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0 SUMMARY |

This Conceptual Model Report is part of the feasibility study of the Zambezi Integrated Agro
Commercial Development Project (ZIACDP) and has been prepared by the Consultant, Studio

Galli Ingegneria S.p.A. (SGI) and Mseria Consulting Engineers PLC (MCE) after the
contractés signature with the Ministry of Agl

The inception phase has been completed by the middle of March carrying out desk
documentation review, kie&ff meeting field visit, data gathering and harmonization, then
planning of survey activities and deliverables.

By the 1¢ of July, the Field Investigation Report has beenlidered with results of
topographicalgeotechnicahndsoil survey The current project phassvisages the redaction
of the presenConceptual Model Report but also Africultural Commercial Business Plan,
Financial model, ESIAand EMP. Next deliverables will be theifal Report and Bank
able Feasibility Study

For whatconcerns the preseptoject (general issues are given in paraggpbnthe basis of
climate regime (paragrap®), hydrogeology (paragrap8), soil surveyand land suitability
maps (see Field Investigation Reporgnd taking into account market and value added
opportunities, the agronomisias identified suitable crops for irrigated production and the
production technology requirddee Agricultural Commercial Business Plan)

The type of irrigation systenis determinedaccording to botlirrigation and hydraulicissues
(paragrapht). Once the best alternative has beelectedthe conceptual desigor the water
distribution and irrigation systefmas beemreparedparagraptb): this network is on demand
pressurized pip&les Finally the project for acceseads andgtorm watedrainagesystem has
been carried out (paragragh

SGI & MCE pagel3
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1 INTRODUCTION

1.1 GENERALISSUES

An irrigation system is designed to use the available water as efficiently as possible by
minimizing the losses in conveyance, distribution and applicatioe. iffigation system
consists of the following two sufystems:

T Agricultural subsystem comprising the cultivated fields with different types of crops,
farming system, and agricultural practices including the application of irrigation water
and land husbamg.

1 Engineering suisystem comprising various structures for storage and diversion of
water and pipe networks for water conveyance and distribution.

The ZIACD project has been identified to provide irrigation infrastructure to farmers and
entrepreneurs ia large area near the existing Pandamatenga Commercial Farms. To achieve
the above objective, the Ministry of Agriculture (MoA) that is in charge of the Project, intends
to divert water from the Chobe/Zambezi River for irrigation as well as for domestic us

The selected area of about 45,000ha is located on the western part of the existing
Pandamatenga Commercial Farms at about 110 km South of Kazungulu, in the Northeast of
the country.

In I'ine with the aim of i mpr obhhood gf the ueal count
popul ati on, di versi fy agriculture, contribu
employment opportunity through the strategy of development of irrigated agriculture, MoA

has initiated the development of largeale irrigation throug the investigation and
development of surface water potential of the country. Accordingly, ZIACD Irrigation Project

has been planned for implementation using high technology of pressurised irrigation system.

The present Feasibility Study focused on dalection, analysis and preliminary design. The
conceptual design of the project is finalized based on the outputs of the feasibility study. The
feasibility and conceptual design reports address different sectoral components required for
the scheme develagent and include climate and hydrology, topography, soils, agronomy,
livestock, socieeconomy, agricultural marketing, value chain, hydraulics and irrigation
engineering and economic and financial analysis.

1.2 LAND USE AND LAND COV ER

With the exception of théorest and wild life reserve areas, there are no defined land use
activities in the project area. However, adjacent to the project area, there is an established
commercial farms, Pandamatenga Commercial Farms, that grow sorghum, beans, sunflower
and othercrops during the rainy period of October/November to February/March. The total
area of these farms is about 25,000 ha.

The project area is predominately characterized by bushy/shrub grassland covers but the
intensity varies from place to place. In aredsere mopane (Coloophosepermum mopane)

with scattered big trees like mukuse and moshweshew exist, the area can be described as
dense shrub land.

Mukuse and moshweshew are trees with evergreen characteristic that never dry as other
vegetations do. Moparis one of the most typical tree and shrub species found broadly in the
project area. It often occurs in sidandy soils but it also grows on a large variety of soils
ranging from sandy to clayey textures.
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1.3 CLIMATE

The climate in the project area is searid characterized by summer rainfalls. Maximum
temperatures range between 26°C antC34nd are experienced between October to July.
Minimum temperatures range between 11°C to 20°C occurring between November and July.

Rainfall is highly variable and thenaual average is about 538 mm. Most of the rain falls
between October and April, with December, January and February being the peak months.
The whole year can be subdivided into four seasons including:

1 Dry winter season (May to August);

1 Rainy summer seasqNovember to March);
1 Spring (September to October);

1 Autumn (April to May)

The soil climate of the area is characterized by aquatic moisture and isohypertermic
temperature regimes (SMSS, 1987 technical monograph No.6). An aquatic moisture regime
occurs inpoorly drained parts of the lacustrine areas (Soil Mapping and Advisory Services,
Gaborone, 1990).

1.4 CURRENT STATE OF IRRI GATION

Presentl vy, irrigationodos contribution to ove
insignificant. Nevertheless, theredameed to expand production to feed the population and to

ensure food security. Raising livestock has long been one of the most important agricultural
activities in Botswana. Sheep and goats are said to adapt to the drought condition of the
country bettetthan cattle do. Cattle are mostly raised for beef. Dairy and the likes are very
limited.

1.5 OBJECTIVES OF THE STU DY

As outlined in the terms of reference (ToR) for the ZIACD Project, the primary objective of

the planned i nt er v e ndoineercialiagicultuml déveloprneatbwhichs h  a
wi || i mprove Botswanads food security, di ver
countryés GDP and create direct employment f
the project will create mportunities for Batswana to be involved directly and indirectly as
entrepreneurs, therefore increasing the i mpac¢

Therefore, the principal objective of the infrastructure component of the project is to select the
most suitable option- taking into account the criterion of viability and suitability for local
conditions- and prepare a corresponding conceptual design and implementation plan. This

implies to:
9 Carry out an overall final feasibility study and develop barkahkiness plan;
1 Analyze and recommend the best financing options for the project;
1 Make recommendations to the size and type of agricultural operations; and
1 Conceptual design of the agricultural project utilizing all the available water, which

would bedelivered to a regulating reservoir at site.
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2 CLIMATE AND HYDROLOG Y

2.1 GENERAL FRAMEWORK

Geographical location of Botswana and its physiogyaggtermine a climate that is arid to
semiarid. In fact, the countrjies between Latitudes 18° S and 27° S andditudes 20° E
and 29° E, besgs it is completely landlocked.

The country is largely flat and surrounded by higher plateaus of Zambia to the north,
Zimbabwe to the northeast, South Africa to the southeast and south and Namibia to the west,
gi vi ng cearlti kateysiogsaphy As a result of this, there are no prominent barriers to
the flow of moist air and orographic influences on the formation of clouds and precipitation
are virtually norexistent.

Briefly the major climatic controlthat determind ot s wana 6 s wvaeetthe rainfalle sour c
temperature and evaporatio@ver 90% of the raimfl occurs in the summer months and,
sometimes, 70% to 90% of the annual total rainfall may occur in onéy month. Rinfall

tends to occur in wet spells lagliseveral days attame: these periods aliaterspersed with

lengthy dry spellsStorm rainfall intensities are usually high but the duration ostbems are
short.Rainfall incidence is highly variable both spatially and temporally.

Generallythere arehigh daytime temperatureand high evaporation rates throughout the
year. Potential evapotranspiration rates exceed the rainfall total at all diftbe year except
when extremely heavy storms occur.

2.2 DATA SOURCES AND TYPE

Most of the meteorologicahe as ur e ment s h a sNatioraleMaterfMastenRlani n t h
Reviewd (NWMPR), Vol ume JredactedyDeprtment tWvaterr Re s
Affairs (DWA) of Ministry Of Minerals, Energy & Water Resources (March 2006). This data

are mainly providedy Department of Meteorological Services (DMS) and already included

in the Botswana National Atlas (2003)

The DMS provides data from several stations spread all over the country and generally
maintained at schools, police stations and other similardutistits. Often length of time series
varies considerably and some stations began recordihg i1920s, even if DMS indicates as
reliable datacovering the period 19712000.

Further meteorological information froBMS has been gathered during the pregeoject to

get an almost comprehensive dataset for hydrological study of Pandamatengm site.
particular, hese measurements are availabl 2 sites in Pandamatenga: tRwlice
Meteorological Statiof Lat i t ude S 18 A3 3ihatis dpeating $inceuld6d E 25 A
and Pandamatenga Meteorological Station (Latitd88326 |, Longioutheis 25 A3
working in the last 15 years.

In some cases needed data are not available at the abovementioned stations therefore
hydrological analysis has taken into account measurement recorded somewherefdlge, as
described and justified in the next paragsaph

2.3 DATA ASSESSMENT FOR A GRONOMIC ST UDY

The meteorological data, that has been necessary to gather for the present study, consists of:
daily rainfall, mean daily maximum and minimum temperature, relative humidity, sunshine
hours, mean monthly wind speeds at 2 m and 10 m and mean montlelygpanation.

The time series of daily rainfall data measured at Pandamatenga Satica is quite long
(from 1961 to 200y andalmost complete, in fact there are 39 entire years and 3 years with
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more than 10 month of recording. These 42 years have dm@idered in the following
numerical elaborations.

The annual rainfalvithin the studyarea isaround550 mmranging in the last 40 years from at
least 300 mm t@round800 mm in wet year (Figurel). On average monthly precipitation is
almost null from May to Septemhehen the rainfall progressively increaseshiemaximum
value of136 mm in Januaryfinally mean monthly precipitatio decreases with almost the
same previous growing trer(figure 2). There are about 220 rainy days that are distributed
according to the graph quotedRigure3.

Annual Rainfall at Pandamatenga (1962 - 2006)

Annual Rainfall {(mm)

Figurel. Annual Rainfall at Pandamatenga (Btdiben 196206 2006, DMS)
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Average Monthly Rainfall at Pandamatenga (1962 - 2006)
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Figure. Average Monthly Rainfall at PandamatengaSRoiamel 9626 2006, DMS)

Average Daily Rainfall at Pandamatenga (1962 - 2006)
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Figure3. Average Daily Rainfall at Pandamatenga $Railmg196206 2006, DMS)

The nean annual temperatuie the study areé 22.6 °C accordig to the measuremeras
Pandamatenga Meteorological Station. Maximum monthly temperature is in October with
more than 34 °C while the lower values are in June and July (about 25 °C). The monthly
average of minimum temperature is about 8 °C in July arehthes 19 °C between October

and FebruaryRigure4).
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Average Monthly Temperature at Pandamatenga (1998 - 2012)
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Figurel. Temperature at Pandamatenga (Meteorological Statiagh20@228DMS)

The time serie®f sunshine hours, that have been recorded at Pandamatenga Meteorological
Station between 1998 and 2011, show the lowest value in December and January (about 6
hours) and highest in August (10 hours), as representeédune5.

Average Monthly Sunshine Hours at Pandamatenga (1998 - 2011)

12

10 +~ = —

Avergae Monthly Sunshine (hour)
o

Jul Aug Sep Oct MNov Dec Jan Feb Mar Apr May Jun  Annual
Month

Figurés. Sunshine hours at Pandamatenga (Meteorological Stati®201398®MS)
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For what concerneelative humidity and wind speed, data are not available in Pandamatenga
therefore the analysis has made reference to the closest stadivearifying that thegeneral
meteorological condition can reliably be the same of the study @heae figures anthe
evaluation of hydrological analogi@iave beenbased upon what is redacted within the
NWMPR.

In case of relative humiditythere are not relevant differences among the stations in the
northern part of Botswana (Maun, Kasane, Shakawme)act, the NWMHR includes these
station within an unique region whestatistical process for estimating missing climatic data
needs to be applied (for instance, multiple regression of rainfall data).

For the present studyata recorded at Mauras been takeinto accoun{Figure6). The same
monthly trend is shown for measurement at 8 am and 2 pm: during the morning the parameter
ranges from 40% in Septembto 77% in February, while in the afternoon values vary from
20% to 45%.

Monthly Relative Humidity at Maun

80
8:00AM m 2:00PM — —

70 ¥~ —

60

50 7

40 ‘ ‘

30 7

20 7

10 4~

Avergae Monthly Relative Humidity (%)

Month

Figures. Relative humidity at Maun (Airport Station, NWMPR / Botswana National Atlas)

Even information about the wind speed are not available at Patetajaatherefore the
measurement at Kasaigrport are taken into account: this because, as already mentioned,
Kasane belongs to the same statistical cluster of the study area and it is the closest site.

However, in Kasane theelocity is recorded only at0Ol m from the ground thus the
relationship between wind speed at 10 and 2 m has been analyzed for all other stations
(Gaborone, Mahalapye, Francistown, Maun, Shakawe, Ghanzi, Tshane, Tsabong). From this it
comes out that the ratio between velocities at different height is constantly around 63

64%: thus on the basis of this the wind spe&timtin Kasane has been estimated.

As it can been noted irigure?7, wind speed is minimum in January (1.3 m/s at 10 m, 0.8 at 2
m) and reaches the highest value in September (respectively 2.5 and 1.6).
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Monthly Wind Speed at Kasane
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Figuré’. Wind speed at KasafAirport Station, NWMPR and estimation)

In Pandamatenga evaporation from pan has been recorder daily since 1997 and the resulting
monthly average are shown &igure 8 measured evaporation ranges between 125 and 170
mm from December to July, then gets higher value having its maximum ib&dgbout 300

mm). The annual cumulative value is about 2,150 mm.

Monthly Pan Evaporation at Pandamatenga (1997 - 2012)
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Figure3. Panevaporation at Pandamatenga (Meteorological Statich2Q227/DMS)
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The following table summarizes the mean monthly valuesneteorological parameters that
have been taken into account for agronomic stéawyual values are calculated as monthly
average except foprecipitation and evaporatipwhere cumulate amount has been computed.

Parameter | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Em']‘;a” 136 | 112 | 65 | 21 | 1.0 | 08 | 00| 00 | 15| 23 | 65 | 114 | 539
Temperature | 5, 5| 391 | 30.3| 29.8| 28.2| 25.3| 25.0| 28.3| 32.2 | 34.2| 32.7| 30.2| 29.7
max (°C)

:nei?gg)at“re 19.5| 18.8| 17.2| 14.9| 11.6| 89 | 83 | 12.9| 15.1| 19.1| 19.6| 19.2| 15.4
;\fgé?gf‘t“re 248 244|238 223|199 17.1| 16.7| 206 | 23.6| 26.6 | 26.2| 24.7| 22.6
Sunshine 70| 77| 77| 93| 98| 93| 961|101 98| 94| 77| 67| 87
(hour)

Relative

humidity 75 | 77 | 75 | 69 | 64 | 64 | 62 | 52 | 40 | 43 | 57 | 68 ;
(%) at 8 am

Relative

humidity 46 | 45 | 42 | 39 | 29 | 29 | 26 | 21 | 20 | 22 | 32 | 42 -
(%) at 2 pm

Windspeed | 13| 15| 15| 16| 21| 21| 21| 23| 25| 23] 16| 15 ;
(m/s) at 10 m

Wind speed | o | 19| 10| 10| 14| 13| 13| 15| 16| 15| 1.0 | 1.0 ;
(m/s)at2 m

Pan

evaporation | 169 | 151 | 157 | 149 | 144 | 125 | 141 | 191 | 256 | 294 | 217 | 164 | 2,157
(mm)

Tablel Summary of meteorological parameters for agronomic study

2.4  STATISTICAL ANALYSIS OF RAINFALL

The time series of daily rainfall data measured at Pandamatenga Police Station has been
considered to identify the maximum height for each year (42 years with complete data
between 1962 and 200&romFigure9 it can be noted the lower values are around 40 mm;
maximum daily precipitation is less than 60 mm for about 50% of the years, while is more
than 80 mm for a quarter of considered gear
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Max Daily Rainfall at Pandamatenga (1962 - 2006)
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Figur®. Maximum Daily Rainfall at Pandamatenga (Police Statié?0@62DMS)

The Gumbel distribution is used to evaluate the statistical distribution of the maximum yearly
values of daily rainfall in order to identithe intensityduration frequency (IDF) curvesThe

42 values(N = 42) of maximum daily rainfall are listed in descending order thus their
statistical probability can be assessed:

v 2 Phno 2nso p one e bil
0] Y Y
Max Daily N Time Exceeding Not exceeding Reduced
Rainfall (mm) Return (Tr) | probability (Ep) | probability (NEp) variate (Y)
160.0 1 43.0 0.023 0.977 3.749
119.0 2 215 0.047 0.953 3.044
114.0 3 14.3 0.070 0.930 2.627
95.0 4 10.8 0.093 0.907 2.326
92.0 5 8.6 0.116 0.884 2.091
92.0 6 7.2 0.140 0.860 1.895
92.0 7 6.1 0.163 0.837 1.728
88.5 8 5.4 0.186 0.814 1.581
84.0 9 4.8 0.209 0.791 1.449
83.5 10 4.3 0.233 0.767 1.329
77.5 11 3.9 0.256 0.744 1.219
76.2 12 3.6 0.279 0.721 1.117
75.0 13 3.3 0.302 0.698 1.022
75.0 14 3.1 0.326 0.674 0.932
72.0 15 2.9 0.349 0.651 0.846
71.0 16 2.7 0.372 0.628 0.765
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Max Daily N Time Exceeding Not exceeding Reduced
Rainfall (mm) Return (Tr) | probability (Ep) | probability (NEp) variate (Y)
70.4 17 25 0.395 0.605 0.687
70.0 18 2.4 0.419 0.581 0.612
70.0 19 2.3 0.442 0.558 0.539
70.0 20 2.2 0.465 0.535 0.469
67.0 21 2.05 0.488 0.512 0.400
66.7 22 1.95 0.512 0.488 0.333
66.2 23 1.87 0.535 0.465 0.267
62.0 24 1.79 0.558 0.442 0.202
58.0 25 1.72 0.581 0.419 0.138
53.0 26 1.65 0.605 0.395 0.075
52.0 27 1.59 0.628 0.372 0.011
50.0 28 1.54 0.651 0.349 -0.052
48.0 29 1.48 0.674 0.326 -0.115
47.0 30 1.43 0.698 0.302 -0.179
47.0 31 1.39 0.721 0.279 -0.244
46.5 32 1.34 0.744 0.256 -0.310
46.0 33 1.30 0.767 0.233 -0.377
43.2 34 1.26 0.791 0.209 -0.447
42.0 35 1.23 0.814 0.186 -0.520
41.8 36 1.19 0.837 0.163 -0.596
41.3 37 1.16 0.860 0.140 -0.678
40.5 38 1.13 0.884 0.116 -0.766
40.0 39 1.10 0.907 0.093 -0.865
37.0 40 1.08 0.930 0.070 -0.979
37.0 41 1.05 0.953 0.047 -1.121
36.0 42 1.02 0.977 0.023 -1.325

Table2 Statistical elaboration of maximum daily ratrfalhdamatenga

Then statistical elaboration consists in calculating the following parameterke#tato find
relationship betweeprecipitation height¢h) andreturn timeof storm event:

1 Xm: mean valuef maximum daily rainfall

1 Sx: standard deviation of maximum daily rainfall
1 Yn: mean value of reduced varipte

1 Sn: standard deviation of reduced variate

Q1 | O ;Y P
VE U E—
Y
Gumbel parameters
Xm Sx Yn Sn U o]
67.0 25.7 0.54 1.16 22.2 54.9

Table3 Parametersf Gumbel analy$er maximum daily rainfall Pandamatenga
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Being the time series composefi42 years, rainfall heights with return time of 50 years or

Tr (years)

2

5

10

25

50

100

h (mm)

63

88

105

126

142

157

Tabled Daily rainfall heights related to return time of storm eéRantlamatenga

more are not reliable as the othérke resulting values are in line with what hastbalready
redacted in theprevious study related to th&€ambezi Integrated Agr@ommercial
Development Projedt Ifiiterim Hydrological Repo@t repared byTAHAL in 2009 or rather
they are slightly higher, that can be considerate as a conservative output.

Measurements of rainfall with duration lower than a day are not available, therefore the
relationship between precipitation heights and return time has been conducted making

Statistical Return time (years)

Analysis 2 5 10 20 50 100
LN2 59 80.8 95.2 109.1 127.1 140.7
LP3 58.5 80.6 95.8 110.8 131 146.7

Chow 56.7 79.7 94.9 118 157.9 187.9
EVI 59.2 81.6 96.4 110.6 129 142.7
GEV 58.2 80.5 96.3 112.1 133.7 150.9

Tables Daily rainfall heights related to return time of storm event at Pandamatenga (TAHAL, 2009)

reference to the methodological approach proposeNWMPR (Volume 3). Within this
document it has been redacted values of conversion f@dabie 6) that allow to transform
daily rainfall toshorterstorm even{Table7).

Duration 24h 12h 6h 4h 2h 1h
Ratio with daily rainfall 1.00 0.97 0.90 0.80 0.60 0.40
Duration 1h 45m 30m 15m 10m 5m
Ratio with daily rainfall 0.40 0.36 0.30 0.20 0.14 0.08
Tables Conversion factor ttailyrainfall heighttNiWVMPR 2006)
Rainfall height (mm)
Storm Return time (years)
duration 2 5 10 25 50 100
24 hours 63 88 105 126 142 157
12 hours 61 86 102 122 137 152
6 hours 57 79 94 113 127 141
4 hours 50 71 84 101 113 126
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Rainfall height (mm)
Storm Return time (years)
duration 2 5 10 25 50 100
2 hours 38 53 63 76 85 94
1 hour 25 35 42 50 57 63
45 minutes 23 32 38 45 51 57
30 minutes 19 26 31 38 42 47
15 minutes 13 18 21 25 28 31
10 minutes 9 12 15 18 20 22
5 minutes 5 7 8 10 11 13

Table7 Rainfall heights related to return time and duration of storm event at Pandamatenga

Rainfallintensity (duration > 1 hour) at Pandamatenga
70
®
60
} ® Tr=2years B Tr=>5years
‘g- 50 A Tr=10years K Tr=25years
£ ® } Tr=50vyears ® Tr =100 years
E .
E 40
= s
‘n ]
5 A ®
E 30 I
= m
“E * * ®
= 20 A i
T
e ¢ ] -
A
> |
10 r'3 2
A
’ :
0 T T T T T T 1
0 8 12 16 20 24 28
Hour

FigurdlO Intensityduratiodfrequency relationship for storm event with duration more than one hour

SGI & MCE page26
FinalReport Rev. 01



Zambezi Integrated Agr.@ommercial Development Project

Rainfallintensity (duration < 1 hour) at Pandamatenga
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Figurd 1 Intersityduratiodfrequency relationship for storm event with duration less than one hour

Using the above described relationship, the related storm runoff will be determined and the
drainage system will be designed (paragr@ph
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3 HYDROGEOLOGY

3.1 GENERAL HYDROGEOLOGIC AL FRAMEWORK

The geology and climate, past and present, are important factors that influence the
groundwater resources of Botswalep. of Surveys and Mapping, 200Gyoundwater in

Botswana is limited, both in quantity and quality and is unevenly distributed over the country.
Groundwater collects in aquifers and is abst:i

Only a small part of the groundwater resources can be economicallgcabdtdue to high
abstraction costs, low yields, poor water quality and remoteness of aquifers in relation to
consumers centrelSMEC et al, 1991, Masedi et al, 19991 he estimated mean annual
recharge is 2.7 mm being zero in western Botswana to 10(nrtire north.

The extractable volume of groundwater in Botswana is estimated to be about 100.600 Mm
(Khupe, 1994)But only 1% of this amount is rechargeable by rainfall because of the semi
arid climate characterised by low rainfall amount and high rdtesaporation as well as the
nature of geology of aquife(dyoade, 2001).

According to Ayoade (2001) four types of aquifers are found in Botswana:

a) Fractured aquifers, which cover 27% of the country, are found in the crystalline
bedrocks of the Archaen Bament in the east and in the Karoo Basalt. These have
low yields with the median yield ranging between 2 and 10 ma per hour.

b) Fractured porous aquifers, which cover 37% of the country, are found in Ntane and
Ecca sandstones as well as in arkoses in thed@ormation. These aquifers have the
highest yields.

c) Porous aquifers, which cover 35% of Botswana, occur in sand rivers, alluvium and the
Kalahari beds (presumable aquifers existing inthe zofie@h obe | rri gati on
These are usually high yieldirmind have a median yield ranging between 10 and 300
m?® per hour.

d) Karstified aquifers occur in the dolomite areas in southwestern parts of Botswana as
well as in other areas in Lobatse, Ramotswa and Kanye. Karstified aquifers account
for only 1% of the lad area of Botswana. These aquifers have a median yiel@@f 4
m® per hour.

Groundwater is located at great depth except in a few areas receiving regular floods or with
permanent water bodies. The depth varies over the country from less than 40 mariithe n
and east (where is located tBhobe Irrigation Areato well over 60 m in the drier central

and southwestern parts. The borehole technology has opened up very deep groundwater
deposits.

Over a large part of Botswana, borehole yields are poorrteviti average yields being less
than 4 m per hour. In only a few areas are the average borehole yields in excess pé8 m
hour.

In eastern and northern Botswana where is locateditGeh o be | r r i gehdargeon Ar e
should increase to between 20 an@01mm/yr, depending on local geology and
geomorphology.
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Figurd2.  Map of Average depth of Groundwater (Department of Surveys and Mapping, 2001)

Information on groundwater recharge is of fundamental interest forhgdyogeological

study, usually displayed as a layer for assigning aquifer productivity, or as an inset map.
Recharge is a complex process governed by a number of controlling factors as that are highly
variable in space and time as rainfall, evapotranspirand unsaturated zone.

However, Doll & Fiedler (2008) have developed an algorithm to estimate the diffuse
groundwater recharge at the global scale, with a spatial resolution of 0.5°. This algorithm has
been adopted to create a recharge layer for fieah Hydrogeology Map and for the World
Hydrogeological Map.

In Figure 13, it appears the recharge layer of the Hydrogeological map designed for the
Southern African Development Commun{fJADC Projecti Final Report March 2010)in

the zone of Chobe Ilrrigation Area, the Gro
variable (occasional or no recharge)o.
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Figurd3. Map of Mean Annual Recharge (Doll and Fiedler, 2008)

3.2 DATA GATHERING AND PR EVIOUS STUDY

For the local geological and hydrogeological characterization of Irrigation Area, the
Consultant analyzed even the results of previous local studies, as the survalysllamdpits

already performed fofi Geot echni cal I nvestigati on for t
utilization of the water r eeslacted lyy eGeotedhnics he CI
International Botswana in June 2013, concerning the track of pipelamsfér in the
Pandamatenga area for a total length of about 67 km.

This study was consisted of n° 4 boreholes drilled up to 15 m. u.g.l. (DH1, DH2, DH3 and
DH4 as represented Figurel4).
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Figurd4d. Layout of previous | ocal geotechnical i nv
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Depth (m) Lithotype Average SPT
(0.0~ 3.0) m. Black, Stiff, Intact Clay 25
(3.0 - 4.5) m. Completely weathered, highly fractured, soft Basalt 28
(45+7.3) m. Highly weathered, highly fractured, soft Basalt 62
. Highly to moderately weathered, medium fractured,
a2 = L soft to moderately strong, Basalt
. Moderately weathered, medium fractured,
(L 150 i moderately strong, Basalt
Depth of water Water table encountered at depth of 8.3 m.
Tables Stratigraphic description regarding soils in borehole DH1
Depth (m) Lithotype Average SPT
(0.0 + 2.0) m. Sandy Clay
. Very dense, slightly cemented silty sand
(220 L0, with traces of calcrete gravel .

.0+ 15.0) m. ery dense, slightly cemented silt san refusa
(10.0 + 15.0) Very d lightl d sil d 25 refusal
Depth of water No water table encountered

Table9 Stratigraphic description regarding soils in borehole DH2

Depth (m) Lithotype Average SPT
(0.0 + 10.5) m. Medium dense to very dense silty sand 42
(10.5 + 12.0) m Highly weathered, highly fractured,

T ' soft basalt

. Moderately weathered, medium fractured,
(12.5=15.0y m. moderately strong, basalt %
(12.0 + 15.0) m. Moderately weathered, medium fractured
Depth of water No water table encountered
TablelO Stratigraphic descriptiegarding soils in borehole DH3
Depth (m) Lithotype Average SPT
(0.0+1.5) m. Silty Sand, aeolian
. Medium dense to very dense Silty Sand
(1.5 12.0ym. with traces of calcrete gravel v
(12.0 + 15.0) m. Very dense, Sandy Calcrete
Depth of water No water table encountered
Tablell Stratigraphic description regarding soils in borehole DH4

For a better hydrogeological framework of the study area, were examined the considerations
of the Hydrogeological Survey abofitZ a mb e z i I nCengnereidl Bedeloghgnt o
Pr o] evioetetn 25 exploration boreholes (BH) were drilled in the area that is located
midway between Kasane and Pandamatenga, about 30 km to the nért@bfo b e | r r i
A r e (ge&figure below.

gat
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Figurd5. Map of Hydrogeol ogi cal Survey results (Con

The depth of the boreholes varied from 14 m to 37 m under ground level, furthermore it is
realized the execution of water quality laboratory angjysilculation of groundwater regime,
absolute water level and flow direction with indication of the possible exploitable aquifers.

The general results can be summarized in the following tables.
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Borehole No. Depth of Depth of W. L*. upon Depth of W.L (19206 2008)
Borehole Completion after several days
Samplad 1 30 16.20 16.45 (from pipea)
2 a3 12.60 13.04-0.31=1273
3 24 10,00 9.55; 9.50
4 20 0.82 9.80
Sampled 5 18 10.57 698
from head of pipe 7.04 (0.36m
above G.L. (196)
B 30 &7 .35 10.80
7 18 1275
g 20 1293 9.58
g 19 13.15 13.15
10 18 12,30 12.25;12.30
11 3 17.95 15.56
Sampled | 12 1] 18.20 19.68-1.44=18.24
13 =] | 25.00 15.55
14 ar - 26.30
15 30 21.10 2110
Sampled | 16 33 15.75 18.98-1.20=17.78 G.L.
17 34 .15 20.20
18 ar 33.50 2278
19 25 17.64 17.65
Sampled | 20 25 13.55 14.80-1.06=13.56
21 25 16.92 16.89
22 30 19.60 19,60
23 14 perchead aquiiar
3.20 3.30
well collapsed at 3.50
24 30 - 24 50-072=23.78
25 13 no water
W.L. measurad at 19-2006'2008
(apparatus starts at 2 m)
* W.L. — water level

Tablel2 Depth of Static Watervet upon completion of drilling and after several days (TAHAL
Group Hydrogeological Survey, 2008)
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Borehole | Depth | Thickness of | Thickness of horizon of | Thicknessof | Thicknessof | %P '
No. (m) upper soil concretions or pebble chalk weathered basalt basalt
1 300 [ 2msand+4m 1 m gravel of fiint 17
clay

2 3.0 3.5 - clay - 20.5

3 24.0 1-clay - 20

4 200 1.20 - clay 0.80 calcrete il 8 -
5 180 0.60 - clay 240 limestone boulders 5 (limst)* 5 12
B 300 2-clay 0.50 calcrete - 18.5 22
7 18.0 2 - clay 6 B 14
8 200 0.5 - clay 1.5 gravel and pebbles of 4 12 18

flimt
9 19.0 2.5- clay - 13.5 16
10 18.0 1.8 - clay 0.20 fragments of basalt - 10 12
11 30 1-clay 0.20 calcrete, limst* - 228 24
12 30 1.2- clay - - 228 24
13 3o 1.7 - clay 0.3 calcrete + basalt - 22 24
14 o 1 - silty clay 2 - boulders, pebbles - 7 10
limst*
15 30.0 1.5 - clay 0.5 calcrete, limst*. - 22 24
boulders
18 3.0 1.8 - clay 0.6 calcrete - 18.5 21
17 3.5 2 - fine sand - - 14 16
18 375 2 - fine sand - - 12 14
19 25.0 2 - clay 0.5 - calcrete, flint - 15.5 18
20 250 2.5-clay 0.5 - calcrete+clay 16 19
2 250 2 - clay 1 - calcrele+clay 15 18
22 30.0 2 -sandy soil | 1- mixed soil and basalt 15 18
fragmenis
23 140 2-sand, 2 1 - pebbles flint, iron, - 9
clayey sand basalt
24 300 0.8 - clay - - 32 4
25 135 1 - sandy clay - - 1 12
Total 656.5
* limst - limestone

Tablel3 The thickness of the various beds from surface downward (TAHAL Group Hydrogeological
Survey, 2008)

It can be observed howe depth of groundwater varies between 10 m and 20 m below ground
level, the flow direction is from east to towards west vice versa the depth of groundwater
level.

3.3 PLANNING OF FIELD SUR VEY

In the zone ofChobe Irrigation Areathe area looks flat with dight slope from NE to SW,

the location of boreholes has been established choosing them among the ground control point
(where ground level will better defined) and taking into account the general trend of water
table or rather having 3 points that alloggdimating the gradient of water table.

The following image shows the location of the borehole that were realized.
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Figurd6. Layout of realized borehole for hydrogeol o

Thus this inveigation was accomplished with n. 3 borehole reaching 40 m under the ground

level. Theresultingdepth of groundwater withintieCh o b e | r r i vgreesd betoveen Ar e a 0
31.10 m in BH1 and 36.67 m in B¥8 below surface, while in B2 the depth is certainly

greater than 40.00 m, because at less depth the hole is resulted dry.

At North of irrigation area, in the borehole DH1 the useful measured depth 3tam&elow
ground level,(in the boreholes DH2, DH3 and DH4 no water table was encountered to a
depth of 15 metros under ground level).

The depth of the static water level, the elevation of the reference points and the absolute water
level are presented the next table.

Borehole Date of Depth of Elevation of Absolute Water
No. Survey SW.L. (u.gl) Ground(a.s.l) Level (a.s.l.)
-m- -m- -m-
BH1 June 2014 31.10 1079 1047.90
BH2 June 2014 > 40.00 1058 <1018
BH3 June 2014 36.67 1065 1028.23
DH1 June 2013 8.30 1075 1066.70

Tablel4 Available values of Static Water Level and Absolute Water Level
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So, with the available data that are measured in the same autumn period (June 2013 and June
2014),it can be concluded that the flow direction is from nerdist towards soutlvest (see
also next figure)Because the water table is so deep, it is reliable that agradufixactises

would not causesuch a raising to make icontact between surface agdoundwater thus
avoiding any risk of contamination by fertilizers.

25°15'E 25°20'E 25°25'E 25°30'E 25°35'E

AWL.=1066.70 m a.s.l. DH1

Zimbabwe

DH2
No G.W. encountered
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! DH3
AW.L. <1018 m.as.l.
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' AW.L.=1028.23 m. a.s.l.
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. \X\ DH4

Level and Fl ow Direc

Figurd7. Map of Absolute Water
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‘ 4 ONFARM IRRIGATION SY STEM DESIGN

4.1 PLANNING OF IRRIGATIO N SYSTEM

The stepby-step procedure taken in planning and design of irrigation system are inventory of
available resources and operating conditions, topographic map of the area, wateri supply
source availability and dependability, climatic condition, power sounag selection and
water supply level.

As it was mentioned in the TOR, the key focus of the infrastructure component activities was
the planning of water use for irrigation considering the potable water demand as a subsequent
step. In addition, it was r@ady noted in the TOR that pressurized irrigation systems could be
considered very advantageous for this project.

Based on this and taking several selection critegatrepivot sprinkler system was selected

for sandy clay loam, sandy loam and loamgidsgoils and drip irrigation system for sandy
soils (details in paragraph.2). The planning and design of these two systems were performed
for the water distribution and irrigation system considering the technical feasibility, economic
viability, social acceptance and environmental sustainability.

The design of irrigation systemas carried out cdemand based of irrigation requirements.
Then, the network layout wakesignedo give inputs on most efficient ways of connecting all
the users.

4.1.1 Design criteria

In principle, the first step in the preliminary design phase was the dofleat basic farm

data. These are topographic map showing the proposed irrigated area, with contour lines,
farm and field boundaries and water source or sources, power-@iotsas electricity lines

in relation to water source and area to be irrigateads and other relevant general features
including obstacles.

Moreover, data on water resources (quantity and quality) over time, the climate of the area and
its influence on the water requirements of the selected crops, the soil characteristicérand the

suitability to the crops and irrigation system proposed, the types of crops intended to be

grown and their adaptability to both the climate and the area were collected.

The next step was analyzing the farm data in order to determine the followingiraey

design parameters: peak and total irrigation water requirements, infiltration rate of soils to be
irrigated, maximum net depth of water application per irrigation, irrigation frequency and
cycle, gross depth of water application and preliminasyesy capacity.

4.1.2 Land resource

As per the results of the soils analysis and based on the field investigation and laboratory
results, seven land units have been classified as shown in the following table.

The soil physical and chemical properties used fagcsein of pressurized irrigation system
and design of centre pivot and drip irrigation system are siowable16 and paragrapf.l
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M?Jpnrzltng Soil/Land Unit Description ha Area %
Flat almost flat, very deep, moderately well drained, v¢
ZAl/1 dark gray to gray color, sandy clay loateyveloped on 5512 | 12.13
1 lacustrine 01.5% slopes: Soil HypereutricVertisols ' '
(Vreuh)
Flat, moderately deep, well drained, Very dark gray
ZAl/2 Dark grayish brown color, sandy loam texture,
. o 6,656 | 14.56
2 developed on lacustrine; 1 slopes: soils
HypocalcicVertisols (VRccw)
Flat almost flat, very deep , somewhat excessively
ZA2/3 drained, dark reddish brown to light brownish gray 1903 4.19
3 color, loamy sand texture, developed on sandveld, sl¢ ™’ ’
0-1.5%, Soils: HypoferalicArenosols (ARflw )
7724 Flat almost flat, very deep, excessively drained, dark
4 grayish brownto yellowish brown color, developed on | 21,300| 47.0
sandveld, deposit, sand texture, slogtdo soils:
Flat almost flat, very deep, excessively drained, dark
ZA5 grayish brownto yellowish brown color, developed on | 10,000 22
sandveld, deposit, sand texture, sloggdo soils:
ZA6 Settlement 10.8 0.02
ZA7 Quarry Site 4.65 0.01
Tablel5 Classified area as per the textural analysis
Soil type Infiltration (cm/hr) HC (m/day) AW (mm/m)
Sandy Clay loam 2.9 2.7 97.2
Sandy Loam 4.73 2.54 85.11
Loamy Sand 10.9 6.37 76.85
Sand 26.57 19.11 61.92

Tablel6 Average values of soil physical properties of the study area

4.1.3 Water resource

As per the TOR, total water extraction is estimated at 495 million cubic meters per year. The
National Water Authority will use about 150 million cubic meters, with the remaining 345

million cubic meters, being used for the proposed agtitalltproject. The irrigation water

would be pumped from a reservoir with a design capacity of 2.0 million m3.

As underlined in the National Master Plan for Arable Agriculture and Dairy Development
( NAMPAADD), #fdsince water i farmaswilbeaencowwaged®s our ¢
water efficient technol ogi es
minimizing water losses in the conveyance, distribution and application as an important
consideration for the present project.

us e

for

rri

Hence, talng into account the latest trends in the irrigation sector as well as indications
provided by the ToR, the development of a pressurized irrigation system for the project area

has been considered. Moreover, it was given that the design dischargéadnoump station

to reservoir R2 at Pandamatenga is 23,300 I/s.
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4.2 OPTIONS IDENTIFICATIO N AND ASSESSMENT
Theprincipal objetives of this component of thegect are:

1 Assess different alternatives for the development of a water distribution / irrigation
system in the area,
1 select the most suitable optietaeking into account the criterion:
T viability
T suitability for local conditions
1 prepare a corresponding conceptual design and implementation plan.

Irrigation technologies depend on specific chemical, biological and physical conditions of
water and soil as well as types of cultivated crops. These, together with the objective of an
efficient use of available resources and irrigation system productivity (attained by optimizing
investment and operation and maintenance cost), imply setting a number of determinant
parameters that guide the assessment of alternatives for the irrigation tendi®tebution
systems development.

Recognizing the pressurizedigation system suggested by Mahd as per the given TOR
and technical proposal, the following two methods of pressurized irrigationmsystere
selected and evaluated.

1 Sprinkler irrigaton system
9 Drip/trickle irrigation

Sprinkler irrigation system has the following advantages:

9 Uniform distribution of water

1 Accurate measurement of the applied water, &gnd high water use efficiency

I Eliminates excessive losses from deep percolatiofiacmirrunoff and conveyance
losses

1 Land with irregular topography can be irrigated by sprinklers withouthnhexeling

and land preparation

Can be used on soidgth low water holding capacity

Can be used on sloping lands

Does not require field channels atitus more areas becemavailable for crop

production

1 Possibilities of fertigation and chemigation

9 can be used for almost all crops and on most soils

1 Feasibility of frequent, small water amount applications for germination, cooling,
frost protection, etc.

1 The closed water delivery system prevents contamination of the irrigation water.

E

Some disadvantage of the sprinkler irrigation system, which will be corrected through design
and management, are as follows:

9 High initial investment
1 Energy cost is usually gin as water is pumped under pressure.
1 Design, planning and operation of sprinkler system require good technical expertise.
1 Sensitivity to wind conditions
1 Water losses by evaporation from soil surface and plant canopy, if wetted.
1 Induction of leaf diseaséss overhead application.
I Hazard of salt accumulation on wetted foliage in overhead application.
1 Leaf burns and washout of pesticides from the foliage in overhead application.
1 Interference of irrigation with various farm activities like tillage, sprayimayvest,
etc.
SGI & MCE page40
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For what concerns adaptability, some of the conditions, which favours sprinkler irrigation, are

as follows.

1 Shallow soils the topography of which prevents proper levelling for surface irrigation
methods

1 Land having steep slopes and easibydérle soils.

9 Irrigation stream too small to distribute water efficiently by surface irrigation.

1 Undulating land too costly too level sufficiently for good surface irrigation.

1 Soils with low water holding capacities and shallow rooted crops, whichreequi
frequent irrigation.

1 Automation and mechanization are practical.

1 Higher application efficiency can be achieved by properly designed and operated
systems.

1 Good clean supply of water, free of suspended sediments, is required to avoid

problems of sprinler nozzle blockage and spoiling the crop by coating it with
sediment.

In the options assessment process, the following decmaking parameters were used:

=4 =8 -8 -_8_-8_-5_95_9_-°

available water sources,
soils and topography,
climate and crop,

capital and labour,

energy,

socal aspects and policies,
sociceconomic aspects,
health aspects and
environmentahspects.

4.2.1 Alternatives of different pressurized irrigation system

Primarily there are two major classifications of sprinkler irrigation systems. These are
Conventional systems (periodic move & Solid set) and Continuous sprinkler machines.
Different irrigation systems are further classified in the following manner
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Options for different sprinkler
irrigation systems
Conventional systems (periodic move & solid set)

— Permanent system
L, Solid system

— Portable system

Hand move system (semi
— portable

Continuous sprinkler machines

— Sideroll system

— Big gun sprinkler

— Centre pivot system
= Linearmove system
—— Boom sprinkler system

Figure 8 Schematic functioning of hand monekler system
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Figurel9 Example of continuous type sprinkler irrigation system

4.2.2 Selection of continuous over conventional sprinkler system

Comparing the conventional sprinkler method with that of the continuous system, the
following parameters were envisaged.

Continuous system is labesaving as compared to high labour costs to move the
conventional set

Easily automated, fertigation and chemigation is possiapplies chemicals and
fertilizers inexpensively, accurately andaaty stage of the crop growth.

Largeness of the command area leads to the use of continuous type of sprinkler
system

Periodic move systems apply water for a set time while stationary before moving to
the next position but, the continuous move system apatgr while in motion

Continuous move system is highly efficient and environmentally sound giving less
run-off and disposal of water to down stream

Efficient water usag® minimizes deep percolation loss and evaporation through
timely and precise applicatis.

Uniform coverag@ irrigates uniformly throughout the entire field

= == =4 =4 =2 =4 =2

4.2.3 Centre pivot irrigation system

Self-propelled sprinkler system rotates around the pivot point and has the lowest labour
requirements of the systems considered. The water source faysitesn, a well or buried
pipeline, is located at the centre of the field and delivers water to the pivot arm.

The rotation of the pivot arm results in the pattern of circular irrigated areas. In the case of
centre pivot i rri gatMaerir9%wif thd squate areanis mrigated s y s t
applying irrigation water in circles (vs. squares), as presented in the following figures.
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Figure0 Example of alignment of center pivot

T

Figur@1 Center pivot sprinkler working in the field

Sprinkler nearest the pivot point may discharge only a fine spray; constant radial velocity but
variable tangential speeds (fastest at periphery). The water application amount is controlled by
the speed of rotin.

Centre pivots are adaptable for any height crop and are particularly suited to lighter sails.
They are generally not recommended for heavy soils with low infiltration rates. Computerized
control panels allow the operator to specify speed changey pteae in the field, reverse the
pivot, turn on auxiliary pumps at a specified time and use many other features.

The low per hectare cost of large centre pivot systems, the limited labour requirements and the
low energy requirements of pivot systems usspgay nozzles are the main reasons for the
popularity of these systems. Centre pivot systems equipped with nozzles and drop pipes,
placing the nozzles just above the crop canopy, are very useful under windy conditions.
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4.2.4 Centre pivot with corner attachment and/or end guns

Corner attachment systems that allow irrigation of most of the corner areas missed by a
conventional centre pivot system are available. Depending on the method of corner irrigation,
pivot systems with corner attachments will irrigate addai area of quarter section.

However, in the case of centre pivot with corner attachment and /or end guns, generally the
corner span alone costs about half as much as the rest of the pivot, thereby increasing the
capital cost per hectare. It is becaus¢hts reason, we planned to take centre pivot without
corner or end gufFigure22).

Figure2 Example of center pivot with corner attachment

4.2.5 Linear move sprinkler

The linear move (sometimes called a lateral move) irrigation system is buittrtieeveay as a
center pivot; that is, with moving towers and spans of pipe connecting the towers. The main
difference is that all the towers move at the same speed and in the same direction.

Water is pumped into one of the ends or into the centre. Watdyecanpplied to the linear

move through a canal or by dragging a supply hose that is connected either to a main line or
by connecting and disconnecting from hydrants as the linear moves down the field. Field must
be rectangular.

Typically gives high applidioon uniformity. Usually fed by open ditch with moving pump,
requiring very small (or zero slope) in that direction. It can also be fed by dragging a flexible
hose, or by automated arms that move sequentially along risers in a mainline.

It does not have pblem of variable tangential speeds as with centre pivot. However, due to
the lateral movement, powering a linear with electricity is difficult. Usually, a diesel motor
with a generator is mounted on the main drive tower and supplies the power needadt op
the irrigation system.

It requires the source of water to be available all along one edge of the field. Water supply
system is more complex for a lineaove system than a centre pivot because the distribution
system delivers water along the entiemdth of one side of the field instead of only at the
center(Figure23).
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4
v .

Figure3 Linear move supplied to the linear move through a canal

4.2.6 Side role sprinkler

The side roll (sometimes called a wheel roll) system, consists of a lateral, usually a quarter
mile long, mounted on wheels with the pipe acting as an axle. Side roll systemarals
adapted only to short crops; have medium labour requirements, moderate initial investment,
medium operating pressure and generally rectangular field requirements irrigating limited
area.

The side roll is better adapted to heavy textured soils thi@ar continuous moving system.
This type of system essentially evolved out of a labor shortage to move thenbaedines.

An entire length of sideroll line is moved by a small derive motor installed in the center of
the line.

In general, since, the $®iof the project area are not heavy textured soil and the area is very
large; side roll sprinkler type is not selec{éijure24).

Figure4 Side roll sprinkler system
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4.2.7 Big gun sprinkler

Gun traveller sprinkler is a high capacity sprinkler fed with water through a flexible hose;
mounted on selpropelled chassis and travels along a straight line while wateriigsl&a

single large diameter nozzle, which sprays large volumes of water reaching in a circular
pattern. Long flexible hose with high head loss may reel up the hose or be pulled by a cable on
a trailer.

The travelling big gun system uses a latgpacity nazle and high pressure to throw water
out over the crop as it is pulled through an alley in the field. It is particularly adaptable to
various crop heights, variable travel speeds;sitaped fields and rough terrain. The big gun
requires a moderate initimmvestment, more labour and higher operating pressures than centre
pivots and linear movdgigure25).

Figure5 Big gursprinkler system

4.2.8 Diripirrigation system

Drip irrigation system is the method of watering at the plant location frequently with volume
of water approaching the consumptive use (CU). The spacing of emitters is much less than
that of sprinklers and the pipkstribution network is working under low pressure.

In drip irrigation system, not all areas are irrigated and hence, the area irrigated is only
accounted for. Moreover, Emitter spacing is not a function of wind in the case of drip
irrigation system. It isised on almost any type of soil including Clay soil, marginal/infertile
soil and stony soils.

In drip irrigation, system evaporative component is reduced as only limited area of the soil is
wetted and the limited wetted area results in reduced weed gritvgives accurate water
distribution resulted in high water application efficiency.

The slow rate of water application improves the penetration of water into problematic soails,
keeping the root zone with a high water potential. It is water saving tegynalith less
energy and operating cogtigure26).
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e——______________

Exact amount of water for each and every plant

23 . Used.on almost any type of soil including:
o ol ~Clay soil 2 S

- -Marginalfinfertile soil P —
T -Stony soil e
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Figure26 Layout of drip irrigation system showing the significance of reduced/wetted area as compared to
the total area

4.2.9 Final selection of irrigation system

Out of the above five alternative continuous sprinkler irrigation systems, the center pivot has
been selged according the following justifications:

1. Since centre pivot is fully / semi automated system with computerized control panels,
it is labour saving system.

2. Centre pivot sprinkler system is suitable for light soils with high intake rates, hence
the soib of the study area fulfil this requirement

3. The water source for this system, whether a well or buried pipeline, is located at the
centre of the field and delivers water to the pivot arm.

4. The cost of the moving centre pivot laterals depends on its lelngpig. laterals are
cheaper (per unit area).

5. The pivot arm is rotated by hydraulic or electric derive motors connected to the
wheels at the intermittent towers. Hence, linear move type requires continuous move
electricity power, open channel or long hosesupply water along the lateral, it is
rejected to use

6. Linear move requires the source of water to be available all along one edge of the
field.

7. Water supply system is more complex for a lineamve system than a centre pivot
because the distribution sgm delivers water along the entire length of one side of
the field instead of only at the centre.

8. Gun type system irrigates small plot areas by pulling with additional labour, but the
study area is very large which could not be suitable for gun typensyst

9. Side roll type of sprinkler is suitable for heavy clay soils and covers small area
coverage, hence no clay soil is available and the study area is very large, it is rejected

10. Drip irrigation may be another alternative for fruit crops in a sand sallssaadapted

Therefore, based on the above justifications, the planning and design work of irrigation for the
study area was done with centre pivot continuous irrigation system for those identified
suitable soils, sandy clay loam, sandy loam and loamy. $araddition to this, Drip irrigation
system was evolved for perennial fruit crop, i.e. mango on sandy soils.
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4.3 CROP WATER REQUIREMEN TS

Crop water requirements (CWR) encompass the total amount of water used in
evapotranspiration. Irrigation requirement®)(Irefer to the water that must be supplied
through the irrigation system to ensure that the crop receives its full crop water requirements.
The four procedural steps involved in the calculation of crop water and irrigation water
requirements are:

9 Calculaton of reference evapotranspiration (ETo) based on meteorological parameters
collected from the nedry meteorological stations.

1 Crop coefficients for three annual crops, Maize, Wheat, and Soybeans and two
perennial crops, Alfalfa and fruit crop (Mangoy fiull-fledged irrigation during the
dry season and also during the wet season, three annual crops (Sorghum, sunflower
and beans) for supplementary irrigation.

1 Determination of monthly crop water requirements (ETc) depending upon the
cropping patterns aridcal conditions.

1 Determination of Irrigation water requirements/demand using calculated effective
rainfall of the area

The crop water requirement and irrigation water demand for all selected crops have been
estimated using 80% dependable rainfall on anmohl y basi s and the FA
computer model (FAO, 1996).

4.3.1 Reference crop evapotranspiration

The estimation of crop water requirement normally needs the analysis of climatic data and
agronomic practice of the proposed project area. The referencevaqgtranspiration (ETo),

that is analyzed using theodified Penman Method, gives the effect of climate on crop water
requirement. The monthly climate data of the study area collected from the following sources.

Parameter: Rainfall

Source: Departmentf Meteorological Services

Parameter: Temperature (Max and Min)

Source: Department of Meteorological Services

Station: Pandamatenga Met. Stn.

Years: 1998- 2012

Parameter: Relative humidity (at 8 am and 2 pm)

Source: National WateMaster Plar Volume 3

Station: Maun Airport

Years: 1965- 1998 (approx)

Parameter: Wind speed (at 10 and 2 m)

Source: National Water Master PlarivVolume 3

Station: Kasane Airport

Years: 1982- 2000 (approx)

Parameter: Monthly Temperature (Max and Min)
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Moreover, the climate data uséat the analysis of ETo (reference evapotranspiration) using
CROPWAT computer model is shown in the following table.

Source:

Parameter:
Source:
Station:

Years:
Unit:

Department of Meteorological Services

Evaporation
Department of Meteorological Services
Pandamatenga Met. Stn.

1997- 2012

Mm

Min Max Humidity wind Sun Rad ETo
Month Temp Temp

°C °C % m/s hours MJ/mz2/day mm/day
January 19.6 30 61 0.8 7 21.6 4.66
February 19.2 30.1 61 7.7 22.2 4.81
March 18.2 30.3 59 7.7 20.8 45
April 15.1 29.8 54 9.3 20.7 4.2
May 10.4 28.2 47 14 9.8 18.8 3.87
June 7.1 25.3 47 1.3 9.3 16.8 3.15
July 7.1 25 44 1.3 9.6 17.8 3.2
August 9.9 28.3 37 1.5 10.1 20.6 4.18
September 14.7 32.2 30 1.6 9.8 22.9 5.36
October 18.6 34.2 33 15 9.4 24.3 6
November 19.5 32.7 45 7.7 225 5.25
December 19.2 30.2 55 6.7 21.1 4.81
Average 14.9 29.7 48 1.2 8.7 20.8 45

Effective rainfall is part of rainfall, which is effectively used by the crop after rainfall losses

Tablel7 Input climate data to determine ETo using Penman method of FAO CROPWAT computer model

4.3.2 Effective rainfall

due to surface runoff and deep percolation haenkaccounted for. The CROPWAT Program

uses the dependable rain (FAO/AGLW formula) method for computing effective rainfall,

which is a function of consumptive use of the crop under consideration and net depth of
irrigation applied to the soil. The detadlse shownn paragrapi®.2

types ofcrops grown and the cropping calendar. As food security, diversified agriculture and

4.3.3 Cropping pattern
The extent of the command area that could be irrigated by the sprinkled water depends on the

contribution to the countryés GDP is the
planned to be dominated by food, oil and pulse crops.
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However, for sustaability and profitability of the project, the crop mix is also considering

high value crops including fruit and forage crops. Besides, it must be noted that:

T the

pattern

i s based

on

far mer so6

current

9 the total suitable area identified by the satudy and latter adjusted by the irrigation
engineers is 15,000 ha (both for ré&d & irrigated crops);
9 the choice of irrigated crops is based on food and cash value mix.

The cropping pattern developed by the agronomist is shown in following table.

ob Tvoe Wet Season % of area Dry season % of area Remarks
P iyp (Now-Mar) coverage (May- Sep) coverage
. Maize 40*
*
Grain crops Sorghum 45 Wheat 30+
Oilseed Sunflower 25* Soybeans 20*
Pulses Beans 20*
Fruit trees Citrus, Mango 40** Mango 40** Grows all
year round
Forage Alfalfa 10* Alfalfa 10% Grows all
year round
* Area based on suitability
** Area included on improved management basis (40% of 25,000 ha)

Tablel8 Cropping patterns for wet and dry season

Moreover, the cropping patterns for both wet season (Sorghum 6, 750 ha, Sunflower, 3,750 ha
and Beans, 3,000 ha) and dry season (Maize, 6,000 ha, Wheat, 4,500 ha, Soybean 3,000 ha,
Alfalfa 1, 5000 ha and Fruit, Mango 10,000 ha) along with crop water dearangresented

in paragrapl®.2

4.3.4 Netirrigation requirements

The net irrigation water requirement is determined based on the crop water regtuiaeche

effective rainfall. The scheme water requirements are computed as aggregate of the crop water
requirement. The irrigation schedules for each crop are computed based on the type of soils
and the crop growth stage.

A detailed methodology, calculatignenalysis and summary of the crop and irrigation water
demand is given in agronomy report of this study. The details of the net irrigation for both
supplementary and fufledged irrigated crops are givéamparagrapi9.2

4.3.5

Irrigation efficiency

The amount of water stored in the root zone is estimated as the net irrigation dose. However,
during the irrigation process, considerable water loss occurs through seepage, deep
percolation, etc. The amount lost depends on the efficiency of the system.

Irrigation efficiency is the efficiency of the total process of irrigation from the source of the
water to the point where the water becomes available in the root zone of the plant. To account
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for losses of water incurred from the sprinkler and drip systamsfficiency factor should be
included when calculating the gross irrigation requirements. Hence, 80% application
efficiency was taken for designing sprinkler and 90% for drip irrigation system in the project
area.

4.3.6 Gross irrigation requirements

The gross irrigation requirement is computed by dividing the net irrigation requirement by the
respective irrigation efficiency for bottentrepivot and drip irrigation systems. Moreover,
gross irrigation requirement for all crops under study is shHoyaragrapt9.2

4.3.7 lrrigation duty

The peak requirement in terms of duty in litres/sec/ha was calculated to determine the
command area and system aeity of the conveyance and distribution systems based on the
estimated monthly gross irrigation demand. Details of irrigation duty calculations are given in
agronomy report.

The irrigation water duty was determined from the peak irrigation duty of therpeaths of

four crops in the case of sprinkler irrigation. Then based on the weighted average area method,
the irrigation duty was calculated as 0.71 l/s/ha. This is based on 24 hours irrigation duty of
the system. This does not mean that the systenoiiking for 24 hours. However, operation

time is 22 hrs in the case of centre pivot sprinkler irrigation system.

The procedure on how the peak irrigation duty for centre pivot irrigation system was
determined using weighted average area method is as follows

Selected crops for center pivot with thir respective area are: Maize (6,000 ha) , Wheat ( 4,500
ha), Soybean ( 3,000 ha) and Alfalafa ( 1,500 ha).. The respective peak irrigation duty during
the peak months are , 0.71 I/s’/ha on September, 0.62 |/afest) 0.82 I/s/ha September and
0.77 l/s/ha October.. The weighted average area irrigation duty is calculated as:

..... omnany p tTh nam®c¢ omnan®c ph AT X
omrnth tnotm ntnph

Taking theweightedaverage area igation duty of 0.71 I/s/ha, the gross irrigation depth was
determined as

, X P o
Q — aTQ O w
wpe 0
The net irrigation depth was calculated as
, P p C fp e
Q — T arQ w w
& & Yo
Where,
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1 0.116 = conversiofactor from I/s/ha to mm/day
1 dgoss= netirrigation depth, mm/day
1 d.et = netirrigation depth, mm/day

Details are given on Paragra@2.

Moreover, irrigation duty for drip irrigation system was determined as 0.64 l/s/ha on 24 hrs
basis from the peak month of October for Mango crop. However, the operation time for drip
irrigation system is designed as 21 hrs. The detail calculation procedwgt@owan on
agriculture report anBaragrapt®.2

4.4  SPRINKLER IRRIGATION SYSTEM DESIGN

The main field factors to be considered when desigoamgrepivot irrigation systems are: the
seasonal and peak water use rate of the cropped area; soil infiltration and moisture holding
characteristics; crop characteristics and their watesusyield relationship; anticipated
effective rainfall; field topographyand boundaries; water supply quality and quantity;
equipment and operating costs; and various other economic parameters.

4.4.1 Gross application depth

The net application depth for center pivot irrigation system was determined from the peak
irrigation duty ofthe peak months of four crops during dry season and three crops for wet
season supplementary irrigation in the case of sprinkler irrigation. Then based on the weighted
average area method, the net irrigation requirement was calculated as 4.88 mm/day.

Before calculating the gross irrigation requirement, the need of Leaching ration, LR has been
evaluated using the standard equation
oy — (equation 1)

where:

1 LR = Leaching ratio

1 ECw = Electrical conductivity of irrigatiowater (dS/m) Zambezi river

i ECe = Estimated electrical conductivity of the average saturation extract of the soll
root zone profile for an appropriate yield reduction (dS/m)

Taking the average values of ECe = 0.53 dS/m and ECw of 0.09 dS/m on equation 1
ie. 0.9dS/m/(5 X 0.530.09) = 0.035

Hence, the calculated leaching ratio comes 0.035 i.e < 0.1, this indicates that the rainfall and
applied water is sufficient to leach out and there is no need of additional water for leaching

purposes.
Taking the | eaching requirement LR O 0.1,
equation?:

N — (equation 2)
where

1 LR = Leaching requirement ratio (decimal)
I Kf = frequency factor (Keller and Bliesner, 1990) to adjust standard crop-ugger
values for high frequency irrigation (decimal). Kf was taken as irrigation frequency
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factor of one, taking the small grains under peak season with in the maximum
irrigation interval of 4 days

1 Ud = the pealuse ET rate of the crop, mm/day. This is the net crop water requirement
of 4.88 mm/day

1 EPa =80 % of application efficiency

The resulting gpss application deptfd Yais 6.11 mm/day

4.4.2 System capacity

The total system capacity under fm@ntrepivot without corner attachment and /or end guns
are determined using equation 3:

C2

(equation 3)

where:
1 Qs = total system discharge capacity (I/s)
T K1 = (3,600 s/ hr) [ =~ = 1,146
1 T = Average dity operating time (hrs /day), 22 hrs/day
1 L =irrigated radius in circle when no eqgdn or corner system is not available (m),
454 m
1 d' = average daily gross depth of water application required during peakusater
period (mm), 6.11 mm /day.
1
TLT18
—wp 1 &) §)
PPT8QEC
1 v O

4.4.3 Irrigation scheduling

According to Keller and Bliesner, 1990, scheduling could be based on infiltration rate and soil
moisture holding capacity. In the study area, the soil is coaxagrdd with high infiltration
rate and low soil moisture holding capacity.

Under centre pivot irrigation, the sailater deficit various by + dn around the average deficit,
when dn is small, the cycle time is normally 1 < Tc < 4 days. Moreover, KelleBlawher,

1990 recommended that for coarse textured soils with water holding capacity less than 120
mm/m, most of the Wa is readily available, so, MADa = 30%. The net depth of water is
calculated with equation 4:

Q _ (equation 4)

where:

1 dx = Maximum net depth of water to be applied per irrigation, mm
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T MAD =% management allowed deficit,
1 Wa = Available water holding capacity of the soil, mm/m
1 Z = Effective root zone depth, mm

) T8 Y@ BT
A pTT ¢ %o

Using equation 4, net depth of water application per irrigation was determined from the soil
parameters , given that MAD = 30%, average water holding capacity of the three soil types
(Sandy clay loam, Sandy loam and loamy sand) in the project area,=W86. 39 mm/m,
average effective root depth of four crops, Z=0.8 m, dn = 20.73 mm

Irrigation interval is the time that should elapse between the beginnings of two successive
irrigations. Hence, irrigation interval is determined with equation 5:

Q — (equation 5)

Where,

T f6 = irrigation interval or frequency, da

1 dn = net depth of water application per irrigation, to meet consumptive use
requirement

1 Ud = conventionally computed daily crop water requirement, or use rate, during the
peakuse month, 4.88 mm/day

Determining the irrigation interval witlequation5, using dn = 20.73 mm and Ud = 4.88
mm/ day, f6 = 4 days, which is in the range o
and Bliesne(1990.

Net irrigation demand (mm/day) 4.88
Efficiency (%) 80
Gross demand (mm/day) 6.11
Actual fraction of irrigation time (0.9) 0.9
Area (ha) 65
Discharge for one center pivot unit (I/s) 50
Discharge Q, (f’ﬁh ) 180
Radius of the center pivainit , m 454
Diameter of spray 8m

Tablel9 Summary of design criteria used for design of centre pivot sprinkler package
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Center pivot sprinkler Specifications
Area of center pivot 65ha
Diameter of pivot 908
Span 5453 m
Overhang 13.41m
Net irrigation requirement 4.88 mm/day
Gross irrigation Requirement 6.1 mm/day
Discharge at the pivot inlet 50 I/s
Pressure inlet available at connection with pivot 45 m /4.5 bar
Pumping hour design 22 hr
Type Of Wheels TubelessTire two wheel
Sprinkler Spacing 2.2m
Total area is 15,000 ha

Table20 Specifications of centre pivot sprinkler package

4.5 DRIP IRRIGATION SYSTE M DESIGN

This section of the design report deals with Type plot A and B, forimiigation development
system of fruit. This typical design of commercial pressurized irrigation system model plot B
irrigation site is located in Chobe District, Botswana.

4.5.1 Water requirement for fruit trees

The cetermination ofwater requirements for widgpaced tree crops like fruits are different
from vegetable crops especially when it is irrigated with drippers. It is calculated litter per day
per plan usingquation 6:

OAARA OADNOE OA FA+6 (equation §

1 Thecrop area (m?) = row to row spacing (m) x plant to plant spacing (m). As per the
information from Agronomist, the respective spacing between row and fruit tree are
taken as 10 m x 8 m and is being implemented in the centre used for design of the
dripper ystem.

1 ETo= Potential Evapotranspiration of the location. As calculated considering effective
rainfall, a maximum of 5.85 mm/day on October is estimated for the fruit trees.

1 Kc= Crop coefficient, as shown in the crop calendar (parag®dhB a maximum of
0.85 is estimated for mango trees in the month of October.
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1 In equation 6, ETo*Kc represent ETc, EtEff. Rain fall= Net irrigation. So our net
irrigation is 4.97 mm/day, representative ETo will be 4.97/0.85= 5.85mm/day
1 Wetted area is the area which is shaded due to its canopy cover when the sun is
overhead, which depends upon the stage of growth of plant. Hence, G.Gupta 2002,
stated that wetted @a under drip irrigation system ranges from 20% for Pomegranate
to 50% for other fruit trees like mango. So for the project area ,48% is recommended
for design purposes.
1 E = application efficiency, for the project area, 90% is recommended for drip
irrigation
Therefore, water requirement = (10m x 8m x 5.85 mm/day x 0.85 x 0.48) / 0.9 = 212
litter/day/plant, Hence, 212 litter / day / plant was used to design the drip system for mango
fruit trees.

4.5.2 General layout of fruit field

The general lay out of the dripetwork comprises the topography of irrigable area with its
appropriate scale and carefully planned irrigation water supply system. Besides, the design of
layout system includes application pipe arrangements (distribution system), number of plots,
requiredvalves and operation schedulgure27). The field layout boundaries have been laid

out to suit the prevailing soil, the location of the Point of Connection (POC) to the secondary
pipe and topographical condition.

There are about 10,544 ha gross area for Mango production. One field is a square setup having
908m x 908m size having 82.45 ha. This was done to fit the drip alignment with that of centre
pivot square field. Since the topography of the project, the figdghes and size is almost
uniform, design of one typical field with six plots is considered for the evaluation and cost
estimate of the system.
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Figure7 Typical layout of drip irrigation system

There are about 10,500 ha suitable to Mango production. One field is a squire setup having
908m x 908m size having 82.45ha. Since the topography of the project and the field shape and
size is almost uniform, design of one typical field with six plots ias@tered for the
evaluation and cost estimate of the system.

4.5.3 Basic design units (BDU) of a cluste r

The BDU of cluster, drip type has two plots each with 454 m long and 296 wide having 45
laterals spaced 10 m within net area of 13.38 ha. From the tagh leh454 m, the optimum
manifold length was designed as 447 m and the remaining are for road and border effects.
Moreover, One side of the square size was divided into three taking 296 lateral length each to
fit to the tree spacing of 8 m for 37 treesldhe remaining are for roads and borders effect.

Lateral (PE) Manifold (HDPE) POC
Shift | Plot area Length (m) Diameter | Length | Diameter | Discharge
(mm) (m) (mm) (I/s)
Plot A 13.38 ha 296 25 447 110 4.64
Plot B 13.38 ha 296 25 447 110 4.64

Table21 Design parameters of drip irrigation
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As a sample, Basic Design Unit of a cluster selected two plots under one valve having filter,
pressure regulator, fertilizer injector and other fittings. These two plots will be operatesl by th
same operating unit and will be supplied each 4.64 |I/s water parallel at time making the total
discharge at operating unit point of connectsn28 I/s. As the design of shifts is one, within

21hr three operation units having six plots each will bigdted plot Figure 28 and Figure
29).

Figure28 Basic Design Unit of a Cluster, for fruit
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Figure9 Basic Design of one plot

4.5.4 Selection of drippers, type, spacing and discharge

For fruit trees, dripper type of on line dripper with smooth outlet of pressure compensating
type is selected because of attaining the discharge uniformity within the plot of the project
unit.

Thedischarge of an emitter is generally expressed by the power curve equation:

n < (equation ¥
where:
1 H = average emitter pressure head, (m)
1 q = average emitter discharge (1/hr)
1 xand k = coefficients that characterize a specific emitter

Usually these are obtained or calculated from the manufactures catalogue or test results. The
expected uniformity of application shall be more than 90%. In this specific study, discharge is
taken from the manufacturersodé cat al

E L

f

Plant tee is Mango tree, with recommended tree spacing of 10m by 8m;
One lateral per tree raw;
Selected dripper type is @ime dripper;

ogue. Ass

Drippers each apply 2 I/hr at minimum recommended operating pressure of 1 to 1.5

bar; (discharge pressure relationshipfrommu f act ur er 6 s
Soil is sandy;

standard

Dividing the determined crop water requirement of 212 litter/ day / plant to that of 21 hrs/day
irrigation times, 10 litres / hr discharge is to be applied for one plant. Hence, to meet the 10
lit/hr dischargerequirement of one plant, 5 drippers are required with a dripper discharge of 2

I/hr.
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Therefore, five drippers are designed in a straight line pattern for each tree with a spacing of
1.0 m, which is acceptable for the soil type of present irrigation Heaever, if the economy
justifies, basin dripper type with-rdeter ring diameter and a spacing of 1m having five
dripper of 2 I/hr discharge for each fruit trees is also to be taken as another option.

4.5.5 Design of laterals

The aim of design process is to getiformity of distribution of the water. This principle is
based on the criteria of the 20% rule. It is the maximum difference in pressure between any
two emitters, which irrigate in the same opematandshould not be more than 20% of the
nominal presse:

(dP max =< 0.2 Pn)

In the case of 10% rule: maximum difference in discharge between any two emitters, which
irrigate in the same operation, should not be more than 10% of the nominal discharge:

(dQ max =< 0.1 Qn)

The factors affecting the lateretharacteristics considered in the design process includes flow
rate, inlet pressure, lateral lengths, and differences in pressure within laterals (due to head
losses and due to elevation differences).

The following basic design data have been considerddsign the lateral.

Lateral type online, single,

Lateral length 296 m

Lateral internal diameter (I D) 20.8 mm,

Emitter sparing /No. of emitterd m spacing / 5 emitters per tree,
Emitter flow rate- 10 I/hr,

Average minimum operation pressutalgpper = 10 to 15m,
Slope of the land as topography require for each plot.

= =4 -8 -8 _a_a_-°

The discharge at a lateral inlet will be determined by:

Where:

1 qgo=inlet discharge (I/hr),
9 N = No of emitters,
1 q dripper = Dpper/ emitters discharge (I/hr).

From this, the total number of emitters in a lateral = Number of trees * discharge of a tree =
37 * 10 l/hritree = 370 I/hr = 0.37°hhr. This value of thelischargewas taken for design
of lateral and head frictional loss analysis.
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The head loss is calculated first considering plain pipe. Then the outcome is multiplied by the
correction factor F. The value of correction factor F depends on the number of oun,lets
along the laterals pipes and the material from which the pipe is made up of.

Number of outlet | F value Number of F value
outlet
1 1 12 0.376
2 0.62 15 0.367
3 0.52 20 0.360
4 0.47 24 0.355
5 0.44 28 0.351
6 0.42 30 0.350
7 0.41 40 0.345
8 0.40 50 0.343
9 0.39 100 0.338
10 0.385 >100 0.333

Table22 Factor F for multiple outlets

The fiction head losare calculatedsing theDarcy Weisbach equation:

Q1.75
J=8.38* 16 p*5 (equatiors)
O 0z "0z — ... (equation 19

where
T J=head loss expressed by %;
T Q =flow rate (m3/hr);
1 D = pipe diameter., mm
1 F = factor for multiple outlet given on Table 15.
1 L= length of lateral , m
M Hf = frictionahead loss, mm

Using the actual topographical contours, the maximum elevation differences have been
considered for each lateral operating by the same unit.

The total actual head loss for each lateral is comprised of the friction head loss, turkadent he
loss and elevation difference. The whole computation is performed in tabular form and shown
in paragrapl®.4.

The final result of the tabular Ilcalation is the approval of the selected lateral diameter,
lateral length, minimum operating pressure at lateral inlet and other parameters for the actual
irrigation site using 20% rule.

For having uniformity of distribution of the water along the later#he criteria of the 20%
rule should be fulfilled.
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In the present irrigation field case, the maximum pressure variation between two drippers in
the same plot area should be less than 20% of the nominal pressure at the outlet of the

operation unit.

In the lateral designs as shownparagrapt.4, computed and checked thdfilment of the
20% rule, for all used lateral diameters and lengths.

During computation of each plot and lateral pressure variations, all the actual maximum
topography differences in each plots and entire the laterals and manifolds, head losses are

consideredThe lateral inlet pressure was determined with equation 11.

O O -0 -VD . (equation 11)
Where,
f H = Lateralinlet pressure, m
T Ho = Average operating pressure

E

specifications, m
H; = frictional head loss in the lateral, m
& = change in elevation in the lateral alignment, m

4.5.6 Design of manifolds

The discharge in each manifold is determined by:

gm=(ga* N) Nr.......... (equation 12)

where:
1 gm = discharge in each manifold (I/hr)
1 ga = average emitter discharge (I/hr) =2
1 N = No.of dripper/ emitters in a lateral =185
T Nr = No. of laterals in a manifold = 45

Using equation 12, the discharge on manifold
and this value was used to analyse the pressure and discharge in the manifold.

The frictional head loss in the inlet of the manifold was determined using equation 9 and

equation 10 and inlet pressure at the manifold is using equation 13.

O O -0 -Yh...... (equation 13
Where,
T Hn = Manifold nlet pressure ,m
T H = = Lateral inlet pressure, m
T H¢ =frictional head loss in the manifold, m
1 & = change in elevation in manifold alignment, m
1 The full analysis and results are presented in parag@dph

Two main requirements on manifold diameter determination are the following
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First of all, the mnifold diameter should be economical. As dssad in the determination of

the delivery pipe diameter, the most precise method for determination of the economical
diameter is detail computation of the total cost of the pipe at different diameter sizes and select
diameter with the least total cost.

Here the total cost of different diameter pipes shall include cost of pipe (conduit) for the whole
length, cost of energy, which represent the head losses in the pipe diameter under
consideration, other installation, operation, and maintenance costs.

A second issue is thatamifold should be quite enough strong against water hammer pressure,
which may occur due to sudden closure or sudden opening of valves (mainly at the manifold
inlet valve). For this reason, the velocity shall be limited belldwto2.0 m/sec.

The manifold diameter was determined by

U e (equation 14)

where;:

1 Qm =discharge in each manifold (I/hr)
T V =Recommended velocity (m/sec)
1 D = Manifold internal diameter

Considering bothequirements, the detail analysis of economical diameters, for the manifolds
pipes, at each plot is performedparagrapl®.4.

4.6 MAINTENANCE OF IRRI GATION SYSTEMS

The purpose of an irrigation scheme is to achieve a higher crop production level through
appropriate management and planning of water distribution practices. This can be achieved
through better and organized project management practices.

Good operation of any irrigation system includes matching the irrigation duration with the rate
of application and the intake rate of the soil to maximize the fraction of water stored in the
root zone. If a field is underrigated, all the infiltrated wat could be stored in the root zone,
giving apparently high irrigation efficiency even though the water distribution uniformity
across the field may be poor.

Conversely, an ovdrrigated field will have low irrigation efficiency even if the irrigation
appears to be uniform, because of the deep percolation. Thus, knowledge of the soil moisture
content prior to irrigation is essential to maintaining high application efficiency while
providing sufficient water for optimum crop growth.

Proper maintenance inwa@s anticipating the need for repairs and replacement of-awdrn
mechanical parts and damaged or broken pipes. Spare parts of commonly needed items should
be kept on hand for emergencies. Periodic inspection of supply pipes, mechanical equipment
(such aspumps, nozzles, emitters and filters) and distribution systems should be made
throughout the irrigation season.

It is important to perform preventative maintenance in the fall, winter, and/or early spring in
order to be ready for the next irrigation seastn audit or evaluation of the irrigation system

is recommended if the system is not as efficient as it should be. An audit determines the depth
of water being applied and distribution uniformity. If a pump is used, it is tested to determine
fuel or enegy use efficiency.
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4.6.1 Sprinkler

Regular maintenance of sprinkler equipment will reduce repair costs, help the system last
longer, and keep irrigation efficiency at design levels. Each manufacturer provides guidelines
and manuals for equipment operation andnteamance. Such information is the preferred
source and should be referenced when performing irrigation equipment repair and
maintenance.

Sprinkler systems should be inspected and any necessary repairs completed prior to the start of
the irrigation seasorll irrigation systems should receive special attention at the end of each
irrigation season. During the fall, while water is still available for operation, it is advisable to

run the sprinkler system and look for problems. This will allow to plan for reesded
maintenance well in advance of the next irrigation season. Check all nozzles for plugging,
mismatched sizes, breakage, corrosion or other damage caused by wear and tear. Couplers and
connections should be checked for leaks and repairs/replacesmendsl be completed as

soon as possible.

If a sprinkler system has been properly prepared for winter storage, spring maintenance is
much easier. Often local irrigation supply companies provide a fall or winteujuservice

at a reasonable cost. If thelfl is used for pasture, careful attention should be given to
protecting the irrigation system from livestock damage.

Sprinkler package selection is a major topic when making the original purchase of the center
pivot, but it is just the first decision e#kd to managing the center pivot y@gryearout. To
be effective, the

Sprinklers must continue to run properly which means that when wear and tear causes the
sprinkler to malfunction, repair or replacement is necessary. Once installed, it is more
important to ensure that each sprinkler continues to operate as it was designed.

Field topography and pumping plant performance can have major impacts on the performance
of a sprinkler package. Sprinklers may be damaged by a myriad of issues at any tithe after
original installation. Failures to replace damaged sprinklers or remove materials that may plug
nozzle openings allow the water application to be affected in a negative manner for extended
periods. Keeping good records on pumping plant performanceparidrming a simple
sprinkler system check on a regular basis will help ensure that the system is operating
efficiently.

The design sprinkler flow rate out of each sprinkler orifice is based on the water pressure
supplied to the sprinkler inlet. Overalhe discharge delivered by a sprinkler also depends on
the system capacity, the distance from the pivot point to a specific sprinkler, and the spacing
between sprinklers at that location on the lateral. The goal of the sprinkler package selection
or designprocess is select nozzles that would apply water with over 90% application
uniformity.

The nozzle diameter has a big influence on the discharge from the nozzle since the discharge
depends on the square of the nozzle diameter. Depending on the constnatéaal of the

nozzle and the quality of water being pumped, the nozzle opening could change. If the nozzle

opening increases due to wear, the actual flow rate may be vastly different than the original

design.

What are the problems associated with center pivot sprinkler operation?

The most obvious answer to this question is that over time various parts of the sprinkler can
becomeworn-out to the point where it no longer distributes water over the same wetted area in
a uniform manner. However, in some ca#iee original installation can be the issue.

It is always good to conduct the inspection just before sunrise and sunset as the angle of light
from the sun makes it easier to identify water application problems. Each sprinkler should be
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operating and lookery similar to the sprinkler next to it. If not, the regulator or nozzle
opering could be partially plugged.

Each of the issues described above could have been identified by a simplpathree
inspection, which is best done in the springobethe crp canopy is present:

1. Verify that the correct flow rate and operating pressure supplies the system,

2. Compare the sprinklers sizes installed to the sprinkler design printout,

3. Verify that the sprinkler is not cracked or broken and that the deflepiida ag not
worn excessively.

Why is water application uniformity important?

The original sprinkler package design will normally have water application uniformity above
90% when operated under no wind conditions. Reduced water application uniformity means
thatsome areas of the field are not receiving the correct amount of water.

If any of the issues discussed above are present the non uniformity can occur each time water
is applied and the accumulative impact is that grain or forage yield can be less thaadexpe
Often times small problems that affect only a few sprinklers may not be noticeable in yield
maps while others can easily be seen from the air.

4.6.2 Dirip

Flush the system at the beginning of the growing season and check to be sure the emitters are
not clogged. Do this by opening the ends of the tube and running clean water through the
system, starting with the lines closest to the supply source. Once the tubes have all been
checked and sealed again, check for flow from each emitter. Regular flushirg syfstbm
throughout the season may be necessary depending on the cleanliness of the water supply and
filtering system. This will help remove larger mineral and organic matter particles that can
clog emitters. To keep the small openings in-ftaw systemsfrom becoming clogged, the

water source must be properly filtered. The cleanliness of the irrigation water will determine
how often the filters should be checked and cleaned. If continual clogging is a problem, it may
be necessary to select finer screansse a sand filter or chemically treat the water.

4.6.3 Filters

Check the filters regularly and frequently until the best cleaning schedule for the system can
be determined. The frequency of cleaning the filters may be greater in the spring when more
debrisis in the water. Back flushing, or removing the filters and washing them out backwards
is the most common way to clean most filters. Replace the filters when they get holes or
openings too large to filter out damaging or clogging particles. Organic rslijeing past

the filter or algae growing in pipes or fittings may cause serious system problems, especially
when the source is a secondary water system. Opening the end of the system and flushing will
help remove organic matter. If algae growth is a moblchlorine can be used to kill the
algae. Applying a concentration of 10 to 20 ppm of chlorine for 30 to 60 minutes should solve
most algae problems. After the algae have been killed, it will need to be flushed as described
above.

Both screen and sand dha filters in a drip irrigation system should be checked during or
after each operating period and cleaned if necessary. A clogged screen or -gisk\eter
can be cleaned with a stiff bristle brush or by soaking in water. A sand media filter should b
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back flushed when pressure gauges located at the inlet and outlet sides indicate a five psi
difference. Check drip irrigation lines for excessive leaking, and look for large wet areas in the
planting area indicating a leaking tube or defective emittes. dlso a good practice to flush
submains and laterals periodically to remove sediments that could clog emitters. Systems can
be designed with automatic back flushing devices and automatic end line flushing devices, but
still require manual checks.

4.6.4 Chemical Control Measures

Unfortunately, filtration alone is not always adequate to solve all water quality problems.
Chemicals are necessary to control algae, iron and sulfur bacteria, and disease organisms.
Chemicals can cause some materials to settlergutecipitate out of the water while causing
other materials to maintain solubility or stay dissolved in the water. Chlorine is a primary
chemical used to kill microbial activity, to decompose organic materials, and to oxidize
soluble minerals, which caas them to precipitate out of solution. Acid treatments are used to
lower the water pH to either maintain solubility or to dissolve manganese, iron, and calcium
precipitates that clog emitters or orifices. Potassium permanganate also is used to oxidize ir
under some conditions. It is recommended to place the filtration system after the chemical
treatment to remove any particles formed. Chemigation protection and injection equipment
requirements vary with toxicity class of the injected chemicals.

4.6.5 Bacter ial Slimes/Precipitates

Bacteria can grow in the absence of light within the system or in a contaminated reservoir.
The bacteria can live on iron or sulfur and produce a mass of slime that quickly clogs emitters
and filters. This slime can also act as adhesive to bind other solids together to cause
clogging. They also can cause soluble iron and sulfur to precipitate out of the water.

Bacteria cause iron precipitation by oxidizing soluble ferrous oxide to form insoluble ferric
oxide. Iron concentratiorss low as 0.1 ppm can be troublesome, whereas levels of 0.4 ppm
can be severe. The iron precipitate forms as a red filamentous sludge, which can attach to PVC
and polyethylene tubing and completely block emitters.

Sulfur in amounts over 0.1 ppm of total sulfides can be troublesome in irrigation water.
Bacteria that live on sulfur can produce white stringy masses of slime, which can completely
block the emitting devices. Interactions of soluble iron and sulfur cazoh ie a chemical
reaction forming insoluble iron sulfide. Stainless steel filter screens used in high sulfide water
can cause iron sulfide precipitation. Chlorination is the usual treatment to kill bacteria or
inhibit their activity. A continuous residugedte of 1 to 2 ppm of free available chlorine at the
distant end of the irrigation system or an intermittent rate of 10 to 20 ppm for 30 to 60 per
treatment cycle should be effective. The initial injection rate may need to be higher to achieve
the desiredesidual level in the system. Treatment cycles may be required at the end of each
irrigation cycle for severe water sources or after everg@®ours of irrigation for cleaner
water sources.

Sometimes, reservoirs are contaminated with bacteria and shlmrination is necessary to
reduce or solve the problem. This is done by injecting chlorine at a rate of 200 to 500 ppm into
the reservoir. The volume of water to be treated must be estimated from the diameter and
depth of the reservoir.
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4.6.6 Algae and Aquat ic Plants

Al gae and aquatic plants in surface waters
rapidly during summertime blooms. They have a tendency to become entangled in screen
meshes and clog the surface of sand media filters, resulting in ffitefijtexr back flushing.

Algae can be controlled in surface waters by adding copper sulfate or other chemicals in an
approved manner. Green algae can grow only in the presence of light, so they do not cause a
problem in buried pipelines or black polyetbye. However, algae can grow in the white PVC

pipe or fittings used to assemble aboveground pipelines and then be washed into laterals and
emitters to cause clogging. Chlorine is used to kill algae within the irrigation system. A
chlorine concentration 010 to 20 ppm for between 30 and 60 minutes is suggested. It is
advisable to work sectieby-section through the pipeline and flush the dead algae out of the
pipes immediately after treatment, to prevent emitters clogging. If significant emitter clogging
occurs, a higher concentration may be needed to decompose the organic matter in the emitter.

4.6.7 Chemical Precipitation of Iron

Water with over 0.1 ppm of iron is quite likely to cause a problem in irrigation systems. The
problem can be solved by either rermgythe iron from the water or by retaining the iron in
solution.

4.6.8 Chlorine precipitation

Free chlorine will instantly oxidize ferrous iron to ferric iron and take it out of solution as a
solid. The iron concentration must be determined, and chlorinelrausjected at a rate of 1

ppm for each 0.7 ppm of iron. Some additional chlorine may be needed for other
contaminants, such as iron bacteria and bacterial slime. Complete mixing of the chlorine and
water is necessary and can be accomplished by creatimgence in the system before the
filter. A sand media filter is the most appropriate choice and should be backwashed frequently,
preferably automatically.

If manganese is present in the water source, caution must be exercised, because oxidation of
mangaese by chlorine occurs at a much lower rate. Care must be taken to precipitate the
manganese before the filter, or clogging problems could occur.

4.6.9 pH Control

Iron is more soluble at lower pH values. Acid can be continuously injected to keep the pH low
in the irrigation system or can be used periodically to dissolve iron deposits. To dissolve the
iron, the pH must be reduced to approximately 2.0 or less for a period of 30 to 60 minutes.
The system must be flushed to remove the iron after treatment.

Iron precipitation can be caused by raising the pH. A solution to increase the pH can be
prepared by mixing 3 pounds of soda ash (58 percent light grade) with 4 gallons of water. This
neutralizing solution can be injected into the water system and can be mikedharine
solutions.

4.6.10 Iron Sulfide Precipitation

Sulfur-bearing minerals are common in most sedimentary rocks. A soluble form of sulfate is
carried by water. Sulfates are difficult to precipitate and generally remain in solution. Sulfate
can be used as food source by bacteria, which produces hydrogen sulfide gas as a by
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product. If sufficient iron is present under moderate reducing conditions, iron sulfides can be
precipitated, and a sand media filter is suggested to remove the precipitate.

4.6.11 Precipitation of Calcium Salts

Calcium salts, particularly calcium carbonates, precipitate out as a white film or plating in the
system. The salts are soluble at low pH. Acid can be used to maintain a pH of 4.0 or lower for
30 to 60 minutes which dissolvecalcium deposits to clean emitters and pipelines.
Hydrochloric (muriatic) acid is recommended for treating calcium blockages although sulfuric
and phosphoric acid can also be used. Temperature, pH, and calcium concentration are all
factors influencing daium solubility, so conditions can vary throughout the irrigation system.
Water sources differ in the amount of hardness and/or pH requiring different amounts of acid
to lower the pH.

The most common acid that growers will find available is muriatic &80 hydrochloric

acid) at hardware and farm supply stores. Make sure that you flush and clean the injector after
acid application since the acid may be corrosive to internal parts. Allow the acid treated water
to remain in the pipe lines for 30 minute Xchour, and then flush with water. Use extreme
care in handling acids and always add acid to water.

In general, the maintenance of drip system centers on identification of the factors, which can
lead to reduction of the performance of drip system andegiures to mitigate these negative
impacts. Factors that can slow or stop flow through the drip system include; suspended
material, chemical precipitation, biological growth, root intrusion, soil ingestion and crimping

of the drip line. To ensure maximunyssem life reduces or eliminates the impact of the
negative factors (Table 1). This may require water treatment and a systematic program for
regular maintenance. In this section, we outline the various potential issues that can adversely
affect the drip sstem and offer procedures to mitigate the potential damage.

Indication Possible problem
Gradual decrease in flow rate Dripper plugging Possible pump wear
(check pressure)
Sudden decrease in flow rate Stuck control valve Water supply failure
Gradualincrease in flow rate Incremental damage to dripper line by pe
Sudden increase in flow rate Broken lateral, manifold, secondary or

primary lines Pressure regulator failure
Large pressure drop across filters | Debris buildup in filters Inadequate flushir
of filters

Gradual pressure decrease at filter | Pump wear or water supply problems
inlet
Sudden pressure decrease at filter | Broken lateral, manifold, secondary or
outlet primary pipe line Pressure regulatoy
water supply failure

Gradual pressure increase at filter | Dripper plugging

outlet
Sudden pressure increase at filter | Stuck control valve , Other flow restriction
outlet
Sudden pressure decrease at manil Damaged or broken lateral

Table23 Drip induction and possible problems
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5 ONDEMAND P RESSURIZED PIPED IRRIGATION SYSTEM

5.1 INTRODUCTION

The present feasibility study for an irrigation projecPendamatengakes into accounivhat
has been already designedthefi Pr el i mi nary Design Report
Resources of t he reddctecdoby WRGIMmNDwember 2R3 v e r 0

In this document thwater transfer schem@®/TS), shown inFigure 30, has beerdescribed:
after the vater withdrawalfrom Chobe Rivera series of pumping stations, reservoirs and
pipes are aligned for about 580 km in order to joinBbtswana's NortiSouth Carrier (NSC),
that supplydrinking water to Gaborone. In particuldrig projectforesees:

9 abstraction of 495 million fnof water per annum from the Chobe/Zambezi River
System at Kazungula in the Chobe District, Botswana;

f requirenent forabout &5 million m® of water per annum for agricultural purposes,
mainly for thepresenZIACD project;

| future water deficit in urban centras be at least 100 million fhper annum;
conveyance of 150 million frfrom the Pandamatenga Reservoir through inter alia
Nata, Francistown and Tondia bedischargd into the existing North South Carrier
Water Project at Break Pressure TdBRT1) located aMoralane areamear Selebi
Phikwe.

CHOBE - ZAMBEZI
sacRIVER INTAKE __oisen
S A d e~
'ps1] KAZUNGULA T

495 ° 2675km@27m@
million m*/a ‘N o STAGE 1

PS£{ R1 \“ km @ 3.5m @ £

CHOBE - ZAMBEZ| WATER TRANSFER SCHEME

PANDAMATENGA c
AGRO
m“:' << ] R2 MSBkm@25823m@ % LEGEND
PROJCTS | - STAGE 2 o
- s | R3 a MATLAMANYANE
150 million m'/a B3Ikm@23ImO
N L NATA
_F’S:ix R4 795km @ 2.2m 0@ 3 Off take ponts
OVERVIEW S e L MOSETSE
581 km of Pipeline, A \[PS4[E MTkm@22m O
Stage 1: 106 km v ; y
Stage 2: 475 km . LRe MARAPONG
| 83km@2IMmO
with 8 Reservoirs ’ ! TONOTA
1 x 2000 M| + \R7 8 k. @ 2,00 &
7x 100 MI < :
and 4 Pump Stations ‘R8 \ km @ 2.0m @
transferring

495 million m’ NORTH SOUTH - BPT1 |
of water per annum CARRIER | < S -
to Gabarone MORALANE

Figure30. The already desigr@ldobeéd Zambesivatet r ansf er scheme (O0Prel i min
Utilization of the Water Resources of the Chobe.

The presentrrigation project, acording to the above figure, takes water frogservoir R2
that hascapacity of2.0 Mm?3 and is supplied by a pipeline with diameter 2.7 m and design
discharge of about 23.3 m%/s
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5.2 IDENTIFICATION OF PIP  ELINES LAYOUT

The study relatedotagronomy and on farm irrigatiqparagrapt8) have lead to evaluatbe
water requiremestfor crop, border the command area on the basis of soil suitability and
identify the sizeand type of irrigation system

From the topographic point of view, the reservoir R2 has inlet at 1079 m a.s.l. and water top at
1090.20 m a.s.l.. The irrigation block are geligreower than reservoir R2, except ftine
eastern zone of the study area, both next to the reservoir and in thersaahe: however,

this area has already been excluded by the land evaluation study.

The typical layout of pressurized system, that sepplaterto the fields, is composed by
primary lines(main pipes) andexondary linegsubmain pipes) that cross the fields bringing
water at thecenter pivots or drifPoint of ConnectionRoQ. The layoutof the primary pipes
has been defined taking irdi@count also the following criteria and issues:

Start from reservojr

Shortest lengths to reach farthest part of study, area

Following the natural slope down of terrain

Being as high as possible

Verifying the grade of terrain slopé {s fine if it is equal or more than water energy
slope, likely 1.5 m/km)

= =4 —a —a A

320000 330000 340000 350000

q

T

.
o -

Legend
L. IstudyArea Imigation Lots

- \ Reservoir R2 North 5
Central 1 1 S

|1 I S [ 2
South 1250000 o q 2 4 5 gb SRR

[
I | I
320000 330000 340000 350000

- Primary Pipes

Figure31. Layout of primary pipes and irrigation lots

The water supply scheme is branch type, instead of being closed, because for the present
project it repreents the optimal compromise between costs and reliability. For what concerns
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economic matter there are many facts that lead to money savings, while in terms of system
efficiency the main issue is that the agronomic study has envisaged an irrigatiofc§cle

days. This means that crops are watered during a day then there are 3 days of interval for the
next watering: during this period any local failure, that might occur, would be solved without
interfering with agricultural practises.

About costs, first ball, the branch type allows to reduce the length of the pipes to the lowest
value and also the required dimensions of the pipes are the smallest: this because each filed is
reached by only one primary system and there is no terminal portion of a pgpedieen that

need to work also as an intermediate part of another one.

If this latter condition is considered, the loop pipeline could be designed either with a large
diameter, causing high cost of installation, or with small size, increasing energy exqpehs
requiring more powerful pumping system: this because head losses would be Tigrer.
loop system need a larger number ofaffitvalves.

The implementation of a closed network for the present irrigation system would need about 30
km of further piges, beyond the 85 km that are currently envisaged. This would increase of a
third the present estimation of cost for primary pipes included in parafray2n

Finally, it has to be noted that the closed system is typical of the potable water supply where
consumers have to be constantly served even terms of water quantity but also for what
concerngpressure level. In case of agriculture, thanks to 4 days irrigation frequency and not
having the constrain of a continuous service, these limitations are not so strict.
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Figure32. Layout of secondary pipes and irrigation gyetéen pivot and drip)
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The water transfer scheme, described in paraggfphwould cross the irrigation area
interfering with infrastructures (irrigated fields, pipes, drains and roads) that are design with
the present project that is at feasibility level. Modificatto the proposed layout in order to
avoid patrtially or totally interferences would neither affect the concept of the design, nor cause
significant variation in dimensioning and cost.

However, if the alignment is required, some fields would be reducegtémsion and some
secondary pipe would be moved, but it would be worth to evaluate momoe changes even

for the track of WTS. Next figures represented the proposed alignment of center pivots,
secondary pipes and WTS.

Figure33. Proposed alignment of center pivots, secondary pipes and WTS
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Figure34. Proposed alignment of center pivots, secondary pipes (@edaWs) S

5.3 DESIGN OF PIPELINE NETWORK

5.3.1 General aspects and hydraulic criteria

There are saaral advantages in using pipelines for conveyance in water distribution projects
as well as for distribution on farm. A pressure pipeline system:

facilitates the use of flexible schedules because of the capacity to transmit pressure
is an automated systefor transmitting and carrying out precise instructions
reducesonsiderablyevaporation and seepage losses

can be laid with straight alignments and go up and downl@tiauseat do nothave

to follow contours

can convey water to higher elevatioith theuse of pumps and lifting plants;

reduces considerabhgquired rightof way widthin comparison witltanals.

1
1
1
1

=a =

The selection of the type of pipe, diameters and materials mustngevdth great care in
order to insure that the initial installation ichaically and economically acceptable and not
limiting for the future. This also because it is very difficult to make changes once pipelines
have been installed.

Besides, wrong type of pipe can cause an increase of the construction costs (transpadtation an
installation), a reduction of the sydhteembs
diameter is a function of hydraulic issues, like flow rate and friction losses, that then affect
energy cost therefore the design is also the sizing of mosbmic pipe diameters.
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Once that water requirements related to cropspaedsure issuef irrigation system are set,
the design activities proceeds witte definition ofthecharacteristics of a pipe that essentially
includes:

1 the material the pips made of
1 the nominal diameter, which is the one considered for hydraulic calculation;

Hydraulically the material characterizes friction phenomenon through the roughness
coefficient, while the diameter determines the flow velocity: both of them are théedréda

the head losses along the water supply systdrese issue are described time following
paragraph(5.3.2and5.4).

5.3.2 Pipe materials

The selectiorof pipe materialonsists inevaluaing the characteristic of conveyed fluid and
soil where the pipe is supposed to be laid, but also the working conditions or rather the
external loads, such as seismicity, working pressure, transient conditions.

Other particular local conditions might beciudedin this analysis (for instance impervious or
densely inhabited areashowever i can be summarized that theater pipesshould be
analyzed in term of:

1 mechanical resistance to internal and external loads

1 resistance of physical, biological and chemical nadfi@mnveyedvater and sojl

1 flow resistance (smoothness) that must be the lowest pgssible

1 ease and safety of installation

1 comprehensive optimal cost, considering not only materials and installaticaiso
maintenance and duration

A rough preliminary evaluation leads to identify small and medium diameters (less than 2000
mm) for the present irrigation systeitmat is characterized by low pressuhe this field of
application in generalpipes can & madeof metallic, plastic or composites materials.

Anchoring

It is important to consider the possibility of leakage due to the soil movement and the
consequent joint disassembly due to soil setitiagvell aghe effects of the internal pressure
that generate longitudinal forcesn the pipeline Theseforces have tde countered with
anchor blocksat vertices, branch offs, reductions and in the majority of cases where the
pipeline is tested hydraulically. The need to anchor the pipeline is reduceénaloexist

with the steel pipes since the continuity afforded by the welded jointsiadémn resistant to

the longitudinal forces.

Corrosion resistance

Metallic pipes are subject to corrosion both chemical in the ground and from the transported
fluid and also due to galvanic corrosion as opposed to GRP that is impervious to corrosion.
Corrosion control in steel pipes is made possible with internal and external coatings on the
pipes in the factory and during installatias well asduring the life of thepipeline with
cathodic protection on the external surface. Cathodic protection requires continuous
monitoring and in certain areas is even subject to theft.

Resistance to Ageing

The only relevant analysis of the material behaviour is comparing the padsdale of their
characteristics with time and with working pressure . For water mains the analysis can be
restricted to pressure investigations as the temperature generally remains constant at around
20° C.
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The behaviour of metallic materials and GRPrastinfluenced by the constant application of

the pressure forces. Plastic materials display a thermoplastic behaviour, while GRP is
designed with higher safety factors to account for ageing, but they are affected by pressure
surges that can cause vacuumthe pipeline if it is not protected from it.

Hydraulic characteristics

Steel pipedy virtue of modern manufacturing methods have considerably smooth surfaces.
The steel pipes with resin coating have an internal smoothness similar to that,citGRiB

when new.Steel pipes with cement mortar lining haveabsolute roughness greater than the
GRPpipes and this is important in as much as higher less#s this has to be accounted for

at the desigrstage.GRP has a polished internal surface and thenefa very low absolute
roughness with benefitderiving from better flow, lower sedimentation and incrustation on the
internal surface.

Installation

Steel pipes are supplied in random lengths of around 10 m depending on the diameter that
determines the wght and therefore the weight limit of the site machinery. The progress is
hindered by the welding process and therefore (apart from the high investment in welding
equipment ) also the continuity of the internal and of the external protection must lbedesto
Progress is 3f/day in average

GRP is lighter to install, does not require any protection, fittings are prefabricated and
installedwithout slowing down the installation, heavy equipment and service roads are not
required and wittight equipmenprogress can be in the order of 120 m/day

In the following tablethere is a comparison among tmentioned materialsonsideing the
main issues related to a pressurizegter supplysystem.It must be noted that given
judgments (for instance, lowest) aggclusively relative to the materials that are taken into
account, not in absolute.

MATERIAL & Ponv_inyI Glassfibre
PARAMETERS Steel chloride Relr_lforced
(PVCO) Plastic (GRP)
Available sizes* any not for mains any
time &
Laying & jointing experience | easy & fast easy & fast
required
Roughness low low lowest
Pressureresistance highest low low
Corrosion resistance prone ° resistant resistant
Maintenance periodical periodical not needed
Durability low lowest high
Basic cost costliest low lowest
Transport cost high low lowest
* Available sizes within the range needed for the present project
° Steel is prone to corrosion: mortar lining and cathodic protection are req

Table24 Comparison among materials for pressured water supply networks

The most frequent method used to decide among various acceptable product alternatives is an
installed cost comparison. The results of such a restricted focus determination may be
misleading ®ce, the installed cost evaluation ignores many other costs which may occur
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during the lifetime of the pipelines. A reliable comparison must also consider the costs

incurred (or avoided) throughout the design life of the irrigation system.

The sum of allcosts is called the Life Cycle Cost. This total cost of any item includes costs
experienced over the study period to:

The pipe made by Glassfibre Reinforced PlasticR{iRas the lowest life cost because they:

1
1
1
1
1

= =4 -—a-_a_-8_9_9_49_-4_-9._-4_>4a_-°

purchase the item
install it

operate it

maintain & repair it
replace it (if necessary)

are durable and corrosion resistant

do not produce rust or scale suitable for potable water

are low in weight (¥4 the weight of ductile iron and 1/10 th weight of concrete pipe)

require no cathodic protection

require no internal or external coatings
have flow efficiencies that allow down sizing

have a design life of 50 years
have zero maintenance costs

exhibit low internal friction, resulting into low operating (pumping) costs

show constant hydraulic characteristis®r time

are suitable for high service pressures and temperatures

have easy and reliable jointing mechanisms

are suitable for underground and above ground applications

For all above, the Glassfibre Reinforced Plastic (GRP) might be suggested as ttablgrefer
material for pipes for the current project.

5.4

The development process of an irrigation systenfollows a systematic chronological
sequence comprising the design, construction and management. Instead of seeing this as a
Aowayo

IMPLEMENTATION OF COPAM MODEL FOR HYDRAULIC SIMULATION

process,

it

S

mportant

t o

t hi

n k

interrelated phase$he picture below msents key steps of an irrigation scheme development,

highlighting the parameters used in options identification and assessment.
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Figure35. Key steps of an irrigation system development scheme (FAO, 2000)

The software COPAM (Gubined Optimization and Performance Analysis Model) provides a
computer assisted design mode. One or several flow regimes may be generated and the
optimization modules give the optimal pipe sizes in the whole network.

In fact, performance of the resultidgsign is then analysed according to performance criteria.
Based on this analysis, the designer decides whether or not to proceed with further
improvements either by a new optimization of the whole system or through implementation of
local solutions (suchas using booster pumps or setting time constraints for unsatisfied
hydrants). The synthetic flow chart of COPAM is presented in the following figure.
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Figure36. Synthetic flow chart of COPAM software (FAO, 2000)

YES

5.4.1 Theoretical back ground

The discharges flowing into the network strongly vary over time depending on the cropping
pattern, meteorological conditions, -tarm irrigation efficiency and farmerdehaviour
Because of this complexity, empirical methods give only geneditations while the
COPAM software implementstatistical modks aim to compute a single distribution of one or
more design flows for each pipe section of the network

COPAM deals explicitly with calculation of pressurized irrigation systems capacity for on
demand operatiothanks toa module that implements what has been studiedClénent

(1966) . I n particul ar, the Afirst QWwh@ene n t mo
within a population of R hydrants, the number of hydrants being open simultaneously is
considered to follow a binomial distribution.

This model, although based on a theory, were extensively used for designing sprinkler
irrigation systems in Franc#aly, Morocco and Tunisia. In fact, a probabilistic approach for
computing the discharges into the sections of awleanand collective network has been
widely adoptedbecause it is not reasonable to calculate the irrigation network by adding the
dischargs delivered at all the hydrants simultaneously.

Considering hydrants witl different discharge, the total discharge downstream a generic
section k is given by:

. . 5 0
Q=& RPd, +U(Pg)3 (& RP (- P)d*)"* ; b =3

i i

1 R: number of hydrants downstream reach j;

1 P: probability of the hydrants downstream reatd pe open;

1 as specific continuouslischarg€l/s/hg);

1 A:irrigated aregha),
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1 r: coefficient of utilization(for instance r 0,667if irrigation is for 16 hours at dy

1 d:nominal discharge of hydrant#'s).

1 U defines the "quality of operation" of the network; it normally has a values ranging
from 2.324 9% probability of having efficient systend 1.645 (risk of5% of not

supplying irrigation water demand)t is the reduced variable for the Gauss
distribution law.

The second Clément model (not applied in the present study) is based on some fundamental
concepts on the theory of the stationary Markovian processes: the irrigation process is
simulated as a birth and death process in which, at a gte¢s js(j hydrants open), the
average rate of birth is proportional tojjRand the average rate of death is proportional to j.

This hypothesis limits its applicability because it introduce the concept of saturation that can
be well applied for designingglephone lines, where if the busy line is engaged the customer
has to call later. But for irrigation systems it is not so easy to establish saturation conditions.
Furthermore, also when the system is saturated farmers may decide to irrigate with a lower
pressure and/or discharge at the hydrant. Finally, the complexity in mathematical approach
and the negligible differences in results pushed all designers to apply anytime the first model
instead of the second one.

5.4.2 Geometry and input

The pipeline network habeen defined in paragragh2 and it is divided in primary and
secondary pipes. The two irrigation systems have been set: center pivot andgatiprirfsee
paragrapi.4and4.5).

The COPAM assumes the network is of the branching .typech node (hydrants and/or
linking of sections) is positioned by a number. The node numbering is extremely important for
the correct execution of the program. It has to be allocated as follows:

1 The upsteam node (source) must have number O;

1 The other nodes are numbered consecutively, from upstream to downstream. Any
node may be jumped;

T The number of the section is equal to the number of its downstream node;

T All terminal nodes of the branches must havg@drant;

1 No more than two sections may be derived by an upstream node. If so, an imaginary
section with minimum length (1 m) must be created and an additional hode must be
considered. This node must have a sequential number;

1 No hydrants may be located imade with three sections joined. If so, an additional
node with a sequential number must be added;

1 If hydrants with two or more outlets exist in the network, one number for each outlet
needs to be allocated by creating an imaginary section with minirmgtile

The information that must be input at each node are:

1 areairrigated by each hydrant (in hectares); if no hydrant occurs in the node area null
has to be typed;

hydrant discharge (in I/s);

section length (in m);

land elevation of the downstream noderfi a.s.l.);

nominal diameter of the section pipe (in mm). In the design stage, null diameter must
be considered.

E I

The list of commercial diameters (in mm) must be inserted, together with data about thickness
(in mm), roughness (g, Bazin coefficient) andtany cost of the pipe. Except for roughness,

that is needed for hydraulic calculation, in the present study other parameter are not set
because are object of a separate and more detailed evaluation.
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5.4.3 Simulation results

The program ACI|I ®meatonh of tha didcharges flolvieg intoaha metwork
through the first and the second Clément models. In the present case the first one is selected,
and additional parameters have to be typed:

specific continuous discharge (in I/s/ha): this is accordintheovalues included in
paragrapht.4

minimum number of terminal open hydrants (5 is the chosen value)

percentage of uncultivated land (in %): in tmegent case this parameter is null;
Clément use coefficient (r) = 0.9167 because functioning is 22 hours a day;
Clément operation quality, U(Pq) = 1.654, that means 5% of failure.

=a =4 -8 -9 =

On the basis of these assumptions, the simulation has given the followuig:fEable 25
indicates hydraulic characteristic of pipe in relatiorthe number of fields that are supplied,
while Table 26, Table27 andTable28 show the dimensioning in terms of diameter and head
losses along the primary pipes supplying the 3 irrigation lots.

Su'\é‘;)';?eb de][i‘e’lf s | AMa) Q(/s) | DN(mm) | I (miKm) | V (mis)
1 65 54 350 1.27 0.56
2 130 106 400 2.38 0.84
3 194 157 450 2.80 0.99
4 259 208 500 2.80 1.06
5 324 259 550 2.61 1.09
6 389 310 600 2.35 1.09
7 453 360 650 2.08 1.09
8 518 411 650 2.70 1.24
9 583 461 700 2.30 1.20
10 648 512 700 2.83 1.33
11 712 562 750 2.36 1.27
12 777 613 750 2.80 1.39
13 842 663 800 2.33 1.32
14 907 714 800 2.70 1.42
15 971 764 850 2.24 1.35
16 1,036 815 850 2.54 1.44
17 1,101 865 850 2.87 1.52
18 1,166 915 900 2.37 1.44
19 1,230 966 900 2.63 1.52
20 1,295 1,016 900 2.91 1.60
30 1,943 1,519 1,100 2.23 1.60
40 2,590 2,021 1,200 2.49 1.79
50 3,238 2,523 1,300 2.53 1.90
60 3,885 3,025 1,400 2.45 1.96
70 4,533 3,526 1,500 2.30 2.00
80 5,180 4,027 1,600 2.13 2.00
90 5,828 4,528 1,700 1.95 1.99
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Su'\;)‘;rl?eb S0 | A | QWs) | DN(mm) | J(mkm) | V(ms)
100 6,475 | 5029 1,800 1.77 1.98
110 7123 | 5530 | 1,900 1.60 1.95
120 7,770 | 6,030 | 2,000 1.45 1.92
130 8418 | 6531 | 2100 1.31 1.89
140 9,065 | 7,031 | 2,200 1.19 1.85
150 9713 | 7532 | 2,200 1.36 1.98

Table25 Hydraulic characteristic of pipe in relation with the number of fields that are supplied

Lot | Reach Ri‘;t;h L(m) | Fieldn® | A(ha) | Q(s) (anm) J(miKm) | v (mis)
Reservoir R2 & Pumping Station

A 1 8345 | 112 | 7252 | 5630 | 1900 | 1.66 1.99

2 451 | 100 | 6475 | 5029 | 1800 | 1.77 1.98

3 915 93 | 6022 | 4678 | 1800 | 153 1.84

4 914 86 | 5569 | 4328 | 1700 | 1.78 1.91

5 914 79 | 5115 | 3977 | 1600 | 2.08 1.98

6 914 72 | 4662 | 3626 | 1600 | 1.73 1.80

7 914 64 | 4144 | 3225 | 1500 | 1.93 183

North B 8 917 56 | 3626 | 2824 | 1400 | 2.3 183
9 914 48 | 3108 | 2423 | 1300 | 233 183

10 914 40 | 2590 | 2021 | 1200 | 2.49 1.79

11 911 32 | 2072 | 1620 | 1100 | 254 1.70

12 916 24 | 1554 | 1217 | 1000 | 2.39 155

13 914 16 | 1036 | 815 | 850 254 1.44

14 914 8 518 | 411 | 650 2.70 1.24

- 15 467 12 777 | 613 | 750 2.80 1.39

16 913 6 389 | 310 | 600 235 1.09

Table26 Geometrical and hydraulic characteristics of primary pipes supplying North irrigation lot

Lot | Reach Rse‘;?:h L(m) | Fieldn® | A(ha) | Q(Is) (rm) J (m/Km) | V (mis)
Reservoir R2 & Pumping Station
1 541 | 142 | 9195 | 7131 | 2200 | 1.22 1.88
2 911 | 142 | 9195 | 7131 | 2200 | 1.22 1.88
3 915 | 137 | 8871 | 688L | 2100 | 146 1.99
central 4 908 | 132 | 8547 | 6631 | 2100 | 1.35 1.91
A 5 902 | 124 | 8029 | 6231 | 2000 | 155 1.98
6 922 | 116 | 7511 | 5830 | 2000 | 1.36 1.86
7 923 | 108 | 6993 | 5430 | 1900 | 155 1.91
8 910 | 100 | 6475 | 5029 | 1800 | 1.77 1.98
9 444 93 | 6022 | 4678 | 1800 | 153 1.84
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Lot | Reach Rsé‘;téh L(m) | Fieldn® | A(ha) | Q (Uis) (n[m) 3 (M/Km) | V (mis)
10 | 4526 | 72 | 4662 | 3626 | 1600 | 1.73 1.80
11 915 63 | 4079 | 3175 | 1500 | 1.87 1.80
12 911 54 | 3497 | 2724 | 1300 | 2.95 2.05
13 913 48 | 3108 | 2423 | 1300 | 2.33 1.83
12 915 42 | 2720 | 2122 | 1200 | 2.74 1.88
15 914 36 | 2331 | 1820 | 1200 | 2.02 1.61
B 16 915 30 | 1943 | 1519 | 1100 | 2.23 1.60
17 914 24 | 1554 | 1217 | 1000 | 2.39 1.55
18 914 20 | 1295 | 1016 | 900 2.91 1.60
19 917 16 | 1036 | 815 | 850 254 144
20 915 12 777 | 613 | 750 2.80 1.39
21 889 7 453 | 360 | 650 2.08 1.09
22 937 2 130 | 106 | 400 238 0.84
23 452 15 971 | 764 | 850 224 1.35
24 917 12 907 | 714 | 800 2.70 1.42
C 25 915 12 777 | 613 | 750 2.80 1.39
26 917 9 583 | 461 | 700 2.30 1.20
27 914 5 324 | 259 | 550 261 1.09

Table27 Geometrical and hydraulic characteristics of primary pipes supplying Central irrigation lot

Lot | Reach Rse‘:;h L(m) | Fieldn® | A(ha) | Q(Is) (rm) J(miKm) | V (mis)
Reservoir R2 & Pumping Station

1 2638 | 145 | 9389 | 7282 | 2200 | 1.27 1.92

2 2838 | 45 | 2914 | 2272 | 1300 | 2.05 1.71

A 3 3967 8 518 | 411 | 650 2.70 1.24

4 814 7 453 | 360 | 650 2.08 1.09

5 816 4 259 | 208 | 500 2.80 1.06

6 540 | 100 | 6475 | 5029 | 1800 | 1.77 1.98

7 908 96 | 6216 | 4829 | 1800 | 1.63 1.90

8 914 93 | 6022 | 4678 | 1800 | 153 1.84

9 920 90 | 5828 | 4528 | 1700 | 1.95 1.99

10 911 88 | 5698 | 4428 | 1700 | 1.86 1.95

South 11 1523 | 87 | 5633 | 4378 | 1700 | 1.82 1.93
12 914 79 | 5115 | 3977 | 1600 | 2.08 1.98

. 13 914 71 | 4597 | 3576 | 1600 | 1.68 1.78

12 914 63 | 4079 | 3175 | 1500 | 1.87 1.80

15 914 55 | 3561 | 2774 | 1400 | 2.06 1.80

16 914 47 | 3043 | 2373 | 1300 | 224 1.79

17 914 39 | 2525 | 1971 | 1200 | 236 1.74

18 914 31 | 2007 | 1569 | 1100 | 2.38 1.65

19 914 23 | 1489 | 1167 | 1000 | 2.19 1.49

20 914 15 971 | 764 | 850 2.24 1.35

21 914 7 453 | 360 | 650 2.08 1.09

C 22 536 37 | 2396 | 1871 | 1200 | 213 1.65
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Lot | Reach Rse:?:h L(m) | Fieldn® | A(ha) | Q(Uis) (rm) I (mKm) | Vv (mis)
23 916 36 | 2331 | 1820 | 1200 | 2.02 161
24 | 1883 | 35 | 2266 | 1770 | 1100 | 3.03 1.86
25 914 30 | 1043 | 1519 | 1100 | 2.23 1.60
26 914 25 | 1619 | 1268 | 1000 | 2.59 161
27 914 20 | 1295 | 1016 | 900 291 1.60
28 914 15 971 | 764 | 850 2.04 135
29 914 10 648 | 512 | 700 2.83 133
30 914 6 389 | 310 | 600 2.35 1.09
31 914 3 104 | 157 | 450 2.80 0.99
32 914 1 65 54 350 127 0.56

Table28 Geometrical and hydraulic characteristics of primary pipes supplying South irrigation lot

320000 330000 340000

7950000

7950000

7940000

7940000

7930000
7930000

320000 330000 340000

Figure37. Supplied discharge along primary pipes for the study area
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Figure38. Diameter of primary pides the study area

5.4.4 Pumping system and power requirements

On the basis of simulation conducted with hydraulic model the head losses and the related
piezometry profile has been defined for each of the 3 irrigation system. Taldesibdicate
the results of these computation.

Sub Grour_1d Piezometry| Pressure Cumulated
Lot | Reach Elevation Head Loss
Reach (ms.m.m.)| Head (m)
(ms.m.m.) (m)
Reservoir R2
& Pumping 1081.00 1141 60 79
Station
A 1 1070.06 1129 59 65
2 1069.91 1128 58 64
North 3 1069.17 1127 57 63
4 1068.00 1125 57 61
B 5 1068.00 1123 55 59
6 1067.99 1121 53 57
7 1067.86 1120 52 56
8 1067.39 1118 50 54
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Sub Ground Piezometry| Pressure Cumulated
Lot | Reach Elevation Head Loss
Reach (ms.m.m.)| Head (m)
(ms.m.m.) (m)
9 1066.16 1116 49 52
10 1065.62 1113 48 49
11 1065.02 1111 46 47
12 1064.03 1109 45 45
13 1063.43 1106 43 42
14 1062.55 1104 41 40
15 1070.06 1113 43 42
c 16 1070.94 1111 40 40

* Data are referred to the downstream node of indicated sub reach

Table29 Head loss and piezometry for primary pipes supplying North irrigation lot

Sub Grour]d Piezometry| Pressure Cumulated
Lot | Reach Elevation Head Loss
Reach (ms.m.m.)| Head (m)
(ms.m.m.) (m)
Reservoir R2
& Pumping 1081.00 1129 48 85
Station

1 1080.39 1129 48 85
2 1078.81 1127 49 83
3 1076.15 1126 50 82
4 1073.03 1125 52 81
A 5 1070.19 1124 53 80
6 1067.31 1122 55 78
7 1065.54 1121 55 77
8 1063.41 1119 56 75
9 1062.51 1119 56 75
10 1059.44 1111 51 67
11 1057.85 1109 51 65
12 1056.00 1106 50 62
Central 13 1055.06 1104 49 60
14 1054.00 1102 48 58
15 1052.81 1100 47 56
B 16 1052.00 1098 46 54
17 1050.00 1096 46 52
18 1049.00 1093 44 49
19 1047.52 1091 43 47
20 1046.44 1088 42 44
21 1045.49 1086 41 42
22 1044.00 1084 40 40
23 1062.70 1114 51 50
24 1063.01 1111 48 47
C 25 1064.00 1108 44 44
26 1064.00 1106 42 42
27 1064.00 1104 40 40

* Data are referred to the downstream node of indicated sub reach

Table30 Head loss and piezometry for primary pipes supplying Central irrigation lot
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Sub Ground Piezometry| Pressure Cumulated
Lot | Reach Elevation Head Loss
Reach (ms.m.m.)| Head (m)
(ms.m.m.) (m)
Reservoir R2
& Pumping 1081.00 1131 50 75
Station

1 1078.85 1127 49 72
2 1071.15 1122 50 66
A 3 1066.00 1107 41 44
4 1064.00 1106 42 42
5 1063.41 1103 40 40
6 1078.00 1117 39 68
7 1075.63 1115 40 67
8 1074.18 1114 40 66
9 1072.71 1112 39 64
10 1070.37 1110 40 62
11 1066.84 1107 41 59
12 1065.92 1106 40 57
13 1063.36 1104 41 56
B 14 1061.36 1102 41 54
South 15 1059.00 1100 41 52
16 1058.45 1098 40 50
17 1056.29 1096 40 48
18 1054.55 1094 40 46
19 1053.00 1092 39 44
20 1050.56 1090 39 42
21 1048.13 1088 40 40
22 1071.00 1120 49 65
23 1070.63 1119 48 63
24 1068.83 1113 44 58
25 1067.30 1111 44 56
26 1066.86 1109 42 53
C 27 1063.35 1106 42 50
28 1061.00 1104 43 48
29 1060.45 1101 41 46
30 1059.00 1099 40 44
31 1056.45 1097 40 41
32 1055.35 1095 40 40

Table31 Head loss and piezometry for primary pipes supplying South irrigation lot

It must be underlined that along the secondary pipe, serving generally about 5 fields, the head

losses are about 10 m, whilethke centre pivot at least 30 m of residual pressure must be

guarantee, when the scenario with maximum water requirement is simulated. For this reason,
in the previous table, each of the 3 irrigation system has a final sub reach where the

Acumul atosd ohead 410 m (10 m plus 30 m )
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Figure39. Piezometry along primary pipes for the study area

From this hydraulic computation, considering the reservoir has a bottom at 1081 m s.m.m., the

000

7930000

North, Central and South lots need a pumping system with the followargatridics.

Lot Dis(clzys?rge Head (m)
North 5630 60
Central 7131 48
South 7282 50

Table32 Main characteristics of the 3 pumping system for the irrigation lots

According to the mentioned characteristics of pumping station, the power requirement is about
12,5 MW, while theannual energy consumption is around 64 million kWhly.
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SECTION A-A
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Table34 Cross section of pumping system
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6

DRAINAGE SYSTEM AND R OADS

6.1

INTRODUCTION

The presence of irrigation agricultural practise (paragr@pland water supply nebrk
(paragraplb) leads to realize access roads and a drainage systems in order to collect storm
water falling within the fields and discharge autside the study area, preventititat
infrastructuresvould be flooded.

The design of this drainage system starts from statistical analysis of rainfall included in
paragrapi?.4 andis based upon thestimation of storm water runoff (paragral3), but it
takes also into account what has been already envisaged foeifjebouringrainfed farms

(AConsul tancy
for Pandamatenga Farm$-i n a |

Ser vi

ces

f o

r Constructi
iy ®I8Vi, Qctober 2011)

on

Super

In fact, accordig to this project there are several drains discharging vigtethe present
study area for an overall amountaitfout170 m3/s for storm event witl return timeof 10

Pandamatenga Infrastructure Project f
Proposed Roads & Drains
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Figurel0. General layout of drainage system and accedemeads st i ng
for Construction Supervision of Road Network and Drainage Systems for Pandam&ateingh Farms

De s i ¢oind in BOg1)

6.2

IDENTIFICATION OF DRA

IN AND ROAD LAYOUT

For2,500ha e
Total length

f ar ms

(6Consu

The layout ofthe water supply system for irrigation has been already described in paragraph
5.2 this pipeline network take also into accoastwdl as the topography of the study area,

trying to follow the natural drainage paths.
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This is obviously also the main criteria to set up the layout to collect and discharge storm
water that falls within the study aréghe roads must simply guarantee actessach fields.

Besidesthe drainage systemmasto intercept the runoff froradjacent zoneand convey it to
the study area: naturally (northern border, Bigeire42) or artificially (drains for the existing
Pandamatenga farms, deigure40).

As for the pressurized pipeline network, also the storm water system is congigeadary

and secondary channels: these latter collect water directly from fields and discharge it into the
primary channels that generally are along the main natural drainage leti®dological
approach and numerical elaboration to dimension this channelization are given in paragraph
6.3and6.4.

Legend

3] < Primary drain
' = == Existing Drain 1:250,000

oy = 1Kilometers
01 2 4 6 8

Figuretl. Layout of primary drains for the present design and drainage system of the existing farms
The drainage system $ito guarantee the safety of roadspecially at their intersectioout it

also must minimize risk related to sediment transport and wildlife. For these reasons, some
considerations fodrainmanagement are given in paragr&p®
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6.3 ESTIMATION OF STORM WATER RUNOFF

6.3.1 Identification of watersheds

The calculation of runoff starts from delineation and characterization of the watersheds that
are within the study area: first of all, these zones must be identified according to the drain and
road layout (paragraph2), then they can be geometrically described

For the primary drainage system the following imagefines the watersheds whose
geometrical characteristics are extractean the Digital Elevation Model (DEM)that has
beenimplementedduring the present feasibility study, combining information from acquired
high resolution stereo pair images (with 50 cm of pixel dimension) and results of ad hoc
topographic field survey (more detailsthe Field Investigation Report).

Legend

- < Primary drain

== == Existing Drain 1250000 ¢ 4 . . sKik'm'\oters

) T T T
320000 330000 34000¢ 350000

Figurel2. Main watersheds of drainage system

As mentionecdearlier, the secondary channels collect water directly from field therefore the
evaluation of their watershed takes into account rbenber of fields that they drain.
According to thedefinition ofirrigation system, ach field is a square with sides of 908 m thus
the total extension is 82.4 ha.
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320000 330000 340000 350000

7950000

7940000
7940000

7930000

Legend

— Primary drain

Secondary drain

7920000

79820000

MU LI Kilometers

— — Existing drain 1:250,000
,

I
T
320000 330000 340000 350000

Figurel3. Layout of primary and secondary drains for the gessgmtand drainage system of the
existing farms

The following image indicates the schematic draining system for fields: according to the
irrigation layout, the secondary channel might drain from 1 to maximum 5 fields.

The geometrical characteristics whtersheds related to primary and secondary drains are
summarized iMable35andTable36.
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Figureld. Schematiayoutof drainage systdor fields towards th

6.3.2 Time of concentration

e secondary drains

The catchmentarefinally characterized fronthe hydrological point of view by the time of
concentration(t;) that measures the response oivaershedo a rain eventGenerally he
procedures used to estimatedepend upon few watershexharacteristicsTo accurately
determinet. for a watershed, the hydraulics of each gavierland and channedjf the flow
pathcan be distinguishedn some cases the two flow path can be taken into account in the

same formular the computatioman be done separately.

This parameter can be estimated with several fornthi@sare generally valid for a certain
extension of catchmenthe formula from Aronicai Paltrinieri (1954)is applied when the

watersheds are smaller tharOkimz anditisder i ved

_4A% +15L
°08(h, - h,)%

1 A+l
= (Aronicae P

° 08(h, - h,)*®

from Qlo98Mdotti 6s

(Giandotti, 1933

altrinieri, 1954
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Symbols included in formulas mean:

1
1
1
1
1
1
1

t. = time of concentratiothour),

A = basin aregkm?);

L = flow path(km);

h., = subbasin average elevatigm a.s.l.)

hg = subbasin lowest elevation (m a.s.l.);

M = coefficient related to vegetation coverggenging from 0.667 if bared to 0.167
when permanent grass)

d = coefficient related tsoil permeability(ranging from 1.27 if semi impervious to
0.69 when high permeable)

The chosen values for coefficient M and d are respectively 0.2 (partially cultivated area) and
0.9 (moderately permeable soil). The geometrical characteristics of watersheds andede relat
time of concentration are summarized in the following tables.

As regards theecondary channel, the watershedgehmen related to the numbef drained
fields as represented iRigure 44. On average drainage slope fadlds (i) is about 1 m/km
minimum elevationis factitiously set equaD and mean and maximum elevatisrcalculated
considerig the diagonal length of field.

The following table indicatethe concentration time in case of channels that drain from 1 to 5
fields. Calculation of concentration time for primary drain is referenced to basin drawn in

Figure42.
P | vy | L) | HE i (M) | Mt g () | H () | i (rim) | Te ()
1 0.82 1.3 0 0.6 1.3 0.0010 9
2 1.65 2.0 0 1.0 2.0 0.0010 11
3 2.47 2.9 0 14 2.9 0.0010 12
4 3.30 3.7 0 1.9 3.7 0.0010 13
5 4.12 4.6 0 2.3 4.6 0.0010 13
Table35 Time of concentration for watersheds drained by secondary channels
Basin (irnﬁ?) L (km) (mH';.ig.l.) (mH;.vsg.I.) (mH;.ag.l.) H(m/m) | Te (h)
North 98 20.0 1062 1071 1080 0.0009 31
B1 58 18.1 1061 1067 1072 0.0006 33
B2 45 13.8 1061 1066 1070 0.0007 30
B3 4 2.1 1070 1073 1075 0.0024 9
Al 33 7.7 1064 1072 1080 0.0021 16
A2 17 5.7 1066 1073 1080 0.0025 13
A3 12 25 1061 1063 1064 0.0012 20
Ad 9 3.6 1069 1073 1076 0.0020 13
Cc1 46 12.8 1043 1052 1060 0.0013 21
c2 45 12.8 1043 1052 1060 0.0013 21
D1 39 10.1 1048 1057 1066 0.0018 18
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Basin @fﬁza) L (km) (mHsT.i;.L) (mH;.ng.I.) (mHeTZX.L) H(m/m) | Te (h)
D2 34 101 | 1048 1057 1066 | 00018 | 17
E1 3 2.2 1068 1070 1071 | 00014 | 12
E2 34 8.9 1055 1062 1068 | 00015 | 19
F1 24 9.3 1080 1088 1095 | 00016 | 16
2 35 9.3 1080 1088 1095 | 00016 | 18

Table36 Time of concentration for watersheds drained by primary channels

6.3.3 Spatial analysis of rainfall

After having statistically analyzed the frequency of rainflpdiragrapi®.4), it is necessary to
evaluate their spatial variability. In fact, the reduction of the precipitation depth from a design
storm for a punctual tan effective (mean) depth over the entire watershed is essential in order
to not overestimate the volume of precipitation and to fit the design of hydraulic structures as
correct as possible.

Generically, this evaluation has been conducted introducingampger: the Areal Reduction
Factor (ARF) is defined as the ratio between the average areal depth of precipitation and the
average point depth. It ranges from 0 to 1 and is a function of storm characteristics (intensity
and duration), as well as basin cheteristics (size, shape and geographic location).

The National Weather Service of the National Oceanic and Atmospheric Administration
(NOAA) has suggested a relationship to estimate the reduction of punctual riigfiatb@5)
according the extension of the catchment and the duration of storm(@&eehnical Report
NWS 24, AA Met hto-AreaRaigfall F fequ ePaciyntRat i o0s 0)

This type of relationship has been also included in the Botswana Road Design Manual,
provided by Department of Roads , with reference to the intensity of precipifgigure46):
this means tdhg into account also the time of return of storm event.

Araa (m®
mnﬂ 148 192 41 90 ikl L.
1 i
E \ 24 - hlnurs
S w0 |
E 6 - hours
[
; _s] 3- hnyl's
% \\ \ 3 - houls
£ N
§:‘ T
E 1 - hour
= B i
E Ao \SE--Tmutes
&0
0 128 280 e 800 ] TED ars 1000
Area (km®

Figurel5 ARF related to storm duration and catchmenT acbaital Report NWS RDAA)
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Figurel6 ARF related to rainfall intensity and catchment area (Botswana Road Design Manual)

The extension of the watershed included within study area is generally smaller than 50 km?2,
the critical storm durations (time abncentration) are often longer than 12 hours and the
intensity of rainfall is lower than 10 mm/h, therefore the ARF is always close to 1.

However, h the present analysis the formulation proposedJts. Geological Survehas
been adopted:

ARF =1- exp( 1.1@1°*°) +exp( 1.1@°*° - 0.038601)

1 d = duration of storm event (hour);
1 A =Dbasin area (km?).

The resulting ARF for each watersheds are been quofeabie39 andTable40.
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6.3.4 Runoff peak and hydrograph

The runoff is the result of the movement afnfall excess over the watershearface to its
outlet This calculationis generallydone applying a deterministic hydrological model that
allow therunoff generatiorto be evaluatedhe precipitation event is first described in terms
of total volume, ime and area of distribution. Losses, consisting of interception and
infiltration, are simulated and subtracted from the precipitation, resulting in direct runoff or
rainfall excess. Direct runoff is transformed into a direct runoff hydrograpHlydyaunit
hydrograph methods.

The runoff hydrograph isxpression of a flow rate at a certain point of drainage network over
time: synthetic hydrographs are predictions based on watershed characteristics and assumed
rainfall intensities: the shape of a runoffdnggraph can be specified by the time to piak

and time for recession flow.

Among theprocedures that are proposed in the technical literature to calculate the hydrograph
runoff, the Soil Conservation Serviog).S. Department of Agriculture, 1986) specifies a
triangular shapebtained using the so called rational formula (Wanielista, 1990). According to
this method, hydrograph time basg énd peak discharge (Qmight be calculated as:

Q, = KCiA

t, =t, +Xt,

where:

1 K =peak attenuation fact¢seeTable37);

1 C = runoff coefficient;

1 1= average intensity of rainfall;

1 A =watershed area;

1 t,=time to peak, associated to time of concentration (see paradGaph

T x=(29YK) -1, if Ais measured in square miles.
General Falling Peak Atienuation Factor, K¢
Description Limh Factor, x A (mi*) A (acres)
Rational formula shape 1.00 645 1.00
Urban, steep slopes 1.25 575 0.59
Typical SCS 1.67 484 0.75
Mixed urban /rural 2.25 400 0.62
Rural, rolling hills 333 300 0.47
Rural, flat slopes 5.50 200 0.31
Rural, very flat 12.00 100 0.16

Table3a7Hy dr ograph attenuation factor (Wanielista,

0

Figurel7 Triangular shaped hydrograph related to hydrograph peak reduction factorTiablggied in

(Wanielista,

Youse

f

0Stor mwat er

Management 6,
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Description of Surface C
Matural surface types

Bare impermeable clay with no interception channels or run-off control 0.70
Bare uncultivated soil of medium soakage 0.60
Heavy clay soil types:

+«  pasture and grass cover 0.40
*  bush and scrub cover 0.35
»  cultivated 0.30
Medium soakage soil types:

* pasture and grass cover 0.30
+  bush and scrub cover 0.25
+  cultivated 0.20
High soakage gravel, sandy and volcanic soil types:

+«  pasture and grass cover 0.20
¢« bush and scrub cover 0.15
* cultivated 0.10
FParks, playgrounds and reserves:

* mainly grassed 0.30
+  predominantly bush 0.25
Gardens, lawns etc 0.23

Developed surface types

Fully roofed andior sealed developments 0.90

Steel and non -absorbent roof surfaces 0.90

Asphalt and concrete paved surfaces 0.85

Mear flat and slightly absorbent roof surfaces 0.80

Stone, brick and precast concrete paving panels:

« with sealed joints 0.80

»  with open joints 0.60

Unsealed roads 0.50

Railway and unsealed yards and similar surfaces 0.35

Land use types

Industrial, commercial, shopping areas and town house developments 0.B5

Residential areas in which the impervious area is less than 36% of gross area 0.45

Residential areas in which the impervious area iz 36% to 50% of gross area 0.55
Table38 Ruroff coefficients for use in rational and modifimthtahethods © Hy dr ol ogi c al an
Hydraulic Guidelines, New Zelando6, 2012)

According to the data included in the previous tables and fitheegresent study has adopted
conservatively 0.4as runoff coefficient (cultivated soil), while the chosen peak attenuation
factor is the typical SCS (K = 484, x = 1,67): this is becausedtional method (K = 645, x =

1) would probably overestimates the peak discharge.

The following tables include taulation related t&CS hydrograph runoff (Wanielista, 1990)
for secondary and primary drains on the basis of watersheds identifiedl®35 and Table
36. The storm event that has been considered has a return time of 10 years.
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Drained| Area .Rainfa_lll u
fields (km?) tc (h) | tb(h) | intensity ARF Q (m3/s) (m¥/s/km?) V (Mmg3)
(mm/h)
1 0.82 9.3 60.5 10.2 1.00 1.0 1.26 0.03
2 1.6 10.9 70.6 8.7 1.00 1.8 1.08 0.06
3 2.5 11.8 76.6 8.0 1.00 2.5 0.99 0.09
4 3.3 12.5 81.3 7.5 1.00 3.1 0.93 0.12
5 4.1 13.1 85.3 7.2 1.00 3.7 0.89 0.16
Table39 Runoff hydrographith10 years return tinfer watersheds drainedskgondargrains
. Area .Rainfa_lll u
Basin (km?) tc(h) | tb(h) | intensity | ARF | Q (m?3/s) (m¥/s/km?) V (Mm3)
(mm/h)

North 98 31 200 3.4 0.97 40 041 4.0
Bl 58 33 211 3.2 0.98 23 0.39 2.4
B2 45 30 194 3.5 0.99 19 0.43 1.9
B3 4 9 60 111 1.00 5 1.37 0.1
Al 33 16 107 6.2 0.98 25 0.76 1.3
A2 17 13 83 8.0 0.99 17 0.98 0.7
A3 12 20 127 5.4 1.00 8 0.66 0.5
A4 9 13 82 8.0 1.00 9 0.99 0.4
C1 46 21 137 5.0 0.99 28 0.61 19
C2 45 21 136 5.0 0.99 27 0.61 1.8
D1 39 18 117 5.8 0.99 28 0.72 1.6
D2 34 17 111 6.1 0.99 25 0.75 1.4
El 3 12 75 8.8 1.00 4 1.09 0.1
E2 34 19 125 54 0.99 23 0.67 1.4
F1 24 16 106 6.2 0.99 18 0.76 1.0
F2 35 18 120 5.7 0.99 25 0.70 15

Total 537 - - - - - - 22

Table40 Runoff hydrogramhith10 years return time for watersheds drained by primary drains

As mentioned in paragraphl, there are some existing channels discharging water towards
the present study area; in particular some of them would interferes with the irrigation fields:
thosearelisted in the following @ble.

Because for these existing drains only the peak discharges are known, the storm water volume
is roughly estimated taking into account the ratio between volume (V) and peak discharge (Q)
that has been found for watershed within the study drabl€¢43). On average this value is

about @ hours.
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drain code | QM) | V (M)
PD11 16.8 1.2
PD12 15.9 1.1
PD13 26.4 1.9
PD19 43.3 3.1
PD20 23.3 1.7
Total 126 9

As above indicatedht overall storm water volume for a 4@ars event is about 31 Mm3 from
which 18 Mm3 are generated within the study area, 4 Mm? from the outside northern basin and
9 Mm? are brought by drains collectimgter in neighbouring existing farms

6.4 DESIGN OF GRAVITY DRA INAGE SYSTEM

The channelsaredesigned to collect storm water falling within the fields and drain it outside
the study area. This system will allomgricultural practise and related infrastructure
including roads and their intersection with channels (bridge and culvert), which are a critical
issue from a hydraulic point of viewto be preserved from floods. representing the most

6.4.1 Design criteria

The dimensioning of the drainage system must nrakerenceto different issues that are
analyzed within the present paragraph.

Time of returnand freeboard

First of all, the design must consider the probability of having a storm evemixtegdghe
capacity of the drainage system and, therefore, causes floods within the study areasI@bvi
the higherthe chosen time of return, the greatdat Wwe the cost of realization.

Theselection of this frequency of failure consistaisort of risk assessmeahitis generally

related to the importance of the infrastructure to be protedigdically national and
international standards suggest and/or prescribe certain return time but also, in some cases,
also the safety margin to be considered.

In fact, the freeboard between the water level (during the design storm event) and the top of
bank dain is normally governed by considerations about the channel itself (size, velocity,
etc...) but also about the risk of flood (importance of the surrounding property, structures,
etc...). Returnperiodand freeboards that might adopted according to thictrlume and

type of roads are indicated inet following table

Road type Bridge standard Culvert standard
Passage of the 18@ar return | T Passage of the 18@ar return
period flood with minimum period flood by heading up to a

Major road cleargnce of 0.6 m normally ma}ximum 0.5 m below road anc
but with up to 1.2 m where adjacent house floor levels, and
large trees can leansported |1 Passage of the j@ar flood
in the river. without heading up.
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Road type Bridge standard Culvert standard
I Passage of the Bfear return
period flood by overtopping the

” X - embankment to a maximum
Rural road period floodwith a minimum
clearance of 0.6 m - depth of 0.2 m, and

I Passage of the two year return
period flood with no heading up

Passage of the B@ear return

Passage of the 2@ar return | Passage of the Aear return

Remote road | period flood with a minimum | - E,"Od with ?;im freeboard, and
Clearance of 0.3 m. I Passage of the two year return

period flood with no heading up

I Passage of the 3@ar return
period flood by heading up to a
maximum 0.3 m below road
level.

Passage of the 3&ar return
Access tracks | period flood with a minimum
clearance of 0.3 m.

Table41 Time return and minimdraeboardor bridge and culvert according to road type
(Hydrological and Hydraulic Guidelines/&lang, 2012

For the present project it has been adopted to make reference to flood event-yatr 10
return and guarantee at least 50 cm as freeboard: this safety margin is also to prevent potential
reduction of geometrical cross section of thannel because of sediment deposition.

Material

Fields survey and analogous experien@s the agricultural zone next to the study area,
suggestto designunlined canafor the drainage network. This is mainly because eventual
seepage losses are ndeafing the functioning of irrigation system, while concrete structures
would be costly for both construction and maintenance.

Therefore pen channelill be excavated and shapéal the required cross section in natural
earth or filed without special tremnent of the wetted surface. Compaction of bank or fill
material for the purpose efabilization is not considered as a lining operation.

Geometry of cross section

The trapezoidal cross section can be adopted for the primary and infield drains, primarily
because it is the simplest way to construct.

As flow is a function of cross sectiorelea the less the drain depth the greater the drain width
will need to beThe cross section selected for a canal should be such as totlvadgsign
storm discharge.

The ratioof bottom width to depth usually ranges from 2for small channel® 6 : 1 for the
bigger drain the side slopes of a cardgpend upon the stabilityf the material in which it is
constructed. Insidslopes of2 : 1 (horizontal to vertical) are practically standard éarth
canals under ordinary conditians
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Longitudinal slope and flow velocities

The slope of the primary and infield drains is choaecordingto the natural ground slopes
but also peration and maintenance problems should be considered in the selectaralof
crosssection characteristics

This issue is mainly related teuggestedvalues of flow velocity. In unlined canals, the
velocity should be such as to prevembsionof the canalbottom (maximum allowabledr
deposition ofoil that mightbe transported with water flow ovéelds (minimum allowable).

When the velocity of the flow is such that thés no silting or scouring action in the canal
bed, then that velocity is known as critical velocity. Generally the critical velocity depends on
the nature of the soil formation in which the water flows. Values of flow velocity that are
commonly suggesteare from 0.3 to 0.6 m/s for sandy soil, 0.9 m/s for black cotton soil

and 0.9 to 1.15 m/s for firm clay and loom.

For what concerns the capacity of moving sediment downstream along the channels, the
evaluation can be done considering the formulapomposedby Shieldsthat relates flow
dynamics to mean diameter of sediment (see paragrég.

6.4.2 Hydraulic d imensioning of primary and secondary drains

On the basis of all above mentioned critedad the storm discharges resulting from
hydrological analysisTable 39 and Table 40), the drainage system has been hydraulically
designed according tela n n i fargulasthat allows to calculate flow capacity of channels
once that their gametrical and roughness characteristics are fixed

Q=V_A= (}{] Rf“i“)c"ﬁ

where:
1 Q =flowing discharge;
1 V =water velocity;
1 A = area of the cross section;
1 n=roughness coefficienManninggs number ) ;
1 i=longitudinal slope;
1 Ry = hydraulic radius, ratio between area and wetted perimeter.

Roughness is related to the matedad condition of channel bottom and slopes: drain are
excavatedthus earth made, generally straight and with uniform cross sectiocoording to

Chow, V. T.(Open Channel Hydraulicd959)valueof Ma n n i cogjfidiet might be 0.02

if clean surface and 0.027 when short grass grows along the channel: for design purpose it has
been chosen the mean between the mentioned values (0.025).

The longitudinal slopés chosen according to the natural topography of the terrain where the
channel have been tracked. For what concerns the secondary drains, it has been considered
they have a common longitudinal slopedds m/km.

The cross section of drain isapezoidalwith inside slope 2 : 1.1 dimensioning of each
drain consigin finding the bottom widtland water deptfor which resulting flow capacity is
equal, of even higher, than the related storm discharge.
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TYPICAL DRAIN CROSS SECTION

SECTION A-A
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Figurel8 Typical crosection of drains

The followings tables quote results of hydraulic calculation for secondary debite@2) and

primary drains Table 44). These latter channel have been designed considenimglated

discharges included ihable43; in this ta@le i mié cparcamdtl ew @
the existing Pandamatenga farming area and then discharged towards the present study area

320000 330000 340000
! !

Legend

— < Primary drain
- = == Existing Drain

jlometers ~

120000 o0 12 4 6 8
|

b 3
320000

I 1
330000 340000

Figurel9 Layout of primary drains and their code
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Hydrology Hydraulics
DfriZ'lggd A(ha) | Q(m3s)| i(mim) | b(m) | d(m) | V(mis) | Q(mds)
1 0.8 1.0 0.00050 2.5 0.60 0.51 1.1
2 1.6 1.8 0.00050 3.0 0.70 0.56 1.9
3 25 2.5 0.00050 4.0 0.75 0.61 25
4 3.3 3.1 0.00050 5.0 0.75 0.62 3.0
5 4.1 3.7 0.00050 6.0 0.75 0.64 3.6
Table42 Hydraulic dimensioning of secondary drains
?:gaglg I?:?)?j%h (r%/x;) Basin A (km?) | Q (m3/s) | Ay (km) (r%?ts)

A 0 F1/2 12 9 12 9

D1 B 16 - 0 0 12 25
Cl-C4 0 B2 45 19 45 44

A 0 B3 3.7 5.0 4 5

D2 B 17 - 0 0 4 22
Cl-C4 0 B1 58 23 62 45

A 0 Al1/2+A2/3 22 18 22 18

D3 B 0 Al/2 17 13 17 13

C 0 A2/3 5.8 5.7 6 6

D1-D4 0 C2/2+D1 62 42 62 78
D4 A 0 A3/2 6.1 4.0 6.1 4.0
Bl-B4 0 C1+(C2/2) 68 41 74 46
A 0 A2/3 5.8 5.7 5.8 5.7
D5 B 0 A4/2 4.7 4.7 4.7 4.7
Cl-C2 0 D2 34 25 44 36

D6 - 0 - 98 40 98 40
D7 A 0 A4/2 4.7 4.7 4.7 4.7

B 0 E2/2 17 11 22 16

A 26 F2/2 18 12 18 39
D8 B 23 E1/2 1.6 1.8 19 64
C 0 E1/2 1.6 1.8 1.6 1.8

D 43 E2/2 17 11 56 77
D9 A 0 A3/2 6.1 4.0 6.1 4.0

B 0 - 0.0 0.0 68 49

Table43 Cumulated discharges along the primary drains
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'ig’:]"g Fi%f‘j‘;h i(mkm) | b)) | dm) | vmis) | Qmis)
A 1.70 3 125 | 1.42 10
D1 B 1.70 5 175 | 182 27
ci-ca| 1.10 9 200 | 1.70 44
A 0.70 3 125 | o091 6.3
D2 B 0.70 7 175 | 122 22
ci-ca| 0.70 12 200 | 1.40 45
A 3.20 5 125 | 209 20
o3 B 0.34 8 150 | 080 13
C 1.76 3 100 | 128 6.4
D1-D4 | 167 11 225 | 229 80
. A 1.00 3 100 | 097 48
BL-B4 | 140 9 200 | 192 50
A 1.97 3 100 | 136 6.8
D5 B 0.37 6 100 | 064 5.1
Ci-C2 | 1.90 7 175 | 201 37
D6 i 0.31 14 225 | 1.01 42
o A 1.00 6 0.75 | 0.90 51
B 1.40 5 150 | 152 18
A 1.66 9 175 | 1.94 42
o8 B 1.80 11 200 | 223 67
C 1.42 3 0.75 | 099 33
D 137 12 225 | 209 78
oo A 1.00 3 100 | 097 438
B 2.00 11 200 | 166 | 498

Table44 Hydraulic dimensioning of primary drains

In case of intersection between channel and road, the flow is conveyed by one or more
concrete box culverts that has the overall width of incoming channel.

6.5 DESIGN OF ROADS

For what concerns the road system, three different types have been identiégdllowing
figures show thie layout, their typical cross section and detail about th@nposition.
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Figuré0 Layout of roads

Figuré1 Typical cross section of primary road
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