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MEMORANDUM ON UTILISATION OF WATER FROM ROSEIRES RESERVOIR

CHAPTER I - THE ROSEIRES IRRIGATION PROJECT

94 In June 1961 the International Bank for Reconstruction and
Development, the International Development Association and Kreditanstalt
fur Wiederaufbau Jointly agreed to make loans avallable to the Government
of the Republic of the Sudan to assist in financing the construction of

the Roseires Dam as part of the Roseires Irrigation Project.

2 The Project was defined as the construction of the dam together
with irrigation works and farm development to enable the water stored

in the reservoir to be effectively used.

e The headworks for a future gravity irrigation canal on the

west bank of the river, with a maximum capacity of 360 cumecs for reservoir
levels at or above 467.2 métres was to be incorporated in the dam structure,
Provision was also made for intakes for a future hydro-electric power
station with an ultimate capacity of 7 sets of a nominal power output

of 25 MW, each.

/i1 At the time the loans were made the total volume of storage which
would be available to the Sudan as a result of the construction of the

Roseires Dam was assessed as follows:~-

TABLE 1
STORAGE - MILILIARDS
1 milliard = 1,000 million cubic metres

§ TOTAL (milliards) . 0.93 ; 1.6k 3,98 3,51 | 8.88 i TeT0

! Reservoir é 1962-63 é Roseires f Roseires

| | Stage I : Stage II

‘ : (TWL. 480 m) ; (TWL. 490 m) |
] + Gross Net | Gross |  Net | Oross | Nef?
| 1 5 , .
| Sennar Bl UL L e e NS
| Jebel Aulia | g | j | |
| equivalent i i 0.85 - e B | { - |
{ ! ! ¢ ]
| Roseires } - e 3.02 2.72° ! T.62 Lo Bl
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Notes: (i) In the above Table "Net" represents "Gross" volume
of storage less estimated evaporation losses, but

with no deduction for dead storage.

(1i) The 6.91 milliard figure under Roseires Stage II
was not computed in 1961 but represents the gross

volume less 0.7l milliards evaporation losses.

B Uses for the additional water stored in Roseires Stage I were

proposed as follows:-

(a) Conversion of restricted pump schemes to unrestricted

pumping.

(b) Intensification of cropping of the Gezira area.

(¢) New pump schemes.

(d) Extension of the Gezira-Managil area.

(e) Increasing supplies for existing schemes.

(f) Expansion of sugar cane production in the Guneid area.

6. It was considered that the above proposals would absorb about
1.9 milliards of Roseires Stage I storage and that a research programme

would determine the most economic use of the balance.

CHAPTER IT -~ PROGRESS IN TRRIGATION AND POWER DEVELOPMENT

SINCE 1961
Dams and Reservoirs
Roseires Dam,
s Construction of the dam is well advanced, and substantial

completion should be achieved by lst July, 1966 to enable water to be
stored to Stage I level of 480 metres during the following flood. This
is an agvance of 12 months on the programme envisaged when the loan

Agreement was signed and the main contract awarded in 1961.
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8. During the course of construction of the dam it was found

R

necessary to incorporate hecadworks for a future gravity canal on the east
bahk, of similar capacity to that on the west bank. The working

i drawings were, therefore, recvised to accommodate the change,

0. In addition design work is now proceeding to enable

construction of the foundations for the main hydro-electric power station

to be started during the 1965/66 working season. It has been possible,
within the spacing of buttresses adopted, to increase the specified

power output of each set to 30 MW. at 29 metre head.

Khashm el Girba Dam.

103 Since 1961 the Khashm el Girba dam on the Atbara river has been
completed and is now in operation, with a gross reservoir capacity of

1.3 milliards and an effective storage of 1.0 milliard cu.m.
Sennar Dam.

Jika A hydro-electric power station with a capacity of 15 MW.
in two sets has been completed and is now in operation, linked to thermal

power plant in Khartoum and Wad Medani through a 110 kV, transmission line.

Conversion of Existing Pump Schemes to Unrestricted Pumping.

1P In June 1961 the gross arca of pump schemes under restricted

licences was 395,500 feddans, equivalent to approximately 341,000 feddans

gross irrigable area as recorded by I.B.R.D. in 1961. By 1964 the gross area
under restricted licences had increased to 407,700 feddans. As soon as
additional water hacows: available from Roseires storage all restrictions

to seasonal irrigation will be finally removed.

Intensification of cropping in the Gezira and Managil areas.

94 Progress in intensification of cropping in the Gezira can be

seen from Table 2A which indicates changes in gross area and in cropping
pattern between the 1960/61 and 1964/65 seasons, together with the proposed
cropped areas for 1965/66. Similar information dating from the

1962/63 season is given for Managil in Table 2B.
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TABLE 2A
INTENSIFICATION OF GEZIRA SCHEME (WITH ABDEL MAGID)
1061 to 1966

Cropped Areas

i

i 1960/61 | 1964/65 1965,/66
z b 558 Fed. b § vadinn ol B Fed. |
E Cotton s g | 246,154 | 25,0 | 245,400 | 25,0 i 245,400 !
| Dura i 12,7 | 1oW,496 | 12.8 | 125,806 | 12.8 | 125,806 |
%Wheat i Wil - ] .5 “ns.err  l0.2 i 100 000
| Lubia G T R gres |86 46,000
| Groundnuts ol L sl R a7 e 2,0 | 20,000 !
| Piilitpesara | - | - T s - i 1,000
| Rotation Gardens 1.0 10,213 1.7 16,630 1,8 1 a9 hao
| Total | 45,7 . 448,826 | 51.6 . 507,391 ! 545 | 535,606
! Gross Area : i ,
i (Feddans) ; 982, 800 982, 800 . 982,800
TABLE 2B
INTENSIFICATION OF MANAGIL SCHEME - 1962 to 1966
l 1962/63 1964/65Cr'opped Areas 1965,/66
; s Fed. % E % Fed.
| Cotton i 31,7 | 249,468 32.6 | 273,151 | 32.6 | Zidsl ]
' Dura {13,891 108,605 | 16,4 | 137,018 -pea6il - TS
| Groundnuts | 2,7 1 21,399 | 5.0 hgdoo | 98T BEE
EWheat : - ; - ; 0.2 ! 1,788 | - é - g
| Lubia | 7.9 | 62,466 | 6.6 | 54,950 i SiE S E_
| Phillipesara e |ty o 089 | = | ——
| Rotation Gardens! 0.6 bre A 965 ok ; lafhad oSl 1.2 ; 10,000 f
Ll j 56.7 | 46,%03 ' 61.8 | 517,89 | 648 542,169 |

i

. Gross Area

. (Feddans) = | TBT,678 | - 837,678

857,678
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14, Although no large scale intensification requiring water after
December can be contemplated until stored water from Roseires becomes
available, the figures indicate that progress is being made, and that
cropping intensity in the Gezira has increased to 51.6% in 1964/5, which
figure may be further increased to 54.5% in 1965/66. In 1964/5 season
73,000 feddans of wheat were grown against a reduction since 1960/61 of
20,000 feddans in the area of lubia. In addition 1,500 feddans of
phillipesara (phaseolus trilobus) were grown and rotation gardens increased
by 6,400 feddans. The corresponding figures planned for 1965/6 as

compared with 1960/61 are:-

Wheat + 100,000 feddans.
Lubia « i 81 000 o
Phillipesara and

rotation gardens + 8,200 i

This will bring the intensity of cultivation in the Gezira up to 54,5%

and achieve an increase in the cultivated areas of 86,800 feddans since

1960/61.

154 Changes in the Managil cropping pattern since 1962/63 (the first
year of full development) are generally due to substitutions of groundnuts

and wheat for lubia., Thus the area of groundnuts has increased from 21,000

to 42,000 feddans and the area cropped with lubia has been reéduced from

62,000 to 55,000 feddans. It 1s planned to extend this substitution during
1965/66 so that the area under groundnuts will be 80,000 feddans and the

area under lubia 42,000 feddans, increasing the % cropped from 56.7% in 1962/63
to 64,8% in 1965/66

New Pump Schemes and Extensions to Existing Pump Schemes.

16, Progress made on pump schemes can be seen in Table 5 which sets

out the gross areas in feddans under pump irrigation,by Provinces.
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TABLE 3.

DEVELOPMENT OF PUMP SCHEMES

| 1 | 3 |
el Blue Nile { Khartoum i Northern | Upper N%le, | mOTAL |
Province Province | Province | Bquatorls, | 1
} | Bahr-el=Chazal |
! and Kassala | |
} % Provinces. ’ 5
| | w
1961 851, 047 37,663 é 229,209 | 64,048 | 1,181,967 |
z | i l.
‘ 1964 ! 867,574 5 44,619 | 249,675 | 87,691 ; 1,249,557 |
Again, some progress has been made but only on a small scale pending the
provision of over year storage in the High Aswan Dam and further annual
storage on the Blue Nile at Roseires.
Extensions of the Gezira-Managil Area.
T As a result of semi-detailed soil surveys an area of nearly 70,000

feddans was canalised in 1962/63. Tn addition a further 132,000 feddans
may be available as follows:-

Feddans
Gezira Scheme Extensions 42,800
Managil Scheme Extensions 57,200
Fringe Areas, 32, 000

Total 132,000 feddans

These areas are subject to confirmation after completion of semi-detailed

soil surveys.

Agricultural Research.

18, A summary of progress in agricultural research and experiment

is given in an Appendix to this Memorandum.




Surveys of Irrigable Areas.

19. Scope of the Soil Surveys.

The 1961 Roseires Dam Financing Agreement made reference to
increasing the Gezira-Managil irrigated area by 200,000 feddans together
with a further 670,000 feddans of pump schemes. In 1962 the Republic
of the Sudan started reconnaissance and semi-detailed soil surveys to locate
suitable areas on the Blue and White Niles and in the Gezira. These
areas are shown in Figures 1 and 2, The riverain areas were limited
to land within 20 metre 1ift of low rivers. A semi-detailed soil survey
was also carried out on the land lying on the East of the River Rahad
which might be irrigated from the river; a further area between the rivers
Rahad and Dinder which could be irrigated by pumping from the Blue Nile

at Sennar was also included.

20. The field work and investigation have continued since 1962,

A total area of 3.8 million feddans has been covered by reconnaissance
soil survey and 3.5 million feddans by semi-detailed soil survey. The
areas are detailed in Table 4 together with 0.9 million feddans due for
survey in 1965/66.

TABLE 4.

EXTENT OF RECONNAISSANCE AND SEMI~-DETAILED SOIL SURVEYS

Reconnaissance Survey Feddans

Main Nile - Khartoum to Kareima 1,000, 000
Kareima to Third Cataract 60N, 000

Blue Nile -~ Guneid to Khartoum 395,000

White Nile - Renk to Khartoum

(Right Bank) 1,787,000

Total 3,782,000




Semi-detailed Soil Survey Feddans
Extensions to Gezira Scheme and Managil Scheme. 462,000
Main Nile -~ Khartoum to Kareima 202, 000%*
Kareima to Third Cataract 87,000
White Nile - Rabak to Khartoum 169,000
(Right Bank)
- Renk to Rabak 158, 000*
Blue Nile - Guneid to Khartoum 186, 000
Rahad/Dinder 134,000
Blue Nile
Right Bank - Roseires to Dinder Confluence 879, 000
Blue Nile
Ieft Bank - Abu Hugar to Sennar 58, 000

Rahad East Bank -~

Rahad Project 630, 000

Guneid Project 120, 000*

Hawata Project 450, 000*
Total 55055, 000

* For survey in 1965/66 season.

Estimate of Irrigable Areas.

2l. The outcome of the survey is that the soils adjacent to the
existing Gezira area are generally of poor quality and only 70,000 of
the estimated area of 200,000 feddans has so far been found and brought
under cultivation. Surveys are in hand to find the balance on the
Gezira fringes and by pumping}%he vicinity of Sennar. There is a little
suitable land on the Main Nile between Khartoum and the Third Cataract
where development will be by comparatively small pumped projects.
Similarly on the White Nile between Jebelain and Khartoum and on the

Blue Nile between Guneid and Khartoum no sizeable areas are available

for development.




22, On the other hand large project areas have been found on the
East Bank of the River Rahad (the Rahad ProJject) and on the Right Bank
of the Blue Nile between Roseires and Sennar (the Roseires Project).
Exploratory surveys also show that there may be further projects on the
River Rahad (the Hawata and Guneid Projects), on the West Bank of the

Blue Nile (the Kenana Project) and in the Dinder area.

23 The estimated areas for development based on the results of

the soil survey now available are as follows:-

TABLE 5
ESTIMATED AREAS FOR DEVELOPMENT - GROSS IRRIGABLE AREA

Feddans Feddans
Main Nile
Kareima - Third Cataract 17,000(2)
Khartoum - Kareima 42,000(1) 60, 000
White Nile
Khartoum - Rabak 7,000(1)
Rabak - Melut 200,000(1) 207,000
Blue Nile - Sennar to Khartoum
Extensions to Guneid Sugar Scheme 12,000 (2)
Pump Schemes 8,000(2) 20,000
Blue Nile -~ Roseires to Sennar
Gezira and Managil Extension 132,000(1)
Khartoum Green belt (Forest and fodder) 25,000
Abu Hugar - Senner
New Pump Schemes 32,000(2) 189,000

Carried forward, 476,000
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26. The first recommendation of the report was that, to meet
demands in the Khartoum area in the immediate future, the diesel

generating capacity at the Burri thermal power station in Khartoum should
be increased. This extension is under way and will increase the
system capacity by 15 M.

27. The second recommendation was that work on the Roseires power
project should be started so that the first generating set and a
transmission 1ine to Khartoum could be in commercial service by lst March
1969 with the second set in service three months later, and a third in

i the following year.

28. As a result of the second recommendation, the Central Eleotricity
and Water Administration (C.E.W.A.) appointed Consulting Engineers to

: prepare a Projeot Report on the Roseires Power Station and the Roseires -~

! Khertoum Transmission Line, This Report was submitted in December 1964
and included a prograsme of works for commissioning three sets at Roseires
by lst March 1970.

29. In order to achieve this obJective, It is necessary to start
construction of the power house foundations early in 1966, It was

agreed that, subject to satisfactory rates, this work would be incorporated
as an extension to the main contract for the construction of the Roseires

dam., Negotiations to effect this have been completed and work has
started. In addition, tender documents have been prepared for ocontracts
covering the supply and erection of turbo-generators, gate equipment

and penstocks, and also for the transmission line. Tenders are due to

be received shortly for the draft tube gates and equipment, Further
documents are being prepared for transformers and switohgear, and will

be prepared for the power station superstructure when detalled design has
been further advanced.

!
s
!
]
!
!
!
!







el

32 Similar considerations apply to the Atbara. But esach of these
two rivers must i{n the first place be considered separately.

Irrigation Water Requirements within the Sudan,

33 18.5 milliards at Aswan is equivalent to 20,55 milliards as

at Sennar taking into account natural transmission losses between these

two points., Similarly 17.0 milliards at Aswan corresponds to 18,9 milliards
as at Sennar. From these gquantities must be deducted evaporation losses
from reservoirs within the Sudan, storing water for the Sudan's use.

For the two stages of Roseires construction these losses are estimated

as shown in Table 6.

TABLE 6.

ESTIMATED EVAPORATION LOSSES

Stage I Stage 11
VL, 480 m. . T™L. 490 m.

millinds milliards

0.57

(0.9 approx. ) (1.2 approx.)

. The completion of the Khashm el Girba Dam with an effective
reservolr storage capacity of one milliard has gade possible the
utilisation for irrigation from the River Atbara of 1.9 milliards per

ArITET.

e On the Main Nile between ¥hartoum and the Third Cataract, as will
be seen from Table 5, 1t is planned to extend the area irrigated by pumps
from 272,000 to 332,000 feddans as & vital contribution to the deve lopment
of the lorthern Sudan. Based on a water requirement of 3,500 cublc metres

per gross feddan this area will require an annual allocation of 1.1 milliards.
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38. As will be seen from the tables and notes which follow, plans
for development on the Blue Nile as listed in Table 5 call for an annual
{rtigation water requirement of approximately 17.7 milliards,

39. The limit of development from Roseires Stage I (TWL.480 m)

{s reached when the annual water requirement from the Blue Nile becomes
a2 little more than 1l milliards. It will be seen from Table 7
that up to 1977 irrigation from Roseires Stage I can be developed to
the full, with a margin enabling some use of additional storage from
Stage II to be utilised,

%0, It can, therefore, be said that the Sudan is in the process of
developing plans for the use not only of her present allooation of

Nile Waters, but also of the additional share which will become available
when further water conservation schemes are implemented. The
isplementation in the Sudan of the Jongleil Project which, iIn accordance
with the 1950 Nile Waters Agreement is the concern of the Permanent Joint
Commission for Nile Waters, should bring an annual benefit to the Sudan and
Egypt of J milliards each,

&1, Purther shead lie the possibilities of canalising the Machar
Marshes east of Malakal and the Bahr el Ghazal, both of which receive the
run off from large areas but make little or no contribution to the

present discharge of the Nile, Very preliminary estizmates have put the

sssible future annual contribution from these two sources as high as
18 milliards.
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CHAPTER IV -~ FUTURE DEVELOPMENTS BASED ON THE BLUE NILE,

eral.

s2. The gross irrigavle areas now under consideration for future
development based on water from the Blue Nile are recorded in Table 5.
These areas are briefly described in the paragraphs which follow. Their
locations are indicated on Figs. 1 and 2.

Sennar to Khartoum.

43, The project lands are part of the Blue Nile plain sloping

gently towards the river. They experience a monsoon type rainy season with
maximum rainfall in July and August and an average annual rainfall of about
300 mm. The soils are dark coloured oracking clays similar to those of
the Gezira area, but with appreciably lower clay contents. They are
virtually non-drainable so that rotations would be of the non-intensive
types similar to those practiced in the Gezira and Managil projeots. The
principal climatically adapted orops, tested on the clay soils of the
Central Sudan, are cotton, sugar cane, groundnuts, wheat, dura, safflower
and the forage ocrops lubia, phillipesara and clitoria.

Rogeires to Sennar,
Purther intensification of oro zi il areas.
A5, A Working Party is at present investigating the further

development of agriculture, including intensification in the Gezira,and is
to report in 1966, Senior officials of the Sudan Gezira Board, the
Ministry of Agriculture and the Ministry of Irrigation & Hydro-Electric
Power have told us of the various rotations and possible range of watering
periocds whichae under consideration for both the Oezira and Managil,

55, Appreciating that investigations continue and that long term
plans have yet to be finalised, we have prepared Tables 8 and 9 as a means of
caloulating future monthly water requirements for the two areas, with due
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regard to the capacity of the two main canals. It will be seen from
Table 8 that 75% intensity in the Gezira calls for maximum irrigation

of 56 during September and early October, and represents a total
cropped area of 737,000 feddans as compared with 448,800 in 1960/61, an
increase of 288,200 feddans. The cropping pattern for Managil shown
in Table O provides for a 66,2/3 intensity and differs little from present
conditions. There is a maximum irrigation demand in September and early
October of 66.2/37%.

46, Discussions with the Ministry of Irrigation & Hydro-Eleotric
Power indicate that the following supplies are available in the Gezira and
Managil areas.
Mill.M3/day Area Irrigated % of Gross
a
(feddans
Gezira area 15.9 536, 000 54,5
Managil area 14,7 542,000 64,8

The above quantities are carried by the Gezira Main Canal (14.5
million M3/day) and the Managil Main Canal (16.1 million M3/day). A
discharge of 1.4 million M}/day can be passed from the Managil Main Canal
to the Cezira area. The practice in the Gezira Scheme was to
maintain the major and minor canal systems to irrigate 507 of the area
(15 M3/day/feddan of the gross irrigable area). In the Managil System
the corresponding factor for canal design was Pactor 18 (18 M?/day/feddan
of the gross irrigable area).

Extensions to Gezira and H_n__nlgu Schemes.

§7. To the north and west the Gezira plain shows an increase in
salinity and alkalinity and a decrease in clay content, Permeability
remains very low so that the soils are virtually undrainable and the
arable lands are suitable for a rotation of the Gezira-Managil type. The
crops proposed are cotton, dura, wheat, groundnuts, lubia and phillipesara.




TABLE B

GEZIRA INTENSIFIED

982,000 Feddans, including Abdel Magid,

% of
Gross April May June July August Sept. October Nov. Dec. Jan. Peb, Marech Full
Area Year
25
! Oardens pnl)
its e e R ) SRR R N TR Lo et o S SRR W SRS
iens
Ieur‘ 123 & 614 only =
frrigs ted 7 123 123 124 25 50 563 s6b| %0 50 50 50 574 2
(thousands) 123 123 123 246 491 552 552 | 491 4ol 491 491 568 2
M3 per feddan 800 800 800 800 600 810 aeo| B850 850 BoO 800 750 800
M (Millions) B2 B2 EZ) 198 2% 77 254 | 208 416 7] 393 276 1 3223
+ Domestic 18 18 18 - - - - - - - - - - 54
TOTAL
O (Millions) 117 117 117 198 2% 17 W62 416 93 393 276 16 3277




TABLE 9.
MANAG IL
838,000 Feddans

¥ £ of
Gross April May June July August Sept. October Nov . Dec. Jan. Feb, Maroh Full
Area Year
tton 33.1/3
ire 16.2/3
reat -
abia 7
Jroundr .ts 8.1/3
Jarden 1.1/3
Total ¥
[rrigated 66.2/3 8.1/3 8.1/3 |8.1/3| 26.1/3| 59.2/3 | 66.2/3| 66.2/3 |41.2/3 41.27% | 1273 ua.2/8 (38273 | 1.3
Peddan:
Thousands ) 70 7 70 221 500 559 559 249 3409 249 49 291 i1
M3 per feddany 800 Bo¢ Box Box 600 T8¢ 5 B B Box Box Box Box
O (Miilions) 5 5 56 177 »OX 438 254 149 297 79 279 255 9 256
+ Domestic 15 28 15 - - - - - - - - - - 4!
TOTALS
WO(Milltons) 7 71 71 177 300 438 >8> J 279 279 233 9 260E
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Khartoum Grecen EBEelt.

48, A further area which will take water from the Gezira canal
system is the Khartoum green belt, a project of 25,000 feddans in extent
for development of forest and fodder crops. A part of this project has
already been canalised and the remainder will probably have early
priority for development. This area has mostly saline-alkali soils of
relatively high sand content and poor structure. The trees and fodder
crops to be grown on this land should be tolerant of these unfavourable
soil conditions.

Blue Nile Left Bank. Abu Hugar to Sennar.

49, An engineoring reconnaissance has b een completed on the

left Bank of the Blue Nile from Abu Hugar to Sennar, It is thought
that the semi-detailed soil survey will show 32,000 feddans suitable

for development end this area has, therefore, been included in Table 5.
The lands are part of the Blue Nile clay plain. They are virtually non-
drainable soils of the Gezira type and are suitable for a non-intensive
cotton rotation of the Gezira-Managil type.

50. A project of about 15,000 feddans might be supplied by pumping
from the Blue Nile at Singa and the remainder of the area will be
developed by eight esmall pump schemes. The static 1lift is high varying
from 11 to 19 metres, It is probable that the soils compare with those
on the Right Bank of the Blue Nile (the Roseires Project). Development
could best be achieved by encouraging private enterprise.

Blue Nile - Dinder Area.

51. A semi-detailed soil survey has been carried out on the lands
lying north of Sennar and between the Blue Nile and Dinder Rivers.

There has been extensive private development of the areas adjacent to
the Blue Nile and downstream of Sennar. The remaining lands suitable
for development (163,000 feddans) lie inland from the river. The area
might be commanded by gravity from Roseires or by low=-1ift pumping from
upstream Sennar. The area has, therefore, been included in the Roseires
Project which is deseribed below.
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Dinder - Rahnd Area.

52, A semi-detailed soil survey has also been carried out on

134,000 feddans of land between the Rivers Rahad and Dinder lying north

of latitude 13° 45'., This is a fairly level plain of cracking clay

soils superficially similar to those of the Gezira plain. However, soil
analyses show that alkalinity is everywhere high and that one quarter of
the soils are also slightly saline. It is possible that this was

once an area of blocked drainage on the Blue Nile flood plain and that
eviporation of impounded flood waters caused an accumulation of salts

and exchangeable sodium. Because the soils are virtually non-drainable,
leaching to remove salts and to exchange calcium for sodium is not
feasible, and development of these lands would depend on the use of

alkali and salt tolerant crops. Until research work shows that this is
feasible, it is reasonable to leave these land undeveloped whilst better
lands are devcloped elsewhere. The semi-detailed soil surveys showed that
there are 82,000 feidans of irrigable lands, but of this area 77,000 feddans
is Class 4.

556 The area might be irrigated by pumping from upstream Sennar.

The pump lifts would vary between two to 6.5 metres according to the

time of the year. A syphon about 2.5 kilometres long would be required

to cross the River Dinder, and it is probable that there will be extensive
earthworks for the feeder canal, In view of the marginal quality of the
soils this area has not heen included in the estimate of irrigable areas.

Above Roseires,

54, Of the possible areas for development on the Blue Nile, the
greater part, some 3.2 million feddans, will take water from upstream

the Roseires Dam. The areas are summarised in Table 5. A description,
together with a summary of the surveys and investigations of each project,

is given in the paragraphes which follow.




Roseires Project -7 )C.000 feddans - See Figure 3.

55 The Roseires Project on the Right Bank of the Blue Nile extends
from Roseires to the Dinder confluence, The extensive north-south

spread of these larnds places them in a zone of steadily increasing
rainfall from about 450 rm. at Hag Abdullah to about 800 mm. at Roseires.
The great majority of the soils are "eracking clays" and are classed

as Vertisols. In the north, where the clays have the friable surface
mulch and other profile characteristics of the Gezira soils, they are
classed es Grumusterts. To the south, however, the friable surface mulch
becomes thinner and less well defined. The soil pattern here consists
partly of Grumusteris (friable surface) and Mazusterts (erusty surface)

and partly of the poorly drained Grumaquerts and Mazaquerts.

56. The cemi-detailed soil survey of this area shows a total
of 624,000 feddans suiteble for ivrigation out of a gross surveyed area
of 878,000 feddans. The distributions of the land classes within this

area are as follows:-

Class 2 220,000 feddans.
Class 3 %0%,000 feddans.
Class & 101,000 feddans.

Because the soils are virtually non-draineble, they must be used for

a relatively non-intensive rotation of the Cezira~-Managil type. Long
staple cotton is alroady succcczfully e stablished as a commercial crop
on pump projects within the con{ines of the proJject area. Market
studies indicate that the future prcepects for the sale of a medium
staple (Acala 442) variety are Latler than for the long staple cotton.
The rotation is, therefore, based on medium staple cotton and groundnuts
for the cash crops, and dura. Although dura is included in the rotation
to encourage setilers, it is not an economic crop for cultivation on an
irrigated project, and the farmers should be encouragal to substitute some
other climatically suited crops.
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5T The proposed Roseires Project is made up of a comparatively
compact area in the south of 380,000 feddans which can be supplied by
gravity from Roseires Dam and the rem2ining northern area of about
120,000 feddans which can either be supplied by an extension of the
gravity canal system or by one or two large pumping stations taking

from the Blue Nile between Es Suki and Sennar. In compiling the Tables
of Water Use (Tables 10 - 15 inclusive) we have assumed that the area

is served by gravity canal.

58. In the southern area, having a comparatively high rainfall,
a number of arable crops can be grown without irrigation. In addition

to dura and sesame these include the Barberton variety of groundnut,

short staple cotton, imported sorghums, maize, safflower and some forage
crops. A detailed contour survey of the area has not yet been made.

A study of three sample areas in the southern area shows that the contours
are irregular and that the plain is intersected by drainage channels
which will complicate the layout of canalisation. This, combined with

the high rainfall, mcans thal a full system of surface water drainage will
be required. A pre-invesiment report for the project has been completed
and submitted in Deccmbor 1955,

Kenana Project - 1,500,000 feduans - See Figure 4,

59. The net irrigeble cioa of this project on the left bank of

the Blue Nile is now zssessad at 1,500,000 feddans. The southern section
extends from Roseires to Abu Na'ama, the central and north eastern section
lies inland from-the Blue Nile between Abu Na'ama and Sennar and extends
northward along the eastern side of the Managil ridge. The north
western section exterds across the plain from Jebel Dali to the White Nile
and also northward along the western side of the Managil ridge.

60, Initial investigation of this area carried out in 1951/53

was included in the Roport on "Estimation of Irrigable Areas in the

Sudan” submitted in Fobruary 1954, The recommendations contained in

this Report were based upon survey lines taken across the area at 10 minute
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intervals of latitude and from tests on soil samples carried out at
the Gezira Research Farm. At that time the Roseires reservoir was
planned to store 1 milliard only with a top water level of 471.5 metres
and with a full supply level in the Kenana Main Canal of 462.5 metres.
The net irrigable area recommended was 1,220,000 feddans, of which all
but 44,500 feddans were supplied by gravity and the balance by pumping
from the Kenana Main Canal.

61. As a result of the subsequent decision to provide increased
storage at Roseires the full supply level in the main canal was raised
to 466.5 metres and with the additional land brought under command,
the estimated net irrigable area increased to approximately 1,500,000
feddans.

62, Between 1958 and 1962 1.3 million feddans of the Kenana area
have been demarcated and levelled by the Sudan Survey Department.
Permanent beacons at one minute intervals of latitude and longitude
have been established and the area has been covered by a grid of levels
from which 90 maps to a scale of 1/20,000 have been prepared with spot
height and contours at 4 metre intervals. Part of the area was also
covered by air photographs in 1962/63 to a scale of 1/25,000.

63. During the 1965/66 season a detailed soil survey of the area
is to be commenced as part of the Special Fund Project - with F.A.O.
as the Executing Agency - for assisting the Govermment of the Republic
of the Sudan in strengthening the Soil Survey Section of the Research
Division of the Department of Agriculture.

64, The 1954 Report proposed two rotations, the first a three

course rotation based on cotton, dura and legume requiring 3,170 cubic

metres per gross feddan per annum and the second based on the Gezira

four course rotation of cotton - legume or fallow -~ fallow - cotton - dura =~
fallow - fallow, requiring 2,300 cubic metres per gross feddan per annum,

As a result of the more detailed investigations subsequently carried

out on the East Bank in areas of comparable scils and climate the

water requirements have been re-assessed for the time being as 3,300 cubic




2B

metres per gross feddan per annum and this figure has been used in
compiling the tables in this Memorandum.

Dinder Project - 350,000 feddans - See Figure 5.

65. This projJect lies to the north of the Rahad Link Canal

and between the Khor El Agaliyin and the River Rahad. Exploratory

Soil Survey of the area indicates that there may be lands suitable for
irrigation. The soils are similar to the Roseires Project, having
comparatively high clay content and low salinity, No contours are
available, From traverses it is possible that the area might be served
from the Rahad Link Canal (see description of the Rahad Project) by
main canals running adjacent to the River Dinder. The area is one of
high rainfall, the annual precipitation being about 700 mms. As for the
southern part of the Roseires Project, dura, sesame, groundnuts and short
staple cotton could be grown without irrigation.

66. For the purpose of assessing water requirements, a proJject area
of 350,000 feddans has been assumed with a Roseires Project rotation
based on medium staple cotton and groundnuts. Although the area 1s close
to the source of irrigation supply, Roseires Dam, it suffers from the
disadvantages of high rainfall and lack of population which is accentuated
by the distance from cstablished centre of population,

The Rahad Projects~ 850,000 feddans - See Figure 6,

67. An area of 240,000 feddans was included in the Roseires Soil
Survey Contract for semi-detailed survey and land classification. The
first intention was to develop this area using water from the River Rahad
which flows from mid-July through November. The results of the semi-
detailed land classification showed the area to be largely Class 2.

68, A Reconnaissance Engineering Survey indicated that by constructing
a barrage on the River Rahad an area of nearly 600,000 feddans could be
commanded and that a supply channel from the Roseires Dam to the River

Rahad (the Rahad Link Canal) was a feasible and profitable proposition.

The Rahad Project area had certain advantages for early development, There
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is already an established population. The average annual rainfall

in the area is about 400 mm. corresponding to the conditions in the
existing Gezira and Managil schemes, and only 7% of the area presents
any seriois problems in connection with forest clearance. Moreover,

a semi-detailed type soil survey has shown that the greater part of the
area 1is irrigable (516,000 feddans). In 1964, therefore, it was
decided to proceed with a pre-investment survey for the Rahad project
and after certain preliminary studies the full pre-investment survey
was started in October 1964,

69. The project lands, which are part of the vast clay plain of
the Central Sudan, lie on a very gently undulating land surface between
elevations of 380 and 450 metres above sea level. The clay plain which
extends uniformly over an old flood plain and low upland has gentle
slopes which are ideal for good surface drainage and irrigated use of
the land. Average annual rainfall ranges from about 300 mm., in the
extreme north to about 500 mm. in the south east.

70. The greater part of the project area is covered by dark-coloured
cracking clays similar to those of the Gezira area. The clay content is
mostly between 60 and 75 per cent. There is a well developed granular
mulch at the surface and deep wide cracks extend to 50 om. when the

sodl is dry. These clay soils belong to the great group of Orumusterts
of the soil order of Vertisols. Because they are virtually impermeable,
these soils must be used for a relatively non-intensive rotation of the
Gezira-Managil type. The climatically adapted crops at present grown
commercially on clay soils in Central Sudan are cotton (long, medium and
short staple), dura, sesame, wheat, groundnuts, pigeon pea, onions, garlie,
sugar cane and forage crops. Other potentially important orops, not

yet grown on a commercial scale, are jute, kenaf, sunn hemp, maize, rice,
safflower, sunflower and new fodder crops.




1. The Pre-Investment Report which covers engineering,

agriculture, economics and ancillary subjects such as management,
population, forestry and animal husbandry has been finally submitted in
October 1965, The cropping pattern proposed is a three course rotation
based on medium staple cotton (ore third), groundnuts (one third) and

dura (one sixth). By cultivating groundnuts between June and November
thus making use of the River Rahad waters for this orop, the link canal
from Roseires is required only to supply the cotton rotation and perennial
crops. The Project Area is as follows:

Rotation area 430,000 feddans
Forestry and fodder 45,000 feddans

475,000 feddans

———————

T2. The greater part of the area has been covered by a detailed contour
survey, which shows the ground slopes to be regular and the area ideal for

a gravity irrigation system. A surface drainage system will not be
required throughout the whole project; drains may have to be constructed
where the natural drainage is impeded by canals.

e The project shows a return to the Government of 12.9% on its
capital at the maturity of the proJject. This indicates that the

economics of the project are viable. It 1s proposed that the administration
of the project should follow the method which has been eotabliohed. in the
Gezira and Managil schemes, where the project 1s controlled by a semi-
autonomous Board and the cultivation is in the hands of smallholders. The
holding size recommended is 12 feddans providing a cropped area for each
farmer of 10 feddans corresponding to 74 feddans in the Managil Extension

and 15 to 20 feddans in the Oezira Scheme.

74. If development of the Rahad project proceeds, then an area
adjacent to the Ouneid pump scheme can be irrigated from an extension
of the Rahad Main Canal. This area, which lies approximately 50 kms., north




of the Rahad project, is 200,000 feddans in extent; a part of this

area has already been covered by a semi-detailed soil survey and shows

a block of 40,000 feddans of Class 2 and 3 lands. ‘The soil survey

of the remaining area has still to be completed, but it is expected to
provide a rotation area of 40,000 feddans. Similarly, on the east

bank of the River Rahad and to the south of the main project, an exploratory
soils and engineering survey has indicated a block of 550,000 feddans which
might be commanded either by pumping or gravity from the River Rahad.

This area (the Hawata Project) together with irrigable lands on the west
bank of the River Rahad, might provide a further 340,000 feddans of net
irrigable area.

5. The full development of the Rahad projects might, therefore,
be as follows:-

Feddans Feddans Total

(1) Rahad East Bank ProJject 475,000
Rotation lands, 430, 000
Fodder and pasture, 45, 000
(11) Hawata Project 240,000 ; 420, 000
Guneid Project 80, 000 )
Total rotation lands 850,000
Fodder and pasture, 55,000
ProJjects area, 855,000

Of these areas the pre-investment survey or feasibility studieg have been
completed for the Rahad east bank proJject. The soils survey and pre-
investment surveys for the Hawata and Guneid Projects are in hand, It is
probable that the cropping pattern, system of management and cultivation
will follow the recommendations for the Rahad Project with such altsyations
as may be necessary on account of local conditions. An allowance of

water for the fodder and pasture area has been made in the Tables of

Water Use (Tables 10 to 15).
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CHAPTER V - UTILISATION OF ROSEIRES WATER ON COMPLETTON

OF STAGE I.
Areas.
76. For determining the area of irrigation which the combined storage

of the Roseires and Sennar reservoirs can support, it has been decided
that a suitable criterion is the 80% year. From the records of river
flow, each 10 day period has been considered individually, and a flow
determined such that in forty years out of fifty one years of record the
recorded flow is greater than that selected for the 80% year. Then on
average, if irrigation 15 developed based on this eriterion, in four
years out of five there will be sufficient water to support the proposed
rotations to their full extent, with a variable surplus which can be used
to improve power production or if convenient to allow extra watering.

7. In the remaining one year out of five there will be a shortage

on the planned watering, which will become assessable as the river falls
after the annual flood, and storage is drawn upon, In such a year it

will be necessary to restrict watering in a manner which will bring crops to
maturity, but with a reduced yield.

78. On this basis wo have estimated that Stage I of Roseires Reservoir,
in conjunction with Sennar Reservoir can support a total net irrigable

area of 3,512,000 feddans, watered from the Blue Nile. The areas in which
the water would be used, and the monthly amounts of water required, are
shown on Table 10 with the exception of 772 million cubic metres of water
supplied from the River Rahad to the Rahad-Hawata-Ouneid Scheme from July

to November inclusive, Since this water does not enter either reservoir

it 1s not necessary to consider it further in the analyses of reservoir
operation,

79. The area of 3,512,000 feddans is made up as follows:-




Areas already irrigated

Guneid (sugar) 38
Other pump projects,
Sennar - Khartoum 62
Roseires - Sennar 289
Gezira with Abdel Magid, o982
Managil, 838
Sub Total 2,209

New Developments - Immediate future

Pump ProJjects, g
Sennar- Khartoum, 8
Abu Hugar - Sennar 32
Extensions to Gezira and Managil, 172
Guneid Extension and Khartoum
Green Belt, 21
Sub Total 203
Major Trrigation Projects, 1,100
Grand Total 2,512,000 feddans
80, Under "New Developments - Immediate Puture” have been included

the areas which can be developed without major works such as main

feeder canals or large pumping stations. The lands can either be irrigated
from existing gravity systems or by pumping. Under "Major Irrigation
Projects” we have included the whole of the Rahad Projects (850,000 feddans)
and a part of the Roseires Right Bank Project, the water requirements for
which have already received detailed investigation.
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81. The total annual water requirement of the existing schemes,
with new rotations, is 7.326 milliards, and of the new schemes 3.TO4
millards from the Blue Nile plus 0.772 milliards from the Rahad, a total
demand of 11.8 milliards.

Reservoir Capacity.

82. In considering the operating regime for both Stages I and II
we have made the following allowances for evaporation losses and for
dead storage in calculating the effective storage at Roseires and Sennar,
as shown in Table 16.

TABLE 16.

RESERVOIR STORAGE (Milliards of IM3)

{ Roseires Stage I (480m.) ! Roseires Stage II (490m.) !
| Reservoir | Evap, | ' | Evap., 1 - = \
‘ | Gross ' losses | Dead | Effec- Grossilosses | Dead Effec-
| : | (median) Storage tive : | (median) | Storage | tive

: i : i 4 +
Sennar 0.93{ 034 | 0.33 | 0.26 | 0.93 ' 0.34 ! 0.33 0.26
|Roseires | 3.02| 0.38 | 0.64 ! 2,00 | 7.59 | 0.73 | 0.64 6.22
1 ! T " 1 :
Total I 2«1 0.72 1 0,97 2.26 : 8.52 | 1.07 : 0.97 6,48
g ! : i ' : 4 ! !
83. It will be noted that dead storage of 0.2> milliards has been

allowed at Sennar. Subject to considerations of gate maintenance and of
irrigation water requirements arising from intensified ceropping in the
Gezira and Managil areas, it is proposed to modify the regime of operation
of the reservoir so that a minimum level is maintained to permit a
eontinuous supply of water to the Cezira and Managil main canals by gravity
and to enable the hydro-electric station to produce power all the year
round, The effective storage in Sennar could be increased by 0.1 milliard
if 1t should prove possible to reduce the minimum level from 417.2 m. to
515.9 m. and accept a greater limitation on the energy available from the
hydro station at low reservoir.




Reservoir operation.

84, Table 11 shows the detailed analysis of the operation of the
two reservoirs in combination, supporting the irrigation of 3,512 million
feddans in an 807 year. Filling of the reservoirs is arranged in
accordance with the criteria set out in Appendix I of the Roseires Power
Station Project Report of December 1964, which ensures that even in the
worst years of record the reservoirs will fill completely. The entire
pattern of operation from November 20th to the end of May is determined
by the irrigation demands, and the necessity for ensuring a minimum flow
in the river below Guneid of 5 million cubic metres per day.

85. Of the tota flow at Deim near the border with Ethiopia

(40,11 milliards in the 807 year) 11.03 milliards are used for irrigation
purposes, 0.71 milliards are lost by evaporation from the reservoirs

and 27.64 milliards are passed onwards below Guneid., The difference of
0.7> milliards represents natural transmission losses between Roseires

and Sennar. Evaporation losses are larger than those visualised in

1961 as reservoir levels are generally higher later in the season to allow
for increased watering after March.

86. When a median year is considered, the natural flows in the

period of shortage are greater than those of the 807 year, and there is

a consequent surplus of stored water available from the reservoir. This
surplus can be released in a manner which improves power production,

without detriment to the irrigation supply. Table 12 sets out the
proposed method of operation for a median year, In such a year 37.54
milliards are passed onwards below Guneid, out of a total of 50,25 milliards
passing at Deim,

Power.,

87. The power and energy output for the full development of Roseires
Stage I is shown on Fig. 7 for either 5 or 7 sets installed, This can
be compared with Plate No.J? of the Roseires Power Station ProJject Report.
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There is little significant difference in a median year except in the
period March to May inclusive. The cessation of cotton watering at the
end of February means that there is an extra month where energy output

is low, although kW. capacity can be maintained a month longer, until

mid April, Conditions at Sennar improve slightly, particularly in March.

88. The power and energy output for an 807 year is also shown on
Fig. 7 (there called a dry year). Again the difference is most marked
in the period March to May inclusive. By comparison with the Roseires
Power Station ProJect Report it will be seen that the continuous power
during that period has increased from 20 MW. to 29 MW, at Roseires, and
from 6.4 Mi, to 8.0 Mi. at Sennar. This is a result of the revised
rotations now proposed, and does not represent any attempt to improve
the power situation at the expense of irtigation potential.

89. If all available energy can be absorbed by the system, then

5 sets could produce 759 million units in an 807 year, and 809 million units
in a median year. If 7 sets were installed before the Roseires dam is
raised to its second stage then the energy potential would be 906 million
units in an 807 year and 961 million units in a median year, For years
when the flow 1s worse than that of the 80% year, there would be a falling
off of available energy, which would be dependant on the restrictions
applied to the irrigation pattern. For years when the flow is above
that of a median year, then the surplus could be used to improve the energy
output in the period March to May inclusive, when it is normally at its
lowest,




TABLE 1¢
BLUE NILE REGULATION

FORECAST OF WATER REQUIREMENTS FOR FULL USE OF ROSEIRES STAGE I.
TOTAL IRRIGABLE AREA 3,512,000 FEDDANS

Gross Irrigable Water Demand - million m>
Area

Feddans (1,000) | July | Aug. | Sept.| Oct. | Nov. | Dec. | Jan. | Feb..| Mar. | Apr. | May. | June Total

aking water from

Downatrean Sennar
Juneid (Sugar) B2 b4 27 35 3 2 22 21 24 28 3 3 )
Pusps (Existing) 62 28 2( 24 31 29 23 19 1£ 13 . . - 3
Pumps (Extensions) 8 3 3 3 3 y ) y ’ . : 1 3 7
Total 114 68 ‘ 62 7 57 48 W3 59 “ 28 50

Iaking water from

“ogeires - Sennar

Existing Gezire
intensified) inc. oo
Abdel Magid 982 198 208 §T7 462 41f v %G 27¢ 16 117 117 11 S2TT
Existing Managil, 838 177 300 438 18 297 | 279 279 233 ) 71 71 7i 2608
Jezira Extensions 14 19 29 T Ut 41 9 39 27 3 1% 1z 12 32"
Managil Extensions 3 7 13 18 16 12 12 12 1 3 > ) ) He

Green belt (Porest and
follder)

25
Paps (Existing) 289 131 94 1 1% 107 2] 7" 61 - - - WY
Paps (Extensions) 32 - : /

Total 229 561 7 1118 1082 J32 857 837 64 114 218 218 218 Tty

Tak Ang water from

fabad - Hawata - Ouneld 850 133 - 157 313 309 | 308 257 (& T4 x D7 | W 21%
Foseires (Right Bank) 250 5 %7 3 92 5% 9 50 9 P He € oL 715
Total 1, 100 176 14 192 4or ot b S1€ 82 127 17" 02 298 2910
GRAYD TOTAL 3,512 11030

* Rahad-lHawata-Ouneid 1s supplemented from River Rahad
in July = lNovember inclusive.




BLUE NILE 7! AND SENNAR
ROSEIRES STAGE I - FULL OF AVA

JOTAL IRRIGABLE AREA 3,012,000 FEDDANS
All amounts in millions of cubic metres in stated period

ROSETRES - STAGE I SENNAR SENNAR-KHARTOUN
atural Flow| ITTig. |Evap.|Change in| Contentsl Level at | Release |Inflow Trrig. | Bvap.] Change in]Contents|Level &u]Nelease| Irrig. | Nin. fiow
Bk Year Reqts. |loss |Contents at end of down= (2% losa) | Reqts. | loss | Contents |at end end of |down Reqis, -
ht Deim. from end of | period stream from of period stream lream
Reservolr period |metres Roseires period metres Gune 14
1=l 81 82 - - 638 | ¥67.0 T26 T 186 “ - »o “ur.e s 25 ¢ W
11-20 1810 68 3 - 1339 me 186 “ - 13 @ 50
1-31 2760 26 3 - aml 2676 189 5 - R 2 oY
i-10 3983 2 2 - 2969 3890 47 > - 2640 17 50
11-20 380 12 2 - 4366 279 241 - - 4035 16 50
13 A0 4] 2 - 5 486 269 > - ok 17 55 MSurplus water
-1 D3 38 2 - b 3815 b1 > - 3440 20 50
1 34%0 ™ 2 - 638 | %67.0 3361 3294 m b} - X ur.e | ens a 50
L= X 1% ™ 3 ) 1578 | AT 2160 217 b 1) 4 . DN WA 3.2 1506 2 50 Piiling starte
2260 115 7 + 76 229 | ¥7.2 1422 194 b L] « AT 7% 420, 4 L " 50
11-20 1570 1% 8 + Mo 2130 | 418.95 orT o7 266 9 + A0 85 Wi.2 e ” 50
=31 1184 185 10 + 20 2970 | 9.8 749 A 361 10 « 60 L w6 b o) 20 55
6% 676 312 12 - 17 a0 LU »s 20 S0e=| |F1iling com-
540 529 | | - g% | .y | o0 19 w0 J [Pieved.
>»D 385 ot 2 B 2 -] “w.r o8 18 0
»2 3 281 12 e B 913 421.6 67 17 ©0
35 328 281 u - X L3 4214 o Y 50 Withdrewals
) P o o By 2.1 20 15 o 1/5%h from
s | 33 9% | 1 > L
" UW/5th from
2 - 8 9 420. 7% () 15 L
FEIE GBI AL T % |oie
aw 29 an w - 6 420.4 64 i %0 throughout .
2> n7y 289 13 . L) o8 420.0 69 14 e
274 269 232 14 - M 641 419.75 [ 14 60
29 24 232 13 - B cu TR O W 50
207 203 179 10 e W 559 419.1% 51 u 40
104 102 » ity - 0 LYl 419.1 (% w 5
100 % »” i - 15 (3] 419.¢ 63 13 50
106 104 u 14 i 511 “e. s 0 15
19 117 3 s ] - 29 L Ws.6 O 10 50
118 116 ™ 2 - 8 4k 48,3 59 9 50
115 113 72 12 - X ok 418.1 59 9 50
103 101 T2 10 - K ek "7 59 9 L
113 i 72 10 - n »3 0. o i 5
37 134 L] i - 3% 0.2 o i 5
67 Wk o) ] - [ b3 ¢ 47y.2 B9 i 50 Burplus
252 247 5 . 3% 4uy.2 167 10 50 ks
Wk r T2 7 - 3% “ur.2 e 9 5
Wl b e 95 | 38 e 905




BLUE NILE REGULATION

TaRLE 35

FOSEIRES STaok 1Y
AND SENNAK

ROSETRES STAGE IT - FULL USE OF AVAILABLE STORAGE NDIAN YEAR
JOTAL IRRICABLE AREA 6,127,000 FEDDANS
All amounts in millions of cubic metres in stated period
T PosemEs - STAGE 1T WA 5 TUR T
Natural Flow | Irrig. | EvapJchange in| Cuntents|Level at| Release | Inflow Irrig. | Bvap.| Change Contents | level at [Release | Irrig, | Min Flow
Median Year | Reqts Loss [Contents at end of down- (2% loss) | Reqts. | loss | Contents | at end end of |down- Regts, | Downe
at Deim. end of |period stream | from of period |strean atrean
period |metres Rose ires period metres Ouneid
-10 1085 265 3 - 638 | 467.0 ™ 761 186 “ - 30 ur.e 5T 2 50
1-20 1900 219 3 - 1678 1644 186 4 - 1k 22 50
31 3652 191 3 - 458 3389 189 5 - Ny 21 "
-10 4600 m 2 - w27 4338 247 3 - 4oH8 17 50
-20 5280 181 2 - 5057 46 241 3 - 4T 1% L M Surplus water
L =31 5999 218 2 - 5719 5663 269 > - 539 17
Seit. 1-10 Ag80 304 3 - 638 | ¥67.0 T3 4580 3R 3 - 408 20 50
1-20 270 805 5 |+ 2360 2998 | 479.9 1500 1470 37 3 - 1094 2 50 &= | | Rose 1res
1-30 3839 %9 9 |+ 190 4908 | 485.1 13 1402 m “ - 1025 2 50 :1::::-
o 110 2876 A | 1B |+ 1850 | GEoB | WB.% [51] [ b3 03 - 5% 7.2 7] o g
11-207) 2220 550 20 + 600 7208 | 489.4 1050 1029 366 8 . 5 6% 420.1 290 2 B0~ | | Bonnar
21-31 1650 5B | 2 |+ 35 7523 | 489.9 ™9 %3 %1 9| « 1 Hha 1.4 200 2 5 filling
- slarts o
%ov. 1-10 1110 m| |+ 6 7588 | 430.0 540 529 12| 12|+« W %0 1.7 163 20 50 ) | Piiiing
120 &2 e | a |- 87 501 | 489.9 97 3% | 33| 2]~ 5 g5 | sy 69 19 5  |completed
21-30 ™ NTL | A - 151 7350 | ¥89.6 380 Jre 07 12| - 15 910 1.6 68 18 90
=10 553 w|l » |- 219 TOTL | 489.1% 341 34 281 - B 88 Wi 67 17 %0
11-20 52 o G R 6718 | 488.55 3% 328 281 - % 855 “@i.2 o6 13 50
2131 39 M| o |- ¥5 G263 | 1.7 3k 337 E ) - ® 815 420.9 70 1% 55
1-10 29 o3| % |- 5802 | 486.9 321 315 am| v | - w0 ™" 0.6 65 0 50
11-20 251 M| N |- W 53% | 486.0 3 b4 m| 2]- ™ 420, 4 ol W 50
2131 Fs) ] 28 | » - M8 | 485.15 36 3% 28 | 1 - % 705 0.2 09 W L]
1-10 18 | » |- 2% 713 | W86 F 2% 2% | | - 2 o, 420.0 ok i 50
11-20 164 B3| 3 |- 28 s | ABAL05 2% 289 g | ]| - 2 o, 9.9 ol 1 50
| -8 1A 6| 26 |- 206 w299 | 8355 225 21 | u| - 2 64 41975 51 i 40
ur, 130 2 B » |- 8096 | 8315 170 167 % | 1B - 6 49,75 | 16 12 5 9
1120 106 2r| » |- 26 3870 | ¥R.5%5 i3 170 | B - (2] 0o | 19 5] 5
L 2131 m 8 | B - N2 3468 | 814 196 192 & 17 - o 4e.7 3 L) »
or. 1-20 ® 8| 2% |- o | ¥0.2 184 180 Bl 5| ® 605 “ues 132 w 50
11-20 L 2 | 23 |- W 2708 | ¥18.85 196 19 Bl W] - ® o 9.2 ) Y % (| Burpius water
21-30 89 21| 0 |- 386 o2 | 1.3 20k 200 n|w|- ® s | ms9 | 154 9 50 [|ueed for
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CHAPTER VII - COSTS, BENEFITS AND PRIORITY OF DEVELOPMENT
OF MAJOR AREAS.

Estimated Capital Costs.

103. The costs of construction for the Rahad and Roseires Projects
have been estimated for the pre-investment reports, Estimates have
been made for the Kenana and Dinder based on the results of the Rahad
and Roseires Projects and estimates for the cost of the feeder canals.
The comparative estimates are given in Table 17 and are summarised
below in Table 18,

TABLE 18.

SUMMARY OF CAPITAL COST ESTIMATES

i Ministry of (1) Project (2) .
| | { Irrigation & | Board : TOTAL

| | { Hydro-Electric | Costs ‘
{ | ! Power, ‘ ' |
| area | 23 | £8 | es | s | & | s |
| | Feddans | Mill. | per | Mill, | per | Mill, per [
| | 1000 ! Feddan | Feddan Peddan |
; I | ! i ) 1
{Kenena | 1,500 | 5.8 | 6.8 | 12.8 | 8.6 1086 | 72.4 i
(Rosetres | 500 | 35.0 | 69.9 | &3 | 86! 393 & 8.5 |
’Dinder | 350 25.3 724 | 3.0 | 8.6 | 283 ; 8.0 |
| Rahad | 80 | 60.1 | 708 | 7.3 ' 8.6 67.A |  79.% |

i

)
: ? <

(1) Covers the cost of headworks, canalisation and drainage,
land preparation, housing including schools, ete.
services and communications.

(2) Covers cost of processing and agricultural plant,




APPROXIMATE ESTIMATE OF PRESENT COSTS.

TARLE 1Y

KENANA ROSEIRES DINDER RAHAD, MAWATA & GUNEID
1,500,000 500,000 350, 000 850, 000
wt Cultivable Area (feddans) (Thou. £8) (£8/reddan) (Thou.£8) (£8/reddan) (Thou. £8) (£8/reddan) (™hou.£8) (£8/feddan)
L
Prelminary Works, including
land 600 0.4 190 0.4 150 0.4 360 0.4
Hesdtworks, ete. 1,200 - 710 - 490 - 1,200 .
| and Branch Canals 26, 400 17.6 8,610 17.2 6,200 17.7 21,000 2.7
‘.‘:r ributary Canals 12,350 8.2 4,29 8.6 3,150 9.0 6,70 7.9
fa-apes and Drains 2,300 1.5 1,190 2.3 810 2.3 1,020 1.2
| land preparation 5,650 3.8 2,720 5.4 2,270 6.5 1,660 2.0
j*.: svating plant - - 950 - 690 - 700 .
Agrin., and Irrig. buildings, 15, 900 10.6 5,280 10.6 3,710 | 10.6 8, 300 9.8
t'er buildings (schools,etc.) 5,310 3.5 1,770 3.5 1,240 3.5 3,080 3.6
¥a'er and Electricity 5,170 3.4 1,720 3.4 1,210 3.4 2,220 2.6
“cemunications 4,380 2.9 1,450 2.9 1,010 2.9 3. 450 LI
“ingencies 7,920 - 2,800 - 2,090 - 4,970 -
Erg. Supervision and Min.of
Irrigation establishment. 8,710 - 3,180 - 2,300 | - 5,470 -
Total Ministry of Irrigation
Costs. 95, 850 63.8 34,950 69.9 25,320 T2.4 60, 140 70.8
sessing Plant 3,550 2.4 1,490 3.0 8% 2.4 2,010 2.4
srioultural Plant 8,070 5.5 | 2,80 4.8 1,900 5.5 4,610 5.5 |
| ntingencies 1,160 - ' 3% . 210 . o0 . ‘
| tal Project Board Costs 12, T80 8.6 %, 300 8.6 3,000 8.6 7,280 8.6
‘L AND TOTAL 108, 630 72.4 39,250 8.5 28, 320 81.0 67, 420 9.4 J
Votes:

[a'ad and Roseires:

between all the Right Bank Projects.

HEstimates of costs for these projects have been made for pre-
As & result,

the Grand

investment surveys.

The cost of oanal hesdworks has been distributed
Total Cost for the Moseires Project is less than that quoted in the

i

g.

1y

Pre-Investment Report, where the whole cost of the headworks was inoluded., ‘The cost of excavatling plant required for the
construction of drains and distributary ocanals 1s shown as & separate 1lem.

An estimate of cost for & net ares of approximately 1,000,000 feddans was prepared in 1958, A revised estimste for 1,500,000
feddans has been prepared and includes sdditional information derived from the Fahad and Foselires esiimates.

The estimate of costs has been based on the Roselres estimated reates. Adjustments have been made 1o take into sooount conditions
which differ from Roseires.

The estimste has been made in & similar way to that for Dinder, but also based on Mahad costs.

The estimate has been based on Mahad costs.
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104, The following qualifications should be noted regarding these

approximate estimates:-

Kenana Project:

Roseires ProJject:

Dinder Project:

Rahad Project:

Profitability of .

No semi-detailed soil survey, part of
topo survey completed but not available
for estimate.

Semi-detailed soil survey completed but

no detailed topographical survey. The un-
evenness of the micro-relief in the southern

area of the Project which constitutes the major
part of the totalproject area may increase

the cost per feddan to the £5 79.4 level of Rahad.

No semi-detailed soil survey or topographical

survey.

There are possibilities of some reduction of the
rate per feddan of £58 79.4 by revising the standard
of housing and social services. These services are
presently being worked out by Government. z
In addition to the total proJect area for Rahad,
Hawata and Ouneid of 850,000 feddans described
above recent exploratory survey indicates that
the Hawata area can be extended and may increase
the total proJject area to 1.2 million feddans.
This should result in some further economy in the »
cost of the supply canals and sdministration, and |
a reduction in the cost per feddan.

—

N—

105. A variety of crops were considered for the Roseires and Rahad
Projects to form the basic cash crops of the rotation. Based on

are as follows:=-

estimated yields and forecasted market prices the returns from these orops
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TABLE 1
RELATIVE PROFITABILITY OF CROPS PER FEDDAN
|
{ (1 é
Deseripti’n | yield Price output2) | aross®
‘ f.0.b. S. Margin 1
| Port Sudan | ; £8
| -] |
£ x
Long Staple Cotton 1 ‘ 4.5 SK 12,26 IK 60.1 § 4.5
BAR 1425 | i |
(GcO.T. }O.;) { : ‘ i
Medium Staple Cotton ! 5.0 SK 9.57 IK 66.9 53%.6 |
Acala 4.42 '
(G.0.T. 39.5%) ‘ |
Groundnuts Ashford i 1.25 M 54.4 p.ton , 44,9 ‘ 375
Variety | tons shelled
(8.0.T. 70%) | in shell ;
1
, |
barberton Variety l | : |
(8.0.T. 70%) .00 M ‘ 54,4 p.ton 35.8 ! 29.7 |
| tuns | shelled | ‘ {
i ] in shclls ; ;
. | ,
| Dura | o0.6M | 18,0 p.ton 10,8 % | 8.0 |
' tona ‘ !
Sesame | ' 67.3 p.ton | 20.2 z 18.1 |
‘ t(ﬂﬂ ‘ : {
Wheat i 0.8 M 27.0 p.ton | 2.2 i 14,4 !
! tons ! c.1.f. | !

Notes: 8K = Seed Kantars (315 1ibs.)
IX = Lint Kantars (100 1lbs,)
M = Metric
8.0,T. = GShelling out tumrn
6.0.T. = Oinning out turn




(1) The 'Output' is the value of the crops sold in
Port Sudan or Khartoum.
(2) 'The Gross Margin is the *output' less the following
costs:
Seed, root pulling (depreciation on equipment),
spraying, fertilisers, ginning including sacks,
freight, insurance,marketing etc.
Details are given in Appendix 7 of the Rahad Pre-Investment Report,
Part III.

106. From the comparison of Output and Gross Margin for the various
crops, it is evident that Medium Staple Cotton and Groundnuts (Ashford
Variety) are the two most profitable crops, and these form the basis

of the rotation recommended for the Rahad and Roseires Projects. The ’
cropping pattern recommended for the Rahad ProJject has been referred to
{n paragraph 71 as cotton 33.1/J5, groundnuts 3%,1/%% and dura 16.2/34. }
This cropping pattern has been formulated to give the maximum return and to Iy
conform with the restrictions imposed on acocount of soil permeability, corop J'
hygiene, minimum fallow, etc., and the economy of the supply channels.

In addition to the rotation area of 12 feddans for each holding there

{s a garden area adjacent to the village of 0.75 feddans for fruit,

vegetables and the farmers' livestock. In spite of the differing oost

of feeder canal and increase in rainfall, the agrioultural investigation i
for the Roseires Project has produced the same cropping pattern. In the :
Rahad Project, an area of 45,000 feddans is proposed for fodder and forestry.
In the Rosoires Project 15,000 feddans are allocated for a sugar plantation

and 5,000 feddans for rice cultivation. :

107. The purpose of the analysis is to compare the various major l
trrigation projects, and it will be assumed that the basic Roseires and ?
Rahad rotations will apply to the Kenana and Dinder Projects. The i
northern area of the Kenana project is similar to the Rahad Project and s
the southern area compares with the Roseires Project. The Dinder Project

AR




(1) The 'Output' is the value of the crops sold in
Port Sudan or Khartoum,

(2) ‘The Gross Margin is the *output' less the following

costs:

Seed, root pulling (depreciation on equipment),
spraying, fertilisers, ginning including sacks,
freight, insurance,marketing etc.

Details are given in Appendix 7 of the Rahad Pre-Investment Report,
Part III.

106. From the comparison of Output and Gross Margin for the various
crops, it is evident that Medium Staple Cotton and Groundnuts (Ashford
Variety) are the two most profitable crops, and these form the basis

of the rotation recommended for the Rahad and Roseires Projects. The
cropping pattern recommended for the Rahad ProJject has been referred to
{n paragraph 71 as cotton 33.1/J%, groundnuts 3%,1/%5 and dura 16.2/3/.
This cropping pattern has been formulated to give the maximum return and to i
conform with the restrictions imposed on account of soil permeability, corop : 5
hygiene, minimum fallow, etc., and the economy of the supply channels. '
In addition to the rotation area of 12 feddans for each holding there .
is a garden area adjacent to the village of 0.75 feddans for fruit,
vegetables and the farmers' livestock. In spite of the differing oost
of feeder canal and increase in rainfall, the agrioultural investigation
for the Roseires Project has produced the same ecropping pattern. In the 1
Rahad Project, an area of 45,000 feddans is proposed for fodder and forestry. }
In the Rosoires Project 18,000 feddans are allocated for a sugar plantation
and 5,000 feddans for rice cultivation. :

107. The purpose of the analysis 1s to compare the various major .
irrigation projects, and it will be assumed that the basic Roseires and ;
Rahad rotations will apply to the Kenana and Dinder Projects. The

northern area of the Kenana project is similar to the Rahad Project and %
the southern area compares with the Roselires Project. ‘The Dinder Project i
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is similar to the southern part of the Roseires Project. The 'special
areas', such as fodder, forest, sugar and rice in the Foseires and

Rahad Projects will be ignored, as they relate to 4 limited area
consideration of which would only complicate the comparison of the benefits,

Benefits of Development.

108, A full economic appraisal has been i{ncluded in the Rahad and
Roseires Pre-Investment Report by Sir Murdoch MacDonald & Partners and
Hunting Technical Services. This covers all factors affecting development,
namely land, water,management, skilled and unskilled labour and settlement
ete. The obJject of this Memorandum is to compare four major {rrigation
projects. From the information now available it is probable that the
cropping pattern, agricultural management and irrigation techniques will

be similar in all the projects. The {nput management labour, land and water
can be assessed to be much the same for all the projects. The financial
assessment, therefore, will be based on a simple "Output: Capital Ratio"

of the various projects.
109, The 'Output' per feddan with the proposed oropping pattern
is as follows:~-

TABLE 20.
ESTIMATED INCOME PER FEDDAN

' | £3 per feddan
Revenue from Qrops - ;

Cotton, Oroundnuts, Dura ‘ 3.8
Parmers' Denefit from ‘ 1)
Vegetables and Animals i >y ]

! 40.1
Loss of Output due to Movement of Parmers , (2)
into irrigation schemes 4.5
Total value of Output ! 5T
Less Foreign Exchange expenditure : _}_'_g())
et annual increase in National Income £3 X049 per feddan ‘

ots

T




=

Notes (1) This is based on the conclusion of the Rahad Report
part IIT - Table 5.12 - estimated benefit to farmer 1
from vegetables (£S 12) and from animals (£8 30) e |
for 12.75 feddan irrigated area.

(2) Reference Rahad Report Part II - paragreph 5.531 =
farmers' previous income from dura (£3 21.6) and
cash earnings (£S5 34.0)

(3) Reference Rahad Report Part II Table 5.23.

Qutput: Capital Ratio.
110, From the estimate of the benefits of development it is possible
to compare the output with the capital cost to get a simple comparison
of economics of the various projects,
TABLE 21
OUTPUT: CAPITAL RATIO FOR MAJOR PROJECTS

Capital Cost Output per feddan : Output: Capital ratio |

| per feddan Gross | Less | Oross | Less
| Foreign ! Foreign :
{ ‘ Exchange Exchange
i ‘;S 1 "S Ls "‘ ;

Kenana = 72.4 Y 257 205 50 42

Roseires | 78.5 = 257 0.5 - 39 !

Dinder | 81.0 »7 | 305 | = 38

] ' : ' - |

Thus the output: capital ratio varies from 427 for the Kenana
Project to 38¢ for the Rahad Project if the foreign exchange element in
the cost of production is taken into account.

) VAN &
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Priority of Development (Stage 1).

111. As will be seen in Table 10 it is estimated that Roselres

Stage I, in conjunction with Sennar, will irrigate a total area of
3,512,000 feddans, of which 1,100,000 feddans represents the priority
areas chosen for the major projects taking water direct from the Roseires
reservoir. In considering the selection of these major areas for first
stage development it is necessary to take into account the fact that
pre-investment or feasibility studies are nearing completion for the
Rahad and Roseires ares whereas assumptions have had to be made through
lack of detailed knowledge in assessing the output: capital ratios for
the Kenana and Dinder areas.

Dinder.

112, There is a considerable grewth. of established forest in the

Dinder areas and it is possible that the area could be developed more
profitably by expansion of rainland agriculture using a gravity supply

from the Rahad Link Canal for domestic water supplies. The estimated

cost of development per feddan is £3 81,0 which is more costly than either
the Roseires, Rahad or Kenana Project. The Dinder Project is not, therefore,
considered further for use of the Roseires Stage I water.

Kenana.

115. During the early planning of the Roseires Dam 1t was generally
assumed that the Kenana Project would provide the major irrigation
development., A railway is available from Roseires to Sennar and topographical
survey for 1.3 million feddans has been completed., No semi-detailed soil
surveys have yet been carried out. The comparatively high rainfall in the
south might prove to be a 1imitation for irrigation development on account

of the unknown problems in connection with controlled agriculture under

such conditions., On the other hand, the northern area of nearly 1 million
feddans is similar to the Gezira and Managil Schemes, and subject to the
confirmation of the soils and topography could be developed for irrigation.

g
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The estimated cost of construction is the most economical of the four projects
considered. The I.B.R.D. Report number 204a of April 17, 1959, did not
recommend the Kencna Project for the use of Roseires Stage I water,

It was recorded at the time that settlement of the area would be a major
operation due to lack of any appreciable resident population. The

southern part of the area has a rainfall similar to the Roseires Project,

is fairly heavily timbered, and could support a raingrown orop.

Roseires.

114, The southern part of this area carries a heavy growth of

timber and could support rain grown crops. The pattern of rainfall is
such that completion of agricultural operations to a rigid timetable might
be difficult to achieve, and communications for supervision of the
agriculture could be disrupted for considerable periods. The practice
now is to close all roads from 15th July to 15th October,

i
i
7..
’.

115. A semi-detailed soil survey has confirmed the irrigable area,
but indicates that the soils are variable, The topographical survey for |
close contouring has not been completed. A survey of a number of sample ‘
areas has shown that the micro-relief is uneven, which precludes regular
layout of canalisation, as practiced in the Gezira Scheme, and may increase
the cost of canalisation to the level of the Rahad Project, or reduce

e

—————

the effective irrigable asca. The pre-investment survey and feasibility : ’
report is about to be completed. As described above, the major limitations } ]
for development are the comparatively high rainfall in the southern area
and the possibility of difficulties in canalisation as a result of uneven
topography, the extent of which cannot be defined until a detailed

contour survey has been completed. i

Rahad, includ Guneid and Hawata.

116, The climate is similar to the CGezira Scheme. The soils in the i
main Rahad Project (430,000 feddans) and part of the Ouneid Project

(60,000 feddans) are good. The semi-detailed soil survey of the remaining
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areas 1s in hand. There is already a resident population, and although
settlers from other districts will be needed to develop the irrigation
projects, the area is known to the inhabitants of the Sudan, and this will
ease the problems cf settlement., The detailed contour survey of the main
Rahad Project shows the topography and land slopes to be even, and ideal
for the regular la:out of canalisation practiced in the Sudan. The
agricultural operations could follow the Gezira pattern, and the experdnce
gained in that ProJject can be used in the Rahad area. These advantages
outweigh the disadvantage that the estima:>! capital cost per feddan

is greater for tho Rahad PFroJject than for the Kenana Project., Furthermore,
as already mentioned, possibilities for some reduction in capital cost of
the Rahad ProJjzct ar2 being investigated, and if they materialise may
result in a reduction of the estimated cost per feddan to that of the

Roseires Project or even lower.

Recormended Priorities for Stago I,

117. In September 1964, when the Suian Government initiated
pre-investment end feasibility studies on the Rahad and Roseires Projects,
the former was considercd favourable for development, in spite of the !
distance from Roseires, the major source of irrigation supplies, because
there was every indication that the eoils would be suitable for irrigation,
the rainfall not excezsive and thn topography most suitable for irrigation
development, togethcr with the further advantage that there was a sizeable
resident population. From the information available to date there is

no doubt that these general conditions still favour priority development
of the Rahad ProJjects, in spite of the additional cost as compared with
development in the Kenana area.

118, The pre-investment study and feasibility report for the

Roseires Project has been submitted. It is possible that early development
of about 120,000 feddans might be achieved by pumped irrigation in the
northern area. The southern arca of 380,000 feddans suffers from the
limitations of high rainfall and irregular surface topography. From the

i ¢
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information now available, the Rahad Project is preferred for first
development.

110. A full pre-investment survey and feasibility study is required
to formulate the plan of development for Kenana. A research station
has been established to study the problems of irrigation in the rainland
areas. In addition we repeat the recommendation made in thé Estimation
of Irrigable Areas Report of February 1954 that further agricultural
research on the response of crops to the higher rainfall and special
soil conditions of the southern area should be undertaken on a sizeable
pilot project. i

Stage II Development.

120. The difference between the total irrigable areas in Table 10

{3,512,000 feddans) and Table 13 (6,127,000 feddans) of 2,615,000 feddans
represents Roseires Stage II development. The length of the period

before Stage IT storage is required is dependent on the rate of development

of irrigated agriculture which the Sudan can successfully sustain over the ;
next 10 years and thereafter. This will depend on the supply of capital, 1

management, skilled and unskilled labour.




CHAPTER VIII - RATE OF DEVELOPMENT

Introduction.

121, A large and sustained rate of development is desired, not
only to realise and possibly increass the projected growth rate of the
Sudan's economy, but to utilise fully the appreciable investments which
have already been spent on infrastructure in the shortest possible pericd, i
However, a large and sustained rate of development makes great demands on

capital, management and skills. In the Sudan, capital is in short supply

and, although management and skills are improving and increasing, yet

their supply may be inadequate to satisfy the needs of a large and mustained

rate of development, unless positive and energetic steps are taken now.

From a ecnstructional point of view economies of scale, which ocan be

substantial, can be achieved mainly by large irrigation works and rapid

rates of construction. To achieve these economies, however, supplies of ‘
management, skills and labour must be made available in large numbers over

a relatively short period of time so that the optimum level of output can {
be achieved as quickly as possible after construction is complete. i
The larger the project and the greater the engineering economies of scale

that can be achieved, the greater the demands for these other factors become.

122, As the full utilisation of the waters of both stages of the
Roseires reservoir will take some time, it should be possible, in the |
interim period, to increase the supply of these factors substantially. : ]
It is apparent that the Covernment is aware of the factors associated with !
large scale development of irrigation and their implications on the phasing
of one or more projects. In consultation with senior members of the
Civil Service, the Consultants were advised that the Covernment was ;
actively examining resources which would be required with a view to ensuring
their availability at the time of implementation and in order to achieve
the maximum sustained rate of development.

N —— s
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Mn as_a guide to long term rates of development,

123, The Managil Extension (800,000 feddans) was originally planned
to be developed over a period of eight years. After Independence, it
was decided and found feasible, from a planning point of view, to aim at
the phasing and execution of the project within a period of four years.
However, due to financial stringency and the time required to prepare and
negotiate the required loan to cover external costs, the phasing was
extended to five years. If the additional year (which also came about mainly ;
as a result of financial circumstances during which the main duplicate ‘
feeder canal was started) is taken into consideration, the whole scheme
took six years, averaging 133,000 feddans per annum invclving an average
capital investment of £8 6.5 m (including duties) annually. Although it
would have been possible to crop up the 264,000 feddans of cotton over
five years, or an average of 53,000 feddans annual inorease, it took six
years to crop the whole area under cotton, an annual inorease of 133,000

feddans gross area (44,000 feddans of cotton). The annual average ‘
requirement of labour in households was 9,000 of whom the majority were

resident. i
124, In Table 22 various rates of development and their demands for

capital and labour are given. It will be noted that the rates given

under Column C, viz. 400,000 feddans maximum rate of canalisation of which

266,000 feddans per annum is the actually completed construction rate,

exceed the maximum possible average rate of development (130,000 to 164, 000 |
feddans per annum) in terms of availability of irrigation water as i
discussed in Paragraphs 126 to 128. The phasing of development has an i1
important bearing on world commodity supply, demand and prices over a short 5
period. Tt follows that althouch some of the production will be consumed
locally, a close watch should be maintained on world market trends and
um«mdmmmmmuofdwolomntmmtobom .
towards the end of the development programme. In addition, agricultural '
research in respect of alternative orops and improved techniques should

be intensified.

e
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TABLE 22.

RATES OF DEVELOPMENT COMPARED WITH MANAGIL (PER ANNUM)

! (Short Term) | New Projects (Long Term) ‘
! Managil A B I C
" Y
Maximum rate of :
Canalisation 000 : i
feddans 200 | 200 | 300 400 ;
Actual completed | |
construction rate |
000, feddans 133 A% 14 200 266
ual average ‘
capital requirement
excluding duty
£S million (1) (2) (2) (2)
6.0 9.3 14,0 18,6
!
Annual average ! ‘ ‘
requirement of i ' | ‘
labour in ‘ | |
households. | 9,000 10,500 | 16,000 | 20,800 l
% J
Mainly
Resident Mainly Non Resident

Notes: 1. Capital requirement of Managil assumed at £5 45.0 per feddan

2. Capital requirement of new projects on average assumed
at £8 70.0 per feddan.

Limitation of Rate of Development ; |
125. Experience gained during the execution of Managil, Khashm el *!

Girbe and extensions to the Oezira indicate that the Sudan's capacity for |
the implemention of irrigation projects has been appreciably enhanced over ‘
the past eight years. Notwithstanding this increase in ability and ( !

physical resources, a major constraint becomes operative when the rate of
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development exceeds about 150,000 feddans annually, namely the availability
of water. It is calculated that an average annual increment of 130, 000
feddans in the Blue Nile area over a period of eleven years will fully
utilise the share of water available to the Sudan by 1977 if all other
developments also proceed as foreseen in Paragraphs 34 to 36. Although
it may be possible to achieve higher rates of development in one or more
years it would be inadvisable to incur capital expenditure on plant and
equipment greatly in excess of that deemed necessary to achieve a sustained
average rate of development over the whole period,

126, We have considered ways in which the average rate of development
of 130,000 feddans per year in the Blue Nile area can be increased in the
period up to 1978 during which the loan to The United Arab Republic of

1.5 milliards per annum is applicable.

127. On the Atbara River storage is already available at Khashm el Girba
and, therefore, developments based on this storage must obviously proceed
until full development from the storage has been obtained., It has also

beeh established that pump schemes on the Main Nile north of ¥hartoum must
also have high priority. If, therefore, additional water is to be made
available on the Blue Nile during the {nterim period this can only be done
by a reduction in the area of pump schemes to be developed on the White Nile.

128. In Table 5 0.58 milliards is allocated for the development of
207,000 feddans in this area: In addition an allowance of 0,5 milliards
has been made pending a decision on the future of Jebel Aulia. Assuming
that no further developments take place on the White Nile until after 1977
and that the Jebel Aulia allowance can also be utilised, the average rate
of development on the Blue Nile during this period could be increased from
130,000 to 164,000 feddans per annum. As the development of pump schemes
on the White Nile is unlikely to stop all together, the rate of development
on the Blue Nile will, therefore, 1ie between the two figures quoted above.




CHAPTER IX - PROJECTION OF INCOME AND EXPENDITURE

Roseires Stage TI.

129. The increases in gross national income are mainly in foreign
exchange earnings, with the exception of wheat in the Cezira which is in
terms of foreign exchange saved. Allowances have been made for loss of
production of subsistence and other crops thatthe settlers will have

caused by moving into the new schemes, but no allowances have been made for
loss in transferring management and skills from other activities elsewhere.
Tt has been assumed that world prices, notably of cotton and groundnuts will
not be affected by the increase in production resulting from the projects
over and above the prices adopted. (Report No. II Rahad Project).

120. Table 23 shows Income and Expenditure from Roseires Stage I

development at an assumed rate 8o that the water will be fully utilised by

1975 with the long term average level of production achieved by 1980. This

assumes an average rate of construction for new lands and for successful

cropping to be implemented (excluding Khartoum green belt and a small extension |
to Guneid) of 141,000 feddans per year. The ocapital investment shown

includes both local and foreign currency but excludes duties.

131. The net contribution to the national income is approximately

£8 57 million, less £3 9 million of imported materials, agricultural plant
and machinery (including capital renewals) 1.e. £8 48 million net. To

achieve this £5 9 million will have to be invested over 9 years averaging
£S 10.6 million annually on the development rate assumed. Of this about ;
55% will be required in foreign exchange, about £8 5.8 million annually.
'Bnd.ndsforoqpiulatummm"riodsombcmtobomh g
Servicing of loans to finance these investments depends very ‘ i

s I e s B

greater.
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With the whole of the capital borrowed and carrying 6% interest with
repayments in equal instalments over 25 years from 1970/71 or from

date of investment in subsequent years, a servicing commitment of

£S 7.9 million annually seems likely, excluding repayment of the dam loan.
Table 24 shows the assumed repayment programme up to 1980 based on
alternative types of loan and interest rates.

132. Table 25 shows Income and Expenditure from Roseires Stage I
development at a higher rate than {n Table 23. Successful cropping

would be implemented at an average rate of 182,000 feddans per year with
Stage I fully utilised by 1973 and the long term level of production reached
by 1978.

Roseires Stage II.

133. A projection of income acoruing from Stage II has not been
attempted as many factors (e.g. the effect of large increases in output
on world prices, the uncertainty of timing etc.) are too uncertain.
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TABLE 2

PROJECTION OF INCOME AND EXPENDITURE FROM
ROSEIRES STAGE I DEVELOPMENT

Alternative I. 1,272,000 feddans of land made available over a 9 year

period (average rate of 141,000 feddans per year)

. | :
Available | Cross | Imports | Capital
Year | Newland | = e, | National | Investment
| (Thousand Income |
| Feddans) (£8 Million) (28 Million)| (&8 Million)
65-66 - - 3.6 1.5 B2
66-6T7 | Gezira ete. 70 7.2 2.0 7.6
67-68 | Gezira etc.
and Pump
Schemes. | 91 2.5 14,2
1
68-69 - | 12 10,2 2.7 13.2
|
69-70 | Rahad 462 14.8 3.2 17.2
| 70-71 | Rahad and
. 722 23.8 3.8 B.4




TABLE 24

ROSEIRES STAGE I DEVELOPMENT

REPAYMENT PROGRAMME (£S MILLION)

| Year Gross | Imports ] CONDITIONS OF LOAN '
National! () ®) o a) )
Inoome lt Whoie of! Whole or' Fou{sn oap. Poroisn oap.{ P\o&zm cap.
' {  cap. cap. + 50% + 507% + 501% ‘_
| borrowed borrouod‘ local local local
! ; at 'borrowed at| borrowed at borrowed at
| & | sl e \ ; | ,
70-71| 23.8 | 3.8 ; 85 | W3 345 J.4 1 3.0 }
71-72| 27.0 My | S ] 8 4,1 3.8 | 3ol |
72-T3| 35.4 s0 | 62 | 58 4.8 | M5 | %2 .
T3=Th| 40.5 8.6 | il 5.8 | 58 | A9 '
T4-T5| 46.1 62 | 79 | T3 | 6.2 | 8,9 | 5.2 |
75-76| 48.5 ko {0 i 7.5 | 6.2 |89 5.2 :
76=T7{ 50.9 v.b | 79 [ %S SR ‘ 5.9 5.2 |
I77-78] 53.0 80 | N9 |18 NN L 5.9 | 5.2 11
178-79| 55.2 8.4 7:9 | T8 6.2 : 5.9 ; 5.2 l
79-80| 57.3 8.7 729 | 7.5 | 6.2 | 5.9 | ?
! {
: "
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TABLE 25

PROJECTION OF INCOME AND EXPENDITURE FROM

D e e e ——————————————————

ROSEIRES STAGE I DEVELOPMENT

Alternative II. 1,272,000 feddans of land made available over a 7 year
period (average rate of 182,000 feddans per year)

1

e
| (Thousand Income ‘ |

: ;mwmn '(wunum)‘wsmnmm (wunnmﬁ
65-66 | - j - f 3.6 ! 1.3 f 3.2 ‘
66-67 | Gezira etc. ' TO e ' 2.0 ‘ e 0l
67-68 | Gezira ete. and l . »

| Pump Schemes 172 s bac 108 | ane
68-69 | . 172 | 0.2 s | 168 |
69-70 | Rahad 462 14.8 ' 3.2 17.1 '
A oy 722 | D8 AR B B
| 71-72 | Hawata 1,022 | N2 - TRE
E; 72-T3 ;‘ R e 1,272 5.0 ! 5.2 |
_ | | g 8 ngeg e |
| a5 | : | 50.9 | 6.6 ! g
| 75-76 ! ‘ | 53.0 5.8 | 3
2617 | s5.2 T | f
| 77-78 | : | 53 ! 8.7 i |
 am ; T 1 ;




APPENDIX TO

MEMORANDUM ON UTTLISATION OF WATER FROM ROSETRES RESERVOIR

AGRICULTURAL RESEARCH

History.

A.l. The development of agricultural research in the Sudan in the
twentieth century is described in a number of publications and a summary

1s available in the I.B.R.D. Report of the Technical Mission on Sudan
Irrigation (Report T.D. 204, 1959). Provision for a widening of the
scope of agricultural research under the Ten Year Plan of Economic and
Social Development 1961-62 to 1971-T2 has resulted in the establishment

of additional research stations at Hudeiba, in Northern Provinoce and at
Abu Na'ama in the Blue Nile Province; also of two sub-research stations
at Sennar and Maatug in the Managil Scheme - in the same province and a
third at Khashm el Girba in Kassala Province, in connection with the Khashm
el Girba Agricultural Project. In addition, new pilot project
experimentation has been carried out in Kassala Province in connection
with more mechanisation and pbetter ylelds in the mechanised crop production
schemes, the establishment of castor as a commercial crop {n the Gash Flood
Irrigation Project ; and the possibilities of the production of kenaf in
the Khashm el Girba Project; {n Blue Nile Provinoce in connection with the
Guneid sugar project, and in Bahr el Ghazal Province in connection with the
establishment of both rice and kenaf as commercial crops in the Aweil and

TonJ areas.

Present findings.

A.2. In the Gezira, the most {mportant development ocourred at the
end of 1963 with the establistment of the Working Party of the Agriocultural
Research Division, Wad Medani. The terms of reference are to study the
merits of alternative eropping and stocking systems for existing and future
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areas of production. The intensification of the Gezira Scheme was to
be the tmediate task as Roseires water would be available in the 196667
eropping season.

AJ. The Interim Report of the Working Party, of May 1965, states
that a review of research results and market prospects indicates that the
number of orops for which there is sufficient evidence to Justify their
serious consideration in the Gezira is relatively limited. BExtra long
staple (Egyptian) cotton, medium staple (American) cotton, dura, groundnuts
and wheat are the mein, commercially tested, cash crops with safflower as
& possibility which has not yet been fully investigated. The fodder

erops Justifying consideration are lubia, phillipesara, Sudan grass

and cowpea. Livestock alternatives are not considered in detail in the
interim report because of lack of data.

A4, Economic analysis shows clearly that with regard to its
contribution to the national product, cotton is still the outstanding crop
in the Gezira, Net revenue per irrigable feddan, the dominant factor in
the cholce of crops, 1s at least twice as high for cotton as for nearly all
the alternative orops or orop sequences. ‘The demand for the extra long
staple cotton now grown is, however, highly elastic. Medium steple cotton
for which there is a larger market offers an alternative, and even now
appears to be somewhat more rewarding than extra long staple cotton.

mg‘ patterns for the Gezira Soh-o,

A5, Limitations on having more than the existing 25% of the Oezira
area under cotton are:-

The inflexibility of the present B course rotational
pnttomwhlahowldmlyho-oduudbyamm
tanancy size,
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The limited availability of pickers,
The general desire to reduce dependence on one orop.

In the case of medium staple cotton, labour shortages could
be partly overcome by the introduction of mechanical picking of the crop,
8o that an increased cotton area in the Gezirs is more feasible with medium
staple cotton as the main cash crop.

A.6, After cotton, groundnuts is the crop likely to produce the
highest net revenue per irrigable feddan and could be grown in place

of dura. At this stage, however, the tenants are unlikely to agree to
this change and this attitude, together with the need to grow some lubia,
is likely to 1limit the area under groundnuts, An acceptable alternative
to groundnuts is a combination of dura with wheat, the wheat using water
released when the dura is harvested. This crop combination gives a net
revenue per irrigable feddan that is not very much below that of groundnuts,
Whilst the tenants insist on growing dura, therefore, wheat should be
included in the rotation in order to obtain full season utilisation of the
irrigation capacity. Wheat is Justified in these circumstances even

at ylelds of less than 0.5 tons per feddan, except in the Southern Gezira
where dura yields tend to be particularly low and where wheat is a less
certain crop. It 1s possible that safflower may provide a more profitable
alternative to wheat when 1its production and marketing possibilities

have been fully explored.

A.T. With the retention of the present dead season, the optimum
cropping plan could be based on the rotation now adopted by the Sudan
Gezira Board as follows:-




Yoar Crop

1st Cotton

2nd Wheat

ord Fallow

4th Cotton

5th Groundnuts

6th Dura

Tth Phillipesara or lubia (not
Bth Fallow. irrigated)

A.B. Consideration has been given to the elimination of the dead

season with the objective of obtaining full season utilisation of the
irrigation capacity. This would involve earlier sowing of groundnuts
with the possibility of freeing water for a wheat orop after the
groundnuts had been harvested. Another possibility is the replacement
of unirrigated, July sown, phillipesara by an April sown, irrigated,
phillipesara crop which would provide better hay and/or grazing and

have greater beneficial effects on succeeding crops. Present results
indicate that increased groundnut yields produce only a marginal return
per unit of extra water required for early sowing. In the case of
phillipesara it is considered that, until it can be shown that livestock
returns will be very markedly improved by the better fodder supplies,
the beneficial fertility effects of the April sown crop may be offset by the
greater pest hazards to the cotton orop resulting from the loss of the
dead season. The Working Party concludes, therefore, that the adoption
of full season irrigation will depend eventually on the alternative uses
available for Roseires water,

A.9. The Working Party considers that, at this time, it is unlikely
that an overall improvement in fodder supplies would be eonomically

Justifiable taking into account the expected gain in livestock production
in comparison with the real costs and opportunity costs in lost cash erop




production involved in such an improvement. There may, however, be
scope for the encouragement of livestock production on specialist lines.

A.10. Vegetable gardens in most instances return a lower net revenue
per irrigable feddan than do either groundnuts or dura and wheat in
combination. A general extension of their area is, therefore, not
Justified on economic grounds. Evidence from Sudeira block in the Managil
Scheme, however, indicates that in a favourable location returns much above
the average are possible. The Working Party considers that in such areas
the tenants should be given special opportunities to develop their

garden areas.

Research and m@g& Activities.

A.11. Considerable research into rotations and the intersections of
erops has been undertaken at the Gezira Research Station over a period
of many years, the results of which havebeen incorporated into the
proposed rotation for the intensification of cropping. The sequence of
eropping in a rotation is of considerable significance, for example the
highest cotton ylelds were achieved when the fallow was preceded by lubia, a
leguminous crop, rather than by two consecutive fallows; on the other
hand dura preceding a fallow invariably reduced cotton yields.
Unfortunately data on the effects of fertiliser in relation to cropping
sequences is lacking and trials to determine the effects will not be
oncluded until 1966,

A.12, Oroundnut trials and observations are being undertaken in the
mechanisation of groundnut cultivation and subsequent decortication, the
results of which are promising.

A.13. Mechanical picking trials on medium staple cotton varieties
have been carried out and it is evident that while mechanical harvesting
is possible, the economics of this system are not sufficiently attractive
to Justify a change from hand picking at the present time.




A%,

Agronomic trials over a range of crops have been carried out

at the Gezira Research Station, the most important of which include:-

(1)

(11)

(111)

(1v)

(v)

Safflower. Spacing and variety trials in which
yilelds of 80 kg. per feddan have been achieved,

Wheat. The testing of heat tolerant varieties and early
sowing (there is a limit to early sowing due to
conflicting water requirements for summer crops), with
the aim of increasing the relatively low average yleld
under commercial conditions. Improved mechanical
methods of sowing and harvesting have given encouraging
results.,

Dura. Variety and fertiliser trials have given
significant results.

Soya Bean. Although variety trials have been discontinued
on the ground that yields were below economic levels, there
would appear to be a potential for this crop and further
variety trials are contemplated.

A number of fodder crop trials have been undertaken
with a view to meeting animal husbandry requirements
under various conditions.
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TamE A2

TOSEIRES STWGE I
BLUE NILE REGULATION AN SENNAR
ROSETRES STAGE I - FULL USE OF AVAILABLE STORAGE MEDLAN YEAR
TOTAL AREA 3, 512,000
All amounts in millions of cubic metres in stated period
FOSETRES - STAGE I SENNAR SENNAR-KHARTUUN
Yatural Flow | 1rrig. | Evap. [Change in | Contents|Level at | Release | Inflow Irrig. | Bvap. inContents | lavel al Trrig. ", Flow
|Medtan Year | Reqts. | loss | Contents at end of | down- (2% loss) | Reqts, | loss |Contents |at end |end of |down- Reqta. -
st Deim end of |period stream |from of period |atream wiream
period |metres Roseires (period metlres Ounetd
1045 -] 3 g 638 | %67.0 960 941 186 4 - 0 ur.e ™ 2 50 W
20 1900 68 3 - 1829 179 186 4 - W02 22 50
-3 %52 26 3 - 623 3551 189 5 - 5T 2 55
8600 12 2 - 4586 404 247 3 - Uk 17 %0
20 12 2 - 5226 5121 241 3 . weTY 16 50
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4980 38 2 - 4940 84 e 3 - Lo 20 50
20 A2m0 ™ 2 - uo o7 m 3 - i 2 50 3| Surplus water
-X 3839 ™ 2 - 638 | 467.0 3760 3685 wm > - 230 ur.e 3309 2 50
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x 822 17 | 16 + 54 3024 | %80.0 615 603 s | w2 . 17 »o 1.7 261 19 50 r.::
X ea 137 | 16 - 3024 | %80.0 581 569 sr | @ - 9% LT 250 18 50 \
H 553 135 | 19 - 3024 | 480.0 %01 39 28 | 1 - 90 2.7 0 17 50 J
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CHAPTER VI - UTILISATION OF ROSEIRES WATER ON COMPLETION

OF STAGE II.

Heightening of dam,

0. The present plans for irrigation development on the Blue Nile
with the rotations now proposed could be met by raising the top storage
level of the Stage I dam by 9.1 metres instead of the 10 metres proposed.
Since such a limitation would restrict freedom to vary rotations if
further intensification were found to be possible, or if new crops were
found to be economically desirable, or if new irrigation areas were
found on the Blue Nile, we have analysed the conditions which will

apply if the full storage of Roseires Stage II were utilised on the
rotations now envisaged.

Areas.

1. For this purpose we have added a residual area of 515,000 feddans,
watered as proposed for the Kenana area, to the known areas which are to

be irrigated directly from the Roseires reservoir. This addition, and

the water requirements from the Blue Nile of all areas are shown on Table 13,
In addition, 772 million cubic metres of water are supplied from the

River Rahad as before. As indicated in Chapter III, Paragraph 40, these
conditions would require a water allocation greater than the share at
present avallable to the Sudan when the High Aswan Dam is in operation,
unless further capital works to increase the natural discharge of the Nile
system are implemented.

Reservoir operation,

2. Assuming that the Sudan must rely on its own resources for
regulation of the river for irrigation purposes for many years to come,
Table 13 indicates the irrigation requirements for 6,127 million feddans
of land which the full resources of Roseires Stage II and Sennar can
support, again with full watering in four years out of five,



93. The provisional method of operation is set out in Table 14 for
the 80% year. This indicates that the reservoir can be fully filled

in such a year, although filling must start earlier and at a faster
rate than is required for Stage I. The period of shortage also starts
earlier, the entire pattern of operation from November lst to June 20th
being determined by irrigation demands and the requirements of a minimum
flow of 5 million cubic metres per day in the river below Guneid.

ok, Of the total flow at Deim (40.11 milliards in the 807 year)
19,40 milliards are used for irrigation, 1.02 milliards are lost by
evaporation from both reservoirs and 19.12 milliards are passed onwards
below Guneid. The difference of 0.57 milliards represents natural
transmission losses in the reach. Evaporation losses from Roseires
increase by 0.33 milliards when the reservoir is raised by 10 metres from
Stage I levels to Stage II.

B For years in which the flow is less than that of the 80% year,
it would be necessary to apply restrictions which became more severe as
the deficiency increascd and, in some exceptional years, it might not be
possible to fill the reservoirs completely. Detailed study of some
individual years is necessary before the full implications of extreme
conditions can be assessed, with particular reference to the method of
filling the reservoirs and the best manner for restricting irrigation
demands when it should prove necessary.

9. The provisional method of operating in a median year is set out in
Table 15 where the surplus forage available in such a year has been
utilised for the improvement of energy output from March to June. In

such a year 28.98 milliards are passed onwards below Ouneid out of a

total of 50.25 milliards passing at Deim. Evaporation losses for the

two reservoirs are 1.08 milliards,



Power.

97. With these provisional methods of operation, the power and
energy outputs with seven sets installed are shown in Fig. 8 for a median
and an 80% year. The general pattern is similar to that of Stage

but there are a number of differences of significance.

98, Earlier filling of the reservoirs means that the period of
restriction of power output caused by the annual flood is reduced by

a month, Shortage of energy due to insufficient water passing the dam
to develop continuously the full potential output of 7 sets increases with
the increase of upstream abstractions but, in the critical period

from March to June, the energy available is increased from 29 MW, to

3% MW, at Roseires in an 807 year, and from 48 MW. to 70 MW, in a median
year, The period when full peak power is available, even though there

is a deficiency of water, increases due to the wider range of levels in

the reservoir.

99. Conditions at Sennar change slightly, the period of deficlency
of peak power reducing since the reservoir is filled earlier and the
period of shortage of energy increases because of increased abstractions

upstream,

100, For comparison with Stage I, the energy output to Roseires Power
Station with 7 sets installed increases by 139 million units to 1,100
million in a median year and by 99 million units to 1,005 million units in
an 807% year.

101, These figures are subject to refinement when the operation of
Roseires Stage IT can be studied more closely with more certain knowledge
of future intentions regarding the location of residual areas allowed at
present in the calculations, but generally it can be said that raising
Roseires from Stage I to Stage II will produce a potential increase in
energy output of about 10%.




102. During the period of development of the irrigation areas, any
surplus water can be used to increase energy production

if the sets are
avallable and the system can absorb it. This will apply to Roseires Power
Station with the dam either at Stage 1

o . e
or Slage lle




TRBLE 13
BLUE NILE REGULATION

FORECAST OF WATER REQUIREMENTS FOR FULL USE OF ROSEIRES STAGE Il

TOTAL IRRIGABLE AREA 6,127,000 FEDDANS
Gross Irrigable Water Demand - million w
Area
Feddans (1,000) § July | Aug. Sept. Oot. Nov. Dec. Jan. Peb, Mar. Apr. May June Total
ing water from
«stream Sennar
wid (Sugar) 44 BT 27 35 25 22 21 20 D4 28 30 | )
=ps (Existing) 62 28 20 24 31 29 23 19 16 13 . - - 203
=ps (Extensions) 8 > > - > | > > > > > - - - a7
Total 114 68 50 62 70 57 4K i %9 %0 28 %0 » 56t
ng water from
s ires - Sennar
ixisting Gezira
intensified) inc.
del Magid 982 198 | 295 §rT we2| 6| 38| 3| 276 16 N Ay o ur S277
ixisting Managil 838 177 | 300 438 383| 297| 219 =219 233 9 n 7i 7 2608
mzira Extensions 97 19 29 47 ue 41 %9 9 27 3 12 1% 12 ot
Managil Extensions 35 7 13 18 16 12 12 12 10 3 3 3 ’ 112
Oreen belt (Forest and
fodder) 25 15 15 15 15 15 15 15 14 28 15 15 it 179
Pmps (Existing) 289 131 94 11 ws| 136 107 89 5 61 . . - Wi
Paps (Extensions) § 2 1% 1 12 16 15 12 10 B 7 - - - 105
Total 2298 561 57 1118 1082 932 857 B37 643 114 218 218 218 755"
Ax ¥ater from
Lstreas Roseires
Fabad - Hawata - Ounetd 850 153 . 127 2ls 309 | 08 257 e 74 % | 2% 24k 219
Roseires (Right Bank) 500 By ] 71 183 193 183 118 21 ¥ 172 128 106 1433
Dinder 250 59 53 49 126 136 128 8 14 70 120 89 7€ 1003
Keaans 1,500 297 329 671 748 582 Ul hob 105 187 271 oy b o) LOuR
Residual Area 515 102 113 230 257 200 187 139 b (2] ¥* 140 15 1699
Total 3,715 675 570 1178 1627 | 1420 1350| 1003] 24 Aok 755 | 1001 P 11278
- 4
GRAYD TOTAL 6,127 19398

* Rahad-Hawata-Ouneid is supplemented from River Mahad
in July-Novesber inclusive.
#s Excluding the residual area the total walter demand 1s approximately 17.7 milliards,

i
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BLUE NILE REGULATION -y
AND SENNAR
I - FULL OF AVA; Bok YEAR
TOTAL IRRIGABLE AREA 6,127,000 FEDDANS
All amounts in millions of cubic metres in stated period
ROSETRES - STAGE IT SENNAR SENNAR-KHARTOUN
Matural Flow| Irrig.| Evap.|Change in| Contents|Level at| Release |Inflow Irriq. | Bvap.| Change in|Contents | Level at [Release | Ireig.| Min, Flow
80% Year Reqts.| loss |Contents at lend of down- (2% loss) | Reqtas. | loss |Contents |at end end of jdown- Reqta, | Downe
at Deism, end of [period stream from of period |strean atrean
period |metres Roseires period motres Quneid
-10 s 265 3 - 6; %7.0 543 532 186 “ - %0 ur.e b2 ) % )
1-20 1810 219 3 - 1188 1164 186 4 - 94 22 50
131 2760 191 > . 2566 2515 189 5 - a3 2 5
-0 | 3983 ml e - | | 3810 sh | e | 3 - bk 17 5
120 4380 181 2 - 97 a1 a0 b ] - 3869 1% 50  Mourplue water
131 A0 218 2 - 638 | 467.0 4730 %35 269 3 - 4363 17 )
-0 | 39 0 5 [+ 2360 | 2998 | 479.9 1264 29 [ | 3 - By | s0e [ Inopetres
120 | 380 405 9 |+ 1930 | 498 | 48s.1 1096 win | | 3 - o9 2 0 g Svne
130 1 9| 122 |+ 1680 6608 | 488.35 1015 99 m 4 . 30 wur.2 618 2 o
| 2260 S| 20 |+ 600 | 7208 | AB9.4 2096 | oma | s | 7 [+ 36 | 6 | w0 | [ @ ol |
120 1570 550 | 21 |+ 315 7523 | 489.9 684 670 b B | + 19 i 4204 10 2 50
=31 1154 533 23 |+ 65 7588 490.0 523 513 61 9 . B 930 WL 101 2 i) :u:m“
1«10 891 471 » |- 17 ™n 490.0 o2 394 32 12 - a0 w7 70 20 5
20" 6B 8| 3 |- 202 ™69 | 489.65 382 374 a3 | 12| - 910 @16 69 19 50
1-% 540 my o» |- 3 7046 | 489, 9 »2 »inl]- 3 BT “®1.% 68 i 50 [withdrewals
1-10 a2 M| 3 |- D318 6668 | 488.5 331 324 Ml njl- » B840 [T 67 17 50 [spproximately
120 %63 33| 36 |- w6 | 6 | Mern7 330 a3 | e | |- » Bos | wa0.85 | 66 i 5 [9% fomires
231 320 5| 37 |- sa| sm | 6.7 3%9 | 25| 22| - W 70 | 0.5 | T i 5 | 8% Dennar
110 257 3| 3 |- s 5216 | 485.7 315 209 znn | 2| - & 75 420,25 65 1% 50
11-20 213 | 32 |- 503 a1y | w86 308 302 m| 2|- ¥ 670 4099 64 ] 5
213 19 224 2 |- 399 314 837 2 )] 289 12 -3 6% 397 69 W -]
-10 157 | 30 |- 260 w054 | 483.05 290 284 22| v - > 610 419.5 ok ] 50
1120 131 ] 9|- @n 3183 | M82.3 290 284 k| V|- B 585 u9.3 ] u 5
21-28 9 69| 22 (- 225| 3558 | W17 25 @o| 19| 0 |- | 5 | W92 | 3N - ped
wr. 110 105 gs| 28 |- 10 3848 | 48135 104 102 | uw|- 0 555 4.1 62 2 50
1120 2 1wr| 27 |- 168 | 3080 | 480.85 100 o | w|- B 540 419.0 6 i %
21-31 89 284 | 27 |- 30 2960 | ¥719.8 ) 9% 2 L - % 510 4188 70 1% 55
r. 1=10 ] 28| 22 |- 3 23 | ¥8.6 18 116 Bl B » wo us. 5 60 0 50
1120 7 2| 20 |- 37 258 | a3 122 120 Bl v - B “5 us.3 - y »
21-% 7 1| 8 |- 39 199 | ¥15.9 120 118 ”| 2)]- B 20 bis.a 5 » 0
Wy -0 69 3B 8 |- Wy 1552 | ¥13.6 18 116 7| |- ] “ur.e 5 y 50
-0 » »ini- B ug | . 119 117 r| w|- B 380 “ur.T7 60 10 5
2131 167 20| 1 |- 26 g1 | %9.5 128 125 Wl w|- » | wr1.w| i »
@ 110 24 254 S 1= 1% T8 A% 130 127 4] A - B 340 “ur.s 61 i 5
11-29 9 »| 6|- 18 638 | w671.0 159 1% Dl 1]~ w» » | w72 % - » }m;.. water
a-%| s »| 5 - 68 | wr.0 196 Rl nl 7 . . ure | 4 =
Tstals w108 1uzm| 6 Bizr| emm| 55| 3> 1989 | 565
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