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FOREWORD

Based on the request made by the Government of the Democratic
Republic of the Sudan to the Government of Japan for technical coope-
ration on the rice cultivation developmenl along the White Nilé River,
the Japan International Coopefation Agency, the Govermment agency
responsible for implementing Government's technical cooperation pro-
grammes, dispatched to Sudan a preliminany.survey team consgisting of
six experts headed by Mr, J.'Kitamura, Head of Development Planning
Division for Agriculture & Foresbry, Japan.lnternational Cooperation

Agency, fdr about three weeks from November 5, 1976,

‘Subsequent to the preliminary survey teém, the Apency dispatched
to the Sudan in May 1977 a feasibiliby stﬁdy team comprising eleven
experts headed by Mr. H. Yamamoto of Nippon Keei Co,, Litd., The team

conducted technical and economic feasibility studies of the project.

The report presented here has been compiled based on the above
studies as well as on the discussions which took place between the
Sudanese Government officials concerned and the Japanese team for

10 days from January 24, 1978,

T am confident that this veport will made a valuable conlribution
to the social and econowic development of the Sudan as well as to the
promoﬁion of friendship between the Democratic Republic of the Sudan

and Japan,

- I wish to express my heartfelt.gratitude to the officials concerned
of the Democratic Republic'of the Sudan for their kind cooperation aﬂd'_
assistance extended to the team, without which the survey would not have

been completed so successfuliy,

A -

Py P W _ # Ry
Shinsaku.HOGEN

President
Japan International Cooperation Agency
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LETTER OF TRANSMITTAL

Mr. Shinsaku Hogen

President :

Japan International Cooperatlon Agency
Tokyo

Dear Sir,

_ We have the pleasure of submitting herewith the feasibility report
on the Abu Gasaba Rice Development Project in compliance with bthe Terms

of Refeience agreed between the Government of Japan and the Government

of the Democratic Republic of the Sudan (to be referred to as the Sudan).

Tn the course of the field investigation, we held meetings with the
officials of the authorities concerned of the Sudan., All the findings
and comments raised during the meetings are studied and fully incorporated
in the report.

The purpose of the project is to realize rice cultivation in the
Abu Gasaba area. The net area of 15,600 ha has been developed on around
40 km southward from the Ed Dueim, the capital of the White Nile Province.
The scope of the project is limited to the land reclamation for rice cul-
tivation and the establishment of rice processing plants. It is possible
to expect an annual yield of 100,000 tons or more of milled rice for the
domestic consumption in the Sudan as well as for the exportation to the
neighbouring Arabic countries.

It is our sincere hope that the project will be implemented soon
along the conclusion presented in this report., In submitting this
report, we wish to express our sincere appreciation and gratitude to
all personnel of your Agency, the Embassy of Japan in’ the Sudan and the
“authorities concerned of the Government of the Sudan for bthe courtesies
and cooperation extended us during our field survey and home office work.

Very truly yours,

Hiroshi E@&amoto

" Leader for Fegasibility Study Team
on Rice Development Projects in
Abu Gasaba Basin in the SUDAN

S - 111 -
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SUMMARY, CONCLUSION AND'RECOMMENDATION

Summary and Conclusion

Economic and Agricultural Background

1. The Democratic Republic of the Sudan is the largest country in the
African Continent, the total area of which is about 2.5 million kmz.
The population and the density of population are about 16.5 millien,

6.6 per kmz; respectively.

2. Gross Domestic Product.(GDP) of the Sudan in 1974/75 fiscal year
was £8.1,510 million. The GDP increased at an average growth rate
of 12.8 % per annum during the 1968-74 period. The GDP per capita
in 1974/75 year was £s5.98.5 (US$250 equivalent).

3. The Sudan possesses a vast fertile land for agricultural develop-
ment. Total cultivable land is estimated at 84 million ha of

which only aboul 7.1 million ha are cultivated at present.

4, 'Agricultural sector is predominant in the national economy of the
Sudan. More than 40 % of the GDP is produced in the sector and
more than 70 % of employment oppoftunities is provided by the sector.

About 95 % of the total export value is also derived from the sector.

5. Main crops produced in the Sudan are cotton, sorghum, wheat, millet,
rice, maize, sesame, ground nuts and sugar cane. The total produc-
tion of these crops amounted to 5.56 million tons in 1975/76 fiscal
year. Among the commodities for export, cotton is preﬁéilinggﬂthe
share of cotton in the total export value has been in the range of

35 % to 60 % in recent years.

6. The types of farming in the Suden can be classified into rainfed,
irrigation and flood farming according to the way of water supply.
A¢cording to the statistical data on 1973/74 fiscal year, about 90 %
of the cﬁltivafed land was under rainfed condition; the remaining

10 % was under irrigation and less than 1 % was under flood condition.
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10.

11.

12.

The agricultural seclor can be classified into two subsectors
according to the productivity and the average income earned. They
are the modernized sub-sector with the higher production and the
traditional sub-sector with the lower production. The modernized
sub-sector is mainly located in the Northern Region, while the '
traditional sub-sector occupies the Southern and Western regions.
This dualism in the agriculture causes ihequality in living and

wealth not only among the farmers but also among the regibns.

Under the Six-year Development Plan (1977/78 - 82/83), the largest
portion or about 32 % of the budget will be invested in the agri-
cultural sector to expand the agricultural production. The ex~

pected anmual growth rate during the said Plan period is about 6.5 %.
One of the key policies of the Six-year Plan for the agricultural
sector is to promote the exPorfation of suitable commedities such

as sugar, wheat and rice.

The domestic demand for rice in the Sudan has exceeded the domestic

'proauction. The balance has been covered by importing riée from

" “abroad. According to the Six—yearIPlan, rice production in the

Sudan will be expanded from 12,000 tons in 1976/77 fiscal year to
57,000 tons in 1982/83 fiscal year. 'Selfwsuffiéiency in riée_will
be attained in 1981/82 fiscal year if the Plan is implemented.

Thereafter, the surplus will be exported.

The Agricultural Bank was established in 1959 to develop agricul-
ture and to promote commercial activities in the Sudan. The main

activities of the Bank are to provide loans to qumers and to import

agricultural inputs including fertilizers and dgricultuf&l machinery.

The Public Corporatioﬁ for Agricﬁltﬁral Production was established
for the purpose of promoting agricultural development in the Sudan.
The total area cultivated by the corporation is about one million

ha .

- Viii =






The Project Area

13.

14.

15.

16,

17.

18.

The project area is located at about 40 km south of Ed Dueim, the
capital of the White Nile Province which is situated at about 200
km south of Khartoum. = The area is a2 narrow and flat strip along

the left bank of the White Nile.

Mény provincial roads are stretching from the area via Ed Dueim
and Kosti and linking the area with local markets. The infrastruc—

tures in and around the project area are still not sufficiently

‘developed. A new super highway'SOO km long to run between Khartoum

and Port deah-is:under"consﬁrucﬁion. The railway lines beltween
Kosti and Port Sudan are heavily burdened at present. The naviga-
tion network extends from the project arean as far as Khartoum on

the north and Juba on the south.

The tbtal_poPulation in and around.the project area is about 110,000.
Out of the total population, the potentital labour force comprising
45,000 is conservabively assessed for the project area. While, as

of July,.i977, the total number of registered labourers is about
21,000 at Dueim and Kosti labour offices; about 8,000 unskilled,
about 6,000 semi-skilled and about 7,000 skilled. The supply of

‘labour arduhd the preject area seems to be adequate to meet the-

labour requirement for the projectis.

During the high water season of the White Nile, the area is sub-
merged except the levees and terraces. The area is mostly covered

with grasses, and during the low water season, a number of nomads

'stayfthere for grazing. No agrarian community is found in the area.

The average altitude of the area is about 376.20 m above MSL. The

area is geologically composed of fluvial alluvium, the subsurface

layer of which has a comparatively high bearing capacity.

Most soils in the project area are chardcterized by the Vertisols.

They are very fine in texture, mild to moderate in alkalinity,
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19.

20,

21,

22.

relatively poor in humus, rich in mineral elements, free from
salinity and chemical toxin, high in cation exchange capacity,

high in water holding capacity, and very low in permeability.

From the agronomic point of view, the lands in the project area

are graded into four land suitability classes, namely

i. Moderately Suitable Land (S;)

ii. Marginally Suitable Land (53)
iii. Conditionally Suitable Land (S;)} and
iv. Currently Unsuitable Land (N7j)

The land graded as S, with an area of about 13,200 ha and the land

2

graded as S, with an area of about 4,000 ha are demarcated as the-

3
arable land, of which 15,600 ha are proposed for the net cultivable

land in the project area.

The climate in the area is tropical and continental, and 'is notable
for its high temperature and low humidity. -The avea is characterized
by two distinct séasdns, long term.dry season and Sho:t:term wel
season. The mean monthly temperatﬁre seasonally varies between 25°¢
and 33°C. The'felative.humidity'is 22 % in March and April, and
71 % in August, respectively. The annual evaporation is quite high,

amounting to ‘about 2,200 mm. The average annual rainfall at Ed Dueim

Cis aboﬁt'296 mm and varies widely fiom year to_yéar,jand 80 % of which

is boncentrafed from July to September.

The water flow of'ﬁhe Fhite Nile is'rather gtable throughout the
yenr, which ranges from 1400 m°/sec in Och. to 700 m’/sec in April.
The watér ievel of the river seasSonally fluctuafes between 372.90 ﬁ
and 377.46 m ébove MSL. by the operation of the Jebél Aulia Dam;'the
high watef season is from August through February of the fcilowing

year, and the low water season is from March through July.

The intensity of agriéultural land use is quite low in the project
area, No irrigation and drainage facility exist$ in the area.

Around the Abu Gasaba area; about 250 government and private pumping
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24.

schemes have been developed since the full operation of the Jebel

Aulia reservoir was commenced.’

Research activities are carried oub administratively by the Agri-
cultural Research Corporation under MAFN, However, no regional
station nor sub-station of the said Department exist in the White
Nile Province. 1In the project area, the research activities are
undertaken by the Agricultural Extension Department and its liaison
offices in Ed Dueim in cooperation with the Gezira Regional Research

Station.

Near the project area there exist 17 cooperatives of various kinds
handling agricﬁltural production, flour milling, dairy farming,
bakery and trahsports, etc. Eight cooperatives are multipurposed.
Furthermore, two agricultural production cooperatives have recently

been instituted.

The Project

25.

26,

27.

The projéct is proposed with placing particular emphasis on rice
production. The net area of about 13,600 ha is developed for the
project. Together with the land reclamation for rice field develbp—

ment, the project also includes the establishment of rice processing

‘plants.

The irrigation water required for the project can be obtained

from the White Nile. The water level of the river is not
sufficiently high even during the period of high'water season

to divert irrigation water into the project area by gravity.

The cropping patfern based oﬁ twice rice culture is introduced

in the project area. The production of about 10 tons per ha

of paddy.ﬁér'annum'is anticipated at the full development stage
ﬁith"pfoper irrigation farming. Total production at the full stage
will amount to about' 156,000 tons of paddy or about 110,000 tons

of milléd rice, Approximately 230,000 téns of rice straw would be

produced as by-product through twice rice cﬁltivation, of which
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28.

29.

30.

31.

about 80 % will be used as fodder substituting for the natural
grasses grown in the project area. The implementation of the
project will never exert unfavourable influence on the grazing

prevailing in the Abu Gasaba area.

The farming practices are intensively mechanized to meet the system-
atic work flow from land preparation fto harvest-teo-mill processes.
The appropriate number of tractors and combines for the whole project

is 235 of 60 to 79 p.s. class and 25 of 60 p.s. class.

A year-round pumping irrigation system is proposed as the result

of detailed study. The max. diversion requirement for the whole
project is.estimated at about 29 m3/sec {1.85 [/sec/ha). In due
consideration of circulating use of ﬁhe drained water for irriga-
tion, total amount of annual net water requirement would be estimated
at about 330 million m3 on an aﬁerage for the whole project area.
Furthermore, about 250 million m3 of water resources would be
curtailed by land reclamation work of the project. The net water
resources to be additionally‘consumed in {he whole project area

would be onlyISO_million m3.

A well-drained condition in paddy fiéld'substantially increases
yield of rice. Where the daily maximum rainfall with 1O years
probability (79 mn/day) occurs, total amount of 31 mitlion m mist
be drained by pumping; unit requirement per ha is equivalent to
about 2 f/sec/ha. While, the total amount of draindge requirement
through the dry season is assessed ai about 90 million m3; the

unit requirement per ha is equivalent to about 0.2 f/sec/ha.

Lengthy polder'dikes'are proposed for the prevention of submergence

of the area., Feeder channels are provided to divert irrigation water

- for the existing pumping Schemes around the project area. The irri—

gation ditches and drains of confarm facilities are alternately
aligned. Onfarm road is proposed along the ditch. The size and
shape of the terminal plot arc designed with 0.8 ha, 40m x 200m,

respectively.
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32. The main features of the proposed facilities are tabulated below:

Irrigation canal
Total length of main (kmr) . 52
Total length of lateral (km) 121

i

-~ Drainage canal

Total length of main {(km) .73
Total length of lateral (km) 103
— Road _
Total length of main (km) 206
Total length of farm road_(km) - 260

— Polder dike -
Height of dike (m) 2.5 to 4.5
Total length of dike (lm) 155

~ Pumping station

Total delivery discharge (m” /min) 2,100
. Pumping bore {mm) 1,000 and 1,100
Unit (Nos.) 14

Total gross power (p.s.) ' 5,100

Canal structures

Turnout.(NOS.) 936

Check structure ( " ) 84
Irrigation culvert ( " ) 189
Drainage culvert ( " ) 7 241
Junétion'( " ) ' 435

(Total) 1,885

- Onéfarm_facilities

On-farm diteh (m/ha) 50

On-farm drain ( v ) _ 25
On~farm road { ' ) : 21

- Feedér'channel
Avérage'bottOm width (m) 40
Total length (km) 100

-~ Xiil -






~ Processing plant (in each station)

Milling capacity (t/hr x Unit) o2 x 3
jz‘ Power.(kVA x Unit) . 250 x 5
Gk
- Building
.Project office (m2) 2,700
ProbesSing'cénter (m 31,400 (6,200 x 5)'
Workshop (") 5,900
Officé and quarters for engineering' ) 300
service (")

33. In the fuill operation stage, some 1,600 staffs and labours are
require&; 1,200 for the operation of irrigation & drainage
facilities and farm machinery, 70 for workshops, 230 for the
operation of rice mill & storage facilities, and 90 for the
administratioﬁ of the project. - In addition, some 800 seasonal
labourers are required during harvest season.

Cost and Benefit

qY ' : _
S 34. The financial project cost estimated according to the current prices

as of Oct., 1977 is about £5.82.65 million or US$210.8 million equi-
valent, including contingenciess; the proportion.of the foreign and
local currency components is.65 % and 35 %, respectivély. The cost

breakdown is as shown below.

{Unit: £S.103)

DesCfiption _ Foreign C. Local C. Total
i. Civil works 20,170 12,414 32,584
ii. Processing & storage . :
facilities 9,240 4,951 14,191
iii. Initial farm _ - _
investment _ 4,633 39 4,672
 Sub-total - (34,043) (17,404) (51,447)

iv. Contingencies

- Physical 4,416 2,364 6,780
~ Price 15,461 8,962 24,423
(Total) - . : 53,920 28,730 82,650
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35.

36,

#E
A

C37.

The economic project cost is ¢stimdted at £5,61.17 million which
consists of £3.41.40 million of the foreign currency componeht

and £3.19.77 million of the local currency component as shown

bhelow,
T L3
(Unit: &£s5.107)
Description Foreigﬁ C. Local C. Totai
i. Civil works 20,581 12,414 - 32,995
ii. Pr009331ng & storage _
facilities 11,035 4,951 15,986
i1i. Initial farm
investment 5,076 39 5,115
(sub-total) (36,692)  (17,404)  (54,096)
iv. Physical contingency 4,708 2,366 7,074
(Total) | 41,400 19,770 63,170

The annual productlon cost for the whole progect at the full
operatlon stage is financially estimated at about £s5,11.9 mllllon,
Us$30.3 million equivalent and is economically at aboul £s,.5.6,
US$11.2 million egquivalent.

The economic net productlon value attrlbutable to the project is
assessed on the basis of the yield of - 10 t/ha of: paddy per annum,
milled ratio of 70 % and £s. 176/t of the world market price for-
casted by IBHD '
(Unit: £s5.10°)
With project .Without project Incremental

i. Production value 19,219 61 19,158
ii. .Production:cost 5,612 ' 48 _ 5,564
ijii. Net production value 13,607 ' 13 13,594

While, the financial net production value is also estimated at full

operation stage as follows,

_ _ ~ (Unit: £s.103)
'i.'.Production vélue 25,455

ii. Production cost - 11,902
iii. Net prbduction value 13,553
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?roject Tvaluation

38. The internal rate of return of the project is estimated at 17.6 %.
The figure is considered sufficient to Justify the economic feasi-
bility of the project. The benefit/cgét ratio of the project is

also caleculated as follows, with three different annual discount

rates.,
Discount rate (%) B/C
i. 4.0 2.1
ii. 6.0 1.9
iii. 8.0 . 1.6

39, The financial feasibility of the project is assessed by the repay-
ability of loans. The project is capable of fuIly repaying the loan

under the following conditions.

Interest rate Grace period Ropayment.period.
(% per annum) (year) (year)

Case A 10 . ' 3 30

Case B 11 8 40
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Kecommendation

L.

3.

The topographic map provided for the purpose of this study is not
sufficiently accurate. An accurate aerial photo map covering the
project arca should be urgently prepared on an appropriatc scale

for the next stage.

The land ownership of the Abu Gasaba swamps is still Being legally
held by the inhabitants living around the swamps, despite being
compensated for the inundation. The ownership of the project area

should be legally. eclarified, prior to the project implementation.

Financing for .the implementation of the project should be urgently
promoted_to avoid the excess cost caused by the delay of the project

implementation.

The project authority should carry out the transfer of nomadic
graziers through negotiation prior.to the commencement of the

construction work.

In order to assure the efficient iﬁplementation of the project,
a qualified consulting firm should be employed to perform the

engineering works of the project.

A competent contractor should be selected for carrying out the

construction work of the project.

From the technical and economical viewpoints, stagewise development
is recommended. In this connection, the construction of tract-1

can be given the top priority.

The infrastructures, particularly road and railway networks around

the pfdject aresa, should_be urgently improved for transportation

of inputs and outputs of the project in. the future,
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10.

11.

i2.

i3.

14,

The terraces about 3,000 ha in‘total'are scattered in the project
area enclbsed.by polders. These terraces are excluded from paddy
field development in this report, butl are available for the cul-

tivation of upland crops in the future.

The existing agricultural institutions around the project area

_ shonld be improved for carfying out efficiently the support services

of the project, such as résearch, training, input supply, credits,

marketing, etc.

The annual yield”of 10 tons of paddy is assumed in this study to
evaluate the prbject, baéed_on the results of the tests conducted
at the experimental farm during the period of the study. To obtain
further reliable data on paddy cultivation in the project area, the

test now being conducted should be extended as long as possible,

'The.paddy cultivétion practices proposed in this study should be

confirmed through the cultivation trial and test in the pilot farm,

which is under construction by the grant of the Japanese Government.

Operators of farm machinery in the Sudan have no experience in

paddy cultivation at all. The operators to be employed in the

-project should be urgently and intensively trained before the

' operation of the project.

Bi-lateral agféements for rice export with foreign countries should

be:éoﬂcluded.in the future t0 secure the stable market Ffor the

Sudanese rice.
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Y. INTRODUCTION

General

The Sudan is blessed with the favourable natural conditions for
agriculture, which is a pfedominant sector in its share of the GDP and

is making great contribution to its.exportation.

In recent years, the sharp fluctuation in the cotton price in the
foreign market has become the cauge of unstable agricultural production
in the Sudan. To carry.out the agriculturél development harmoniously,
the Sudan Government has encouraged the diversification of the exportable
crops. The local consumption of rice in the Sudan and the demand for
rice in the neighbouring Arabic countries have fapidly increased. Under
these circumstances, the Sudan Government has included the expansioﬁ of
rice production in the Six~Year Plan, primarily to attain self-sufficiency

and secondarily to export the surpluses to the neighbouring countries.

Historical background

The Sudau Government has made clear the p0531b111ty of promotlng
rice productlon in the vast swampy areas adjoining the r1ver51de of
the White Nlle, which had been well developqd before the: construction
of the Jebel Auliﬁ Dam. Eversince the fuli operatién of the dam was
commenced in 1942, the areas have ﬁeen‘subjécted to seasonal inunda-—

tion and have consequently been abandoned.

_ The au%ﬁorities of the Sudan Goéernment concerned have graéped
the basic.coﬁcept of re-development of the abandoned areas and carried
out’ the preliminary stﬁdy As the. result'cf.the study; three areas
around Fd Thein, inclusive of Abu Gasaba Basin were- recommended out

of the seven 1nvest1gated areas, with first priority given by the

authorities concerned.

In July, 1975, the Sudan Government invited Nippon Koei Co., Ltd.
to ekeéute-a reconnaissance surﬁey'for the said three areas, in response

to the technical proposal prepared by the said consulting firm. The

'feam headed by.Mr. Yano, Chief of Irrigation and Drainage Dept.,

-1 -






dispatehed by the Nippon Koei carried out the field reconnaissance for

the proposed Ed Dueim development scheme, as well as for the existing

pilot paddy field aren under the Gezira scheme, and submitted the Re-
connaisgance Report to the Sudan Government in January, 1976. The
report voncluded that the schemes are sﬁitable_for rice development

and both technically and economically sound.

On the basis of the conclusion of the report, the Sudan Government
requested the japanese Government to dispatch a contact mission for the
promotion of the said projeét. At the beginning of Nbvember, 1976, the
contact mission.headed by Mr. Kitamura, Head of Development Division,
Agriqultﬁre and Forestry Dept. of JICALi.waS dispatched by the Japanese
Government. The mission specified.the Abu Gasaba Basin, out of three
schémes, for the feasibility survey to be undertaken on the coming
stage, in due consideration of the easiness of access, the overall
soundness of the project and the availabilily of topographic map. The
mission, furthermore, recommended the.constrUctibn of a small scaled

pilot farm to obtain the field data on rice cultivation.

In eérly'l977, the Sudan Government fequés{ed the.Japanese'Govérn—

i

ment for the technical assistance of the feasibility survey on the Abu
Gasaba Rice Development Project in compliance with the decision and
recomﬁehdation'of the said contact mission, . In March, 1977, the Japanese
Government deécided to execute the said survey and entrusted it to JICA.
The.Agenéy singed a conbract for fhé survey'with:Nipﬁon.Koei Cb., Ltd.,
Tokyd;'and dispafched a survey team to the Sudan dufing May to August.
The dbjective of the Sﬁrvey was . to formulate thé”phyéical plaﬁﬁfor rice
development in the Abu Gasaba Basin and evaluate the feasibility of ' the
project. The survey included the prepﬁration of the'de#élopment'ﬁlan,
basic design, preliminary éstimates of costs and benefits and economie

analysis.

Scope of project and its importance

The proPOSéd-project aimg at producing rice production in the aban-

doned Abu Gasaba swamp extending along the left bank of the White Nile.

/1 JICA: Japan International Cooperation Agency






The scope of the project includes the implementation of infrastructural
facilities necessary for rice cultivation together with the installa-

tion of rice processing centers.

The net project area to be developed is 15,600 ba. It will play
an important role in the agricultural development in the Sudan. The
project is expected to produce annually about 110,000 tons of wmilled
rice at the full opefation stage. The amount of products is far

greater than that of the self-suffliciency in rice in.the Sudan. The
Vsurpluses will be exported to the neighbouring Arabic countries, They
will substantially reduce the outflow of the.foreign exchange for im-

port of rice and will earn a large amount of foreign exchange from the
export of rice. The project will largely contribute to the improve-

ment of the balance of payment.
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11, ECONOMIC AND AGRICULTURAL BACKGROUND

2.1 National Economy and Agriculture

2.1.1 General Economy

Gross Domestic Product of the Sudan in 1974/75 fiscal year was

£5.1,510 million. The average anmual growth rate of GDP from 1966/67

to 1974/75 fiscal year was 12.8%. Population of the Sudan in 1977 is

estimated at about 16,536,000. Population growth raie of the nation
is 2.5%, and is 2.7% in the Northérn‘chion and 1.7% in the Southern
Region. Per caﬁtd GDP is £5.98.5. Economically active population

is 88.9% among males and 21.2% ambng females.

Agriculfural sector is dominating among all. Its share in GDP is
about 40% and more than 70% of the total population are engaged.in

agriculture. Tts share in export is over 95% and aboul 50% of govern-

‘ment revenues are derived from this sector directly and indirectly.

Next comes the sector of commerce, finance and real estatle.

The main items of imports are transport equipment,.machinery with
spare parts, texti]e,-chémical and pharmaceuticdl products, sugar,
cfudo_matefials, other food stuffs, téa, coffee and others. The import-
share of the transport equipmenf is about 18%, the maximum share_amdng
them. Méin items of eﬁport are cotton,"groundnut, sesame; gum Arabic,
meat and others. The export share of cobton is approximately half

share of the total export amounts, the maximum share among them.

The Cﬁrrent account has been in deficit in recent'years. On the
bther hand, cépital'account has been in surplus. The deficit of the
currenl account, howé%ér, exceeds the surplus of the capital account,
resulting in the deficit of the balance of payments, The value of the
balance of payments in 1974/7% and 1975/76 were &£s. —2.6 million and
£s. -134.4 million, respectively.

The Sudan has been recently confronted by some problems in economic

" development. Main economic activities including modernized agriculture

are seen in the northern part of the Sudan, whilé very premitive farming






prevails in the southern and western regions, resulting in the economic

inequality among the regions.

Trénsportation in the Sudan is mot sufficiently developed so far
Road network is poor and most of the roads remain unpaved. Raiiway
tfansport can not cope with tLhe amount of freight and passengers. There
is only one international port i.e., Port Sudan. The capacity of this

port is not large enough to handle exports and imports promptly.

2.1.2 Main Characteristics of Apriculture

Domestic marﬁet for agricultural products ig relatively small.
However, Arab countries can be a big market for Sudanese agricultural
compodities. They are locatéd very close to the Sudan and the agri-
cultural potentials of these countries are very limited. The social

and cultural tie between the Sudan snd these countries is very strong.

Main crops are cotton, sorghum, wheat, ground nut, gum arabic,
millet, sesame and maize. Estimated cropping area and output of these

crops in 1974/75 are given below.

Sorghum Millet OFOUNd oo ome Maize Wheat Cotton CJUU

nut arabie
" Area _ ' _ :
3 . . : : :
(107 fedds) 5,977 2,576 1,792 2,173 197 501 1,219 NA

Pfoduétion :
(10} 1) 1,702 402 930 233 16 269 647  NA

" The Sudan poééesses vast fertﬁle flat land, Howéver, large extent
of the northern Sudan are- covelcd with desert, while the southern Sudan
is blessed w1th sufflclent ralnfall for falmlng The area between the :
north and the south is 1drge1y constrained w1th less rainfall except ‘for
the short rmlny season. Mechanized irrigation farmlng is praet1ced in
the northern and central parts of the country, wheveas rainfed primitive
farming is mainly prevailing in the southern and western area. About
one fourth of agricultural labor force is migrating as nomadic graziers,
Thelr prOdUCtIVILy in animal production is very low and their living

st&nd&rd is also very poor.







2.1.3 Currenl Sitvuation of Rice Production

Rice is a relatively new crop inlroeduced into the Sudan, Tt is
being cultivated in Gezira, Bahr Bl Ghazal and Equatoria. Average area
and production of rice during the past six years in the Sudan ave

estimated at about 10,000 ha and 12,000 tbns, respectiﬁely. The average
| yield of riée in 1975/76 in Gezira, Bahr El Ghazal and Equatoria is
1.19 ton/ha, 0.32 ton/ha and 0.57 ton/ha, respectively.

Only single cropping has been adopted in the Sudan. Average yiéld
of rice production in the Sudan is low with the maximum figure of 1.55

ton per ha in Gezira compared with other rice producing countries.

The demand for rice has been exceeding the supply in the Sudan.
The balance has been compensated by imporied vice. The amount of
imported rice in the recent years has increased from 5,000 tons level

to 10,000 tons level per ammum.

Under these.conditions, the Sudan_Governﬁent is planning to expand
rice production so0 that the Sudan attain self;suffioiency in rice af an
eartier stage and to export rlce at a latter stage. Acéording to the
Six-Year Plan, per capita consumptlon and total rice demand in the Sudan

1
will be 1.50 kg/ycar and 29,000 f._on/%nnum-/-—— at the end of the plan.,

Rice productlon will be expanded both vertlcally and hor1aonta11y
Rice production will be 1ncrcased from 12,000 tons in 1976/77 to 57,000
tons in ]982/83, i.e., ngarly 400% increase. Self-sufficiency in rice
will be attained in 1981/82. Thereafter, the produbﬁion will exceed

the demand aﬁd surplus will be éxported wainly to Arab countries.

Ll The per capita consumption is expressed in terms of milled rice
and the total demand is in terms of paddy.






2.1.4 Present Status of Irrigation and Its Development

The types of agriculture in the Sudan can be classified into the
irrigated agriculture, rainfed;&griculﬁhre and flood fafming agriculture,
according tﬁ the water supply practice. According to the Statistical
Year Bool, 1973 in Sudan, thé area of the respective lype of agriculture

in 1973/74 is tabulated below.

_ Total
Irrvigated Rainfed Floed cropping area
Area (10° ha) 490 4,464 28 4,982
Ratio ( % ) 5.8 89.6 0.6 100

The importance of irrigated agriculture is, however, far greater
than the figures of 9.8% indicate above since the bulk of foreign ex-

change earnings is derived from the irrigated colbon crop.

The 1959 agreement between the Sudan and EBgypt allocates 18.5
milliard m3 of the Nile water to the Sudan without any restriction on

the irrigation period. The dgreement gave a blg boost to the expan510n

S e of irrigation in the Sudan. The harvest area increased from 1 mllllun

fedds in 1959 to 1.7 million fedds 1n 1968/69 and the amount of irriga-
tion water increased durlng the same perlod from about 4 mllllard m3 to -
about 7 milliard m3.' The present:water balance in the Nile system
represént an available surplus of about 2-@illiard m3. But, in the
future, the balance will have a deficit of about 7 milliard m> with

the implementation of many'short and médium term plans for-ifrigation
develoyment, if any water resource development plén:will'not be imple-—

mented.

In the dry north zone, the accent on the 1rr1gat10n development has
been indicated to use the Nile water, in the cent1al Savannah, ralnfed
agriculture and livesteck raising are being mainly featured, and in the
south zone with much rainfall, the development have been suited for the

" local eondition which vary fzom arca to ancther.

Nearly 50% of the irrigated harvest area are cultivated under the

pumping schemes. By location and the type of irrigation, the pump schemes

may be grouped into three categories;






~ the pumping schemes in the norbhern province which are mainly
governed to provide subsistence living for most of the people

in the area,

- the private and government cotion schemes of the White Nile and

the Blue Nile, and

~ the vegetable, fruit and fodder areas around the large towns
along the rivers and especially the three towns of Khartoum,
Ondurman and Khartoum North. The cropping intensity in the

pumping scheme is about 100 percent.

"The storage irrigation project, Suéh as Gezira dnd Managil Extension,
of which the water resource depends on reservoirs, accounts for slightly
more than 50%4 of the irrigated harvest area. In the case of the storage
irrigation projects, one third of the equipped area is left fallow and
this lowers the cropping intensitly. .The low CrGPplng intensity is dite
tb the fallow steming from the characteristics of the soil, the shortage

of labour in the irrigated area and the vestricted water'supply.

In the Sudan, the Ministry of Irrigation and Hydro—Eleptr&c Energy
is responsible For excavating canals, reser?qir and distributaries and
for ensuring their proper maintenance. The small ¢anals and distri-
butaries into farmers fields are also built by thé'Ministry. The
Ministry is responéiblg'fof the development of Nile water, namely, the
water distribution to the canals for the Gezira scheme, Managil extension,

. Khasm E1 Girba and the maintenance of dams.-

2.1.5 Agricultural Support Services

1) AgriCultural Research

Agriéultﬁral ReSéafch'Corporation under the Ministry of Agriculture,
Foeod and N%tUIdl Resources {MATN) conducts rebearch works on production
of field and h01L1cultu111 crops. Undor the Rescarch Corporatlon there are
four reglona] stations and six research substatlons as shown below. The
Agricultural Research Corporation, the Technical Committee and the Agri-
cultural Research Council Formulate research programmes and prepare annual
research report. Research actiﬁities of these stations comsist of crop
husbandry, phytopathology, plant selection and breeding, entomology,

soll secience,; botany, and others.

_ 8 -






Name of Station Bervice Area . Number of Staff

Gezira R. St. Gezira Scheme & néighbouring I - Director
area. ' 31 - Scientists
Hudeiba R. St. Northern Province 1 - Head

9 — Research workers
Kenana R. St. Kenana area 1 - Head

8 — Research workers

Yambio R. 5t. Scouthern provinces not functioning
Shambat R. Sub. Gezira R. Station 1 -~ Tead
_ 1 - Research worker

Kadugli R. Sub. Nuba, Kordofan Prov. 1 - Head |

1 - Research worker
Sennar R. Sub. Sennér area 1 - Head

2 —'Research.workers
Maatry R. Sub. Managil Extension R Sciéntist
Guineid R. Sub. Sugarcane research 1 —. Head

2 - Research workers

Khashm E1 Girba

s R. Sub. © Khashm el Girba Scheme Head

)
1

3 —~ Rescarch workers

2) Extension Services

Extension services are provided by the Department of Fxtension of
the Ministry of Aglicultufe, Food and Nétural Resources. 'Undef the
technical supervision of the Director there are 13 extension centers
under the admlnlstrahlon of the Prov1n01al Government ~ In some pro-

~wvinces and districts there is an Extens;un Advisory Commitiee comprising
representative of eqch'interestea Gnvernmént department, cboperativés
and farmers' leaders to advise the guide the exten510n work in their
area. A typlcal untt has an Inspector of hxtenblon and 2 or 3 Shambat

diplbmates each with three local extension workera.

3) Credit and Inputs

The Agricultural Bank was established in 1959 to develop agricul-
ture and promote commercial activities in the Democratic Republic of

the Sudan. The paid-in capital in 1976 was £s. 15 miilion which was

shared by the Bank of Sudan and the Ministry of FlnanCe and National






Planmming., The Bank has 20 branches in the coﬁntry including those in

Kosti and Ed Dueim,

The Bank provides three kinds of loans, 1) short-term or seasonal
loan, 2) medium—term loan and 3) long-term loan. :Main objectives, loan
conditions and activities are described in Annex VIII. The activities
of the Bank are to provide loan to farmers and businessmen and.also to
sﬁpérvise storage, trahspdrtation and marketing of products on behalf
of the lessees under certain circumstances. The Bank also imports agri-

eultural inputs including fertilizers and agricultural machinery.

4) Plant Protection

Plant Protection Department of MAFN is responSiBIe for the exter—
mination of pests which are harmful 1o crops. It is responsible for

eradication of national pests such as rats, desert locust, and grain

“ealing birds. JI1 is also responsible for the conirol of water hyaciath

which is prevalent in the White Nile River and is considered dangerous.

Hyacinth is carried to the fields either Ly flood or by irrigation water
and becomes the noxious weed. The expenses for the extermination of

pests and water hyacienth are borne by the Government.

Some of the staffs of the Plant Protection Department have been
transferred to the Public Corporation for Agricultural Production.
They have formed a plant protection section in the Corporation and

are engaged in plant prdtéction activiﬁies.

5) . Public Corpordtion for Agrich}tural Production

The Public Corporation lor Agricultural Production is an autonomous
public corporation established for the pufﬁosc of'agficulturai_ﬂevelop—
ment in the Sudan. It is under the control of MAFN. The Corpor@%ioh
supervises 10'subcorporétions. Total cropping aéreage of "these éubw
corporations amounts to about one ﬁilliOn ha. Cotton, sorghum, wheat

and vegetables are the main crops.

Edch subcorporation manages and supervises the own public¢ scheme.
1t determines tenancy and rotation pattern in the schemes and instructs
tenants so thal they follow proper farming praclices, 1t also supplies

agricultural inputs for the tenants.

- 10 -~






In case of cotton, subcorporations cooperalte with the tenanils in

such farming operations as fertilizer and insecticide application,

picking and ridging. These expenses are entered into the jeint account.
After picking, subcorporations classify cotton into 8 grades and trans-—
port it to ginning factories. Headquarters of the Publie¢ Corporation
ginns seed cotton in the ginning factories and transport. ginned cotton
to Port Sudan where the ginned cotton is graded and delivered to the
Cotton Marketing Corporation. These expenses are entered ihﬁo the

general accounb.

Subcorporations give loans which are financed by the Headquarters
to tenants when they need cash to cover cotton production expenses withe
out interest and specified repdyment. These loans are entered into the

farmer's individual account,

6) Cooperative Movement

To achieve higher efficiency in the agricultural séctor; coopera—
tive unions and cooperatives have been established. The Central Coope—
rative Union in Khartoum controls the regional cooperatbive union in
e _ each.province. Bach regional cooperative union supervises the local

| individual cooperafive in each proﬁince.' The 6rgaﬁization.dhart of
the structure in the White Nile Province is shown in Fig, 2.1, Local
government quigns one aésistani cqmmissionér who.supervises the local
offices of the Cooperative Deparfmént.of the Central Governmeni. The
staff of local offices usually consist of cooperation inspectors,

cooperation officers and cooperation controllers.

7) Agricultural Educalion and Training

Agricultural education and training are of vital importance for

the development of agriculture in the Sudan,

They are conducted at five levels:

i) Agricultural secondary schools (under the Ministry of Education).
ii} Agricultural training colleges and schools (under the Ministry
of Agriculture}.

iii} TFaculty of Agriculture (University of Khartoum}.

iv) Post graduate training (mainly abroad).

v) Vocational Training Centers

- 11 -






The seécondary schools_select'pupils who have passed the 9th grade
and give them either art or science-oriented training in agriculture or

engineering for four years.

Shambat Agricultural College is the only agricultural training
college.for training people for intermediate diploma level, below
university standards. The college provides a three-year course in
general agriculture, oriented towards applicd ﬁnd practical training
and.leadiﬁg to a Diploma in Agriculture. Tis entrénts.are selected
from the students with Higher Secondary Certificate of Education,

i.e., after 12 years of education.

Candidates for the BS of Agriculture are selected from the students

- of good school records holding the Higher Secondary Certificate.bf Edu--

cation after 12 years of schooling.  The'Faculty of "Agriculture covers
not only crop husbandry but animal husbandry, range management and
forestry. Practical training is limited but arrangements are made for

study and work tours during vacations to projects in the rural areas.

It is plannéd to increase post graduate training within the Sudan
rather than abroad in more general fields than is normally given abroad

aiming at usefulness and relevance to the Sudan.

The vocationai’training centers are established for the  purpose
bf.trainiﬁg skilled laborers under the management of £He Department of
Labour, Ministry of Public Service and Administrative Reform. They
provide the training courses of three years mainly for those ﬁho have
completed junior high schooi level educalion. The couféés méihly con—:

sist of mechanical, electrical, automobile and farm machinery engineering.
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2.2 Agricultural Achievements

Wheat.area was increased as programmed, reaching ?53,000 fedds,
but the yield did not come up to the level reqﬁired for achieving
self-gufficiency. . In case of rice, domesiic production is now meeting
about 52% of the dcmand. A promising start has been made in coffee
production, and.local production is now supplying about 10% of the
demand. Tea is a slow growing plant and majbr plantations have not
yet been established. Production of fruits and vegetables increased
sufficiently to ﬁeet the growing demand, and cxcept for seasonal peaks,
the prices remained at a reasonable level. ‘The main achicvements in

crop production during the last Five-Year Plan are summarized as

follows.
Planned and Actual Crop Production
during Five Year Plan

_ Actual as

Base Year Target Actual Percentage

Crop 1969/70 1974/75  1974/75  of Target
(103 MT) (103 MT ) (103;MT) ()
1. Sorghum (Dura) 1,453 2,356 1,702 72
2. Millet (Dukhn) 385 442 402 9
3. Wheat 115 304 269 88
4. Rice 3 16 7 44
5. Maize 36 55 16 84
6. Groundnuts 385 603 930 154
7. ‘Sesame 175 266 233 88
8, casﬁor S 23 32 14.5 45
9, Cotton: Long Staple 561 873 529 61
: Medium Staple 114 326 102 31
10. Sugar cane . 826 2,030 1,290 64
Tolal Ten Crops 4,076 7,303 5,524 76
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2.3 Development Plan for Agriculture

The" six ye@r development plan starﬁs in 1977/78 fiscal year and
ends in 1982/83 fiscal year. Thirty-two percent (32%) of the budget
will be spént in the agricultural sector which is_suppoged to play the
leading role as before for the development of the Sudan. .The planned
growth rate in agriculture is 6.5% per annum; the overall growth rate

expected is 7.5%.

2.3.1 Targets of the Six Year Plan

The production targets mentioned in the Six-~Year Plan are summarized
in the following table. Tt is evident from the table that the rates of
increase envisaged for various products vary widely reflecting the over-—

all effect of the strategies adopted for the Six-Year Plan.

Production Targets

Base Year 1976/77

{Provisional) _ . Target 1982/83
| Product  Aven  Yield Oirtput Ares - Yield  Output
1. Cotton: ' (10§edds)(k%édds)(lojmT) (l?éddés)(kgédds)(lojMT)
Long Staple 760 635 483 790 707 559
‘Medium Staple 210 500 105 350 849 297
Short Staple 155 122 .19 _ - 350 200 - T0
Total = 1,125 540 60T 1,490 621 ‘926
2. Sorghum (Dura) 6,000 316 1,900 9,100 - 411 3,740
3. Wheat . 622 500 311 . 890 750 668
4. Millet (Dukhn) 2,500 - 160 400 2,800 185 518
5. Rice (Paddy) 24 500 12 100 570 57
6. Maize 210 250 53 315 380 120
7. Cassava 10 1,500 165 180, © 2,000 360
8. Sesame 2,200 110 242 2,700 140 378
9. Groundnuts 1,840 456 839 2,900 541 1,568
10. Coffee 3 500 1.5 15 670 10
11. Tobacco 1 200 0.2 8 200 1.6
12. Sugar ¢ane 40 30,230 1,200 283 30,210 8,700
13. Horsebeans 36 800 29 55 850 47
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2.3.2 Strategy and FPolicieés for Development

With adequate and well planned ihﬁostmonts the agricultural sector
is capable of realizing economic prosperity and welfare of the Sudanese
people, and can make important contribution to food supplies of the
Arab countries. The strategy for agricultural development in the Six-—

Year Plan is briefly described as follows:

Vertical Expansion

Vertical expansion aims at opltimizing resource utilization and
making various projects economically competitive. It is to be achieved

through: -
a) the optimal utilization of irrigated lands.

b) consolidation, grouping and electrification of pumping schemes

on the White and Blue Nile.
¢} imlegrating livestock in crop production schemes.

d} adequate provision of fertilizers, insecticides, agricultural
machinery, modern equipment and other inputs essential for
raising productivity in existing projects,

e) raising effectiveness of agricultural extension and research

‘services.

f) developing an efficient primary marketing system for all

agricultural products.

g) introduction of high'yielding drought resistant varieties of

crops in rainfed regions.

Horizontal Expansion

With vast untappéd.land resources in the country, horizoﬁfal eéxpan-—
sion of apgricultural production holds promise for quick.and_economical
increase in production. It has lhree important elements: general
strategy for horizontal expansion, mechanized farming and moderniza-

tion of traditional farming,

a} Improving an increasing the supply of both surface and
underground water so as to facilitate irrigation of new lands

and to increase drinking water supply.
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b) Reclamation of arable lands with heavy machinery.

c) Making available agricultural machinery to small farmers in

rainfed areas to enable them to cultivate more lands.
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TII. THE PROJECT AREA

3,1 Location

Moat of the strips along the both banks of the lower reaches of
the White Nile, have already been developed for the irrigated agri-
cultural projects, excluding the area inundated as the result of the
opefabion of Jebel Aulia Dam. The project area is one of the said

inmdated strips, still remaining undeveloped.

The project area is located about 200 km south of Khartoum along
the White Nilej; it is 40 km south of Ed Dueim, the capital of the
White Nile Province. The gross area approximately 23,000 ha. (54,800
fedds), of which about 17,000 ha. (40,500 fedds), excluding terraces

and forests, are considered available for rice cultivation,

Admiﬁistratively, the project area is commanded under two districts
of the White Nile Province, namely, Ed Dueim and Kosti. Socially,
50 agrarian communities are located around the area but no community

at all in the area. A number of nomadic people is seasonally camping

there for animal grazing during the low water season of the White Nile.
A most of the area has been abbndoned so far without being cultivated,

mainly due to the habitual inundation.
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3.2 Infrastructures

1)  Road Network

The area is connected bto Khartoum by ‘an nnpaved road about 200 km
lohg, a'part of the Rdbak/Kharfoum broViﬁcial road. A improﬁement pro-
ject of the road has been studied and will be commenced before long,
coupled with the construction of the Bridge to cross the White Nile at
Ed Dueim. A new sﬁper=highway about 800 lun long now under construectiocn
will be completed within a few years to run between Khartoum and Port

Sudan.

Many provincial roads stretch from the project area through Ed
Dueim and Kosti, linking the arca with many local markets. Most of

the roads are not provided for all weather conditions at present.

2} Railway Network

There are two railway lines running between Kosti and Port Sudan;
the one with a total length of 1,180 km is to Port Sudan via Sennar,
Khartoum and Atbara, and the other is 1,130 km long via Sennar and

G

Kassalda. These railway lines are heavily burdened at present,.resqlting
in a considerable delay in cargo-transportation bptween these cities.

This phenomeon is most conspicuous during the cotton export season.

3} Navigdtion

The White Nile is being utilized for the transportation of goods
and passengers arouond the project area. Between Ed Dueim and Kosti, a
couple of'steémers are in service during rainy season. To the south of

Kosti up t9o Juba,.waterway is playing a key role as a transport means.

4)  Blectricity

Power Sﬁppiy in Ed Dueim is dependent upon three small engine
geﬁer#tors with a total installed capacity of 900 kW and the eiectric
desﬂribution lines of about 200 Ikm in total length are networked over
the 1imitéd'urban_afea in Ed Dueim. Electricity in Kosti is supﬁlied
from Sennar power station. Total power supply allowed for the town is

approximately'lﬁ,OOOVKVA at present, but it will be increased to

30,000 KVA next year to meet the growing power demand around the town.
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3.3 Human Resources

The total popﬁlation of the Blue Nileli‘Province was approximately
4,2 million, according to the 1973 census and the labour resources of
the province are estimated at 2.1 million on the basis of the estimated

percentage of emﬁloyment of the labourers.

The total population of the 50 villages around the project area
is about 110,000; about 50,000 are living in the area along the western
boundary of the projéct ares, about 40,000 in the Um Jerr Island and -
the rémaining'20,000 in the eastern ares across-the White Nile. Out
of the total population, the potential labour force comprising 45,000

is conservatively assessed for the projeel area. (see 6.2 of Annex VI)

Agriculfural sector is predominant around the project area. About
three fourths of the labour force in the villages are mainly engaged
'1n the said sector As for the in&ustrial sector, a cement plant is
operating in Rabakéﬂ and a large scaled sugar factory will commence its
full operation before 1983 in Kenana.é3 No other industrial plants

have been develope& so far except some sorghum'processing mills

.The farmers around the project area are ehgaged in the production
of agricultural products, cotton and sorghum in particular, as well as
livesfbck_hreeding. The average net cash income per family.dorivod from
férﬁing and livestock breeding are £s. 119 per year and &£s. 89 per year,
respectively. Under féthér low income conditbion, a standard lifelihood
is sustained by additional revenue obtained from outside works and by

borrowing from relatives and/or local merchants.

/l: The White Nile Province was adminisiratively included in the
former Blue Nile Province before 1974. The Blue Nile Province
was adm1n1strat1vely divided into three pr0v1nces i.e., Blue Nile
Province, White Nile Province and Gezira Province in the year.

/2: Both towns are located in the vicinify of Kosti.
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According to the information obtained through the Kosti Labour

Office, the prevailing wage rates in private sector are £s. 0.63 per
day for a common 1ab0rer,'£s. 1.20 per day for the semi-skilled and
£s. 1.82 per day for the skil]éd. As of July, 1977, the total number
of registered laborers is 5,800 at the Dueim Labour Office; 3,900
unskilled, 100 semi—ékflled and 1,800 skilled. The total number of
laborers registered at the Kosti Labﬁur Office was 15,000 comprising

4,000 unskilled, 6,000 semi-skilled and 5,000 skilled.

The anticipated labor requirement for the rice produclion in the
project area is about 1,600 including unskilled, semi-skilled and skilled
labor. Meanwhile,'the large-scaled Kenana éugar project will additionally
employ about 10,000 laborers in its cowming stage. 'The supply of labor
around the project area seems to be'adeQuate to meet the labor require—.
ment for the unskilled and semi-skilled labor for the.projects. Some

of the skilled labor might also be Tound around the project arca.
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3.4 Naturai Resources

3.4.1 Topography

The project area is located on a coﬁsidefably fertile alluvial
depression gently slanting from west to east.on the westerﬁ boundary
of the project area and the riverside of the White Nile, but is.mostly
flat in the middle of the area. Low and slender shaped levees are
naturaliy'composed_along the riverside.and nﬁmerous hilly expanses
or terrace are scattering all over the ares; most of them are mever
subjected to the flooding during the high water season of the White
Nile. Ekéluding theée'terrace, the area seems to be suitable for rice

field development in view of its topography.

In the course of the project studies, a fopographic map of a scale
of 1 to 50,000 with 50-cm contour lines was collected from the Survey
Department, Ministry of Defence;rthe map had been prepared by the
Egyptian Authorities before the  construction of Jebel Aulia Dam,

After checking the map, it was found out that the map collected was
required to be examined in the field. The map,  bherefore, was revised
fhroughout the topographic survey. Detailed topographic'surveys ﬁere also

carried out for the sites for major struclures and the proposed pilot farm.

3.4.2 Geology and Soil Mechanics

The geological formation of the Abu Gasaba arvea primarily consists

of the fluvial deposits originated frﬁm the Quarternary periods. The

‘ gediogicél profile of the area is broadly'claséified as alluvial clay

'léyer forming'ihe surface and subéurface, and the sand layer'uhderlyh

ing the clay layer. The clay layer with remarkably low waber content
is gray-colored and is spreading over the.area. Tn the upland some-
where near the Araki island, the said clay layer reveals a similai
feature to that of soft rock., The clay layer with high water content
lies mostly along the riverside of the White Nile. The sand layer is
excessively compacted with high béaring dapacity and bfoadly underlies

at 7.0 to 8.5 m below the groun& surface.
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The ground water table in the area is topographically variable;

-ﬁﬁ 5 m or so in ‘the terraceées and natural levees, and approximately 2 m

in the depréssibhs. A considerable bearing capacity is expectable on
the subsurface layer, jﬂdgéng from the sounding test undertaken in the
field. The scil mechanical test carried out at the laboratory to evie
dently clarifieg that. the phyéical properties of soil materials obtained
in the area do not technically constrain the constrﬁction of the protec-
tion dikes. The detailed studies on the geology and soil mechanics

are given in the Annex—IV,

3.4.3 Soil and land classification

The soils in the projéct arca are derived from the old clajey'allu»
vium deeply deposited by the White Nile. The clayey alluvium generally
contains more than 60 percent of clayey fractioﬁs and a few percent of .

“organic carbon throughout the profile, and such conditions uniformly

ektend all over the project area.

‘Under the seasonal water stagnation‘Caused.by.the operation of the
e Jebel Aulia Dam, most soils in the‘project area have been put under the
process of the hydromorphic weathering caused by the waterlogging and

the rising groundwater.

According to the Seil Taxonomy system by'U.S. Department of Agri-
‘culture, the four soil groups are identified in bhe project area. The
first soils of group I and II are classified into the Vertisols iﬁ'drder
ﬁhich have been developéd under the arid élimate. :They:are:éorrelated
'ﬁith the Torrerts in SubHOrder,.the Typic Torferts in Great*Soil'Group,

" the Peldustollie Torrerts in Sub-group at thg.higher category of éoil
class, and then the former soils (I) are correlated with the Very fine
clayeyéﬁixed—Deeply crabked—Hyperthermic—Peleustéllic Torrerts and the
latter soils (II) are correlated with the Yéry fine clayey-Mixed-Shallowly
eracked-Thermie-Peleustollic Torrerts in FPamily at the lower Categdry of

s0il classification.

While, the both soils of groups III and IV are classified into the
Entisdls-in Order, Then, the soils of group 111 are correlated with the

Aguents in Sub-order, the Fluvaquents in Great Soil Group, the Vertic
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Fluvaquents in Sub-group, and the Very fine clayey-Mixed~Thermic~Vertic
Fluvaquent in Family. The soils of group IV are correlated with the
Fluvents in Sub-order, the Udifluvents in Great Soil Group, the Vertic
Udifluvents in Sub-group, and the Fine clayey-Mixed-Thermic-Vertic Udi-

fluvents in Family.

The solls of group I mainly develop over the lands in the vicinity
of the projéct_area. In the project area, the soils are only found spot-
tily on the old remnant levees with elevation of 376.7 m or more. Most
lands of this seoil group are sparsely covered by acacia scrub with some
cover grasses, and are mostly free from the flooding or very shallowly

submerged in a short period when the White Nile is high in flood.

The soils of group II extend over the land where the elevation
ranges between 376.2 m and 376.7 m. The lands are, more or less, Sub-
merged with stagnant flood water from August to the end of March. Sinece

the soils mostly hold favorable moisture level for vegejationodurihg the

‘non-flood period, all the land of this épil group are densely covered by

short wild grasses.

The soils bf'group III are primarily wet soils which:mainiy extend
over the low iyiﬁg'&fea'whére the terfain'of the land is nearly level
with partial depression and the flood water deeply stand for 8 months
from August to March. At present, most of the land ié covered with
swampy gfaéses,_éuch as reed, reed-mace, sedge, ete. énd water hyacinth

in the depressed land.

The soils of.group IV are the recent alluvial soils which are mainly
developédrnarrowly aldng the White Nile. The lands of this soil group afe
usually flooded deeply for about 9.5 months from August to mid-April.

For only about a short period of 2.5.months, the land is covered by

~ velvet grasses.

The development of the soils identified hereabove is shown in

Tables 3.1 and 3,2,

To speak_ih general, the soils in the project area have no big dif-

ferences in their characteristics, so far as the agricultural soil util-
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ization 18 concerned, The soils are very compact and firmly consclidated

throughout the profile except thin top soil with rather friable consist—
ence owing to selfnchurning and self-multing specific to the Vertisols

or the Vertisolic soils. They are extrémely hard when dry, while friable
and soft when wel. They have very high water holding capacity, while
their permeability is very low ranging between lOm5 em/sec and 10"6 em/sec
in percolation speed. The soils are slightly to mederately strong alka~
“line with pH values ranging between 7.8 and 8.5.throughout the profile,.
Total organic carbon is of a rather small quantity of around 2 % in sur-~
face soils but less than 0,5 % in sub-soils. TEC values are mostly less
than 1.0 m.mho/cm/25OC throughout the profile. Cation exchange capacity
ranges between 35 and 50 m.eq and its capacity is mostly saturated by

the bases in which calcium is dominant. Tt is noteworthy that most
Vertisols have common specific characteristics of making cracks and

gilgai micro-relief on the surface where the lands are dried up,

Of all the specificdbion of land evaluation defined.in the Manual
for Tand Suwitability Classification for Agriculture, Part II, Guide Line
for Soil Survey Party, Wad Medani, 1976, the following factors are taken

U A
g

up as the essentials on evaluating the land suitability in the project

area.

1} Inundation {i); - limitation caused by the seasonal flooding.

2) Topography (t); limitation mainly by the unsuitable land
elevation for the economical gravity irri-
gation.

3} Alkalinity (a); limitdtion due to alkaline reaction of soils.
No sodic constraint exists in the project area.

4} Fertility (f); 1iﬁibation due to deficieﬁcy of nitrogen and
humus in soils.

5) Vertisolic (v}; limitation due to high”ﬁontents'of clay din

s0il matrix which have large swelling char-
acteristics and friable, very plastic and
very sticky consistence when wet, while
shrinking characteristics and very hard

and very firm consistence, when dry.

Some agronomic constraints such as low humid climate {c¢) and sue-

cessive wetness or low permeability(w) are also found in the project
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area. However, as far as the irrigated rice cultivation is concerned,

these conditiong will be neglipible Tor this land classification.

In the light of s0il chemical and physical characteristics, all

the lands in the project area are esbimated as highly (S1) to moderately
suitable (S2) for iirignted rice cultivation, While, in view of their
usability fof farm machanization, their land grades might be down into
moderately (52) to mafginally suitable (83) in land grade due to 1imita~
tion caused by the soils having very hard consistence when dry, and very
-plastic and stickj consistence when wet., Besides, from thé irrigation
engineering point of view, the land at an elevation more than 376.7 m

is considered economically unsuitable (Nl) for gravity irrigatien. In
the low lying area, the land which is also expected to be marginally
suitable {S3) and/or conditionally suitable (Sc) in land grade because
of high capital investment required for flood protection and rather
expensive management cost for surface drainage during the cropping sea~-

s0n,

- From the above land evaluation, the lands in the project area are

c¢lassified into four suitable land classes as shown in Table 3.3.

The first class is the Moaerniely Suitable Land (S2).in which suf -
ficiently high product1v1ty and prnf1t1b111ty can be expected from the
1and. There are modPrate 11m1tat10ns mainly caused by alkallne—reactlon
and verblsollo SOll charmctel. Both factors are likely ‘to reduce crop-
yleld and to ifcrease recurrent cost for Dloductlon and conservation of

's01l-and land.-

The second class is the Margiﬁally Suitable Land=(S3).. The lands
of this class are also expected to have sufficient prOduCtLVlty fur the
defined rice cultlvatlon, although there are llmltatlons which in aggre-
gate considerably reduce the crop yleld_dnd/or increase recurrent cost
for production and g0il conservation. Seasonal inundation(i) inclusive
of inland flooding due to low lying topography is the biggest constraint

in this land class.
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The third is the Conditionally Suitable Land (Sc}. The lands of
this class are also expected to obtain sufficient crop yield in the de-
fined land use, if the flood control 1s properly made by diking, How-

ever, it would require a large capital investment for this purpose.

The last class is the'Currehtly Unsuitable TLand (Nl) in which
rather high productivity similar to that in land class 32 can be ex-
pected. However, the topographic condition is unsuitable for the gravi-—
ty irrigation‘systém specifiedrin this development plan, ‘Thus, the

land graded into this class is excluded from the arable land.

3.4,4 Climatle

The project arca has substantially favourable climatic conditions

for the growth of paddy rice, except some meteorcological limitations.

The general trend of seasonal temperature is characterized by its
Sharp variation in the project area. The maximum monthly mean tempera—
-ture:during the summer season ranges [rom 33°C to 4100, while the minimum,
from 2OOC to 2500. Buring the winter season, the maximum monthly mean,
teﬁperature varies from 33°C to 3500, while +the minimum, from 17°C to.18°C,
The compera{iveiy l?wer témperatu;e in'JanUary of 17°C at minimum monthly
mean will exert an unfavorable influence on the growing stage of paddy

rice.,

A consideration was given to the cropping pattern to be'proposed,
50 18 to exclude the said month from the growing stage of paddy rice

(See the relevant Cha?ter in Annex).

The relative humidity rises sharply from May, attdins"the mﬁXimum
in Augusf, falls sharply till November and, then, drops grﬁduall&'to the
lowest in April, The monthly mean relative humidity'at the Kosti station
ranges from 22% to 71%, and is about 42% on an a%erage. The towest humidity,

however,; will not substantially disturb growth of vice.

The annual rainfall observed at Lhe Dueim meteorclogical statioen over
74 years shows a wide range of 101 mm to 606 mm; 296 mm on an average. ‘The

annual evaporation from lakesurface is estimated at approximately 2,200 mm,
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on the basis of lhe values measured by the Picheé. Irrigation is a

requisite for the development of rice cultivation in the project area.

Other meteorological factors, such as the relative humidity,
radiation, sunshine hours and wind Speed do not hamper seriously the
rice cultivabion. The meteorological data are tabulated in Annex XXI

and outlined in Table 3.4.(1), (2).

3.4.5 Water Resources and Hydrology

The White Nile is the major water source for the project area.
The river rises from the equatorial lakes on the lake plateau, flows
through rocky rapids for over 170 km and thercafter through the swampy
Sudd region. After it emerges from thé swamps, it is joined by Bahr
El Ghazal river on the west and by‘Sabat river on the east. PFurthere--
more, it joins the Blue Nile at Khartoum and.the River Atbara at Atbara
and finally pours into the Main Nile.

Sudan's share of the Nile system is 20.5 milliard o at Sennar,
according to thé watef agreement signed between the Sudan and Egypt in
1959, The present water cdnsumption ih the Sudan from the Nile.system
including the cdnsum?tion by the projeéts undef construcﬁioﬁ ié approxi-
mately 18.3 milliard'mB. The remaining assigned share of Sudan is about

2.1 milliard m? at ﬁreéent.

Some irrigation.projects are_included in the prospecﬁive:short and
medium term development plans of the Sudan. Té meet the anticiﬁated'
~demand for water for these'prbjeété, many projects for the development
of water resources have been formulated and same of them have alréa&y

been launched. (refer to the relevant Chapter in Annex 1TT)

The project area havihg a net area of 15,600 ha requires about
460 millien m3 of water for rice Cﬁlfivation to producé two crops
a yeaf. Evaporation from the Abu Gasaba basin to be.reduced-by land
reclamation is assessed at about 250 million m3. Fﬁrthermore, about
90 million m3 of the lossed water during irrigation'period and about
40 million m3 of the rain water falleﬁ in the project area will return
to the intake through drainage canals. These water would be circularly

used for irrigation purpese by pumping, so as to save the waler resource
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of the White Nile, Hence, only about 80 million m3 would be additionally
dependent upon the water resources of the White Nile (See Chapter IIX in

Annex ) .

Eversince the complction of the Jebél Aulia Dam in 1937, the hydro-
logical regime of the river was completely bhanged; a part on the lower
reaches was converted into artificial reservoir, including the Abu Gasaba
swamp. Normally, the fiiling of the reservoir is conducted in two phases,
based on the operatibn criteria of the_dam. The first‘filiing to 376.50 m
above MSL begins in mid-~July; the second filling Lo 377.20 m above M3L
starts in mid~Septembér; The water ievel-of the 377.20 m is continuously

maintained until mid—Fébruary.

The water stbred in the reservoir is gradﬁally released from mid-
February until the reservoir is completely emptied by the end of May.
TFig. 3.1 shows the water-level fluctuation of the White Nile at Ed Dueim,
In view of the fluectuation, the yearQrouhd irrigation by gravity in the
strips like the projecl area seems to be physically unfavourable, due

to the lack of available head.
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3.5 Existing Irrigation and Drainage Facilities

Iﬁ 1931, the Sudan Governmént started the development of the liveli-
hood schemes. Many livelihood schemes irrigated by pumping units were
developed then in Dueim and other Strips.along the White Nile, The con-
struction of the Jebel Aulia Dam in 1937, provided lower lifting head
for pumping unit during the period of irrigation and encouraged the pri-

vate sector to invest their capital in the development of pumping schemes

" in Dueim and Kosti areas.

Existing pumping schemes'on the White Nile have been extended up to
a strip aboul 380 km south of the Jebel Aulia Dam. The total number of
schemes on the both banks'of White Nile under direct administration of
the Agiicultural Corporation is 186 with gross acreage ranging from 200
fedds to 18,600 fedds; 89 schemes are located on the easb bank and the
remagining 97 schemes on the west bank. The gross area of the existing

schemes is nearly 420,000'fédds.

Out of the total schemes on the west bank of the White Nile, 28
govermnent schemes are located along the Abu Gasaba swamp; 16 schemes
are scatbtered in ‘tlhe Ed Dueim district and the remaining 12 schemes in
the Kosti district. In addition ﬁo'the government schemes, numerous
small sized schemes haﬁe been_de?eloped by the private sectofs around
the Abu Gasaba swamp. ~ The numbef of pumping schemes 15.218 in total;
116 schemes within the EQ Dueim District and the remaining 102 schemes
ﬁithin:the Kosti District. The total'Cdpacity of pumﬁing ﬁhiﬁé in the
Abu Gasaba is_estimafed dﬂ about lS'mB/Sec and the gross annual water
demand in crdpped'area is approximately 123 million m3. The breakdown

of the pumping capacity and the seasonal reguirement is as given below.
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Breakdown of Exigting Pumping Schemes

District & Nos. of Pump. Capacity Water Require- Gross Area

Type of Schemes - Scheme - {m3/sec) ment  (103m7) (fedds)

" Dueim
Government 16 9.53 85,973 33,702
Private 116 3.21 6,365 9,760
Sub-total 112 12.74 92,338 43,462

Kosti
Government 12 3.42 25,113 10,449
Private S0 2.16 5,676 6,789
Sub-total 114 5.58 30,789 17,238
Total 246 18.32 123,127 60,700

(25,500 ha)
Since the construction of Jebel Aulia Dam in 1937, the Abu Gasaba’

area has been seasonally waterlogged. No perennial irrigation and drainage

system has been developed here.
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3.6 Land Use and Agriculbtural Production

3.6.1 Land Use

Since the Jebel Aulia Dam was constructed in 1937, the prdject @fea
has been inundated from August to March as the result of the dam operation.
‘Most of the area lies waste and is presently covered with:swampy grass.
Only a small part of the area is being used for growing some vegetables
during the periocd of low water level of the White Nile from April to July.
Rice-is cultivabed in the very limited area during the flood season.

Acacia trees are grown on some elevated land aiong the western bank of
the project area. The grasses grown in fhe'project areg are used as
livestock feed during tﬁe low water season. The following table shows

the summary of the present.land.use in the area.

. . Proporﬁiondl
Land Categories Area . Extent
| | ma) T (A
1. Forest land (Acapia and shrubs) 2,950 14.8
2. Grass land 16,800 83.9
Swampy grasses S 12,800 63.8
Reed mace 4,000 20.1
3. Cultivated land 250 1.3
Vegetables 210 1.1
Rice 40 0.2
Total : 20,000 1100

Two fypes of farming are mainly practiced in the area'adjacent to
the preject area. One is the cultivation of cotton, wheaf; onion, etc.
under jirrigation. The other is the cultivation of sorghum under rainfed
condition. About 25,500 bha of irrigated 1and ajacent to the project area
are provided with pump.irrigation facilities wﬁich comprise 28 Governmen—

‘tal and 218 private schemes.

3.6.2 Croﬁping Pattern and Production

.i) Prdject area (see Annex VII)

'§$: The farming practices are rather primitive, and the conventional
i

method of farming is practiced. Floabing rice is grown in the rather
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shallow area by using the flood water from the White Nile. Seeding is

carried out in June and July and paddy is harvested in November. Local

varieties of semi-floating rice are mainly used. Due to non-application
of ferﬁilizers and chemicals and without proper water control, the yield
of paddy is quite low, about 0.6 to 1.0.ton/ha. The total production of
paddy in the project area is estimated at about 30 to 40 tons which is
negligibly small.

Vegetables such as okra, water melon, etc. are usually grown during
the dry seésou of April fb July. No fertilizers and chemicals are used.
No hired labour is used. The averége yield.of okra and water melon esti-
mated at about 3.5 t/ha and 1,000 fruits/ha respectively according to the

results of the field survey conducted,

Animal producfs form another important cash source in the Gasaba
area. At present, sedentary livestocks and migrating animals from
outside area.are Being grazéd in the'project area during nonflooding
season from April to'July. They mainly consist of sheep, goats and
cattles, The number of animals owned by the farmers in the surrounding

arcea of the Abu Gasaba basin, is estimated at about 140,000 heads, through’

farm survey, However, the number owned by nomads is not obtainable.
The acreage of wild grass land which is available for grazing in the

project area is about 9,000 ha or about 45% of the project area.

ii) Adjacent area (see Annex VII)

In the irrigated pump scheme, three-year crop roéaﬁion.farming is
practiced. Namely, cotton is grown during the period of August to
February in the first year, then followed by sorghum.from August to
November in the second year and the land is fallowed in the third year.
Recently, groundmut has been introduced into the rotation instead of
sorghum. Winter crops such ds wheat and oﬁion'are also grown to some
extent éfter barvesting soréhum. The cropping intensity is estimated

at about 67 % so far, but increasing gradually.

Fertilizers are used only on cotton and wheat at the rate of about
190 kg/ha {80 kg/fed.) of urea. Agricultural chemicals are used on cot-
ton by the Plant Protection Office, but very little on wheat and ground-

put so far. Hired labours are recruited locally among the landless and
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the smaller tenant farmers, The fo]lowlng table shows the average Ppro-

duction cost of major crops in the adaacent area (see details in Annex

) Vi1).

Description Cotton Sorghum Wheat Le gume

. (£s/ha) {£s/ha) {£5/ha) (£s/ha)
Field preparation 15.1 7.2 7.2 7.2
Farm inputs 35.1 1.5 21.8 8.0
Labour charge 27.1 13.2 11.2 20,5
Total 77.3 21.9 40.2 35.7

According to the data provided by the auvthorities concerend, the
avefage yield aﬁd the total production of major crops around Gasaba area

are as follows:

Government Scheme Private Scheme

Yield Production Area

Crops Area Yield Production
{ha) {t/ha) {t) (ha) (+/ha) (%)
“Cotton 6,480 0.78 5,054 1,580 0.48 ?58
Sorghum 5,780 1.02 5,896 1,060 1.35 1,431
Wheat 1,600 0.44 T04 - - -
Legume 290 0.57 165 - - -
Onion - - - 340 5.13 1,744

3.6.3 Livestoqk

The project area piays dn important role as grazing land for live-
stock during the period of April to August. Liveqtock'substantially _
migrate to the project area from the wesbern alld zone in the abovemen-
“tioned period. The’ f0110w1ng table shows the numbe1 of 11vestock in and

around the pr03@ct area in 1977, which does not include the number of

livestock migrated from outside the Gasaba area.

Kind of Animals

Cattle
Sheep
Geat
" Camel
Donkey
Horse

Total

Number
{(head)

42,800
54,800
34,200
1150
5,200
160
137,200
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3.7 - Land Tenure and Farm Size

* The landowners were compensated'fer the cultivation right in the
project area by the Governmenl when the Jebel Aulia Dam was constructed.
However, the land is still being owned by.the local inhabitants. The
following table illustrates the land tenure situation in the project area

based on results of the farm sample survey.

Holding size (ha) <10 10 - 20 . 20 - 30 30 - 45 Total
Proportion (%) 8.7 7.2 8.1 6.0 100

The land tenure situation in the area adjacent to the project area
is illustrated in the following table. An average size of land holding

in the.existing small pump scheme is about 33 ha per household.

Land holding{ha)<<10 10-20 20-30 30-45 45-60 60> " Total

BEd Dueim{%) 3.5 0.9 34.5  37.2 8.9  15.0 100
Kosti{%) 8.3  11.5 56.2 21.9 - 2.0 0 100

In the large government operated irrigation séhemés_(corporafipn
schemes) , the farmers cultivate the.land as téndnts, and enjoy full
security under the tenure arrangemént. ‘The tenants are entitled to
recéi?e full income derived from all crops dther than cotton. In the
Case.of cotton production, the joint cost is subtracted from the gross
value of the output, and the balance is shared among the tenants and

the corporation in proportion of 50 to 50 %.
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3.8 Hegional Agriculiural Support Services

3.8,1 Agricultural Research

No regional stations nor substations exist near the preject areca
and in the White Nile Province. The research activities are carried out
only by the Agricultural Extension Department and the liaison offices in

Fd Dueim and Kosti in cooperation with the mearest regional rvesearch

-station, i.e., the Gezira Regional Research Station. No research activi-

ties for rice production are carried out around the project area and in

the White Nile Province.

3.8.2 Exbension Services

There are two regional branches for the Agricultural Extension

. Department, Plant Protection Administration, Horticulture Administration

around the project area. One is located in Ed Dueim and the other is

in Kosti. In Ed Dﬁeim Branch, the Agriculfural Extenéidn Department
posseséos five staffs cdnSiéting of univéfsitj-graduates and senior high
school graduates. The Kosti Branch has ten Sﬁaffs;- Ali Departments are
encountered by the problem of shortage of the sﬁaffs of the said regiohél
branches. Transpdrtation facilities (automobiles) are not adequate,
either Budget appropfiated'is not Sﬁfficient to achieve the objectives.
The officials can not.find farmers during their visits quite often.
Farmers somebimes do not pay attention to the information vhich are of

vital importance to their farming activities.

3.8.3 Credit and Loputs

In the Dueim office of the Agricultural Bank, £s. 185,000 is
allocated annually for loans. Greater portion is usually advanced to

the cotton producers. In the_year.l974775 £s. 169,000 was lent and

£5. 137,000 in the year 1975/76. 1In 1976/77 limited cobton was grown

in Dueim area. Consequently, 6n1y £s. 22,000 was advanced through the

office.

3.8.4 Plant Protection

The Dueim Branch of the Plant.Proteéfioﬁ Administration has 167.

staffs; 5 land-rovers, 2 lorries and one tractor. The amount of the
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budget appropriated is sufficient. The number of vehicles will be suf--
ficient with one or two additional cars. - The number of staffs is, how-
ever, not adequate. Moreover, all the staffs and the facilities are
located in the Dueim office and the Kosti office, preventing free use

in the distant places in the area. Bstablishment of additional branches

.would be desirable.

3.8.5 Public Corporation for Agricultural Production

There are about 28 public schemes around the'project area, sixteen

of which belong to the Dueim Agricultural Corporation and the rest to

the Kosti El Renk Agricultural.Corpbration. Total acreage of the 28
schemes amounts to about 25,500 ha. The average size of tenancy in
these schemes ranges between 5 hg and 6.3 ha, Main crops are colton,
sorghum and wheat which are cultivated accdrding to the annual rotation

system. Vegetables in some cases are grown in a relatively small avea.

3.8.6 Cooperative Movement

In the surrounding area of the project area lying in the Dueim
Distriet, therg are 9 cooperatives of various kinds handling agricul-
tural production, flour milling, dairy, bakery and passenger transpor-

tation. The number of participants in these cooperatives totals 1,393

in 1977. In the'surrbunding area of the project.area in the Kasti

District, there are 8 multi-purpose cooperatives and one flour milling
cooperative. Two agricultural production cooperatives are under con-

struction.
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1V, THE PROJRCT

4.1 ‘gpojéct.Concept

The project area is locatled about 1,000 km away from Port Sudan,
the only international'port of the Sudan. Transportation cost of the
output of the project area to Port Sudan will be donsiderably costly
where it has to depeﬂd on road and railw&y.tfansportation. In this

view, the project area must produce profitable products.

A huge amount of water resources evaporating from Abu Gasaba swamp
at present will be cuftailed with the project thréugh land reclamation.
While, a fair amount of water resources lossed during irrigation period
will be ciréularly utilized for irrigaﬁion purpose, since most of the
said resources will finally return to the intake structures through
drainage canals. Hence, the comparatively small amount of water
resources will be substantially consumed in the.project area, even
though twice rice cultivation will be proposed. . As mentioned in Annex
IX, rice produétion is the moét feasible in the Abu Gasaba area in

particular, in view of water economy.

The projécf arca is swaﬁpy and is'considerably-flat. The area is
more favourable for the developﬁeh@ of the paddy field than the upland
field in'view.of the tbpogréphy, "The area is mostly cofered with alluvial
héavy elay soils. . The cultivation of upland crops in the project area un-
questionably requires a ld;ge amount of expenditure for the improvement of. 
the drainage coﬁdition._ The pedbloiogicai_coh&itidn in fhe area 1is genérally
favourabie for rice cultivation. Furthermbre, the area is endowed with sub-
stantially favourable climatic conditions to permit the growth of paddy rice.

Double cropping of rice is meteorologically feasible.

The long-range.policy of the rice developmenf in the Sudan is based on :
the export of surplué rice after aﬂtaiﬁing self-sufficiency. HRecently, the
rice production is also Being encouraged as one of the eligible crops for
export, in the Six-Year Development Plan for Agriculture. The international
prices of rice forecasted by ﬁhe relevant international authorities are re-

markably stable compared with those of other agricultural products.

" All the land in the area submerged as the result of operation of the

Jebel Aulia Dam has already been compensated for by the Egyptian Government.
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Only about one percent of the land is still being cultivated at present
only during the low water season, The ownership of the land will not

hamper the redevelopment of the area.

Both the colonizatidn of new farmers and the settlement of the
nomadic graziers in the project area are socioiogically hard to altain.
Moreover the casual labourers and the operators'of farmmmachihery are
employable around the project area, from the availabilily standpoint of

the labour resources,

- On the basis of the abovementioned current situation sﬁrrounding
the project area, the basic'cohcepts of the project are grasped as

deseribed hereinafter:—

- The redevelopment of the submerged land in the Abu Gasaba swémp
will be commenced with the construction of the polder dikes to

prevent the land from inundation.

The year-round irrigatién and fully controllable drainage systém

1

are provided for high yielding rice cultivation.

Systematic service road mnetworks are.provided to introduce
‘modernized farming practices, better water management and to

transport large amounts of inputs and outputs.

~ At present, the 1r11gatlon water sources for a number of pumping
schemes around the project area is dependent on the Abu Gasabd'
swamp durlng hlgh vater season, The implementation of the project
will necessarily result in the exhaustion of water source fﬁr
the exishiﬁg schemes around the project area. Speéial'measures

are taken to secure their water source.

—;Intenéively'mechanized farming practices are introduced in the
- project, taking into account the labourers' lack of experience

in rice cultivation.

~ Prior to the implementation of the project, a pilot scheme was
formulated to dispel many uncertainties in the technology of
‘rice cultivation. The operAtion of the scheme will commence in
1979 at latest. Research and training are also undertaken in

the scheme.
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4.2 Project Description

The gross project area of 20,000 ha (47,600 fedds) is delineated,
out of the Abu Gasaba swamp with a extent of about 23,000 ha., Excluding
numerous hiily tgrraces, scattering in the swamp and the sites for major
irrigation and drainage system, road system and onfarm facilities, the
net cultivation area of 15,600 ha (37,100 fedds) is isolated from the
gross area by the lengthy polder dikes.

The major components incorporated in the project are brieflly
described as i) construction of perennial irrigation and drainage system
and onfarm development work to permit the introduction of double cropping
of rice, ii) construction of rice processing and sterage facilities, and
iii) managing an organization of the projeci and its operation,

The components arc further described in details as follows:~

A) Construction of infrastructures

i, Embankment of poldexr dike,
ii. Excavation of feeder channel,
.iiif Construction of intake and pumping station
iv. Excavation pf'main'and lateral ifrigation canals
v. Ixcavation of main and tateral drainage canals
vi. "~ Onfarm development work

vii. Construction of service road network
B) Construction of processing and storage facilities

C) Organizational setup for the operation and maintenance of
the project
i. Operation and maintenance of irrigation and drainage system
ii. PFarming operaiion of rice

""diii. Processing, storing and selling of rice

The project cost and the operation/maintenance cost and the project
benefit for the whole projéct area are financially outlined as shown

below: -
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| (Unit: £5.10°)
1. Cost
Project cost
i) Base oSt viviveveinnannaennn fredenerarrarrsessaass B1,447
11)  COnbingencies ...veeeseseseesaneesocssnnsasesreass 31,203

Total project cost ..iieieniiienreersncsrrasercana. 82,650

Production cost _
i) 0/M cost of irrigation & drainage facilities....... 2,439
ii) 0/M cost of processing & storage facilities........ 2,834
iii) Administration cost ........ heeheeaans e aa " 422
iv) TFarming eipenditure R < -0

Total productioh COBb it e easeees 11,902

2. Benefit
1) GTO5S VALUE  4verureensesestsensennsenssansnannasss 25,455

ii) Net vallle  vuveensrnnresasesssrnssnorsssaserssenans 13,553

In view of bthe construction plan and project economy, the projecﬁ
is divided into four phases; the phése—2 is further subdivided into two
stageés, as shown in the General Layout (DWG N0.01) The phase-wise

acreage is summarized below:-

(Phase & Stage) _ (Hectareage)

I i eeierreeanaaeaaaaas 3,000

2

21 saneeenes e 3,200

7 3,200
(Sub total) 6,400

5 T e 3,000

4 i iieiaseaaaaans cer 3,200
Whole project 15,600

Preparatory works such as ehgineering works, procurement of
equipment, land acquisition and administrative facilities will be.
commenced immediately after obtaining loans for the project, and will

be followed by the major construction works. The whole construction
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works will be implemented by contract basis, and will be completed
within about 8 (eight) years after their commencement, in due con-

sideration of the project economy.

A double rice cropping patbtern is proposed to reap full benefit
from the project. An intensive agricultural méchanization plan is -

incorporated, together with the establishment of the rice processing

centers.
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4.3  Agricultural Development

4.3.1 Cropping Pattern and Yield

The following three alternative cropping patterns are thbroughly,
examined from the view points of plant physiological characteristics of
rice, anticipated yield and construction costs of irrigation water supply

system as shown in Fig. 4.1 (see details in Annex XII).

(1) Alternative I

Most of the projcét arca is flooded during the period of Sephtember
to February. Water level of the White Nile is centroled to maintain
EL. 377.30 m to EL. 377.50 m during the above period, Rice is grown
during a period of mid September to mid April.(about 180 days). .Irri_
gation for rice cultivation can be the gravity irrigation so that no

pump facilities are required to be constructed.

- Yield of rice would be lower than that of the summer crop due to
cool conditions in winter'and poor drainability iﬁ,the paddy field,
According to the Tesults of btrial culbivation conducted by the Agri-
cul tural Ser#ice.Office, White Nile Province in 1973/74, the yieid of
rice ranged from 3 to 4 tons/hﬂ. With the introduction of improve&'
rice varieties, appropriate.fertilizer éppliéatidn and proper water
control, the anticipated yield could Be 4.0 t/ha of paddy qt.the full
development.stage for the Alternative I.

The merits and demerits of this Alternative are the following.

a} Merits:

It is'not_ﬁecéssary to provide pumping facilities for irrigation
but some drainage pumps are required. Therefore, a certain amount
of construction cost of pumping station as well as its operation

and maintenance cosl can be saved,

b) TDemerits:

i) Because of the limited head between the high water level of the
White Nile and the proeject area, width of main canal to the
inner area is required to be widened, which result in certain

cost increase,.
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ii) Amount of evapo-transpiration loss ig considerably larger than

that of the rainy season crop duc bto the longer growing period.

iii) Only one crop of rice a year can be grown and the yield would

be as low as about 2.0 ton/ha.

iv) Drainage pumps are still required during the rainy season and

the paddy growing season.

v) The project is not economically sound due to the smaller total

production.

(2) Alternative II

Alternative IT is the cropping patiern based on the production of

:two rice crops a year. The first cropping is conceptionally similar to

that of Alternative T. The second cropping will itake place during the
hot summer season of May to September (about 120 days). Similar second
cropping wﬁs carried out in Gezira and it was recognized that the.yiéld
was félatively normal rénging from 7.6 tonsnto 4.0 tons of paddy

per ha accofding to the Héport cn Rice Triél—Planting in Gezira Area in
1973. With the introduction of improved varieties, appropriate fertili-
zer'applicatibﬁ and proper water management, the yield of 4.0 ton/ha for
the first cropping and 5.5 ton/ha for the éecond cropping can be expected
in the full development stage of the project.

The major merits and demerits of this alternative are as shown

below.

a) Meritb:

The project area will increase the yield.to about 9.5 tons/ha
of paddy by producting two crops of rice in a year, but
substantially a large amount of construction cost is further

reQuired for thezpumping facilities.,

b) Demerit:

i) In the first cropping, the evapo-transpiration loss is con-
siderably larger than that of the second cropping due to the

longer groﬁing period.
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ii) Additional investment in a substantial amount is required for
the construction of the irrigation pumping station as well as

its operatlon and maintenance.

(3) Alternative TII

This alternative is prepared based on the results of the experi-

ment carried ot in the Sudan. As seen in Fig. 4.1, the coolest season

(December and January) is excluded from the cropping programne in due
consideration of the ill-effects on rice growing caused by low temper-

“ature. The first cropping will be carried out during the period from

February to June (about 110 days) and the sccond cropping from mid July
to mid December {about 110 days).

Data on the yield from the second cropping have been obtained from
the”Gezira scheme. PFurthermore, the trial rice cultivation was carried
out at the project site in 1977 recorded an yield of more than 6 tons/ha.
On the other hand no data on the yield from the first cropping‘is availa-
ble in Sudan so far. Howcvor, it could.be estimated at 4.0‘t0 5.0 tons/ha
on the ba51b of the result of thp cu1t1vatlon trial car11ed out in Nigeria
where agrocllmatlc conditions are similar to those 1n_the growing period
of the first cropping. Therefore, the &ields of 4.0 tons/ha for the Pirst
cropping and 6.0 tons/ha for the second cropping in and after the 5—year
development period have been estimated respectively with proper water
management and appropriate fertilizer application. Both merits and de-

merits of the cropping pattern in this alternative are as follows:

a) Merits:

i} The project area to be benefited by producing two erops of rice
a year will produce abouﬁ 10 tons/ha of unhulled rice annually
though a deitain amount of construction cost is further required

for the pumping:faéilities.

ii) As the winter season is excluded, a certain amount of evapo-

transpiration loss can be zaved.
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b) - Demerits:
Additional investment costs are required for the construction of

pumping facilities as well as for their operation and maintenance.

The following table shows the anticipated yield of rice, production

value, construction cost of irrigation facilities and the results of eco-

nomic evaluation of each alternative. ([see details in Annex X}.
Unit Alt. I Alt, II Alt, ITE

Anticipated yield/year ton/ha 4.0 9.5 10.0
Gross production value 103/£s 7,688 18,258 19,219
Production cost 10°/£s 2,600 5,500 5,600
Net production value 10°/&s 5,088 12,758 13,619
Construction cost 10°/8s 62,600 95,600 77,600
TRR ' % 8.0 13.0 17.0

The above table clearly shows that Alternative III is most econemi~

cal. 1In addition, the ecropping pattern in Alternative III is determined

to be introduced in this project from the view'poiht of cconomical water

utilization. The cropping intensity of Alternative IIT is 2.0.

4,3.2 - Selection of Variely

One of the most important things to be observed for obtaining high
yield is to use improved varieties suitable to the prcject.afea under
proper mechanized farming aﬁd'irrigation. The data obtained at the ex-—
periméﬁts conducted in Geziré and the results of ‘the variétyltrial con—

ducted at the project site in 1977 as well as those of variety tests

“conducted in Nigeria; the fdllowing varieties have been selected as re—

commendable varieties for the project area so far, bub re-examina bion
and confirmation are required through future experimenits in the project

aren,.
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Varieties Yicld of Varieties (4/ha)

Ed Dueim Zi" Gezira l& Nigeria 12
IR-28 - -~ 6.0
T05~103 _ - - 7.0
C-11 : 6.8 - 7.8 -
C~15 : 9.0 8.7 -
IR-22 6.8 7.7 -
IR-5 7.3 - 8.0
IR-298 7.9 - -
BG-34 8.0 - _ -
BG-90 9.8 - 7.5
IR-8 8.7 - 8.0
Cc-6 - - -
-9 - 6.3 -

IR . 8.1. - -

/1: tested at project site on June to October, 1977

/2: tested at Gezira Scheme in 1972 - 1974 by Chinese Rice
Growing Technical Team

/3 tested at Uzo-Uwani Pilot-Scheme in 1976 — 1977

4.3.3 Proposed Farming Practices

Full mechanized farming is proposed throughout the rice cultivation
from the land préparation to harvesting in due consideration of the soil
conditions ‘and shortage of familiarized {armers and labourers for rice
Cultivatioﬁ.in-and around the projeét area. From the careful study on
rice'cultiﬁation method the direct seeding method in dry condition of _
land is propéséd and after the_germination the rice field Qill be flooded

until the milk ripening stage of rice. (sece detail in Annex XII).

.4.3.4 Farm-Inputs

The results of expellments carrled out at the research 1nst1tutes
in Gez1ra and other rice producing countries as well as in the pro;ect
area indicate that the improved varicties proposed requive timely'ap—

plication of fertilizers and chemicals to obtain high yields.
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Based on the chemical properties of soils, proposed applicalion of

fertilizers is estimated in each crop as follows:

: : ' N1
Ures {Nequiv.) T‘S‘P'Z_ (P05)

(kg /ha) ' (kg /ha)
First paddy 150  (70) 75 (35)
Second paddy - 200 (90) 100 (45)

_ In addition to the above, some 5 to 10 tons/ha of rice straw will
be applied into the soil not only for improving the physical conditions
-of soils but for supplying humus and obther minor elements in the soils.

Fertilizer application is made.by the following procedures:

_ First . Second
Fertilizer Stage. paddy  paddy
(kg/ha) (kg/ha)

Urea
Basic ' 45 60
First top-dressing Before most active tillering 30 40
Second top-dressing _Befoie most active reduction 45 60
division
Third top-dressing Full heading 30 40
T.S.P,
Basic . 75 100

No remarkable damages'to rice due to pesls and diseases are observed
at present in the Sudan. Owing to fhe expansion of rice cultivation,
however, the damages will difinitly be caused. Therefore, the plant
prétectinn pfogrdm.will be incofporated in this project. About 30 kg/ha
cach of insecticides and fungicides will be used in the respective cfop

season.

Weed control in rice cultivation is most important particularly in
case the diréct sowing method is employed. About 30 kg/ha of herbicides
will be applied two times, first at just after seeding and second at

about 30 days alter seeding.

Zl Triple-super phosphate.
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4.3.5 Agricultural Mechanization

In view of the very hafd soil conditions, suitabiiity of mechanized

_rice”cultivation and limited labour force in the project area, the irri-

gatibn farming will be fully made by'mechanical operation. '

_ The flood rice cultivation praclices are usually made under sub-
merged soil conditions. Due to the very low trafficability in the sub-
mefged'conditions, the land preparation and sowing will be carried out

under the dry field.

The selection of farm machinery_requircd'is carefully made in'due
consideration of so0il conditions in the project area and the present
farming practices in the Sudan. In order to determine the most appro—
priate and eéonomical number of tractors.and combines which ére the es-—
sential machinery for the project, a campardtivé study was'madé.on.three
alternatives from the vieﬁpoints of cropping pattern, workable days as
well as the actual field Qapdcity of Lhe machinery. The following table
shows the apprppriate quantity of'tractors and combines for an operation

group and the whole projecf.' Details ‘are given in Annex XIII,

Operation Unit ¥hole Aremll
Type of 400 ha 15,600 ha
{Nos.) (Nos.)
Wheel tractor 75 ps class 5 210
Crawler tractor 60 ps class - - 25
Combine harvestor 100 ps class 1 43

4.3.6 Farm Cutput

The yield will increase year after year through the improved field
conditions and farmihg techniques and the target yield will be attained
in the 5th year after the introduction of the irrigation farming. The

Following table shows the anticipated yields during the build up period.

il: 15 wheel tractors, 25 crawler-tractors and 4 combine harvestors
are added as a standby,
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Build-up period (year) ~Unit: ton/ha

5%: Croppin © 1st 2nd 3rd 4+th 5th
1st crop 3 1.5 3.8 4.0
2nd crop 4.5 5.6 6.0
(Total) 7.5 > 8.8 9.4 10.0

Total production from project activities at full development stage

{5 year after the commencement of the work) is shown below.

Rice Production at Full Development Stage

Planted Harvested Paddy
' _ Area ‘st Crop 2nd Crop Total
Tract Phase {ha) {ton) { ton) {ton)
1 1 3,000 12,000 18,000 30,000
II 2 3,200 12,800 19,200 32,000
11 3 3,200 12,800 19,200 32,000
ITI 4 3,000 12,000 18,000 30,000
v 5 3,200 12,800 19,200 32,000
Total 15,600 . 62,400 93,600 156,000

In addition to the above, approximately 230,000 tons of rice slraw
would be produced as by-product, out of which about 80% will be used as
fodder substituting for bhe natural grass to be grown in the project area

and the remainder will be returned to soil to improve the land.

4,3.7 Processing of Farm Product

No rice processing plant is available in and around the project
arvea. Since rice produced would be exported abroad, the paddy rice will
be milled at the project area to minimize the transportation cost from

the project.area to Port Sudan, the only sea port in the Sudan.

The rice processing plant will be cstablished at five stations;
respectively at each tract, according to the implementation schedule
of the agricultural development plan. The rice processing.planf with

parboiling system will be introduced in the projéct area from the fol-

loving peints of view.
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i) The rice produced is expected to be exported Lo the Arab_-.
countrics because the people are gquite familiar with the

parboiled rice.

ii) Grains produced in bthe project area are liable to crack due to
low relative humidity and broken rice may be produced in the

course of processing.

The milling capacity is determined by the total number of operating
days and the production for a season.. The following table shows the prin-

cipal features of the major equipment in each station.

Description Capacity Quantity

{(set)

1. Réceiving and cleaning paddy 20 t/hr %

2. Grain starage bin 1,500 ton 12

3. Parboiling equipment 144 ton/day 1

4. Milling equipment 2 toné/hr . 3

5. Pover stabion - 250 kVA 5 L1

6. Tuol tank 20,000 {/banlk 4

/1: Including a standby.
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4.4 Irrigation and Drainage Requirements

4,4,1 Irrigation

Since no field data on the irrigation requirement for rice cropping

are available in and around the project area, lhe requiremenlt is estimated

from the climatic data. The maximum and minimum potential evaporations -

are estimated at 8.6 mm/day in April, 5.3 mm/day in August'on the basis

of'thé_authorized empiriecal formula,

Pre-irrigation re@uifement, instead of puddiing requirement, is
incorporated in the water requirement, in due consideration of the
proposed direct sowing practice and soil moisture condition at the initial
stage of land preparation. The requirement is assessed at 105 mm for first
cropping and 90 mm for second cropping, respectively, inclusive of the

germination water of 45 mm.

Such factors as consumotive use, percolation, effective rainfall and

irrigation efficiency are examined in detail and mentioned in the relevant

‘chapter of'Annex IX. Table-4. 1(1), (2)'show'th° éstimated value of each

factor. Secasonal d1v91310n requlrements in m /sec are tabulated be]ow,
the pealk. diversion requ1rcment of 28.9 m /sec oceurs in Aprll and the

minimum reguirement of 3.3 m /sec in July, for the whole project area.

(m3/seé)
Jan. Feb. Mar. Apr, May Jun. Jul, pug. Sep. Det. Nov, Dec.

Tract-1 0.7 1.7 4.6 5.6 4.3 1.6 0.6 1.7 3.4

4.0 3.9 1.4

~2 1.4 3.7 9.811.8 9.1 3.5 1.4 3.7 7.2 8,5 8.2 3.1

—3 0.7 1.7 4.6 5.6 4,3 1.6 0.6 1.7 3.4 4,0 3.9 1.4

4 0.7 1.8 4.9 5.9 4.6 1.8 0.7 1.8 3.6 4.3 4.1 1.6
Total 3.5 8.9 23,9 28.9 22.3 8.5 3.3 8,917.6 20.8 20.1 7.5

' Total amount of annual requirement is estimated at 460 million -
on an average for the wholé project area, based on the seasonal diver—

sion requirement in the above table.

Actually however, about 90 million m3, out of the lossed water
during irrigation period and about 40 million m3, out of the drained

rain water during rainy season will return to the intake of the project
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through drainage canals and will be circularly diverted for irrigation

E of water resource

purpese by pumping. Furthermore, . about 250 million m
will be saved since.the_evaporation from the swamp will be reduced by

the land reclamation of the project. .The net annual consumption of water
resources is estimated at only 80 million m’ for ﬁhe whole project area.

{See Anmex IX)

4.4.2 Drainage

. Drainage systems consist of onfarm drainé, drainagéTlaterais and
main drainage canals. The runoff by the rainfall is directly drained
into onfarm drains and then collected to laterals and subéequently main
drains. Generally, the vater level of the White Niie during a.period
from August to March is highér than the ground level of the project area.
The runoff in the Project area is gradually removéd'to the White Nile
by the pump with dual purpose for irrigation and drainage, affer once

detained into the drainage canals and paddy field.

The daily maximum rainfall with 10'Yéars probability is estimated
ét 79:mm/day. While, thé frequency of the coﬁsecutivé-drought days
after the Cease.bf.the comparatively high intensive réinfall, i.é. greater
than.40 mm/dayg is statistically examined. Thé consecutive drought days
with 10% probability is estimated at 4 days. It is decided from this
result thaf the runoff is . removed to outside of the project area within

4 days against the coming rainfall.

The total amount of runoff based on the said daily maximum rainfall

is figured out, deducting the amount of evaporation during 4 days, as

follows.
Total Amount of Runoff
Tract—1 Tracl-2 Traci-3 Tract-4 (Whole area)
Catchment Area (ha) 3,450 7,770 3,600 3,800 18,620
Gross_ampﬁnt of -
runoff (103m3) 2,726 6,138 2,844 3,002 14,710
Evaporation (103m°) 731 1,647 763 802 3,947

Net amount of runoff _
(103m3) 1,995 4,491 2,081 2,196 10,763







According to the drainage method mentioned above, some amount of the

runoff water is detained in the paddy field during a peviod of 2 days in

due consideration of the growing stage of rice plant, and subsedueﬁtly

drained into the laterals and the main canals through the onfarm drains.

The required'storage capacity and drainage requirement are, respectively,

estimated as follows, based on the total amount of the runoff mentioned

above.
Storage Capacity and Drainage Réquirement
3 ' Whole
Tract-1(10°m°)  -2(203m3)  -3(10%m3) -4(103m3) Area
Paddy field 998 2,246 1,041 1,098 5,383
Onfarm drain 203 432 203 216 1,054
Drainage lateral 155 471 - 188 198 1,012
Main drainage canal . 639 1,342 649 684 3,314
Tobal storage capacity L 12995 4,491 2,081 2,196 10,763
' (m”)
Drainage requiremeng" 5.8 13.0 6.0 6.4 31.2
' {mn”/sec)

A considerable portion of the waste water from the irrigation system

during dry season, about 94 mill

3

ion m

, emerges ultimately in the drainage

system. The total amount of evaporation from the surface of the drainage

canals throughout the year is estimated at about 4 million m>.

The drainage requirement during the dry season is assessed at about

4.3 m3/sec or about 90 million m3; the unit roquirement per ha is equiva-

lent to about 0.22 f/sec/ha. (See Annex IX)
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4.5 .Project Works

4,.5.1 Irrigation and Drainage System

Irrigation

The year-round pumping irrigation system is economically and tech~
nically justified as the resuli of the comparative study. {See details
in Annex-X) The irrigation canals are designated as main canals and

laterals according to the respective functions.

Unlined canals with trapezoidal cross section are proposed for all

the irrigation canals. In tracts-l and -2, the main irrigation canals

are aligned along the western bdundary of the project area at an elevation
of about 376.70 m above MSL. The irrigation laterals stretch out from

the maih irrigation canals on one side at regular intervals of 2.0 km.

The entire reach of the main canals is considerably embanked., While, in
tracts-3 and -4, the main irrigation canals are extending from the pumping
station westward at somewhere near the center of the tracts. The
irrigation laterals branch away from the main irrigation canals like

in tfacts—l and -2,

The assigned discharge of each canal is calculated and sumnarized in
Fig. 4.2(1)u(4), on the basis of the irrigation requirement and the canal
nétwork diagram. The typical cross section of the respective canals is as

illustrated in Fig. 4.3.

The hydrdulic'gradient'df the main canals and the 1atérals fangés
from 1/70,000 to 1/20,000 and from 1/30,000 to 1/1,500, respectively.

The total lengths of the proposed'canals are as shown below:—

"Tract-1 =2 -3 -4 (Total) km
i) Main irrigation
canal 15.5 27.6 4,2 4,6 51,9
ii) Irrigation

lateral 19,0 46,2 23.7 31,9 120.,8







The canal density of the proposed irrigation system inclusive of

onfarm ditches is equivalent to about 60 m per ha.

Drainage

The drainage facilities are classilied as the main canal, drainage
lateral and onfarm drain, according to the respeclive function. During
the high'water season, some amount of rain water in the project area is
detainéd in the paddy field'during a period of 2 days, in due congider-
ation of the growing stage of rice. - The femaining amount is stored in
the laterals and the main canals during a period of 4 déys, t&kiug'the
consecutive drought days into account (refer to the "drainagé require-—
ment"). While, during the low water season, the runoff water from the
project area is direcﬁly drained into the onfarm drains to be released
into the main drainage canals through the drainage'laterals.by gravity.
The runoff water from the Um Jerr Island and the vast table land extend-
ing to the west of the projecf avea is.directiy drained into the While
Nile by gravity through the feeder chanﬂelélaligned along the boundary

of the project area.

~In tracts-]l and -2, the main drainage canals are aligned on the
periphery of the Um Jerr Islend. The periphery is located on the_iow—
.lyiﬁg depression at an elevation less than 376.0 m above MSL.“on.#ﬂ
average. The drainage ldterals.branch away on one side at regular
intervals of 2.0 km, alternating with the irrigation laterals. In
tracts-3 and -4, the main’dfainage canals are aligned along the polder
dikes and the drainage laterals are proposed at the depressed sites

in each tract.

_ Uﬁlined canals with trapezoidal cross section are designed for all -
drainage canals, based on the storage capacity estimated (see "the drain-
age requirement"). The typical cross section of the respective canéls is
'illustrafed in Fig. 4.3.. The hydrauliec ‘gradients of the main canal and
the lateral ranges from level to 1/3,500 and from 1/15,000 to 1/2,000,
‘respectively. The total lengths of the proposed canals are as shown

belows:~—

/1: Refer to 4.5.6 Compensatory Work
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Tract-1" -2 -3 -4 (Total) km

i) Main drainage canal 17.0 27.% 15.5 13.7 73.3

ii) Drainage lateral 19.1 39.2  20.5 24.5 103.3

The canal density of the proposed drainage system, inclusive of

the onfarm drains is equivalent to about 40-m per ha.

4.5.2 Road Network

All weather road networks avc proposed to be providéd for farm-
to-market and market-to-farm access to allow the truckage of new
project inputs and oublputs, and to facilitate the O & M of irrigation

and drainage system.

The main roéds are mostly aligned on the top of the polder dikes
and the feeder chahnel dikes; some of them are supplementarily éligned
b at somewhere near the center of each tract. The farm roads stretching
~ out from the main roads are aligned along the irrigation'laterals ar_
ranged at 2 km ih%ervals, provided with the inspection roads for the

operation and maintenance of the irrigation laterals.

Both roads are paved with well compacted laterite soil. The
density of the road networks inclusive of the onfarm road, is equivalent
to 50 m/ha. The main features and the total lengths of the proposed

roads are summarized bhelow:-

Main Features of Roads

Main Road Farm Road-
1. Total width _ 10 m 8 m
2. Effective width T m 6 m
3. Height to be embanked 0.5 m 0.3 m
4. Percentage of camber : 3 % 3 4

i
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Total Length of Roads

Tract-1 Tract-2 Tract-3  Tract-4  {Total) km

Main Road .  39.8 87.2 38.4° 41.0 206.4
Farm Reoad 55.4 110.8 47.4 46,6 260.2

4.5.,3 Flood Protection Work

The polder dikes are aligned along the boundary of the project area.

From the Hydrological data recorded at Ed Dueim, the maximum high

water level at the project site of EL. 377.74 m above MSL, is asSeSSed for
the polder dike. The crest elevation of +the dikes proposed is EL. 378.70 m
above MSL, including an extra embankment for the settlement and consolida-

tion of the dike, the scramble of wave and some clearance.

An alternativé study has béen made on the diké alignment along the
rivefside of thé White Nile. Based on the outcome of the study, the
dikes along the riverside are aligned on the dbntourline of EL..BTE.ZO m
above MSL. The height of dike ranges from 2.5 m fto 4.5 m, according to
the topograbhic'condition of the sites. The crest wi&th'of'lo m is pro-
pbsed in view of the traffic'functidn of the main road iﬁstalled on the
top of dike. Internal and extérnal side sloﬁes of the dikes proposed

are 1:2,0, The typical cross section of the dike is illustrated in Fig.
4.4, The total léngth of the dikes in each Tract is as shown below:

Tract - 1 37.4 km

n 2 61,1
" 3 29.2 "
» 4 27.0 "
Total 154.7 km

The cmbankment materials of the dike are borrowed in the immediate
vicinity of the site of the dikes from economical viewpoint. All +the
borrow pits excavated along the dike alignment function as the main

drainage canals.,
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4,5.4 Irrigation and Draindge Facilities

1) TIrrigation

i). Inbtake structure and pumping station

The maximum and minimum waber levels al each intake site of each
tract are proposed to be 377.70 m and 372.45 m above MSL, respectively
on the basis ﬁf the records at the Ed Dueim waber gauging statibn, since
1966. An inlet channel with a depth of 3.5 m and a bottom width of 4.0 m
for intake structure is.excavated.in éach_tract'to d¢ivert irrigation water
from the main stream of the White Nile during the low wéter season. The

side slope of channel below low water level is lined with rubble masonry.

‘The length of each chammel at each tract is around 200 m on an average.

The intake structure is equipped with 2-barrel rectangular box culvert of
reinforced concrete and a regulator with steel slide gates each at the

inlet and the outlet.

A pumping station is installed in each tract for dual purposes,
namely, irrigation and drainage. The delivery discharge is estimated
from the diversion reguirement and the drainage requirement, assumed
pumﬁing operation of 20 hrs/day; the irrigation water excessively

pumped up due to the shortening of cperation hours by 4 hours is

- regulated within the freeboard of main canals., As for the ﬁype of

pump, & mixed flow type.with a horizontal axis is pfbposed, A diesel

‘engine is specified as the prime mover_of_ﬁhe pumping unit in each station.

The main features of the pumping station arc summarized as follows:

(Iteh) : (Unit) Tract-1 Tract—2 Tract-3 Tract-4 ¥hole area

1. Command Area ha 3,000 6,400 3,000 .3,200 15,600

2. Delivery Discharge m/s  6.72 14.28  6.72  7.08 34.8LL

3. Pumping Bore ~ mm 1,000 1,100 1,000 1,000 -

4, Nos. of Units No. 3 5 3 3 14

5. Total Head m 7.5 7.5 7.5 7.5 -

6. Gross Power P.S, 900 2,100 900 1,050 4,950
(Unit output) .5, 330 420 330 350 -

f1: The delivery discharge estimated is enough to meet the amount of
the drainage requirement mentioned in 4.4.2,
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ii} ‘Purnout

The burnouts are provided to disiribﬁte'the iequired water from
the parent canal into the offtake canal. Manual slide gates axe
"installed to regulate the amount of required water distributed through
the turnout. A Parshall fluhe is combined with the turnout to be

installed on the main irrigation canal.

iii) Check structure

Check structures are proposed for the main canals and laterals to
maintain the water level necessary Ffor the diversion of irrigatibn
water. Check structure comprises a reinforced concréfe flume and one
transition each at upstream and down stream; the flume is equipped with
steel slide gates to check water surface in the canal. The inlet and
the outlet of the structures are protected with dry rubble masonry.

The standardized interval between two check stfuctures is 4 km for the

main candl and 2 lm for the lateral.

iv) Irrigation culvert

The culverts are provided on the irrigation canals to intersect
the road networks., The irrigation culvert is deéigned with an in-situ
_concreﬁe barrel with rectangular sechion for the large scaled one and
a precast concrete pipe Tor the small scaled.oﬁe. The dry masonry is
installed on the upstream and the downstream of the culvert structure

to protect the canal surface from scouring and ervosion.

The number of canal struectures, such as the turnout, the checlk

structure and the irrigation culvert is summarized below:-~

Tract Turnout Check Stfucture Irrig. Culvert
1 164 17 ' 34
2 384 38 84
3 173 3 " 24
4 215 21 . 47
(Total) - 936 ' 84 189
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2) Drainage

i) Drainage culvert

The drainage culverts are provided for the farm road and canal
crossing., The culverts are designed with an in-situ concrete barrel
with rectangular sedtion'fcr a large scaled one and a precast concrete
pipe, for a small scaled one. The protections with dry masonry are

installed at both up and down stream of the culvert.

ii) Drainage junction
To protect the canal surface against scouring and erosion, the

drainage junction is installed at the comnecting point of two drainage

canals.

The number of the proposed drainage culverts and junctions is

summarized as below:-

Tract Drainage culvert Drainage Junction Total
e 3 47 83 130
G :
2 90 - 205 ' 295
3 52 _ 59 111
4 52 _ 88 140
241 435 676

4.,5.5 Onfarm Development Work

Onfarm ditch and onfarm drain are separately aligned from the
operation ﬁnd maintenance view points of the terminal system and water
management. The onfarm ditch is arranged along the onfarm road at the
intervals of 400 m, alternating with the onfarm drain. The-arfangement

of onfarm facilities is as illustrated-in Fig. 4.5.

The size of 0.8 ha and the shape of 40 m x 200 m {width x length
of run) for the terminal plot are justified both techniéaliy and
economically throughout the albternative study (refer to fhe relevant

chapter in Annex). The justified plot is managed by subdividing it
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into four (4) or five (5) subplots with lentative ridges Lo achieve
%%_ precise water control at the early grdwing stage of paddy. The
terrace at an elevation of more than 377.2 m above MSL. is excluded
from the land levelling work to minimize the levelling cost. The
farm surface andulation in each terminal plot should be limited to
within 10 em after the comp1etioﬁ of the work. The volume of earth_
work per ha. of the levelling work is estiﬁated at 320 mj/ha on an

average,

At the pre—water stage, 4-day rotational irrigation practice is
applied to the 50 plots each commanded by a minor turnout;.12.5 plots
(10 ha in total) out of the 50 plots are irrigated each day.

The density of onfarm facilities is tabulated below:

Onfarm ditch 50 m/ha
Onfarm drain 25 m/ha
Onfarm road 21 m/ha

4.5.6 Compensatory Work

239 pﬁmping schemes all together have beeﬁ developed 'in the area
aloﬁg the boundary of the project area, out of whiéh 28 schemes are
being operated by the public Corporafion; and the fémaining 211 small
scaled schemes by private sectors. In order to sﬁpply suf ficient irriga-—
tion water to the above schemes after implementation of the project, the

feeder channels is planned along the outside of the polder dikes.

" Feeder CHannels of 100.0 km long.in total are there excavated along
_the_bdundary of the project area to divert irrigation water from the
White Nile to all the existing schemes after the compietion of the
project area. Two inlets for the channels are proposed in the vicin-
ity of the Araki Island and Galli villages, respectively. }Two inlet
channels are supplementarily propoéed to dispel such a hydraulic un-
certainty, in connection with the demarcation of Tracts-2, -3, and

4.
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The botbom of channel is excavated up to the elevation of 376.20 m

above MSL.

An unlined canal is proposed throughout the entire reach of the

channel. The main features of the channel are summarized below:

i. Average bottom width : 40 m

ii. Bide slope : 1: 1.5
iii. Bottom slope : level
iv. Total length : 100 km

4,5.7 O0ffices and Quarters

Office and quarters are proposed for the implementation of the
project. ‘These facilities are built iﬁitially for the construétion
works. After completion of the work, they are conitinuously used for
the operatioh of the project. The head office of the project is built
at the compound adjacent to the crossing read to the Um Jerr Island,
while the scheme office of each tract, on one of terraces scabtering

15 there. The required spaces of offices and quarters are estimated as

follows;

i For admihistration
— Head office 7 1,200 m _
§ '- - 2,
- Scheme offices {5 Nos) 600 m~ (in total)
ii For enginecering services

- Consultant office 400 m2
. T
-~ Quarters - 400 m
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