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PREFACE

The Government of Japan, in response to a request from the Sudan Government, en-
trusted to the Overseas Technical Cooperation Agency ( OTCA } the task of conducting a pre-
liminary survey in the Sudan, The OTCA, {ully realizing the importance of the Develop-
ment Program of the Railways in the Sudan, organized a seven-member team of experts and
dispatched it to the Sudan on February 3, 1965 for a two month on-the-spot survey under the
leadership of Dr. A, Eto, a Member of the House of Councelors,

The OTCA, which was established on July 1, 1962, serves as an executing agency of
the Japanese Government to conduct Japan's government-level technical cooperation to Asia
the Near and Middle East, Africa and Latin America. Its principal activities are acceptance
of overseas trainees, assignment of technical experts, establishment of overseas technical
cooperation centers and the conducting of preliminary surveys for development projects,

It is my sincere hope that this report will prove to be useful in the field of technical
help to the Development Program of the Railways in the Sudan and will also help to foster
closer technical ties and better understanding between the Sudan and Japan.

.Lastl.y, on behalf of the OTCA, I wish to take this opportunity to express. our greatest
appreciation and sincere thanks to the various agénci‘?é_qf t.!fy_g_a‘_- Sﬁdan Governrr_lent for their in-
valuable help and cooperatioﬁ given to the Survey Tearﬁ, wi’ghpﬁt_ which it would not have been

possible for the Team to conduct a smooth survey on ’_ch-ej:_fspot.'

July 1965 / /A‘édw

Shinichi Shibusawa

Director General :
Overseas Technical Cooperation Agency
of Japan . :
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1, Objective of Survey

I INTRODUCTION

‘This survey investigates the possibility of the construction of a transport route which

would link El Fasher, Nyala and El Geneina, and which would present itself as one of the im-

perative projects in pushing forward the economic development of a vast area with J, Marra,

Darfur Province, as its centre,

In order to attain this objective our team executed the following two operations:

{1) Preparation of a plan for the construction of a railway to run between Nyala and

El Geneina.

{2) Preparation of a plan for the improvement of a road between El Fasher and Nyala,

2., Our Survery Team was comprized of the members:

Capacity

Names

Occupations & Titles

Lieader

Deputy leader

Member

Dr, Akirz Eto

Mr, Hayao Kasuya

Mr, Jiro Hiraoka

Mr, Harue Yoshinaga

Mr. Tetsuo Hanya

Mr. Masakuni Saisho

Member of the House of Councillors,
Dr, of Engineering

Chief of Planning Dept, of the Japan
Railway Construction Corporation

Chief of Engineering Section, Engi-
neering Dept. of the Japan Railway -
Construction Corporation

Chief of Engineering Section,
Shimoénoseki Branch of the Japan
Railway Construction Corporation

Chief of Yard Engineering Section,.
Tokyo Construction Division, of the
Japanese National Railways

Member of the Technical Affairs
Office, the Japan Overseas Technical
Cooperation Agency




3. Day-tc-day Programime of Survey according to the laader and other members-

Leader
the Day of | Starting Arrival . Accommo-
Date the Week from at Degcription dation ete,
January
30th | Saturday Tokyo
31st Sunday
February
1st Monday Paris
2nd Tuesday
3rd Wednegday | Paris
4th Thuraday Fort Lami| Talked with the Chad
government concerning
5th Friday the planning of the Trans
. continuental Railroad of
6th Saturday Africa,
Tth Sunday Fort Lamy | Lagos
8th Monday Talked with the Nigeria
government emncerning
the planning of the
‘Transcontinental
Railroad of Africa,
9th [ Tuesday Liagos Khartoum Joined the team, Khartoum
10th Wednesday Consulted with the 1
S Japanese Ambassador.
Paid a courtest call on th
11t Thursda
h ¥ Ministers of Works and 7 "
Communications, the
General Manager of Sudan
Railways, Minister of
Finance, and Deputy of
Ministry of Finance,
12th Friday Inspected the Khartoum )
Digtriet,
13th Saturday Khartoum | Atbara .Courtesy visit to Deputy | Atbara
: . . of Sudan Railway.
14th | Sunday Held discussions with
o . General Manager, Depu-
ties and Chieves of
. Departments, etec,, )
Showed the film "Diesel |
Express' presented by the

Japanese National Railways,



the Day of Starting Arrival s s Accommo-
Date the Week from at Description dation etc,
Atbara Deputy leader, Kasuya on the train

joined in the trip,

15th Monday Port Sudan | Visited the Port Manager
and inspected the port
facilitieg, ’

i6th Tuesday Inspected the District of
Port Sudan,

Port Sudan . Deputy leader, Kasuya on the train

joined,

17th Wednesday Khartoum Khartoum

18th Thursday Inspected the Khartoum "
District,

19th Friday Holiday "

20th Saturday Khartoum El Fasher In company with El Fasher
Deputy leader, Kasuya,
Discussed matters with
the Commissioner of
Darfur Province,

21st Sunday El Fasher Suni Inspected the area bet- Suni
ween El Fasher and Suni.

22nd Monday Suni Nyala Ingpected the develop-~ Nyala
ment programme for the
Suni-Kas-Nyala and
J. Marra areas,

23rd Tuesday Inspected the Nyala n
district,

24th Wednesday " "

25th Thursday Nyala Geneina Inspected the Geneina Geneina
district,

26th - | Friday Geneina Khartoum Talked with the team Khartoum
members concerning
the field investigation,

27th Saturday Left for Japan,

Khartoum




Members of the team

fhe Day of

Starting

Arrival . Accommo-
Date the Week from at Deseription dation ete, .
February
Tth Sunday Tokyo In the
' airplane
8th Monday Khartoum Khartoum
9th Tuesday The leader of the team n
arrived
10th Wednesday (Accompanied with the "
leader)
11th Thursday " "
12th Friday " "
13th Saturday Khartoum | Atbara " Atbara
i4th Sunday " "
15th Monday Heard reports from the "
Chief Mechanical Engineer
and Chief Engineers as to
the situation and collected
information, |
18th Tuesday Inspected factories making "
semaphores, cement and_‘
sleepers, '
Listened to reports by the
Traffic Manager and others
concerning the situation and
collected information data,
17th Wednesday Inspected a car factory, n
. Noted the explanations made
by the General Manager and
Development Engineer,
Collected information,
18th Thursday Situation was explained by
the Chief Accountant,
Collected necessary data,
Atbara on the train
19th Friday "
20th Saturday Port SBudan |Situation was explained Port Sudan

by the Port Manager,
Inspected the facilities
of the harbour,




Date

the Day of
the Week

Starting
from

Arrival
-at

Description

Accommo-
dation ete,

21st

22nd
23rd
24th
256th

26th

2T7th
28th
March

1st

2nd

drd

4th

Sunday

Monday
Tuesday

Wednesday

Thursday

Friday

Saturday
Sunday
Monday

Tuesday

Wedneada.y

Th_urs'day.

Port Sudan

Khartoum

Nyala

Khartoum

Nyala

|Kas

Ingpected the Port
facilities and the ex-
tension work now under
WaYy.

Vigited Suakin.

Studied reports con-
cerning the area between
Nyala and Geneina

Joining the leader and
deputy leader, making
arrangements ag to the
schedule for the field
investigation,

the leader returned to
Japan.

Made preparations for
field investigation.

Inspected the district
of Khartoum,

Talked with the com-~
migsioner of Darfur
Province and others,
Inspected Nyala Station,

Made arrangements with
the Commissioner of
Darfur Province and
Others,

Investigated the condition
of the existing railroad
between Nyala and Bileil,
Investigated the location
where a bridge is to

be constructed in W,
Nyala,

Investigated the condition
between Nyala and W,
Dussul Dagga.

Investigated the condition
between W. Dussul Dagga
and Kas,

Port Sudan

Khartoum _

Nyala

Kas




Date

the Day of
the Week

Starting
from

Arrival
at

Description

Accommo-
dation ete,

5th

6th

Tth

8th

9th

10th

11th

12th

13th

14th

15th

" 16th

Friday
Saturday
Sunday_

Monday

Tuesday

Wednesday

Thursday
Friday
Saturday

Sunday

Monday

Tuesday

‘Kas

Zalingei

.Geneina

Zalinagei

Geneina-

'El Fasher

Investigated the con-
dition between Kas-(New
Road}-~Koronli,

Investigated the con-
dition between Kas-(old
road)-Zalingei,

Investigated the con-
dition between Zalingei-
{new road)-Koronli,

Vigited U.N, S, F,
J. Marra Project,
The development programs
and the progress of investi-
gations were explained by
the officials,

Investigated Zalingei and
near by areas.

Investigated the condition
of the areas between
Zalingei-(new road)-
Kurgula-5ullu-J. Bura
and between Kurgula-{old
road)-Korei-Zalingei,

Investigated the condition
Zalingei-Korei-(clossed
road)-Fongfong-Hugeir
and J, Bura,

Investigated the condition
between Sullu-Murnei-
Geneina,

Investigated the condition
of area between Geneina
and Kereinik,

Investigated the condition
of area between Geneina
and Adre,

Sorted and put in order the
data collected, '

Inspected the condition
between Geneina,
Kebkabiya and,El Fashar,

Made a rough report to
the Commissioner of
Darfur Province outlining
construction of a railroad
between Nyala and

Kas

Zalingei

Geneina

El Fasher

Geneina.



Date

the Day of
the Week

Starting
from

Arrival
at

Description

Accommo-
dation etc.

~1%th

‘18th

19th

20th

21ist

22nd

23rd
24th
25th
26th
27th

28th

28th

30th

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Bl Fasher

Nyala

Suni

El Fagher

Khartoum

- {Atbara

Khartoum

Suni

El Fasher

Khartoum

Atbara

| Khartoum

Investigated the district
between El Fasher-
{central road)-Musko-
(Eastern road)-El Fasher

Investigated the condition
between Musko and Nyala

Investigated the condition
petween Menawashei and
Melemm,

Sarted and put in order
all data that was made
available,

Investigated the condition
between Melemm -
(Western Road) - El
Fasher.

Made an interim repor to
the Commissioner of
Darfur Province con-
cerning the planning of
all Weather Road between
El Fasher and Nyala.

Made a similar report to
the Japanese Ambassador,

Inspected the Khartoum
distriet, '

Digcussed matters with
the Chief Engineer.

Inspected the Atbara
district,

Made a report to the
General Manager,

Made a similar report
to the Deputy of Ministry
of Finance,

Made a similar report
to the Minister of Works,

Left for Japan,

El Fasher

Nyala )

Suni

El Fasher

Khartoum

Khartoum

Atbara

Khartoum




4, The Sudanese personnel concerned

Following ig a list of the main persons concerned with the study on the part of Suda-
nese government, We express our hearty thanks for their cooperation.

Central Government

Mubarak Zarouk
Abdel Rahim Mirghani
Abdel Rahman El Agib

Azboni Mandiri

Sudan Railways

A, A, Rida

A, E, Hummeida
Ismail Hussen
Naim Ghandour

5. F. Sidhom
Gassim Magdoub

A, Rahman Nadeem
Hassan Abboud
Abdel Honeim Abbas
Ahmed Fadl
Hassan Omer

Nasr Eldin Mustafa

Ibrahim Hussan Babiker

Dafur Province

Tagani Saad

Ahmed Ali Abdalla
Khedr Khalafall

Saud Makawi

Mahageb Bakker Karmali

Osman Abdel Rahim

Minister of Finance and Economics
Deputy, Ministry of Finance and Economics
Minister of Works and Mineral Resources

Minister of Communications

General Manager

Deputy

Deputy

Chief Engineer

Chief Mechanical Engineer
Chief Accouqtant

Traffic Manager

Port Manager

Asgistant Chief Engineer
Development Engineer
Traffic Research Officer
Resident Engineer, Harbour Extension

Engineer, Engineer Department

Commissioner
Information O_fficer
Chief Engineer
Ingpector, Nyala
Inspector, Zé.lingei

Inspector, El Geneina



U. N, S.F. Jebel Marra Project

A, J, Bakker - Project Manager
Mahmoud Baghir Jamaa - Co Manager
A, Oge - Road Planning and Irrigation Engineer



II SURVEY OF THE RAILRCAD BETWEEN NYALA AND GENEINA

1. Organization of the Survey Team and the Apparatus used

The Survey Team was composed of five Japanese members, including Mr, Kasuya,
and Messrs. Ahmad Ali of the Sudanese government (Information Officer, Darfur Province)
and Ibrahim Hassan Babiker of the Sudan Railways. The hands required for the expedition
were as follows:

Cooks and Waiters 2 persons

Policemen on guard 3 v
(One of them also served as a driver)

Drivers 2 "
Assistant drivers 3 v
Automobile Repair Man 1 "
Labourers employed on the spot 5 "
Total 16 persons

The principal instruments for surveying which the Survey Team had brought from

Japan were as follows:

Theodolite (Wild T2) 1
Plane Table and Alidade 1
Hand Levels 2
Barometers 2
Tape . 1

Principal apparatus for the survey provided by the Sudan Railways were as follows:

Tents 7
Traveling beds with blankets and sheets 6
Chairs 8
Desks .4
Washbasins. ' 4
Tilly lamps 4
Water tanks capable of holding 15 gallons 10

Paraffin paper for cooking

- 10 -



Foods, utensiles, etc,
The automobiles provided by the Darfur Province were as follows:
L:and Rovers 2

Lorry (5 tons) 1

2. Method of Survey

(1) Maps used
Maps on the scale 1:250, 000 covering the whole areas to be surveyed were made

available. Among those that were used are as follows:

54 - M Nyala (Dec, 18944)
54 - P Zalingei (Dec, 1937)
53 - L Kereinik (June 1938)
53 - K Geneina (Dec, 1938)

On the strength of these maps, it was possible to plan routes in advance and the
schedule of the survey perty was decided accordingly. The results of the actual survey
proved these maps to be fully reliable with only slight discrepancies, occasionally, in the
roads, The surveying was done more than 20 years ago and since that time no surveys for
correction and adjustment have been carried out, Of course new roads are not recoaded and
many roads on the maps are no longer in_ use, The altitudes of Kas 2nd Dibbis shown on the
maps proved much different from the figures of the survey results of our team, The W,
Dimatulei and the W, Dodo shown in the Zalingei map seem quite different when compared to
actual conditions.

Maps of one one hundred thousandth were available together with those of one two
hundred and fifty thousandth, The section where such maps were utilized was between Kas
.and Mumu, These maps were of great use as the features of wadis had been drawn minutely

_from aerial photographs and yet they showed almosat the same contour lines as the maps of
1:250, 000,

Algo available were the aerial photographs on a scale of 1:24, 000 showing the straight
distances between Nyala and Zalingei apd. between Zalingei and Geneina, which were of con-
gsiderable heip to our activities, We also found in the Jebel Marra-Project Office at Zalingei

an aerial photograph for the distance between Kas and Zalingei, but it had little valve because

- 11 -



it was 6n1y masaiched and was not a contour map,
(2) Specifications of Tracks
As regards the specifications of tracks, the following standards were decided.
Average gradient 0,8%
.Minimum radius of curvature 400m

Weight of rail 50 pounds per yard

Sleeper arrangement 12 pieées every 30!

Width of formation 4, 2m

Effictive length of main track in sta-tion yard 450m

Block system Tablet instrument block system
Signal _ . Semaphore signal

Interlocking system Point detector

(3) Method of Investigation

We drove a Land Rover along the roads near the routes selected on the maps of 1:
250, 000, and field reconnaissance was made at places off the roads whére necessary, The
widths of main wadis were measured by means of taping.

Ag regards the heighf of ground surface, the altitude was calculated in comparison
with the figures of air pressure observed at the places where the altitudes had already been
ascertained through observations using two sets of barometer.

Where any clear landmarks were unabailable and the actpal locations «ould not he ascer-
tained on the map, Wild T2 helped us through observations of the sun,
{4) Water Level at the time of the Floods
Regarding the water level uhder i‘lo§d conditions and the relation between the level and

the flood hours, the observed figures of the Jebel Marra Project were used for refe'rence.

3. The Routes Selected

Concerni.hg the foute between Nyala and Geneina, the results of the survey lead us to
recommend Route A shown in Fig. 1 and Fig, 2 attached. This route starts from i\Tyala and
runs west along the old road via Kas and Dibbis and, crogsing the watershed ridge between
Lake Chad and the White Nile, comes up to Zalingei along the Wadi Ara and runs to Mﬁrﬁei

' ‘along the Wadi Azum and to El Geneina via Nyuru and Geneina Fort. The total length of the

-12 -.



track would be about éBEKm. (Please refer to figures 4 and 6)

Upon selecting the route between Nyala and Zalingei, the routes other than Route A
aforemention.ed, such as Route B running along the new road between Dibbis and Zalingei and
Route C starting from the Watershed and running westwards over the tableland between Wadi
Ara and Wadi Golo to reach Zalingei, have been brought into close comparison as shown in
Fig, 1, {see 5)

As to the route between Zalingei and Geneina, two routes in addition to Route A have
been carefully considered, One is. Route D which runs along the new road from Zalingei to
Kurgula where it joins Route A, and the other is Route E which runs from Zalingei to Nyuru,
via Fongfong and Rumeila, and Joins Route A there, They are shown in Fig. 1 as per the

attached. {see 7)
\ Fig .|

Chad N, Epheacing 5 Svdan

Nytrrupr—oft "{f@ J‘./xarr&
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3 ".'7{{.”:?--- -
Mura - St /. 2 \\ ""-..__ ©
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4., Route between Nyala and Zalingei

As to thre route between Nyala and Zalingei, the one along the old road may be recom-
mended as shown in Fig, 1 and Eig. 2. In regard to this route the points which need special
attention are as follows:

(1) The railway at Nyala station now in use faces south and north, In order to change ihe
route in the direction of Kas, the tracks must go round the airdrome, Taking into consider-
ation the height limitation against the aeroplanes, it may be desirable that the route should run
through at a point near the centre hetween the end of the runway and the channel of W, Kulkul,
The vicinity is free from any flood risk even in the rainy season and the condition of its soil is
comparatively good for construction work,

(2} The crossing over the W, Nyala at a point about one hundred meters north of the
present road may be suitable, At this point there crop out the beds of gneiss on both banks,
and the Wadi is narrow and steadyfast.

{3) The route must also cross the road between Nyala and Zalingei and pass through the
southwest of that road, The topography shows the land is more level as compared to the
northeast side of the road, and Khor is situated uprivef where the ;tr"'eam is narrowed which
should make the span of the bridge smaller,

(4) The point where the road now crosses W. Bulbul is extremely precarious and it is
feared that the stréam will change during rainy season. Therefore, the railroad is scheduled
to cross the Wadi at a point about 2 Km up from the place where the road crosses, The
number of the spanning points may i:)e increased, but the water channel must become more
constant and the total length of spanning shorter.

(5} At a point near the border between the Western and Southern Districts, a new road
hag been cut to lead straight to Kas without passing through Daura. The roﬁte of the
railroad must also be constructed along, and at the northeastern side of, this new road.

The topography is very evén and the soil is good.

{6) Kas is situated at the centre of this district and a railway station should no doubt be
cpnéfructed here. The recommended site of the station will be iq the east part of the fown.

It is recommended that another station be built at a place about 111Km. It will contribute
greatly to the trangportation of agricult.ural products to be harvested in _the future from the

gsouthern part of J, Marra as the district is deéelo;aed.

.14 -



(7) In order to cross over the watershed north of J, Asanga, the route must be selected
further north of the old route. In this case the volume of earthwork may be increased to
some extent, but it is possible to lower the highest point and decrease the number of bridges.

(8) After crogsing over the watershed, the route must run along the north side of W. Ara
till a point 179Km. There are fewer wadis and khprs as compared to the south side, .
However, as the route thus runs aloﬁg the W, Ara bank, protection works at every key
point will become nécessary.

(9) It is recommended that the crossing of the W. Ara be near Showa Village, A route
which runs along the old road and leads to Zalingei is not advisable from the view point of
grading as well .as from the volume of earthwork, On the other hand, if a route runs from
Showa village through the north of Hamidiya, going round the aerodrome, a flat line may be
expected which is safest even in flcod time, Besides, in this case steady crosg points of the
W. Aribo will be available,

(10} The site forthe station of Zalingei may be selected at the north part of the twon., In

this case some native dwellings of strawroofed hut must be removed,

5. Comparable Routes with the One between Nyala and Zalingei

As regards the comparable routes, two routes such as B and C Routes of Fig 1 as

mentioned in above 3 should be considered. |
(1) Route B
. As a route connecting Nyala and Zalingei, one, a comparable route, méy come inte

focus, This route runs along the new road and crosses over the watershed at the south side
of J. Asangé, Although this.route may enjoy the advantage of being least affected by the
rainy seas.on, the route will necessitate voluminous earthwork ag it is restricted in the
standard of gradient, The altitude of the watershed on this route is llﬁdm which is. higher*
than the summits of the first recommended route, and héavy gradient construction work ;riay
become necessary.

This route, which only passes through at a distance from Kas and Zalingei will also
be of no great use for the dex.relopment of the g;feas. as only a few villages are dotted here
and there near _Kordnli all along the f-oufe. On the other hand, hoﬁever, the old road finds _

villages and cultivated fields all along its length, with the exception of a distance of about’
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20Km centering in the watershed where it is not inhabited, and if railway stations would be

built one after another along the line in preportion to future development, the communication
possibilities in this territory would be greatly enhanced,
(2) Route C
This is the route which runs west from the watershed along the old road and over the
tableland between the Wadi Ara and the W, Golol. The route may not suffer much from flood,

but its vital defect is that it runs along a steep slope &ll the way down to Zalingei,

6. The Route between Zalingei and Geneina

For the route between Zalingei and Geneina, a route which runs to Murnei along the
W. Azum and to Geneina may be recommended, Concerning this route due attention must be
paid ag foliows:

(1) A route along the left bank of the W, Azum must be selected. On the right bank of the
W. Azum, namely, along the old road, there extends a stretch of broad fields which is advan-
tageous of course, however, in order o construct a station at Kurgula, the W, Azum must be
crossed two times more and the construction cost would increase proportionately, which
would pose gr;eater disadvantages.,

(2) Kurpula is the centre of this district and it is necessary that a station be consiructed
here at the north of the town.

(3) In Saraf the route is scheduled 1;0 cross the W, Azum at a point upstream of the ex-
isting road and go down the wadi along its right bank. Utmost care is required when the route
passes through the area where J. Sullu reaches the W. Azum and heaves upon it, J. Sullu
consists of crystal-line schists and its cliffy skins incline about 14-15 degress to the south,
where there is always__t_he possgibility of stratum slidin:g if the rocks are cut off.. | Therefore,
it is advisable tha.t the line passes through on the dike where protection work have been built
in the wadi's beds,

(4) Along the W. Azum there stretches a cultivated land area and ag Sullu is in the centre
of this district, a station should be constructed there, Mumu and its vicinity are well de-
veloped, serving as a door for the Eultivated hinterlands such as Hugeir and Burubaasi,

The localities should be 'so arranged as to have a station put up if conditions necéssi’caie it in

future,
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.(5) Ag regards the localities along the W, Azum, the construction height of the formation
level must be decided by taking into consideration the water-level of the W, Azum in fiood
time and revetment work must be done at every important point,

(6) A station should be constructed at Murnei where the line is to crose the W, Barei, one
of the branches of the W. Azum. The W, Azum's basin is well cultivated and populous with
many villéges all the way down to the Lower Murm-ai. There is a road to Murnei connecting
those villages, and a station gituated at Murnei would become the entrance to the aréas of the
Lower W, Azum,

(7) As to the area from Murnei to Nyuru, the topography seems very even and the soil is
execellent exept patches of heavy sandy waste existing in between, This should make the cost
of consatruction of a railreoad through the area most inexpensive,

(8) From Nyuru Geneina there extends a comparatively steep land, However, the topogra-
phy is not very uneven and it will be easy to select a proper line of mild slopes through which .-
an econornipai, fhough indirect, route, may be constructed,

{9) The area between Nyuru and Geneina consists of sandy Wastes. Fortunately, the
government plantation policies have been successful in this locality and the sand seems settled,
Upon construction of a railroad here the plantation areas along the line must be protected and
taken care of,

{10) A station may be set up at the south end of El Geneina Fort where the W, Xaja ia to be
crossed, From this spot the line is to turn to thw sot_J.th, pass through the west part of El
Geneina and further turn to the west, El Geneina Station may be constructed north of the
custom house.. This site provides enough space to install all necessary facilities of a termi-
nal sfation and also the advantage of controlling entry of the seasonal cotton picking labourers

and facilitating their transport,

7. A Comparé.ble Line between Zalingei and Geneina

As to other lines concidered in this section, D and E Routes aforementioned in 3 a;fe
thbugh’t possible ag shown in Fig. 1,
(1) Comparable Line D
The topography along the comparable line D which leads to Kurgula from Zalingei

‘along the new road is comparatively even till reaching Gulla, but further to Giri there are
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found many deep cutting khors,. Consequently the volume of earthwork will increase and
many structures such as bridges and drain pipes, ete. will become necessary, For the line
belween Giri and Kurgula, a steep gradient cannot be avoided. For this reason, Route A
which is even and runs along the W, Azum is thought advantageocus even if the line should
necessitate some structures such as revetment or others for the section between Zalingei and
Kurgula,

(2) Comparable Line E

Upon planning the line from Zalingei to Geneina, Route E can also be considered,

This Route does not .run along the W, Azum hut is .to cross the Wadi immediately after
leaving the station of Zalingei, and runs west wards over the plain land to Korei and then to
Fongfong along an abandoned road which is not in use, It will then turn north-north-east,

go through Burubassi and Hugeit, turn again to north-west-west, cross the W. Barei at
Rumeila and join the aforementioned route at Nyuru, Judging from a point of view hitherto
entertained, sgch a route would be safe from flood during the rainy season as the route does
not run along the W, Azum. However, from the topographic point of view, a line which is of
comparatively even surface can be constructed for the section of Geneina-Korei- Fongfong,
while the land features beiween Fongfong and Burubassi seem quite intricate, may wadis and
khors being found, and thus the selection of this line cannot be made unless a steep gradient
is applied. The area from Burubagsi to Rumeila is comparatively even in ground surface.
In the vicinity of Korei and Burubaséi only a few sections of cultivated land caﬁ be seen and
the other parts remain almost waste., Few cattle may be seen in this district, Economically,
this district is quite unfavorable as compared to the W, Azum's basin,

The views hitherto maintained that this route is favorable for a safe and strong line
even in rainy seagson, and with traditional cheap construction cosfs, may easily be proved
erroneous, taking the fact into consideration that a new road which is to connect the stations
of the line and the farm product growing digiricts must be constructed aﬁd enormous iranspor-

tation expenses demanded.

8. Construction Cost
" The cost which is necessary for the construction of a railroad of 366 km hetween Nyala

-and Geneina is estimated at Sudanese £5, 609, 500 or Sudanese £15, 300 per 1km,
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As to the rail construction, if the secondhand rails which will be available from the

change of heavy rails of Sudan National Railways would be used as the materials, -the total

construction cost will decrease to £s54, 289, 700 or £s811, 700 per lkm,

These figures by the sections are as shown in Tahble 1.

Table 1

{Unit: Sudanise £}

Cost of Conatruction of Railways between Nyala and El Geneina
{Excluding Overhead Expenses and Cost of Rolling stocks}

{ ); if the Second Hand Rail and
Sleepers wouid be used
Hema Unit Price Nyala - Zalingei Zalingei - Genelna Total
£s 193 KM 173 KM 366 KM
Quantities £6 Quantities £y Quantites £s
Perma- |Bush Cleaning 12/KM 193 KM 2,300 173 KM 2, 100 366 KM 4, 400
neat Earth Work ¢.16/m? | 3, 010, 000 m” 451, 500 2, 570, 000 m® 385, 500 5,580, 000 m° 837, 000
Way Bridge 400/ m 970 m 388, 000 1,080 m 424, 000 2,030 m 812, DG
Culvert 1, 000/ spot 150 apot 150, 000 125 mpot 125, 000 295 spot| - 275, 000
Drain - 200/KM 183 KM 38,800 173 KM 34,800 366 KM 73, 200
P"“'““,}gtk a/m? 10, 000 m> B0, 000 18,000 m> 152, 000 29, 000 m° 232, 000
deack  |Main Track 5, 500/KM 195 KM | 1,061,500 173 KM 951, 500 366 KM | 2,013, 000
v {2, 500 . {432, 500) {432, 500) {915, 000)
Side Track 5, 500/KM 11 KM 80, 500 13 KM 71, 500 24 KM 132, 060
{2, 500) (27, 500 {3z, 500} {60, 000)
Turpout 470/ set 48 set 22,600 58 set 27,300 106 set 48, boo
{180 (8, 100) {11, 000} {20, 100}
Statlon |y .o oo Station | 40, 000/8pot 2 spot 20, 000 3 spat 120, 000 5gpot] 200, 000
{including g P po \ , X
Building
oo WaterSall Station 7, 500/ spot 7 apot 52, 500 9 spot 52, 500 14 spot 105, 000
Supply)
Signalling and 1, 600/KM 183 KM 193, 000 173 KM 173, 000 368 KM 366, 000
Telecommunication
E’.‘Pet““*:i"““de";al to the (10%: 258, 100 251, 500 510, 00D
construction wor! {105, 5000 (164, 500) . (300, 000)
TOTAL 2, 838, 600 2,770,800 5,608, 500
{2, 150, 500) {2, 139, 200) (4, 289, 700}
Cost/KM 14, 700 16, 000 15, 300
{11, 100 {12, 400} {11, 700}

Fig. 2 (Refer to the end of the book)
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/__’3 3 Profile of the Railroad between Nga/é and E| Geneina
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Il ROAD SURVEY BETWEEN NYALA AND EL FASHER

1. The.C.ir"cumstanceé which lead to our survey

On Februar.y 20th,. our team leader, Mr. Eto visited the Governor of Darfur province
at Bl Fasher. It was requested that he execute a Road Survey between Njala and El Fasher
in addition to the survey of the railréad between Nyala and Geneina. - The request had previ-
‘ouslj been made by the éudan government, but it was de‘cided.on the Japanese part that only
t.he Ra.ilroad Survey Team waé to be sent. However, the Governﬁr of Darfur Province wa.s
very hopeful that the entire lpr.oject be underfaken, 80 our teaﬁ decided after all to take char'g_e

of a general survey of the road between Nyala and El Fasher,

2, Wishes ekpressed by thé Governor of Darfur Province
El Fasher is the Capi{al of the Darfur Prbx_rince_ and Nyala is the teri:nina.-l of the existing
railroad. Both towns must be connected by.roads available for pa'ssag_e all the year round,
The foads now. connecting both cities have three routes as shown in Fig, 4. The tﬁree roads
" are as follows: | _
(1) East Route (A) Nyala - Menawashei - Musko - Shingil Tobaya - Gharraqu - El Fasher -
(2) Centre Route (B) .Nyala - Menawashei - Musko - El Fasher
(3) West Route {C) Nyala - Menawashei - Meiemﬁ - Tarni - El Fasher
East.Route (A) has many villages along its line and enjoys much utility va.lﬁe, .but
during the r-ainy season it becomes muddy and passage becomes impossible, a
Centre Route {B) passes throﬁgh ‘sandy wastés; Though thié 'ié the éhoﬂiest route
during the 'ﬂry' s:é_éson the pass.age of cars becomes difficult.. |
. West Ro'ute. {C) é.lso pass‘es.through sandy ‘was{e, and, what is worse, it has the'longest.

_di'_stance,' and so it might be excluded from ouf'survéy.

3. Organization of Survey Team

This. sux_'véy be_ing _di:ff_erj'ent in nature from that of the__railroad received no .assist'a.nce
frb_m the Sudan _R_é.i_lﬁfé.y_s » and all _é.r;.rar;geme.nt's' were made in Darfur Pro'vrince. |
i . The members qf. this team cbnéi_stéd of 5 persons under Mr., _K.a'suyé:'s leac.ie.rs_hip..
‘Mr, Ahméd;A'li took charge_of ;aillarraﬁg.ement.é during the whole course of the journé').r..
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Other needed workers were the following 5 persons:

Drivers ‘ 2
Car repair man 1
Coock 1
Odd job man ‘ 1

on the first day 2 Land Rovers were used, but one was damaged and was replaced by a jeep

the next day.

4, Method of Survey

The maps of 54-M Nyala on the scale of 1:250, 000 and of 54-1 El Fasher on the same
scale were used. The survey instrument used in this investigation were nothing but a tape
and & barometer, The position and width of wadi, necessary positions of drain pipes and the

nature of soil, ete, were measured and recorded in accordance with the running distances of

cars.

5, The District between Nyala and Menawasheil

This section corstitutes a part common to all routes.
{1) The topographical features of this section are that it is hilly and has many wadis and
khors. Many bridges, culverts, drain pipes and others must be constructed,

(2) The nature of soil is comparatively good though party muddy and banking construction

by good soil is necessary.
{3) When a road bed is to be constructed on the slopé of a hilly district, the sidegutters

should be installed at the upper side of the slope to lead any running water into the drain pipes

or wadi,

.6. The District between Menawashei and Musko

This section constitutes a part commo.n to East Route and Centre Route,
{1) In this district the route meets the W. Amer immediately after leaving Menﬁwashei
and pnly a few khors are found, | |
(2) Topopography is even, but some places would become muddy in rainy season. Banking

construction and the construction of side gutters are necessary.
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7. East Route (A) which goes between Musko and El Fasher

(1) The width of Musko bridge must be broadened,

(2} From Musko to Shingil Tobaya the route is over sticky clay and runs along wadi. It
becomes muddy in the rainy season,

{3) Shingil Tobaya is a big village with many inhabitants, a market center for the area,

If centre Route should be selected as the all-weather road, a branch road should be extended
to the section between Musko and Shi.rl1gil Tobaya.

(4) The area between the W. Musko and the W, Darura is extremely sandy. The area for
about 5 km beyond the W, Darura has many dunes,

{5} From Alauma to El Fasher the route runs through the plain made by the W, El Ku and
the W. Golo, and the area becomes muddy in the rainy season, There are areas of cultivated
and arable lands with scattered villages., In order to construct an all-weather road through
this section, banking higher than 1.5 m above the plain must be made. The sand which is to
be mixed for banking materials, and the crushed rubble for protecting the slope of the bankings,
must be transported for a long distance, which would add a considerable sum to the con-

siruction cost,

8. Centre Route (B) which goes between Musko and El Fasher

{1} Between Musko and El Fasher the nature of soil iz comparatively good,

(2) The vicinity of Melabikki is of heavy sand,

(3) For about 13 km before and after the crossing of the W, Key the soil is clay and the
section becomes rmuddy during the rainy season, this Would make it necessary .to bring sand
from sandy hill areas in order to mix and to build the banking.

{4) Betweer. Abu Zureiga and I{ireiga there is an immense dune, The existing road
crosses over the dune_, and has some steep slopes which, however, can be avoided by taking
a round about route,

In this heavy sandy zone no cutting sections must be installed, because a cutting section
ig liable to be buried by sand in a short time,

Crushed stones, which consist of.mixed grains of pebbles, are to be scattered and
well rolled, before the road is constructed. The level of road is to be raised 0,5 - 1.0 m

above the natural ground level to check the sand from gathering on the surface of road.
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(5) The nature of the soil of the plain along the W, Golo is clayish and a dike is to be con-
structed, with its slope surface below the water-level of flood time being protected by rubble,
Butween the section from the bridge of the W, Golo to El Fasher there is already a partly con-

structed bank for an allweather road, but its alignment must he improved and widened.

9, West Route {C) from Merawashei to El Fasher

(1} This route branches from the above route, passes over some khors, crosses the W.
Amer at Tom Kitir and goes into Marshing. The nature of soil in this section is comparative-
ly good,

(2} Marshing is a comparatively big village and has an elementary school and a market,

{3) The nature of soil between Marshing and Melemm is excellent,

{4) Melemm is a very big village and has a large market, Suni, which is the only
Sudanese summer resort, is within a two and a half hours trip,

(5) The reute from Melemm up to the north of J, Kulgi via Sabun and Tarni passes
through a hilly district. Seil is good and stones necessary for building, can easily be
acquired.

(6) Between the north of J. Kulgi and the plain of W. Golo there extends a sandy waste,
which, however, is not so desolate as that of the Centre Route,

{7) It is recommended that a bank should be constructed, through the area extending over

the Plain of W. Golo, which is common to other routes,

10, Structure of Road

For road structure, the muddy area necessitates the construction of banks as shown in
Fig. 8, and the heavy sandy wastes require structures as shqwn in Fig. 7. The standard for
bridges which cross over Wadi is recommended to be one that consists of prefabricated Rein-
forced concrete girders of Transportable 6§ meter Span, Bridges with a span of 3m, 2m and

1m with drain pipes are recommended for the Khors.

11, Comparison of the 3 Routes

{1) Comparison of Distance

FEast Route measures 220Km, Centre Route 187Km and West Route 217Km respectively,
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Accordingly, Centre Route is the shortest,
(2) Comparison of Construction Costs
The cost olf gravelling or paving of each route rﬁay be compared as shown in table 2
attached, In brief, in case of gravelling, West Route is least expensive,. but, for paving

Centre Route is,

Table 2 Cost of construction of the Road between Nyala and Et Fagher
(Unit: Sudanese £} (Excluding Overhead Expenses)
Unit Price East Route (A) Centre Route (B) West Route {C)
£ 220 KM - 187 KM 217 KM
Earth Work o.2/m? | 2,430,000 m* 486,000 | 1,840, 000 m° 308,000 [ 1,350,000 m° | 270,000
3
Sub Grade 1.5/m° 84, 000 m° 126, 000 99, 000 m 148, 500 82, 000 m° 83, 000
Brldge 300/m 944 m 283, 200 940 m 282, 000 1,064 m 319, 200
Drain 100/ spot| 134 spot| 13, 400 898 spot 9,800 134 spot 13, 400
Sub Total 908, 600 748, 300 695, 600
Pavement
Ballast {depth 0. 15/m2 1, 540, 000 m? 231, 000 1, 309, 000 m? 196, 400 1, 518, 000 m2 227,900
10 em)
Asphalt {depth 1.0/m? | 1,510,000 m? | (1,540,000 | 1,300,000 m® | (1,308, 0000 | 1,519,000 m? | (1,519, 000)
5 em)

Expenses inci-
dental to the con- 114, 000 94, 600 82, 400
struction work {244, 900} (205, T00) {221, 500}
{10%)
TOTAL

Ballagt Pavement 1,253,600 1,039, 200 1, 015, 800

Asphalt Pavement (2, 693, 500} (2, 263, 000) (2, 436, 100}

{3} Conditions along the Routes

The comparison befween East Route and Centre Route: in the area north of Musko
shows that the Centre Route mostly passes through heavy sandy districts and has no agriculture
worthy of note, On the other hand East Route enjoys much utility value, for it mostly passes
through areas of clayish soil, where many plots of culti\{ated and arable lands and villages can
be seen, East Route is fully ava‘ilable for use during the dry season, but during the rainy
season which lasts for four ﬁonths its use is restricted,

Like the East Route, West Route boasts many inhabitants, and much arable land with
cattle and live stock. It has much.utility value with Suni near at hand, As most of the West
Route has good soil, the sand zone is not so great a consideration this makes posaible the con
struction of wadi crossings with a smaller investment of funds,

On the other hand, Centre Route is of nb noticeable benefit to the roadside inhabitants..
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However, it is the shortest route connecting Nyala and El Fasher, which makes construction
materials more eagily available, and its cost much less. If cost is the principal factor,

this should lead to a conclusion that the Centre Route is the most suitable for constructing an
all-weather-road which is to link Nyala and El Fasher,
Fig. 4 (Refer to the end of the book, )
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Fig & Profile of the Road between Nyala and El Fasher
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IV CONCLUSION

In accordance with the results of field investigations we came to the following

conclusion:

1, The railroad between Nyala and Geneina

Detailed investigation as to the economic condition prevailing in the area between
Nyala and Geneina could not be carried out in this rough survey. However, it is already evi-
dent that a stretch of arable land extends all along Wadi Azum and stock breading is an im-
portant industry, Bright economic outlook may he expected as a result of the survey now
being conducted jointly by the Sudanese Government and the United Nations for the Jebel
Marra development programme, As -the project is instigated, great progress can be antici-
pated in the development of agricultural and livestock industries in that area.

The area is well inhabited all along the Route selected in our survey. In addition, it
would be used by seasonal workers coming from Chad to pick cotton, as well ag by Mohammed-
aus pilgrimage, Therefore, from every aspect the route would be of the greatest value,

. In order to meet this demand most effectively a railroad would be recommended be-
fore a highway as the mpans of transportation between Nyala and Geneina. Judging from the
'favo_rable situation of the new line between Babanusa and Nyala following its construction, it
is anticipated that the operation of the newly selected Railway route would promise a profita-
ble business in several years even if it should operate in the red in the beginning,

Further, it may be added that it would be advigable from a political standpoint and
also from the view of stabilizing the people's welfare that the present railroad which reaches _
Nyala should be extended to the border line with Chad,

The survey is the first action to investigaie that economic.condition in outline, as
mentioned already, and the Japanese Government is willing to make further cooperation

toward the hope of your countiry for pushing forward the preceding program, if nay.

2. The Road between Nyala and ¥l Fasher

As regards the transportation route between Nyala and El Fasher, 3 routes, namely;
the East Route, the Centre Route and the West Route were compared and examined, Ac-

cordingly, we came to the conclusion that an All-Weather-Road must be constructed along the
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Centre Route,

El Fasher is the capital of Darfur Province and Nyala is the terminal of the existing
railroad, These two cities must naturally be linked with the communication route which will
be useable throughout the year, Considering the volume of traffic, however, a railroad is
not necessary; a road may be enough, However, if the constiruction of a double track asphalt-
paved road cannot be expected at the present because of economic reasons, it may be recom-
mended that, in the beginning, bridges be built with a single track width and the surface of
roads be ballast paved. Agphalt-paved roads would run only over the heavy sand Zones,

The width of the bridges may later be widened to the width of a double track to cope with the
increase of cars, while the asphalt-paved sections may be gradually extended over the worst

areas as funds are made available,
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