G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




O

N
U\

HH_;?_

= |2 fle




RESTRICTED

ar

reparad for tre

12006

Sudan.
AN ASSESSMENT OF CONDITICNS FOR

CONSTRUCTION OF PILOT BRICK PLANT

YEAR KHARTOUM

SI/s9D/21 /301

SUDAN

Terminal report*

DP/ID/SER.3 /359
? November '9:Z
Enziish

Jovarnment »Ff the Demccratic Reoublic of %he Sudan

ty the Unitel Nations Industrial Development Orzanization,

acting 28 executing agency for the United Nations Develooment Programme

3ased on the work c¢f P.¥. Niziforovic
b

Consnltant in Brickmaking

Tnited Habions Industrial Developmernt Orgzanization

032'33321

Vienna

rz3 teen reproducsl without furmal aditing.




CORTEXRTS

ABSTRACT

INTRODUCTICN
I. SMARY CF FINDINGS AND RECCMNENDATICHS
IZ. PROSPECTICH AND EXFLORATIGH CP RAW MATSRIALS
III, ZECHNOLCGICAL CZARACTERISTICS CF RAW MATFRIALS
v. CEPTIIITICN CF PROITCTIOCH PROGRAMME

Ve CESCRIPTICR OF PRCIUCTION PRTCESS AND SUGGESTICHS ?CR
APTROPRIATE SCLUTICRS AllD EQUIPMERT

Te TELTGEATICN C¥ RESPCNSIBILITIES
VI, TRATITHC AND ASSISTARCE

Y=IZ. SUGGISTIONS PCR FPOSSIBLI FUTURE LEVZILOPMENT CP BRICKMAXING

T1 SUDAR '
<. STCCESTICHS FCR TCSCIBLE FUTURE DEVELOPMERTT CF SCME OTHER

3UTLDTAC MATERIAL TWNDUSTRIES IF SUDAR

Project of Txplornilon Works of Sota 3ilt deposit

Report of Exploration of silt deposit in Soba and Prospection
of other raw zaterisls in Tiertoum Area

Terasons Intervizind

(o
1%
18]
cr
O
4y

Socurces 2% Information

*
e
2]
(o
Q
Lo ]

The boundaries shown on maps do not imply endo-sement or acceptance
by the United Nations,

‘.L)

4

[h\®]

L)






Pilot 3Brick Plant in Soba near Xhartoum - Sudan, 3I/3UD/81/8C1

Tze otlectives of the project were tc solve the problem of
raw materials ané choose adequate technological sclutions and

equisnment for the vroduction »rocess.

Tne Repcrt is covering work in two split missicms: in
January-February and July-August, 1382, lastins six weeks eackt,

i.e, 12 weeks in all.

Zstineted reserves are ccvering reguirements of the ziant fer
zout ~C years. Fesults of technological tesis ca;ried sut in the
Institute Sor testing of Materials in Zelgrace, gave sclution for
aprropriete mixture ¢ sil: ané kaoline as raw material,

-,

Aeccmmended are changes ‘or rrirary nreresiticns, for sclutions

ani equipment for winping of silt, first staze cf nregeraticn of raw

materiais ané drying.

Specified are necessities for training cf Suizanese technicians

and assistance in mounting and commissioning of plent.

Given are recommendations for future develomment of brick and
some other building materisl industries in Sudan.
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INTROUCIICR

Bulllding materiuls ere & limiting factor in the Gevelopwment of
the Sudar now, ant it will be even more in the future if efficient
meacures ar¢ not taber to incresse aré diversify production., Imsort
has & leacdinz >cle irn the supply of Sudsnese market with & vwide range
of duilding metcricls except of bricks and partially for cement.

Goals of the current Six Year Plan, become a net expurter of
cemens efter 2193:-02, are pot ackieved. Briciz ere not oa the import
list, out indi-zdual pruducers supplyling the xeriet without of the

standari vricks, ere not egble to cover deman?,

Betwees eliortc to immprove the cituation ir domegiic rroduvetion
ci building meseritis, Sudanege Gorernpent initiated action witk UELDD
to construct & pilot trick plant ac e Zirst step in development ol modern
brackmaiing, Hesides commercisl rroductisn, ihe plaat is eimed o serve
as a trairics and tectipg facilizy,

Iz the Sciiderity Meeting of Minigterc ¢f Iadustsy fo:'caopmtion
in the indurtricl developmeni of tke Sudac, held et Kharious ‘rom 23-25 March
1981, ctiended by 22 devzloping countries ené ¢ develormert financirg
institutions, toie meic purpose was to explore weys in whick the participating
counsries shoulé coopercte ir promotirs the inlustriel dewveiopment of the
Sulean,

In the Meeting, officially is inaugurated project ECDC,/SUD/UK/S1
titled "Pilot Plent for Production of Bricks" - now HZDO Project
SI/SUD/31/801, for which Yugoslav Government offered a grant of equipment
valued $200,000, UFIDO covering intellectual services and Sudanese
Government to provide constructions and otber, tc complete implemertetion
of the project.




In accordance with the above mentioned, the author of this
revort is nominated Ccnsultant to thae Committee for Construction of
Brick‘Pilot Plant at Bullding and Road Research Institute of the
University of Kbartoum, to aszist in the necessary exploration and
other preparatory works and in the preparation of feasitility study.

On results of zeological prospection, exploration of Soba silt
deposit and technologiczl tests of samples, are cuggested necessary
changes in wirning of silt and sreparesticn of raw xzeteriala phase

cf the proce=ss, with suggesticns rYor anecessary change of equipment,

2 thege resulis, we are foreseeing problews in dryirg prccess
and sugzesting possible goluticn Zor them. Basic raw material sgilt
is very sepsitive on drying and relatively heavy ir making, 30 gresn
bricks cannot stand drying om open under influence cf cbanges cf
temperature, numiditly of air and wind « in “ke course of day and year -
2rom 10 to almost 50°C. with normally low exr humidity frem 10 o 55%
and winds blowisog almest all the time, I3 Annex 5 are given .
aeteorological dates,

The mein difficuliy for gziving anv soluticn feor this problem
i3 she fact ikat thera pore no possibilities to ac pilot or industrial
scale test. Iroposed sclution with drying chazbers (to slower first
rrase of érying) is lowering risks fov production; tut unfortunately
this means increase of investment cocts,

Existence of such facilities will enable avoldance of risks
for future dbrick plant projects in the Sudan, thanks to the possibility
t» zake such tests,

I would like to say +hat ccoperaticn with the Commitiee and BRRI
staf? were very gcod. Through constant contaciz and discussions,
muzber of questiors were solved the way they are ir this report.




T. SUIMARY OF FINTINGS AND FECINMENDATIORS

Scbs Uziversitvy Ferrm is & good locstion for pliot brick plant.
Explored silt deposit on the ferm will gupply pleot with bazic rew
mezteriel for the period of about 10 yesrs. To improve guslity of
bricks and facilitate producticc process, it is highly recommended

to 233 to £ilt ebout 107 of Laoliritic stone from Omdurmsn srea.

Exploitation cf eilt need t¢ be done by Muitibucet ercavator,

inctené of trector loader, tc sfet more unifcrm raw meterial.

Ir. the begimning of tue prodaciion procesg, have to be added
wet per for hetter milline and mixing of meteriels efter egddition of
keolinitic ctone,

7o achieve drying with minimel demsges, Zirel rtage of it mus

take place ir drring chepbere, wacTe it may be to gore extani coutroiled,

To improve productivity and lecesen losser in menipulstion with
greer tricks between cutting teble and wiln, it is recozmended to use
appropriete shelves,

Choser produciion prograxme cf to 50% bollowed bricks of
standerd dimensions is recommended to be widened as soon as possiule
by bigger blocks with horitontal and vertical perforations, but
it is erpected to improve ezonomy of the enterprise, and aiso that
of building.

For the future similar projecte (with digger capacities),
it it reccxmended well in advance to carry out geological exploration
and technolozical teste of awveileble raw materials.

Ir future congiderstione of development of buillding materials
industry in Sudan, need to emphasize materials az periitec, mineral
wool and light-weight aggregates from clays.

i
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II. PRCSPECTICN AND EXPLORATION OF RAW MATERIALS

Probably the main reason for the choice of Soba as the location
for pilot brick plant’s site, was the belief that silt om location is

 good rav material for brick production. Confirmation for that was the

fact that there existed brick plant in the past and that local brickmakers
work around.

In the limits of the farmland in accordance with the project made
(Annex 5 ), were made detailed exploration works consisting cf drilling,
cutting, sampling, and geological mapping. Detailed results of this
work are given in o sepcrate report (Annex 4 ).

Geological mapping of holes showed that river gecdiments are of
very changeable quality, vertically (in holes), and horizontally (between
holes). From coarse sands, fine grain sands, sandy clays, to very plastic
slays materials are passing one to cther with thickness of individual
beds from less than 1 em, to sometimes more than a metre.

Underground water lewvel found in holes generally corresponds
th that of the river, and thanks to the porcus character of scdiments,
it 18 less or zmore so in the course of the year,

There is probability that usable iaw materials may be expected
also in deeper beds, but underground water practically prevented deeper
drilling, and from expected difficulties in exploration of material under
that level.

Gigh water level of the Blue Nile in flocd season is expected
to stop works on exploitation of silt to about 3 months every year.
So, in the other 9 months it is necessary to win silt for the whole
year.
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Pror the ootenined rescltc ere estimated reserver of

Categosy £ 81,525 m3
" E 70230 53

131.£656 =

Results of techrological tests, taken together with the
geologicsl interpretations, showed that Sobe silt is e relatively good
rav material from the river bank to ebout 22C metrec inlend; after that
line, it conteine more C2C3, concretions. Tt ir the reason thel reserves

vetweern profiles V-VIZ are not conciderei to be expioiiidble.

Tecknological leboratory testr indiceted that Soba silt itself
is pretty pocr and sensitive raw moteric) for preductior of guality

bricks.

Thit conzlusion led to the prospection ol & number of localities
in Khartoun ares, th tbe gotl to finé complemerntary materials and

adding them to Sobe siil to improve its cbaracterietics.

| Prospected were zones of Saggai with negative conclusion, On
twve locationsg from both cides of the Blue Nile, were taken samrles of
poud cleys used ir loccl brickmaking. On locality Un Domz is taker sample
of black ecotton soil, and with particular interest is prospected the zone
eround Omdurman where are, fron earlier, knowm outcrops of kaoline,

It ic possidble to conclude that outcrope of kaoline in this zone
may be expected jo e nunber of placec ané that only detailed exploration
will give date/ regerves,quality and suitability of outcrops for
exploitation, For us it ie clear that addition of 10% of kaolinitic
stone to Soba silt will very much improve quaiity of final product.

Of course, these keoiines are interesting rav material for other ceramic
products a&nd for the use in otber industries.




ITI. TECAMCLCGICAL CHARACTERISTICS OF AW MATZRIALS

UNZD0 rewarded the Institute of testing of materials in
Belgrade with subcontract worth $10,000, to make tachnological
laboratory tests of the samples sent there from Sudan. Results of
thege tests are given in a separate report,

Individual cerszic tesis indicated that derosit in Soba is
cbaracterized by uneven guality of materisli. Some of tie individual
samples were difficult to Zorm in mould, because >f tle secarcity of
clay fectior, In several cases after firinz appeared & lize bursting
in dangerous form.

Comrlete ceramic tests frcm Scba siicwed that samples 1 and 2
are similar while sample 3 differs frox ihex. The first two are very
sensitive on drying while sample > Is extremely sensitive. Chkrinkaze
in arying is 7,C - 5,8 and 6,07 while compressive at-ength after drying
at 500°C 1s 13,73 - 16,92 aad 13,73 MPa respectively,

Black cotton 3oil (zample 4) showved that it is possible to form
it by plastic extruding procezs. Sengitivity iz drying is even lower
ta2n in samples from Sobs, a linear coefficient of sh-inkage in drying
iz 7,2% bub in firirg samples are practically destroyed.

Tes48 of pond clay showed that it is very zexgitive material
with only small content of 3and and high content of dust with high -
11,84 - shrinkage in dryirg and fired at 900°¢ 45 giving compressive
strencth of 51,30 MPa - highest obtained of all tests.

of all study tests, best results showed test S-F from the
mixture of 0% of Soba clay (sampie 2} and 104 of kaolinitic stone
from Fiteinab, Extruiled with 13.33% of water appeared to be (only)
gsenzitive in drving, with 8,219 of ashrinkage and giving compressive
strength 11,28 MPa at 900°C and 15,L3 MPa at 960°C firing.
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Workability of Soba gilt mey be improved by addition of pond
clay, dut this will ipcrease sensitivity in drying. If the drying
process pass good, compressive strength of produet will be improved
zlso, as it heppened ip test S1 - 85.

For the study test black cotton soil sample was finely ground
in ball mill. Sensitivity increased to ertremely sensitive in comparison
vith unground material. Shrinkage in drying fell to 8,2 but the main
vrobler is bebaviour in firing ir unchanged - gamples were agein destroyed.

With semple 1 &c bacic material, were made two tests with addition
in the case of test S1 - Ska - 10% of ground dblack cotton soil and in &
test €1 - S5 with additicn 25 of pond cley (on 5% of silt 1), & linear
shrinkgge increase to 7,k and 7,8 respectively. With & very sensitive
mark on drying for test S1 - S5 ané compressive strength for forms fired
at 930°C 12,6L Mpa and 30,61 MPs. Last resuclit it under gquestion because

of lower mark when fired at 960 and 1005°C.

Tests S3 - S5 -~ I and S3 = S5 = O only gave indications that from
Soba £ilt (probadly corrected with some otber materials) it is possible to
produse lighten bricks when the basic material is added combustible waste
materiale

Teste of kaoliritic stone from Fiteibedb showed that it is & good
ceramic materiel with content of some 20% of 5120‘5’ Pe 0, content of
2,25% with low content of aikalis and almost with no soluble salts and
orgacic materiel.

Pressed forms when fired gave a whitish paesing on
higher ttlgperl.tnre (1250°c) to greyish colour. There is indication that
meterial/kind of refractory.

Tests in which were made trials to produce light weight aggregates
frox netural and finely grownd black cotton soil failed, but it is &

!
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real hope that with some dressing of material before, it will expand
well, From the pond clay is obtained very good aggregate on temperature
1130°C with expansion coefficient of about 3.

Materials from old alluvian west of Omdurman used locally for
adobe houses, obviously cannot be used in brickmaking bacause of very
high content of caCO3 concretions. Cherical analysis showed content
of Ca.CO3 above L0% and there is possibility that in future may be used,

after scme dressing, as raw material for production of cement.

IV. DEFINITICN CF PRODUCTICON FRCGRAMME

A Yugoslav supplier of equipment for the plart, proposed the
production of standard bricks 25 x 12 x 5,5 em. big (USP) and hollowed
tloeks 25 z 19 ca. (4,6 TSF).

3vancpoint of authcr 1s that technologically and econocmieslly
best production programme may be 2 types of blocks 25 x 19 x 19, First
with £2% of horizontal hollows at expected compressive atrength about
2.0 ¥a, vhet means on the level of the first class domestic bricks,
anc second one to be 40% of vertical hcllows and compressive strength
about 10,0 {Pa, suitable for bearing walls in Sudanese conditions, with
no seismic activities,

After discuasions with Sudanese counterparts, I accepted the
standpoint that, for the market reason, production needs to start and
for scme time go with standard dimensions 50% perforated bricks, having
much nearer dimensions “o domestic ones (20 x 10 x 5 cm.)., Later
discussions will be produced with dimensions adapted to Sudanese modular
coordination system,
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V. DESCKIPTION OF FRODUCILOR PROCESS ANl SUGGESTIONS
FOR APFROPRIATL SOLUTIONS ARD EQUITNZNT

Brickmaking process starts oy winning of rew materiel, Ip our
cese, there are two rri moterials wiuh different ccoaditions for

exploitetion.

In Yugoslav offer for eguipzent for the plant, tractor loaier

1¢ ziven ef muchine for exploitaticn end losding of clsy on tipping

truck. Toif .olution, very food somswhere else, caznnot be accepied

2ere because ¢l verr changeeble beds in deposit, waal beve to be

N

surpaseed by v o cf Multibucet excavator. This change is supporvec

by the fact that the deeper part of &depoc

it, neer and underwater level,

cre not parsable for henvy machines.

Treasportctiosn of cilt, vo et mort 300 meires for plapt, will be
%0 be with

"

deone by tractor with sell unlouding t-zil,

loading shovel, tou be zb

T'actor needs

e to heir in fesdinc rew materialc tc boz feeder.

ar propocition is Multibucet excavator 1t BE-V with
eiectro-motor 1%,5 kw. and ccpacity to excaveie up te 40 metres” /hecur.

Maeximun depth el excavmtican ilr 9 metrec.

liecessity of averege 85 tons of silt wili be met es
21 by botk machines.

sily ir. one

Preperction of roav materials will ciart in box feeder SD=-1000-5.
Ly partial barrier, feeder is to be divided in smaller and bigger sections.
In first one will be fed kaoline, passing below barrier in thic layer,
times thicker layer, what will be regulated by
barrier on other end of feeder,

or what come ¢gilt in C

By tlate converor 650/10 metres raw material ie going in wet
pen k-15, where ground erd first mixing will tale place.
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By a rubber belt conveyor 650/13 metres material is transported
to coarse differential rolling mill GM 1000/650. By the same means as
before to fine differential rolling mill ™ 1000/65C.

Separately given is ROLLS Polishing machine.

50 yrepared material is, by a rubber belt conveyor GIR &50/15
zetre transported to mixer, after that to vacuum rress VP-450, with
v0s3ipility to form bricks and blocks with maximum profile 25 x 15 cm,

Supported by horizontal roller cenveyor(tyoe HET-320-1,L metres)

pleatic veam i3 passed to cutting table ILR-38 where is cut in pieces
of desired dimensions.

Formed green bricks are then, by rutber belt eonveyor
3T-400-1C metres, transported where to be taken by workers and set on

-spalves for drying.

The critlcal phase of the process cannot be passed successfully
by aimple drying under the sheds as it is proposed primarily. It has to be
done 'n cicseddryinz chambers, where influence of wind may be avoided and
humiditr of “he air to som= extent controlled. In the course of 3 days
greez bricks will be slowly céried for arcund third part of molsture
content (firing temperature to be 960°C), and after that be able to
stand finishing drying cutside in the following three days,

To meet stapdards of transportation tractor for them, shelves
zust have dimensions 130 x 60 em. with height of 175-200 em., depending
on production programme., The number of levels on the shelves bave to be
chosen in accordance with modular coordination system accepted iz Sudap,
to which bricks and biccks rmust correspond.Moving of the shelves will be
done by two tractors TV-L1S, with green bricks to drying chasber, from
there later on open drying, and firally to the kiln and after that empty
shelves will be turned back aside belt with green bricls,

—_———an
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sbcut 600 square metres of drying chembers will cover recuirements
of first stece drvine.

Capacity of & shelf is 200 bricke.As deily production of plant
je 26,572 divided by 200 multipliec by 6 (days of drying) is 857 rounded
out on 860 shelves.,

Because of different working week, production of green bricks
5 days firing 7 days, it seems that reel recescities will be covered by
evout 1000 of shelves,tbet manipuletion with semi-dry and dry bricks so
will go continuourly. -

Totel clear ares of drying cbambers is to be about 600 sgquare
metrec.,

Chanmber for d=ying of 4000 bricks on 20 shelves will have
¢im2psions 3,95 x S,k x 2,2 metres. Pront side need to have 2 doors, -
opering it Pully and cr the back side need to be 2 narrow doors (on

botl: sides) to eneble to some exrtent control of drying conditiomes.

Trom ghelver dry dbricks will be set in kiln, where ic the
course of L dayz firing (firing temperature to be 960°C), process
=11 take place, in 2 tunnels.Hoffman kiln each 45 metres long. Mazout
wi1i be fuel. Norms of fuel end other, are given in Annex 6.

From the kiln,full sets of fired bricke will be taken out with
fork 1ift tractor 20 L.

Suggestion for general disposition of elements of the plant is
given on page /> , Suggested solution enables connection of the kiln
with existing old chimmey on the locatiozn.

VI. DELIREATIOR OF RESPONSIBILITIES

In realization of the project are involved three parties: UNIDO,
Yugoclav and the Sudanese Governments, What may easily produce confusion
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it some questlons ere not clegred oc eerly as pogseible. Corcidering
the rthyzical cide c¢f the prcoject from the existing offer and expected
chanzes, Tugosinv zupplier neel to cend Mritlbucet excevetcr for winring
of clzy, but i1 15 expected from Sudanere counterpert to supply sbout
200 metree (used) rails and vwooden sleepers.

For the productior lire far Yugoslav eguipment, Sudanese partner
v11] meke buildings and fimcaments Sor machine, bring water pipes erd
electricity to the points of meeting., which m2yv be precliegely specified

in projects.

Por the &rring, Yugoslav pariner will supply two tractors but
3udanece nexzZ to surznly sbelver and comstruct charbers for drying as

descrited ecrlier ir this report,

There ir posscibility to cut the number of shelves tc h2lf {on
about 502}, In cape the invesior decidec, after firet phase of drying,
further manipulaticn of semi-drield pricks, to do without shelves, what is
poseible but it if going to increesse drying area covered with sheds and

&1lEo increase the numder of workers ani losses in thisc pbase of the process.

Tagosiev will supply all steel perte for- the construction of the
i and of cource seis ofburnerswith pipelines, far. and & forii lift
for evacuntior of bricks froz the kiln, electricel equipment. There is
possibility, inctead of elements for steel clhimmey, to connect kiln with
existings cpoe and in eguivalent value send spere perts,

Sudanese pariner need to supply normal briclks, refractory materislic,
bricks sbhamot, lafarge cement, etc., and & roof above kiln, reservoirs for
mazout and connection pipe and electric cables to points where it is
supposed to meet Yugoslev supply. It is clear now that in thie segment
refractory materials, valued $133,000 + transportation costs end $50,007
Tor construction of the kiln are biggest ccsto,




Here are not described in all details, obligations of Yugoslav
supplier because they are contained in the official offer and will be
also in a pew offer to come, because of proposed changes. It is supposed
that increased value of equipment, due to changes proposed, will be
covered by Yugoslav Government.

0? course, here are not specified other necessities as buildings
for administration, sanitary facilities, stores and similar, what is cn

Sudanese partner to solve.

Considering services - UNIDO-funded mission of a Consultant from

Yugoslavia and testing of samples of raw materials.

For the 3 months training of Z Cudanese technicians in Jugesiavia,
there is officially not coanfirmed solution for - UNIDQ to pay transportation
costs, Yugosiav Government and supplier of squipment to ccver costiz of stay

in Yugoslavia and training.

it is expected that UNIDO cover costs of technological, nmechanical
and electrical project for the plant, valued $30,000.

Por 3 Yugoslav Experts, necessary to workx in the phase of mcunting
of equipment and commissicning of plant, costs are supposed to be 357,500

and are also expected to be covered by UNIDO.

All said in this Chapter is based orly partially on valid dccuments,
but need to be officially settled between interested parties.

VII. TRADIING AND ASSISTANCE

The goal of training c¢f 3 Sudanese technicians in Yugoslavia is
of crucial importance for further work of the plant, because they will be
for a long time (after commissioning) only bearers of production.
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Suggested profiles of trainees are: engineer technologist,
technicians, mechanic and electrician.

Best time for their training in Yugoslavia is the period of
equipment being fipishing it supplier's factory and the transportation
is in course, s0 that they arrive on time to be present in Scba in the
course of mouhting.

Tirst period of a weelr cr two training is supposed to be IIR
fectory ir Zelezniy near Belgrade, For the technmologist, it will be
good tc be some time in the Centre for Stone and Ceramics of the
Institute for Testing and Materials in Belgrade, to acquaint himself
vitk methois of testing of raw materials and finel product as with
usage of digital instruments for copirol of air bumidity in d&rying
focilities and firing temperstures in the kiln.

The main part of training must take place in brickmaking plant
or plants with cimilar technology and equipment. Such poseibilities
exist in the vicirity of Belgrade.

To meintenance and on-tbe-gpot reparations of equipment must be
given priority, for the mechanic and electrician, while the techmologist
neede to study production problem through the whole process.

Por the Yugoslav experte my suggestion is that, when all equipment
is in Sobe and fundaments and other conditions prepared, arrive the
mechanic and electrician to assist in the mounting process, and near
the end of that is supposed the arrival of technologist to start
commissioning all of them and the technologist to stay some time after
the first two retrmn to Yugoselavia,




VIII. FUTURZ DEVELCPMERT OF BRICKRMAKING IN THE SUTAN

It is said that one of the main objectives of Pilot Brick
Plant {n Soba is to promote future developrent of such industry in
the Sudan, by offering cpportunities for traizning and for pilot and
irdustrial scale tests,

These goals will get maximal support,if at the same %ime is
organized work or preliminary expleration of prespective raw materials

in areas of interest for the construction of new trick plants, followed

by technological tests.

In the geological agprsach tc ihe problesm, aside tertiary and
quarternery to recent clayly fcormaticns, ettenticns need Lo e given

t3 older muistones, shales and similar formations ac possible resources

of zood raw materizls.

Black cotton soil, as a very atundant rmaterial in huge parts of
<be Sudan, peeds to be techrologically studizd to findé means for usage
of these ag raw material in brickmakirng, Aim is not easy but It looks

faacicle,

In advance, acguir2:d inowledge ebout separate localities will
give possibility to do appropriate pilot scale tests in Soba, and to
choose arpropriate technological solutions and eguipment for future
plants,

Tn the Soba plant, aftar the £irsi veriod of tae werk, it is
suggested to 3tart diversifying production programme, first two bigger

blecks for Jiflerent usages,expz.ted to gire better economy.

Production of eleaments for {one of several) systems for floor-
eciling construction may help improve existing techniques in building,

applied irn the Sudan,




Slexentz fer fznces probavbly will f£ind very goud market here.

Teojectesd plant will be able glse to produce kind of floor tiles.

Sudan Six Year Tler. (see Annex S ), Battele Imstitute's Report
einroreting Piern'e figures, found out that in fhartoum Province it is

supposed to be constructed:

First Class Housging TO3C units

Second Clese Housing 13820

chnivd Class Housing 128152 ¢
Totel 122207 units

Tror the same sourcec, demand for bricks in the period 1977/7%

o]
ol

-~ ~ ,"‘ 3 -
to 19%207% will ve @5 follows:
' 7

e -
N e Bl QeSS
of bricks bricks Dricks
1577 /78 | 591 592 00C 28231, 532 615,823,632
1972,/78 | 591 532 00¢C 35772, 479 622,35k k7S
1072/80 | 591 552 0 325L2,001 625,134,001
1930781 | 521 532 00 36560.781 €28,152,7%1
1633 /%2 | 591 592 00t 39851,251 g7, k3,252
1932/83 | 591 5% 000 L3437 ,88 625, 029, B
Fosed 3,761, 548,003

The total for Khartoum Province represents 73§ of the total
for the whole Sudan, which seems reasonable when compared to “he volume
cf investment ir buildinge and comstruction in Khartoum aree "ersus the
rest of the country.

Iov and for some period in the future, the market will be
supplied only or predomirantly from small producers using technology,




woat need 5 be seriously studiedywith the aiz of improving it,

witn expected result of lessening total breaksge of about 5°% now
(green bricksefired brickz). In this respect must be expected
irrecrovement of gquality of production. The questisn of consumption
5f almost 5 times zore ezergy in firing than in industrial processes,

zas to be rezarded witk special attentica,

sage of escriculiural and azriculiure-tesed industiries was:

ot
M
n

-~

in bristvpaking seexzs promiisinz, 33 Doesibiliiy to produce lighter

ry
4]

rick elements, witi better thermzl Ilaculziinn properties, and to save
7art of mazcut in firing zrosess. 3iatistisal data abeut sources and

zuality of such zaterial have to be collected.

Tuture developmert as suggestad above, may be realized pestpil

od cooperation i establlizhel ratween geclozists and technolozists.,

()

ha jatter will need Improved latorstory fzoilities to he zhle to meet

such Jemands,

IX. ZFUTURE DEVZLOPMENT OF SCME OTHER BUILIITS
MADIRIAL INDURT 'gS 27 THE SUZALN

srowiaz popualation of the Zudan, rarticulacly fast growing in
greater hartoum and other cities, arices increasing need for materials
suitable for fast and unexpensive building,with quality corresponding
to the climate, Author's opiniom ic that best results may be achieved
with lightweight bullding zaterials of diffarent xirnds.

Under availablie informations ther: ares at lsast three knowo
securrences of pumice (frothy voicenic glass) ir El Fazher area, near
Atoare 2nd in Red Sea Hills, (fentioned and in future to ve discovered
Jumice nay be,cruzhed and sisved, used as excellent agsregate for

l4zhtweight concrete tlceks cr precast elementis for comsiructions.




Recouse of geneticel conmnecticns, in the areas ol appearance
of purice,are probable occurrences of perlite (riolitic volcanic glass),
which, 1 thermaily processed, is giving an extremely light finely
grained aggregete with welght of under 100 kg./m3 to some more, depending
on nature ¢f mireral and procecc applied, Mentioned characteristice
mave raw perlite trancportable because it is normslly to process it in

arez of usege.

Applicaticn of evpanded perlite goer from plasters to prefabricated
—oup-periite walls, cuiterle for fact end febricated unexpensive

construsticn of tulldings or partitions.

Basalls gre known in 8 nuther of places in the Sudan. Some kinds
of thex are excelleri rew materiel for the production of mineral wool,by
tnermel procesc, Tae product is foundd in elastic »illows or, to some
exvent, hardene’ ®oards, riving excelleni lhermal insulation wher used
under corruzate? sheets or zpplied [n sendwict comrinations with other
puiiding materials. Ac perlite, baselit is &lso transportable from

cignificant distances, btut proceesing is recommended peer the market.

Erxpanded clays ere cggregate with volume macs in range of several
bundreds tc mex»e than 1000 kgs/m3 in loose state. Mechanical character-
istics depend on volume/mass and requested cha~ucieristics of concrete

depending on percent ol cement added.

Exponding procese is thermel one. Application in precast elements
for aiffereal types of constructioms, walls,to production of blocks i:

possible.

haoline deposits near Omdurmsn, with abundance of quartz a=d
xnown deposits of feldspar are geod ways for development of ceramic
industry, probably to stert with sewer pipes or wall and floor tiles.
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INTRODUCTION

Ir accordamce with promenoria dated 20.3.81, betweer delegations
of Tugoslav and Sudanese Govermmenis about grant of equipment fcr
brick meking plant from Yugoslavia ard with accistence °f UEIDO in
intellectual services, author of this project is momimated to assist
in exploretion works and preparstion of feasibility study for the
brick plant, The Sudanese Government is going to provide constructions
and infrestructure,

This project, when realised, need to give dsta adout quantity
ard quality of reserves of Sobe Eilt deposit and some date about
quclity of cther suitable materials,

teted tesk ie going tc be realised in cooperstiom with the Techrical
Coexmittee fcr Brick Plart amé Bullding Road Research Institute of University
o? Kbartoum, The last is going to rezlise &-illing witk owr equipment and
cenr of workers end it supplying fund for this part of work.

Geological worke on field and leter elaboration of wateriele will
be &one by suthor of the project,

It is suppcsed that laboratory, minerological, chemical end
technological tests will be done in Tnstitute for Testinmg Materials
in Belgrade, Yugoclavia, and be funded by UNIDO.

Jocelity of Soba 48 choser for exploration because there is
Ueivercity of Keartour ‘‘arm on whickh ir earlier period were gituated
brick making plant, land is available and there exists some
infrastructural facilities.
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GEOGRAPHICAL PUSTITION AND GEOLOGY

1ocality of 3Soba farm ia situated pear 2C km South-east from
centre of Khartoum om the very bank of Blue ¥ile (Appendixz 1), The
Fara's 1and iz long about ome kilometre with average width of something
more than 100 m, and lies perpendicularly om the river course. ZTerrain
i3 almoat plain even with slightly icwer parts along the river bank,
The lower parts are normally flooded every year.

location of new brick plaant cn perimester of Khariown must be
consilered as good one, because from the town to mear Scba village psssil
one of the main asphalted roads from Khartoum to Wad Medani and Zrom
tads roac on 13 km. to the farm, leads field road lomg about 2 km.

Necossary workers for the plant will be eagily recruited from
3cba Tillage withcut necessity for the everyday tramsportation except
managerent and leading technical personnel,

Ceological characteristics of terrsin, in accordance with seen
unpublished geological map of Khartoum area and after reading svailabdle
reports ca matter,is very simple, Along River Blue Nile it is a Ttell
w14k different width made of riwver silt, To inland silt pess in sandy
zateriais characterised with appearance of Cald3 concretions and coarse
sand cn gsurface.

T™his profile is charscteristic for the left bank of the Blue Nile
in the vicinity of Sodbe and generally for the space between the two Niles
from Khartoum southwards,

On the porthern bank of the blue Nile, opposite of Soba, is again
belt of silt passing inland 4in formation of Black Cotton Soil.

Ground water level at location of the farm in Soba is on the depth
petween S-Tm, in 2ccordance with rezults of drillings earlier and now
in course,

[N
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Partiel dcota sbout cuality of river pilti, with irterbeddecd

irtemvale of pluciic cleve indicete thet cverage materisl will bte

PTELT WORYE

Mein method of exrloration of gilt depccit in Sobe will be cere
érilling com>ined with some zimple khandy works, to c¢lean three profiles
on the benx ef the Blue Flle for sampling and marping, instead of drilling

oL these inte,

With goul o get on time mryodimg 1:1000 will t: cdone in course of
eplometicon works and ot the same time ill be estetlienc? exmct position
ol haoles, lozeted with help of metre bell, earting froo eagily fized

pointe or terrein, &z showe op e:ietclh 1:2500 (Arpendix 2).

Ae seep frox eiretch, the terrcir jis divided intc two sepzrate

ertitiee:

- between the river agd s2xisting building, c=i
- after building awey,

I{ is eupposed thet the exploitetior of silt wiil start from the
river bank, Propoeition is tc establizh the rererve of category A with
6 holes cxd 3 cuttimgs iz river bank, between ali mutusl dictamce will be
of abcut 50 E&o

merrair te be explored is "cut" with three (ABC) lomg &zl muzber
cr shat (115} profile lipes witk Eutusl distamce of gbout 50 k. (Eot
eas.ly on 50 me because of lipitetiont of farm comtours).

In tbe poimts vhere croce profile limes ABC with 1, 2 and 3 will
be located 7 cute or the bank of the river amd 6 holes, giving blosk
of A reserves vith eurface cf sbout 10,000 :?.




Cn ecrossing points between profiles A and C with profile 5 will be
jdcpe 2 holea, closing with the ones on profile 3, tlock of reserves category B
f3istance of 100 M.)e

Terrsain Srem building i3 proposed to be drilled om profiles A and C
cn every 100 n, 80 to get reserves of B category, idea was to do 10 holes
but Zirat regults are not encouraging so that these numbers are expected
o Ye reduced at the same time the reserves,

Assumed derth of Roles (to the underground water level) is 5-8 m.

2xpected reserves of category A are 60.0C0 and reserves B, in blcek
between profiies 3 and 5, 50=60,3700 m? anqu Zrem prefile-3 away, will depend
on assesapent cf quality, In the best cnsz they may reach 207,0C0 m3 Tut
not likelr,

1i4h aumher of 13 holes {zaximum) with average depth =f T m. it reans
126 m c? drilling,

Because o almost certaln need for viaastic clyy, for correctiorn of
nlasticity cf 2iit it will be necessary 4o spore Z20-3C =3, for drilling of
suitatle lceetlsn,

Gaograthlcal marning and sampling wiii fellow the Arilling,

Sampling will comarise wkole core of drilling fabout C7 kg/m).

Tvery hoiz will te 3ivided into two samplea, shallsowar apd deaver.

sve

LABCRATORY TESTE

laboratory tests will de ag follows;

- individusl ceramic tests

« complate ceramic tests

- study of different combined raw reterials
-~ elaboraticn ¢f results in report,




Individual cereric terts comprise:

-~ Reactior oz CaC03

- forming cf prisn=z

- linear shvinkege 4n drying

~ firing

- phricgkage after firing

- pinerological deterzination of bizgest particles
=franulopetric anslysics,

Complete ceramic tests coxprise:

« corpocitio= cf samplie, drying and grounding
= vclume ani specific gravity

- eclour of meterial

- moisture

- miperclogicel identificatior of resicue om cieve £,000
- regctiox or Call3

« soluble salts

- pclipte of clinCering ecmd sintering

« diletometric an,

- forring series of two forms oz vacuum press
- arvipg chrimkege (iimear)

= bareletographic test

-~ comprescive gtremgth of dried forme

« firimg or % texperatures

» sbsorpiion of weter of fired forms

- compressive strength of fired forms

= groundmetric an,

= RO (X Ray)

- IR



- ITA

- TGA

= thermomicroscopic test
= chexzical an.

From the Soba locality it is supposed to be takem cca 50 samples
2oy individual ceramic tests, From them wilil be made 3 composites for
complete ceramic tests.

T 740 ccmuplete tests meed to be made from chosen plastic clays.

Pive study tests will comsist of preparatiomn of samples of diZferent
rav materials, plastic and leen end some with addition of combustidle
materials as (dumg or groundnuts hulls), forming on vacuum press, dryimg
firing with measurement of shrinkage change of weight amd volume weight
cf product and mechanical charscteristics,




Recspitulatiorn

Mapping 1:1000 B HZe € ccovscrccercrcrcorcacssnsccces
Geological mapping of holeg 150 . cocecevcccsccccssnoe
Sarpiing of érilling core 150 M. .ecocecscccoccccenvece
Drilling 150 Mo € covcocvecvcoccrorsorcnnsscsccrsnances
mraneport of sarnies 1o YUROBLEVIE ..rcscescercccncccce
Indivicdus! cemamic teris 30 € $50 ceseccscersssvccsonse
Cozplete ceramic tests 5 € §1,050 cecececccrcorcrcacess
Study tests 5 € $UOD ecenecrescncecccrarciocecironiesnen

Temclogical mrt OB P OLPPOIPP P IDPPOCOSPPOIPNLOITOPERED

$1,600

$5,250

$2,000

-

9%




Ccaclusion

Works made im accordamce with this project will ahow how much
reserves of Soba silt are available and are these reaema’ suitable to
be used ia modern dDrick making, by itself or will it be necessary to
add some differemt plastic raw materials. ¥ow it looks that Black
Cottoa Soil is a solutior for this prcblem, but laboratory tests will
spow how real this soliutiom is,

T™here is possibility that after initial exploitation of Soba
silt, pond will be formed in which i: will be in 2very flood seasorm
accumnlated new raw material suitable for dbrick maxing., It locks
likely, but this problem must be carefuliy studied through the period
of several years before definite conclusion. There is probability
that it 1s possible to imfluence gquantity and quality of render of new
5ilt by the shape arnd devth of poad but it must be carefully studied by
a specialist., 48 a reault of laboratory tests of Soba sili, other
clays and different blende will be given recommendations for coaditlons
for pruces: of drying of formed bricka and conditiors for firing,
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Prospection and explorstion of raw materials together
with the ladoratory tests for necessities of future pilot brick
plant were the first important step in realization o UNIDO-Tugoslav
and Sudanese Governmen:t Project for the construction of suveh a plant
i{n tke vicinity of Khartoun.

Ia the course of Jaruary and Pebruary 1982, the author -f
thia report, in cocperaticn with the Committee for the Construction
of Pilot Brick Plant and the staff of Building and Roads Recgesarck
Tastitute of the University of Xhartoum, prepared "Project of
Exclorazion works of Silt Deposit in Schba”, and in accordance with
this ic th2 nericd of 22,01 to 0B.02 1982 were Ziniched drillinaes

and other fi0li worun.

Sefore and =lter Scta irilli=gs, together were visited and
arospected localities of Baggal (3 on Map on Apvendix YMo. 1) where
ware ctecked matarials from the holes made 2sriier, Conclucion is

toat macerial there is 30 Duil of gravels,

b -

Cn lceality of Tiisihad were collected zemples of Eaolinitic
etcnes for ladberatory tests.

On localiiies Un Ustus S on Map Apnendix 1 and Gereif Sharg U
we=e taken samples of black colton soll, ag a very widespread type
of aoil iz Sudan. and samplez of pornd c¢lay uced for traditional brick
makinz 1a Xhartoum ares, a Jaaple of pend material is also taken co
lecality 50C petras weet of the Sodba Univergily Farm. Some localities
weat cf Oxdurman were visited and samples taken with no direct
interest for brickmaxing plant,

Mentioned localities were prospected because usterial from
the hoiess in Soba gave impression that by itsel?, it 1s not geing
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to be good enough, ard we togcther made an effort to find suitable
complementary meterials. Resulte of leborstory tests proved such
ar opinion.

Al gezmpies were prepared for shipment to the leborstory of
the Institute of Testing Materials ir Beigrade and, together wiih
semples of dung sad ground nuts hullc - as combuciicle meterielc -
were gent there,

Resultes of tecanological tests will be given in a separate
report &nd with thit one vill make entirety,

location of [oba Uriversity Farm, chosen fror the very beginning
a8 the szite cf pllot brick plant, looks now es & good choice, «lthougn
gilt by itsell It not likely going to be the only rav materisl; but
other advantager &8 free land xnd some infrastructures exicting there
are of imporience.

I. GECSRAPHICAL POEITIOF AT CTH-R CONDITIOES -

Sobs University Parm is situated on the ieft (southerr:) bank
of the Blue File, sbout 2C kms south east from the centre of Ehartouz
(1 on the Map Appendix Lo, 1),

Farmlend bas & form of & strip sisrting on the river bank wiir
width leae thau 100 metres and golng ifrland about 1 km. with finighing
width of almost 140 metres,

The farm is only nartially cultivated by fruit treee and there
exiets e building some time used as a resthouse and ruing of old vrick
plant, With smaller reparstione the duilding may be used for the
necessitiee of brick plant adminigtration,




Approximate coordipates of the farm are:
lat. 15931 lcrg. 32°39

Absolute height is somewhere about 380 metres. On the map of
the farm on Appewiix Ho. 3 are given relative heights, where
absolute height of 380 approximately correspond to 100 metres
on the mape.

Terrain between the two Niles on which lies Khartoum and its
southern suburbs, to the Soba, 18 plain,

The farmland is also almost plain with 3lightly lower part
slong the river, wnile the very bank is steep.

In the normal flood season, oply rarrow sirip of land
(50-100 metres) along the river is flooded, whiie othor lend is
staying dry.

From Khartoum to near Sobs village passes ope of the maln
ecvhalt roads to Wad Medani, and from this road at 18 km. to the
#ary, leads field road iong sbout 2 km.

About 6 k. from the farm passes also a railroad but the
nearest station is in Khartounm.

There 18 possibility that in the future the Blue Jile become
a path for transportation of bricks,

It is suggested that in brickmaking process, tesides zilt from
8cba, 1s to be used about 104 of kaoline from deposit between Fiteikab
and Abu Said or somec other in the zome of Oedurman, Outcrope of
kaolinitic stones are on the left bank of the White Nile gome 2-3 kms
from the White NMile bridge between Khartoum and Omdurman (2 cn Appendix
No., 1) from the bridge to the kaoline outcrops leads field rcad and
total distance from them to Soba is sometiing adbout 25 Em,

The Soba Parm is connected with electrical net, but it is
necessary to check capacity of lires,
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Induetrial water vill be supplied from the rlver,

Cii=metic conditions of [hartour area are of desert nature,
vith temperttures in range of10°C to elmost 50°C. Air is witk very
low average humidity 18-55¢ and &reu ir getting an average of 1€1 m=.

o? reine every vear, &#ll in summer sutumm period.

II. GECLOCICAL CEARATTRRISTICS OF KHARTOUM AREA

Abcet 100 kms eart from Khertouz on the surface ere appearing
+the oldect-hasemert coxnlex formstion - represeatsd withk "shict group”,
the sume grour it enpearling alsc con the esetl side of the Lile sbout

20 km. north of Ikartown rep-esested witk “Gnelsg proun”,

Tycept between the two lileg, dominunt formstion in Kbartoum
arec is "flublien sandctone formation" of cretoceous ege represenseld by

sendctopes, £ilt gtones; muc £tone: and conglorerater,

Soutk of Khartom; terrsin between the two Kiles ic coverel by
tertiary and gquarternary Gezira formstion repreeented by cleys, Biits,
egands and graveic,

Quarternsry ani recent formations ere reprezested with sediment:c
c? clder; higher river terraces, recent (lower) river terracee, desert
gands and grevels.

Ror<l of lpartoun granite 1s representing intrusive magmetic
ttones, while the wegt cf Omdurman i¢ eppetrinc basalt, representing
extrucive voleanic stonec.

IIT. EXPLORATION AND CHARACTERIBTICE OF SILT DEPOSIT IN SCRA

Explored is only a part ol gilt depocit situsted along the left
dant of the Blue Rile. Explozstory drillings eare done irn slmoct regular

[ L I L T T H S T el
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net By prciect, proposed is drilling for Tategory "A" reserves with
distance between holes (and cuts) cf 50 metres, with exception of
cut C-I, 61 metres away from hole C-II, but less than 50 metrss frca
cut B=-I,

Por reserves of Category B maximal distance tatween koles is
10C metres, Tisposition of cuts and holes ig given oa Map 1:1,C00
Appeadix Yo. 3.

Primary planned holes for regserves C; Category are not made,
because mads drillings showed that in southward direction guality of
gilt is worsening and there is nc reason %o do anything there,

Extrapolation of reserves, away froas hcles,is done only with
holss cn profiles . and G, alcag proflies I~V to the limits of farm

grouad, for several metres, in Soth A acd B regerves,

Exploitatiza woriks of 305a allt deposit comprise 3 cuts - 17,1 n.
and 11 holes with total depta of 73 5 m.

Foles are drilled by venetroxeter (1G tous), product of
NV GCUDSET MACHINEN TABRIZK GOOPA JOULAND. Core were collected
1n pleetic cylinders iong 20 en, and with ¢ 3C mm. giving about C7 Xg./m.
of core if all collected. In some cases it was impcasitle to get core,
in dry sands 2nd more ofter in materials under level of ground water,
Such intervalz sre ‘rdicated cn geological profiles (aArperdices 5-18)

"ao ecre",

3umpiee are in cylinderz transportad to the laboretory of BPEI
and there, core i3 carefully takan out, mapped and put cn drying, before
being packed, upper and lower half of every Role separately, except
bole A-IX with only orne sarmple.

Vain charasterisiic of the deposit is change of material in
horizontul and vertieal direction, so that it i¢ impossible to make




correct internretation betweer neighbonving holee, as show: or

ezlomicel protiles on Appendd: Fo, b,

Geolozical profiles of everr peperate hole mre given &6
Avvencises 5-18, sterting with cut A-T and finiehing vith C-V.
Vertical changers of materisnle, send, §ilt, finely clsys wre sozetimes
ce intimetely intermired tuet it is impoceible to shov it on given
scele on profilec. ‘fppemrance of c;coz conereticac is carefully

observed in all scrples ard ehown on profiler ag accurste &s porszitle,

Going along profiles A, B and C from the river inland, it ir
vicitie toet ip the bteginning there 16 vo C&COB concretions 4n the
core, s&nd tkat it spnears firet Time in the fole A-ITY, thel come more
t% tbe deenect part cf holes L~V gnd C-V, but congretions in holer ox
Frofile 7 ere more anwndant vhiie on the profile gupuCOB presente ig
vieftie ever £% tpe verr purface, Concentretion in 03603 i= cenereticns

producel eiso inereess] viecticity of cilars ‘t wiick ther are.

Ssnmies of puterisl frox cuts were trlien by cootipoucuc collecticn
an2 gre wverticel’y divided ir two separate sampler for the necescity of
individusl ceramic tectt. In the case of holes &ll core were tecken,

again dividéed vertically ir two camples,

Cornosition of sarmples and complete ceramic testc ¢ Sobe cilit
i made by miZins semules fror three groups of holes as chown on the

scheme on the foliowing pege.

Yrom rensrves Categery A it ir taker 2 samplec (1 =nd 2) end
one ‘7} fror hicier giving reserves B Category.

For the complete ceramic ansly:cis wre &lso tskex sarplesz of
black cctton scil from csbellow eheft ellocated in Usz Domz.

Tyrical pord clay were taken witk random ccllecticn of clay or
tke nortkerr bank of the Blue Nile neer Cirei? gharg.
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Fxemination of vigzest particles separated fror &ll silt
sazples, under biroculars, showed that practieally in all samples
piniacule concreticns of Caca5 may be seern, but because of thei__r
dimenrione there sre no danger for final product.

Under ground weter level ig corresponding with level of the
Biue Kile but as chown on geologicel profiles there are rome smaliier
irregularities produced by intensive wetering of surrouzding farmiands,

Porosity of sediments make eerzy influence of the river level oz
underground weler in the course of the yee-,

Altrough the mechanical teste were not made, 1t seems that the
beds will stané winning supposedic go tc the 60° angle, except mey be,
coeller pulling down of materiel on the comtact with weter if
erplcitatior go ac expected glightly deeper thar the water level.

IV. PROSPECTION

In an effort to find complementary materials to Sobz silt as
it is said were prospected number of locations eround Ebartoum and
Ondurmar,

Yor tue production of pilot brick plart, of biggest interest
¢ the zone zround Omdurman whnere there ere s mumber of outerops of
kaolinitic materials. Near Fiteihad there are several outcrops or
almost & line ip the distence of more than 1 km. wiere are seen
kaoclimitic stomez and kaoline clays - plastic often with high percentage
of CaCOy comcretions, Tt is clear that kaolinitic stones (mudstome)
is a member of RBudien sardstone formation, lying concordantly under
smell angle, between reletively fine graimed conclomereateg, candstones,
kaocline bounded sandstomes and kaolinitic stones, sarple of wiich was
tested, showing very good characteristics wher added 10f of Gobe eilt,




I* 15 impossible %o give relialle assessment about reserves,
put the fact that ksolime iz a member of so huge formation as Nubian
sandstones are, is giving real acpe tkat big reserves exist in area.

Tt looks <hat alieration and transvportation of th= part of
zaolinitic stones beins made, giving az resyli plastie clays dut ir
scme saces they are Meavily contaminated with 33203 concretions.
Detailed exploraticn needs <o sheow reserves »f d1%Farent types 5°
zaoline axd differe=mces ir guallit—, It looks *zet both types cf
k20line are iaterestinzg for Aiflerent applicatiorns in ceramic aad
o%ber jndngtries, taking into consideratica izt eome 11nd of dressing
will De applied,

At Saggal zome drilling wa3 made earlisr with 4“he inteation, -
toet if reaunlis are 3atisfring, to locate there g brick piant. Mm
the baeir of the materials from hcles saved at the apot, it ig vpesaible
t5 ocmelude that the zaterisl rapr2sent fimely ground guartc grar=l
ard s2nd bound vith tiae tyne of dlack cottom soil, and it is obviously
of no use for drickmaking,

Pend clay from Girei? Shaarg zome i3 uced by  lecal briskmakers
witia adéit’ion of scme 3amd Zor dung for tas nrcductiom cf bricks ir
traditiczal toshemelogy, aa it 13 done in 3chba, FLReserves of such
material are encugh for emall troducerswhick explolt in the course
of the year gome pord 2ad in the 2lood geascn nav replemishment ia
ag2in giving reserve for furtder productisn. Fond clays by itaels
iz casracterized by 12% of linear shrinkage iz Arying, and camsnot be

used in plastic forming “echnology exrept in scme al:xrtures,

Ziack cotton 30il frem Um Doma loculities &8 not tyvieal,
because of high comtent of samd amé dus%, Sut it showed in the
laboratory test that it is mot suitable as raw material for crickaaking,
except prcbably after scme speclal treatment, This fype of 30il in
coveries huge surfaces iam Sudan,




V. ZJECHMOLOGICAL CIARACTERISTICS OF PAW MATEFIALS

Iz the Institute for testing of meterisls iz Belgrade are
tested all sarples froc Soba and oikher prospective localities. Results
of imdividual, complete and study ceramic tests will de presented ix
s separate report. Here, we will give only main characteristics of
ratexiels anld comclusions about their possible use.

Individusl ceramic tests indicated that deporsit ik Soba is
charscterized by unever gueiltr of materiel. Some of the Individuel
semples were Qifficult (o fore iz mould, beceuse of the ccarcity cof
cley faction., Ir several caser eafter firips appeared a iire burstiag
ir damgerous forrm.

Comxlete zeramic teste frow Sobe showec thot camples 1 8nd 2
cre gimilar wvhile sample 3 @iffer from them. Th= Zirct two ere very
senci<ive on drying while samnle Z ie extremely sengitive. Chrinkage
in drying it 7,0 ~ €,8 and €,0f while comprecsive ctrength after drving
et 900°C ie 12,73 - 16,92 end 13,75 MPa respectively.

Black cotton soil (sample k) showed that it ie possible to forw
1t v plastic extruding process, Sensitivity in drying is even lower
than in samples from Soba, & linear coefficient of shrinkage in drying
ie 7,2 dut in firing samples are practically destroyed,

Peetez of ponf clay ghowed that it is very sengitive matericel

th aply smell content of send cnd high content of dust with high -

11,8 - shrinkage in drying und fired st 900°C 1s giving compressive
strengtt of 51,30 Mpe - highest obtained of all tests.

0f all study tesgts, best resulte chowed teet S-F from the
rixture of 905 of Soba cley (sample 2) and 10% of kaoliritic stome
from Fiteihodh. Extruded with 19.33% of water appeared to be (only)




sensitive in drying, with 8,21% of shrinksge and giving corpressive
strength 11,28 MPa at 500°C and 15,43 Mpa at 960°C firing.

Tae Tlack cot<on scil szmples were finely
ground ia ball mill, Sensitivity increased to extremely sensitive
in comparison with unground material, Shrinkage ir drying fell to
f,2 out the main problem is behaviour in firirg is unchanged - samples
wvere again deatrcyed.

With sample 1 as basic material, were made two “esss with
addition in the case of test S1 - 3ha - 109 of ground black cotton
scil and in a test 31 -~ S5 w'th addition 25 of pond clay (er; 75% of
si1t 1), a linear shrinkage increese to 7,k and 7,5 respectively.

With a very sensitiv: mark -n drying for test £1 - 535 ard ccopressive
strength for forms fired at 900°C 12,64 MPa and 30,51 MPa. Last result
is under questisn because of lower mark when fired at Q60 and 1c00°c.

Tests S7 - 85 = Dand §3 - §5 - Q only gave indications that
from Scta silt {rrobably corrected wit: goxe otaer materials) it is
possible to produce lighten bricks when the basic material 1s added
combustible waste material.

Tests of kaollnitic stone from Fiteihab chowed that it is a good
ceramic material :th content of scrme 204 of 203 33203 coatent of
2,25% with low content of alkalis arxd almost with no soluble salts and
organic materi:=l,

dregsed forms when fired gave a whitish character passipg on
bigher tezperature (125000) to greyish colour, There ir indication
that material kind of refractory.

Tests in which vere made trials to produce light weight aggregetes
froa ratural and finely groucd dblack cotton s0il failed, but 1t iz a
real hope that with some dressing of material before, it w111 expand ﬂll-
From the pond elay is obtained very good aggregate on temperature 1150 >
with expansion coefficient of adout 3.




Meterigls Prom old elluvitn west of Omdurman used locally
for adobe houser, cbvicusly cernot be used ir drickmaking beceuse
¢’ very higk content c¢f c:u.c:;3 comeretione. Chemical anclysic showed
contert of 033&5 ebove L0 end there ie possipility that in future
may be usel, sfier som* dressing, ar rav msterial for production of
cement, '

VI. ESTIMATIOR OF PEETRVCS OF S04 EILT DEPOSTYT

Reserves of &ooa gilt deporit will be estimste? in accordance
with Yugoriav profesgicnal standards, similar to those used in other
couciries.

From the geclogicel ctendpoint, erplored is only part -7 silt
depos=it along the Blue iTile Zenk, withk zc uciform quality. Ir exploratior
of A Category reserves holes ars set in & net with mutual distancee of
50 metres, with excepticn 4n the ease of Cut-I, where digtance from ths
Bole C-YI is 6. petree, while distzance to the B-I iz US metres.

For <he reperves of Categorr T muximum distance appliel is

107 metwes,

in the cese nf beth category reserves exirepoleticr 1s mede
from gsome holes to the limits of the farrland, For the egiimaticu
will be used the method of geological bdlocks. In the calculation
are not lp som= case: taken the deepest part of holes from which is not
obtained suffirient core,

Between profilez denoted by Roman numerals I to IX explored
terrain is divided in ¢ series of bloclis whose surface is measured,
Prom 2 or 7 holes on a profile is odbteined mean productive depth,
Mean aritbmetic value between two neighdouring profiles is giving mean
thicknese of the block.,




Product of the surface(expressed in metres squn.re]and
thickness in metres 1z giving reserves in metres cube, Elements
for estimation are taken from the roles where profiles sre shown
*on Appendices 5-18 and from the map and profiles on Appendices 3 and L,

On the tableg delow are given elements No, 1 and made
estimation of reserves No., 2.

Table 1
Productive Depth Drofiies Blecks
of Holes Mean Tmpih Mean Thickness
A B Cc
I 5%m 5,8m 5,70 5,70 m
5,25 =
I 6,8" 7,20" 6,kom 5,8
5,85
IITr T,00" T,00" 6,507 £,8
Tyid
7 7,0 - 7,807 7,0 *
€,80 "
vIZ 6,00" 6,ho" - £,20 m
II 2,00" - -

Between profiles I-II ard r7-ITI are estimated reserves of
Category A,

Reserves of Category B are ectimated between profiles III~V
and V-VII dbut the last block zmust nmot be taken in ecasideratisn for
regerves and future expleoitation beeaivse of worasened quality cf
material,




Table 2

Average Volume ~f

Bloeks Burface Thizskness Reserves

Cate A I-II b .692n° 6,75 m 29,325

Cat. A II-II11 o000 " €,83 32.101 m3
1L

Cet. B IM-V 0.8500° 7.13 o 70.232 &

cat. B VaTTI 7,760 " €,80 " 52,560 =

Block V-VII it not exploitaedle because of worsened quality.

Anounts cf exploitsble reserves are:

Category A 61.426 =
Category F 70,250 "

motel 131,656 o

VII. CORCIUEION

The type of materiel explored in 3cbz, from the geoliogical
+andpoint, is extremely abundant oo toth baike of the Elue Kile.
Quelity of material is changing horizortally and vertiecally in the
range from very plectic clays to coarse grained sands, Recent sedimente
pear the river are with rare or very tiny concretions escog Going inland
presence of 03003 eoncreticne and their dimeneicns increase.

Plasticity of material depends ou the rate clay: dust: sand,
while clay by itselfl is extremely plastic and sengitive on drying.
Organic materials are found in all sazples (except kaolinitic stone).
Iz 8obe content iz passing 14 near the river - lessening inland.

Technological test showed that it is possitle to produce bricks
from Soba gilt, but bebaviour of msterial in production process and
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properties of final production will be easentially improved if
to Socba silt is added about 10% of kaolinitic stone from Omdurman
area.,

Kacline at Piteibadb is the only prospect. On the base of the
scene, it may be concluded that geological reserves if kaolinitic
stone are spbgtantial, but it is advisable to do some exploration
work in the fature,

By appropriate exploitation Soba silt may and must be
homogenized before and in the ccurse of procduction. Production
line mst be composed 8o to add fine homogenization to raw material.

Tgtimated exploitable reserves of 131656 m3 may cover
neceszities of drick plant with capacity of 10 millions UNF/year
for about 10 years,
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Red Brick Demonstration Plant - Location
I3 ® o 10353
by /l a Lt g, o PegC
/
V4
- /
- =~ - 7
-7 S—o 7
s .
/
- / '
a R ®
37 03 hig 3
. 3 - 03-07 PegC
/’Ho
®
a2 ©
- w e
iy 5 o .
: 3 &
: < aa
g Ty
x :
g\—\w : ~
Lt 5 am S
e g T ogd
LEGEND. S &
O Holes
MAP OF RESERVES
() Cuts on the bank
0BJECT SILT DEPOSIT
. LOKALITY | SOBA UNIVERSITY FARM
Reserves A categories NIVERSITY 7
lNVEifOR/ BRRI ~ UNIVERSITY of KHARTOUM
. : P. NICIFOROVIC, dipl. ing. UN:DO  EXPERT
Reserves 8 categories 7/[.&
APENDIX N° 4
I
105 1 LEGEND
A-LX A-I B8-11 c.ln
« 100 I-=T-~+ AT PPN ==
95 4,0 % T =
50 | sur
i
| SAND
™
105 1
AL 8-111 cim
100 1 [-=2"~ - F = _-'_~-—_.’.' o o
b R -|=-- - -l= > - €aCO3  CONCRETIONS
95 17 [ ° B ¥
90 J
RESERVES A CATEGORY
RESERVES B CATEGORY
X
1051 A-y Csv
100 - _TL_ “- L3 GEOLOGICAL PROFILES
9 0BJECT SILT DEPOSIT
30 LOKALITY SOBA UNIVERSITY FARM
INVESTQR BRRI UNIVERSITY of KHARTOUM
3 &\ P. NICIFOROVIE. dipl. ing. UNIDO EXPERT
SECTION !







g

APENDIX No S

L

A

GEOLOGICAL PROFILE of
CUT

S..T DEPQOSIT
LOKAL:TY: SCBA UNIVERSITY *ARM

KHARTOUM

ZRSITY of

= UNIV

B8RRI

[ep]

-

i)
<1
w)

©
. o
- _ N
- .
z%-ksinzi‘j-s U S
Z
O
T
o
a: 4
) iy
AD wn . 4 4
w . RS
@) D W \
¢]
L2 nt
» s 512
- Y
qrAV 2 Le) m A +
- \n © 0 ol =
(&3] O ]
O s c |c
- U T P oz |3 =
(@] [ ' ~| O o] O
[ (@] (%] b, o w w
= wn ¢V Y1 Mmooy W
! :—..,. ng——__._
(&) N.\1 . — i — ‘/ — . —
T ] Oy .
Ly O Jey ) ) . ’ N | -
AH..._T... it ‘ _ —l | . :_
r o <L — . _ Al . — Y * —
O 190%E I NS I I Y § [ INEE -
4 - -
‘ "
N . o
Mm m 9 I S & i "
e bl P - 4 u . )
Lo .2 t
1 1 |
. E
- o -
n. ] o al@dl e
Ly < (o} & ] N Y o

i

!

|
Phnorn




ax-, o - ;;;.I..vz..l-!:rz!t-
O Q2 -
ON i T3]
o s -
x e e
a i e e e St .
z - B - T
m.r_
Al
< _L
L -
@ O
vul
Y— €L
O [0 -
¥ =
Ll A R S
. [¥Y] y (o
= (@) .m: 13 K
(T : 32
. c:
O : ) ) ~ b -
R “H.. e o ﬁ“ @ | -0 " e
” — : 1 & . [
a O L H Y N ot o
<t T G |lof ¢ | @ |w| w -
_ T ) ] -
1 M Wﬁ ] i~ 2 « -~ L “
L x - (@) 0 H 2 Lt wn T2
. < 'Y L SR I & a | gl o :
0 O o e -4 w( m @] ) o
1 o T P ,H ‘
(] b= - —
o | w % | —v ..— . - . '_ - . “ d _
O . e L) Wz —r N f h — _ ' ! :
W 1w U 21z~ ) b { f »
= - = (VR () i — A - '
G vvl - i wmn:. ‘.. — - — sl S J—
Qﬂ.‘ — by .,_\_;v M ‘ ) o’ IS _ - . ~ - _
5 oa 5 sl I WY B
0. ‘ O | - RN IR RN -
W g : SE— — S
m < : £ : | -
- o &N )y 4 !
BT R s S|l 88 8 I |
(N . o NS Y| . . o (o] |
< o , oLt i
- O 1
— - 'h Th. - — - —- — = - - e R Sl - - R - - - ———— . - B
) [€p] - . 5 ‘ ST e B
( M w0 ._, 3
B . B o - .
m & 5 0 3t % al 9 %
(@] | puigst ) til v QY] ¥l W Ve
I -
— N, Y SRR IO SR I S \




taase.
i
wn
-~
i

‘ APENDIX N

GEOLOGICAL PROFILE of ;
HOLE A-LI

08BJECT: SILT DEPOSIT
LOKALITYD SOBA UNIVERSITY rARM

INVESTOR: BRRi - UNIVERSITY of KHARTCUM

-—
o«
[a]

LEvEL a0 SCAL=z 1:
i
i |
' ocapn | TiCK | GRAFIC | o
| DEPTH | zgg | PRESEN- LITOLOGICAL  DESCRIPTION Nl
' m! "7 " m i TATION ;
I ! * ¢ —— ! ’.
| : 3n i 122 Vo e Srown claily sand |
o wlad - A—
LT -0 T - Jrown sancy cigy ! i
H ; — e Smem ¢ . :
P20 2.8C L - Srown clauy sgnd :
1
P ——— — ) , ,
oo 060 i TT— - Srowr  oicstic .oy o :
; i I e - . I ;
: : 720 P 3rewn clcily sand ; ;
380 R . | i
w10 ) eie| — e - __° _D.2TK 2.Cy with WLy A j
N . ! o ‘ '
430 070 — T Srown claily sand | :
: S — g . '
500 1,20  —_ i, 3rown cigily sanc
1) oo - . ; i
o— 28 A —ra— Srrdt i ?
‘ ? T . : = c7C |
i 7oy - T Srown <¢.Gily sand ‘ =
e . ,




- e it
!
N
w
!

APENDIX N° g

GEOLOGICAL PROFILE of |
. t
HOLE _ A:V.. ‘
{ OBJECT: SiLT Der0ST

LORKALITY! SC3A UNIWVERSITY FARM i
’ I
| iNVISTOR: BRR!I- UNIVERSITY of KHARTOUM
! i
{ .
- - !
JEvzL 10280 SCALE 1:100 |
i
| - :
. Tene oraric T o
. DEPTR ; lZgs | PRISEN- LITOLOGICAL DESCRIPTION Wl
' mi T m! TAT ON !
gy 0 080 (T il Srown sondy cloy !
| | T f
P g a - = e o | '

| o Srown  olastic cl.cy i

, _

- ~ ' ! — L — :
280 _ . \
232 - 056 N Yellow-3rownis sandy clay '
i & N AT | »
¢ - 1
! f A (=t - Yellowish clcily sand i
; ; ) !
f 5.33 i » = ! i
; T — -~ ] ] :
i 58 i (083 o— Yellowish-Brown scndy clay |
{ 3 : Pom— . . - . i
? ; a2, Ye.lowish-3rown clcily sand < 580 |
T R r— with CcCOq (6.m. e

1

' '
: i )
; ! ! !
i I
! ;
| | !
; i
: i :
] ; }
, j
| . |
l f
;
‘ ‘

‘ ’

]
i . \
i . t
{ ! ,-
! | '




08JzCT:
‘T

COKALLT
NVESTOR: BRRI = UNIVERSITY of rRHARTOUM

SILT

GEOLOGICAL PROFILE of
HOLE

DEPQOSIT
Y: SOBA UNIVERSITY

APENDIX NoG

A-VIi

FARM |

)
[}
[ ]

LEVIL . 83.70 SCALE 1
| | l
| ea-. | Ticx | GRAFI o
. DEPTH Lz PRESEN-|  LITOLOGICAL DESCRIPTICN AN
i I N2 SS AT A |
' m | mi{ TAT. 3N i
i i f - ] : '
' ) ; v . } i
t H A — . — N . .
; b1.50 - = Srown sani-cloly 3
| s | S = - B z
T 1 i
N i . - ‘ .
! 1 AN — 4 . ~ 1,
‘ 260 .00 e Claity sand
—o T o] T s
. 320 . 380 Sanc ? (nc core) ;
: e 4 1]
' ! b — ; ;
; | C — - . . . 1 :
| i | - - Sangy silt passing *o ' i
. i - ! M :
E 1 o . = :,
? ; | — - - 3rown odlestic clzy with Call3 :
i - ; N ) -
L 570 ! | e - v :
R e/ E = = = Qrowp sancy igy _t
i s ' ‘
| ! ! |
! H |
i , | | |
1 f ! ’ !
i : : ! ;
i ‘ ! !
] | t i
i i i
! ' i
| f | |
! \ i )
f " ! !
i ; ;
| ? | |
l : ! '
’ i '
5 , | i
: ' : ,
. | |
l i
! |
1
! i |
‘ |
13
i i
| |
! !
|
!
| N
) | ! [
Ll L Ll Ll L L e
—— .




-

08JeCT:

APENDIX N 10

GEOLOGICAL PROFILE of
HOLE _A-IX

SiLT DEPRPOSIT

LOKAL!TY: SCBA UNRIVERSITY FARM

INVE

LEV

-
=1
fadi N

TOR:

L3

BRR! = UNIVERSITY sf KHARTOUM

SCALE 1:10C

TICK

S SR R

OEPTH | yrfes PRESEN- LITOLOGIZAL DESCRIPTION WL

N NE DO T T

] m mi{ TATION E

? i ’
o130 Scnd yeliowish - Brown

30 ! .
190 060 . Sznd with dispersed CaCO3

=t - - - — S —EET = =
|
E

v 1 ,

! | '

| t

i ;

] !

l !
|

f i

| i

| | ;

§ H
| |
;

f




APENDIX Nof{

GEOLOGICAL PROFILE of

|
cUT 8-1
QBJECT: SILT DEPOSIT
LOKALITY: SO3A UNIVERSITY FARM ,
INVESTOR: BRRI = UNIVERSITY of KHARTOUM j
| LEVEL SCALZ 1:100 j
* |
i 1 ~ _ '
I N & Vol ¢ GRAFIC o _ - . i
| DEPTH } =55 | PRESEN- LITOLOGICAL DESCRIPTION SR
! m | N=33 1 TaTion B
i Qa5 1 3,45 el Sgndy siit |
| R Srown sii: ;
i 50 | — - \ » '
I - = WL S § D2 T ST AN A :
i 1,03 T — rown-arey st ‘.
250 C = 3rown-grcy s ;
I 345 | 035 =T Sandy clay | ;
! ! ’ - T i
! ‘ * . l
l i T Sand ', g
! ) ! - - T i - '
3,80 i e . I <3 5.80
- 1 " i T ‘
| i | i
H . : \
| @ :
| | :
| | |
| i |
» | A
' ;
| ! @
i | z
i , !
; p j
! ' s ?
| !
!




Oy
ny

APENDIX NoZ72

| GEOLOGICAL PROFILE of

B-1II

HOL&

0BJECT: SiLT DEPOSIT

ORAL TYD SO3A UNIVERSITY FARM

iINVESTOR: BRRi = UNIVERSITY of KRARTOUM

Lzver . 100.50

|
o :
? ! TICK | sraFic N :
 DZPTH | Ess | DRESEN- LiTOLOGICAL  DESCRIPTION Wl
! m{ T 7 mi TATION s
‘ ' === : :
VoA N 14 Lo, Brown  silt |
| .00 . e e— N o '
| | b, — |
x | ST |
! 205 - -, Srownish  silt .
H i . . M ' R
L e o 3 !
‘ 3.1»3 ! - T = ; i
L 380 © G45 = T - Groy clcily siit | !
: o ! ?
P . 2.3 C— Grey  silt e ;
i 420 ! C.S0 -_— - - ey f '
' _ : f oS
[ 520 | 070 gty Silt —£20
| 1
03 | 080 Sand? {no cere) !
! . ' —
! t1,20 v Gray siit !
1 s edavt — -— ' 1Y '
: 7,20 , t-— . — —_}’, ,
i :
8.00 | 0.8C | i Sand ? {noc core ) ; ;
__523__, ______ === o N SChCV— St -
i | ! | ’ |
! : | J
| I |
; | é +
! - :
( | i |
1
i
I
!
— I ‘AL;LL\ I L -




- 63 -

08JECT:

INVESTOR:

GEOLOGICAL PROFILE of

SILT DEPCSIT
LOKALITY: S0BA UNIVERSITY
SRRI = UNIVERSITY of KHARTOUM

HOLE B-IlI

FARM

APENDIX Ne 4%

I _ r
IoLzvzl 100.8C SCALE 1:100 ;
i i
: !
; ! I oo i :
i —— ' T:C:‘: u?A.‘lC ~ -~ AL !
¢ JTFTA O Des PRESEN- LITOLCGICAL DZSCRIPTIONM V.- !
\ : NZ SS TAT AN :
L m VS S A
[ T e e - !
. " . — .
y o boeag T Srownish si't |
Ll i — —_— l[
L l . » . '
— — a— H i
i ; .- i '
! I 1g5 e 3cme more plastic -
. i - . i
305 ; - - i \
3=l L 33 - - - St ! :
| | ; : ;
i 1 [N ' |
: ! ! :
: ‘ | |
; l 3,50 v Srownish - sond !
; ! ] 3 1
H } H
:— t . M '
- | ’ ~ 530 |
A ' -7 e
| BB82 Ao : -
t ey O PR — v~ wlel  Sl.n !
= i ’
| | :
]
; 2.00 ! Nio cere
| ; :
t SOC I’ 1 b -
______ | — e = (& 5 418 A7 AR o0N ST W' AN TR E N

‘%




APENDIX Ne 44/

GEOLOGICAL PROFILE of
HOLE B-VL

OBJECT: SiLT DEPCSIT
LOKALITY: S28A UNIVERSITY FARM
INVESTOR: 2RRi =~ UNIVERS!TY sf KHARTOUM

LEVEL . 10430 SCALE 1:100

| con T. TIoK GRAFIC .
 DEPTA | nirgg | PRESEN- LITOLOGICAL DESCRIPTION Nl
! m | m{ TATION !
033 040 = "~ = Zgrth ? i
i I . N 4
| ! s L . . |
;' WA STk Sznd with “ine concreticns |
' 180 , - e of C3533 !
- e | - - c- °
¢ - N —— — L [} . :
P 230 1 83) - o = Srownish cleily sand |
| . e . 4 i
3.1 | 2.8 T, Srown sand |
i —" - - ] |
l [ R E ‘
' - .- | !
|22 e - Claily siit with ! ,
=4 . . ' . .
‘ =L CaC03 conckretions '
0 "..- —_ i ’
1 - - O !
. f . " VJDU
g3y e B
P T = = = S ey




PRSPS

- 65 -

OBJECT:

GEQLOGICAL PROFILE of
CUT C-1..

SILT DJERQSIT

LOKALITY: SO8A

UNIVERSITY

FARM

APZNDIX No 4§

'
i
INYESTCR: BRRi = UNIVERSITY of KHARTOUM 'f
LIy EL . 83.80 SCALZ 1:103 ;
| - 1 R
l e ‘ TIoK GRAFIC - L f
, DEPTH | NESS PRESEN - LITOLCGICAL DESCRIPTION Vil g
;’ m | l m|{ TATICN ! :
r T —— -— - . o )
g7y b 270 = 3ancy st _} |
] | ] ’
{— i l — - . '
i boas - - T o~ N !
| b - Claily silt i
! ! — " z ;
| 288 | —. T f |
330 245 T — Send-zlgilv_ silt i :
L 3.75 2,55 R Sand il :
H . - ] i
445 07 | — T Sand-sit | |
P L vt :
' | Lo T Gray sandy silt b
! 5 =, = <570 ¢
| F
| | ‘
, i
: . ! j
| f i !
! i ! ;
| ! | ,
! H i L’
’ } ! H
f } )
| | !
| :
O
, .
' ! H
| » , .
|




N

Q
)
z [ow ]
= 2
A A
N ~«
e
Q. 1)
L -1
<
(@)
wn
[V
Q
w
o |
5 :
') .
@ 4
a )
: !
s i
L .
L1l e
( < L%
O QO e
O ——— H NS
) ) .\nll w.l
o oo
. o
@) R
L — > 'V
O T S
o 5 2
Dw ' “
[V < .- .
) anu o :
A
p~- 0 m ~r
= O =}
(72 I . .
P (4 ..I..
-k o
- )
S R 1 B
g L qu _w.
v.l. K - -
m o I,
(o Y | 2 D

A
>
r_’l .A‘.I — e ——— e — e ——— —_—

P

o

.n‘

a

G

ﬂl. N

] - o

wo b b

W ) . n w
o |

- . w L4 N

’.H r..‘- n.. r ,’rb AWJ '\“J

O LY ] (o] Lo ] e c S

= (= wn w v (@) [ o J gt

O -
% n ¢ ol e " ol ™

-y | > o

N : |13 3 -~ P

o) oy C ©

N o o o b

r G) m {Mlm O] O[O

- R .- P -

' _ o T W L
-bva_M\ — .-_-‘_F\P -~ — .‘ ~—.—
- — oAy . ’ - - -

. A ’ . ) .

n &2 (. 4 - .
ACTSE R ._...__ i b :.
Y o . - - . P -
»Upﬂn. \. ,—. .—: _. i v ". _n—'

-] Jo - e e
e l
N . |
- - ol o © [
WMS e O | @ (<) wi
o .- o |Olo -’ (o) i
- _
S —— it e T U B U e e ——

T+ bt

t— alof ¢ o] O

( G Wlol @ S ofy

_h.J._ |t oo ™ | Ol

i




-

- 67 -

APENDIX NofF

GEOLOGICAL PROFILE of
HOLE _c-Ii

0BJECT: SIiLT DEPOSIT i
LOKALITY: S0BA UNIVZRSITY FrARM

INVESTOR: BRRI = UNIVERSITY of KHARTCUM

_EveL 10080 SCAtz 1:700 i
: ]
o ik |oraric ST i} e
P DEPTH NESS PRESEN - LITOLOGICAL DESCRIFPTICN Vil
| m | m | TATION :
i ' — — - N . i
| om0 i 070 L — Yellow-3rown siit 3
| : \ |
. 4 4 - .= = Dent K
i 783 i '1'0 A ——‘—."- oircwn Si.tT T
] L Py 1
' i T '
l ! 210 ;-:'_ Silt with clay onc scnd ,
L i N : !
P 3,80 - - - %
| . , :
| r 1,30 _—— - Scnd (with clay)
I 520 . . . !
] | VN ‘. . ]
l s'og 3.80 * - -—‘ - Scnd .: s-m l
5,60 Q.40 Lo e - Cogrse sgng !
,——915@——-? —————— < Sond )
j : | .' *
} : ; .
. ! ! l
i ' : i |
l ' !
! i
i j |
! ! |
3 ’ {
! i : !
i [ !
; i ;
i : :
! ! t
| t
i
i V
|
|
|
}
! .




!
N
(6 ¢
!

APENDIX Ne/§

GEOLOGICAL PROFILE of |
HOLE C-v. . .
0BJECT: SILT DERPOSIT
LORALITY: SOBA UNIVERSITY FARM |
) »
INVESTOR: BRRI = UNIVERSITY of KHARTOUM |
Ly 103.20 SCALE 1:100 !
booLEvel U3l l
' t
‘ 1’
. | v~ | sRAFIC _ _ Lo
SEPTH 1 [ ol PRESEN - LITOLOGICAL  DESCRIPTION Wi
v I NESS - T ;
t m | mj TAT.CN
' — = = 3 o J i
3 L = Srown cigily sandg )
. og 08 - — ) |
e ] 0B = TU Sandy siit B |
! R —
BE 23 C.50 PPl Grey sgncy cigy |
s ' , '
i 290 ¢+ O80 Scnd 7 No core! N
raies , o — e —es oy .'w"c.?"‘ =TT ; ?
: ~m 083 Sanc? No zore | ; |
: [RS8 % — ‘4 ~ 63 H i
Py ' 0,80 _——_ Srown cicy with CgC04 b |
; "'LSO - : 3'00 }
l | ’ N ——\3———-‘
v .-
i ‘l . E
] N . ¢
1 | - 2rowr -grey scnd !
. ! " !
} Y- 4
| : . ;
X - 83 | [_L ;
T N -4 S R — , =
| ' f !
1 : H .
- e , | :
f | !
' | ! : ’
‘ ! j !
| |
! l '
| 1
| | ;
| | .
]
]
|
! ! ! | | | .
| | | _ | v | [ | (AN | I I | || | ) )] | J J } }J_‘Au_t‘ ’ "




- -
o

“s.

w.

:".1' .

or.

Mr.

Mr.

Y
e 2

Ao
Lai

.
T,

- €9 -
LIST OF PEREONS LNTSRVIEVED

Maracsin fRid3ir, Miniscry of Daticnel Planring,
Zepartzens oF ;n‘ ustry

Mohaned Hamid, Miaistry of National Planningz, Ioans Deuariment

~mer Mohamed gl Hassan Pagieri
2,52, (218.), L,, M.S8c., Pa.D., TW3c, :SC3
Tirector, DHIT

Mutasin Atdalla E} Zaaeami
3.8c {:— snours) Chemistry, M.3c. (Cersnies), Pz.D. (Cemert
technolcgy), Lecturer BRRI, Universily of Knartoum,

Nxer Thrahia VYagl,

Dip., k.. Chemical I .gineerizg; Lecturer 3RRI, U. of K,
faairmaz of the Tecanical Commictee Entrusted with the
Ixecution of Soba Temonstratiocn Plant.

Mopazed Yusgeln (famid,

2,3¢, Chemical Z-g,, Fast graduate Dip. iz Ceramizs,
Jzacn-ire Direcicr of 3cba Cermconstratisa Plant and
Menber of the Tacknical Commiitee entruztad for the
of the Plant.

‘.:
[{]

cution

ab4dal Tzouf a%del 5C.4.,
Serneral Director, diartoun Jentral

Mustafa Nouwr 31 Iayem,

tanager, Iconomic Studies Deparinent

industrial Research and Isnzullaney :nsti:u:e, 2.C. 3ox A8
haartoun, Sudan,

- 4:.;1 -—Ibl.‘e’ ;-‘b: e P
T L.y Toluersicy 3T iuarioum, Jeculcy ol TruinesTing,

. . s PP -
CLPASULERT OT ATVIRTANT. 4

Itrakizm h. Jadir Lalik,
ueo;ogis:, Mihis:ry 37 Tuerzy ana ldniag,
Geological and Mineral Tesources [wpartment.




- il gt

LIST OF SCURCES OF INFORMATICI:

i

Interkiln Limited - iondon 197k
Investigation of Brick ard Tile making poteatials of
Clays in Khartouz area

UNIDO - Development znd Trancsfer of Technology Series Ko, 10
Brickmaking Plent: Industry Profile

Ratielle Imstitut, Frankfuri/M 1979

Technical Assistznce for Acsessment of Poceirilitiez for
Buiiding Meterials Froduction in the Sudan

v.F.M. Parry, Garston 1979
Bricimaking ir Develcping Countries

Building and Road Research Imstitute, University of Ikartoum, 1981

rre~Feacibility Study to Establish a dbrick Factory







