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Abbreviations and Acronyms
	ABS  
	Agricultural Bank of Sudan

	AD
	Agricultural Department

	ACORD
	Agency for cooperative – Recherché & Development    

	ARC  
	Agricultural Research Corporation

	BOD
	Board of Directors 

	CDA  
	Community Development Advisor 

	CDO
	Community Development Officer 

	CFCI  
	Child Friendly Community Initiative 

	FU
	Farmers Union 

	GOS  
	Government of Sudan

	GRTU
	Gash River Training Unit

	IFAD   
	International Fund for Agricultural Development

	LET
	Locality Extension Team

	MIWR  
	Federal Ministry of Irrigation and Water Resources

	MOAF  
	Federal Ministry of Agriculture and Forestry

	MOFNE  
	Federal Ministry of Finance and National Economy

	MOM
	Management Operation and Maintenance

	NGO  
	Non-Governmental Organization

	PEB  
	Project Executive Board

	PFI  
	Participating Financial Institution 

	SA 
	Special Account

	SDD
	Sudanese Dinar (precursor to Sudanese Pound)

	SDG
	Sudanese Pound

	TFU
	Tokar Farmers Union

	TOR
	Term of Reference

	WUA
	Water Users’ Association


Currency Equivalents

	Currency 
	
	Equivalent

	US$ 1.00
	=
	SDD 240

	US$ 1.00
	=
	SDG 2.00


Government of the Republic of the Sudan

	Fiscal Year:   
	1 January - 31 December

	Agricultural Year:
	1 July – 30 June

	Gash Flood Season
	July to September
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Definitions

	Beja
	The Beja speak Beja or To Bedawie. The Beja people are an ethnic group dwelling on parts of North-Eastern and Eastern Africa including the Horn of Africa. They are found mostly in Sudan but also in parts of Eritrea and Egypt. They formerly were classified as belonging to the Hamitic race. 

	Dawran
	Arabic word used in the Gash to denote the rounded "nose" or pitching on the downstream side of the entrance to an irrigation offtake. It also has many other uses but that given is the only sense in which this word is used in this report.

	Feddan
	Unit of measure. 1.038 acres or 0.420 hectares. Conveniently regarded as approximately one acre.

	Gitta
	Arabic. Used in a specialized sense in the Gash for the basic unit of land allotment. Contains 10 feddans exactly.

	Haboob
	Arabic term for a dust storm to which the Gash area is particularly prone.

	Haffir
	Arabic for an excavated pond for storing water over into the dry season.

	Hod
	Arabic for a basin. Also used in the Gash in the specialized sense of an area of land allotment. It contains 25 Marabbas of 16 Gittas, i.e. a total of 4,000 feddans. 

	Jebel
	Arabic for a hill or mountain.

	Kantar
	Arabic for a variable quantity but in the Gash it signifies 312 lb of unginned cotton.

	Khor
	Arabic for a watercourse that normally only carries water during the rainy season or sometimes only after individual storms.

	Kurmut

	A round leafed shrub (Cadaba rotundifolia Forsk).

	Marabba
	Arabic for a square. In the Gash used in the specialized sense of a unit of land allotment, being the smallest permanently demarcated area and consisting of 16 Gittas i.e. 160 feddans.

	Mesquite
	Thorny tree (Accacia proposis) that was first introduced to control sand dune migration and now infests irrigated lands, irrigation canals and river plain and Balag areas. 

	Nefir
	Common Works (labour contributed free by communities).

	Rabt
	Traditional Land Entitlement

	Sagia
	Arabic for the Persian water-wheel and, near Kassala, the land that was traditionally watered by it.

	Sudd
	Arabic. An earthen dam in a water channel.

	Tundub

	A leafless shrub of the semi-desert areas (Capparis decidua Pax).

	Turfa
	The common tamarisk tree of the Gash (Tamarix articulata Vahl).


Terminology
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The Gash Delta was demarcated by the Sudan Survey Department in around 1940’s using lines in two directions at right angles. These lines divide the area into large squares, [Hod - literally a basin – in this case a square of land containing exactly 4000 feddans. Its side is 4,098.78 metres long]. Each Hod is sub-divided into twenty five squares [Marabba - literally a square – in this case a square of land containing exactly 160 feddans. Its side is 819.76 metres long. Twenty five Marabbas make one Hod. Numbered iron beacons mark the corners of Marabbas.]. The Marabbas, for the convenience of land allotment, are divided by chainmen into sixteen number ten feddan plots [Gitta - literally a piece – in this case a square of land containing exactly 10 feddans. Its side is 204.94 metres long and its corners are marked temporarily immediately prior to the watering of an area when land is to be flooded (see Figure 4). Sixteen Gittas make one Marabba]. The numbering of all units begins at the south east corner running from right to left as shown in the Figure above. 
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Figure 1.  Layout of Tokar Irrigation Scheme

1. Introduction
Following a request from Government, a joint IFAD/Federal Ministry of Agriculture mission visited the Tokar scheme in Red Sea State
. The aim was assess the feasibility and option of providing IFAD financing to the rehabilitation of the Tokar Agricultural Scheme. The mission took place from 31st August to 4th September 2008. After initial brief discussions in the Port Sudan with MOA and the representative from TDAS, the mission spent two days in the field examining the current situation of the Tokar Development Corporation (TDAS).  

The site lies about 3 hours drive south of Port Sudan with good access except for the last 17 km. This section of the road has not been improved and follows the alignment of the much older road to the scheme. In places this is severely affected by moving sand/silt dunes and is passable but presents problems for trucks and buses. About 17 km northwest of Tokar, the “new” Tokar town site is being constructed.  At present this site is not favoured by the residents of the old Tokar, as it is a long way from the existing cultivated area and built in an exposed and hot area. The main town of old Tokar lies at the northern edge of the irrigated area and is protected by a flood bund and also the Tomosay Embankment. This serves the dual purpose of containing the movement of the flood waters within the Tokar Command area and providing protection to the town of Tokar. It is about 5-6 metres high at the downstream limit of the town. 
2. Background

The Tokar Delta is the outwash fan of the Baraka River, on the coastal plain of the Red Sea some 150 km south/south-east of the Red Sea state capital Port Sudan. The Delta covers a gross area of about 406,000 feddans (170,520 ha) of which about 40% (160,000 feddans) has been irrigated in the past. The Delta is divided into three parts, the Western, Middle and Eastern Delta areas with the central area forming the main part of the irrigation scheme. The town of Tokar is located about 35 km from Shidin Rock, a local land mark on the Baraka River (see Figure 1). Reliable population data for the Tokar Delta are not available but the Tokar Delta Corporation (TDAS) has a total of 5,724 landowners and 24,000 landless sharecroppers registered. 
The majority are from Beja tribes that extend from parts of the Red Sea State up to the Gash Delta in Kassala State and the Atbara River in the West. Fourteen Beja tribes are listed
 and most herd their livestock (cattle and camels) outside of the Delta but, during post-harvest periods, graze their animals on the residues of the irrigated farms. Animals are rarely sold except for cash needs. Some Hadendawa families are involved in crop production, mainly for subsistence and fodder production, and the poorest herders become sharecroppers. The majority of landlords reside outside of the Tokar Delta with the exception of the Bin Amir, Artiga and Habab and a few of the Hadendawa and Shayaab tribes. A significant number of non-Arab tribes are also present in the Delta
, and having more agricultural experience, they support the other tribes carrying out their agricultural work while they are busy with herding duties. Conflicts between Beja and non-Arab tribes arise from time to time as the former control the wealth and assets in the area.

With its hot and windy desert climate typical of the Eastern Red Sea, Tokar has a very low annual rainfall (average 86 mm per year) of which 69% falls in the winter months of November to January. Mean daily temperatures range from 19.9º C to 28.7º in February to 27.2º C to 41.5º C in August. As a result, no annual crop can be cultivated without irrigation. Average humidity is lower in the Delta than in coastal areas varying from 34% in July up to 69% in June. The sunshine averages 6.8 hours per day. Wind is the dominant factor in the Tokar Delta affecting not only crop production but also land preparation. At the onset of the flood season in July, the Haboob wind blows from the south-east at a mean speed of 21.3 km/hr and this last 3 months until September. During this period, visibility can be very low and the force of the wind and causes sand dunes to migrate. In most years, this is tempered in Tokar scheme by the spreading of flood flows. However in 2008, no floods occurred and considerable sand dunes and wind damage occurred. From October to December the Hababai wind blows less strongly from the north-east raising dust clouds and partly reversing the direction of sand dune movement. These later winds tend to blow away the cultivated soil from the last season and this is exacerbated if crop residues are not removed. A side benefit of these winds is that they also remove pests and diseases thereby creating an environment where pesticides are not required.

The Delta has been extensively cultivated primarily for irrigated cotton production for more than 100 years with cotton was introduced by the British colonial administration during the First World War. This administration was distributed Tokar Delta Land on a tribal basis at the start and as population densities were low, relatively large landholdings were initially provided with some redistributed in 1934. Land holdings are now organized on tribal basis and each family has land allocated on each of the three deltas
 with the land survey division of the Tokar Development Corporation being responsible for mapping agricultural plots and farms. 

The Tokar Delta Agricultural Project (TDAP), the Tokar Delta Corporation (TDC) and the Tokar Delta Agricultural Scheme (TDAS). The three names designate the same entity in charge of managing the delta scheme and changed over time according to the change of the status of this entity. In 1967 the TDAP was incorporated as a Government-owned corporation to administer agricultural development (including marketing activities) and maintain and develop the infrastructure in the delta. It therefore became the TDC. In 1993 the latter was privatised and transferred the same mandate with the Corporation expected to purchase the project’s assets (including the earthmoving machinery) from the Government at a cost of Dinar 64 million in five annual instalments. With only one instalment paid the venture failed and the Government regained control of the project in 2002 without abandoning the privatisation decision and changed name into the TDAS. 

The total irrigable area on the Tokar Delta is around 200,000 feddans with the peak use amounting to around 130,000 feddans in the early part of the last century. Over time this has been reduced significantly with only about 31,000 feddans sown in 2007-20008 season. Although the scheme was developed for cotton, farmers mainly grow Sorghum for which they can afford the inputs. The soils of the Tokar Delta comprise fertile silty deposits close to the Baraka river and its past flood routes, mainly in the Middle Delta and sandy soils to the south (Eastern delta) and saline silty clay in north-eastern parts parallel to the sea (Western Delta). Scattered across all parts of the Delta there are raised areas of migrating sand dunes. 
It has been estimated that around 60,000 feddans can no longer be cultivated because of Mesquite infestation. This was first introduced to stabilise sand dunes but has taken over the Delta when farmers abandoned their land during the severe drought of the early 1980s and on the outbreak of the war with Eritrea in 1997. The recent acceleration of Mesquite is related to the customary land use laws
 and the removal of the strict land clearance rules that existed under the original Tokar Corporation. Migratory and resident livestock are prohibited from entering the Tokar agricultural scheme, but this has not been enforced and thus many new mesquite seeds are introduced through the dung of animals that feed on them. 
3. Existing Situation
3.1 Land and Crop development

The situation in Tokar Delta this year is extremely serious as only one flow in the Baraka had been experienced by the time the mission visited the area and this is too small to have been called a “flush” flow. Without any irrigation, the area becomes very windswept (Shamal wind from the South) and widespread soil movement takes place. With the crop residues that remain from the previous years together with un-cleared trees and bushes, considerable micro topography results. This inhibits flush irrigation and although some land levelling takes place annually, much of the land is now too badly affected to be irrigated without major land levelling and land formation. 

Figure 2.  Failure to Remove Sorghum Stalks after Harvesting (a - below Left) resulting in [image: image18.jpg]
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Small Mounds that Hinder Sheet Flood Flow (b - below Right)

With the numerous and forceful erosive winds that blow across the Tokar scheme, all stalks from the sorghum and other crops need to be removed after harvesting in order to provide no restriction to the wind that can and will transport much soil. In the past, enforceable regulations existed to ensure that all farmers complied with this or were fined for failing to carry out the work. Repeated offenders were expelled from the scheme as their lack of diligence impacted on all farmers. The first stage of the problem is illustrated in Figure 2. a above. When this is not rectified as has happened over quite large parts of the scheme, small mounds up to 0.60 metres in height develop and this significantly hinders the movement of sheet flow and hence the irrigation of the land. Small gulleys and channels develop and water distribution is extremely uneven as is illustrated in Figure 2. b above.
Figure 3.  Marabba Marker
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In the past, clearing of the land of all obstructions after harvesting and the levelling of the land before irrigation enabled irrigation by sheet flow. This is not a common form of Spate Irrigation, but in this area with its relatively steep slopes it was very effective in the past. The layout of the scheme was established about 80 years ago with the area divided up using the same system of Hods, Marabbas and Gittas adopted by the British in Gash (see terminology at the beginning of this report). Markers were established at the corners of the Marabbas (Figure 3.) although only a few of these still remain. However, the field staff are familiar with the boundaries as are the leaders of the 25 different tribal groups involve in the scheme prevailing in Sudan at the time. The total command area of TDAS is 160,000 feddans with around 40,000 currently irrigated (Table 1).
Table 1.  Cultivated Areas within Tokar Scheme

	Season
	Area (Feddan)
	Crops Grown

	
	Irrigated
	Sown
	Cotton
	And 
	Millet
	Vegetables

	2003-04
	102,485
	38,103
	7,790
	12,123
	15,400
	2,790

	2004-05
	38,726
	25,226
	4,052
	8,780
	10,840
	1,554

	2005-06
	65,340
	42,600
	4,400
	20,012
	15,600
	2,588

	2006-07
	49,405
	44,709
	4,020
	21,744
	17,845
	1,100

	2007-08
	67,570
	31,405
	3,912
	11,425
	14,195
	1,873

	2008-09
	0
	0
	0
	0
	0
	0


Although the amount of land irrigated depends upon the availability of flows in the Baraka River, there has also been a decline in land cropped due not only to the presence of mesquite trees, but also due to the uneven topography that makes water distribution difficult. Historically, the cropping pattern was 80% cotton with 20% sorghum grown to protect new cotton seedlings from the Hababai wind and provide fodder for agro-pastoralists. Millet was cultivated on the sandy soils with lower moisture holding capacities. Recently, vegetable production has been introduced due to the declining prices of cotton. With the aim of maintaining an important cotton production, the board of the Government-controlled Tokar Delta Agricultural Scheme (TDAS) made it compulsory for farmers to plant 60% of their land area with cotton, 30% with sorghum or millet, and 10% with vegetables. However, without the provision of good quality seeds and other inputs together with the appropriate ginning and marketing facilities, it has not been possible for TDAS to enforce this. Cotton productivity in the Delta is very low compared with other parts of Sudan and this has been reflected directly on total production and indirectly on the final return to farmers. Farmers prefer to grow sorghum to meet their own food needs and also for feeding their cattle. The share of cotton in the cropping pattern is actually much smaller than 60% as illustrated in Figure 4. 
Figure 4.  Change in Tokar Irrigated Area and Land Cultivated with Cotton
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Sorghum yield ranges from 3 to 5 sacks per feddan but could be much higher if improved varieties are introduced along with substantially improved land and water management. Total net return per feddan for Sorghum has been estimated by the mission at 425 SDG including sale of Sorghum stalks, a vital part of the cropping system and a high priority for the agro-pastoralists who farm the area.
3.2 Water Availability in Khor Baraka

The Baraka River (Khor Baraka) is the most important seasonal river in Eastern Sudan. It rises in the Eritrean Highlands near Asmara with a total catchment area of 45,000 km² (including the main tributaries of Anseba and Langeb) and enters the Tokar Delta just upstream of Shidin (Figure 1.). It runs about 300 km through Eritrea and a further 160 km in the Sudanese territory before it reaches the Tokar Delta. The river is ephemeral and for much of the year the river channels are dry. In the summer months from July to September, intense and high floods of relatively short duration (1-2 days) occur. These floods happen as a series of spates or “flushes” with as many as 15 to 20 occurring during a flood season. Large quantities of silt and sand are deposited over the Delta during the flood season and this is beneficial to the land as it is spread evenly over the irrigated land. 

No hydrological station exists in the Tokar Delta and TDAS seriously lacks flow data on which to design remedial measures and flood protection works. However, they have been recording the number of flood flows and duration of the flood period since the scheme was initiated (Figure 6) but after the change in management in 1993, no such records were made until they were reinstated in 2003. Recent data are summarised in Table 2 with the relationship between flushes and irrigated areas given in Figure 5. From 1946 to 1977, the average area irrigated per annum amounted to 80,000 feddans.
Table 2.  Estimates of Flood Flows in the Baraka River
	Year
	Start Date
	End Date
	No of Flushes (Floods)

	
	
	
	

	2003
	01-Jul
	18-Sep
	18

	2004
	26-Jun
	02-Sep
	10

	2005
	26-Jun
	20-Sep
	24

	2006
	04-Jul
	20-Sep
	22

	2007
	29-Jun
	22-Aug
	23

	2008
	29-Aug
	 
	1

	Note: The only flush received in 2008 was minor that just reached the scheme and irrigated no land.


When the scheme was started, flow measurements were made and the discharge then varied from 470 m³/s to 1,200 m³/s with the total volume varying from 200 million to 1000 million m³ respectively. It is likely therefore that the limits of the present flood flows, especially the peak will exceed these values although the volume is likely to remain the same or decrease. The characteristics of the river are similar to river Gash, with both rivers deriving from runoff in the Eritrean highlands, and therefore it could be possible to simulate Baraka flows using the measurements made by GRTU in Kassala. 

Figure 5.  Relationship between Flushes and Irrigated Areas
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In addition to the limited flow data, the Tokar Meteorological Station has not functioned since the early 1990s. The collection of such basic data would ensure better planning and development of river and irrigation infrastructure and water management systems.
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Figure 6.  Layout of Tokar Scheme

As was the case in Gash, the difference between irrigated and sown area is increasing (Figure 7) mainly due to poor land preparation and mesquite infestation. Even though land has been irrigated, farmers have been unable to take advantage of this as they cannot sow the land or water distribution has been too uneven to make it worth while. 
Figure 7.  Relationship between Irrigated and Sown Area.
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4. River Training and Management
The course of the Baraka River has been relatively stable over the years, but has been affected by the gradual change in elevation at the Tomosay bund at the start of the scheme due to siltation and more recently due the river training works that have been effected at Shidin rock (Figure 9).  
4.1 Shidin Rock Bridge

The attempts to change the course of the river at this point have not been successful. This stems from the need in 1997 to provide emergency access across the river for military equipment. The temporary bridge built from former truck decks and steel culvert pipes was not been designed considering possible flood flows and provides a barricade to large flood flows currently experienced (>1200 m3/sec). The constriction that this site creates, has forced the river to adopt a route to the West of Shidin rock (Figure 9). Following the task force visit to the scheme in August 2007
, attempts were made to close the breach area to the West of Shidin rock. This was immediately successful but was subsequently damaged and now remains open with 2 breaches, one about 15 m wide and the other about 100 metres. This is now the preferred route for the river and upstream its approaches to the embankment site to the west of Shidin rock the river is about 3-4 metres higher than the downstream levels on the other side of the embankment. This illustrates the gradient and the problems experienced as the river in high flood can easily over top the embankment on which the access road to the bridge is located. Any efforts to prevent this will have only very short term results and will be negatively impacted if flood flows are forced through the bridge section. There is also evidence that these works have upset the regime of the river downstream from the site. The route chosen using the bridge encourages the high river flows to pass to the North east into the Karai Darya that flows to the Eastern Delta and is unavailable to the Tokar scheme. There is a danger that the river may in the future and as a result of a large flood adopt this course for all or part of the flood flows. 
Access at this location appears to be a strategic/military requirement and not a general access need. Any works undertaken at this location to build a new bridge or ford crossing therefore have to be treated in this way rather than loading the cost onto the Tokar scheme. In addition, any new bridge must be properly designed so that it does not create a barrage to floods not create changes to the river regime. Agreement on this problem area will need to be reached before any investments in river training and other irrigation infrastructure are made.
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Figure 8.  The Iron Bridge (Moasier Bridge) at Shidin Rock.

Figure 9.  Layout of Shidin and the “Iron Bridge” site



Figure 10.  Layout of Shidin and the “Iron Bridge” site






4.2 River Training

There are several locations down the river course that need bank protection works to be prepared in a more engineered manner. The current bunds are pushed up by dozer without compaction and could breach if subjected to intense flood pressure. The levels have not been determined in relation to river gradient and carrying capacity. The main areas are at Agweed and Kalboob, where excess flood flows are trying to pass to the Karai Darya. Other than these, the works required in this reach of the river are considerably less than those at Gash, mainly as the river is incised in its river course and any dwellings are located well above flood levels and away from the course of the river.
4.3 Tomosay Embankment

Figure 11.  View of Tomosay Embankment

About 500 metres upstream of the Tomosay diversion bund (see next section) the Tomosay Embankment begins on the left (western) bank of the Baraka river and extends for about 50 km along the Western limit of the scheme and then turns eastward to provide a limit on the North side and restrict outflows to the sea. There are also guide banks on the Eastern Side of the irrigated area. The embankment has been built to act as a guide to flood flows to contain them within the Middle Delta, the most suitable land for irrigation, and to limit the spread of the annual floods to the better lands and thereby ensure that adequate depths of irrigation are provided within the irrigated areas. The second and important function that the Embankment provides is to protect Tokar Town from large floods, particularly as it is now 2-3 metres below the irrigated land in some places.
If upstream arrangements for dividing the water are built using more permanent splitting type structures (see section 8 below), less pressure would be put on this embankment with flood flows spread more evenly over the other parts of the delta to be irrigated.

In recent years, the river and irrigation infrastructure has deteriorated and become inefficient. In critical areas the earth embankments used for protecting the banks of river channels and diverting the flow of flood waters to the agricultural lands are not reliable, leading to considerable losses of irrigation water. Much of the works undertaken by the Government (TDAS) have been constructed using force account as and when machinery becomes available. No surveys and engineering designs are made and there has been limited scope to introduce more appropriate spate type lower cost structures. This gives the works a limited lifespan and many have to be repeated every 1-2 years. 
5. Irrigation and Water Management

The system of irrigation adopted in Tokar is flood irrigation supplied by short main channels of unclear cross sections. There is no system of canalization with associated headwork and distribution. Flood flows are diverted to these short channels by using seasonal bunds built across the Baraka River at the head of the Delta with the main bund being the Tomosay bund (see below).Water is then directed over the land as sheet flow which in the past spread evenly as the land had be cleared of any crop residues, bushes or other obstacles that would create uneven land forms and split the sheet flow. The alignments of these supply channels has changed with time and effects of floods and sediment deposits and in some places they have become braided and less well defined. 
All of the flood water from the Baraka River is diverted in turn over the land starting with the Eastern middle area that is now higher than the western middle area at the Tomosay bund. When sufficient water has passed to this area, or when the Tomosay bund breaches, water is allowed to pass down to the Khor Tomosay and to irrigate the remaining area. The force of the flood and the lack of any division structures means that, when floods pass down the Khor Tomosay, they are always likely to threaten the Tomosay Embankment, particularly as the deposition of silt with time has meant that the lateral slope of the Delta is towards the embankment. Deflector bunds that push the flood water away from direct contact with the embankment are built and repaired annually and these also assist in to spreading the water more evenly over the agricultural land. No small bunds for ponding of the water on the irrigated land are allowed in the vicinity of the flood embankment. 

5.1 Tomosay Diversion Bund
Figure 12.  View of Tomosay Diversion Bund

This is the most important point in the system as it provides water to the Eastern Middle Delta area covering about 40,000 feddans. The water is divided at the point into the left branch called the Khor Tomosay and the Eastern Channel (Khor Sheraeit) (Figure 14). The latter is some 3 metres above the former and this could have resulted from actions downstream, past sudden breaches of the diversion bunds under large floods, or changes in river regime resulting from works at Shidin rock.

Initially, the first flood waters are directed to Khor Sheraeit and then into several smaller channels by flow dividing structures built from local material pushed up by bulldozer. Once the Tomosay bund has breached, it is difficult to rebuild it and thus all of the flow in the Baraka river flows down the Tomosay branch. This both denies the Eastern Middle Delta of further water and also puts severe pressure on the Tomosay Embankment at times of high river flow. 
5.2 Kirimbit

This is the next most important point that is located 10 km downstream from the Tomosay bund. Flood water is divided into three at this point to follow short wide Khor beds that supply the three command areas of Wasad Sherika, Wasad and Wasad Kharib. Another dividing structure should be considered at this point to replace the earth bunds that are used to split the flow and this again should follow the proportional divider – splitter type structure. If this proves viable, then the channel between this location and the Tomosay bund should be improved to encourage a uniform long slope and more regular flood flows. 
5.3 On Farm Water Management
Since 1993 when the management of the scheme changed and most importantly when the provisions for sanctioning for non-compliance of the rules by the farmers were removed, problems in production, irrigation and land management have occurred. The overview now shows a very variable topography with the irrigation technicians and managers of TDAS trying as best they can to spread water over the commanded area. The micro relief is significant and results from a lack of removal of grasses, the failure to remove sorghum stalks, the widespread incursion of livestock from outside the Tokar area and the development and spread of mesquite bushes. Annual operating budgets have been insufficient to make any useful investments with all works aimed at keeping the system going. 

To overcome the uneven topography, the irrigation technicians use guide bunds to deflect the water from the small Khors that have developed throughout the irrigated area and these then spread the water onto the less dissected land and cause some beneficial siltation in the Khor channel. However, these result in patches of land that remain inadequately irrigated. In addition, where the topography is uneven, the water finds a path between the mounds and often results in land unsuitable for cultivation. Over time, gulleys have developed in the areas that used to be covered by sheet flow. This has required the scheme managers and water technicians to build temporary division embankments across these gulleys either as single angled bunds to guide water to one side of the gully or a “v” shaped bunds that split to flow to both side of the gully. The need for so many of these guide bunds has in places encouraged the development of sand dunes that in turn inhibits sheet flow (Figure 13). 

Figure 13.  Guide Bunds within the Irrigated Areas

To guide the water across the fields where high points existed, small guide bunds are also used. These were developed just before the flood, as they can be a source of problems as they encourage the development of silt dunes. Recently, these bunds have had to be used to compensate for the uneven ground and the presence of gulleys that have formed throughout the irrigated area due to poor land management (Figure 13). The location and shape/ length of these bunds relies heavily upon the local knowledge of the irrigation technician who advises farmers of the measures that he has taken to ensure even distribution of irrigation water and those measures that farmers need to take to improve water delivery, such as levelling of the high spots in their plots. When 50 cm of water has been received, this is regarded as sufficient and water is diverted elsewhere.
.

Figure 14.  Location of Tomosay Diversion Bund

5.4 Horticultural Farm

Figure 15.  Tokar Horticultural Farm 

To the North of the town and close to the Western edge of the irrigation perimeter, Government has developed a horticultural farm using borehole water (Figure 15). This is very close to the extensive shallow well field developed by the inhabitants of Tokar to provide water for human and livestock consumption (Figure 16). This is an extremely important source of water to the communities especially in years like 2008 when there have been no floods and this is the only source of drinking water for many miles
.
Figure 16.  Shallow Well Field Used for Tokar Drinking Water

The farm borehole is located immediately upslope from the local well field, and as this is likely to utilise the same aquifer that is probably an underground water course, extreme care will have to be exercised, as this will detrimentally affect the water supply on which the villagers rely. Water levels in the shallow wells and the horticultural farm should be closely monitored as farmers already report a lowering in water table this year. In addition to this, ground water in the area is saline and unless the development of the borehole is carefully controlled it could cause salt pollution of the drinking water supplies as well as the agricultural water. 

6. TDAS 

The TDAS Infrastructure shows the effect of the past 15 years of uncertain management and insufficient funding. The facilities, accommodation and offices show the impact of inadequate and minimal past funding with staff endeavouring to do the best they can under most difficult conditions. No electricity is available for offices, workshops or staff/guesthouses. Facilities in Tokar are very limited and do not encourage good staff to remain. It is evident from the brief examination of the scheme and TDAS that it is trying to manage the system on a shoe string. It has one dozer to carryout the many earth moving works in the river, in the protection and guide bunds and for on-farm water management. Conditions are harsh for both humans and equipment and this is evidenced by the work required to keep machinery working. Currently only one out of three bulldozers that the scheme owns is in operation. This is used for emergency embankment work to fill the breach is in the kilometre (flood bund and to push material for the bund that guides flood water into the Eastern canal). 

Much work is involved in keeping the irrigation system working and with the current shortage of equipment, transport and staff, it is difficult for TDAS to keep ahead of the annual maintenance needs with the result that each year maintenance is deferred and the situation gets slightly worse. The MIWR Task Force of 2007 recommended that TDAS should have its own machinery to carry out the implementation of irrigation plans, periodic maintenance works and the preventive protection. It was recommended that as a minimum, it should be equipped with 2 hydraulic excavators, 2 dozers (D8 and D7), 2 tractors and 1 scraper. This machinery was not provided to date. 

6.1 Technical Support
The Red Sea State Ministry of Agriculture, Animal Resources and Irrigation (MoAARI) is charged with providing support to TDAS, but has no irrigation Engineers on its staff. It suffers form the same problems that the gash scheme faced namely that under the Ministry of Agriculture, there is no suitable career structure for irrigation Engineers and salary levels are lower than MIWR. 

The existing agricultural support services in Tokar Delta are very weak and not motivated to provide adequate advice to the farmers. This is mainly due to the limited staff made available by MoAARI. At present, there are no Government Agricultural Subject Matter Specialists in Tokar town or qualified Extension Officers serving the Delta. A number of the senior staff assigned to TDAS do not live there, but spend most of their time in Port Sudan, commuting as and when needed to Tokar. The conditions in Tokar are harsh and the facilities provided for the staff are very basic and provide disincentives for staff. Government staff are not motivated to reside in the difficult environment of the Delta and there are no incentives to do so. In particular, the presence of an Irrigation Engineer within either TDAS or MoAARI would be essential to observe and monitor the distribution of the flood waters and consequently propose and supervise the adoption of appropriate irrigation infrastructure and water distribution measures. 

6.2 Farmers Organisation
Tokar Farmers Union (TFU) has the role to advocate and assist in disseminating information, enforce relationships between its members and resolve disputes, and maintain linkages with CBOs based outside of the Delta. TFU, which is represented by 40 non-elected tribal members, is administered by six sub-committees: (a) cotton production; (b) Mesquite clearance; (c) irrigation; (d) land distribution; (e) agricultural services; and (f) social services (electricity, health, education, gender, etc.). TFU also has strong linkages with community-based organisations (CBOs) supporting the 26 village clusters of Northern Tokar Administrative Unit. Both sharecroppers and women have no representation on TFU. Despite Government’s decision to privatise TDAS, farmers remain reliant on Government’s agriculture, irrigation, land policy and finance administrations to manage their affairs. TDAS, TFU and the administration control the cropping pattern practised by farmers giving them little choice in the selection of crops that give good returns. The absence of any information and autonomy means that relations between the share-croppers and the TFU are very weak. The Farmers Union are looking for TDAS to “police” the systems, but really this has to be undertaken by TFU themselves. The major problems with on farm water distribution have resulted from the failure of some farmers to clear their land and to work in a common interest and TFU does not seem strong enough to overcome this.
7. Way Forward

This section draws on the lessons learned from the rehabilitation of the Gash Agricultural Scheme under the Gash Sustainable Livelihoods Regeneration Project. It also benefits from experience in Spate Irrigation Schemes in the Region in both Yemen and Eritrea. 

The fundamental problems that face this scheme seem to derive from the lack of adequate management of the land. No means are in place for penalising farmers who fail to complete land preparation and cleaning tasks that are in the common interest. The method of water spreading is very dependent upon the ability of the flood waters to spread as a smooth wetting front across the land unhindered so that water is distributed evenly. There are some 40,000 feddans that are reported to be clear of mesquite, but that are still not properly irrigated due to the irregular land surface and also the presence of scrubs, bushes, dunes etc. Until the basis for a better system of management is established, major investments in infrastructure and land clearance/improvement should be avoided. Annual budgets need to be allocated to keeping the system going so that it does not deteriorate further and deferred maintenance increases.
Limited data on the river hydrology and topography exist and this means that detailed engineering designs and flow analysis based on past records are not possible. Some works are carried out on the river using local experience, but as with similar spate rivers as they start to enter the flood plain, the Baraka is subjected to frequent changes in route and alignment as it enters the Delta area. In the reaches before the river enters the wider delta area, the course is incised and appears to be lowering through a head-cutting process. This has meant that overtime, it has been more difficult to direct water to the Middle and Eastern Delta lands where the most productive irrigation lands are located. A number of missions from MOIWR have been fielded (2003 and 2007) and these have identified locations within the river course from Shidin rock to Tomosay diversion bund that need river training works to prevent the river breaking out from its current course at high flood levels. Such works are not complicated and with the appropriate professional engineering approach including the use of suitable machinery and selected materials, can be implemented either by force account or by contractors.

Limited attention has been given to the possible improvement to the irrigation network. No canals exist in the conventional sense with water conveyed through the lines of traditional river courses (Khors) and guided using earth bunds pushed up by bulldozer. These bunds are built from sandy material and although TDAS staff have reinforced locations such as the Tomosay bund with sand bags, these are still vulnerable to the high flood flows anticipated in the Baraka River from time to time. They thus often fail at a critical time in the season, resulting in large amounts of water entering the areas to the north of the Delta threatening the town of Old Tokar and being lost to irrigation. Through the choice of suitable “splitter” type structures in some key locations, flood flows could be divided between several channels thereby reducing the flood impact and also improving the water management. The planning and design of such works requires the assistance of irrigation engineers specialised in spate irrigation. 

Experience from GAS has shown that support of experienced engineers is needed on the scheme team. However, with the career prospects available to irrigation engineers in the Red Sea State, it is unlikely that good and suitable staff will be attracted to the area through the normal channels. Contract staff and the use of suitably experienced consultants will be the only way of overcoming this deficit.

The hydrology of Tokar River needs to be examined. Much historical data is kept in Tokar, but this is in poor condition and is being damaged by the harsh environment. These records should be utilised before they are completely lost to build up a history of the floods that have occurred and the number that occur annually. There are no hydrological records and although much of the historical data is subjective, it would be possible to relate the wetted areas to the size and number of floods to get an idea of the hydrology of the river and an estimate of the annual volumes of water received. These can also be related to data available on the Barka River in Eritrea that were collected during the Masterplan study funded by EU in 1998. It is also important to obtain a clear idea of the planned dam developments in Eritrea on the tributaries of the Barka River, as the Eritrean Government is known to have a number of such plans on the drawing board.

The economic and financial viability of the scheme needs to be established. This will be based on the realistic projections of cultivated areas, farming systems, and production relations (usufruct, sharecropping, etc…). This analysis will determine whether the rehabilitation of the scheme will act as an engine of economic growth and poverty reduction in the area, or whether it will be used as a safety net. 

The basis for a better system of management of the scheme needs to be established for major investments in infrastructure and land clearance/improvement to take place. The system of management needs to clarify: (i) the division of roles and responsibilities between the TDAS and the tenants with regards water and land management; (ii) the organization of the agriculture and engineering departments within TDAS; (iii) contracting experienced engineers; (iv) the level of O&M cost recovery to be charged to farmers. In addition, basic surveys and data analysis need to be undertaken to provide adequate data on which to make a professional assessment of the complete technical requirements for the scheme. Up-to-date land use and coverage information needs to be prepared using available satellite imagery.

Mesquite clearance is a farmers’ problem. Subsidizing mesquite clearance is not an effective option for its clearance. Experience in Gash has shown that sound land tenure arrangements coupled with improved supply of irrigation water are sufficient for farmers to undertake Mesquite clearance themselves through group formation. It is proposed that state sponsored mesquite clearance only focus on the most infested areas and even then is linked with follow up incentives to encourage the farmers to both participate in the clearing and then to maintain the land immediately after clearance.

The budgetary requirements for the rehabilitation of the scheme are large compared to the mount of available IFAD financing. This is due to the long period of relatively low investments that have led to an accumulation of deferred work. Confirmation of government support or other co-financing options over an 8 year period (2009 to 2017) is needed in order to consider IFAD financing. 

The actual beneficiaries (numbers and categories) of the scheme are not well defined. Although the land is registered in individual names and can pass down through the hereditary process, the current status of landless and share croppers is not clear. In addition, as the title is vested in the name of the original entitled owner, it is not obvious whether the land has been subdivided or is managed by one family representative. Beneficiaries of any future support to the scheme must be clearly defined to see who will actually benefit from any investment works. This needs to be clearly established at the same time as an effective organisation is put in place. 

Past experience has shown that investing in one aspect, such as river training and irrigation infrastructure will not produce sustainable results. Whereas costs concentrate on the engineering related aspects and needs, without an adequate management system, any investments made will be short lived and will not necessarily provide the benefits assumed. The root social and other causes need to be first addressed with effective organisations established for managing the land. These arrangement need to be worked out with the farmers and TDAS and this could take place under the programme support from EU. It would appear that the TFU would be a good basis for future management as they have representatives of all tribes in their 24 strong council. Land ownership is reported to be all within the private sector, but this needs to be confirmed. If this is the case, then TDAS can only act as an advisory technical organisation with enforcement being achieved through the land users’ organisation (TFU). The organisation has the tribal elders and all tribes are represented by their own leaders and this arrangement has been in place since the start of the project.
There is a definite need for support as a large number of people live in the area and depend upon the scheme as part of their farming system, but without a clear and firm management system, the full benefits will not accrue. Any project support for improving irrigation and other infrastructure in TDAS needs to be implemented in parallel with land and water management improvements the irrigated areas. With the removal in 1993 of the TDC sanctions against farmers who did not comply with the rules of restricting the entry of animals and clearing their plots of mesquite, grasses and other undesirable vegetation, the decline in the condition of the irrigated areas began. The introduction of suitable management to control these aspects will take time and needs to be completed with the farmers union playing the lead role.

Project interventions will take time to come on line and will require suitable studies and surveys before implementation. As the European Union money appears to be ready to support TDAS, this could be utilised to prepare and longer and wider project in which organisations like IFAD could become involved. Experience has shown that without the preparation of a suitable follow-up management system to ensure sustainable annual O&M, it is unlikely that any improvements made will endure.
7.1 Immediate works

There is a strong need for support, but without careful planning, detailed estimates based on sound data and studies and linking of all aspects, the returns per feddan will be small and investment costs high. Current estimates result in around SDG 2000 per feddan which is high for spate irrigation investments (the limit should be around SDG 2000 per hectare). 

In order to ensure that the current level of water management does not continue to decline, government needs to ensure that additional funds and equipment are provided to meet the annual operating costs of TDAS. Additional equipment, transport and improved facilities for staff need to be provided to ensure that staff are encouraged to make full use of the additional support provided. The sort of funds needed in the short term include:

· Three additional bulldozers and one grader need to be provided to TDAS to assist with on-farm water management and the other river maintenance works including addressing immediate weaknesses in the flood protection and Dyke Systems (operating costs around SDG 1.0 million per annum).

· Transport for the site staff to work more effectively (4 pickups) (operating costs around SDG 0.15 million per annum).
· Attempts to move the river at Shidin Rock to pass through the “Iron Bridge” should be resisted as it does not have the necessary flood capacity and has not been designed with flood flows in mind. The investment in the bridge is relatively small and it would be wrong to assume that alternatives for improving access at the site need to be framed around this existing bridge. There is no evidence that this route is needed for anything other than strategic purposes. 

· Estimates should be made of flood flows for the Baraka River using historical estimates of floods.  Cross-sections of the river between Shidin Rock and Kirimbit should be taken to confirm the capacity of the section to carry the peak floods without overtopping and also to confirm the longitudinal slope of the river.
· Cleaning mesquite alone will not solve the problems, it will just put off the immediate problems. Recent experience from Gash should be utilised in Tokar. 
Technical assistance will be needed for the planning and design of the improvements and it will not be possible to recruit an Irrigation Engineer to work for TDAS through the conventional MOIWR or through the State Ministry (who have no irrigation Engineers) as there are no incentives or career prospects for such staff. The only way would be to engage a contract engineer for TDAS to work with consulting engineers well experienced with spate irrigation and its techniques. Although this needs consideration as part of the overall plan fro TDAS, immediate assistance is needed from an experienced engineer(s) to help plan and implement the annual programme in a more systematic way.

7.2 Longer Term Support

7.2.1 EU Project Support

The European commission is currently funding the preparatory phase for support to the Tokar irrigation scheme under the Tokar Delta Rehabilitation Project (TDRP). This will be implemented over a four-year period and is composed of six components:

1. Effective and efficient management of TDAS, which would result from an effective and efficient management and board at the TDAS executing a feasible and comprehensive development plan.

2. Secured long-term access of landless farmers to land plots (of approximately up to 5 feddans) that are broadly accepted by all stakeholders and permit the full participation of many farmers in the exploitation of the Tokar Delta with basic rights and protections relative to land access and use. It is expected that about 10,000 landless farmers receive around 5 feddans of irrigable land each, which will be contracted according a renewed set of rules and regulations applicable in the Tokar Delta.
3. XX feddans of land are cleared of Mesquite, according to the approved TDAS development plan.

4. Irrigation system is rehabilitated and well managed, which results in an efficient functioning water scheme.

5. Better informed and more autonomous Small Scale Farmers.

6. Well managed, efficient and timely implementation of the project.

The project would be entirely financed by the European Commission and a budget of just over Euros 3 million has been allocated for the support. This would appear to be rather small considering the ambitious nature of the above six components and the limited time frame. A final and detailed budget for this will be prepared during the Inception Phase, just started, and this will identify more clearly what can be achieved in the time frame and the full costs. Land development and management costs would seem to be underestimated as have improvements to the irrigation infrastructure. 
7.2.2 Design of Future Support Plans
Improvement and Spate Structures. Technically the system can be assisted, but this will need properly engineered Spate type structures that do not block the flow, but guide and divide it with designs based on sound topographical and hydrological data and estimates of flood flows. The impact of the large and damaging flood flows that have high velocities on the Tomosay bund and once breached on the Tomosay embankment can be reduced in the future through the construction of permanent splitting type Spate structures together with associated river bank works and protected channels to convey the water away from the structures to the land. A suitable site upstream of the current bund location is given in Figure 12. If flows are proportionally divided so flow passes both to the Tomosay canal and the Eastern channel at the same time, this should address the currently problems when water suddenly enters the Tomosay channel and that threatens the flood embankment and Tokar town. Any designs need to take account of the longitudinal section of the Baraka river both upstream and downstream of the Tomosay bund to ensure that it does not suffer adversely from “head-cutting” from the Khor Tomosay. 
Other more permanent flow dividing structures built from gabions should be considered at Kirimbit and similar locations where sheet flows are released to the agricultural land. 
Benefiting area. When depending on Spate with the climatic change that is taking place we must expect wide variability. What we can say is that with improvements in the water management, and then the same amount of water can go further. The long term irrigated area (36 years) gave an average irrigated area of 69,264 feddans of which cotton represented 17,112 feddan (25%). If the years since 1993 are omitted, when TDC went through a difficult time without any clear organisation and defined means of enforcing the rules, the average irrigated area rises to 81,551 feddan and the cotton irrigated area to 25,258 feddan (or 31% of the total irrigated area). The target area after improvements should aim at an average of about 70,000 feddans bearing in mind the impacts of the climate change and less floods. 

Costs: The overall estimated costs of the investments needed for Tokar, excluding the rehabilitated ginning mill and international trade support amounts to around SDG 230 million, according to the Red Sea State administration. This figure is dominated by mesquite removal that represents about 57% of the costs and appears to be high and includes more land than within the past or feasible irrigated areas. More detailed and clear estimates of the works to be undertaken (with detailed designs), the associated costs and benefitting areas need to be established and compiled into a project proposal.
7.3 Options for IFAD financing

The lessons learned from investments in rehabilitation in the Gash Agricultural Scheme suggest that the available data is not sufficient to prepare the required design works and technical specifications. Moreover, the organization of the TDAS and the gap in engineering competency need to be addressed prior to investments taking place in order to guarantee quality, cost efficiency and effectiveness of rehabilitation works. In view of the total costs of the rehabilitation (approx USD 100 million according to TDAS estimates), the financing from Government needs to be confirmed. 

In view of these considerations, it is the opinion of the mission that the Tokar rehabilitation project constitutes a good example for the replication of the GSLRP experience, and that it should be prepared carefully in order to ensure high cost efficiency and effectiveness, availability of financing resources from Government or other co-financier, as well as high impact on poverty reduction and income increase. For this reason, the mission recommends using the year 2009 to prepare in detail the project and carry out the needed preparatory work (which include studies and the management system within TDAS), to mobilize the required resources and to present the project design to the IFAD Executive Board for approval in 2010. 

Figure 17.  Proposed improvements to Tomosay Bund Intake Site
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� Ian McAllister Anderson, Irrigation Engineer, Consultant IFAD; Babakar Hassan Adam and Amany Alsen MOAF, International Cooperation and Investment Directorate, Khartoum.


� In descending order according to the size of their landholdings these include Artiga, Bin Amir, Shayaab, Ashraf, Hadendawa, Kimlab, Norab, Amra’r, Al Aganib, Habab, and Hasanat. Most of them are nomads such as the Hadendawa, Beni-Amir, Rashaida, and Amarar.


� Hawsa tribe originating from West Africa including sub tribes of Fallata, Burgo, Barno and Fulani.


� For more details refer to SPCRP Model Project. TOR. Appendix 1, Tokar Delta Rehabilitation Project (TDRP). European Commission. 2008.


� Share-croppers do not receive any payments from landowners for clearing the land and then earn only 25% of income generated from their endeavours (and only 25% of 68% in the case of cotton).


� A task force from Ministry of Irrigation and Water Resources in Khartoum visited the Tokar Scheme to report on the impact of the impact of floods in the Khor Baraka. The area around the Iron Bridge at Shidin, the Khor Tomosay and other flood damaged areas were visited.


� With the assistance of Oxfam, some wells and small elevated storage have been developed near to the Iron Bridge on the Khor Baraka, but these are utilised by the communities in that area and will not meet the needs of Tokar Town which is also some 34 km distant. 
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