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What is the Flood Control?
What is the Debris Flow?
Debris Flow Structural Measures
Flood/ Debris Flow Damages
Conceptual Structural Measures

FLOOD CONTROL FLOOD CONTROL 
STRUCTURAL MEASURESSTRUCTURAL MEASURES

Haut Atlas Mountain

COMPREHENSIVE RIVER 
DEVELOPMENT PLAN

1. River Basin Utilization Plan in the Background of 
Social Economy

2. Comprehensive Flood Control Plan
3. Water Resources Development Plan
4. Sediment Management and Erosion Control Plan
5. River Environment Management Program
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COMPLEHENSIVE FLOOD 
CONTROL PLAN

Comprehensive Flood Control Plan
Comprehensive Flood Control Plan

Structural Measures
Structural Measures

Non-structural Measures
Non-structural Measures

Flood Flow Control Measures
   (1) River Improvement
   (2) Flood Control by Reservoir
   (3) Drainage of Inundation Water

Flood Flow Control Measures
   (1) River Improvement
   (2) Flood Control by Reservoir
   (3) Drainage of Inundation Water

Debris Flow Control Measures
   (1) Source Control Works
   (2) Trapping Works
   (3) Sedimentation Works

Debris Flow Control Measures
   (1) Source Control Works
   (2) Trapping Works
   (3) Sedimentation Works

Temporary Evacuation System
   (1) Flood Forecasting and Warning System
   (2) Evacuation System

Temporary Evacuation System
   (1) Flood Forecasting and Warning System
   (2) Evacuation System

Land Use Regulation
(Including Resettlement)

Land Use Regulation
(Including Resettlement)

Restriction of Dangerous Activities
Restriction of Dangerous Activities

Pay 
Attention 
to:

Excess 
Design 
Flood 
Damages

FLOOD FLOW 
CONTROL PLAN

Setup of Planning Reference Points
Setup of Planning Reference Points

Setup of Planning Scale
Setup of Planning Scale

Setup of Design Flood and Design Flood Discharge
Setup of Design Flood and Design Flood Discharge

  (1) River Improvement Plan
     - River Improvement Works (Excavation, Widening, Embankment)
     - River Alignment Improvement and Short-cut
     - Diversion Channel

  (1) River Improvement Plan
     - River Improvement Works (Excavation, Widening, Embankment)
     - River Alignment Improvement and Short-cut
     - Diversion Channel

COMPLETION
COMPLETION

Structural Measures

  (2) Flood Control Plan by Reservoir
     - Flood Control Dam
     - Retarding Basin

  (2) Flood Control Plan by Reservoir
     - Flood Control Dam
     - Retarding Basin

  (3) Drainage of Inundation Water
     - Runoff Area: Retarding Basin, Separation of flood Water from Mountains
     - Inundation Area: River Improvement Works, Interception Drainage,
        Retarding Basin, Pump Station
     - Main River: River Improvement

  (3) Drainage of Inundation Water
     - Runoff Area: Retarding Basin, Separation of flood Water from Mountains
     - Inundation Area: River Improvement Works, Interception Drainage,
        Retarding Basin, Pump Station
     - Main River: River Improvement
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DEBRIS FLOW CONTROL PLAN
Setup of Planning Reference Points

(Just upstream of objects to be Protected)

Setup of Planning Reference Points
(Just upstream of objects to be Protected)

Setup of Planning Scale
Setup of Planning Scale

Setup of Design Sediment Discharge
            - Proposed Sediment Discharge (Q)
            - Proposed Allowable Sediment Discharge (E)

Setup of Design Sediment Discharge
            - Proposed Sediment Discharge (Q)
            - Proposed Allowable Sediment Discharge (E)

Structural Measures
   (1) Debris Flow Source Control Works (B)
   (2) Debris Flow  Trapping Works (C)
   (3) Debris Flow  Sedimentation Works (D)

Structural Measures
   (1) Debris Flow Source Control Works (B)
   (2) Debris Flow  Trapping Works (C)
   (3) Debris Flow  Sedimentation Works (D)

Q-E-(B+C+D) = 0
Q-E-(B+C+D) = 0

COMPLETION
COMPLETION

Yes

No

What is the Debris Flow?What is the Debris Flow?

Sketch of Debris Flow at Europe Alps in 1876
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Type of Debris Flow

Debris Flow

Mud Flow

Debris Flow (sand and gravel type)
Mud Flow (mud type)
Earth Flow (the flow between debris 
flow and tractional flow)

Mud Flow
At Nojiri River in Mt. Sakurajima

Debris Flow
Sand and Gravel Type
(At Mt. Yaki Dake) 
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Debris Flow Trapping
Works (Check Dam)

Debris Flow Trapping
Works (Check Dam)

Debris

Trapping
Flow

Works
(Check Dam)

Forest
Dispersion

Flow
Debris

Source Restraining Works
(Small Check Dams) Source Restraining Works

(Hillside Works)

Direction Control Works
(Training Dyke)Training Dyke

Sand Pocket Works

Channel Works(T
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Training Dyke

Training Dyke

Debris Flow Control Measures

Outbreak Area

Flow-down Area

Sedimentation 
Area

Reforestation at Tajimi/Toki
Schematic Drawing of 

the Contour Trenching Method
Commencement of 

the Contour Trenching Works

During Hillside Works At Present
Reforestation at Mt. Rokko
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Source Restraining Works (Small Check Dams)
in Tedori River in Ishikawa-pre.

Series of Small Check Dams

Hillside Works and Small Check Dams
at Daiya River in Tochigi-pre.

Check Dam Hillside Works
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Series of Check Dams on Ura River in Nagano-Pre.

Series of Check Dams

Super Culvert-type Check Dam
(The upper-structure functions as a bridge.)

Nobori River in Niigata Pre. 
(Channel Works)

Channel Works

Present-day Nobori River is a 
Popular waterfront for local people

Fish-way at the channel works
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Normal Check Dams

Check Dam under Construction

Normal Check Dams with Bridge

Conduit Check Dam with Bridge

Open-type Check Dam

Steel-pipe Type

Reinforced sell Type

Concrete-slit Type

Driftwood Control Works
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FLOOD/DEBRIS FLOW DAMAGES
Oulmes in Ourika River

FLOOD/DEBRIS FLOW DAMAGES
Downstream View from Setti Fadma in  Ourika River
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FLOOD/DEBRIS FLOW DAMAGES
Downstream View of Ourika River at the Upstream of Setti Fadma

Setti Fadma

FLOOD/DEBRIS FLOW DAMAGES
Tighazrit Tributary in Ourika River, Upstream View
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FLOOD/DEBRIS FLOW DAMAGES
Downstream View of Imlil River at Imlil Village

FLOOD/DEBRIS FLOW DAMAGES
Downstream View of Imlil River at Imlil Village
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FLOOD/DEBRIS FLOW DAMAGES
Rheraya River at Asni

FLOOD/DEBRIS FLOW DAMAGES
Upstream View of Tazlyada Tributary in R’dat River
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FLOOD/DEBRIS FLOW DAMAGES
Upstream View of Tazlyada Tributary in R’dat River

FLOOD/DEBRIS FLOW DAMAGES
Downstream View of Issyl River at Marrakech City
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FLOOD/DEBRIS FLOW DAMAGES
Upstream View of Issyl River at Ain Itti in Marrakech City,
Historical Footpath Bridge

FLOOD/DEBRIS FLOW DAMAGES
Downstream View of Issyl River at Rocade Canal
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STRUCTURAL MEASURES
Common to the Target Rivers

For Potential Debris Flow Disaster Torrents
1) Area Accessible by Vehicle
2) Area Hardly Accessible by Vehicle

For Riverside Road
For Riverside Farmland
Erosion Control Works for Hillside

Channel Works

Channel Works

Small Check Dams
or

Consolidation Dams

(Slit Type)
Large Check Dam

Large Check Dam
(Slit Type)

Small Check Dams
or

Consolidation Dams

Road River

Road River

Structural Measures
for Potential Debris Flow Disaster Torrents

(Area Accessible by Vehicle)
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Main Dam

Side Wall

Protection
River bed

Sub Dam

Apron Side Wall

Spillway Slit

Side Wall

Apron

Splliway

Side Wall

Slit

Slit-type Check Dam
for Potential Debris Flow Disaster Torrents

Low Dyke

Agricultural Land

Strong and High Dyke

River Widening

River Flow

Structural Measures for Riverside Farmland
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Structural 
Measures for 

Issyl River

Upstream Mountain Area

Mid-stream Area

Rocade Canal

Tassoltante Area

Marrakech Area

Structural 
Measures for 
Ourika River

Upstream of Setti Fadma

(Debris Flow Control)

Setti Fadma to Aghbalau

(Flood Flow Control)
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Agadir-Aït Boulmane
Sand Pocket

Small Check Dam

Houses

Groyne

Houses

O
ur

ik
a 

R
iv

er

Setti Fadma

Village

Ourika River

Large Check Dam (Agadir)

Training Dyke

Debris Flow Control Measures
in the Upstream of Setti Fadma

Sand Pocket Works

Structural 
Measures for 

Rheraya River

Upstream of Imlil

(Debris Flow Control)

Imlil Village

(Debris/Flood Flow Control)

Asni

(Flood Flow Control)

Moulay Brahim

(Flood Flow Control)
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Consolidation Work

Revetment Work
Training Dyke With

Village
Imlil

Present River Bed

Imlil River

Debris/Flood Flow Control Measures
in the Imlil Village

THANK YOU FOR 

YOUR LISTENING
JICA Study Team: Kenji NAGATA
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Localisation des Douars Sélectionnés
pour l’Etude Social

Mt. Toubkal
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Population de la Zone de l’Etude

Bassin Versant Nbre de C.R. Population
(1994)

Population
(2000)

R’dat 3 30,845 31,520

Zat 3 34,554 35,310

Ourika 2 24,343 24,870

Rheraya 1 16,235 16,590

N’fis 6 35,182 35,950

Issyl 5 190,711 226,400

Total 20 331,870 370,640
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Bilan Economique Annuel d’une Famille Moyenne

12,338

8,425

14,604

5,354
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Revenu annuel Depense annuelle
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Alimentation

8 ,855

4 ,286
183

Irrigue
Bour
Autre

 Ovin 3 - 4
 Caprin 6 - 7
 Bovin 1 - 2
 Equide 1

   Nombre Moyen de Cheptel par Famille

Utilisation de Terre d’une Famille Moyenne (m2)
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Avez vous prévu le désastre?

1999

349

64

Oui

Non

1995

91

365
Ou i

Non

Moyen de Prévision de Crue

0
50
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150
200
250
300
350

1995 1996

radio/TV

experience

bruit de
debit
crie

autres
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Avez vous evacué?
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Non 285 314

1995 1999

Quand avez vous évacué?

Réponse 1995 1999

1. Juste après l’avoir su 60 34

2. Dans 10 min. après l’avoir su 24 11

3. Dans 30 min. après l’avoir su 17 8

4. Dans 1 heure après l’avoir su 8 9

5. Après le désastre 54 27

Total 163 89
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Où avez vous évacué?

Réponse 1995 1999

1. Zone d’évacuation 2 1

2. Sur le toit 12 6

3. Place élevée à côté 63 43

4. Sur une colline 29 17

5. Autre village, mosquée, etc. 75 37

Total 181 104

Qu’est-ce que vous avez apporté
lors d’évacuation?

108

28

42

22

54

13

24

20

Rien

Argent

Animaux

Autres

Reponse

1999

1995
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Bilan des Dégâts Causés par la Crue de 1995
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Bilan des Dégâts Causés par les Crues (2)
- Cheptel -
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Bilan des Dégâts Causés par les Crues (3)
- Terre Agricole -
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Avez vous participé aux activités de restauration?

Oui
86%

Non
14%

A quelle sortes d’activités de restauration?

Activité Réponse

Ma maison 65

Maison de voisin 101

Route d’accès 314

École, hôpital, etc. 25

Terre agricole, seguia,
prise d’eau, etc

179
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S’il avait action d’évacuation, 
voulez vous y participer

Oui
83%

Non
17%

Est ce que le système de prévision et 
d’alerte de crue est nécessaire?

Non
3%

Oui
97%
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Quel genre de contribution
vous pouvez apporter?

Genre Réponse

Garder l’appareil de
communication

244

S’occuper de la radio de
communication volontairement
dans la période de crue

278

N’importe quel service si
nécssaire

45
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