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IEstimating Sediment volume into Brantas River after eruption of Kelud
Voncano on 1990

Takeshi SHIMIZU', Nobutomo OSANAI' and Hideyuki ITOU'
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and Transport, Japan

The Brantas River that flows through East Java Province, the Republic of
Indonesia, is the second largest river. It has 11,800km” catchment areas and total
length of the river approximately 320km. The Brantas River Basin has been
developed based on the 1* to 4™ master plans since the Second World War. The
purpose of master plans was mainly dam constructions in the middle stream and
upstream for flood control, water supply for agricultural and industrial use, and
electricity generation. The each plan was almost successfully completed.

In the Brantas River Basin, several active volcanoes located, originally sediment
production is intense. The Brantas River Basin now has two serious water and
sediment related problems as followed as bellows.

(a) The decrease of reservoir’s effective capacity due to sediment inflow to the

reservoirs in the middle stream and upstream.

(b) The riverbed degradation due to sand mining in the lower stream.

Related to the decrease of reservoir’s effective capacity, a total annual average
3 million m’ of sediment has flowed into reservoirs, and already filled approximately
43% of the reservoirs in 2003.

The riverbed degradation has increased the risk of damage such as the flood
disasters, lateral erosion, and constructions flow out. The main factor of the riverbed
degradation is considered sand mining. More than 4 million m’ of sediment were
excavated from the river bed in 2000.

Moreover, volcanic materials supply due to the eruption sometimes gives
additional effect along the basin. Especially Kelud volcano (elevation: 1,731m)
indicates high activity; it might give serious effects to the basin.

The aim of this study is to estimating the sediment volume into Brantas River
Basin after Kelud volcano eruption on 1990 using numerical simulation.

Keywords: Water and Sediment Management, Brantas river, volcanic eruption
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‘ Investigation Area

Surabaya
e

> Brantas River(basin area : 11,800
km?, river length : 320 km ) is located
on the Island of Java, Indonesia.

>There are active volcanoes such as
Kelud.

> Development plan of the Brantas
river basin have started since 1959. A
lot of water facilities including
reservoirs were constructed in the
projects.

. 2nd!{3rd]{ath]
H zoono ||+ Agrcuture H
‘ History of o [ e ‘ Background of this study
[a B
H [l TR 1
development in ] N ——
Brantas River Basin B s et e s problem 1 Eruption of Kelud volcano is
D T RGR #ﬁ Riverbed degradation thought to be one of the biggest
= 2000 - 1 1 1 3502 . .
There are 4 master plan executed in =~ = w1 2 1. |7 caused by sand mining factors to makeing serious effect
. ) O ] [, ; on both problems
the Brantas River Basin 8 T R
) : I 1 T
1800 T L L L
> Time going, economic factors T S B B
increasing 2 ! )'///J/" .
> The master plans were effective. g Dt i |
But another problem occurs S L ; ;
> For example sedimentation in dam wl . . . .
reservoirs and river bed S i Problem 2
. &= 1 ! 1 ; i Dam sedimentation
degradation g.l | Y, 4 % 7 e
% - ! m For the water resources management in the Brantas river basin, it is

important to clarify the effect of volcano-crust for the river.

The purpose of this study

= To clarify the effect of Volcanic activities on
sediment conditions in Brantas Rivers

= Authors carried out numerical analysis applied to
Kelut volcano eruption on 1990.

Volcanic Activities of Kelud Volcano

> Kelud volcano ( 1,731m height ) is one of the high level active volcano
located in Java Island.

> It has 4 eruptions records since 1919.
> Almost all of the scale of eruptions were VEI 3
> In each event, following phenomenon also occurred:

1) Lahar due to Phreatic explosion.

2) Plinian with pylocrastic flow

3) Lahar due to the breach of crater lake

Table : scale of eruption of Mt. Kelud since 1919.
Year Volume(10° m*)  Number of deaths

1919 323 5110
1951 190 7
1966 90 283
1990 125 35
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‘The latest eruption of active volcano ,Kelud

Jawa Pos

i T el )

‘Kelud Mulai Semburkan Abu

Bara Kati Ini

Jawa Pos , 5" of Nov. 2007

Numerical simulation carried out in this
study

Considering the types of Kelud volcano eruption,

we carried out following simulations to Kelut volcano
eruption on 1990.

> Lahar due to crater wall collapsed type
simulaiton(2-D analysis)

> Pyroclastic flow simiulation( 2-D analysis)

> Pumice fall distribution calculation(1-D analysis)

Simulation model for lahar

This calculation assumes that crater wall collapse triggering lahars.

Red relief map around crater of Kelut volcano

Input of Hydrograph

We calculate the hydrograph according to the volume of
crater lake on 1990 eruption.

5,000
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é 6000 \\
Total S N
discharge of 5 N
Water is about @ % <
4,000,000 m3 0 200 ~
1,000
Sediment . T eer s
supplied by o 200 400 500 800 1,000 1200
M.P.M

P Time(s)
formula
Relationship between time and discharge

‘Results of lahar calculation
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Distribution of depth of the flow
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This figure shows
sediment volume inflows
into Brantas River within
about 3 hours.

So the more time going,

the more volume flows
into Brantas River.

River.

Sediment Volume (m3)
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0

T

According to these figures, almost all of water and
sediment from crater lake flows into Brantas River Basin.
Total volume of water is about 4 million m3 in this case.

So, Lahar has serious effect on the conditions of Brantas

18 48 78 108 138 168 198
ime(minutes) after wall collapsed

Pyroclastic flow divided to two
layers; Surge and main body.

Main body is dragged to surge.
So, it is important to know the
behavior of main body.

We followed Yamashita &
Miyamoto(1991)’'s model in
which the main body behavior

Simulation model for pyroclastic flow

Distribution 227
of velocity

e
Distribution
of Density

is treated as the dry particle

flow.

Schematic model of a pyroclastic flow

\ Result of calculati

on of pyroclastic flow

RELBATR
)

100~
S0~100

30~50
10~30
05~10
0~05

o 1 2 4

Distribution of arrival time of
pyroclastic flow

Kilometers

Distribution of pyroclastic thickness
of deposition

This results show Pyroclastic flow doesn't have serious
effect on Brantas River in short term.

But pi/)roclastic flow supplies hillside area with a lot of
unstable sediments.

So, In the long term, it becomes high potential to make
debris flow or lahar generate as the secondary

disasters.

Schematic model of
volcanic plume

y

Numerical analysis model of pumice fall distribution

It is difficult to model behavior of pumice fall precisely,
because pumice fall has complex factors to simulate.

We use the geometrical model following Miyamoto(1993).

Wind direction

0 = crater

Distribution of pumice fall is calculated
by hight of plumes and wind direction.
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‘ Result of calculation of pumice fall distribution

Distribution of pumice fall is determined by wind direction.
In Brantas River Basin, everywhere is possible to damage by
pumice fall.

slope2

A lot of pumice fall does
not directly fall in the
Brantas River.

But After the heavy
rainfall, pumice fall is
possible to flow down,
changing forms to
concentrated flow.

46

Because gradient of |
hillside over a wide

range on Kelud volcano
is greater than 2 degree.

&

Distribution of gradient more than 2 degree
about Kelud volcano

| Summary and conclusion
sLahar reach the main river course.

Lahar is possible to make severe impact on the
sediment conditions in Brantas river basin.

=Pyroclastic flow does not reach the main course.
However unstable sediment on the mountain slope is
increased, so that the sediment yield will be increased.

=Pumice fall reach the main river course. But in short
term the effect on changing sediment condition in
Brantas River Basin is not so large.
But pumice fall yields unstable sediments in Brantas
River Basin.

| Summary and conclusion

=We can recognize the impact of eruptions on the
river is not so big in short term.

=But it is considered the potential of sediment
movement is increased after eruptions.

sBecause these sediment is easy to move if heavy
rain falls.

| Future studies of our plan
Lower Reach

How much volume of sediment from upper \\
reach is necessary for lower reach to :
become equilibrium river bed condition?

________

l?iver bed degradation by sand mining

We have plans to execute simulation of the river bed variation;
case 1) in normal condition.
case 2) in volcanic activities took place.

-> results of this presentation is preliminary studies for case 2)

Upper Reach

After the execution of the previous simulation, We
estimate how much volume of sediment is necessary
for lower reach.

Then we can consider how much volume is allowed to
flow down into dam reservoirs from upper reach.
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As the void of bed material plays an important role in fluvial geomorphology,
infiltration system in riverbeds and river ecosystem, a structural change of the void
with bed variation is one of the concerned issues in river management as well as bed
variation. Thus, a bed-porosity variation model is strongly required and it is expected
that such a model contributes the analysis of those problems as a tool for integrated
sediment management.

A flow chart of the presented numerical simulation of bed and porosity variation
is shown in Fig.1. As the porosity is one of the variables in this model, we must
solve the following equation as a continuity equation of sediment.

8
O -a)+ L% 1)
ot ¥z, B ox

_>| Flow analysis |

i e S :

Temporal analysis of change
of grain size distribution and
porosity

Identification of grain size
distribution type

v

I

I

|

I

I

| -

I Geometric parameters of
Bed variation analysis | | grain size distribution

I

I

|

I

I

|

1l

v

Estimation of the porosity

Analysis of change of grain —
size distribution and porosity | <=

Fig. 1 Flow chart of the presented bed-porosity variation model
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where A = porosity of bed material, o S S

= — AT AT, ATY
z=bed leveL z,=a rqference level, AiTalbot Area
O, = sediment discharge and | £ B/
B=channel width. Aopbee® N/
. . [ g i & >~~«—7 Border-4
Porosity is dependent on the BT = v
. . . . . r i DO
grain size distribution of bed 4 Do
. . . 0.5 r Ay A Ay 4 A
material and its compaction degree. ! gy 7 & U A
In this paper, the compaction IS = ..
degree is considered empirically e 4
. . L/ *B 0C:
and the porosity is assumed to be a S e
. . L // C]/'/
function of geometric parameters of A 2 N
grain size distribution. 00 ~—e—e—e o
0.0 0.5 1.0
— 7
A—fn(Hl,Hz,H3, ....... ) 2 ) _ S _
Fig.2 Diagram indicating Talbot, anti-Talbot
where IT1;,II,, Il;....= geometric and lognormal region
parameters of  grain size
distribution.

As we assume that the porosity is not constant depending only on the grain size
distribution, the time differential term on porosity can not be neglected in Eq.(1).
According to the previous exchange model between bed material and transported
sediment such as Hirano’s model, the change of grain size distribution in a time
interval cannot be obtained without the change in bed elevation in the time interval.
This means that Eq.(1) is an explicit equation. For this problem, we obtain
temporally the change in the grain size distribution in the original mixing layer and
then calculate the change in bed elevation using the temporal grain size distribution
as shown in Fig.1.

There are some types of grain size distribution such as lognormal distribution and
Talbot distribution. Therefore, we need a method for identifying the distribution type
and obtaining the relation between the geometric parameters and the porosity for
each type. For example, lognormal distribution has a parameter of I1;=c and Talbot
distribution has two parameters of I1,=d,,,/d,.i», [1,=n,, where c=standard deviation
of Ind, d,,,,=maximum grain size, d,,;,~minimum grain size and n~=Talbot number.

A type of grain size distribution can be identified visually by the shape of grain
size distribution and the probability density distribution. However, this visual
identification method is not available for riverbed variation models. Thus, Sulaiman
et al. (2007a) have introduced the geometric indices S and y to identify the
distribution type. The indices £ and y are defined as Eq.(3) and Eq.(4) respectively,
designating the relative locations of the grain size d), for the peak probability
density and the median grain size ds, between the minimum size d;, and the
maximum Size dp,y.

[ = 08wy ~108 e 3) y = Jogd,, ~logdy, )
logd . —logd, logd , —logd

max min max min
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The indices of Talbot and 04
anti-Talbot distributions are on de &
Line-1 (#=0 and 0<<0.5) and ¢ %
Line-2 (f=1.0 and 0.5<)<1.0)
in Fig.2. The indices of
lognormal  distribution are {' * % %
plotted just on the center point 02 7
(0.5, 0.5). The indices of the & Measured } {
other distribution are plotted ® Simulated (Tsutsumi et al, 2006)
on the area of 0<A<l and 0.1 T T
0<7<1’ apart from Line-1, 0.1 02 04 06 08 1.0 12 14 1.6
Line-2 and the center point.
However, there is an area  Fig. 3 Comparison between the measured porosity

=
[
.

¢
¢

Porosity

Standard deviation o,

where no unimodal and the simulated one for  lognormal
distribution exists. From a distribution
geometric analysis, an area 0.4
where unimodal distribution
exists is surrounded by 03 | I ; ?
L ]
Border-1, Border-2, /=0 and > o ° 1 . L
/~1.0 as shown in Fig.2. £ 02 | # }
o .
It seems reasonable that ~ t $ %
the grain Size distribution type 0.1 r ® measured : dmax/dmin=1129
is identified with the distance B measured - dhedmin 33,
. . o} S/_mulaled : dma.r/(lm_mf[f) (Sula//‘mm et.al., 2007)
to the point (y, f) from Line-1, 0.0 ® siqudated: dmadnin=100 eqal. 2007
Line-2 or the' center point. 0 5 4 6 3 0 12
According to this criterion, the nr

border line between Talbot
distribution and lognormal
distribution ~ (Border-3) s
written as Eq.(5) and the
border line between anti-Talbot and lognormal distribution (Border-4) is expressed
as Eq.(6). Fig.2 shows the domain for lognormal, Talbot and anti-Talbot
distributions.

Fig.4 Comparison between the measured porosity and
the simulated one for Talbot distribution

Border-3: g=(0.5-y)?+0.25 %) Border-4: f=—(0.5-7)>+0.75 (6)

The porosity of various kind of grain size distribution can be obtained by means
of a packing simulation model and an experimental method. As a result, the relation
between the geometric parameter and the porosity is obtained as shown in Fig.3 and
Fig.4 for lognormal distribution and Talbot distribution, respectively.

The presented bed-porosity variation model was applied to the bed variation on
a channel with a length of 15m and a width of 0.5m. The initial channel slope is 0.01.
The end of the channel is fixed. The initial bed material has a lognormal type of
grain size distribution ranging from 0.1mm to 10mm. The water is supplied at a rate
of 0.02m"/s and no sediment is supplied. Under this condition, the maximum grain
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could not be transported. Fig.5 (a), (b), (c) and (d) show the bed variation, the time
and longitudinal variations of the mean grain size of surface layer and the porosity
and the change in grain size distribution type. No sediment supply causes the bed
degradation and the increase in porosity and mean grain size of the surface layer.
Finally, the bed material had a Talbot type of grain size distribution.

The validity of this model has not been verified yet, but it is believed that this
model has a good performance for the analysis of bed and porosity variation. It could
be applied for the problems on bed variation and ecosystem in the downstream of

dam.
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(a) Bed variation
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Fig.5 Simulation result on bed and porosity variation
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1 Targets of sediment management
- Disaster prevention
Reduction of bad influence of sediment on rivers
Effective utilization of sediment resources
Environment conservation

Tools

Software bed variation models

Hardware sabo dams, sediment flush gates,
sediment bypass tunnel

® Ecological aspects
Habitat conservation
Disturbance to riverbeds
Void of bed material
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Void of bed material

1 Porosity
Bed variation
Infiltration system in riverbeds
1 Spaces among particles
Habitat

A bed variation model providing the information
on the changes in porosity and grain size
distribution type of bed material



Basic equations

Continuity equation of water

A a 2
CQ+L L Bh2+Q

Energy equation for flows =75 E}gﬁ’h(fh ~ir)

ot ox|2
Continuity equation of sediment
Continuity equation of sediment with
grain size d,
B = channel width, # = water depth, O = water discharge, 7 = time, x = distance in
stream wise direction, A = porosity of bed material, z = bed level, z, = a reference
level, O, = sediment discharge, g = gravity acceleratiol bed slope, i, = friction

slope, j = grain size grade, p; = mixing ratio of a grade j in bed material and Q; =
sediment discharge of a grain size grade j

A proposed model

A# constant

Sediment discharge O Betaygace =S

Porosity A(,x,z)
Bottom z=0

A bed variation model

Water discharge

Constant
porosity

- Sediment Grain size distribution
Flow analysis [  yransport ||  of bed material

<— | Bed elevation
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Previous bed variation model

A=constant
Continuity equation of sediment
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Continuity equation of sediment with grain size d,
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Porosity estimation

B Compaction degree

M Grain size distribution

I1,, Iy, IT;....= characteristic parameters of
grain size distribution

Lognormal distribution:
I} =dpax / dimin

Particle packing simulation and measurement method

Talbot distribution:

A bed-porosity variation model

Water discharge
- Sediment Grain size distribution
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/ Implicit equations
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Main routine and subroutine Temporally calculation of p

Input data

Flow analysis Subroutine

. Identification of grain
Temporal analysis of change of | o size distribution type
grain size distribution and porosity | ¢mm l a
l Characteristic parameters
Bed variation analysis of grain size distribution . e ]
! Sediment balance within the surface layer at time ¢

'

Analysis of change of grain size | mm -
distribution and porosity - ES“;at'OnyOf

MacCormack scheme Water depth, water discharge and bed level
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A layer bed model Grain size distribution at r+4r
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Change in grain size distribution
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5 LU pj(t,x,z)dz+B(17

A layer bed model

p1;

Py O

o (1-4) o

1 9Bag (1-4,)
(l—il)aB ox

Py 04
(1-24,) o

1

ot

(1-2)aB  ox

Identification

Geometric parameter of grain size distribution

A

0,
_ logd,,, —logd, i
logd,, —logd

min

d

min

logd

max

logd

max

—logd

peak

—logd

min

d

min

Indices for Talbot distribution

Line-2

/AT, AT, AT, ATy

Anti-Talbot Area
=)

max ({

max

Classification of grain size
distribution type

Lognormal type

1

exp| —
V27, "{

(nd-ind,,f

plind)= .

|

Talbot and anti Talbot types

)

Modified Talbot and anti Talbot types

f(d):( jﬂT

d

1)

d

max

logd —logd in
10g dmax - IOg dmin

Indices for lognormal distribution

Line-2
10
AT AT, ATy
Anti-Talbot Area 4
o
Lo o
4 Poate Lognormal type
Border-2._
v D0 o
. DO
4 Lognormal Area.
05 Y . ﬁ n 2N
ey P QIR Q
,’/’\
[Border- /Y Borderl
/MK Talbot Area
5 oB |
y’l T, Ty T, T i
0.0 !
Line-1
0.5

0.0

Iy =dpax / dinin

Talbot type
05 B
M Talbot Area
’ *B
0.0
Line-1
0.0 1.0

100 1000

Indices for anti-Talbot distribution

Border-2.__ ¢

0.5 A/
2/
/ MX Talbot Area
/ @B
ST T \
0.0 e
Line-1
0.5

0.0

Anti-Talbot type

— 144 —




D

omain of each type Identification

Line-2 Line-2
1.0 1.0 p
AT, AT, AT, AY AL AT AT ATy
Anti-Talbot Area N Anti-Talbot Area /
= /
L aB
Border-4
N
.0 o
Do
f ag . Lng\n&l Area N 2 09
S T ..
B Q Q.
X oa " Border-1 oc ™ Border-1
G oB
Talbot Area Talbot Area
*B o8
T, T, ;
0.0 0.0
Line-1 Line-1 R
0.0 0.5 1.0 0.0 0.5 1.0
7 14

Identification Identification

Line-2

Line-2

/AT

Border-2._

M Talbot Area
B
T

' AT, ATy
Anti-Talbot Are;

ATy AT,

Anti-Talbot Area
P

ALy

¢ Border-1 Border-1

MiX  Talbot Area

o8B
T,

T

Line-1

Line-1

d (mm)

10
danm)

Identification o

100

Porosity and geometric parameter

w0
0
0
09 Anti-Talbot Arca Two size particle mixture
100
08t
07 Hiir s w
*
06 Hi “
0
L Lognormal Arca
B 05 o
04 t)] 0.1 Mln«‘»m 100 1004 %\. 02
% =}
03 Fan _(‘)7 Lo_0.15
As amy © Tathor &~ o4
02 | oo A, O Hs ® Logpornul )
H; Ay ® | A Talbot--Log-normal
0.1 ° Talbot Area X Log rormal.-Anti Talbot * *
o0 S A Snimea o o o
< F, FF . .
0.0 0.1°02°03 04 05 06 07 08 09 1.0 Ratio of finer particle
y o Coom o w

— 145 —



Porosity and geometric parameter
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Sediment supply
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1 |[dentification method for grain size distribution
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1 The relation between the geometric parameter
of grain size distribution and the porosity

1 Development of a bed-void variation model
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Reservoir Sediment Management Measures in Japan
and those appropriate selection strategy

TETSUYA SUMTI!

! dssociate Professor, Department of Civil and Earth Resources Engineering,
Graduate School of Engineering, Kyoto University

The Japanese rivers are characterized by high sediment yield due to the
topographical, geological and hydrological conditions. This has consequently caused
sedimentation problems to many reservoirs constructed for water resource
development or flood control purposes.

The necessity for the reservoir sediment management in Japan can be
summarized in the following three points: 1) to prevent the siltation of intake
facilities and aggradations of upstream river bed in order to secure the safety of dam
and river channel, 2) to maintain the storage function of reservoirs, and realize
sustainable water resources management for the next generation, and 3) to release
sediment from dams with an aim to conduct comprehensive sediment management in
a sediment routing system.

Sediment management approaches are largely classified into the following
techniques: 1) to reduce sediment transported into reservoirs, 2) to bypass inflowing
sediment and 3) to remove sediment accumulated in reservoirs. In Japan, in addition
to conventional techniques such as excavation or dredging, sediment flushing and
sediment bypass techniques are adopted at some dams: e.g. at Unazuki and
Dashidaira dams in the Kurobe river, and at Miwa dam in the Tenryu river and Asahi
dam in the Shingu river as shown in Figure 1, respectively. These dams practically
using such techniques are focused on as advanced cases aiming for long life of dams.
In addition to these dams, larger scale sediment bypass systems are now under
studying at Sakuma and Akiba dams in the Tenryu river, and Yahagi dam.

The problems to promote such reservoir sediment management in future are
1)Priority evaluation of reservoirs where sediment management should be introduced,
2)Appropriate selection of reservoir sediment management strategies and
3)Development of efficient and environmental compatible sediment management
technique. In order to decide priority and appropriate sediment management
measures, Capacity-inflow ratio and Reservoir life indices are useful for guidance as
shown in Figure 2. When the sediment management measures are selected, it is also
necessary to consider those environmental influences in the downstream river and
coastal areas both from positive and negative point of views.

In this paper, state of the art of reservoir sediment management measures in
Japan and future challenges are discussed.

Keywords: Reservoir sediment management, sediment routing system, sediment
bypassing, sediment flushing, environmental impact assessment, Tenryu river,
Yahagi river
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Details of sediment control measures

Place

Classification

Examples in Japan

Reduction of sediment production by hillside and valley works
Regulation of reservoirs and sediment by erosion control dams
and slit dams

Reduction of discharged sediment and river course stabilization
by channel works

g S
flowing into

Sabo area, Changing from scdiment check dams o
sediment control dams (slit dams)

[eservoir:

[End of
reservoirs

- 1 y Z and TecycTimg Tor
Sediment check| aoercoate or scd suppl
o [aggregate or sediment supply to

river

Matsukawa Dam, Yokoyama Dam

|

Miwa Dam, Koshibu Dam, Nagashima Dam, |

End of
reservoirs

Sediment routing

Dam
Dashidaira Dam-Unazuki Dam (Coordinated sluicing)

Non-gate botom outlets
(natural flushing)

| |Masudagam Dam

Density current Botom outlets for flood control
[venting

| |Koshibu Dam, Futase Dam, Kigawa Dam

Non-gate conduits with curtain wall

|—{Katagiri Dam

Selective withdrawal works

| yahagi Dam

Sediment flushing outlet

| |Dashidalra Dam-Unazuki Dam (Coordinated flushing)

Partial Mushing
without

Sediment flushing Sediment scoring gate

drawdown

|—|Scnzu Dam, Yasuoka Dam

Sediment scoring pipe

J—{ikawa Dam

Excavating &

Recyeling for conerete aggregate
Dregin cyeme ore eeres

[Miwa Dam, Koshibu Dam, Sakuma Dam, Hiraoka Dam,|
Y asuoka Dam

ot improving materal, Farm Land
filling, Banking material

| |M|wa Dam, Yanase Dam |

Scdiment replacing inside reservoir

—{Sakoms Dam ]

ba Dam, Nagayasuguchi

Sediment supplying to downstream rivi

[Dam. Nagashima Dam

Figure 1. Classification of Reservoir Sedimentation management in Japan

1K# O D, SP
Capacity—inflow ratio and Reservoir Life 2 FEE Senzu  SG
3#&/E  VYasuoka SG,D,PF
4%E Kasag SG, PF
100000 5 KRl Ooma SG, PF
No measures|(from inner factors) ] 6 B Tokwa SG
O Check dam 7=# Miura SP
8 [ Hiraoka D, PF
X ® Flushing 9 ﬁﬁ;ﬂ Sakuma D
X 10 Hakuwa E D
£ 10000 XX % % Scoring gate 11 3)Il  kawa  SPE,D,PF
= X 12 WA Yamaguchi SG, PF
& @ Scoring pipe 13 BZE  Akiba E D, PF
S X ) 14%% Mwa  BEDCD
n X % # Bypassing 15 %2  Makio E D, CD
£ 1000 X % ) 16 /N#%  Koshbu E, GD
I b Xa(% X WExcavating 178l MatsukawaB, E, CD
5 X X O 1% ) 1818 Asahi B
g X % X a0 x @ Dredging 19 EiZF Dashidaira F
é X I @& @ 475 Sedinjent check dam, 20 FHHA Unazki  F
100 f' X %*&@?(@ g PR Sedimeéfit replenishmgnt CD : Check dam
B gy x® F : Flushing (Draw down)
@ X Sediment bypass, Sluicing PF : Flushing (Partial draw down)
.® L] SG : Scoring gate
Sediment| flushing, Sediment scoring gate SP : Scoring pipe
10 : B Bypassing
0.001 0.01 0.1 1 10 E Excavating
. . . D Dredging
Capacity—inflow ratio=CAP/MAR
Figure 2. Appropriate selection of reservoir sediment management strategy
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* National Inventory of reservoir sedimentation
2730 dams (>15m high) with 23 billion m3? capacity.
Sedimentation progress of all reservoirs over 1 million m3
have been reported annually to the government from 1980s.

1n1922 dams of 18 billion; m? velume,
—  total sedimentation 7.4%

annuallloss 0.24%/yr

‘Sediment yield
potential map
of Japan

AT HRNANAD
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m3/km?yr

INeed ferresenvoeir sedimentation management
3 0d]

cilities and aggradations of upstream rivers

IStainability of Water Storage Volume

mprehensive Management of Sediment Routing
System in a River Basin and Connected Shoreline
Scale

To prevent riverbed degradation, river morphology change
and coastal erosion caused by shortage of necessary
sediment supply from upstream including dams

- Promotion strategy of reservoir sediment
management

* Conclusions

otal sedimentation losses

©® Multi-pt OLLT)
O Multi-purpose(P.G) X 3
© Multi-purpose(W.RD.P.C)
X Water power
Alrrigation

+ Municipal water

=)
=3

3
S

=3
=3

IS
=)

Sedimentation loss(%)

)
=3

Years after dam completion

Some hydroelectric dams constructed before World War II more than
50iyearsold — 60 to 80 %, but problems are depend on the cases.

= Many cases from 1950 and 1960 through the high economic growth
period more than 30 years old — beyond 40 %.

— From 1960s, large numbers of multi-purpose dams — 10to 30 %
Maintaining effective storage capacity is critical for flood control
and water supply.

Total average sedimentation rate 7.4% (1.35 /18.3 billion m3)

Comprehensive Management of Sediment Routing System
in a River Basin and Connected Shoreline Scale

e B R SR 54

e
| | Balancing of sediment
transport from the

source of the river to the
coast

Riverbed
degradation

ment flow

monitoring
Bed load
Suspended load

Wash load :
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Yasuoka dam(1936,11MCM)

’\[I\’\:ﬂ dam(195930Mek)

7 i L4
Hiraoka dam(1951.43MCM) Koshibu dam(1969358MCM)

Sakuma
dam(1956,327MCM)

Tenryu River, A=5,090kn?

Reservoir sedimentation in Sakuma dam
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Power generation
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(®Sediment Bypass Tunnel
(Two dams)
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MEent measuresiindapan

.chavating

S
i x
current .Vf’;/t'"? Sediment scoring gav
E{?ﬁHFHi >4 4E% o

s Sediment Routing
Sediment supply

Tunnel
Tunnel Tunnel | Cross

Completion | Shape Section

(BxH(m))

Design | Design
Discharge |Velocity
(m's) (m/s)

Operation
Frequency

Name of Dam

Nunobiki 1908 Hood 2.9x29 B 39

Asahi 1998 Hood 3.8<38 .S 140

Miwa n 2004 Horseshoe | 2r=7.8 300
Under

Hood 5.2x52 200 -

Egshi i 1976 Circular r=28 . 74 10days/yr

Palagnedra i 1974 Horseshoe | 2r=6.2 110 |2~ Sdays/yr
A= ~
rland 1922 Horseshoe | 21.0m” 10~ 15 |200days/yr

Rempen Switzerland 1983 Horseshoe | 3.5x3.3 ~14__|I~5days/yr

Runcahez Switzerland 1961 Horseshoe | 3.8x4.5 K 9 4days/yr

(Five bypass tunnels in Switzerland by Visher et al., 1997)
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aira dam (1985) H=76.7m, V=9 MCM

High mountains >3000m E 5
Unazuki dam (2001) H=9

ApplicationieiiSediment Flushing, firom the view point;of;

100000

e |
|— Sediment Flushing dams ngiang | 1 [ 1]

Hnnhi “a=245x10° |

10000

«»n 1000
2 5= = :
\ T a5 [Kurpbe e
N = 5 <
N . bnuniong NSabupet anjr
S 10 ot Gporioh,
[Verbois Lo |3 TAEzal =
T oin :
Santo Domingo azukif WfGebidem) « | [Heisonglin | "™ | ']
o0 Homgimg o E
ck Gregk 1] Dashidaira) N

Suicaozi Al * Bhiman ngshan| Bagiazii

0.1
CAP./MAR
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® 320
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Original bed 1994
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2004 AF Dashidaira dam

Original bed
2004 BF 2001

BF: Before flushing
AF: After flushing

0 1000

2,000
@

3,000

4,000
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Unazuki dam

s‘,l':fg'e Mean Annuall 1,/(Mean Average

Dam |, Capacity |, Sediment | Annual ife | Flushing
completed| ¢ ©apy |nflow MAS)| Runoff) | (= Discharg
(million m*)"’| (=CAP/MAR) (m3/s)

Flushing{ Flushing
Duration| Frequency|
(hrs) | (17 y)

Name of Dam | Country

(million m*)

Dashidaira J: 1985 9.01 062] 000674
i 014
021

arenburg || Switzerlan

Innerferrera | Switzerland

Gel France

mun ustria I ] I k
China ! 1.1 0.842 1.3
Santo Domingd| Venezuela 0.0 0.00667 7.5
en-shan-pei’|| _Taiwan 0.2 N.A| 0.4
Guanting China 60| 7.8
Guernsey USA . 1.7 535
Heisonglin China .| 0.7 . 12.3
Ichari India . 11. 5.7, .0
uchi-Kurgan{[Former USSR| 13] 0.00: 43
i China 9640| 1600 0. 6.0
Sefid-Rud®’ Iran 1760 50} 0.352| 352
Shuicacei | Ghina 28] 96| o063  o0o1se] 152
1)Average after dam completion,  2) Sluicing dams

-

2 | tohr !au
f——29hr——

53hr

Unazuki

Sediment flushing rule by the river committee:
During rainy season from June to July
Timing of natural floods exceed discharges 300

Cross section

Sedimentation volume
change in Dashidaira dam

7 e bank
& erosion
Degradation

Gross storage: 9 10°m’ 1720X10° m’

8000 @®
— @ 800X 10° m*
E
000 @ 280%x10°m*
=
B ‘The biggest flood in 1995 ® 700X10'm
Z 6000 (3450 10"m’) \ ® 60%10°m*
E 5000
g @ 80x10'm
< 4000
=
2 300
H
H D 340X 10" m’
£ o @ 0510w “ "
Fi

1000

0
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Subjects of sediment flushing

FliShingsefficiency
=scoured sediment volume / water use

ING| EffiEtt
- scoured sedimen

# Dashidaira
= Verbois

& Gebidem
O Baira

Total Flushed Sediment Volume (S) (10°m®)

Study on sediment discha}ge process during flushing
operations from quantity and quality point of view is
|| very important. ) : Flushing efficiency =Total flushed sediment volume/ Total water volume

Total Water Volume (W) (10°m"®)

-

Enwronmental,monltorlng

-

efficiency.of Sediment.flushing dams™

Water quality
(DO, SSetc.)
Mud quality
Aquatic speci

Sefid—Rud

Jen—shan—peii
Santo Doming.

Ferrera

River

Water quality
(DO, SS etc.)
Mud quality
Aquatic species
Cross sections

Barenburg

)
0.1 0.15
Flushing efficiency Fe

Reservoir
Water quality
(DO, SS etc.)
Mud quality

Fe: Flushing efficiency =Total flushed sediment volume/ Total water volume 2
Cross sections

0 T o] B
H 1 Average hourly ﬁ? . .
| 10
S 15 @ Average hourly rainfall in Dashidaira basin [mm] i
- i I i s W Measurement values of DO and SS during flushin
2L 1 |
. — Amount of DO (mg/l) SS (mgl/l)
1,200 4~ Inflow discharge [m3/s] 345 Sediment flushing | Dashidaira (Minimum value) (Maximum value)
1.000 1 —s— Outflow discharge [m3/s] 340 e i
; —— Water level [m] 335 idai i = idai i
B — w0 \\ h[\ ater level [m il \Vater level T Emr ] Tushing | Deshidara| Unazuki | BT | Dashidaira Unazuki
325 [Jul95 | = = —
(m3/s) 600 iz (EL.m) Jul-95 Flood 1.3 10.5 3,700
o lushing | 1. j ; 3 ] ;
100 \ AN / 2 Got05 | Flushi 172MCM |88 57 89 | 103,500 | 29400
ﬂ o rd 4 Jun-96 | Fiushing | O.8MCM | 0.7 03 98 56,800 | 9,470
ato ; ;
200 —éﬁ‘ L. Voo s 305 Jul97 | Flushing | 0.46MCM | 9.8 92 93 93,200
n 00 Jun'98 | Fiushing | 0.34MCM | 82 70 73 4,700
1,600 [ —+—Inflow discharge [m3/s] 255 Jul-98 Flood = = 105 9.5 = 6,090
i 1400 —— Outflow discharge [m3/s] | 250 Sep-99 | Fiushing | 0.7MCM | _ 6.0 58 65 | 161,000 | 52,100
Discharge |70 I~ i | = Watertevel im] P \Water level Coodinated
(m3/s) 1000 |—— AN Il 240 Jun-01 4 i 0.59MCM 7.2 114 102 90,000 2,500 1,500
] 'a00 AN I 235 (EL.ITI) (:cordina?ed
500 AN PR\ 230 w01 4 e = 11 106 26 20000 | 3700 | 2200
400 A V] 225 Coordinated
200 9 L™ oL ] %& 5 20 Juroz {EPERES ooamem | 95 10.5 95 22000 | 5400 | 2,800
0 215 Coordinated
100000 e | e a8 1.3 26 69,000 | 17,000 | 10,000
= 55 (Dashidarra dam) g/ Coordinated
= —+— 5 (Unaauki dom) [me/) W04 " fushing | O2BMM | g5 102 98__| 42,000
ss 10000 £ SS (Shimokurobe) (mg/1 Ju04 | Flood = 10.8 1.2 10.3 30,000
' 5 Coordinated
(mg/I) Sediment sluicing . d . 16,000

Manual sampling in every one hour

1000 A . By flushing in
W e July 2004

2 18 0 6 12 18 0 & 12 18 0 &

2 oe o0 e 12
2004/7/16 m7 7118 719 7120

==) Continuous monitoring method for DO and SS is necessary
Development of new techniques for high SS monitoring
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Balancing offElishing efficiency;and environmental

Flushing naturally
= Much water

Appropriate selection of reservoir sediment

Low sediment =
High sediment concentration management Strategy

concentration

= Little water

Development of efficient and environmentally

R drawidowir compatible sediment management techniques

Water use Enough flushing discharge water
Rinsing discharge after flushing, etc.

. | N . . - - -
orlty evaluation of reservoirs where sedlment > proprra'@'selectlon of reservoir sediment
ElEEEiEntstrategy g
— 1X# O D, sP
. t . bl f t Capacity-inflow ratio and Reservoir Life g;ié 3enzuk gg o.pF
Ol sustainanilii actor AEE  Kesgl SG.PF
Ha ty CAP/MAS<100yrs, 100000 o \ o] om  saer
rvoir life = CAP/MAS 7% omeastrestiominner) O Check dam 7£5ﬁ Miura  SP
Hiracka D, PF
- CAP/MAS ® Flushing ‘g ﬁ:;: ﬁatuma D o
o v s E
pprehensive sediment  <1000yrs, £ aserams | TS gunil s E
A 34% = o ® Scoring pipe 13HE Akba  E D.PF
agement factor _C_rﬁ,F;{y“ﬂQS;4£2° % oopmins | BAE M E050
impacts to the downstream : 2 mescoains | 17 r‘;ii‘uéwa 56,0
i 2 Dredin achidara
ot : T it o B35
environmental deterioration CAP/MAS= & e o owam
degree 500-1000yrs, 25% ‘Sediment bypass, Sluicing re : ;.Eih}:im:;iwaz.‘;ﬁ'l, down)
Sediment flushing, Sediment scaring Fate * 323225512
- B
Technical d|ff|cu|ty factor Reservoir lives (CAP/MAS) of 0.001 001 01 1 10 £ & EEmin
Capacity-inflow ratio=CAP/MAR ®

multipurpose dams in Japan

D vek;;rﬁgm of efficient and environmentally;

1
Flood dischargeJ construction materials and so on

Washload+Suspended load Bed load+Suspended load  Bed |oad
Sediment replenishment - - Suspended load
E Bottom set bed Fore s‘et bed ﬂOP set bed Wash |0§d
i HW.L "\ / __— Sedi recycling for

: Washload L LWL =]
ould be introduced more. yggegnstream y o
H 3 — " Middle area / Upstream area
“The sediment trucking and supply, and the Recycling H: : *
e = infeasibl
Hydro-suction Sediment Removal System (HSRS) are s @ {1
; . | Size J Clax silt L Mainly sand J Sand and gravel
needs to be improved furthermore and introduced as =l re— =
5 || Grain size || gravelz0, Gravel=10, Gra\éel4go
supplementary measures. & ||_content(%) | | Clay=50, Silt=40 Cay=30,sitt=15 Clay=20, silt=10
S | Fine sediment __Fc=over90% _| Fc=45-50% | Fe=lower30%
& [ Water content [ w=over100% | w=50-60% w=lower40% __|
% Density, Porosity Small — Large
3 [_Ignition loss | Ig=over10% | 19=ca.8% i Ig=ca.4% ]
[ Nutrients || Large — Small ]
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PSRS (HydrE’Fsuction Sediment:Removal System) L Conclusion

L RElEn@statusiofi ieservoir sedimentation;in Japafi’are 7 total

ool SEaiimentation loss is 7.4%pannual [0ss5 0524%/yr.

{ Ent 11-111 Jis important from the view
ool ,suistainability and the
CompLenensive management of sediment routing system.

MULTI HOLE SUCTION SEDIMENT

REMOVABLE SYSTEM
= Shing is effective and Flushmg efficiency’, ‘Flushing effect’

“Envirenmental impacts” of sediment flushing are to be
tudied more and it is important to cause them a balance.

Promotion strategy of reservoir sediment management should
be established by the following points;
Priority evaluation of reservoirs where sediment management should
be introduced
Appropriate selection of reservoir sediment management strategy
Development of efficient and environmentally compatible sediment
management techniques.

robe alluvial fan

Sediment discharge
from Unazuki dam

Thank you for your attention!
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