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jatreducsion
Up to thia dey, no selt is bdeing 'in'mcod in the Republic

of Tego. Im other words, every single tom of salt has teo
e imperted.

Sincse rnk-oofi deposits are unknown in the area, the Te-
gelsss government began in 1962 with Germen technical aid
te look into the pessidbilitiea of obtaining soler sait on
the coeat. A report (1)* was prepared for the purpose.

The positive result of these investigations prompted a
further report (2)* en the establishment of s solar-salt
plant with en annual capecity of 10,000 tons or, altsrna-
tively, 20,000 tons. The agreement of Bamako, acocording to
wvhich Tego wea to supply Dahomey, Upper Velta, Niger end
Nigeria with eclar salt, rssulted in an additional report
(3)* regarding the pessibility of preducing 100,000 tens
of selar salt per year.

Vhen this agreement did net maserialise, the Tegolese govern-
ment togeother with a privats oonsortium eatadlished the

Salin du Tege (Salinse) in 1969. It is the purpese of that
cempany te aasure ampls domestic suppliea of salt to Togeo.

For thias purposs, Selinte prepared ancther repert (4)* which
wvas ossentielly based en the preceding studies and investiga-
ted the economy gt smaller salt production facilities. An
initial anmual u\p\_notty of 5,000 tons waa cheeen. In a se-
oond stage, production was tc e increassed to approx, 10,000
tons por yeoar teo satisfy actual demand.

After Salinte haed started planning and building the salime
early im 1971, s mumber of preblems were ensountered, wvhieh
have still te be selvad.

¢ See references




AS & result, DES was oceantracted by UNIDO Se assiss Ssiinto
vish practicel advice snd to prepare s repert covering the
felleving subjeets:

& The present atatus of planning.

IZI The omt‘ncttu wvork perfermed wp teo dats,

IIT A ouc.ntl.oaltor the construction of » profitadle so-
lar plsus, including the design of sea-vater intake fa-
silities and solar pends,.

IV Imstructiens for execution of the comstructien werk.

<

Selectien sf suitable machinery.
v . Instructions for the preduction eof soler sals,
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3. Iindings, conclusions, recommendations

During their first viait to Salintec in Togo in the period
from April 18 to 27, 1971, DBS representativea were able
to maks the following observations:

. Salinto ia hard pressed for time. The first sslt harveet
1is scheduled to be collscted in the espring of 1972, since
otherviee slmost "2 yeer would be lest, placing s con-
siderable fimancisl burden em Sslinto.

. Verk on the construction of the aaline was started by Se-
1into eerly 1in 1971,

The deaign and construction decumente prepared by Salinto
up $o date are insufficient and have to be modified.

‘8slinto lacks accurate surveying dete on the sea side end
partly also on the land aide.

Salinto has no concrete plans regarding sea-water intake.
On the other hand, the intske peint ie fixed dy construction
of the pump houss. The pumps are slready svsilable.

Sslinto has no conorete plane concerning the sise snd cen-

. struction of the selar ponds. Accordimg to the drawing,
the oryatallisers are plenned in the form of comcrete
basins on the sandy beach.

The processing and packing sf the aelar sslt remein to
b clarified.

The capital sveilable et present will herdly last threugh
the firet cemstruction stage.

Based sn the above observetions, the investigations mede
on the spot and s thorough study ef existing possibilisies,
ve wish to summarise our recommendations for expension of
the seline as follows:
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Surveying: up to & water depth of approx. 5 m» at aes end
from the pump houae to the end of the pipe line on lend.

Construction of the sea-water imtake 1ine on the ses bot-
tom to allovw the pumping cf ses water te be stsrted by
November (Aunex 18).

Installation of pumps as deep e moibh. mex, }).8 m above
oSN 868 level.

Laying of aea-water pressure line with allowence for longi-
Sudinal strein (Annex 21),

Construction of cmuutuuoh ponds in loamy soil.
Construction of solar plsnt sccerding tc Annex 22,
Completion of storage buildings end erection of the of-

fice building.

Brection of a weether atstion and an experimentsl pend on
the premises of the saline.

Instellation of vashing, centrifugal snd ba ging facili-
ties (Anmnex 23).

Training of 1| = 2 Togelese techniciens in a suitable solar
saline for sudsequent employment as managers.

Checking of the differemt construction stages completed
by Salinte end Sechaical sesiatence up to sthe sslt harvess.

Full payment of the company's capital steck and, if pes-
aible, procurement of a lean on faverable terms (Develep-
ment Bank) te fund the first comstruction stage.
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nowic aspecta of aalt (-]

The Repudblic of Tego, situated on the Gulf of Benin be-
tween Dahomey and Ghana, extenda some 550 km to the north,
while ita ase ccaat ia only about 30 km long (see Annex 1),

Rock-salt dopalttn have not been discovered in the country
a0 far and thera ia no solar-salt plant. As a reault, all
of the salt consumed in the country haa to be imported.

The purposa of the asolar-salt plant to be erected by Sa-
1into ia gradually to meet the domestic demend for salt.
In the first atage with an sanmual production capacity of
35,000 tons about half tha preasent demend will be met, Com-
plete coverage of domestic demand will be reached in the
second atage with an anmual capacity of 10,000 tons.

The Selin.c report (4)* mentioned before sasumes a net
profit of sbout 30 £ already in the firat pheae and cne
of almoat 50 £ in the second phasa. Bven if it is assumed
thet the capital coat used in theae celculations is too low,
it may be expected on account of preaent wvholeaale prices
that & production facility with an annmual capacity of %,000
tons will cperate profitadly.

ation [ consumpt

The populstion of Togo increecaed from 1.29 million in 1956
to 1.724 millton in 1967. A figure of 1.815 million 1o
given for 1970.

Aseuming sn average anmual consumption of apprex. 6.0 kg
of aalt per cepita, an oversll consumption of approx,
11,000 tons per yeer has to be expected. Since imports ge-
nerally remain below this figure, it may be sassumed thet
part of the population in the extensive border aress, in
wvhich effactive control is practicelly imposaible, take
advantage of illegsl imports, edbove all from meighdoring

® Bee refesrences . .
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Ghana where eclar eelt is being preduced.

Salt censumption will undoudtedly further increase as the
population grows (by about 2.0 to 2.5 £ annually) and as
high-see fishing ia modernised.

In eaddition, thare will be e growing demand for industriel
and curing aslt in the semse measure a2 the induatrislisa-
tion of the country makea progress.

is=porte
Yolume .

Annex 2 aummarisea salt imperta fer the yeara 1948 to 1969,

It is evidant that en avarage of approx. 7,200 tons wvare
imported in aech of the paat five yeara.

The peak of approx. 10 - 11,000 tons in 1951, 1958 and

1962 to 1964 should be due to importa that were reexperted
te Upper Volte end Niger. The overall trend is towarda in-
aresaed aalt imperta.

Soyntries of origin
The principel supplier of salt ia Spain vhich centributee
about 50 % of the everall imperss, followed by;

Senegel

Bgypt

Algeries

Itealy

Federal Rapublic of Germeany
France

Oreat Britain

the Netherlends,

¥.2.3 prjces gmd quejity
Annex 3 1ista the value of anmwmal salt imporss plus net
impert pricas per ten fer the period frem 1963 to 1969,
In the period from 1967 to 1969 aowe Pr CPA 66 million
of foereign exchange were apent on sslt importa every yoar,
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During that peried, the mnet import prica wvas approx. Pr Cfas
9,000 per ton = DN 120.- per ton (1 DM = 75 Pr Cfa).

In additien, there were import duties and fees amounting
te sbout 25 £. In 1970, the wholaaele price per ton in Lomb
wea Fr Ofa 13.’.320 s DM 178.-.

By far the major portion of the imported salt is aeclar asalt
of medium to coarase grain, whitish-gray color end high
moisture content. Thie aalt from the Mediterranean countriea
and Senegal ie generally pecked in 18-kg burlap baga -
recently alao in plaetic bags. The 18-kg bag ia preaently
the atendard sales itewm in Togo, aince loada are carried
slmost exclueively on ths head by women. In addition, the
2%-kg bag ia making alov pregresa, while 50-kg begs are in
very low demand,

Department atorea alaso offer medium-grain commen aslt in
1=kg plastic bags and fine-grain table selt in 1/2-kg bags.
Newever, the ealea volume is lov aimce only a amall pertion
of the urban population cen afford to pey the high price

of epprox. Fr Cfa 75.

Cemmunjogtions and shipping eest

The road network in Togo hsa bean cemsidersbly impreved

in the courae of the pnt‘ few yesrs. The coastel road froms
the border of Ghana to the border of Dahomey hea been ex-
panded into an interregional highwey and the read frowm Lomb
to Panlind provided with an eaphelts surfece. In sddition,
improvemsnt of the read to the north vie Blitta, Sccodé

end Mango up to the border hea been started in order teo
1ink up the north of the country with the exiating cem-
munications metwerk.

Shipment of the aslt to the intarier of the ceuntry ia
wovally made Ly rail up to the nerthernmeat atetion, which
{a the tewn of Blitta seme 2350 ke frem Lemb,



Salt Imports amd Salt Prices

500y YOS |ONUUD SO

uDSNOY} U=t
od 2onrd yow

annuol '
imperts

¢ o ——. N 4

Importatioms et prix du sel :
4 a
//\“"—"-—-A-'ﬂbnb ’
./\:\
I R Sy
2 W0 1966 1963 965 967

sovve; o o ad yduy ' . '
W U siaduy pnue R g .
SO US UD Jod s
4D S0P J0JDA 8 |
V4 4d "III!W:
)
5'35%3’,',2”4'213 L e °




\

A&

DEUTSCHE BERATUNGBGESELLSONART FOR SALINENTECHNIK M. 8. H.
-4 -

Read shipment from Blitta further tc the north ia still
limited largely to the dry asason,

According to the Salinto report (4)+#, freight charges are
the following:

Reil shipmens .(10-ton consignments)

Lowmb - Palind Pr Cfa 775 per tomn
Lomb - Atakpambé Fr Cfa 1,050 per ton
Lomb - Blitta Pr Cfa 1,700 per ten,

For road shipment to the nerth, the fellowving additionsl
c0o8¢s are incurred:

BDlitta - Secodéd 9O km Fr Cfa 1,275 per ton
Blitta - Bassari 150 km Pr Cfa 2,250 per ton
Blitta - Lamakara 161 km Fr Cfa 2,415 per ton

Blista - Kandéd 25" km Pr Cfa 3,765 per ton.
Blitta - Mango 331 km PFr Cfa 4,975 per ton
Blitta - Dapango 400 km Fr Cfa 6,090 per tem.

These high freight charges add considersbly to salt prices
in the imnterior of the country. However, ss pregress is
mede in the extension and improvement ef the road metwerk,
theae coats should be reduced.

i s of ex t

There should be a concrete possibility of fusture aalt ex-
ports by Sslinto to meighboring Dahomey wvhich is part ef
the Cfa ares. With its population of some 2.6 million, De-
howmey likewvise has to depend on salt imports.

The aituation ef the proeduction facilities near the Dahoesny
border and goed road cennectiens should preve te be of
particular advantage.

Pessibilitiea of expertastion te Niger will alse have teo
be studied,

¢ See references
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fite sejection

A solar saline requires fairly flat, low country at sea
level with s minimum of vegetation cover. The soil sheuld
be loamy, i.e. impermeable to water, to avoid costly eeal-
ing vork. Moreover, the area ehould net be used sgricultur-
ally.

An area of this type was diecovered west of Anecho by Dr.
Jakubowsky together with the author of the present repert
and was suggested to the Togoleee government as e suitsble
site for a solar sslime. This area is about 1,000 m morth
of the sandy beach betveen Guen Kopé and Anecho. It extends
about 1.2 to 1.5 km north te the lsgoon and sbout 5 km in
weet-east direction (see Anmex &),

Tho subsoil at the eita comnsiete eof firm, bluish-gray,
vatertight clay which during the dry season censolidates
inte a hard eurface and is thue ideally euited for the con-
structien of selsr pends.

The castern part eof She site waa teopegraphically surveyed
tn 196) as part of she German technical assistence program.
A corresponding survey of the western part vas performed
By the Service Tepegraphique Togolaise in 1968. These sur-
veys confirm thst there are extremely small level differ-
onces so that the development of the required areas is com-
siderably facilitsted. Sslinto is planning construction of
the ssline in the weetern part of the area deacsribed, rough-
1y at the height of km 41 end km 42 of the railway lime,
a8 was eriginally proepesed in the repert (J3)*.

¢ See references
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As regerda communications, the site of the saline is favor-
ably lecated aome 200 » awvay rron_ the Keta-Akonda station
of the Lomb-Amecho railracd and aowme 800 m from the newly
built coastal highway, At preaent, a lsterite-aurfaced
tnolﬁ connecta the saline with the coastal highway.

Por the l\lel; of sea vater, the report (3)* had previded
for the installation of an additional pump on the CTMB
whart at Kpéwmé. The sea water was te be foed to the sterage
basin in the far weatern corner eof the site through s pipe
1ine about 1.3 km long and a canal about J ke long, follow-
ing the railroed track,

In the construction of the saline, Salinte did net fellow
this recommendation, but built 4ta ewn pump houae fer sea-
wvater collectien at the beach ef Keta Akenda.

For the problems invelved, see Sectien 9.

o8¢0 refeorences
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tic aspects

The aocuth of Togo has a typically equstorial climate with
Swvo aeparste rsiny seasons, The annusl amount of precipi-
tation in all parts of the country is over 1,000 mm, with
She exception of the 30 to 40 km wide cosatal ares.

Bxact knowledge of climatic conditions at the proposed site
ie, of couree, of decieive importance for solar-salt pro-
duction,

The "ASECNA® Exploitation Meteorologique maintains a central
etation st Lomé Airpert, to which asnother 60 meteoroclogical
etations are sttached. The stations nearest the site of

the aaline are:

Lemb Ville
Lemé Airpers
Tegevilla
Awecho,

Pars of the dsta compilad by theae statiens cever a peried
of wp to 3O years and thus previde good averagea.

Oving to the fsct, hewever, that grestly varying values are
ebtained over distancee of just a few kilometers - as ie
evident from the follewing tables - it is adviaable to preo-
vide the saline with a ntiorolutcnl station of ita own
(see Section 10.3).

Rxaperation rates

Of decisive importance for the operatien of a selsr saline,
above all in regions with twe rainy seasons, ia the exsct
knowledge of monthly evaporation rates. In his report (1)'.
Dr. Jekubowsky pointed out that the messurement data aveil-
able vary greatly and therefore hava to be uaed with caution,
For the year 1961 he gave s total evaporation volume of
574.4 mm. In order to obtsin meore accurate information,

we consulted the ASECNA st Lomd Airpert and checked she

>

* See references
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records of the past years for those stations that are auit-
able for aseenament and have regiatered the eveporation
rate, '

The mean valuea for the period from 1959 to 1963 are 1listed
in the table (Annex 35).

e’

From thess data, the folloving average anmual evaporation
volumes are obtained:

Lombé Airpers 867.0 mm
Tegoville 528.8 mm,

Unfortunately, svaporation is not measured at Anecho, which
1o nearest the site of the salin, The sforementioned fi-
gure for Lomb Ville givea sn evaporation rate of approx,
2.3 m» per day.

By comparison, mesuremensts performed by the suthor with
She sid of s Piche Bvaporimeter produced the felloving re-
sultas

19/4/71 b1 e
20/4/7 5.1 om
21/8/ 71 bt om
"/‘/7' . 5.7 nm
23/8/71 b0 mm
23/4/71 6.1 mm
26/4 /71 - M 0wm
}7/&/71 5.2 sm,

This gives an average evaporation rate of 5 m» per day,
which 4is more than doudble the official velues.

In order to clarify this discrepancy it was necesaary to
®ake s closer atudy of the measuring techniques employed
by ASECNA, It waa found that the values recorded are de-
tornined vith the aid of a Piche Eveporimeter set up in
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® olosad meesuring oetation. Thia eliminstee the effoct of
wvind snd insolation ec that the rssulte sre not represents-
tive for aoclar evaporetion. '

On the other hand, the station also meesurea evsporation
wvith en Evaporimeter eccording to BAC, i,e. in an open
basin of 1 8q.®., Thie corresponde to ths conditions en-
oountered in solar evsporation ao thet this method can be
acoapted as commensurate with actusl conditions,

The following annuel evaporetion rstee sccording to BAC
hava bdeen gathered from the unpublished records of ASECNA
for Lomé Airport:

1969 1,844.5 om
1970 1,835.2 mm,

By comparieon, the eveporation ratss acocording to Piche
wore the following:

1959-6) 867.0 =
‘," 7.30. ".b.

The BAC valuea ere thue very close to the valuee deter-
mined by the suthor and may be considered as a good ap-
proximation. The teble (Annex 6) lista the evaporstion
rates according to Piche and BAC as well es the amount
of precipitstion in the different months,

I8 is avident that for the Lowmb Airport staticn the smount
of precipitation excaeds the BAC evsporation rate only in
the month of jume. In October, the values are identicel,
while all other months show an excsss of evaporatien (ec-
oerding to BAC).

If we take a look at tho table of precipitations (Annex 7),
18 becomee evident that precipitation is slightly less at
Anocho then et Lomb Airport, abovs sll in Octodber. It may
Shue be assumed that net eveporation at the eite of the
saline will reach values at leaat similar to those of Lomb
Adrport, i.e. about 800 to 900 mm per year.
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Monthly Precipitation and Cvaporation Rates at lomé Airport

Précipitations atmosphériques mensuelles et taux d'évaporation

mensuels & 1'aéroport de lomé

39 - 1963 (average values)

Taux d'évaporation sclon la méthode Piche 19%9 - 1963 (valcurs moyennes)

g Evaporation rates after BAC 1970

‘vaporation rates after Piche 19

Taux d'évaporation selon 1la méthode BAC 1970

(average values)

Précipitations atmosphériques 1951 - 1960 (valeurs moyennes)

Precipitation 19%1 - 1960
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Apart fros thia overall value, a monthly breakdown is of

particulsr importance for brime treatment and salt harvest-

ing in order to sllowv the operation of tha solsr instal-

latien to be optimally sdapted to tha climatic conditions, /
Further information on this subject will be found in the

fellowing Saction,

zzgctgttatggn

The precipitation table (Annex 7) shows the rainfall at

the coast of Togo. All the values for the Lomé Ville, Lowmb

A .rport, Togoville and Anecho atations axhibit tha same
tendency. There is & major rsiny season with a pracipitetion
poak in June and a minor rainy aasson with lasser rainfalls
in October. Although theae vslues refer to different periods,
it 4s evident that the baaic tendency seems to hold for
every year (Annex 8).

Thia table liats the precipitation measured at the afore-
mentioned stations during 1969, Tha rainfall, above ol1 at
Anecho, 1is slightly higher in March and July than for the
period from 1931 to 1960 (Annex 7). On the o%her hand, the
ahert rainy season in October has only a minor effect. It
is striking that during the major rainy asason most of the
rein falls at Togoville, i.a. towards the intarior, Thia
ond the considerable fluctuations between the different
places indicates that there are very limited local thunder-
atorms and rainfall wvhich vary in sise from one year to
another.

A comparison of the percentage ef rsinfall per rainy asasen
preaents the following picture:
Lomb Ville Pirst rainy season approx. 54 %,

Second rainy season approx. 17 %.

Anecho Pirst rainy aeeson approx. 38 %;
Second rainy asason approx, 14 %,
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In other worda, ebout 70 % of the entire precipitation ie

recorded during the two rainy eeasons., In apite of thias,
thunderstorms may produce heevy rainfsll even during the

eo-~cslled dry sosson, as is proved by the long-term recorda, [
for example for Anecho.

iithough these fluctuations are not very frequent, such |
devietions from tho rulo should be taken into account when g
pPlenning the aolar installation in order to evoid a reduction |
in brine concentration,

The comparison between the amount of evsporation (accord-
ing to BAC) and rainfall (Annex 6) shows that the evaporation
of sea water is posaible in every month except June and
October. If we assume, for exemple, thast see water reachee

» the preconcentratora in July ofthe first yeer, theae ponde
ohould be continuously operated until April to produce ae
mch preconcentrated brine sa posaible. Btarting in November,
the brine can then be further concentrsted in the aubsequent
stages until oryatalliszation ie echieved. Harvesting of the
eelt ahould be posaible by March,

To prosect the preconcentrated brine from reinfall, it ie
‘. kept in deep basins with a small aurface provided with a
' speciel overflow. The epecificelly lighter rain weter will
be diecherged over these weirs ao thet the preconcentreted
brine ia only elightly diluted.

At the beginning of the dry seeeon in July of the second
yoar, thie drine may be further concentrated untll the aasls
orystallisee. Since in this caee a longer coryatsliliszation
time can be used, higher yields ere possibdle.

It ie thua obvious thet speciel emphasis has to be placed
en protecting the preconcentrated brine egeinst rainfall
in order to ensure ¢ aatisfectory production rete.

P,
r
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» ty of air

By relative humidity of the sir wve understand the amount
of weter contained in the air at a certain tempersture in
relstion to the degree of saturation. The lower the humi -
dity of the air, the more wster can the air absorb from
evaporating bodies. As is evident from the table (Annex 9),
relative humidity at the Togolese coast is fairly constant
over the entire year. The average value ie between 80 and
87 % with a peak during the reiny season in June snd mini-
wue values during the dry sesson in December,

In the course of the day, the values fluctuate between i
about 95 £ in the worning and 60 to 70 % at noon, wvith an
increase to over 80 % in the evening.

Tempersture

Air temperature (Annex 10) in the cosatal areas is rela-
tively constant. The annuel average is 26.5° C with a mean
maximum of 30° C and a mean minimum of 23° C. The higheat
Semperatures are meaaured from December to March during the
deytime (36° C), the lowest ones at nighttime (19° ¢c).

The enmual average of the asa-water temperature is 26,9° C.
Between March and May it reaches valuea of over 30°C and
drops to a monthly average of 22° C in Auguat,

lig vo;ocitz and diroct;gn

Vind speed at the coast of Togo is mesaaured only by the
meteorological atation at Lowbé Airport. The records (An-

nex 11) show that the wind velocity is about 2.8 to .9 m/sec,
wvhich is equivalent to an anmusl average of 1.5 m/sec. How-
over, there are also peak velocitiea of up to 32 n/sec, It

ia therefore neceasary to make the dams of the preconcen-
Sraters sufficiently high to prevent the waves from spil-
ling into adjacent ponda of more highly concentrsted brine.

-
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For She purpose of solar evaporstion, air mevement is very
dosiradble, since it will immediately carry avay the meist
air so that new, unsaturated sir cam come inte contact
with the water surface.

The 1nfornt19n on wind direction is likewise very inter-
osting. It is found that the preferred wind direction at
She cosst ia south-southwest. The wind usually starts in
the 1late hours of the morning and blews till the early
hours of the evening. Both the wind direction and the wind
apeed sre quite faverable for the purposes of the future
saline,
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v 8 sn Seli

Tha planning date available st Salinto are insufficient.
Bxcept for the topographic map of the araa north of the
railway line up to tha lagoon, there are no reliabla to-
pographio data.. An indication of the work to be performed
is givan in Salinto'a report (4)*., Raliable construction
drawings ere not available,

uotion capacity end qu t

Tha firet atage of construction previdea for an anmwal
production of 5,000 tona of revw salt. Tha loaees during
harvesting and packing were assumed to be approx. 10 %,
leeving an effective annual production of 4,500 tons,

In the escond phoae, tha anmusl production capacity will
be increased to 10,000 tons of raw salt. No information
ie aveilable on the desired quality of tha final produot.

!‘.-wgto; “2
There are no useful deta on the design or construotionof
the intake line,

The draving of the cencrete and eerth ponda plenned by
Salinto only showa ¢ side view of the auction pipe in the
ferm of ¢ sketch and without sny dimensions (Annex 12),
Ascording to this drewing, the pipe ie to be leid into the
See Oon a ooncrete atructure above the watar aurfeoa, At
the end of thia structure, the pipe runs into the wster
with a 90° bend,

Reliadble deta on the depth of the asa are not eveilabdle,
Ner are there relieble graphioal data en the distence from
the pump houee to the eite of the seline and pertinent
epet heights,

Craphical date are likewise leocking fer construction of
the pipe 1line on land end in the aea.

& See references .
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For ths sea-water line, two dissel pumps with a capacity

of 300 cu.m/h each are scheduled to be aet up about 40 m

from the main road towvards the aea. The sea water ia to be

taksn in by tne pumps through a auction line still to be M
designed and pumpod into the aoler plant through a atesl

pipe line of T4" diametar with a length of approx. 1,000 m.

The flangad pressure line is to be laid above ground to

sllovw cleaning. Underpassas below the road and ths railvay

1ine are provided, using concrete pipea of approx., 800 to

1,000 mm diameter. .

Solar plant

Following the report (4)*, two drawings hsve been prepared
for the construction of the aolar plant, namely:

Implementation plen (ground planm at 112,000 scale)

Thia drawing may be considered as a layout plan for tha
plant from the pumping station to the ponds, However, there
are no reliable data for the diatance between the pump
house and ths reilroad 1ine, nor apot heights. Acoording
to this drawing, the solar plant ia planned as follows:

At the end of the pipe line, the aea vater rsachss three
succeasive reservoira 50 m vide and 200 m long. These ponds
are shown in the drawing north of the sandy palm belt,
roughly in the extension of the exiating road. An area of
300 m length by 1,000 m width west of the road (future
phase dss basains), atarting 320 m north in loamy soil,
parsllel to the railway line, haa been earmarked for con-
centration of the sea wvater. According to the study, this
ares was to be aubdivided into 48 ponds of 100 x 100 =,
Eech of these was to be subdivided another nine times. Their
depth should be 30 to 40 cm. In the sandy soil between the
railroad and the aforementioned area aix ponds for concen-
trated brine (epprox. 22 - 25° Bé), each meaauring 30 x
100 m, and four cement ponds as cryatallisers, esoh meaaur-

\
-
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ing 80 x 129 », are ahown in the drawing. There ia no fur-
ther infcermetion on roads, dam vipthu. cansls, weira, dis-
charge culverta for the mother liquor, etc.

According to verbal informeation, ths sea water or brine
i to be trenaferred from one group of ponds to another
by msans of mobile diesel pumps,

Plans - Sections of ponds - Piping (ground plans and

asctions at 1:20, 1:50 and 1:500 scele).

This drawving shows the ponda for concentrated brine and
the concrets pcnda at larger acalea. It is evident from
these plans that the earth ponds are to have a dem height
of 0.8 to 1.0 m. The bsse width cf the dams is 1,50 m, the
oreat width 1,0 m,

The bottom of the concrete ponds ia ahown with a thickness
of 10 om, wvhile the lateral wells projscting JO cm abovse
the ground ere 15 om thick.

The following ocbjections muat be made agsinst construction
of the solsr plant according to Salinto's plens;

X In our opinion, the areas schedulsd are insufficient
for an anmual production of 5,000 tons.

II. No sllovance haa been mads for the second atage of
oenatruction.

III. Subdiviaion of the area of 500 x 1,000 m for precon-
centration into 9 x 48 ponds is unnecesssry and costly.

Iv., Construction of the earth ponda in ths sandy palm
belt instead of in locamy scil increaseas ths ccnstruction
oost,

v. Instead of the expensive ccnorete ponds (aix ponds of
80 x 125 m» each cost approx, Fr Cfa 20 million), proper-
1y greded earth ponds should bdbe constructed in loamy
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soil. The aaslt, which during harvesting may bde contaminated
by loam, should be processed in a washing and centrifugsl
plant to improve ite quality (among othar thinga, removal
‘of part of the Epsom aalt u¢012. H;So,‘, improved ap-
pearance, moisture suitable for begging).

4

.t

8 ruc turoes

According to Salinto’'s plans, the following structures
will be eracted;

One pump house accommodating the sea-water puwps on the
beach, mentioned under 7.2. In addition, the house will
contein rooms for the enginear and the guard, with washing
facilitiea, Ground ares 15 x 6 m,

Two stores slong the accesa road to the saline, for stor-
ing sir-dried sslit. Ground srea )OO x 15 m, height approx. 5 m,

One building at the end of the present sccess road, Thia'
. building ia to serve ss s materials store and wvorkshop.

In addition, 4t is to house a small diesel gensrating set

providing eleotrical energy. Ground area 30 x 15 m,

7.8.4 One building with four offices and six rooms for the
workers snd the guard. Ground area approx. 17 x 18 m.

7.4.3 Two fresh-wster tanks snd oneo well.

7.4.6 One concrete slad, 30 x 50 m, for salt drying.
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8. Jnstalistions undar construction and availeble equipwent
a! uchtmrz .

Up to now, all the work on the instollations wvae perform-
ed by Salinto directly. Thie mada it neceesary to procurs
suitable equipment. In addition, a certain amount of ma-
terial vas ordered, tha major part of which haes alreedy
I;nn delivered,

8==-vut ar 1line

For thie pipe line, Salinto hae slready procured the fol-
loving material:

Two Marland-Monoglide centrifugsl pumps, type SNA 8, no-
minal capacity 3500 cu.m/h, non-selfpriming, caat-iron
casing, bronsa runner, euction 1lift and pressura head ac-
cording to ancloeed diagram (Aunex 1)), driven by:

2 Bkoda dieeel enginee, 6-cylindar in-line sngines, wvatar-
coolad, 1967 modale,

Output 90 bhp

Speed: 1,500 rpm

Approx. 1,100 m of pipe, electro-gelvanimed steal, W
diameter, 4 mm wall thickneas, with flanges, length eof
sections 4.5 and 6 m,

The conorete pipes for underpessas below the road and
the reilwvay 1line.

Ssructures
The preaant atatua of the wvorks ia the felloving:

8.2.1 Pump houae et the beach: completed up te the roof.
8.2.2 Two warehouaes: foundations end partly alao wells.
8.2.9 One mageaine and workshop building: completed up te the roef.

8.2.4 Two freah-wetar tanks: connecting pieces completed, tanks
supplied. .
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ggmtruct*on ogui&nt and _uchinorx

8.3.1 Sslinto has st its disposal the follovimg construction
equipment i

2 5-ton tipping trucks

l dumpe rs 4

2 concrete mixers, esch for 280 1

2 block making machines 1! x 1,200 stones/layer
1 x 250 stones/layer

2 thaodolites

masons ' and carpenters' tools.

The following units wsre purchased for tha generation eof
elsotrical energy and for circulating the brine in the
selar plant:

1 diesel generating set, 6 kVA (lighting current)
2 diesel generating sets, 25 kVA (sre said to be on order)
3 mobile diessl pumping units, output 12 bhp
Cepscity: 60 - 70 cu.m/h
Diess]l engine: mamifactured by Peters
Pumpt mamufsctured by Sigmend
3 mebile dissel pumping units, same as abeva, but with
16 bhp eutput
Cepscity: 90 - 100 cu.m/h
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Sg“uttom for the construction of the seca-weter line

Taking the water from the open sea is the most difficult
problem encountered by Sslinto in the construction of the
ealine. As was mentioned under 5, the intake point has
been fixed by Sslinto's previous work., Lagoon water can-
not be used since the lagoon is of the fresh-water type.

The construction of e canal or an inlet structure st the
ehore is not possible, since the sandy coast would imme-
diately fill this up with sand. For the same reason, sn
artificisl lagoon on the beach terminsting in a pump sump,
as suggested in Sslinto's letter of July 8, 1971, is not
feasible (eee letter from DBS to Salinto of August 4, 1971).

Another poasibility would be the construction of a jetty
through the surf and ap to 8 auitadble vater depth, on which
e suction 1ine could be installed. However, a atructure

of this type could be built et the Togolese coaat only
with the aid of very heavy special-purpose equipment and
considerable investment by the company, es construction of
the Lomé harbor and the CTMB wharf heve shown.

AS @ result and, above all, in viev of the limited time
available to Selinto, the only feasible approach is the
intake of water from the open see at Keta-Akonda (Annex 14),

For this type of vater intake et the sforementioned point
certain requirements have to be satisfied to ensure
toublefree operation.

First of all, the intake point should be designed so that

e minimum of sand is eucked in. That means that the suction
head will have to be instslled outaide the surf sone ot

@ sufficient height adbove the bottom of the sea.

Secondly, an incrustetion of the pipe line, eo.g. with
ahells, should be avoided as effectively as poasibdble.




Annex 14
PEUTOONE BERATUNGSOEOELLOONAPY POR GALINENTESHNNNG 8. 8. 14

ot

Outlook from the pumping station to the sea
(point of eea water intake)

Rivage (point d'aspiration de 1'eau de mer)
va de la etation de pompage
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Thirdly, cers should be taken not to teke in srgillaceous

sewege discherged into the see by the phosphats plant some

5 km west of the intake point. In other words, the intake

point would have to be permanently anchored at least 150 » /
from the besch.

v

ﬂl view of the above, only the following alternetives re-
main for a ehort-term solution of the problem:

s) Construction of en intuke line ebove the eee-water level
with the sid of impect-driven piles.

D) Comstruction of en intake line below the see bottom by
the weter jetting technique.

¢) Construction of em intsks line on the bottom of the sea
with the sid of euitsble snchorages.

We hasve made s cloee study of each of these possibilitiee.
The equipment required for driving the necessery piles
(length epprox. 15 m due to the aandy subsoil) is not evail-
able in Togo or its meighboring countries. The cost of e
bridge sbout 200 m long would therefore be furthsr increased.

Bquipment for building the intske 1line by ths water jet-

ting technique ie likewiee not evailable in Togo. Construction
of euch s plsstic pipe 1line with ths aid of special equip-
ment, for inetencs from Germeny, would cost over DM 600,000, -
without the neceesery floeting units (on lettsr frowm DBS

to UNIDO of August 2, 1971). As a result, thie spproach

is likeviee unfeesidble.

In view of all thess circumstencea we therefore consider
the conetruction of a pipe 1ine on the bottom of the eee
and the use of concrete enchorege ee an eppropriete end
budget-priced solution. For further explsnstions on the
subject, see Bection 9.2.
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An ideal asoclution would undoubtedly be the intake of sea

water via s bridge. Thie solution should therefore be

atudied on s long-term basie, Since in the next few years

the CTMB will instsll a new pump with a capacity of '
2,000 cu.m/h, but use only 1,500 cu.m/h, it should be

,plo to supply 500 cu.m/h of sea water,

It will be worthwhile for Salinto to study the technical
and finsncial aepects of this slternative as a possible
ultimate solution,

;2 tallation of pumps

The pumps mentioned under 8.1,1 are available for the saa-
wvater line., One of the pumps is earmarked for stenddby,.

Deteiled inquiries with the manmufacturer of the pumps

(Veir Pumps Ltd., England) hsve revealed that the type

of pump aupplied has a maximum suction 1ift of 6 m. Thias
14ft must not be exceeded for eny prolonged period of tiwme
or cavitation will result and wesr out the pumps. By suction
11ft we must not only undesrstand the geodetic suction haad,
but should also make allowance for friction in the pipe.
The geodetic suction 1ift is thus s value of 6 m less
friction losaea in the pipe. Thase data have to be tsken
into sccount when determining the height at which the pumps
are set up, as refarred to the low-water leval.

The following data result for the proposed pipe line on
the sea bo:tom;

Material: Plastic pipe
Length) 200 m
Inside diameter: JoR. & mm
Capacity: 3500 cu.m/h
Cross eection: 0.072 sq.m
Flow velocity: 1.93 m/eec
Friction loas in pipe evar a

length of 220 w3 1.8 m

Leas through albow and one valve: 0.25 m.
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We thus obtsin
Ha= 6 - 'o~3 - 0025 = ~132 ]

for ths height of the pump intake, as referred to the low-
wster level,

However, -cooi;dtng to the informstion available to us
(letter from Salinto dated July 8, 1971), the actuasl
height is 4.8 m as referrsd to the low-water level.

It is obvious that the lowv water actually exists for only
. 8 limited time, and according to Weir Pumps the pumps may
be briefly operated with s suction 14ift of about 6.4 m,
Howsver, for reasons of ssfety either the pump intake
should be positioned 4.3 m sbove the low-water level or
the pumpa should be shut off during low wster. The former
of these aolutions is doubtless the one to be preferred.

In view of the available pipes, the following picture re-
sults for the pressure side of the pumps;

Material of line: ®lectro-gslvanised
ateel pipe

Length of 1ine: epprox. 1,000 m |

Inside diametsr; 348 mm |
' Capaoity: 500 cu.m/h |

Cross section; 0.0942 oq.m

Flow velocity:s 1.48 m/sec

Friction lose in pipe over a

length of 1,000 ms 7.0 m

Loss through slbow and vealve: 0.2 m,

8ince 8 S5-m pipe with an insids diameter of 200 mm is to

be installed directly behind the pressure outlet, a friction
lo8s of 0.5 m has to be addsd. On the other hsnd, the 1lsvsl
difference between the pump intake and the end of the pipe
18 =1.5 m s0 thst there is s maximum total head of 6.6 m,
According to the pump disgram, the type SNA-8 pump with
runner diameter of 280 mwm has s head of roughly 20 m.

»
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gonatruction of intnke line

As vas explained under 9, the best solution under the
existing ocircumstances is, in our opinion, the laying of
a pipe 1line on the bottom of the sea.

Since Salinto ‘was unable to furnish information on marine
conditions at the proposed intake point, we made our own
investigations, first in Togo, later in the Federal Ke-
public of Gormany.

Aa vas mentioned before, the CTMB at Guon Kopé, sbout 5 km
west of the saltworks under construction, has been operat-
ing a pumping station on a wharf for roughly twelve years,
Since annual soundings of sea depth in the proximity of

the vharf were made, CTMB has its own nsutical charts,

From theae it is evident thst in the coastal strip con-
cerned a wster depth of about 5 m is found at a distance
of some 150 to 200 m from the shore. CTMi's experionce has
ahown that s water depth of sbout 1 to 1 1/2 weve height is
necessary for taking in sea wster free from aand. The pro-
pellor pumps installed on the wharf (approx. 8 m beiow the
water surface) have to be cleaned st intervals of six months
to remove sholls and other deposits of a few centimeters
thickness from the intake. In addition, the pumps are aubdb-
Ject to corrosion.

Further information on the nature of the sea bottom wsa
obtained from the consultants employed for the construction
of Lomé hardbor. According to this informatiom, the surf
sone in this part of the cosst is about 100 to 200 m wide,
depending on the type of formation encountered. The ssndy
strip extends about 500 m into the sea and is about 2 m
thick. Below this layer of sand there are hardened sand-
Clay layers up to a depth of about 15 wm. The coastal rrea
of interest to us has not been investigsted in the past,
but ve may asaume roughly identical conditions.
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An accurate survey of sca depth 1is not available, but we

were able to obtain a confirmation of tho information sup-

plied by CTMB. In spite of this it will be necessary to

aound the depth of the sea noar the site of the saltworks /
(about km 42 of the railway line) at intervals of 20 m up

to a distance ‘of about 200 m from the shore (see letter by

DBS to Salinto of June 2h, 1971),

Exact wave data were provided by Hannover Technical Uni-
versity which made a busic study for the construction of
Lomé harbor. The values found are listed in a tsble (An-
nex 15), They may be assumed to apply also to the project
under study,

In view of the conditions described under 9 and the afore-
mentioned data, wo would suggeat that the pipe line be
laid from the pump house (Annex 16) into the sea as follows:

Langth of 1ine: approx, 220 »
Height of intake above sea bottom: approx, 2.5 m
Depth of sea at intake point: approx. 5.0 m

Bsllasting of the pipe 1ine on the aea bottom by meana
of precaet concrete members ao that the the line sands up.

As regards the material to be used for such a pipe 1line,

there are twvo possibilities, vim,:

I. Steel pipe: Advantages; Can be produced in Togo.
Eiudvnntaﬁo-! Risk of corrosion,
savy incrustation, flange connection,
rigid system, larger pipe diameter re-
quired to offset larger pipe reaistance.

IX. Polyethylene pipe: Advantages; Corrosion-resistant, ounly
siIgFt incrustation, seamless welding,
olastic, smaller pipe diametor owing
to reduced frictional resistance,
light weight, thus easy to handle.

Disadvantages: Pipes have to be im-
por‘oa and welded by foreign experts
with the aid of a apecisl machimne.
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Pumping station (from the sea side)
Station de pompage (vue de la mer)

Pumping station (from the road)

Station de pompage (vue de la route)

Annex 16
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After heving studied each of these alternatives and pre-
pared the corresponding designs (seo DDS drawing 4/71
(ennex 17) with description of July 6, 1971, and DBS draw-
ing 5/71 (Annex 18) with description of August 19, 1971,
ssnt to UNIDO), we would suggest to Salinto that a poly-
o“thylom pipe-line be used.

Design of PE pipe line (DBS drawing 5/71, Annex 18)

In view of the msximum puwp capscity of 500 cu.m/h and the
frictional resistance of the pipe (at a water temperature

of 25° C), an inside diameter of sbout 30O mm is required.
Ths nearest standard pipe has an inside diameter of 302.4 mm,
A wsll thickness of 26.3 s has been provided to havs a
eufficient safety margin for mechanical stress,

The flow velocity is far above 1.5 m/sec. This and the
smooth walls of the pipe will effectively prevent deposits
of shells and algee, Butt welding of the pipes (so-cslled
hot-tool welding) with the aid of s special welder ensures
emooth walls st the joints ss well.

Since the pumps srs not of the self-priming type, a valve
muet be installed in the line at the low-wator level to
prevent the line from running dry between the pump snd
the water level. This valve must be accessible by s smsll
valkway. To teke in as little ssnd with the water ass poe-
sible, the PE line is provided with a 90° bend at the in-
teke point, with the end of the pipe line located about
2.5 » above the see bottom,

The suction hsad of the pipe should be provided with a
coeras-mesh screen to prevent fish from being eucked in,
The aupport of the vertical intske pipe should be designed
o0 that the mechsnical strese from sea motion is sbsorbed
by thias atructure and not trsnsmitted to the pipe.

Finelly, the intske point should be marked by a buoy con-
forming to existing regulations, ss a warning to navigation.
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9.2,2 Laying the PE pipe 1ine

According to information supplied by the Hamnover Insti-
tute of Foundation Engineering and Civil Engineering Hy-
draulics, which measured wave height for the conastruction !
of Lowb harbor in Togo, the maximum wave height off Lomb
is 2,50 m. .'lov;ovor, there are also days when the waves are
only 50 to 75 cm high. The pipe line should therefore bhe
laid on a day when the wind intonsity is 2 or less snd
there are no high waves, Every phase of the work should
. ‘ be properly prepared to ensure rapid laying of the pipe 1line,

The pipea are supplied in sections about 11 m long. The
different sections aro then joined with the aid of a spe-
cial welder on a suitably graded stretch of land about

35 to 40 m long perallel to thoe shore, until the total
length of 220 m has bLeen assembled. The pipe may be atored
on the beach until it is laid.

The precast concrete wembers should be suitably shaped

st their top to accept the pipe line with an outside dia-:

moter of 335 mm, The members are sunk in the sea in a

straight line at intervals of approx. 7 m, The dimensions
' of the members should be approx. 1.0 x 1,0 x 0.6 m.

Up to a water depth of 0.3 m, the lower concreto members
should be placed with the aid of sn excavator. A derricking
boom crsne mounted on two scows should be uaed for water
depths from approx. 0.5 to 5.0 m,

After the lower concrete members have been placed, the
complete pipe line is floated into position and lowered
{nto the recesaes in the concrete members with the aid of

s tugboat, ballast and divera., Finally, precast concrete
mombers of identical size, but with a receas on their under-
side, are lowered onto the aforementioned concrete members
and secured to them.

,‘_AM
e
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At the end of ths intske line there is s framework hold-

ing the pipe 1line some 2.5 m sbove the ses bottom, This
frasmework should be mounted on thfao foundation blocks

that are cast in two parts to facilitate transportation, )
These procast concrete members are likewise placed with

the aid of the scows and the derricking boom crane. The

same spplies to the lowering of the supporting framework,
The framowork is designed so that a vertical channel section
is welded into its center, which sccepts snd holds the
vertical soction of the PE pipe. This will protect the

PE pipe from mechanical stress,

At the beach end, the pipe line should be lsid under ground
in the area not covered by water during ebdb tide. From
there it should be laid under ground right up to the pump
house.

Exrection work

In order to meet the scheduls aet up by Salinto, the ses-
water line must be completed by the end of October. VWe
have therefore instructed the consortium Dyckerhoff &
Vidmann/Hermstorf, which is experienced in this type of
work, to prepare a quotation with a detailed specification
of services snd suppliea. To guarantee proper erection,
experta will hsve to be sent over from Germany for weld-
ing the PFE pipes. Those experts must be experienced in

the laying of PE pipes in coastsl areas and surf sones,

Excavators, winchea snd aimilar equipment can be obtsined
from Mesars. Dywito of Lomé. The floating equipment will
have to be loaned by Salinto.

We have already inquired with the herbor authority of Lomb
regarding the floating rigs at their dispossl and how they
are equipped. Unfortunately, their anawer was in the nega-
tive, but we underatand that the required equipment and
divers can be obtained from Measrs. COTSOM.
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Providad that no furthor time is lost by Salinto in tak-
ing a decision, erection could start in October. Total
erection time is about 4 - 5 weeks,

Expected service life of & plastic pipe line

As was mentioned bofore, a PE pipe line is not subject to
66rrosion. In addition, it is less subject to shell deposits
than steel pipes. In spite of this, no binding prediction
can be made as to possible incrustation, aince this de-

pends entirely on local conditions,

A service life of ounly five yoars should therefore ba as-
sumed until further experienco is availabla.

S8hould practical operation of the pipe line show that the
line will have to be shut down for removing incrustations,
preparations should be made well shead of time to guarantce
the continued supply of sea water, In this connection, re-
farence is made to our remarks regarding future possibili-
ties with CTMB,

Construction of the sea-water pressure line (DBS drawing 6/71)

As was wentioned under 8,1, Salinto has already purchased
the material required for tha pressure line from the pump
house to tha aaltworks and stored it along the road (sae
photos, Annexes 19 and 20).

Recalculation of tha line has revealed that the availsble
pumps are good for a capacity of 500 cu.m/h. The available
head is entirely sufficient, all the wora so as the ground
slopes towards the saltworks. Howevar, as was mentioned
befora, an -céurato aurvey should bs made for this pipe
line also.

The drawing DBS 6/71 (Annex 21) shows the preasure line.
The longtha and heights given are approximata and should
be corrected on the basis of tha survey.
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Outlook from the pumping
station to the road leading
to the salt works (on the
right hand the pipe-sections
for the pressure pipe)

Route conduisant au salin,
vue de la station de pompage
(4 droite les tuyaux pour
la conduite sous pression
de 1‘'eau de mer)

¥ ’?ig%‘
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Road leading to the salt works and
pipe sections for the pressure pipe

Route conduisant au salin avec tuyaux
pour la conduite sous pression de 1l'eau
de mer
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Railway-tracks and salt store
wnder construction

Ligne de chemin de fer et hall
de stockage en construction

Salt-store under construction

Magasin en cours de construction

Annex 20
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The following points should be taken into consideration
when designing and erecting this pipe l1line:

kaxinﬁ the pipe line above ground 4

In order to allow cleaning of the line, if necessary, Sa-
linto haa acheduled the use of flanged steel pipe to be
laid above ground,

For this purpoase, the line should be erected on supports
so that its average height above the ground is 40 cm. The
height of the supports ahould be adapted to the terrain
to ensure uniform level of the line,

In view of the length veriations to be expected in this
above-ground line, special precautiona are required to
avoid damage.

For a temperature difference of AT = 50° C (insolation
and empty line), the length variation per meter of line
is approx. 0.65 mm, As is evident from the DBS drawing
6/71, it is therefore necesssry to divide the line into
several aections and make allowance for expansion. The
supports ahould be designed accordingly.

Between the pump houae and the road underpass, the line

should be laid rigidly and provided with two compensators.
Beyond the road there is another rigid support, the ex- "
pansion being absorbed by a compensator under the road.

For financial reasons, the use of an expansion bend with
threo compensators was chosen for the roughly 577 m long
section of the line between the road and the railway line,
all the more so as there is sufficient room. In order to
absord the entire length variation at this point, the sup-
ports will have to be designed as sliding bearings, as ia
shown in the drawing. For this purpose, the aupporta may
be provided, for instance, with simple aheet-steel cups

in wvhich the pipe slidea. Lubrication at theae points is
ensured by means of grease (eliminating noise and wear).
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The sumo holds for the reilway undorpass as for the road.
After the fixed support behind the railway (towsrds the
saltworks), the remaining length of the Pipe 1ine can be
laid without compensators, with sliding bearings, since
the end of the line need not dbe fixed.

A quotation for the compensators required will be mailed
to Sslinto separately.

9.3.2 Road and railway underpassen

Salinto is contemplsting the use of 800mm concrete pipes
for the road and railway underpasses, on the ome hand to
reinforce the opening and on the other to allow the pipe
1ine to be dismantled.

As is indicated in the drawing DBS 6/71, these pipes have
to be leid st a certain depth to withstand the traffic
loads, The required minimum depths as measured from the
top level to the top of the concrete pipe are;

1.4 m» for the road underpass,
2.0m for the railway underpass,

On either sido, the councrete pipes should project st least
1.0 m from the sides of the embsnkment,

All embankments should be stabilixed to avoid scouring.
Bither hand-placed riprap or concrete may be used for the
purpose, depending on costs,

In both underpasses, the pipe line should be laid with
bends of about 30° (as shown in the drawing) and not with
90°¢ bends. A soakage pit may be provided for the rain water,

9.3.3 Intake structure

A so-called intake structure is required for admission of
the sea water to the pond A1 to svoid scouring.
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In planning the solar plant it was found useful to include
the road for the second stage of construction in the de-
sign. The result is a crossing with the see-water line,

It appesrs advisable to combine this crossing with the
intake structure. As is obvious from the drawing, the

pressure pipe terminates south of the road in a concrete

canal about 1,0 m wide, which runs below the road to the
intake structure. The canal wmay be covered with thick
wooden beams or T-sections, since the clear span is very
amall,

The sea water rocaches the pond Al over tho top of the in-
take structure, which is roughly 4 m wide. The surroundings
of the inlet point in the pond should be concreted to svoid
damage to the ground,
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S8ugrestions for the construction of the solar ponds
The drawing DBS 7/71 (Annox 22) shows the solar plant for
an annual production of 5,000 tons with the possibility

of expansion to 10,000 tons,

I;\ plenning this plant, we have assumed that the follow-
ing conditions are satisfiecd to the greatest possible ex-
tent

I. Adeptation of the different ponds to the elevation
of the terrain (photo, Annex 23) and construction of
fairly large ponds to avoid unnecessary sarthworks,

IIX. Use of the impermoable soil also for the aystallizers
to save woney.

III. Comnatruction of adequate access roads to the important
points of the plant with a minimum of esrthmoving.

Iv, Short distances from the crystallizers to the proces-
sing plant,

v. Construction of so-cslled "winter ponds" for the rainy
senson to protect the valuable preconcentrated brine.

VI, Installation of weirs to reduce pumping to s minimum.

VII. Construction of a large pre-evaporation pond which
need not be grade, to produce enough preconcentrated
brins in the stage of 4 - 15° Bé.

VIIXI. Msking sllowance for the second stage of construction.

For the acheduled annual capacity of 5,000 tons of solar
salt in the first stago of construction aome 300,000 cu.m
of sea water of 3,5° Bé have to be taken in and pumped in-
to the solar plant. Up to now, the salinity of the sea
water had been given as 3,5° Bé, However, weasurements per-
formed during the period from April 18 to 27 have revesled
that the aslinity of the water is close to 4.0° Bé if allow-
ance is made for its temperature. As a result, we are on

L]



f___

SEVUTOONE BERATUNGSAESELLEGHAPY FOR GALINENTEONNIK M. 8. M.

Changeover from sandy coastal strip
to clayey saline area

Transition du littoral sableux au
sol argileux du terrain choisi pour
1'emplacement du salin

Area provided for evaporation ponds

Terrain prévu pour les cristalliisoirs

Annex 23
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the safo aide with the obove assumption. The 300,000 cu.m
of soa wster contain some 10,000 tons of salt, primarily
NaCl and swmall quantities of Cacog, c.so“. MgCl2 and MgSO“.

Howevor, since the common salt should be produced well
separated from the other salts contained in the sea water,
cortain lo--eé have to be expected and various stages of
concentration should be provided,

It may thus be assumod that only about 5,000 tons of so-

lar salt of good quslity cen be obtained from the 300,000 cu.,m
of sea water., The table (Annex 24) indicates the specific
weight, density in degroes Bé, volume and precipitation

of the differont salts upon evaporation of the sea water.

In view of these conditions, concentrstion of the sca

wvater will be performed in steps from 4 to 15° Bé (pond B1),
from 15 to 24°* né (ponds C1 and C2), and from 24 to 28.5°

Bé (ponds E1V to E4),

Crystallizstion should be terminated st spprox., 28.5° Bé
80 that the Epsowm salts which will then precipitste at
a higher rate can be removed togethor with the mother liquor,

A® was explsined under 6.1, we may assume an SVETage eva-
poration rste of 5 wm per day for the ssltworks, or a net
eXceas of evaporation of 800 to 900 mm for the months July
= March sfter deducting rainfall and the smount of water
evaporated on rsiny days.

In this connection, mention should be made of the fact

that a yo.r‘of excoptionally abundant precipitation may

considerably slter these sverages. In such a case, only
a sufficient stock of preconcentrated brine snd proper
hsndling of brine supply together with the "protective
ponds® A and D will help to reduce the production lossea.
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SABLE OF SPECIFIC WEIGHT, DENSITY IN DEGREE BAUME AND VOLUME

PRECIPITATION OF THE DIFFERENT SALTS DURING SOLAR EVAPORATION
M

Specitic Volume Degree Specific Volume
Weight ] Weight

1.0249 1000 ¢ 1.2198 100

1.028% 920 27 1.2301 ¢4

1.0358 4 20 1.2407 44

1.0434 647 ‘ a2 1.2518% 36

) 1.0509 540 3 1.2624 30

. . b ) | 1.273¢ 27
inning of precipitation of 32 1.2849 a4

cium carbonato and iron
onide up to 15% Bé mc! ipitation by c:oung
of Ng80 impure throug
1.0587 476 Macl, #§C1,, KC1; eventually

1.0665 422
1.0744 37 extraction of bromine

1.0025 328
1.0907 394

33
M

1.2965
1.3082

3l
19

1.09%0 266 38 1.3202 17

}'ﬁzg‘) :;: Precipitation of mixed salts;
* event. production of sodium

inning of precipitation of sulfate
;&c&u sulfate (cuo‘) up to % 1.3324

” 1.34407 6.3
1.1247 203

1.1338 186 Precipitation of potassium

(potassium and magnesium
{:{;:2 H} - salts, sodium cloride).

1.1608 148 38 1.3574 S
1.1702 139 3 1.3703
1.1798 130 40 1.3874

:’i::: ﬁ: Precipitation of magnesium
1.2095 112 clorid:;“’inp:ro :hroug:atmco
' ¢ Ng80 potassium salts

Precipitation 8! sodium slortdc. ‘

mainly from 25° Bé to 32" Bé

mixed with different quantities

of Ca80,, MgsSO,, "9012. KC1l and

Br deperiding ofl their“specific

weight.
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gimonlioninﬁ of ponds

The approximnte areas of the different ponds result from
the stepwise evaporation and the aforementioned net eva-
poration figures, However, it 18 also nccessary to find a

proper relationship between the areas used and the pro-

duction requirements, becausc the larger the areas used

for evaporation, the quicker the concentration of an idonti-
cal volumes of sea water,

Proconcentrators 3.5 - 15° pé

As vas mentionod above, we shall assume a value of only

3.5° B6 for the sea water to be on the safe side. To con-
centrate 1 cu.m of sea water from 3,5° to 7.5° B6, about
0.5 cu,m of water have to be evaporated. Since concentrat-
¢d brine evaporates more slowly than pure water, this value
has to be multiplied by the factor 0.877 for the range

from 3.5° to 7.5° Bé., In other words, as referred to pure
vater, 0,57 cu.m have to be evaporated,

For further concentration from 7.5 to 15° Bé, another
0.252 cu.m of uzo have to be evaporated per cubic meter
of brine of 7.5° Bé, In this case, the factor is 0.773,
which is equivalent to a water volume of 0,326 cu.m,

For concentrating the sea water from 3.5° to 15° Bé, an
equivalent volume of 0.896 cu.m of fresh water has to be
evaporsted.

Preconcentration of the brine practically starts as the
vater runs into the ponds Al and A2, During first filling-
vp, a grading effect will be achieved as the water passes
through theae ponds into the pond B!, since a thin layer
of sea water is distributed over a large area.

In order to allow the first salt harvest to be collected
in the coming season, by Merch 1972, in spite of the short
time availeble, it appears advisable first to comcentrate

DEUTSCHE BERATUNGSOESELLECHART POR SALINENTROMNIK M. 8. M.
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only sbout half the originslly acheduled volume of sea

voter, i,e. some 150,000 cu.m, to 15° Bé on the aroa of
60 ha and then to procoed with the next step. This will
theoretically reduce the time required for the piven evn-
poration volume by 50 7,

In the follow{ng year, filling of the pond Bl should start
sbout July., According to the above remnarks, the concen-
tration of 300,000 cu.m of sea water from 3.5° Bé to 15°
Bé colls for the evaporation of 300,000 cu.m x 0.896 cu.m
= 267,000 cu.m of fresh water. For the area (B1) of 64 ha,
this is equivalent to an evaporation volume of roughly
k20 mm as referred to fresh wator. In keeping with tho

net excess of evaporation in the different months, this
volume should be reachod in the period from July to De-
cembor. The time remaining till March of the following year
may again bo used for preconcentration, By the end of the
dry season, this preconcontrated brine may, for example,
be pumped into the ponds C)! and C2 where it will bo bet-
ter protectod from rainfall than in tho pond B,

The average depth of the brine in the pond Bl should be
about 30 om, or the wind may drive the waves over the dams,
If necessary, filling-up should be controlled sccordingly.

The brine concentrated to 15° Bé now only has about one
fourth of its original volume, i.,e. sbout 75,000 cu.m.
This volume is then transferred to ponds C1 and C2 over
the weirs and, if necessary, with the aid of the pumps ,
In addition, the ponds D1 to D4 may slso be filled up,

Preconcentrators 15 - 24° ph

In order to concentrate the brine from 15 to sbout 24 -

25° Bé, some 0.5 cu.m of water have to be evaporsted per
cubic meter of 15°-Bé brine., The evaporation factor for

this range is 0.67h so that sn equivalent volume of 0.75 cu.m
a8 referred to fresh water has to be evaporated. Of the
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75,000 cu.m of 15°-Bé brine, 37,5000 cu.m have to be
evaporated, or the equivalent water volume of 56,200 cu.m,
For a total area of 20 ha, this corresponds to an evapo-

ration volume of approx. 280 mm as referred to fresh water.

In order to attain this volumoe under the given conditions
and to collect the hurvest before the rainy season begins,
it is necessary to use the preconcentrated brine of the
preceding season,

Crystallizers 24 - 28.5° Bé

It is known that the limit of solubility of NaCl is around
26° 6, 1.e. NaCl begins to precipitate when this satura-
tion is reachod. This means that about GO to 70 % of the
common salt will precipitate in ths range from 26 to 28.5°¢
Bé that has been assumed as a basis for the plant under
study. Filliug up the brine of 24° Bé should start as

early as possible in order to obtain sault layers at least

& to 5 cm thick. Assuming an svaporation volume of 5 mm per
day we may expect an estimated salt precipitation of 1 mm
per day. Accurate values can be determined only on the spot.

As soon ad the ponds E1 and E2 aro ripe for harvesting,
the mother liquor is drained and the salt layer lifted
off with the aid of perforated stainless-steel shovols,

It is advisable - above all, in tho interests of rapid
harvesting - to transfer the harvested aalt to mobile belt
conveyors for transportation to the southern edge of the
pond and into waiting trucks. The length of individual con-
veyors should be adbout 10 m so that they may be easily
moved by hand., An output of 2 - ] tons per man and eight-
hour shift may be assumed. In other words, about 50 men
will be able to harvest 100 to 150 tons per shift, With
two-shift operation, the harvest can be collected in 18
to 25 days.
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10.2 Construction of solar ponds

Our design of the solar ponds as per drawing DBS 7/71
(Annex 22) has been based on the following considerations:

Access to tho saltworks is ensured by the road.

.- Construction of the sca~water 1ine has bLeon started by
Salinto along this road.

The warehouses along the roud, beyond the railway line,
are under construction,

. The ponda should be built in the loamy soil betwoen the
sandy coastal strp and the lacoon.

The ponds for the second stage of construction shiould be
disposed symmotrically to avoid unnecessarily long distances,

The crystallizers should be as close to the warohouses
and the future processing plant as possible,

The elevations of the pond surfaces should be adapted
to the existing topographic map of the site so that a
minimum of earthmoving is required.

The most important points of the saltworks should be
easily accessible,

Conatruction of the solar ponds should be undertaken

8o that the ponds Al, A2 and B! are comploted togother
with the asea-wator line. Aa a result, this phase of the
work must be started right away in order to allow pump-
ing of the sea water to begin as soon as possible,

The remaining ponds from C! to E2 can then be built while
the brine is concentrated in pond B,

10.2.1 Ground survey and lovelins

First of all, the entire aite ahould be properly surveyed
and marked by wooden pegs .,
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Leveling is not necessary for the first preconcentration
pond Bl, The palms and bushes should be grubbed; the ve-
gotation cover might be removed by grazing animals,

It may bo expected thut the increasing salinity of the
ground will cause the remaining vegetation to wither in
the course of a few yoars.

In order to facilitate transfer of the brine from one pond
to another, the naotural ditch in the center of the pond
ohould be deepened and oxtended towards the dam between
ponds C1 and C2. The ditch should be deeponed to about
1.5 m above mean sea level to sllow the brine to be drawn
of f by the mobile pumps on the dam and transforred to the
intermediate concentrators Bl and B2.

The eites of ponds Al, A2 and C! to E2 will also have to
be grubbed. In eddition, it will here be necessary to re-
move the grass cover snd to grsde the dtfl'oront surfaces
with the aid of a bulldozer sccording to the clevations
given. It is important that the clay layer wnot be perforat-
ed in this operation to avoid sespage losses. Should the
layer of clay be too thin at certain points, these would
have to be spocially lined with clay.

The material left over from grading can be largely used
for the construction of dams., Care should be taken to
store the stripped clay soil seperately so that it may

be ueed for lateral sealing of the dams against the ponds,

An additions]l operation is required for the crystallisation
ponds E1 and E2 where the eurfsces have to be fine-graded
and compacted by moans of rollers to allow easy harvesting
of the salt.

The elevation of the different ponds ae referred to mean
a®a level is evident from the eections in drawing No. DBS ‘
7/71. Vith a value of 2,10 m above mean sea level, the
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ponds Al and A2 as well ss D1 to D4 are lower than the
ponds B, C and E so that a large volume of brine can be
stored on a minimm area surrounded by high dams,

The elevations specified are based on the assumption that
the figures of the topographic map also refer to mean

[ 4

sen level.

Dams and roads

Towards the lagoon, the solar ponds must be protected
against flooding, since the Mohno river frequontly presses
large masseos of water into the lagoon during the rainy
season, In order to keep the dam height within reasonablo
limits and also to protect the adjacenti area against flood-
ing, the logoon should be permanently kept open to the sea
east of Anecho, Should this be impossible, the sand dune

st the bridge of 26bé should be opened as s precaution when
the water level reaches 1.5 m above moan sea level,

For the ebove reasons and in view of the fact that the
£i11 crest of ponds holding brine of low concentration
should project about 30 cm above the wator surface to keop
wsves from spilling over the dam in the case of heavy wind,

‘we hsve suggested s dam height of 2,90 m above moan sea

level,

Only the ponds Al, A2 and D1V to D4, which serve ss a pro-
tection egainst resinfall end as winter ponds, will receive
dsws with a height of 3.10 m above mean ses level,

The width of the different fill cresta vearies, depending
on vhether the daw is used as a partition only or es sn
scoess road as well., We have therefore chosen the follow-
ing dimenaions;

mjor roeds: Dam width 7.5 m»

Between the solar ponds C2 and E2 of the first stege of
construction and the ponds C) snd E) of the second stsge

L2
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and on the southern edge of the ponds along E1, B2 and
later E3, Eb, for removal of salt and matorials haulage,

Acoou roads: Dam width 5.0 m

Between the ponds B and C and slong the eastern side of
ponds C, D and E for haulage of the large mobile pumps
and other materials,

Footpaths: Dam width 1,5 m
Between the ponds CV to EV and C2 to K2.

gdinarz dams: Width 0.5 m

As was mentioned above, the material left over from grad-
ing should be used for the construction of the dams, Should
this bo inaufficient for the dams of the non-graded pond
B!, the required material may be borrowed beside theo dam,
88 for as the clay layer is sufficiontly thick.

Vhen building the dame, specisl care should be takon to
cover tho embankments with a layer of loam linking up with
the pond bottom without any Joint, Otherweise, consider-
sble seapage losses may occur st those points,

The embankments of the dams should have a 35° slope in
relation to the horisontal plsne.

The i1l crests, particularly those serving as roada,
should receive a laterite covering layer,

The design of the weirs and the inlet from pond A2 to the
ponds B! and B2 is shown in the large~scale section of our
drawing No DBS 7/71 (Annex 22),

The concreting operations should likewiae be designed to
svoid seapage losses. The valves should preferably be made
of several boards so that various discharge heights can be
obtained.
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The discharge surface in the immediate proximity of the
valve should be stabilized with cement to avoid scouring
of the soil, The same applies to thoae areas in the dif-
ferent ponds where brine is pumped in,

Possibilities of brine transfer

As vas montioned under 8.3, three mobile diesel pumps with
a capacity of 60 to 70 cu.m/h snd another three with a
capscity of 90 to 100 cu.m/h are available for repumping
the brine.

The pumps with a cpacity of 90 to 100 cu.m/h are primarily
used for transferring the brine from the preconcentrator
B! to the intsrmodiate concentrators C! and C2. The ditch
in pond B! wentioned under 10,2,) serves as a pump sump,
Before pumping, part of the preconcontrated brine may be
discharged vis the weirs to speoed up the transfer snd save
pumping time., For transferring the brine from ponds C1 and
C2 to the crystallisers El and E2, the weirs in the supply
ponds D1 and D] should first be used until the brine level
is identical. The rest of the brine can then be transferred
to the cryatsllization ponds with the aid of the pumps of
60 to 70 cu.m/h capacity.

Before one of the rainy seasons starts, the preconcentrated
brine in the ponds E1, E2 or C! and C2 should be transfer-
red to the so-called "winter ponds® D1 to D¥ or AV, A2.

In this connection, care should be taken to fill the dif-
ferent ponda right up to the top so that specifically
lighter rai;wotor way be discharged into ponds Ei1, E2 and
B2 over the slightly opened weirs.

At the end of the rainy season, the rainwater in the k-
ponds is diachsrged over the weirs into the mother-liquor
canal. The preconcentrated brine stored in ponds DV to Db
is returned to the C or E-ponds in accordance with its cone-
contration.
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The pumps are trsnsported on the access roads providod
for the purpose,

A sufficiently long hose or pipe should be availsble for
filling or draining the ponds A and A2 scross the road,

Discharge of mother liquor

A8 soon as the brine in the crystallizaetion ponds has
reached a concentration of 28,5° Bé, the Epsom salts MgCl,
and ngso,‘ will start to precipitate increasingly from the
mother liquor, It is therefore necessary to discharge the
mother liquor above the salt layer oeven though it still con-
tains a certain amount of NaCl, to ensure good salt quality.
We have therefore provided for a canal through wich the
wother liquor can be discharged into the lagoon before the
salt is harvestod, The canol starts at the southwestern
corner of the pond E2, follows the road on the southern

side of pond El in weetern direction and finally to the
north. It then follows the ponds E1, D1, Ci and B1 until

it reaches the lagoon.

The bottom of the canal starts at an elevation of +2.20 m
sbove mean ses level aoc that the ponda E! gnd E2 can be
drained by gravity when the weira are open, A gresdient

of approx. 0.5 % has been chosen for the csnal.

The bottom of the cansl is 0.5 m wide. The angle of slope
should be adapted to the material available. It should
likewise be around 35%°,

Discharge of the wmother ligquor into the lagoon will in-
crease the salinity of that wster body. As a result, the
lagoon will cesse to be a breeding ground for Anopheles
mosquitoes which tranemit malsria. Since the lagoon water
is not used for drinking-water purposes, there are no ob-
Jections sgainst discharging the mother liquor into the
lagoon.
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Siwnce the successful operation of the aolsr plant depends
on tho oxact knowledge of the processea involved in cone
centration snd crystallization aa well as on proper brine
treatment, we consider it particulerly important for one
or two qualif%od Togolese to receive practical trsining
in a suitable solar saltworks,
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!:too;ological station

As was mentioned under 6, it is euggested thst a weather
station be set up on the premises of the ssltworks,

A suitable site for setting up this station is the ares
beside the office building or a similar plsce south of
‘ho solar ponds whore, above all, the evaporstion values
will not be distorted.

The atation should messure the following velues, if pos-
sible three times daily (6, 12 and 18 hours):

Minimum and maximum temperatures
Relative humidity of the air
Amount of rainfall

Bveporation volume

Wind speed and direction.

It will also be of great sdvantage if a small experimental
pond for solar evaporation is built on the same premises,
For eesy comparison, this should be subdivided into pre-
evaporator, evsporator and crystalliser ponds like the
sctual plant, (Sise, for instance, 30 sq.m ¢+ 10 aq.m ¢

5 sq.m with a depth of approx., 40 - 50 cm). To avoid sesp-
age losses, the pond would in thie case (sandy soil) have
to be concreted or lined with plastic foil.

Vith the aid of suitable Besumémetera the degree of eva-
poration in every pond can be determined daily. In con-
Junution with the measurements of the meteorological sts-
tion, this will ellow certsin concluaions to be drawn or
trends deterwmined.
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arvesti and storing of aslt

In the first hsrvesting period - probably in Merch 1972 -
it wvill only be possible to harvest s part of tho schedul-
ed sslt volume due to the short time available. It is
therefore advisable to collect this harvest exclusively
by hand and to gsthor experience, Only then should the
belt conveyors mentioned under 10.1.3 be procured.

The aveilable tipping trucks may be used for transportation
of tho harvosted salt from the ponds to the storage area
and further to the warehouses. A verticslly adjustable

belt conveyor is suitable for piling up the rav sait in

the two werehouses presently under construction.

AS soon as a processing plant has been built, it will be
necosaary to find a means of transportation between the
varehouses and the processing plant, which will allow
hondling of 40 tons of salt per eight-hour ahift. A front
end loader, which could also be used for further earthworks
during expansion of the solar plant, would be suitable for
this purpose,
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Salt oceasi and cki

Processing of tha harvestsd sslt is required to remove
duat particles, ssnd particlss and the Epsom salts con-
tained in the residual mother liquor of the salt.

In ths first stage of conatruction it will be entirely
‘ufficiont to process the salt by washing and centrifup-
ing to obtain a product at least equal in quality to im-
portsd solar salt,

In ordsr to be abls to adapt to changing market conditions
and manufacture various grades of salt, the waahing and
contrifuge facilitiea may be suppleomented by drying, grad-
ing, grinding end mixing facilities,

The acheduled annual output of 10,000 tons in ths aecond
stage of construction calla for a processing plant with »
capacity of 5 t/h, assuming sight-hour operation, It would
be uneconomicel to dimension the plant for the first stsge
of construction only.

The drawving DBS 8/71 (Annex 23) ahows a processing plent
of this kind with an appropriate bagging plant for ths use
of plastic bags.

The salt taken from the raw aaslt store reschea a mixing
wvorm via a surge bin and a batching trough conveyor. In

the worm, the salt is intimately mixed with brine of approx,

20° Bb in order to dissolve mother liquor and impuritiss
dried on ths crystala.

Via & stesp-incline acrew conveyor the aslt reaches the
acreening vasher. The bottom of the screening wvasher is
designed as s slotted scraen so that dirt particlea and
dirt brine mixed with fine ssit can be expelled.

The washing brine is circulated in s sedimentation tank.
Fresh brine of approx. 20° Bé muat be added at cartain in-
torvala, dopending on the degree of contamination.
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The salt waahad in thia manner is transmitted directly
from the washing plant to an oscillating-screen centri-
fuge in which the adhering brine 1is mechanically separat-
ed. The degree of dehydration is a function of &rain sizxe
and crystal structure, Centrifuges of this type generally
dehydrate the ‘solar salt to about 3 - 5 %,

Centrifuging of the salt considersbly reduces the content
of aecondary salts so that, abovas all, the hygroacopic
effect of Mgc:l2 is largely eliminated; in other words,
the aalt remains relatively dry,

Via a conveyor belt, the centrifuged salt reaches two in-
termediate hoppoers above the bagging system, Since above
all 18 and 25-kg bags are used, two bagging scalea with
drawving bolt conveyors and mamual welders for plastic bags,
all of them for a capacity of 5 t/h, have to be uasad,

The wall thickneas of the plastic bags should be about

150 to 200 um 80 that they will withstand mechanical stress
during loading and in transit. If there is no auitable
store available, the bags may also be stored in the open
air. However, in this case they must be protected against
direct sunlight,

As vaa mentioned at the beginning, this processing plant
Can eaaily be axpanded, provided thst it is suitably de-
aigned from the very beginning.

A diesel AC generating set with an output of approx, 70 kVaA
must be provided to supply the above plant with power,
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Cost estimte

One of the purposes of this report is to give s cost esti-
mate for the sea-water intake line and the processing plsnt.

Sea-water intake l1ine (drawing DBS 5/71)

For the ua-bétton intake line of PE pipes suggested by
u® wo have obtained s quotation from Messrs. Dyckerhoff

& Vidmann, Munich, which was sent to Sslinto wvith our let-
ter of August 17, 1971,

According to the quotstion, the price of

Delivery of PE pipe line CIF Lomb

Velding of pipes at the site, includ-
ing prersonnel snd equipment,

Placing of pipe line with the aid of
divers

Supplying and placing the concrete sup=-
ports snd the framework at the intake
point

Laying the pipe 1line on lsnd and into
the ses up to about 40 m, including
the necessary equipwent

is DM 25),100.~

Plus

Transportation of materisl to site
Loan of floating rigs
Contingencies

Estimate PM__40,000.:
Totsl estimete DM 293,100.-
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13.2 Processing plant (drawing DBS 8/71)

The coast of the proposed washing centrifuges and the bsg-
ging plent with a capacity of 5 t/h is estimated as follows;

Items to e manufactured in Togo:
1. Surge bin

“'9. Belt conveyor Estimate DM 30,000.-
8. Two intermedinte hoppers
Approx, 3 tons of supporting structures DM 12,000, -

‘ Items to be 4imported)
2. Batoching trough conveyor
3. Mixing worm
b, SBteep-incline screw comveyor Kstimate DM 225,000.-
5. Soreening vasher with two pumps
. 6., Oscillating-screen centrifuge
9. Two bagging scales

10, Two drawing belt conveyors
and hand welders

Diesel AC genersting set, 70 kvVa DM 40,000.-
Spare parts for two years spprox. DM 18,000.-
CIF expenses approx, DM 10,000, -

DM 335,000,-
Bstimated totsl approx. DM 340,000, -

Since Salinto is exempt from import duties snd fees, these
need not be taken into account,
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