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1. 1 

1.2.1 

This is an interim report 0€ the expert's first of 

the three visits, for the pi1ot plant of the Soda 

project. Along with Ato Mekonen, be spent 10 days 

at the project site; an observatory was ·established 

at the L:Uca ~h~11a bungalows. The rain-gauge has 

been calibrated so that it can be used with a 100 ral. 

(laboratory) measuring cylinder; details 0£ work done 

at the site are given in Appendix 1. 

A:fter re'tUiningto Addis •~baba, more ti-.ar1 .3 \neks wera 

spent in the Laboratory, carrying out :fractional 

crystallisation of L1ke Chitu Brine, physical properties 

o:f brine lsp. Gr. vs concentration and boiling points) 

have also been ascertained. Some exp"'rifoents were 

car~ied out on preparation of Chemical Caustic Sod~, 

using wa3te lime f'rom acetylene plant. The results 

of these esperirnents are swnrnarised in A:>pendix 2f 

methods of c1emical analysis used are given in 

Appendix 3. 

In section 2 are described all the Alkaline LakeG of 

Ethiopia, the three Crater bkes near village h 3ga 

and near the Kenyan border (El Soda, Magado and Dillo) 

have much better concentration of solids than L:u-:e 

Shalla and Lake Chitu. The total quantities of solids 

are, however, small and not of signi:ficance in the 

present context. 

During a o.oser study of the important source of 

Alkaline Drine for this project viz. Lake Chitu, it 

has been found that the area of the L':Lke taken in 

earlier studies is probably erroneous to the extant 

I 
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of )O~ reducing the resource to 5-6 years requirements 

(at 20,000 t.p.a. Soda Ash) from 15-20 years. A survey 

of the lake dimension will settle this point. If the 

lake area is 1.2-1.) sq.Km. (as calculated from aerial 

photographs) instead of ).7 sq. km. taken in earlier 

calculations more attention will have to be diverted to 

LaKe Shalla than Lake Chitu. As Lake Shalla Brin~ con

centration of Alkali is half that of Lake Chitu Brine, 

the size of the Solar Soda Works will become double. Con

centration of flouride at Lake Shalla is also higher; 

reserves of Alkali at Lake Shalla are prac•ically inexhaus

tible. Appendix 4 gives a comparison of reserves and 

replenishment at 4 important Lakes in the Great African 

Rift Valley viz Lake Magadi (Kenya) Lake Natron (Tanzania) 

and the two ~akes in the Lake District 1- Ethiopia. 

In section ) we have discuss~6 the various processes 

applicable to recovery of natural Soda Ash from its 

various ooourrences in the World. The process used at 

Searles Lakee in California, U.S.A. namely Carbonation 

of the Brine is not necessary as Lake Chitu (and Lake 

Shalla) Brine is less complex and is proportionally 

much richer in Alkali contents, A simpler and more 

economical process is recommended. This consi•ts of 

fractional crystallisation through solar evaporation. 

The technology is lmown not only in Ethiopia but aven 

within the National Chemical Corporation who hns under-

taken the pilot project. 
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1.4 In section 4, we have ana1ysed the meteorological d~ta 

obtained from Lake Chitu observatory through 11 months 

of observations in 198o and corelated the data with 

meteorclogica1 data from nearby stations. It has alsc 

been r3COmruended that we restart the observations 

inunediately as we have most of the necessary insturernentr; 

a1readj with us. 

1.5 In section 5, we have devoted some time to study the 

geoth~rmal energy potentia1 in the Lake District; 

I.2ke .;ha1la and vicinity have indicated good potentia1 

for g'lothermal energy. The site being investigated 

at present by drilling wells (Lake ~ngano) is a little 

too far from our pilot project site (140 km by road), 

It ia su~gested that investigations be raade et Carbetti 

Caldera which is only 22-25 Km from Lake Chitu. Gas 

chromatograph, recieved receatly by the Et~iopian 

Institute of Ge~logical Survey may prove to be of benefit 

for the preliminary investigations of the site, which mnin

f .:iots geothermal activity tbr:'lugh fumaroles and hot ground. 

A well drilled and found unsucessful for power gcner~~io~ 

(being too small in output) could be used for the st0am 

requirements for calcination and for Chemical C~ustic 

Soda plant. 

1.,6 Section 6 deals with a diversification introduced in 

the project. Developing countries normally have l~rg:' . .' 

demand :for Caustic Soda than an equivalent quantity 

of Chlorine; for .environmental and econo.nic reason:,-,, 

the size of the E~ectrolytic Chlor-alkali plant has 

to be limited to the genui:ie Chlorine needs {excluding 

such us&ge as dicalcium phosphate). 
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The balance o:f Caustic Soda needs could ~e met by 

conversion o:f Soda Ash to Caustic Soda. Uith a resoarc8 

o:f natural Soda in brine f'orm, one can use concentrried 

brine {.-:t a cartain density) instead of:' dissolving solid 

Soda Asll• Cost o-r such a brina, is a small :frac~ion o:
the mar:rnt price of' Soda Ash and production of' Chemic::il 

Caustic Soda can provide larga µro~its £or the proje~t. 

Produc~ion o:f Caustic Soda also naeds large quantities 

of' ste 1m and if ul ti111a tely, steam :from geothermal sourr,es 

is avai.lab.le, this wou.:.d improve .further the pro:f::.·..;a~iJ..:.:..t/ 

of the project, such ~iversification is naeced parti~ular~:· 

if' we .1a-ve to switch over to L:\k'~ Shalla as the .sour~-::~ 

when 1 .. -uce Chi tu gets exhausted. Manufacture o:f Chemic:.~ 

Caustic Soda would also encourage rapid expansion of 

indig<.mous soap production from imported tallow a1:d nti! . .)r 

indigenous oilo. 

1. 7 Section 7 gives the design calcula ti0ns of' SoL.--.r Sod,-: 

lbrks and the sizing o:f brine pumps and pipir..g. D3si.z;n 

of Sol3r evaporation pans is based on Metsor0locical 

Data (section 4) and experimental work in Like Chitu 

B·'.'ine. Layout of' Solar p<.:.ns is given in .ti'ig. ·~ - i,, 

The basic data are summarised below: 

Solar Pans 

J condensing pans 6 ,.li. 

1 ~-eservoir t:o:!' sat, J;.rine 1. 4 

2 Crystal!isers -9..:._8_ 

TOTAL ......... 8.6 ===== 
Main pump 50 m3/hr. 1'ot~l -;:i.aad 18 r. 

h.ux. pump 10 m3/br. Total :').lad 5 m. 

Size of deli vary pipe 125 nun. i. d. PVC. 
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1 ~8 Section 8 lists all the work to be d·)ne bet,·re~!l eXi,.'~~---·;; 

:first and second visits. It includes the· odolite ~urv: 

of the nite, :final selsction of the site in the gen~~~~ 

3.rea de '>Cribed in the report~ purchr:i.~e and instalJ.e_ -:i'>;·_ 

oi' tl:.:? -.Jrine pump, earthwork for tha Sol<..r ev.:.por<l. t:io,1 

pans~ :-urchase and install~tion of PVC pi-;Jc, :first t'L!.: 'c·:; 

of the Soda li orks, taking observatory r..;~<.oings etc,; '. ·or.c 

items ·.ra listed :for o:i.'~ ic~ work also such a8 0btair.L1,:-; 

previ c .is survey dra-..:i:ti?: of' La!{.e Chi tu. g:: ·-t:l.r ·: ·. "l.
0

-{.0 C· :: t" 

Brine :;hecl:ecl by the <"a;.1.tral Laborc:..tory ( t~ie:ffC if" sc;r;::: 

serioll..:> errors in their .?~rli~r :..n.::.l;-~is): c.a:.':..'yins oc"."'. 

a r.i::.i.r'~et research on consumption of 3od~. i1.eh ail.cl s,-·T.:,ti~ 

3odn.~ (past dnd :future), finding out thrrrn.gh Mln=_..:;tr:r 

of H: ues, resourcez of hit;;h gr::ule :!.ime::;·:;o~'!e in tlii:- ()<-::->!10·r:: ; 

vid.rii ty ( 100-200 Km.) of Iake Chi tu~ 

Con:::i.de-rable .A..aboratory \o.'0rk h~!.: a.::..'30 b~e1-; sugg:;~:i:,.::Cl 
r· 

f'o::- fractional crys -<,;allis2. ti on oZ' Chi tu :.Srirn:: Lt ~ -· ""=: '' • 
SomP more work also hb.s to ba do~1e on p:::'e;>~~ra ~-io~ of 

Chernico..l Caustic Soda., ccnc~n:;rate it to 20~b NaCh 'UH.~. 
.• J~ • 

SO ill -.,inn ·'I 

NormaL1_y Chemir.aJ. Caustic Soda is co=iccntrated to l.;C, •• 48
1 ~ 

NaOH 
1 

but the higher conc.antra tior. is achieve.j throu,)1 

cvapur&tion in more expensive equipment using Nick~~ ~n~ 

Nickel alloys. 

1 .9 In section 9, implamantation schedule i'.3 work.ad nnt. ;'; 

schedule is worked out on the basis of taking aclvr.-~tagc 

a-£ the approaching dry season. All e.C.forts Jhou~d h~ 

mcde to cor;1plete the work by mitl-Ocl;ob"lr. Tnis ···L!.l 

:'.:'ciquire coo:':'dination and fast flow of !'unds, ;:;~:.~t.!WPr"' 

may cost in th-:? region of 250 to 300 thousand hirr. 
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In the last section, the plan 0£ axpert•s second visit 

is discussed at what stage it would be most fruitful for 

him to come and a list is made 0£ his activities. Depen~inb 

upon th~ outcome 0£ the investigations on the correct are~ 

of L~J.:e Chitu, it may become necessary it carry out some 

Laboratory work on fractional crystallisation of i.a.~c 

~halla Brine • 



I 

7 

2 .o The soda sourc'=?s of Ethiopia can be divided into t,;o 

groups viz. the three c~~ater L'l.kes of El &>da .l';~gnrlia 
Dillo riear the Kenyan border and t;h~ two La1 ... 0~ Shalh 

and Qiitu furthe:c nortb. Lake El Soda is about 120 m 

in dir~meter and is saturated with alkaline salts but 

r:onsi·3ting in the main of' sodium chlori<lo and sodium 

sulph1te. It has no visible spring to r.?pl~71i.3h the 

saliPe materials. The material is being exploited 

2.o~1 

on a small scale. Lake Mag"4.do is being exploited oi. 

;:-. srn.111 scale. Laka Magado is being fed by e. sprirl:; 

with a salinity o:f 20,000 ppm. major cons ti. tuent r:,_~ 
which is sodium bicarbonate. 

Flow of the spring water is 5 9 55 litres per second 

and annual replenishment is about 1800 tons for scdiur; 

bicG.rbonate. The lake water has a tds content of H3e.o:.:1 
ppm. The total contents o:f alkali in the 1'.'.ll~e coia<!:c. to 

an equivalent of 67, 000 tons sodium carbon::::. to, in a to·cal 

of 147, 000 tons of solids. Lake :L>il).o is -"ntirel:• c0v"' t. ri 

with a one cm thick crust underlain by multicolourej 

slime {algae) b.11Jeath the slime is a black water-logged 

mud. Analysis of salt crust varies froLli placv to pl'.'lce 

but the major constituent is sodium sulph3.te. There 

is a spring which feeds this small lake. A decade ago 

;in a re?ort prepared by a German Fi.rm, these three 

~eater L.ikes were given higher priority ro:- ex?loi t ~. ti•Jn 

than Shalla and Chitu. In todays context, tha re~crvcs 
in these lakes a~?ear in significant. 

The major sources of soda in ~thiopia are the two il..u:.a
1
.i:l•.:. 

L:.kes, ~halla and Chi tn, in the £thio:pian Rift Y.lle~r. 
The R_ft Valley is the most extansi vc rift :-Jyst·::im rn 1::..0 
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Zwai 

-

B 

earths continents, running some b.QQ km f'rom the :Z.ambazi 

River in Mozambiq,ue to the 1.far ~press.ion and .Red Sea. 

It was named by the British Geologist--

John Gregory in 189J. In Ethiopia the Ri:ft extendes 

over lOCO km in a general North-Northeast direction 

:from tha Kenyan board~r. The main Ethiopian Ri:ft 

averagas about 80 km wide. 

The central part of the ri:ft is as symmetrical both 

morphologically and stratographic;glly the lowast p:.rts 

of th.~ :floor lie close to the aastern escarpment and 

~ra occupied by seven large lak~s to tectonic or volc~~0-

tectonic origin. From north to south, they ::-.re as ::;ho• r: 

in Table 2.1 

Table 2 .1 

Level Above Depth Meters 
Sea i'1 '1ters -·-

1650 7 

J .. bj e.ta 1575 14 

.... h.:.l.J.?.. 1570 257 

.ii.WU.Sa 

il.b;:..1.ya 

Shz..mo 

Lakes Shalla and Awasa hava no outlats but L:o.l<.e Awe.so. must 

have a rapid turn-over losing w£4ter by ~u.<.&erground s1o?ap::ige, 

because its wo.ters are not highly mineral .... sed Lake Shalla 

reC'eives trash water overflow from Lakes Zwai, Langano and 

Abye.ta. 
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The levals o:f all la~es have bean higi1ar in recer1t 

past. dating of' swlls (by carbon - 14) .from locust.riJJ.~ 

deposits 1.5 km e~st of' ~hai..ln and ::i.bout 58 meters ~-bvve 

the lake 5610 + 100 years before the ~resent. L~cus~ri~u 

beds 84 m. above Lake Shalla.· 1.75 km east, are 9220 + 190 

yea.rs -::.>ef'ore. The high~st recognizad terraces of' the L:.K.a 

District are about 130 m. Above Lake Shalla ne3.r LaKe 

Zwai ~~d 110 - 120 m above Lake Shalla on its westerr 

~hore. "It is c1ai_mec! thti.t this level corresponds to :::.n 

ovarflow channel into the Awash Basin. It also corre~?Jnds 

to the ~resent level of Lake Awasa, but it some tens of' 

meterJ lower tha'l. the divide between Al!asa and Sh::~112." 

Lake Shall~' s longest axis is a1Ji)roxi.ns.ta normal to t!:.e 

strike o-f' regionul faults, whereas 3.11 other lakes ar:~ 

elongat0d north-e~tparallel to the regi~nal faults~ 

This explains the ~xcept~cnal depth of the lake and it 

is believed t:iat Lt:cl<e Shalla occupied a major volc.:::.no

tectonic collapse inodifi~d by regional f'anl ting. The 

area cledper than 250 1:-,. .forms abroad "figure 8" sh.::..perl 

2.raa close to the south shore. 

Lal-:e Chitu 1 km in diam. and about 1t km. south of' i..~!::: 

Shalla occupies a basaltic tuff rin~. Initially~ ~~Jt~~- o 

were subaque-:>us but in the later st:lges, sub-a~r:ial. 

aft3rwords the crater rilied with watar to approx. 

i5 - 20 m. Qbove pres~nt lake level. 

2.1 Chemical Composition of' .aters from L:1ke Shalla anc! 

Lt.ke Chitu. 

Lake ~hcilla: we have two sou~ces of analysiG viz. 

3.) Lab::>ra tory cf' G eologic·;.l S.lrvey of' Ethiopia 2.nd 

re?oroduced by Mr. Du Bois and b) sampled and analys~=icl 

by u.N. team of experts in 1975 (Irv~stig~tion~ of 

Genthurmal ~'esources fot· ?ower Development ( Ethiopi~:_). 
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For Lake Chi tu, we have two sources for co:dplete 

analysis and one more for major important constituen~s: 

These are a) Laboratory of Glo1ogica1 Survey b) sample 

analysed in June 1983 by the Central Laboratory and 

Research Institute. of Mini.stry of Health. Samplo 

which was sent to the Central Labor•". tory has '' 1 so 

b~en an.ilysJd undar tha su~H.~rvls:'_on of tha .;.ior~a ".sh 

~x:_}t:rt .n the lal)o .. 4 atory hqs a.,_so been analysed under 

the supervisn of' the &>c3a Ash a •art ill the L"?i.bOr~tory 

of Na~ional Chamical Corporation using methods desc~ib~d 

in •.. p __ )3ndix J. 

The ra~ults ure presented in Tables 2.2 and 2.J 
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TA:i:>LE 2,2 

Chemical Conposition Lake Shalla water 

Parts Per Million 

Constituent Source Source 
a b 

PH 9,7 10.15 

Ca 6 Less thnn 3 

Mg 1 " " 2 

• Na 7100 6800 

K 254 225 

COJ J690 4080 

HCOJ 4392 4J87 

Cl 2982 JOJO 

so4 
1JJ 137 

!<"" 100 JOO 

Br 2J not determined 

I O .. J 0.05 

Si02 
126 116 

HB02 
40 98 

Li 
0,05 

N14 
1,18 

t H2S 1 

Total 18847 19180 

Total cations equiv. J15.5 JOJ 

" anions equiv. 292.4 318 
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Table 2.J 
Chemical Analysis of Lake Chitu Brine 

Part Per Million (mg per 1!!!:!,) 

PH 

Constituents 

Ca 

Ng 

Ha 

x 
co, 
RL OJ 
Cl 

so 
4 

F 

Br 

I 

Total 

Total C3tions Eq. 
II C.nions Eq 

Source 
A 

9.8 

5.01 
0.61 

)4000 
1056 

12400 
1650 
7285 
JOS.6 
250 

J.99 
1.30 

56,958 
1505.7 

665.1 

Source 
B 

10 .. 2 

1.0 
not det. 

14900 
980 

10758 
5,112 
5,900 

J96 
89 

o.6 
o.6 

J8,20J 
673 
622 

Source 
c 
-~ 

1J83:? 
3296 
5964 

37,340 

There is some serious error in the analysis made by the (Yntr~l 

Laboratory and as us are vitally interested in the analysis of 

Chitu Brine, we shold ask them to repeat the analysis. A 

sample may also be sent to the University for complete analyses. 

2.2 The Reserves: 

2.2.1 Lake Shalla: Acconding to erlier reports, the Eastern 

portion of the Lake has a surface area of 198 sq. km. 

and average depth of 164 meters. The volume of L~ke 

water in the Eastern p~rtion comes to J2.472 x 10
9 cu~ 

meters. 
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The smaller wastern remainder of' the Lake covers 99 

sq. km with an average depth of' 70 meters. The volui!:e 

of' Lak~ water in this portion comes to 6, 93 x 109 cu 

meters, 

The total volume is thus J9.4 x 109 cu. meters. 

Takin€ an average of' the two analyses given in Table 

2 .2 tl.<! total alkali expressed as Na2 co3 cor.1e9 to 

10,577.4 pp, Na2co3• 
or 10.6774 kg per m3Na2co3 

The t>tal alkali content of' the whole lake is 

39.4 x 10.6774 x 10
6 

meteric tons 

or 420.7 million tons 

Lake Chitu: There is some doubt about the area covered 

by this lake; according to the description given by th:) 

U.N. Team on G~other?'lal .:..nvestigations ( 1)73), the lak0 

:i.s about 1 km in diam4 giving an area of' about 0-.79 ~q, 

km. According to ~beet 073802 seriP.S Eth 4 (Dept. or 

0-.·ers eas S..irvey) F.1i ti on 197 6, the 1 "lke is 1 '.300 m. 

long and 750 m wide at its widest portion. Bstim~ticn 

of' area made by the Soda Ash ~xpert f'rom this map 

gives a value of' about 0.93 sq. km Du Bois R .?port g~ ,.,~':i 

the area as J.7 sq. km, Topo S,1eet Nb 37.2 series Erfr. :~ 

(1979 Edition). although on a smaller scale (1:250.oon 
agaius t 1 : 50, 000 f'or 0738 02) tends to confirm t:-ie 

10wer area value. For the calculations of reserves 

we have f'or the present talcen the Du Bois value, but 

as this is of vital interest to u3, we should get 

surv~y report made by Ato Alazar of the Ministry of 

Mines to the Ministry o-£ Industries. 
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Taking an area of' 3.7 sq. km ~nd the alkali co~tent~ 

based on our own analysis (27.313 kg per cu. n. as 

Na
2
co

3
), and 8.5 ~eter depth the total alkali reservas 

come to 3.7 x 103 x 8 _ x 27.JlJ meteric tons or 

859,000 tons. 

Replenishment of' reserves: f'or any reserves of' this 

nature, it is difficult to estimate the replenishment 

of' the reserves through alkaline springs and oth~r 

natural processes. For one thing all the alkaline 

sprin6s surraunding the ::.ake may may not have been analys~d 

and their f'lows measured. Then there may be a number of' 

springs which deliver the alkaline water to the lake 

t!-lrou1_;h underground f'low. Then again, as in case of 

Lake Magadi, in Kenya, there could be internal reciircu

lation and the input uay not be all orisinal. In c~se 

of' Lake Hagadi, which has been studied in gr~at detail 

the eross input through alkaline springs have been 

astimated at 1.5 million tons of' sodium carbonate 

annum, but the n~t input after deducting fflr recirL. 

through deep undergroWld resewoir, co:nes to only 1/J o:f 

the cross. The gross replenishr;ient from visible s_prL1gs 

have been estimated in Table 2 .4 below; this,.~s b.:..s;.;'1 l~:i 

flows and analysis recorded by u.N. Tams on Geothermal 

Investigations (1973). 
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Table 2 - 4 
~eplenishment of Alkali Throu'h Visible Springs 

Lake Sha~ 

Spring No. Total CO 
Content Jpm Flow Tons Na2co~ NB 37/2 Litres/5ec. ~~~~----

29 
JO 
Jl 

JJ 
35 
J6 

90 
91 
87 
88 

60 

2.3 .. 2 

726 1 .2 49 
1667 JJ.J 33093 
326 4 .. 5 82 

1033 0.5 29 

912 
1056 
2J04 0.1 13 

J442 J.O 575 
1251 .5 364 
1206 6 403 
1166 6.6 429 

Total 5.037 

The 1-irgest conribution is by spring JO which is also . , 
the hottest spring (boiling temp.,) (see also Appendix 

The visible replenishiment quantum for Lak~ Shalla is 

quite low but in the present context, it is not of 

importance as the reserves are very ~3rge (e.g~ Lak~ 

Natron in Tanzania has a reserve of' 136 million tons 

alkali as against 421 million for Lc:.ke Shalla). Again, 

it is considered possiblo that Lake Shalla may overli~ 

evaporite deposits~ 

1 ) " 

As regards replenishment factor for Lake Chi tu, eprvng·;., 

61 to 69 emerge from the sediments close to lake l~vol 

on the east through south-east to south shores; tempr 

are between 45 - 6o0 c and total visible discharge 6 
litres per second. Spring 65 is the largest (6o0c~ ).) 
litres per second) and contributes 180 tons Na

2
co

3
, per 
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year to the Lake. This ie quita insignificanto as 

tr..e res.irves are · .. so small it would ba ne~ess:::-,ry to 

watch ctosely the l.3.k.e levels, the brines are pumped 

out fo:r exploitation. There is a possibility that 

Laka c: i tu may be get ting brine from Laka Shalla 

t!J.rougl underground connection. A level gau5e may 

b3 fix d up near the pumping installation and after 

pumpin J is started, regular reading may be te,ken f'or 

tha l.o vel. 
, . . 

Appen i.x l~ gives the coPTpa:d.sio>i of th.e ::_i'our .\lkalinc 

:'.,.,.. 
~· faas in the Af'ric:::.n Rift V2..lley. 
I 

\ 
" 
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) ~O Bas~d 01 phase rule and solubility co:isidera tions ~1:'_9;."e 

are a n1;nber of' processes which can be employed for 

recov~r: oi' Soda A:Jh :from multicomponent syst~mz such , r 

3 .. 0.1 

as the _.· ,~inas :fro ..• L~Le Chi tu or La.ke Shalla. These 

p:..·oces~ ~s will be reviewed in brief', befon;? mc.l:-.ing 3. 

se:!.ect- >n aj.Jplicable to our conditions, but befo.!'c \•:( 

discus:, the various procasses used in comr.1ercial p~L·act.i c• 

or 'rhic:i1 a::--e theoretically pos~.oiblz, we should discus~: t ~ 

-;;he co;:pos:ition of L-tke Chitu and Lake Sh~1llc>. :3r.ir..c 

and cc 1pare it with other brines :from which Sodn i1si· 

is r0covered. 

The ti: -st important imputi ties in the two brines ;;;.r~: 

Na
2

so
4 

and NaF the be::;t way to quantify these impuriti0;, 

is to ex?ress thew as ratios. Table J.1 expresses tl1cce 

im.::>Utit:ies as ratios for th~ two lake brines and compa~:'r;s 

tharr -di th many other alkaline brines. 'The value.::; intn8Li ·' ··· 

tely bring out the coi.1ple:.;:i ty o-£ the separation p::nc::: cs ~:3. 

'T'ahle J,. 1 Comparison of Bri~·1es from Alk2.lino Lakc,s r 

--------______ , _________ _., ___ ·- --· .. 

r CL SOL~ ~' ·-..i.-----·---1------··---·----·~ -.-.. : ' 
SOURCE __ ... __ 

Total co
3 

On6J2 

T0 t2.:!.. C'1 J 
0~0150 (),.(~ 1 r_~ I 

t 

I 
Lzke Ch:itu 

IA'!.ke St:.:llla 

v~.ke Natron {subsoil) 

L:i.ke Magarli (Kenya) 

Lake H~nnington {Ke'1ya) 

Saarlcs L~kc 

0.629 
OA 144 
o.474 
o.2s2 
4.5J 

o.tJ10.5 

0.0305 

0.00872 

C,0'):;·: • 

______________ --::-..------~-------.L..--- ··-
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From the abo' e table, it :i.s clear thu t Searl.as Lake .Drine 

is different in nature :from the 9 ... ·ines in the Rift Valley. 

The higher ~he ratio in any one of' the thrae co1umns, 

more diffecult it wou1d be to separate out the desired 

C2.rbona tc; by simple fractional crystnli~ation. Sodium 

Carbon".lto, normally, has a highl;)r solubility than Sodium 

chl::irL.e and would separate out :first, but if the con

centr~ tion o:f Sodium Chloride ~s hibh to start ~ith, it 

is this salt that separates out :first. Between Lake Chitu 

and Lako Shalla :.3rines, there is C().:J.cerned • Sulphate 

• 
impurity is less ir. L:>.ke Shalla 9rine but F.i..uoride is 

auch higher., Fluoricie Solubility in Alkali!1e Brines 

containing Sodium ChloriC:e is very low and Naf cegi1~s 

to s0para te out quite early if' its conca::r~ra tion is 

hizh if we have to use Lake Shalla Bri•l·~ in future, this 

?rJblem will need examination. The relativt contents of 

F' is higher than ii~ Laka Magadi and at La1ce Maga di 1 

Fluoride has bean ~ problem from time to time. Je hav:::i 

however, selacted L~ke Chitu Drine for the reasons 0f 

its better concentration and unti}- ti1is sourc.~ gets 

exhausted the question of use of' Lake Shalla Brine 

may not arise. 

Coming now to the process alternatives ~uite a numbar 

of proce,_:ses have b,;,en developed f'or recovery of natural 

Soda Ash, :Ln U.S.A., Mexico and el::;ewhere. Most of 

these processes, relate to recovery of Soda Auh from 

a~lid trona, which occur in Wyoming, (Green River 

Va::..ley) USA, Lake Magadi (Kenya} Lake Natron (T!!!.nzaniu.) 

and elsewhere. These procesas are naturally not applic:1h1_,. 

in our case. Searles Lake in USA recover Soda Ash ( an•i 

a number of other Chemicals} from brine which is alr£!;·.tdy 

at saturation with a number of salts. The processea 
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used there are not app1icable to our case mainly because, 

as shown in Table 3.1 the composition is very different 

from the Alka1ine Lakes in the Rift Valley here. If •. 
Sear1efi Lake Beine were concentrated further it would 

be NaCl (~ommon Sa1t) which would separate it first 

and not the Sodium Carbonate, as in our case, for 

this rea~on, they use an expedient of converting Sodium 

Carbonate to Sodium ~icarbonate which decrease the 

solubility and the Alkali is separated as Sodium 

Bicarbonate to be converted to Soda Ash subsequently 

t'rom the Searles Lake upper reservoir, the process 

used is different. The Sulphate content here is and 

··a.irkeite (Na2co
2

, 2Na2so4 ) is crystallised out, ~a2co3 
separated subsequently as Monobydrate, and then ~3lci~ed 

. /-
it should also be remembered that is Searles Lake ·BrinG, 

Na2co
3 

is the fourth in order of magnitude in the com

postion and that the brine is much more complex { \d th 

two major actions Na and K, instead of one). 

The first step in recovery of Soda Ash from our Lake 

Brines, in every case, has to be concentration~ This 

can be achieved by evaporation in multiple-ef£ect 

evaporators or by Solar evaporations. Even if geothermal 

steam were available (see aection 5), the cost o:f multiple 

effect evaporating equipment would be quite high. There 

would be some scaling problems too. Undoubtedly, the 

choice for the preconcer-t:a.ati~_n ( upto the stage of 

crystalJ.isation) would be by Solar ;>onds. 

~fter the brine reaches the saturation {about 22° Be•), 

the altarnatives could be either by further concentration 

and fractional crystallisation in Solar ponds or in 

a multiple effect crystallising evaporator or evapor&tor 

:followed by a crystallis ::r. In Solar ponds, the "equipment'' 

l 
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cost is small but qua1ity contro1 is more difficult, 

for one thing, there is no control of temperature at 

which crystallisation is carried out. The solubility 

of Sodium Carbonate varies appreciably with temperature 

whilst the so1ubility ~f Sodium Chloride (the majer 

impuri~y in our Brines) hardly changes with temperature, 

we cannot take advantage of this in Solar ponds fraction~! 

crystallisation, as in case of multiple effect evaporation/ 

crystallisation. Another factor is the contn.mina tion wi t:1 

soil during harvesting of product from Solar ponds for 

these reasons, we have to keep in mind, the alternative 

process and c1osely watch the development of' geot:::wrrao.l 

energy (see section s). 

From the limited work (due to time limitation) done in 

the Laboratory (see App. 2) it seems possible to set a~ 

acceptable product (ror the loca1 market) by fractional 

crystallisation and washing the harvested product by Chit~ 

Brine of 22° Be, and unconcentrated Chitu Brine in two 

steps. If a higher quality _.)roduct is desi-red {for export), a 

a part of the ~roduction can be treated furthar. It can 

be dissolved in hot water and the saturated solution put 

through a crystalliser {Swenson-walker of similar type) 

and fractiona1 crystallisation carried out at a higher 

temperature. The mother liquor can be reused partly 

and fed back to-S1lar ~onds partly, to avoid loss of 

Sodium Carbonate. 
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4. METEOROLOGICAL DATA 

4.0 For ~o1ar .i:Waporation the design of Solar Soda W.>rks 

would depend upon the meteorological parameters. 

National Chemical Corporation have taken mete~rological 

data for 11 months in 1980 (From Feb. 1980 to Dec. 1980). 

The average monthly results are given in Table 4.1. 

Table 4.1 Meteorological Data for Area between Lake 

Shalla (sw) and Lake Chitu 1980. 

Dry Bulb Wet Bulb Relative Wind Evaooration mm/dav Rainfal 1. l 

t 0 c t 0 c Humiditil Km/hr Measured Calculated r.~-~ 
25.8 16.5 J9 9 6.9 11 .6 ~ 5 .6 . 

I 

26.5 17.J JS 9 7.8 12.5 -
26.6 19.9 55 8.9 s. 1 9.2 J0.4 

26.4 18. 1 45 8.3 6.3 10.4 80 

23.5 11.s 58 9.J 48 8.6 60 

22.6 16.3 52 10.3 5.0 8,2 36 

22.7 17.2 58 s.s 5.1 6.7 50 

23.6 17.7 52 7.2 s.4 7.6 50 

25.J 16.3 38 9.4 7.9 12 10 

24.6 15.? JS 10.6 8.0 12 -
24.J 1 L• . . ~ 40 6.5 8. 1 9.7 -

-
4.1 Soda A~h Expert has also compiled data for the general 

area of Lake Shalla/Lake Chutu from meteorological maps, 
' published by Ethiopiau Meteorological Service(1979). 

The data compiled are given below in Table 4.2 
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Table L.2 generalised Meteorological Data for Lake 

Shalla/Chitu area (Several years average upto 1978). 

-, . 

A verage Mean Max. Mean M~n. Monthly Mean Meal'I Mean Daily Ev!!-E:_ .r?!· 
0 everal temp. C temp. C rainfall Nonthly R.H0h Aw~ssa 

1974-·.-
~ -;. -,. 
1jt~ 

td ') i .. 
y ·I J 

F 

ears 

an 

eb. 

arch 

pril 

ay 

M 

A 

M 

J 

J 

A 

s 

une 

uly 

ug. 

ept. 

ct. 

ov. 
I 0 

N 

t ·~ 
4.1.1 

' 

JO 
JO 
JO 
JO 
25 
25 
20 

25 
25 
25 

25 

25 

mm Hrs Sun at 
shine Noon -

10 25 275-JOO 40 
10 50 250 JO+ 

10 50 250 40 

15 100 225 40 

15 100 250 50 
15 100 225 60 

15 150 150 70 
15 150 150 70 
15 100 150-175 60 
10 so 250 50 
10 10 275 50 
10 10 275 50 

197J I 
7.0 8.7 

9.J 9~1 

11 .4 6.4 

1.2 8.6 
4.2 4.4 

4.5 J.9 
2-8 J.4 
2.7 3.4 
2.8 2.7 
4 .1 4.8 I 
6.9 7.6 

I 

8. 1 8. 1 

-· 
-· 
·-
-

4.7 
4.9 
4.4 
4.o 

2,J 
2~S 

5~J 

5.6 
5,9 

- ' 

I 

' I 

I 
I 
I 

~--' -~ ... -

Data compiled from meteorological maps as given above 

(except specific data on evaporation rates given in 

last J columns) have to be used with caution, for one 

thing, the intervals between the lines Cisothermn o~ 

Jsohyiest are large. For another, particularly for 

rainfall, it depends upon how far the nearest data 

collection centre is. Rainfall often varies considerably 

frcn place to place within a few km. distance. For 

example, in the a.miual rainfall, Lake Langano comes 
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within 400 nun isohyiest and is immediately surrounded 

by an •.solyiest of 1200 mm. Lake Shalla Abayata and 

major ,>art of' Lake Zwai come within isohyiest of 800 

mm. It is possible that if data are av~ilable from 

an addttional station, such as ours at Lake Chitu, 

an adci tional is ... lyiest can be constructed. Dt,i~~ing 
r.- . 
Expert':o limited stay at the Lake site (:for 10 days) 

it wa; observed at le::. 3t on J occa.s.sions that rainfall 

at our observatory site was disti::-:::tly less than 

rainfall at 5-7 k.'11. auay on Southern eide • 

li. 2 'I'he n.ost impo:!'~nnt parameters of meteorologicnl nature 
·. , ..... 

for c~asign of S ·1.l.ar ~~ .)rks are rai.n:fall, number o:f rainy 

days, and evaporation. The most reliable evaporation dat~ 

for us are by pan evaporation method. A1l these de.ta can 

be collected right away, as we have the necessary ins-l:;ru-
~·;H· ' .. .:·· 

ments. Tho nvc.rla.ble rnincc·.t:G:'.11 ~~fl.n c:~en !'cl1:::r: .. ~:;cl :·.o t·1~ "'; t. '' 

tho person concerned will have to be given only a 100 n:* 

measuring cylinder from our :..aboratory. Por- pan e·:apo

ration readings, only a scale is necessary. Cons"!:ruction 

o:f a smaller pan (from g.i. sheets) o:f about 15 cm diam. 

0r 12 x 15 cm rectangular size is advisable to avoid 

way3 action and ncecssity to take more than one reading 

at a time. 

As regards the rainfall da~a, the data collected from 

!~eteorological maps are to general to be of di~ect use 

for detailed calculations of S1lar pond area, we will 

have to rely on our own limited obrJervations made during 

11 months (which again are of limited value for ra~nfa 1 

do. ta which should be l':·:araged over a number of years) , 
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For evaporation rate, comparison of data collected by us 

with data f'or Awassa and 9 months data ror Mitto obtain1_d 

from Ethiopian Meteo~ological Service reveal that data for 

Awassa are more applicable to us then for Mitto. Data 

colle.:!ted by us in our observatory are of the ss11e magni

tude for Awassa f'or February, April and December, fo~ the 

month of March and May, our measured rates are slightly 

lowei. For the months of June to November, we are gettin~ 

better evaporation than Awassa. For the design of )~-lot 

Solar evaporation works, we shall thererore, use the 

average evaporating rates for 2 years of Awassa and 11 

months of' our own observations. 'Ihese average rates, 

taken for design purposes are given in Table 4.3 below. 

Table 4.3 
Me~D daily evaporation rate average f'or 2 

years f'or Awaosa and 11 months for 

Lake Chitu 

Mean Daily Mont:,'·_; 
Evao. mm total mm Annual 

7.85 243.4 
f..111 236.0 

8.5J 264.4 

7.97 239.1 
4.97 154. 1 
4.40 132.0 

3.73 115.6 

3.73 115.6 

'.:' .63 108.9 

f.. so 173.6 
"(. 50 225.0 

I 
I 

I 

8.10 2'i1 .1 --1 Total 2258.8 --
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Evapor:.tion rate using a Colorado type of pan (this ie -i:;l·2 

usual pan method) differ somewhat from actual evaporatica .-
rate :f:-om large free surfaces. The Chi tu ~olar pans wiLi. 

be situated near large open water surface (Lake Shalla} 

end may be somewhat lower. As the 09servatory readings a~
1

c 

nenr the large open surfaces of the r;akes (Awassa in 0~10 
case and ghalla in the other) no correction may be 

necessary. (The correction factor is usually 0.83) It ~s 
interesting here to note that annual evaporation rate on 

the Fthiopian Plateau is a function of' altitude, as shown 

by the following table. 

Table 4.4 

Evap. Rates for Large Water Sur~~ 

Station 

Addis Ababa 

Koka 

Zwai 

Wonji 

Mett.hara 

Awora Melka 

Lake Assal 

Altitude 
meters 

2408 

1592 

1625 

1540 

955 

805 

150 

Mean Annual 
Evapora ti!?_Il..E'!! 

1,407 

1, 751 

2,000 

2,227 

2,946 

2,855 
4,800 

Our Solar pans are at a level of approx. 1570 meters ;~:-;d 

the annual average we are taking (Table 4.J) viz 2258.i~ 

mr11 generally agrees with the above data. 
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5. GEOrffiERMAL RESOUR:".:ES 

5.0 It is a fortunate coincidence that in the region where 

we ha-'8 the Soda resources, there are indications of 

inten:e geothe:nnal activity; such ~ctivity is observed, 

tbough on a much smaller scale at Lake Natron and Lake 

Magadi too. At Lake Langano, about 140 km by road froM , 
L:ike Chitu site, drilling of one l:ell has already been 

completed and drilling of a second w~ll has been started • 

1be permeability of rock in the bottom of the first well 

may prove to be too poor for commc:rcial exploitation (min. 

15 kg. per second steam output). It is however, possible 

for us to make use of an unsuccessful well. Direct use 

of steam is more economical than its conversion to 

power. 

5.1 Because of these possibilities of finding geothermal 

energy and using it in the project, a visit was paid to 

the ~~ke Langano drilling site and discussions held with 

Mr. Roy Johnstone at the drilling site (see A~pendix I). 

The Soda Ash Expert also had discussions with Mr, Hagen 
h (. ,; 

Hole, Chief Technical Advisor of the G?othermal Projedt, 
' J A.to Ababa, project Manager and Ato Getahun Damissi<:;, 

Gener~! Manager, Ethiopian Inst. of Geological Survey. 

5. 2 In the regions where there are hot mineral springs, ;;l-H:· 

temperatures underground (for geothermal activity) are 

predicted by geochemic~1 investigations. With fumaroleR 
f • • 

one needs ('inf' Cbromatogrpahical I1vestigationsJ fortunflt0i~ 

the Inst. of' Geological Survey have recently received the 

Gas Chromatograph and this will be of use in investi;5at 

ing the geothermal activity in Co~betti Caldera. 
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5.3 Depend.;_ng upon the contents of' water (f'ree moisture as 

also water of' crystallisation) we have to trans~ort 1.6 

5.J.1 

·-; 
to 2.0 tons material (harvested ~da crop) per ton of 

Ca1cined Soda Ash. (It is more economical to transport 

solid material to the source of steam than the other way). 

It is therefore, necessary to find a source of steam as 

pear to Lake Chitu as possible, as mentioned above, '· 

Lake Langano site is about 140 km by road from Solar 

Pond site • 

Corbetti Caldera site is only 20-25 km. from Lake Chitu 

This site is in the region of Chebbi Volcano (7° 10'N and 

J8° 27' E)*. (Word Chebbi comes from 1.raei. Galla word 

meaning obsidian). Corbetti Caldera, just north of Lake 

Awassa, is a sub-circular volcanic depression 10-15 km. 

in diam. 

The main Hydrothermal activity within the region is 

manifested by hot ground and bot vapours. The inhabi tr.:r·ts 

cover the vents with vegetation to condense the stear;1 1·,· .:· 

drinking water. The most important manifestations c~cu: 
2 at Demo Argo. A 250,000 m of the area is hot, innum8rnb~"' 

fumaroles {temp. upto 91°c) exist. About 2% of the totni. 
0 

area of hot ground esceeds 85 C at 15 cm. depth. Hot 

ground and f'umartes occur at several places betw~en 

Corbetti Caldera and Lake Shalla. At Doredimtu, north 

of Corbetti Caldera about 16,000 sq. m. area is war"ri'and 

there are weak fumaroles. 
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5.4 The original idea of investigat:!n .. ~ Corbetti Caldera by 

5.5 

5. 5. 1: 

5.5 .. 2: 

5.5.J: 

dr:Uling wells (subsequent to (;"as Chromatographical 

Inv~stigations) is not given up. The question of prio

rities will arise in due course. Ministry of Industr°'"'. 

ies should take up this matter approprie.tely with Minist;~· 

of Mines for investigating this field. Our requiremants 

of steam are given in the following 

Steam requirements for Lake Chitu Chemical Project; 

Low pressure steaJ)l 

Quality\ Saturated 

Pressure: 5 to 6 atm. abs. 

Quantity: For evaporation of saturated Chit~ Brine 

for crystallising Sodium Carbonate (alteJ'.'a -

tive route) 

12 tons per hour for 20,000 tons Soda/year 

Chemical Caustic Soda 19,000 tons/year. 

10 tons per hour. 

Total 22 tons per hour. 

Medium pressure steam 

Pressure: 1 0- 1 2 atm • fibs • 

'-.~uali tyr 

Quantity: 

Superheated: 5° above saturation 

0.7 ton per hour. 

High pressure steam. 

for calculation of Soda hsh: 

Quality: Saturated i'ressure 

Quantity: 5 tons per hour. 

(20,000 t.p.year). 

28 atm. abs, 
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To summarise, total steam requirements 

Pressure Quality 
Quantity 

Atm. Abs. Tons per hour 

5 6 Saturated 22 

10 12 5°c Superheat 0.7 

• 28 Saturated 5.0 

Total 21.1 
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6. PRODUCTI:JN OF CHEMICAL CAl:STIC SOD.a 

6.0 Consideratior1 is being given to the production of Caustic 

Soda for some time now. The process considered is by 

electrolysis, with the simultaneous production of Chlot:'.L,..,r_ . 

To the extent of genuine demand £or Chlorine (for bleact--
i:..• 

ing ir Textile and other industries tr :1.ter p.irification c ~ -~, ) 
I 

it would be advisable to put up an_tlectrol tic Chlor-G..lk:_· J -~ 
;.# ,.; ~ 

Plant, using the II embrace type of Slectrolytic Qells, w:!i ;ll 

produces high grade Caustic Soda not needing f'urther c0nce; 

tration for most of' its applications even a small sized i·l: :1. ·: 

with partial or full use of Chlorine at site,is economical 

Nor:;ially, taking only genuine demand f'or Chlorine, such ;-1 

plant does not meet the full require~ents of' the Caustic 

Soda needs of' the country the balance of' requirements of 

Cnustic Soda then, have to be met by Chemical Caustic SndG 

Production • 

6.1 In this process, a solution of Soda Ash is taken and 

reacted with Calcium Hydroxide Slurry (prepared from 

washings obtained in the process). A large part (over 

85%) of the Soda A~h gets converted into Caustic Soda 

by the following reaction. 

+ Ca(OH) 2 
: 2Na0H + Caco

3 
• 

the re~ction is carried out nearly at boiling temJ. 

to get higher conversion efficiency. The slurry is 

then settled in uo1tinuously working Dorr-type thickners 

' and the Calcium c~rbonate mud is washed counter currently 
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in a series of settlers. The washings are used for 

di•~c1viag Soda Ash (where solid Soda Ash is used) 

and f'or preparing milk of' lime. The clear liquor 

is concentrated to 46-48% NaOH in multiple-eff'eft 

evaporators cooled to separate unconverted Soda Ash 

and other salts (NaCL and Na
2
so4 ). Sodium Sulphate has 

to be added, if not already present in sufficient 

concentration to ease the separation of Na2co
3 

and 

NaCl. 

Soda Ash Expert is recommending the use of' this process 
i 

f'or the Lake Chitu Project because, we can use Chitu 

Brine at a certain concentratio~, direcply from the 

Solar ponds for conversion to ·~ustic ·soda, in many ,. 
d:~velopigg countries, including India, where C~emical 

Caustic Soda is made, the major cost item is s.)da Ash 

solution obtained from a decarb0nator, wher~ Soda Ash is 

made in solution from, by wet decomposition of Crude ~J(~~lJ'(I. 

:aia:irbonate. This solution of' Sodium Carbonate is some

what cheaper than dry Soda il.sh 1 but cost-wise, Chi t·1 

concentrated R:ine would_ cost only a small fraction of' 

such soda solution in a Sy·:~thetic Soda Ash plant 1 with 

such as obvious advantage in the cost of' the main raw 

material (the other raw material being lime). The 

production of' Caustic S-.da by this process will pr.o7e 

to be ~~ttractive. 

6.3 ~s reg~rds the concentration of Soda Solution to be 

taken for 0\usticisation, this depends to some extent 

on the costs of raw materials and energy. Higher the 
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concentration of Na
2
co

3 
in the starting solution lower 

is th€ conversion efficiency, but this also brings down 

the consumption of steam for concentration of Caustic 

liquor. A balance is struck depending upon relative 

costs of Na2co
3 

and steam. 

The c·::mcentration of Na
2
co

3 
found best when Soda 

costs are high, is R:ven below. 

Total Na2co
3 

Uncl NaHCOJ l --- 2)8.5 G.P.L. 

This corresponds to Chitu Brine concentrated f'rom 8 Vol~ 

to 1 Vol. or a TDS of' nearly JOO gpl. (some soli~s ~ould 

havo separated out at this stage, mostly Sodiu.~ Bica~

bonate and some Sodium Carbonate also). In o::-der to h<v···

a richer source of Nn
2
co

3
, it would be best to start 

causticisation with Chitu Brine at 22°Be, using washjngs 

f'ro~ the process to slake burnt lime. 

6.4 We have conducted some preliminary experiments on 

Causti.cisation of 1: 4 Chi tu Brine using lime slurry 
. .I 

detained f'rom A' b~-cylene :Plant in ji.ddis Ababa. (see 

App. 2). A larg~ sample of the slurry bas been Gried 

in the oven and sampled and analysed t'urthAr experii.1ent~ 

can be carried out with this lime sample. (13.1 grms. 

are needed f'or Causticisation per 100 ml. of' 1:4 cone. 

Chitu Brine. 
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7. DESIGN OF PILOT PLANT 

. . • . l 

The Solar Soda Works Pilot,flant has a capacity of 1000 

tons Na
2
co

3 
per annum. The actual production will be 

larger to the extent of impurities (mostiy moisture) 

in the product. The product,_ will be wicalcined and 
I• f 

sold to the Glass and S~dium s-·_1icate M nufacturers 

xor trial use. The users may dry the product using 

waste heat from their pfurnaces. 

The design consists of 

7.1.1: Area of Solar Soda Works: 

Condensing and Crystallising 

7.1.2: Specific. for brine pump. 

7.1.3: Size of brine pipe. 

Harvested material will be moved to consumers in hire<l .... 
trucks, from open storage at the Solar Soda ff rks. 

Area of Solar Soda Works: 

Based on Fractional Crystalliszation experiments ca~ried 
,., 

out in the Laboratory (P:..~ogressive 1 and 2 and ranclo ... : ;·). 

the total yield of dry material from 500 ml. of 1:ll 

concentrated Chitu Brine came to 8.66 + 8.80 = 24,20 

grms. (see App. 2) 

The weighted average analysis of the dry solids comee.tc 

Na2co3 
NatiCO) 

NaCl 

I ?o by wt. 

92' 1 J 
2.57 
2.87 

~,. 
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The t·~tal Na
2
co

3 
incl. KC'.HCOJ comes to 93. 7 5% e. .. ...., 

solids interms of Na
2
co

3 
per 500 ml. of 1:4 cone. 

Chi tt· Brine therefore comes to: -

24.2 x 0.9375 = 22.7 grms. 

i.e. 2 litres of' original Chitu Brine yields 22.7 

grms. Na
2

co
3 

or 2 m3 yields 22. 7 kg. quantity o:f 

Chitu Brine required per 100 tons Na2co3 cc~es to 

2000 A--1.QQO = 88106 mJ 

\ : I 

Th~ soil analysis made by ?hterial Research and TB:c;t-
' ing D)partment, F.:.culty of Technology,, Addis Abaha 

University shows that the soil where ff.)lar ponds arP 

to be constructed has the followir.g characterstics: 

Liquid Limit 85~ 

Plastic Limit 37~ 
Plasticity Index 48% 
Free Swell 20~ 

Sieve analysis show particle size mostly between 0.1 

and 0. 001 mm ( 1 O"~ below 0. 001 mm) these ch:iractcr1J ticR 

show the soil to be good and if' the pan bottoms ar::-' 

:.•olled (by road roller when wet), the percolation los5es 

will be reasonably low; low permeability o:!' the soil 

is also indicated by absence of Alkalinity in the 

moist mud removed for examination from 2.75 m~ belo~ 
the ground surface near Chitu Meteorological Statio-i. 

Taking a loss of' 1 <>°fa ia ::;erms of' original brine: µurr~f'!r, 

volume of brine comes to approx. 

97,000 m3 per 1000 tons Na2co3• 
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Amom't o:f water to be evaporated: This is calculated 

:froir randot.11 2 experiment ( Appendix 2) • 

1. wt. of original i:4 cone. 
282.2 grms. 

Chitu Brine (250 ml.): 

'.Sp. Cr. 1.12883) 

2, Wt. o:f wet solids . 
3. 'it. o:f "!Jit~erns" 

grms 17.24 

" 101.02 

124.33 

4. Wt. o:f water evaporated 157.8 grms. This :s for 

8.80 grms dry solids containing. 93.73% Na2co3 
(total Alkali expressed as Na2co3 ) or 8.25 frms~ 

Water to beeevaporated per 1000 tons Sodium Carbo~a+e 

comes to:-
1000 x 157.8 

8,25 

= 

To this we have to add water evaporated in concontra~iP~ 
Chitu Brine from 4 vol. to 1 vol. This is 700 grms. 

approx. :for 8,50 grms solid or 8.25 grm3 Na2co3 Oor 

1000 x 700 = 84,850 m3 

8.25 
Total water to beeevap. 103,977 m3 • Tbis is total incl. 

of crystallising area, 22° Be brine, nearly saturated~ 
will contain approx. 95 gp Na2co3, 35 gpl NaJico3 ; l~9 gpl 

NaCl, 1 gpl Nal'~ and 990 gpl I-!
2
0, Water to be evapo'.".'~-ltc': 

per JOOO tons Na
2
co3 comes to J0,400 m3. 

The quantity ois larger than the brine pumped bece.use "'·' 

have taken only random 2 results for the calculation: ,..,,,, 
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rand0m 2 yields have been lower than average of 

progressive 1,2 and random 2. In,any case, the 

large~ evap. will give safety margin. 

Fron the Meteorological data (section 4) and watt:!r tc 

be uvaporated, we can ~alculate the area ~equire~~. HE: · , 
examining ~.he monthly evaporation data (T-'ible Li. J) ~.nc! 
rainfall (T~ble 4.1), the working aseason is 7 monthc 

i.e.. fr'tm beginning o:f' October to end of' April. :c, .. ·e~ .... 

at the end of' ilpril, the brine in the cor.densing a::-~.l. 

can be saved and stored in a reservoir, for the nex~: 

dry season. The rain which :falls on the s~ored con

centrated brine floats on the surface and can be 

siphoned off. with only a little dilution of the 

reservoir brine. Ra:i.nfall during September is less 

than evaporation in that month and this dilution l>ate:i~ 

gets evaporated. 

The evaporation during 210 days of dry season con:es to .... 
1632.6 mm (see T-able 4.J). This is evaporation of watar, 

In ffa1t ·v-:rks practice, a factor of o.8 is taken t'or 

condensing area and a factor of o. 7 for crystallis::!"l,~ > ,:.. \~.' 
area. This is for Sea Salt Works with Magnesium Chlo·· 

ride in the brine. The vapour pressure of $odtum 

Carbonate solutions is higher and :factors o:f o. 9 .:.nd 

o.B can ~e taken :for the condensing o.nd crystallising 

area in thlar Soda Works. 

Area Requirementss 
Water to be evap, in condensing area 103,977-10,400 ~ 
93, 577 m3 /year. Evaporation in working seasons 1~6J26rr. 
Area requireds 6.37 Hectares (condensing arP.a)~ 
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Area required for crystallising pans: 

~ater to be evaporated: 10,400 m3 

Area required: 10,400 = 7963 sq. m. 

o.s x 1.6326 = o.8 Hectares 

Size of reservoir will depend upon the storage 

necessary tor the off-season. The average depth 

of brine in the condensing area is about JO cm. 

The total brine in the condensing area at the end 

of the season will be 19,110 m3. If we store the 

more cone. brine from about half the condensing a~ea. 

the quantity to be stored will be 10,000 mJ approx. 

depth of brine in the reservoir may be kept at 70 <:>r1. 

Area of reservoir: 

10.000 = 1.4 ff3ctares. 

0.1 x 10,000 

Operation of the reservoir: The level of the bottom 

of the reservoir is 50 cm. below the bottom level of 

the nearest condensing area. In beginning of Marchf 

the reservoir is aho~circui ted to a large extent, and 

allowed to go down in level. At the end of the Solar 

evaporation season, it is filled up to the depth o~ 
70 cm. Partly by gravity and partly by a portable pump~ 

Again, at the beginning of the evap~ration season~ the 

supernatent rain water is decanted, and the crystallising 

area is fed partly by gravity and later by pump, from 

the reservoir. 
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Layo\:t of the ~olar $.:>da. W·lrlcs: In a large 80lar ?:>r',·-:. 

and 1o•here the ground is fairly level, the ~izc cf a 

crystalliser is about 0.8 hectares. As our tota: 

cry~·t;allis;r.g area is o.8 hectare, we way pro~r:L.1·) 2 

cryf :all:!.sers (in order to study n.nd poss~_'ule r.·e._0·.·0:.:~· 

of ~ lkers Soda, in the fi.rst pa.rt of :firs._: '~y:_~t~~:1.l.~-. t

So l'ach crystalliser. ·.dll be o.4 hectare :L1 ar~a, CO~!'-~•: 

ing pans in a la!"'ge G 'lar !·forks are very l~:..·ge :..:, •L <:•~ 

:for each individual a.~clon:v,:-; but in orde..:: to a··oi·~ 

circni ting of high and low de:nsi ty brine, eno~:!g'1 :• .. 

will be provirled, 1'he cost of incz-eaf:ing t:10 ••.uir.~"" ·• i· 

condensors is small as t .. 1e parti ticn ":ialls n:&.·e ~;; ;r;,.~.::.' 

Th(' layout will be ~omewhat as given in 1''ig. 7··1; nn. 

this layout the earthl·rork involved is a:'..ao ce: :nl~~ .;"<l . 

.!!'• cub~fl 

outer wells 11,530 

inner walls 2· :n.o 
Total ••• 14,250 

The earthwork involved in digging the rese:voir co:':,~'J 

to 14,000 x .5Q = 7000 m3 but thi3 earth ·wil! ba H::i'H.~ 
100 

:for the b"'.nds; without theodolite survey ,.rork, i "!: i. > 

not known how much earth 1'iill be available f'rc•n ll r)., -~ · •i 1 • 

work of the Solar evaporation area. With terracinc _,~ 
'., 

proper selection of' the starting point f'or ;;ioJ.ar \; - ~ 

the levelling can be reduced and ~-t is po11i=>ib3-.~ t". . 

the earth dug out ·for reservoir e.nd lavc.:.ling~ :)'.n . 

balanced against the above figure, and that thor<, : ;:; 

vurplus earth. 
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Specifications ~~- Jrine ~ump: The total quantity of 

brir.a required per annum comes to 97, 000 m3 , the pump 

working hours could be taken at 20 hours during initial 

:filling (to achieve rapid :filling o:f the system) and 

then reduced to 10-12 hours per ?ay (2 shi:ft work and 

cleaning and maintenance o:f the e1gine). Excluding 

the reservoir, the volume o:f brine held in the conder.s · 

inf area comes to 20,000 m'.3 or about 26;, o:f the nnnnal 

re<;uirements o:f brine. A pump with a capacity of' 5'J mJ 

per bour, working 20 hours per day, would :fill up the 

system to working depth o:f JO cm in 20 days(or i;':l a 

depth o:f 15 cm to take advantage o:f large evaporation 

:from full surf'ace). Taking 200 wor.dng days in the s:::c:.:.;o.· 

the pump will have to work less than 10 hours a d'iy on 

an average, ror moisting the Pvaporation needs. Thi3 

will then be the capacity o:f the main pump. Its head 

will be calculated a:fter pipe size is selected in t~e 

next section. 

As regards the auxilliary pump :for making use ol' the 

reservoir the quantity to be handled is approx. 1/5 

of the dilute brine. A capacity of 10 mJ per hour 

should suf:fice. 

As regard the static head for the mRin brin~ pump. the 

max, static head required to go over the pump is 47 m~ 
The other static head will be the di:ff'erence in t.h~ 

level of' brine in Lake ~hitu and the delivery of the 

pipe; this will be known only :i.:fter the survey, of t;h:.: 

site and knowing the Lake Chitu sur:face level. In any 

case, by general observation, ~- t seems to be of the 

order of 2 or J meters or even less. 
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Once che pump starts working, a siphon will be establish

ed and the working head will come down by 47 meters. Th:._~; 

would af:fect the working of the pump and at times may 

create problems like cavitation and :fast wearing out of 

iMpeller. The matter can be taken care of by any of the 

:following three expedients: 

(i) Provide a priming tank at the top of the 

escarpment , to fill the delivery pipe. 

(ii) Provide a hand-pump (the so called donkey

pump) to fill the delivery pipe. 

(iii) Provide 2 speed arrangement for the pump to 

take care of the higher head at start, reYert 

to lower speed once the Btphon is established. 

In any case, we shall take the static head of the pt.mp 

at Sm, total (incl. of minor entry & exit loses, dynamic 

head etc.) and add pipe friction loss for getting the 

total head loss from all causes. 

Size of the brine delivery pipe: Pipe size is normally 

a matter of economics. Smaller· the pipe size, larger :i.s 

the frictional loss and pumpiag cost, but lower is the 

first cost. For every short delivery pipe, it is often 

th~ praetice, to increase the Size of the pipe by one 

size larger than pump delivery, In pipes of 8-10 cm and 

larger sizes, the velocity is usually in the range 1.5-

1.7 m/sco. As we have a medium length of pipe (about 

600 m), We have taken 3 sizes of' pipe to choose from: 
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Capacity 50 m3/hr. 

Pipe size Ve1ocity Head loss in m.per 

mm m/sec .. 100 m .. o:f uine 1ell£.-~1~ 
' I ,_ 

100 1.77 6 

125 1.13 2 

150 0.786 0.02 

-
The tota1 length o:f the pipe wil1 depend upon thc. 

~· -. \v 

survey and the exact location of' the S-J1ar Soda ·wlrks. 

But, taking the nearest point when the escarpmont le-.:.-cls 

out, the pipe 1ength has been estimated by NCC officers 

to be 600 m. Taking another 50 m :for safety and as 

equivalent to :fittings (bends, valves, etc.) the total 

pressure drop works out to: 

Tota1 

meters I Pine Size Frictional loss 

100 39 
125 13 

150 5.3 

The obvious choice is 125 mm. pipe sizes the total head 

on the pump is then 13 + 5 = 18 m, the two pump9 can 

now be ful1y epeci:fied as: 

m3/br Total head m. 
Main pump 50 18 

Aux. Pump 10 5 

All iron c~nstruction. 
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As regards the bitterns, it is suggested that, for th~ 

pilot plant, they be dumped outside the crystallisers 

(with the help of the auxilliary pump or by gravity} to 

the ground, allowed to evaporate to dryness and collect3d 

and sold or use in preparation of detergent powders. 

The sides of the bund walls in contact with the brine, 

needs protection from erosion (wave action when there 

is a strong breeze). This can be given either by 

pitching with stone or by some local material. (I.n 

Tanzanian Salt Works they use palm leaves. In India, 

stone pitching is quite common without use of cement 

of lime). Ato Dulla, who has the experience of practices 

in Ethiopian Salt Works could be the best judge. 

In the crystallislllg area, in order to &void lifting .... 
off some soil with the harvest, first crop of Soda 

product may be rolled in the pond bottom. 

During the next visit of the Expert, a meeting may be 

arranged with senior staff members who have tt-.e :f:J_r::. : 

hand experieince of Solar Salt operations in Ethi0pia .· 

Some of the practices adopted in Solar Salt Wor!<s con 1 J 

be applicable to our project • 
• 
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8. PLAN OF WORK 

This section deals with d•t6ils of work to be carried 

out between now and the next visit of the E ... pert. I~ 

also outlines the work that the &:itpert will carry out 

during his second mission. 

The work to be c~rried out by the 6orporati~n is givea 

herennders 

8.1: 

s.2: 

8.J: 

8.4: 

8.6: 

Complete survey of the site by NCC personnel ~r 

Mapping Agency• • · 

Preparation of the layout of" the Solar Soda \'io:!'ks 

based on details worked out in section 7. 

Selection and ordering the brine pump and pipe ~ 

line. . ..... , 

Installation of pumping set, Diesel Engine, 

Diesel Oil storage tank, and pipe line. 

Completion of earthwork, consolidation of" 

surf"aces of" ponds and crystallisers • 

..... ... . . , . f. 

Setting up of" Meteorological Station when the 

instruments are received. ·: . . ~ -- , 
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8.7: Start pumping o:f the m_.ine before the consolidated 

pans dry-up and :fill the solar evapnra tion p•inds -

8.8: Laboratory work as detailed f'urther under thi.s 

heading. 

s.9: Miscell. office work detailed later in this se•.:-f:•.cn. 

The survey should start at the base o:f the escarpment 

on the northern site of Lake Chi tu and cont~nue n.ort;h

wards to~ards Lake Shalla. Total area covered sho~ld 

be apprrx. 1km. x 1km •• 

Based on the levels obtained in the survey Ato Dulla 

can prepare the layout of Solar Soda Works. It should 

start as near the escarpment as possible in order to 

save on the brine pipe, the :first condensing pans can 

8e at a slightly higher level {terracing arrangement)~ 

This will also help the flow by gravity to subseque~ .. t 

p~s. The areato be covered is small and the layout 

could be simple with a relatively straight forward 

passage for the brine. 

The specifications for the brine pump are detailed i~ 

the previous section. If the pump of' slmilar character~ 

istics is available locally, it could be purchased, in 

order to save time. ~his may involve some sacrifice 

of' efficiency but at the diflsel consumption ~,ould be 

quite small, this is immateriel. 

I 
f 
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Along with, installation o:f pump and ncessories, inst&ll 

a level _, :for the lake level. This can be attached 

to the suction pipe o:f the pump. In installation ~:r 

the pump, care should be taken to keep enough :free spcce 

below the lowest part o:f the pump, to avoid sucking up 

o:f slime from lake bottom. It is best to have aY~~l 

:flow type of pump which does not require a foot-value 

(most pwnp problems are connected with mal-ftmction~n3 

of foot-value). 

The earthwork and other construction work should be 

supervised for quality, the consolidation of the bott~m 

sur:face o:f the pans has to be done by sprinkling LakP. 

Shalla D·ine, (this is easiest to bring, i:f' the pump 

is not ready) and using road roller. Once the roller 

work is over, the surfaces should not be allowed to ,)e 

dried, i:f filling cannot be started for reasons of pump 

n,t being ready keep the surfaces wet by sprinkling 

Lake Shalla B ·ine. It would be best to coordinate rol

ling work with completion o:f the pump installation~ 

This work has been done once before and does not need , .. ) 
elaboration. The site need not be ~oftene• eTen if it 

is to become a part of Solar Soda Works in future. 

When brinA pumping is started, a regular log should be 

maintained if start and stop of the pumping hours, 

diesel oil consumption pumping problems, maintainance 

of pump etc. general obeservations should clee be made 

about pereolation losses. 
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Laborr tory work: During the first visit of the :~:~p~rt. 
Laborr ~ory work was carried out for a totnl period. cf 

about 4 weeks. Based on the results obtained/ s ce J·._np,, 

2/ fr·ther work io required to be carried Gu~ bofo~E 
the n 1xt visit of the i:~~pert. This i3 detailed "osl<'·-r 

.Arrar ;e to get a barrel load o.f Chi tu B!:'ine: prepare 

seve:.·3.1 jerrycan hatches nf 1: l.., cone. brine by boil::_n.-; 

in 1000 ml. beakers over oil-bath, allow the br:!..n~ ( . .-It 

cone.) to settle. Deca1t and sep3rate the ~imo i~ th~ 
centrifuge and collect the precipitate (white). Wash ~ 
or 1. times with distilled water and collect,, The cc: · 

lected precipitate should be dried at 104-106°c, groe.nd 

in mortar and pestle and bottled send t the samrle to 

Qentral Lab. or Univ. for quantitative analisi2 of 

Na, K, Ca, Mg, 

HCOJ' COJ: Cl, so4 and F. 

Also, solubility in cold and hot water. 

Ascertain Sp. Cr., co
3

, Hco
3 

and Cl of 1:4 cone. Ch~tu 

n.·ine stock solution. 
I 

Take 1000 ml. of 1s4 concentrated Chitu Brin(' j·:•. p.'<·.sti~ 

evaporating pan, and keep the same in ~ZT oven fer ' 

:fractional crystallization. The temp. should be cnni.:r• '· 
0 

led a~ between 28 and JC c. 

The experiments should be like the "Progressive" or>.9[:; 

described in hpp. 2 when the density roacheo a~p~c~. ~~· 
Be, ( pluo or m1nus t degree), filter through :3uc~1:..11L' 
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:fil : e;r, take the c"' .. ensi ty of fi!. tercC.:. li<FC·"":' ~·:' 

Py!: ' ~meter, we:L.gh ti.v~ praci:;-1i +: .. te we·~, ~.....-c

prc: ipi tate, at 104-106°c un::;il cone"!:, Wt. 

fi~ tered mother l:".f'.!UC'~ ~'bovJ. : 

"l.le~,,-horl ~nd ke-ut fur :::·u1·Lher :ir~cti.:-rr-J_ c:.:-J·.:-'.~.---

1.ir·~tion at 2s .. 30°c t-.:,-ti:'. ·::he clcns'-tY r-e<..~~!:"'.:i :'-

n~· (1 ±. h~:!:f dc:;r~e) collE'ct coli.ds o:-t ::nc:-n~ .. ~ 

:fi.. 9er, ~'1::!i .. gh ~re.t i:.'..:.::-d r-dtc:o:· d~~riJ-:3 at 104-~ 06°L 

Mo :her liquor is -i:..-ei3hed r:.nd lPft fo'!:' -::-~1rt:1c:: 

crystalisation at 2~-30~C in th3 B & T eve~; ~d~~~-
o :::: -: -.ile-:.~ly :for 32 B9 ::.--.t:.1.7ri:;.: .:.1::.. -'..-:1e d:-:.:".c:l noli:- -~ 

ol ~ainetl; a~ 20,JO, and 32°30; ~or 

co., 
.) 

E'.nd Cl 

Ti19 reEults ~hould b~ e%pressed &~ in App~ 2 in 

tabular i'or;n,. 

B·..1.se1 on the a.bov!:: -worl:~ the r,.cpert 1;ill c-1::":_: 0·1,. 

2 o:c 3 mo'.".'e '.':''..Dtlorn ('Xperime:!'l t3 to d."-tG:'.'.':11.:.:.: · :c: 

O?tirram 11 bi tte:c . .-is': den~.31 ty :f'lr hiE;:1cs~ y:~r·J 1U ' 

E~.1:t0n·~ with th~ t~·,_.n1ti7 of har"re:::;t:c-c'. 7 c~.-r'.': 

Mother-l:J.ql.:or ob-+:c..ined c. t ,'.32°:3e, sho~11d i:>t? ·;1:~':'. ·,. ~ • 

and 3:-i.alyseC:: fo:c CO,.. :i:i<l Cl ar~d -;;otel cV.c:·o~· ... ,·.'.''-'1 . 
.) 

solids. ( 'l'DS) • 'IDS is c1 c termij,ad by t~lc::l hci :.~. "C': 

::;e.'.;lple :f.n a:"l evaporn -c:!..n.r: dis'i1 E'.:.~d dryi::is- c. :. 1 o.· ... 1, ' 

to a ccnsta.nt ,.~oie;~-;.';: 
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Take 500 ml. of 1:4 cone. Chitu Brine and add 65.5 
grms. dried Ca(OH)~, kept in.a stoppered Erlenmeyer 

f'lask. {this has been ana1ysised) boil virorously 

f'or J0-40 min. :filter through sintered glass crucible 

and collect the :filtrate in a stock bottle. Repeat 

the experiment 4 to 6 times to collect large enough 

quantity o:f dilute caustic soda. (about 8-10%) 

analyse the liquor :from stock bottle :for (OH)', co3
11 

and C1 and density after calculating ~b OH, concentr~tc 

it in a glass boiler to get appnx. 28% NaOH, conl, 

:filter the separtted solids (Nn2co3 , NaCl, Na2so 4 
NAF etc). Through sintered glass :filter nnd collect 

in another stock bottle. After completing the con

centration, aialyse (OH), co3 n and Cl, determine 

the Pyknometer density and if the concentration is 

about 28% NaOH, use the solution :for soap making and 

compare the soap with one obtained by using importae 

caustic soda. 

Obtain some samples o'f' good local lime (one curfently 

used by sugar 'f'actory, should be one oJ: them), b.yC:re.te 

with min. o'f' water. Analyse the hydrate f'or Ca{OH)::: 

(:fi~st end point with phenolphthalei~inciicator) "lnd 

repeat s.s.4 experiments with local material. ~~ke 
settling test of Caco

3
/Na0H slurry as was done for 

acetylene plant waste product and compare the settir.g 
.. . . 

. ._ tests• Experiment with at least 4 or 5 snmples of 

local lime coming frnm different sources of limestone 

quarries. 
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It js suggested that we obtain a Hydrometer of the 
0 range 0-35 Be 1 the one the expert has brought and 

lef~ with the laboratory is of a lowe~ range, more 

should be ordered for use at Chitu. 

The following chemicals may be ordered and procurPJ 

at the earliest: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

Barium Chloride, Tech., G:.·ade 2110 grms. 

Sodium Carbonate A .. R~ Grade 100 
,. 

Calcium Chloride, :fused, Tech. 
Grade 500 II 

Whatman 40 or equiv. ashless filter pape~·· 

200 circles. of standard size {15 c1.1.) 

Nickel Crucihle 25ml. size 3 pcs. 

Sintered glass gooch crucible 25 ml. 3 pcs 

Porcelain :filtering crucible 25 ml. (with 

holes) 3 pcs. 
Chemically pure blue a"Jbestos acid washe-:-~ 

25gms. 

Has been studied by Ato Abera in draft :fo~m and 

discussed with the Expert. 

Miscellaneous office work. 

Obtain survey drawing of Lake Chitu made by Ato 

Alazar, from Ministry of Industries~ 

Obtain 4 frames of aerial photograph of Lake Chitu 

from Mapping Agency {action already being taken ..,.)_..,. 

Ato Makonen). 
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Requ·3st Contra! I.Ab,. to check the analytical results 

of L~ke Chitu Brine,. There are some serous errors 
' 

Re: balance of cations and anions. Fu.lor .. :::c.•.a determin'!.·· 

ti on is· also in doubt,. Chi tu Brine may also be ana:lJ3 ·, :i 

by ·;he University. 

Market survey for Soda Ash and Caustic Soda: 

I ·• 'I 

Collect import statistics - quan:.:.~· and value fo~ bc~h 

chemicals for past 7 years,. 

Apµroach by a questionnarie, consumers of both these 

chemicals, and ascertain their current requirements 

and their estimated requirements for 1985, 1987 and 

1990. Ascertain their requirements for quality el3o 

(Max.% of impunties which the process can tolerate)

Determine geographical centres of consumption,, 

Ascertain, t•1rough Mini~try of Mines (geole survev j: 
deposits of ~imestones and get the following dct~~ls" 

,) 

A. Geogr • Loe at ion &: Distance from Lake Ch~. tu 

B. Approx. Reserves 

c. Chemic~! Analysis 

Ca, Mg, Si0
2

, acid insolubles co2 etc, 

D. Geological D~acription of T/pe. 

E. Collect Samples in o . .ir O ff'ice F )r P '1ysical 

&xamination,. 
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9. TIME SCHEDULE OF IMPLEMENTATION 

Without intimate knowledge of local conditions and 

facilities available and financial resources availab'.e, 

it is difficult to estimate time required to implement 

the project, it is however, imperative to complete the 

earthwork and installation of the pumping set, by mid 

October in ~rder to take advantage of the dry season, 

this will require a concerted effort on the part of 

all concerned. The total area of Solar Ponds is small 

and if the work is done with machines and work is arran11ed 

on a continuous 8-10 hours daily basis, the earthwork will 

be completed on schedule pump foundation may take the long

est time (as it has to be given curring time) and the 

' work should be planned with priority. Foundation ft:awing~ 

can be prepared, only after ordering the pump and pump 

should be procured without delay. 

The installation of PVC pipe will not present problems 

if' hot-air welding and fitting facilities are available. 

Approx. tLme schedule is indicated below:-

Arrange survey of site (theodolite) with NCC staff' or 

Mapping Agency work to be completed by 20th August. 

th 
Based on the survey drawing, select site by 25 August. 

Meanwhile negotiate for hire of eartmoving machinery. 

Select and procure pump by 20th August. Prepare founda

tion Drawing and cast the roundation by end of August. 

The pump installation can then be started by Jrd week 

of' September and pump installed by beginning of October. 

l 



9.1.4: 

9.2: 

9.J: 

9.4: 

9.6: 

52 

Earthwork can start in early September and completed 

by early October. Consolidation and rolling can start 

as the earthwork gets completed, pond by pond, and 

complete by mid-October. 

Pumping of brine can start th/ th by 15 20 October. 

First filling of the brine should be expedited by 

working the pump for 18-20 hours per day. (rest of 

the time for routine maintenance). In order to have 

the maximwn evaporation, the brine should be allowed 

to spread over as vast an area as possible, through 

gravity flow. Depth in condensing area should be 

bUilt up gradually. 

Brine should be admitted to crystallising area after 

it reaches 20-21° Be' much before this, all the Ca and 

Mg (present in traces) will have been precipitated. 

Once the entire system of Solar Ponds has been filled up 

with brine, the pumping hours should be reduced to main

taio levels. (Approx. JO cm. in condensing area and 

50-60 cm. in reservoir. '!be level should be 15 cm 

in crystallising area ever the layer of solids). 

Harvesting implements should be procured, (similar to 

ones used in Solar Salt ~orks) by end of November. 

At the stage of fllot Project, the harvesting crop will 

be stored in the open and moved expeditiously to the 

market for trials. Handling can be in bulk or in used 

bags, in hired truc~s. 
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10. EXPERTS .PROGRAMHE AND WORK PLAN 

If everything goes on according to implementation 

programme given in section 9.0, the E:pert should 

visit Ethiopia by mid-December. Hia work during t:·:e 

second mission, lasting approx. 3 more t:i1is will be: 

Study the Laboratory Work done in the interim period 

and organise some more random crystallisation experi

ments • 

. Ii th the results of progressive crystallisation work 

and random experiments, determine the parameters for 

Solar Soda works operation (highest "bitterns" densit~r 

consistent with quality of Soda}. 

Study the m~teorological data obtained in the interim 

and corclate with data collected earlier. (section 

4 of the report). 

'\ , 
Operation of Solar Soda lfo•jrks and establishment of' 

parameters (density of brine for admission to crystalli

sers and density of brine for discharge). 

Collecting samples from various ponds and organisin,-7, 

their analysis in our own (NCC) Laboratory 

From the quality of ~olids obtained in the Solar crystall~ 

sing pans, to decide whether it is possible to isolat~ 

Bakers Soda as a Co-product. 
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To improve the quality of' S Jda by washing or recrys t<:•.

llisa tion. 

Study actual evaporation rate in Solar Soda Works and 

compare it with m•teorological data collect deGign dat~ 

f'or full scale Solar works. 

Study the results of' market survey. This will help in 

deciding the size of' the full-scale plant. 

Study the investigations on lime stcnJ depositsf study 

the Chemical Caustic preparation work in the Laboratory 

with locally available lime examine whether Cnemj.o&l 

o~ustic S0da Project is worth pursuing further. 

Prepare questionnaire for collecting data for 1 n 

economic evaluation in the final visit of the E oert. 

Train personnel in operation and maint2nance of the 

pilot plant. 

Train personnel in the analytic tests in NCC Lab. 

at Addis Ababa 

I 
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APPENDIX 1 

Visit to Lake Shalla and Lake Chitu. 

1 • 1 

1 • 1 • 1 

Ato Mekonnen Tessema and the UNIDO Expert left Addis 

Ababa on 21st June after lunch and reached Shashamene 

in the evening. We left for rthe site next day m.Jrnir::.g 

and spent the whole day there visiting the two lakes 

and several hot springs on the Southern Shore of La1
rn 

Shalla. Dry & llet bulb. temp. reading were taken. 

On the second day, we visited the southern shore of 

Lake Chitu, as also some hot springs. Only the southern 

shore of Lake Chitu has some open land but the area is nn~ 

enough to develop any solar evaporation works. ''e col lee t "cl 

a barrel of the Lake Brine for evaporation experiments in 

open pan. A small observatory was set up at the forest 

conservatory Bungalow to take the following readings: 

a) Dry and wet bilb. temp. 

b) Anemometer Readings 

c) Fresh water evap. 

d) Chi tu Brine evap. 

e) Rain-gauge. 

On 24, 25 a:1d 27th June, we continued to take obs~rvatory 

readings and inspection of site. Ve also collected Poi! 

samples from three poiDts on the site between the two 

Lakes. General examination showed the soil to be ver/ 

fine in particle si;e and f'ree from grit. ',Jetted soil 

was good in plasticity. A slurry of soil in water showed 
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extremely poor setting, again confirming fine particle 

size. A pit dig for soil sample, when filled up by a 

barrel of Lake Shalla Brine, showed rapid to moderate 

percolation, indicating n~ed for consolidati~n during 

solar evaporation pan construction. 

On 28th June, we visited hot spring no. JO on the easteri 

shore of Lake Shalla. 'Ibis spring can be reached easily 

by driving north from Shashamene for 37 km. on the asphRlt 

road to Addis ababa and then turn left on a paved road • 

'lbere is a sign board marked "Lake Shalla". About 6 km. 

on this road, we see Luke :Shalla and a walk of about 200 m. 

brings us to the boiling water springs. water temp. was 

measured to be 94 and 95°c in two different locations. 

Due to alluvial nature of the soil, the springs have erod-~ 

the earth in several places and ve saw gaping holes ma<!·~ 

recently (in the last 10 years or so according to the 

forest conservatory men}. The boiling point of water · ' 

the altitude (about 1570 meters} would be 95-96°c and ir 

one o~ the large pits, water was bubbling. The total 

quantity of boiling water springs has been recorded a~ 

33.3 litres per second. The spring i·ater bas been an:LlyseC: 

earlier and it was calculated that this single spring ad:ls 

3,100 tons of Soda Ash {Na
2
co

3
} to Lake Shalla. Both in 

temper~ture and volume, this is the most important and 

largtat spring near the Lake Shore. 

After visiting the boiling water springs, we proceeded 

further north on the Addis Ababa Road. The forest con

servatory office is 42 km. from Shashamene. 19 km furtlH'!r 

north en the main Asphalt Road, we turned right. 
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About 12 km on the track, we came to the Base Camp of' 

the Geothermal Project. (u.N.D.T.C.D. Project ETH/78/007). 

From the Base Camp. the drilling site is 26 km. ~way on 

mountainous but smooth track. At the drilling site 7 we 

met Mr. Roy Johnstone, in oharge of' drilling operations. 

Drilling of' one well has been completed {to over 2100 m~ 
and the drilling rig had been shifted to another 5ite 

about 1 km. away. Drilling on t~is site has to start 

early in July and would take about 3 months. The firEt 

well which was completed would be opened up in about ~ 

months time and then they would know about the perr:9abil:l ---

of' the rock structure and the quantum of' energy availa1'l2 .. 

About the permeability, indications obtained during d~ill· 

ing operations and water injection, indicate poor per-·e,.,,-· 

bility though it can improve somewhat af'ter the well is 
I! '1 

... 

opened. The indications about the quant~t.yof' steam are 

in the order of' 15 kg. per second. (54 tons per hour/. 

Temperature upto 300°c are expected. {f'or calcination of 

Soda Ash, we need steam temperature of' 225-228°C and ".l 

quantity of' 5 tons per hour f'or a production of' 20,000 

tons per annum). This will correspond to a medium to 

small size power plant, The cost of' the drilling rig 

is about US~6 ~illioo. Each well drilling costs about 

~ 1.5-2.0 million and investigation of' a f'ield takes 

~ 10-15 to determine whether it is worth putting up 

the power plant. ~!ells which are too small to exploit 

f'or power ~eneration could be us~d f'or steam repuise-
" ~ . 

ments f'or Soda Ash calcinution and Caustic solution 

evaporation. 

-.-1 
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A~cording to Mr. Roy Johnstone, even after a geothermal 

field is commissioned, it is dif:ficult to say how long 

it will last. JO years life is considered to be good, 

The geothermal station in New Zealand is already JO 
years in operation and even now, it is not known how 

long it will continue. 

The permeability of the rock is the most important 

factor. It is judged from the examination of the rock 

obtained as core during drilling and by enjecting fresh 

water (from Lake Zwai) and seeing the pressure ri~G a ... 1d 

temperature rise. '-later was injected at about 18000 

1 ts ... per hour. This water would penetrate in the 

direction opposite to the ultimate flow of steam. 

This two directional flow (of water and steam) would also 

improve the permeubility of the rock. 

In Nr, Roy Johnstone~s opinion, Lake Langano site is a 

little too far from Lake Chitu (nearly 140-150 km). The 

best site for our project {SI/ETH/81/803) is Corbctti 

Caldera, hardly 20/25 km south of Lake Chitu. This site 

has very favourable indications of geothermal activity 

(large number of fumaroles). In :fact, in the project 

(U.N.D.T.C.D. ETH/78/007) it was originally planned to 

include Corbetti Caldera :!"or :full field investigation:;. 

It is however, now given up and they will fully con':!e'•·-

trated on Lake Langano site. 

we returned to Shashamene over another route via Adami· 

tulu. 'nlis route to south is longer than the route by 

which we came to the Lake Langano drilling site but i!'> 

shorter in 2 respects: vis .. it takes us to the asphalt 
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highway in shorter distance ( 15-20 km) and it is a short•?r 

route to Addis Ababa. (About 165 km). The road f'rom drill-

ing site to the main road, however, is rough in places and 

there is a Bailey Bridge over river Bulbula. 

On 29th June, we dug a pit inside the evaporation par. 

constructed earlier (south o:f' the meteorological station}. 

Digging up to 2. 5-2. 6m depth produced only we~ stick~· t: 5.clc 

mud and f'urther digging was di:f'f'icul t. The wet mass ··-~·' 

suspended in feesh water (PH 6.8-7.0) and PH measured 

again. There was little change in PH indicating the a·-:is..-1•' 

of' alkaline brine in the interstetial part of' the soil. 

The local peopl(; said even digging a pit very near the :-..a·~. 

shore at Shalla produced come liquid only 4 m. below sur=ac~. 

This experiment showed that it is dif'f'icul t to get s1.;.l'-.,.oiJ 

brine,~and that Chitu Brine will have to be pumped over the 

47 m. high escarpment. The experiment, ~.lowever, indicntc:"' , 

the f'avourable nature of' the soil (low permeability) foz· 

construction of' ·s ,lar evaporation ponds. 

A sample of the sticky thick soil f'rcm 2.6 m. bel.ow surfaca, 

has been brought to Addis Ababa for general inspection. 

We continued the observatory readings until JOth and 

returned to Addis Ababa on 1st July. The important re;-;r1-· 

ings are summarised below in Table 1-1 and Table 1-2. 
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Table 1-1 

Evaporatim: Vertical mm .. Water & Chitu Brine 

Fresh Water Chitu Brine 

mm Dur;,tion hrs, 6° T\./ ( 1.0J Sp.Gr) Remarks ----------------m_:n _____ 1.1 __ 11:·~·"3.l;_:.._o_n._.., _____ , ________ ,,. 

I 23 

2)-24 

I . 
' 

Chi tu Brine in Bi{; ~-::i- - -1 
120 cm. -' 155.Jmrn de~~ I 
175.6 ltr. taken at : ~--
10 hrs. 

~-~--~--~-1--~---~-r----~---------1------'"""--~- -~~--~--

24 16 Bird ~ard provided ·c'V•?~ 

fresh water Bowl,:__ ___ ... 

16f hrs 
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1 • 1 • 9 The ex:_sting rain-gauge has been calibrated so that we 

can make use of' it by measuring the volume of rain water 

collected. The area of collecting funnel is 200 mm. 

Based on this, 1 mm. of rain corresponds to a collection 

of )1.42 ml. of water. Table 1.J gives the relationship 

collection of water to nun. of rain end vice versa. 

Table 1-J 
Ra:I . .1. Gauge cslibration_.;<· ..•. _ 

I I 

I•tl 0 Water Rain-fall Rain-fall Water 
Collected mm. mm. Collicted ml, 

5 0.159 1 )1.42 

10 o.31s 2 62.83 

15 o.477 33 91--1-. ~~5 

20 o.6J7 I: 125.66 

25 0.796 5 157.os 

)0 0.955 6 188.50 

35 1 • 11 7 219.91 

40 1. 27 8 w51.JJ 

45 1 ~) 9 282.74 
• 

so 1. 59 10 314.16 

60 1 • 191 12 377.0 
I 70 2.23 14 439.8 

I 80 2.55 16 502.7 

I 90 2.86 18 565.5 

100 J.18 20 628.J 

200 6.J7 25 785.4 

JOO 9.55 JO 942.5 

400 12.73 35 1100 

500 15.92 40 1257 

1000 J1.GJ 45 1414 

50 1"171 
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Table 1-2 

Dry & wet Bulb Temperature 

j 

oc Data l Time Dry Wet Di:f:ference '}~ Relative 
Bulb·->c 0 

·ullC 1 8':;i hrs Bulb c humidity_. 
-~- ... 

23 i16-15I )1.) 24.8 7. 1 57 J> 
24 t 9.451 22.~ I 20.0 2.4 81.J 

. 11. JO I 26. ,·~ 21 .o 5.4 6J.3 

I 14.00 29.1 2J.J 5.9 62.2 

15. 15 28.2 22 .. 4 5.8 62.2 

' I .. 
I 
I 
i 

' I 
:• 

16e45 27.J 20. 1 7.2 5J.5 

25 I 9. OD, 22.2 18.4 J.8 71.0 

11. 00 24.5 19.4 5. 1 6).8 

I 1 s. oo 29 .. 2 19.4 9.8 41.8 

27 I 9.,00 20.8 18.0 2.8 77.5 
11. 45 26.00 19.6 6.4 57.0 
14.40 23.00 17.4 5.6 59.4 

29 I 9. 10 24.4 19.2 5.2 63.1 I 

111. 40 J0.6 22.0 e.6 49.0 

15.45 22.0 18. 1 J.9 20. 1 

t 
JO 9.JO 23 19.2 J.8 71.5 

11
4.00 29 22.8 6.2 60.4 

' ._ 
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2. 1 Cons id, .:-n':>le L'1bora tory work was carried out on Chi tu 

1 .. 1 '~ 

Brine. The work was divided into J sections. 

2.1.1 Chemical.analysis and physical properties 

2,1,2 Fractional Crystallization 

2.1~3 Preparation o:f Chemical Caustic Soda. 

Chi~u Srine w~s analysed for HCO) , C(j and Cl. 

methods of analysis are described in Appendix 3. 
The 

a1-..alysis of' Chi tu Brine as c:1.rried out by us is given 

in Tat.le 2.1 along with the recent analysis carried out 

by Gf'ntral Laboratory and the earlier annlysis repr::•duced 

in Mr.. Du Bois 1 Reports. 

Table 2-1 

£.hemical An~lysis of Chitu Brine 

~.!:,ior Consti~E in gpl. 

i---- 1

1
-1.~ur31.\.r219a16ysis r- E~~~- I 13,839 

1,650 5.112 

12.400 10.753 

Central Lab. Du 3ois: aepr· · L, 

7.285 5.900 I Cl I 5.964 -------- -----------------------·-- -··- ... 
The discrepancies in co

3 
and HCOJ concent~ation in the 

th;:-ee sets of analysis are probably due to the tricky 

nature of' the method of' d~termining of HC0
3 

and co
3 

wh~n they ~o-exiRt, (see Appendix J). As regards the 

hic;h Gl 1 contents in the results o:f analysis of' central 
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laboratory, it should be noted that there is some serious 

error in the Q)ntral L~boratory results of analysis of' 

Chitu Erine as the tot~l cations add up to 1505.)8 molal 

equiva:.e:.ts whereas the anions add up only to 665.19 

equivalents. 

During progressive concentraticmof' C~itu Brine before 

separation of' any salts, S:'>• Gr. of' solutions were 

determined. 'nie results are tabulated below: TDS were 

c2lculated f'rom original TDS values and volume reduction. 

Table 2-2 
Sp Gr. of' Chitu Frine with progressive evaporation 

TDS 

1ml. 
J7.J4 
50.50 

7J.82 
125.78 
148.47 
201.40 

Sp. Gr. 

at 20/21°c 
1.0304 (original Brine) 

1 .0420 
1.0623 
1.1066 
1.12125 

1.1673 

The tote.I dissolved solids in Chitu Brine were determined 

directly by one step evaporation of a weighted sam_)le 

and drying the soJ.ids at 120°c to constant weight, 800 mJ. 

of chitu Brine gave 29.87 gms of' dried solids giving 

J.7J4 gms per 100 ml. or 37.34 gms ~er litre. The probab18 

composition of' Chitu Brine, calculated from anion concen+:r3·· 

tions is given below. 
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Table 2-3 

Probable Composition of Chitu Brine 

Comoonent Gol Remarks 

Na
2
co

3 
24,449 Analysis in our lab. 

NaHCO'> 4,539 II " II " 
J 

NaCl 9,878 " " " " 
Na2504 0.59 " quoted by Du Bois 

NaF 0.20 " " " II 

39.656 

The direct determination of TDS is lower than the 

probable composition because during progres.sive 

drying of solids even at 120°c most of the Bl

carbonate gets converted to Sodium Carbonate. This 

happens even during S>lar evaporation of brines at 

lower temperatures. If we take all HC0
3 

as equivalent 

co
3

, the calculated TDS comes to 37,98 gpl which shows 

a good agreement with the one directly determined. 

According to Table 2-3 the total dried solids after calcina

tion to Na2co
3 

should have 27.313 gms Na2co
3 

in a total 

dried solids of 37.98 gms or by% 71.9%. 

The dried solids, after calcination, analysed 71.01 

Na2co
3

• 'lbe agreement is close and confir;ms that the 

co
3
/Hco

3 
determinations made by us in our L~boratory 

are reliable. 

I 
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Sp. Gr. Vs TDS (Table 2-2) results have been plotted and 

presented in graph Fig 2.1. 

During progressive evaporation of Chitu Brine, the boil

ing points were taken at a few points. 'lbe results are 

tabulated below: 

TDS 

l?'Dl 

0 

37.34 
47.87 

10J.2 

149.4 

Table 2-4 

Boiling points of Chitu Brine at 

various concentrations 

Boiling P 0 int 
oc Remarks 

9'.30 Distilled Water 

93.5 Chitu Brine 

94. 
95.5 
96 

-

' 

During final stages of evaporation to a concentration 

of 1 to 4 (149.4 gpl TDS), there was some foaming, 

probably due to organic impurities and evolution of 

carbon dioxide gas (decomposition of HC0
3
ion). 

From the general considerations of solubility data 
' • ~ .. f • 

given in J.E. Teeples Book on se:srles Lake Brine and tbr, 
• composition of Chitu Brine it was fe1: that precipi-

tation of Na2so4 and NaF would occur at a stage later 

than precipitation of NaCl. In any fractional crysta

llization, therefore, if we control the precipitation 

of NaCl, the precipitation of NnF and Na2so4 will 

automatically b~ controlled. 
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In all the fractional crystallization experiments: we 

starter with ~ brine stock concentrated from 4000 ml 

to 100« ml by boiling or Chitu Brine. This concentrated 

brine •.ras evaporated in porcelian dish at a constant 

tempertture of 39-40°C in a heating oven with thermo

static control. The evaporated mass was filtered 

throug~1 a Buchner funnel and the brine obtained by 

fil tro ·;ion was analysed for co
3 

HCOJ and chloride and 

its Sr. Gr. was determined. The solids were dried at 

105°c ~nd weighed and analysed for HCOJ co
3 

and 

chlor0 
• ..:ie: In case of a final sample , the solids 

obtained by fractional crystallizati!')n of 250 ml cone, .. , 

Chitu ~rine were waahed with 10 ml of Cone• Chitu Brine 

followed by washing with 5 ml of Chitu Brine. One of the 

samples was fractionally crystallized in two stages, 

separating the solids in two steps, and using brine 

obtained from first stage to yield a second coDo. 

the results of fractional crystallization arP. presented 

in Table 2-5 below. 

J'able 2-5 
Fractin"·"~l Crystallization of 250 ml of 

1:4 Cone. Chitu Brine at J9-40°C 

, __ _.._...~ ... :1;.;· e.i~-~. ··-. _ .. 
j Na2co~ jl·Li-:~. 

; .. x· .. : ~-g~p2m_1,, ... +-~-.... s __ +-~ ...... ~ 2 86 '2, 2r~ 1 
-~i--~-a.~~..:..:....,o:;.a.;;.;:;.-+-;.&.;;.+--.&..;;.~ ..... .....,;~.;;;.-.--i· •. 1 • 

f · ·.r ::: e .r;. ti-Y.,2__..2..._. ____ ...._,-.;;;.'""' ...... !-----1--"..:o..;-....-...i ..... --.+"""-.. ...... -----~--2-._6 ___ ;..i:...§.::_J 

- .J.5..;;J_1_~--..-...~ ......................... ~ ......... ""'"t-...... - ....... ..__ .............. _......,_8_6_2_"f .. ~.f~ 
··~ndom 2 

so:ids washed 
1 with Brine 

1c7,,09 

·- ..... - ..... ----.---~ 
49,0 4,29 21 I 02 l?_._7~~ 



,.., ... ·- .. 

• 

) ' 

(: 0 u 1._' • • l -. '-; 

in :; .... :i: t • 

be: 1.:Li.C ~·c :or1:1:-.:.~~;~"' ,jf ~~a;:~c. 3 • 

c:ilori·',_, cou ~.-pt, ·rv.J.l<.· Le 1. 

:tiJ.riug ~hr .~;.;.,;3ri111'";·.t.;. ;,..·ith ·1 :l1 c,·.nccni.,r. t ·-
1 

·-b:;.tu orint::, 

it ;;;c- SU5--:::i'VcC1 ,h;_tt till? COI1t:1;Htr,1~(•" bri~lP 1;~iC'1 '·'c:S ;: i1"'. .. y 

'.'.t:..>hLi.c; ":i. l:l1 ~'i= ':;i U •Y:. ·.:. 1 ter, . , 
.-.;,;).\. 

th') C'':.;t of , .._n;.:uction of whL~;, ·:oulrl snly L· 

c· 
' • .1 .... 

.:._- ·-~-

. f.c.:ctiou vf 



• 

j:_;_sre _ rr;;.;) slurry was obtained f'rom the Acetylene plant 

~s ~cu "e of lime. The quantity of' lime available from 

the ;:.c ·f;yleno plar:t was subsequently f'ound to be too smal: 

to h8.'.'' any econom:i_c signif'icance (The total qu~nti ty 

:,-.,·c...i..] c: : le c._n 1 .ddis Aba'u2. plant can make only :ibout 80 

to .. ::::; c: us tic soda per c::nnum) 0 .After analysing the li:ne 

s~.c::-, ~ \ ... ~or method of analysis see Appendix 3) adequate: 

q'..:a.n.-i; ·;y of sJ.urry wL._; added to 1 :!~ concen·i.;rated Chit·-~ 

·":.·.:nv ( 29 gr:t3 wet slurry per 100 ml Chi tu )(Cone. br-i.:r..e L 
ll~-.'."~. the solution. bol:!.cd for J0-40 minutes. A sattling 

-;~e:; t .•ras t:,ken on the: ;:;_ot solution with the foll-~~::.n.; 

'1.' . .;_n1~ 

5 
10 

1j 

2(• 

JO 

Table 2-6 settling test 

Chemical Caustic Slurry 

% Clear liquor 

14 

25 

35 
4J 

58 

63 
62 

62 

~11, 2 c~9eriments were con~~cted and the results 

•.' n'f1 ::.ummarized in the :following table. 
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Table 2-7 

J:?;epa: :~tion of Chemical cau:.tic soda, using ;_cetylene 

:::.'l~t l_ime slurry (10~~ over theoretical requirements}. 

Time .. f reaction JC-40 minutes. Temp. 97-98°c. 

-------.---·-·- ·-+------·----------------------• • ! I Cone. Cld t ! S .. :;o.I Brine ml. Na
2

C
03 

I --~ -.- ·--- -· • --!-------:---=------+------+------ ·-· ·- -· -·~ 

liquor Analysis 

I~~ NaOH NaCl % Conversio~-: 

• I 1 1 50 6. Tl ' 2. 26 4. 27 80 
I 2 500 I 6. 91 1 • 67 4. 1 9 8~ 5 

• 

L. ·- ···~- -----· ·---·· ___ _j _____ _.___ _____ _ 

E;tccit.1 Balance was taken and it was f'ound that of t:~ 

i~~ut of 16.57 gms of Na2co
3 

in Chitu Brine, 11.73 grr.s 

was 1ccounted f'or in concentrated NaOH solution, l~. 79 

:;1'U in washings (or Caco
3 

mud) and 0.05 gms unaccocn ::.aci, 

Ir:: ;he regular plant p:.--actice, the washings u.s also 

u;v:· inverted Na
2
co

3 
would remain in the system. 

1·; :..<sgo quantity of' dry (ca(OH)
2 

has been p:".'epared by 

dryinG th~ slurry at 105°c. This was fground and stored 

-',_n L rubhe:."'.' stoppered r,ontainer, This dry hydrate nnaly;:;is 

G5 .. J7b C1(0H) 2 • 

.• 

I'or i':.zt•1::e use, and preparation of CG.emical /J . .l.ustic Sxla, 

use fm.' every 100 ml 1 :4 concentrated Chi tu Brine. 

iJ.1 gms dry hydrate 

ThiB will provide 1 OOf, excess over theoretical. 



f) 

71 

µ . .>Y:'"TD~ ;_i .:. .. .., _. DJ.• ..... 

.. ---· 

Method; of' Chemical Analysis: Chitu Brine and related 

Prot!u:--: 5: 

.; , i The e:x i.sting facilities and Chemicals available make it 

possil le to analyse Chi tu Brine and other related produc-:;::. 

to th1 following analyses: 

3. i ~ 1 Determination of HCO' 
3 

and COJ 

J.1.2; Determination of CL' 

J.1.~' Available Cao or Ca (oH) 2 in lime or slurr-J of 

Ca (OH) 2 • 

.: .... 1 ' ,, ; (OH) I and co., " in Chemical Caustic Soda. 
..J 

Tt.ese methods are desc=' .. bed below: 

51e flc~e11minntion of bic:,_::..~bonate in presence of' Carbonate 
.. 

:is --;:r:-:.1-:y and involves some skill. The chemical reac-tioi"13 

involved are: 

:i~2co3 
NaEC0J 

+ 

+ 

HCL 

HCL 

NaHCOJ 

NaCL + 

+ NaCL---- (1) 

H2o + co2 --(2) 

Ti tr:.-.tion with decinormal hydro chloric acid using 

iJ:vmol~1C.thalit:.:) '·as indicator corresponds to reaction ( 1 ) 

above, further titration, using methyl orange as 

:i.ndicc;.tor is represnted by raaction (2). During the 

firot part o~ the titration using phenolphthRlein'as nn 

indicator, care has to be taken that the second part of 

raaction does not take place at all. If CO gets releas~rt 
2 

it i3 irreveraible reaction, and will indicate high 

~:-esul t;.5 f'or Na
2
co

3 
and low results for NaHCOJ. The fir a·:~ 

titration is therefore carried out with the following 



• 
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Chilling the solution to about 5°c 

Addition 0£ HCl solution very slnwly {drop 

by drop throughout the titration) and 

Keeping the burette under the solution end 

all the time, vigorously stirring the solution~ 

to avoid excess acid in any part 0£ solutiono 

Only ~y nbsorving the above precautions, bicarbonate 

can be determined accura~ely. 

CalcuJ_o.tion3: According to reaction { 1), Phanolphtha1"'.~i- ( P) 

titri·aon, indicated t the Na2co3 • 59', 2p indicates 

Zfa
2
co

3
• Total re•-:lding (M.O.) indicates Na2co3 + NaHCO-:-, 

So M, 0,, minus 2p indicates bicarbonate. Example : 

1:4 sonc~ Chitu Brine: 1,10975 grms cone. Brine (eq, •

Oo98J1 ml) titrated against decin(..z.·.aal (0.1039 l~) He:: .• 
Required 9.1 ml with phenotphthal~:&indicator and 19.75 
:1~ total M.,O., reading {in Cl, P). m-2p corresponds 

to !raHC0
3 

(1 .55) and 2p corresponds to Na2co3(18 .. 2) gpl 

N:;i;fco
3 

is then:-

0 1 10J9 x 1,55 x 81!, = 13,76 

0.9831 

~ Q,1019 x 18,2 x 53 

ct9s31 
• 101. 94 

Sim~.larly, it can be calculated for solid products,, 
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ChloYlde determination: The method used is Mohr's 

method of' direct titration with decinormal solution 

of' s:·.lver nitrate, using 5" solution of' P>tassium 

Chromate us indicator., 'I''he procedure f'or Alkaline 
(,1T!t 

-;olutions is: T:l!~e a .l:l.tt1e portion of' the solution. 

add J drops of' methy1 orange indicator, neutralise 

drov~ise with dilute nitric acid (free from Chloride) 

add a pinch of' pure Sodium Bicarbonate (f'ree f'rom 

Chlcride) and add .3 drops of' Potassium c:1-oma te 

indicator. Titrate against N/10 AgNOJ Solution. 

Col1ect precipitate of AgCl f'or recovery of Ag. 

(In.the collected AgCl precipitate in an evaporati~g 

crucible, add a piece of f'lat iron and J drops of HCl 

(strong) and ~ome water. AgCl will get converted into 

black metallic si1ver and equivalent Fe from iron p:'.c.-e: 

will go into solution as Fec1
3, wash the precipitat~ 

with distilled water until free from Cl and dis~olve 

in strong nitric acid. This silver nitrate solution 

can be used again after standardisation) .. 

Calculations of Cl' s Examples 

5 I'll Chenaical Caustic Solution made up to 100 ml. 

5 ml of this solution from volumetric flask required .. 

2 ml of 0.1 N AgNOJ 

gpl NaCl = 2/5 X 0.1 X 58.5 X 100/5 = 46e8 

Similarly, determination of Chloride can be carried 

out in solids, taking ~own weight, making to kno"WD 
, . '. :: .· 

".·olume nnd takinga 1:lttl6 portion for analysis. 
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Ava:!.. .... nt:1e Ce.O: In cO?r.'.':lercial 1imo, CaO oc~urs i"1. 

two :forme: Availab1e CaO which Hydrates easl-:_r "!..c 

:forrr. actiYe 0a(OH) 2 ar.d some Ce.0 which i3 inactive 

in ihe :form of' dea.i-burnt CaO or es Silicates,. T:1is 

if; : :it available f'or mos"t; reactions requir:f.ng c~(0H~ 2 ~ 

T:~e methoj described below iu appro:ci.rr.a. te but quiol: 

and is 1:-::ed by tha Alkali Industry. The nethod cm:i-· 

sio·ts of' titr.'l.t:!..on of' the H~·drated samp1<3 !!'.iXdct i~.1 
l 

wat<~'.I'.', wi. th standa!.1 d Hydrochloric ..;..cid~ .._,.s:'.:·1.g 

pl:eno.1.phthalein ns i....."ldicator 1 C>.nd ta~ing t~1g :<:'ir'."; 

e:?::ci r>ohi.t~ The ·i;:i..trC'.t::on n:-iould be c·.3.rr.fed ou".; :'.'as r.~ 

(c!:r·op11ise but scv')ru:: drops per second)• Af'te:;• ·~°i'ltc 

en, .. L :po~.n t is reac:"!ed, the red colonr app3a::-s r:lgu:I.::. ~ 

ac sowe slolo!-react:l.ng Ce.0 a. ttacks the acid b:l·:; thls 

C.?.-1.cula·cions: E:campia: o .. 10~ 38 {:s,..~r:.-. dr.icd 

CQ(OH)~ 1 diluted with distilled vats~ requirej 17,1~1-... 
0 0 i 'J.39 NHGl :for the :fi~nt end-poin·'.;. 

?bCa (OH) 2 - .l.L .. :Lu.a.l.Q'.l 2 x 3 z x 1.£.Q. :.:: Gl~ .. .52?;, 
100 :"[ 0.,10188 

(OH)' and co
3

11 :J.n c·:i.emical Caustic Soluticnn: 

~·:hen Sodium Carbonato is reacted with lime olurr:·~ 

oor;1·'1 Ca:;.:bonaJ,;e a.l;;ayr: remains unreacted o.nd chB:nice.l 

anr.J.~rsiv :l.s necessary to determine the \lllrencted CO,.," 

The :..~0actions during ti tra ti on arc na f'o::l<'wes: 

(NeOH + Na2co
3

) + !fCl -· NaCl + NaHCO ( 1) 

{uith phenolphthalein IHI .indic.t::.torJ ~ 



75 

NaH• ~OJ + HCl 

wit.-· M.Oe c.s indicator. 

If we take M.o. reading ns the total (m-p) x 2 is 

th' total Na2co
3 

and 2p-m is the NaOH 

Ca: culntions, Exnmple: 

5 ·nl. Chemical Caustic Liquor made up to 100 ml, 10 

ml. of this diluted solution required 10.15 ml. 

OC~10J9 NHCl w:ith Phen!')lpbtbalein indicator nnd a totr.~. 

of 11 .oo ml. with M .o. indicator. 

f Na2co
3 

Na2co
3 

NAOH 

ne~ded o.85 ml. 

=::=::= 1.70 ml. 

~===== 9.30 ml. 

NaOH gpl in orginal liquor = 

::t o~ 1039 x 40 x 100 
.5 

• 

= j_ .. .JQ :t 0.1039 x 53 x .1QQ • 18. 72 
10 5 

A document giving varous methods of analysis of F 1 

has been handed over to Ato Asrat. Due to low 

fluo"t. .. :'..'.'.3 contents of Chi tu Brine, it will not be nece:::·· 

' sary to carry out fluorldedeterminrition as a routtn': 

e.~1alJ19i~ o Ccassionally, it could be got done oa>t:~irlE· 
(e antral Laboratory)., Sulphate determinatio11 can 1'.c 

dflnA only after we have a muffle :furnace for igni·b.c·>: 

This determine. ti on also could be got done oute~.de ~ 

lL~til we have the muffle furnace. 

Analysis of Cations is unnecessary for routine qua.::
1

.·:. 

control. 

The o.bove covers all the major cons ti tuente of' Chi tu. 

Brine,. 



App::ndix 4. Coml'arison of' .A.1kali Reserves in Lake 

Shnlla, Lake Chitu, Lake Magalli and Lake Natron 

J, ___ _ 

I Particulars 
-i-----: l,~i 
11; -:crg 
I 

-~ude 

itude 

tence o!' I i..'.'C:'.:J 

:suli nity 

Sq., km 

kness 

j Aren 

j !'hie 
I '.)'!' d 
1 

ir-ete 

of' cruet/ 

I Lc.l~e :ibov 

' W3 te 

I v ,-1-~ 
···-:""',.::;: 

i ::::.ve 
: mill 

! 
; r.'emp 

epth of' Brvne 
'!"'fj 

level 
e '.'1.s.1.. 
rs 

'l'VC:3 of' 
0 million tons 

3 
enishiment 
ion ton~ 

r input from 
rD & ~prings 
ion m per day 

fl of hottest 
t .- • ...,.., .: I ,:,. --ngE Or, 

' I 
I ~l::d~. 

i lr.l!l 
I 

l 

fa 1.l 

t Lake Shalla 

70 - 25 1 N 

.380 - J0 1 E 

.. 
J9.4 

Deepest 
257 

1570 

421 

0.005 

-
96 

Less thnn 
800 

Lake Chi tu Lake Magal.li 
(Kenva) 

70 - 22'N ,o - 50• s 
38° - 34 1 E 36° - 16 1E 

1--20x10 3 

- years 

o.~J(?) 75 

s.5 4 - 40 
(av.20) 

? 580 

o.s6 3000 

Negligible 1 • .5 ~gross) 
o • .5 net) 

- 8.5 

60 8.5 

Less than J84 
800 (average) 

Lake N 
(T~n~ 

ntro:' 
~Rnin) ! 
~-·~·· 1 

20 -

36° -

900 

o.4 
(l:'V<:' 

610 

1 J ii 

1.1(g:;: 

.... 

,;3 

,384 
(avEora 

20 1 s 
10 z 

I 

I 

'· I c.r;:: . , 
I 

os;.:) 

i 
_.J 

I 
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(Appendix 5) 

List of important Books for Laboratory and for general 

Library. to be procured. 

1. Snell D. Fosters ~ of Industrial Chemical Analysis 
(complete set). 

John Wiley V sons Inc. 

2. Cocks L.V. et al, Laboratory Handbook for oil and Fnt 
analysis, Academic press Inc. 

3. Vogel 1. Arthur, text book of practical Organic ChemiF1i.1·y 
the E~glish Language Book Societyf Longman. 

4. Bockenoogen H,A, analysis and characterizntion of Oil, F~ts 
and Fnt products Vol. I & II 
John Wiley & Sons Inc. 

5, Cooke 1, Edward Chemical synonyms and trade names C.R,C. 
press Inc. 

6, ,Marvin C,F, Psychrometric Tables U,S., Dept of Commerce, 
ffJather Bureau, 

7,. Smithsonian Meteorologi·oal Tables Smithsonian Inst, 
Washington. 

8, Sodium Chloride, the production and properties of Salt 
and Brine, D,W. Kaufman, Newyork, 1960, 

f ; 

9. Extraction of Chemicals :from SJa w· ter, JJil•ad Brine~ nnd 
Rock Sa.l t Doposi ts. Documents 1,D/73. lJ .i~. 1972., 

10. The I~dustrial Development o:f Searles L~ke Brines, J,E, 
Teeple Chemical O~talogue Co. (1929) 

11 • 

12. 

13. 

Solubilities inorg, nnd meta.1 org. compounds Seidell 
(linke) Vol, I & II, 

Geothermal energy Ed, Y.ruger and Otte Stnm Ford Univ. 
press 1973, 

,, I 
T • P ,Hni, M 1.nufac tu re of Soda Reinhold M .>nograph No• 6 .5 • 
( 1942). 
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14- 1. Pateu and N. Dimitriu (English Ed.) published in 
Romania. 

15. Zoran Rtlllt, German publication. Manufacture of Sodn. 

16-19. There are four Russian Books in Soda Ash: 

Saas - Tissowskij (1932) 

M~P. Sytin (1947) 

J.R. Goldstein (1934; 1956) 

J.J~ Gassen (1951) 

20. Guidelines for the establishment of Solar Salt fnciliti~s. 
M.G. Venketesh Mannar, UNIDO 15/330 (1982) 

,.. 1' I 

21. International S l'JJlposium on Salt nnd Mi:lrine Chemicals 
(1982) Central Salt and Marine Chemicals Research 
Institute. India-

l 
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Appendix 61 CALCULATIONS OF RELATIVE HUMIDITY FROM DRY 

AND WET BUJ ~ TEMP• 

~ During the interim period, whilst we are waiting f'or instruments 

for continuously recording the relative humidity. If' we want 

to maintain records of' this parameter the percent humidity ca:1 

be cnlculated from the dry and wet bulb temp. using the follow

ing formula (the E~pert has also included in the list of books 

to b£ acquired psychrometric tables which also gives the read

ings at a glance.) 

e = e 1 o.ooo66B (t-t•) (1 + 0.00115_ t ) 

where 

e • Yap, pressure of' aq. vapour in air at t oc 

e' • Sat. Vapour Pr. of water at t• oc 

t = Dry bulb temp. oc 

t• • Wet bulh temp • oc 

B = Barometric Pressure in mm Hg. 

Relative Humidity is fo\Uld by dividi&g a with Sat. V.P. of wa+,er 

at t 
0 c. 

For our observatory sit, at Lake Chitu, B • Approx. 6)5mm. Hg, 
and the formula can b~ rewritten as 

e = e' ~ o.4191 (t - t•) (1+0.00113t') 
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Appendb: 7• IMPORTANT DISTANCES 

k!!!· 
, 0 Addis Ababa to Shashamene 250 

2., Shashamene to Solar Works Site 39 

Asphalt Road 23km. 

Village Track 16km. 

3. Shnsharr.ene to Boiling l1 ter Spring 43 

on east coast of Lake Shalla 37km. 

t.. on Asphalt Road plus 6 km. truck 

4. Shashamene to Geothermal Drilling 108 

site via Adam& Tulu 

5. Shaehamene to Geothermal Drilling site 99 

vin their base camp. 

)· 
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