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t.        Introduction 

Up to till« day,  H» »«It  1« being produced la the Republic 
•f Tafo.  Za ether words, every alaci« ton of aalt ha« to 
be laportod. 

tlaoa rook-salt deposits ara unknown la tao area, tho To- 
geless ffoveriwsent bagan in 1962 with Qerawn technical «id 
ta look iata ths posslbllltlos of obtaining solar salt on 
tho ooaat.  A roport (l)« waa propsrod for tho pur poso. 

Tho positivo rosoIt of thoss investigations prompted a 
farther raport  (2)* an tho eetabllahsjent of a aolar-salt 
plant with an annaal capacity of 10,000 tons or,  alterna- 
tlvaly,   20,000 tona. Tho  egreeaent af BasMko,  according to 
whloh Toca waa to supply Daheeiey, Uppor Volta,  Niger and 
Miffaria with aolar aalt,  raaultad in an additional roport 
(3)« rocordine tho possibility of producine 100,000 tona 
af salar aalt par yoor. 

whan thia affraanaat did nat notoriallsof  tho Taffaiaaa govern- 
aoat toffothor with a privata consortlua aatabliahad tho 
•alia du Taffo (Ssllnto)  ia 19*9.  It ia tho purpose of that 
eeaaeny ta mmmur* aaala doaostlo supplico of aalt ta Tofo. 

Par thia purpose, Sallata propored another report (4)* which 
waa essontlolly bssed on tho preoedlng stadles and investiga- 
tad the aeaaaaqr of CM Her salt production fee 11 it les.  An 
initial annual capacity af 3,000 tana waa ehaaan.  In a aa- 
send staffe,  production waa to be inorossed to appro«,10,000 
tana aar yoor te satisfy aetaal deaend. 

After Saliate had started planning and balIdin« the aaliaa 
aeriy in 1971.  s naaJaer af arables» ware eneeaatored, vhleh 
hove still to be solved. 

• toe raferoneos 

•f 
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M • raanlt, DM vM iMtrMtN ter UMIDO ta mitt tal lato 
with practical ad vio« and ta prepara • rapart cavarla* tha 
fallavi««* avfcjaatas 

X        Ta* praaaat «tatua af pianaln*. 

XX     Tfca oanatrvotlon work parfera** wp ta data. 

Ill    A •««•••tira far taa oonatruotlan of « profttaala aa- 
lar plant,  Ino lud Inf toa daalfn af •••-«atar lntaka fa- 
allltlaa and aalar panda. 

IT      Inatraotlana far «saoutlon af tha oonatruotlan vark. 

•        «alnctinn af aultabla aaoalaary. 

VI      laa trac ti ana far taa praductlon af aolar aalt. 

• 

»? 
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3«        »ladina»,  conclusions,  rocoasjsndationo 

Dorine their first visit to Salinto in Tofo la the period 
fro« April   18 to 27,   1971» DBS representativo« were sblo 
to neke tli«) following obsorvstlons i 

Sellnto is hard preeeed for tie». Tho first salt harvest 
is scheduled to bo collected in tho sarins of 1972.  sineo 
othorwiso einest cío yosr would bo lost, placing s con- 
elderahle flnonoial surdon on Salinto. 

Work on tho oonstruction of tho salina «as • tortod by Sa- 
linto aurly i» 1971. 

Tho deeign and oonstruction documente prepared by Salinto 
«a to data ara insufficient and novo to bo »edified. 

Salinto looks soourata surveying data an tho aaa aida and 
partly alaa an tha land aida. 

Salinto haa na o onoro to pions regarding ssa-vatar Intake. 
On tha othor bond,  tho intoko paint la fixed by eonstrue11on 
of tho pwsp house. Tho puaps oro olraady available. 

Salinto haa no eonorato piona e o no ornine tho alaa and con- 
struction af tho solar ponds. According to tha drawing, 
tha oryetalllaers ara planned in the fern of conerò to 
baains en the ssndy boaoh. 

The preoeeelng and peeking of the e el er aalt resala to 
be elorifled. 

The «epltal ovolloblo et prosont vili hardly laet through 
the flret oonstruction stage. 

Baaed en the ebeve obeervetlons,  the invootlgotlono 
en the spot and a thorough study of existing peselhlllties, 
«e wish te suswerlso our reo oeawnde tiene for expeaalea of 
the eeline ee followei 

W 
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farvayinft up %o • watar dapth of appro«.  5 a at ••• and 
fro» tha pimp houso to tha and of ina pipa lina an land. 

Conatrvotion of ina ss a-va tor intaka Una on tha aaa bot- 
tan ta allow tha paspln* of aaa vatar ta bo atartad by 
Navaanar (Annox 16). 

Installation of ptiapa as daap aa poosibis, 
naan aaa lavai. 

. 9.2 a abova 

ê 

Laying of sos-vator prnssuro Una with allawanoa for longi- 
tudinal atrain (Annas 21). 

Construction of orystolllistion panda in laaay sail. 

Construction of salar plant accordInf ta Annas 22. 

Conplotion of storago buildings and araatian of tha af- 
fisa building. 

traction of a vaathar atatian and an sxporiaontal pond on 
tha praaisss of tha aalins. 

Installation of vaahlnf, oontrlfucal and ba^in« faolll- 
tlaa (Annas 25). 

Training af I - 2 Tofoloso toohnlelans in a auitabls solar 
salina far subs aquo nt aaployaant aa aanafara. 

Chsokln« of tha dlffaroat cons true t ion s taca s oaaplatad 
by fallata and taohaloal ssslstsnoo up to tha salt harvaat. 

Full payaont af «ha company's aapital stock and,  if poa- 
sibls,  procuroasnt af a laan an favarabls tara» (Davalnp- 
aant Bank) ta fand tha firat eonstruotlon ataca. 

W 
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*•        loonoaic tiwcti of oolt production 

Tho Ro public of Toco,  «1 tuo tod on tao Ou If of Bonln be- 
tween Dahoaey ond Ohene, ox tondo eoao 550 ka to tho north, 
while Ito ooo cooot lo only obout 50 ka lone (••• Anno«  1). 

ftook-ealt dopo«Ito hovo not boon dlooovorod In tho country 
•o for and thoro lo no eoler-eelt plant, aß m recuit,  all 
•f tho oolt ooneuaed In tho country hao to bo laperted. 

Tho purpose of tho oolor-oolt plant to bo oroctod by Sa- 
ltato io gradually to aeet tho doaeetlo doaond for oolt. 
la tho flrot etega with on onnuol production oapoolty of 
5*000 tono about half tho prooont doaond will bo aot. Coa- 
ploto coverage of doaootle doaond «111 bo rooohod in tho 
oooond otogo with an onnuol capacity of  10,000 tono. 

Tao Solin«o roport  (h)* nontionod boforo ooauaoo a not 
profit of obout 30 jt olroody in tho flrot phaoo ond ono 
of olaoot 50 % in tho oooond phooo. Ivon if it lo ooouaod 
that tho eopltol ooot uood in tho00 ooloulationo lo too low, 
it aoy bo expected on oooount of prooont wholooele priooo 
that a production focility with on onnuol copoolty of 5,000 
tono will oporoto profitobly. 

k'}      »apulxtlon ond oalt oonenaotlon 

Tho population of Togo lncrooood froa 1.29 ail lion in 1956 

to 1.72% «illion in 1967. A figuro of 1.S15 aillion io 
givan far 1970. 

Anoualng on ovorogo annual conouaption of appro«. 6.0 kg 
•f oalt por ooplto, an ovorall oonauaptlon of appro«. 
11 • 000 tono par yoor hao to bo oxpoctod.  8 ino o laporta go- 
«•rally roaain bo low thlo figaro,  it aoy bo aoouaod that 
part of tho population in tho oxtonaivo bordar arooo,  in 
which of foot ivo control lo proctioolly iapoooiblo,  toko 
odvontogo of 11 logo 1 laporto, abovo oil froa neighboring 

* Soo roferenceo 
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Ohana titer« oolar «alt is Ming produoed. 

fait eonsonptlon vili undoubtedly further inornate ss tho 
population «row« (by about 2.0 to 2.5 * annually) and M 

high-eoa fiottine io Modernised. 

In addition,  there will bo a crowing denand for industrial 
and curing salt in th* aano noasurs ao the Industrialisa- 
tion of the oountry nakes progross. 

*•*     ISE2£*£ 

Annex 2 suasorisos ssit inserts for tno yoars 194t to 1969. 

It is evident thst an overage of approx. 7i200 tono woro 

inserted in oach of tno past fivo yoars. 
« 

UM poak af approx.   10 - 11,000 tono in 1951»   195S and 
1962 to 196« should bo duo to lnports thst woro reexported 
to Uppor Volto and Niger. Ilio overall trond is towards in- 
orooood aalt lnports. 

*.2.2 Çfffiifrlf yf frww 
Tho principal suppllor of salt is Spain which contributoa 
about 50 % of tno ovorsll inverts, followod byi 

Sonogal 
igypt 
Algorla 
Italy 
Podoral Ropubiio of Oomony 
Frsnoo 
Oroat Britain 
tho Netherlends, 

*».1.3 Prises and Quality 

Annox 5 lists tho valus of annual salt lnports plus not 

import prices por ton for tho period fron 19*3 to 1969, 

In tho period fron 1967 to 1969 »one Pr CFA 66 Million 

of foreign exchange woro spent on oslt lnports every year. 
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Darla« that period, the net laport prie« vu appro*, fr Cfo 
y,000 per ten • DM 120.- per ton (1   DM - 75 Fr Cfa). 

In addition,  thoro «oro iaport dutioo and feee amounting 
to about 25 £.  In 1970,  tho wholesale prioo por ton in Least 
waa Wr Ofa  13,320 • DM 17*.-. 

r 
»«' 

By far tho «aJor portion of tho imported aalt  ia aolar aalt 
of aedlua to ooaraa era in, whit Uh-gray o olor and high 
•oieture oontont. Thia aalt fron tho Moditorranoan oountrioa 
and Sonogal  ia generally paokod in  18-kg burlap baga    - 
recently alao in plaatio baga. Tho   18-kg bac *• praaontly 
tho atandard aalaa ltea in Togo,  alnea loada  aro carriod 
alaoat exclue ively on tho hand by woman.  In addition,  tho 
25-kg bag la Mitin*; alow procrei«,  «hilo 50-kc bac* aro in 
vary low dextand. 

Dopar tao nt atoroa alao offor aedlua-craln ooaaaon aalt in 
1-kc plaatio bag* and flno-grain tabla aalt In 1/2-kc baca. 
Mowovar, tho aalaa voluae la  law sino« only a anali portion 
of tho urban population oan afford to pay tho high prlea 
of apprex. Pr Cfa 75« 

**)      9ff"»Wfilflfff"« ftftf »llPPlM fff»f 
Tho road not work in Toco haa  boon o on« id« r ably laproved 
In tho oouraa of tho paat fow yaara.  Tha eoaatal road froai 
tha bordor of Ghana to tho bordor of Dahanoy haa boon ex- 
pandod into an interregional highway and tha road fron Loné 
ta Pa ni ini provided with an aaphalt  aurfaoa.   In addition, 
iaproveaent of tho road to tho north via Slitta,  Sooodé 
and Naneo up ta tha bordar haa been atartad in order to 
link up tho north of tho oountry with tho existing oen- 
aunlcatiene network. 

Shlpaent ef tho aalt to tho Interior of the country ia 
uaually aedo by rail up ta the northernmost atatlen,  which 
la the town of ilitta «one 230 k» fron Lone. 
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toad ahlpaant fro» Slitta further to «IM north is  «till 
Halted largely to th« dry ••••on. 

Aeeording to the Sollnto roport  (*)•,  freight charge« oro 
tho followingt 

Rail ahlpaant • ( 10-ton conaignaenta)i 

Lea* - Paline Fr Cfa        775 por ton 
Losé - Atakpeai      Pr Cf«    1,050 por ton 
Losé - Blltta Pr Cf«    1,700 nor ton. 

Por rood ahlpaant  to tho north,  tho fol low in« additional 
ooota aro inourrod t 

•litta - S00odi 90 ka Pr Cfa 1,275 por toa 
•latta - Baeaeri 150 ka Pr Cfa 2,250 por ton 
•litta - Laaakara lèi ka Pr Cfa 2,«15 par toa 
•litta - Kande 251 ka Pr Cfa 3,765 por toa. 
Slitta - Manto 331 ka Pr Cfa «,975 par toa 
•litta - Dapango àOO ka Pr Cfa 6,090 por toa. 

Tfcooo high freight charge«  add considerably to aalt prleoa 
in th« interior of th« country.  However, •• precrea« i« 

•ado in th« ox ton« ion and laaroveaent of the road network, 
tao»« ooota ahould bo roduood. 

*•*      Po««ibiliti«a of exportation 

There ohoald be • concrete possibility of future »alt ex- 
pert« by Salinto to neighboring Dohoaoy whioh ia part of 
tao Cf« area.  Vith it« papulation of a one 2.6 alllien,  Do- 
hoaoy likewise ha« to depend en aalt laporta. 

The aitaation of the predaetlon faoilitie« near tho Daheaay 
border and good road connection« ehoald prove to be of 
particular adventag«. 

»eaalbllltlea of exportation to Niger will alee novo to 
be studied. 

• too roferenooa 
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5.    tiff »tif«n»ft 
A ••lar asili» requires fairly flat,  law country at ••• 
lavai with a »inlaw» of vegotatlon ©evor.  The a oil  ahould 
be loany,   l.a.   Iwparawabla to wo tor,  to avoid ooetly eeal- 
lng work.   Mor o o vor,   tha araa ahould not ba weed agrloultur- 

ally. 

An araa af thla typ« wai dlecovored ve et of Ano eh o by Dr. 
Jakubeweky together with tha author af tha pro »ont r a port 
and wat euggeated to the Tegoleee govornaont aa a aultabla 
alta far a aolar aallna. Thla aro« la about 1,000 • north 
af tha aandy baaeh botwoon Ou on Kopé and Anocho. It ox tonda 
abaut 1.2 to 1.5 ka north to tho lagaon and «bout 5 lw in 
veat-eaet dlraotian (aoa Annas k), 

Tha aubaall at tha alto oonalata  af firm,  bltilah-gray, 
wat or tight olay which during tho dry aoaaon eonaolidste« 
lnta a hard aurfaoa  and la thua  ldaally aultad for tho con- 
struction af aalar pond*. 

Tho oaatarn part af tho alto woo  topographically aurvoyod 
In 1963 aa part af tha Oeraon technical  oaaiatanea  prograai. 
A aarraapondlng aurvoy of tho woatarn part waa parf ornod 
by tha Sarvloa Topegraphique Togolaiaa  In 1968.  Tho so eur- 
vaya eonflrn that thoro ara extreuely aerali lavai d iff er- 
otico« ao that  tha dovalopaant of tho roqulrod arooo  la con- 
siderably facilitated. Sallnto  la planning cono truc ti on of 
tho aallna  In tha woatarn port  of tho aroa deeerlbod,  rough- 
ly at tho height of kn M  and km hi of tho railway lino, 
aa waa originally propos od In tha report  (3)*. 
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~1 
Ao rogards eoouninleatlano, tha »it« of tha ••lin* U favor- 
ably lacatod SOM*  200 • away fro« tha Ksta-Akonda »tat ion 
of tha Loaa-Anocho rallraod and coa» 800 • fro« ih« nowly 
bullt eeaatol highway. At praaont,   a latarits-surfaead 
traok oonnaota tho aal ino with tho coastal highway. 

•' 

For tho supply of ooa votar, tho roport (3)* had provided 
for tho installation of an additional puap on tho CTKB 
wharf at Kpoaaft.  tho s«a vatsr waa to bo fad to tho storage 

basin in tha far woatsrn o ornar of tho sita through a pipo 
lias about  1.3 k» long and a o anal about 3 ha lone, follow* 
ing tha railroad traok, 

Xa tha construction of tho salin»,  fallata did nat follow 
this roooaaondatlon, but built  ita awn sua» houaa far ooa- 
vator eoi loot ion at tho boaeh of lota Akearfa. 

For tha preblaao involved, aoo Scotica 9. 

W 
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•• Oli—tic  liPteti 

TI» south of Togo ho« • typically equatorial oliaste with 
*»• »oparato rainy aeeaons, Tho annual amount of preclpl- 
tatlon in all parta of tha country la over 1,000 «a, with 
«ho exeeptlon of tho 30 to #0 km wide eoaatal area. 

•sect knowledge of climatic condition« at tho propoaod alto 
ia,  of courao,  of doolaiva impórtanos for solar-salt pro- 
duction. 

Tho  "ASEGNA" Exploitation Matoorologique Maintains a eantral 
station at Lea* Airport,  to which another 6o moteorologloal 
etat lona aro attached.  The a tat lona nearest tho alte of 
the e aline eroi 

é\l 

Villo 
Load) Airport 
Toffovllle 
Ansehe. 

Port of tho dots compiled by those atatlsna cover s perle* 
of up to 30 yesrs end thuo provide good average*. 

Ovina; to tho feet, however,  thet greatly varying vsluea or« 
shtsinsd ever distancée of Juet e few klloMotore - ss la 
evident fron tho following tablea  - it ia advlssble to pro- 
vide the salino with s meteorelegioel atatlon of ite own 
(sso Seotlen 10.3). 

Of doe le ivo Import anee fer tho operation of s soler ssline), 
above  oll in regions with two relny eeeeono,  is the exeet 
knowledge of Monthly svsporatlsn rstea.  In his report (1)", 
fir.  Jakuboweky pointed out thst tho moaeuremont data avail- 
able vary greatly and therefore hove to be ueod with caution. 
Per tho year 1961 he seve e totel evaporation voltine of 
57*.* s».  In order to obtain «ore aeeursts infornetion, 
wo consulted the ASECNA at Lee* Airport and checked the 

* too référencée 
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reoorde of the past year« far these stations that ara •«it- 

asi« for ••••••«•at «nd have registared the •vaporatlaa 
rata. 

Til« naan valu«« far tha  parlad fro« 1999 te 1963 ara  listad 
in tha tabla  (Annas 5). 

Fro» that« data, tha following average annual a vapora t ion 
velunae ar« obtained! 

Lasé Villa §37.7 a» 
Lena Airpart 867.0 a» 

Tofovill« 588.8 an. 

Unfortunately, «vaporaiIon la not aaaaurad at Aneen©,  vhioh 
la noarott th« «ita af tho •aliiM. Tha afor«aontlon«d fi- 
pira far Loaé Villa giva a  an evaporation rat« af appro*. 
1.3 aw par day. 

By eoatpariaon, •»••arenante porfomed by the anther with 

tha aid of a Piona »vapor law tar produced the rallevine re- 
sult« 1 

1*/V71 %.1 a» 
t©/*/71 3.1 mm 
t1/V71 «.la» 
M/V71 3.7 -» 
tt/fc/71 «.I nu 
t3/V71 4.1 a« 
ta A/71 a.8 a. 
I7/V71 3.*n». 

Thin gives an average evaporation rata af 5 a» par day* 
«•lieh la aera than doublo  tha of fio lai vaina«. 

Xa order te clarify thla discrepancy it waa neceesary te 

nahe a alesar study ef tha aaaeuring teehnlqtiee enployod 
by ABBONA. It va« found that the value« recorded are de- 
teralnad with the aid ef  a Piche Ev eparine tor eat up in 
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• closed «•••urine Station. This eliminates  th« effect of 
wind and insolation so that tho results aro not re presenta- 
tivo for solar evaporation. 

On tho othor hand,  tho station also no asuro a evaporation 
with an Bvsporlnoter ao o or ding to BAC,  i.o.   in an opon 
basin of  t sq.n. This corresponds to ths conditions en- 
countered in solsr ovsporatlon so that this Method  can bo 
aocopted as eosNssnsursts with actual conditions. 

Tho following annual evaporation rates so o or ding to BAC 
havo boon gathered fron tho unpublished records of ASBCMA 
for Lone Airports 

1969 1,8*%.3 «» 
1970 1,835.2 a«. 

By oonporison,   the ovsporatlon rates according to Picha 
vara tho foil owing i 

1959-63 867.0 a» 
1969 783.8 am. 

The BAC valuee are thus vary e loss to ths values deter- 
ninod by th« author and nay be com ido red aa a good ap- 
prex insti on.  Tho table (Annex 6) lists the evaporation 
ratea according to Picho and BAC •• wall •• the assount 
of precipitation in the different nonths. 

It Is evident thst for the Lena Airport station tho anannt 
af précipitât Ian exceeds tho BAC evsperotlen rata  only in 
the nonth of June.  In Oetaber,   the values ara identical, 
while all other nonths show an excess af evaporation (ac- 
cording to BAC). 

Xf we take a look at the table of précipitât ions (Annex 7)» 
it bocones evident that précipitation is slightly loss at 
Anoche then at Lone Airport,  above all in October.   It any 
thue be aesoned thet net evaporation at the alto af the 
•aline will reach valuee at leaat slnilsr to thoeo  of Loan 
Airport,   i.e.   about 800 to 900-am per yeer. 

L .._ 



^ 

r 

fi 
< 
•O 

4» 
« 
• 
fr 

4» 

C 
O 

«H 
4» 

í 
« 
2 

e 
e 
«i 
4* 
« 
4* 
•H 
ft 

•H 
U 

e e. 

4» 

I 

S 
•H 
4* 

ß 
e 
e. 

I 
K 
9 
0 

4» 

2 
e 
« 
B 

s ; 
•H 
k     • 

•6 
& t 

II 
6   * 
e   -* 
•H 
4*  «a 
e 
4*      « 
«n    «-• 
0.    V 
•H       0 
U     • 

•»     C 

£ S 

< 

I 

• a 
9*-' 

* VA 
9s 

I 
8 

r     s 
0 C\ 

CS  0 
*- M 

C 
I 

« 
«r\ e or. 
•-  4» 

5e 
V « 
*i H 
ft. 
uî 
1» H 
4*   « 
u m 
m 

c 
• o 
V -H 
4* 4* 

SS 
0 

e o. 
o « 

«H   > 
4*»* 

S* 
a M 

0 

0\ 

e 
> 

< 

0 A 

Os»« 
«- e 
U IS 
« H 
o 
uî 
« H 

4>   0 
U n 
(9 

e 
R C 
0 f* 
4» 4> 

&s 
e a o « 

•H  • 
4>«0 
(ï - 
U V 
9 

S3 
> fi u.< fi 

• 0 
• NO 
SCv 
H r- 
« 
•   I 

fr *• 

CCN 
U »- 
V 
> • 
c « 

C 
0 -fi 

O h 
0\»»> 

"ft 
1 « 

0 
- 6 
*\** 
ON S 

II 
C C 
0 0 

•H -i 
4» 4» 
« « 
4* 4» 
w4 •* 

•H -H 
0  U 
c »fr 
k u 

11 

Annex   6 

»lilìlilililillliH^ 
ñ 

[||!|l!ll"i:||l!!!||lil|l!>IM'llM||!|l|;:l!!|¡!l| 
ki.ii'1iili!idaL:i!ii.,lihill!Íir.i;nii,i1' 

r„   f.V. ¿¿.¡'..¿¡¿¿¿i 

j»»f. <i>«ii|'a«'W<vr uhi  y;, H>.;'.^íW¿MVí^.-X',ü-->í>A.^! 

^ 

..IMI, i,.„,rSfe.','iL'..;•.'...' 

i» 

I S MVM'it.H'Mj; MiiTir"' 

^VV^V-'WV^ 

— i^-»-;.... 

•1? 

Il'.i     ,M II |i|¡ llil,I      llllll.'li   i 

E wrm :&V\.-;,-^-:. ^•••.,iiy.y.-1.;¿;|,i-|   .; • t'-t 

.-••II   .1    lili    I ss 
• "Hull   i il li    mm   l'i       J*»Jii|Jú Li« il 

ESSSSST 

^^^^^î«Q^^^^ 

i 

i 

& 
•^ 

i 

i 

i 
i  ••   i   i   i 

lüill!!!,!!!!!'!':'!»:!1:!!1!;!;!!!:!!»!^ 
\\V^QQç^S3 

-*     •     •     » 

h nunu 



w 

r Aimox  7 

H 

• H 
• H 
• • 

i 

S   H 

ï 

m 
*-* • 

:g 
0 « 

K   H  •. 

îI ?§ 

ss 
> c 
« > 

ß 
• H 

• • 

9 • S« 
H  •» i-l  •. 
« o m g 
> B • I 
0   II 
Uhi 
U  V 
OH « H 
• IB > M 
a > n > 

a 

€ 

9s 

O 

8 
"H 
4* 

4» 
•H 

* 

Í 
• « 

I      *• 

•»•HO 

2    $" 
4»     0 11 
n «* •» 
O     Uto 
X   fi ü 

1 

h 
< 

• 
e 

CO 

0\ 

* 

•H e 
• M 
& ï 
Í S 

D 

•s< 

issasse 

AlAiAiAVtrs^rerere* 
BSBPSSs? 

íSSEELí: 

*- 

* 

I 
:rocwwi:i^*w^^.STOr 

£ 
-•i   WB¡L¿ 
«*m.«^ 

f- •      .i       i       i        i        i       i       i        «        ».       i        . 

MHUSHMM 

I 

1 
I 

4 

5   8 



* 

r 
•   .3 

i I 

I   s 

3 
0 

« i 
î 
ss 
m »- 

23 
e      -H « 
O ©s    4» H 

OS    4*6 
• **     tí  ° 
-. mm •*- 
£4*     ^ 

•    Ob 
M   4«> 
• 0     M«C 

s 
5 • 

H 
•H    H 

>    <   •*    0 
> A 

«0  ««   s    u 

o   o   o   S 
-J   J   H   < 

SiD 

I      I 

Annex 8 

s 

> 

=¡'t 

i*»»*%«mrLtt!«'«««miu<ft< 

t 
I 

;'Í*3SB 

'     ll»l''''NlMl|nr||||!|||||,l|iiM^^^^ 

*H M îï? M u 5 



r DOUTOCHI MMATUNOeOaSKLLSOHAfT fOM SAUNBMTIOHNIK MtH 

- «5 - 

Apart fro« this overall valu«, a nonthly breakdown ia of 

portloular inportaneo for brino troataant and «alt harvaat- 

ing in ordar to allow tho oparation of tho aolar inatal- 

lation to bo optiaally adaptad to tho o1inatto oonditiono. 

Purthar infornati on on thia aubjoct will bo found in tho 

following Saction. 

6,2  Procipitation 

Tho procipitation tabla (Annas 7) ahowa tho rainfall at 

tho ooaot of Togo. All tho valuoa for tho Lone Villo, Lone 

A rport, Togovillo and Anooho atationa exhibit tha aano 

tondonoy. Thoro ia a aajor rainy aaaaon with a pracipitation 

paak in Juno and a ninor rainy ooaaon with laaaor rainfalla 

in Oetobor. Although thoaa valuoa rofor to diffaront porioda, 

it ia ovidont that tha baaio tondonoy aoono to hold for 

avary yoar (Annox 8). 

Hila tabla liato tha procipitotion noaaurod at tha aforo- 

nantionod atationa during 1969* Tho rainfall, abovo oil at 

Anaoho, ia »lightly hlghar in March and July than for tha 

pariod fron 1931 to I960 (Annox 7)* On tho o*Jtor hand, tha 

ahart rainy aaaaon in Oetobor haa only a ninor offoot. It 

io otriking that during tha najor rainy aaaaon noat of tho 

rain falla at Togovilla, i.a. towards tha intarlor, Thia 

and tha oonaldarabla fluctuation« botwoon tho difforont 

plaoaa indicato« that tharo ara vary linitod local thundnr- 

atarno and rainfall which vary in aiaa fron ono yoar to 

anathar. 

A oonpariaon af tha porcontago of rainfall par rainy aaaaan 

praaonto tho following picturot 

Lata» Villo Pirat rainy aaaaon approx. 5* %t 
Soeond rainy aaaaon approx. 17 %. 

Anaoho    Pirat rainy aaaaon approx. 5t £» 
Soeond rainy aaaaon approx, li £. 
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In other words,  about 70 Jt of the oattro precipitation lo 
recorded during tho two rainy soaaona. In aplto of thlaf 

thunderstors» awy produco hoavy rainfall ovon during tho 
ee-oalled dry eoaeoa,  aa  la provod by tho Ion«-tara) rae orda, 
for exeaple for Anooho. 

»' 

Although thooo fluctuations aro not vary frequent,  auch 
da via t lona from tha rulo should bo takon Into account whon 
planning tho aolar Installation in order to avoid a reduction 
In brino concentration. 

Tho eosjporieon botwoon tho aaount of avaporation (accord- 
ing to BAC)  and rainfall  (Annas 6)  ahowa that tha avaporation 
of aaa watar la poaelble in o vor y Month except Juno and 
October.   If we es sue»,  for example,  that aaa water rsachoa 
tho preconcentra tora in July of tho firat year,  these ponda 
ehould bo continuously operated until April  to produce •• 
eaten pre concent rated brino aa possible. Starting in Noveaber, 
ino brino can then bo further concentrated  in the eubsequent 
atages until crystallisation ia echieved.   Harvesting of tho 
salt should bo possible by March. 

To protect tha preconcentrated brine fro» rainfall,  it is 
kept la deep basins with a anali aurfaea provided with • 
spseisl overflow. Tho specifloelly lighter rain water will 
bo dlaoherged over these weirs so that tho preconcentrated 
brine la oaly slightly diluted. 

At tho beginning of the dry oesson in July of the soeoad 
voar,  this brine nay bo further concentrated until the aal* 
crystallises.  Since In thla eaao a longer eryetelllaetion 
tin« can bo used, higher yields are possible. 

It ia thus obvious that apeoial eaphaale haa  to be placed 
•a protecting the preconcentroted brine agninat ralnfell 
la ardor to eneure a aatiafaotory production rate. 

»? 
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•.3      Hwaldltv of th«  air 

By relstive hualdlty of the air we understand tht asjount 
•f water contained  in th« »ir at a certain temperatura in 
relation to th* degree of saturation.  Th«  lower the tumi- 
dity of the air,   the »ora water can th«  air absorb fro» 
•vaporatiti« bodiea.  Aa ia evident fro« th«  table (Annex 9), 
relativa humidity at the Togoleae eoaat  1«  fairly constant 
•v«r the entire  year. The average value   ia betwaan 80 and 
•7 % with a peek during the rainy •••ion in Juna and »inl- 
aw» valuea dur in« the dry aeaaon in De ce »ber. 

In the course  «f the day,  the valuea fluctuate batween 
•bout »5 % in th« »ornine; and 60 to 70 * at noon, with an 
lnoreasa to ov«r 80 * in the evening. 

'**       T*i»ratura 

Air teaperatur«   (Annex  10)  in th« coastal   area is rela- 
tively constant.   Th« annual average ia  26.5» C with a »ean 
•axis»» of 30» C  and a aean alniaua of 23 • C. The highest 
temperaturas are »eaaured fro» December to March during th« 
daytlaa (36* C),   th« lowest ones at night tie» (19* C). 

Th« annual average of th« sea-water te»p«ratura is 26.9» C. 
let ween March and May it reaches valuea  «r «v«r 30" C and 
drops ta a »onthly average of 22» C in August. 

••*      Wind velocity and direction 

Wind a peed at  th« ooaat of Togo ia »eaaur«d only by th« 
Meteorological station at Lea» Airport.   Th« records (AH- 

«•»11) show that the wind velocity la about 2.8 to 4.9 sj/aae, 
which is equivalent to an annual average  «f 3.5 a/aao.  How- 
ever,  there are  aleo peak velocities of up to 32 a/a«c.  It 
ia therefore neceaaary to aake th* dama  of  th« prsc one en- 
tret era sufficiently high to prevent th« waves fro» spil- 
ling into adjaoent ponds of »ore highly eonoentratsd brin«. 
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For tha pnrpoaa of solar evaporation,  air awvoawnt la vary 
doairabla, »inca  it «rill lamadiataly carry away tha noiat 
air mo «hat now,  «naatnratod air oan eoaia  lata oontaot 
with tha watar aurfaoa. 

Tha  Infornation on wind dlraotlon ia  likawiaa vary intar- 
latine. It i* found that tha prafarrod wind dlraction at 
tha coa at la aouth-aouthwaat. Tha wind uaually atarta  la 
tha  lata houra of tha «ornine and blows till tho aarly 
honra of tho avanin*.   Both tha wind dlraction and tha wind 
apoad aro quita favarablo far tho purpoaaa of tha futuro 
aalina. 

W 
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7» rrovloua planning by Saltato 

The planning data aval labi« at Sallnto ara  insuffle tant. 
Bxoept far tha topograph io nap of tha ara a north of tha 
railway Una up to tha lagoon, thoro aro no rollatola to- 
pographic data.  An indication of tho work to bo parfornad 
la glvan in sàlinto*a raport (**)*. Reliable oonatruotlon 
draw inga ara not avallatola. 

7»1      Production capaolty and quality 

Tha flrat ataga of oonatruotlon próvido a for an annual 
production of 3,000  tona of raw aalt.  Tho loaaaa during 
harvasting and packing wara as aunad to bo  approx.   10 fi, 
loaving an af fact ivo annual production of fc,500 tona. 

In tho aaoond phase,   tho annual production capaolty will 
bo lnoraaaad to 10,000 tons of raw aalt.  No information 
ta avallatola an tho  doslrsd quality of tho  final product. 

7.2      ffa-wator ||na 

Thoro ara no ussful «lata an tha design or oonatruotlonof 
tho lntaka lino. 

Tho drawing af tha o one rata and aarth ponda planned toy 
talinto only ahewa  • aida view af tho auotlon pipo in tho 
fora af a sketch and without any dlawnalone   (Annex 12). 
According to thie drawing, the pipe la to bo laid into tho 
aaa en a cenerate a truc ture above tho water aurface. At 
tho end of this e true ture,  the pipe runa  into the water 
with a 90» bend. 

Rollatole data on tho depth of the aaa aro not avallatole. 
Nor are there reliable graphical data a« tho distance frooj 
tho puMp house to the) eite of the salino and pertinent 
epet heights. 

Graphie al data aro likowiee lacking for oonatruotien of 
the pipe line on land and in tho aaa. 

• toe référencée • 
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For the sea-water lin«,  two dieoel  pumps with • capacity 
of 500 cu.n/h aach  ara scheduled   to b« sat up  about ko m 
fro» tha main read  toward« tha aaa.   Tha •«• watar la to ba 
taken in by tha  pump»  through a  auction lina  at ill  to ba 
designed and pu »pod  into the solar  plant through a stool 
pipa lina of  tf»"  diameter with a  length of appro*.   1,000 ». 
Tha flanged praaaure  lino is  to ba   laid above   ground to 
allow cleaning.   Underpasses below the road and  the railway 
line are provided,  using concrete  pipes of approx.   800 to 
1,000 am diameter. 

7.3      Solar plant 

Following the report  (k)*t two drawings hsva bean preparad 
for tha construction of the solar plant, namelyt 

7.3.1   Implement Ht i on plan  (ground plan at   112,000 scale) 

This drawing »jay be  considered aa  a  layout plan for the 
plant from the  pumping ststion to the ponds.  However, there 
are no reliable data for the distance between the pump 
house and the railroad line, nor apot heights.   According 
to this drawing,   the solar plant  la  planned aa  follows i 

At the and of the pipa lina, the aea water reaches three 
aucceaslve reservoirs 50 • wide  and  200 « long.   These ponda 
are shown in the drawing north ef the sandy palm belt, 
roughly in the extension of the existing road.   An area of 
500 m length by  1.OO0 n width we at  of the road  (futura 
phase des bassins),   starting 320 m north In loamy soil, 
parallel to the  railway lins, haa been earmarked for con- 
centration of the aea wster. According to the  study,  thla 
area was to be  aubdlvlded into kB ponds of 10O x  100 a. 
Each of thaae waa  to be subdivided  another nine  times. Their 
depth should be  30 to *0 ce.  In the  sandy soil  between the 
railroad and the  aforementioned area alx ponda  for concen- 
trated brine  (approx.  22 - 25» Be),   each measuring 30 x 
100 », and four o e ment ponds as cryetallisere,   eaoh moasur- 

• See référencée 

•? 
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log SO x 125 a, Mr« shown in tlM drawing. There la no fur- 
ther infornation en read«, dea widths, cenale, weirs, dis- 
onare* eulverta for the aether liquor, ote. 

According to vorbei inforaation, the eoa water or brine 
ia to be transferred froa one group of ponda to another 
by aeena of »oblio dieeel pimps. 

7.3»2 Plane  - Sactlona of ponde - Piping (ground plana and 
eoetlona at  1i20,   1i50 end 1»5O0 scele). 

This drawing shows the ponds for ooncentreted brine end 
the o onoro te ponde at larger ecalsa.   It is evident fresi 
theae plana that the earth pondo are to have a dan height 
ef 0.8 to 1.0 a.  The beee width of the das» ia  1.30 a,  the 
crest width  1.0 •. 

The bottoe of the o onore te ponda is ehown with a thickness 
ef 10 on, while the lateral walls projecting 30 en above 
the ground are 13 en thlott. 

The following object lone oust be nade age ina t conatruotlon 
•f the aelar plant according to Salinto*e planet 

Z.        Zn our opinion, the arena scheduled ere ineuffloient 
fer en ennuel production of 5*000 tena. 

ZZ.       Me allowance haa been node for the eecond etege of 
construction. 

ZZZ.    Subdivision ef the aree ef 900 x  1,000 • for preeon- 
eentratlon into 9 * *8 ponds ie unneeeasary end ooatly. 

IV. Construction ef the aarth pende in the sandy pala 
belt lneteed ef in loaay aoil inoreeees the conatruotlon 
eeat, 

V. Znsteed ef the expensive concrete ponds (six ponda of 
SO x  125 a each oeet apprex, Pr Cfa 20 »111ion),  proper- 
ly graded eerth penda ehould be eonetruoted in loony 
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•oil. UM «alt, which dur ina: harvoatlng aay to« eontaainatod 
by loa»,  should ba prooasaad in a washing and cantrlfugal 
plant to laprovo ita quality (aaong othar things, ranoval 
of part of tho Cpsoa aalt HgCl2,  MgSO^,   laprovod ap- 
poaranoo,  aoiatura auitabla for bagging). 

7,k      Structure« 

Acoording to Saiinto'a plana, tho following structures 
will bo aractodt 

7.4.1 Ono puaip houao seco—odatlng tho aaa-watar puapa on tho 
bo ach,  awntlonod undor 7.2.  In addition, tho houao will 
contain rooas for tho onginaor and tho guard, with washing 
faoilltloa. Ground aroa 13 * 6 ». 

7.*.2 Two otoroa along tho aoooaa road to tho salina,  for stor- 
ing air-driad salt.  Ground aroa 30 x  13 •# hoight approx, 3 a, 

7.4.3 Ono building at tho ond of tho prosont soosss road. This ' 
. building la to sarvo as a astorials storo and workshop. 

In addition,  it is to houso s snail diosol ganara ting aot 
providing slootrleal onorgy. Ground aroa 30 x 13 a. 

7.4 .4 Ono building with four off leas and six rosa» for tho 
workara and tho guard. Oround aroa approx.  17 x  18 a. 

7*4.3 Two froah-vator tanks and ono wall. 

7*^*6 Ono eonorato slab,  30 x 30 a, for salt drying. 
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t. Installation und<r o on« truci Ion and ivatlibU oqulpwnt 

and wchimry 
Up to now,  all  tho work on tho installations woo porforn- 
od by Salinto dlrootly.  Thla MKIO it noooaaary to procuro 
eultablo oquipawnt.  In addition, a oortain amount of a»a- 

torial waa  ordorod,  tho »a J or part  of which haa al road y 

boon dolivorod. 

1.1      Ssa-watar lino 

Por thia pipo lino,  Salinto haa alroady procurad tho  fol- 

lowing »«tarlai i 

1.1.1 Two Harland-Monoglid« eontrifugal puopa,   typa SNA 8»  no- 
ni nal eapaolty 500 ou.s/h,  non-s« If pristine, caat-iron 
caalnff,  bronso runnor,  auction lift and proaauro hood ac- 

cordine to oncloaad diagram (Annax  13),   drlvan byi 

2 Skoda diaaol angin« a,   6-c y lindar in-lino anginas,  wator- 

coolod,   1967 »odola. 

Output 1 90 bhp 
Spoodi 1,500 rpaj 

•.1.2 Approx.   1,100 • of pip«, olootro-galvaniaod «tool,   •> 
diaaator,  k am wall thteknoaa, with flangos, longth of 

aaetlona %.5 and 6 •• 

S.I .3 Tho e onoro to pipo« for undorpaa««« bo low tho road and 

tho railway lina. 

S.S      8trueturoa 

Tho pro a ont a tatua of tho works ia «ho following 1 

5.5.1 Puop houao at tho boaoht compi« tod up to tho roof. 

5.5.2 Two warohouooat foundation« and partly olao walla. 

5.2.3 Ona Bagolino and workahop buildings ooaolotod up to tho roof. 

S.S.* Two froah-wator tankst oottnoetlng pioeoo eoaplototf,   tanks 

soppllod. » 



REF. No.: 

APPROVED BY: 

DATI: 

THE HARLAND ENGINEERING COMPANY LTD. 

PUMP TYPE TEST CHARACTERISTIC 
PUMP TYPE AND FRAME. MONOGUOE    SNA 8 

CLIENT: 
ANNEX  13 

CUINT'S DUTY 

FLOW: 

HEAD: 

SPEED: V.60RPM. 

EFFICIENCY: 

1 
TM« cvrvt U batto en UM resulti of ttsu on at toast »°/n of tht pumpt of this framt Un manufacturo«' 

§ 
VOL. IN   LITRES/SEC. 

1200 1( 

VOL.  IN   UK. GAL./MIN. OS 212172/A 
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t.3      Canttructlan aqulp—nt and wchltwry 

i.3.1  talinto has at Ita  diapoaal tha fol low In« construction 
aqulpwant i 

2    $-ton tipping trwoka 
2   duaipara 
2   oonor«ta »ixara,  «aoh for 280 1 
t   »look Mking »achino«  1 s  1,200 stanas/layar 

t x      250 stanas/layar 

2    thaodelitaa 
«atona*   and enrpantara'   toola. 

•.3.2 Tha following unit* wara purchaaad far tha ganaration af 
alaotrical «nargy and for circulating tha brina in tha 

salar pianti 

1 diaaal ganar.ting sat,  6 kVA (lighting currant) 
2 diaaal  ganarating aata,  25 kVA (ara asid ta ha on orear) 
5   «ahila diaaal pu »ping unita,  output  12 bhp 
Capaeityt «O - 70 cu.«/h 
Dittai anginai      amnufao turad by Patara 
ftiapi SMmifacturad by Slgaand 
3 »ahila diaaal pu«ping units,  sana ss «bava,  hat with 

16 bhp au t put 
Ctpaoityi ao - 100 eu.«A 

si 
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9. Suggestions   for tho construction of tho m-wittr lino 

Taking tho  water fro» tha open sea  it the Most  difficult 
probi«M encountered by Salinto  in the construction of tho 
••lino.   As  was mentioned under  5,   th« intak« point has 
been flxsd  by Salinto*s  previous work.  Lagoon watar can- 
not bo usod  sine«  tho   lagoon  is  of tho fresh-water typo. 

Tho construction of a canal or an inlot structura at tho 
ahor«  is not  possible,   sinca   the  aandy coast would imme- 
diately fill  this up with sand.   For tho  same  roas on,   an 
artificial   lagoon on the beach  terminating in a pump sump, 
aa  suggastad  in Salinto*» lattar of July 8,   1971 f   is  not 
feasible  (aoo lettor  from DBS  to Salinto of August kt   197'). 

Another poaaibility would bo  tho construction of a Jetty 
through tho  surf and   ip to a suitable water depth,  on which 
a auction lina could bo  installed.  However, a atrueture 
of thia  typo could bo  built at  the Togolese coast only 
with tha aid of very heavy s peel si-purpose equipment and 
considerable  investment by tho company,   as construction of 
tho Lome harbor snd tho CTMD wharf hsve ahown. 

Aa a result and, above all, in view of the limltsd time 
available to Salinto, tha only feaaible approaeh la the 
intake of water fro* the open aea at Keta-Akonda (Annex  la). 

For thia type of water  intake  at  the aforementioned point 
oortain requirements have to be satisfied to ensure 
toublefree  operation. 

First of all,  the intake point should be designed so that 
a minimum of ssnd la aucksd in. That means that the suction 
head will have to be  lnstslled outside the surf sons at 
a auf fie lent height above the bottom of tha aea. 

Secondly,   an incrustation of the pips line, e.g. with 
alleile, should be avoided as effectively ae poaelble. 
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Outlook froa tho puwplng station to tho  ••• 
(»ein* of ••• water intako) 

•iva«« (point d'aspiration do l'oau do nor) 
ru do la station do poapaf« 
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Thirdly,  oar« should bo taken not  to take in argillaceous 
sewage diaeharged into tha  aaa by  tho  phosphate plant sosa» 
5 ka weet  of tha  intake point.   In  othar worda,  tha  intaka 
point would have  to ba permanently anchored  at least 150 • 
froaj tho baaoh. 

In view of  the  above,   only the  following alternetives re- 
Min for a short-torsi aolution of  tha   pr oble MI 

a) Construction of an intake Una   above the eea-water lavai 
with tha aid of isjpaot-driven pllee. 

b) Construction of an intake Una  below the aes botto» by 
the water jetting technique. 

o) Construction of an Intake line)  on the botto* of the aaa 
with tha aid  of auitable  anohoragaa. 

Va have atada a o lose  atudy of each of these possibilities. 
Tha equi paw nt required for driving tha  nsoaaaary piles 
(length approx.   15 m due to the aandy aubsoil)  la  not avail- 
able in Toga or  its  neighboring countries.  The ooat  of a 
bridge about 200 • long would therefore be further increaesd. 

équipaient for building the  intaka  lino by tha water jet- 
ting teohnlque  la likewise not available in Togo.   Construction 
af auoh a plastic pipa line with  the aid of epeolal equip- 
aent, for lnstence frosj Germany,   would eost  over DM 600,000.- 
without the necessary flooting unite   (aee letter fron DBS 
te UNIDO of August 2,   1970«  As  a result, thie spprosch 
la likewiaa unfeasible. 

In view of all these cirouMStsncee we  therefore o one ids r 
the construction of a pipe line on tha bot tosi of the sea 
and the uee of concrete enchorega   aa  an appropriata snd 
budget-priced aolution. Por further explanations on the 
subject,  aaa Seetion 9.2. 
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An ideal solution would undoubtedly bo   the intake of ••• 
water via • bridge.   This  solution should thersfore bs 
studied  on s  long-tor» basis. Sines in  ths noxt few years 
the CTMB will   install  a now pump with  a  capacity of 
2,000 ou.ai/hf   but uso only   1,500 cu.si/h,   it  should bs 
able to supply 500 cu.m/h  of ses watsr. 

It will  bo worthwhile for Sslinto to study ths techniosl 
and finanolal  aspects of this sltsrnstivs aa a possibls 
ultimate  solution. 

••1      ¡Installation of pu sips 

The pu »pa Mentioned under   8.1.1   are available for the sea- 
water lino.   One  of the pusnpa is earmarked for standby. 

Detailed  inquiries with tho Manufacturer of  ths puetps 
(Voir Pusips Ltd.,  England)   have revealod that the  type 
of pump supplied haa  a »SXíMUM suction lift  of 6 m.  This 
lift aust not be exceeded  for any prolonged period of tisjo 
or oavitation will result  and wear out   the pu»ps.  By suction 
lift wo ssjst  not only understand  the geodetic suction hood, 
but should olso »eke  allowance for friction in the pipe. 
Tho geodetic auction lift  la thua s valus of 6 a less 
frlotion losses in the pipo. These data have to be  taken 
into account whsn deternlning the height st which ths swaps 
aro sst up,  aa referred to the low-wator level. 

Tho following; data roault  for tho propoeed pipe line en 
tho ssa bo .toa)i 

Materiali Plaatlo pips 
Length i 20O m 
Inaide diene tori 30t. % am 
Capecity i 50O eu. n/h 
Cross soetieni 0.O72 sq.ai 
Plow vslocityi 1.99 n/sec 
friction loea  in pipo ever a 
length of 220 au 1.%3 • 
Loas through olbow and on» valv.ei    0.25 •• 
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V« thus  obtain 

H - 6 -   1.43  - 0.25 - 4.32 • 

for  tho height of the  puno intake,   aa referred to the  low- 
water level. 

However,   according to  tho  information available   to ue 

(letter from Sallnto dated July 8,   1970*  **>•  actual 
height it 4,8 • •• referred to the  low-water level. 

It  ia  obvious  that  the  low water actually axltts  for  only 
a Halted   time,   and  according to Weir Pumpa the  pumpe  may 
be briefly operated with a auction lift  of about  6.4  ». 
However,   for reaeona   of aafety either  the pump Intake 

ahould be positioned 4.3 m above the low-watsr level  or 
the pumpa ahould be ahut off durine; low water.  The former 
of theae aolutlona  la doubtless the one  to bo preferred. 

In view of the available pipes,  the  following picture re- 
sulto for the preaaure aide of the pumpet 

Material  of linei electro-galvanised 
• feel pipe 

Length of linei approx.  1,000 m 
Inside diameter i Jkê mm 

Oapaoltyt 500 cu.»/h 
Croea aeotiont 0.0942 aq.m 
Flow velocity! 1.48 m/see 
Prietion loas in pipe over a 
length of  1,000 mi 7.4 m 
Loa a  through elbow and velvet 0.2 m. 

Since a 5-» pipe with en Ins Ids diameter of 200 mm ia  to 
be Installed directly behind the preeaure outlet,  a friction 

leaa of 0*5 • haa to be added. On the other hand,   the  level 
difference between the pump intake and the ond of the)  pipe 

ia -1.5 • «o that there la e maximum totel hsed of 6.6 m. 
Aooordlng to the pump diagram,  the  type SNA-8 pump with a 
runner diameter of 280 mm haa a heed of roughly 20 m. 
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9.2      Construction of  intake lin« 

As wai  «x pi ni ned under 9,   the best  solution under  the 
existing oircumstancee  is,   in our opinion,   the laying of 
• pipe  line  on  the  bottom of the  sea. 

Since Salinto 'vet  unable  to furnish  information on marine 

conditions  at   the   proposed  intake  point, we  made   our own 

investigations,   first in Togo,   later  in the Federal He- 

public  of Germany. 

HP Aa was mentioned before,   the CTMB st Guon Kope,  about 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 sss depth in the  proximity of 

the wharf were  made,  CTMB has  its  own nautical charts. 

From thess it   is  evident  thst  in the  coastal  strip con- 

cerned  a water  depth of about 5 n li  found  at a distance 

of soma   150 to  200 si from the  ahore.   CTMB'a  experience  haa 

shown that a water depth of about   1   to  1   1/2 wave height   ia 

neceaaary for  taking in aea water free  from aand.   The pro- 

peller pumpa   installed on the wharf  (approx.   8 m below  the 

water aurface)  have  to be  cleaned at   intervale of  aix Months 

| to remove sheila  and other deposits  of s few centimeters 

thickness from  the   intake.   In addition,   the  pumpa  are sub- 

ject to corrosion. 

Further  information on the nature of the sea bottom was 

obtained from the consultants employed for the construction 

of Lomé harbor.   According to this  information,  the  surf 

•one in this  pert  of the  coaat   la  about  100 to 200 m wide, 

depending on the  type of formation encountered.  The sandy 

• trip extenda   about  500 m into  the aea and  ia about  2 m 
thick.  Below thia  layer of aand   there   are hardened  s and- 
el ay layers up  to a depth of about  15  •>• The  coaatal urea 
of intereat to ua haa not been investigated  in the  pest, 
but we may assume roughly identical conditions. 
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An accurate survey of too depth   ia not  available,   but wo 
wor« able  to  obtain  a confirmation of  tho  informât ion sup- 
plied by CTMB.   In spite of  this   it will bo  necessary to 
sound the  depth  of  the sea   near   the site of  the saltworks 
(about km k2  of  the  railway lino)   at  intervals of  20 m up 
to a distance   of about 200  m from the  shore   (see letter by 
DBS to Salinto  of June 2*»,   1971). 

Exact wav3 data wer«  provided by  Hannover Technical  Uni- 
versity which  made   a  basic   atudy  for  the construction of 
Los» harbor.  The values found aro  listed in a  table   (An- 
nex 15).   They nay bo  assumed to  apply also to tho  project 
under study. 

In view  of tho  conditions  described under 9  and the  afore- 
mentioned dsta,  we would  suggest   that  ths pipe lino be 
laid from tho   pump house  (Annex   16)  into tho  sea as   follows 1 

Length  of linei approx.   220 m 
Height  of intake  above ses bottoms approx.   2.5  m 
Depth  of sea  at intake points approx.   5.0 • 
Ballasting of the   pipe line on  the sos bottom by means 
of precast  concrete members so   that  the the  line   sends  up. 

As regards tho   material to be used for such  a pip«  line, 
there are  two  possibilities,  vis. 1 

Z.     Stool pipos Advantages t Can be  produced  in Togo. 
Haadvantagos s Riak  of corrosion, 
losvy  incrustation,   flange  connection, 
rigid  system,   larger pipe  diameter re- 
quired   to offest larger pipe resistance. 

fi 

XI*  Polyethylene pipo t      Advantage» 1 Corrosion-resistant,   only 
slight   incrustation,   seamless welding, 
elastic,   smaller pipe diamotor  owing 
to reduced frictional resistance, 
light weight,   thus  easy to handle. 
Disadvantages t  Pipes have   to be   im- 
ported   and welded by foreign experts 
with the  aid  of a special  machine. 
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Ptaaping station (fro« tha sta alé«) 

Station da poapafa  (vua d« la aar) 

station (froa tha road) 

Stati«« da poapaga  (vua da la rauta) 
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After having studied «ach of that« alternativos  and pre- 
parad   tha  o orras ponding daaigna  (seo  DBS drawing 4/71 

(annex   I7)  with description of July 6,   197'.   o•l DBS draw- 

ing 5/71   (Annex 18) with description of August  19,   19711 
sent  to UNIDO), we would  suggest to Sal into  that  a poly- 

ethylene  pip© lino be uaad. 

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

In view  of  the Maximum pue>p capacity of 500 cu.m/h and the 

frictional  resistance  of  the  pipe  (at  a water temperature 
of 25* C),   an inside dlaawter  of about  300 aai la  required. 
The nearest  standard pip« has  an inside dlaawter  of 302.4 ma. 

A wall   thickness of 26.3  ass has been provided to have a 
sufficient  aafety margin for mechanic H 1 atreas. 

The flow velocity is far  above   1.5 e>/aec.   This  and the 
saooth walla  of the pipe will effectively prevent deposits 

of ahella  and algae.  Butt welding of the  pipes   (so-called 

hot-tool welding) with  the  aid of a special welder ensures 
saooth walla at the  Joints  «a well. 

Since  the  pumps are not  of the self-priming type,  a valve 
Mit be  installed in the  line at the low-water level to 

l|) prevent the  line fron running dry between the pump and 
the water  level. This valve must be acceaaible by a small 

walkway.   To take in as  little sand with the water as pos- 
sible,   the  PE line is provided with a 90* bend at the in- 

take point,  with the end  of the pipe line  located about 

2.5 M above the tea botto». 

The suction head of the  pipe ehould be provided with a 
ooaree-sjeeh aoreen to prevent fish from being sucked in. 
The support  of the vertical intake pipe should be designed 

•0 that  the mechanical atraes from sea motion ia absorbed 
by thie structure and not transmitted to the pipe. 

Finally,   the Intake point ehould be marked by a buoy con- 
forming to existing regulations, aa a warning to navigation. 
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9.2.2  Laying the   PE pipo  line 

Accordine to  information  supplied by the  Hannover  Insti- 
tute  of Foundation Engineering and Civil  Engineering Hy- 
draulics,  which measured wove  height  for tho  construction 
of Low* harbor in Togo,   the maximum wave height   off Lomé 
is  2.50 m.   However,   there  are   also days when  the  waves  are 
only 50 to  75 cm high.   The  pipe  line  should   therefore be 
laid  on a day when the wind  intensity is  2  or  leas  and 
there  «re  no high waves.   Every phase of the  work should 
be properly prepared  to ensure rapid laying  of  the pipe  line 

The  pipes  ere supplied  in sections about   11   m long. The 
different  sections  aro   then joined with the  eid  of a spe- 
cial welder  on a suitably graded stretch of  land  about 
35  to <I0 m long parallel  to  tho shore,  until   the  total 
length of 220 m has been assembled.  The pipe  »ay be stored 
on the beach until  it  is   laid. 

The  precsst  concrete members  should be suitably shaped 
at their top to accept  the pipe line with an outside dia- 
meter of 335 mm.   The members  are sunk in tha sea  in a 
straight  line at  intervals  of approx.  3 • •   The dimensions 
of the members should be  approx.   1.0 x  1.0 x  0.6 m. 

Up to a water depth of 0.5 ••   the lower concreto  members 
•hould be  placed with the aid of an excavator.  A derricking 
boom crane mounted on two soows should be uaed for water 
depths from approx.   0.5  to 5*0 m. 

After the  lower ooncrete members have been placed, the 
complete pipe line is floated into position and  lowered 
into the recesses  in the concrete members with the aid of 
a tugboat,  ballast and divers.  Finally,  precast concrete 
members of identical sise, but with a receaa on their under- 
side,  are  lowered onto the aforementioned  concrete members 
and secured to them. 
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At the  *nd  of th«   intake  lins  there  la  • framework hold- 
ing th*  pip«  lin«  aorna  2.5 • above  the  •••  bottom.  Thia 
framework should be  mounted on  three   foundation blocka 
that  are oaat  in two parta  to facilitate  transportation. 
These   precast concrete  members   are  likewise  placed with 
the aid  of  the scows  and   the derricking boom crane.   The 
•ame  applies   to the   lowering of the  supporting framework. 
The framework is designed  so that  a vertical channel  section 
ia welded  into its  center, which accepts  and holda  the 
vertical  section of  the  PE pipe.  This  will  protect  the 
PB pip*  from mechanical  atress. 

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

9.2.3 »rection work 

In order to meet the schedule aet up by Salinto,  the ees- 
water  line must be  completed by the end of October.  Ve 
have  therefore instructed  the  consortium Dyckerhoff A 
Vidmann/Harmstorf,  which  is experienced  in thia  type  of 
work,   to prepare a quotation with a detailed specification 
of services  and suppliée.  To guarantee proper erection, 
•xperta will have  to be  aent over from Germany for weld- 
ing the  PE pipes.  These experta  must  be experienced  in 
the laying of PE pipes  in coastal areas  and surf son**. 

Excavators,  winch**  and aimilar équipaient can be  obtained 
from Mesara.   Dywlto of Lomé. Th* floating equipment will 
have to be loaned by Salinto. 

Ve hav*  already Inquired with the harbor authority of Lomé 
regarding the floating rigs at  their disposal and how they 
•re »quipped.  Unfortunately,  their enawer was in th*  nega- 
tive,  but we understand  that the required equipment «ml 
diver* oan be obtained from Messrs.  COTSOM. 
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Provided   that   no further   time  is  lost by Salinto in tak- 
ing • decision,  erection could start  in October.  Total 
erection time   is  about 4-5 weeks. 

9.2.4  Expected   service  life  of   a   plastic  pipe   line 

As was  mentioned before,   a  PE  pipe line   is  not subject  to 
corrosion.   In  addition,   it   is  loss  subject  to shell  deposits 
than steel  pipes.   In spit«  of  this,   no binding prediction 
can be made  as   to possible   incrustation,   since  this  de- 
pends entirely  on local  conditions. 

A service  life  of only five  yoars should  therefore be  as- 
sumed until  further experience  is  available. 

Should practical operation of the pipe  line  show that  the 
line will have   to be  shut  down for removing incrustations, 
preparations   should be mad« well ahead  of  time  to guarantee 
the continued  supply of sea water.   In this  connection,   re- 
ference   is made  to our remarks  regarding future  possibili- 
ties with CTMD. 

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

As was mentioned under 8.1(  Salinto has  already purchased 
the material required for  the pressure  line  from the  pump 
house  to the  saltworks  and  stored it  along the road   (see 
photos,   Annexes   19 and 2o). 

Recalculation of the line  has revealed  that  the available 
pumps are good  for a capacity of 500 cu.m/h.   The available 
head la entirely sufficient,  all the more  ao as the ground 
• lopes  towarda  the saltworks.   However,   as was mentioned 
before,  an accurate aurvey should be made for this pipe 
line alao. 

The drawing DBS 6/71 (Annex 21) shows the pressure line. 
The lengths and heights given are approximate and should 
be corrected  on the basis  of the survey. 
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Outlook fron the  puaping 
station  to the road  leading 
to  the  aalt works   (on the 
right hand the pipe-sections 
for the pressure  pipe) 

Route conduisant  au  salin, 
vu« de  la station  de pompage 
(â droite les tuyaux pour 
la conduite sous pression 
de  l'eau de s>er) 

Road leading to the salt works and 
pipe sections for the pressure pipe 

Reute conduisant au aalin avec tuyaux 
pour la conduite soue pression de l'eau 
de «er 
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Rail way-tracki and salt atora 
construction 

Ligna» 4« ohanin da far at hall 
da atockaff« an oonatruotion 

Salt-atora undar con« true iion 

Maffaain an coura da construction 
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The following points  should bo  taken into consideration 

when designing and erecting this pipe  linai 

9.3.1  Laying the  pipa  line  above ground 

In order  to  allow cleaning of the line,   if necessary,  Sa- 
linto has  scheduled  the use of flanged  steel pipe  to ba 

laid abovo   ground. 

For thie  purpose,   the  line should ba aractad on supports 
so that  ita   average height above  the  ground  is  ko cm.  The 

flfe height of the  supports  should be adapted  to the  terrain 

to ensure uniform level  of the line. 

Zn view of the  length variations  to be  expected in this 
above-ground   line,  special precautlona  ara required  to 

avoid damage. 

Por a temperature difforanee of ¿ß •  50° C   (insolation 
and empty line),  tho  length variation par meter of line 
is approx.   O.65 mm.   As   is evident  from tha DBS drawing 
6/71,   it  is  therefore  necessery to divido  the   line  into 
several  aactions and mnke  allowance  for expansion.   The 

supporta  should be designed accordingly. 

m " Between the  pump house  and the road underpaas,   the  line 
should ba  laid rigidly and provided with  two compensators . 

Beyond tha road there  ia  another rigid aupport,  tha ex- 

pansion being absorbed by a compensator under the road« 

for financial  reasons,   the use of an expanaion bend with 

three compena a tors was chosen for the roughly 577 » long 
section of  the  line between the road and  tha railway line, 
all the mera  a o as  there  is sufficient room.   In order to 

absorb the  entire length variation at  thia  point,   tha sup- 
ports will have to be designed as  sliding bearings,   as  is 
shown in the drawing.  Por this purpose,   the supports may 
be provided,   for instance, with simple  sheet-steel cups 
in whloh the  pipa slides.   Lubrication at   thaae points  is 
ensured by means  of grease  (eliminating noise  and wear). 

w 



T- 

DRUT8CHI SERATUNasaiSELLQCHAPT f DR BAUNtNTECHNIK M.KH 

-   59   - 

The  «amo holds   for  the railway underpass   as   for the road. 
Aftor th« fixed  support behind  the railway   (towards  the 
saltworks),  the  regaining length of th«  pipe  lino can bo 
laid without  compensators,  with sliding bearings,   since 
the end  of the   line  need  not  be  fixed. 

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

9.3*2 Road  and  railway underpasses 

Sallnto is contemplating the use of 800ms» concrete pipes 
for the road and railway underpasses, on the one hand to 
reinforce the opening and on the other to allow the pipe 
line to be dismantled. 

As  Is indicated   in the drawing DBS 6/71,   these  pipes have 
to be laid at  a certain depth  to withstand   the  traffic 
leads.  The required Minimum depths  as  measured from the 
top level to the  top of the  concreto pipe   are t 

1.4  m tor the rood underpass, 
2.0m for  the railway underpass. 

On either side,   the  concrete  pipes Bhould  project at  least 
1.0 m from the  sides  of the  embankment. 

All embankments  should be  stabilised to avoid scouring, 
•ither 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 Intske structure 

A so-celled intake structure is required  for admission of 
tho see wster to the pond Al  to svold scouring. 
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In planning the  colar plant it was  found useful  to includa 
ih«  road for the second  stags  of construction in the de- 
sign.  The result  is  a crossing with the sea-water line. 

It  appears  advisable  to combine  this crossino: with the 
intake structure.   As  is   obvious  from the drawing,   the 
pressure  pipe   terminotes   south of the road   in a  concrete 
canal  about  I.O m wide,  which runs  below the  road to the 
intake  structure.  The canal »ay be  covered  with thick 
wooden beams  or T-sections,  since  the clear  span is very 
•Mil. 

Tho  sea water roaches th» pond Al   over tho   top of the in- 
tatto  structure«   which is  roughly k m wide.   The  surroundings 
•f  the  inlet point  in the pond should be concreted to avoid 
dasMge to the ground. 
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10. Suggestions for  tho   construction of  tho  solnr ponds 

The drawing I>DS  7/71   (Annex 22)   shows   the solar plant  for 
•n annual production of 5,000 tons with the possibility 
of expansion to   10,000 tons. 

In planning this  plant,  we have  assumed  that  the  follow- 
ing conditions  are   satisfied to  tho  greatest possible ex- 
tent 1 

I. Adaptation of  the different  ponds   to the elevation 
• of the  terrain  (photo,  Annex  23)   and  construction of 

fairly large   ponds  to avoid  unnecessary earthworks. 

II. Use of the  impermeable soil  also for the ayatallizera 
to save  money. 

Ill*    Construction  of adequate  access  roads  to the  important 
points  of the  plant with a minimum of esrthmoving. 

IV. Short distancée  from the crystallisers  to the  proces- 
sing plant. 

V. Construction  of so-called   «winter ponds" for  the rainy 
season to protect the valuable  preconcentra ted brine. 

VI. Installation  of weirs to reduce  pumping to e minimum. 

( VII.     Construction  of s large pre-évaporât i on pond which 
need not be  grade,  to produce  enough preconcentrated 
brine in the  e tage of h -   15° Be. 

VIII.   Making allowance for the second  stage of construction. 

For the  scheduled  annual capacity of 5,000 tons  of solar 
• •It in the first  ataco of construction some 300,000 eu.m 
of eoa water of 3.5« Be 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° Be.   However,  measurements  per- 
formed during the  period fro« April   18 to 27 have  revealed 
that the salinity of the water is close to k.o° Be  if allow- 
ance is mads for its   temperature.  As  a result, we ere on 

T 
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Cnaiifoover fron sandy coastal atrip 
to clayay aalina araa 

Transition du littoral sab1sus au 
•ol argil aux du tarrain choisi pour 
1'eaplacansnt du salin 

Araa provided for svaporation ponda 

Torrain prévu pour lss cristallisolrs 

L. 
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the safe  aid« with the  above  ••sumption.   The 300,000 eu.M 

of sea water contain soma   10,000 tona  of aalt,   primarily 
NaCl  and avail quantities  of CaCO-j,   CaSO^,   MgCl2 and  MgSO^. 

Howovor,   since the  common aalt  Bhould be   produced well 
•operated  from the  othor aalta  contained   in the  aea water, 
oertain  losaos have  to be  expected  and  various  stages  of 
concentration should be   provided. 

It may  thus  be assumed  that only about  5,000 tons  of so- 
lar aalt  of good quality can bo  obtained   from the  300,000 eu.m 
of aea  wator.  The  table   (Annex  2k)   indicates  the  specific 
weight,   density in degroes Be,   volume  and  precipitation 
of the  different salts upon evaporation of  the aea water. 
In view  of these  conditions,  concentration of the soa 
water will bo performed  in steps  from k  to   15° Be  (pond Bt), 
fro» 15  to 2*« né   (ponds  CI   and C2),   and  from 2k  to 28.5» 
Be  (ponda El   to Kk). 

Crystallisation should bo  terminated  at  approx.   28.5° Be 
so that   the  Epsom aalta which will  than precipitate at 
a higher rata can bo removed together with  the mother liquor. 

As waa  explained under 6.1, we  may assume  an average eva- 
poration rate  of 5 mm par day for the  saltworks,   or a not 
excess   of evaporation of 800 to 900 axa for  the months  July 
- March  after deducting rainfall  and  the  amount  of water 
evaporated  on rainy daya. 

In thia  connection,  mention should bo  made  of the fact 
that a  year  of exceptionally abundant  precipitation may 
eonaidorably alter theae  averages.   In such  a caae,   only 
• auffioient  atock of preconeentrated brine  and  propor 
handling of brine supply together with  the   "protective 
ponds1* A and O will help to reduce the  production losses. 

* 
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ANNEX    24 

TABLB Of SPECIFIC WEIGHT. DENSITY IN DEGREE BAUME AND VOLUME 

PRECIPITATION OF THE DIFFERENT SALT8 PORING SOLAR EVAPORATION 

Degree 
•é 

Specific 
Weight 

VOIUM 

1.5 
4 
S 
• 
7 

1.024 t 
1.0215 
1.0351 
1.0434 
1.0509 

1000 
§20 
774 
•47 
540 

••«inning of precipitation of 
calcium carbonato and iron 
oxide up to 15° M 

• 1.0517 474 
t l.OCCS 422 
10 1.0744 271 
11 1.0125 322 
12 1.0907 214 
11 l.otto 214 
14 1.1074 243 
11 1.1140 222 

•eglnnii 
calcium 

i« of precipitation of 
sulfata (Ca»X)4) up to 

10« Be 
14 1.1247 203 
17 1.1235 114 
11 1.1425 171 
It 1.1514 111 
20 1.1*01 141 
21 1.1702 131 
12 1.1711 130 
22 1.11*4 122 
14 1.1114 114 
25 1.2095 112 
Precipitation of sodium doride 
•ainly from 25° Be to 32° Bê 
mixed with different quant it iaa 
of CaSO., MgSO., MgCl_, KCl and 
ir depending on their specific 
weight. 

Degree   Specific Volume 
Be      Weight 

24 
27 
22 
22 
20 
31 
32 

1.2191 
1.2301 
1.2407 
1.2515 
1.2424 
1.2734 
1.2149 

100 
€4 
44 
3« 
30 
27 
24 

precipitation by cooling 
of MgSO.,  Inpure through 
BeCl, ftfci-, KCl; eventually 
extraction of bromine 
33 1.2145 21 
34 1.3012 19 
33 1.3202 17 
Précipitation of mixed saltai 
event, production of sodium 
sulfate 

M 
27 

1.3324 
1.3447 f.3 

Precipitation of potassium 
(potassium and magnesium 
salts, sodium doride) 

31 
31 
40 

1.3374 
1.3703 
1.3174 

Precipitation of magnesium 
doride, impurs through NaCO 
Ngf04 and potassium salts 

M 
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10.1  Dimensioning of ponda 

The approximate areas of the different ponds result from 

the stepwise evaporation and the aforementioned net eva- 

poration figures. However, it is also necessary to find a 

proper relationship between the areas usod and the pro- 

duction requirements, because the larger the areas used 

for evaporation, tho quicker the concentration of an identi- 

cal volume of sea water. 

10.1.1 Proconcentrators 3.5 - 15e né 

As was Mentioned above, we shall assume a value of only 

3.5e Bo for the sea water to be on the safe side. To con- 

centrate 1 eu.m of sea water from 3.5° to 7.5° Bé, about 

0.5 cu.» of water have to be evaporated. Since concentrat- 

ed brin« 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* Be. In other words, as referred to pure 

water, 0.57 eu.m have to be evaporated. 

For further concentration fro» 7.5 to 15° Be, another 

0.252 cu.» of HgO have to be evaporated per cubic meter 

of brino of 7.5* Bo. In this caae, the factor is 0.773, 

which la oquivalent to a water volune of 0.326 cu.m. 

Por concentrating tho sea water fron 3.5° to 15* Be, on 

oquivalent volume of 0.896 cu.m of fresh water has to bo 

evaporated. 

Proconcentration of the brine practically starts as tho 

water runo Into the ponds Al and A2. During first filling- 

up, a grading effect will bo achieved as tho water pasaos 

through thoao ponda Into the pond B1, ainoo a thin layer 

of sea water la distributed ovor a largo area. 

In order to allow tho first salt harvest to bo collected 

In tho coming season, by March 1972, in spite of the short 

timo available, It appears advisable first to concentrate 

MUTOOHB «*HATUNaSOBeSU»CHA*T POR SAUNSNTSCHNIK M.B.H. 
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only about half tho originally scheduled volume of see 

voter, i.e. some 150,000 cu.», to 15* né on tho area of 

6o ho and then to proceed with tho next step. This will 

theoretically reduce the timo required for the eivon eva- 
poration volume by 5o r/->. 

In the following your, filling of the pond B1 should atnrt 

about July. Accordine to tho above remarks, the concen- 

tration of 300,000 eu.m of lea water from 3.5« né to 15° 

Be colle for the evaporation of 300,000 cu.« x 0.896 eu.m 

• 267,000 cu.m of fresh water. For tho orea (B1) of 6k  ho, 
thia la equivalent to nn evaporation volume of roughly 

*20 mm aa referred to fresh wntor. In keeping with tho 

net exceaa of evaporation in the different months, thia 

volume ahould be reachod in tho period from July to De- 

cember. The time remaining till March of the following year 

may again bo used for preconcentration. By the end of the 

dry season, this preconcontrotod brine may, for example, 

be pumped into the ponds CI and C2 where it will bo bot- 

ter protected from rainfall than in tho pond B1. 

The average depth of the brine in the pond Bt ahould be 

•bout 30 cm, or the wind may drive the wavea over the dams. 

If necessary, filllng-up should be controlled accordingly. 

The brine concentrated to 15* Bé now only has about one 

fourth of Its original volume, i.e. about 75,000 cu.m. 

Thia volume la then transferred to ponds CI and C2 over 

the welra and, if neceasary, with the aid of the pumpa. 

In addition, the ponda D1 to D4 may also be filled up. 

'0.1.2 Proconcentratora 15 - 2*1 * Bo 

In order to concentrate the brine from 15 to about 2* - 

25* Be, some 0.5 cu.m of water have to be evaporated per 

cubic meter of 15*-Bc brine. The evaporation factor for 

thia range la 0.67*» ao that an equivalent volume of 0.75 cu. 

•• referred to fresh water has to be evaporated. Of the 

r oeuTsoMO eeftATUNaeaaeaixscHArr eon SAUNCNTICMNIK MI ex H 
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75,000 ou.M of  15*-Be brino,   37,5000 cu.m novo  to be 
•vaporatoci,   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  volume under  the  given conditions 
and  to collect  the harvest  before  the   rainy season basins, 
it  Is  necessary to use  the  preconcentroted brine   of the 
preceding season. 

fe    10.1.3 Crystelliaers  2k -  28.5e Be 

It  is known that  the  limit  of solubility of NaCl   is  around 
26° Be,   i.e.   NaCl begins  to precipitate  when this  satura- 
tion la reached.  This  means  that about   60 to 70 # of the 
common salt will  precipitate  in the range frost 26  to 28.5° 
Be  that has  been assumed as  a basis for  the  plant under 
study.  Filling up the brine  of 2k• Be   should start  as 
early as possible in order to obtain salt layers  at  least 
k  to 5 os) thick.   Assuming an evaporation volume  of 3 M per 
day we may expeot  an estimated salt precipitation of  1  ass 
per day.  Accurate values can be determined only  on the spot. 

A« soon as  the ponds El  and E2 aro ripe  for harvesting, 
J the mother liquor is  drained and the  salt layer  lifted 

off with the  aid of perforated stainless-steel  shovels. 
It is  adviaable  - above all,   in tho  interests  of rapid 
harvesting -   to transfer the harvested   salt  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 about   10 m so that they may be  easily 
moved by hand.   An output  of 2 - 3 tons   per man and eight- 
hour ahift  may be  assumed.   In other words,  about  50 men 
will be sble  to harvest  100 to  150 tons  per shift.  With 
two-shift operation,  the harvest can be collected in 18 
to 25 days. 

L  
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t°«2       Construction of solar ponda 

Our design of th«  solar  ponds   as  por  drawing DBS  7/71 
(Annex  22)  has  been baaed   on the  following considerations i 

Access   to  tho   saltworks   is  ensured   by the  road. 

.. Construction of  the sea-water  lino  has  been started by 
Sslinto  alone  this road. 

Hie warehouses   alone the  rood,  beyond the railway line, 
are under construction. 

The  ponds  should bs built  in the  loamy soil botwoon the 
sandy coastal  strip and   the  lagoon. 

The  ponds  for  the second  stage  of construction should be 
disposed  symmetrically  to avoid unnecessarily  long distances 

The  crystallizers should  be  as  close  to  the warehouses 
and  the  future  processing plant  as   possible. 

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

The Most  important points  of the  saltworks  should be 
easily accessible. 

Construction of the solar ponds  should be undertaken 
ao that  the ponds Al,  A2  and B1   are  completed  together 
with  the sea-water line.   As 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 regaining ponds from Ct   to E2  can then be  built while 
the brine  la concentrated  In pond B1. 

'0.2.1   Ground  survey and  leveling 

Pirat of all,  the entire aite should be properly survoyed 
and siarked by wooden pega. 

W 
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Leveling is not necessary for the first preconcentration 
pond B1. The palms and bushes should bs grubbed| the ve- 
getation cover might be removed by erosine animals. 

It  «ay bo expected  that  tho   increasing salinity of the 
Ground will  cause  the remaining vegetation to wither in 
the course  of  a few years. 

In order to facilitate transfer of the brine frost one  pond 
to  another,   the  natural ditch in the  center of the  pond 
should be deepened and extended  towards  the  dam between 
ponds CI  and C2.  The ditch  should be  deepened to about 
1.5 • above swan sea level   to allow  the brine  to be drawn 
off by the mobile  pumps  on  the dam and  transferred  to  the 
intermediate  concentrators  B1  and B2. 

The sites  of ponds At, A2  and CI   to E2 will  also have  to 
be  grubbed.   In addition,   it will here  be necessary to re- 
swve the grase  cover snd  to grade  the  different surfaces 
with the  aid  of a bulldoser  accordine to the elevations 
given.   It  is   important that   the clay layer not be  perforat- 
ali  in this  operation to avoid seepage  losses.  Should  the 
layer of clay be too thin at certain points,  these would 
have to be specially lined with clay. 

The Material laft over fro» grading can be largely used 
for  the construction of dama.  Care should be  taken to 
atore the stripped clay soil separately so that  it  may 
be used for latersl sealing of the dams against the  ponds. 

A» additional  operation is  required  for the  crystallisation 
ponds El  and E2 where the  surfacee have to be fine-graded 
and  compacted  by means of rollers  to  allow easy harvesting 
of  the salt. 

The elevation of the different ponds  as referred to mean 
sea level is evident fro» the sections  in drawing- No.  DBS 
7/71. With a value of 2.10 « above mean sea level,   the 

L. 

W 
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ponds Al   and A2 as wall  as  D1  to DÌ*  are  lower than the 
ponds B,   C  and E ao  that  a  large volume  of brine  can be 
stored on  a Minimum area surrounded by high dams. 

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

10.2*2 Dams  and  roads 

Towards  the  lagoon,   the  solar ponds must be  protected 

sgainst  flooding, since  the  Mohno river  frequontly presses 
large meases   of water   into  the lagoon  during the  rainy 

season.   In order to keep the dora height  within reasonable 
limits  and  also to protect   the adjacent  area  against  flood- 
ing,   the   lagoon should be   permanently  kept  open to  the sea 
east  of Anecho.   Should  this  be impossible,   the sand dune 

at  the bridge  of Zebe   should be  opened   as  s  precaution when 

the wster  level reaches   1.5 m above moan sea  level. 

Por the  above restons   and  in view of  the fact  that   the 
fill orest  of ponds holding brine  of  low concentration 
should project  about   30 cm above  the water surface  to keep 
waves from spilling over the dam in the  case  of heavy wind, 
we have suggested a dam height of 2.90 m above moan sea 
lavai. 

Only the ponds Al, A2  and DI to Dk, which serve so  a pro- 
tection against rsinfall and ss winter  ponds, will reoelve 
dama with  a height of 3.10 m above mean sea level. 

The width  of the different  fill cresta  variaa, depending 
on whether the dam ia used  as s partition only or as an 
aeoass road aa well.  Va have therefor«  chosen the follow- 
ing dimenatone t 

Hajor roadat Dam width 7.5 m 
Between the aolar ponds C2 and E2 of the first stag« of 
eon«truetion and the ponda C3 and 13 of the eeeond stage 
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and  on tho southern sdgo  of the ponda   «Ions El,  E2  and 

later E3,   Mk,  for removal   of aalt and  materials haulaga. 

Accasa roadai  Dan width 5.0 * 

Between tha ponda B and C  and along tha  eastern aida  of 
ponda C,   D and E for haulaga of tha  larga »oblia puaipa 
and  other  »atarlai». 

Footpaths t  Da* width  1.5 • 

Satwean tha ponda CI   to El   and C2 to «2. 

Ordinary dama i  Width 0.5 » 

Aa waa mentioned above,   tha Material  le>ft over fro» grad- 

in« ahould  be used for  the  construction of the dawa.   Should 
thia bo  inauf fio lent  for tha dama  of  tha non-graded  pond 
B1,   the  required matar ial  may be borrowed baa ida  the da», 
aa far aa   tha clay layar  la  sufficiently thick. 

Whan building tha dama,  epocial care  ahould be  taken to 

oovar the  ambankmenta with a layer of  loam linking up with 
tha pond botto» without  any  Joint.   Otharweiae,  consider- 
able  aaapaga loaaaa »ay occur at thoaa   points. 

Tha anbankajanta  of tha dama  ahould hava  a 35* alopa in 
relation to tha horiaontal  plana. 

Tha fill crests,  particularly those serving aa roads, 
ahould racalva a laterita covering layar. 

Tha daaign of tha waira  and  tha inlet fro» pond A2 to tha 

ponda B1  and B2 la ahown in tha large-scale aactlon of our 
drawing No DBS  7/71   (Annex  22). 

Tha eoneroting o por at ions ahould llkewlao be deaignad to 

avoid aaapaga laaaea.  The valves ahould preferably bo made 
af aavaral boards ao that various discharge heighta can be 
obtained. 

i  
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The discharge eurfsee  in the immediate proximity of tho 
valve  should bo stabilised with cement to «void scouring 
of tho «oil.  Tho same applies to thoao areas in the dif- 
ferent  ponds where brine  is pumped  in. 

10.2.3 feasibilities of brino  transfer 

At was  Mentioned under  8.3,  throe mobile diesel  pumps with 
s oapacity  of 6o to 70 cu.m/h and  another three with a 
capacity of 90 to  100 cu.m/h are available  for repumping 
the brine. 

Th» pumps  with a opacity of 90 to  loo cu.m/h are primarily 
used  for   transferring the brine  from  the proconcentrator 
B1 to the   intermediate  concentrators  CI   and C2.  The ditch 
in pond B1   mentioned under  10.2.1   serves  as  a pump sump. 
Bifore  pumping,  port  of  the preconcontrated  brine may be 
disehargod  vie tho weirs  to speed up  the  transfer end save 
pumping time,  ror  transferring the  brine from ponds CI   and 
C2 to  tho  erystsllisere El  and E2,   the weirs  in the supply 
ponds  DI   and D3 should  first be used until   the brine level 
it identical.  The rest  of the brino  can then bo  transferred 
to th« crystallisation ponds with  the  aid of tho pumps  of 
60 to 70 cu.m/h capacity. 

Before  one  of the rainy seasons starte,  the preconcontrated 
brine  in tho ponds El,  E2 or CI  and C2 should bo  transfer- 
red to tho  so-called  »winter ponds" DI   to Dk  or Al,  A2. 
In this connection,  oaro should be  taken to fill  the dif- 
ferent  ponds right up to the top eo that specifically 
lighter roinwater msy bo discharged  into ponds  II,  E2 and 
B2 over  tho  slightly opened weirs. 

At tho end  of the rainy eeason,  tho rainwater in the E- 
ponds  is diachsrgod over the weirs  into tho mother-liquor 
osnsl.  Tho  preconcontrated brine stored in ponds  DI  to D* 
is returned to the C or E-ponds in accordance with its con- 
centration. 
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The puajps are transported on the icctn roads provided 
for tho   purpose. 

A »uffloisntly long hoso  or pips  should bo available for 
filling  or draining the ponds AÎ   and  A2 across  tho road. 

10.2.1» Dischnrfte  of wothor  liquor 

A« aoon  as  the brine   in the crystallisation ponds  has 
reached  a concentration of 28.5° Bo t   the Epson salts MgCl. 
and MgSOjj will start  to  precipitato   increasingly from tho 
«other   liquor.  It is   therefore necessary to discharge tho 
•other   liquor above  the  salt layer ovon though it   still  con- 
talna   a  certain amount  of NaCl,  to ensure good salt quality. 
Ve have   therefore provided for a canal   through tH.ch the 
»other  liquor can be  discharged  into  tho lagoon bofore  tho 
•alt  la  harvested.  Tho  canal starts   at   the southwestern 
corner  of the pond E2,   follows tho  road  on the southern 
•ido  of  pond E1 in wootern direction  and finally  to the 
north.   It  thon fol Iowa   the ponds El f   DI, C1  and B1  until 
it reaches the lagoon. 

Tho bottom of the canal atarts at  an elevation of 4-2.20 a 
above sjoan sea level so that the ponda  El and E2 can be 
drained by gravity when the welra are  open.  A gradient 
of approx.   0.5 $ has been chosen for  the canal. 

The bottom of the canal  is 0.3 • wide.   The angle  of slope 
should  be  adapted to the material  available.   It ehould 
likewise be around 35*. 

Discharge  of the mother  liquor into  the  lagoon will  in- 
creaee   tho salinity of that water body.   As a result,  the 
lagoon will cesto to be  a breeding ground for Anopheles 
mosquitoes which transmit malaria.   Since the lagoon water 
is not uaed for drinking-water purpoaea,  there are  no ob- 
Jectiona  against discharging the mother liquor into the 
lagoon. 
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•ino« the auoceaaful opération of the solar plant depende 
•n the exaet knowledge of tha proceeeea  involved in con- 
centration and cryatalliKation aa wall  aa on proper brine 
treatment,  we consider it particularly iaportant for one 
or two qualified Tocóla se to receive practical training 
in a auitabla aolar aaltworka. 

I 
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10.3      Meteorological atation 

At was Mentioned under 6,  it  la euggeated that a va at her 
• tation ba  aat up on tha premiaea of tha aaltvorke. 

A aultable aita for «atting up thia  atation is  tha ara« 
batida tha  office building or a eiallar plaoe south of 
tha aolar ponda whore,   above  all,   tha evaporation valuea 
will not ba distorted. 

Tha atation ahould meaeure the fallowing valuea,   if poa- 
•ibla thraa  tinea daily (6,  12 and  18 houra)i 

MinisKim and aiaximua) tempe ratura a 
Relative tumidity of the  air 
Aaxmnt  of rainfall 
Evaporation voluate 
Wind apaad and direction. 

It will  alao ba  of great  advantage  if a a »all axpariawntal 
pond for aolar evaporation ia built  on tha eaate praalaee. 
Far aaay compari a on,   thia ahould ba  aubdivided  into pre- 
avaporator,  evaporator and cryetalllser ponda like  tha 
aetual plant.   (Slae,   for inatanoa,   30 aq.ai 4 10 aq.ai • 
9 aq.ai with a depth of approx.  *0 - 50 cai). To avoid aeep- 
ege loaaaa,   tha pond would in thia oaaa (a and y aoll)  have 
to ba concreted or lined with plaatlc foil. 

Vith tha aid of aultable Beauetoawtere tha degree  of eva- 
poration in every pond oan be deterejined daily.   In eon- 
Junutlon with tha ajeaauraajanta of tha Meteorological ata- 
tion,  thia will allow eartain conclue lona to ba drawn or 
trenda de te retinad. 
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11 •       Hirvitlng and at orinar of «alt 

In the  first harvesting period - probably in March 1*72 - 
it will only be pos*ibi« to harvest  a part of tho «ensoul- 
ed »alt voluew due to the short  tie»  available.   It  is 
therefore advisable to collect  this harvest exclusively 
by hand and to gather experience.  Only then should the 
belt conveyor» Mentioned under   10.1.3 be procured. 

The available tipping trucks »ay be used for transportation 
of the harvested seit fro» the ponde  to the storage area 
and further to the warehoueee.   A vertically adjustable 
bolt conveyor is auitable for piling up the raw aalt in 
the two warehouses presently under construction. 

Ai soon ao a processing plant has boon built,  it will bo 
necossery to find a «eana  of transportation between the 
warehouees and the procassine piont, which will allow 
handling of ko tons of salt per eight-hour shift.  A front 
end loader,  which could aleo be ueed for further earthworks 
during OKpans ion of the aolar plant, would bo suitable for 
this purpose. 
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12.      Salt processing and packing 

Processing of the harvested «alt  la required to rtaov« 
duet partiólo«,   «and particles and tha Ipsom aalta  con- 
tainad in tha residual mother liquor of  tha aalt. 

In tha first atOR«  of construction it vili ba  antiraly 
aufficiant to procaaa  the  salt by washing and  centrlfug- 
lng to obtain a product at  laast  äqual  in quality  to im- 
portad aolar aalt. 

In ordar  to ba  abla  to adapt to changing market co nd it lona 
and Manufactura various gradas of salt,   tha waahlng  and 
centrifuge facllitiaa stay bo supplemented by drying,  grad- 
in«,  grinding and »lxinç facilities. 

Tha achadulad annual  output of 10,000 tons in tha aacond 
ataga of construction calla for a procaaaing plant with a 
capacity of 5  t/h,  aeauming eight-hour  operation.   It would 
ba uneconomical  to dimension tha  plant for tha firat ataga 
of conatruction only. 

Tha drawing DBS 8/71   (Annex 25) ahows a procaaaing plant 
of this kind with an appropriata bagging plant for  the uaa 
of plastic baga. 

Tha aalt taken fro» tha raw aalt atora raachaa a Mixing 
wore) via a surge bin and a batching trough conveyor.   In 
tha wore),  the aalt  la  intimately mixed with brine  of approx. 
20* Bé in order to diasolve mother liquor and  impurities 
dried an the cryatala. 

Via a steep-incline aerew conveyor the aalt raachaa the 
eereenlng waaher. Tha bottom of the screening washer Is 
deelgned aa a aletted aerean se that dirt partlelee and 
dirt brine mixed with fine ealt ean ba expelled. 

Tha washing brine ie circulated in a sedimentation tank. 
Freeh brina •§ appro«.  20* Be muet be added at certain in- 
tervals, depending on the degree of contamination. 
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The  »alt washed  in this  »anner la transmitted directly 
fro» the washing plant  to an oscillating-scroen centri- 
fuga   in which the  adhering brine is Mechanically separat- 
ed.  The degree of dahydration  is a function of «rain also 
and crystal  structura.   Centrifuges  of this   type  generally 
dehydrate  the 'solar salt  to about 3 - 5 %. 

Centrifuging of the sslt  conaiderably reduces  the content 
of secondary salta so that,  above all, the hygroscopic 
effeet  of MgCl2 is  largely oliMinatedi  in other words, 

(Q the «alt reata in« relatively dry. 

Via a  conveyor belt,  the centrifugad salt reaches   two in- 
terawdlste hoppers  above  the bagging syste».   Since above 
•11   18 and  25-kg bags  are used,   two bagging acalea with 
drawing bolt  conveyors  and Manual welders  for plastic  bags, 
•11 of the» for a capacity of 5 t/hi have to be uaed. 

The wall thickness  of the pi «at io bags should be  about 
150 to 200 a» so that they will wlthstsnd swchanlcal atrass 
durine leading and  in transit.   If there la no suitable 
•toro  available,  the baga »ay also be «tored  in the open 
•ir.  However,  in this caae they oust be protected against 

9 direct sunlight. 

As woe Mentioned at the beginning, this processing plant 
can ••ally bo expanded, provided that it la suitably de- 
signed fresi the very beginning. 

A dleael AC generating set with an output of appro*.  70 kVA 
aajst bo provided to supply the above plant with power. 

**.— 
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13,       Coït  patinato 

On» of the purposea  of this report is  to (Ivo • coot eati- 
»«to for tho aea-water intake lino and th» processing plant. 

13.1    Soa-water Intake  lino  (drawing DBS  5/71) 

ror tho sea-bottom  intako line  of PE  plpoa  auggeeted by 
«to wo hav« obtained   a quotation from Mesara.   Dyckerhoff 
A Vidoann,  Munich,  which was aont to Sallnto with our lot- 
tor of August   171   1971« 

Accordine to tho quotation, tho price of 

Delivery of PB pipo line CIP Loa» 
Voiding of plpoa  at  tho site,   includ- 
ing personnel and équipaient, 
Plaoing of pipe lino with tho aid of 
divora 
Supplying and placing the concreto  aup- 
porta and the frae»work at tho intake 
point 
Laying the pipe lino on land and into 
tho eoa up to about ho m, including 
tho necsseary équipaient 
1» DM    233,100.- 

Plua 
Tr ana portât ion of »storiai to alto 

Loan of floating rig» 

Continge ne lea 

Eatioate DM  »0.000.- 

Total eatlaw te      DM 293,100.- 
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13.2    Procesal tut plant (drawing DBS 8/71) 

The coat of the proposed waahing centrifuges and tho bag- 
ging plant with a oapaoity of 5 t/h ia  eatimeted aa   followai 

Items to bo  manufactured  in Togo* 

1. Surgo bin 
"7.  Bolt  conveyor Estimate DM      30,000.- 

8. Two intermedíete hoppera 

Approx,   3  tone of supporting etruoturoa        ON      12,000.- 

Items  to bo   imported i 

2. Batching trough conveyor 
3. Nixing wor« 

*. Stoop-incline acrew conveyor    tBtli|.t#    BM    225tooo.- 
5* »crooning washer with  two pumpa 
6, Oscillating-soreen centrifuge 
9. Two bagging aoalea 

10. Two drawing belt conveyor a 
and hand weldera 

Diesel AC  generating set,   70 kVA                        DM feO,000.- 
Bpere parta  for two yeara              approx.        DM 18,000.- 

CIF exponaos                                       approx.        DM 10.000.- 

DM 335,000.- 

Be ti ma ted total approx. DM    3*0,000.- 

Binoe Salinto ia exempt from import dutioa and feea,   theae 
nood not bo  taken into account. 
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