contains a
section of 1 m of upstream non-vibration penetration
section (hole size: vertical 6 m, horizontal 6 m).

To drill the general section, a 200 to 240 kW class road
header was used.

The vibration value on the dam-body was mesured to
confirm if there are any effects on the dam-body.

This picture shows the drilling work performed by a road
header.

As it was reported from similar construction that vibration
would be the strongest at the time of penetration, the non-
vibration penetration technique was adopted to avoid

Dibra bw dembedy impact from vibration during penetration.

Reiduce ths Baorddert af the 2an bodky

npact from
vibration during penetr.

accuracy

Summary of the project

o The concept of the project is to increase flood capacity and discharge facilities.
[Dam.Speuflcatlons]. The increase in flood storage will increase to a total capacity of between 75 million m3 and 98
Type : Concrete gravity dam million m3 by transferring the power generation capacity during flood season of 2.5 million m?
Eelg::\ B }ézf(’)m and dead water storage of 20.5 million m3, for a total of 23 million m3, to flood storage.The
Vi)rl]gme.' 1 1.1fTOOOm3 discharge facility was expanded to enhance discharge capacity by adding three conduit gates

uruose N fiood’control and power generation on the right dam-body (EL 115.6) at a location lower than the current discharge facility (EL
purp ’ P g 130.0) in accordance with the decline of the lowest water level.

a0 gl ATy R pioking & M rialg
FE TR Y 74 R
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Underwater Work Method by Shaft-Style Equipment

Remote Controlled Multifunctional Underwater Equipment
Underwater Operation Using an Equipment with Apprratures

‘\_________—/

Remote control Machine guidance

Summary
This equipment enables a series of underwater operations such as rock crushing,

excavation, debris, disposal, precise sounding, photography, etc. in a safe and A e 7
reliable condition through remote controlling. These are carried out by using ‘l

various apparatus on a machine attached to a shaft which is lowered from a barge. (SRock crushing, Debris collecting

The machine moves up and down along the shaft.

The equipment has been developed to conduct various underwater works
without divers. It is especially advantageous for works in deep, steep and limited
visibility areas such as dam reservoirs. Significant improvements of safety and
operational efficiency are observed through remote controlled visualization
technology and computerized technology.

Specific Features
a. Enables deep underwater (-50m) works without divers

b. Applicable for all types of reservoirs
c. Applicable for very steep areas via an equipped casing auger

d. Applicable for deep and dark reservoir bases via equipped ultrasonic camera
e. Enables precise execution via equipped sounders

Various Apparatuses

AW

This method was adopted for the construction of the inflow and vestibule area of the tunnel discharge facility

Summary of the project

in the Amagase Dam Redevelopment Project.

me Hirre r— e it o o i
Amagase Dam Specifications
Model: Arched concrete dam
Dam height:  73.0m
Crest length:  254.0m
Dam volume: 122,000m3
Total reservoir capacity:
26,280,000m3
Effective reservoir capacity:
20,000,000m3
Purpose : Flood control,
Waterworks,
Power generation

11
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Inspection for Dam Safety
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Do you inspect dams at the right time?

After
a flood

After
an earthquake

Age-related

LYl deterioration

.

Do you inspect dams in adequate ways?

Visual Inspection

Appearance inspection

Normal plumb line

|

Triangular weir

Drain hole

Are there clogs
like this?

How have the accumulated measured values changed over time?

Change over time Evaluation Measurements and Countermeasures

Under a constant load condition,
the measured values have been
decreasing.

Under a constant load condition, Safe
the measured values have Usual measurements
remained constant. (Stable & Sound)

Under a constant load condition,
the measured values have been
increasing, but the rate of the

t
t
K incr have been decreasing.
t
[ Under a constant load condition,

the measured values have been Hazardous
increasing at a constant rate.

t

t

Carrying out careful measurements
Examination of countermeasures

Implementation of countermeasures
Under a constant load condition,

$ U

3 Emergency countermeasures : Drawdown
the measured values have been
q h . n Dangerous Permanent countermeasures
increasing with an accelerating
increase. Partial abnormality : Repair works
Widespread abnormality : Improvement works, etc.

15



4 D
Examples of dam inspections by ICT

Aft
\.

Example of displacement inspection and measurement by GNSS at fill dams

After
an earthquake

Age-related
deterioration

i Tttt I ;
1 . . . 1
! Visual inspection ! Anytime, anywhere
| (Once a day ~ Once a week) | I:> Continuous, high-accuracy measurement I:> Can be Che"‘led(‘;"th amobile phone
I 1 Early detection
[ Measurement I by GNSS ) v )
I (Once every 3 months) : Deformation after sudden changes in water level
: Yy : Deformation after an earthquage
Weather
i forecast Periodic measurements cannot capture the rapid displacement
¥ o immediately after an earthquake
Mobile phone ¢
e Rapid

displacement

Monitaring center [ . M

|
N = /
Management J"' General Il' Time lag

office — office
¢ i\. W T
[ @ : Electro-optical distance measuring
L' - : GNSS

Example of drone inspection of concrete dams

Damsite

Shooting images

N N D N g
------g- -
Example of crack map @
¥
Inspe g Crack (0.2 mm to 0.5 mm)
with field grasses | Crack (0.5mm to 1.0mm)
Crack (2.0 ar more),
Crack with free lime
IUTT0 Alligator crack
Leakage
Free lime, Deposit
Rock pocket
Surface peeling
Inspection R
by visual Sters
! | .. .
: Conventional : Visual inspection Digital data management for the entire dam
E visual inspection i : by drone : through the use of ICT
S 1 Anywhere
Drones can take photos even any areas where people is not accessible
Abbreviation Early detection
GNSS : Global Navigation Satellite System Abnormalities immediately after an earthquake
ICT : Information and Communication Technology Even small cracks, leaks, etc.

16
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Leave the Water Management to Us!

JWA Supplies you with Safe and Quality Water

JWA supplies safe and good-quality water to meet the demand of people in Japan.
To ensure stable supply of such water, JWA works around the clock, 365 days a year,
to operate and maintain its water supply facilities, including dams and canals.

43 Dams and about 1,000km of canals were constructed by JWA. These facilities supply
domestic water, agricultural water and industrial water to the 65 million people in the designated
water supply area in Japan.

Juiry, opinion, and/or ¢omi _é_nts
Qwater.go.jp. 5 3 '
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We have Original Advanced Technologies

Appendix
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Current Dam Technology in Japan

New Construction Technologies

SP-TOM (Special Pipe Transportation Method)

This method can transport large quantities of concrete,
soil and stone stably and continuously, by rotating a
steel-pipe which several hard rubber blades are installed
in a spiral pattern inside. The pipeline is installed on the
slope.

Materials
supply system

SP-TOM
transport device ..

g
2
| 1§
[
)
2
i
I/i

This mixer was developed to mix CSG materials.
This method is to mix materials passing through
the interior by rotating a mixing tube equipped
with blades inside the mixer.

The mixing tube is installed to incline. The
self-weight of the CSG materials cause them to
flow through the mixer. This mixer has two
mixing effects inside its mixing tube; forced
agitation by drive power and falling.

Patent:
"

Incorporated Administrative Agency Japan Water |n KA IIMA CORPOBRATIOM

Agency; KAJIMA CORPORATION; OBAYASHI

CORPORATION; TOBISHIMA COPORATION;

Construction Management Dept.
Contact Person:

Kumagai Gumi Co., Ltd.; The Zenitaka Hitoshi Numoto
Corporat!on; Osakasaiseki Engineering E-mail:  numoto@kajima.com
Corporation

Phone: @ +81-3-5544-1111
URL: https://www.kajima.co.jp/english/welcome.html
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Current Dam Technology in Japan

Floating Type Upstream Cofferdam Method

Innovative Dam Redevelopment — A New Coffering System for Underwater Work—

Feature of technology

With the floating type upstream cofferdam
method, steel plates (skin plates) are attached
to both the inside and outside of the bulkhead,
the upstream cofferdam barrier that is
integrated into the base is floated, and is
supported by installing an anti-buoyancy brace
on the top barrier of the dam body. The
construction assembles barrier blocks made at
the site on the reservoir surface, tows them to
the installation position, pulls them by winch
and secures them. The floating type upstream
cofferdam method--assembling and installing
while adjusting the ballast by filling and
draining water from a reservoir--is the first of its
kind in the world.

/ \ {
Single block used in the floating method| | Anti-buoyancy brace | Transporting on water

[T —
= |

==
-

] E
EEE
E————
Skin plate i BT
‘Dam-body drilling
Buoyancy chamber - O
q - ——
___Installation status - )

Water Filling or Draining works

i 10 LIMRECESSAry L PREpare \arys-soale
iy oy e
T tproving Waber tightneds
L TETAT (The bulkhead blocks can be assembled out of the
farcrenan [l
R Unnecessary to prepare under water
Ballast Water —— Bt

\ J \ )
Figure of Structure Figure of Structure

Air )

Floating Type

Technology developers: "
Kajima Corporation; Hitachi Zosen Corporation i n KAJMMA CORPORATION

Joint developers:
Ministry of Land, Infrastructure, Transport and Tourism = Contact Person:
Kyushu Regional Bureau; Japan Dam Engineering Hitoshi Numoto

Construction Management Dept.

Center E-mail:  numoto@kajima.com
Phone: @ +81-3-5544-1111

URL: https://www.kajima.co.jp/english/welcome.html
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Current Dam Technology in Japan

CRT(The Continuous Rotary Tube)Mixer System

The Continuous Rotary Tube (CRT) Mixer System provides using the Cemented Sand and
Gravel (CSG) Method. By attaching agitating blades inside the steel drum and maintaining
specified rotation speeds and angles, the mixer is capable of producing mixtures of consistent and

%%
— O

Stabde wipply of high-qualliy £36
Mtamation of CRT Muier Syiem

stable quality.

00000

DN (1 Mt Pnr
| Nt o Wisieg Bl | CHT Rl
Type of Micng Eemend | Fpmed Tyoe o 1bey Puoe of Pios

| D= w1 Sddveren o L fudplerm
Frodus ity K o
Reyuatusrual Speed = B
L ipaeity o Milar: T 00

@HM Construction Co.,Ltd.

Contact Person: | Public Relations Department

E-mail: = kouhoubu@nishimatsu.co.jp
Phone: @ +81-3-3502-7601
URL: https://www.nishimatsu.co.jp/eng/
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Current Dam Technology in Japan

INewly Developed High-performance CSG Mixer: Double Rotation Continuous Mixen

The newly developed double-rotation mixer combining the characteristics of a tilting mixer and a forced
circulating mixer produces high-quality CSG (Cemented Sand and Gravel) mixes at a rate exceeding
200 m%/h

Drum

¥ -

How Mixing Takes Place

Paddles

Material movement {' ‘\

[Example of Concrete Plant Layouf]

Constant feeder Cement silo
= :

A ;,Do_uble:rote:;)n mixer Recelvlng‘ h_Opper Backhoe
- —Deed I
i . 31
R sl (i i o | i 2=

Cement silo

_l._
Double-rotation = Al

mixer

Recewmg hopper Backhoe
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Current Dam Technology in Japan

IMixer Specifications|

Rotating Drum Specifications

Drum inside diameter and height ¢ 1800 x4200L

Rotation speed and direction 10 rpm (clock wise looking in the direction of movement)
Motive power 37kwx220V

Drive system Chain drive

Roller (¢400 x 1451) x 4

Support system Thrust roller (250 x 90L) X 2

Inner Paddle Specifications

Mixer outside diameter, pitch and number of paddle shafts @ 1100 X P1000 (two shafts)
Rotation speed and direction 38 rpm (counterclock wise looking in the direction of movement)
Motive power 45kw x 220V
Drive system Chain coupling drive, chain drive
Support system Bearing
Plummer block (¢ 135)
Size 30t-220-220

Paddle inserts

Quantity 36 pcs.

‘ -
Tlnternal Rotating ‘

paddles ~drum

fo Sectional View

Side View

SHIMZ CORPORATION
Contact Division: Dam Engineering Dept.
E-mail: | e.hasegawa@shimz.co.jp
Phone: | +81-3-3561-3883
URL: https://www.shimz.co.jp/en/
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Current Dam Technology in Japan

New Water Filtration System (Advanced Membrane Filtration Process) |

- e

In construction projects such as tunnel and dam construction and site preparation, proper treatment of
turbid water generated from construction work is important in order to protect the environment. There
has also been growing demand for higher water treatment performance than required by the current
standards of the local governments.

Conventional turbid-water treatment processes relied mainly on coagulation and sedimentation.
Shimizu's newly developed filtration system effectively removes suspended solids by use of a
membrane filtration process to achieve higher water quality in an environmentally considerate manner
and provide solutions to current and emerging problems.

- The filtration process reduces the SS concentration of turbid water to 5 mg/L.

» High turbidity (SS1000-3000 mg/L) water can be treated directly.

- The process is environmentally friendly because it does not use any organic polymer coagulant.

- The system footprint is compact because sand filtration is not used.

- The water treatment system is environmentally considerate because it requires only a small amount
of electricity.

Turbid Water Treatment Test Data]
2500

2000

—~

1500

1000

<=5 of raw water (mg/L)
—#-SS of treated water (mg/L)

SS concentration (mg/L

500

Omﬂ-umm-m

0 5 10 20 25 30 35 40 45 50 Raw water and treated water
Time (hr)
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Current Dam Technology in Japan

System Flow

Raw water tank

Inorganic coagulant
PAC storaae tank

Membrane filtration unit

Filter tank f i Hydraulic head
: 200~300mm
PAC reaction
chamber Release
- b
AR S AR S

v

Slurry storage tank

How Membrane Filtration Works|

(I

Treated water tank

Dewatering facility

A\

Dewatered cake

IMembrane Filtration Capacity|

Clean water

Core material

Filter fabric

Dirty
water

Filtering membrane

Deposited turbidity /

Let A (m2) represent the area of the
membrane surface. Then, membrane filtration
capacity V (m3/day) can be calculated as
follows:

V = A x 2 m3/day

~

SHIMZ CORPORATION

Contact Division: Dam Engineering Dept.

E-mail: = e.hasegawa@shimz.co.jp
Phone: +81-3-3561-3883
URL: https://www.shimz.co.jp/en/




Current Dam Technology in Japan

Remote Controlled Multifunctional Underwater Equipment

Underwater Operation Using an Equipment with Apparatus (T-iIROBO UW)

Remote control, Machine guidance

i &

&

?‘. - i -

This equipment enables a series of underwater operations such as rock crushing, excavation, debris

Summary

disposal, precise sounding, photography, etc.in a safe and reliable condition through remote controlling.
These are carried out by various apparatuses on a machine attached to a shaft which is lowered from a
barge. The machine moves up and down along the shaft.

The equipment has been developed to conduct various underwater works without divers. It is especially
advantageous for works in deep, steep and limited visibility areas such as dam reservoirs. Significant
improvements of safety and operational efficiency are observed through remote controlled visualization
technology and computerized technology.

Specific Features

a. [Enables deep underwater works without divers

b. Applicable for all types of reservoirs

c. Applicable for very steep areas via an equipped casing auger

d. Enables a series of works to be carried out by various apparatuses

e. Equipped with I.T, machine guidance

f.  Applicable for deep and dark reservoir bases via equipped ultrasonic camera

g. Enables precise execution via equipped sounders TAISEI CORPORATION
Contact Division: Dam Engineering Section

E-mail: = kuroki@ce.taisei.co.jp
Phone: = +81-3-5381-5282
URL: http://www.taisei.co.jp/english/
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Current Dam Technology in Japan

Various Apparatuses -
Applicable for a series of works via various ]
apparatuses attached to a machine

Rock crushing with a breaker Sand pump suctioning Cleaning by an ejector

Examples of applicable works

Precise sounding Edge cutting Crushing concrete
Grab dredging Surface treatment

Other applications

28




Hydrodynamic Pressure on the Gate

The hydrodynamic pressure acting on the Gate is larger than
which acting on the Dam body (Westergaard’ s formula)

(DEntire System Analysis Model (Dam—-Gate—Rock—Reservoir)

. . Analytical model: Dam—Gate—Rock—Reservoir Model
Reservoir (Fluid-elemernt)

Analysis approach:3-Dimensional Linear Dynamic Analysis

Number of nodes and elements: About 250,000

475
470 -
SectionA

E 465 - SectionB

r

.2

®

High >

2 460 -
455 - Westergaard’ s formula
450 T T

, , 0 0.05 0.1 0.15
SectionA SectionB Low Dynamic Water pressure (MPa)

Distribution of hydrodynamic pressure

2Gate Analysis Model

High
Analytical model: Gate Model
Analysis approach: 3—Dimensional Linear Dynamic Analysis
Number of nodes and elements: About 20,000

Low

Distribution of stress and displacement

» The hydrodynamic pressure acting on the Gate is derived from the entire

system analysis model.

» High reliable value of the stress on the Gate is calculated by Detail Gate
Analysis Model.
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The Non-linear Analysis of Pier

Plastic deformation is visualized

(DBefore aseismic reinforcing work
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Physical behavior of the pier concrete after cracking is derived and visualize

Structural residual deformation on the pier after the earthquake is derived and visualize

Tokyo Electric Power Services Co., Ltd.

Contact Person:

Business Development Dept.
Ryoutarou MATSUMOTO

E-mail: r—-matsumoto@tepsco.co.jp
Phone: +81 3 6372 5175
URL: www.tepsco.co.jp
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Dredging method using amphibious bulldozer Model D155W

Since their first appearance as the construction equipment for marine excavation works in 1971,
the amphibious bulldozers have been engaged in over 1200 projects throughout Japan, taking full

advantage of accumulated knowledge and experiences for over 50 years.

Technical characteristics

Amphibious bulldozers are radio remote-controlled construction machines that demonstrate their
power in shallow water areas.

The dredger can dredge in areas where the water is too shallow to navigate or at depths of 0 to 7
meters where it is impossible to construct with land-based machinery.

This machine mainly performs dredging of underwater areas. Equipped with a bucket (3.36m3) in
front of a large earth removal plate, it excavates underwater without letting the dredged soil
escape. Dredged material is transported underwater to shore. It is more accurate and economical

than other dredging methods.

Ground pressure

. 95.1kN/m?(on land) { i
Air intake «—— Wireless Antenna .4 60.8kN/m2(under water) 'ﬂlM . .
and exhaust tower = RN ELE
\ . Y4 l Tolerable static water level | depth of operation 7m
Maximum water i "l -IT
:i \/_depth of operation 7m d 4
3 J I 1Y
1 lJ I""E
e, 5 3
& TR 8 -
. ! i [T e
draul " & ) .
prele A ki = Soil removing blade with an apron. ! - I . B _':':..-_ i |'r"—_' - — .l = 1.'-#'
By, - Bucket ity:3.36m? ! : Tt
t-l A ucket capacity:3.36m . Y O ‘I.ll,_ t e .:[. !
- -
- = = i
[Tadl]l |
[
Radio remote-controlled amphibious bulldozer 43.5 t class Outline drawing of amphibious bulldozer Komatsu D155W

Specific features
The operator’s safety is ensured as the machine is remotely controlled using wireless control.
In the event of a sudden rise in water level, this machine can be quickly moved to a safe
location for evacuating.
Temporary construction work is minimal and cost-effective.
Capable of dredging in areas with high flow velocity up to about 2 m/sec, where work vessels

cannot be operated.

Dredging range
Main body of a large dam of amphibious bulldozer
\
*

|
>

Applicability of amphibious bulldozers in dam reservoir

The middle to upper reaches of the dam reservoir have

Mainly gravel

relatively high flow velocities and shallow water depths.

mainly sand

The gravel and sand sediments formed in this area can be

ownstream part

removed by dredging with an amphibious bulldozer. ! | |
= Dredging range of amphibious bulldozer in a dam reservoir

Midstream part upstream part

Asunaro Aoki Construction Co.,Ltd.
Contact Division : Civil Engineering Technology Division

E-mail: tech-info@aaconst.co.jp

URL: https://www.aaconst.co.jp/

Dredging éituation at dam reservoir
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Title  High-lift dredging method that does not cause turbidity in water "High-lift non-turbidity
dredging method"

OAbstract

We have developed a dredging method that can remove
sediment from dammed lakes with a depth of 20 m or more
and a lifting height of 10 m or more without causing water
pollution. The method uses a combination of a powerful
vacuum generator and a high-concentration stirring pump to
achieve continuous sediment removal at a high lift without
disturbing the lake bed. Due to the fact the new method does
not cause turbidity in water , the dam can continue to generate power during dredging operations
near the water intake. In addition, the new technique can be used throughout the year (including in
flood season), which makes it far more flexible than existing methods.

Lo

mud separator

vacuum generator sediment
treatment
conveying pipe facility
_;L‘ work barge )—7
% ", r
¥ - i

relay pump unit

Lifting height

relay pump unit
30m y pump

vacuum suction tube

auger equipped suction machine

work barge

auger equipped suction machine

OFeatures

1. ltis possible to remove sediment with a lift of over 30m without polluting water quality, so the dam
can continue to generate power, even when dredging occurs near the water intake.

2. Collective management is possible from an ICT central control room with just one operator.

3. In addition to enabling compact maintenance operations without the need for large-scale
equipment, there is a degree of freedom in equipment organization that enables easy adaptation
to local site conditions.

OApplications
- Where functional improvement and recovery of water intake facilities buried under sediment
- When the turbidity level of the reservoir

is unacceptable
* In environments where it is difficult to

Fujita Corporation
Contact Person: @ Yuta INAMI

lower E-mail: | yinami@fujita.co.jp
the water level for maintenance Phone: = +81-3-3796-2278
- When it is necessary to continue using URL:  www.fujita.com

water for power generation, agricultural use,
etc. whilst removing sediment.

32




Current Dam Technology in Japan

Title TUnderwater Inspection and other underwater tasks made possible by ROV |
Underwater Inspection Robot “DIAG”

e Merit
Elimination of underwater work
Manual underwater inspection tasks currently carried out by divers can be eliminated by using a remotely

operated vehicle (ROV).
In dam body renewal work, underwater investigation, surveys and simple tasks can be carried out through
land-based operation and monitoring.
e MLIT-certified technology
Experimental technology (% % %) recommended under the MLIT Program for Development
and Implementation of Next Generation Infrastructure Robot Technology
MLIT New Technology Information System (NETIS) No. KTK-150011-A

Aquaduster®
Obayashi Corporation's patented
technology

Controls the underwater attitude
of ROV as desired.

Underwater sonar

Line laser

Irradiation range: about 3 m
Measures damages or
defects such as cracks.

High-!orightness Removes foreign matter deposits
LED light

from the area to be inspected.
Brightness 3,780 Im

100 m water resistance Sy R I L Float

Thruster
DC brushless motor (200 W)
Two horizontal and two vertical units

Pressure-resistant container
of ROV control system

Cleaning device
Plastic brush Variable (multi-step)
rotation speed

Main camera
2.38 megapixels
10x zoom
Underwater imaging system
capable of imaging in turbid water
Water-filled box filter placed in front of the

main camera
Acquires clear images even in turbid water.

* Aquaduster

A gyro-based mechanical attitude controller effective in an
environment where flow velocity does not exceed one knot

Features

+ The combined use of high-definition images and line laser
(width: 100 mm) makes crack location and size measurement
possible.

+ Features such as the imaging system with a water-filled box
filter and the image enhancer** make it possible to obtain clear
underwater images.

** Image enhancer

A system that automatically
recognizes adverse conditions
(mist, rain, snow, yellow sand,
upderwater conditions, poor
Tighting, backlighting) and enhances
images in real time

Before
Image eritéaneerrent device usage

Cleaning devite usage

OBAYASHI CORPORATION w

Contact Person: = Dam Technology Dept. Civil Engineering Division

[=;

1M Let’s Know About The Dam
OBAYASHI DAM WORLD & . Phone: +81-3-5769-1321

https://www.obayashi.co.jp/en/damworld/ | jg|. https://www.obayashi.co.jp/en/

E-mail: = dam-information@ml.obayashi.co.jp

=
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