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Executive Summary 

The ñAdaptation to the Effects of Climate Variability and Change in Agro-ecological Regions I and II in 

Zambiaò (or ñZambia Climate Change Adaptation Projectò (CCAP)) was formulated with an objective 

to ñdevelop adaptive capacity of subsistence farmers and rural communities to withstand climate 

change in Zambiaò. The project is currently under implementation through the Ministry of Agriculture 

(MA), with support from the UNDP-GEF. 

One such intervention identified through the CCAP initiative is the Sioma Irrigation Project ï which 

aims to increase the climate resilience of the Malombe community in Sioma District. The community is 

located near the Zambezi River and comprises of 100 beneficiary households, who collectively own 

57.8ha of land for agricultural purposes. Despite the vast water potential of the Zambezi River, the 

community has no means of accessing this water for irrigation due to a significant lack of resources 

for developing the required infrastructure. Instead, the community relies on rain-fed agriculture for 

food and small inflows of cash through the informal sale of excess crops. A changing climate that is 

characterised by more volatile rainfall patterns is expected to result in an increasing incidence of crop 

failure for the community, who already face significant vulnerability to climatic shocks.  

Unfortunately, due to funding shortfalls the CCAP has been unable to take the Sioma Project through 

to implementation. However, when CRIDF carried out scoping and pre-feasibility assessments of 

several CCAP intervetnions in 2013 it was advised that World Bank funding for small-scale 

infrastructure projects (such as these irrigation schemes) is currently available through the Ministry of 

Energy and Water Development (MEWD), and it was advised that full feasibility studies should 

therefore be prepared and submitted as soon as possible.  

Technical Study 

CRIDF mobilised a feasibility study in late 2014.  Due to the sheer remoteness of the Malombe 

community, the technical team was required to develop not only a sound engineering design with 

proven implementation success in Zambia, but also a scheme that employed appropriate 

technologies and practises that could be operated, managed and maintained by the local 

beneficiaries and institutions. A selection of infrastructure options were assessed against a range of 

criteria (including investment costs, O&M requirements, need for institutional and marketing support 

etc.), where the final design comprised of: 

¶ Intake works, main canal and pumping station (including the supply and delivery of electricity 

to the pump house); 

¶ Drag hose irrigation infrastructure for approximately 57.8 ha of land; and 

¶ Elephant-proof fencing of approximately 15km (calculated on a perimeter of 70 ha of land). 
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Institutional Analysis, Stakeholder Endorsement & Environmental Assessment 

Prior to finalising the feasibility study, each design option was first discussed at length with the 

Malombe community, and their written support and endorsement of the above design was received in 

November 2015. This engagement was the culmination of several missions to site, where institutional, 

social and environmental experts also engaged extensively with the beneficiaries and local institutions 

to better understand community structures, their roles and responsibilities, and the need for capacity 

building support to ensure the long term sustainability of the scheme. 

The ESIA Expert also undertook a scoping assessment during the initial site mission, and confirmed 

that while no significant environmental impacts were foreseen as a result of the proposed intervention 

(primarily because the location of the scheme comprises of both plots already being utilised for 

farming activities, and vacant lots that are largely overgrown and unutilised), due to the size of the 

area (57.8ha) a full ESIA would need to be undertaken prior to implementation. A Terms of Reference 

has therefore been developed to guide this process in line with ZEMA specifications.  

Economic and Financial Analysis 

A cost-benefit analysis of the proposed design indicated that through the provision of capital 

investment of GBP 456,329, the Project is anticipated to result in significantly improved livelihoods for 

100 households. Specifically, it will provide much needed capital investment for a large portion of 

households in the Malombe community, and it is anticipated to indirectly benefit the entire community, 

as well as the Sioma ward, through economic development and multiplier effects. Specifically, it is 

anticipated at the entire Malombe settlement will directly or indirectly benefit from this scheme ï 

bringing the anticipated total number of indirect beneficiaries to a total of 1,150 households (that is, 

5,708 beneficaires, consisting of 2,737 males and 2,971 females). 

 In addition to the financial benefits that stem from crop sales, further economic benefits from the 

Project are expected to include climate resilience, food security, lower levels of human-wildlife conflict, 

and health improvements through diversified diets.  

Not only do the results of the financial appraisal indicate that the Project is financially viable
1
, but the 

BCR is 1.48 and 2.15 at 3.5% and 10% respectively, demonstrating that there is social justification 

given the Projectôs cost to the community. 

Potable Water Supply Component 

During the technical teamôs mission to site in November 2014, it became apparent that there was no 

potable water supply system in place, and discussions with the Sioma District Council Secretary 

confirmed that there were no plans to provide this in the near future. At the time, the community 

                                                      

1
 The FIRR was calculated at 14% - which is higher than the discount rate of 11.5% indicating that it is financially 

viable 
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collected and used water from the river for domestic and livestock watering purposes. However, it was 

expected that out of convenience they would undoubtedly opt to use the irrigation schemeôs untreated 

water supply to fulfil their domestic needs as well. To avoid any risk of the community drinking this 

untreated water, CRIDF decided to explore the option of providing a potable water supply scheme to 

the beneficiary families as well.  

However, subsequent to the completion of a potable supply assessment, a recent site visit to Sioma 

in November 2015 found that a local NGO (Umbuntu) has drilled two boreholes and installed solar 

powered submersible pumps.  Although these do not provide the quantities of water envisaged in 

CRIDFôs study, they currently provide sufficient potable water to the community around Malombe. 

It is therefore recommended that no further work be done to provide additional potable water at 

Malombe 

Next Steps 

This Report provides an overview of each element of the detailed feasibility study undertaken by 

CRIDF, and will now be presented to the Ministry of Agriculture, Ministry of Energy and Water 

Development, and the World Bank for consideration for funding.  
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1. Introduction 

1.1 Introduction to the CCAP  

In 2013 CRIDF commissioned an initial eligibility screening of the ñAdaptation to the Effects of Climate 

Variability and Change in Agro-ecological Regions I and II in Zambiaò or ñZambia Climate Change 

Adaptation Projectò (CCAP). The intention of this work was to assess the potential for CRIDF support 

to the CCAP.  These projects had formed part of the SADC Regional Infrastructure Development 

Master Plan (RIDMP), but funding shortfalls had meant that the CCAP had been unable to take all the 

of identified interventions through to implementation.   

The overarching strategy for the CCAP suite of projects is rooted in a number of key CRIDF concepts. 

All of these have relevance across all of SADCôs transboundary rivers, so the individual projects (and 

the suite of projects under CCAP) are selected in order to prove (or disprove) CRIDF concepts, 

contributing to evidence that informs a wider set of CRIDF stakeholders. Outputs of CCAP relate to 

the benefits for communities in the face of increasing climate variability. Outcomes for CRIDF and 

their key stakeholders relate to what can be learned, with CRIDFôs help, from the processes that 

generate the outputs. CRIDFôs selection of CCAP interventions should be considered as a suite of 

projects, all of which examine different approaches to improving water use for small-scale agriculture 

shemes in areas of SADC exposed to variable, and at times extreme, climatic conditions.   

The Sioma Project focusses specifically on reducing vulnerability by developing irrigation 

production to replace (increasingly erratic) rain-fed crop production ï a core component of 

CRIDFôs wider stakeholder influencing plan for the Zambia CCAP suite. In the case of Sioma, the 

climate angle relates to the opportunity to develop órules of use and curtailmentô in relation to schemes 

that draw directly from Transboundary Rivers that are essential for hydroelectric production. This 

applies especially in relation to curtailment or reduced use in dry climatic cycles and in years of 

particularly low flow. Though Sioma is a small irrigation scheme, CRIDF plans to use it as a strategic 

entry point to engage with a number of national stakeholders, including regulatory authorities, and to 

open the discussion with large-scale irrigation developers (some of which are trans-SADC or even 

international).  

1.2 Strategic Aims of the Project 

Poverty reduction 

The Project directly contributes to poverty reduction in that it supports Government of the Republic of 

Zambiaôs (GRZ) key development objective to expand agriculture through irrigation development. In 

this way, traditional subsistence farming is gradually upgraded to commercial agriculture, through 

adoption of new technologies and diversification of crops grown. 

The area for the project is Sioma, located in the Zambezi river basin is prone to droughts that are 

attributed to climate change. Thus the development of the irrigation scheme will improve the resilience 
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of the community to droughts.   This scheme will be a pilot in the area, as no other scheme has been 

established in the area. The project is expected to make land use more efficient, reduce production 

risks, and spur agricultural industries, through increased availability of raw materials, as well as 

increased utilisation of agricultural products and support services. It is also proposed to develop a 

mixed cropping enterprise anchored on cereals, legumes, oilseeds and solanum (tomatoes and 

potatoes) crops. 

The following are improvements expected: 

¶ Expansion of area allocated to irrigation production area in the region; 

¶ Reduction of risks in crop production; 

¶ Intensification of land use through irrigation; 

¶ Expansion of alternative cash crops in the area; 

¶ Farmersô direct involvement in the market economy, through production of cash crops; 

¶ Direct injection of capital into the area, through employment creation at implementation and 

during operation, through agricultural support services; 

¶ Mushrooming of agro-based industries as a result of stable crop production, especially of 

horticultural crops. The proportion of land under horticultural crops could be increased as 

such embryonic industries to assimilate agricultural production start to appear in the area, 

reducing the quantity of crop marketed directly to consumer as fresh. 

Trans-boundary relevance 

The Project is located in the Zambezi River Basin which is an international water course shared by 

Zambia, Angola, Namibia, Zimbabwe, Botswana, Malawi, and Mozambique. Water abstraction for the 

irrigation scheme will not be significant enough to have Basin wide implications; however there remain 

other components of the Project that have trans-boundary relevance. 

The first is the relevance of the Project to the Kavango-Zambezi Transfroniter Conservation Area 

(KAZA TFCA) that spans the five member states (Angola, Botswana, Namibia, Zambia and 

Zimbabwe). The Project is a prototype to address human-wildlife conflict affecting livelihoods 

activities, through a holistic strategy of defining wildlife corridors, and implementing wildlife-fencing 

and promoting sustainable livelihoods in alignment with these. 

The Project will therefore provide lessons for other interventions in the TFCA, while also contributing 

to the strengthening of existing institutions in Zambia. Increased knowledge and experience will also 

be achieved in these areas - such as improving security of tenure, unlocking access to credit, and 

strengthening capacity in marketing of crops. 
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Food security  

While malnutrition is not a major issue in the area, required improvements in food security are seen as 

diversification within diets and better knowledge around food variation. As such, the Sioma Mission 

Clinic stressed that their role in the Sioma Irrigation Scheme (SIS) would be to encourage a 

diversification of crops. In addition to maize, the cropping programme proposed in the agronomic 

model includes green maize, sugar/Michigan beans, wheat, soya beans, potatoes, onions and 

tomatoes. Horticultural crops (primarily vegetables) are limited in the cropping programme because of 

their perishable nature, fluctuating prices and marketing challenges; however are still included to a 

small degree primarily for local consumption. As such, the Sioma Irrigation Scheme will contribute 

significantly to variation in the local populationôs diet and improved nutrition. 

Climate resilience  

Past experience highlights the risks associated with dry-land agriculture, particularly in sub-Saharan 

Africa where extreme and variable weather patterns persist and are expected to intensify. The 

experience of the Malombe community specifically, and the inconsistency with which they are able to 

cultivate year on year as a result of water challenges, is testament to this. 

Irrigation is a means to increase the resilience of farmers against such a climate, while also 

mainstreaming their participation in the economy and increasing their productivity and economic 

resilience. Indeed, the overarching objective of Zambia CCAP is to ñdevelop adaptive capacity of 

subsistence farmers and rural communities to withstand climate change in Zambiaò. The cropping 

programme, increased scale of production, focus on commercial viability, and choice of the most 

appropriate irrigation infrastructure all answer the core objective of responding to climate change in 

Zambia and ensuring the resilience of rural communities to its impacts in a way that is appropriate to 

the communitiesô skillsets and location. 

Drawing water directly from the river at a point where there is year round water will also provide a high 

degree of climate resilience.  In other recent irrigation interventions drawing water from the Kariba 

Dam have been problematic as the level of the dam has declined and water has receded from the 

extraction points.   

 

1.3 Background to Sioma 

The Malombe Irrigation Scheme (also known as the Sioma Irrigation Scheme - SIS) is located in the 

Zambezi river basin, near Sioma town in Sioma District (formerly Shangôombo District) in the Western 

Province of Zambia. It is 180 km South of Mongu, the provincial capital and some 6km upstream of 

the Ngonye Falls. Figure 1 shows the project location in relation to other sites in the area. Table 1 

gives the general coordinates of the Sioma Irrigation Scheme. The area is accessed via the M10 road 

from Livingstone, some 300 km away.  
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The scheme, as originally designed under CCAP, involved pumping water from the Zambezi River at 

Sioma, to provide irrigation water for 68.5 hectares of established crop land. The total scheme was 

expected to benefit some 70 households, and provide the opportunity to ensure basic food security as 

well as some commercial agricultural enterprises. 

The original design by CCAP was based on a range of solar pumps on barges on the Zambezi, 

pumping water to 4 holding reservoirs, and gravity feeding to the fields. The proposed CCAP design 

also supported capacity building and the establishment of community structures to manage the 

operation and finances of the scheme. The CCAP and MA floated a tender for the construction of the 

irrigation scheme, but the lowest tender price exceeded the available funds by a considerable margin.  

 

Table 1 Sioma Irrigation Scheme project location 

Key parameter Value 

Approximate Latitude of Site   Northing 16
o 
37ô 04ò S 

Approximate Longitude of Site é.Easting 23
o 
30ô 16òE 

Average mean altitude of site (m.a.s.l) 995 

Air Temperature: Maximum °C 31 

Air Temperature: Minimum °C 18 

Maximum Flood Level (m.a.s.l) 994 

River Bed Level (m.a.s.l) 985 

Low Water Level 988 
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Figure 1 Location of proposed Malombe (Sioma) Irrigation Scheme 

There have been several important changes since the completion of the CCAP initial design of the 

SIS near Sioma, and CRIDF s pre-feasibility study in 2013 indicated considerable potential for 

improvements. The key differences from the original design are that: 

¶ a single pump ï operating off the recently installed electricity grid ï could be installed, 

enabling the construction of a single reservoir and gravity feeding the whole irrigation 

scheme.  

¶ the irrigation demand, scheduling and irrigation type could then be optimized, reducing the 

total cost of pumping, and ultimately a farm-managed system would be most sustainable  -

provided sufficient capacity building was rolled-out alongside the infrastructure 

implementation 

¶ the need to investigate potential markets for agricultural products and opportunities to add 

value by on-site processing should also be investigated 

¶ potential human / wildlife conflict may also have to be addressed through the construction of 

elephant proof fencing for the irrigation scheme. 
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1.4 Aims and outputs of the Feasibility Study 

It was initially envisaged that this Activity would be carried out as a two-phased approach (i.e. 

focussing on the first 25ha initially to avoid potentially significant EIA delays, and thereafter expanding 

to the full 58ha). However, after the first site mission, the team of experts concurred that EIA delays 

were unikley, and the most effective and economical way forward would be to develop a full feasibility 

study for the entire 58ha scheme and prepare an EIA ToR for the full area too.   

The specific deliverables completed as part of this Feasibility Study are detailed below. The following 

Chapters in this report detail the key outputs of these deliverables.  

Key Feasibility Outputs 

Hydrological/water resources review 

Preliminary technical assessment  

Preliminary production, marketing, and cropping assessment 

Preliminary Institutional and management arrangements assessment 

Stakeholder analysis 

Climate vulnerability assessment 

Environmental scoping report 

Stakeholder engagement report  

Draft outline design and O&M plan 

Cost benefit analysis 

Assessment of potential funders and planned procurement options  

Gender, Equality and Social Inclusion analysis 

Potable water supply assessment  

Finalised EIA ToR 

Screen 2b ï excel tool summarising all aspects of Feasibility 

Project Development Monitoring Plan  - excel tool tracking project progress 

Risk register 
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2. Technical Analysis of Irrigation Scheme 

2.1 Hydrological/water resource review  

Climate 

The climate of Zambia is tropical, modified by altitude. In the Koppen climate classification, the 

country is mostly humid subtropical with cool dry winters (May to October/November) and wet 

summers (November to April). The area is generally hot, with variable precipitation and high 

evaporation. The site is located in Zambian agro-ecological Region I, which receives average annual 

rainfall of less than 800mm.  

The climatic summaries used for planning purposes were obtained from the SAPWAT database, 

which is derived from the Food and Agricultural Organisationôs (FAO) CLIMWAT database. There are 

no long term weather data for Sioma, though a weather station has recently been constructed.  

The nearest station is Senanga. Due to difficulties in extracting data from CLIMWAT, average monthly 

data for the three stations available in SAPWAT (Livingstone, Sesheke and Mongu) were used to 

derive reference crop evapotranspiration (ETo) figures, which were then extrapolated for Sioma 

Water Resources 

The scheme would draw water from Zambezi River. Detailed analyses of hydrological records and 

impact of abstractions were undertaken as part of the scheme design. 

Zambiaôs total renewable water resources stand at 163.4 km
3
 per year. Of this, internal renewable 

water resources are estimated at 114.8 km3 per year of run off and 49.6 km
3
 per year from ground 

water. Water withdraws for agriculture is estimated at 1.7 km
3
 per year. Zambia has an irrigation 

potential of 2.75Mha but only 256,000 ha is under irrigation. (MACO/FAO 2004) 

The Zambezi River is the largest trans-boundary river in Southern Africa and flows 2,700 km through 

eight countries before entering the Indian Ocean in Mozambique.  

The Zambezi River basin covers some 1.3 million square kilometres and spreads as: Zambia (40.7%), 

Angola (18.2%), Zimbabwe (18.0%), Mozambique (11.4%), Malawi (7.7%), Botswana (2.8%), 

Tanzania (2.0%) and Namibia (1.2%) 

Zambezi River Authority carry out flow measurements at eight stations on the Zambezi River and 

Figure 3 shows flow hydrograph for the flow measurement taken at Ngonye Rapids (Sioma falls) 

station which is some few kilometres downstream of the project site. The following figure illustrates 

where the site lies in relation to Ngonye Rapids.  
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Figure 2 Irrigation scheme location 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 3 Zambezi River Daily Flow Hydrograph (Source: Zambezi River Authority) 

The period for which the measurement data is displayed is from 2009/10 to 2014/15 and a cycle 

starting from the month of October to September.  The figure shows the base flow of the Zambezi 

River is in the range of 250 - 300 m
3
/s experienced in the months of September to November. The 

peak flow of the River is the months of March to May and was highest in the 2009/10 period at 

4500m
3
/s and lowest in 2011/12 at 3500m

3
/s.   
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From the available data and based on the analysis in the Zambian Irrigation Policy and Strategy 

(MACO/FAO 2004), it evident that the Zambezi River has sufficient water to meet the demand for this 

Project. 

2.2 Engineering Assessment and Options Analysis  

Introduction 

Irrigated agriculture, especially in rural areas of Zambia, has become an essential means of mitigating 

the effects of climate change. Irrigation provides opportunities for improving land productivity, 

generating income, creating employment, and improving food security and poverty reduction. 

The purpose of this section is to present the results of the consultative technical design process of the 

proposed Sioma Irrigation Scheme. The proposed irrigation lay-out, and bills of quantities for the 

design have also been prepared.  

Location of the Proposed Scheme 

The project is located around Latitude 16
o
 37ô 04ò S and Longitude 23

o
 30ô 16ò E at an altitude of 

995m above mean sea level.  It lies near the bank of the Zambezi River in Sioma District about 180km 

south of Senanga. The infrastructure development in Sioma will include construction of an intake from 

the Zambezi River, a conveyance canal, a pumping station, conveyance pipe lines, and installation of 

preferred option for irrigation (drag hose) of 57.8ha.  

Existing Infrastructure 

Currently there is limited infrastructure that could directly be utilised for the Project. Electricity 

connection, pump stations and conveyance pipelines will be required for the project. In addition, 

access roads to the pump station and in the scheme will also be required. Soil conservation works will 

also be required to reclaim eroded and un-rehabilitated borrow areas left from the road construction. 

This following scope works must be covered in the design and costing of the scheme: 

¶ Land or bush clearing as well as land preparation 

¶ River intake channel and sump 

¶ River pump station 

¶ Electricity transformers at head-works 

¶ Mechanical and electrical equipment at the river pump station 

¶ Irrigation mains, sub-mains, and infields  

¶ Scheme access and haulage roads 

¶ Soil Conservation works 

¶ On farm facilities like sheds, operational office and sheds for storing equipment, implements 

and managing the farm. 
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Communication facilities available to the area are the tarred road (M10), and cellular telephone base 

network. 

Crop Water Requirements 

The schemeôs water requirement has been planned for 57.8 hectares under drag hose irrigation. A 

peak ETc of 6.5 mm/day is proposed for SIS for design purposes, based on the Sesheke and 

Livingstone weather data and derivations. The net estimated demand is 10,133 m
3
/ha/annum for the 

scheme. A gross of 13,511 m
3
/ha/annum is required at 75 % efficiency of sprinkler irrigation, 

equivalent to a flow of 1.0 litre/s/ha occurring in September and total scheme demand of 925,504 

m
3
/annum; equivalent to 0.01% of the lowest base flow of the Zambezi. Thus the source, the Zambezi 

River, has sufficient water to meet the demand through direct pumping. 

Topographical Survey 

A Topographical survey for the scheme was carried out in November and December 2014. The 

resulting topographical map is shown in Figure 4. According to the survey, the total area of the 

potential irrigation made available by the community is 80.5-hectares as of December 2014.  The 

feasibility design has however been based on the original land available, as stated by the community, 

of 57.8 ha. 
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Figure 4 Topographical Map of the Proposed Sioma Irrigation Site(Scale 1: 5,000) 

Irrigation Options 

Three possible options of irrigation development were considered. These are as follows: 

(a) Option-1: Rain fed system 

(b) Option-2: Furrow irrigation system  

(c) Option-3: Sprinkler system 

(i) Centre Pivot 

(ii) Combination of Centre Pivot and Drag Hose 

(iii) Drag Hose 

(iv) Quick Move 
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Bulk water Supply Infrastructure 

Head Works 

The head works will be located along the bank of the Zambezi River (intake). From the simple intake, 

water will flow by gravity along a 20-metre long conveyance canal to the pumping station.  

Pump Station 

The pumping station will consists of a pump house, fitted with two pump units, and control panels. 

Each of the two pump units will discharge 180-m
3
/hour, at 70-m TDH, and 47-kW. One pump will be 

operating at a time while the other shall be on stand-by. The flow from each pump unit shall be 

regulated by a non-return valve and a gate valve. The motors will be driven by hydroelectric power 

supplied through an 11-kV power line from Zambia Electricity Supply Corporation (ZESCO) Limited. 

The transformer rating shall be 200-kVA. The pipes on the upstream side of the pump units shall be 

installed in the sump fully protected with a weed screen. The estimated cost of the pumping station is 

USD 366,005.00, broken down as shown in Annex A. This pump station design shall apply to all 

design options. 

 

Option 1 - Rain-fed 

Description 

The rain-fed system does not involve any infrastructure development for the purpose of artificial 

application of water for plant growth. The rain-fed system had been practiced in the area for some 

time. The farmers mainly grew sorghum and supplied Zambia Breweries Limited. 

 

Option 2 ï Furrow Irrigation 

Description 

The proposed scheme lay-out under furrow irrigation is shown below. The layout consists of a Pump 

station, reservoirs, and a network of irrigation and drainage canals, flow control structures, and 

scheme roads. The water is conveyed from the pumping station to reservoirs through 200-mm 

diameter uPVC pipe lines. The detailed Bill of Quantities (BoQ) for Option 2 appears in Annex B. 

Cost Estimates 

The total engineersô estimate for furrow irrigation infrastructure development covering the 57.8-

hectares is USD 999,750.20 broken down as follows: 

¶ Intake works and Pumping station                $  366,005.00 

¶ Conveyance pipelines, and night reservoirs    $  417,928.80 

¶ Irrigation and drainage canals      $  215,816.40 

Á TOTAL                      $ 999,750.20 
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Figure 5 Irrigation and Drainage Layout for Furrow Irrigation Scheme 

  

Option 3 ï Sprinkler Irrigation 

Sub-Option (i): Centre Pivot 

Description of Layout 

The intake and pumping station will be the same as that described under the above sections on bulk 

water supply infrastructure. From the pumping station, the water will be conveyed directly to five 

pivots of different sizes through a 200-mm uPVC pipe line. The five pivots will irrigate a total of 57.8-

hectares out of the 80.5-hectares available land. To protect the pipelines from excessive operating 

pressure, pressure relief valves shall be installed in valve chambers located along the pipelines to 

centre pivots. The irrigation layout is shown below.  
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Figure 6 Proposed Centre Pivot Layout 

 

Table 2  Description of centre pivots 

Pivot Description Length of Tower (m) Command Area (ha) 

CP-A 278 24.3 

CP-B 100 3.1 

CP-C 115 4.2 

CP-D 197 12.2 

CP-E 211 14.0 

Total  57.8 

 

Cost Estimates 

The total engineersô estimate for furrow irrigation infrastructure development covering the 57.8-

hectares is USD 797,317.40 ïshown in Annex C, and broken down as follows: 

¶ Intake works and Pumping station               $ 366,005.00 

¶ Conveyance pipelines       $ 72,342.40 

¶ Irrigation and drainage Infrastructure     $358,970.00 

o TOTAL                  $797,317.40 
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Sub Option (ii): Centre Pivot and Drag Hose 

Description of Layout 

The intake and pumping station will be the same as that described under above sections on bulk 

water supply infrastructure. From the pumping station, the water is conveyed directly to three pivots 

and 2 sets of drag lines installed to replace the two small pivots, CP-B, and CP-C in all pivot layout 

described above. Each of the drag lines is fitted with a sprinkler at the end. To protect the pipelines 

from excessive operating pressure, pressure relief valves shall be installed in valve chambers located 

along the pipelines to centre pivots. The irrigation layout for pivots in combination with drag hose is 

shown below 8. 

 

Figure 7 Layout of Sprinkler Irrigation Scheme -Centre Pivots with Drag Hose 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost Estimates 

The total engineersô estimate for infrastructure development for centre pivots in combination with drag 

hose, covering the 57.8-hectares is USD 716,322.40, as shown in Annex D, and broken down as 

follows: 

¶ Intake works and Pumping station     $ 366,005.00 

¶ Conveyance pipelines        $ 72,342.40 

¶ Centre Pivots        $ 250,000.00  
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¶ Drag Hose infrastructure       $ 27,975.00 

o TOTAL         $ 716,322.40 

 

Sub Option (iii): Drag Hose 

Description of Layout 

The intake and pumping station will be the same as that described under above sections on bulk 

water supply infrastructure. From the pumping station, the water is conveyed through a 200-mm 

uPVC pipe line directly to drag lines located in the irrigation area, as shown in Figure 8 (note the 

layout on this figure applies to both the Drag Hose option, as well as the Quick Move Sprinkler 

System). 

Cost Estimates 

The total engineersô cost estimate for Drag Hose irrigation infrastructure development covering the 

57.8-hectares is USD 491,921.80, shown in Annex E and broken down as follows: 

¶ Intake works and Pumping station     $ 366,005.00 

¶ Conveyance pipelines (mains and sub-mains)    $ 64,416.80 

¶ Drag Hose infrastructure      $ 61,500.00 

                    TOTAL       $ 491,921.80 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Lay-Out of Sprinkler Irrigation Scheme -Drag Hose 
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Sub Option (IV): Quick Move Sprinkler Irrigation System 

Description of Layout 

The bulk water supply and irrigation infrastructure lay out is similar to that in Sub-Option (i), and (ii) 

above. The pumping station is fitted with two pump units, and a control panel. From the pumping 

station, the water is conveyed directly to pivots through a 200-mm uPVC pipe line. However, the 

centre pivots are replaced with quick move sprinkler systems. To protect the pipelines from excessive 

operating pressure, pressure relief valves shall be installed in valve chambers located along the 

pipelines to centre pivots. The layout is as shown in Figure 8 (note the layout on this figure applies to 

both the Drag Hose option, as well as the Quick Move Sprinkler System). 

Cost Estimates 

The total engineersô estimate for infrastructure development for a quick move irrigation system 

covering the 57.8-hectares is USD 821,971.80 as shown in Annex F and broken down as follows: 

¶ Intake works and Pumping station     $ 366,005.00 

¶ Conveyance pipelines (mains and sub-mains)      $ 62,916.80 

¶  Quick move infrastructure      $ 393,050.00 

                    TOTAL              $ 821,971.80 

4.2.7 Consolidated Summary of Cost Estimates of all Irrigation Options 

 

 

 

No 

 

 

Cost Item 

Irrigation Option 

 

Option 2: 

Furrow 

Option 3: Sprinkler 

Sub-Option-I:  

Centre Pivot 

Sub-

Option II: 

Centre 

Pivot/ 

Drag Hose 

Sub-

Option III: 

Drag Hose 

Sub-Option 

IV: Quick 

Move 

1 Intake works and 

Pumping station 

366,005.00 366,005.00 
366,005.00 366,005.00 366,005.00 

2 Conveyance 

pipelines, and night 

reservoirs 

417,928.80 72,342.40 72,342.40 64,416.80 62,916.80 

3 Irrigation and 

drainage 

Infrastructure 

215,816.40 358,970.00 277,975.00 61,500.00 393,050.00 

TOTAL  999,750.20 797,317.40 716,322.40 491,921.80 821,971.80 
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4.2.8 Analysis of the Irrigation Options 

Eight parameters were used as basis for evaluation of the three irrigation options. These are: 

(a) Resilience to effects of climate change 

(b) Water management 

(c) Suitability to local soil conditions 

(d) Investment Cost 

(e) Community Engagement 

(f) Operation and maintenance 

i. Farmer Managed 

ii. Lifespan 

iii. O&M  

iv. Need for outside management 

(g) Marketing and Institutional Support 

 

The parameters were stratified by means of weights ranging from 1 to 10, where 1 signifies the Least 

Important / worst, and 10 the Most Important / best. The Irrigation method scoring the highest would 

be the best option.
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Table 3  Evaluation of Irrigation Options  

 

Evaluation Parameter 

Max 
Weight 

Irrigation Option 

Score 

Option-1: 

Rain Fed  

Option-2: 

Furrow 
Irrigation  

Option-3: Sprinkler Irrigation System 

(i) Centre 
Pivot 

(ii) Centre 
Pivot and 
Drag Hose 

(iii) Drag 
hose 

(iv) Quick 
Move 

Resilience to effects of climate change 10 1 4 8 8 8 8 

Water demand management 10 2 4 9 9 8 8 

Suitability to local soil Conditions 10 2 5 9 9 8 8 

Investment Cost 10 8 4 5 6 8 6 

Community engagement 10 8 7 4 5 7 7 

Operation and maintenance        

(a)  Farmer managed scheme 10 7 5 3 4 6 6 

(b) Lifespan 10 7 7 7 5 5 6 

(c) O&M  10 5 6 4 5 7 7 

(d) Need for outside management 10 8 6 3 3 7 7 

Marketing and institutional support 10 6 6 3 4 6 6 

Total 100 33 30 20 21 31 32 
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All scores indicate positive and negative impacts i.e. for without marketing and institutional support there is limited impact on traditional systems but for centre 

pivots there is a major impact. 
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2.3 Preferred Option Design  

Option-1: Rain Fed  

Resilience to effects of climate change: (1) this option offers no resilience to climate change. 

Water demand management: (2) as this is purely rain fed there is no control over water supply 

Suitability to local soil Conditions: (2) Soils are sandy with little water holding capacity, so drought stress 

likely in year when rain fall is sporadic   

Investment Cost:  (8) Traditional method with no investment cost except to expand their area. 

Community engagement: (8) The community manage their fields independently. 

Operation and maintenance 

(a) Farmer managed scheme: (7) No O&M costs 

(b) Lifespan: (7) No life span, but production declining as rain fall declines 

(c) O&M: (5) No need 

(d) Need for outside management:  (8) No need for management but if rain fed agriculture were to 

 develop they would require some support 

Marketing and institutional support: (6) no marketing as production is primarily for household consumption.  

Some institutional support for provision of inputs and advice. 

Option-2: Furrow Irrigation   

Resilience to effects of climate change: (4) the amount of water for furrow irrigation is greater than for 

sprinkler systems especially on sandy soils. Although drawing water from the Zambezi should not be a 

limiter, pressure to reduce water utilisation could affect access to water 

Water demand management: (4) this would be harder to regulate than sprinkler systems 

Suitability to local soil Conditions: (5) the sandy soil conditions means that water usage would be high. 

Investment Cost: (4) These are the highest at just under $1 million 

Community engagement: (7) the community would have to be engaged in the management of the scheme 

as this is a labour intensive approach 

Operation and maintenance 

(a) Farmer managed scheme: (5) much of the management could be done by the farmers, but the 

 central pumping may require additional support 

(b) Lifespan: (7) this method is considered reasonably robust 
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(c) O&M: (6) many of the activities can be undertaken by farmers 

(d) Need for outside management: (6) many of the activities can be undertaken by farmers 

Marketing and institutional support: (6) a range of crops could be grown depending on the local market 

demand and what can be marketed outside the area. The famers would need some institutional support for 

seeds and advice. 

Option-3 (I): Sprinkler Irrigation System Centre Pivot   

Resilience to effects of climate change: (8) this approach utilises the water efficiently and would provide 

good climate resilience to the farmers. 

Water demand management: (9) Farmers would need to be organised as there is limited flexibility to adjust 

water application. 

Suitability to local soil Conditions: (9) Water would require to be applied on a regular basis due to the sandy 

soils 

Investment Cost: (5) The investment costs are high and it is likely only a limited number of land owners 

would benefit. Additional costs would need to be covered for mechanisation. 

Community engagement: (4) Community engagement would be limited as it would only benefit a few land 

owners. 

Operation and maintenance 

(a)  Farmer managed scheme: (3) this is unlikely to offer the potential to be a farmer managed scheme 

(b) Lifespan: (7) the lifespan can be good if managed by a competent manager, however without one 

 its life span would be very limited. 

(c) O&M: (4) for this system to work then there needs to be outside support to manage the system.   

(d) Need for outside management: (3) the sourcing of a manager may be difficult due to the remote 

 location. 

Marketing and institutional support: (3) crops will need to grown in larger blocks then marketing becomes 

more critical. 
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Option-3(II): Centre Pivot and Drag Hose  

Resilience to effects of climate change: (8) this approach utilises the water efficiently and would provide 

good climate resilience to the farmers. 

Water demand management: (9) Water demand management for the main centre pivots would need to be 

centrally coordinated, with the small areas being controlled by the small holders. 

Suitability to local soil Conditions: (9) Water would require to be applied on a regular basis due to the sandy 

soils 

Investment Cost: (6) The investment costs are high and it is likely only a limited number of land owners 

would benefit. Additional costs would need to be covered for mechanisation. 

Community engagement: (5) Community engagement would be limited as it would only benefit a few land 

owners. A few additional community members may be involved in the drag hose areas. 

Operation and maintenance:  

(a)  Farmer managed scheme: (4) this is unlikely to offer the potential to be a farmer managed scheme 

(b) Lifespan: (5) the lifespan can be good if managed by a competent manager, however without one 

 its life span would be very limited. The drag hoses may need frequent repairs, but this can be 

 accomplished by trained farmers. 

(c) O&M: (5) for this system to work then there needs to be outside support to manage the system.   

(d) Need for outside management: (3) the sourcing of a manager may be difficult due to the remote 

 location and the small size of the irrigated area. 

Marketing and institutional support: (4) as crops will need to grown in larger blocks then marketing becomes 

more critical.  Support will have to be given to farmers to help identify markets.  Limited options for 

subsistence cropping 

Option-3(III): Drag hose   

Resilience to effects of climate change: (8) this approach utilises the water efficiently and would provide 

good climate resilience to the farmers. 

Water demand management: (8) Water would require to be applied on a regular basis due to the sandy 

soils, but can be managed by each plot holder depending on the crop requirements 

Suitability to local soil Conditions: (8) Water would require to be applied on a regular basis due to the sandy 

soils 

Investment Cost: (8) The initial investment costs are lower, but O&M costs are higher.  As plots will be small 

most famers can cultivate by hand or with animal traction. 
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Community engagement: (7) the option would have the highest community engagement as plot sizes would 

have to be small. 

Operation and maintenance 

(a)  Farmer managed scheme: (6) this would be managed by the farmers who determine their own 

 cropping preferences. 

(b) Lifespan: (5) although replacing hoses and couplings may be more frequent, famers are capable of 

 doing this with a small amount of training. 

(c) O&M: (7) this is not as necessary as with centre pivots 

(d) Need for outside management: (7) this is not as necessary as with centre pivots 

Marketing and institutional support: (6) a range of crops could be grown depending on the local market 

demand and what can be marketed outside the area. The famers would need some institutional support for 

seeds and advice. 

Option-3 (IV): Quick Move  

Resilience to effects of climate change: (8) this approach utilises the water efficiently and would provide 

good climate resilience to the farmers. 

Water demand management: (8) Water would require to be applied on a regular basis due to the sandy 

soils, but can be managed by each plot holder depending on the crop requirements 

Suitability to local soil Conditions: (8) Water would require to be applied on a regular basis due to the sandy 

soils 

Investment Cost: (6) These are higher than for drag hoses, but are easier to move and adjust. They are only 

marginally higher than centre pivots 

Community engagement: (7) more community members will benefit from small plot sizes. 

Operation and maintenance 

(a) Farmer managed scheme: (6) this option is suitable for management by farmers 

(b) Lifespan: (6) the life span is better than for drag hoses  

(c) O&M: (7) this is not as necessary as with centre pivots 

(d) Need for outside management: (7) this is not as necessary as with centre pivots 

Marketing and institutional support: (6) a range of crops could be grown depending on the local market 

demand and what can be marketed outside the area. The famers would need some institutional support for 

seeds and advice. 
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Recommended Design Option 

A review of the irrigation options was undertaken to assess the system that is most appropriate for the 

community in Sioma, which is a remote location in Western Province of Zambia. The options considered 

were centre pivots for the entire area, centre pivots and drag hose irrigation for the small areas, drag hoses, 

a quick shift system and flood irrigation. Consideration was taken including how appropriate the irrigation 

systems were to be resilient to climate change, water usage, soil conditions, infrastructure costs, community 

engagement and marketing and institutional support.  How the farmers would be able to manage the 

schemes, the lifespan of the scheme were also considered. Taking these all into consideration it is 

recommended that a drag hose system should be the preferred option.  This will offer a system that can be 

managed by the local farmers, will enable a range of different crops for home consumption and for 

marketing to be grown and will provide livelihoods to the largest numbers of beneficiaries.  Centre Pivots 

were considered inappropriate as they would require support from a farm manager who would have to be 

recruited, would only benefit a limited number of individuals and would exacerbate marketing problems as 

large quantities of a limited number of crops would be grown that would require specific marketing 

arrangements. These proposals were put to the community in early November 2015 and were endorsed by 

the community at a separate meeting where the community were free to discuss the proposals put to them 

without interference of the design team. 

2.4 Operation and Maintenance Plan  

As discussed above, it is recommended that a drag hose irrigation system be installed, as this would be the 

easiest for the farmers in terms of Operation and Maintenance. However even this system will require the 

farmers to form a committee to ensure that funds are collected to cover the recurring O&M costs.  

The committee will have to manage the operation of the pumps, including collecting funds to cover the 

electricity costs.  This role should be given to a member, with some small remuneration.  Failure to collect 

funds from all of the members will lead to the Project quickly collapsing so there must be strong commitment 

from all of those that have sought plots, with options of replacing those that do not comply with the rules and 

regulations. An option to control debt is the use of prepaid meters, which are topped up on a daily basis by 

those that will be receiving their water allocation for the day. 

A period of support will be required to establish these systems and ensure that the members fully 

understand them. Some working capital should also be made available at the start to cover the initial costs 

until harvesting and sale of some crops have been achieved. 

Fuller consideration needs to be given to the support that will be required to be given to the farmers so that 

they can establish themselves into a functioning unit. 

The Government, through various ministries, will continue to provide vital services in areas of agricultural 

extension, health, education, environment, recreation, gender, and water resources management. 
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2.5 Identification of Permits Required  

The permits required for the Projects are as follows: 

(i) The Environmental Impact Assessment (EIA) authorisation. The EIA process as outlined in the EIA 

Regulations, S.I. No.28 of 1997. According to the EIA regulations, since the proposed project Irrigation 

project covers an area of 50 Ha or more, a full EIA is required. The application is done at the Zambia 

Environmental Management agency.  

 

(ii) Water Permit: Water use is regulated by the Water Resources Management Act No.21 of 2011.  

Under the act a permit is required for abstraction of water for various water uses that includes irrigation. 

Application for the water permit is done at the Water Resources Management Authority. 

 

2.6 Production Systems and Cropping Schedule Analysis and 

Recommendations  

Land and Soils 

The area covered by the proposed project (see Figure 4) is fairly uniform and even. The area lends itself to 

trickle or overhead application of water on most areas. All the land for irrigation lies upstream of the selected 

lifting and abstraction point, meaning that mechanical lift is required for water application. 

The topography is generally even and with average slope about 1%. The need for adequate soil 

conservation measures to be put in place is therefore critical, although the land will have a good natural soil 

cover due to the crop. 

Soils 

The dominant suitable irrigable soils in the project and their physical properties are summarised in Table 4. 

There is minor soil variability across the proposed irrigation scheme. The soils are in the main Kalahari 

sands, with pockets of loams. This is to be confirmed by a soil survey. 

Table 4  Soil types for Sioma 

Soil 

type 

Soil 

depth 

Available 

soil 

moisture 

Readily 

available 

moisture 

Effective 

root 

depth 

Total 

available 

moisture 

Theoretical 

cycle 

Suggested 

cycle 

Suggested 

stand time 

Units cm Mm/m Mm/m mm mm days days Hours 

Factor   50%   6.5   
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Sand >100 80 50 600 24 3.7 4 6 

Loamy 

sand 

>100 80 50 600 24 3.7 4 6 

Sandy 

loam 

>100 <100 65 600 39 6 5 10 

Land Conservation 

The SIS lies in an area where land slope is around one percent. The area has sandy soils, which are prone 

to erosion. Cultivated land will thus have a high risk of erosion therefore it is important that particular 

attention be given to soil protection measures. The soil conservation measures serve three purposes, 

namely to: 

i. Conserve the soil; 

ii. Promote water infiltration into the soil; and 

iii. Regulate run-off resulting from rainfall/irrigation. 

A number of ways used singly or in combination will help achieve the above, as in the following: 

i. planting crops along the contour; 

ii. constructing contours at appropriate intervals, as facilitated by the scheme design 

These practices are proven technology that has been used elsewhere with success. Broad based contours 

on land with less than 5% slope are recommended. A 2-metre wide channel, 0.3 metres deep will suffice. No 

trees should be planted in the channel to allow for safe disposal of runoff. 

Individual pieces of land shall be treated on their own merits. The vertical interval between contours will 

depend on such factors as slope, soil type, and probability distribution of rainfall intensity. In all cases the 

services of a conservation expert must be sought for design of appropriate works. Required conservation 

works should be indicated on a layout drawing of the scheme as part of the design. 

Agricultural Development Plan 

A wide range of crops are currently grown around the Sioma area. This is consistent with the diverse climatic 

conditions that prevail in the low altitude area, as well as the subsistence nature of agricultural practice. Due 

to scarcity and variability of rainfall, farmers fail to produce a viable yield under dry-land farming conditions in 

most years. 

Cropping 

At present most of the crops are grown under rain-fed conditions, with some small irrigated gardens for 

vegetables on the Zambezi River banks. Crops that are grown in the project area include, bananas, maize, 

sugar beans, sorghum, millet, groundnuts, paw paws and various leaf vegetables / fresh crops like 
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cabbages and tomatoes in gardens near the Zambezi River. Figure 9 is an example of a small banana 

garden at the Sioma Village at the District Commissioners (DCs) offices.  

Figure 9 Banana and Paw paws in garden at District Commissioners offices  

Since the project concept for the area was conceived on the premise of crops that are best suited to 

irrigation, farmers were consulted on the types of crops they wanted to grow. Table 5 indicates crop 

preferences by crop family. 

Table 5  Preferred crops by crop family 

Crop family Preferred crops for irrigation Cultivation Scenario 

Cereals/ grasses Maize, Wheat, Barley Rotation crop in summer and winter 

Legumes 
Beans, groundnuts, peas, 

soybeans. 
Legumes for rotation and fertility build up 

Solanum Potatoes, tomatoes, okra, egg 

plant 

Potato is a possible main anchor crop if a 

good market can be established. 

Staggered planting of 2 ha every month to 

even out supplies and avoid market 

saturation 












































































































































































































































