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2000 2003 2
DRHT ABHT
2000 11 14
NO.2-00-79 DRHT 2002 4
Sous Massa Bouregreg Sebou Lokkous Moulouya 5
2002 11
DGH ABHT
2.
21
6 3,000m
10 4
5 9 7 10
Al Haouz
Sidi Youssef Ban Ali Ouarzazate
2000 37 47%
29%
Al Haouz 46% 32% 0.1%
2.2
/
Sidi Youssef Ben Ali and along theriver .
1956/- course (Most severe flood in the past) Many lives were ost.
1963/12 | Marrakech city area 2 people died and 97 houses were washed away.
1971/- No data Flood damage was less severe than the 1956 flood.
1982/- Sidi Youssef Ben Ali area Many houses were washed away.
Issyl 1984/- Mainly Bab Rob area Not specified
1986/- Sidi Youssef Ben Ali 10 houses were washed away
4 people died, 20 people were injured, 530 ha of agricultural area
199011 No data were inundated.
1994/10 | Sidi Youssef Ben Ali 8 houses were damaged
1995/4 No data 36 houses were damaged
1997/3 23 villages and Sidi Y oussef Ben Ali 40 houses were damaged
Other 1949/- No data No data
Basins 1967/- -do- -do-
(R'dat, Zat, 1980 - do - - do -
Ourika, ] ' More than 200 people were killed or missing and total damage
Rheraya 1995/8 Ourika and other areas (55 villages) amount was DH 70 mil.
and N’fiss) 1999/10 | N'fiss, Ourikaand Rheraya Infrastructure and agricultural areas were damaged.

1995 8




Aghbalau 1,000 m¥s Tahanaout 680 m’/s
30 100
23
1995
231
1995
e DMN
e DRHT (ABHT)
e DPE
. (the“10-95 Law”)
e DREF
232
o Excavation of river channel by DPE
e Blasting of large boulders by DPE
¢ Construction of embankment by DPE
e Construction of revetment works by DPE
e Construction of check dams by DPE and DREF
e Construction of flood protection wallsin Sidi Y oussef Ben Ali by DPE
2 1 DH 2001 2003
665km?
800ha 113,000m*
24
24.1
DGH 1999-2003
Ouergha (MED-
HY COS) for Oum Er Rbia and N’fis River Basins
Sous/Massa (SIWM)

S3



Ouergha 2000
HF MED-
HYCOS 2000 2
Oum Er Rbiaand N'fis Oum Er Rbia
2001 1 US-AID SIWM 2003 7 12
VHF
2.4.2
2000 DGH
2003
DRCR P2017
Mission Mission
Mission
2000 2001 5 Mission Mission
2002 8
2.4.3 1999-2003
1999-2003 DGH
1999-2003
1
3.
31
311
6
5
10 1 31 5
Volume 3 Appendix B: River Morphol ogy
312
6 32
Volume 3 Appendix B:

River Morphology
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(km?) (km) (km)
R dat 1,256 285 225 37 61 5
Zat 221 147 180 5 70 0
Ourika 495 330 240 36 23 9
Rheraya 528 145 128 14 35 2
N’'fis 532 488 490 69 30 2
Issyl 421 36 17 2 7 0
Total 3,453 1,431 1,280 164 226 18
3.2
1
2
3.3 Iraghf 34
Volume 3, Appendix D: Hydraulic Model Simulation
3.3
2000 5 6
36 1995 22 1999
1995 45 1999 26%
1995 55 1999 21
83%
3.4
Irgahf (Oulmes) Setti Fadma Imlil R"ha Moulay
Brahim 4 2000
8
4
Setti Fadma Aghbalau 6,000
1,200 2,000 500

R’ha Moulay Brahim and Asni

24%

92 % 1995
81%
24%

S5

R ha Moulay Brahim
1,360 63

Imlil
94% 71%

61 %
12%



41

()

DRHT (ABHT)
4.2

DRHT DMN DPE

DRHT ABHT
DMN

Cercles

1995

DPE/DRE

DRHT DPE
Cercles Caidats

2001 2003
2001 12
ABHT DRHT DGH
2
DRHT DPE DMN
2002 11 ABHT DGH
Caidats
1996 12

DPE/DRE DRH DRCR DMN

DMN

ORSEC
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4.3

4.4

cheikhas mecadams

1995
8 1995
5 Rheraya 1
DRHT (ABHT) VHF/FM HF/SSB
4.1
(km?)
Aghbalau Ourika 503 WL, R T,H,V
Tazzitount QOurika 347 WL, R \%
Tuorcht QOurika 19 WL, R V
Amenzal QOurika 49 WL, R \%
Tiourdiou QOurika 134 WL, R H,V
Agouns Ourika - R H,V
Aremd Rheraya 35 WL, R V
I. N'kouris N’fiss 848 WL, R H
WL: R:
H: HF/SSB , V: VHF/FM
T:

S7
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DRHT

DRHT

DRHT,DMN

DRHT

DRHT

DRHT

DRHT/DPE

Province/ Prefecture

Province/ Prefecture
and Lower Loca
Authorities

DPE, Province/
Prefecture, and
DRT

Province/ Prefecture
and DRT

51

511

51.2

(

)

2009

S8

1995

1995




51

R’ dat Tazlida Tributary Debris flow Village 3deadin ‘95
Zat Tiferent Douar Debris flow Village 11deadin ‘95
Ourika Tiguemmi-n-Oumzil et | River Flood Village A bridge and avillageis
Thnite exposed.
Aghbalau River Flood & | Tourists, Village 13 dead in 95, Tourist Spot
Debris flow
Iraghf River Flood & | Tourists, Village 180 dead in ' 95, Tourist Spot
Al Haouz Debris flow
Tazzitount River Flood & | Tourists, Village 10 dead in 95, Tourist Spot
Debris flow
El Kri River Flood & | Tourists, Village 2 dead in’95, Tourist Spot
Debris flow
Setti Fadma River Flood & | Tourists, Village 8 dead in’95, Tourist Spot
Debris flow
Rheraya | R'haMouley Brahim River Flood Tourigts, Village 5deadin’95, Tourist Spot
Asni Market River Flood Market, Shopping | Saturday Market
Customers
Imlil Debris Flow Village, Tourists 2dead in’95, Tourist Spot
N’ fis T. N. Yakoub River Flood Urban Area linjuredin’95
Tizgui Debris Flow Village 6 dead in ‘95
Targua Debris Flow Village ldeadin‘95
SYB. Ali Issyl Municipality of Sidi River Flood Urban Area Many dead in ‘56
Y oussef Ben Ali
Guannoune Douar River Flood Village
5.2
521
1
2
8 12
51 51
R’ dat 0 1* 1* 0 0 0
Zat 0 1* 1* 0 0 0
Ourika 6 (5 5%* (1) 11** (6) 5(5 1(1 6(6)
Rheraya 1(1) 2** (1) 2** (2 1(1 1(1 2(2
N’fis 1(1) 3(2 4(3) 1(1 2(2 313
Issyl 0 2(1 2(1 0 1(1 1(1H
Total 8(7) 12 (5) 20 (12) 7(7) 5(5 12 (12)
Note: ()
* : Gdrar Guedronz R’ dat Zat
**:0Oukaimeden Ourika Rheraya

S9




(2 DMN

DMN DPE Al Haouz DREF

DMN
DRHT DMN

DMN

DRHT
522

DRHT
[ ]
J SCS Muskingum
[ ]
[ ]
523
DRHT

524

Celcles, Caidats, Macherkhas, Douars

S10
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5.25

5.3

531 3

3
C
52

3

Alternative-A: Manua System (a combination of the three Option-As)
Alternative-B: Semi-Automatic System (a combination of the three Option-Bs)
Alternative-C: Fully Automatic System (a combination of the three Option-Cs)

3
Alternative *
(Million DH)

Alternative-A 57 Low 1.5to 6 hours

Alternative-B 34.3 Medium 50 min.

Alternative-C 47.7 High 30 min.

* ( 53 )
532
1995
C
e DGH
Ouergha Sous/Massa
DGH
° A
e B C
20
. C
EIRR 14.2 %

54

S11




54.1

20
12 8
DRHT(ABHT)
1
Imm
10 51
51 52
54.2
DRHT(ABHT) DRHT
DRHT
FAX ( )WHF
53
54 DRHT( )
Pre-Alert Level
Pre-Alert Level
Relevant Province/Prefecture, Cercles and Caidats
DGH, Relevant DPE, ONEP, ONE, ORMVAH,DMN
54.3
DRHT

S12




54.4

545

5.5

551

552

53

FAX VHF Cercles, Caidats
FAX Roya Mounted Police, Civil Protection, Ministry
of Interior, and other organizationsinvolved in
ORSEC Plan
FAX ( )
FAX
55 17
5.6
1) 2)
3) 4) 5) 6)
7) 8) 9) 10)
2009

S13




(1,000 Dh)

D
(2
3
(4)
©)

(10% of (A+B))
(A+B+C)

60,516
47,747
6,384
4,386
1,000
1,000
15,000
7,552
83,068

mo o

2,387

5.6

56.1

(D

(NPV)

2,300 Dh

(EIRR)

EIRR

EIRR B/C NPV

JCA
8,300 Dh
6,000 Dh

(B/C)

EIRR

Negative

12.4%

B/C

0.07

14

NPV

-Dh 60 million

Dh 25 million

S14



5.6.2

5.6.3

564

6.1.

)

DRHT(ABHT) 1,502,000Dh Al Haouz

DRHT

2000 1
13%

Al Haouz
22%

(

5%
722,000Dh SYBA 163,000Dh

700,000Dh
DGH DRHT
11,200,000Dh DRHT
DGH DRHT
3.9% 1999 2000
Al Haouz
55

2001 2003



6.1.1

6
6.1.2
( )
3 6.1
6.2
6.2.1
1
5
| (2000 12 ) I1(2003 7 )
5 (
) 2 VHF
DRHT(ABHT)
DGH DPE Al Haouz Al Haouz
Ourika Caidat
Iraghf Iraghf Al Haouz Ourika
Caidat selective call system
2
JCA JCA
(©)
1
2001 10,11 2 2003 6,7 6.1
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6.2.2

(1)

2001 2003
VHF S
VHF
6.2
6.3 64 5
6.5 Adrar Tazaina  Apulouss
2
VHF
DRHT(ABHT)
DRHT
4 DGH in Rabat DPE Al Haouz Al Haouz Province
the Ourika Caidat SCS
Maskingum
6.6
©)
Al Haouz
DRHT(ABHT)
4
Iraghf (Oulmes) VHF
2 DRHT
600m
VHF Al Haouz
3
Caidat
6.7 Iraghf Al Haouz Caidat

©®)

S17



5 ()
2001 1 1
2003 7 VHF

7.1
7.11

1

Amenzal  Tiourdiou
DRHT(ABHT)
Iraghf Agouns
2
3
3
2,3 oJr DRHT
(©)
SCS Muskingum
7.1.2
()
Iraghf
1
Iraghf 160m%s 3 3 5
25%
(2 DMN

S18



DMN DRHT(ABHT)

7.1,7.2
7.1.3
2002 6 25 Ourika Iraghf 140
2 () 30
DMN / /
1st Test Simulation Drill 19 June 2002 70 76 65* 45*
2™ Test Simulation Drill 21 June 2002 7 15 18 13
Global Simulation Drill 25 June 2002 13 18 15 15
* Caidat
2002 6 25
Group 1 Group 2 Group 3 Total
34 50 45 129
1 5 7 13
35 55 52 142
() 1 5 1 N/a
20 50 34 104
3 5 4 12
23 55 38 116
() 2 3 2 N/a
20 40 34 94
3 5 4 12
23 45 38 106
() 6 4 3 N/a

S19




714 2003 6 14
2003 6 14 ()

Qurika Tarzaza
P2017
5
2001 12
ABHT
Agbhalau ABHT
15:30 ABHT
ABHT
17:00

7.2 I
721

(D)

Adrar Tazaina  Aoulouss

(2

ABHT
2
VHF ANRT
70.325MHz 72.325MHz
2001 6
ABHT
3
5
QOurika Caidat

S-20

50Q
DGH



722

2001 2
2003 7 1 Aoulouss
2
( )
2003 7 DGH ANRT
ANRT ABHT DGH ANRT JICA
2003 7
15 18
7.2.3
ABHT
2003 8 26 ( )
ABHT
2002 6 25
FAX ABHT 10
Iraght 17
80
2002
(
/ /
ABHT 26 Aug. 2003 5 5 3
( 25 June 2002 10 10 12
ABHT EAX 26 Aug. 2003 2 o* 6*
25 June 2002 1 3 1
26 Aug. 2003 0.5 0.5 0.5
( 25 June 2002 6 1 1
26 Aug. 2003 0.5 0.5 0.5
25 June 2002 1 1 1
26 Aug. 2003 8 15 10
25 June 2002 18 15 15

S21




2003 8 26 2002
Group 1 Group 2 Total 6 25
58 (1) 25 (0) 83 (1) 129
0 1(0) 1(0) 13
58 (1) 26 (0) 84 (1) 142
() 7 N/a 5
50 (0) 8(0) 58 (0) 104
0 2(0) 2(0) 12
50 (0) 10 (0) 60 (0) 116
() 5 N/a 3
2002
724 2003 8 4
2003 8 4 () ABHT
100 Iraghf
Imintadart DPE
ABHT
10
ABHT ABHT
Caidat
Khalifa ABHT
30
Iraghf
15
7.3
2001 11 2
DRHT(ABHT) Al Haouz

S22




e DGH

ABHT DGH 2003
| 120,000Dh DGH | 1
2004 200,000Dh 2003 80,000Dh
8.
2001 2003 2
JICA
5
()
8.1
2
3
8.2
821
81 2 2003 7 14 2003 8 4
2003 4
ABHT 10
2003 8 4
Tazzitount
7
822
8.2 7
RTU
1
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JCA

8.3
8.3.1
DMN
ABHT
DMN
21
( )
8.3.2
( FAX)
8.4
8.4.1
20
10
10
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8.4.2

2004 11
1
JCA ABHT
2003 11 7 Al Haouz ABHT DPE Al Haouz JICA JICA
2 ABHT
Al Haouz ABHT
2
Al Haouz ABHT
e ABHT

. Caidat

ABHT .

©)

Al Haouz
ABHT DPE Al Haouz DREF High Atlas DMN Marrakech Civil Protection of
Tahanaout Roya Mounted Police of Tahanaout

8.5

S25



A: excellent, B: good , C: fair, D: poor
9.

9.1

()

ABHT

(

)

DRHT

¢DRHT

ABHT

DGH

DMN

S-26




9.2

9.2.1
ABHT DRHT
DGH
() Oum Er Rbia
ABHT
ABHT 10
10
Alternative
Alternative-1 5 2009
Alternative-2 10 2014
922
()
1)
Adrar Tazaina Aoulouss 52
Oukaimedan
9.1
)
11
6
1 24 Iraghf 5
9.2
15,700,000Dh

10,300,000Dh  5,400,000Dh

S27



9.2.3

9.24

9.3

931

9.21

9.3.2

DMN

9.1

10

10
5
2005

S-28

2005

2001

2009

3

5



(1,000Dh)

Ourika syl + Others Subtotal
Rheraya
A. 16,612 | 17,229 9,656 10,213 37,097 53,710
(D) 12,826 | 13,497 7,498 7,929 28,924 41,750
)] 2,072 1,552 947 1,003 3,503 5,574
(©)] 1,178 1,497 832 879 3,208 4,386
(@] 269 341 190 200 731 1,000
5 269 341 190 200 731 1,000
B. 4,029 4,186 2,326 2,459 8,971 13,000
C. (10% of (A+B)) 2,064 2,141 1,198 1,267 4,607 6,671
D. (A+B+C) 22,706 | 23,556 13,179 13,939 50,675 73,381
E. 641 675 375 396 1446 2,087
9.4
94.1
)
(EIRR) (B/C) (NPV)
EIRR, B/C NPV
Alternative-1 5) Alternative-2 ( 10 )
EIRR Negative 16.7% Negative 19.7%
B/C 0.08 1.6 0.08 17
NPV -Dh 50 million Dh 31 million -Dh 45 million Dh 31 million
2 EIRR
)
2,087,000Dh
ABHT
1,502,000Dh Al Haouz 540,000Dh SYBA 45,000Dh
Al Haouz SYBA ()
3
DGH

S-29




94.2

2002 6 25 Iraghf
2000

2002 2003
94.3

() (IEE)
94.4
2001
ABHT
ABHT
Caidat Iraghf

10.

S-30

1995

92%

30%

1995

IEE

2003

ABHT

2
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1011

10.1.2

S31



10.2.1

10.2.2
10.1
10.2.3
700 1,300
Iraghf  Setti Fadama 1 7m
1 10km

Iraghf  Setti Fadama 10km

Al Haouz Iraghf

30 Setti Fadma 45
3,40
10.2.4
(“10-95 Law™)
Tnine Ourika
Setti Fadma
ABHT

S32



10.2.5

1
1
11.
11.1
2000 3 1 3,500km’
2
2
1 2001 4
()
20
()
2003 9 ()
2001 12
2003 7
2003 8 9 1
JCA
2003 8 4
1mm ABHT
Al Haouz
2
DRHT ABHT
() 5 10
75,000,000 Dh
12.7 % 5 123 %

S-33

(

6

)

10

ABHT

(

)

17

2001



11.2

JCA

(1)

Al Haouz ABHT

(2

3

(4 DMN

DMN

16%

DPE Al Haouz

S34

51,000,000Dh






5.1

Soid Saion Ohorvaon | NoWOr | g gy | Alliode L EET et
(km2)

1 Adrar Guedrouz Rainfall New R'dat/ Zat 2,160 - New
2 Aghbalau Rainfall & Water Level Existing Ourika 1,070 495 Existing
3 Tazitount Rainfall & Water Level = Existing Qurika 1,270 347 Existing
4 Tourcht Rainfall & Water Level | Existing Ourika 1,650 19 New
5 Amenzal Rainfall & Water Level | Existing Qurika 2,230 49 New
6 Tiourdiou Rainfall & Water Level | Existing Ourika 1,850 134 New
7 Agouns Rainfall Existing Ourika 2,200 - New
8 | El Azib-n-Tinzar Rainfall New Ourika 1,950 - No Need
9 Amddouz Rainfall New Ourika 2,200 - New
10 Ihdjamene Rainfall New Ourika 1,750 - New
11 El Jam' ane Rainfall & Water Level New Ourika 1,400 54 New
12 Oukaimeden R eIF;?/i r;ftilion) New | Ourika/Rheraya 3,270 - No Need
13 Aremd Rainfall & Water Level | Existing Rheraya 1,950 35 Existing
14 Arg Rainfall & Water Level New Rheraya 1,600 48 New
15 Iguir N'kouris | Rainfall & Water Level | Existing N'fis 1,100 848 Existing
16 Taous Rainfall & Water Level New N'fis 1,340 290 New
17 Iguer Rainfall & Water Level New N'fis 1,580 100 New
18 Tizgui Rainfall New N'fis 1,800 210 New
19 Aitbou Zguia = Rainfall & Water Level New Issyl 640 - New
20 Ouaguejdit Rainfall New Issyl 1,000 - New
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5.3

Subsystem Alternative-1 Alternative-2  Alternative-3
Hydrologica .
HydrOI Og| ca Observation 5to 30 min. 0 0
Observation and
Data Collection Data , ,
Collection 10 min. 5min. 0
DataAnalysis 25 min. _ _
Data Analysis, Forecei 0mi 15 min. Smin.
Forecasting and orecasting min.
Data Distribution  Distribution of . . .
: 10 min. 5min. 5min.
Flood Notice
I ssuance of Warning 5mim. 5mim. 5mim.
Warning Dissemination 15 min. to 5 hrs. 10 min. 5mim.
Evacuation 10 min. 10 min. 10 min.
Total Necessary Time 90 min. to 6 hrs. 50 min. 30 min.




5.4

No.

Environmental
item

Potential impact

Social

Environment

Resettlement

New stations need to be constructed in close proximity to theriver, and in some
places agriculture activity may be affected and people working/living there may
need to resettle. However based on the water law no. 10/1995 these people have
only provisional right to occupy such lands, which are located within the land
reserved for hydraulic public domain. This law should serve as avery useful tool
to regulate land use in the flood plain.

Economic ac-
tivities

Main activities in Study area include agriculture and tourism. Agriculture may
be affected as described above. Emphasizing flood-warning systems through in-
stallation of sirens, warning signboards and evacuation drills may scare away
touristsin areas as Setti Fatma, Iraghf, and Imlil and have a negative impact on
the local economy.

Waste

Some stations may be constructed in areas with difficult access, such as Iguer,
Tizgui abd El Azib-n-Tinzar. It is necessary to provide for removal of construc-
tion wastes after construction as well as waste generated from the stations use.
The M/P requires that stations be constructed near to villages and therefore the
waste may be transported to the villages.

Hazards (risk)

In many places in the Study area mountains surrounding the river path have
steep slopes and potentia for land collapse and landslide from the mountainside
is observed. Station sites should be selected in safe areas in order to decrease the
risk to the operators and equipment in these stations. Site selection and engi-
neering designs should also consider this problem carefully.

Natural Environment

5.

Groundwater

Stations should be installed with septic tanks and waste management system
should be in place to minimize effect on groundwater. However this should be
studied in the design phase taking into consideration situation in the surrounding
villages.

Fauna and Flora

So far no endangered species have been identified in the Study area. However
cutting of trees for installation of siren posts or antennas should be avoided be-
cause of the scarcity of treesin the Study area. The competent authorities must
issue permits for building and they are in the best position to protect against en-
dangering living environment and also protected areas.

Landscape

Many of the existing stations do not blend well with the surrounding landscape.
In tourism areas more care may be taken in the selection of construction materi-
als and finishing works to improve that condition.

Pollution

8.

Water pollution

Stations should be installed with septic tanks and waste management system
should be in place to minimize effect on both surface and groundwater. These
measures shall be considered during the design stage.
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9.1

Major Work Item

2005

2006 = 2007

2008

2009 | 2010 | 2011 2012 | 2013 2014

Alternative-1: 5-year Implementation

Administrative Arrangement for A

Tendering of F/Sand D/D

Feasibility Study

Administrative Arrangement for
Acquisition of Radio Frequencies

Detailed Design

Financial Arrangement

Administrative Arrangement for
Tendering for Procurement of
Equipment

Manufacturing and Shipment of
Equipment

Civil Construction Work

Installation of Equipment

I
=
=

Training and Experimental
Operation

Alternative-2: 10-year Implementation

Administrative Arrangement for
Tendering of F/Sand D/D

Feasibility Study

—
-

Administrative Arrangement for
Acquisition of Radio Frequencies

Detailed Design

Financial Arrangement

Administrative Arrangement for
Tendering for Procurement of
Equipment

Manufacturing and Shipment of
Equipment

Civil Construction Work

Installation of Equipment

1 —
o

1

Training and Experimental
Operation

1 =

mm Phase-1: Ourika River

= Phase-2: Issyl and Rheraya River

1 Phase-3: R'dat, Zat and N'fis River Basin
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Item Contents Remarks

Date Day Month  Year Name of Rainfall mm
I nspector Date of event

Name of No. and Name Location

Torrent

Assetsto be | Road m Houses Nos. Land ha

Protected Features as tourist spot Ex. Bathing spots

Torrent Ruins of Debris Flow
Estimated VVolume of Sediment (Width ,Depth )
Change of Height of Bed (Up Down ) Height of Staff
Discharge Water Level cm, Width m Gauge

Slope Ruins of Slope Failure
Vegetation

Others Observation Potentiality of Disaster

Photograph | Upstream (Fixed Point): Riverbed Slope

Photograph | Middle-stream (Fixed Point): Riverbed,  Slope

Photograph | Downstream (Fixed Point): Riverbed, Slope

Photograph | LocationS detected drastic change from previous

observation







LEGEND
Steep slope
River bed
Flood Plaine
Alluvial plaine
Former river bed
Natural levee
Lower terrace
Terrace
Shallow valley
Terrace scarp

Alluvial cone
Talus

Pediment
Landsilide, creep
Slope failure
Erosion surface
Moraine

o
E-3
&
ée
1.0
e

Cirque, glacial valley

Erosion control structure

10 km

Scale

THE MASTER PLAN STUDY ON
THE FLOOD FORECASTING AND WARNING SYSTEM
FOR THE ATLAS REGION IN THE KINGDOM OF MOROCCO

(3.1 #RzaER ) H)
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