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4 Executive summary and field investigation 

Agriculture is among the primary development sectors of the Rwandan economy contributing around 

30% of the countryôs GDP. The 2019 Irrigation Master Plan identified close to 600,000Ha of potential 

irrigation areas. The Rwandan Northern Province is generally prone to floods during rainy season and 

shortage of water during dry season and this phenomenon has been intensified due to climate change.  

Rwanda experiences high year-to-year differences in rainfall and is affected by El Niño - Southern 

Oscillation (ENSO) events (El Niño and La Niña). Consequently, the country experiences periodic 

floods and droughts.  

 

The combination of rain dependent small-scale agriculture, high rainfall levels and steep hillsides leads 

to very high soil erosion rates. Hence, while subsistence farmers are most adversely affected, climate 

variability affects all agriculture sectors and lowers the annual production rate, value addition and 

exports.  

 

Future climate change could exacerbate the impact of climate variability in Rwanda and leads to new 

risks (though also some potential benefits). Rwandaôs climate is already warming with observational 

data showing that the average temperature has increased over recent decades to higher levels than the 

global average. Climate change models projects an increase in temperature of 1°C to 2.5°C by the 

middle of the century. There are projected increases in the number of hot days and increasing heavy 

precipitation. The projected changes in rainfall (annual and seasonal, as well as droughts) are less 

certain, though current levels of variability will continue. These changes could have potentially large 

impacts on agriculture in Rwanda from the combination of rising temperatures and changing rainfall, 

shifting agro-climatic zones, increased variability and shocks as well as indirect effects from fostering 

the development of pest and other diseases. Increasing the resilience of Rwandaôs productive system is 

a key determinant for sustainable production, productivity increases and greater food and nutrition 

security. (PSTA IV Pg: 21-22) 

Therefore, the Government of Rwanda through FONERWA aims to prepare a Feasibility Study and 

Detailed Design in order to develop the MULINDI  Marshland in GICUMBI District with the following 

objective: 

4.1 Main objective 

The Feasibility and final Detailed Design Study proposes to alleviate flooding and to improve the 

availability of water by controlling water flows in the marshland and mitigating flooding caused by 
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overbank flows of the river or feedback from the Ugandan portion of the marshland during the rainy 

season and will provide a supply of water to tea fields during the dry season.  

To achieve the main objective of flood control and to improve water availability in the MULINDI  

Marshland, the specific objectives were fixed as below: 

× To maintain average hydrological flows for downstream users of MULINDI  River stream; 

specifically with flood regulating structure that will release the average flows to maintain a 

specific water level downstream that can sustain the existing aquatic ecological life in the river 

stream and water demand for different users. 

× To ensure a proper drainage network allowing the minimum roots depth to groundwater level to 

maintain maximum air circulation in root zone and optimum assimilation of nutrients.  

These objectives if not well designed and achieved have the potential to destabilize the receiving 

downstream users and temporary destabilize the ecosystem dependent on the current river flow. During 

dry season, water will be drawn from the stream thereby reducing flow quantities, changing flood flows 

and affecting biodiversity downstream.  

 

FONERWA has tasked HYCOGEC to carry out the said assignment and contract was signed on the 

10th June 2020. The Commencement of Services was set on the 11th June 2020; (FONERWA letter 

Ref. No.), therefore, the End of Services was set on the 10th October 2020 (Total duration of 4 months 

for the Consultancyôs Services). 

To achieve the tasked assignment; HYCOGEC CONSULTANT LTD carried out Topographical, Soil 

Hydrological, Socio-Economic survey, Water Demand survey, Financial Analysis and Environmental 

Impact Assessment. 

The results of these analysis are that the marshland users need it to be drained during rainy season and 

to be used for irrigation during dry season; hydrological, irrigation and flood control analysis have 

revealed that the drainage 142.9m3/sec peak flood at return period of 5 years will be drained with a cost 

estimation in three different options: 

× Option 1 A: 7,088,163,207Frw where no canal lined. 

×  Option 1 B: 31,497,169,942Frw with lined periphery canal and main drain. 

×  Option 2: 63,424,806,614Frw where main drain and periphery canal are not lined while flood 

control reservoirs are constructed in the catchment area. 
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Considering the cost options, option 1 A is cheap with good maintenance of hydraulic structures, it can 

control flood and provide water for irrigation during dry period; the flow measurement has shown that 

the minimum available water is 0.9125m3/sec while the peak demand is 2.83m3/sec; therefore 

recommended for final detail design. 

The financial analysis was done on this option considering two options: option 1 is to maintain the tea 

in the marshland while option two is to rotate the tea in the marshland with Irish potatoes, maize and 

vegetables while the tea is shifted to the hillside, the analysis has shown the following: 

1.  Tea crop is not profitable since at 19th year all calculated economic indicators (NPV, ROI and 

BCR) are not in allowable ranges. 

2. The rotation with maize, Irish potatoes and vegetable crops is more profitable since at 4th year 

of the project, NPV is positive and ROI is higher than 13% recommended by MINECOFIN. 

Furthermore, from 6th year profitability index is 1 which indicates that the project is capital 

rationing.  

This is in conformity with soil suitability analysis that revealed that the tea is not suitable in the 

marshland mainly due to the demand of root depth and recommend to be replaced with seasonal crops 

like maize, Irish potatoes and vegetables while the tea can be grown on hillsides where the required 

root depth is fulfilled. 

Therefore,  

1. We recommend the Client to adopt the tea rotation with three crops (maize, Irish potatoes and 

vegetables) with more short term profits. 

2. But the farmersô preference is the tea crop since it is has been cultivated in the marshland from 

long time ago. 

The Environmental Impact Assessment has shown that the project does not have any negative impact 

and recommend its implementation according to environmental regulations. 
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5 SECTION OF TOPOGRAPHICAL SURVEY  

5.1 LOCATION OF THE MARSHLAND 

MULINDI  Marshland is located in the Northern Province, Gicumbi District, Kaniga and Cyumba Sectors, 

Bugomba-Nyarwambu-Rwankonjo and Mulindi Cells as it is shown on the map below: 

. 

The topographical survey was carried out to produce the marshland topographical map that was used to locate 

control structures such as runoff, drainage, and irrigation flow. 
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5.2 Methodology 

The topographical survey was conducted by using a Total Station after establishing the control points 

(benchmarks) with a Differential GPS (DGPS) so as to collect as much as possible survey data from the 

MULINDI  Marshland and surrounding areas above 50m on the mountain from the targeted Marshland.  

In brief, the procedures adopted are as follows: 

(i) Establishing DGPS stations in order to ensure the global coȤordinate system, the survey area 

was framed through DGPS survey. 

(ii)  Establishing Bench Marks in order to ensure locational and directional as well as vertical 

controls along the Marshland, design and development project in general depending upon 

visibility between two pillars. These bench mark pillars were connected to the GPS pillars. 

The coordinates of the benchmarks were calculated based on the national mapping system. The 

altitude of each benchmark was also defined by double leveling with equal spans using an 

optical level. 

(iii)  After establishing all control points, the data collection work started in good and well 

conditions.  

 

5.2.1 Accuracy 

The coordinates of the benchmarks were recorded through a DGPS with an accuracy of ±2m. The 

accuracy of the surveying equipment used is: 

- Total Station LEICA: the accuracy is of ±2cm 

- Differential GPS(DGPS) LEICA VIVA: the accuracy is of ±1cm 

 

5.2.2 Deliverables 

After the site data collection, COVADIS and AutoCAD softwares were used to produce the 

topographic maps that contain all collected data on ground. The main features presented on 

produced topographical map are: 

V  Ground level of the Marshland 

V Existing drainage system 

V Houses and other features 

V Delimitation of the Marshland 

V Land use 

 

Together with results of hydrological survey, the map was used to improve the existing drainage 

system, design irrigation and runoff control systems. 
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6 SECTION 2: SOIL SURVEY 

6.1 INTRODUCTION 

6.1.1 Importance of Agriculture in Rwanda 

The agriculture sector is the second biggest contributor to Rwandaôs GDP after services at 33 % but 

with the highest employment rate and is seen as a key growth-engine for the economic development 

and poverty reduction (NISR, 2013). More than 85% of Rwandan population is living in rural areas and 

about 73.2 % are involved in agriculture sector (MINECOFIN, 2013). 

The biggest challenge that Rwandaôs agriculture sector has faced is the scarce availability of land to the 

farming populations. Rwanda has a population of around 12 million with a geographical area of 

approximately 26,338 Km2 with approximately 62 % of cultivable lands.  

In Rwanda, agriculture has yet to become a viable livelihood strategy for farming households. 

However, the production per unit area is still too low. For example maize production was estimated at 2 

tons per Ha whereas, it is possible to double it from a similar piece of land primarily by practicing best 

agricultural farming techniques and to get more income by responding to better market dynamics. 

Agriculture as practiced by a majority of farmers in Rwanda is chiefly rain-fed with minimal irrigation. 

Thus, peak production occurs during and slightly after the rainy seasons and conversely, production 

declines during the long dry spell periods.  

At national level, there is a need to increase the overall Rwanda agricultural productivity. In tandem 

with increased productivity, it is needed to make farming occupation a lucrative enterprise for the 

mostly Rwanda rural population who is involved in this main pillar of Rwandan economy. 

Increasing production to achieve food security and rural incomes will depend on increased productivity 

per unit area of cultivable land.  One way of achieving this is through irrigation.  According to FAO, 

the intensification of irrigation (with the slogan ómore crop per dropô) is one of the most important 

tools that Sub-Saharan countries should give priority to.  The core objective of the Governmentôs 

Poverty Reduction Strategic Paper (PRSP) is to improve the peopleôs living conditions, reducing 

poverty to 25% by 2015, reducing the percentage of the population living below the poverty threshold 

and increase per capita income from US$ 230 in 2014 to US$ 1000 by 2015. The PRSP does recognize 

the importance of modern irrigation technology as one of the strategies for the advancement of 

agriculture in Rwanda.  

Given that the success of any irrigation project depends, among other factors, on existing soil 

conditions, it is therefore important to assess the suitability of the soils for irrigation. An evaluation of 

the soilsô suitability for irrigation in MULINDI  Marshland was therefore carried out during the period 
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June to October, 2020. The study was undertaken in order to come out with a soil report, their physical 

and chemical characteristics and their suitability for irrigation.   

6.1.2 Scope of Work 

 

The scope of this work involves: 

¶ Review of available and relevant data as well as information on past and ongoing studies related to 

the assignment 

¶ Carry out the soil investigation studies for the entire marshland in order to determine 

their suitability for irrigation. 

¶ Classify the soils according to the FAO-UNESCO and USDA Soil taxonomy soil classification 

systems. 

¶ Undertake physicochemical characterization of the soils using laboratory analysis and in situ 

testing. 

¶ Carry out interpretation of the soils of MULINDI  Marshland following the methodology for 

land evaluation based on FAO framework for land evaluation. 

¶ Identification of soil related problems and provide appropriate recommendations relevant 

to the specific utilization of the different soil types. 

6.2 Methodology 

6.2.1 Soilsô investigations and field data collection 

Using the existing soils and other relevant information such as geologic (map by Theunissen K, Hanon 

M and Fernandez M, 1991. Carte Geologique du Rwanda, OGMR), geormophologic (Rwanda 

Irrigation Master Plan, 2010 by MINAGRI) and previous soil survey reports (such as the Rwanda 

Irrigation Master Plan, 2010; and report on óLand evaluation for agricultural production in the tropics. 

A large-scale land suitability classification for Rwanda by A. Verdoot and E van Ranst, 2003). Auger-

hole observations were done to a 60 cm depth. The soils were examined for depth, colour, texture, 

consistence, internal drainage, salinity, structure, concretions, the presence of gravels, mottles, cutans, 

pores and root distribution. All the observations were systematically geo-referenced culminating in the 

delineation and confirmation of the different soil mapping units. The soil colour was determined using 

the óMunsell Soil Colour Chartsô (Munsell Color Co., 1971). Colour descriptions were for moist 
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conditions only. The GPS locations for the sampled points and their respective laboratory data on 

parameters analysed are outlined in section 2.6. 

 

Composite topsoil samples (0 ï 30 cm) were taken at various locations and chosen based on the soil 

fertility gradient and the available soil database (FAO soil classification) of soil orders according to the 

respective soil mapping units for soil fertility appraisal. Samples have been collected and taken to the 

Rwanda Agriculture Board (RAB)ôs laboratory for further analysis. The soils were analysed for texture, 

organic carbon (%OC), total nitrogen (%TN), pH, electrical conductivity (EC), phosphorus (P), 

potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), cation exchange capacity (CEC) and 

exchangeable aluminium toxicity (Al3+ + H+)) (see section 2.2 below on laboratory methods of soilsô 

analysis). In addition, Infiltration rate was determined using a double ring infiltrometer where a static 

infiltration rate was found. The inner and the outside rings were driven into pre-wetted soil to 

approximately 5 cm depth. The two rings were filled with water to a depth of 20 cm and the time and 

height of the water in the inner ring was recorded using the floating scale. The core rings were used for 

the determination of infiltration rate.  
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Figure 1: Locations of sampling points from dominant soil orders 

 

Soil samples were taken within the assignment scope area (around 400 ha) to analyze soil nutrient 

status and productivity vis as vis potential crops to be grown. 

6.2.2 Soil characteristics of MULIND I M arshland 

 

Based on the above soil map, MULINDI  Marshland is having four soil orders with the dominance of 

Histosols.   
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6.2.2.1 Histosols 

Histosols have very low bulk density and are poorly drained because the organic matter holds water 

very well. Most are acidic and many are very deficient in major plant nutrients which are washed away 

in the moist soil. This agrees with status of MULINDI  Marshland with more organic content, low 

nutrient content and high acidity.  

6.2.2.2 Management of Histosols 

These soils dominated by organic soil materials with some peat bogs (e.g. basin peat, raised bog) need 

specific management requirements. 

It is recommended to drain; apply lime and fertilizers to permit cultivation of `normal' crops. 

The drainage system will have to be adjusted after some operation time because peat properties change. 

The soilôs hydraulic conductivity might decrease in the course of drainage following the collapse of 

large pores, the formation of an illuvial horizon, or the effects of tillage. On the other hand, the soil may 

actually become more permeable after some time because of decaying wood providing passage for the 

escape of water or because of increasing biological activity (roots, animals) or the formation of cracks. 

In practice, draining peat lands is a matter of experience and standard formulas that are applicable to 

mineral soils are of little value.  

6.2.3 Soil sampling 

In order to complete and confirm desk analysis and visual field observations, soil samples were 

collected.  

Using soil auger, three samples were taken at each selected point and then mixed to make composite 

samples.  

Each sample was put in a sample bag, clearly indicating the place name, date, soil pit number, depth 

and name of the observer.  

For mechanical analysis, undisturbed samples were taken using special sampling cylinders and used to 

determine the water holding capacity.  

6.2.4 Laboratory Methods 

The laboratory methods that were used for analysing the soils using the standard methods outlined by 

Okalebo et al. (2002) (Okalebo, J. R., Gathua K.W. and Woomer, P. L. (2002). Laboratory methods of 

soil and plant analysis: A working Manual. 2nd Edn. TSB-CIAT and Sacred Africa, Nairobi, Kenya. 

128 pp).  
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Sample preparation was done by breaking up of soil aggregates. This was achieved by carefully 

pounding the aggregates with a pestle and a mortar and sieving through a 2 mm sieve. 

Particle size distribution was done by shaking the sample overnight with sodium hexametaphosphate.  

Measurement for silt (0.002 ï 0.05 mm) and clay fractions (0 ï 0.002 mm) with a hydrometer after 40 

secs and 2 hours respectively; silt fraction obtained by difference; sand is the difference between the 

two. Soil pH and EC were determined in a 1:2 ½ soil ï water suspension and Soil Organic, C% by 

Walkley ï Black method. 

The Cation Exchange Capacity (CEC) was determined by leaching of the soil with 1N sodium Acetate 

at pH 8.2, washing with ethyl alcohol and N ï ammonium acetate at pH 7.0, Na is determined in the 

last leachate by flame photometer. After further washing with ethyl alcohol and leaching with acidified 

NaCl, NH4 is determined by steam distillation and titration. 

The exchangeable cations: Leaching of the soil with N ï ammonium acetate of pH 7.0 while the 

determination of Na and K was done using flame photometer, Ca and Mg by atomic absorption 

spectrophotometer (AAS).  

The available nutrients were determined using Melich method for P analysis, Kjeldal method for N 

analysis, Mn measured calorimetrically using phosphoric acid ï potassium periodate for colour 

development. 

6.2.5 Land Evaluation Procedure 

Chemical and Physical Results were used to assess the marshland suitability classes. Based on FAO 

(1986)ôs land suitability standards, there are three suitability classes: high suitability (S1), moderate 

suitability (S2), and low suitability (S3) were used. 

The land suitability classes have been defined as follows: 

6.2.5.1 Class S1.1: Highly suitable 

Land having no significant limitations to sustained application of a given use, or with only minor 

limitations that will not significantly reduce productivity, or benefits and will not raise inputs above an 

acceptable level. 

6.2.5.2 Class S1.2: Moderately suitable 

Land having limitations which in aggregate are moderately severe for sustained application of a given 

use; the limitations will reduce productivity or benefits and increase required inputs to the extent that 

the overall advantage to be gained from the use, although still attractive will appreciably be inferior to 

that expected on class S1.1 land.  
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6.2.5.3 Class S1.3: Marginally suitable 

Land having limitations which on aggregate are severe for sustained application of a given use and will 

reduce productivity or benefits, or increase required inputs that this expenditure will be only marginally 

justified. 

6.2.5.4 Class NS:  Unsuitable 

Land with qualities that appear to preclude sustained use of the kind under consideration. 

6.3 Soil chemical properties and irrigation suitability 

The soil suitability was evaluated based on FAO (1988) soil suitability standard. The results obtained 

are summarized in the table 2 below: 
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Table 1T Results of physical and chemical analysis 

Marshland 
Sample 

Description 
pH EC  OC 

N 

total 
P  K  Ca  Mg  CEC  

% 

Sand 

% % 
Textural 

Class 

Exchangeable 

Acidity  Silt  Clay 

      ds/m % % ppm (meq/100g) % % %   

M
U

L
IN

D
I 
M

a
rs

h
la

n
d 

Mul1  4.6 0.4 2.02 0.4 8 0.14 1.68 0.6 7.45 24.61 46.83 28.56 clay loam 1.8 

Mul2 4.5 0.4 2.98 0.41 7.8 0.11 1.9 0.4 6.5 23.65 48.51 27.84 clay loam 1.8 

Mul3 4.3 0.5 3.27 0.4 7.6 0.11 2.56 2.1 10.6 20.5 53.8 25.7 Silt Loam 2.6 

Mul4 4.8 0.3 1.7 0.39 9.8 0.08 3.16 1.3 12.9 22.4 58.2 19.5 Silt Loam 0.4 

Mul5 4.7 0.2 4.98 0.39 16.9 0.1 2.84 2 13 24.8 53 22.2 Sandy loam 1.9 

Mul6 4.3 0.4 4.27 0.36 13.7 0.1 2.81 1.1 10 23.6 48.8 27.6 Sandy loam 1.6 

Mul7 5.1 0.3 4.91 0.41 12 0.1 5 1.6 13.6 18.6 56.7 24.7 
Sand clay 

loam 
0.8 

Mul8 4.8 0.6 3.19 0.34 11.6 0.13 4.41 0.4 14.9 23.2 54 22.9 Silt Loam 0.8 

Mul9 4.9 0.3 1.82 0.24 11.8 0.11 3.34 2.6 12.5 21.4 51.8 26.8 Silt Loam 0.8 

Average  0-30 cm 4.7 0.4 3.2 0.4 11.0 0.1 3.1 1.3 11.3 22.5 52.4  25.1  Silt Loam 1.33 
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Table 2: Summarized irrigation suitability based on chemical properties  

Sample 

identification 
pH EC  OC N P  K  

Irrigation suitability  

    ds/m % % ppm (meq/100g)  

Mul S1 4.6 0.4 2.02 0.07 8 0.14 

Sp2x Ss1x 

Soc3xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S2 4.5 0.4 2.98 0.12 7.6 0.11 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S3 4.3 0.5 3.27 0.09 16.9 0.1 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S4  4.8 0.3 1.7 0.03 12 0.1 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S5  4.7 0.2 4.98 0.04 11.8 0.11 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S6 4.3 0.4 4.27 0.14 22.4 0.12 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S7  5.1 0.7 4.91 0.11 9.5 0.12 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S8  4.8 0.8 3.19 0.13 7.8 0.19 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Mul S9 4.9 0.2 1.82 0.2 21.3 0.17 Sp2x Ss1x 
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Soc1xSn3xSk3xSp3=S3 

(Low Suitability)  

Average  4.7 0.43 3.2 0.1 12.28 0.13 

Sp2x Ss1x 

Soc1xSn3xSk3xSp3=S3 

(Low Suitability) -

(marginally suitable) 

 

 

Table 3: FAO Soil suitability classes based on soil characteristics 

Class pH (Water) Organic 

Carbon (%)  

N (%) P (ppm) K + 

(me/100g) 

Low (S3) <4.5 <2 <0.2 <20 <0.5 

Moderate 

(S2) 4.6- 5.5 2 ï 10 0.2-0.5 20-30 0.5 - 0.8 

High (S1) 5.6- 7.3 >10 >0.5 >30 >0.8 

Source: FAO (1986) 

Based on the FAO (1988) suitability standard (Table 4), and the values of the soil pH (Sa2) and 

exchangeable potassium (Sk2), the studied marshland was classified under moderate suitability 

for irrigated agriculture. Results in table 3 of total nitrogen (Sn3), organic carbon (Soc1) and 

available phosphorus (Sp3) showed that the Marshland of MULINDI  was classified under low 

suitability for irrigation. However, the marshland is highly suitable based on soil salinity (Table 

5).  

Table 4: Soil salinity and irrigation suitability classes 

Rating EC dS/m Effect on plants 

Non-Saline <2 salinity effects are mostly negligible 

Slightly Saline 2ï4 yields of sensitive crops are affected 

Moderately Saline 4ï8 yields of many crops are affected 
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2.4. Soil physical properties and irrigation suitability 

Texture influences the movement of water through the soil, amount of water stored in the soil, 

and how much of the stored water is available to plants. In irrigation, soil texture determines the 

rate at which water should be applied, how much should be applied and how often irrigation 

should occur. For example, water slowly infiltrate clay soils, so applying large volumes quickly 

will lead to run-off while water infiltrate very fast sandy soil and requires large volume of water 

with high irrigation frequency.   The results of soil texture analysis in table below (table 6) 

showed that the soils are classified as follows: 

- Soils globally classified as ñClay Loamò (CL) with some parts belonging to Sandy Loam 

(SL) and Loam soils (L). The Clay loam soils have moderately high internal drainage 

with low plant available water.  

And globally, MULINDI  Marshland was classified as ñlow suitability taking into consideration 

the chemical properties such as pH, Organic carbon, Total nitrogen, phosphorus and Potassium. 

However, they are highly suitable taking into consideration soil salinity. The value of electrical 

conductivities indicates that soils are non ï saline in this marshland. Conventionally, saline soils 

are defined as those having an ECe value >4 dS/m. In MULINDI  Marshland, soils are not at risk 

of soil salinity as EC mean equals to 0.43 and 0.36 dS/m respectively (Table 5). 

Based on soil texture results, MULINDI  Marshland was globally characterized by silt loam soils. 

Hence, low internal drainage and the availability of water for plants is high (FAO, 1988). 

Table 5: Soil Texture and irrigation suitability  

Soil properties Soil texture 

 Sand Loamy sand Silty loam Sandy clay 

loam 

clay 

Internal drainage  High Moderate Moderate-low Moderate-low Moderate-low 

Highly Saline 8ï16 only tolerant crops yield satisfactorily 

Extremely Saline >16 only very tolerant crops yield satisfactorily 
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Plant available 

water  

Low Moderate High Moderate Moderate-high 

 

6.4 Soil fertility evaluation  

6.4.1 Soil reaction in MULINDI  Marshland 

Soil reaction as expressed by pH value is a measure of soil acidity or alkalinity. The pH 

characterizes the chemical environment of the soil and may be used as a guide to suitability of 

soils for various pasture and crop species. Soil pH is also an indicator of the chemical processes 

that occur in the soil, and is a guide to likely deficiencies and/or toxicities. 

Soils of MULINDI  Marshland are not exception to being acidic from other Rwandan soils. At 

low soil pH as is the case (pH = 4.9), there are several bad phenomena which occurs in the soil 

environment such as low nitrification rate, phosphorous deficiency, aluminum and manganese 

toxicity, low mobility of organic pollutants and high availability of some heavy metals 

(Mbonigaba, 2007; Landon, 1991). According to Voundi Nkana (1998), the maintenance of a 

good soil fertility level in tropical humid regions is greatly dependent on the enhancement of the 

soil buffering capacity by liming and/or supply of organic amendment. 

The negative impact of soil acidity on physical and chemical soil conditions can therefore also be 

partly compensated by high organic matter content. Application of organic manure can be one of 

the best practices that should be adopted by farmers in MULINDI  Marshland. 

6.4.2 Cation Exchange Capacity (CEC) 

Cation exchange capacity is the capacity of the soil to hold and exchange cations. It provides a 

buffering effect to changes in pH, available nutrients, calcium levels and soil structural changes. 

As such it is a major controlling agent of stability of soil structure, nutrient availability for plant 

growth, soil pH, and the soilôs reaction to fertilizers and other ameliorants. A low CEC means 

that the soil has a low resistance to changes in soil chemistry caused by land use as shown by the 

table below.  
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Table 6:  Interpretation of CEC (Pam Hazelton & Brian Murphy, 2007) 

Rating CEC Cmol (+)/kg 

Very low <6 

Low 6 ï 12 

Moderate 12 ï 25 

High 25 ï 40 

Very high >40 

 

CEC units have been numerically expressed as centimoles of positive charge per kg of soil [cmol 

(+)/kg)]. For MULINDI  Marshland, CEC has been estimated by displacing the exchangeable 

cations (Na, Ca, Mg, and K) with another strongly adsorbed cation, and then determining how 

much of the strongly adsorbed cation was retained by the soil. The strongly adsorbed cation was 

supplied by ammonium acetate. 

The Cation exchange capacity of MULINDI  Marshland is mainly moderate. 

6.4.2.1 Exchangeable cations 

The concentration of four main cations calcium (Ca2+), magnesium (Mg2+), potassium (K+), 

sodium (Na+) have been measured in MULINDI  Marshland for soil suitability evaluation. Levels 

of exchangeable cations [cmol (+)/kg)] are presented in table below: 

Table 7: Levels of exchangeable cations (Pam Hazelton & Brian Murphy, 2007) 

Cation Very Low Low Moderate High Very High 

Na 0 ï 0.1 0.1 - 0.3 0.3 - 0.7 0.7 - 2 >2 

K 0 - 0.2 0.2 - 0.3 0.3 - 0.7 0.7 - 2 >2 

Ca 0 - 2 2 - 5 5 - 10 10 - 20 >20 

Mg 0 - 0.3 0.3 - 1 1 - 3 3 - 8 >8 

 

According to the interpretation levels and laboratory results, MULINDI  Marshland soils have 

very low sodium content, low to moderate potassium and calcium content as well as moderate 

content of Magnesium.   

Naturally, levels of exchangeable cations are associated with salinity. Soil salinity refers to the 

accumulation of water-soluble salts (mainly of sodium, but also of potassium, calcium and 
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magnesium) which may be chlorides, sulfates or carbonates. These can severely affect plant 

growth and land use and increase soil erosion.  

6.4.3 Nitrogen 

Total nitrogen was measured to assess the total amount of nitrogen present in MULINDI  

Marshland. As much of it is held in the organic matter in the soil, mineral forms of Nitrogen 

immediately available to plants (NO3
-and NH4

+) was also measured. Ratings for Nitrogen as 

presented in table below were used to assess fertility status and soil suitability for crops 

production in the Marshland. 

Table 8: Ratings for Total Nitrogen (Pam Hazelton & Brian Murphy, 2007) 

Ratings (%) by weight Description 

<0.05 Very low 

0.05 ï 0.15 Low 

0.15 ï 0.25 Medium 

0.25 ï 0.50 High 

>0.5 Very High 

Nitrogen content in MULINDI  Marshland soils is mainly low. 

6.4.4 Organic matter 

In reference to soil parameters, standards proposed by Pam Hazelton & Brian Murphy, 2007; as 

indicated in table below, MULINDI  Marshland soils have a moderate to high organic matter 

content. 

Table 9: Organic matter classification 

Level of organic carbon % Rating 

<0.40 Extremely low 

0.40ï0.60 Very low 

0.60ï1.00 Low 

1.00ï1.80 Moderate 

1.80ï3.00 High 

>3.00 Very high 
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For moderate soil organic matter content, soils show an average structural condition and an 

average structural stability. For high organic matter content, soils show good structural condition 

and high structural stability. In MULINDI  Marshland soils show an average structure condition 

and structural stability and need to be improved. 

6.4.5 Phosphorous 

Phosphorus is an essential constituent of numerous substances involved in biochemical reactions 

including photosynthesis and respiration. It is a major component of adenosine diphosphate 

(ADP) and adenosine triphosphate (ATP). These are used to supply energy for many biochemical 

reactions in plants and animals. Phosphorus levels in MULINDI  Marshland soil have been 

measured to be used as a guide to indicate whether phosphate fertilizer is required for plant 

growth in the marshland. Ratings of extractable phosphorous in soil when Bray 1 method is used 

as in MULINDI  Marshland are presented in the table below: 

Table 10: Ratings of extractable phosphorous using Bray 1 Method  

  

 Phosphorous (mgP/kg soil) Rating 

<5 Very Low 

5-10 Low 

10-17 Moderate 

17-25 High 

>25 Very high 

In reference to soil parameters standards proposed by Pam Hazelton & Brian Murphy, 2007; as 

indicated in table above, most of MULINDI M arshland soils have moderate to high available 

phosphorous content. 

6.4.6 Crop suitability evaluation 

Different crops require optimum climatic and soil conditions for optimum productivity. One way 

of assessing optimum conditions for crop production is to evaluate soil suitability. Suitability 

assessment of irrigated land is normally done using the concepts developed by FAO (1976). 

With these principles, the suitability classes consider the overall behavior of soil types and 

provide guidelines for constraints associated with irrigated agriculture. In this study, soil 
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suitability for crop production has been appreciated considering relevant soil parameters (key 

physical and chemical properties), elevation, slope gradient and drainage conditions. Although 

rainfall has been considered, its weight has been minimized with assumption that supplementary 

water can be applied by marshland irrigation; therefore, we emphasize on suitability evaluation 

mainly based on soil properties.  According to the FAOôs methodology, the soil suitability 

classes are defined as follows: S1 = highly suitable; 

 S2 = moderately suitable; S3 = marginally suitable; N1 = presently not suitable; and N2 = 

permanently not suitable. Though not mentioned, management also plays a critical role in 

optimum crop production.  By good management or use of special techniques, a skilled farmer 

may be able to produce satisfactory yields. 

Considering current data regarding soil parameters, marshland properties and in reference to 

requirements for crops cultivation in Rwanda as developed by A. Verdoodt & E. Van Ranst, 

2003; using FAO suitability classification, soils in MULINDI  Marshland are moderately suitable 

(S2) for many crops including vegetables, maize and beans. Indeed, there is no risk of soil 

salinity and alkalinity associated with irrigation water supply in the marshland; hence a wide 

range of crops would be grown after irrigation and some management techniques to achieve the 

optimum yield potential mainly for major seasonal crops and vegetables.  

3.2. Lime requirement for Soil productivity restoration  

Referring to the results of soil pH, exchangeable bases and acids, most of MULINDI  Marshland 

soils are ranging in category of strongly acidic to very strongly acidic. Therefore, liming is 

recommended for soil productivity restoration. Lime requirement was determined based on the 

mean exchangeable acidity.  By increasing soil pH, lime enhance soil nutrients uptake by the 

crops.  

The soil lime requirement (SLR) was calculated using the following equation: 

 ὛὒὙ ὸ Ὤὥ  ὅὥὅὕ
 

 ὕὶ    ὛὒὙ ὸ Ὤὥ  ὰὭάὩ
 

 

Where: SLR is soil lime requirement (t ha-1) ; Ex acidity: exchangeable acidity (cmol kg-1), E: 

equivalent factor = 0.05, W: weight of soil  calculated per hectare as product of density (1500 

kg/m3) and soil volume (area (1ha) x depth (30 cm) and therefore, 4500t of soil ha-1and ECCE 

stands for Effective Calcium Carbonate Equivalent of the liming material . We assumed to use 
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travertine as the available liming material in Rwanda with ECCE of 49% from Mpenge/Musanze 

site as nearest source to Gicumbi District. 

Therefore,  

Table 11: Soil Lime Requirement (SLR) determination per marshland 

Marshland 
╢╛╡ ◄ ▐╪ ■░□▄

╔● ╪╬░▀░◄◐╔ ╦

╔╒╒╔
 

MULINDI  ρȢσσπȢπυτυππὸ

τωὬὥ
φȢρ
ὸ

Ὤὥ
 

 

Increasing soil pH approaching neutral range by reducing exchangeable acidity will enhance soil 

cations exchange capacity and increase phosphorus availability and its dynamic assimilability 

with nitrogen by the crops. This was previously made unavailable by aluminum and iron 

fixation. However the lime should be applied once every 4 planting seasons. However due to 

financial constraint, the recommended quantity should be split into two and applied twice in two 

successive years to correct the soil acidity and improve nutrient availability status. 

Table 12: Soil pH Ratings (Pam Hazelton & Brian Murphy, 2007) 

Ph Rating 

4.5 - 5.0 Very strong acid 

5.1 ï 5.5 Strong acid 

5.6 ï 6.0 moderate acid 

6.1 ï 6.5 slight acid 

6.6 ï 7.3 Neutral 

7.4 ï 7.8  mild alkaline 

7.9 - 8.4 moderate alkaline 

8.5 - 9 strong alkaline 

>9.0 very strong alkaline 

 

According to soil pH results, MULINDI  Marshland soils range between very strong acid and 

neutral acidic soils with a large part of very strong acid to moderately acidic soils. 
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According to Voundi Nkana (1998), the maintenance of a good soil fertility level in tropical 

humid regions is greatly dependent on the enhancement of the soil buffering capacity by liming 

and/or supply of organic amendment. 

6.4.7 Major plant nutrients status and soil fertility restoration in M ULINDI  

Marshland 

Considering results of the major plant nutrients (N, P, and K) and based on nutrients 

requirements of the main crops proposed to be grown, it was noted that in most cases, the 

available nutrients cannot satisfy the plant needs and be potentially productive. Therefore, it was 

recommended that the remaining amount should be supplied by either mineral fertilizers alone 

but preferably mixed with organic fertilizers to achieve an optimum production. The needed 

nutrients to be supplied from fertilizers were calculated based on potential crops to grow. The 

amount of nutrients required for a given crop was calculated as the difference between 

recommended amount per hectare and the available amount of the nutrient for that crop. To serve 

as an example, maize crop nutrients requirements (N, P and K):  191-89-235. The calculation 

focused on the yield potential of 7.5 t/ha of maize grain, considering also mineral fertilizers on 

market to make a required dose (NPK 17-17-17, urea 46-0-0, TSP 0-46-0 and KCl 0-0-60). 

Then, the required quantity was calculated while keeping in mind that only 3% of the total 

nitrogen is available for plant use, fertilizers requirements have been calculated as follow: 

¶ 191 kg required by maize crop vs 149 kg available in soil; 

¶ 89kg P2O5 needed by maize crop vs 51.5 kg available in soil; 

¶ 235 kg K2O required for maize crop vs 143 kg available in soil; 

The amount of nutrients required for maize crop is the difference between recommended amount 

per hectare and the available amount of the nutrient for that crop. Therefore 42.5 kg of N, 37.5 

kg of P and 92 kg of K are required for the optimum productivity of maize.  
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Table 13: Mineral Fertilizers recommended for major crops and proposed vegetables in MULINDI M arshland   

Major crops 

Recommended 

(kg/ha) 

Available soil 

nutrients 

Nutrients to be 

supplied by 

fertilizer  

Type and amount of mineral fertilizer to be 

applied (kg/ha) 

N 
 

P2O5 K 2O 

N 
 

P2O5 K 2O 

N 
 

P2O5 K 2O NPK17-

17-17 Urea 46-0-0  TSP 0-46-0 

KCl 0-0-

60 

Tea 178.3 3.5 115.1 149 52 143 29.2 N N N 63.5 N N 

Maize 191 89 235 149 51.5 143 42.5 37.5 92 220.4 100.4 N 49.2 

Beans 101 134 134 149 51.5 143 N 82.5 N 485.1 N 179 N 

Potatoes 270 40 360 149 51.5 143 121 N 217 N 274 362 N 

Vegetables 

Carrot 168 168 168 149 51.5 143 19.5 116 N 685.1 N 253.2 N 

Eggplant 179 179 179 149 51.5 143 30.5 127 N 749.8 N 277.1 N 

Cucumber 168 134 134 149 51.5 143 19.5 82.5 N 485.1 N 179.3 N 

Cabbage 168 168 168 149 51.5 143 19.5 116 N 685.1 N 253.2 N 

Tomato 196 168 168 149 51.5 143 47.5 116 N 685.1 N 253.2 N 

Onion, bulb 168 168 168 149 51.5 143 19.5 116 N 685.1 N 253.2 N 

Pepper 196 179 179 149 51.5 143 47.5 127 N 749.8 N 277.1 N 

N= No current need for nutrient supply 
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Table 14: Combined Organic and Mineral Fertilizers recommended for major crops and proposed vegetables in MULINDI 

Marshland 

 

Major crops 

Recommended 

(kg/ha) 

Available soil 

nutrients 

Nutrients to be 

supplied by 

fertilizer  

Combined Organic and mineral fertilizers to 

apply (kg/ha) 

N 

 
 

P2O5 K 2O 

N 

 
 

P2O5 K 2O 

N 

 
 

P2O5 K 2O Cow 

manure 

3-2-1 

Urea 46-0-0 

 

  

KCl  

0-0-60 TSP 0-46-0 

 
 

Tea 178.3 3.5 115.1 149 52 143 29.2 N N N 64.9 N N 

Maize 191 89 235 149 52 143 43 37.5 92 1873.5 86.8 59.2 N 

Beans  101 134 134 149 52 143 N 82.5 N 4123.5 N N N 

Potatoes 270 40 360 149 52 143 121 N 217 4034 N 295 N 

Vegetables       
 

  
 

              

Carrot 168 168 168 149 52 143 20 116 N 650.0 N N 224.9 

Eggplant 179 179 179 149 52 143 31 127 N 1016.7 N N 232.9 

Cucumber 168 134 134 149 52 143 20 82.5 N 650.0 N N 151.0 

Cabbage 168 168 168 149 52 143 20 116 N 650.0 N N 224.9 

Tomato 196 168 168 149 52 143 48 116 N 1583.3 N N 184.4 

Onion, bulb 168 168 168 149 52 143 20 116 N 650.0 N N 224.9 

Pepper 196 179 179 149 52 143 48 127 N 1583.3 N N 208.3 

N= No current need for nutrient supply 
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We recommend farmers to use compost as they can make it themselves using available organic residues. Calculations of required 

manure were based on laboratory analysis from research carried out by Mbonigaba J. (2007).
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Table 15: Composition of compost 

Nutrient elements Range of variation Unit  

Moisture content  45-65 (% volume) 

Organic matter 20-40 (% DM) 

Rapport C/N 10-20 - 

Ph 7-8 - 

Total Nitrogen 0,5-1,8 (N, % DM) 

Phosphorus 0,4-1 (P
2
O

5
, % DM) 

Potassium 0,6-1,8 (K
2
O, % DM) 

Magnesium 0,7-3 (MgO, % DM) 

Calcium 3-12 (CaO, % DM) 

% D.M : Percentage of Dry Matter 

Source:  Mbonigaba J.J, 2007 

 

Remarks (Table 13 and 14) 

1. N= No current need for nutrient supply. This means the whole recommended dose of 

a given element for a considered crop is already found in soil after analysis.   Hence, 

the crops will uptake that sufficient dose in soil without any additional application. 

2. The quantification of compost for all crops has been determined based on lower limits 

as it is difficult to find higher concentration of N-P-K in many organic residues 

mostly used in many rural areas when making compost in a heap (mostly used 

technique to make important quantity of compost directly on field).  

3. In case decided to use compost, cow manure is not used. Determination of the 

quantity for both manure types was to provide two options so as to use one depending 

on the choice of the user in given conditions.  

As it is really crucial to sustainably maintain soil organic matter at acceptable levels in 

MULINDI  Marshland, the easy way is to adopt proper recycling of crop residues among 

many other Integrated Soil Fertility Management (ISFM) practices. As the cow manure is not 

sufficiently available in Rwanda, compost manure can be locally made by farmers near their 

plots in the vicinity of the command area to ease transportation. Within three months, 

compost can be produced in transitional period between the cropping season A and B. Hence, 

compost made at the end of season A can used in season B. 
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6.4.8 Effective Soil Depth 

 

The depth of soil that can be effectively exploited by plant roots is an important criterion in 

selecting land for irrigation. Root penetration, however is often inhibited by mechanical 

factors (hard or impenetrable horizons), chemical factors (zones of high lime or gypsum 

content) or peer drainage. 

While a depth 0f 150 cm is ideal in a well-drained friable soil, experience has shown that 

many irrigated annual and perennial crops produce excellent yields with a well-drained 

effective root zone depth of 90 cm. When close attention is given to irrigation and crop 

management, most crops give good to excellent yields with effective soil depths of only 49 

cm, while well managed grass and rice yields well with soil depths of 30 cm. 

A soil depth of 90 cm is often chosen as the minimum for Class 1 (highest level) production 

under average management. Lesser depths are commonly assigned a lower rating because of 

a smaller range of suitable crops or lower net income. 

 

The excavation done in MULINDI  Marshland, ground water was found at an average depth 

above 1 m; therefore the drainage is not required as minimum soil depth of 0.9m is fulfilled.  

The MULINDI  soil moisture storage capacity was evaluated according to FAO methodology 

based on the depth of soil up to the ground water which is located at less than 40cm therefore 

the following rating was referred to and soil of MULINDI is presently not suitable: 

 

SMSC in mm for 100 cm depth   Ratings 

> 100       S1 = highly suitable 

70 ï 100      S2 = moderately suitable 

40 ï 70      S3 = marginally suitable 

10 - 40       N1 = presently not suitable 

< 10       N2 = permanently not suitable  

 

To make the soil suitable crop, the soil depth needs to be increased to the minimum crop root 

depth of 0.9m required with drainage. The design of drainage for the marshland is done using 

hougougt equation: 

The distance between two drains is calculated with the formula below: 

L=Ѝ  
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Where H=maximum height of the water table above the bottom of the drain, h=depth of 

water in the drain, d=rate of discharge per unit area and this is calculated based on annual 

rainfall recharging ground water.  

With H=0.4, h=0.2, a=0.43 annual rainfall of 1205mm, d in MULINDI  is 2.66504E-9m/sec, k 

is 5.3525E-06m/sec 

Resulting L is 20 m this means that 20 m from the drain root depth is more than 0.9m, with 

drain section of 1.3m depth, 0.5m bottom width and 1:0.5 side slope resulting to 1.8 m as top 

width. 

Considering the length of periphery canal equaling to 12,994 m, 650 drains will be excavated. 

The area lost due to the drainage canals is 650 x 1.8 x 313 = 37ha. 

6.4.9 Soil hydraulic conductivity - MULINDI  Marshland 

Hydraulic conductivity marked as K, or K-values is one of the principal and most important 

soil hydraulic characteristic (parameter) and it is an important factor in water transport in the 

soil and is used in all equations for groundwater (subsurface water) flow. Very often K-value 

is used for simulation of infiltration processes. In the saturated flow conditions the velocity of 

water flow (M.T-1) in the soils or in the other porous media, is directly proportional to the 

hydraulic gradient I (-).n  

The coefficient of this direct proportionality is a constant with units of velocity (M.T-1), 

usually marked by symbol K (M.T-1) and is named hydraulic conductivity. To relate, those 

described above in equation, can be generally expressed by n=K.I 

Very often the K-value is less than 10 m.day-1. So the velocity of groundwater (subsurface 

water) flow is almost always less than 1 m.day-1. Of course, the K-value of saturated soils 

introduces the average hydraulic conductivity, which depends mainly on the shape, size and 

distribution of the pores and also depends on viscosity and density of water as well as on the 

soil temperature.  

In some structure-less soil (sandy soils) the K-value is the same in all directions, but usually 

the K-values vary with flow direction. Soil layers vertical permeability is very often different 

from horizontal permeability because of vertical differences in the structure, texture and 

porosity. Generalized table with the ranges of K-values for certain soil texture is presented in 

Table 1 (Ritzema 2006). 
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Figure 2: Hydraulic conductivity of different soils 

Texture Hydraulic Conductivity K (m.day-1) 

Gravelly coarse sand 10-50 

Medium sand 1-5 

Sandy loam, fine sand 1-3 

Loam, clayloam, clay (well structured) 0.5-2 

Very fine sandy loam 0.2-0.5 

Clay loam, clay (poorly structured) 0.002-0.2 

Dense clay (no cracks, pores) <0.002 

 

Ústí nad Labem 2014:  Examples of Determining the Hydraulic Conductivity of Soils  

 Jakub Stibinger 

The hydraulic conductivity in MULINDI  Marshland was determined using Guelph 

Permeameter Method where this method is based on steady state flow q (M3.T-1) which is 

measured with constant head h (M) of water level above the bottom of hole of 50cm radius r 

(M).  

After each 20 minutes, water is emptied and volume measured until the constant discharge 

from surrounding is reached .  

Hydraulic conductivity K (M.T-1) can be approximated by the formula:   

ὑ
ήίὭὲὬ Ὤ
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Ὤ
ὶ
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And the condition of r>h has been validated 

The photo below shows how the hole was being excavated 

Figure 3: soil Profiling 
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After recording the discharge, the hydraulic conductivity was calculated and the results are 

compiled in the table below:  

Figure 4:  Hydraulic Conductivity in MULINDI  Marshland 

Cell Hydraulic Conductivity k (m/min) 

Rwankonjo 1 3.4221 × 10-3 

Rwankonjo 2 9.8155 × 10-3 

Mulindi 1 2.5737 × 10-3 

Mulindi 2 2.393 × 10-4 

Rwankonjo 3 5.0247 × 10-5 

Rwankonjo 4 1.7941 × 10-2 

Rwankonjo 5 7.4999 × 10-6 

Mulindi 3 4.0167 × 10-3 

Rwankonjo 6 2.6116 × 10-3 

 

The results of hydraulic conductivity of MULINDI M arshland are classified in Medium sand 

referring to the results of the desk analysis; Histosol has hydraulic conductivity range from 

1.3m/day to 30m and the obtained results fall in this range. 

The hydraulic conductivity obtained was used to determine the depth and distance between 

field drain in order to obtain optimum crop production.  



FEASIBILITY AND TECHNICAL DESIGN STUDY FOR THE DEVELOPMENT OF 
MULINDI MARSHLAND IN GICUMBI DISTRICT 

  

 

6.4.10 Water-holding capacity or total available soil moisture 

Based on the soil texture data, a first estimate of the soil water-holding capacity can be found 

in the literature. The soil water-holding capacity or the available moisture is defined as the 

difference between field capacity (FC) and permanent wilting point (PWP). 

Field capacity is defined as the condition in soil where free drainage of fully saturated soil 

took place for about 1 to 2 days and the maximum amount of water that a particular soil can 

temporarily hold. Depending on soil type, the soil moisture at FC is held with a tension of 

0.1-0.3 atmosphere (bars), the lighter the soil the lower the soil tension. The permanent 

wilting point of a soil is the condition where the suction force of plant roots cannot overcome 

a tension of 15 atmospheres (bars) and the remaining water is held around the soil particles. 

Sand can store less water than clay or loam but put under a slight pressure, sand releases 

water more easily than clay or loam. It should be mentioned that the structure also plays a 

role: well aggregated soil can store water in between the macro-pores of the aggregates. The 

determination of the available moisture requires the determination of the FC and the PWP. 

They are both determined in the laboratory using the standard pressure plate technique. Cores 

of soil are wetted to saturation. 

Pressure would then be exerted until no more drainage water is measurable. In the case of FC, 

the pressure would be 0.1 atmospheres for light soils, 0.15 for medium soils and 0.3 for heavy 

soils. In the case of PWP, the pressure will be 15 atmospheres. At the end of the test, the wet 

soil cores are weighed and oven dried at 105°C for 24 hours and then reweighed. The 

moisture content is then expressed as percent of the dry weight of the soil: (US IBRTSC: 

June 2005 Denver, Colorado) 

Ὓὓ
7ÅÔ ÍÁÓÓ×ÅÉÇÈÔ/ÖÅÎ ÄÒÙ ÍÁÓÓ×ÅÉÇÈÔØρππ

/ÖÅÎ ÄÒÙ ÍÁÓÓ ×ÅÉÇÈÔ
 

Where SMw is weight moisture content 

For irrigation purposes, it is always preferable to express the moisture content on a 

volumetric basis. Bulk volume consists of the volume of the soil particles (solid phase) and 

the volume of the pores or pore space. The weight of the bulk volume consists of the weight 

of the soil particles (solid phase) and the weight of the soil moisture. Porosity is defined as 

the ratio of pore space to total bulk volume. To convert the moisture content from weight 

basis to volumetric basis, the bulk density of the soil is required which refers to the weight of 

a unit volume of dry soil, which includes the volume of solids and pore space (kg/m3). Thus, 
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the bulk density is determined by weighing the soil contained in a certain volume. This is the 

reason for soil cores sampling. The following expression provides the bulk density: 

Ὀ
-ÁÓÓ ×ÅÉÇÈÔ ÏÆ ÄÒÙ ÓÏÉÌ

"ÕÌË ÖÏÌÕÍÅ ÏÆ ÓÏÉÌ
 

Where Ds is Soil bulk density 

To convert the percentage of moisture from weight to volume basis, the following equation is 

used: 

Ὓὓ Ὓὓὼ
Ὀ

Ὀ
 

Where: SMv= Soil moisture by volume 

SMw = Soil moisture by weight 

Ds = Soil bulk density 

Dw = Water density 

Since Dw = 1, the equation is simplified to: SMv = SMw x Ds 

Uniform plant root development and water movement in soil occur when soil profile bulk 

density is uniform; a condition that seldom exists in the field. Generally, soil compaction 

occurs in all soils where tillage is implemented and wheel traffics are used. Compaction 

decreases pore space thus decreasing root development, oxygen content, water movement and 

availability. Other factors that affect bulk density include plant root growth and decay, 

wormholes and organic matter. Sandy soils generally have bulk densities greater than clayey 

soils. Having determined the moisture content at FC and PWP, the soil water-holding 

capacity or the total available soil moisture on a volumetric basis can be provided through the 

following expression: 

SMta-v = SMv (0.1-0.3 bar) - SMv (15 bar) 

Where: 

SMta-v = Water-holding capacity by volume (%) 

SMv (0.1-0.3 bar) = Soil moisture by volume at FC (pF @ 2) (%) 

SMv (15 bar) = Soil moisture by volume at 
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PWP (pF = 4.2) (%) 

The SMta expressed in % can be expressed in mm/m by multiplying the SMv percent by 10. 

Table 9 gives a range of available soil moistures for different soils, while Figure 52 gives 

typical pF curves for sand and clay. Often Soil Moisture Tension (SMT) is indicated in pF, 

where pF is the negative logarithm (cm water column) and 1 000 cm water column is 1 

atmosphere. The right y-axis of Figure 52 shows the Equivalent Pore Diameter (EPD). A 

specific pore size distribution of a given soil determines the specific relationship between its 

pF values and the corresponding moisture contents by volume since at each pF level all pores 

wider than the corresponding critical EPD are empty ( FAO 2002 Harare) 

Figure 5: Range of average moisture contents for different soil types 

Textural 

class 

Field 

capacity (Fc) 

(Vol.%) 

Permanent 

Wilting Point 

(PWP) (Vol) 

Water Holding 

Capacity (WHC) or 

Available Moisture 

(vol %=mm/dm) 

WHC or 

Available 

Moisture(mm=m) 

Sandy 10-20 (15) 4-10 (7) 6-10 (8) 60-100 (80) 

Sandy loam 15-27 (21) 6-12 (9) 9-15 (12) 90-150 (120) 

Loam 25-36 (31) 11-17 (14) 14-19 (17) 140-190 (70) 

Clay loam 31-41 (36) 15-20 (17) 16-21 (19) 160-210 (190) 

Silty clay 35-46 (40) 17-23 (19) 18-23 (21) 180-230 (210) 

Clay 39-49 (44) 19-24 (21) 20-25 (23) 200-250 (230) 

 

Range of average moisture contents for different soil types (Source: Euroconsult, 1989) 

Textural class, Field capacity Permanent wilting Water-holding capacity (WHC) or (FC) 

point, (PWP) or available moisture.  

 The easily estimated available water values for different textural classes used for land quality 

soil moisture storage capacity (SMSC) were obtained after several regression analysis were 

carried out for different types of soils found in MULINDI  Marshland.  
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6.4.11 Soil Bulk density  

Bulk density (or volume weight) is defined as the dry weight of a unit volume of soil and is 

usually expressed in g/cm3. Because bulk densities may vary with moisture content, the 

volume of the sample is preferably measured at field capacity, but for swelling clays it should 

be determined at several moisture contents. Bulk densities of highly productive soils usually 

range from 1.0-1.5 (medium to fine texture) and 1.1-1.65 (coarse texture). Excessive bulk 

densities inhibit root penetration and proliferation (Zimmerman and (ardos 1961) and may 

impede drainage, infiltration and permeability rates are usually low in medium or fine 

textured soils with bulk densities exceeding 1.65. 

Figure 6 : Bulk Density and Moisture Content 

Profile Location 
Moisture 

(%) 
BD(gr/cm3) 

 S1  Rwankonjo 7.7  0.61 

 S2  Rwankonjo 3.55  0.29 

 S3  Mulindi 3.39  0.24 

 S4  Mulindi 6.56  0.56 

 S5  Rwankonjo 2.55  0.24 

 S6  Rwankonjo 2.72  0.21 

 S7  Rwankonjo 6.87  0.53 

 S8  Mulindi 2.98  0.23 

 S9  Rwankonjo 5.06  0.39 

Source: Primary data, August 2020 

BD: Bulk Density  

Mc: Moisture Content 

The bulk densities will be used to calculate soil-water relationship and plan amount of water 

and plan for irrigation. 
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The obtained values are out of the range of the references for medium to fine texture or 

coarse texture.  

Pore space is expressed in term of % pore space = 
║◊■▓▀▄▪▼░◄◐

ἜἩἺἼἱἫἴἭ ἬἭἶἻἱἼὁ
 ╧  where  

Particle density has been determined using specific gravity bottle technique and bulk density 

by taking soil core samples of known volume in the field and determining the even dry 

weight (Black et al., 1965a). Water and air movements through soil depend on the pore space 

and the size distribution of the pores (micro-pores and macro-pores). Lower the pore space or 

higher the bulk density of the soil, the higher the suitability of the soil for agriculture (FAO, 

2004). 

Figure: Pore space for soil of MULIND I  Marshland 

Profile Location BD(gr/cm3) % Pore Space 

 S1  Rwankonjo  0.61 51.20 

 S2  Rwankonjo  0.29 76.8 

 S3  Mulindi  0.24 80.8 

 S4  Mulindi  0.56 55.2 

 S5  Rwankonjo  0.24 80.8 

 S6  Rwankonjo  0.21 83.2 

 S7  Rwankonjo  0.53 57.6 

 S8  Mulindi  0.23 81.6 

 S9  Rwankonjo  0.39 68.8 

 

Based on FAO 2004, considering the results obtained in above table the soil is not suitable 

for Agriculture while (Bayer et al.1972) mentioned that soil with porosity above 58% is not 

suitable for irrigation.  

To render the marshland suitable to agriculture activities, external soil improvement will be 

needed. 
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6.4.12 Soil erosion 

Accelerated erosion affects productivity both directly and indirectly. Directly, the 

erosionȤinduced reduction in crop yields is attributed to loss of roots depth, degradation of 

soil structure, decrease in plant water available reserves, reduction in organic matter and 

nutrient imbalance. 

Slope 

The slope classes are rated as follows: 

Slope %      rating 

0 ï 6       S1.1: Highly suitable 

6 ï 16       S1.2: Moderately suitable 

16 - 40       S1.3: Marginally suitable 

> 40       NS:  Unsuitable 

The soil of MULINDI  is highly suitable as slope is lower than 6% 

6.5 Drainage Condition / Availability of Oxygen 

The soil drainage condition refers to the rate at which water is internally removed from the 

soil. This is a characteristic that is observed in the field. Well drained soils have a good 

aeration while poorly drained soils are badly aerated. The problems affect the performance of 

plants as the poor drainage deprives roots of oxygen. The following classes are used:  

Drainage class      Rating 

Well drained      S1.1: Highly suitable 

Moderately well drained    S1.2: Moderately suitable 

Imperfectly drained     S1.3: Marginally suitable 

Poorly drained      NS:  Unsuitable 

Considering the depth to ground water found, the MULINDI  Marshland is imperfectly 

drained. 

6.5.1 Soil water relationship of MULINDI  Marshland 

After laboratory analysis and calculations, the results were summarized in the table below: 
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Figure 7: Soil water content 

Water per 30 cm of soil depth       

site 
Soil 

texture 

Permanent 

wilting point wt 

Field capacity 
Plant-available 

water capacity 

Bulk 

density 

water 

content 

water needed 

to wet 

depth(10 

0mm) Fc   

% Cm % cm % cm   % Mm/m 

 Rwankonjo 

S1 

Loamy 

Sandy 
11.40 6.954 18.36 11.1996 6.96 4.2456 0.61 7.7 127.368 

 Rwankonjo 

S2 

Loamy 

Sandy 
12.60 3.654 17.81 5.1649 5.21 1.5109 0.29 3.55 45.327 

 Mulindi S3 
Loamy 

Sandy 
12.10 2.904 18.22 4.3728 6.12 1.4688 0.24 3.39 44.064 

 Mulindi S4 
Loamy 

Sandy 
8.87 4.9672 16.29 9.12352 7.422 4.15632 0.56 6.56 124.6896 

 Rwankonjo 

S5 

Loamy 

Sandy 
13.20 3.168 19.07 4.5768 5.87 1.4088 0.24 2.55 42.264 

 Rwankonjo 

S6 

Loamy 

Sandy 
13.60 2.856 20.80 4.368 7.2 1.512 0.21 2.72 45.36 

 Rwankonjo 

S7 

Loamy 

Sandy 9.30 
4.929 

16.66 
8.8298 7.36 3.9008 

0.53 6.87 
117.024 

 Mulindi S8 
Loamy 

Sandy 6.40 
1.472 

13.80 
3.174 7.4 1.702 

0.23 2.98 
51.06 

 Rwankonjo 

S9 

Loamy 

Sandy 9.73 
3.7947 

15.30 
5.967 5.57 2.1723 

0.39 5.06 
65.169 

Average 

water 

required                   

73.591733 

WR m3/HA                   7359.1733 

 

Soil moisture storage capacity is considered as the total productive available moisture which 

is a function of depth and texture.  
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The storage capacity of the soil is low due to less content of clay and more presence of no 

decomposed organic matter. The regularly and closer application of water depending to daily 

evaporation should be respected. 

Soil moisture storage capacity is considered as the total productive available moisture which 

is a function of depth and texture. The ratings are as follows: 

SMSC in mm for 100 cm depth   Ratings 

> 100       S1.1: Highly suitable 

70 ï 100      S1.2: Moderately suitable 

40 ï 70                    S1.3: Marginally suitable 

10 - 40       N1:  Unsuitable 

< 10       N2 = permanently not suitable 

Referring to above rating all sampled points, the MULINDI  Marshland has average soil 

storage capacity of 63mm and is classified as marginally suitable for crops.  

Table 2: Summarized irrigation suitability based on Physical properties  

identification Irrigation suitability  Marks 

Effective Soil Depth  N1(presently not suitable) 25 

Slope S1.1(Highly Suitability) 100 

SMSC S1.3(Marginally suitable) 50 

Drainage S1.3(Marginally suitable) 50 

Average  S1.2 Moderately suitable 56 

6.5.2 Irrigation and crop water requirement  

The irrigation will be done after 25% depletion therefore the depleted water is 73.591733 mm 

times 0.25 making 18mm and considering evapo-transpiration ranging from 2.7 to 

3.16mm/day, irrigation interval range from 5 to 6 days when crops are mature and 1 to 2 days 

in first week of planting, 2 to 3 in second and third week of planting.  

6.6 Chapter:  Crop suitability 

6.6.1 TEA 
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Tea requires rainfall of 1200mm to 2200mm that is well distributed throughout the year; 

temperatures ranging from 13ϊC to 30ϊC with optimum temperature of 30ϊC and an altitude 

of 1500 to 2250 meters above sea level is ideal for tea cultivation. 

Tea does well in deep wellȤdrained red volcanic (minimum of 2 metre or 6 feet deep) with 

soil pH range of 4Ȥ5.6. Tea is soil specific, and requires acid soil, humid environment and 

does not tolerate long droughts with the best quality tea being produced at high altitudes that 

remain free from frost. (Kenya Agricultural & Livestock Research Organization 2/28/2019) 

Kamunya et all 

 

Considering above parameter of suitability, the soil of MULINDI M arshland is suitable to tea 

plantation at rate of 54%, the only factor limiting the tea cultivation in MULINDI  Marshland 

is the depth of soil and the technique to be used to lower ground water level which will be 

limited to 1m only deep therefore tea plantation is suitable after development of the 

marshland. 

6.6.2 Maize 

Maize grows best on deep, well-drained, fertile soils and where total seasonal rainfall exceeds 

500 mm. Maize is reasonably tolerant to soil acidity, but if the soil is very acid, liming will 

improve the soil and enhance maize yields. Maize is susceptible to both drought and water-

logging. Thus, poorly drained soils should be avoided, unless practices like ridge tillage, 

drainage and early planting are employed. Drought during the four week period, flowering 
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(silking and tasseling) can cause serious yield losses and therefore some form of water 

conservation is important (e.g., pot-holing, mulching, tied-ridges), especially in the drier 

areas. Temperatures above 38 degrees celcius affect yield by affecting pollen viability while 

temperature below 10 retards maize  growth. 

(https://www.seedcogroup.com/zw/sites/default/files/Maize%20Growers%20Guide_0.pdf). 

The maize is suitable to the marshland after drainage flood control and liming to correct the 

acidity. 

6.6.3 Irish potato 

Potatoes are cultivated between 1,500 ï2,800m.a.s.l; well distributed rainfall of between 850 

ï1,200mm is required during the growing period. Potatoes perform well in cool climatic 

conditions and the optimum temperature range is 15 ï20oC. Free draining fertile medium 

loams are preferred since heavy clays restrict tuber growth. The optimal soil pH range is 5.5 ï

7.5(https://www.jica.go.jp/project/english/kenya/015/materials/c8h0vm0000f7o8cj-

att/materials_25.pdf) 

The Potato is suitable to the marshland after drainage flood control and liming to correct the 

acidity. 

6.6.4 Beans 

Common beans grow within a range of temperature from 17.5 to 27° C. Above 30° C-flower 

buds are likely to fall and seeds are rarely formed at temperatures over 35° C. They are 

sensitive to night frost. Common beans are usually grown at altitudes between 600 - 2000 m. 

Moderate well-distributed rainfall is required (900 ï1,200 mm of rainfall annually) but dry 

weather during harvest is essential. Both drought and water logging are harmful. Suitable soil 

types range from light to moderately heavy and to peaty soils with near-neutral pH and good 

drainage. Common beans are susceptible to salinity. 

(file:///C:/Users/User/AppData/Local/Temp/BEANS_FARMING.pdf) 

The beans are suitable to the marshland after drainage flood control and liming to correct the 

acidity. 

6.6.5 Conclusion and recommendation on crop suitability 

The soil of MULINDI  Marshland is moderately suitable to all crops and needs to be 

developed to make it highly suitable, the improvement of root zone is limited to 1m which 

https://www.jica.go.jp/project/english/kenya/015/materials/c8h0vm0000f7o8cj-att/materials_25.pdf
https://www.jica.go.jp/project/english/kenya/015/materials/c8h0vm0000f7o8cj-att/materials_25.pdf
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restricts the tea growing in the marshland and other crops are suitable with soil fertility 

improvement and drainage/irrigation development. 

Therefore, the tea is recommended on hillside while the marshland is dedicated to other crops 

(Maize, Irish potatoes and Vegetables); the users of the marshland for tea plantation should 

agree with hillside farmers on how they can exchange the land. 

7 Section 3 Hydrology 

7.1 Introduction 

The main purpose of hydrological study for the project is the computation and evaluation of 

peak discharges to help in sizing of drainage structures within the marshland as well as the 

analysis, determination of the water resources availability and water demand in terms of 

quantity. 

The scope of work can be summarized as follows:  

¶ Collection of field and secondary data, review of existing data and reports related to 

hydrology.  

¶ Carry out rainfall analysis 

o Analysis of rainfall data from the rain gauge stations in the vicinity of the project  

o Frequency analysis of rainfall to carry out rainfall intensity for a range of storm 

durations and return periods (5, 10, 25, 50 and 100 years) 

¶ Determination of catchment area characteristics (size, length/slope of mainstream and 

land slope) from the GIS software and data obtained from field investigations. 

¶ Determination of SCS curve numbers taking into account catchment slope, soil 

permeability, vegetation cover, etc; 

¶ Calculation of concentration time and lag time using appropriate empirical formulas.  

¶ Modelling the hydrological Response of Watersheds and Peak flow determination by 

runoff modelling used in designing new and checking the design of existing hydraulic 

structures (e.g. drainage canals, etc.) 

¶ Flood frequency Analysis  

¶ Review the hydraulic efficiency of existing hydraulic structures and check their sizes like 

drainage canals, etc. as per the peak discharge calculated.  
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¶ Analysis and determination of the water resources availability and water demand in terms 

of quantity and therefore providing useful data for the design of an irrigation scheme for 

the MULINDI  Marshland 

The methodology is discussed in brief in the following chapter. 
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7.2 Methodology  

7.2.1 Methodology 

The methodology used for the project is shown in the Figure below: 

 

Figure 7-1 Methodology 

7.2.1.1 Data collection: 

Data collected for the project were Digital Elevation Model (DEM), Topographic map 

showing all the marshland features, daily rainfall data from various meteorological stations 

near project area, land use and land cover (LULC), map of the area and soil characteristics of 

the area. 

7.2.1.2 Hydrological Analysis: 

After the data collection, various hydrological parameters were estimated. Catchment areas 

were delineated using ArcGIS software and DEM; topographic map and field investigation as 

inputs.  

Design rainfall for different return periods were computed from rainfall data. 

SCS curve number grid was produced using LULC maps and Soil data. 

Peak discharges were estimated using different methods taking above parameters as inputs. 
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7.2.1.3 Hydraulic design: 

Shape and sizes of drainage structures will be designed considering the peak discharge 

obtained using the empirical formulas: SOGREAH, SOKOLOVSKY, ORSTOM, Rational 

Method, SCS Method and HEC-HMS 

7.2.2 Flood Estimation 

7.2.2.1 Factors affecting floods 

Floods are defined as the flow of water which is high and overtops the riverbanks in any 

stretch of river. It generally occurs when the capacity of the river channel is not adequate for 

carrying high amount of discharge. This makes water to overflow the banks and inundate the 

adjacent floodplain. 

Excess rainfall is the main cause of flood though is enhanced by other topographic factors. 

The other factors that add to the heavy discharge can be taken as geology, relief, vegetation, 

catchment shape and size, meteorological factors, antecedent condition, land use and 

management. The impermeable rock hinders the percolation of water causing most of the 

water to flow. Whereas in catchment with pervious strata, the bed rock stores water and 

reduce the lag time, the difference between time to peak rainfall and peak discharge. In steep 

terrain, water flows quickly making lag time shorter. Vegetation can intercept rainwater and 

reduce water reaching the surface. Catchment shape affects in such a way that in circular 

basins water reaches the channel in short time whereas in elongated basin it takes long time. 

Catchment size is another factor that affects flood. In small drainage basin water reaches the 

streams more quickly as it travels only shorter distance. Antecedent moisture condition 

determines whether or not flooding occurs. 

7.2.2.2 Flood frequency analysis 

Flood frequency is the relation between magnitudes of extreme event to their frequency of 

occurrence through the probability distribution (Chow, 1988), the historical data was used for 

predicting flood. In this analysis, the data are assumed to be independent and identically 

distributed. The flood data are considered to be stochastic and assumed to be independent of 

time and space (Rao, 2000). The frequency analysis is used for predicting design flood for 

ungauged and gauged site along the river; this is done using the maximum discharge series. 

The frequency analysis helps in finding the flood quantiles for particular return periods. 

The application of frequency analysis to the flood related studies is termed as flood frequency 

analysis. The annual maximum series is taken commonly for flood frequency studies; the 
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annual maximum series is arranged in descending order. The probability of exceedance is 

then calculated using m-0.5/ n; this is called as Hazen plotting position formula. The 

probability of exceedance of an event or frequency is related to return period as P=1/T; the 

log Pearson and Gumbelôs methods are the conventional methods used for flood frequency 

analysis. In the present study, a widely used Gumbelôs methods have been adopted to carry 

out the flood frequency analysis. 

7.2.2.3 Flood estimation methods: 

Rational method: 

The rational method is the most common method used for the design of storm drains when 

the momentary peak flow rate is desired. Its use should be limited to systems with drainage 

areas of 160 acres or less. Drainage systems involving detention storage and pumping stations 

require the development of a runoff hydrograph. 

The formula for the Rational Method is: 

ὗ ὅὍὃ 

Where, 

Q = peak discharge, cfs 

C = runoff coefficient 

I = average rainfall intensity  

A = drainage area, acres 

This method is a simplified model of the hydrologic process therefore it should only be used 

for small drainage areas and preferably for areas with the same general basin characteristics.  

The following assumptions are inherent in the Rational Formula: 

¶ The peak flow occurs when the entire watershed is contributing to the flow. 

¶ The rainfall intensity is the same over the entire drainage area. 

¶ The rainfall intensity is uniform over time duration equal to the time of concentration, Tc. 

The time of concentration is the time required for water to travel from the hydraulically 

most remote point of the basin to the point of interest. 

¶ The frequency of the computed peak flow under the Rational Method is the same as that 

of the rainfall intensity, i.e., the 10-yr rainfall intensity is assumed to produce the 10-year 

peak flow under the Rational Method. 
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¶ The coefficient of runoff is the same for all storms of all recurrence probabilities because 

of these inherent assumptions, the Rational Formula should only be applied to drainage 

areas smaller than 160 acres. 

SCS Method: 

The volume of runoff (Q) depends on the volume of precipitation (P) and the volume of 

runoff that is available for retention. The actual retention (P) is the difference between the 

volume of precipitation and runoff. Furthermore, a certain volume of precipitation at the 

beginning of the storm which is called the initial abstraction (Ia) will not appear as runoff. 

The runoff volume using SCS method is estimated as follows: 

╠  
╟ Ȣ ╢

╟ Ȣ ╢
 

Where S is the potential maximum retention 

Empirical studies indicate that S can be estimated by: 

Ὓ  
ςυτππ

ὅὔ
ςυτ 

CN indicates stands for the Runoff Curve Number 

SOKOLOVSKY M ethod: 

 Qmax = 0.28 x PT x C x A x f / tc 

 

            Where 0.28: coefficient of units conversion 

        PT: Rainfall for Return Period T = 2, 5, 10, 20 and 100 years 

        C: Runoff coefficient  

         A: Catchment area in Km²  

         f: 0.6: Coefficient of hydrogram form (catchment area with vegetation) 

         tc = Time of concentration 

 

   tc = L / 3.6 Ö  

    

    Where L:  Longest flow path in Km 

    Ö: Average flow velocity 

       = 0.5m/s on granitic basin catchment with vegetation  

1/3.6 = 0.278: coefficient of units conversion 
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SOGREAH Method: 

 

(Soci®t® Grenebleoise dô£tude et dôAm®nagement Hydraulique) 

 

This method is used for catchment areas above 100 Km²    

 

Qmax = 0.278 K S 0.15 ( PT ï PO ) 

 

 Where 0.278: Coefficient of unit conversion 

       K      : regional coefficient varying from 1 to 1, 5 

(Here we consider 1.2 for vegetative granitic catchment) 

       S      : Catchment area (Km²) 

       PT     : recurrent rainfall   T = 2, 5, 10, 20 and 100 years 

       PO   :  critical rainfall of runoff point which is equal to 20mm. 

ORSTOM M ethod: 

 

 Q max. moy. = PT x K x C x Ax 1000 / Tb 

 

   Where PT = Recurrent rainfall T 

   K = Reduction coefficient = 0.81 

   C = Runoff coefficient  

   A = Catchment area (A < 100Km²) 

   Tb = basic time in second 

HEC-HMS Software Modelling Method 

HEC-HMS is widely used, user-friendly and open source software which simulates 

hydrological response of the watersheds (A sophistically model developed by Hydrological 

Engineering Centre (HEC Body of USA Army engineers, the project created in ArcGIS using 

HECGeo-HMS was used as the input for HEC-HMS). 

The HEC-HMS software simulates: 

¶ The Precipitation: this data may correspond to actual rainfall or synthetic rainfall events 

(project Rain); 
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¶ Losses by the different loss models integrated in HEC-HMS (Losses for infiltration, 

storage in depressions, evapo-transpiration...) 

¶ The Direct Runoff (By the different transform models integrated in HEC-HMS). 

¶ The flow in the river (of the tributaries of the watershed) by the different transfer models 

integrated in HEC-HMS. 

Modelling HEC-HMS: 

In schematization of HMS, the catchment is divided into smaller catchments called sub basin 

units. There are various components in the HMS software which are used for representing the 

conceptualization of physical reality. The components used in this HMS network are: 

Sub basins-The sub basin is used to represent the physical watershed. Given precipitation, 

outflow from the sub basin element is calculated by subtracting precipitation losses, 

calculating surface runoff and adding baseflow. 

Reach-The reach is used to convey streamflow in the basin model. Inflow to the reach can 

come from one or many upstream elements. 

Junction-The junction is used to combine streamflow from elements located upstream of the 

junction. Inflow to the junction can come from one or many upstream elements; outflow is 

calculated by summing all inflows. 

Sink-The sink is used to represent the outlet of the physical watershed. Inflow to the sink can 

come from one or many upstream elements. There is no outflow from the sink. 

Hydrological modelling usually concerns the rainfall-runoff relationship that is to say the 

model uses the rain as a variable input and calculates a hydrograph as an output. These 

models are usually based on two distinct functions: 

¶ Production function: transform the real rain in rain (directly contributes in a direct 

runoff) 

¶ Transfer function: that carries transformed rain (without losses) at the outlet of the 

hydrological unit (the watershed). 

To simulate the behaviour of the watershed by the model HEC-HMS, it is necessary to go 

through the following three steps: 

Modelling sub basins: The Basin model consists of introducing the different parameters in 

order to calculate losses, direct runoff and methods used were: 
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o Loss model ï SCS Curve number method 

o Transform method- SCS Unit hydrograph 

Meteorological Modelling: At this stage, we specify the height and distribution of rain for 

different return periods. The precipitation data was added for different gages in time series 

data component.  

Control specifications: Defining moment of the beginning and the end of the simulation and 

the time step of calculation. The gauge data given for various return periods (5, 10, 25, 50, 

100 years) and time interval was given for control specs. 

7.2.3 Flow Measurements 

Most discharge measurements of stream flow are made by the Sum of Partial Discharges 

Method using a velocity-meter because it is adaptable to a wide range of velocities and is 

practically unlimited as to the total discharge that can be measured. 

The method consists of: 

Á Breaking up the stream into rectangles 

Á Measuring the average velocity (vi) and area (Ai) in each rectangle 

Á Estimating the discharge in each rectangle (qi= Ai x vi) 

Á Summing up the discharges in all the rectangles (Q = ×qi) 

The process of this exercise is conducted as follows: 

¶ String a measuring tape across the width of the stream  

¶ Measure the depth with a top-setting wading rod 

¶ Measure the depth with a top-setting wading rod or with measuring rod 

¶ Measure the stream velocity in a rectangle with a current meter 

If the water depth is greater than 0.6m then measure the velocity at two locations: 0.2 and 0.8 

of the depth below the water surface. The two velocity values are averaged. 
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Location of flow meter referring to stream depth Cross section view of stream 

 

Figure 7-2 Flow measurements equipment 

 

In the following chapter, data collected for the project are discussed in detail. 
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7.3 Data collection 

Various investigations and surveys that are essential inputs for hydrological analysis and 

hydraulic design are detailed in this Chapter. All the relevant Maps / Data / Details available 

with the Concerned Departments have been collected, compiled and reviewed. Attention has 

been given to Past / Historical Data.  

7.3.1 Project data  

Project data largely relates to the physical characteristics of the site and the surrounding 

catchment. The quality of data collected has a direct bearing on the successful design and 

implementation of drainage infrastructure and is strongly linked to an effective site 

assessment and planning process. It is important that adequate data is collected in the early 

stages of the project and that it is stored in a readily available format for use in all subsequent 

phases. It may be collected or measured at varying times in the different phases of the 

planning process and at different levels. 

Sources of Data 

Geographic Information Systems (GIS), Field Data Collection, Digital and Satellite Data 

Models. 

7.3.2 Flow measurements 

The flow measurements are being taken regularly for the driest months of July and August in 

order to estimate the base flow as indicated in the Terms of Reference. 

Flow measurements are taken using a flow meter at the upstream and downstream parts of the 

project area. MULINDI  Marshland has 4 to 5 main drainage canals with permanent flows and 

the measurements are being taken at each one of them. The pictures below show our team 

that was taking the flow measurements: 
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Figure 7-3 HYCOGEC team conducting flow measurements 

The summary results are presented here below: 

Table 7-1 Flow measurements at the upstream of MULINDI  Marshland 










































































































































































































































































































































































































































































































































































































































































































































