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‘I.° The ;Cﬂ'*iasion to the Islamic Republic of I&uritania, of thich

INTRODUCTION | | o Sl <

-4

L.

the folloving is the reyort, . was éent;'fofidiiﬁg-fhe reconnendations ‘
of the BANIKC conference, vith the'object:of”placihg the Republie on

thﬂ same footing =28 other “est africun Countrles 1n ru§ard to
1nvest1gatlons intc its comparatlvu advantages as 2 site for an

[

i¥tegrated iron and steel industry servxng “the whole sub—reulon and

~for other industrial possibilities.

She mission vas composed of Fr. Jhukri (Rerional advisor on
P g

Geclogy) Head of the sission, nr. L. Qupnic (Tatural hesources

Divisicn, ZInergy) and dr. J. Strakos (Industry Division, liechanical

metallurgy) <ho visited the Republic from 11 to.25 of January 1965.

They were jo.acd by Mr. B:ba Kusse (Director of the TCA Sub-fegional Office
in Yiamey) from the 1ith to 18th of January and by le. L.2. Denis,

Pirgctor of Jteel, "inistry of Industry, France, from the 15th %o

19th of January. The nission subsequently left for Guinea.

2. The terms of reference of the mission sere as followg:=-

i} To investigate the comparative advantages in
rega.d to zccess to ras raterials, markets
and other f;éilitius, of sites in | auritania for
the location of in integrxted'iron'and steel
torks serving the sub-region.
ii) To investigate the rav uaterials and other
resources avzilable for the production of.

basic chemicals and fertilizers.

iii) To undertake appropriate studies on the
possibilities of the utilization of gypsum
Teserves for the cenent industry of the sub-

region.
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iv) To prepales an jnventory of englnzering

QthbllaﬂUontSL

To investigate tue yOaulbllltJ of

v)
gatablishing NyLr0yrlwte flCllltlu
for processing and prvacrv1ng (fifxlgeratlon)
 vagoy-4 0 wmeat and fish products for ’Luoft

vi} To uncertake appropriate studies on the
R possibilities of sstablishing industrial
plants fér*the'productionfof.leather and
1eather goods.*
vii) To sdvise on general coonomic dsvelopment
problems -

viii) To advise on technical assistance Prograimes .

OfthBGQ?Afagraph 5 ¢111 be the subject of a report by a ssparate
micsion and'yaragr&phs 6 and T i1l be dealt rith in reports to be
preparad for thz Teat african ConferenCe’to be held in Viamey in

Decerber.

3 On th: 7ay bo L R.0 . the thres peru:aent menbers of the team
d in Dak.r. They had = fruitTul briefing sith :23sls. P arcel
csantative in Dakar, for S nebal and ¥ Sauritania)

ith bis izsoclate vy, . Fierre Dourgois and rith othar menbers of

4. The tear visited the Tniversity of Takir ahich is an important
centre of learning and includes in the Facult5 of icience seven

different Depictuents. 2610 students joined the Faculty of jcience

of .rhom about 14 are fronm Sauritania. It 13 ”Ouulble that this centre

711l be able t0o cope efficiently iith a gre;to¢ number Qf students frow
neighbouring French speaking countries. ?iscussiop§ ﬁére - held
4ith the De:in of tne. Faculty and Professor of Physics, Professor
Vvasson, and Jith Trofossor JOUEY: rrofessor of Geology, 4ho wbrkad
in Mauritania for many years nd is still carrying out resecarch work

th~re with hio ctudonto.
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5. Professor Sougy T3S very helpfal in outllm.n6 his work and
Trof:ssor Yasson showed the team the Inotltute of Physical
feteorology run by the Taculty of .cience, which is specially
engaged in solar ensrgy and its application. 4 small pump that
rorks sith the use of this energy :nd »roducing some 10 L‘,er_miante
was demonstrated to theﬂteamu The.ﬁork of Frofessor Iauson and his
collaborators on the use of the same energy in ths uroductfon of
electric power Tas also' exptained and a machine under construction
was shown.. lr. rasson is optimistie of the results of his sork and
raised the yusstion of enlarging the Centre at Takar, instead of
cr2ating a nev one at Fiavey He plans to subrit a request for
financial assiztance to the Technical.Assistance Board or 3pecial

Fund for the enlargement of the Dakar ventre.

6. . The mewbers of the team h2d also very interesting discussibng
rith 7 r J. F. sgassiz, the Tanager of the jyecial Fund project for

the afyralbal of mineral rescurces of lenegal.

Te In I.Z.1. the tcau was received and had discussions, agong
others, with the folloring oificials, arranged in alphabetical order
Dr. Ba Bocar ilpha, jinister of leconomic iffairs,
Posts and Telecommunications.

Fr. Philips Bastid, Tining engineer of the "société des
Mines de Fer de ilauritanie' (FIFIR'A)

Hr. Y. Barbier, Geologist, Department of Iines
Mr. Momanaref, Chief, 3tatistical Nepartment
Mr. Brenier, DNirsctor of Flan

Mr. 4. Brunelle, Chief, Department of ° ines,
who ras; to accompany us during our stay

Mr. Cornu,. Teohical idviser to the lMinistry of uorks
Mr. Jean Dépagne, Ingenleur Geologue BRGI . '

Mr. Hamouni, Cormlssalre genezdl du xlan é la Pre51dence

L 3
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Mr. Janvier, lFinistry of Torks

Mr. Mkhaitirat, Director at the Departiént.of Feonemic::
Affairs, 11n15t13 of Jconomlc, Industrlal & social
Affd.ll‘:: ’

Haibe ¥oktar, Cohseiller économigue et financier

- du Président de la Répubkique. - S

e
r—“gf

Mr. Mouragnes, Relation extérieur, WIFERIA
¥r. Richardson, Gensral Manager of WIFLRNA

" ¥r. Roussel, Ministry of Publid Torks,
+ —:. Chief.of Akjoujt, and the Chief accountant
for the Republlc,

His Bicellency the Finister, Dr. Alpha invited the team
for a farewell party 2t his home on the eveg of our departure.

8. The ﬁe Lers of the mission v1a1ted the iron-ore dep081ts at Fort
‘Gouraud, the copper depOalEa near xkgouat, the gypsum of bebkha de
Ndrhamcha, I.7. of Nouakchott, the narbour of TFort Jt;enne and the
‘new wharf under construction it Nodakéhotf. All transﬁortation
facilities were arranged by the Govefgﬁcét'except for the visit to

Fort Gouraud, which was arranged by KIF_RIA.

9. Unforturately not all the technical reports tere made available
to the members of the team in I.R.K. Again, bBecause of ihadequagj
of tranaportation facilities, and of shortage of time,'fhé'teém had
no chance to visit many of the interestirig eXPOSﬁres.éuch&is the ’

. mewly discévered chromite and beryl deposits in the Precamﬁrian‘nbrth
“of ikjoujt or the phosphatic ddeDltS at Civé near the xlver in the
southi. Because of all these fwctors, it was not yOculble to have 8
’00up1ete first hand dlcture of the potentlalltles of the mlncral

réébnrées of the’ country

- A A SR Ao
10. atatlbtlcal data conce"nlng the infrastructure of the I R,
is glven in the Bulletln Statistigue et Zconomigue, a guarterly

publication, of which the first numbsar arpeared early in 1964. This is
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published by the Service de la Statisticue, B. . 240 Nouakchott

and the 9r03ect is financed by the French Fonds d'Alde et de Coopération
(FAC). The agca of the I.R.M. is about 1.1 million sgquare kilometers
with a population of some 850,000 inhabitants. The most important
industry is the mining of the pich iron ore of Fort: Gouraid, which

makes 2 large and increasing Qéﬁtribution to the GWF.

11. The report  begins with a concise resumé of the:geology of the
T.2.0 . and the accompapiéd'mineralization; which is important for
any Tuture appraisal of the mineral resources of the couniry. This
is followed by an account in some detail of the mineral resources
alresady exploited or about to be exploited and future prospects.
Agalin as underground water is an important resource for théHI.R.M.,
vhick is an arid desert in its northern part, a summary of these

underground water resources is also given. The next section deals

- - with energy resources and with elsctricity and vater supplies which

are often ciosely connected. . The guestion of an integrated iron
and ‘steel industry is then discussed follosed by a short account of

other industrial possibilitji es.

IT. Ga0LOgY:

Sla. The oldest rocks in sauritania Belong to thé'hiddie Precambrian
(Birrimian), the s0 called Amasaga - Ghallaman series and asscciated
migratitaes (old granites). These forr tﬁe'greater ﬁart of the
Precarbrian occurrences at Ta31ast, Tijirit, Anmsaga, Tlrla, Ghallaman
and Chegga (from west to east) and are shoin as P(C) on the International
Geological rap recently »ublished. Thé series is ‘represented in'its
graater part by gneisses: calco-magnesian gneisses, quaftzofeldspathic
gneisses and hypersthene gneisses, and by mica schists, ‘quartzites

end othere. All are severdly migmatized and old calc-alkaline

syqtectonic granites are widely spread. . Charnockites .are also present.
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Phe - famous Fort «Gouraud ircn mineralizatvion is present im these.:
Birrimian guartzites. The early Precambrian (Dahomeyan) seems to be
absent.  Hauvghton (1963), hosever, described both the Amsaga-
Ghallaman series ‘@nd the 3imandot and rount Nimba series under the !
Dahomeyan. The latter is also considered as Dahomeyan P(D) in the-
Internationql‘Geological map, whereas the former; in spite of the fact
that it.contain; analogous banded iron stones, is considersd as
Birripian P(C). The attribution of both series %o one age is more

plausible.

13, The Amsaga-Challaman series is followed by the Upper Precambrian,
the series of Aguelt Nebkha and of Aloun: 4bd el Halek, shown as P(B)

on the International Ceological map. These are forned of arkoses,
arkosic sands and various schists. The srystalline rocks of Middle and
Upper Trecambrian age are cub by moTe recent posf tectonic calco-
alkaline granmtes, ~ considared as ulématlzed areas by others. They
“are also rarely cut by ilkaline gronitves, &egyrlnﬂ and rlebecklte bearing,
which recall the Tisbeckite granites of gindef_in Niger.

14. The insaga-Ghallaman;the Aguelt Hebkha ind Adoun Abdel Falek
series and associated grarites occur in the Vorthern part of the I.R.M.
They form the cor:.of the Jglab--Hetti seructural high elongated:

in an SNE-TQU_direction;sepafating_thé structural lows . 6f the Tindouf-
Rio de Oro basin in the north from the Taoudsnai basinlin the south, one

of the biggest synclinoriums of the rorld.

15. AccPrding to-some authors ths ikjoujt series, "siries plissées
intermédiaires", belong to the Later Frecanbriin, showd or the Inter-—
national Ceological map as F{A). . This series occurs in the western part
of the I.R.F. and is elongated roughly, in a N-3 dirsection, towards Bakel
and extends farther soush into: Cuines and Jlozambique where it bifurecates.
It is strongly folded and is covered.in the east %y IFalaeozolc formations
of the Adrar Plateau anaf*%ipnearq to the west vhder more recent
sediments. The Akjoujt- series 1s separated by a discordance and a..-

. conglorerate, and in places by a thrust, from the Amsaga series in the

north.. It forms the greater part of Inchiri and ATtout and has a
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total thickness of several thoussnd metres of various para schists and
of quartzités-with some greenstones. The copper depozit of Pen
Moghrein {ikjoujt) is related %o this series. The Akjou]t series
is thrust over the Selibaby IN'Bout "granite', which forms a tectonic

window of basement rocks.

" Lately (see Sougy 1964) the validity of a Precambrian age
of the Akjdujt series and its forration of a part of the African
Precambrian shield has been guesticned. sn early paleozoic dge
including the "Infracanbrian" of French literature, which is fegardsd
as earliest Paleozoic¢ by some, has been demonstrated for at least -
the "Falemian", the N-3 non metamorphic sediments forming the

eastern boundary of the slightly metamorphosed .kjoujt series.

-The nearly flat lying or slightly dipping Paleozoic sediments
in the east, representing a foreland structure,2Te¢ folded towairds the
west into an orogenic N-S belt thrust eastwardlj on the basement rocks
and forming three zones. These are from easﬁrto west: Homoclinal
Faleozoic sediments, folded 7ones; and metamorﬁhic folded zone. The
thrusts (Giraudon and 50ugy*1963.and Tars & Sougy 1964) are marked by

mylonitss and the orogenic belt extending ncrth-south iz named

Marcelin (1964) rccognissd three- phases in the folding, thrusting and
metamerphic history of :the Akjoujt region.

In this cate granites, which some authors have conasidered as
intrucive in the Birrimian, sould be considered as Palsozoic. 3yghitess
intruéss. “nto the ikjoujt series in Tamkarkat gave zbnormal radiometrie

figures and filuorspar was recorded in the:nr.

16. :+In-the smsagz region, Barrsrs (1961, 62, €3} described important
NE-3W faults that extend for over 140 km and gave evidence of - -the
bresence of important bhasic and ultrabasi¢ intrusion, in which appLeciable
chromite deposits were recorded. Tegmatites carrying beryl and
radiometric anomalies were alsc recorded in the sare region. (old, copper

and molybdenum are recorded to be present in minor intrusions in a countzry

of basement crystalline rocks in the ¥ corner of L.R.i%.
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“has & magimus thickness of 1000 meters:
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It ia difficult with our pr=sent knowiedge to asasign these
mineralizations to 2 particular age. It-islvary"possible that these -
mineralizations, though present in crystalline basgment jrocks .are dug to
2 much later mineralization related to that of the Axjoujt series.

On the other hand some of the ore minerals reported in areis covered
by the ikjoujt series could possidbly be related to thewolde:ZAmasag@
series, which appears as tectonlc vindows 1n the kaOUJt aerles. The
exact chronologlcal btatuo of thebe mlneral dep051ts §EOUI6 be'Ieft : 
open for the present.

17..: " The Paleozoic in I.R.N. extends froc the Infra-Caubrian to the
Wamurian-7estphalian of the Carboniferous. It occurs jin the Taoudenni.
basim forming the ¢liffs of Hank, the plateaux of Adrar and Tagant,

the Aouker, Assaba, afolle, area FE of Zemmour and atmoequaet,el Harra

L,
<p

o

18, The Infra-Cambrian  bounds the southern edge of the Yetti high -

and the eastern boundary of the Amsaga series. It also forms the core
of iffole. It is formed of basal complex, of the sandstone of Hank, of
otronatollthlc limestones of atar and of an upper series of argillaceous
and oandy oedlmentb of Affolé. It is llmlted at ‘its top by the Cambrian
transyressitn and more'paiticularly”by‘a glaciatibn iarked by a tillite.
The sediments at- 2ffolé dip- gently torards the NE and form a gigantic -
fault-outlier, (butte témoin, klippe). Mention has already been made: of

‘the arialogy of the "Falemian series” in the west w#ith the Paleozoio

rooKs to the eZst. This suggests a north-south trough, in the LkKjoujt—

Bakel area,:whlch began developing on a true Frecimbrian basement during

early Paleozoic tiumes, and in which depositisn ceontinued into carboniferous

time -(ses later). . _ o T .

B

19. Thé Cambrian overlies unconformsbly the Precambrian in-the north

near the borders of Algeria and of itio de Oro'in the extreme north-west

of I-an.rln the .emmour. It alsc overlies unconformably the Infrd-
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Cambrian south of Hank . It passes. from Hank through sdrar to surround
the castern edge of the ikjoujt series, its probable metamorphic _
counterpart. It also forms the Aouker and Hodh. It is formed of

shales (shales of Hodh), of the dolomites of Assaﬁa and of

sandstones, siltstones and conglomerates. It is followed conformably

by marine Crdovician.

20. " The ©rdovician follows in a regular fashion the Cambrian.. It

extends from Zrg checht south of Hank to Ouadane and Chinguetti (Adrar)
and bends to form the plateau of Tagant and the tectonic window of

Assaba.. It is represented by a sandy facies that bears Lingulae (the.

21. EThe Silurian is represented by graptolltlc shales south of

Adranénd by llmestone;, besides shales and gypseous and ochrous beds, on
the northern flank of the Yetti high at Seguiet 2l Hamra and the Zemmour.
The beds at Zemmour contain Monograptus, Cardiola, Rhynchonella, '
Orthociratids and Crinoids. here is evidence of a mlnor dlSconformlty

between. the Silurian and the Ordovician, related to ‘the Caledonlan

orogency.

22. ”ThélDevonieh is vell ;eprepented on the southern flank of the

Tlndouf basin at the two last mentioned localltlee and south of the
Adrar at E'el metlan and at KI‘&JL= It is repreeented by both 11regtonea
and sandstones with Jplrlfers and Brachlopods and belongs to the Lo*er,
1dd1e and_Upper Devonlan. The fauna is poor in reef—bulldlng forms and
the sedlments are considered to be formed in shallow waters, in which

currents and tldes Jere unfavourable for the construction of reefs.

23.. The Cartoniferous is®ipresent at the far north easternlpart

of IT.R.M. overlying the Devonian. It ranges from Tour=saisian to Viseéan
to Namurian-Westphalian. Carboniferous sedimernts also form the core of
the Taoudenni basin and could very posaibly contain coal deposits. The
main folds 1nvolve the Carbonlferous and are therefore not earlier than
Hercynlano In poot Hercynlan tl. g westward downwarp of the north-south
Akjoujt-Bakel area, prev1ously described, resulted in the accumulation of

a substantial thickness of Jurassic, Cretaceous and more recent sediments
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nlongyfﬁe 66a¢fif'fegion=
24, m

I R,q tnogu of 112l and f u1ﬁea,«rc inva ed by inportant basic sills and

e_P yete: "b¢]ﬂn ald 18 gzoic formation of wany parts of

'»3‘.

dykes. Ths ¢xaict age of these 1is not known but they are undoubtedly
post“Cafbﬁhiferbué-aéhthey'cut the whole Paleozoic section of the
Tabudsrni basin and zre pre-Continantal Intercalaire (Jurassic-
Cretacébuﬁi,as they never intrude these more rucent sediments.

14 szooms that dhey could be of Triassic ago.

25. . The Continental Intercalaire, =0 called In Kzrche: foriation,

_hereafter roferred to as O, 1s ths continontal zgulvalent of the
Oretaceous. 1t unconformably overlies the Palesozoic formations. of the
southern flank unde® the Taoudenni basin. Rocks belonging 1o the sane
age are concealed under the Continental Terminal (Tertiary) cover of
.~ the coastal basin. No evidence is known of the ocecurrence of marine
Cretaceous beds in the valley of the sensgal -niver in outerop. Howsver,
Maestrichti .n deposits are kKnown in subsurfuce. These form a basin in
the Kaeidi region. -The Faastrichtian transgression is followed by a
calmer period with the deposition of che:lcal sediments before the

Lutetian transgression.

26. Both Marine Tertiary and the 2quivalent Continsntal Terminal,

the 50 callzd Bacikounou foriation, (hervafter referred to as CT)_are
represented in T.R M. by nmarine !iddle Zocene (1. ser Lutetian)limesiones,
dolomites, clays and sands, which cover unconformablyAboth“the_”kaoujt
and the Ansage seTiss and are covered by the (T and further east by red
s¢nd duneu and Inchlrlan marine ua.tern:;ry.depbsitsa Tia ;auriténia—
genegal tacene nulf Q) 1eura 1o extend uy the'vulley of the jenégal
Liver dslfiT“éigt ig thu rvblon of diku*u The Hocene transgression
hdé"sufplaguu that of the ilaestrichtian The smediments dip tosards the
;tléﬁfié increa51ng in thlckness and chénging'their facies from sands
mto claya, llmuston"" and dolomites in the same direction. Tt 1s with

"thQSb Lutetldn b@do ta&t PhOafhdtlc quloblts'oécur'at Civé near Kaeidl.



'B/CN.14/1NR/54
Page 12

Subsequent to Upper Lutetian times the sea retrested and continental
argillaceous sandstones were deposited. It is due to thisz uplift that
the CT replaced marine sediments. The Mio-FPliocene and Villafranchian

--are represented by continental deposits.

27} Later during the suaternary marine trdnsgre331on took pl;ce
alonb the coast duflng the Tyfrhenlan and I ldndrlan otibeo to form
1moort1nt calcareous sandstones in the north and sandy clays in the

south.
BRI JEEENEAR TR 3

Recent and anciént saiihaé-(Sﬁbkhas)daré present in the
more recent sediments from shich salt is exploited. Gypsum has been
also exploited for a short intefval from one of them, the s?bkha de
¥'Drahamcha. The beach deposits are formed in placeas of black sands

#ith ilmenite. .
= LAk

28. It is in the coastal basin and offshore as well as in the

Taoudenni basin and in the north eastern-extrenity of the country (on

the southern flank of the Tindouf busin) that oil possibilitiss . @xist
it i3 2lso in thezs sediments thet lie the highest possibilities for
underground rater It i3 to be noted that vast zreas of the country are
completely masked by rzcent dunes 2nd by otuner superficial deposits,

thus concealing any mineral deposits that ~ould be present. The
inportant magnetic and radiometric anomaliss at Aguilal Faye, south

of skjoujt, are completely covered by sand durnes and fere only discovered

by airborne surveying.

‘III MINGRAL RI3OURC.S

29. I.R.7. came into the Licture of wineral producing cduntries,
occupying 2 leading place amongst the high-grade iron ore producers

of the worid,with an annual production from Fort Couraud amcunting

to 4.9 million tons during 1964. There is little doubt that minerals
will make an'incfeaéing contribution to the I.R.i.. in the future as

the Akjoujt copper deposits are on the threshold of exploitation and
as other mineral resources are under appraisalo In .the folloﬁing lines

“a resumé of the Fort Gouraud iron deposits and of the Akjoujt coppear
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decposit i3 blen, followed by a summur; of whit hus been acﬁiovcd with
regzrd to tho sa 1rch for oth,r mlna;ml deOolt that need further

appraisal.

A. Duposits 1t prissnt under uxp101tyt10n or about to bea cxploltcd

The Tron orcs of Fort Gouraud:

30. The- tory'of the opening of the iron ore” dupOaltS near Fort Goursud
illustrates well the time lag that often cccurs betwuun discoveryand
development of an os deposit. The lestuncn of % "mountaln of iron"
wns noted at the beéginning of the Cuntury in 1912 and was conflrmod by
the geologists of the Services des Fines of Dzkar in 1935. In 1949
Bethlehem Stecl Company made an appriisal of tho depesit. This ﬁms
followed by i new survey in 1951 carricd out by = Ffénco—&nélo;étnadiwn
mission. In February 1952 o compiny was formad (the S0ciétc des Mings
de Fer de Mauritanic (Wifcrm&) to prococed rith thewéé%GiaﬁﬁégéMéfAfgdw
deposit. A decree No.273 dated 20 October 1958 grantod A-ednccssion
covering 325 Km?-to the company.  Law No.59~061 of 10 Juinu: wry 1959

made tho permit vilid for 30 years. It #is in 1960 thxt propirations
wore finally begun. The Miferwma shares »ro ownsd 60 per cont by

French interest (among which are the Bureiu do RAecherchss GéologiquSS'at
Minilres (BROM) 22.5 per cont ind Société Mét-llure gigquc. FPrancaisc,
(USINCR), 28 por cunt , 20 por cont by the British Iron and Stecl
Corporation, (BISC) Orc, Ltd. 15 per cent by the It+lian Finanziaria
Sidérurgica ("FINSIDER"), and 5 per cent by German groups, including
several steel companies. The Govsrnhent acquired 5 per esnt of the
shares from the shareholders in proportion to their investced

capital. A U.3.$66 million loan from the. "orld Bank sparked
implementation of the preparatory work. Lxtriaction started in 1962,
when-?BS,OOO tgns,ware stock piled. The U.3.Bureciu of Mines gwé the
annual production as 295,000 long tons in 1961 and 984,000 'in 1962,

Tho first train transportation of the orc to Fort-Sticnne took place in
Junc 1963 ind in thit year about 1,300,000 tons werc exported. ~The

4.9 million tons rroduced in 1964 were above tho planned target, ind
the tirget of 6 million after 1966 nay be reached 2t an oarlicr dato.
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3L, The zresent cupital of thy compiny i3 13 3 milliard CPA.
The cnheglital cost of the ciueration is uotlm«tbd to bb 45 milliard ”PA,
some U.5.5200 million. host of the out,ut of thc mine is coversd by

1ong—tﬂrn 15robmsnto with th» iron and atbbl 1nauqtr1bo of Frmncu,

Brltlln, Itlly and Gpim*nv.

‘The Government rocefves o 50 per cunt shaire of not profit plus |
duties on the cxported orc. amounting to botweeﬁ 6 and 9per cent of the FOB
price (6 per cent for annual  exportation of up.to 4.5 million tons,

7 per cent fromw 4.5 - 5 mllllons, & per cent from 5-5.5 millions ind 9
per cent over 5.5 mllllons). The Covernuent, on the other hand,
paid for miny of the development schemes of the industry such as the

szarch for underground wator resources for Port-Itienne.

Geology ond Rescrves:

iz. Mention has alreidy bécen made of the fauct that iron ores ard
prescnt in the oldest rocks of T.R.F. of iddle Precambrian (Birrimi;n)
age wnd are comparablse to other Precambrian irgn orc -doposits of
Africa of the Lake Superior type. The ore occurs 2t Kédia 4'Idjil
(Fort Gour.ud), 350 Km from the Atlwntic co:st in 1 straight line and
675 Km by rail to Fort-osticnne. Thoe Eédin d'I¢jil forms £ conspicucus
relief renching 920 m in height snd domin:tos 2 plain of wn average
height of 300 m. It cxtends in an W dircetion for =bout 26 Km ~nd has
1 trisngular shipe with its shortest, 12 Km long bnad, at the Jist wnd
1ts apex in tho ‘west forming mount F'Derik. The pliin is formed of
different gnClsscs that chingt into micasehiuts wmd yuwdzitos 2t the
border of Kédin.  Kédii itself is formed of two miuin structur:l unitss
a ferriferous synclincrium to the north and north cast =nd - synclinc
of broeccias to the south. Thesce two units ars separated by 2 faulted
anticline of F'Derik - Achouil (Doestombes, mip 4). The metamorphic
rogks and the itabirites arc steeply tilted, striking mainly ezst 2nd
west. Kédia D'IAjil is bounded to the south by the subhorizont=l beds
cf the Infracambrian. At its westecwen mirgin at F'Derik the flanks of
the mountiin ire coverced by ~lluvial deposits, the pobbles of which

are made of nearly purc hemntite rondy to be mined.
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33, dkbout fifty outcrops of the ore cover ani—rei of 500,000 m™,

in which nine groups of importantiors bodisg of mimost purce hematite
interbedded with barded hematite gunrtzites wrz proscht. Of these rich
ore bodies, three are the most importants Thaizadit in the ewst, F'Derik

in the west and Heousssh in the middle. Only twoe of thess are cxploited at
present. Tazadit i3 anid to contain. 90 willion tons and F'Derik 45 =illion
tons of high grade ore ~vaerhging 64.5 per cont Fo, 0.04 por cent ¥in,

and 0.03 por ccnt P, 0.0025 per cont 5 and 1-5 poc cent 3i. The“ére

body was hit 2t : level below 400 m =% Txzidit =nd 3t about the 300 m
level 2t FTDériCk b& inclined drilling. TiLs Rottow of rthe ore was not
n%ached;aﬁ the two places and the bodies scem to uxtond downward to

] %pﬁreciably unknown depths. At the tims of our visit-to Rouessa in
extensive test drilling progrinmz, on 3 grid pattern with lines 20 m
apaﬁt; was concluded. The thickness of th: ore wis found to be

100 m 2% a depth of 300 m. The cstimabed roscrve is given to be

over that of quzdit and the cxploit-tion of the Roucssibody is expected
to tzke ﬁl%cé,éhprtly. Thy éstimwtgd 200-250 million tons of high gradc
org saiﬁ to be E#iilxble #ithin the mwoin ore bodies seum to be a

2 conseffative estimrte. Bosides these high grade ores,_B,OOO

million tons of 40 per cent O:OV%TQ cztimated to be included in the

poorer orcs of bandcd hemitito guartzitusa

34. Three types of orc c:wn be distinguished:s
) A hard, comgact,“finc—grﬂined typey, miszive or finely

bandod, steel blue in colour, :nd with . specific gravity
e T - . .

of 4.5. This ore contains nors thwn 66 p.r cent Fe and loss

than 2.5 per cent 3i02. It is 3 "sticl minornl":

~zP!Derik oripbly ecnsists of this type of orc.

L
&

b) & soft wnd frisble typs hich Pupr.sents tho "skeleton"

| of 1 Binded hematite quirtzite in which the silica bunds
havé”%eéﬁ loached buﬁ and thé_high grxdg bnﬁds‘fédgcsd
to pigcuits, 2 friction of in iﬁéﬁ thick, of nqafiy: .
pufe hemitite. The syuoifih gravity is 3.6. Iflis -

suitble for high furnaccs.
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¢) A medivm-hkard lumpy ore, szenerally associated with
type "B". The grain size is coarser than in type"a"
andit is more porous and friable. The specific
gravity is around 4. Tazzdit ore body consists
of these last t<o types, which contain 64 to 65 per cent
Fe and 4.per'?ent SiOé.
Mining:
35. The open cast amining at Tazadit is carrled out in a series
“of horizontal cuts 10-12 it high from the high levels downwards.
Under—ground mining is expected later. The walls of the foroed rit
slope at an average angle of 45, Tt is estimated that for every 5 #ons
of.ore, 8 toris of waste énd 2 tons of rixed ors (i.e. ore with 1ess thanse
per cent Fe) has to be disposed of. The mized ore is at p;eoent
stocked for future dry treatrnent° Cutting is carrled out by ten
- Crawl masters whlch drill blast hd¢es 150 mm in alameter and
blasting is carried out bd nltrate QXPIOQlV@Sa Also six Crawl
IR and twenty seven ilcntabert driliérs and seven DR 365 an&jtﬁenty
eight bR 600 compreséors afe used for cutting. Haulage of the_ 
productsIOf 3lasting5 fof crushing at the nmine, is carried outjﬁy
one diesel driven, two electrib (150B)~ and three electric driven
(190B) - Bucyrus Trie mechanical shovels, (2.5 cy, 6 cy and.8 cy -
respectlvely) assisted by 3 diesel Marion 93l - mechanical shovel
2.5 qy and by caterpillar dulldozers. The ore is then transported by
eigﬁt Keﬁwdrth 275, by three avellyng Barfort 8T and by three
Koe hring 13T trucks.

36. The ore (typeb & e with 30pdr cork.and 26 pa:‘cmh of 'fainas below 10 mm
respectively and the rest is lumpy) passes through an Allis Chambers

superior model 54-74, 1800 T/h gyratory crusher, situated at the margin
of the pit; The products, crushed to - 200 mm are conveyed at 1200 T/h
by a KQch/Sarre belt conveyor 1400 m long and 1.20 m. wide for stacking

at thezfailray station. The belt passes underground through a tunnel
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and the operatlon is Iemotely controlled at an observation unit

1nsta11ed near the crusher. The stacking is carried out by a Koch/

. 1 Woarre 1800 T/h double Ting stacker. The.dlfferenoe in elevation

'between erusher and staoker is 190 m. An automatic sampling equipment

permlts the superv151on of the Fe and Si content of the ore. The ore

1s recla1m°d from the stock plle by 3A40 T Lauchhaumer 2500 T/h

shovel wheeled (8 shovels 660 litres each) at the same rate and

oonveyed to train wagons. A Kochk-3arre 3000 T/h haulage unit loads

51mu1taneously two wagons each of a 75 T capacity. A new city, Zouérate,
2

Dlesel—sleotrlc generators are used to bupply'the town with light

and the mine w1th power.

Transportatlon from Fort Gouraud to Port Ltienne:

37. Tae railvay passes through a tunnel cut through the cliffs of
Choum (1890 m long), and on the sand gunes of Azafel and of Akchar.

:The company possesses fifteen CC diesel 126 T 1ocomot1ves 2 4500 cv,
. 8ix BB diesel 68 T iocemotlve3850 cv, twelve 100 T wagons for ballast

3

capa01tv and uhlrt& three 96 T wagons for water tanks 700 h/l capacity.

- A train is composed, at one tlme, of 3 dlesel locomotives (2,500 cv each),

135 Jagons for ore, several flat w@gons for various items and tanks for

water and gas--01l. The traln has a total length of 1570 m and an empty
welght of 4000 T aﬁd carries 10 000 tons of ore. It runs at a speed

of 40 Km/h when loaded, "and at 48 Km/h when enpty and thus it takes about
16 5 bours to run from the. mlne to the port ‘The company is confronted with
the serious problem of the rapld wearing out of the rails, a few

“'\‘

Tlometers away from the mlnes.

38. At Port-Etienne an agtomatic rotary traip dumper unlcads the ore
(about 200 wagoﬁs/day) into a 300_T bin to a 4000 7/h belt conveyor,

1.60m wide, wifh a opee& of 3 m/sec. Stacking is carried out by a 340 T
stacker with an arm 45 m. long having a speed of 13.50 per mm when loaded.
The stock pile is 23 m high, 650 m long and the base of its triangular

section is 58 m. The capacity of stock, in two piles, amounts to some
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_1,600,00Q_T, The ore is reclaimed by a 410 T shovel wheel INMG,
_ (2?505 T/k) woich is 20 m h.gh and possssses a power of 600 cvy and by
& shovel 8 cy mounted on a 190 B, long rangs Caterpillar (1250 T/h).
.”SOmﬂ 1“,000 tone of ore are stacked Per day. The ore is then conveyed
to the grxndlnv unit by feeding belis. The operation of-the grinding
plant can be 80 regulated as to produce the grain sizes required
Tor the mafket The whole operation is automatically controlled and

registered on a panel.

The -200 mm ore passes through a primaryhnd a secondary milling
-wmachine. . The ground material is screensd to the following grain
sizes in mm: 0-10, 10--20, 20-75 and 75-200. Seven different gualities
are distributed to the eclients: five from Tazadit ore (TVA 0-200,
TVB 0-75, TZA 75-200, TZB 10-75 and TZF 0-10} and two from F'Derik ore
(EPA 75 - 200 and FPB 10-75). The ore is then transported by a
- couvey:rr to a 1000 T -regulating hopper. The ore is automatically
. .sampled in a nearby sampling unit that takes 50T/h‘samﬁle, 4 3000
T/h belt (1.40gm wide znd a velocity o2 I m /sec) conveys the ore to the
- Vessels, where a 217 T loading tower loads them at the same Tate
of 3000 T/h It traverses 145 m along the length of the guay at a
speed 0F 24 m per minute and carries a bocis 20.50 m long, adjustable
16 m horizontally and 10.50 m vertically. Ultimately the loading
capacity will be increased.  The harbour situated some 12 km south
of POr%-Etienne: can zeceive 65,000 tdw carriers along its 245
m long and 19.50 m wide platform in water 12.50 m deep. Minor
“dredging will allow 100,700 tdw vessels to be-loaded. The quay is
connected to the shore by a piler 425 m long. At Port—Ftienne there is a
well ‘equipred +vorkshop.engaged in various maintenance work. The
electric power siation (with eight Mirrlees of 1000 Kw  each with a
DOSbLble exten81on to tﬁelve) supplles the monthly consumption of

| 850 OOO Kw for the plants and the newly built city of Cansado.
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The copper doposits of Akjoujt

History:

39. Thogo 1mportant coppur-geold dvpos1ts are located 1pprox1matﬂly

4 Km wost of tho village of Akjoujt, ncar Guclb Loghreln, about 280 XKm
by road NB of Nouakchott and some 350 Km 37 of Port—Etlcnnu. The site
ig at longitude 14 251 ¥ and latitude 19 45" . It is accessible by
road along tho cxcelléﬁﬁ Hounkchott-aAkjoujt road. Akjoujt is 1lso ascrved
by Air afriguc and by postal and tolegraphic services. The existence of
coppur was noted in 1931 and the discovary of copper slag in the
nzighbourhood indicatod ncient cxpleitation of . .the ore. It was only

in 1946, however, thit » goologist at the Jervice des Mincs, took
samples, which weré anilgscd nd gave intoreeting results. An

cxploration pormit {(B) in the name of the Government of French Wost

CAfrica was given in 1947 and w3s rencwed in 1949; As the results of

investigations carricd out wers encouraging "Syndicat de 1'Inchiri"
was formed in 1950 by the Federation of Fronch West Africa, the
Torritory of hauritania and thoe Bureau Finicr do la France dfoutre-Mer
to investigatc further the propesrty. Dlwmond drllllng of 2800 m on =2
grid of 100 m apart, the sinking of a 100 m shaft, studics on the
dressing of the orc wnd on finding watcr in sufficicnt guantitics were
carried out. Lotor in 1953 th: Syndicat was succcedcd by the Société
dos Mincs do Cuivre de Mawritenie (Micumi). This latter company

carricd out n mor. oxhaustive programme of drilling 17,000 m on a 50 m

- grid, of driving 2000 n of =dits, and was activoly engaged in developing

thOdb of concentration, from the yoar it was founded o 1959.
Micuma vag ;blg to verify the prescnce of appreciable amounts.of copper
ore containing gold but was confrontcd with difficultics of cxtracting
the copper from its oxide ores. In 1963 Mr. ¥alter Serra, on behalf of
¥r. L. Lindsley of fanads went to I.R.F. to explore the mincral
possibilitics of the country, when the Akjoujt copper deposit was

brought to his noticc. Later cxhaustive fuasibility studics werc

"~ carried out, in the same ycar, that resulted in a report entitled
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"Review and Evaluation of Akjouj?LCoppenyglglpgggsits%fqrlNQ;thfield
Mines Inc." by W~tts, Griffis & MeOuat Ltd., Canadian Bechtel Ltd.,

G. G. Frecemn and G. H. Gibbs., The possibility of exp101t1ng the ore
'w1th proflt was confirmed, especially as the recovery of copper from

oxide or SlllC“tb orcs khas baen’ proved feasible, and the Llndslay

~ group submltted through the Northflold Mines Inc. the possibility of

¢xploiting the orc to the IaRDM, authoritics.

Negotiztions went on between the nuthorities-concerpcd and &
new. company Socuma (2 recomstruction of Micuma) was formed. The
American and Canadian group holds 55 per cent of the capital, the
Mamritanian Government 25 per cent snd French finaneial intorcstse; inciuding
the BRGM 20 per cent. Further on sitec studics for proving adequate water
Tesources, for process testing and improvement and for project testing,
- engineering and design wore earried out by the Goverament and by Socumn.
Socuma started, while the team was in I.R.M.; the prelimnary steps for

exploitation.

Geology and Rescrves:

40, The ore is present s previously mentionéd in the Akjouit
scries of tho Kruritanidc orogenic belt. It occurs in a prominernt
hill that consists ebsentially of ironm oxide minerals cArrying copper
and gold and forming » "hat" overlying sulphide ores. The oxide

ore is o Yzoncd! dopbsitg 500 m. long, 50 m thick, dipping at

350, and formiﬁg o kill which rises 80 m sbove the surrounding flat
desert. It is ~bout 100m in vcrfical'depth with negligible waste
capping or cower, The meétzl content incroases with depth and appears
to consist of twd4dT throc bands pzfailéling the'footwall schist
contact, sepﬂiated by SUb~oTw . Bencath this oxide capping and at a
depth of 30 to 40 m below tho surrounding pl vin 1rregu1 xr leaticular
bodies of dlbbcmlnmtad sulphidcs have bocn proven to have a m3x1mum
thicknoss of lOO m mnd v lateral extent of 440 by '{OOm9 most of
_whlch could be mined by open-pit. Tho bodive are slightly elongated
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in » north-c.st to south—w. st dircetion <nd dip to tho aouth=west ot ~“bout
20°. Thu dlp flbttunb with dopth o nplrly horlzont11 1t A vertical

depth of 200 m bolow tha 7urflc\, Thu down—ulp limit h .8 not th
:b(un fully dv urrlﬂ‘d ' '

41. Thu ox1du OLS is irres ulﬂrly porous to compact, fri%blq-to
hwrd, ﬂnd COnulth chicfly of 1ron mincrails humltltb, limonitc lnd

magnatite, tho lattoer being rgp;duzl Although scvorn 21 copper mlnur'lo,

_including mnlachitc and ~tacamito ar. visibloy, most of the copper vilucs

ape ticd up in the limonito-hematite oxidcs. The sulphide orc .in tha
surficc dumps consists of = dark grey c.rbonate with assoel wtoed
.nthophylits and sulphidbs in the foru of pyrrhotitc and chnleopyrite.
Yingnotite'is 1 promincnt gaguc minoral and is said to constitute 30
. por cént of tho sulphide orc. ' '

Roscrves Arc ostimated s follows:—

'Ox1du orvo'

.'7 180 OOO m.: trlc tona nsa%ylng 2 85 puf cbnt Cu w1th
4 gr of .u/T I '
Open plt sulphide orcs:
16,150,000 m Aric tons lbbxylnb 1.70 pui c\vt Cu vith
1 gr of Au/t
- Unditground sulphide orcs:
6,375,000 motric tons ssiying 1.67 por-cent Cu with 1
gr of ﬁu/t

The ore carrics :lso silver, the wmount of Jhiﬁhffééﬁﬁfmﬁﬁbwn to
the mission. Tho sestu-to ory rfatio in theo oxides is 0.4 %01, whércais

it is 2 %0 1 in the sulphides.

Proposcd wining:

42. The cap is ideal for low-cost sclective open~pit miming. In the
sulphide or: opon-pit mining is soonomical to % dopth of 160 ‘m builow tho
surfice, iftor vhich the.rowiining orc cna be oxtracted underground

by means of longwall rotreat mining, sith 2 boelt of conviyor up the

footwall of opon-pit Qxcav1tidﬁfﬁ;
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It is pfoposéd to mill oxide ore at a rate of 3000 tons per

iday for 350 days per year or 1,050,000 tons per year for seven years.
Sulphide ore will be milled at 4000 tons p2r day or 1,400,000 tons per
year for 12 years by open pit and a further four years by ﬁnderground
mining. Additional undergrouhﬂore uay be developed. The total presently
indicatéa: operating life on this basis is therafore at least 23 years.

A higher rate of sulphide mining may be econdémically indicated by further

study.

Mining operations w#will be confined to two shifts of eight hours
pach per day, five days per week, with sufficient stockpiling of crushed
ore for continuous milling. (onventional open-pit mining is planncd,
using 10 m benches, 20° off-vertical percussion blast-holes, 100 mm
diameter and 13 m long, with 3.9 m burden, 4 m spacing, and 6.5 m
steel charge, 24 cubic yard diesel shovels and 30-ton diesel trucks.
_Haul roads wikl} Yo Eporcoit a against t:tcload and 18per antwith the loa 4. Torking
wall slopes will be 22° and final pit walls 45°, including a 16 m
haul road. Ammonium-nitrate will be used for primary blasting.

Hand held pluggers and dynamite are recommended for secondary blasting.
Portable compressors and portable flood-lighting plants will be used to

eliminate pipe-lines and power lines around the pit.

Ore Treatment:

43. - Although the recovery of copper and gold is more difficult

from the oxide ores, ﬁhe latter will be mined before the sulphide ores as
they are much higher in grade. The proposed processing plant is designed -
totreat 3000 metric tons of ¢opper oxide ore per ﬁay. The "3alt-Coke
Segregation" process, one-stage method, will be used to reduee the copper
oxiles to metallic copper, which is then recovered by conventional
flotation. The segregation process tréats an oxidized or mixed oxide -
sulphide coppgr ore with a halide salt and a carbonaceous material,

such as coke or coal at 750° € to 850% 4o produce fine metallic

copper.
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In-1962, 5 small toanage of orfe from the oxidizsed zone was

-“ghipped to' the o8, Buresu of Hines Bxperimental Station in Tuscon,
“AriZons for-segregation tests, using the "oné  gtige" indircct—-fired

Cfurnace ‘technigus. The 6 inch furnace was used, followsd by flotation

in 2 continuous pilet plant operatioﬁa The pilot'plant run on the

© Akjoujt. ore gave cQpPper racoveTy of 91 to 93 per cent znd rougher

flotation concentrates of 45 to- 50 per cent. The cleaned concentrates
Tan over 60 per cent Cu.

The present treatmont plant, owing to- exposure te sand blasts,
seems to be uynusable zand ench infividuaal item was under inspection when
the team was there. It includes crushing, conveying, milling, roasting

and flotation facilitics to handle two tons of oxide ore per hour.

. ,3144'_"’ STt is proposed thats—

a) Oreiis to be delivered by trucks from the pit to 2 50 ton
‘surge bin and jaw crusher, wherc it is r¢duced to minus

15¢ m g

b) crusher product is belt conveyod.to 2 6,000 ton storaga.
pile for tummel draws;, C e

c) ore is conveyed from storage pile to 2 19 foot Aerofall
Gl and crushed to' mirus 2,36 mmj -

a) “‘erushied ore is then ‘conveyed to'dﬁ3,500.fon fine ore storagc
bip, An extension of this bin provides storage for 300 tons
of salt jnd‘325 tons of coko of;qéii; '

d) crushed ore is then conveyed fo ﬁ 3,500 ton oro storage bin.

<+ An extensicon .of this bin provides. storage for 300 tons
- qf 321t and 325 tons of coke-or. coalj
¢) ithe orc, togetiier with 1 per cont salt and ‘1.5 pur cont coke,
14g conveyed from the bin to 3 rotating mixing tube and then
to furnace surgc bins by means of conveyors. - From the surge
bins, th?_0¥¢_i5_f6d to twolvqﬂggdiruct—firgd furnages. The
surge bins ghead of Tho furngces act ns . an aimosphere scal,
that is& 2 column of ore.is‘glways m&int;ine@kabovoﬁthe

scroew fooderss
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) the hot segregated material is then transferred to "Baker™®
type water coolers with seals at the discharge end of the
. furnaces and at the feed end of the coolsrs to prevent
introduction of atmosphere. The ore discharges from the

coolers at about 95005

g) the ore discharge from the cooler is conveyed to. a 5i)-ion
surge bin by means of bucket elevators and a "hot" belt

conveyors;

h) the calcined material is then evenly fed to four conical
ballmills for fine grinding to minus 0.15 mm. Classifi-
cation is done by cyclones in closed circuit with the

b211 millss:

i) the overflow from the cyclones is taken to a conditioner
and then to a pulp distributor for even distribution to

three banks of flotation cells im parallel;

i) the rougher concentrate ig taken to oné bank of cleaner
cells. Both the cleaner tailingr andthe scavenger concentrate

are returned to the ball mill for regrind;

the :
" k) /final concentrate is pumped to the filter with the filter

coke being belt conveyed to a stockpile for loader pickups

the
1) Ztalllngs are pumped to a thlckner and then to a pond at sg per

toent golids.

The operation of the plant results in the generation of over one
million tons of tailing per year and requires the construction of a
tailing disposal area that will be serviceabls for fifteen years. It
is planned, dwing to high cost of water in the area, that water be

reclaimed from the tailings pond and returned to the plant.

45. A 12 inch pipelins . will be constructed for a distance of 120
Km to transport the #ater reguired( 6000 m}/da;j for the plant from
Benichab. It is planned that a 0.61 m wide belt conveyor with 15 m boom
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proeacncs of toro

citble import meu. Plght out of thowo

chrowites in 3 countrey of wnorthosites,

ctncrs could ke wtitributed o zriori to hil
CONnLCuLL.

Two anomslics aro
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with the syonitc bedy of Boung . in which "h:ta" of iron with fluorsp r
2nd grlona are known to wxdst. st osguilst-Faye two wnom-rlics, which

i axcaption;lly import-nt with reghrd to thoir oxtension wnd intensity,
are ogovercd by duncs under whieh the €7 is pros.nt. 4 geochomic:l

survey cauarricd dut in Fobruary 1964 by the 3crvice dosz mincs ot 6o 1w
Goologio of I.R.kh. gawwe bnormilly high figuroslfor v .nndlu, éOppor

cnd chrome 2t the same loerlity. The weaning of th. rousiring Lﬁnor—
m:litics is not yut known owing to our prosent megre knowlodge of thoir
cologicnl setting.  Sowmoe of the anomalics dutceted are investigatcd

on the ground, but such n investigation dous not covueT Et;prSEnim;ll

of them.

It is inteoresting to romuwrk tht soms of the known deposits werc

not doteeted by the scril survey.

Th: sc¢wrch for oil untiiled guological, photcgeclogicnl, acismic
ind gcromignetic surveys of the concession wrens mentionced under
petroloum in tha gresont roport. 4giin purts of the country werc
r-diometricilly surveycd from the ir =nd =lcetric methods rarc Vscd
during tho sc.reh for wit.T in some placus such s ﬁt'Bou—LLnou;r. In
the fdllowing lin_s our knowledge of the st-tus nd futurc prospect

of mincril occurruricss, not coxploitud till th. proscnt, is given.
Iron:

47. Bowsides the Port Gourswud deposits the following occurrences wro

Xnown-

1) A permit wos granted to BRGM in 1961 to scirch for iron =nd
related substinecs in @ syusre the side of which iz 5 Km long
in the Gleit t-51-Khador ne-r Akjoujt. The BRGHM spent over
40 million CF4A nd the work compriscd digging pits nd tost
drilling. Somc 18 million tons of iron of . tonor of 52-53
per ecnty, 0.13 por ocent T ownd C.9 pur cent Mn wore dotormincd.
The mincralized surfrcc liyors b .ve thicknesses cf 10 to 20 m.
Thess: orc bodices wre ssociited with lonses of earbonttite

cmpliced in preeambriin
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schists and guartzites. Its exploitation is not contemplated

' for“t’he'present°

?Bj Iron dep031ts also occur in the region of Ynk. These were
rdlscovered by Renaud about 1953. They are some 150 Km KE
”'of Aleg and are ‘represented on the 1:1,000,000 map by the
three hillocks of (ouararate, Nouamis and Ynk. They form 80-100
sz and are differentiated from the aulroundlng country of
quart21tes and sands by their reddish brown ferruglnous
_colour. It may turn %0 be a window of Precambrlan age in the
-:Akaouatrserles. The ore is formed of a bank ‘of debris of
| _hematrtlc qua*‘tz:.te with a tenor of 50-5% péi ced irontand over 150
million tons are estlmated.' Thlo is probably the surface

expression of a mineralized zone in depth.
If this turns out to be of-importance the iron oould be
transported along a 285 Km road to. be built from the-deposits

' to Boghe the nearest fluvial port.

- ¢) The copper deposits of Gueld Moghrein could yield about
10 million tons of magnetite concentrate averaging 67 to 68 per
- oant as a by-produeit from the treatment of the oxide and

gulphide ores.
Copper:

48. Besides the possibility of the extension of the Guelb Moghrein
deposit; Yatveief described the area of Akjoujt as & copper province and
indeed indications of coPPef have been found in a zone over 60 Km in
length and about 30 Km in width. The irdn deposits at El Khader in the
neighbourhbodvof Akjoujt, previously described, could very possibly
contain copper in depth. Again copper mineralization is. recorded in the
iron deposits south of Yank, fQ the: horth of Bakel, amd further copper

possibilities are not exhausted.

-Again copper is recorded in some late granite pdfﬁi&}ies, of uncertain

age, cubting the crystalline basement in the north eastern parf of the
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country. It is stlll to be proved if thls occurrence is related to

the Akjoujt mlnerallzatlon or belongs to an older ons. . The "Bureau
d'Invebtlssement en Afrlque" spent 62 million CFA in 1961-62 searchlng

for 00pper, tin, wolfram, molybdemum and relatcd substances in a permlt/ of
25 sz in thls rart of the country. A geophysical survey and a drilling

programme was carrled out.

Molybdenum 3

49.  Molybdenum was recorded by the ‘same Bureau in the Same permit,
'&33001ated with pyrlte in pegmatites in close contact with granodiorites.
1% iz reported that’ exploitation of these minor 1ntru31ons is not

env1saged.ha‘the ‘mineral” depos;ts are dispersed ih thig part of the country.

Badio-active minerals:

“50. ' The bomﬁisséfi#f a l'Energle Atomlque (CE&) holds two permits
.Jcoverlng the Amsagalerls—Jemmour region which were renewed for five years
from 4 May 1964. The prospectlng lease 1ncludes'aearch1ng for lithium
bgsides uranium and thorium. The CLA spent 164 million CFA during the
period 1958-1963 The reports were not available to the Mission,but it

is stated that the indications discovered are small and.exploitation is not
envisaged. Lately there vas a mission searchlng the Nema region in the
south-eastern corner of the Republic where they recorded interesting

geclogical structurss but discouraging indications of the minerals.

© The geophy31ca1 airborne survey of CGG of the northern part
of the folded Akjoujt series showed two areas that gave high radlometrlc

figures: the first is aith‘ted at Guelb Kella in the Amsaga and the
ggcond is recorded in the Tamkarkat reglon in the syenlte of Bou o

Naganraguene, cuttlng the AkJoth serles, in which fluorspar ;s repbrted.
It gave 1000 and even 1500 cllckslﬁrsecond. - .

Gold
51. A permit with an acreage of 25 Km21nzs grntcd to the "Bure-u
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d'Investissement en Afrigus" in 1960 for two years in the north-~sastern
part of I. R. M. in the crystalline basemsnt to search for gold and
related substances. Twenty seven million CFA were spent and quartz
dykes with visible gold were discovered. Analysis of these showed

in places interesting gold content. The age of gold mineralization is
not known and although it is present in areas of crystalline basement,
the gold bearing dykes could very possibly be formed much later.

The gold to be produced as a by-product from the Akjoujt copper deposits
will permit I. R. ¥. %0 bereore the leeding producer among the French-

speaking African countries.

Wolframite and Fluorspar: o

52. Interesting amounts of wolframite were fdﬁnd aﬁ Tarbrinkout

in the Akjoujt area in the lauritanide belt. This océurrence wag investi-
gated by the "Bureau Miniére'" some years ago. The indications have not
been proved to have mine-making possibilities at present. Fluorspar‘

% n>cobded in the Bou Nagaaraguene syernite, vhich shows abnormal

-

radiometric figures.

Berzl:

53. As previously mentioned befyl is present in the Amsaga regien in
pegmatites of the basement complex. F#r. Barrere mapped (1960-62) on a
scale of 1 50,000 in this region an area bounded by the Akjoujt series in
the south, by the Mauritanian Adrar in the dast, by the akchar in the west,
and by latiti le 20° 45' in the north. Beryl was discovered at Mount
Iguilid, about 40 Km NY of Atar. The hill is arcuate, extending in 2 ncrth
to. south direction and is 9 Km long and 1.5 Km vide, rising about 100 m
aY'o've the surrounding plain. Beryl occurs in pegmatites intruded into

a gabbroic body. They are sometimes conspicuously zoned with phenocryste
of gquartz, microcline tourmaline and white mica. Two of the twelve
pegmatites present are of special interest. Ons of these two is about

200 m long and varies in thickness from 5-75 m and contains plentiful

giant crystals of beryl in essentially quartz gangue. Trenches were
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made and those corfirmed the high concentration of veryl irn them. Trnoe
scoond is’ poorer inft horyl but tho gongus ds principally made of feidsgar
of great rurivy. Tiois 4z of intcreat as tihe fQ;dspaf could be minésd
Jointly with the boryi. The formngs ia 54111 vrKnown ond is undor
cstimation The ore 18 convonientiy situtod ~bout €0 Km fromq Choum =nd

the Failway. Tho project was fin-nesd by TAQC.

Chromito:

S54. Asn proviously montionz=d this is present in the Amsoge regibna
Chromite occcurs in anorthesitces -nd serpontines that form o thin but
extremely long »nnd, exteanling from thu-lﬁti%ﬁds-of-Guelb-el Foulet
(to the west of ouermﬁ) southunrd for 67 Kn wd cutting the Akje.)ib
Atar road 2t 100 Kn. ilong Tl ghoig fongth of the bond sgpots of

chromite nr: prosent but in ploces some Lenzes of grontor cxhenasicon
: B I ¢ - 13

are¢ equall rosent.. It weuld be considorcd, s far s our proesent
q j\l - - - - - 9

knowlcdge goes, s a Lﬁomltllurouj provines, o miniaturs of. the grent
dyke of Rhodesia 23 ~ro thc Akjowit dopesits o mininture of the  Coppor
Belt. Twe of thocse lonscs -are of speclitl intorzaets the Tirst ccours 4 Km
¥E of Guclb ol Foulct ond uxtends for ~bout 100 m ~nd thoentreapponrs b
scvcrzl othur wolnts in v massive form.  Somelos of vhis body amasay.d

15 25 per cent of OhTOMLME motal. Tho sceond occufs.xt_ibouﬁ thcr
ccntru‘of ﬁ triongle formed by the Gloub, Aidgiti‘cl'ﬁzibf and Bl Heirich.

Fa

The ‘lons OitprO}g Tor ~bout 50 m. -~nd then disapp ers undbi aomtntle of

H

rfici~l dipoaits. Assuying‘ esults of tiis icns gﬂvc “Dout 25

per cont metnllic chromium.

Roguls. of digging drives by ths Dop.riment of Fines,
Mission was Tqurbj proved to be var ¥owncouraging and thy uxplarg%pon

'.mork sqou7d bo continuszd gntilxz,ru;L *ppraisal of the duposits is

roacnudu

Vorradium nnd Nickel

50. Indicitions of van:dium wnd nicksl hive bocn discov. cred in tho

region of:ikjoujt,
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Phosphates of Civeé:

56, These deposits are situzted in the immediate borders of Civé
village on the right bank of the Senegal niver about 9 Km ~iF- ~of ~
¥atam »wd 47 I3 rpom Kaedi. These have been partially studied by
tps Senegal River Misslon between 1936-193f, and by Baud‘f}936-38). They
have heen subjectrto_exploitation for utilization in the agricultural
station at Bambey (3enegal) before the last war. The depogitg are in
four‘phosphatehbeds of a total thickness .of 1. m interqalated #ith
shqlegiagdfgove;eg:py argillaceous_sands;,Cherty:beds?gg?guenfly.occur.

The beds of Eocene age . are continuous and deviate bub little from the

. horizontal and could be exploited by open-pit mining. The tgnor,varies

‘petween 50taf0percadafiricaleivm phosphate. Four milliontons ofore are
. known at present. Some 57 test shafts and some 100 m of tgsi dxilling
Liave been carried outb. Further exploratory work is needed to fgllow up
ithe-phosphate'horizon in the neighbourhood. Otha:_deposits;are,knOWn
4o ‘occur at Koundel, Daoculal, Foundu and Diouldé-Diabé. - Howevers from
~ what 'is already known, the local use of the deposits in agriculture, on

a-Yarger scale, ig possible. Tor . this reason,: the "Service des. Mines"

‘in collaboration with the:"Service du Génie Rural™ in the I. R. M. have

examined the possibility of its exploitation on . a cooperative basis.

The proximity 5f the deposit to the Jenegal River and. the possibility of
-erecting a ‘superphosphate plant in T.R.M., now that sulphuric.acid could
" be producéd from the skjoujt sulphide oTe, make it necessary 10 make
o feasibility study of the exploitation of the phosphatic deposits and

g carry out further studies for new prospects.

Limestone s

5. Enormous quantities of various types of limestone are known in
the Adrar and in other places. The outcrops near Atar are at present
crossed by the lMiferma railway and could be used, but nearer suitable
sources are probably present in the neighbourhood of Bou-dkanouan
Unfortunately no analyses of these limestones were available in

Nouakchott, and the writer was told that they do not exist. - Analyses
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of the different types and an inventory of-these should be made available _
not only for a steel 1ndubtry but for a constructlon material and for

other 1ndustrles
58. Qypsum:

AGypsum océufs.not far'from the coast, 10 Km. hortheast of
Nouakchott at the northern and eastern borders of the Sebkha called
N!'Drahamcha, which extends for.over 100 Km in length'from Coppelani in nor
to north-east dircetion. They ares scparatcd frem tho .oce@an at the west by a
belt of sand dunes. ~Jeveral exploration works were carried out by
- .digging plts and by drilling. These were made by a ‘military detachment
~in 1957, by the "Laborat01re . du Batlment ot des Travaux Publics" of
- Dakar in the same year and by the topographlc company "Setophom'" for the
Direction des Travaux Publlcs” A reinterpretation of the results was
nade by Mr. Clarlond, an expert of the "Bureau Industriel ' Africain"
(BIA) for the 3001ete Centrale d'Equipement du Territoire (5¢21) who
estlmated the reserves at 17.5 million tons that could be doubled or
even trlpled. An unsuccessful attempt of exploitation was carried out at
_ Km 102 from Nouakchott on the road to Akjoujt, owing to a bad choice of

1oca11ty. iiore recently BROM éarried furthk-r work with ghe ultimate
1a1m of an economic expoitation of the deposits: Five million COFA were
-estlmated to be spent on the operation. The work carried out there by the
J_BRGM delimited an area of 650 m x 500 m, about 73 Km from Nouakchott.
The area is the most favourable because (a) it is not flooded by waters;
(b) is near the hlghway, and (c) is the nearest possible to Nouakchott.
The work of BRGHM included 13 holes 15.5 cm made by handauger to an average
depth of 2.50 m, 67 holes by a Mac~Cullach drllllng machlne to a depth
of 8 mand a diameter of 67 cm and, 60 plts 1.50 x lm to an average
depth of 2 50 m. The final report of BRGM was not available in
Nouakchott tlll the time the team left. Some gypsum has 'been extracted
and used in the constructlon of the capltal.

‘The gypsum beds in the southern and central_parts of the Sebkha

are
‘ itself/bver 2 m in thickness and thin out towards the north and east.
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with fine saliferous clay laminae  -he

s. They dip southvard and rest on an

h, which 1tse1f overlles bluish ma551ve
cbkha on thb

'ag

ropplné to thenmﬁh-o&w of ths 3
are overlain by a 10-15 em of flne cldy
ge translucent crystala of gypsum. The
dmlxture of gyp81feous sands and clays_
5ypsun in this locality is formed of a.
less dense and more friable than gypsum ”
e analysis showed that it iz of a veryt -

85.3 wer cenmt hydratod culeimm sulphate

and- contdine very little Ne Gl rarely exceeding 1 par cent to 1.30 por cent.

In this area alone about 1
but a neglig:kble cover. Tke de
guarrying without the use of .exp

that underground waters will noi

. &YP
N of the bifurcation of the Capp

Besides these deposits,
formed of wéll sorted gypsum cI
fragmental deposits are ready fo

to the trucks. The amounts are

was hnot made.

million tons have been estimated with
posits could be exploited by’&ﬁéﬁ"ﬁif'
losives.” Five piezometric wells showdi

affect -quarrying operations.

sum occurs in wind-borne depeosits, 2 Km
These are

These

olani - Touela highways.
ystals, about 1 mm.in size.
r mining and could be shoveled directly

great but an appraisal of these deposits'

In view of easy ﬂining, of the proximitj of bétﬁ types of

deposits to the highway between ﬁouakchott and AkJoth, of the h1gh quality

and homogeneity of the ore to UW1t various purposes, and of the very

bigh price of imported cement (

ton of even hydraullc cement costs 14,000

CFA at Wouakchott, 16,000 CFL at| Kaedi and over 45,000 CFA in the eastern

regions) the feasibility of constrycting an industry for both plaster

for the sub-region and cement fo
study of the necessary raw mater
Nouakchott and in'the Kaedi area
form the basis for construction
Assistance expert who is éxpecte
with the analysis of minerals co

work programme.

T internal consumption should be made. A
ial (limestones, clays ete. ) both in the
'7ith thée necessary ana1y51s made, should
The" Technical

S,
material industries.
d to assist the I.R.K.

uld very well include thla item in hls T

(Mines Department)
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Rock S.ite

59. L.2.10. used to be an 1mnort nt producur of salt, which wns
produced from dlfforbn+ S“lln’By the most ~import:nt of whick is th:t of
Trarza (specinlly thet of F'Torert) ~nd thmt of 3e¢bkhr d'Idjill.
Primitive hcthods e used in the uxtrﬁction-of the s~1lt ~nd somc

2000 tons pur yerr nd T- -8, OOO tons PeT yenr e ocxtrocted. from I63ill

N

wnd Tr: rz“ TuSvathLly CThe uleOlt rtion hris-deelined lately owing to the-

COPpytlthH ot dppos1ts in ¥=1i {which uscd to bg the principnl customsr)

2nd of tﬂb BAring . s*lt of Kwolack. ;3inece 1960 the 4ol production amounted

to %bgutééOD_tgggﬁng yuarponkys (Thy domnd will be enhinced wher tha

cxploitation of the coppur of akjoujt - sturtsy whon about -1 s Q08 tons pop T

montk will be roguired in the tro- tmpnt of the oxide oTes.

Bl,ck ndso'
60. Fhe "Syndicat de 1'Ilmenite’ comprising BRGM wnd tho "Socidté
des Ttablissements Kuhlmann" on .. 50-50 basis’ was grintod twenty onc

permits for the seareh of 1lﬁun1tp, zircon, rutile -nd g wirnet in 1959

whiech Fere v lld to the cng of ivst ubcchbur, ‘Thcy ~re loc- tud riong the

whole coistal rvélon1 five of thCﬂ nre north of J“lnt Louls, Sénégnl,

throe 4t \OulkCﬂOfu aret wnd fourtapn tOW”f&b Loxtu“tldnnb.ngnch pormit -

is 25 sz; uom, 200 4000 tons of 11uun1tv disseminated in » sand with
2.7 per coent - 3 pur cont of 11mvn1t ‘Te sgtimated, of which 120,000
tons ro prvbynt 1n thb_vg % ositun tud between Coppolani. {40 Km North of:
Nounkchott)_und ort—utlunnuc It is reported thot the deposits arc.
unfnvourpblc; But 1 ocomplote fu‘Slblllty study wos not made nd thers is

90831b111ty of ualng tha Noumkchott wh:rf for cxporting the ore,

Training & Aid

£1. The QUubtlon of trwlnlng is n ;Ssentl ~1 question in the futyre
prospbct of thu mlnlng 1ndustry The country completely lacks indigoenous
geologists and mining cngincers. Busides.thoe finb work being donc on tho
spot by Llfbrm* to train Murit~nisns to bocome assistant tochnicals
(plumbbrs, curpenters, vlsctricians otqq,) to tnke over pirt of the:-

technical work, it is hoped tht the tive will soon come when soms of the
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,1nd1genous leadershwp will get the chrnoa of Universiiy education in

”arth and related Sciences (geology, geophy51cs, geochems’rq;x.y2 mining and

ore dr6331ng) and so give a hand in the assessment of the mineral

potentlal of thelr country and its exploitation. Noti: 7y that they are

_accustomed to work under 1oca1 cond1t10ns and less expeunsively than

others, they Wlll be 1nf1uent1a1 1mp1emen+s in fulfilling such a task.
It w111 be very useful, if not essential, that scholarships are granted
to promlslng Mauritanians to continue thelr studies at, for example,
"L1E cole de Géologie de Nancy", France, at the PFaculty o+ b01ence,
University of Dakar, or at other Unlver51tles and hﬂgher Instltutes in
Africa or outside the continent to obtain their first Unlversxty degree.
It takes a comparatlvely long time for a fresh Unlver51ty graduaue in

science or engineering to ‘becomne a skilled expert, and a start should be

made in this direction as soon a8 possible.

62. The project of the wharf at Nouakchott, under coanstruction by
the "Interprise des . Travaux Publics de 1'ouest” (Etpo) Wancy, France
ﬁill be an impetusrto_the exploitaiion of ilmenite beach deposits near
Nouakchott of fhe gypsum deposits at Jebkha N’ﬁrahamcha and will be

used for the export of copper concentrates from AkJOth

ES

The wharf is 6931gned to load 10 tons p@r r < maximun cdnoentrated
truck load and 1 ton maximum wniform load. The dock is 320 m long,

terminating with 2 1oad:n platin-m 88 m long by 2l m WLde.' ”hls

" platform w#ill be 5 m above low tlde and 3.5 m above hlgh tlde Jeval

There will be 8 m of wrter at the outer end and 6 m at the shore end of
the lbading platform. ~Due to open-pile constructlon, no vessel 1arger
than a lightering barge’ ‘can tie up to the dock. It is posolble that the

wharf is to be extended to deeper waters. It is unfortunate that the

construction of the wharf planned to be oomplé%gdminﬂoé€6£4b'QQéﬂ'has

"been delayed ow1ng to the tilting of “the plles during its constructlon.

It is also regrettable that large vessels could not tie up to the dock.

1
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63, Tho Fronch bil*fer%l‘zid in I. R'Hnriu 321id to Jupply BOme two

“ Tindred oXports, of whom cighty onc iro tbwchgru,'ﬂdmlnlatrttors,

judges ctc., thirty two modical doctors, forty four Lnglnbbrb‘“nd tachnom:

loglstg 1nd”sevent:en for Post “hd To lbcoumun10=tlona.' The fininheial

1id 1a'Sﬁid to bo over 900 million CFA, m"oum Whlch is gruatcf.thmn that
.contrlbutpd by th: U. ¥. Tecchnical 4>ulotin0;. The rﬂmvrk thut the
“loast dvvblop d countrics re the 1o st hulp d by T chnlc .1 thl stones
“scems to be truo for T.R.V. Thijbcopl thurc ;rcfﬁw:rQ of Fnl??‘
ben;hllc, tnuy qu'. pproc l‘thL of the work ‘CA ;nd Teghhiéil_

ubolutunce_lrﬁ doing . nd c.n do for tnulr country

64.. A programme of tork for :n wprraisal ofrthe minoral rogeurces
of the.country, including ths 1nVUstigmtionwpnlthyﬁground of the-
Wlre:dy discover.ed wmom . lies by ~irbornc survcying-(to coat heut 76
million CFA) +nd . n:w irborne surve 'y of the southorn pirt of tho
folded sirics (to cost 75 million CFi), w»s'}ropoopd "to PLC ind to
FEDOM, but not wholly ; rrroved t3111l tho yrvvunt. It is to be notcd
hire ‘that prlorlty should bo élen to tho completlon to loglc 11
nd of projocty lrv dy at rt s, rither th 341 Iu*v1n5 thom unflnlohﬂ
nd st :rting completcly ncw L..I'o,]oct.g. Thf drllllng, for uI mflu, of
the two lwrge .nom-lics covured by 5:nd - dunes 1t Aguil w-Faye and
.diséovared during th; first 1irborng Survey is m-de or % least the two
.'should_bc curricd oﬁt simult incously. His fxcollency the Ministor of
teonomie iffiirs, Dr. iliphi, is very cuch interested dn the help of o
Spceinl Fund or Technienl assistance in this respeet. | Ho vsked, tho
Dircetor of Mines to prepirs request but it is:nnderstogd ot

they. wre in nced of dviee a3 to its formulation.

“IV. WATER RY30URCES

65. Th oublch for undurground w;t>1 reuourCLO in I. R.M. is L. necessity
for tnu country, speciilly in ltu northern dtbcrt ruglqn,,not only

for the nocds of the people .nd their livestock but :lso for the
reguircnonts of the expanding mining industry. Thit is why the T.R.i.

is plunning, ¢ prosont, 2n intensive programme for underground wator

F
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_ regourcesy withiﬂujultimate aim of assessing the country g resources and
the publication of a hydrogeologlcil map on a scale of 1:1,000,000. This
interest is apparent from the four-year plan (1963~1966) in which the

“following sums were alloted for hydrogeological 1nvebt1gat10ns.Jf.

a) 182 million CTA were allotsad for studies on the south
westefn part of the country gouth of latitude 18
(1nclud1ng 65 for Trarza, 44 for pleZOmetrlc work on
same, 45 for drilling the Maestrichtian and Trarza,
B;akna—Bout;llm;t and Nederda, and 28 for plezometrlc

work of Trarzawﬁxakna)

b) 18 million CFA for the south eastern part of  the country.

¢) 45 million CFa for the country north of latitude 18°,
including 7 for the publication of a hydrogeological map,
.8 for pissometric studies of the aguifers at Atar, 10
for a. special investigation of the Benichab region and

20 for a study of the borders of the Taoudenni basing

d}, 10 m;1iiQn CFA for a general synthesis of p?eseﬁf“"
hydrogeological knowledge and thae publication of a
map on 1:1,000,000 scale.

66. The distribution of underground waters in T.RM. depends on-its
geolcgy. The northern Prycambrian areas, whlch attaln some 280 m in
helght are the most desertic of the count*y.' Tater OCCUTS mostly'ln the
Yett1 yellow granltes and is practlcdlly absent in Gallaman and in the
Zemmour. Lt is usually very superflclal and occurs in the alluvial
deposits of the wadies and in sand dunes. The gsalinity of the waters,

at first low, increases rapidly with usage.

Rélativély deeper wells are also recognised in the al-tered and
fissured crystalllne rocks where the water is from 8-20 ‘m. thick. Some
"of the wells yield up to 20 m /day. The salinity is usually high-and

exceeds 10g/ litre. From the writer's experience in the Tgyptian
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‘deaerts, vﬂ11bgﬁcﬂﬂhwuu11t in tnv alluvial obpo:lts of the wsdies at
SUltdble places and 4her° the wadies narrorfcould belp in the greserva—
tlon 6f tha ralnu, rulch usally come averyten years in thls'part of

'I.R. fa‘ AtiBlr Foghrein (Fort—Trln&uet%'the permeability varies from 1.2
x 10~ to 3.4 x 10-4 and the reserves are cstimated tc be 200,000 m3/km2a

In the mlddle reglons of the crystalllne rocks at Tlrls hydrologi-
cal condltlons are but sllghtly different. Highs (such as Kedia d'Tdjil,
920 m) domlnate the surroundlng plains, 300 m. The discovery of the
1ron ore% of Fort Gouraud enhanced thig Qtudy of the_rateL resources
in the area. At sl=Aouj, 25Km W of Jort Gouraud near the lebkha -
d'Tdjil the water socurces are in flsaured Huartzltes that orm with
the gneisses a-synclinal gtructure. The reserves, hovwever, are very
feable. Tio test wells near wadi Touerga, shere four salty wells
zlready existed, were a failure. Four wells were drilled farther 3%
_Cat~F'Derik) . one of which gave ZO'HB/ day of ‘water poor in salts.
The conditions are more favourable- on the northérn and nortqﬂastern
flanks of the Kedia, though farther awray from Fort Gouraud. At wadi

Tazadit thrre scources are known'fror drilling. The reserves were

catimated =t 4.5 million m3 but the wmount of recharge is not known
Bimilar successful restlts were obtained in the Seyala Touil and in

Rouissat. 4 search of the Infracambrian was planned to fulfil the
requirements of the city of 1djil, estimated at 1000 m3/ day. At present,ths
water requirements of Fort Gouraud are brought from the agquifers at

Baw-lznouar in the coastal basin.

_ Agaln in the Ta31ast—T131r1t AMSAga of the mlddle reglon of
; the cryatalllne rocks, water occurrences are preoent in superf101al
"deposlts, T natural hollows and 1n/deeper (15-25 m) 7eathered and

JOlned baoenent

67. In the crystalline rocks of the H-3 akjoujt series conditions

are much more favourable as rainfall is greater and varies from 100 mm in
Akjoujt to 800 mm in the southern parts and alluvial deposits are

more ilmportant. Again the contemporanéity_of these with Paleozoic rocks

and the presence of permeable formations, such as greenstones, allow the
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_presence of deeper aquifers; the.so called Akjpujt agquifers. At
Inchiri, where rater resources had been examined to:satisfy the
réquirements of *the copper-ore concentratidn”plant, deeper aquifers
in greenstones, in calcareous rocks and in altered and fissured schists
were discovered. These are separated from the superficial alluvial
waters. At present, these waters are not known to contain reserves that

| 7ill satiafy the reyuirements of the copper installations, amounting

to 6000 m%xmﬁay, and water is plannéd to be brought from Benichab in the

coastal basin.

68. In the T‘oudennl ba31n, one of the largest syncllnorlums of the
'World, the sediments range, as previously mentioned, from the

"Infracambrlan to the CT. The water resources of this ba31n are not
well explored.

The Infracambrlan at the northern edge of the Tacudenni
syncllnorlum seens to contain several aquifeTs, speclally in sandy
beds and in fissured: 11mestones, that supply some “gurface Wells at many
places, such as those of Chegga, of El "zereb, of Hamdoue and of Kasr
Torchane. Those of Chegga give some 400 L/h that are apparently
- constant and those at Bl Mzereb emerge at two different horlzons. Test-
1ng of these beds and of their contact with the Precambrlan has to be

arrled fut to ascgrtaln their water possibilities.

In the;Ihfraoamhrian klippe of_Afolle,ia;false bedded sand-stone

seems to be the'only'péssible aguifer.

69. The Cambrian sediments at Hodh show water possibilities in the

fractured rocks near fault planes.  These could be very easily

detected on aerial photoguraphs, but their output is precarious. A

programwe of dlgglng wells in the region is planned and this should
nclude also deepeT drilling to test the possibilities of the underlying

Infracambrian.

Farther east and north, surface wells are present in the "paten”
2t the base of the cliffs in the basal complex, from which water flows.

Towards the east at the N~3 Kiffa plain, the same hydrological characters
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as those at Hodh are. present. The caleareous beds cutcropping

at the base of Assabg are of little interest .as they dip westward and do

70, The Cambro—Ordovician sediments of the Falemian arsp favourable for
water storage, not only because of the presence of suitable beds but |
also for the Presence of synclineS'at_many places. - Renaud (1956) :
considered the water sources at Moudjeria to be from an aquifer in

deep vell fissured Ordovician white quartzitic sandstone.. This ig based
on the fact that during five years no notable éﬁghges.in the temperature,
discharge or chemical composition of the waters = were obsefﬁed. The
Moudjeria region seems to be the bext location for tésting thé'water

poséibiiities. of the Falemian.

Cambrian sandstone. The fissured Ordovician juartzitie sandstone is a

good regervoir. Farther north at Adrar, the Ordovician sediments are not

those in thebouth,

:In the ciiffs of Atar, water Sources at Tirjit, at the base of
Ufbef_Camhriaﬁ sandstones are not_rélqted to any apparent structure, QOne
of these sources-is warm (319 C) and gives 50 mpeyday,while another has a
normal temperatprg of 179 Cy vith a weaker output. Their origin is still

incompletely known.

71.  The Gothlando-Devonian‘formatiqns.are less extended than those
of the older‘Ealgozoic. They are,,however,;yery Suitable for water

Teservation and at wany places the amount ang constancy of water
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discharges indicatée the presence of aquifers in Devonian sandstones in

'déﬁ%h' Their etruetural settlng is also speclally sultable for water
qstorage as syncllnes of these formatlons occupy a low ly1ng zone, where

:the waters of Adrar and of Tagant converge.

2272+ - The presence of sebkhas (salinas) in the Taoudenni basin is of

“vinterest. This seems to be due to capturing the waters of ‘deep seated

Paleozoic aquifers along doleritic dykes or fault planes.  The salinity

of the surface waters is probably due to evaporation and does not exclude

¢ 'the poseibility of the presence of fresh waters in depth.

The phreatlc waters south of the ba31n, fed ‘by the waters of the

7::N1ger could infiltrate the very suitable sandy beds of the TC, of the
€I and of the Pa1e0201c reservoxr bede such a8 the Infracambrian stromato-

':11thlc llmeetones and the Cambrlan and Sllurlan sandstones. The topogra-

phlc section between the nger and Taoudenn1 b381n favours this probabi-

'_'lzty. P0531b111t1es of underground waters in this part are immense and °

-deep test drllllng should be carried out as soon ag p0531b1e.ﬂ

73. The continental Seéondary and Tertiary depouits in the Taoudenni

__ba31n increase in th1cknese towards the east andsouth-oest,as shown by a

~V'geophyelca1 survey and are fed by tae 1mportant nger aquifer. The

wells Known in these formatlons give waters of good quallty'géess than

‘_500 mg/l), w1th excellent dlscharges. Th;s;aqu;fer of the continental
‘_sed1ments is llmlted towards the west by a sterile zone owing to the

V‘rlslng of the crystalllne basement. The contact ligs betwsen a dry well

at ArhorathRaye (65 Km to the sast of Nema) and the productive well at
Kra el Azraq sore 40 Km to the east. Thernorthern limit of the aquifer

-”_has yet to be determlned by'drllllng.

T4,  In the coastal sedlmentary basin different aquifers are known.

" “These inelude: ‘a) ‘superficial and lenticular fresh waters in the Quaternary

and in the alluvial dep051ts of the Senegal Rlver, b) the aquifers in the

TCT o¥ Trarza, of Benichab and of Bou—Lanouar, (e) theé aguifer of Amechtiie
“in the fissured Eocene calearsous sedlments, (d) that" of Brekna or the

“sandy Tocene aquifér and (&) the deep aquifer in the Naestrichtian.
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As prev1ously mentloned this sed;mentary basin is bounded on the

7 east by‘the Akjoujt and by the Amsagaéerles. These are unconformably

foverlaln festﬂard by Lutetlan sedlments, whlch are themselves concealed

'“torards the west under a cover of the o and of more recent Quaternary
sediments. The baseient of the sedlmentary'ba51n ‘dips towards the

. Atlantic and therqulments themselves dip, increase in thickness, and

-;éggnge in facies.from sandy into argillaceous and calcareous facies

‘V;p‘the sgme_d@;gqtiqn towards thghqpean,

\.Tge undéréroﬁﬁd waters in the basin qpé delineépéd,bx a sterile zone
in the sediments immediately overlying the crystalline roéks in the east
sand-are bevelled towards the west by salt waters impregnating from the

" geeans. - This bevelled.contact between salt and fresh waterd dips
vigastward -at aboutlpa cat.Mheincrémént of NA CL is grddual between the areas
“iof salty and of fresh waters. Again there is an intermediate zone
"Betweern Phe plifeatic and subsphreatic on the one hand and those of
i deeper fevels ‘on the other.’ The: arglllaceous sedlments incréase in
the 4reas of salt waters, wheTeas sandJ sedlments are relatlvely more
‘ “&x_bund..ant - Where‘ fresh _w_aitlers are "preg__ent .
.-;75;,sﬂngggquifeTsiof‘the-cTiiﬁfthe'Trérzé7aréa areé widely extended
and @re of “importarnce tobhe people for both their survival and for the
peiditigiof their cattle, Tt is from these waters at Tdimi that

£ hof I Nouakohott, ‘the-capital, is supplied with its 2000 m3/ day rejuirements.

“This source extends to 'the calcarecus Eocene sédiments, the aguifer of
Amohtil inthe edst aend by salt waters 'in “he ‘north. The water is

- generally stored in argillaceous sandstones but sometimes in sandy beds
intercalsxted ‘with argillacecus sandstones. The overlying phreatic -
waters in the Quaternary are bontiﬁ%us in -gome places with the CT
sources. The yleld of the wells is hlgh and is sufflclent for
agrlcultural purpoaes. The wells in Rosso Boutllmlt produceh from 10-
15 m}/h for a 1ower1ng of 1-2 m 1n wells 1.8 m in dlamter.; In an & inch
well at Hassi el Bagra the yleld was 28.2 m3/h for a 1ower1ng of 8 m
and 44 m3/h for a lowerlng of 11 25 m. The permeability amounts to
K—lO 4 n/sec, estlmatlng 100 m for the thlckness of the aqulfer. The
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The water sources in the sandy ocene. the Brakna aguifer, lie
between the calcareous locene source and the sterile zone at the
eastern border of the sedimentary basin. The salinity of the waters

varies between 200 to 300 mg/l.

78. Two comparatively deep wells in the Beusl.arouar area showed the
presence of & deep ayuifer below those of the CT previously mentioned.
The salinity of its waters is 1300 mg/l and is present in marine
Tertiary and probably pre-tertiary sediments, some 420 m deep and sonme
600 m above the basement. A depth of 100C m is éstimated for the
basement by seismic survey. The overlying phreatic (at a depth of

28 m and salinity of 280-440 mg/1), sub-phreatic {at 2 depth of 70-100
m and salinity of 1168 mg/l), and interuediate (at a depth of 180-186
m and salinity of 1676 mg/l) water resources in waternary and CT

seem to contribute to this deep source. The water at a depth of

100-120 m only is surplus to the present re,uirements of Fort -Ttienne.

The deepest water source is that present in the Maestrichtian,
which is present in subsurface in the centre of the senegal-tauritaenian
basin. It yields over 100 mB/h. Although this Cretaceous aguifer was
not identified with certainty in the northern part of I.R.M., yet
there is evidence of its presence in the southern part and a programme

for evaluating its potentialities is planned.

19. Water is present in the sand dunes, in the alluvial deposits of
wadies and, as previously mentioned, in the fissured and weathered

surface of the crystalline rocks and in other superficial deposits.

Mention is given here of the important phreatic waters south '
of the Taoudenni basin. The.recent continental deposits there are fed
by the Niger and the aquifer could be follo.ed, as shown by wells, to
250 Km north of Tombouctou. The Figer waters could infiitrate, as

previously mentioned,into the TC, and CI and the Faleozoic sediments.



E/CN.14/IN$/54
Cugs 45

V. ENERGY REDOURC ] AND-ELECTHICITY AND WATER SJPPLIES
BO; _ P;l@;ﬂxienergy Tesources -
The country is extremely pbor in'ébhventionaijﬁfimary energy
sources. SRR R : .
1. Hldropoﬁer:

‘Phe only river of any size is the oenegal, whloh forms the border

betweern Mauritania and Jenegal.

The Bakel progect on thls rlver has an estlmated potentlal of about

300 GWh per annum. Sharlng thls output betﬁeen the two countries, 150
GWh p- a.'should be taken as the practically exploitable hydro=-potential

of Maurltanla The country is extremely poor in precipitation . About

2/3 of the total terrltory has less than 100 mm g?eclpltatlon per annum

and only the reglon on the border to Senegal has/SOmewhat larger

preclpltatlon vy from 400 to 700 mm per. annum. . . B

2'

_derocarbons.

The terrltory of Mauritania includes ;part of three ‘g6dimentary

b331ns° the Senegal ba31n on the coast, the Tindouf basin’ and the

Taoudennl basin Whlch lies in the eastern part of the couniry along

" the border with Mali.

Three Compaﬁieé‘have searched for oil so far without success.

La Société africaine des Pétroles (5.4.P.), hold
the "permit of Houakchott™ of 29,535 -m2, of which 3,730 -m2 are

* off-shore: . It was valid for five years {starting Apr11 1960)

during which they were to spend 213 milljerd CFA. The company

carried out geologicaly photogeological, aeromagnetic and seismic

surveys and not finding a suitable structure terminated its

activities on 15 May 1964 after spending about 350 million FCA.

La 3ociété Petropan (Société de Partlclpatlons Pétroliéres) held

a permit in the coastal reglon north of Nouakchott to Port Etienne
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covering 38,447 Km » of which 13,852 Km2 are offshore,
The company was to spend 2 milliards - - CFR” durlng flve"
years (starting April 1960) butuaciually spent 500
_ m11110n CFA.T Jestern Geophysical and CGQ carried’out
'for Petropar prhotogeoclogical ang land & marine seismic
work. Results were not encouraging except for two
Small areas. Because of this and of the negative
results obtained by SAP in the south and by the Gulf
company in the north in Rio de Cro }gave up its permits-

on the 15 May 1965.

""'Ld Société des Petroles de Valence held two permlts.

situated in the north ‘of I.R. M. between the Algerlan
st land CRiotde Oro frontlers, also of five. years duration.
- The two covered 4,600 sz and the amount to be spent
i Whb P53 millions CFA. A contract for 50 mllllon CFA
was given to Sotiété Geografrance whlch carrled out
topographic, geologlcal and reflectlon selsmlc surveys

But the work was also abandoned on these_two: perfiits.

Altholgh a momoclinal structure is reported for the coastal basin,
yet the ‘presence of a thick sedlmentary seotkon that 1ncreases in thickness
‘northward, /% at ‘is not completely devoid of other_etructures tgggthar withthe
fact that the structural rather than sedimentetioﬁ characterispics of
the basin were eXamined, make it possible that further studies may yield
favourabie results. From an examination of the available data it would
appear that the two sedlmentary basing of I. ‘R.V..have- not- been exhaustively
studled -and a search for ancient shore lines by sedlmentologlcal methods
13 stzll to be made. . A final condemnation of <the 611+ pos@ibllltles
- 1s not conclusive and the: Government of I.g.M. is advi%eéd to invite
L_lnterested people to explore and perhaps to drill, puttitig at their

Ldlsposal all the avallable regsults of previous searchegy 3.7

3- 'COE}.].:
No dep051ts of coal are known in, Mauritania. The carboniferous

preseﬁf 1n the Taoudenn1 basin ls a potentlal area for the presence of coal

‘dep031ts and should be further investigated.
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é?i“gﬁood and oHaFeoal:

2In the countrlesat a 1ess developed level, wood and charooal are
used to a relatlvely large extent 1n%p1te of the fact that the use of
wodd" for energy purposes is far from being economically JuStlﬁled. e
Mpja 18 sspe01a11y true in the case.of Mauritania where, with/exception
Tof the river region, on the border 4¢ 3enegal, every vegetation should

be considered as extremely valuable.

B. Radio-active materials:

No economically exploitable depoeifs;of such minerals are known in
Mauritania. The geology of much of the country, however, is favourable

for the occurrence’ of such mineral deposits.

6. Solar energy:

Much of the terrltory of Maurltanla iz desert w1th hlgh levels of
solar radiation. In view of the lack of any other energy sources in the
country, the development of economic solar energy installations would be

of great value to Mauritania.

81. Production, trade and consumption of primary energy

1. Production

‘ There is no produotlon of hydropower, hydrecarbons or coal .
1™ the countg»ﬂbod and charcoal are used for cooking purposés.. No
statistical information is available on the guantitiugi.of wood and charcoal
used yearly, but dccondkrig to tﬁeﬂﬁersonal estimate of Mr. Ponomareff,
Head of Statisticai Deoartment in ﬁouakchott, it is .likely to be some
12,000 tons of wood egquivalent or about 4,000 tons of coal equivalent
(7,000 kcal/kg coal) per annum.

2. Trade - Import:

Primary energy is imported in form of liquid fuels via Port—Etienne
by sea and via Rosso from Senegal. In 1963 the breakdown of the imported

fuels was {expressed in tons, rounded):



AR

impo

3.

8/cN. 4/108/54

Page 48
Via Port Btienne Via Rosso  Total
S e aoend LT
Ga.soline_ _ _ —_— - 5,600 ‘ T,OOO AV 12,600
Kerosene C- 380000 1,500 .iep . 1,850
Gas oil o 15,100 . 2,700 . . 4-17,800
Potal 21,050 12,200 32,250

Tith a conversion factor

-,i tdh'bf 1i§ﬁid fuel = 1.3 ton of coal eguivalent (=rt c.e) the

ifed qﬁantitieé-of,liquid fuels are eguivalent to about 42,000 tce.

Lonsumption B
The total of primary energy consumed in 1963 was |
| Wood & cﬁarcoal .. Liguid fuels

4,000 tee 4 42,000 tee = 46,000 tce

Per capita consumption:

With é’gé%&lgboiﬁ}gtivn'EffBBO;Eﬁﬁﬁiﬁ“1960;'Spéﬁffi¢'primary‘energy

consumption can be estimated at 52 ¥gs of coal equivalert:

For comparison, specific coenisumption in 1963fdz_some countriags

and parts of the world 18 as follows: ~

B .
RS SR A RS

Jorld 5 ; _,1,465 +Z83 of coal equivalent
AfI“iC«'?. ' 308 v f'l L 1" "

South Africa "2,437_" T

CZambia T Tgegm "o
Ethiopia 1.6 v n
Uganda 46 " R TR
Tchad S 13 " "on
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82. Hlectric Tnergy RS

»

N
[ »

power groups.

1. Qeneral ™"

Only six :loea itiss are elctrified in Mauritania:

Localitics _ Electric Power Utility
Nouakcﬁé%me.wmw Construction électromécanigues Huet
Port Stienne SAFELEC (Société Africaine d'lectricite
Dakar)
Consado "
Zouerate MI FBRI{A
Atar o Military power plagf, explo;tgd yy;gdmin%%ﬁﬁ%—
Rosso | " Btablissoments Lacombs

A1l electriec power plants in the country are equipped with diéééli“i

2. Installed capacities at the end of 1964. - .=~
‘Locality " A Dieséi power groups':"  Total capacity
: - .-din KW R : SR in KW
1. Nouakchott 2 x 510 + 2 %220 ~ 1,460
2... Port-Etienne 8 x 1,000 * %= o o 8,000
3. Cafsado Supplied from Port Etienne by'bverhead
line 15 kv

4. Zouerate ' -2 x 1100 + 4 x 2200 o 11,000
5. Atar 5 x50 R 250
6. Rosso M40 +1 % 120 ST 160

; Total = 20,870

At-idipi, some 60 Km from Nouakchott, there is.a small Diesel power

group of unkné%n capacity, for pumping water to Nouakcliott. .
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3. Production

Information respecting estiuates of eclectric energy production is

available only in Nouakchott and Port-gtienne (in MWh: ) “f“‘”“f%

A Ll L ned
. _ Novskchott - Port~Ttismme ...

e ., o’ ceo/
e oo 1050

1964 1800%/ ? g . f

ST 1964, ‘the pesk load at Nouakchott was 560 Kw,

1

There are no statlstlcal data avallable for production in other

1ocai;t1esaﬁ_

4. Distribution:

a) Medium voltage networks

All medium voltage overhead llqes and underground cableg are
: constructed for 15 kV but with/exception of Nouakchott , they
TTTareTgperated on STS kv Ths” maJorlty of’the 11nes are overhead,
but at Cansado underground cables are used becauae of cllmatlc

3

condltlons. There are two types of sugportlnb poles.

- at Ros»o and localltles 81tuated near the shore, poles with
large crossarms (type HE) are used. This tyee of crossarms
1s made resistant against the salted air comlng from the sea

and requires little maintenance.

- 'In Ioca"hhes with dry alr, liKe Atar, "felescopic™ poles =~
are used.
_ The 1nsulators are of the pin-insulater type. Originally,
porcelain insulators were used, but ;. successively,. they:

were replaged by glass ingulators.-

The conductors are all of copper. The neutral of the

system is everywhere isolated.

x/ Estimated.




(b) Transformer step-down substations

- Prefabricated substations ir metallic boxes, from

. medium . to low voltage, were 1nstalled in many’
localities. At Port utlenne, thls type of substatlons
did not;p;ove ggod_because of adverse;cllmdtlc
conditiqgs (sandy winds and salted air) and will bhe’
succeséi#ely replaced by substations in brick.

This type of substation wI3 also used in Zoue¢rate

and Cansado. At Atar and MOuakchott metallic

prefabricated boxes proved good.

(o) Low voltage networks

~ The low voltage distribution network is operatlng

under 220/380V in all localities except those
where it is 127/22C

The magorlty of - supports are wade in the form of
"telescopic” poles as they are easier and more
handy than the poles with the large Crossarms.

In some places with salted sandy terrain near
Atar, the concrete of the telescopic poles
corroded at the base in less than Foup - e
years. In such terrain the bases of the poles

 have "td be protected adequately.

i
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(d) Suwrary of distribuiion networks
Lengths of the lines in mid 1952, in Koo _
T T  Mediun voltasge Low voltage
15 £V 5.5 KV - 220/380v 127/220v

Port Ttieftie: ' Overhead -3 13.2 -
f it undergr tind - B - -
Rosso: ... . overhead : L= 21 - 9
- underground o - 0.3 - -
Atars overhead S 2.5 5 -
' underground - - 0.1 - --

a e : e S
Noukchott: " overkdad 14.5 - 1.5 -
- ¢ underground ol 2 - - - -
Cansado; overhezd - - - -
underground - 4 6.6 -
Zoudrate overhead w--;k***““jrB“““““' SQQ -
underground B 1 2.5 -
Total o overhead ;4;5 11.5 38.4 9
underground Lz 5.4. 9.1 -
Grand total =~ = - o :16.5 16,9 47.5 9

The total length is 89.9 Km.

5. Consumption

Electric utility development is very recent and therefore there is

very little information available on the consumption oﬁ%lectric energy-.

Tith the exception of the FIFERMA installations at Zousérate and
Port Etienne there are at Present practically no industrial enterprises

working in the country.

Consumption at Nouakechott and PortTEtienne is somewhat lower than the
production figures given in para.8l, but power plant$use and distribution
losses are not known, so no exact figures can be given on the energy sold

to consumers.
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6. Production costs and consumers' tariffs.. .
at Nbuakchott Fuel prices are:

heavy fuel 1 Fr. éFA/Kg.
_d;es91.011 20 F:._C?ﬂ/Kg.
gas oil 40 Pr. cm/ke.

Taklng into account that at full-load 3:20-kWh.are produced out

?"of one Kg dlesel 01l, “the fuel costs of asctrlc energy at full-load

~can be estimated a’ 6.20 CFA/KWh.

But, as the power plant and diesel groupé”are very seldom

runnlng at full- 1oad, the prachical figure of consumption per kWh

Westingh ¢ 1€
produced is rather high. 1In the /. %uﬁ the following breakdownr

of production costs is given:-—

1. Fuel and lGbricants -~ = 15.41 Fr. CFA/kWh
Salaries 3.86 ¥r. CFA/kih

3, Maintenance © 73,18 Fr. CFA/kWR
!4. Amortization ST 5,42 Fr. CFA/kWh
5. Miscellaneous S ©10.13 Fr. CFA/KWh
Total 38.00 Fr. CFa/kWh

The item "Miscellaneous" is evidently only the difference between
the average sales prices of electricity 38 Fr. CFA/kWh and the sum of the

first four items.

' Consumers are paying 38 Fr. CF%/kWh on the average.

L fais : : §

At POTE Etienne, MIFERMA is supplying energy to SAFELEC at a price
of 1% Fr.‘CFA/kWhQ A rebate is given for loads between 500 and 1,000
kW,

SAFELEC's low voltage consumers have to pay the basic tariff P=38.50
Fr. CFA/kWh. For high voltage consumption, theBasic tariff is 0.7 x P =
0.7 x 38.50 = 26.95 Fr. CFA/kWh and a fixed anmial charge is charged

for the maximun Ioad inm EW.
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T. Future development

No complex development plans-on eléctrié’eneigy exist but only
some studies made by various commercial firms for dual -purpose plants .
for the simultaneousfpfoduction of water and elecpricity. 1In ﬂhsbinglhouse

studythe following estimates are given on the development of electric

power at Nouakchott: =

1963 1967 1972 1977

' Gross prédiction, GWE - - - 1.8 3,78 16,3 14.6
Maximum load, XW 500 960 ¢ 2500 3520

. Load factor, % 42 45 47 47.5
| kWh/caplta _ “" o p. | 149 19é , | 372. - 440
W/caplta | _f_ﬁ2¥ f  . o 48 __'55J_ 191 TI'Jf17

In the Four-Year Plan 1963-1966, doc.(3), the following investments

are foreseen for electrification of the towns:

Nouakchott ) 75 mllllon Fr. CFA
Port-Etienne ‘_,120 ﬁf N moow
Cther centres 1 :100. mo ren

Total 295 million Fr. CFA

These inveetmepfs_were allotted in the four-yeai_peried4as follows: -

- in m11110n Fr. CFA
Totad 13§§ 1964 1965 1966
295" - 90 75 65 - 65

83. TWater

. 1; General . » }
One of the largest problems 1n Maurltanla 1s to meet the water

requlrements of the poPuIatlon in the towns and smaller agglomeratlons
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and to supply sufficient water for livestock and agrlculture.

Precipitatior .ie very poor, g0 there are only three magor sources

. A , L

of waters .- . - . 0%
- the river Senegal =~
. .- underground water
R _.r__ ‘b"he sea _
While tﬁore is no réiér—problem existing in the river region,

it becomes heaviér further north.

" The Wafer;probiem‘ié:everywhere closéiy oonﬁected with the energy

problem, which is especially hard for Mauritania: as it has no primary
water regources .

energy resources: and/ﬁre stilil unsurveyed. * A survey of water resources
is Lkowsver absolutely necessary as basic information for all development
plans of the countryy since only then will it be possible to see if
\irderground water resources are sufficient to cover the long-term
water reguirements. - Should that ‘ot “be the case, then desalination of
sea water by means of nuclear energy Would probably be the best long-term
.. solution. - R T

Wlth regard to the acuteness’ of . the water supply problem,

Domea D
P -“..,-.

Nouakchott and Port Etienne are of especial interest, '+

84. Nouakohobt

To.supp}y_mouakchott with water and electric eneérgy, several

. projects have been elaborated, starting from different sources of watem:

1. The Lxisting water supply is obtained by pumping water at Idini from

underground sources and transporting 1t by plpea to Nquakchott some 60
Km dlstant.l The present prlce of #ater at Nouakchott 1; 120 Fr. CFA/&
“with the follow1ng breakdown of costs .

-Fuel-and lubricsnts & Tl "9J42'Fr.CFA'/m3'
g : Sala.rieé BT Cooo 19,89 Fr. CFA%IIi'B
Maintenance .91 o "
Amortization 69.55 "
Miscellaneous 13.23 ¢ "

Total  120.00 Fr.CFa/m>

(x) The present water supply is 1650 in 3/day.
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ETVJ_Fﬁfure reguirements

‘i"

In Wostiu_louso study,tho Féllowing obtlmatcs of 1nerea3é In' population
water requirements and eleckrical maximum loads for Noukchott are

givens ‘ T
Population g;/day KW KW
1964 12,500 1,650 600
1974 S 28,000 4,000 25910
1977 . 30,000 - :5,700° - 33520 -

To cover theseHrequirements,~tbree projects have been elaborated:

a) "Admlnlstratlve" project:

‘ Water-“ 7 3 new drllllngs, each 60 m3/h B
. -~ 2 old drillings each 30" n /h

Total production 5 760 m3/ day.

From Idini to Nouakchott & new water plpe 350 or
400 “mm should be lald The old plpellne has a
‘diameteT of 200 mm. '

Electricity: In the existing power plant, the twdldiésél groups
2 X 220 kT Nlll be replaced 1n 1970 by 2 x 510 kW,
* The total lnstalled capacity will be then 2,040 kW.
b) Gegﬁlerg - project:
- Pumping station Idini and power plant Nouakchott. #ill. continue

to operate, G R
- A dual-purpOSe desallnatlon plant on heavy fuel 011 will be
'erected at Nouakchott w1th g fresh water production of 2,000
or 3,000 n° per day. and an electric steam powef 'plant for
1,200 ki, |

c) Westinghouse project:

= Pumping station Idini:and power. plant Nouakchott will stop
operatings; .

- Dual-purpose desallnatlon plant on heavy fuel o0il will be
erected at Nouakchott for: 3,780 m 3 qfhfpesh water per day
and 2 x 2000 kW. N
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*Bxisting plants ° :New plants
' valuer o n_‘_investmenth s

Total value

- Constr. Equlp. Total Constr.

100 600

Bquip. Total Constr.BEquip.Total

Admin.g 350 250 150 400 500 750 250 1000

g 400 250 150 400 - 600 100 700 850 250 1100

Cegelerg 290 159( *4061 75 547 . 622 325 697 1022

“ Wéétinghouéé  M. o

1st phase - - - 335 750 1085 335 750 1085

2nd phase = - L= .. = 65 - 120 185 @45 120 185
-.ii) . Fixed charges (in:miliipn Fi;CFA)

Project _
Administrative fozeters Westinghouse
Amorti- Construction 850 . 0.02 =17  328.0.022-6.50  335. 0.02= 6.7
. Bguipment
zation 4 250 . 0.05 =12.5 697.0.05=34.85 750. 0.05=37.5

Main- Construction 850 . Q. 005» 4725 325 6“00551 63
__.tenance - .

"335. 0.005=1,67

e B Bosalination plant = e-547:0712526.84 7 750, 0.125=9. 37
e Diesel plant 250 . 0.05 =12.50 15C.0.025=3.75 -
Total 16;75 _le.21 TTTTT11.04
Salaries .. 7T 3509 16.30 26,10
Miscellaneous " e | 5.75 6.94 7.15
Total o " 62.00 76.80 78.49
Comparison factors 100 124 126
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iii) Production costs

Specific fuel costs (net):
. s . 3.
For water: Idini: C.5 kilyfm®.- o. 5 x m}‘ﬁ'f&@x 401;— 3 0 Fr.CFA/n’
Cegelerg: 12 kg fuel oi}./m X T fFé" = 84 Fr.CFA/m3
Wesﬁiggbousei__“"mm;ll_kg“fuel oil/mﬁﬂgm7, Fr R, CFA/m
e T . T - ng
"7 T For electricity: At Nouakchott 6 Fr/krm
R "». "In the projects I.C. cegelerg and Yestinghouse, total Tuel costs

P e = B PG rﬂeludﬂd“rn”water ‘Production so that eléctric’ POWé&MWW:f

- iproductlon haj"no _costs. Thls .method of calculation. }s~aet qulte

correct, although the end total costs for water and’ electrlclty
‘are the same. Fuel costs shéuld be divided into water productlon

‘and electricity production accordlng to the 10111er chart.

i The above net speclflc fuel costs have to be 1ncreasea by
10 per cent for mlscellaneous and for chemlcal addltlves- L
s - e Ty
I.¢C. cegelerg - 4.0 Fr.z CFA/{III
VEstinghouse T TIVE Fr, CFa/ e
Gross specific pro duction costa: : ‘
‘ . .Admin. project :Qgge%gggﬁiﬁ,w.- Wesfiﬂghouse
Water Fr. CFa/m°> = " 6.80 . 96.4 . .. .86.3
BlectrTFELCRA/KRT T T, 660 - -

With water: and electrlclty production as estimated for 19(0 the

o follow1ng yearly production costs. (= proportional costs) gan be
i - established (in million Fr. CFA)i“wv et e e e
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Admin -.project Cegelerg Hestinghousa

Plant Tdini 1.5.10%03. 6.6 = 9.9 0 5.10%°.6.6 = 3.3 -
Vater, <alin.DPlant - 10803, 96.4  =06.4 1.4.10°.86.3=175.¢

Diesel Plant 4 QWh.6.6 =26.4 1 GYh.6.6 = 6.6 -
Electr.

Desalin.Plant - - 3GYr O = 0 4 G¥h.0 = O

Total 36.3 L T06.3 o TTAPG.h

Comparigon factors 100 292 356

Differences in production costs are enormous because the distillation
of water requires inccmparably mere energy per mj produced than a simple

pumping of water from underground.

iv) Total costs (in million Tr. CFA)

For production targets in 1970

Ldmin..project Cegelarg Hestinghouse
Fixed charges £2.0 76.80 78.40
Production cosis 36.3 106. 3G 12%.45
Total , 38.3 182.1¢ 207.85
To cover total expenses by sales of water and electricity, the

following unit prices giving income a little higher than total expenses

have been proposed:
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Admini.project Cegelerg  TMestinghouse

Unit Fr/m~ 35 9

Fr.kWh ‘ )

Tater 1.5. 1o6m3.35 _ 52.6 1.5.10%m° 80120 1. 5.1¢1390-135
Income Flectricity4 GWh.12 =48,0 4 Gwhﬂ}ﬁﬂgf”;64 4 GW.19 = 76
Million ; SR
Fr.CFA Total 100.6 184 211

' The above cost analybls ‘shows that the . "Administrative" project

wlth the sxmplest pumplng technlﬁue 1s also the Cheapest-ﬂwﬂm_,,

There is another project existing to supply waterfto Nbuakchott;:

(a)

solution:

Nannesmann project:

'Aidhééﬁﬁpripelihe ten water stations should be erected to

_“capgcity”of_BO m7

_The Gerpan firm Mannesmann (Ju seldorf) proposed the following -

Jater should be pumped from the riter -Senegal from- Podor

and conducted by a pipeline with a diameter of 350 mm to

Nouakchott at a length of 180 Em...Capacity of the installations

should be 6072 m3/day

provide/local population and livestock with water at-~»
a 3 7

per day and station.

.iTatal investments would amount to 598 million CF4 Fr.:. . -

In the cost analysis below the following suppositions have been = ' l:.i{

madei. . .

ST A
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= amortization, rerlacent and maintenance costs increasé

--MU‘M-W“wiﬁh“#ime, taking into accourt fhé'bcﬁditibﬁ“ﬁf"fﬁe"”

material,

- ©7s%s of money (interest) are not included,

= operating costs for pumping increzse with thé"amdhnt of

e AR pllmped through -bh.e plpe_llne S .

Cost of water subpiied to Nouakchott

(in rounded figures)

T o 1966 1970 1975
Water suppliad to Ndﬁkchott in 106m3/year‘ 1.00 1.46 2.00
Fixed annual charges Amoriization, replacement .15 1T 30
in million Fr. CFA and maintenance :

Salaries e e e 15 . :.,,;1.5 15
Tnit's costs Fixed charges 20 22 23
in Fr. CFA/m° Pumping 2.35  4.10  7.00
- ﬁntor tr;dtmont ' ki 7 7
Total (Foundsd) ' - 40 33 37
Remark:; “ater taken off in the water stvations along the pipeline
is supposed io be'giﬁén tc the local prpulation.grdtﬁitously.
It seems that the hannesmann-project is very competitive with
the projects a), b) and c¢) above.
In the U.z, too, some experts have questionad the economics of
desalination in the cabe'where fresh sater can be 6Btaihed'mbféjéheaply
by pipelines from remote but sufficiently large frésh satér resources. Costs

of water transport are calculated in the U354 at about 10 cents per 1500
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. gallons over a distance of 1,600 kilometres.

In the lannesmani wroject the iowest water transport coslg are
. equivalent to 60 Us cents per 1000 gallons over a distance of 180 knm. 1In
cogparison with the imerican figures, the Mannesmann project is therefore

very expensive.

85. . Port ILtienne

aimilar water supply studies have been made also for Port Etienne.

‘tater desalination plants have been compared with the condiction

of water by pipeline from the wells at Tirersioum, a distance of 84 Km.

SR . e LY
Unit cost for the two alternatives in Fr CFA/m “are

(in foundsd figures)

Fixed charges Production costs Total costs
Alternative Fr/m3 % | Fr/m3 - % Fr/m3 %

. Pipeline conduction 78 - 60 48 40 126 100
Deszalination 41 30 85 T0 136 100
Remarks?

- © Hater reyuirements: in 1965 - 1100 m3/day
in 1975 - 2000 " M

- -Water supply capacity estimated at 200q1m3/day.
-  An examination of the investment costs for/desallnatlon
plant shows rather a low specific investment in Fr CFA/m3-per
day and gives ‘rise to the zssumptlon that 1nvestment costs
have been under estimated.
On the other hand-speoific- Ainvestments in 106 Fr CEA/Km
for the ' pipeline conduction are higher than e.g. the

Mannesmann project for Nouakchott:
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At Port-gticnne @ diameter 300 mm: 5.2. 106 Fr. CFA/km
At l\TouikchO‘t‘t" n 350 " 4 6 BT "

~  Taking into account the forcgoing remarks it is very
likel; that the pipeline alternative is even more

favourible than shown in the table above.

86. Other cnergy sources for water and power supply

The economic survey of watcer production cogteiin the pravious Lwo
paragraphs shows that the deszalination alternative ig more expensive
~than the pipeline cenducting altermative, mainly hecauss of, the

iﬁcbmparably larger energy costs of desalination.

Anothbr f%ctor respon51blo for the hlgh specific costs of water
productlon in desalination Dlantslﬁﬂa low capa01ty of the plants
projected for Fouakchott and Port-Etienne.

“In-connexion with thisy two-non-conventional energy . sources have

to bglgxgm;gggﬁ;nuclezr cnergy and solar energy.

1. Nuclear bnbrgy

_ Dual PUTpOSY nuaclear plants designed for electric power production
and the desallnmtlon of sea water may be economlc, prov1dud the capacity

of the plant is hlgh enough.

In tho papoer by Cowa (Ref), a relati%él& small dual purpose
nuclear plant is described. The rcactor's thermal ocutput is 110 MWt
and multl flash dlstllldtlon unlts con producc 4o 27 to 10.25 millicn
U3 gallon .y, per day, 1ccordlng to the chosen factor G.0.R. (Bained

output Ratio) Mﬁxlmum net power productlon varies from 6.6 MWe to

:_18 NU;, depwndlng on wwtur productlon,

Taking as an example the 5-1 G.0.R.e¢vaporator with a daily production
‘of 5.106:gmlldns~=:19,000 ma-of;water'and 158,000 kWh, the total

investment amounts to U3¢ 11,7 million = 2,930 million Fr.CF4.

-vg/-264.2 U3 gallons = 1m3.
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“Then u81ng a lO - 1 G.0.H. evaporator, the capital cost is about
ilé. 6 miliion. For these planté, operatlng COSua will range from $0.70
to $1.20 per 1000 galions or 46 to 80 Fr. CT4 per m3, assuning a :
credlt of 7 mdlls/kih or 1.8 Fr. cra/kWh { Op.Cit ., figure 9).

§ To make a comparison between conventlonal and nuclear plants for
Wé%grrgpd;power supplys the cheapest project for Nouakchott is chosen
that is the ".dministrative project" and the smaller nuclear plant,
type 5-1 G-.0.R. 7ith a production-(in 330 days a year)s 6.5 million
m3 water per year and 52 G'Th per year.

The operating cost data shown in figure 9 are ) : 0
based 6n & calculated Teactor fuel cost of 27. 2 U cints per million
BTU, but  all other ¢ost® factors: are treated as in "A stahdardized
procédure- for estimating ecosts of Saline Tater conversion", prepared’ '

by the United States Cffice of 3aline Water. S T

Thls procedure assumnes operatlon for 330 days 2 year and amorilzatlon
charges of 7.4 per. cent per. annuni. The cost of ﬂlectrzcal equlpment 1s

amortized w1th_the remainder of the plant.

The total pfddUcfion costs (fixed éhargés'pius operafing:doéfé)“"

3mount to about us ¢ 2.2 mllllon or Pr. C¢u‘550 mijlion per. annum..

In the "Aduinisthative project" the price ratic water/eléctricity
is about 3:1. Taking the same price ratio aloo for the nuclear plant,
these costs would be covered by the following tariffs for water and
glectricity: _ L

Price.of water about 23 4 Fr.,CFA / m ‘ S e e i ren
Price of slectricity about 7.8 Fr, CFA/KWh. . w0 . oo cioeion

These prices are about 33‘pér”éeﬂt lorer than in the "aAdministrative
progect" 1qép1te of the fact that water is desallnated and not pumped
The dlfference comes from the about 5.5 times larger capaclty of the

. compared - :
nuclear plant as[w1th investrent costs less than 3 times larger.
This means with the proposed nuchmusdual purpo;e plant that SpGlelc
investment costs are about twice as cheap as with the "Adminlstratlve“'

project™.
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i 4 -Gomparison of thé nuclear plant with .the conventional desalination
duélipufpose'plant;felga”?estiﬂghouse”project-for Nduakchottyshoﬁs‘ffri
Nuclear plant w1th water and electrlclty productlon cap301ty 4 6 tlmes o

_ A Lle & . ; P d . larger

3 it : g8
wrooi . Bas investment costs only P 2.3 féréer

and total productlon costs for Water S : . ..3.8 times
' ' ' lower'

for‘electrioityh s 2. 4 times”
A . - s lower ..

It is true that the capa01ty of the dual purpose nuclear plant
5 -ll G.C. R. is far larger than the requlrements of energy and water
in Nouakohott oalcalated for 197C. These requlrements aTe extrapolated
however to 1970 on the b351s of the preeent 31tuat10n where '
there is so to speak no 1nduetry and therefore’ they are very 1ow. There
. eoxkats .3 clrougusiv;tloeus;(v1olous cirele)s Industry cannot be
located at Nouakchott beoause the prices.of electric energy and water
are so high, and these prices are high because water and electricity

production is low as a result of the fact that there is no industry.

This_vicious.oirele-sbould be broken: Ia.future development plans

some appropriate industriel enterprises have to be included.

The reactor of the proposed nuelear dual purpose plant has a .
thermal power of 110 MYt. It is relatlvely_vex;y_small° The total
production cost is therefore ;elﬁtively high: expressed in the}Uo

terms, it is 35 US cents‘pef 1;000 gallons.

In a. Study by l¥r. Philip Hammond of the Los Angeles Scientific
Laboratory, USA, - estimates kavé been made showing that very
large reactors-of 2000 to 25000 M7t will be - able5fo"ﬁroduce water-at a -
price’ of” 20 o 10 US cents per lOOO gﬁilonse To get an idea of the -

prod;ct1v1ty of such a large reactor~'a EDOO M7t - desalination plant
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with a G. 0.R. 5 -~ 1 would produce 10 mllllon gallons per day and
that would be enough for the 1rr15at10n of'TGG Tl This amount of
- water for irrigation would be equal to a precipitation of 1140 mm per

. annum.

Bes1d&3the water for -rr1gatlon, a 2000 MWt dual purpose nuclear

plant would glve some 200 gross Me electrlc power.

Investment for such a nuclear plant may be estimated at some
US §:120:million.

4ith the same method of calculation as in the case ofrfhe 110
MWt nuclear:plant, the 2,000 MWt dual purpose nuclear plant would give

the following unit prices:

for water 19 Uo cents 1000 gal. or 12. 6 Fr. CFﬂ/m

w

. for electricity. .1 68 U3 cents ppwkWhor 4,2 Fr. .CFA/kiWh

These prices would be three tiﬁes.idﬁef fhan‘thoée in the
"Administrative project",; but, on the other hand, investment would
be of such a size;that the-economics of the project in total sheould be
,gheqked;in-all:details,._Qpeaof the main peints te:be checked:is

which agricultural products would justify the irrigation costss -

2. Solar energy

Possibilities of utilization of solar energy are manifeld and in a
country without other resources of primary energy, as e.g. in Mauritania,
it seems to be imperative that solar energy be utilized.whenever it is
economically justified. Import of conventional (or later even nuclear)

fuels. and burning of wood would be therehy. largely reduced.

~With ‘regard to technology the problems of solar energy utilization
 have been s6lved to a very large degre¢e, but real-difficulties exist in
the fact that ‘irivestmant costsfor almost all applications of solar energy
are very high and as result conventional forms of ‘energy,even when

inported;are often much cheaper.
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(a) - Water desalination

. _ ;nvesﬁmen# costs of distillers vary greatly with construction
and tyfes of materials used. Plastic covers, for example, are lower in
initial cost but, having less durability, are not necessarily so in

-Production cost. With glass bovers; the initial cost is of the order of
2 15 to § 30 per syuare metre with a lifetime of twenty years. With a
yearly yiald of 1.5 to0 2 m3 distil}ed_water per square metre, a realistic
ﬁroductibﬁ ;osf estimate ié ﬁ 1 to § 2 per m3 of fresh water plus

operating labour cost .

L

'Larggfscale solar distillers face a much more difficult situation

at leasf in the capacity‘rénge beyond 50 m3lpervday. They must- be usually
competitive with fresh water transport from more distant sourcesor with
other demineralization processes;"éﬁéﬁ'ﬁlénts,.yét to bé’builf,.may be
expected to produce at some $0.30-to % .65 (=75 $0.'162 Fr. CFA) per

cubic meter in the near future.

VThe.iarge solar distillers can incorporate various refinements,
gﬁbh asg ﬁérced.gonvection.and,multiple effect distillation s thereby
improving;efficigncy but adding to investment cost if not to rroduct
cost. Thé most optimistic calculation of all in this category is
undoubtedly one arriving at a cost of about § 0.08 or 20 Fr. CFA per

3 R o

m °

Closer investigations on the Teality of thease estimates,
should te carried out by some industrial enterprises, the potential

producers of the large-scale ‘distillation plants.

(b) Mechanical and electrie Porer frow solar heat engines

Solar heat can be converted to rechanical power - for direct use
as in water pumping and for further cdnversion to electricity ~-by means

of piston and turbine engines according to well-known principles.

|-
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with a G. 0.R. 5 - 1 would produchlQmmillioﬁmgalions pef day and
that would be enough for the irrigation of 100 kmz. This amount of

. water for'irrigation would be equal to a precipitation of 1140 mm per

- annum. T

J.Besidestherwater for irrigation, a 2000 MWt dual purpose nuclear

plant would give some, 200 gross,MWepelectric power.

Investment for such a nuclear plant may be estlmated at some
US § 120 million. '

Aith the same method of caiculation as in the cage of the 110

- MWt rivdclear ‘plant, the 2, OOO MUt dual purpose nuclear plant would give

- the follewing unit prlces

'fq;,yqter:__; 19 US cents. 1000 gal. or 12.6 Fr. CFA/E3

for electricity 1.68 US cents powkWhor 4.2 Fr. CFA/kiWh

These prices would be three times 1ower than those in the
sMAdmini strative proaect"' but, on the other hand, investment would

i'be of such'a-éize that’ “the economlcs of the proaect in total shoyld be

.. checked iri all details. Oné of the main p01nts to be checked is.

which agricultural -products would Justlfy the irrigation cpsts..ﬁ
2 Soiar energy

Possibilities of.utilizétion of solar eneréﬁ are méﬁifold and in a
ccountry w1thout other Tesources of prlmary energy, as e.g. in Maurltanla,
it seems to be 1mperat1ve ‘that solar energy be utlllzed whenever it is
economically Juatlfled. Import of conventlonal (or later even nuclear)

fuelavand%burning 0f'7ﬁbd “ould be’ thereby 1argély reduced.

“With regard to technology the problems of solar energy utilization
" have been solved to a very 1arge degree, but rezl - difficulties exist in
the fact that 1nvestment costs for almost all applications of solar energy
are very high and as result conventional forms of ‘energy,even when

imporied;are often much cheaper.
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(a)  wWater desalination

Investment cobtsof distillers vary greatly with constructlon
and types of mzterlals used. Plastic covers, for example, are lower in
initial cost but, having less durability, are not necessarily so in
- production cost. With glass covers, the initial cost is of the order of
$ 15 to § 30 per Square metre with a lifetime of twenty years. With a
Yearly ylald of 1.5 to 2 m3 distilled water per square metre, a realistic
production cost estlmate is £1 to &2 per m3 of fresh water plus

operating labour cost -

_ ;t Large—scale solar dlstlllers face a much more dlfflcult situation

at least in the capa01ty range beyond 50 m3 per day. They must be usually
competitive with fresh water transport from more dlstant sourcesor with
other demineralization pProcesses. 3uch plants, yet to be bullt, may be
expected to produce at some $o. 3Q to 3 .65 (= 75 to 162 Fr. CFA) per

cubic meter in the near future.

- The large solar dlstlllers can 1ncorporate varlous refinements,
such as forced convectlon and multlple effect dlstlllatlon s» thereby
1mprov1ng efflclency but adding to 1nvestment cost 1f not to product
cost.. The, most optlmlstlc calculatlon of all in this category 1S
undoubtedly one arriving at a cost of about ¥ 0.08 or 20 Fr. CFi per
m3 T

Closer investigations on the reality of these estimates,

-should be carried out by some industrial enterprlses, the potential

;producers cf the large—scale dlstlllatlon plants.

{(b) Mechanical and electrig poiwer frou solar heat engines -

Solar heat can be converted to mechanical power - for direct use
as in water pumping and for further conversion to electricity - by means

"of plston and turbine engines accordlng to well-known principles.
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Possibly the most significint development, roported from Isracl
(12) nnd demonstrated -t . symposium in Rome in 1961, is a sm:ll
turbinc~sol:r powcr combinition brsced on 1 noew type of collcetor
and turbine, and operiting on ~ hoavy fluid (moncchlorbehzenc) with a
lower boiling point thsn water. © In this power "packaga", with - capacity
of from 2 to 10 k7, the turbinc ichieves an cfficiecncy of 15 to 20
per cont. The intial cost is cstimatoed 2t from §513 to $1,435 per
k7 installed with thc collcctor zccounting for more than 2/3 ~nd the
product cbst 1t from 34‘to 52 mills / k7h or 8.5 to 13 Fr. CFA/kWp.

Should the idcy of "sol:r ponds" bo solved ~ccordingly, the
colluctor cost could be roduced from %20 to &1 per m2 and thus put solar

power in an cntirely different category for rather large-scale production.

4 Msolar pond" oné sguare kilometrs in sizs could producc powsr
2t ten mills per kh, vith + production of 30 th ﬂur yeaur at

1.5 per cont OVLI—‘ll convorsion ufflclpncy

(¢) Other applications of solar encrgy

Solar ¢cnergy may boe uscd tlso for wator hoating, cooking,
refrigeration for food proscrvation; drying of agricultur:l nnd other
products and for t-lccemmunications. The: ogonomics of thesc applicitions
vary very much from cisc to case and 2ccording to the size of the plant.
Tt iz not poszible to give n opinion on the cconomic fenrsibility of solar
cnergy app1101tion in géneral, but ik A country likc Miuritania it may

beo rother ¢esy to find wmany-relntiwely econcmic #nys of using solar cnergy.

d How the solar onergy problaem should be tackled in Mauritania
g .

In m2ny developed countrics oi the world big Lffortu h- e been made
wad finawneisl 1;31>ttncb glVLn to incrsasc seicntific and tochnologlcﬁl
knorledge about ol ir CNCrgy ‘wtilizition. The "solir know — how'
does exist in the world wnd thercfore 1t is not necossary for developing

countrics to spend thelr limited means on rescarch and
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development work in the domain of solar cnergy utilization.
The cxisting mctcorelogical stations in the country should,
however, cxtond their activitics to wcasurcmoents of solar

Cnorgy.

As 3olar cnorgy is the only surc sourco of primwry cnergy
in the country, it is of very great importsnce to know for which
purpcasos and.to what oxtent it cain be uscd cconemically, in the

short 2nd in the long torms.

As 2 result of thit knowledge the geniral linc of
cnergy policy could be fixed with regard to the import of the other

cnergy forms nccossary for covering 11 requiremonts.

To got a8 guickly a8 possible 1 renlistic picture on the
applicability of solar cnergy to Hauritwniz, -~ UN Speeinl Fund
Project should bz established for o durztion ef throc months with

the following cxpoerts: .
Twe cxperts on practical sol.r energy utiliztion, preferably
onc frow Isriel :nd one from tho Ul

Cne¢ c¢xpert on the industrisl production costs of appliances -

simil.r to thosc which would be used for sclawr energy utilization.:

. .Ong export on! irrigition iwnd general witer supply problems.

Locnlly, thé_following experts should coll-borate 7ith the

Project: cxports ¢n agriculturc, cn soil 2nd on trade.
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= VI. - INTEGR-TED IRON 4¥D 3TS3L INDUSTRY

‘87,” Tha folléﬁing survey <of the compmr@tivc_%dﬁmnt}ges of Mmritonia
is 3 sife fﬁf nocowtal iron wnd steel works serving the sub=-rcgion

is similar to those previously mede for Gabon, Ghrnai and Liberia

(Iron wmd stoel wnd first stage of trnsPorention VoI T, T/CN.14 INR.72
dt.21 July 1964) -nd for convenicnee of refurence numboring of the

prragrnaphs is the same ns in that roport.

2.17. Tho Port-Eticnnc 3ite in quritmniq

The 51tu was svloctoed bLCanL 1t is 1ocmtgd at thq_tq:minus of
the rzll*=y 11nu th t transports tnb 1run ore mined by the Mifurmy Company
from Fort Gouraud Tnb port can eruudy handle exports of more than

6 million tong of oro nnutlly.

The site-chosen is south of the Eifera: compuny h.rbours, on the
Cap Blone Peninsul~ which is divigdod.in two by thr frontier with the
Rio de Orc, thus limiting the Lossible $ite vos to » coastal strip 2
km long and O.Sikm‘widdo Howover, wn cgroement might concoivably bo

concluded with the Rio de Oro to inoruase the ridth of this strip.

2.227 PortuEticnne_

The peninsul conmsists of o sandstone platsw rising bout 20
motTss above son lﬂvgl. This fiirly resiztnt typd of s0il can carry a
welight of 5 kg / cm and fvundption—lvyinb docs not svem fo present any
problbmo, but thc gfound will have to be levelled. 4 flrct ts ntative

cstimite of il million hns been m;de for the cost of the ontire operttion,

2.326 The Fort-sticnne harbour o

Thé vroposed harbour i loc:tcd south of the town of Port-Cticnne,
There thofc i3 oniy = smlll’fishing howrbour, "nd s ﬁ=~601nb vossels ﬁnlowd
their cargess on te lighteors, which ro the cnly craft 2ble to ro-ch the
hirbour. ' S : . e

There is approximately 40 fuct of rblF € %ow tide At the proposaed

location. The tot .l ringe is of the srder of 1.50 metres.
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Like the Miforma hirbour, the pl;nt harbour would be situated in
the Baie au Lévrier, well protected from the trade winds and
calm practically all the year round, except for one fortnight a year

shen the east winds blow.

2.46 The Port-itienne site

The only means of communication sith the interior are
the mine railway and the ssrvice track built alengside it. There

are air and sea links with Nouakchott, the capital.

2.5 4 fundamental disadvantage of the Pé?f Qtienﬂgméifé, however,
is the'question of water suprly, and an attempt has Eeen made 1o
estimate the additional cost entailed by the necessity of desalinating
sea~water. The known supplies of groundﬁater are inaufficieﬁt for'fhe
requirements of the plant. Furthermore, if these were used. reséfvés
would be very rapidly exhausted. One possible solution would be for
the plant to provide the electricity and fresh water it needs by a
a*mbination of a high-pressure boiler, a back-pressure turbine and a
sea-water desalinization plant. The exhaust steam frcm the back-
pressure turbine, with a temperature of ;500 - 200o and a pressure
of 4 - 15 atmospheres, would supply the necessary heat.

This type of project would be more economic than dne-dGSEgned to
produce separately the ekctricity and the low-pressure thermal energy

required for the desalinativbh.- plant.

Two variants were studied: in %he first it was supposed that the
plaht would:meet woter and electricity reguirements, but the problenm
df ensuring the continuity of operation necessary for running an iren and
steel plant was not taken into account. In t@q4§gppnd3a;ﬁe?natiVe,
hovever, it was aszumed that certain eguipment would be duplicated to

provide against break lowns or the necessity for major repairs.

Caleculations of fuel costs and the depreciation of the plant were
based on a fuel oil price of $35.30 and on the assumption of depreciation

at 8 per cent over twenty Jyears.
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The breakdown of the total ahnual expenditure of the generating

plant between the production of water and ele&fiicit& was estimated

by calculating the average cost price per kWL & on an’éguivalence

basis, assuming that a conventional power station would be built at

Port-Etienne to supply the iron and stéel plant and some other local

industries. . The prices of water and electricity quoted in the study
correspond to the arithmetical mean of the prices of all the

sub-variants and are given below:-

Price of‘Electricity $22.45 per 1,000 kWh
_price of Water 5362 OO per 1 OOO m3

A defailed study would be héééséary, hosever, to calculate the cost

" Prices more exactIy.

2.71. The fact that the Xiferms installations, with a treining
- grganization =Te not far away provides a good starting point for the

 $raining of *“he plan! workers.

L Prov131on would have to be made for hou31ng the labour force at
. Port-Et1enne, but some of the general fa0111t1es of the leerma
company could also be used by the iron and steel plant, subaect to

p0331b1e enlargement.

B q e The  Port-Btienne site

The plaft focatedht Port-Etienne would be supplied with ore from
Fort-Gouraud. Mining is carried out in the Tazadit and Fwerik areas
and ¥ill soon be extended to the Rouessa district. Reserves probably

exceed QOOVmillion tons.

“Only owe with an trom vontent exceeding 60 -per-cent.is sold at pregent.
Ore with an iron content below 48 per cent is considered sterile, and

med;um grade ore is kept in stock for subsequent rebandling” and

concentration.
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H!POTHBSIS A'“ The uomp031t10n of commerc1a1 ore varies between

| the follow1ng 11m1ts.'

ANALYSIS OF RICH ORE

ro ' | oL L "65;7 % S 62.0%

si 0, 0 32-35% o - 1.0%

c&0 0.7% S 0.7 %
By L.3-1.5% 1.3-1.5%
. Heat loss | L l.1-1 %‘ L c1d 7

It is ysually reckoned that Fe + Siﬂ2 = 69 per cent.

The moisture content due to watering at Port~Etienne varies from
1 to 2 per cent.
It may be assumed that the 1ron and steel plant will utilize the

leanest ores, which have a "dry" iron content of about 60 per cent.

It Would be p01n1&ess to water the ores when they reach the plant.

BYPOTHESIS B: The ore used at the plant would ‘be medlum grade ore of

which the average composition is given in the follow1ng table:

ANATYSIS OF MEDIUM GRADE ORE

Fe 53. 4:%“_-
ﬂa Si Oaht_ :. 7‘. condds W %

CaO .. - .

P 0.04 %

Heat loss. o L  M4.1S %
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anmial ore requirements, including the additional ore for the LD
steel process, would be 1n the region of 550 OOOtaBunder hypothe31$
A and 662 OOOquunder hynnthes1s B.

The cost of:ore. franco. plant works out at. $9.27:per ton under

hypothesis A and at $5.56 per ton under hypothesis B.

3. 72 Manganese ore .

The Miferma ore contalns hardly any manganeéé bnt, as its sulﬁhur-
content 1is low, 1t seems unneoesbary to prov1de for addltlonal supplles
of manganese ore. Only small %uantltles would ba nceded in any case. _
The slag from LD steel manufacture contalns 2 per cent of manganese a&éi°
to addltlons of ferro-manganebe at the steel Ilant ﬂhls slag thus seemsv'

to provlde an. adequate supply of manganese.

3.73 ) Coke and coke breeze

Under hypothe51s A, ebtlmated coke consumptlon is 518 kg per ton

of pig iron, plus a fuel oil injection of 160 kg.

If reguirements in coke brgeze 1 for ~nnterlng are taken into
account, the annual consumption of the plant amounts to 234,000 tons

(including coke breeze).

Undér hjpothésis B, coke requirements show an increase- -amounting
to 568 kg per ton of pig iron, assuming a fuel injection of 160 kg, -
Phe utilization of medium grdde ore moans an annusl coke consumpt

of 271,500 tons (including coke breeze).

3.75 Electricity _

Apart from the Miferma genmerator (8,000 kw - Diesel engine), there
is no other electricity supply available in the irea. The iron and steel
plant would thus be entirely dependent upon its own power station,
designed for the simultaneous production of fresh water from sea water

(see under paragraph 2.5).
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3.76 leestone o
L L A e oo R PR

Rather larae yuantities of llneotone are needed for the charges,'wv‘
as the ore from Fort Gourapd is siliceous, vhlch means that
approximately 233 kg of‘flux‘is'reiumféd per-ton of pig iren
under hypothesis A and appreximitely 563 kg under hypothesis. B.
Annual consumption of limestone works out at 8§3,900tonsand 202,700 %
respectively, without taking .into account the lime reiuéfemeh%é¥¥4~
of the steel plamt (43,000.40ns)

There 1s Y llmestone deposlt 1n the Atar axea,_close to the _
mining company railway and there are probably other dep051ts nearer _ ;
at hand.a In any case; 1t rould always be pos°1ble to 1mport good -
quality ilmestone by sea from aenegal Another solutlon would be’

to pick up supplies at a nuropean port thus prov1d1ng return :E‘rt—:o1g_z;h1:sff

for the ore-carriers. TUnder these conditions the. prlce of llmestone -

franco plant,_lncludlng unloxdlng charges, would be 4'2 8 per ton.

4.25 Mauritania

The monthly rabe of a labourer at lort 4t1enne on the basis of
e forty four hour wesk is betreen Fr CFA 10 000 and 12 060, _“ 
Social security contributions vary from 15 to 22 per cent of Nages.‘h"
The averige hourly wage of an unskilled. worker ¢can thus be-estimated

at $0.30. - el e N

ST N
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4.4 “PORT ETTENNE

CONVERSION CO3TS ($ 1,000 per annum)

ITEMS ‘ - .
o 7 Ovendo Fort Tema  Lower Monrovia  Port
Harcourt ' Buchanan ' Etienne
1 2 3 4 5 6 T
iébouf.‘ -
Hyp &4 1,174 1,326 1,151 1,381 1,381 1,386

Byp B 1,174 1,339 1,163 1,381 1,381 1,393

Lther \
. Hyp A 7,526 7,196 7,196 7,196 7,208 7,282
HypB 7,526 7,559 7,223 7,196 7,208 | 1,282

Total

Hyp &~ 8,700 8,522 8,347 8,577 8,589 8,667
Hyp B 8,700 8,898 _ 8,385 8,577 8,589 8,674
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5.135 Plant sited at Port-Etienne
Destination Distance transported Cost of ﬁgﬁgggqgjgﬁ/ton)“ Method
of finished (terminal costs included) of
products land
.. bysea  byland _ by sea by land __total _  transport
1. 2. L 4. 5. 6. 1.
Nouakchott/ - - - - - -
.. Port-Etienne )

- Dakar 650 - - 8.0 - 8.0 -

Monrovia 1,800 - 10.4 - 10.4 -
Gonakry T = B ” ok 3

“Mamcu T1400 0 250 9.6 9.2 18.8 Rail
Freetown 1500 - 10.0 - 0.0~ = -
Abidjan 2600 . - 12.0 - 12.0 -

.. Bouake 2600 G 12.G, . 9.2 - 21.2 - Rail

- pooTE 3000 - ORI N SN 4 B = 130 -
Tamale 30O 500 13.0 13.2 26.2 Road
Takoradi 2800 - 12.8 - 12.8 -
Tome 50 - 7378 = 13.2 -

" Sokode 350 T50 K% g2 554 Tail
Cotonou T3R50 - 13.4 - 13.4 -
Lagos 3400 - 13.8 - 13.8 -
Kano 3400 300 13.8 12.4 Rail

.. Pert Harcourt 3800 o 14,4 - 14.4 _
Gowbe/Bautchi 3800 750 14,2 11.6 26.0 Rail
Douzala 1550 - 5.0 - 15.0 -
Yaounde ... 4050 300 15.0 8.4  23.4 Road
Libreville 43100 - 15.2 - 15.2 -
Pointe Noire 4600 - 16.1 - 16.1 -
Brazzavills 4600 400 16.1 9.6 25.7 Rail
Bamako 650 1200 8.0 14.0 22.0 Rail
(uagadougoi 2600 1200 12.0 14.0 30.C Rail
Niamey 3250 300 T34 22.0 36.2 Road
Fort Kamy 3500 1250 1.4 21.2 35.6 Rail & Road
Bangui 43600 1600 16.1 18. 4 34.5 Rail &Water
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5.145 Freight rates ex Port-Etienne
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{(§perton)

Port nf
destination

% Share

- Preight Tates

Variants

given by ECA
for the study Conference
S .- % 1L SRS

of shipments

Special
. atndy rate

7

5.

Douala

3.4 15.00 21.00

13.60

Pointe Noire

3.6 16.10

23.80

14.40

Abidjan

10.8 12.00 16.10

11.70

2.6 13,40 .. 17.70..

el 2.0 B

14,00

1602

3.6 1520 o 2163 ..

: ._1_3?@@__.;; N e T GO

32,20

mTakaradimwmm_“M"Tmmm:m

— .._5,4; S . 12.80 _

oo b6 50 o 3. 90

_1.; 6, ——

e - - ,79.60 .__

e 1O

”'";0.10

Monrovia

6.6 10. 40

14.62

11.09

Nouakchott/P.Et.

2.3

—

Lagos

14.8 13.8C 18.10

12.70

Port Harcourt

15.6 14.40 19.42

13.02

Dakar

8.00 13.50. .

AE T 9'00

Freetown

1G.CC 14.30

10.20

Lome

13.20 1730

12.40

Average freight
welghted in
relation to tonnage
shipped.

100.0 12.24

11.67
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AVATILABLE

5.22 SUPTLIES  OF SLAG

- e - v« ..Hypothesis. . 4 ~Hypothesig B-- -~
S;te of p%gnt. Kg/t of tons per Kg/t of tons per
iron - anmum iron annim
1. 2. 3. 4. s,
oOVvENDO - 0.212 . 76,320 0.212 76, 320
“PORT HAR&OQ&T_ 0.229 82,260C 0.659 237,240 !
TEMA 0,229 82,260 0.350 126,000
CLOWER BUCHANAN  0.229 .. 82,260 0.229 82260
. MEWETE C0.313 . 112,680 0. 313 112,680,
- PORT. ETIENNE 0.385 138,600  0.693 249,480,
— . 5.236 . POI‘t “Etienne - Site . ,. B L T ey PR
olag from the plant mlght pos51b1y be used for road aulldlng3

of slag has been estimated as nil,

Bscause of the restricted size of the local market however, the price
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EITINAT S SCHLDULLS COMPARED - PEESTNTATION OF RESULTS

Unit = § 1,000

Hypo—

OVENDC PORT

point that it was not possib

for the othsr sites.

Sohsdule items TEMs ~ LOWGR ~ MONROVIA  PORT-
thesis . HARCOURT . BucHAmAW  ETIENNE
1. capital cest® A 107,000 (103,160) 103,100 107,0007105,8507 757,000
Equivalent annual _ S _
outlay 10,898 ( 10,501)° 10,501 10,898 10,7681 10,083
2. Raw materials 13,514  ( 14,889) 14,446 11,486 12,025 ..19,567 . -
3. Conversion costs 8,700 ( 8,522) 8,347 8,577 8,589 8,667
4. End costs - 673 (o Ly OBT Yo 3y T30 4y 28T by 206 5y 50
Total 37,785 { 37,979) 37,024 35,248 35,601 43,813
1. Capital costs B ~ 107,000 (112,600) 107,600 107,000 105,850 99,000
Equivalent annual
outlay T T - 10,898 ( 11,468) 10,959 10,898 10,781 - 105083
2. Raw materials 13,276 { 17,079) 17,355 10,615 11,696 19,454
3. Conversion costs 8,700 ( 8,898) 8,385 8,577 8,589 8,674
4. End costs 4,673 ( 4,067) 3,678 4,287 4,206 5,502
Total 37,547 ( 41,508) 40,377 34,377 35,272 43,713
Note:-~ The figures for Port Harcourti are put in brackets to emphasize the

le to survey this site as accurately as
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Unit... . . THypothesis . OVENTO PORT  _ TEMA LOWER MONROVIA ~PORT

” HARCOURT BUCHANAN =~ ETTERNE

Sper fon.of. 4 | 107.96  108.51.°105.78 100.71 101.72  125.20

iron or steslc B 107.28 118,59 115.34  98.22 100.78 124.89

% oof Lower .. . A . 107.2 . . 107.7. . 105.0 _ 100.0  101.0 124.3

Buchanan under

Hypothesis A B 106.5 117.8 114.5 97.5 100.1 124.0
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6.12 Analy31s of results
Let us, take flrst the results under hypoth651s A,

“ The. aner Buchanan site takes first place, closely followed by
Monro?ia. In fact the 1 per cent difference between the two sites
'need not be regaxded as szgnlflcant. The trend might be the other
'way round if surveys were made of foundatlons or a different hypothesis
were adopted regardlng the chozce of ores at Monrovia. The real
conclusion is that the two Libérian sites give . the best results and a

decision between them could be made only if more detailed surveys were

made later on.

Tema comes next but is rather badly handlcapped in the matter
_of raw materlals, partlelly compensated for by'lts excellent aituation

for the dlstrlbutlon of flnlshed proﬁucts.

The dlfference betwaen the Liberian 81tes and Tema is much greater
than that between Tema and Ovendo or Port Harcourt Tema rates 5 per
cent over Lower Buchanan,' Ovendo and Port Harcourt T, 2 per cent and

7 7 per cent reepectlvely.

Ovendd takes third place for raw materialsybut in the aggregate
falls to fourth on the score of capital costs (. difference due to costs
of accommodatlng and training manpower) and its poor situation for the

_dlstrlbutlon of finlehed producte._

“: The margin between Port Harcourt and Ovendo is very slight (0.5
per cént, as against 2.2 per cent between Ovendo and Tema) - However,
‘the. structure of expenditure items at Port Harcourt is closer to Tema's:
raw materials constitute the drawback (bigger than at Tema), partially,
~ ‘but"to a lesder extent,'offeet'byfitsffavourable'location for distribut-

“ing finished products (Port Harcourt takes second place in this respect).

e . -



E/CN..4/INR/54
Page 82

The Port-Etienne site comes last of all, in spite of the advantage
offered by the quality of the soil. ..In:fact, the market price of the are
franco plant,is amongst:th§4highest for the group of sites studied.
Furthermore, the price 6f fﬁéi oil is comparatively higher than in
the majority of the other ports included in the siudy. The drawback
affects the price of electricity and  intensifies the problem of
thé water shortage at Port-ftienne. Finally, %the out—of-the-way
location of the site in relation to the consumer markets serves to

“increase the'difference in the cost price of steel in comparison to
the most favourably located site.

Assuming that the price of fuel oil at Port-Etienne were the same
as the prices estimated for other locations such as Monro;ia, Port
Haroourt or Tsha, i.e. about $20.65 per fon, the cogt‘price of steel
would be reduced by $7.06 per tfon (hypoqhesis A), but.?he.pglative

position of the sites.would remain unchanged.

If we take kypothesis B, #e find first that the order of the

§ariant figures is unchanged, except for Tema and Ovendo: . the latter

- site in Gabon replaces the former in .third place. The marginal

differences widen considerably, however, {17.8 per cent between last
and first site as against 7.7 per cent under hypothesis A) with the

exceptlon of Port—mtlenne, for which the margin remains almost unchanged.

" This is because,; in the case ofuthe three sites_where commercial
ore is obtainable (Lowser Buchanan, Monrovia and Ovendo), reckoning the
"social" OOSt for ’est Africa instead of the market price of iron ore
Lreduces the cobt of raw materials. The difference in effect is not,
_hoqever, very great - O 7 to 2.5 per cent - and is mainly due to the
'}p031t10n at Tema and Port Harcourt belng worsened by the substitution of
'local for 1mported ore, sllghtly more so at Port Harcourt than at Tema.
‘JIt affects equally cap1tal COSts, raw materials and conversion costs.
| " With regard to the Ovenda 31te, ‘it  should be remembered that it
can be considered only if the Belinga mine is operating and this cannot
happen before 1972 at the earliest.

Finally, the use of leaner ore at Port-Etienne means relative

stability in the cost price of steel.
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Table No.1.6

SCHEDULE OF ESTIMATES FOR A PLANT LOCATED AT PORT ETIENNE - -
—-HYPOTHESI8=A;~"rich oTé at market price - B, Local ore at _"sacial" cost

__ SCHEDULE: ITHM Hypo-Unit GQuantity  Unit price. dnmual-voss
.Fenee Demomimatiohn— = thg-  7needed (¥ per unit) § per year
e - : annually
L ,u_“ummmmzf . T e T mﬁt
1. CAPITAL CO3TS ($1,000) = S -
“liT Foundations : A-B. (1,000)
1.2 Erection of" Wharf A-B. e ~TTTT(E, 000)
"m1a3Jﬁé§é£iéﬁpplieé A-B- -
1.4-Iron & steel plant _A-B e e 827500
-1:5 Traifing of labgur - - A-B 11,000 ,
l.é Acc9999g@j;9g¢igrmlaboumﬂﬁwHAW_ e e 3,500
TOTAL (1) - A-B 99,000
- pguivalent annual cosbs A-B
($ per-year) 10,083,180
2 RAW MATZRIALS ($)
2.} Tron oFe = BIast furnace __ 52 33,480,000 . :
T Ay T 527,760 9.27 4,892,335
N B 640,080 8.54 3,546,043
e T A L. 1,432,080
A * 1
2.2A;r6ﬁ7Q;e -~ steelworks B 1,432,080 — S
B 224500 92T 208,575
i B 22,500  9.27 208,575
2.3 ﬂ%ﬁééﬁese ore g t - - =
——— A L 188,480 2408 E.779.350
2.4 Coke for blast-furnace B t 204,480 24.02 4,911,600
. A 47,520 24,02 1,141,430
2:3 Coke breeze B Y 66,987 24,02 1,609,028
o A 57,600 35.30 2,033,280
2.6-Fuel o0il for blast furnace B t 57,600 35.30 2,033,280
cont...2




!

E/CN.14/1NR/54
Page 84

. - Table 1.6 cont... ‘ o L

2.8 Blectricity ' 100Kw/h 101,400 22.45 2,276,430
" kw T 15,600 ... 0.

w00 T T

_ 83,880 2 234,864
202,700 2. 567,560
2

o

43,000 .+ 120,400
43,000 120,400

& o

2.9 Scrap iron"

2.10 Limestone for blast
. _ furnace.

A
B
2-ll'iimestone for steelworks g t! 

2.12 Fresh water A-B 1000m> 7,008  -362.0 2,536,656

2.13 Miscellaneous materials Af@rnmf“_m“m“T mV;;~.~ - _” ]13024’24OH

e —
ToTAL (2) 4 - 19,153,577

=‘—“'é‘a:i—==::====_—.=z===================z==============.—.==:======================

U

3.  CONVERSION COSTS R

S 4,604,160 - 0.301 1,385,852
o3 §??°u‘m-w~ © e ghour/ye  eor T 1 g0 0.301 1,392,781

a2 o 7,281,550
' B . 1,281,550

TOTAL '( 3) o S A 8,667,402 ..
e B e 8,614,331

=====z====z=================================:‘_‘==_—_====f==-__=___=====;::======.===
o - I - j =
. e - S ..__._...._neo.nt...‘_ et

ﬁ L B S
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~Tablc 1.6 cont...

| 1.-_ ? 1  ;E'Z. 3 4 54 . 6. G

4. END PROTUCTS

4ﬁ1. Trangport of finished' A-B t 350,000 ‘15.72 5,502,000

products
i o A 138,600  ~— -
4ﬁ2n Sale‘of:slag | B t 249,480 S | _
. 5,502,000
Z==== ?- 9?%?—-(-1—}?——'———-————————-i-'-“——‘——=--————————-======::-.—..:=:====::2é22§.’—.2gc=)====
5.  RECAPITULATION
5.1: Capital costs . aB - . 10,083,150
5;2. Raw materials : A ‘ : 19,967,215
c 5 19,453,577
ey T 8,667,402
5f3 ?onve?syon costs % _ 5 | 8,674,331
5;4- End ﬁroducts % : ; k 54 502,000
: 5 L | ; - 53502,000
. éENEBALéTOTAL % : . : L 435819, 767
R - - 43,380,262

o | A % 350,0@0 125.20 43,819,767
Costg per ton of steel 3 ; 124.89 . 43?713,058

e e e e e e e e e A e e A et s S m e e S E ST S S T e e T I TS
TSRS oo e S R S N S SR R S S T S R S T R T RS S S SR SRR EEEEESEEEE = m e =T
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VII OTHER POSSIBILITISS OF INDUSTRIAL DEVELOPMENT

l. A%t present only e_emell proportion of{the population of
Mauritanie 5re wage earners. cut of a total population of about 850,000
only 14,300 are employed '

, The dlstrlbutlon of employment 1nto ‘major working categories is

as followe°4 :

Lﬁ;

Agrlculture and flehlng o 1326

; Mines and quarrles ' | 3,265

| ln#uetry of transformation 191 -

| Building and. public woré' | 2,503
Watef and electricity; ' 124
Banks and conmeree | : 435
Transport o ; 3 841

5 Services ifi' % e e -6,599; o

: ! Total § 14 289

{ The number of employees employed by the prlvate sector is 8,090 and
by the publlc sector 6 194. : ;5

. With the exception'of the group "Serv1ces" where most of the
people are employed 1n central and publlc offlcee, the magorlty of
employees are engaged dn "Mines and nuarles". Prectlcelly all theee
employees are concentrated in the work of the mining corporation "Miferma'.
The ,  same is' true of employees in the category "Building and publiec work",
th have been mainly concerned in bulldlng the mlnlng facilities of

thejzron-ore mine at Fort Gouraud.

Besides the mining 1nduetry there are at present practloally
no other industries. The category of "Industry of Traneformatlon'ln which
about 1 per cent of total employees is concentrated represents in

general the bakeries, garages, one prlntlngaofflce, some tazlors and

two. 301ner1es.
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- . . Mauritania has at present very few technically qﬁalified nationa1s

as shown in the following tables:

Nationals Foreigners Total % of
| E TR Fpreigners
. Directors e .8 113 119 98
Managers | 3& 928 962 96
‘ualified suployees 137 . 324 . 461 .. .0
Qualified workers o701 2,003 2,704, - T4 ...
Othérs qualified 1,102+ = . 500 . 11,602 31
Yorkers 4,415 156 4,571 3
‘Total 6,395 4,084 10,479 39
Nationals ForeignersTotal. % of
Foreigners
Professionals working on metals . 14 71 .85 .___83‘ _
of which: mechaniocs T 100 .. 35 _ }45 A”;.“ 17 -
welders 1 16 17 fwf." 93 o
tin smiths - 2 2 100
boiler-makers B 4. 100 .
locksmiths - - cLees .o il 1000
fitters - 3 -13 16 80,
"Blectricians - B 5 - 66 71-: .. 92
Profétsiofats work.on building ~ 243 - 388. 631 60 .
‘-oﬁ wpi&h: b;icK1a&ér$,‘“":‘ 4__93 o 142 '235-¢m“1 60"
oS V‘%%@gggéarééné#;d _.729 ._32“ :.___éiﬁ_i_ w517,
joiners 32 91 123 73"
'ﬁaGép;'_fw 23 4 et 15
painters’ 25 57 82 70
“ ﬁiuéﬂefs _l. - 4 }24- 28 85
engine-drivers i 1T 2 62

drivers 27 21 4 44
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Most of tne iuwllfled peraonnelAre concentrated at Fort Goulaud
in the iron ore mine and at Port~Etienne where they work in port and

mechanical repalr shops both owned by Miferma.

891'-The\ﬁeeieive factor in increasing the national income of Mauritania
wo-ig-the-mining -of-raw materials .and possibly their transformation for
export. The exgan51on of small-scale local industries is strmwtly limited

by the small 1nternal market and the SParse ropulation of the country.

The most valuable raw materials at present and 3iso ¥n
the. near futurc are the rich deposits of iron ore at Fort Gouraud and

the reserves of odpper ores .at Akjoujt.

On the other hand aeegunt must be taken of the lack of sources of

primary energy, the lack of water for dlrect industrial consumﬁtlon,

_ the complete lack of hauretanlan technlcal workers and the very low

local consumption.

-Ag-Ffar as the copper.ore. depesit.is concernsd thdre is 2 sgtrong
‘_possibility'of reviving mining and ore dressing (up to the copper
"cohcentrate}: ~Phe revival-ef nznlng activities. may encounter congifer-

able difficult:y 1in securing the necebsary anount -of water  (100-150
l/peo whieh Would have to be trar portgd from Benishab- to Akjoujt
(2 distance of 120 km). :

3. The question of the further trainsformation of.iron.ore is still
more ccmplicated, especially frem the point of view of the inadequate
suﬁﬁly of other necessary raw materials, water and lack of ccntres

and markets. As has already been shown these circumstances put Mauritania
at a considerable disadvantage as compared with other looatioms on the
Yest African Coast as a site for an integrated iron and steel works.
There exists however the possibility of 1nsta111ng a blast furnace
plant to smelt some of the o001ete Miferma's iron ore to produce

pig iren for:export. The production would be based on the import of
coking coal and the surplus of energy in the form of biast—furnace gas
and coke oven gas might be used partly in the demineralizing process of

sea water aﬁ& partly as a source for the production of electric
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power and refining the'by-products of the coke evens. .

Under Mauritantan. conditions ‘the production of pig~iron should be
- 'done ‘preferably ‘on the basis of sorted hlgh—grade iren- ore, without

" agglomeration or pelletizing.

Should the productlon of plg iron attain 1 million tons per year
(and this should be c0n31dered as ‘the economic limit for thls type of
production - two blast furnaces &t coa 1000 m3), approx;mately 900,000
tons of coking coal would be imported per year. ﬁnder these conditions
a geries of coke ovens would have to be installéd to obtain furnace coke,
in addition to whlch it would be necebsary to set up all the installations
for extractlng by—products of coalu The coke ovens should produce about
700 J00 tons of coke per year. The greatest part of it (cca 600,000 tons)
would be used in the furnaces and the remaining part of fine coke might

find other industrial uses.

This would im@iy'the building and equipping of wharves to permit
the unloading of products.neceésary for pig iroﬁ processing and the
loading of exporf'producﬁs, without interfering with the loading of
ore carriers. The necessary amount'5f limestone is possibly available,

not too far from the Miferma  railroad, in the region of Atar.

Thls type of product1on would result in an excess of energy
‘in the ‘form of blast-furnace and coke—oven gas totalling about
1,400,000 glgacalorles.—/ 0f this approximately 500-600,000 Gical
would be used for demineralization of sea water (needed in the process~—
ing of pig iron} in a combination which would provide at one and the same
“time abundant and relatively cheap electriciby, which might also encourage
the' establishment of other local industries. The rémaihder, i.e.
approx. 800,000 G:cal would be available either for the prodﬁction of
electric energy or for further industrial use. This would have a

favourable influsence on the general energy situation in Mauritania.

x/ 1 Gigacalorie (Geal) = 10% keal
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The by ~products of coko produotlon imoni e & L3y phunols, turs,
ste. might bo used L bisis for “the production of fertiliz. S,
7 (oulph tb;of ,mmnlum) insectlc;ﬁgg or dyes, rusins vte., wad this
-1 ﬂl&ht hglp to 1ncrf' ¢ ometh#_thf lee 1 rgriculturzl, production and

might contrlbutu to tk dcvblopmgnt ¢f loeal suall scale industry.

Thbub goenoral outllnyo o ba cd on tachnical pPossibilitics,
Thblr ¢ezllzytlon vould rugulry, of couruu, 1 MOTGC dctLllud study,
eupeclally in rvgwxd to thb 1mport of 00“1 :nd the pdSsibility of

'uxportlnb rig ircn.

90, knorlbagu of thao &yoloéy of the T.R.T. and ofrfhe mode of
orlgln of the "difforont minarals Brisent ( utudy of the mgtullogenlc
provineds and o cpochs of the- country) forms the b.sis of Any real
APPT Sl of its mincral ros 3ourecss. ‘ulthough nuch is knoiwn ‘in thim
respeet, yot nony luportnt vrobloms ~ro 8t1ll unzolved nd o

mors complata p;ctur“ showing the corry 13tion of tho guolugy of the
cvuntry ith its mincral beLurcuu 1fuld bp poada. Thb publication
of gmolﬁglc 11 n\@ onjﬂ 0011¢ of 1:1 OOO 000 nox be 1n6 undvrt>kgn,

' w111 gr tlJ hblﬁ in this dlructhn o

91 Fturtfor both the domeutic Use ol the peoyle >nd for industriali-o
z:tion purposses his bown woailable so farang 1t scems ossible tht
JnouBh Tater 4111 be found to un . bl thu noi 1ds to'settlp down “ind

.rllou their lquotUCk It is rbOvaundud th,t d s should bo built

T oat sult wblo L,luzcs in the ﬂlluv1 1 aufoolts doun to be d-rock to

pruucrve SC«TCM but valumblc ryln Jltur- A purvqy of thur rbuOurCuh

i es;untl 1 horbvur, to Sy how fir tbuy wra ¢ plblu of m;gtlng long
turm rnqulromunto or rncthur dvs lln tlon A11l be hocessary to supplemcnt
thbﬁ

92.  Thy powssibility of‘qsing_solsr;enurgy‘should be cxiumined and it

is roccumended. thit 4 UN Special Fund Project skould be .inititegd

for this purvosc. ) e e




' E/CN.lé/IﬁR/54
Puwe 95

93. The inventory of minor: 1l Lo 8oUrees showed the prysencu of
_%PPTuCllblu ~mount ¢f different mlnbrﬂla and good prOSpGCtb for
imlneral dloOOVurly in both the cryatxlllnu rocks 1nd 1n thv nore
-_rccent budlm nt*ry serics 1s antlclp tud. Indeod thcre is little
A;jdoubt thit thp mlnurxloloutput wzll ma kd Ln 1ncreab1ng contrlbutlon
to the n= tlongl production of I. R-h. 1n the future.,:”;ﬂﬁan
Iron oTw outyut rzched ibout 5 mllllon tonb llbt ye . of

2 VePy . rlch orc from Fort Gouraud Thb coppur-gold dep051ts

of akjoujt re mbout to be bxploltud Othuf iron and copper

dopoaits are in slght. Gypsum, beryl, and chromite h~ e been

partly bxplored nd =re cxpected to be uXplOlted in thu futuru,
Limestonas nd cl ys e praswnt in great amounts- and 1re’
potentiil"isslts'for“future usds, but >nalyscs of these should be

s awhilable. Both phosphites nd black sands are potential
deposits for future cxploitation. The crection of 2 superphosphito
f.ctory dvnundlnb on the phosphate deposits of givé and 2 sulphuric
Cacid 1ndustry depending on the skjouit oré is a posalblli%y for
ﬁfﬁturé'prOspcctS"hnd ¢ills for a1 fe-.3ibility study. ““6oid, molybdenum,
wolffimiteg fiubféphr,‘Vanﬁdium,inickul'and radioarétive mincrals
a7 Mnown to oscur in I.R.t. - Future sxploratieoniwork¥igThseded for

their appr:isal nd for spotiing AGi depoaitse’ i T 0 el

--94+ - Thero is » strong possibility of finding_cmrbpnaceous deposits,
which ire much noceded by I.R.F. in the Taoudenni basin ind the oil
. possibilities of the country .re not completely explored.. The

GCovernmont. is dvised to c.rry.-oub: v programme to gearch. for local

. o3yl deposits and to.invitc interested people to continue exploring

its oil possibilitics, putting at their disposal a1l the available
d.ta.

A%
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¥5. It is to be noted that a prospection project should be carried

out right to a final conclusion. For instaflce, anomalies discovered
by airborne surveyé should be fallowed up untilj#&s certain that theyare
to. bo  disregrded for the present or are proved to be potential
economic deposits. Airborne surveys should be followed by ground
geophysical surveys and/or by geochemical surveysand then by drilling,
whenever promising anomalies are ascertained. The Government of

I.R.¥. is advised to find a way to drill the two large magnetic
anomalies, which are covered by sand dunes at Aguilat-Fay, as soon

‘as possible. Also to investigate on ground all the exposed anomalies
discovered from the air.

96. While a pig iron exporting industry is a technical possibility
the detailed cost calculation presented in this report showsthat
Mauritania is at a considerable disadvantage as a site for integrated

iron and steel works.

9*, One of the basic problems of I.R.M. is the lack of qualified
technicians that can satlsfy at a high level the technical requirements
of mineral appraisal and of industries based on mineral resources.

Efforts should be made to fill this lacuna as soon as possible. This
is a necessity for further progress.

98  The French "Fonds d'Alide et de Coopération" (FAC) . have
contributed greatly in exploring different potentialities of I. R.M.
‘and. in executing prospection projects. 4 greater part of the projects
-included in‘the present four-year plan is actually financed by the
-same organization. GSome of these projects -are mentioned in Previous
chapters.

99 The case of I.R.M. is an example of the fact that'usually the
countries, which are least developed receive the least fechnical

assistance fyartls United Nations.

o
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3CL, the Toehnical éssist nce Be.rd or opuel: l Fund ean ¢ nvlp

with regard to:

1) Axnnndlnb the proscnt obntru in Baknr for the

application of sol=r energy.
(b) The asscssment of the minoral potgntl_ls of T.Rebe

- Assistance with reg.rd to the running of tho

Geologichl Survey =nd Departacnt of binss, of

which = nuclcus 1lre~dy oxigts.

(d) Assistwunce with rog.rd to problems connectoed with
rining logislation. 5y
His 'xc:illency D. .lph., tho dinister of Bconomic Lffuirs
wsked the Direector of @ incs to wrepre o reguest for assistunce
concerning @ miner-l apprais:l of the country but i%-is understood

tht they oo in noed of wdvice 3 to 1ts formul. tion.

Some cthor ron ks :nd more detailced information ~re given

in the provicus chivpters.
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