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3 ABREVIATION

BOQ Bill of Quantities

BM Benchmark

CWR Crop Water Requirement

DEM Digital Elevation Models

EIA Environmental Impact Assessment

ESCA Environmental, Social and Climai
Change Asessment

FA Financial Analysis

FC Field Capacity (for water at pF=2.0)

FS Feasibility Study

GIS Geographic Information System

GoR Government of Rwanda

GPS Global Positioning System

IR Inception Report

IRTF International Terrestrial Referent
Frame

masl meters above sea level

mc Cubic meter or Moisture Content

MINAGRI Ministry of Agriculture and Animal
Resources

MINITERE Ministry of Lands, Environment
Forestry, Water and Mines

MINALOC Ministry of Local Government an
Social Affairs

MININFRA Ministry of Infrastructure

MIGEPROF Ministry of Gender and Family
Promotion

MINICOM Ministry of Commerce

MSL Mean Sea Level

NGO Non-Governmental Organizations

O&M Operations and Maintenance

10



FEASIBILITY AND TECHNICAL DESIGN STUDY FOR THE DEVELOPMENT O

MULINDI MARSHLAND IN GICUMBI DISTRICT HL‘U[L‘IIIhL‘I'E”E”

PEA Project Executing Agency

pF the 10logarithmic value of the
suction in soil expressed as wa
column in (cm)

PRA Participatory Rapid Appraisal

Pwp Permanent Wilting Pointmoisture at
which the crops will not recover eve

if water is added in soil

QMS Quality Management System

RMA Rwanda Meteorological Agency

RAB Rwanda Agriculture Board

RADA Rwanda Agricultural Developmet
Authority

RARDA Rwanda Animal Resource
Development Authority

SIA Social Impact
Assessment

WUA Water  User
Association
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4 Executive summary and field investigation
Agriculture is among th@rimary development sectors of the Rwandan econaomtributing around

30% of the c¢ o019 Irigatioa MaStér Plaidertified close to 600,000Hof potential
irrigation areas. Th&®wandan Northern Provinds generally prone to flo@turing rainy season and
shortage of water durindry season and thghenomenon has been intensified due to climate change.
Rwanda experiences high ydaryear differences in rainfall and is affected by ElI NHi@outhern
Oscillation (ENSO) events (EliRo and La Nifia). Consequently, the country experiences period

floods and droughts.

The combination of rain dependent ssdhle agculture, high rainfall levels and steep hillsideads
to very high soil erosion rates. Hence, while subsistenceefarare most adversely affected, climate
variability affects all agriculture sectors and lowers the annual produditenvalue addition and

exports.

Future climate change could exacerbate the impact of climate variability in Rwanda asb lead
risks (though also some potential benefits). Rivan6 s c¢c | i mat e iwih obskrvatoaal y
data showing that the average temperature has increased over recent decades to higher levels tl
global average. Climate change models prgject increse in temperature df°C to 2.5°C by the
middle of the century. There are projected increases in the number of hot days and increasing |
precipitation. The projected changes in rainfall (annual and seasonal, as well as droughts) are
certain, thouf current levels of variability will continue. Theghanges could haymtentiallylarge
impacts on agriculture in Rwandi@m the combination of rising tgmeratures and changing rainfall
shifting agroclimatic zones, increased variability and shocksvall as indirect effectfrom fostering
the developmentgpe st and ot her di seases. | adoctive aystenm g
a key determinant for sustainable production, productivity increases and greater food and nutr
security.(PSTA IV Pg: 21-22)

Therefore, the Government of Rwanda through FONERW s to prepara Feasibility Study and
Detailed Design in order to develop thi®JLINDI Marshland inGICUMBI District with the following
objective:

4.1 Main objective

The Feasibility andihal Detailed Design t8dy propose to alleviate flooding and to improve the

availability of water bycontrolling water flows inthe marshland and mitigatiftpoding caused by

12
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ovetank flows of the river or feedback from the Ugandan portion of the marshland durirajnyne
season and will provide a supply of water to tea fidlasngthe dry season.

To achieve the main objective of flood control and to improve water availalilithe MULINDI
Marshland, the specific objectives were fixed as below:

x To maintain average hydrological flows for downstream userMLINDI River stream;
specifically with flood regulatig structure that will release thererage flows to maintain a
specific water level downstream that can sustain the existing aquatic ecological life in the r

stream and water demand for different users.

x To ensure a proper drainage network allowing the minimum roots depth to grouniéwelé¢o
maintain maximum air circulation in root zone and optimum assimilation of nutrients.
Theseobjectivesif not well designedand achievechave the potential to destabilize the receiving

downstream users and temporary destabilize the ecosystem dependentumetht river flow. During
dry season, water will be drawn from the stream thereby reducing flow quantities, changing flood fl¢

andaffecting biodiversity downstream.

FONERWA has tasked HYCOGEC to carry out the said assignment and contract was signed o
10" June 2020 The Commencement of Servicesvas set on th& 1" June 2020 (FONERWA letter
Ref. No.),therefore, thé&End of Seviceswas set orthe 10" October 2020(Total durationof 4 months

for the Consultandy Service.

To achiee the tasked assignmerdYCOGEC CONSULTANT LTD carried oufTopographical Soil
Hydrological Socio-Economic surveyWater Bemand surveyFinancial Aalysis andEnvironmental

Impact Assessment

The results othese analysis are that thearshlandusersneedit to be drained during rainy season and
to be used for irrigatiomluring dry season; hydrologicakrigation and flood control analysihare
revealed that the draina@d2.9m3/sepeak floodat return period of 5 years whledrained witha cost

estimation in three differemptions
x Option 1 A: 7,088,163,207Frwvhereno canal lined
x  Option 1B: 31,497,169,942Frwvith lined periphey canal and main drain.

x  Option 2: 63,424,806,614Frwvheremain drain and periphery canal are not lingdle flood

control reservoirs are ostructed in the catchment area.

13
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Considering the cosiptions, option 1 A is cheapith good maintenance of hydraulic structyreésan
control flood and providevater forirrigation during dry periogthe flow measurement has shown that
the minimum available water is 0.912B8/se& while the peak demand is 2r83/se¢ therefore
recommeurded for final detail design.

The financial analysis was done on this option considering two @ptigtion 1 is to maintain the tea
in the marshland while option two is totatethe tea in the marshlandith Irish potatoes, @mize and
vegetable while the teag shifted to the hillsie, the aalysis has shown the following
1. Tea crop is not profitable since atgear all calalated economic indicators (NPV, R@hd
BCR) are not in allowable ranges
2. The rotationwith maize, Irishpotatoes and vegetabdeops is more profitable since at"4ear
of the project, NPV is positive and ROI is higher than 13% recommended by MINECOFI
Furthermore, from B year profitability index is 1 which indicatebat the project isapital
rationing
This is in conformity with soil suitability analysithat revealedhat the tea is not suitable in the
marshland mainly due to the demand of root depth and recomm&eddplacel with seasonal crops
like maize, Irish potatoes and vegetahléhile the teacan begrown on hillsids wherethe required
root depth is fulfilled.
Therdore,
1. We recommend thelént to adopt theearotationwith three crops (maize, Irish potatoes and
vegetablesyith moreshort termprofits.
2. But the farmersod pr ef ehascbheemdtivaied in thehnearshlaadafrons r
long time ago.
The Environmentalmpact Assessment has shown that the project does not have any negative im|

and recommenis implementation according environmental regulations.
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5 SECTION OF TOPOGRAPHICAL SURVEY

5.1 LOCATION OF THE MARSHLAND
MULINDI Marshland is located in theadxthern ProvinceGicumbi District, Kaniga and Cyumba eStors,

BugombaNyarwambuRwankonjo and Mulindi €lls as it is shown othemap below:

MULINDI MARSHLAND LOCATION MAP
N
UGANDA
Legend
[Jostrict
SECTORS
[ ] CELLULES NYARWAMBU
E Marshland 80
y £ Kaniga
UGANDA J
RWANKONYO \
MULINDI | \
N
l/7
Cyumba S )
é \__BUGOMBA /
\\\J J
Gicumbi
0 05 1 2 3 4
O Ko meters

The topographical survey was carried out to prodheanarshlandtopographical map that was used to locate

control structuresuch agunoff, drainage, and irrigation flow.
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5.2 Methodology

The topographical survey was conducted by using a Total Statioreaftdlishing the control points
(benchmarks) witla Differential GPS (DGPS)sas to collect as much pessiblesurvey data from the
MULINDI Marshlandand surrounding areapove 50m on the mowaih from the targeted Marshland

In brief, theprocedures adopted are as follows:

() Establishing DGPS stations order to ensure the global odinate system, the survey area
wasframed through DGPS survey.

(i) Establishing Bench Marks order to ensure locational and directional as well as vertice
controls along the Marshlanddesign and development project in genatapending upon
visibility between two pillars. Thedgench mark pillars ereconnected to the GPS pillars.

The coordinates of the benchmarks wesdculated based on the national mappirgey. The
altitude of each benchmark was also defined by double leveling with equal spans using
optical level.

(iif) After establishing all control points, the data collection worktethin good and well
conditions.

521 Accuracy

The coordinates of theenchmarks ererecorded through a DGPS with an accuracy of £2m. The
accuracyof the surveying equipment usisd

- Total Station LEICA: the accuracy is 82cm
- Differential GPS(DGPS) LEICA VIVAthe accuracy is aflcm

5.2.2 Deliverables

After the site datecollection, COVADIS and AutoCAD software were used to producthe
topographic maps thacontain all collected data on ground. The main features presented on
producedopographical map are:

V  Ground level of the Marshland
V Existing drainage system

V Houses andther features

V Delimitation ofthe Marshland
V Land use

Together with results of hydrological survey, the magswsed to improvethe 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 bigges
with the highest employment rate and is seen as a key geawjine forthe economic development
and poverty reduction (NISR, 2013ore than 8% of Rwanda population is living in rural areas and
about 73.2 % are involved in agriculture se¢MINECOFIN, 2013).

The biggest challenge that Rwandads agricul't
farming populations. Rwanda has a popola of around 12 million with a geographical area of

approximately26,338 Knt with approximately 62 % of cultivable lands.

In Rwanda, agriculture has yet to become a viable livelihood strategy for farming househo
However, the production per unit ane still too low. For examplenaize production wasstimated at 2
tons per k. whereas, it is possible to double it from a similar piece of land primarily by practicing b
agricultural farming techniques and get more income by responding better maket dynamics.
Agricultureas practiced by a majority of farmemsRwanda is chiefly raifed with minimal irrigation.
Thus, peak production occurs during atighdly after the rainy seasorend conversely, production
declines during the long dry spellrjas.

At national level, there ia need to increase the over&Wwandaagricultural productivity In tandem
with increased productivity, it is needed to make farming occupation a lucrative enterprise for

mostly Rwandarural populatiorwho is involvel in this main pillar of Rwandan economy.

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

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

theintmsi fi cation of i rmogat ico o p)(iswieetoh thetmosp ilgoltantg
tools that SukSaharan countries should give priority. The core objecti\
Poverty Reduction Strategic Paper (PRSP) is to improvepteeo pl edés | i ving ¢

povertyto 25% by 2015reducingthe percentage of the populationitig below the poverty threshold
and increase per capita income from US$ 230 in 2014 to US$ 30P01B. The PRSP does recognize
the importance of maan irrigation technology as one of the strategies for the advancement
agriculture in Rwanda.

Given that the success of any irrigation project depends, among other factors, on existing
conditions, it is therefore important to assess the suitabilithe soils for irrigation. An evaluation of

t he soil s&6 s uonihMWLINDII Masshlahdowas therefore caaied out during the perioc
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June to October, 2020 Thestudy was undertaken order to come out with a seéport, their physical

and chemical characteristics and their suitability for irfagat

6.1.2 Scope of Work

The scope of this work involves

1 Reviewof available and relevant data @aell asnformation on pasand ongoing studies related to

the assignment

9 Carry out the soil investigation studies for the entire marshland in order to determir

their suitability for irrigation.

9 Classify the soils according to the FAONESCO and USDA Soil taxonomy soil classification

systems

1 Undertakephysicahemical characterization of the soilsing laboratory analysis and in situ

testing.

1 Carry outinterpretation of the soils of MLINDI Marshland following thenethodology fo
land evaluation based on FA@mework forland evaluation.

1 Identification ofsoil related problems and provide appropriadeommendations relevant
to the specific utilization of the different sdyfpes.

6.2 Methodology

6.2.1 Soil s6é investigations and field data c
Using the existing soils and other relevant information such as geologic (mdpduynissen K, Hanon
M and Fernandez M, 1991. Carte Geologique du Rwanda, OGM&rmophologic Rwanda
Irrigation Master Plan, 2010 by MINAGIRIand previous soil survey reports (suchthe Rwanda
Irrigation Master Plan, 2010; and report@r. and eval uation for agric
A largescale land suitability classification for Rwanda by A. Verdoot and E van Ransi),. 20Qf:F
hole observations were done to a 60 depth. The soils were examined for depth, colour, texture
consistence, internal drainagelirsigy, structure, concretions, th@esence of gravels, mottles, cutans,
pores and root distribution. All the observations were systematicallyajerenced dminating in the
delineation and confirmation of the different soil mapping units. The soil colour was determined us
the O6Munsell S oMuhsell Coldr €a,r197)C Gotour tdesériptigns were for moist
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conditions only.The GPS locations for ghsampled points and their respective laboratory data o

parameters analysedeoutlined in section 2.6.

Composite topsoil samples (030 cm) were taken at various locaticasd chosen based on the soil
fertility gradient and the available soil database (FAO soil classification) of soil orders accorttiag to
respective soil mapping units for soil fertility appraissamples have been collected and taken to th
Rwanda Agricultu e Boar d ( RAB) 6s | ab ©he sotlsaverg andlysed forftaxture, |
organic carbon (%0OC), total nitrogen (%TN), pH, electrical conductivity (EC), phosphorus (|
potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), cation exchapgeity (CEC) and
exchangeable aluminium toxicity #l+ H) ) (see section 2.2 below
analysis). In addition, Infiltration rate was determined using a double ring infiltrometer where a st
infiltration rate was found. Thénner and the ostde rings were driven into preetted soil to
approximately 5 cm depth. The two rings were filled with water to a depth of 20 cm and the time
height of the water in the inner ring was recorded using the floating scale. The comeeaiagssed for

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

status and productivity visavis potential crops to be grown
6.2.2

Soil characteristics of MULIND | M arshland

Histosols.
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Soil samples were taken withihe assigment scope aredarourd 400 ha) to analyzeoil nutrient

Based on the above soil mapJUMINDI Marshland is having four soil orders with the dominance of
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6.2.2.1Histosols
Histosobk have very low bulk density and are poorly drained because the organic matter holds w

very well. Most are acidic and many are very deficient in major plant ntgrnehich are washed away
in the moistsoil. This agrees with status of WLINDI Marshland with more organic content, low

nutrient content and high acidity.

6.2.2.2Management of Histosols
These soils dominated by organic soil materials with some peat®ggdasin peat, raised Hageed

specific management requirements.
It is recommended to drain; apply lime and fertilizerpermit cultivation of "normal’ crops.

The drainage system will have to be adjusted after sgpaetiontime because peat propes change.
The soil ds hydraulic conductivity might dec
large pores, the formation of an illuvial horizon, or the effects of tillage. On the other hand, the soil 1
actually become more permeabl¢éeafsome time because of decaying wood providing passage for t
escape of water or because of increasing biological activity (roots, animals) or the formation of cre
In practice, draining peat lands is a matter of experience and standard formukae thpplicable to

mineral soils are of little value.

6.2.3  Soil sampling
In order to complet and confirm desk analysis awisual field observations, soil samples were

collected.

Using soil auger, three samples were takemaaheselected point and then mixto make composite

samples.

Each sample was put in a samplg,badearly indicating the place name, date, soil pit number, dept

and name of the observer.

For mechanical analysigndisturbed samples were taken using special sampling cylinders ani use

determine the water holding capacity.

6.2.4  Laboratory Methods
The laboratory methods that were used for analysing the soils using the standard methods outlin

Okaleboet al. (2002) Okalebo, J. R.Gathua K.W. and Woomer, P. L. (200Raboratory methods of
soil and plant analysis: A working Manual. 2nd Edn. T@BT 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 care
pounding the aggredes with gestle and a mortand sieving through a 2 mm sieve.

Particle size distribution was done by shaking the sample overnight with sodium hexametaphosp
Measurement for silt (0.0020.05 mm) and clay fractions §00.002 mm)with a hydrometer after 40
secs and 2 hours respectively; silt fraction obtained by difference; sand is the difference between
two. Soil pH and EC were determinedanl:2 ¥ soili water suspension aroil Organic, C% by
Walkleyi Black method.

The Cation Exchange Capacity (CE&as determined by leaching of the soil with 1N sodium Acetatt
at pH 8.2, washing with ethyl alcohol andiNammonium acetate at pH 7.0, Na is determined in the
last leachte by flame photometer. Aftéurther washing with ethyl alcohol and leaching witldé#eed
NaCl, NH; is determined by steam distillation and titration.

The exchangeable cations: Leaching of the soil witi Bmmonium acetate of pH 7.0 while the
determination of Na and K was done using flame photometer, Ca and Mg by atomic absorf
spedrophotometer (AAS).

The available nutrients were determined using Melich method for P analysis, Kjeldal method fo
analysis, Mn measured calorimetrically using phosphoric &cigotassium periodate for colour

development.

6.2.5 Land Evaluation Procedure
Chemical and Rysical Results weresed to assess the marshland suitability classes. Based on F;

(1986)6s | and suitability standards, t her e
suitability (S2), and low suitability (S3yereused

The land suitability classes have been defined as follows:

6.2.5.1Class S1.1: Highly suitable
Land having no significant limitatims to sustained application ofgaven use, omwith only minor

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

acceptable level.

6.2.5.2Class S1.2: Moderately suitable
Land having limitations which in aggregate are moderately severe for sustained application of a ¢

use; the limitations will reduce productivity or benefitedancrease required inputs to the extent that
the overall advantage to be gained fromuke, although still attractiveill appreciably be inferior to

that expected on class S1.1 land.
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6.2.5.3Class S1.3: Marginally suitable
Land having limitations which on ggegate are severe for sustained application of a given use and v

reduce prductivity or benefitspr increase required inputs that this expenditure will be only marginall

justified.

6.2.5.4Class NS:  Unsuitable
Land with qualities that appear to precludetsirsed 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 obta

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

Sample N % % % Exchangeable
Marshland o pH | EC [OC P K Ca | Mg |CEC Textural o
Description total Sand | Silt Clay Acidity
Class
ds/m| % % | ppm | (Mmeg/100g) % % %
Mull 46|04 |2.02 04 (8 0.14(1.68| 0.6 | 7.45 | 24.61| 46.83| 28.56| clay loam | 1.8
Mul2 45104 |2.98 0.41(7.8 |0.11(19 |04 |6.5 [23.65|48.51|27.84|clayloam |1.8
Mul3 43105 |3.27 04 (7.6 |0.11(256]2.1|10.6 [20.5 |53.8 |25.7 |SiltLoam |2.6
Mul4 48103 |17 0.39(9.8 |0.08(3.16|1.3|12.9 [22.4 |58.2 |19.5 |SiltLoam (0.4
Mul5 47102 |4.98 0.39(16.9|0.1 (2842 |13 24.8 |53 22.2 | Sandy loam 1.9
e]
G Mul6 43104 |4.27 0.36(13.7|0.1 (2811110 23.6 [48.8 | 27.6 | Sandy loam 1.6
@ Sand clay
© Mul7 5103 |4.91 04112 |01 |5 1.6 |13.6 |18.6 |56.7 |24.7 0.8
= loam
2 Mul8 48106 |3.19 0.34(11.6|0.13(4.41|10.4|14.9 [ 23.2 |54 229 | SiltLoam |0.8
—
%) Mul9 49103 |1.82 0.24(11.8|0.11(3.34|2.6 125 (21.4 |51.8 |26.8 | SiltLoam (0.8
Average 0-30 cm 47104 |32 04 (11.0|0.1 (3.1 |1.3|11.3 (225 |52.4 | 25.1|SiltLoam |1.33
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Table 2: Summarized irrigation suitability based on chemical properties

Sample

Irrigation suitability

pH [EC |[OC N P K
identification
ds/m| % % ppm (meq/1009)
Sp2x Sslx
Mul S1 46 |04 |202 (0.07 |8 0.14 Soc3xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Ss1X
Mul S2 45 (04 298 |0.12 |7.6 0.11 Soc1xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Sslx
Mul S3 43 |05 |3.27 [0.09 |16.9 0.1 Soc1xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Ss1X
Mul S4 48 (03 |1.7 0.03 |12 0.1 Soc1xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Sslx
Mul S5 47 |02 |498 [0.04 |11.8 0.11 Soc1xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Ss1X
Mul S6 43 (0.4 |427 (014 |224 0.12 Soc1xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Sslx
Mul S7 51 [0.7 |491 |0.11 |95 0.12 Soc1xSn3xSk3xSp3=S3
(Low Suitability)
Sp2x Ss1X
Mul S8 48 (0.8 |3.19 |0.13 7.8 0.19 Socl1xSn3xSk3xSp3=S3
(Low Suitability)
Mul S9 49 |02 182 (0.2 21.3 0.17 Sp2x Ss1X
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So0c1xSn3xSk3xSp3=S3
(Low Suitability)

Sp2x Sslx

S0c1xSn3xSk3xSp3=S3
Average 47 1043 (3.2 0.1 12.28 |0.13 o

(Low Suitability) -

(marginally suitable)

Table 3: FAO Soil suitability classes based on soil characteristics

Class pH (Water) | Organic N (%) P (ppm) K*
Carbon (%) (me/1009)

Low (S3) <45 <2 <0.2 <20 <0.5

Moderate

(S2) 4.6-55 21 10 0.20.5 20-30 0.5-0.8

High (S1) 567.3 >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 8total nitrogen (Sn3), organic carbon (Soahd
available phosphorus (Sp8howed that thé&larshland of NULINDI wasclassified 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 214 yields of sensitive crops are affected
Moderately @line 41 8 yields of many crops afected
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Highly Saline 8i 16 only tolerant crops yield satisfactorily

Extremely @line >16 only very tolerant crops yield satisfactorily

2.4. Soil physical properties and irrigation suitability

Texture influences the movement of water through the aoibunt of water stored in the saill,

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 oftetoirriga
should occur. For examplejater slowlyinfiltrate clay soils so applying large volumes quickly

will lead to runoff while waterinfiltrate very fastsandy soil and requires large volume of water
with high irrigation frequency. The results of soil texture analysis in table beloablg 6)
showed that the soils are classified as follows:

- Soils globally classified as fAClay Loamo
(SL) and Loam soils (L). The Clay loam soils have moderately high internal drainage
with low plant available wate

And globally, MULINDI Mar s hl and wa sow sultadilgystakihgi ireodconsideration

the chemical properties such as pH, Organic carbon, Total nitrogen, phosphorus and Potassium.
However, they are highly suitable taking into considerationssdihity. The value of electrical
conductivities indicates that soils are riogaline in this marshland. Conventionally, saline soils

are defined as those having an ECe value >4 dS/mUhINDI Marshland soilsare not at risk

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

Based on soil texture resultsMINDI Marshlandvasglobally characterized by silt loam soils.

Hence, low internal drainage and the availability of water for plants is high (E2&3).

Table 5: Soil Texture and irrigation suitability

Soil properties Soil texture

Sand | Loamy sand | Silty loam Sandy clay| clay

loam

Internal drainage | High Moderate Moderatelow | Moderatelow Moderatelow

27



FEASIBILITY AND TECHNICAL DESIGN STUDY FOR THE DEVELOPMENT O

MULINDI MARSHLAND IN GICUMBI DISTRICT HL‘U[L‘IIIhL‘I'E”E”

Plant availablg Low Moderate High Moderate Moderatehigh

water

6.4 Soil fertility evaluation

6.4.1  Soil reaction inMULINDI 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 guitiabibty 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 acigam other Rwandan soils. At

low soil pH as is the case (pH = 4.9), there are several bad phenomena which occurs in the soll
environment such as low nitrificatiomte, phosphorous deficiencgluminum and manganese
toxicity, low mobility of organic pollunts 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 depardnthe enhancement of the

soil buffering capaty 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

thebestpractices that should be adopted by farmers ULNNDI 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, caldievels and soil structural changes.

As such it is a major controlling agent of stability of soil structure, nutrient availability for plant
growt h, soi l pH, and the soilds reaction to
thatthe soil has $ow 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 61 12

Moderate 127 25

High 251 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 adsorbedm;aand 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 ot MINDI Marshland is mainly moderate.

6.4.2.1Exchangeable cations
The concatration of four main cations calcium (€a magnesium (M), potassium (K),

sodium (N&) have been measured inlMINDI Marshland for soil suitability evaluation. Levels

of exchangeable cations [cmol (+))kare presented in table below:

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

Cation Very Low Low Moderate High Very High
Na 07 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 interpretatiolevels and laboratory results, WLINDI 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 watesoluble salts (mainly of sodium, but also of potassium, calcium and
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magnesium) which may be chlorides, sulfates or carbonates. These can sevectlplaht

growth and land usand increase soil erosion.

6.4.3 Nitrogen
Total nitrogen was measured #&ssess the total amount of nitrogen present lOLMIDI

Marshland. As much of it is held in the organic matter in the soil, mineral forms of Nitrogen
immediately available to plants (N@nd NH") was also measured. Ratings for Nitrogen as
presented in tabl below were used to assess fertility status and soil suigalfdli crops

production in the Mrshland.

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

Ratings (%) by weight Description
<0.05 Very low
0.0571 0.15 Low

0.157 0.25 Medium
0.2571 0.50 High

>0.5 Very High

Nitrogen content in MILINDI Marshland soils is mainly low.

6.4.4 Organic matter

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

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

content

Table 9: Organic matter classification

Level of organic carbon % Rating

<0.40 Extremely low
0.400.60 Very low
0.60'1.00 Low
1.00'1.80 Moderate
1.80'3.00 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, §udle good structural condition
and high structural stability. In MLINDI 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 substancesdrindiechemical 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. Phosphomwels in MJLINDI 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 a 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 parametestandards proposed by Pam Hazelton & Brian Murphy, 2007; as
indicated in table above, most of(MINDI 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 condep&doped 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 beappreciated 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 bapplied by marshland irrigation; therefore, we emphasize on suitability evaluation
mainly basd on soil properties According to the FAOOG6s met hc
classes are defined as follov&tl = highly suitable;

S2 = moderately suitableS3 = marginally suitableN1 = presently not suitable; and2 =
permanently not suitable. Though not mentioned, management als® glertical role in
optimum crop production. By good management or use of special techniques, a skilled farmer
may be abléo produce satisfactory yields.

Considering current data regarding soil parameters, marshland properties and in reference to
requirements forcrops cultivation in Rwanda as developed by A. Verdoodt & E. Van Ranst,
2003; using FAO suitability classificatipsoils in MULINDI Marshland are moderately suitable

(S2) for many crops including vegetables, maize and beans. Indeed, there is no risk of soll
salinity and alkalinity associated with irrigation water supply in the marshland; hence a wide
range of cropsvould 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
Refering to the results of soil pHexchangeable bases and acimsst 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 exchangdle acidity. By increasing soil pH, lime enhance soil nutrients uptake by the
crops.
The soil lime requirement (SLR) was calculated using the following equation:
YO B0@ 0 oW —— 01 YOO aQa O—
Where: SLR is soil lime requirement (tH)a Ex acidity: exchangeable acidity (cmolRgE:
equivalent factor = 0.05, W: weight of soil calculated per hectare as product of density (1500
kg/m®) and soil volumgarea (1ha) x depth (30 cm) and therefore, 4500t of sd#ih ECCE

stands for Effective Calcium Carbonateu@lent of the liming material . We assudn® use
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travertine as the available liming material in Rwanda with ECCE®&6 from Mpenge/Musanze
site as nearest source to Gicumbi District.

Therefore,

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

Marshland {4 44|+ mi0 FeFr ™ e
rFFIF
MULINDI PH 0 TBIL T UM i
T W@ (@Qu

Increasing soil pHapproaching neutral range by reducing exchangeable acidity will enhance soill
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 nutxailahbility status.

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

Ph Rating

45-5.0 Very strongacid
5.11 55 Strongacid

5.61 6.0 moderateacid

6.17 6.5 slightacid

6.61 7.3 Neutral

747 7.8 mild alkaline
7.9-8.4 moderatealkaline
8.5-9 strongalkaline
>9.0 very strongalkaline

According to soil pH results, MLINDI Marshland gils range between very strorgid and

neutral acidic soils wi a large part of very stroragid to moderately acidsoils
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According to Voundi Nkana (1998), the maintenance of a good soil fertility level in tropical
humid regions is greatly depesmat 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 propodedbe grown, it was noted that most cases,he
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 aatimum 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 thiadol@ amount of the nutrient for that crop. To serve
as an example, maize crop nutrients requirements (N, P and K)}8%235. The calculation
focused on the yield potential of 7.5 t/ha of maize grain, considering also mineral fertilizers on
market to nake a required dose (NPK -17-17, urea 48-0, TSP 646-0 and KCI G0-60).
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 calculatddvas fol

1 191 kg required by maize crop ¥49kg available in soil;

1 89kg POs needed by maize crofs51.5 kg available in soil;

1 235 kg KO required for maize croys 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 productivitpaize.
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Table 13:Mineral Fertilizers recommended for major crops and proposedvegetables in MULINDI M arshland

Nutrients to be
Recommenctd Available soil | supplied by | Type and amount of mineral fertilizer to be
(kg/ha) nutrients fertilizer applied (kg/ha)
P20s | K20 P20s | K20 P20s5 | K20 | NPK17- KCI 0-0-

Major crops | N N N 17-17 Urea 460-0 | TSP 046-0 | 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 | 515 | 143 425|375 |92 220.4 100.4 N 49.2
Beans 101 134 134 | 149 | 515 |143 | N 825 | N 485.1 N 179 N
Potatoes 270 40 360 |149 515 | 143 | 121 | N 217 | N 274 362 N
Vegetables
Carrot 168 168 168 | 149 | 515 |143 | 195|116 |N 685.1 N 253.2 N
Eggplant 179 179 179 |149 | 515 | 143 | 305|127 | N 749.8 N 277.1 N
Cucumber 168 134 134 | 149 | 515 | 143 | 195|825 | N 485.1 N 179.3 N
Cabbage 168 168 168 |[149 | 515 |143 |195|116 |N 685.1 N 253.2 N
Tomato 196 168 168 | 149 | 515 |143 | 475|116 |N 685.1 N 253.2 N
Onion, bulb | 168 168 168 | 149 | 515 |143 | 195|116 |N 685.1 N 253.2 N
Pepper 196 179 179 |149 | 515 [143 | 475|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 recommendd for major crops and proposedvegetablesin MULINDI

Marshland
Nutrients to be
Recommenckd Available soil | supplied by | Combined Organic and mineral fertilizers to
(kg/ha) nutrients fertilizer apply (kg/ha)
P20s | K20 P20s | K20 P20s | K20 | Cow Urea 460-0 | KClI

N N N manure 0-0-60 | TSP 046-0
Major crops 3-2-1
Tea 178.3 |35 115.1| 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 825 | N 41235 | 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 | 825 | N 650.0 N N 151.0
Cabbag 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 0,51,8 (N, % DM)
Phosphorus 0,41 (P,0,, % DM)
Potassium 0,61,8 (K, 0, % DM)
Magnesium 0,7-3 (MgO, % DM)
Calcium 312 (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,
thecrops willuptake that sufficient dose in soil without any additional application.
2. The guantifcation of compost for all croggas been determined based on lower limits
as it is difficult to find higher concentration of-RK in many organic residues
mostly usedin many rural areas when making compost in a heap (mostly used
technique tanake important quantity of compost directly on fjeld
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 ddions.
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) practiceshdgow manure is not
sufficiently available in Rwanda, compost manure candeally made by farmers netieir
plots in the vicinity of the command area to ease transportation. Within three months
compost can be produced in transitional period betweenrtipping season A and B. Hence,

compostmade 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 irrigon. Root penetration, howeveis often inhibited by mechanical
factors (hard or impenetrable horizons), chemical factors (zones of high lime or gypsum
content) or peer drainage.

While a depth Of 150 cm is ideal in a wdlained friable soil, experience has showatt
many irrigated annual and perennial crops produce excellent yields with -araiekd
effective root zone depth of 90 crWhen close attention is given to irrigation and crop
management, most crops give good to excelgltls 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 aolyniasssigned a lower rating because of

a smaller range of suitable crops or lower net income.

The excavation done in YLINDI Marshland, ground water wésund at an average depth
above 1 m; therefore the drainage is not required as minimum soil dep8nofs fulfilled.

The MULINDI soil moisture storage capacity was evaluated according to FAO methodology
basedon the depth of soil up to the ground water which is located at less than 40cm therefore

the following rating was referretd and soil of MULIND is presently not suitalile

SMSC in mm for 100 cm depth Ratings

> 100 S1= highly suitable

707 100 S2= moderately suitable

4071 70 S3= marginally suitable
10-40 N1 = presently not suitable
<10 N2 = permanently not suitable

To make the soil suitable crop, the soil depth seéedbe increased to the minimum crop root
depth of 0.9m required with drainagéhe design of drainage for the marshland is done using
hougougt equation:

The distancéetween two drains is calculated with the formula below:

L=
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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 basedian ann
rainfall recharging ground water.

With H=0.4, h=0.2, a=0.43 annual rainfall of 1205mm, d iIdINNDI is 2.66504E9m/sec, k

is 5.3525E06m/sec

Resulting L is20 m this means that 20 m from the drain root depth is more than 0.9m, with
drain section of Bm 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-¥aluesis one of the principal anchost important

soil hydrauliccharacteristic (parameter) and it is an important factor in water transport in the
soil and is used in all equations for groundwater (stiase water) flow. Very ofteik-value

is usel for simulation of infiltration processes. In the saturated flow camtstthe 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 unitsselocity (M.T-1),
usuallymarked by synbol K (M.T-1) and is named hydraulic conductivityo Telate those

described abovim equation can be generally expressedrsK.|

Very often the Kvalueis less than 10 m.da¥. So the velocity of groundwater (subsurface
water) flow is almost always $8 than 1 m.dag. Of course, the Kalue of saturated soils
introduces the average hydraulic conductivity, whiependgnainly on the shape, size and
distribution of the pores and also depends on viscosity and density of wateil @son the

soil temperature.

In some structurgess soil(sandy soils) the Kalue is the same in all directiori®jt usually
the K-values varywith flow direction. Soil layers vertical permeability is very often different
from horizontal permeability because of verticalfeliénces in the structure, texture and
porosity. Generalized table with the ranges efdfues 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.dayl)
Gravelly coarse sand 10-50

Medium sand 1-5

Sandy loam, fine sand 1-3

Loam, clayloam, clay (well structured) | 0.52

Very fine sandy loam 0.20.5

Clay loam, clay (poorly structurgd 0.0020.2

Dense clay (naracks, pores) <0.002

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

Jakub Stibinger

The hydraulic conductivity inMULINDI

Marshland was detmined using Guelph

Permeameter Method whergid method is based on steady state flow q (MB.Which is

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

(M).

After each 20 minutesvater is emptied and volume measured until the constant discharge

from surounding is reached .

Hydraulic conductivity K (M.TF1) can be approximated lifie formula

w, 8
Q i

Nt 2a Q

And the condition ofh hasheenvalidated

PQ

The photo below shows how the hole was being excavated

Figure 3: soil Profiling
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After recording the dischargéhe 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/mir)

Rwankonjo 1 | 3.4221 x 163

Rwankonjo 2

9.8155 x 163

Mulindi 1

2.5737 x 168

Mulindi 2

2.393 x 164

Rwankonjo 3

5.0247 x 166

Rwankonjo 4

1.7941 x 1€2

Rwankonjo 5

7.4999 x 166

Mulindi 3

4.0167 x 163

Rwankonjo 6

2.6116 x 168

The results of hydrauliconductivity of MULINDI M arshland are classified Medium sand
referring to theresults of the desk analysisjstbsol has hydraulic conductivity range from
1.3m/day to 30m and trebtainedresults fall in this range.

The hydraulic conductivitypbtainedwas used to determine the depth and distance between
field drainin orderto obtain optimum crop production.
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6.4.10 Water-holding capacity or total available soil moisture
Based on theoil texturedatg a first estimate of theoil waterholding capacity can bleund

in the literature. Thesoil waterholding 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 &illyased soill

took place for about 1 to 2 days and the maximum amount of water that a particular soil can
temporarily hold. Depending on soil typ@e soil moisture at FC is held with a tessiof

0.1-0.3 atmosphere (barskhe lighter the soil the lowethe soil tension. The permanent
wilting point of a soil is the condition where the suction force of plant roots cannot overcome
atension of 15 atmospheres (bars) and the remaining water is held around the soil particles.
Sand can storee$s water thaclay or loam bufput 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 rpaces of the aggregates. The
determinatn 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 morendige 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 weigld 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)
7ADA O ECHOAMOIUA OAQR E @ Gr it
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Where 34w is weight moisture content

For irrigation purposesit 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 ktedf 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 basithe bulk density of the soil is regadwhich refers to the weight of

a unit volume of dry solil, 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. ffas is

reason fosoil coressampling The following expression provides the bulk density:

- AOOAE GEBODI E |
" OOET GIAN E|

Where Ds is Soil bulk density

To convert the percentage of moisture from weight to volume ,libsi$ollowing equabn is
used:

YO YO (l)—,o
]

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 movemensail occur when soil profile bulk
density isuniform; a condition that seldom exists in the field. Generally, soil compaction
occurs in all soils where tillages implementedand wheel traffis are usedCompaction
decreases pore spateis decreasing rodevelopment, 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 degségsr than clayey

soils. Having determined the moisture content at FC and PWPsdihevaterholding
capacity or the total available soil moisture on a volumetric basis can be provided through the

following expression:

SMtav = SMv (0.20.3 bar)- SMv (15 bar)

Where:

SMtav = Waterholding capacity by volume (%)

SMv (0.2-0.3 bar) = Soil moisture by volume at FC (@R) (%)

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 thep&lent 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) Ar@0 cm water column is 1
atmosphere. The right-gxis 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 correspamgl moisture corgnts by volumesince at each pF level all pores

wider than the corsponding critical EPD are emp{yAO 2002 Harare)

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

Textural Field Permanent Water Holding WHC or
class capacity (Fc)| Wilting Point Capacity (WHC) or Available
(Vol.%) (PWP) (Vo) Available Moisture | Moisture(mm=m)
(vol %=mm/dm)
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) 1520 (17) 16-21 (19) 160210 (190)
Silty clay 35-46 (40) 17-23 (19) 1823 (21) 180230 (210)
Clay 3949 (44) 19-24 (21) 20-25 (23) 200-250 (230)

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

Textural classField capacity Permanent wilting Watieolding capacity (WHC) ofFC)

point, (PWP) or available moisture

Theeasilyestimated available water values for different textural classes used for land quality

soil moisture storage capacity (SMSC) were obtaimieelr several regression analysiere

carriedout for different types of soit®und 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 capacityoibsivelling clays it should

be determined at several moisture contents. Bulk densities of highly productive soils usually
range from 1.0L.5 (medium to fine texture) and 11165 (coarse texture). Excessive bulk
densities inhibit root penetration and leration (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 ©ntent

Profile | Location Molsture 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 saglter relationship and plan amount of water
and plarfor irrigation.
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The obtainedvalues are out of the range of the references for medium to fine texture or

coarse texture.

[0 mB"m- 1

: : 0 _ v
Pore spacé expressed in term of % pore space ERT T W o1 Where

Partick density habeen 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 (Blacket al., 1965a). Water and air movements through soil depend onrthepgaxe

and the sizeidtribution of the pores (micrpores and mackpores). 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 oMULIND | 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 20Q4onsidering the results obtained in above table theisoibt 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 activiggternal soil improvement will be

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

erosiordnduced reduction in crop yields &tributed to loss of rostdepth, degradation of
soil structure, decrease in plawater available resems, reduction in organic matteand

nutrient imbalance.
Slope

The slope classes are rated as follows:

Slope % rating

07 6 S1.1: Highly suitable

61 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 probléeas #ie 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
Imperfectlydrained S1.3: Marginally suitable
Poorly drained NS: Unsuitable

Considering the depth to ground water found, theJLMNDI Marshland is imperfectly
drained

6.5.1 Soil water relationship of MULINDI Marshland
After laboratory analysis and calculatiotize results were summarized in the table below



FEASIBILITY AND TECHNICAL DESIGN STUDY FOR THE DEVELOPMENT O

MULINDI MARSHLAND IN GICUMBI DISTRICT :‘\'L‘llll_‘lllhl.‘l'!”ﬂ]

Figure 7: Soil water content

Water per 30 cm of soil depth

] ) water | water needeg
Field capacity

Permanent Plantavailable Bulk content | to wet
site Soil wilting point wt water capacity density depth(10
texture Fe omm)
% Cm % cm % cm % Mm/m
Rwankonjo | Loamy
11.40 | 6.954 | 18.36| 11.1996| 6.96 | 4.2456 | 0.61 7.7 127.368

S1 Sandy

Rwankonjo | Loamy
12.60 | 3.654 17.81| 5.1649 | 5.21 1.5109 0.29 3.55 45.327

S2 Sandy
Loamy
Mulindi S3 12.10 | 2.904 18.22 | 4.3728 | 6.12 1.4688 0.24 3.39 44.064
Sandy
o Loamy
Mulindi S4 Sand 8.87 4.9672 | 16.29| 9.12352| 7.422 | 4.15632 | 0.56 6.56 124.6896
andy

Rwankonjo | Loamy
S5 Sandy

13.20 | 3.168 | 19.07| 4.5768 | 5.87 | 1.4088 | 0.24 2.55 42.264

Rwankonjo | Loamy
13.60 | 2.856 | 20.80| 4.368 7.2 1.512 0.21 2.72 45.36

S6 Sandy
Rwankonjo | Loamy
4.929 8.8298 | 7.36 | 3.9008 117.024
S7 Sandy | 9.30 16.66 0.53 6.87
o Loamy
Mulindi S8 1.472 3.174 7.4 1.702 51.06
Sandy | 6.40 13.80 0.23 2.98
Rwankonjo | Loamy
3.7947 5.967 557 | 2.17283 65.169
S9 Sandy | 9.73 15.30 0.39 5.06
Average
water 73.591733
required
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. Tlegularly 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:

SMSCin mm for 100 cm depth

> 100

707 100

4071 70

10-40

<10

Ratings

S1.1: Highly suitable
S1.2: Moderately suitable
S1.3: Marginally suitable
N1: Unsuitable

N2 = permanently not suitable

Referring to above ratingll sampled pointisthe MULINDI Marshlandhas 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 S1.2Moderately suitable 56
6.5.2 Irrigation and crop water requirement

The irrigation will be done afte&#5%depletion therefore the depleted water3s591733nm

times 0.25 making 18mm and considering evapagiration ranging from 2.7 to

3.16mm/day, irrigation interval randgem 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 0£200mm to 2200mm that is well distributed throughout the;year
temperatures ranging from 13 to 3G C with optimumtemperatureof 30/C and a altitude

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

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

soil pH range of &4.6. 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 fran frost. (Kenya Agricultural & Livestock Research Organization 2/28/2019)

Kamunya et all

Table 3: Soil requirements for tea in Rwanda by Verdoodt & Ranst (2003)

Seoil suitability class, degree of limitation and rating scale
Suitability class S1 52 S3 N1
parametric Evaluation of restrictions 100-75 75-50 50-25 25-0

crop

Soil-site characteristics

Climatic and land quality

Annual rainfall (mm) =>1300 1300-1200 1200- <1100
1100
Dry season (days) <60 60-90 90- =120
120
Slope (%) <13 13-25 25-55 =55
Flooding no risk - - any risk
Drainage excessive to moderate imperfect poor  very poor
Clay % & structure 35-60 blocky =60 Blocky -
20-35 <20
Depth (m) > 1.00 0.50-1.00 < -
0.50

Considering above parameter of suitability, the soMofLINDI M arshland is suitable tiea
plantation at rate of 54%he only factor limiting theéeacultivation inMULINDI Marshland
is the depth of soiindthe technique to be used to lower ground water levieich 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 @e, well-drained, fertile soilend 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. Droughtndutihe four week periodlowering
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(silking and tasselingfan cause serious yield lossasd therefore some rim of water
conservation is important (e.g., gmling, mulching, tiedidges), especially in the drier
areas. Temperatures above 38 degHcius affect yield by afféag pollen viability while
temperature below I@tards maizegrowth.
(https://wwwseedcogroup.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 cultivadl between 1,5002,800m.a.s.l; welbistributedrainfall of between 850

71,200mm is regired during the growing periodotatoes perform well in cool climatic
conditions and the optimum temperature range i3 280C. Free draining fertile medium
loams are preferred since heavy clays restrict tubertgravine optimal soil pH range is 5.5

7.5(https://www.jica.go.jp/project/english/kenya/015/materials/c8h0vm0000f708cj

att/materials 25.pdlf

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

acidity.

6.6.4 Beans
Common beans growithin a range of temperatufeom 17.5to 27° C. Above 30° Glower

buds are likely to fall and seeds are rarely formed at eeatpres over 35° Crhey are
sensitive to night frost. Common beans are usually grown at altitudes bed@@eB000 m.
Moderate weHdistributed rainfall is required (901,200 mm of rainfall annually) but dry
weather during harvest is essential. Baitbught and watdogging are harmfulSuitable soll
types range from light to moderately heavy and to peaty soils withneedral pH and good

drainage. Common beaaresusceptible to salinity.
(file:/lIC:/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 MJLINDI Marshland is moderately suitable to all crops and needs to be

developed to make 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 thetea growing in the marshlandand othercrops are suitable with soil fertility

improvement ad drainage/irrigation development.

Therefore, the tea is recommended on hillside while the marshland is dedicated to other crops
(Maize, Irish potatoes and Vegetablethe users othe marshland for teglantation should

agree with hillside famers on hw they can exchange the land.
7 Section 3Hydrology

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 marsidamell as the
analysis determination of thewvater resourcesvailability and water demand in terms of
quantity.

The scope of work can be summarized as follows:

1 Collection of field and secondary data, review of existing data and reports related to
hydrology.
1 Carry out rainfall analysis
0 Analysis of rainfall data from the rain gauge stations in the vicinith@project
o Frequency analysis of rainfall to carrytaainfall intensity for a range of storm
durations and return periods (5, 10, 25, 50 and 100 years)
1 Determination of catchment area characteristics (size, length/slope of mainstream and
land slope) from the GIS software and data obtained from field igagéisins
1 Determination of SCS curve numbergaking into account catchment slope, soil
permeability, vegetation cover, etc;
Calculation ofconcentratioriime and lag time using appropriate empirical formulas.
Modelling the hydrological Response of Wateds andPeak flow determination by
runoff modellingused in designing new and checking the design of existing hydraulic
structures (e.g. drainage canals, etc.)
Flood frequency Analysis
Review the hydraulic efficiency of existingdraulicstructures and check thesizes like

drainage canals, etc. as per the peak discharge calculated.
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1 Analysis and determination of theater resourceavailability and water demand in terms
of quantity and therefore providing useful data for the desigm afrgation 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:

FIELD FLOW DAILY LAND USE SOIL
INVESTIGATION MEASUREMENTS RAINFALL LAND COVER CHARACTERISTICS
|

CATCHMENT

i

DESIGN RAINFALL SC5 CURVE

DELINEATION

NUMEBER
. INTENSITIES
RATIONAL METHOD, SCS
METHOD, SOKOLOVEKY, PEAK DISCHARGE ESTIMATION
ORSTORM, SOGREAH, HEC-
HMS SOFTWARE MODEL
MANNING EQUATION DETERMINATION OF OPENING W
SIZES FOR DRAINAGE CANALS
AND CROSSING STRUCTURES m

Figure 7-1 Methodology

7.2.1.1Data collection:
Data collected for the project were Digital Elevation Model (DEM), Topographic map

showing all the marshland features, daily rainfall data from vameeigorological stations
near projet area, land use andrid cover (LULC) map of the area andischaracteristics of

the area.

7.2.1.2Hydrological Analysis:
After the data collection, various hydrological parameters were estimated. Catchment areas

were delinead using ArcGIS softwarand DEM; topographic map anield 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 weestimated using different methods taking above parameters as.input
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7.2.1.3Hydraulic design:
Shape and sizes of drainage structures will be designed considering the peak discharge

obtained using the empirical formulaSSOGREAH, SOKOLOVSKY, ORSTOMRational
Method, SCS Method and HEEMS

7.2.2 Flood Estimation
7.2.2.1Factors 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 isletpiate 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 heahscharge 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 cdtment 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 watr 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 basirreeatees the
streams more quickly as it travels only shorter distance. Antecedent moisture condition

determines whether or not flooding occurs.

7.2.2.2Flood frequency analysis
Flood frequency is the relation between magnitudes of extreme event to their fregfiency

occurrence through the prohiay distribution (Chow, 1988),hHe historical data was used for
predicting flood. In this analysithe data are assumed to be independent and identically
distributed. The flood data are considered to be stochastic amdedso be independent of
time and space (Rao, 2000)e frequency analysis is used for predicting design flood for
ungaugedand gauged site along the rivenistis done using the maximum discharge series.

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

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

analysis. The annual maximuseries is taken commty for flood frequency studieshé



FEASIBILITY AND TECHNICAL DESIGN STUDY FOR THE DEVELOPMENT O

MULINDI MARSHLAND IN GICUMBI DISTRICT :‘\'L‘llll_‘lllhl.‘l'!”ﬂ]

annual maximm series is ganged in descending order. The probability of exceedance is

then calculated using #©.5/ n; his is called as Hazen plotting position formula. The
probability of exceedance of an event or frequencyle&ed to return period as P=1/Tet

log Pearsonah Gumbel 6s met hods are the convention
anal ysi s. I n the pr es e nnethad hadbgen adaptedvto daeryy y u s

out the flood frequency analysis.

7.2.2.3Flood estimation methods:

Rational method:
The rational method is the most common methusdl 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 aimg) sations

require the development of a runoff hydrograph.

The formula for the Rational Method is:

v 0600

Where,

Q = peak discharge, cfs

C = runoff coefficient

| = average rainfall intensity

A = drainage area, acres

This method is a simplified nael of the hydrologic process therefateshould only le used

for small drainage areasd preferably for areas with the same general basin characteristics.
The following assumptions are inherent in the Rational Formula:

The peallow occurs when the entire watershedontributing to theflow.
The rainfall intensitys the same over the entire drainagea.
The rainfall intensitys uniform over time duration equtd the timeof concentration, Tc.
The timeof concentrations the time required for water to travel from the hydraulically
most remotegointof the basirto the point ofinterest.

1 The frequency of the computed pdékv under the Rational Methaslithe same as that
of the rainfall intensity, i.e., the 3y rainfall intensity is assumeo produce the 1gear

peakflow under the Rational Method.
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1 The coefficient of runoffs the same for all storms ail recurrence probabilitiesebause
of these inheent assumptions, the Rational Formula should delgpplied to drainage

areas smaller than 16@res.

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

runoff that is available for retention. Tlaetual 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 cadl the initial abstraction (layill not appear as runoff.

The runoff volume uag SCS method is estimated as follows:

Where S is the potential maximum retention
Empirical studies indicate that S can be estimated by:

CUTTT
00

VT

CN indicates stads for the Runoff Curve Number

SOKOLOVSKY M ethod:
Qmax=0.28 X RXC X AX /L

Where 0.28coefficient of units conversion
Pr: Rainfall for Return Briod T = 2, 5, 10, 20 and 100 years
C: Runoff coefficient
A: Catchment area in Km?2
f: 0.6: Coefficient of hydrogram form (catchment area with vegetation)

tc = Time of concentration

tt= L / 3.6 O

Where L: Longest flow path in Km
Q Average flow velocity
= 0.5m/s on granitic basin catchment with vegetation

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

(Soci ® ® Grenebl eoise dof£tude et dOAmM®nageme

This method is used for catchment areas above 100 Km?2

(gma)(= 0278 K §.l5( P[' T PO)

Where 0.278Coefficient of unit conversion
K :regional coefficient varying from 1to 1, 5
(Here we consider 1.2 for vegetative granitic catchment)
S :Catchment area (Km?)
Pr :recurrentrainfall T = 2, 5, 10, 20 and 100 years

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

ORSTOM M ethod:

Qmax_moy_:PTXKXCXAX].OOO/-B

Where R = Recurrent rainfalt
K = Reduction coefficient = 0.81
C = Runoff coefficient
A = Catchment area (A < 100Km?)

Tp = basic time in second

HEC-HMS Software Modelling Method
HEC-HMS is widely used, usefriendly and open sourcesoftware which simulates

hydrological response of the watershedss@phisticallymodel developed by Hydrological
Engineering Centre (HEC Body of USA Army enginedine project created in ArcGIS using
HECGeeHMS was used as the input for HEQMS).

The HEC-HMS software simulates:

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

(project Rain);
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1 Losses by the different lossaaels integrated in HEEIMS (Losses for infiltration,
storage in depressions, evapanspiation...)
The Drect Runoff (By the differentransform models integrated in HEAMS).
The flow in the river (of thertbutaries of he watershed) by the differemahsfer models
integrated in HEEHMS.

Modelling HEC-HMS:
In schematization of HMS, theatchment is divided into sniat 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 basind’he subbasin is used to represent the physical watershed. Given precipitation,
outflow from the sub basin element is calculated by subtracting precipitation losses,

calculating surfae runoffand adding baseflow.

ReachThe reach is used to convey streamflowha basin model. Inflow to the reach can

come from one or many upstream elements.

JunctiorThe junction is used to combine streamflow from elements located upstream of the
junction. Inflow to the junction can come froone or many upstream elementstflow is

calculated by summing all inflows.

SinkThe 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 nodelling usuallyconcerns lie rainfaltrunoff relationship that is to sahe
model uses the rain as a variable input and calculates a hydrograph as an output. These

models are usually based on two distinct functions:

1 Production function: transform the real rain in raifrédtly contributes in a direct
runoff)
1 Transfer function: that carrigsansformedrain (without losses) at the outlet of the
hydrological unit (the watershed).
To simulate the behaviour of the watershed by the model-HEGS, it is necessary to go

throughthe following three steps:

Modelling sub basinsThe Basin mdel consistof introducing the different parameters

order to calculate lossedirect runoff and methods used were:



FEASIBILITY AND TECHNICAL DESIGN STUDY FOR THE DEVELOPMENT O

MULINDI MARSHLAND IN GICUMBI DISTRICT :‘\'L‘llll_‘lllhl.‘l'!”ﬂ]

0 Loss model SCS Curve number method
o Transform methodSCS Unit hydrograph

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

different return periods. The precipitation datasvealded for different gages ime series

data component.

Control specificationsDefining moment of the beginning and the end of the st and

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

100yearg and time interval was given for control specs.

7.2.3 Flow Measurements
Most discharge measurements of stream flow are made yutimeof Partial Discharges

Method using a velocitymeter 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:

Breakng up the stream into rectangles

A
A Measuringthe average velocity (vi) and area (Ai) in each rectangle
A Estimatingthe discharge in each rectangle (gi= Ai x vi)

A Summingup the discharges in all the rectangl

The process of this exercise is conduetsdollows:

1 String a measuring tape across the width of the stream

1 Measure the depth with a tgetting wading rod

1 Measure the depth with a tgetting wading rod or with measuring rod

1 Measure the stream velocity in a rectangle with a current meter
If the water depth is greater than 0.8nen 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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Profile

Location of flow meter referring to stream dept| 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 andus/eys that areessential nputs 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 / Hagical 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 drainagenfrastructure and is strongly linked to an effective site
assessment and planning process. It is important that adequate ddieectsccan the early
stages of theroject 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. MILINDI 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:

Table7-1 Flow measurements at the upstreamMfJLINDI Marshland















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































