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Annual Rainfall (1981-2000)
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Rainfall Fluctuation in the Study Ares
for recent 20 years




Groundwater Level Record (River Basin Guir: Goulmima - Boudenib)
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Groundwater Level Record (1)

(Moving average for 12 months)
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Groundwater Level Record (River Basin Gheris: Goulmima, Tilouine and Todrha)
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Groundwater Level Record (2)

(Moving average for 12 months)
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Groundwater Level Record (River Basin Ziz: Rich, Errachidia, Meski and Aoufous)
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Groundwater Level Record (3)

(Moving average for 12 months)
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Groundwater Level Record (Pump Stationsin Zone D)
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Figure 3.3.3
Location Map of Diversion Fecilities in

Gheris- Ziz River Basins
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Figure 3.3.4
Location Map of Diversion Fecilities in

Guir River Basins




L ocation Map of Communal Pump Stations
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Figure 3.4.1
Schematic Diagram of Khettara




Fig. 1 Gallery with no protection
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Typical Section of Khettara
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Figure 3.4.3
Distribution of Khettara Discharge
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Framework of KhettaraAssociation
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Organization Chart of ORMVA/TF
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Socia Capitals (S.C) are generally classified into 2 groups. The first group is composed with “Structural
S.C” and “Cognitive S.C". In this classification, existence of organization and formal institution is
identified as “ Structural S.C", and existence of un-formal institutions which affect peopl€’s psychological
attitude such as social norm and self-esteem is recognized as “Cognitive S.C”. In this case, written
institution of administrative supporting for poor community is categorized as “Structural S.C”, and
unwritten rules, norms and self-esteem are categorized as “ Cognitive S.C”.

On the other hand, in second classification, factors which tighten cooperating attitude inside a community
or group are identified as “Bonding S.C”, and factors strengthening relationship with outside organizations
and formal ingtitutions are recognized as “Bridging S.C". In this case, establishment of people’'s
organization and originate cooperative works inside a community are categorized as formulation and
strengthen of “Bonding S.C”, then expansion on provision of information and administrative assistance to
acommunity are categorized as “Bridging S.C”.

These classifications of Social Capital are summarized on the following table and figure.

Socia Capital (S.C) Concept Example
- Structural S.C Existence of organization and | Community organization, written
%‘ ingtitution institutions of governmental supports
) Cognitive S.C Social norm, self-esteem Unwritten rural, norm, self-esteem
~ Bonding S.C Factors tightening cooperative works | Establishment of people’s organization,
= inside acommunity or group strengthening cooperative works
(% Bridging S.C Factors strengthening  cooperation | Expansion on provision of information to

between organizations and institutions | people by administrative organizations

Central Government

Lawsand Institutions

(Sructural SC)
i Gover nmental Assistance
|
T
h-
X Bridging (SC)
: Planning,
Social nor m, Self-esteem y 9 Or ganization and I nstitutions
(Cognitive SC) Budget ¥

(Sructural SC)

Community or ganization, Infor mation

2

Cooper ation d e ’
(Bonding SC) b x.g_‘-: p | il l.!
Bridging (SC)
Change in attitude (. ?
(Cognitive SC) e
Application for Change in attitude

assistance

(Cognitive SC)

Community (Group) Regiona Administration

Classification of Socia Capitals

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Figure 6.5.1
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Reduction of water source

Rainfall has decreased since 1980s, and surface water and
recharge amount have affected, especially recent 5 years.

Control of pumpage

A

Although illegal pumpage was regulated

Increase of pumpage

Excessive pumpage beyond recharge amount

has reduced groundwater.

with law in 1995, it was not practicably
control pumpage due to severe drought.

v

Decline of groundwater table

Khettara discharge has recreased due to
recharge

excessive
amount.

pumpage beyound

Decrease of agricultural production
Agricultural productivity—~has decreased
due to water shortage by drought

|

Increase of pumping cost

Excessively large pumping amount lowered groundwater
level. Increase of pumping cost induced lower farm

income.

Poor maintenance of khettaras
Khettara discharge has further decreased
owing to poor maintenance of khettaras
associated with lower farm income.

'

Population movement to urban area
Farmers have moved to urban ares
because of lower farm income.

Farmland devastation
Farmland has devastated with
abandonment of farming

Desertification
(Farmland devastation) '}
Environment “

,/—
e Rural

Potable water supply ONEP

97 % service area by 2015.

Water resources

Proposed Componentsin the Master Plan

More burden to farmers
Forcing labor

Abandonment of khettara maintenance
Khettara itself has been abandoned due to
poor maintenance

+

Lowering of water use efficiency
Water use efficiency has lowered because

Farming

| 100

infrastructures

Water supply system is planned to cover

Electrification ONE

by 2005.

Education Provincial office
Provincial office continues to provide
educational system and facilities

Power supply is extended further 111 areas

Roads Provincia office

roads

Facilitiesfor health Provincial office
Rural health clinics (21 clinics) were
constructed by 2004.

Provincial office continues construction of

Flow of vicious cycle which prevent sound growth of
economy of the rural communities.

Fiqure7.3.1

Farmers'
organizations

of ‘aging of farmers, excessive labor

Decrease of farmncome
Agricultural productivity has reduced
due to aging of farmers and shortage of
labor supply.

and

extension service

Lack of irrigation technique
Knowledge and experience on water
saving irrigation are insufficient.

Malfunction of Farmers' organizations
Since farmers groups were not registered to the
government, financial support by the government
was nhot provided to them.

dackening.

Shortage of information
Information on governmental support system was
not spread to the farmers' organizations.
Farmers income generation activities are aso in

Capacity building
of ORMVA/TF

Increase = of
water source

Farming. water use

Strengthening of
farmers' organizations

Income| generation
activities

Prevention of
farmland devastation

Capacity building ORMVA/TF
Project monitoring and evaluation

review of Master plan

Establishing networks

Knowledge management

Khettararehabilitation ORMVA/TF
Rehabilitation of khettaras
Construction of washing place

Rehabilitation of irrigation system
ORMVA/TF

Rehabilitation of irrigation canal

Water saving system development

Recharge facilities planning
Groundwater recharge

Farming ORMVA/TF
Cultivation of high value crops
Instruction of water saving irrigation
method and technical support

Organization strengthening
Training of associations
Establishing  associations  and
training

Post harvest, anima breeding
ORMVA/TF
Animal breeding
Processing of farm product
Apiculture, poultry farming

Afforestation
Planting
Prevention of farmland devastation

Il

System of Agriculture Credit
Credit Bank (CNCA)
Implementation of micro finance system for farmers.

The National Agricultural

Present Constraints for Rural Development and Development For mulation of the Master Plan

Remarks

Capecity  building  fo
monitoring and evaluation

Effective cost allocation
for khettara rehabilitation
works

Technical transfer for
water saving irrigation
method

Data collection of meteoro,
hydro- geological
information

Diffusion of farming
skills practicable in
local

Sense of solidarity of
farmers' organizations

Market research
considering demand and
supply balanve
Introduction  of
generation

income

Adaptability to arid
area
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Phase of planning and verification Phase of the project implementation and planning  Phase of the project implementation and Phase of water resources development and of integral

water resources development (5 years) recharge facilities construction (5 years) development of rural communities (10 years)
Step1:  Elaborate the plans of khettaras rehabilitation, develop the farmers Step 2:  Begin the khettaras rehabilitation works, Step 3. Proceed with the khettaras and irrigation canal Step4: Proceed with the rehabilitation  of
organizations, improve irrigation (especially water saving systems), develop the farmers organizations, rehabilitation projects, the development of the khettaras, the development of the farmers
improve agriculture practices, and implement the verification study. improve irrigation and  agriculture farmers organizations, improvement of the organizations and improvement of the
Implement the monitoring and evaluation within the verification in practices. After having confirmed/revised irrigation and agriculture practices. Launch the agriculture irrigation. Proceed with the
order to establish the plans taking into account obtained results. the results of the studies related to the construction of the recharge facilities and readlization of the recharge facilities and
. Collect data and necessary information for the establishment of the preservation of the underground waters, small-scale retention basin in the conformity with small-scale  retention  facilities  in
shows components during plans of the environmental protection such as development of the we will elaborate the plan for the the plan of the water resources development. conformity with the water resources
the Verification study. underground water resources, preservation of the underground water environmental protection of for the Launch the program of the use of collective development plan, especidly for the
resources and fighting against the desertification. underground waters concentrated in the pumps in the sectors which obtained the benefit of the zones with the khettaras with
recharge facilities for the underground significant results for the level of the groundwater small or not discharge
waters of the Study area. recharge.
Khettara  rehabilitation K hettara rehabilitation (inventory survey for pump) |:| |:||:||:| (continue)
plan —
Khettara rehabilitation Khettara rehabilitation (for 191 productive khettaras) Khettara rehabilitation for 219 re-productive khettaras
(leakage, urgency)
Farming, extension Cropping, production Cultivation of vegetables and high value crops Post harvest Post harvest
services Marketing o Marketing
Farm skills Water saving irrigation with khettara water Land preparation Verification study IS_anéi preparation ducti
Water saving irrigation Farm skill transfer and marketing to farmers Seed variety introduction eed variety introduction
Canal rehabilitation

Irrigation, water use

Water management based on water saving irrigation

A . Installation of communal pump system
Water use plan Control of pumpage (existing pump stations) M | Installation of communal pump systems

Strengthening of farmers System managing Registration of traditional water users' groups nand Registration of traditional water users' groups, strengthening of farmers' groups
strengthening of farmers' organizations

organizations L . -
Training of groups W Credit (continue)

Groundwater use Groundwater recharge Investigation on water resources Investigation and analysis on groundwater conservation, Construction of facilities for groundwater recharge and surface water storage
. . Afforestation Prevention from farmland devastation Preparation of water resource development and environmental
Environmental conservation conservation blan
Public heath and hygiene _ ] ___ i . _
Data collection Study and co arge facilities Construction of recharge facilities (continue)
Planting Planting (150 ha around farmlands) Planting in recharge areas of khettaras, prevention from farmland devastation
Income generation Vegetable cultivation, Income generation activities including women development, such as vegetable cultivation, animal breeding, small scale industry, processing of farm products.
L. animal breeding, food
activities processing

Proiect benefits 4

Selection of sites

With project condition

*) Benefits by groundwater recharge and communal pump systems

Selection guideline

(1)Potentia for public welfare
Diffusion and effects Benefits by khettara and irrigation canal rehabilitation
Groundwater potential
Present condition
Farming and land use
Maintenance conditions reset | mmmmmoo—--=TTT

(2) Government policy condition CoTTTEERREEIIIIITTT \
(3) Urgency andBHNS | | ————————— T

(4) Benefits from environmentd | | e
andsocia aspects |||
Without project condition ~e—————

——
-
-
——
-
—
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
e

v

(2) ORMVA/TF policy e« [Short Term >l Intermediate Term|

Increase of flow () v
Request from farmers

Long Term >

A

Equity, fairness Vet s sy 5 years from 2005, (191 productive khettaras) 5 years from 2010 (191 khettaras) Long term 10 yeras from 2015 (219 re-productive khettaras)
Association activities
Poverty alleviation Khettara selection Equity BHNs Benefits Benefits Benefits Recharge effects are confirmed
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Extension of gallery

Increase rate of the discharge by extension of the gallery depends on elevation between gallery base and
groundwater surface. Increase discharge Q is roughly calculated by following equation. Incremental
discharge depends on the length L; that varies by groundwater surface elevation.

L
AQ =—%x
Q L. Q

In the case groundwater surface exists near the mother well, small extension of the gallery results in large
increase of the yield.

\
___\_
Q Q
L, - L,
« L, L, )

Widening of mother well

In general, following equation expresses inflow discharge into the well. When permeable layer exists near the
mother well, widening of well results in increase of yield.

7tk[H2 —h(2)j Vertical shafts Ehs
Q= .
R Mother wel «
2.3xlogyo| —
‘o
2
2ro '
k:Hydralic gradient
______ Vog
| |
4 A
t
A H
ho
Groundwater
—>
v
R = SR
/ / Masonry, etc

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Figure 7.5.1
Schematic Diagram for Khettara

Rehabilitation 1/5
Japan International Cooperation Agency
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Leakage loss reduction with lining

Adequate leakage loss is observed in the section groundwater level is lower the gallery base. Canal lining is
most effective to reduce leakage loss.

\

\
Groundwater surfac
&

Leakage loss

Sand, gravel layer

Leakage to ground

Re-profiling of gallery

When groundwater surface situates above gallery base by re-profiling of the galley, yield volume increases corresponding to
its length. (In case present longitudinal slope of the gallery is gentle, incremental discharge is limited. )

DDDDD

Change of longitudinal slope by
T re-profiling of the gallery
increases yield.

Groundwater surface

—

Groundwater surfa

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Figure 7.5.1
Schematic Diagram for Khettara

- - Rehabilitation  2/5
Japan International Cooperation Agency
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Protection of gallery wall to prevent from wall collapse

Steel support, concrete culvert prevents from sediment deposits in the gallery. It is most effective remedy to
reduce labor requirement for the maintenance work. Internal section of width 0.6 m, height 1.2 - 1.5m is
recommendable for maintenance work.

Gallery wall

Concrete culv N

Sand and gravel layer

00 §

o0
o
o
o
o

O

Concrete support
Gallery wall

Concrete support

Sand and gravel layer

Sediment trap pit

installation of sediment trap pit increase labor requirement for a removal of sediment in the gallery.

Sediment removal from vertical shafts

Vertical shafts f f f
BN
Sediment trap p't\

ammwe s oo A Eemwe -I.—_.___ T A 1LEy. >

LT

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Figure 7.5.1
Schematic Diagram for Khettara
Rehabilitation  3/5
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Prevention of gallery wall collapse

Sheet pile wall, steel support, mortar spreading are effective to prevent gallery wall from collapse. It reduces
laborious maintenance work.

Steel support Sand and gravel layer

Sheet pile
(Concrete, wood)

Protection of vertical shafts from sand material flow into the gallery

Extension of the vertical shafts, installation of cover, shaft protection are available to prevent sand materials
from flow into the gallery, and it reduces laborious maintenance work.

Protection of shaft wall Installation of shaft cover

: re \
H Vertical shafts |/
. Extension
. ) of vertical
] % shafts
u 7

“ )

%

7 /

d

d

Protection of shaft wall

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Figure 7.5.1
Schematic Diagram for Khettara

Rehabilitation 4/5
Japan International Cooperation Agency
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Khettara protection against flood damages

Flood protection dike, river revetment spur dike are effective to protect the khettara gallery and shaft from flood
damages. It reduces laborious maintenance work.

Flood protection dike

ood / "
—_— :

Vertical shafts

Improvement for public health and hygiene

Concrete culvert and conduit are effective to prevent waste water from flow into the gallery. It is
recommended to improve water quality from public health and hygiene viewpoints.

= NINISS

AV

T

[itesacstasasssas]
beeed e

TSI — S
brrerd

frered
]
Waste water 244 7 >
— > i
E

Concrete culvert

2z zzP

.-".-".-" <

W e e
A T O L
A T O L

e e e e

—> [

VUSUSUSUSS

Concrete conduits

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Figure 7.5.1
Schematic Diagram for Khettara
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229

75,

375

TSECTION TYPIQUE D'UNE GALLERIE DU KHETTARA

DEBUIT INFERIEUR A 2 L/SEC.

REMARQUE:

DES CONDUITES DE PETIT DIAMETRE SONT PROVISOIREMENT DISPONIBLES AFIN
DE REDUIRE LE COUT DE LA REHABILITATION DES KHETTARAS AU MINIMUM,
POUR CELLES DONT L'ECOULEMENT EST FAIBLE, C'EST A DIRE AYANT UN

CETTE ILLUSTRATION MONTRE UNE METHODE SINPLE DE REHABILITATION.
PLUSIEURS METHODES DE REHABILITATION SERONT APPLIQUEES LORS DE
L'ETUDE DE VERIFACATION.

The Development Study on Rural Community Development Project
in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

Japan International Cooperation Agency

Figure 7.5.2 (1)
Rehabilitation Plan (1/2)
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SECTION TYPIQUE D'UNE GALLERIE DU KHETTARA

in Semi-Arid Atlas Regions with Khettara Rehabilitation
in the Kingdom of Marocco

A ) #
|
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|
SECTION A-A
|
| % ' e
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e 1
| p——
N
' | w b
REMARQUE! I7: 430
CETTE ILLUSTRATION MONTRE UNE METHODE SINPLE DE REHABILITATION. £00
PLUSIEURS METHODES DE REHABILITATION SERONT APPLIQUEES LORS DE
L'ETUDE DE VERIFACATION.
The Development Study on Rural Community Devel opment Project Figure 7.5.2 (2)

Rehabilitation Plan (2/2)

Japan International Cooperation Agency




9€ -4

Dischrage Longueur de lakhettara et pertes Dehit 5 10
No. Length Upstream | Downstream | Leakage Longueur de lakhettara et pertes lit/sec
(m) (lit/sec) (lit/sec) (lit/sec)
A74 600 53 6.6 13 14.0 9.0
D34 3,200 18 7.0 52 10 | . 8.0 |
D31 3,500 56 26.3 20.7 . 70 |
D54 3,640 12 23.1 21.9 10.0 6.0
F38 1,500 0.7 25 18 T 3o L5l
G53 250 05 05 0.0 }g 6o | .?;f a0 |
G64 1,200 17 5.1 34 & 7 € 39|
G83 2,400 03 37 34 40 20 |
A74 660 05 13 08 20 | 10 |
D34 2,700 16 5.2 36
0.0 0.0
D31 2,200 5.7 2.7 150 0 1000 2,000 3000 4,000 0.0 10000 20000 30000  4000.0
D54 2,700 1.2 21.9 20.7
F38 2,200 18 18 00 Longueur de lakhettara (m) Longueur de lakhettara (m)
G53 800 0.0 0.0 0.0
Ge4 1000 14 34 20 Longueur delakhettara et pertes Debit >10lit/sec Longueur de lakhettara et pertes Debit <5lit/sec)
G83 2,600 34 34 0.0
A106 500 0.2 26 24 9.0
14.0 :

B17 850 35 24.2 20.7 8.0
c2 1,220 6.5 26.9 20.4 12.0 * 70 |
c6 1,400 40 21.6 17.6 10.0 * 6.0
D47 2,970 11.8 19.6 8l @ go % 5o |
D58 3,500 10.9 35.8 249 @ y =0.0019 & i

£ 60 L . = p 40
D64 3,400 6.0 11.0 50, & / . 30 |
E15 2,300 7.0 7.0 0.0 4.0 . e/ 20 |
E8 2,024 07 40.0 393 20 _ 10 |
F24 3,700 20 2.0 0.0 00 . ¢ ¢ 0.0
G4 1.700 11 26 L5 0.0 1000.0 20000  3000.0  4000.0 0.0 10000 20000 30000  4000.0
ces 600 04 14 10 Longueur de lakhettara (m)
G87 2,060 27 89 6.2 Longueur de la khettara (m)

The Development Study on Rural Community Development Project in
Semi-Arid East Atlas Regions with K hettara Rehabilitation Figure 7.5.3 (1)
in the Kingdom of Morocco L eakage Loss (Discharge: June 2003)

Japan International Cooperation Agency




L€ -4

Dischrage
No. Length Upstream | Downstream | Leakage
(m) (lit/sec) (lit/sec) (lit/sec)

A4l 1,400 1.4 14.0 12.6
A50 484 3.1 10.5 7.5
A74 660 1.1 8.5 7.4
A106 500 14 4.4 2.9
C2 1,220 2.8 19.2 16.4
C6 1,400 35 23.8 20.3
D34 3,200 2.4 3.5 1.1
D34 1,350 1.1 1.1 0.0
D31 3,500 2.2 19.7 17.5
D31 2,200 1.0 17.5 16.5
D47 1,485 2.9 9.7 6.8
D54 1,820 4.4 27.4 23.1
D54 1,350 1.5 23.1 21.6
D58 3500 6.1 29.0 22.9
D64 1,550 4.4 14.2 9.7
D64 3,400 3.7 9.7 6.1
El4 2,000 3.0 52.2 49.1
E15 1,125 5.3 5.3 0.0
F24 3,700 1.7 1.7 0.0
F38 750 0.9 3.6 2.8
G4 850 2.7 6.7 4.0
G53 2200 2.62 5.22 2.6
G63 600 5.01 10.56 5.55
G83 2400 8.37 13.04 4.67
G83 1300 4.67 4.67 0
G87 1030 4.27 23.95 19.68

Longueur de lakhettara et pertes Dehit 5 10

Longueur de lakhettara et pertes lit/sec
9.0
8.0 |
7.0
60|
g % 5.0 [ V= 0.0015x .
g § 4.0 .
4 30 | . . .
2.0
1.0
0.0
0 1,000 2,000 3,000 4,000 0 1000 2000 3000 4000
Longueur de la khettara (m) Longueur de lakhettara (m)
Longueur de lakhettara et pertes Dehit >10lit/sec Longueur de la khettara et pertes Dehit <5lit/sec)
9.0 9.0
8.0 8.0
70 7.0
6.0 | 6.0
2 50 | 2 5.0
) = 5 o
g 4.0 ¢ g 4.0
30 ¢ £ 30 y-=0.0008
20 | s
2.0 / *
1.0 10 —* .
: 0.0 ‘
0 1,000 2,000 3,000 4,000

o

Longueur de lakhettara (m)

1000 2000 3000 4000

Longueur de la khettara (m)

The Development Study on Rural Community Development Project in
Semi-Arid East Atlas Regions with Khettara Rehabilitation
in the Kingdom of Morocco

Japan International Cooperation Agency

Figure 7.5.3 (2)
Leakage Loss (Discharge: September
2003)




8¢ -d

Dischrage
No. Length Upstream | Downstream | Leakage
(m) (lit/sec) (lit/sec) (lit/sec)
All 225 12 3.7 25
A50 608 0.7 6.3 5.6
A74 660 0.6 18.3 17.7
A106 500 2.3 9.5 7.2
Al113 500 4.4 22.3 17.9
B6 350 1.6 8.2 6.6
C2 1,220 6.5 33.0 26.5
Cé 1,400 2.9 24.4 215
D34 2,700 5.7 12.9 7.2
D47 2,970 4.0 15.6 11.6
D47 1,485 2.4 11.6 9.2
D54 1,820 3.4 24.6 21.2
D54 2,700 2.2 21.2 19.0
D58 1750 47 30.0 25.3
D64 3,400 5.6 10.7 5.1
E17 2,024 3.8 34.7 30.9
E16 1,734 25 17.3 14.8
G55 300 3.9 12.3 8.4
G59 500 2.9 4.7 1.8
G53 600 2.5 9.9 7.4
G64 1,000 2.0 4.6 2.6

7.0
6.0
5.0
4.0
3.0

Pertes(1/s)

2.0
1.0
0.0

Longueur de la khettara et pertes

| ¢ y =0.0018x
’/’

Pertex(1/s)
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Longueur de lakhettara et pertes Debit >10lit/sec

7.0
6.0
5.0
4.0
3.0

Pertes(1/s)
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4,000

0 1,000 2,000 3,000
Longueur de la khettara (m)
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20 L= O.VUQQV ¢
./“'
1.0 ry
0.0 ‘
0 200 400 600 800
Longueur de lakhettara (m)
Longueur de lakhettara et pertes Dehit <5lit/sec)
9
8 |
7t
6 L
25
g,
5 i
3 *—y=0:0029
2 /;
1 L 2 /
P
0
0 500 1000 1500

Longueur de lakhettara (m)

The Development Study on Rural Community Development Project in
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Leakage Loss (Discharge: February
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Discharge Measurement of 30 Khettaras
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Discharge Measurement of 30 Khettaras
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Figure 7.5.5
Discharge Distribution along the Gallery
(in volume)
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