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ABSTRACT
Having suitable land and water resources for rice, it is no surprise that Zambezia province of
Mozambique has a long history of rice cultivation going back to Portuguese colonial time.
Currently rice is produced by farmers in this region using the annual overflow of Licungo
River during the monsoon rainy season. However this production is not secure. In some years
heavy floods devastate crops and in other dry years because of low water levels in the river
crops do not receive enough water. Aim of this research is to control the river water in order
to prevent destructive flooding of agricultural and residential areas and use river water for
irrigating paddy lands. This research has been conducted in Nomiua and Castigo region, one
of the rice cultivation areas in Zambezia province, as a pre-feasibility study of introducing an
irrigation system. The region, consisting of 2400ha of suitable lands for rice cultivation, is
located in lower Licungo basin. The research is done as a part of agricultural development
programs of APAC, a Mozambican NGO. A preliminary design of future irrigation system is
proposed based on available data sets and field works.
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GLOSSARY
Baixo: plain; the flood plain which is usually used for rice cultivation.
Machamba: farm, rice or dry crop fields.
Pantano: swamp, wetlands which are very low and inundated the whole year.
Parcela: a farm of half hectare.
Talhão: plot consisting of a number of parcelas.
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1 Introduction
1.1 An overview
This research is done as part of the rice promotion programs of APAC1 (Associação de
Promoção de Agricultura Comercial) a Mozambican NGO in Zambezia province.
Zambezia province is famous for its rice in whole Mozambique, producing 54% of the
167,000 ton national annual production (ORAM, 2005). Farmers usually produce rice with no
agricultural input other than labor. Actually farming is very labour intensive as all the
processes are done by hand. Given the limited labour available there is no opportunity for
farmers to increase their production by expanding their plots, while the land is still abundant.
On the other hand because each farmer can produce a limited amount of rice, an individual
farmer is not an interesting partner for rice dealer working in provincial level. Hence the
farmer is not a strong market party and all the benefit of their work is for big traders who buy
their harvest. (For instance before entrance of the cooperatives, introduced by APAC, only the
informal rice market existed in Nante.)
That s why APAC started to mobilize farmers in farming enterprises. The core business of
APAC is capacity building and strengthening development by providing support to local
farmers in order to transfer their subsistence farming activities to more commercial agriculture
as a means for poverty reduction.
This young organization -established in 2005- was formed by ORAM (Associação Rural de
Ajuda Mutua) another NGO active since 1994 helping farmers to obtain their land tenures. By
now APAC is an independent organization. The enormous need for training farmers in
business and cooperative skills was the major reason to establish APAC as an entity that
would become a local capacity developer (service provider) to the cooperative enterprises.
To improve rice production APAC introduced a three year rice plan consisting of promoting
development of cooperative enterprises, improve production system, and promoting business
and cooperation skills. A part of this program is to
invest and upgrade the infrastructures like roads,
dikes, ware houses, de-husking factories and
irrigation infrastructure.
This research has been held in a part of Nante area
one of the major rice producing flood plains in
Zambezia. Similar researches have been or will be
conducted in the deltas of Zambezia.
A pre-feasibility study of an irrigation system:
The study area of this research, Nomiua and Castigo
region is located in the lower Licungo river flood
plain. This study aims to define capacities and
possibilities of establishing an irrigation system for
securing and increasing current rice production.

1.2 Area description
The project area is a part of the administrative post
of Nante in Zambezia province, Mozambique.
Mozambique (See Map 1) is a country situated in
Southeast Africa along the Indian Ocean with more
1

For more information about APAC see Annex 1.

Map 1 Mozambique (Perry-Castañeda
library Map Collection)
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than 20 million inhabitants (INE, 2007). For almost five centuries it was a Portuguese colony.
Independence came after a guerrilla war that lasted from 1964 until 1974.
FRELIMO (Frente pela Libertacão de Mocambique, Front for the Liberation of Mozambique)
declared independence on June 25, 1975. After independence, Mozambique became a one
party state following the Marxist-Leninist doctrine. Soon after independence a civil war
started between FRELIMO and RENAMO (Resistência National de Mozambique,
Mozambique National Resistance). RENAMO was formed in Rhodesia (present-day
Zimbabwe) as an opposition to the socialist FRELIMO regime. They were supported by the
Rhodesian government of Ian Smith and later by the South African apartheid regime. The
civil war lasted 17 years and destroyed much of the existing infrastructure.
In 1989 FRELIMO abandoned the Marxist-Leninist doctrine opening Mozambique to a free
market economy. In 1992 a peace treaty was signed in Rome between FRELIMO and
RENAMO resulting in multi party elections that were won by FRELIMO. Since then 2
national elections were held, the last one in December 2004, both were won by FRELIMO.
Mozambique has 12 provinces, one of which is Zambezia with Quelimane as its capital.
Zambezia is situated in the middle of Mozambique along the Indian Ocean. In the south it is
bordered by the River Zambezi. The province of Zambezia is again divided into 16 districts,
and the districts into administrative posts (Posto Administrativo).

Licungo
River

Zambezie
River

Map 2 Location of Nante in Zambezia province (Perry-Castañeda library Map Collection)

2

Nante is the major village within the Posto Administrativo de Nante (or Baixo Licungo) and is
part of the District of Maganja da Costa. Nante with its 54,000 population (Kooistra, van den
Dries, 2002) lies on the left bank of River Licungo and along the coast of the Indian Ocean
covering 2500 km2.
Map 3 shows most parts of this posto administrativo. To the northwest, the road follows the
river past Naterre to Alta Motola, the northwest border of Nante (not shown on this map).
This road was rehabilitated to provide a more direct access to the provincial capital
Quelimane (without passing Maganja da Costa) however it is in a bad condition now after a
couple of floods during last years. In colonial time, a ferryboat was operated near Moneia
which was the main transport way to Quelimane. In the southeast Nante borders the Indian
Ocean, and on the coastal dune ridges of Muoloa extensive coconut plantations exist. The
road from Nante to the northeast goes to Maganja da Costa, the district capital. Western
border of Nante is River Licungo.
The study area of this research is in the south of Nante, starting after Intabo irrigation system
and ending to Castigo. Castigo is actually by the side of another river branching from River
Licungo named Maria Nombe. (This river together with western part of study area is not
shown in map 3 for details see map 4). To the east the project area is bordered to baixo
Navicote and Munda Munda. For these two baixos and Intabo a pre design of an irrigation
system has been done in 2005. Aim of the current research is to study the possibilities of
introducing an irrigation system for Nomiua and Castigo region in Nante.

Map 3 Posto administrativo de Nante (Beekman, 2006)
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1.3 Historical background
Zambezia province is known for its rice in Mozambique and Nante area is one of the most
fertile lands in the province and subject of many conflicts because of its high productivity.
During colonial time the Portuguese had a base in Nante and developed a forced labor rice
production system. Each farmer was obliged to produce 4 ton/ha and women farmers 2 ton/ha
or otherwise were beaten. When forced labor was banned in 1961 by intervention of ILO
(International Labour Organization) company Lopes e Irmãos took over about 1000 ha of
lands and expelled farmers from their lands. They had two irrigation systems and a rice mill
near Moneia (see map 3). Other than their own products they bought all the rice produced in
Nante and processed it in their rice mill. So it is not surprising that during the colonial time
the rice price was determined by government.

Map 4 Nomiua and Castigo region

After independence lands were not given back to the farmers but a state farm was established
in the company s lands and the management handed over to a provincial agricultural office. In
1977 state cooperatives and communal villages or aldeias communais were introduced for a
short time and in 1982 a North Korean company came to improve production stability in the
Intabo and Munda Munda irrigation systems. However before the company could finish its
work the civil war started and all these investments were ceased. Between 1983 and 1989 the
Nante state production system suffered eleven heavy attacks in which human capital,
infrastructures and equipment was destroyed. The population was divided between the two
combating parties and many families fled away to safer areas near Quelimane city.
Some years after the peace agreement of 1992 many farmers returned to Nante and occupied
their traditional plots. In the mid nineties ORAM started a campaign in the area to inform the
farmers about their land rights; defending the right of occupancy which was later after a
long national debate - formalized in the land law of October 1997. (ORAM, 2005)
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In 1996 a nephew of Lopes e Irmão named João Patoleia put a claim on 5600 hectare of lands
in Nante. The provincial government accepted to pass the land for 50 years to him but the
decision was fiercely opposed by local communities especially women farmers, as men were
influenced by the job opportunities that the company might provide. Finally farmers were
successful to enforce their land rights and in 1999 the first delimitation (or semi-titling) of
community land (including irrigation lands) in Nante was executed; a process which is
continued till now.
Recently a governmental body named GPZ (Gabinete de Desenvolvimento do Plano da
Região do Vale do Rio Zambeze) has suggested taking over the management of all the land
and infrastructures in Nante claiming many of them are dead areas and have no
productivity. New conflicts have been generated by this claim, making local leaders and
activists pose their contest to provincial authorities.
From this short history it is clear that the government does not trust producing abilities of
rural peasants believing their product is not commercial. Governmental bodies are always
ready to bargain with the private sector, making farmers have to struggle hard to save their
land rights.

1.4 Research objective and questions
Every year during the rainy season the water level in Licungo River rises, resulting over land
flow in the nearby plains and accumulates fertile sediments there. Consequently flood plains
have a very fine clay soil with low infiltration rate which makes them very suitable for paddy
lands. Currently rice is a rain fed cultivation in this area but farmers also use flood water to
irrigate their plots. Because of erratic nature of river floods the rice production is not secure,
some years the flood is too high and inundates fields and in some years water can not reach
down stream farms. In other words although Licungo river s floods are the main source of
water for rice but it may also be a disaster as it was in year 2001. During the flood of this year
numerous people lost their homes and standing crops. The aim of this research is to provide a
secure agricultural system or:
Control the river water in order to prevent destructive flooding of agricultural and
residential areas and use river water for irrigating paddy lands.
In other words make the Licungo River a friend instead of an enemy.
So the two main objectives of research are:
Protect flood plains
Irrigate paddy lands

1

Therefore the main research question can be set as:
How to use the peak of river floods for irrigated rice and how the area can be protected
from devastating floods?
Although heavy floods cause much harm to the area, in normal years they are also the main
source of productivity; besides local people have adapted certain farming system to the flood
system. It is not enough to provide paddy lands with enough water and protect them from
floods. It is also essential to guarantee a water share of all the current flood users, which is the
ecological system and other activities related to water like fishery. Hence main concerns of
research can be set as bellow:
1

The expression from Adri van den Dries.
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Respect current hydro-agro-economical system
Respect ecological system
Design an economically viable system

1.5 Required data sets
A technical design of an irrigation system needs certain data sets about land, water and crop
pattern. These data sets can be summarized as follow:
A topographic map
Soil type
Crop water requirements
Available water
Looking at the research objective other necessary information sets are as follow:
Farming system
Flood system
Current land use
The main available data were aerial photos, river water levels, and rainfall. To complete them
a 3.5 month field work was necessary, consisting of field visits, interviews with farmers and
topographic survey. The gathered data were further analyzed to provide maps and other data
sets which form the base information for the irrigation system design.

1.6 Research methodology
This research is part of a program for the development of rice production in Nante. In Nante
two other irrigation systems exist which have been studied before and have a pre-design for
rehabilitation. (See annex 5) Nomiua and Castigo flood plain was always cultivated under
traditional systems of irrigation using the river floods. The boundaries of the project area have
been determined according to the location of the other two systems and the area which needed
irrigation and protection.
After determining the study area boundaries, based on Google Earth Pro aerial photos, a land
use map has been prepared. This land use map was checked during one month of field work
so that every feature of aerial photos was verified by field visits. During the same period I
tried to understand the flood system and farming system by talking to farmers and my guides.
(See also annex 2)
Soil type survey was also carried out in the same period in a participatory way. Actually I
asked farmers to determine which soil is suitable for rice. More technical studies will be
necessary for future phases of irrigation system design.
After this phase I defined the most important places for doing the leveling and made a
topography survey during 1.5 month. (See also annex 2)
Two sets of data were already available i.e. meteorological data and daily water levels of
Licungo River. The first one was used to estimate crop water requirements. River water levels
were collected using a scale installed at the river bank but the relation of scale level and
ground level was not known so during the topographic survey the level of zero of the scale
was determined.
The water management system was designed based on above mentioned data taking into
consideration objectives and main concerns of the research. Afterwards the design ideas and
main infrastructures have been discussed with the local communities, i.e. the future users of
the system, in a meeting. As a result of this meeting the land use map could be improved
adding, local names and flood system aspects.

6
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Figure 1 Research methodology

7

2 Agricultural resources and practices
2.1 Climate
Nante climate is characterized by a tropical climate with two dominant periods, a rainy season
from December to April and a dry season lasting from May until November. To give an idea
about the climate some climatical parameters of the area are listed in table 1.
Two important parameters for irrigation system design are rain fall and evapotranspiration
which are further discussed in following sections.

2.1.1 Evapotranspiration
In table 1 some meteorological data of Maganja da Costa is listed. The important parameter
for irrigation system design is ETo which will be utilized in later sections to estimate water
requirements of rice.
ETo or reference crop evapotranspiration is a concept introduced to study the evaporative
demand of the atmosphere independently of crop type, crop development and management
practices. (FAO 56)

Month
January
February
March
April
May
June
July
August
September
October
November
December

Table 1 Eto data of Maganja da Costa (source: ClimWat data base)
Min Temp Max Temp Humidity
Wind
Sunshine
Radiation
(°C)
(°C)
(%)
(km/day)
(hours)
(MJ/m²/day)
23
32.7
73
164
7.4
22.2
23.2
32.6
75
156
7.8
22.4
22.7
31.6
75
147
7.7
21
21.4
30.9
74
138
7.5
18.5
19
29.2
74
138
8
16.9
17.1
27.4
77
130
7.5
15.1
16.4
27
77
130
7.2
15.2
17.1
28.6
70
156
8.3
18.5
18.6
30.8
63
190
9.3
22.4
20.8
33.7
55
225
9.8
25
22.4
33.8
60
207
9.3
25
23
33.2
68
173
8.1
23.3

ETo
(mm/day)
5.3
5.2
4.8
4.1
3.5
2.9
2.9
3.9
5.3
6.7
6.6
5.8

2.1.2 Rain fall
Fortunately the rain fall data gathering has been started during the colonial time since 1956
because of the importance of Nante as the main rice producing region of the province. During
the civil war the data gathering was stopped and it was resumed after ORAM started its
campaign in Nante so now some 36 years of daily rain fall is available. The rain measurement
station is located in a suitable place. The daily rain fall data is analyzed to educe monthly
rainfall which is given in table 2.1 According to this table the total average rain fall amounts
more than 1300 mm/year with a big variety between different years. Eighty percent of this
rain fall occurs during the rainy season (December-April).
Other than monthly minimum, maximum and average, monthly precipitation with 80, 50, and
20 percent probability are estimated2 and given in table 2.
1

Daily rain fall data source is the hydraulic department of DNA (Direcção Nacional de Águas).
Estimated according to the method given in Design of smallholders irrigation systems (T.K.E. Meijer,
1991).
2
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month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Annual

Min
30
46
49
21
0
0
0
0
0
0
0
0
872

Table 2 monthly rain fall in Nante (mm)
p-80%
p-50%
Max
p-20%
104
196
316
924.9
94
175
334
668.9
77
183
285
569.8
45
81
169
302.8
26
58
77
143.3
25
44
71
144.1
16
52
95
185.1
12
24
40
246.7
0
10
21
54.6
0
18
34
95.2
17
49
105
222.5
111
182
309
526.4
1044
1280
1611
1885.8

Average
245.0
224.8
206.7
116.5
59.2
53.8
63.1
36.0
14.8
23.4
72.8
222.4
1322.9

In figure 2 rain fall with 80% probability and ETo are compared with each other for different
months of year. As it is shown in the graph, most of the rain falls in the period of December
until April and it is always less than reference crop evapotranspiration rate. However the rain
with 80% probability (which happens once in five years) is always a low value.
8.0
7.0
6.0
rain fall

5.0

ETo

4.0
3.0
2.0
1.0
0.0
Jan Feb Mar Apr May Jun Jul

Aug Sep Oct Nov Dec

Figure 2 Comparing rainfall with 80% probability and ETo (mm/day)

2.2 Land
2.2.1 Land use
Generally three land types can be distinguished in Nante which can be defined as follow:
Baixo:1 The lower left bank of Licungo River is constituted by an extensive alluvial
floodplain. Floodplains or baixos are flooded every year during the rainy season when the
water level in Licungo River rises and water enters the plain. Baixos have a very heavy clay
soil because of sediments which accumulate in the plains during flooding. These fine
sediments have a low infiltration rate and make the land very suitable for rice cultivation.
Usually baixos are cultivated with rice during the rainy season, however some parts of baixos
1

I will use some of local and Portuguese terms without translation as they are used in previous reports and
researches and as they can describe the meaning better. These terms are defined in glossary.
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Map 5 Land use in Noiua and Castigo area

are not cultivated because of labor shortage for agricultural activities especially plowing.
These lands are left fallow but are within the property of certain communities.
Dune: The dunes are higher and more or less safe from flood so people build their houses and
plant trees in dunes. Dunes are usually around one meter higher than the flood plains and have
sandy soil. In residential areas houses are not concentrated in a certain place as a village but
they are expanded all over each high land surrounded by fruit trees or dry crop machambas.
(Machamba is the local name for a farm owned by a farmer.)
Pantano: The other land type is very low lands which form swamp or pantano and are wet
during the whole year. These swamps are the habitat of some wild life species like
hippopotamus and fishes; local people do fishing in pantanos as well as rivers.
The land use map (map 5) shows these three land types. In this map baixos are divided in to
two parts:
Baixos which are currently under rice cultivation.
Baixos which are not cultivated due to lack of possibilities1.
Some parts of the cultivated areas are also left fallow every now and then for the same reason.
Baixo Erugo and Bogune are left fallow because hypos live there which easily can damage
machambas.
High dunes where referred as residential areas in map 4. South of Intabo until baixo Miuane is
an exception. Although this part is a residential zone but actually it s lowland and is flooded
every year and houses are built higher than ground level. Here some small rice plots exist but
generally the area is used for tree plantation and building houses so this part is excluded from
baixos.
There are two big coconut plantations in the region both in
private property but people from local communities have
cassava machamba in it; in most parts just trees and
infrastructure belong to the private owner. In the south
east there was another coconut plantation owned by Boror
company. Because of an epidemic disease all trees of this
land have been cut and sold. Now the land is a communal
property with few machambas but mainly fallow lands.
So Nomiua and Castigo plain is not a homogeneous area
and have diverse landscapes and land use forms.
Sometimes a small baixo is surrounded by dunes or in the
middle of a baixo there is a very low wet land or even a
lake. Some baixos located near the river are settlement
regions and during the rainy season people use canoes for
transportation. The irrigation system design has to be
adapted to the heterogeneous nature of study area.

2.2.2 Potential irrigable area
Baixos are potentially suitable for rice cultivation. In table
3 all baixos are listed and the total irrigable area is
calculated. The soil type in pantanos may be suitable for
rice and with an effective drainage system they may be
converted to paddy lands but for ecological reasons they
1

dunes. The Pareira plantation is a
Table 3 potential irrigable area (ha)
Baixo Name
Area
Baroni
31
Bogune
109
Coio
48
Erugo
466
Intabo
13
Lichinga
67
Majen
206
Manonga
105
Miuane
389
Moruelo
28
Motapa
27
Mucai
102
Mugado
93
Nacaba
393
Nagarao
52
Nambodogo
105
Namilovane
63
Nadhoro
39
Nevila
29
Niesse
61
Total
2426

Mainly shortage of labor (as all farming activities is done by hand) and capital.
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will be left untouched. Moreover pantanos are a source of income for fishermen and food
(protein) for local communities.
Table 4 fallow baixos
The non-cultivated lands occupy 722 ha (table 4), compared to
1704 ha which is under farming. However this is a rough Baixo Name Area (ha)
29
division; parts of some cultivated baixos are sometimes left Nevila
170
fallow and in non-cultivated plains one can find old machambas Majen
42
that shows in some years they have been used. For more detailed Mucai
376
Erugo
and precise calculation a cadastral map is necessary.
105
In map 6 topography contour lines are given. In this map the Nambodogo
722
Total
hatched areas show baixos. As it can be seen baixos are relatively
lower than dunes (parts without hatch).

2.2.3 Land tenure1
By law all the land belongs to the state. Individuals, companies and communities can only
own the right to use the land. When ORAM started the awareness raising campaign about land
rights in 1996, the new land law was still to be formulated. Now existing, this law mandates
that a community has the right to use the land by having the traditional rights. And can, as a
whole, formalize this right of occupation through the so-called delimitation process wherein
their borders are projected in the national cadastre. Certain procedures have to be followed to
make the delimitation valid. When the delimitation is recognised, the land borders are defined
according to set procedures recognized by local authorities. This claim is valid for a time span
of 50 years renewable with 50 years.
Within the community, the land is divided according to traditional rules and these same rules
apply if land struggles arise within the community. The traditional rules regulating land rights
were explained as follows.
In Nante the tradition is that a family owns the use of a certain piece of land. If a person or a
family uses land, they become the owners. If somebody starts working on a piece of fallow
land with no claim, that person obtains the right to use this land on the base of his or her input
in the form of labour (represents investment). By law, a person must use the land he owns.
This sometimes contradicts with local customs, in which it is possible to own land that lays
fallow. It is locally recognized that if this piece of land is not close to the homestead and not
used for several years, then no one owns the land. However, as long as there are trees on the
land, it can be owned without the obligation to work on it. In this way it is possible for a
family to own a lot of land.
Land can be bought and sold alike, though this only happens in the area where the people live.
As soon as a person starts working on a piece of land within his community territory, he owns
it. Although it is possible to own a lot of land with fruit trees, when it comes to arable land for
the production of crops like rice and cassava the obligation of work limits the area a farmer
can own. So it is physically impossible to own a lot of arable land for rice production because
of lack of sufficient labour or money to work the land.
Within the context of the law the communities own the right to work the land delimitated to
them. Therefore, if an outsider wants to enter the area he should first ask permission from the
community. Because of the obligation to work the land it is difficult to deny this claim if the
land is lying fallow. Therefore, ORAM is stimulating the farmers to start working in the areas

1

This part is mainly written based on thesis research of Los (2005) and Beekman (2006), the article Land
registration in Nampula and Zambezia provinces and comments of Ir. Jan de Moor.
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Map 6 Tophograpy map
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where in the future the irrigation system might be constructed. In this way, it will be difficult
for outsiders to enter in the irrigation area when the irrigation system is being built.
The community will hold jurisdiction to rule over all conflicts regarding land, according to
local rules. Each community has its traditional judge that rules on local issues. When conflicts
occur, which contradict state law, the police takes responsibility to rule and pass law.

2.3 Water
2.3.1 Licungo River
Main source of water in study area is Licungo River. The River with a total length of 336 km
has a catchment area of 27,700 km2 within the borders of Zambezia province (Tauacale,
2002). The river originates from the mountainous area near Gurue and Milange bordering
Malawi. This area experiences heavy rainfall with annual averages of about 2200 mm. All the
major tributary rivers of Licungo join just above Mocuba (See map2) from where the river
travels on for another 120 kilometres until it reaches the Indian Ocean. The Licungo River has
a considerable and stable base flow. Although there is no measured data for river flow in the
study area, the base flow is believed to be about 8m3/s during the dry season.1 Because 80%
of the rainfall occurs during the rainy season, which lasts from December till April, the water
can rise several meters and overflow large areas.

Map 7 Lower Licungo River basin

1

Oral information from DNA (Direcção Nacional de Águas) experts.
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Nante lies on the left bank of River Licungo, from Nante village until the Indian Ocean the
river travels about 40 km of which about 16 km borders the study area. Map 7 shows lower
Licungo basin where Posto Administrativo de Nante is located.
River Licungo floods both left and right banks during the rainy season (colored as flooded
land in map 7). After the torrential flood of 2001 some dikes were built or rehabilitated by
ORAM to protect left bank, especially Nante, from floods and provide a high level transport
road. As a result some of the flood entrances are now blocked so water does not reach baixo
Munda Munda and part of Intabo. In map 7 arrows show the flood paths which are now
blocked. Although dikes were effective to protect the area, in some parts they disturbed the
farming and ecological system which was adapted to the flood system during the time. One
consequence is that during low floods down stream rain fed rice fields do not receive enough
water.
Apart from consequences of this intervention on the left bank, the flood system of the right
bank was also influenced. On the other bank of Licungo more or less the same land type and
agricultural system exist. There is also another river, Puadi, from which the region receives
floods during the rainy season. After building dikes this side suffers from very high water
levels a couple of days each year especially near Munda Munda at the right bank.
Blocking the remaining length of river bank with flood protection structures will further limit
the flow to floodplains. This water should exit the region in one or another way but in a
controlled manner.
The consequences of new irrigation systems on the right bank are not known yet and during
next stages of design and implementation of the project further studies are required to
determine the best ways of keeping the whole area safe and productive.

2.3.2 Flood system in Nomiua and Castigo
In map 8 I tried to look in more detail to the flood system in the study area. In this map rivers,
flood ways, lakes and swamps are shown.
During the rainy season water enters the flood plain from Licungo River mainly at seven
places where the river bank is low; these are shown with black arrows. Most of these flows
cross the road and join the eastern lakes or river Majen. These eastern water ways and lakes
form the main drainage system of flood plain.
The first two northern flows go through pantano Bogune crossing the road and forming river
Coio. Part of this flow used to cross back the road and return to the river side. The same flow
finally crossed once more the road to join river Namugogo. The road was rehabilitated as a
dike by ORAM and now hampers this flow so now the road is broken in two parts between
the first two northern bridges; yet the area around pantano Bogune do not receive the amount
of water it had before the dike and rice cropping is not possible anymore, however this lands
are also left fallow because of hypos which live in the area and often destroy machambas.
Three flood flows end up to pantano Namuaga. And the two others cross the road/dike
beneath bridges and join Licungo Amare River.
A significant flood way in the area is river Licungo Amare which also receives water during
the rainy season from river Licungo. As it is shown in the map this river always passes high
areas which are probably formed by its sediments. This river also joins river Majen.
Southern border of study area is River Maria Nombe which bifurcates from Licungo River
and flows to the Indean Ocean. The normal flow of water in this river is from Licungo River
to the ocean but during the dry season salty water of ocean enters up to Castigo especially
with high tides. So water flows in to two directions in this river in a way that it is sometimes
salty and sometimes fresh. Ocean s very high tides can also pass river Majen in east and even
reach the lake system (north east). This is a phenomenon which should be carefully taken into
account in design of drainage system.
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Map 8 Flood system in Nomiua and Castigo region

Ground water is also a part of the hydrological cycle but there is no data available about
ground water in Nante region. According to my observations the subsurface water level in the
region is around 1m under ground level. In many residential areas people reach water by
digging shallow bores and use it for household needs (sanitation of this water is questionable,
especially because it is usually muddy and with low clarity). This is the main source of
drinking water in the study area. Also two bore holes exist, one in Nomiua and one in
Madjida. These bore holes are equipped with an Afridev hand pump. According to local
ORAM staff the depth of these bore holes is around 5m. The bore hole of Madjida has salty
water and is not used as drinking water. This bore hole is close to river Maria Nombe where
ocean water can penetrate so this salty water maybe because of sea water intrusion. According
to local farmers, water in the nearby pantano, pantano Namuaga is not influenced by salty
water.
Ground water can be subject of a separate research.

2.3.3 Available water
Hydrometric scales have been
installed in the river bank (their
location is shown in map 8) and
four years of data is available in
this place. The river bed is around
3 meters lower than the field levels
in the plains. There are three scales
in order to make reading water
levels easier during high floods
(figure 3). During the dry season
water stands lower than the lowest
scale so it is not possible to read
the water level for about two
months.

Figure 3 The 3 hydrometric scales in Sopa in dry season

Daily data of scales is available for 6:00, 12:00 and 18:00 hours. In the graph below data for
12:00 are shown. Because of very close similarity between data at different times of a day
graphs for 6:00 and 18:00 are not presented here. Comparing water levels to ground level at
the river bank, just in peak floods irrigation is possible. For example in 2004 only during 6
days the river water level was higher than ground level.
Three lines are illustrated in figure 4. Line1 with elevation of 7.12m is the minimum grade on
the hydrometric scale; therefore, although water level decreases lower than this level in dry
season, it is not possible to read these lower levels. Another scale should be installed in order
to read water level in the dry season and know the minimum river water level. Line2 shows
the ground level at the foot of the highest scale (see figure 3) which is equal to 9.91m.
As figure 4 shows, the maximum water level in the river is above 10.5 meter but this level
lasts a short time (for example 6 days in 2004) which is not dependable for design purposes.
The available data for river water levels is not sufficient for a reliable statistical analysis but
according to this data 8m of water level lasts long enough for irrigation purposes.1 For
irrigation system and infrastructure design the water level of 8m will be considered as
dependable level. This level is shown by Line 3.
1

A better estimation of water level is to link it with the data available for discharge and water levels (Q-H
relation) for Licungo River in Mocuba.
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Figure 4 Daily water levels at Sopa station at 12:00

2.4 Farming system
The predominant form of agriculture in the Nante area is subsistence rainfed agriculture.
Households often cultivate a variety of crops on a number of plots in different locations. The
common cash crops are rice and cassava which are grown for selling at the market. Rice is
cultivated in baixos during wet season while cassava is planted in sandy dunes during the dry
season. In dry season cassava and other dry crops are sometimes grown in rice plots.
Sweet potato, beans, and sometimes maize are produced for home consumption. Vegetables
are also planted usually in other dry crops plots for home consumption or local markets.
Within dunes cassava is planted in higher areas and sweet potato in lower lands near rice
machambas.
Women are responsible for most of the farming practices. The dry crops are usually cultivated
only be women and men only help them on paddy lands after end of rice field preparation.
Farmers usually do not shift to other plots. Because of the regular supply of river sediments
fertility is not a problem. Clearing a new plot is very labour intensive and weed pressure
remains high for a considerable time. Households use the same plot each season and some
plots are even in use non stop for generations.
Farmers have several plots in different locations. Most plots are less than 0.5 ha (rice plots are
about 0.25ha). The average land property of each household lays around 2 ha consisting of
paddy, dry crop fields and orchard.
Most crops, especially rice, are grown seasonally, depending on the rain, temperature and
location. However in dry years yields can fall sharply and food shortages occur. Rice yields
range anywhere between 0.5 and 5 tons/ha.
Most households also grow a number of fruit trees in their yard like banana, mango, coconut,
and cashew. Papaya trees are also abundant in Nante but lack of means of transportation
makes it difficult to export papaya out of the area and inside the region papaya is so abundant
that it is not bought or sold. Tree plantations are very irregular and it is not possible to point a
distinct or mono cropped orchard, in stead all kind of trees are planted in a mixed pattern and
just the local people know which tree is for whom.
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2.4.1 Rice
Rice is planted in baixos where water stands during the rainy season and where the fine clay
soil is very suitable for rice. Farmers usually have several rice plots at different places to
secure their rice production with an average of 0.25 hectares per plot. Some rice plots are
located on higher areas, which are usually sandier and less suited for rice cultivation. Still
these soils give a production during normal rainy years. In case of a wet year with a high
flood, these high fields serve as security in case a flood destroys the lowland plots. After the
flood has past, rice is again transplanted on the lower fields. These lower plots usually give
yields on a subsistence level in case of a dry year when the higher plots give no yield.
The agricultural season for rice starts end of October and beginning of November with the
preparation of the land, consisting of burning weeds and ploughing soil mainly done by
women. In December, when the first rains arrive, or are expected, men also join the work and
rice is sown in nurseries. The rains usually last until April and have their peak in February.
The mechanisation level as well as the level of other inputs is extremely low. Almost all the
work like ploughing, weeding and harvesting is done manually which limits the possibilities
for increasing production. Money is a scarce resource. In recent years GPZ and ORAM
provide tractors to plough the lands and farmers pay in rice usually at the end of season. This
is mostly in baixo Munda Munda and Intabo, while in Nomiua and Castigo women do not
wait for the late coming tractor and do all the work manually.
Not many farmers have the money to pay for wage labour. Wage labour does occur but mostly
when hired by locals, who found a job outside, as a replacement of themselves. So although a
family can own a lot of land with its homestead and trees on it, it is physically impossible to
work (and own) a lot of arable land to grow food crops. The average number of rice plots per
family is 2, with an average size of about 0.5 hectares per family, varying between 0.25 and 1
hectare. This is not due to shortage of land but of labour.

2.4.2 Fishing
Fishing is the second main activity in the region mostly done by men, and fish is one of the
main foods besides cassava and beans. Other than people who do fishing as the main
profession many other farmers consume what they caught themselves. Besides river and lakes
the other location for fishing is pantanos where it is always wet even during dry season; in
pantanos one can always find fish cages especially because small scale fishing is not
controlled by government and do not need a license. But traditionally people have certain
claims for some spots. Fishermen are more active in rainy season preparing their fishing tools
before the start of the flood season; they dig canals connecting rivers and flood ways to higher
areas and lead flood water containing fish to their nets.
Some fishing activities cause serious damage to bridges, dikes and roads. Fishers excavate
holes underneath bridges and make breaches in dikes. These problems are mostly for Munda
Munda and Intabo where irrigation canals and dikes exist; in Nomiua and Castigo there is no
infrastructures to control floods.
After asking farmers about consequences of blocking floods they said they will not be able to
catch as much fish as they do now but they didn t consider it as a big problem. The same
results were obtained from interviews for an earlier research in Nante (Los, 2003). This is a
point which needs more investigation, because fish is obviously very important in families
daily food basket. Nonetheless as it is mentioned in research objectives the future irrigation
and flood protection system will be adapted to the flood system in order not to hamper current
fishing activities.
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2.4.3 Other farming activities
Animal husbandry is another farming activity but restricted to small-scale chicken, duck, goat,
and rarely pig keeping. Goat is an animal well adapted to the climate. When the temperature
rises many chickens die making chicken rearing unprofitable. Guinea fowl is a domestic bird
to this climate but their number is even less than chickens. The area is capable for poultry or
goat farms and further studies should define the capacities and possibilities.
It is not common to use animals for farming activities like ploughing. World vision, an
American NGO, tried to introduce water buffalos and instruct people how to use them for
farming activities but the project was not successful and now just one big land owner, Pereira,
has some buffalos which are seen as a problem by the local communities as they destroy
cassava cultivations while grazing.
The other activity is limited haunting of small animals mainly a kind of rat (ratasano) with
trap. Hunters burn weeds in forests or other non arable lands in order to get away and catch
small animals. Although traps and burnt land can be seen very often, hunting generates just
little income for farmer families.
Forests are one of the available resources for rural peasants. It is accepted by law that each
community has the right to use resources of neighbouring forests for subsistence. Forest wood
is mainly used for producing charcoal and as a material for building houses. The aim of this
law is to ensure traditional rights and profits of rural peasants however communities share of
revenue from forests is negligible compared to outsider loggers income which is sometimes
illegal. (Mackenzie, 2006)
People have certain claims on the bamboo which is grown in the dune areas. They use it as a
material for building houses and making tools. They also take part of the bamboo to Maganja
da Costa, the nearest city and sell it in the city market.
Wage labour is another source of income but very limited. Only the ones who have jobs out of
Nante can afford waged agricultural labour instead of their work. In Munda Munda and Intabo
some outsiders have machambas, because usually for ploughing which is the most labour
intensive activity tractor is available so these outsiders hire labour for farming in their lands,
but in Nomiua and Castigo only local population has land.

The farming system can be summarized as figure 5. A typical cross section of the study area is
shown in this figure. Licungo River is located at the upstream of the study area, and then
dunes have the highest elevation in relation with other land types. The elevation decreases
gradually so that dunes are replaced with baixos and pantanos. Forests are generally located at
the east of the study area. The water level during floods is schematically shown in this
diagram. This level varies in different years; in some years baixos do not receive enough
water and some years the residential area is also flooded. Forests are shown in an elevation
above flood level but some parts of forests are flooded as well.
In the table above figure 5 the cross section land type, land use, main farming activity and
main products of each section are given.
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Figure 5 Farming system in Nante
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3 Irrigation
3.1 Irrigation concept
Irrigation concept or water distribution method is a fundamental base of designing an
irrigation system. There are three main methods of water distribution mainly characterized by
distribution structure, proportional, rotational, and on-demand distribution method.
In proportional system water is given to a certain piece of land according to its size and water
requirements and canals are always in full capacity during the irrigation season. Rotational
system is also based on the land size and crop water requirements but not all the system is
irrigated simultaneously. Irrigation of one part is started after the irrigation is completed in
another part so the canals work in full capacity or they are empty. In on-demand distribution
method the user can have water at the time and with the quantity he wants (like urban drinking
water systems). For agricultural purposes a kind of on-demand system is adapted, namely onrequest method where users announce their water necessity to the irrigation system
management body in advance. A canal can contain any discharge between zero and maximum
design capacity.
It is important to choose a distribution method fitting the specific situation of the study area.
In Nante despite existence of two irrigation systems, generally farmers do not have any
experience of irrigation mainly because in both colonial system and state farm they worked as
laborers. They mainly do rain-fed rice cultivation. Utilization of flood water is also very
limited and with out any control. So the new irrigation system should be easy to operate and
easily understandable for them. Complicated structures which need especial skills are not
recommended for this situation. On the other hand sophisticated structures are more
expensive, while it s better to use cheaper systems which are also cheaper to maintain.
Another concern which should be kept in mind is the erratic nature of floods. The sufficient
water level is not always available in the river and irrigation can just be done when the water
level is above the ground level.
According to these special characteristics of the area, proportional distribution can be a
suitable method as:
- The distribution structures are easy and relatively cheap to construct.
- The structures are easy to understand.
- They hardly need any operation tasks.
- They can spread water very fast through the whole system.
Proportional system will be applied at the main, secondary, and tertiary levels. And irrigation
turns will be rotated among farms in the tertiary level.
Because it is not possible to predict water levels in the river and the system is actually
dependent to this level, enough water should be stored at farm level when it is available. This
means the system will be over-dimensioned to secure a certain amount of water in the field
when the river level is not sufficient during a long period.

3.2 Irrigation requirements
3.2.1 Crop water requirement
The main part of crop water consumption returns to atmosphere as evapotranspiration and just
a small portion is used for photosynthesis needs, so plant evapotranspiration is the basis of
crop water requirement estimations. Crop evatranspiration depends on ETo and the crop factor
(Kc):
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ETc= Kc

ETo

Kc value changes within different crop growing stages. Length of growing stages and Kc
values are given in table 5 for rice with a growth cycle of 150 days.
Table 5 length and Kc for different growing stages for rice (days) (FAO, paper 56)
Growing Stage
Initial
Development Mid stage Late stage Total
Length (day)
30
30
60
30
150
Kc
1.05
1.2
1.2
0.9-0.6
-

Part of irrigation requirement is compensated by rain fall on the other hand part of water given
to soil is lost due to percolation losses and seepage out of the irrigation area. So the gross
irrigation requirement at field level can be estimated with following water balance:
Gross Irr. = ETc

Dep. Rain + Losses
Table 6 crop water requirement for one harvest a year

month
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec
Jan
Feb
Mar
Apr

ETo

growing

(mm/day)
3.53
2.93
2.96
3.94
5.30
6.75
6.56
5.78
5.34
5.24
4.78
4.13

stage
late

0.90

init
deve
mid
mid

1.05
1.20
1.20
1.20

Kc

ETc
(mm/day)
3.18
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.61
6.29
5.74
4.96

Dep. Rain
(mm)
26
25
16
12
0
0
17
111
104
94
77
45

(mm/day)
0.8
0.8
0.5
0.4
0.0
0.0
0.6
3.6
3.4
3.3
2.5
1.5

Net Irr.
Req.
(mm/day)
2.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.25
2.95
3.27
3.46

loss
(mm/day)
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

Gross
Irr.
(mm/day)
3.84
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.75
4.45
4.77

4.96

Table 7 crop water requirement for two harvest a year
month

ETo

growing

Kc

ETc

Dep. Rain

(mm/day)
stage
(mm/day)
(mm)
(mm/day)
May
3.53
0.00
26
0.8
Jun
2.93
init
1.05
3.08
25
0.8
Jul
2.96
deve
1.20
3.55
16
0.5
Aug
3.94
mid
1.20
4.73
12
0.4
Sept
5.30
mid
1.20
6.36
0
0.0
Oct
6.75
late
0.90
6.08
0
0.0
Nov
6.56
0.00
17
0.6
Dec
5.78
init
1.05
6.07
111
3.6
Jan
5.34
deve
1.20
6.41
104
3.4
Feb
5.24
mid
1.20
6.29
94
3.3
Mar
4.78
mid
1.20
5.74
77
2.5
Apr
4.13
late
0.90
3.72
45
1.5
ETo: reference evapotranspiration
init: initial stage; deve: development stage; mid: mid-season; late: late stage
Kc: crop coefficient
ETc: crop evapotranspiration
Dep Rain: dependable rain fall, rain fall with 80% probability (from table 2)
Net Irr. Req.: Net Irrigation requirement
Loss: percolation losses in irrigation field
Gross Irr.: gross Irrigation requirement

Net Irr.
Req.
(mm/day)
0.00
2.24
3.03
4.36
6.36
6.08
0.00
2.49
3.05
2.95
3.27
2.22

loss
(mm/day)
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

Gross
Irr.
(mm/day)
0.00
3.74
4.53
5.86

7.86
7.58
0.00
3.99
4.55
4.45
4.77
3.72
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Dependable rain fall is estimated according to historic rain fall data. For this project a rain fall
with 80% probability is assumed to be the dependable rainfall; which means 4 years out of 5
there is a rain fall more than Dep. Rain. Dependable rainfall is a safety measure against
unreliable weather, and that it is the minimum rainfall irrigation can depend on which ensures
that 4 out of 5 years the water requirements can be complied with.
As the growing period is 5 months for rice it can be cultivated two times a year. Two harvests
a year is an option which is usually posed by government s agricultural authorities to achieve
higher benefit, so it is discussed here. In table 6 and 7 gross irrigation values are calculated for
one and two harvests a year.
For one harvest highest water demand is 4.96 mm/day which occurs in April and for two
harvests a year it is 7.86 mm/day in September. For achieving two harvests rice will be
cultivated during dry season as well as rainy season. Because of low rain fall during dry
season all the crop water use should be compensated by irrigation.
Considering the highest gross irrigation requirement1 for design purposes the required
discharge for one hectare of land, or irrigation dose, can be calculated assuming during the
peak demand irrigation is done 24 hours a day:
One harvest: (4.96/1000) 10000 m2 1000 / (24 3600) = 0.57 lit/s/ha
Two harvests: (7.86/1000) 10000 m2 1000 / (24 3600) = 0.91 lit/s/ha

3.2.2 Puddling requirement
Other than water requirements of plant during the growing stages, rice fields need a special
amount of water for land preparation or saturation of soil. For preparing paddy lands before
transplanting usually 200- 250 mm water should be available in the field which we refer it as
puddling requirement here. Assuming this amount of water is given to the land in a 15-day
period and given the fact that there is rain fall (± 50/15days) we take the lower limit of
200mm so water requirement for land preparation is:
200/15= 13.33 mm/day
And for one hectare of land:
(13.33/1000) 10000 m2

1000 / (24 3600) = 1.54 lit/s/ha

As this water is about twice the irrigation needs the canal design should be based on it and the
canal system will be over dimensioned. Other than economical expenses of over dimensioned
canals it will generate technical problems due to big differences of water levels in canals
during different water requirement periods. To prevent these problems this amount of water is
given to land in two periods and in each period just half of the land is prepared for irrigation.
Hence half of above calculated discharge, 0.77lit/s/ha (or about 0.8lit/s/ha), is required in each
period and land preparation lasts one month.
When rice is cultivated twice a year the land will remain fallow just for one month between
two plantations which means soil will keep a certain amount of moisture and less water is
necessary for land preparation purposes. Assuming this is 150 mm given in 15 days:

1

Because an irrigation system is designed to supply sufficient water to an intensive cropping pattern under
(severe) drought conditions.

24

150/15= 10 mm/day
Or:
(10/1000) 10000 m2 1000 / (24 3600) = 1.16 lit/s/ha
And for two 15-day period: 0.58lit/s/ha~ 0.6lit/s/ha

3.2.3 Irrigation dose
For design of irrigation system i.e. canals and hydraulic structures the maximum capacities are
considered so that during all the different water requirement periods the system can convey
the necessary discharges.
In last two sections irrigation requirement of one hectare of land is calculated for high demand
periods, assuming irrigation is practiced 24 hours a day. For both one and two harvests a year,
the discharges calculated for puddling requirements are more than the calculated dose for peak
crop water demands. For irrigation system design maximum calculated values should be taken
into account which is 0.77 lit/s/ha for one harvest and 0.58 lit/s/ha for two harvests.
These calculations are reliable when the necessary water level and quantity is ensured by a
reservoir or other infrastructure while in this system the irrigation is just possible when the
water level is enough high. If the river water level remain lower than assumed dependable
level (8m) no irrigation is possible. To guarantee the crop will receive enough water during
growing period, more water should be stored at the farm level when it is available. This means
we need to over calculate the irrigation dose. For this reason the above calculated doses are
doubled in order to adapt the system with the river situations. (It is notable that when required
water supply is assured there is no need to over estimate the irrigation dose.)
Irrigation dose calculations are summarized in table 8.
(1)
parameter

(2)

(3)

Highest Gross
Irrigation requirement
(mm/day)
(lit/s/ha)

Table 8 irrigation dose
(4)
(5)
Puddling requirement
in two 15-day periods
(mm/day)
(lit/s/ha)

(6)

(7)

Irrigation dose
(maximum of (3) & (5))
(lit/s/ha)

Overall irrigation
dose (2x(6))
(lit/s/ha)

One
4.96
0.57
13.33
0.77
0.77
1.54
harvest
Two
7.86
0.91
10.00
0.58
0.91
1.82
harvests
Values with mm/day are converted to lit/s/ha for one hectare of land assuming irrigation is taking place during
24 hours a day.

3.3 Irrigable area
Potential irrigable area is defined in chapter 2 according to soil and land type but, some baixos
are far form the river (like baixo Nevila to the east) and some others are a small piece of land
surrounded by high dunes (like baixo Intabo to the north-west). These baixos are excluded
from the irrigable area because they need long conveyance canals. The paddy lands around
pantano Namuaga are also excluded because it is a narrow piece of land which needs an
intense canal system to be irrigated. Omitting these lands 2063 hectares of potential irrigable
area will remain.
Moreover actual irrigable area depends also on available water. Although Licungo river base
flow is enough to irrigate a secured rice crop during the dry season1, water levels are not
sufficient to cover fields by gravity. In chapter 2 we suggested 8m as the reliable water level.
In map 6 of chapter 2 the ground levels of potential irrigable area or baixos are given.
1

About 8 m3/s, see section 2.2.1.
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Comparing these levels with the 8m level we can see that the baixos in upstream are above the
dependable water level. Furthermore in the dry season the water level is even lower and not
sufficient for second harvest. Hence special infrastructure is required to be able to irrigate
higher lands as well as to achieve two harvests.
There are two possible alternatives to achieve this purpose. First one is to store water in a
reservoir when water levels are high enough and use it later; second is to pump water from the
river into the irrigation canal.

3.3.1 Reservoir
Water can be stored during the rainy season in a reservoir or in the main canal as in-line
storage but the water level in the reservoir should be sufficient to make gravity irrigation
possible. To keep sufficient water levels in a reservoir high dikes are necessary around them
but also high water levels in the river to fill in the reservoir.
The highest water level noted during the last 4 years is 10.8m or 0.8m above ground level at
the scale location. According to local people water level never exceeds one meter above
ground level, while these are the peak flows lasting for few days and more durable water
levels are below one meter.
We assume water can be stored for the whole area and two harvests within the time river level
is 10.5m (this is a rare event and here we use it just to provide an example). To convey water
to the reservoir this level decreases about 0.5 meter because of head losses. Another 1 meter
will be lost because conveyance head losses from the reservoir to the irrigated fields. In
addition water level will decrease in the reservoir because of evaporation. Assuming
evaporation is 4mm/day in dry season at the end of irrigation season water level is decreased
0.7m. Taking into account water losses because of percolation the overall head loss is more
than 2m and the irrigable area is the area below 8.5m (10.5m-2m). Therefore with a reservoir
106ha of baixos will not be irrigable making the area under irrigation 1957ha.
Another concern is finding a suitable place for the reservoir. One option is to widen the
beginning part of main canal about 60m in order to have an in-line storage. This part is inside
Sopa residential area so a part of residential lands will be taken to construct such a wide canal.
Besides the canal passes more or less through the middle of Sopa and divides it into two parts
so crossing facilities should be provided for local population. However an in-line storage is
not a realistic option for inter-seasonal storage.
Water can also be stored in a reservoir. A natural reservoir can be used for this purpose in that
case Pantano Namuaga is a good option but to convey water to this reservoir another 0.5m
head loss will be added to the total head loss (because a conveyance canal will be necessary to
convey water from the river to the reservoir). In this case irrigable area will be the area below
8m which means the total irrigable area will decrease more. In addition a part of this pantano
is lower than ground level creating the dead volume of reservoir; the water stored in this part
is not usable for irrigation purposes.
A reservoir close to the river inevitably should be located in baixos which again means
reduction of irrigable area. So actually with a reservoir the irrigable area is about 1600ha.

3.3.2 Pumping
With pumping it is possible to irrigate the whole study area (2063ha) twice a year because
water can be pumped to the desired level. In this case it is not necessary to double the
irrigation dose because water can be pumped to canal system at desired time. So for two
harvests the irrigation dose is near 1 lit/s/ha (0.91 lit/s/ha according to table 8). With 70%
conveyance efficiency1 the total discharge is:
1

See section 3.6 in this chapter.
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(2063 1.00)/ 0.70= 2063 lit/s = 2.1m3/s
Lowest necessary discharge can be calculated according to lowest crop water requirement
which is 3.74mm/day in June (table 7) resulting a discharge of 1.3m3/s.
During the rainy season cultivation (December until April) pumping can be used when water
levels are not sufficient but for the dry season cultivation (June until October) no irrigation is
possible without pumping. Hence a total discharge of 2.1m3/s to 1.3m3/s should be provided
by pumping during 5 months.
The necessary head work depends on difference between water levels in the river and main
canal, pump characteristics, and head losses in other pumping accessories. To determine the
head work a detailed design of pumping station is required but taking into account the
difference of water levels in river and canal the head work is always more than 5 meter.
If 3 pumps are installed for the pumping station then during the low water needs with
operating one pump the whole area can be irrigated. Another advantage of pumping is that
pump capacity can be enough high so that the irrigation can be terminated during the day to
avoid night irrigation.

3.3.3 Actual Irrigable area
In earlier sections we looked at the necessities of an irrigation system with one or two harvests
and possible options to achieve each of them.
Two yearly harvests option was discussed before. Other than specific problems of this project
(low water levels), two harvests a year generate other difficulties. Actually achieving this goal
depends on rice variety rather than water availability. Traditional varieties in Nante are
photoperiodic, that is to say they could be planted as early as October or as late as January,
nevertheless they will always flower in the same period (20-25 of April). There are also
modern varieties of 90, 105, 120 days of growing period but temperatures in June and July are
probably too low for most rice varieties. There are only two periods, starting from
August/September and November, suitable for varieties with short growing period (90-105
days). Then a short time will remain for harvest because in December the risk of high
precipitation is high.
Perhaps it is not impossible to achieve two harvests a year but the option should be
investigated more through research and pilot projects to define the best cultivation period,
appropriate varieties for the colder period with suitable length of growing cycle, and find the
best harvesting period when high precipitation is not a risk for the rice yield.
In the province of Cabo Delgado a trial with 2 harvests a year has been done in nineties. The
rice yield in the dry period was completely eaten by birds. Which means rice cultivation in the
dry period should be done massively on a large area.
Actually two harvests per year in Mozambique is not a realistic option and is more a political
idea. If the purpose of such a proposition is to increase the yield then providing more
agricultural machinery and facilities for farmers is the primary choice. And if the aim is to
reduce the poverty, better access to markets should become available for farmers where they
have more control on prices. In fact for the time being two harvests a year is of minor
importance and one harvest a year is proposed for the new irrigation system.
As it was mentioned, with a pumping station the whole area can be irrigated however
providing pumping facilities may not be possible very fast. The two other irrigation schemes
in Nante have a pump but no electricity is yet available to use the pump.
On the other hand it is possible to irrigate high areas with another intake or a canal from
Intabo intake. So that instead of one big irrigation system two smaller ones will be
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implemented. An advantage of smaller irrigation schemes is that they are easier to manage by
farmers especially in the study area where irrigation is a new practice.
Finally it is always possible to modernize the irrigation system and equip it with a pumping
station after implementation of the project. At this stage irrigation system design is based on
no pumping infrastructure.
Omitting the pumping station means the irrigation system will be dependent on the natural
water levels in the river. So the water level of 8m will be considered for intake and system
design, (see discussion in section 2.3.3 available water). Taking into account the head losses
in the system the irrigable area will be the region below 7m which is an area of 1365ha.
Comparing this area with the irrigable area by use of a reservoir (1600ha) the irrigation
system without a reservoir is suggested. Therefore:
The irrigation system design is based on the actual irrigable area of 1365ha which will
be cultivated once a year during the rainy season (one harvest per year).
The area which will be excluded from the irrigation system is about 700ha.

3.4 Ecological needs
Other than baixos or rice fields the pantanos also receive water from the river in the current
situation. To protect the region and irrigation system from floods a dike will be constructed at
the river bank so in order to keep the ecological balance of the region it is necessary to
compensate pantanos share of water in one or another way. The idea is to convey water with
the main canal to the pantanos. Therefore the ecological water needs should be added to canal
system capacities.
No ecological and environmental research has been conducted in the area and there is no data
about water needs of the Pantanos. To include the ecological needs in the system design a
simple calculation has been made based on local people s information and information at
hand. Obviously a part of further detailed researches should be dedicated to environmental
aspects.
Analyzing the water balance of a reservoir (in this case pantano) is a reliable method of
calculating inflows. Water balance equation is:
Inflow= outflow + storage
In this case inflow is precipitation and flood water, out flow is percolation to ground water
and evaporation from water surface, and storage is what will remain in the pantano. Due to
lack of necessary data it is difficult to determine most factors of this equation therefore I tried
to relate a logical value to each of them. Actually water needs of pantanos are calculated
based on these assumptions:
1- Average depth of each pantano is 1m (net. Refill requirement).
2- Necessary water to fill the pantanos is available during rainy season for 2 months
(March and April).
3- During the rainy season evaporation from the pantano surface is about the same
amount as the rain fall.
For example for pantano Namuaga the necessary discharge is:
(204ha 10000m2

1m) / (60days 24 3600s) = 0.39 m3/s

The same calculations were done for other pantanos and the results are given in table 9.
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Filling up the pantanos with the irrigation canals will just provide the same amount of water
which they currently receive but the other ecological aspects of this change in the natural
system is not known. For example a considerable number of fishes are now traveling with the
floods to the pantanos and lakes.
(1)
pantano
name
Namuaga
Mungodo
Ebombone
Erugo
Total

Table 9 ecological water requirements
(2)
(3)
(4)
Area
Volume
Inflow
(ha)
(m3)
(m3/s)
(lit/s)
204
2036858
0.39
386
26
264139
0.05
50
51
514849
0.10
98
23
234028
0.04
44
305
3049874
0.579
579

(2) Total area of pantano
(3) Volume of water stored in the pantano
(4) Inflow in order to compensate pantano s water need

3.5 Conveyance efficiency
The irrigation dose which is calculated above shows water requirement at field level. Water is
conveyed from the intake through the canal system to the field. In this path a part of water is
lost because of leakage in the earthen canals. Assuming this is 10% of water in each main,
secondary and tertiary canal the total conveyance efficiency is about 70%:
(100-10)

(100-10)

(100-10) = 73 % ~ 70%
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4 Pre-design
4.1 Tertiary unit
Tertiary unit is the part of land which is irrigated by one tertiary canal and water distribution
to farmers is rotational. The time it takes to irrigate one tertiary unit is the irrigation interval.
The irrigable area will be divided in tertiary units by which the size of the tertiary unit follows
from a logic rotation schedule over the farms. Here tertiary unit's characteristics are
calculated.

4.1.1 Irrigation interval
Irrigation interval is the time between two consecutive irrigations so that the irrigation of one
tertiary unit can be completed. For paddy lands this time depends on the allowable difference
between maximum and minimum water levels in the field. For example during high water
consumption usually fields are filled with 200mm of water. The plant will use the water
through the process of evapotranspiration so the water level in the field reduces. After a
certain time the water level is not sufficient for preventing weed growth in paddy fields and
that is the time for the next irrigation. Moreover the irrigation will always take place before all
the water is consumed by plant to assure a minimum amount of water in store.
Assuming the maximum allowable water level reduction is 120mm and knowing that the
maximum water requirement of crop is 4.96mm/day, irrigation interval is:
Iint =

120mm
4.96mm / day

24days

In order to have an irrigation interval which is easy to remember (for farmers) and manage we
can choose 21 days (or three weeks) as the interval but the special situation of this irrigation
system needs a shorter interval. The availability of water level is not always assured in this
system which means at any time the water level may reduce in the river and make irrigation
impossible. Therefore some of the rice fields might not receive water in a given interval and
have to wait for the next interval. To reduce this problem the irrigation turn should be as short
as possible so that the irrigation turn will terminate faster and a large number of fields will
receive water. For this reason the interval is reduced to one week (7 days). Considering that in
Intabo irrigation system the rotation interval is only 2 days (see annex6).

4.1.2 Tertiary unit size
To calculate the tertiary unit size the following equation is used (Meijer, 1991):
Igross

Iint

Af =0.36 qm

ti

Where:
Igross= maximum gross irrigation requirement (mm/day)
Iint= irrigation interval (day)
Af= farm size (ha)
qm= main d eau or tertiary canal capacity (lit/s)
ti= irrigation time or the duration in which irrigation of one farm is completed (hr)
The chosen irrigation interval for the whole area is 7 days, or one week. Currently the average
farm size, owned by one farmer is 0.5ha in the study area. The same farm size is applied in the
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two existing irrigation system. So for this project we will also base our calculation on a farm
size of 0.5ha:
4.96

7

0.5 = 0.36 qm

ti

Using above equation for different irrigation durations (ti) related values of main d eau (qm)
are calculated in table 10. a suitable irrigation times (ti) is the one which can be easily
managed and it should be easy for farmers to remember their turn. The acceptable discharge
rate for main d eau should be in range of 15-40 l/s (Meijer, 1991). Therefore the best set in
table 10 is 3 hours of duration with 16 l/s. So each day 8 farms can be irrigated, which means
in each interval 56 farms or 28 hectares can be irrigated. This 28ha is the gross tertiary unit
size or the area which is occupied by farms but canals, drains, roads and other infrastructure
need space. This is usually 5-10% of gross area, in this case about 2ha so the total area of
tertiary irrigation unit is 30ha.
Table 10 choosing irrigation time and main d'eau
Irrigation time Main d eau
tertiary unit
number of farmers
ti (hr)
qm (lit/s)
size (ha)
in one tertiary unit
3
16
28
56
12
8
14
28
18
5
9
19
24
4
7
14

A typical tertiary unit is shown in map 9. Farms are 100 50m or 0.5ha. Farm size and
dimensions are similar to farm size and dimensions in the two other irrigation systems, Intabo
and Munda Munda. The tertiary canal, located at the upstream side of the unit, has a number
of turnouts. These structures are on-off structures and work one after each other, conveying
water to a quaternary channel which irrigates 7 farms at the left and 7 farms at the right hand
side. So the distance between two turnouts should be equal to twice of length of a farm
(2 100m= 200m) but because an extra 10% is added to the area it will be 203m; the same is
applied for the total length and width of tertiary unit (355 812m). The quaternary drains will
evacuate water from the farms as shown in map 9. A tertiary drain at the down stream end of
the unit drains the surplus water. One inspection road is located at the right bank of the
secondary canal and another one along side the tertiary canal.

Map 9 Tertiary unit (dimensions in meter)
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4.2 Layout
Considering the area lower than 7m, the design of the irrigation system layout has been done
in a step by step process. First the dike location and alignment was determined according to
location of the area which needed protection against floods. At the next stage the main
drainage system was designed. It was decided to keep the current drainage system and use it
as the main drainage system of the irrigation scheme.
These two elements delimitate the location of the irrigation area. The other features which
limit the area are topography and location of irrigable area. Alignment of canals where
determined so that they can cover the whole irrigable part. Irrigation blocks which are the area
irrigated by one secondary canal, were then defined. The proposed layout is given in map 10.
These letters are used to name canals and drains:
C: canal
L: left bank
M: main
D: drain
R: right
S: secondary
I: intake
Intakes are not shown in map 10.
Following each part of the irrigation system will be further discussed.

4.3 Dike
As flood protection structure a dike is proposed. The existing road of the area is actually a
dike. Before construction of this dike a road existed to link Castigo to Nante but it was often
flooded during the rainy season and was not suitable for normal transport, so ORAM
rehabilitated it as a dike. The new dike will be connected to this dike at the upstream of the
Intabo irrigation system where the road is alongside River Licungo. Two options can be
proposed for the dike.
The first alternative is to protect the whole study area which means the dike should block the
whole river Licungo bank. In this case it will start from the point where the existing road
leaves the river bank and enters the flood plain. The dike will continue its path alongside the
river at 100m distance from the river and ends after Castigo, before the forests, so it will be
21km long. This alternative is shown with Alt1 in map 10.
The other option is to protect just the irrigation system so the dike will have the same
alignment as Alternative one but after the main intake of the irrigation system it will change
direction so that it will be parallel with the main canal. After reaching the existing road it will
follow the alignment of the road. Actually in this part the existing road will need rehabilitation
as a part of the dike. Near the river Maria Nombe the dike will have the same alignment as
Alt1 again. The second alternative is shown with Alt2 in the map and is 19km long. In this
case a part of study area between river and dike will be left without protection but it concerns
a non-irrigated area anyway.
Although a part of the residential area will be left unprotected from floods but this alternative
has the following advantages:
- A big pantano, pantano Namuaga, is situated in the unprotected area, between the
river and dike of Alt2; by using the second alternative this pantano will be filled with
the natural river flood system so will not need to be filled with the main canal and the
capacity of main canal will reduce.
- A part of the unprotected area consists of baixos with rainfed paddy lands. These lands
are excluded from the irrigated area because of insufficient water levels. If the river
banks remain open, farmers can continue their current agricultural practices. While by
blocking floods rice cultivation will become impossible.
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Map 10 Irrigation sytem layout
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-

-

Closing the river plain will cause water level rise in the river. By implementing the
second alternative for dike an area of 952ha will be open for the floods. The part of
flood water which will be stored in this area is negligible compared with river
discharge during the rainy season, but this area will ease the flow of water during the
floods.
The second alternative is 3km shorter than the first one and another 3100m of it
overlaps the existing dike (used as a road) which just needs maintenance in some
parts.

These advantages favour the second alternative as the flood protection infrastructure and Alt2
is the selected alternative.
The height of a dike is usually based on the historical flood levels, for example a 1:1000 year
or 1:10,000 year event. As the sufficient data is not available for this project it was decided to
take the elevation of 2001 flood as the design base. In this year a torrential flood covered most
parts of Mozambique which was a rare event. There is no measurement available for that year
but according to local people it was 1m above ground level at Sopa scales location means:
9.91+1= 10.91~ 11m
Below the cross section of the dike is given. Side slope of the dike is 1:1 at the river side and
1:1.5 at the other side. This is because the dike body saturates by the river water so a certain
water level exists inside the profile of the dike with a slope which depends on soil type.
Usually when the side slope of the down stream is too steep the phreatic water level cross by
the dike rim (shown by dashed line in map 11) where water can flow out. The flow of water
causes erosion in this place. To prevent the erosion we can decrease the side slope to 1:1.5.
The dike will be used as road so the crest of the dike should be wide enough for a car to pass.
Here it is 3.5m. Each side of road has an extra 0.5m space for pedestrians, so the total width
of dike crest is 4.5m.

Map 11 Dike s typical cross section

Maximum and minimum ground levels along the alignment of the dike are 10 and 5 meters,
the area of the dike profile for each level is calculated. To make estimation of the necessary
earth work for the dike it is assumed that total earth work is equal to average of these two
amounts multiplied by dikes length. The calculation is summarized in table 11.
Table 11 Dike's earth work
Ground Level
(m)
10
5

Profile Area
(m2)
5.75
72

Average Profile Area
(m2)

Dike Length
(m)

Earth Work
(m3)

38.88

18,865-3100

612,881
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4.4 Drainage system
9 secondary drains and 2 main drains will be necessary to evacuate the surplus water from the
area. Most of these drains are actually the natural flood ways which currently evacuate water
from the flood plain. Just secondary drains SD6, SD7, SD8, and SD9 are new water ways; the
natural drains will need some modification or structures to control the flow of water. For
future stages of irrigation system design, discharges of these natural flood ways should be
determined in order to provide enough data for detailed design of the drainage system. Here
with the data at hand the tertiary drains are designed.

4.4.1 Tertiary drain
At field level a tertiary drain has the task of evacuating the surplus water. Surplus water or
drainage requirement is part of the rain fall which is more than the plant need and can not be
stored in field. To calculate the drainage need the daily rain fall data was analyzed to
determine the maximum daily rain fall for each month of each year. The derived data for each
month were sorted in a descending order. In this way the maximum daily rain fall and the rain
fall that need to be evacuated with a 20% probability of occurrence was obtained for the 36
years data at hand. The results are given in table 12.
Month
Max Rain
20% Rain

Sept
34.5
20.3

Oct
54.5
30.2

Table 12 Maximum daily rainfall (mm)
Nov
Dec
Jan
Feb
Mar
Apr
120.5 180.5 320
195
291.5 109.3
75.2 103.5 110.6 101.7
88.3
55

May
92.3
37.8

Jun
69.3
35.7

Jul
71.3
32.3

Aug
121
28.8

Map 12 Tertiary drain cross section

According to this table the highest daily rainfall happens in January with a maximum of
320mm. For design purposes the rain fall with 20% probability will be considered which is
equal to 110.6 mm (about 111mm). As the maximum rain occurs during the rainy season the
storage capacity of rice fields is filled with previous rains therefore it is assumed that all this
water should be evacuated by the tertiary drain. Moreover it should be realized that the
drainage procedure is done by farmers and can not be controlled by the management of the
system. Therefore over dimensioning the tertiary drains is the best way to assure sufficient
drainage.
So the tertiary drain should evacuate 111mm of surplus water. Assuming this will be done
during 4 days and concerning the tertiary unit size of 28ha, tertiary drain capacity is:
Q=

0.111m 280,000m 2
4 24 60 60 s

0.090 m3/s= 90 lit/s
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Tertiary drain dimensions are calculated with Manning formula. For bed slope of 0.0003 m/m
and n of 0.035 (Reader Irrigation system design, 2003) water level in drain is 47cm. Drain
cross section is given in map 12. The cross section shown in this map is at far end of tertiary
drain. At beginning the drain depth will be about 25cm.

4.5 Canal system
Canal alignments are given in map 9. The irrigation system consists of one main canal and 6
secondary canals. Four of the secondary canals (LSC1, RSC1, RSC2, and RSC3) will just
convey the irrigation requirements. LSC2 will be used to convey ecological needs of pantano
Erugo. A drain, SD3, has an intake from the canal because it will also be used as the feeder
canal of two pantanos, pantano Manonga and Ebombone.
Canal capacities are calculated according to Irrigation requirements and the ecological needs.
In table 13 total design capacity of main and secondary canals are given.
(1)
Intake
name
Main
LSI1
LSI2
LSI3
RSI1
RSI2
RSI3

(2)
Canal
name
MC
LSC1
SD3
LSC2
RSC1
RSC2
RSC3

Table 13 main and secondary canals capacity
(3)
(4)
(5)
area under
irrigation
swamp
irrigation (ha) requirements (lit/s) requirements (lit/s)
1365
2107
192
271
418
148
333
514
44
522
805
61
94
179
276
-

(6)
conveyance
efficiency
70%
70%
70%
70%
70%
70%
70%

(7)
(8)
total canal capacity
(lit/s)
(m3/s)
3284
3.28
597
0.60
211
0.21
798
0.80
1150
1.15
134
0.13
394
0.39

(4)= (3)
irrigation dose (1.54 lit/s/ha calculated in table 8)
(7) = Sum [(4),(5)] / (6)

In many irrigation systems the main canal system is lined to prevent percolation losses in the
canals. These losses are especially high when the difference between canal water level and
ground water level is high or there is no link with the ground water. However in paddy lands
water level in the field is always higher than ground level. The difference between canal water
level and this level is low and the percolation losses are acceptable. Accordingly all the canals
in this irrigation system are earthen canals. Moreover lining the canals is not recommended
for the project as the implementation and maintenance costs will increase extremely.
Canal capacity is the base of canal design. In the next section a pre-design of main the canal is
discussed as an example. The design is based on Manning formula. The secondary canals can
also be designed with the same process. A typical tertiary canal is also designed according to
the calculation of a tertiary unit.

4.5.1 Main canal
A big flood way exists in the study area named Licungo Amare. This flood way bifurcates
from Licungo River and generally passes through the high areas1 crossing the whole width of
study area. Therefore it was decided to keep this natural flood way as the main canal of the
system and reshape it in a desired cross section.
Main canal alignment generally follows Licungo Amare but not always; in some parts main
canal has a new bed in order to prevent crossing private (non-communal) lands. The main

1

This may sound strange but this river is always in the dune areas and its banks are higher than its surroundings.
To understand the reasons of formation of this river geomorphologic studies are necessary.
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Map 13 Main canal profile and dimensions
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canal ends into a drain, SD5, which is also a part of Licungo Amare and flows to the main
drain MD1. The main canal has been designed according to ground level of canal path and
canal capacities calculated in the previous section. For the detailed design of the main canal
see map 13.
The design is based on Manning formula. For earthen excavated canals with uniform cross
section and short grass, normal value of Manning n coefficient is 0.027. For such a canal the
minimum value for the Manning coefficient is 0.022 and the maximum is 0.033 (Ven Te
Chow, 1959), for design purposes the normal value of 0.027 is considered.
To keep the required water level in canal it was necessary to design the canal with the lowest
possible bed slope of 0.0002 consequently flow velocity and Froude number are very low.
This will increase the sedimentation in canal. To prevent heavy sedimentation a sand trap is
foreseen at the beginning of canal, just after the main intake. In subsequent stages of study
and design of the system, silt load of the river should be measured in order to provide more
precise data for the design (sediment particle s shape, size ) of the sand trap. This structure
will just prevent entrance of sands (relatively big particles) and not fine sediments. According
to a theoretical rule if V.S remains constant or increases in down stream direction the
sediment load of water will be carried with the flow and leave the canal. However in the
designed main canal the opposite situation is present. This is again because of low ground
slope which dictates a low canal slope in order to provide sufficient water level for irrigation.
This means canal system will need regular dredging and cleaning.
At junction of secondary and main canal certain water level will have a certain head loss
because of installation of structures. These head losses are applied at the junctions, for
calculation of head loss see annex 8.

4.5.2 Tertiary canals
Capacity of tertiary canals is 16 lit/s as calculated before. The other criteria for design of the
tertiary canals is Manning number (n) which is taken equal to 0.035 or the maximum value of
n for earthen canals (Ven Te Chow, 1959); the maximum value is considered because the
tertiary canals are usually cleaned less frequent than main canals. Assuming canal bed slope is
0.0003m/m and bed width is 0.3m, canal depth can be calculated from Manning formula equal
to 0.24m.
A typical cross section of the tertiary canals is given in map 14.

Map 14 Tertiary canal s typical cross section

In this irrigation system water should travel a relatively long distance before reaching the
irrigated area. For example the main canal is 8km long or in the first secondary canal (LSC1)
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water travels more than 2200m in order to reach the first tertiary intake. As a result water
level drops considerably in the location of tertiary intake or farm intakes. For some of the
crucial points in the canal system water level in farm is calculated taking into account the
head losses because of different structures and canal lengths. These calculations show that just
the minimum water level of 20cm will be available at farm level.

4.6 Structures
4.6.1 Main intake
The main intake is a free intake located at the bifurcation point of Licungo Amare from
Licungo River. A free intake is a structure in the river bank where water is diverted from the
river into the irrigation canal without controlling the water level. In such a situation the river
water level should be clearly higher than the irrigated area and flow diversion in sufficient
quantities should be guaranteed. (Reader Irrigation system design, 2003)
The intake is actually an orifice with rectangular cross section designed for water level of 8m
and working with 0.3m head loss. The discharge formula for orifice is:
QD= C

A

H1/2

Where:
QD = design discharge (m3/s)
C= Discharge coefficient related to the structure characteristic, 3 for this case (source:
Structures in Irrigation systems, 2003)
A= area of orifice cross section (m2)
H= total water head (difference of water level before and after the structure) (m)
An orifice type intake is more controllable than a weir type, because in weir type the
discharge has direct relation with H3/2 while in orifice it relates to H1/2 (above formula). It
means with the same increase in water level a weir will Table 14 orifice dimensions (B=A/d)
pass a bigger flow rate. If the water level in the river rises
B (m)
d (m)
abruptly or the gates are open at an inappropriate time
1
3.28
with an orifice less water will enter the canal system.
1.5
2.19
For a head loss of 0.3m and discharge of 3.28m3/s, area or
2
1.64
A has been calculated by above mentioned formula
2.5
1.31
equal to 2.00m2. So different dimensions were calculated
3
1.09
for this area in table 14 and the option with 3 meter width
3.5
0.94
has been chosen.
The orifice will be equipped with a gate opening by a wheel so that it will be possible to close
the gate and prevent entrance of water during the non-irrigation period or when the canal
needs maintenance. As the gate is made of steal, the width of 3m is too large because the
middle part may bend under water force. So the gate may deform in a way that it will be hard
to open and close it with the wheel. Therefore two gates with 1.5m width are proposed to
reduce the gate width. This is advantageous also when one of the gates does not function and
needs repair; in this case the other one can still work and provide a part of canal discharge.
The opening is 1.3m high; to have 3.28m3/s discharge in the canal it needs to be open 109cm
or about 1.1m. The structure is shown in map 15.
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Map 15 Main intake structure

4.6.2 Sand trap
To reduce the head loss in main canal the bed slope is very low therefore water has a low
velocity in this canal which may cause high sedimentation. Accordingly a sand trap is
designed to capture a part of water silt load. A sand trap is a structure usually built after the
main intake, the structure is made enough long and wide so that the water velocity reduces
and the sediment load of water deposits in the structure and do not enter the canal system. The
structure s length is calculated according to falling velocity of sand particles. Assuming
particles with a diameter bigger than 0.2mm with a falling velocity of 0.025m/s (reader
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structures in irrigation systems, 2003) should deposit in the structure which is 6m width then
the length of such structure for discharge of 3.28m3/s is 22m. These dimensions are calculated
based on an assumption of sand particles size. Size and velocity of sand particles have to be
determined in later stages of study for final structure design.
Bed level of the sand trap is usually lower than that of the canal after it and the intake before
it. As soon as the free space is filled with sediment, the structure has to be flushed. A sketch
of this structure is provided in map 16.

Map 16 Sand trap

4.6.3 Secondary intakes
Secondary canals will receive water proportional to their area. For this reason a weir is
proposed to convey their share of water from the main canal. Two weirs are necessary in each
junction as shown in the sketch of figure 6.

Figure 6 Secondary junction (B= main canal s weir width, b= secondary canal s canal width)

Weir discharge equation is:
QD= C

L

H 3/2

C is a coefficient depending on weir type, L is weir crest length and H is water head on weir
crest. So when the crest of both weirs is identical H is constant the discharge has direct
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relation with weir length. In this way in order to divide water between main and secondary
canal in each junction, weir lengths should have the same ratio as discharges of two canals.
In table 15 these ratios are calculated. This rule is relevant when water flows under the same
angle in both main and secondary canal (see figure 6). Width of weir in the main canal is
calculated in annex 8 so it is possible to calculate weir width in the secondary canal.
Table 15 Relation between main canal weir and secondary canal weir
(1)

(2)

(3)

intake
name

Branching
canal

km in
main canal

(4)

(5)
3
canal capacity (m /s)
main before weir main after weir
3.28
2.69
2.69
2.48
2.48
1.68
1.68
0.53
0.53
0.39
0.39
0.00

(6)
secondary
0.60
0.21
0.80
1.15
0.13
0.39

LSI1
LSC1
0+580
LSI2
SD3
1+550
LSI3
LSC2
2+210
RSI1
RSC1
4+400
RSI2
RSC2
5+845
RSI3
RSC3
8+025
(2) Secondary branching canal.
(3) Distance of weir structure from beginning of main canal.
(4) Main canal capacity before the weir structure.
(5) Main canal capacity after the weir structure.
(6) Secondary canal capacity.
(7) The ratio between main canal capacity after the weir and secondary canal capacity.
(8) Calculated in annex 8.

(7)

(8)

(9)

ratio

B
(m)

b
(m)

4.50
11.73
2.10
0.46
2.95
0.00

6.6
6.1
6
5.2
3.4
-

1.5
0.5
2.9
11.3
1.2
-

4.6.4 Tertiary intakes
Tertiary intake is the structure converting water from secondary canal to tertiary canal. For
this structure an open flume named Crump s open flume outlet is recommended. In this
structure water flow trough a flume beneath the secondary canal bank to the tertiary canal.
Design is based on full capacity water levels. The advantage of this structure is that it operates
reasonably proportional and hardly needs any operation. A rough sketch of this structure is
given in figure 7.

Figure 7 Crump's open flume as tertiary outlet (adapted from Reader Structures in Irrigation systems)

4.6.5 Farm intake
Quaternary canals (farm ditch) are on-off structures receiving water one by one and farm
intakes operate one at the time. Converting water to each quaternary canal can be done by
closing water way in the tertiary canal and let water enter to the farm ditch. When the
irrigation turn of a certain farm ditch is finished then the tertiary canal is opened and the farm
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ditch is closed. Therefore at farm intake a simple structure is required. This can be a concrete
box with groove in the tertiary and quaternary canal which can be closed by a stop log.

4.6.6 End structure
Main and secondary canals end to a structure which is able to evacuate extra water that may
enter canal system for any reason. This structure is a weir with the same height of normal
water level in the canal and connects the canal to a drain. So in normal situation water level is
kept at the design level and when there is surplus water it will drain to the drainage system.

4.6.7 Roads
The only means of transportation from Nomiua and Castigo region to Nante is a tertiary road
which is in need of rehabilitation and in two parts needs a bridge. From this road a tributary
road branches in Sopa. Another road is the old road of Nante-Muebe which starts from
Castigo but now most parts of it are not suitable for passage of vehicles. Other than these
roads just foot paths connect different parts of the area and sometimes it s even not possible to
pass them by bicycle.
It is essential to provide good access for the new irrigation system for both transportation and
inspection purposes. The new dike (Alt 2 in map 10) will be used as a road. The dike and
main canal are parallel up to the beginning of irrigated lands. After this part a road will
provide access and service for the main canal on its right bank. Each secondary canal will
have a road at the right bank. The roads will be 3.5m wide.

4.7 Management system
After implementation of the irrigation scheme it should be managed through a suitable
organization. For irrigation systems a large diversity of management systems can be found. In
many countries with colonial history the irrigation system management was done by the
colonial government which was handed over to the national government after independence as
has been the case in Nante. Currently most governments in developing countries tend to
devolve the responsibility to farmers associations. In some schemes even a big part of
implementation works are done by the farmers or future users. This option is more desired
mainly when the government is not capable to finance the system, either for labour force or
administrative expenses. Moreover it is believed that a user-managed system is more efficient,
partially because farmers operate and maintain the infrastructure themselves so they feel more
responsible for the system infrastructure and partially because the employees of irrigation
management organization are farmers of the same system who understand its problems and
needs better than any outsider.
In this section I try to give an idea about the future management organization, the
responsibilities, the necessities, and the structure.

4.7.1 Necessities of management system
Generally the task of a management organization is to provide operation and maintenance
services of the structures for water users. Overall tasks of this organization can be listed as
follow:
1. Deciding on irrigation schedule, turns, and duration: Although the irrigation
schedule and timing is given by the design of irrigation system, usually the facts
are different in the field. The planned water distribution pattern (duration, flow and
frequency of irrigation turns) will be reflected in the physical design. Actual
operational conditions might not be the same as design conditions because of
unpredictable rainfall (and flood patterns in case of this project), timing of farm
operations and crop intensity. For all irrigation schemes the schedule is determined
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every year before the start of the irrigation season. Farmers are then usually
announced about their turn through a certain administrative process. All these tasks
seems very simple but in fact keeping the record of documents and administrative
tasks is very sophisticated when the number of water users is large and the whole
process is done by hand, which will be the case in this project. Presence of a
certain organization is necessary to supervise and control this task.
2. Operating structures: All the structures in this irrigation system are easy to
operate and understand by farmers and simple skills are sufficient for one to
operate them but in order to prevent confusion and keep the control of system predetermined personnel should be responsible for operational tasks like managing
the main, secondary and tertiary intakes and distribute water. In this scheme water
distribution is done by the irrigation management body up to tertiary level. Within
the tertiary unit and at the farm level water distribution is the duty of farmers or
water users.
3. Monitoring water distribution: During the irrigation it is usually vital to monitor
the water paths to verify the functioning of the system, to track probable
malfunctioning structures and water ways, to prevent water theft, or generally say
to ensure regular and uniform distribution. These tasks may appear of less
importance especially because the water is distributed proportionally in the scheme
and the structures are not very flexible. In reality the irrigation season always
means intensive work load for the irrigation management organization staff.
4. Dredging main canals and drains: The silt load of the river leaves sediments in
the canal and drainage system especially in this scheme where the water velocity is
low. Therefore cleaning of canals and drains should take place regularly to
guarantee reasonable conveyance efficiency close to that of design efficiency. In
many irrigation systems this task is done by farmers however an organization is
responsible for mobilizing farmers at the appropriate time.
5. Repairing probable damages: Repairing and keeping the system in a suitable
condition is another need of the irrigation system. Usually the minor damages can
be repaired by the irrigation management organization staff and the ones which
need special skills or machinery can be done through contract with appropriate
contractors.
6. Conflict solving: Minor conflicts between water users can be solved through
meetings with the irrigation management organization members especially in the
study area where many conflicts are currently discussed in the communal meetings
and culturally the concept is accepted. The conflicts may be referred to official
governmental bodies if the organization can not solve it or if the case is between
water users and the organization.
The above mentioned tasks can be divided into two groups of managerial and technical tasks.
It does not mean that different persons should take responsibility of each of these tasks but it
clarifies the staff s qualifications. The management system organization structure is illustrated
in figure 8.
The technical tasks in this project are not complicated and the staff in charge of them will be
ready to take up these tasks with a brief instruction. Technical duties can be further divided
into operational activities, second and third task in the above list, and maintenance activities,
forth and fifth tasks. The operational task will need special staff which we call irrigators here.
They will be responsible for water distribution and should be able to operate, control and
monitor system infrastructures; therefore they need certain technical knowledge. These staff
should be able to do simple maintenance works like small damages to the system, for more
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hard cases like dredging canals or serious damages of structures the management system can
contract professional bodies or mobilize farmers.

Coordinative

Operation
Technical

Organization
Tasks

Managerial

Maintenance

Administrative

Figure 8 Irrigation management system structure

The managerial tasks need to be occupied by personnel able to supervise and lead the
organization. These are the first and the last task in the list. Besides, the organization requires
a body to harmonize and coordinate implementation of all the tasks and responsibilities so
usually it is headed by a president or a council of high members. The other part of each
organization is administrative body so there is generally some staff in charge of these duties
as treasurer, secretary and the like. The administrative staff should have sufficient knowledge
about their duties which gets more complicated in larger schemes.
A notable qualification of both managerial and technical staff is that they should be trusted by
the users.

4.7.2 Management system in Nomiua and Castigo irrigation scheme
Assuming each farm is half hectare, Nomiua and Castigo irrigation system will have 2800
farms and more or less the same number of users. This is a large number of users which will
need a powerful organization in order to coordinate irrigation services. It is difficult and
unnecessary to determine all the details of the management organization at this stage so only
an overall view of the future system is given here, taking the existing water management
systems as a model.
As it was mentioned in the introduction chapter, Nante s old irrigation systems were
introduced and governed by colonial government and after independence the responsibility
was taken over by the state. But after civil war the old irrigation systems were rehabilitated by
farmers and presently are governed through water users associations (see annex 5 and 6). So
the experience of both government and farmers organizations exist in this area.
The common experience with governmental bodies is not very positive from a farmer s point
of view. Nante area is known for its fertility and high productivity in the province, as a result
many private and non-private institutes were (and are) interested to contract the government
and convert the area into an agricultural company. The government had always the tendency
to accept these offers and just relinquished the case because of farmers serious protests. On
the other hand all the current achievements, in terms of development of infrastructures, active
farmers associations or financial support, were accomplished by farmers with guidance of
non-governmental organizations. Unfortunately local and provincial governmental bodies
perceive the development activities with their own political preconceptions in which farmers
welfare is not always the main concern. Besides, the experience of creating associations for
different agricultural and commercial purposes already exists in Nante for about a decade. For
example the two existing irrigation systems are run by water users associations.
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On account of the situation in Nante a farmers-organized management body is recommended
for the new irrigation system especially because, the system is designed in a way which needs
minimum technical skills to be handled. In design of the system many options were rejected
because they were costly but also because they were too complicated for farmers with
minimum level of irrigation experience. The future water users association will have
technical and managerial staff but for the tasks which need intense labour force the farmers
will be mobilized. The association is responsible for operation of structures, water
distribution, and maintenance works up to tertiary unit level. Operation and maintenance
works at tertiary level is the duty of users.
It is difficult to include all the users in the organization thus farmers using one turn out in a
tertiary unit can chose a representative and another delegation as the head of tertiary unit.
These delegates can choose the staff of water users association among themselves or other
farmer candidates. Another delegation or chief will be responsible for each secondary canal
taking the responsibility of coordination among users and association. This is because the
regular maintenance activities (like dredging canals) need large labour force and are done by
farmers so someone should be in charge of mobilization process.
The association consists of members responsible for administrative and technical tasks lead by
a management section. Among the staff 4 technicians are necessary to manage water
distribution. Each technician is responsible for a secondary canal (RSC2 and RSC3 will have
one responsible). All the staff are elected by the farmers delegates of the tertiary unit or if
possible by an assembly of all farmers. All the staff (even technicians) will be elected among
the farmers preferably the literate farmers. It will be difficult to hire outsiders because in the
area no water fees are collected and the staff of existing water users associations do not earn
salary.
Before the formation and election of the association rules and regulation of the management
system should be discussed and determined in an assembly of tertiary units delegates; issues
like who can be the candidate of each position, each position can be occupied for how long,
what are the detailed responsibilities of each member, what are the responsibilities of the
association and similar issues.
The irrigation system is very simple and the operation tasks can be easily handled by farmers
representatives so supervision of no irrigation expert is necessary. Just for maintenance an
irrigation technician is needed.
An NGO or other similar organization should help the farmers at the preliminary stages to
form the association. The technical staff and some of the administrative staff (like the
treasurer) need especial training. NGOs can also do the training. Fortunately some active
NGOs exist at provincial level which worked with Nante farmers for several years and that
have the required skills for training farmers or can provide the access to professionals (like
ORAM and APAC).
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5 Summary and conclusion
5.1 A summary of proposed infrastructure
Nomiua and Castigo flood plain is a part of Licungo River flood plain exposed to annual
floods of river in the rainy season. The aim of this project is to protect this area from floods
and use the flood water for irrigation of paddy lands. The flood protection area proposed for
the area is a dike defending the irrigated area against floods.
Not all the potential irrigable area can be covered by the irrigation system because of low
flood levels in relation to field levels therefore out of 2426ha land; 1365ha can be irrigated by
the system. A free intake will be installed by the side of Licungo River. This intake will be
operated by two gates.
The irrigation system consists of a main canal and five secondary canals. The area is not a big
homogeneous plain and consists of small plains surrounded by dunes so the main canal is
actually a conveyance water way bringing water to the upstream part of each separate lowland
after which the secondary canals transmit water to tertiary canals. The tertiary canals irrigate
an area of 28 hectares or 56 farms. Farm size is 0.5 hectare.
The main drainage system consists of two primary and nine secondary drains most of which
overlay the current water ways forming the natural drainage system of the plain. These drains
will need some modifications during implementation. Four of the secondary drains are new
and will be excavated for this project.
System management will be done by a water users association responsible for operation and
maintenance services up to tertiary unit. Inside the tertiary unit farmers should arrange water
distribution tasks among themselves.

5.2 Suggestions for more research
In this stage the design of the irrigation system was based on the available information, field
visits, and a simple topographic map. For a detailed final design many other data sets are vital.
The necessary inventory programs are mentioned before in different chapters of this report
and are, once more, listed below. Nevertheless the details should be determined by specialists
of each field and this list just outlines the required data.
For the irrigation system design the following studies are necessary:
1. Soil type study: For this study soil type was determined in a participatory way and by
help of farmers, so it is just known that if a certain piece of land is suitable for rice or
not. Further technical studies are required to determine soil characteristics in detail.
Characteristics like infiltration rate, soil texture, and soil structure
These data are
especially useful for drainage system design.
2. Hydrological and morphological study: An overall hydrological modeling of river
Licungo is necessary to investigate the river system and how the river will react on the
interventions made by the new system. This is to determine consequences of new
irrigation systems on river banks, to identify possible sedimentation loads for the
intake and canals design.
3. Ecological and environmental studies: One of the main concerns of the project is to
let the ecosystem of the area untouched. So it is essential to conduct a comprehensive
ecological study. Ecological parameters are the base of many irrigation system design
parameters.
4. Social issues: Social aspects of the new interventions need a comprehensive study.
Acceptability of night irrigation, impact of excluding floods on peoples livelihood (for
example what will be the consequences of the dike which prevent fish to enter the
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pantanos.), what will be local communities reaction to the fact that some baixos are
excluded from the system, are some of the issues which need further investigation.
5. Topographic map: a detailed and complete land leveling is necessary as base
information for the final design.
6. Cadastral map: For a more detailed design a cadastral map of the area is necessary to
determine individual plots of land especially for detailed design of tertiary canals and
units. The cadastral map will also be useful for land registration process to get the land
title for farmers.
7. Ground water: No data is available about ground water. It is recommendable to
measure water levels in existing drinking water bore holes and dig observation bores.
To expedite further studies some data gathering activities can start from the time being. Rain
fall and river water levels are recorded currently; to provide other basic data it is necessary to:
8. Install measurement scales: More measurements are required to help predicting the
river floods. For example with the scales in Sopa it is not possible to read the levels
during the dry season so another scale should be installed in the Licungo River. Also
installation of another (or two more) scales is essential in the current drainage ways of
the plain in order to read water levels. In that respect one scale is necessary at the
junction of Licungo Amare and River Maria Nombe and another one will be useful at
the junction of river Ebombone and river Majen.
Some other valuable researches with development purposes are to study:
9. Livestock keeping: Livestock rearing is very primitive and limited in Nante and
farmers do not keep the suitable livestock for the climate. As a development project it
is recommended to study the capacities of the region for more progressive livestock
rearing and introduce suitable livestock.
10. Fishery: Fishing is one of the main farming activities in Nante. Although the
population is already using rivers, pantanos, and floods and process fish to a certain
degree but a comprehensive study can determine capacities of water ecosystems of the
area.

5.3 Investment attractions
Nomiua and Castigo area is part of lower Licungo flood plain and part of rice cultivation
development projects and this project is aimed to Control the river water in order to prevent
flooding of agricultural and residential areas and to use river water for irrigating paddy lands.
No cost estimations are possible in this stage so no economical analysis (as cost benefit
analysis) could be carried out. In order to make the project economically viable the less
expensive options are proposed for irrigation infrastructures. Because of high soil fertility and
present rice yields it is generally believed that the costs of the investment in agriculture will
have reasonable results. However in such projects the immediate economical benefits are not
the base of deciding on investment; social and development targets are of more importance,
especially in Nante were a considerable number of people have very low living facilities.
One obvious benefit is that the area will be protected from the floods and annual expenses for
relieving human and infrastructure casualties and loss of agricultural yield can be invested in
other necessary projects. Furthermore the project will help development of agriculture, more
or less the only source of income for the local population in the area. More progressive
farming with less hand work, more reliable water and secure yields are some of the benefits
which will help farmers to have more income with the same effort and improve their living
conditions.
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Experience of more progressive farming, working with irrigation infrastructure, and
interacting in associations are some other notable gains of investment in the agriculture sector.
In this respect apart from cost-benefit studies (or multi criteria analysis) a part of further
studies can investigate the impact of irrigation system on local communities livelihood,
development of agriculture and general development of the area.
However investment on irrigation and flood protection infrastructure are useful when
accompanied by providing more farming facilities (as tractors for plowing) and better access
roads, expand local markets to provincial and national markets along with facilitating farmers
control on the price of their products.
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Annexs

Annex 1- APAC s Profile
By: Antonio Quinz, November 2007
APAC Associação de Promoção de Agricultura Comercial (Association of Promotion of the
Commercial Agriculture) is a very young Mozambican organisation founded in November
2005, and whose activities started in 2006.
The core business of APAC is capacity building, straightening, and development, by
providing support to local farmers in order to turn their subsistence farming activities to more
commercial, economical activities that will enable them to increase their incomes; in other
words, to support local farmers to strengthen their performance in realising poverty reduction.
As vision, APAC has the ambition to become a leader in the transformation process from
subsistence to commercial agriculture, as a sustainable and feasible business which can
improve the living quality of the producers/farmers.
To achieve its goals, APAC adopted a strategy of intervention of the promotion development
of the cooperative enterprises model (or E-Coops), as part of a 2-tier cooperative system,
owned by the farmers themselves in three provinces of Mozambique, Manica, Sofala and
Zambezia provinces and dealing with three value chains development (rice, maize, and
cashew). That is, APAC develops farmers capacities in order to place them in each link along
the value chain, creating environment that the farmers can control the value chain of their
production.
The enormous need for training in business and cooperative skills of those farmers was a huge
reasoning of the APAC formation as an identity that would become a local capacity developer
(services provider) to the cooperative enterprises. At the moment, APAC has 15 workers
being seven women and eight men, working in both, district level (7) and office (8). It is being
funded by WKFF and Oxfam-Novib.
The producers/members that are already involved in the cooperatives development (like two
rice cooperatives in Maganja da Costa and Nicoadala districts, both in Zambezia Province)
know the advantages of the cooperative enterprises. In fact, the members individually from
last three years are getting best prices of their products and their cooperatives are getting add
value by processing the rice. Therefore, they are aware that this is one of the most effective
ways to increase incomes for the poor and help them on their first step out of poverty.
During the reporting period APAC facilitated four 1-tier co-ops to legalize their organizations
and created the condition for the 2-tier rice co-op to exist. In the maize sector five 1-tier coops were founded and members trained. Besides that one rice co-op in the Nampula Province,
one peanut co-op in the Ile district in the Zambezia province and a cashew co-op were
facilitated in their legalization process. The founders, boards and fiscal committees of these
co-ops were trained in the economic functioning and governance principles.
The main problems are related to the competition between new co-ops and the private
entrepreneurs which are backed by the political elite. These conflicts are about the physical
infrastructure on key places in the rural areas.
The main lesson learnt is that auto-capitalization by means of an entrance capital and the socalled pre- and post payment is absolute necessary to become bankable in the near future.
During the reporting period APAC managed to create strategic partnerships as well as in
private sector (with Clusa for example) as in the Government (Cepagri). A strategic paper was
produced to influence the donor community in Mozambique.
The challenges for the next year are related to the start of the cashew and maize co-ops and
the expansion of the rice co-ops. Especially the second tier co-ops will make the difference.
A strategic planning exercise was done wherein the indicators for APAC s performance for
the next three years were defined.
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Annex 2- Field work
During the field visits I tried to gather information about:
1. Land use map: Base of land use
map is Google earth program s aerial
photos. The features and nature of each
part of land which is available in
Google earth s maps is verified and
identified during the field visits. I ask
farmers or my guides to identify if a
certain land is good for rice or not.
They know the water levels during
rainy season and according to that they
can define if a land is too dry, too wet
or suitable for rice. Other than water
level they decide on certain indications
that they know from past experiences,
Photo 1 Mutomba is a plant which is the indication
such as type of plants which grow in of good soil for rice
that land.
Boundary of each land type is
determined in this way and area of current rice fields and future suitable rice plots are
calculated accordingly.
2. Farming and flood system: Other than defining land use field visit were necessary to
understand the flood system, find its entrance places, its height, its way, how it exit the
plain, which natural drains exist in the plain, what is the natural flood way, how people
use it for irrigation, and what is the farming system. According to these data we can
decide how the water can enter the plain and what the best alignment of the canals and
drains will be.
3. Topograpic map: Total irrigable area was determined around 2400 ha while the
whole Nomiua and Castigo region is more than 5200 ha. It would be very time consuming
to do the topographic survey for such a vast area. Taking into account lack of instrument,
manpower, and transportation facilities I could not progress more than 1.5 km per day.
Therefore we decided to do the survey in important locations which were of more interest
for the future irrigation system.
In the area and alongside of the existing road some bench marks have already been made
by ORAM local staff. I used them and then determined some paths in baixos for
surveying. Along these lines every 100 meters ground altitude (Z) were measured by a
leveling instrument. The maximum distance between each two measuring points depends
on possibilities of measuring tool (in this case 100m). Other coordinates (X, Y) were
determined by a GPS. The paths always start with one of the bench marks and end to the
same point. If necessary a temporary mark were installed in the ground with a stick.
The transport of leveling data among bench marks was done by going from one of them to
the other one and returning back to the first one in order to check the errors. However the
coordinates and elevation of the bench marks are not determined yet so I related an
arbitrary elevation to one of the bench marks (10m) and calculated elevation of other
points according to that.
The level of hydrometric scale were read during the topographic survey hence I was able
to calculate river water levels based on the data gathered with the scale.
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Annex 3- Rainfall data
See attached CD.
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Annex 4- Licungo River Water Level
See attached CD.

56

Annex 5- Existing irrigation systems
In Nante two irrigation systems exist from
colonial time named Munda Munda irrigation
system and Intabo irrigation system. Although
these systems are very primitive and simple,
farmers started to use them again after the end of
civil war. Both of these systems are managed by
farmers and each has water users associations. In
Map 16 these two irrigation systems are shown.
For Munda Munda system the map shows the
proposed irrigation scheme; just the seven first
blocks in the upstream part of this map actually
exist currently. (See also map 3 in chapter 1)

North

Munda Munda: Baixo Munda Munda has an
irrigation system. Water source of this system is
Lake Tandamela which is very close to the village
of Nante. The Eribacila dam provides the desired
water levels. This dam was constructed during the
colonial time and rehabilitated in 2005 by ORAM.
The main intake located at the upstream of baixo
Munda Munda is a free intake equipped with a
pump for dry years when the water level is not
sufficient to flow freely to the canal system.
However the electricity is not available yet and it
is not possible to use the pump. Current area
under irrigation of this system is 300ha but a Map 17 Munda Munda (rehabilitation plan)
rehabilitation plan is on hand which proposes to and Intabo (existing scheme) irrigation
system (source APAC)
expand the area to 3000ha. As is shown in map 17
the new irrigation system will cover baixo Navicote too.
Intabo: Baixo Intabo is at the further down stream of Nante and Licungo River, consisting of
600ha, originally the area was 300ha but during last years it was expanded and now the water
users association has a program to expand it by some more 39ha. Actually this area is
between the river and a dune ridge so it can not be expanded more than this. Some parts of the
system are high and can not be irrigated. The system has a free intake at Licungo river bank
with a manual operated gate. This intake is also equipped with a pump but without electricity.
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Annex 6- Water users association of Intabo irrigation system
The information presented here is base on an interview with António Luis Gonçalo (Sr. Brito)
president of Intabo irrigation system (President da Associação des Regantes de MunhomboneIntabo) on 31 October 2007 and a visit paid to the system in the same day. Mariano Agosto
was the translator.
Infrastructures: Intabo irrigation system has a total area of 600ha, taking water directly from
Licungo River. The intake is a simple wheel moved gate, operated when river water level is
high enough. The gate s opening is about 1.5m wide and 1m high. At the intake location
which is rehabilitated during the last year, a pumping station with a pump is installed. The
pump motor is not installed yet so the pump has not been used yet.

Gate
Pump

Photo 2 Intabo intake structure

Photo 3 Main intake's gate (the pipe is linked to the pump)

The main canal of the system is a concrete-lined canal of 50m, the bottom width of canal in
this part is 1.5m and the height of lining is 1m. At the end of this 50-meter a lake has been
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formed because of recent years floods. The main canal continues for another 1000m with no
lining after which the secondary canals branch.
A part of land in this irrigation system is higher than the river water level so the association is
trying to find a way to include that part also in the irrigated lands. Moreover they have the
plan to expand the irrigation system with some 39ha.

Photo 4 Beginning of Intabo main canal (after the intake structure)

Photo 5 part of Intabo main canal

Operation: Irrigation is taking place from December to April twice a month when it doesn t
rain. According to Sr. Brito irrigation is especially necessary once in December after
germination of seedlings, once in February for transplantation and once in March during the
weeding (in order to soften the earth and make weeding easier). He believes it s better to fill
farms with water when the temperature is too high (I did not understand his reasoning but my
translator agreed with him too).
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Each irrigation turn is completed within 48 hours. The main operation task is opening the gate
which Sr. Brito does personally and then the water spreads the whole canal system. Opening
the gate about 40cm will provide a flow conveyable with the canal system; opening the gate
more than 40cm conveys too much water. Then the staffs in charge of water distribution
monitor the water flow up to machamba level.
Maintenance: The Intabo water users association is just responsible for cleaning of the main
canal. For this task at least twice a year farmers are mobilized; for example this year it was
decided to dredge the canals before the irrigation season. The other parts of the system should
be cleaned by farmers; however none of the canals is in a good condition in terms of
maintenance, most of them are covered by weeds and are silted.
Organizational structure: The irrigation system has 1200 members (if the area expands for
the planned 39ha the system will have 23 more users). In this system each half hectare of land
is called Parcela. Parcelas are usually 100m wide. Each 20-23 of these 100-meter-wide
parcels, which are irrigated from one canal and located one at the downstream of the other
one, form a talhão (literally means plot). There are 28 talhãos in Intabo irrigation system each
headed by one chef de talhão. Since culturally farming is mainly a women s duty, the
majority of the chefs are women.
The water users association has twelve members: one president, one vice president, one
secretary, one treasurer, two presidents of supervision, and six personnel in charge of water
distribution consisting of three irrigators, two assistants and one person who supervise the five
of them. When irrigators can not work assistants surrogate them. All the members are men
except for one of the assistants.
Members of the association are elected by general assembly of chefs. Each position has three
candidates from which one is chosen. During the assembly usually the community leaders are
also invited to observe the discussions and participate in decision making or solve probable
problems.
Farmers are not charged for the water and service they receive and members of water users
association do not earn a salary.
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Annex 7- Participatory mapping report
Date: 1 November 2007
Location: Nante, Sopa, Pereira coconut plantation
Participants:
- Membres of Associaçao Communitaria para gestão do Baixo Licungo-Nante
- Community leaders
- Farmers of Sopa, Intabo and Nomiua
Translator: Mariano Agosto
Subject: Presenting the water management system designed for Nomiua and Castigo area for
the local communities
Objective: To check the findings of land use and flood system survey and discuss the
different proposals for future water management system and inquire future users idea about
each
Report:
The participants have been informed beforehand by Mariano and president of Nante
association Sr. Nombro. In the meeting day participants gathered in Pereira coconut plantation
where there are some facilities for sitting and an empty space suitable for drawing the map.
Mariano took the place of translator and described in the local language what I said.
While people were taking their place I drew the main features of the project area on the
ground, i.e. River Licungo, River Maria Nombe, River Licungo Amare and the main road.
The map occupied an area of about 40 m2. After Mariano told them what I drew, I continued
with putting the baixos in their place. And asked them to correct me where I am wrong with
the names and locations. Together we modified some parts and when they agreed with the
whole map I ask them to show me the main flood ways and water entrances. We put some
weeds on the map to show the flood ways. There was a long discussion about main flood
ways and it took some time for them to come to an agreement and draw the natural drainage
system.
After this part I started to describe our ideas about the future irrigation and protection system.
I put some sticks in place of the dike and told them that we will close the whole river bank
with a dike and water can just flow through Licungo Amare. They first disagreed and wanted
to have more openings because they think the whole water flow is necessary. Then I explained
that we will convey water by secondary canals to the baixos which are currently receiving
water. This idea was accepted by them. We asked what will they loose with this change, the
answer was fish. So we proposed to use pantano Miuane as a reservoir filling up with
Licungo Amare. They didn t have problem with this idea and think that they can continue
their fishing activities in the reservoir.
About the right bank of Licungo river and the probable problems they may confront after
making a dike in left bank, they think it will not be more than some days each year, however
they were not very concerning about those people on the other side of river.
The session was closed by a small speech of Nomiua community leader and Sr. Nombro; they
encouraged people to participate in these meetings and once again insisted that their help and
unity is what they need to make a better life even if it takes long and some will not be there to
see it. At the end I thanked people for coming and helping me.
Results:
1. The drainage system has become clear by participants explanations.
2. The general idea of design and project is accepted by local people.
3. Future users of the system became aware of the design process and progress.
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Observations:
- Despite their participation women had rather a passive role in the discussion and just
rarely gave their ideas.
- Participants were impressed by the fact that we named the places with their local
names.
- Afterwards we were told that some people were suspicious that these interventions are
for taking their lands from them.
- The fact that the meeting location was in the middle of the project area helped people
to understand the drawn map better.
- It was the first time for these communities to participate in a meeting like this;
although many people had came, not all of them were ready to talk and give idea. It is
recommendable to regularly held reunions in order to familiarize them with the nature
of participatory plans and how to express their knowledge.

Photo 6 meeting participants

Photo 7 Sr Nombro explains the aim of the meeting

Photo 8 discussion about flood ways
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Annex 8- Head loss in main canal after secondary intakes
In junction of a secondary canal with the main canal two weirs are necessary to divide water
into two required amounts (described in section 4.6.3 secondary intakes). This will cause
certain head loss at the location of structure. Assuming the structure will be a broad crested
weir1 (figure 9) the head loss was calculated as follow (Reader structures in irrigation system).

Figure 9 Broad Crested weir

1. The weir width (B) was chosen. The first assumption was equal to top width of water
level (T).
2. canal discharge (Q) is known so the water head before the weir is calculated as:
Q= 1.7Bh13/2
h1= (Q/(1.7B))2/3
3. y1 and y2 are calculated according to Manning formula (also given in map 13 main
canal profile).
4. P1 is:
P1=y1-h1
5. h2 / h1 <0.7
6. P2 > y1-y2
The calculation is summarized in table 16.

Intake
LSI1
LSI2
LSI3
RSI1
RSI2
RSI3

1

Table 16 Head loss in main canal because of secondary intake structures
Q1
y1
T
B
h1
P1
y2
h2
P2
L
Km
(m3/s) (m)
(m)
(m)
(m)
(m)
(m)
(m)
(m)
(m)
0+580
3.28
1.68 6.54 6.6 0.44 1.24 1.53 0.31 1.22 0.77
1+550
2.69
1.53 6.09 6.1 0.41 1.12 1.48 0.28 1.20 0.71
2+210
2.48
1.48 5.94
6
0.39 1.09 1.23 0.27 0.96 0.68
4+400
1.68
1.23 5.19 5.2 0.33 0.90 0.79 0.23 0.56 0.58
5+845
0.53
0.79 3.37 3.4 0.20 0.59 0.73 0.14 0.59 0.35
8+025
0.39
0.73

h1-h2
(m)
0.13
0.12
0.12
0.10
0.06

This structure causes less head loss compared to sharp crested weir.
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AutoCAD
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AutoCAD
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AutoCAD
AutoCAD
AutoCAD
PDF
PDF

Final Report
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PDF
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AutoCAD
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abbreviations, table of
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