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- 1o EAECUTIVE SUMMARY

1.0 This is an interim report of the expert's first of
the three visits, for the pilot plant of the Goda
project, Along with ato Mekonen, he spent 10 days
at the project site; an observatory was established
at the Lake Lhzlla Bungalows, The rain-gauge has
been calibrated so that it can be used with a 100 ml,
(1aboratory) measuring cylinder; details of work done

at the site are given in appendix 1,

. 1.1 After returmingto Addis »baba, more tian 3 w:eks were
spent in the Laboratory, carrying out fractional
crystallisation of Like Chitu Brine, physical properties
of brine ‘Sp. Gr, vs concentration and boiling points)
have also been ascertained, OSome experinients were
carried out on preparation of Chemical Caustic Soda,
using waste lime from acetylene plant, The results

of these experiments are summarised in A»pendix 2j
methods of ciemical analysis used are given in

Appendix 3,

1,2 In section 2 are described all the Alkaline Lakes of
Ethiopia, the three Crater Iakes near village i.28a
‘a and near the Kenyan border (El Soda, Magado and Dililo)
have much better concentration'of solids than laice
Shalla and Lake Chitu, The total quantities of solids
are, however, small and not of significance in the

present context,

142,1 During & o.oser study of the important source of /
Alkaline srine for this project viz, Lake Chitu, it J
has been found that the area of the Lake taken in

earlier studies is probably erromneous to the extant




of 300% 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 1.2-1.3 sq.Km. (as calculated from aerial

photographa) instead of 3.7 sq. km, taken in earlier
calculations more attention will have to be diverted to
Laxe Shalla than Lake Chitu, As Lake Shalla Brine 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 higherj
reserves of Alkali at Lake Shalla are pracsically inexhaus-
tible, Appendix L gives a comparison of reserves and
replenishment at 4 important Lakes in the Great African
Rift Valley viz Lake Magadi (Kenya) Lake Natron (Ténzania)
and the two bakes in the Lake District im Ethiopia,

In section 3 we have discusseG the various processes
applicable to recovery of natural Soda Ash from its
various oevurrences in the World, The process used at
Scarles Lakes 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 consists of
fractional crystallisation throungh solar evaporation,
The technology is known not only in Ethiopia but aven
within the National Chemical Corporation who has under-
taken the pilot project.
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In section 4, we have analysed the meteorciogical cGzta
obtained from Lake Chitu observatory through 11 months

of observations in 1980 and corelated the data with
meteorciogical cdata from nearby stations, It has alsc
been racommended that we restart the observations
immediztely as we have most of the necessary instureuents

alread, with us,

In section 5, we have devoted so:e time to study the
geoth:rmal energy potential in the Lake Districts

Lzke .halla and vicinity have indicated good potential
for geothermal energy. The site being investigated

at present by drilling wells (Lake Lzngano) is a little
too far from our pilot project site (140 km by road).

+ is suggested that iavestigations be made at Carbetti
Caldera which is only 22=25 Km from Lake Chitu, Gas
chromatograph, recieved receatly by the Ethiopian
Institute of Genlogical Survey may prove to be of benefit
for the preliminary investigations of the site, which maine
f:cts geothermal activity through fumaroles and hot ground,
A well drilled and found unsucessful for power generation
(being too small in output) could be used for the steam
requirements for calcination and for Chemical Caustic

Soda plant,

Section 6 deals with a diversification introduced in
the project, Developing countries normally have largow
demand for Caustic oda than an equivalent quantity

of Chlorine; for_environmental and economic reasonc.
the size of the E _ectrolytic Chlor-alkali plant has

to be limited to the genuine Chlorine needs (excluding

such usege as dicalcium phosphate).
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The balance of Caustic Soda neceds could be met by
convzrsion of Soda Ash to Caustic Goda. Vith a resource
of natural Soda in brine form, one can use concentrciad
brine (-t a certain density) instead of dissolving solid
Soda Agt:s Cost of such a brine, is a small fracvion ol
the marx<et price of Soda Ash and production of Chemica
Caustic Soda can provide larges proiits for the project.
Production of Caustic Soda also needs large quantities
of stewum and if ultimately, steam from geothermal sources
is available, this wou:d improve further the profivabiiity
of the project, such diversification is neeced particular':
" if we aave to switch over to lak: shalla as the SCUT=7T,
when Yrake Chitu gets exhausted. Manufacture of Chemic:?
Caustic Soda would also encourage rapid expansion of
indigenous soap production from imported tallow and ntioy

indigenous oils,

1e7 Section 7 gives the design calculations of Solar Sods
Wrks and the sizing of brine pumps and pipirg. De2sizn
of Lolar evaporation pans is based on Metzorological
Data (section 4) and experimental work in Lake Chitu

Brine. Layout of Solar pans is given in sfig, 7 - 1.

The basic data are sumnarised below:

Solar Pans Total arez in Herteres
3 condensing pans 6.4
1 .eservoir for sazt, Lrine 1.4
2 Crystallisers 0.8 _
TOTAL ® 99 0 886 0y _§_0._6__
Main pump 50 m3/hr. Total wead 18 m
hAux, pump 10 m3/hr, Total »pad 5 m.,

Size of delivery pipe 125 mm, 4. d, PVC,
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1,8 Section 8 lists all the work to be done betwean exper i
first and second visits. It includes the odolite curv:,
of the site, final seliz2ction of the site in the genurul
area decscribed in the report; purchase and installatioi

of the orine pump, earthwork fox +hae Solur evaporatio.:

- -
Tt
- 4

pans. rurchase and installation of PVC pive, first Til
of the Soda Works, taking observatory rendings etc.j cork
items .re listed for oriice? work also such as obtairiag

" : previcis survey drawing of Lake Chituv gz tir Taxe Coite
Brine checlked by the Central Laborzatory (tiherc is scuc
serio'is errors in their 2arlier anclyecis), carvying ours
2 mariet research on consumption of 3o2ca Ash and Sruntic
Soda, (past and futurc), finding out through Ministry
of HMines, resources of high grade iimestoae in thia gononnwt 2
vicinity {100-200 Km.) of Iake Chitu.

N

Considerable Laboratory work has a.so0 beaen sugs

astaed

')

for fractional crystailisation ol Chitu Zrine at & -
Some more work alsc has to be done on preporation of
Chemical Caustic Soda, cencenirate it to 20% NaCh and
makes gsoap out of the partly concentrantad solution.

" Normally Chemical Caustic Soda is concentrated to L&--LAr-
NaOH, but the higher concentration is achieved througn
evaporation in more expensive equipment asing Nickal anc
Nickel ailoys.

145 In section 9, implementation schedule iz workad ont. .-
schedule is worked out on the basis of taking adv~ntage
of the approaching dry season, A1l eiforts should b
mande to complete the work by mid=0October, Tais -will
require coordination and fast flow of Funds., IZartawoer«

may cost in thz region of 250 to 300 thousaud Birr.
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In the last section, the plan of expert!s second visit

is @discussed at what stage it would be most fruitful for
him to come and a list is made of his activities, Lepending
upon th2 outcome of the investigations on the correct arex
of Like Chitu, it may become necessary it carry out some
Laboratory work on fractional crystallisation of LaXke

shalla Brine.
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2. Source of S~da ard Resaves

The soda sources of Ethiopia can be dividead into two
groups Viz. the three Crater Lakes of El Sda Mpagadia 277
Dillo near the Kenyan border and the two lahes Shalle
and Chitu further north. Lake El Soda is about 120 m
in di«meter and 1is saturated with alkaline salts but
consisting in the main of sodium chloride and sodium
sulphate. It has no visible spring to replenish the
salire materials. The material is being exploited

on z small scale. Lake Magado is being exploited on
» smill scale. Lake Magado is bkeing fed by & spring
with a salinity of 20,000 ppm. ma jor constituent <.

whiech is sodium bicarbonate.

Flow of the spring water is 5655 iitres per second

and annual replenishment is about 1800 tons for scdiur
bicarbonate, The lake water has a tds content of 18&.030
ppm. The total contents of alkali in the lake coues to
an equivalent of 67,000 tons sodium carbonzto, in a total
of 147,000 tons of solids, Lake Dillo 1s sptirely coveroa
with a one cm thick crust underlzin by multicoloured
slime (algae) boneath the slime is a black water—logged
mud, Analysis of salt crust varies frowm place Lo place
but the major constituent is sodium sulphatee There

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

in a report prepared by a German Firm, these tnree
reater Likes were given higher priority for exsploitation
than Shalla and Chitu. In todays context, the reserves

in these lakes appear in significant.

The major sources of soda in Zthiopia are the two “lkalinw
L:kes, Shalla and Chitu, in the Ethiopian Rift V.llev.

The R.ft Valley is the most extensive rift system cn vhe
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earths continents, running some 100 km from the Zambazi
River in Mozambigue to the Afar wsepression and red Sea.
It was named by the British Geologist:--

John Gregory in 1893, In Ethiopia the Rift extendes
over 10C0 km in a general North-Northeast direction
from thz Kenyan boarder, The main iLthiopian Rift

averagas about 80 km wide,

The central part of the rift is as symmetrical both
morphologically and stratographicglly the lowast ports

‘) of the floor lie close to the sastern escarpment and
are occupied by seven large lakes to tectonic or volc: c-
tectonic origin, From north to south, they are as shov

in Table 2,1

1 : Table 2.1

Level Above

Lake Sea iM:ters Depth Meters
Zwai 1650 7
iAbiata 1575 14
Shalia 1570 257

~’ Abaya - -
Shzmo - -

Lakes Shalla and Awasa have no outlets but Luke Awasa must
have a rapid turn~over losing water by uuderground seapage,
because its woters are not highly mineral.sed Lake Shalla

receives fresh water overflow from Lakes Zwei, Langano and

Abyata.,.
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The ievels of all lakes have been higiter in recent

past. dating of stkells (by carbon - i14) from locusirine
deposits 1.5 kin east of Shaiia and about 58 meters :zbove
the lzke 5610 + 100 years before the present. izcusiriie
beds 84 m. above Lake Shalla. 1,75 km east, are 220 + 19C
years before., The higheést recognized terraces of tihe Li:uke
District are about 130 m, Above Lake Shalla near Lake

Zwai z2d 110 = 120 m above Lake Shalla on its westerr
shore, 1It is claimed thut this leveli corresponds to 2n
ovaerflow channel into the Awash Basin, It also corresponds
to the sresent level of Lake Awasa, but it some tens of

meters lower tha=n the divide between Avasz and Shzlls.

Lake bhalla's longest axis is approximate normal to the
strike of regional faults, whereas ali other lakes ar>
elongated north~esstparallel to the regiomal faults,
This explains the 2xcepticnal depth of the lake and it
is believed tanat Loke Shalla occupied a major volcano-
tectonic coilapse modified by regional fanltirg., The
area deeper than 250 =, forms abroad "figure 8" shuperd

ar2a close to the south shore,

Lake Chitu 1 km in diam. and about 13 km, south of inko>
shalla occupies a basaltic tuff ring. Initially, er.pti.o. o
were subaqueous but in the later stages, sub-acrial,
aftarwords the crater filied with water to &approx.

i5 « 20 m, above present lake level.

Chemical Composition of aters from Lake bhaila and
Lzke Chitu,

Lake Lhallas we have two sources of analysis viz.

a) Laboratory cf Geologicul Sarvey of Ethiopia and
reporoduced by Mr, Du Bois and b) sainpled and analysed
by U.H, team of experts in 1975 (Irvestigations of

Genthnarmal «esources for Power Develcopment (£thiopiz),




1.1

For Lake Chitu, we have two sources for coapletie
analysis and one more for major important constituents.
These are a) Laboratory of Gological Burvey b) sample
analysed in June 1983 by the Central Laboratory and
Research Institute. of Ministry of Health, Sample
which was sent to the Central Laboratory nas ulso

buen analysed under the supervision of the woda Lsh
sxnurt n the labocratory has a'so been analysed under
the supervisn of the Sz Ash B ert in the Iaboratory
of National Chemical Corporation using methods describced
in ~prendix 3.

s o

The results are presented in Tables 2.2 and 2.3
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TASLE 2,2

Chemical Conposition Lake Shalla kater

Parts Per Million

Constituent Source Source
a b
PH 9.7 10,15
Ca 6 Less than 3
Mg 1 " "2
. Na 7100 6800
K 254 225
CO3 3690 4080
Hco3 392 L387
ﬁ Ccl 2982 3030
sou 133 137
¥ 100 300
Br 23 not determined
I 0.3 0.05
SiO2 126 116
HBO2 Lo 98
Li - 0,05
Nih - 1,18
. st - 1
Total 18847 19180
Total cations equiv. 315.5 303

" anions equiv, 292 .4 318
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Table 2.3

Chemical Analysis of Lake Chitu Brine

Part Per Million (mg per litre)

PH
Constituents
Ca

Total
Total cations Eq,

" Znions Eq

Source
A

9.8

5.01
0,61
34000
1056
12400
1650
7285
305.6
250
3.99
1.30
56,958
1505,7
665,.1

Source
B

1042

1.0
not det.
14900
980
10758
5,112
5,900
396
89
0.6
0.6
38,203
673
622

Source

13832
3296
5954

There is some serious error in the analysis made by the cntral

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 Lake

water in the Eastern portion comes to 32,472 x 107 cu.

meters,
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The smaller wastern remeinder of the Lake covers 99
sq. km with an average depth of 70 meters. The volume
of Lak: water in this portion comes to 6, 93 x 109 cu
meters.

The total volume is thus 39.4 x 109 cu, meters,

Taking an average of the two analyses given in Table
2.2 th2 totzl alkali expressed as Na,CO, comes to

273

10,577 .4 pp, Na2003.

or 10.6774 kg per m3Nazco3
The t>tal alkali content of the wvhole lake is
39,4 x 10,6774 x 106 meteric tons

or 420,7 million tons

Lzke Chitu: There is some doubt about the area covered
by this lakej; according to the description given by the
U.N. Team on Geothermal :nvestigations (1.73), the lake
i.s about 1 km in diam. giving an area of about 0,79 =q.
km. According to Bheet 073802 series Eth 4 (Dept. of
Orerseas Sarvey) Filition 1976, the 1ake is 1300 m,

long and 750 m wide at its widest portion, Estimaticr
of area made by the Soda Ash Expert from this map

gives a value of about 0,93 sq. km Du Bois R:port givaes
the area as 3.7 sqg. km, Topo Sazet NB 37,2 series Etin >
(1979 Edition). although on a smaller scale (1:250,020
against 1:50,000 for 0738 02) tends to confirm tle
lower area value, For the calculations of rescrves

we have for the present taken the Du Bois value, but

as this is of vital interest to us, we should get
survey report made by Ato Alazar of the Ministry of
Mines to the Ministry of Industries,




2.3

Taking an area of 3.7 sq. km =nd the alkali contentc
based on our own analysis (27.313 kg per cu. n, as
Na2003). and 8.5 ;eter depth the total alkali reserves
come to 3.7 x 107 x 8 _ x 27.313 meteric tons or
859,00G tons,

Replenishment of reserves: for any reserves of this
nature, it is difficult to estimate the replenishment

of the reserves through alkaline springs and other

naturai processes., For one thing all the alkaline

springs surraunding the >ake mzy may not have been analysed
and their flows measured. Then there may be a number of
springs which deliver the alkaline water to the lake
throu;;h underground flow, Then again, as in case of

Lake Magadi, in Kenya, there could be internal reciircu-
lation and the input may not be all origiral, In case

of Lake HMagadi, which has been studied in great detail

the sross input through alkaline springs have been
astimated at 1.5 miliion tons of sodium carbonate

annum, but the net input after deducting for recirc tion
through deep underground resewoir, comnes to only 1/3 of
the pross. The gross replenishwent from visible spriags
have been estimated in Table 2.4 below; this is bascd on
flows and analysis recorded by U.N, Tems on éeothermal
Investigations (1973).




NB

- 15 =~

Table 2 - 4

neplenishment of alkali Through Visible Springs

Lake Shalla

Spring No. Total CO Flow Tons Na2COq
31/2 Content agm Litres/Sec. Per yeaT -~
29 726 1.2 L9
30 1667 33.3 33093
31 326 4.5 82
33 1033 0.5 29
35 912 - -

36 1056 - . -
90 2304 0.1 13
91 3442 3.0 575
87 1251 5 364
88 1206 6 Loz
60 1166 6.6 429
Total 5,037

2.362

The l1largest conribution is by spring 30 which is also

the hottest spring (boiling temp,) (see also Lppendix 1),

The visible replenishiment quantum for Lake Shalla is
quite low but in the present context, it is not of
importance as the reserves are very ~arge (e.g, Lake
Natron in Tanzania has a reserve of 136 million tons
alkali as against 421 million for Leke Shalla), Again,
it is considered possible that Lake Shalla may overlic
evaporite deposits,

As regards replenishment factor for Lake Chitu, sprvngs
61 to 69 emerge from the sediments close to lake lavel
on the east through south-east to south shores; temp.
are between 45 - 60°C and total visible discharge 6
litres per second, Spring 65 is the largest (60°C, 3.3
litres per second) and contributes 180 tons NaZCOB’ per
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year to the Lake. This ie gquite insignificant., AS
the rescrves are ' 'so small it would bz nezesszry to
watch closely the iike levels, the brines are pumped
out for exploitation, There is a possibility that
Lake C. itu may be getting brine from Lake Shalla
througl underground connection, A level gauge may
bz fix d up near the pumping installation and after
pumpin , is started, regular reading may be taken for

tha l.vel.

r
N '

Appen ix L gives the compawision of the Tour Alkaline
,

lkes in the Africzn Rift Valley,
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3. PtOCESSES FOR SOD:i n.iCOVERY.

Basad oi1. phase rule and solubility coasiderations +hgre
are a nimber of vrocesses which can be employed for
recover; of Soda ASP from multicogponent systems suci

as the :' cines fro.. Laie Chitu or Lake Shalila. These
procesces wiil be reviewed in brief, befose maliing a
select- »n applicable to our conditions, but before e
discus: the various procasses used in commercial practice
or wvhicih are theoretically possibizs, we shouldrdiscuss
the cowposition of 7, 1%e Chitu and Lake Shalla Jrine

and cc ippare it with other brines from which Soda Asy

is recovered.

The .st important jmputities in the two brines are
Nazsou and NaF the best way to quantify these impuritioe:
is to express them 2s ratios., Table 3.1 expresses thicue
imputities as ratios for the two lake brines and comparss
ther with many otherxr alkaline brines, The values icmaccis-

tely bring out the conplexity of the separation procasSs s

Table 3.1 Comparison of Brines from Alkeline Lakes.

SOURCE cL | son, |} 3
. Total €04 | Total &9 } Total O
Lzke Cnitu 00632 0'01'56 0.0 ,"_.',-J:
i,aeke Sl’.:} 11la 0. 629 0 .01 05 ; Q. ‘).) , y :
La2ke Natron (subsoil) 0.144 0.0305 QACZ'P'
Lake Magadi (Kenya) 0474 0.00872 0.027 " |
Lake Hannington (Kenya)| 0,282 - 0,056 !
Searles Lake 4.53 1,66 ' |
1
N - —— -




From the above table, it is clear that Searles Lake brine
is different in nature from the B.ines in the Rift Vaiiey.
The higher *he ratio in any one of the thrze columns,
more diffecult it would be to separate out the desired
Carbonate by simple fractional crystalisation, Sodium
Carbonate, normally, has a higher solubility than Sodium
chlori.e and would separate out first, but if the con-
centrztion of Sodium Chloride is high to start with, it
is this salt that separates out first. DSetween Lake Chitu
and Lake Shalla Erines, there is concerned. dulphate
impurity is iess in‘iake Shalla SBrine but f;uoride is
much higher., Fluoride Solubility in hlkaline Brines
containing Sodium Chlorice is very low and Naf tegirns

to scparate out quite early if its concentration is

hizh if we have to use Lake Shalla Bria2 in future, this
probiem will need exumination, The relative contents of
F' is higher than i Lake Magadi and at laie Magadi,
Fluoride has been a problem from time to time. Je have
however, selacted Lake Chitu Biine for the reasons of

its better concentration and unt%} tiis sourde gets
exhausted the gquestion of use of Lake 8halla ﬁrine

may not arise,

Coming now to the process alternatives guite a number

of procecsses have been developed for recovery of natural
$Soda kLsh, in U,S,A., Mexico and elsewhere., Most cof

these processes, relate to recovery of Soda ish from

solid trona, which occur in Wyoming, (Green River

Va_ley) USA, Lake Magadi (Kenya) iake Natron (Tanzaniu)

and elsewhere., These proceses are naturally not applicable
in our case, Searles Lake in USA recover Soda Ash (anu

a number of other Chemicals) from brine which is alreandy

at saturation with a number of salts, The processes




“Burkeite (Nazcoz, 2N3280u) is crystallised out, Na,CO

used there are not applicable to our case mainly because,
as shown in Table 3.1 the composiiion is very different
from the Alkaline Lakes in the Rift Valley here. If
Searles Lake hcine were concentrated further it would
be NaCl (‘Common Salt) which would separate it first
and not the Sodium Carbonate, as in our case, for
this reason, they use an expedient of converting Sodium
Carbonate to Sodium Bicarbonate which decrease the
solubility and the Alkali is separated as Sodium
Bicarbonate to be converted to Soda Ash subsequently
from the Searles Lake upper reservoir, the process
used is different, The Sulphate content here is and
23
separated subsequently as Monohydrate, and then nalcired
it should also be remembered that is Searles iake'brine,
Na2003 is the fourth in order of magnitude in the com-
postion and that the brine is much more complex (uith
two major actions Na and K, instead of one),
The first step in recovery of Soda Ash from our Iéke
Brines, in every case, has to be concentration. This
can be achieved by evaporation in multiple-effect
evaporators or by Solar evaporations, Even if geothermali
steam were available (see aection 5), the cost of multiple
effect evaporating equipment would be quite high, There
would be some scaling problems too. Undoubtedly, the
choice for the preconcert:iation (upto the stage of

crystallisation) would be by Solar ponds,

after the brine reaches the saturation (about 22° Be'),

the alternatives could be either by further concentration
and fractional crystallisation in Solar ponds or in

a multiple effect crystallising evaporator or evaporztor
foliowed by a crystallis:r, In Solar ponds, the "equipmeni’
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cost is small but quality control 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 solubility of Sodium Chloride (the majer
impurity in our brines) hardly changes with temperature,
we cannot take advantage of this in Solar ponds fractional
crystallisation, as in case of multiple effect evaporation/
crystallisation, Another factor is the contamination wita
soil during harvesting of product from Solar ponds for
these reasons, we have to keep in mind, the alternative
process and closely watch the development of geotliernal

energy (see section 5),

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

the Laboratory (see Appe. 2) it seems possible to set ar
acceptable product (for the local market) by fractionzl
crystallisation and washing the harvested product by Chita
ﬁrine of 22° Be, and unconcentrated Chitu ﬁrine in two
steps. If a higher quality product is desived (for export), a
a part of the production can be treated further, I¢ can
be dissolved in hot water and the saturated solution put
through a crystalliser (Swenson-walker of similar type)
and fractional crystallisation carried out at a higher
temperature, The mother liquor can be reused partly

and fad back to“S»lar ponds partly, to avoid loss of

Sodium Carbonate.




4, METEOROLOGICAL DATA

‘

4,0 For Solar Evaporation the design of Solar Soda Works

would depend upon the meteorological parameters,

[ National Chemical Corporation have taken meteorological
4 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 | Relativ Wind|__Evaporation mm/day | Rainfal: |
1980 £°c t°c Humigigj Km/hr| Measured|Calculated i, J'
Feb. 25,8 16,5 39 9 6.9 1.6 15.6
March 26,5 17.3 38 9 - 7.8 12.5 -
| spri1 | 26.6 19.9 55 8.9 8.1 9.2 30.4
l"ay 26,4 18,1 4s 8.3 6.3 10.4 80
June 23.5 17.8 58 9.3 48 8.6 60
July 22,6 16,3 52 10,3 5.0 8,2 36
AU, 22,7 17,2 58 8.8 5.1 6.7 50
Sept, 23,6 17.7 52 T.2 5.4 7.6 50
Oct, 25.3 16.3 38 9.4 7.9 12 10
Nov, 24,6 15,7 38 10,6 8,0 12 -
Dec, 24,3 1, 40 6.5 8.1 9.7 -
b,1 Soda Ash Expert has also compiled data for the general

area of Lake Shalla/Lzake Chutu from meteorological maps,
published by Ethiopian Meteorological Service(1979).
The data compiled are given below in Table 4,2
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Table . ,2 generalised Meteorological Data for Lake

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

Average |Mean Max, |Mean Min. | Monthly | Mean Mean| Mean Daily EvaE;_gé}
Several | temp, C temp., C rainfall] Monthly] R.H% Awossa Tisod
years mm Hrs Sun} at [ 1973 | 1974 | 19321

shine Noon ——
Jan 30 10 25 275-300 40 7.0 8.7 - ‘
Feb, 30 10 50 250 30+ 9.3 9.1 - g
March 30 10 50 250 Lo | 11.4 6.4 -
April 30 15 100 225 Lo | 7.2 8.6 4hor
May 25 15 100 250 50 4,2 4.4 b,o
June 25 15 100 225 60 | 4.5 3.9 L.y )
July 20 15 150 150 70 { 2.8 3.4 4.0 |
Aug, 25 15 150 150 70 | 2.7 3.b 2,3
Sept. 25 15 100 hs0-175 | 60 | 2.8 2.7 2.8
Oct, 25 10 50 250 50 | 4.1 4,8 5:3
Hov, 25 10 10 275 50 6.9 7.6 5.6
Dec, 25 10 10 275 50 8.1 &.1 5.

h,1.1 Data compiled from meteorological maps as given above

(except specific data on evaporation rates given in

last 3 columns) have
thing,
Isohyiest are large,
rainfall, it depends
collection centre is,
frcm place to place within a few km, distance,

example,

the intervals

to be used with caution,

upon how far the nearest data

in the annual rainfall, Lake Langano comes

for one
between the lines Cisotherms oxr

For another, particularly for

Rainfall often varies considerably

For
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within 400 mm isohyiest and is immediately surrounded
by an :solyiest of 1200 mm, Lake Shalla Abayata and

major part of Lake Zwai come within isohyiest of 800
mm, It is possible that if data are available from
an additional station, such as ours at Lake Chitu,

an adcitional isclyiest can be constructed. Dyring
§Xperfﬁ limited stzy at the Lake site (for 10 days)
it wa: observed at lc~ 3t on 3 occassions that rainfall
at oui observatory site was distizctly less than

rainfall at 5-7 km, awvay on Southern éide.

The most important parameters of meteorological naturc

for cdesign of évlar ;orks are rainfall, number of rainy
days, and evaporation. Tpe most reliable evaporation dats
for us are by pan evaporation method. 431 these deata can

be collected right away, as we have the necessary instru-
selpye ! i

ments. The avatlable raingrrgs> Nan toen cclizaicd o twics -
R

the person concerned will have to be given only a 160 mi,
measuring cylinder from our Laboratory. 'sr pan evapo-—
ration readings, only a scale 1is necessary. Construction
of a smaller pan (from g.i. sheets) of about 15 cm diam,
sr 12 x 15 cm rectangular size is advisable to avoid

way: action and ncecssity to take more than one reading

at a time.

As regards the rainfall daca, the data collected from

Yeoteorological maps are to general to be of direct use

for detailed calculations of S»lar vond area, we will
have to rely on our own limited observations made during
11 months (which again are of limited value for rainfa 1

data which should be earaged over a number of years)a




For evaporation rate, comparison of data collected by us

with data for Awassa and 9 months data for Mitto obtaindcd
from Ethiopian Meteorological Service reveal that data for
Awassa are more applicable to us then for Mitto. Data
collected by us in our observatory are of the sane magni-
tude for Awassa for February, April and December, for the
month of March and May, our measured rates are slightly

lower, For the months of June to November, we are getting

better evaporation thén Awassa, For the design of »ilot

Solar evaporation works, we shall thererore, use the *
average evaporating rates for 2 years of Awassa and 11
months of our own observations, These average rates,

taken for design purposes are given in Table 4,3 below.

Table 4.3

Mean daily evaporation rate average for 2
years for Awvasesa and 11 months for
Lake Chitu

Month Mean Daily Mont:.t.:
Evap, mm total mm Annual o

Jan, 7.85 2434

Feb, £.h3 236,0
March 8.53 264 4

April 7.97 239.1
May L.,97 154,1

June L.,40 132,0

July 3.73 15,6

Aug. 3.73 115.6

Sept., .63 108.9

Oct. ¥,50 173.6

Nov, 7«50 225,0

Dec, 8,10 251,1

Total 2258.8




h,2.3 Evapor:.tion rate using a Colorado type of pan (this is the

usual pan method) differ somewhat from actual evaporatic:i

rate from large free surfaces, The Chitu Colar pans will

be situated near large open

and may be somewhat lower,

water surface (Lake Shalla)

As the opservatory readings a:re

near the large open surfaces of the Lakes (Awassa in oae

case «nd Bhalla in the other) no correction may be

. necessary, (The correction

fector is usually 0.83) It is

interesting here to note that annual evaporation rate on

the Fthiopian Plateau is a function of altitude, as shown

by tbe following table.

Table 4.4

Evap., Rates for Large Water Surface

Station Al titude
meters
Addis Ababa 2408
Koka 1592
Zwai 1625
. Wonjii 1540
Metuhara 955
Awora Melka 805
Lake Assal 150

Mean Annual
Evaporation irm

1,407
1,751
2,000
2,227
2,946
2,855
4,800

Cur Solar pans are at a level of approx. 1570 meters and

the annual average we are taking (Table 4,3) viz 2258.¢

mn generally agrees with the above data,

vy
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5. GEOTHERMAL RESOURTES

It is a fortunate coincidence that in the region where

we ha e the Soda resources, there are indications of
inten: e geothermal activitys such ?ctivity is observed,
though on a much smaller scale at Lake Natron and LlLake
Magadi too. At Lake Langano, about 140 km by road from
Lake Chitu site, drilling of one well has already been
completed and drilling of a second well has been started.
The permeability of rock in the bottom of the first well
may prove tc be too poor for commercial 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 conversiom to

power,

Because of these possibilities of finding geothermal
energy and using it in the project, a visit was paid to
the iuke Lengano drilling site and discussions held with
Mr. Roy Johnstone at the drilling site (see Appendix I;.
The Soda Ash Expert also had discussions with Mr. Hagen
Hole, C1ief Techn1Ca1 Advisor of the G=othermal Progedt,
Ato Ababa, progect Manager and Ato Getahun Damissie,

General Manager, Ethiopian Inst, of Geological Survey.

In the regions where there are hot mineral springs, the
temperatures underground (for geothermal activity) are
predicted by geochemicn) investigations, With fumarcles
one needs bﬁn Chromatogrpahical Iivestigations; fortunntal:
the Inst, of Geological Survey have recently received the
Gas Cpromatograph and this will be of use in ipvestizat -
ing the geothermal activity in Corbetti Caldera,
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Depend:ng upon the contents of water (free moisture as
also water of crystallisation) we have to transport 1.6
to 2,0 tons material (harvestedhzoda crop) per ton of
Calcined 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
near to Lake Chitu as possible, as mentioned above,

'Lake Langano site is about 140 ¥m 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
38° 27t E)*, (Word Chebbi comes from /reei.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 hot vapours, The inhabitsrts
cover the vents with vegetation to condense the stean oo
drinking water, The most important manifestations creur

at Demo Argo, A 250,000 m2 of the area is hot, innumerabl 2
fumaroles (temp, upto 91°C) exist., About 2% of the total
area of hot ground esceeds 85°C at 15 cm, depth, Hot
ground and fumardies occur at several places between
Corbetti Caldera and Lake Shalla, Af Doredimtu, north

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

there are weak fumaroles,



5.4 The original idea of investigatin ¢ Corbetti Caldera by

drilling wells (subsequent to Gas Chromatographical
investigations) is not given up. The question of prio-
rities will arise in due course, Ministry of Industr=-..
ies should take up this matter appropriately with Ministry
of Mines for investigating this field, Our requirements

of steam are given in the following
5¢5 Steam requirements for Lake Chitu Chemical Project;

5¢H5¢13 Low pressure steam

Quality} Saturated
Pressure: 5 to 6 atm, abs,
Quantity: For evaporation of saturated Chitu Brine

for crystallising Sodium Carbonate (altern -

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,

5¢54282 Medium pressure steam

-
Pressure: 10-12 atm, nbs,
Qualitys Superheated: 50 above saturation
Quantity: 0,7 ton per hour.
5¢De3¢8 High pressure steam,

for calculation of Soda Ash: (20,000 t.p.year).
Quality: Saturated Pressure 28 atm, abs,
Quantity: 5 tons per hour,




To summarise,

total steam requirements

Pressure Quantity

Atm, Abs, Quality Tons per hour

5 - 6 Saturated 22

10 - 12 5°C Syperheat 0.7

28 Saturated 5.0
Total 27.7
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6, PRODUCTION OF CHEMICAL CAUSTIC SODa

Consideration is being given to the production of Caustic
Soda for some time now, The process considered is by
electrolysis, with the simultaneous production of Chlorinc .

To the extent of genuine demand for Chlorlne (for bleack-
L"

ing ir Textile and other 1ndustr1es Yater Purification ci:.)

it would be adv1ﬁable to put up an_plectroltlc Chlor-zli:l
Plant, using the Mzmbrace type of Blectrolytic Ge’ls, wiich

produces high grade Caustic Soda not needing further concc. -

tration for most of its applications even a small sized ;1.0

with partial or full use of Chlorine at site,is economiczl
Normally, taking only genuine demand for Chlorine, such a
plant does not meet the full requirepents of the Caustic
Soda needs of the country the balance of requirements of
Caustic Soda then, have to be met by Chemical Caustic boda

Production,

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 Ash gets converted into Caustic Soda
by the following reaction,

Na,C0, + Ca(OH)2 = 2NaOH + CaCO3 .
the reaction is carried out nearly at boiling temg.
to get higher conversion efficiency, The slurry is
then settled in oontinuously working Dorr-type thickners

arnd the calcium Carbonate mud is washed counter currently
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in a series of settlers, The washings are used for
diesclvimg Sbda Ash (where solid Soda Ash is used)

and for preparing milk of lime, The clear liquor

is concentrated to 46-48% NaOH in multiple-effeft
evaporators cooled to separate unconverted Soda Ash
and other salts (NaCL and Nazsoh). Sodium Sulphate has
to be added, if not already present in sufficient
concentration to ease the separation of Na2003 and
NaCl,

Soda Ash Expert is recommendlng the use of this process
for the Lake Chitu Progect because, we can use Chitu
Brine at a certain concentration, directly from the
Solar ponds for conversion to Ciustic Boda, }n many
d2veloping countries, including India, where @hemicgl
éaustic Soda is made, the major cost item is Soda Ash
solution obtained from a decarbonator, where Soda Ash is
made in solution from, by wet decomposition of Crude S:Cium
Bigarbonate, This solution of Sodium Carbonate is some-
what cheaper than dry Soda ash, but cost-wise, Chit
concentrated Brine would cost only a small fraction of
such soda solution inzaé&ﬂthetic Soda Ash plant, 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 prove

to be uattractive,

As regards the concentration of Soda Solution to be

taken far biusticisation, this depends to some exten®

on the costs of raw materials and energy, Higher the
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concentration of Na2003 in the starting solution lower

is the conversion efficiency, but this also brings down
the consumption of steam for cencentration of Caustic
liquor, A balance is struck depending upon relative
costs of Na2003 and steam,

The concentration of Na CO3 found best when Soda sish
costs are high, is glven below,

Total Na,CO,
- --- 238.5 G.P.L.

Uncl NaHCO3

This corresponds to Chitu Brine concentrated from 8 Vol.,
to 1 Vol, or a TDS of nearly 300 gpl, (some solids would
have separated out at this stage, mostly Sodium Bjicar-
bonate and some Sodium Carbonate also), In oxder to have
a richer source of Na, 0039 it would be best to start
causticisation with Chitu Brine at 22°Be, using washings

from the process to slake burnt lime,

We have conducted some preliminary experiments omn
Causticisation of 1:4 Chitu Brine using lime slurry
detained from A"éetylene Plant in Addis Ababa, (see
App. 2)., A large sample of the slurry has been dried
in the oven and sampled and analysed further experiientc
can be carried out with this lime sample. (13.1 grms.
are needed for Causticisation per 100 ml, of 1:4 conc.
Chitu Brine,
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7. DESIGN OF PILOT PLANT

The Solar Soda v;rks iilot,blant has a capacity of 1000
tons Na 003 per annum, The actual production will be
larger to the extent of impurities {(mostiy moisture)

in the product. The product, will be uncalcined and
sold to the Glass and Sodium S'.licate M nufacturers

for 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 hired

trucks, from open storage at the Solar Soda H Ttks.

Area of Solar Soda Works:

Based on Fractional Crygtalliszation experiments carried
out in the Laboratory (é}ogressive 1 and 2 and randon Y.
the total yield of dry material from 500 ml, of 1:L4
concentrated Chitu Brine came to 8.66 + 8.80 = 2L ,20
grms. (see app. 2)

The weighted average analysis of the dry solids comes_tc

% by wte
Na2CO3 92.13
Nanco3 2.57
NaCl 2,87

by,
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A
The total Na2CO3 incl, Nc.HCO3 comes to 93.75% Coy

solids interms of Na2C03 per 500 ml. of 1:4 conc.

Cuittr Brine therefore comes to:-
24,2 x 0.9375 = 22,7 grms.

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

grms, Na2003 or 2 m3 yields 22.7 kg. quantity of

Chitu Brine regquired per 100 tons Na2003 ccmes 1O
2000 x 1000 = 881GC6 m3

22,7

[ \
The soil analysi§ made by MN-terial Research and Tast-

ing D:partment, Ficulty of Technology, Addis Ababha
University shows that the soil where Sslar ponds are

to be constructed has the followirg 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 (10% below 0.001 mm) these characterstics
show the soil to be good and if the pan bottoms ars
rolled (by road rolier when wet), the percolation losses
will be reasonably low; low permeability of the soil

is also indicated by absence of Alkalinity in the

moist mud removed for examination from 2.75 m. below

the ground surface near Chitu Meteorological Etation.
Paking a loss of 10% im :erms of original brine. pumper

volume of brine comes to approx.

97,000 m3 per 1000 tons Na,CO,.
H 2 3
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Amourt of water to be evaporated: This is calculated

fror random 2 experiment ( Appendix 2).

1. Wt. of original i:l4 conc.
Chitu Brine (250 ml.): 252,2 grms,
i Sp. Cre 1.12883)

2, Wt., of wet solids grms 17.24
3. Wt, of "Bitgerns” " 107,09
124.33

4, Wt, of water evaporated 157.8 grms. This :s for
8,80 grms dry solids containing. 93,73% Na2CO3
(total Alkali expressed as NaZCOS) or 8,25 frns.

haZCOB.

Water to beeevaporated per 1000 tons Sodium Carbonate

comes toi-
1000 x 151,8 = 19127 m3

8.25

To this we have to add water evaporated in concentrating
Chitu Brine from 4 vol. to 1 vol. This is 700 grms.
approx. for 8.50 grms solid or 8.25 grm3 Na2C03 dor

1000 x 700 = 8,850 m
8.25
Total water to beeevap. 103,977 mj, This is total incl.
of crystallising area. 22° Be brine, nearly saturated,
will contain approx. 95 gp NachB, 35 gpl NaHCOB; ho gpl
NaCl, 1 gpl NaF and 990 gpl H20. Water to be evaporate:

per 1000 tons Na2003 comes to 10,400 m3.

The quantity ois larger than the brine pumped because ¥.

have taken only random 2 results for the calculation: £

’
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randem 2 yields have been lower than average of
progressive 1,2 and random 2. In any case, the

larger evap., will give safety margin.

Fron the Meteorological data (section 4) and weter te
be cvaporated, we can calculate the area require Re -
examining the monthly evaporation date C!able L. 3) nnd
rainfall (Table 4.1), the working aseason is 7 months
i,e., fram beginning of October to end of April. =ve:x
at the end of April, the brine in the condensing arsa
can be saved and stored in a reservoir, for the nex*
dry season, The rain which falls on the stored con-
centrated brine floats on the surface and can be
siphoned off, with only a 1ittle dilution of the
reservoir brine. Rainfall during September is 1ess
than evaporation in that month and this diluticn water

gets evaporated,

The evaporation_ during 210 days of dry season com2S to
1632 6 mm (see Table 4.3)., This is evaporation of watar.
In Salt ebrks practice, a factor of 0. 8 is taken for
condensing area and_ a factor of 0,7 for crystallising
area, This is for Sea Salt Works with Magnesium Chlo-
ride in the brine, The vapour pressure of Sodium
Carbonate solutions is higher and factors of 0,9 o«nd
0.8 can he taken for the condensing and crystallising

area in #Bolar Soda Works,

Area Requirementss

Water to be evap. in condensing area 103,977~10, LOO =
93,577 m3/year. Evaporation in working season: 1,6326rr.
Area required: 6,37 Hectares (condensing area).
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Aree required for crystallising pans:
Jater to be evaporated: 10,400 m>

7963 Sq. M,
0.8 Hectares

Area reqguired: 10,400
O.8 x 1.6326

Size of reservoir will depend upon the storage
necessary for the off-season. The average depth

of brine in the condensing area is about 30 cm.

The total brine in the condensing area at the end

of the season will be 19,110 mB. If we store tine
more conc. brine from about half the condensing area.
the quantity to be stored will be 10,000 m3 approx,
depth of brine in the reservoir may be kept at 70 °n.

Area of reservoir:

10,000 = 1.4 H2ctares,
0.7 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 March,

the reservoir isshun#@ircuited to a large extent, and
allowed to go down in level, At the end of the Solor
evaporation season, it is filled up to the depth of

70 cm, Partly by gravity and partly by a portable pump,
Again, at the beginning of the evaporation 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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Layout of the Folar Soda Warks: In a large Solar Y.
and vhere the ground is fairly level, the sizc cf a
crystalliser is about 0.8 hectares. As our tolal
crystallisirg area is 0.8 hectare, we may provila 2
cryg:allisgrs (in order to studv and possible re.o oLy
of ; ikers 3oda, in the first part of firs:s crystaliz.«
So cach crystalliser'will‘pg 0.4 hectare iu area, conds:
ing pans in a large Sylar Yorks are very lzige 1L a.&d
for each individual.afndcno;}ybut in orde: to a“oind
circniting of high and low density brine, ensnugl i
will be provided., The cost of increacing thec wvumc-s T
condensors is small as the partiticn walls are N TS
The layout will be somewinat as given in Fig. 7-15 on

-

this layout the earthwvork involved is alsec cel:zulnind.

m, _cubes

outer wells 11,530
inner walls _2,720
Total ... 14,250

The earthwork involved in digging the reservoir comes

to 14,000 x 50 = 7000 m? but this earth will be usad
100
for the brnds; without theodolite survey wvork, 1t Z-3

not known how much earth will be available frcm le /374 mo
work of the Solar evaporation area, With terrocing o7
proper selection of the starting point for solar fiﬁﬂ;
the levelling can be reduced and it is possibic LU

the earth dug out -for reservoir and levelling. 211
balanced against the above figure, and that therc o

surplus earth.
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Specifications f-r Lrine rump: The total gquantity of
3

brir.e required per annum comes to 97,000 m”, the pump
working hours could be taken at 20 hours during initiel
filling (to achieve rapid filling of the system) and
ther reduced to 10-12 hours per day (2 shift work and
cleaning and maintenance of the ngine). Excluding

the reservoir, the volume of brine held in the conders-

3

or about 20% of the annual

recuirements of brine., A pump with a capacity of =0 m3

ing area comes to 20,000 m

per hour, working 20 hours per day, would fill up the
system to working depth of 30 cm in 20 days(or %> a
depth of 15 cm to take advantage of large evaporation
from full surface), Taking 200 worxing days in the sszezso..
the pump will have to work less than 10 hours a day on
an average, ifor moisting the evaporation needs, This
will then be the capacity of the main pump, Its head
will be calculated after pipe size is selected in tte

next section,

As regards the auxilliary pump for making use ot the
reservoir the quantity to be handled is approx. 1/5
of the dilute brine. A capacity of 10 m3

should suffice.

per hour

As regard the static head for the main brind pump. the
max, static head required to go over the pump is 47 m,
The other static head will be the difference in the
level of brine in lake Chitu and the delivery of the
pipe; this will be known only nfter the survey, of thu
site and knowing the Lake Chitu surface level, In any
case, by general observation, it seems to be of the

order of 2 or 3 meters or even less,
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Once the pump starts working, e siphon will be establish-
ed and the working head will come down by 47 meters. Th:os
would affect 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.
(i1) 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, revert

to lower speed once the Biphon is established.

| In any case, we shall take the static head of the pump
at 5m, total (incl. of minor entry & exit loses, dynamic
head etc,) and add pipe friction loss for getting the

total head loss from all causes,

7.1.3 Size of the brine delivery pipe: Pipe size is normally
a matter of economics, Smaller the pipe size, larger is
the frictional loss and pumping cost, but lower is the
first cost, For every short delivery pipe, it is often
. the praetice, to increase the sijze of the pipe by one
size larger than pump delivery, In pipes of 8~10 cm and
larger sizes, the velocity 41is usually in the range 1,5~

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

600 m), We have taken 3 sizes of pipe to choose from:




Capacity 50 m3/hr.

Pipe size Velocity Head loss in m.per !
mm_ m/sec, 100 m, of pipe 1QQEERL
100 1.77 6 |
125 1.13 2 E
150 0.786 0.82 i

The total length of the pipe will depgnd upon tvf

survey and the exact location of the S)ylar Soda W>rrks,
But, taking the nearest point when the escarpment levcls
out, the pipe length 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 tos

‘ Total
|L_Pipe Size Frictional loss meters
100 39
125 13
150 53

The obvious choice is 125 mm, pipe sizej the total head
on the pump is then 13 + 5 = 18 m, the two pumps can
now be fully specified as:

mBth Total head m,
Main pump 50 18
Aux, Pump 10 5

All iron construction,
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As regards the bitterns, it is suggested that, for the
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 collectzd

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, (In

Tangzanian Salt Works they use palm leaves., In India,

‘8tone 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 crystallisimg area, in order to avoid 1ifting
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, & meeting may be
arranged with senior staff members who have tte firs:
hand experieince of Solar Salt operations in Ethispia.
Some of the practices adopted in Solar Salt Works coulld

be applicable to our project,
»
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8.

PLAN OF WORK

This section deals with detdils of work to be carried

out between now and the next visit of the EJpert. It

elso outlines the work that the Expert will carry out

during his second mission,

H The work to be cerried out by theVSOrporation is given

hereunders

8.,1:

8.,2:

8,3

8.,4s

8,6:

3

Complete survey of the site by NCC personnel cr
Mapping Agency. .

Preparation of the layout of the Solar Soda Works

based on details worked out in section 7,

Selection and ordering the brine pump and pipe 4

line, . $"r,

Installation of pumping set, Diesel Engine,
Diesel 041 storage tank, and pipe 1line,

Lt -
- . ' B ' [

Completion of earthwork, consolidation ‘of
surfaces of ponds and crystallisers,

P ) AN S =
¢

Setting up of Meteorological BStation when the

instruments are received. T iy
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8.7t Start pumping of the brine before the consolidated
pans dry-up and fill the solar evaporation ps~nds.

8,8: Laboratory work as detailed further under this
heading,

8,9: Miscell, office work detailed later in this sec+t..n.

The survey should start at the base of the escarpment
on the northern site of Lake Chitu and cont’nue north-
wards towyards Lake Shalla, Total area covered should

be apprecx, tkm, x 1km,,

Based on the levels obtained in the survey Ato Dulla
can prepare the layout of Solar Soda Works, It shculd
start as near the escarpment as possible in order to
save on the brine pipe, the first condensing pans can
be at a slightly higher level (terracing arrangement),
This will also help the flow by gravity to subseque:nt
pans, The areato be covered is small and the layouil
could be simple with a relatively straight forward

passage for the brine,

The specifications for the brine pump are detailed in
the previous section, If the pump of similar character-
istics is available locally, it could be purchased, in
order to save time, This may involve some sacrifice

of efficiency but at the diesel consumption would be
quite small, this is immateris],
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; 8.5:
®

8.6:

8,7:

Along with, installation of pump and acessories, install
a level - for the lake level, This can be attached
to the suctien pipe of the pump, In installation of

the pump, care should be taken to keep enough free spzce
below the lowest part of the pump, to avoid sucking up
of slime from leke bottom, It is best to have ari-1l
flow type of pump which does not require a foot-vglue
(most pump problems are connected with mel-functioningz

of foot-value),

The earthwork and other construction work should be
supervised for quality, the consolidation of the bottom
surface of the pans has to be done by sprinkling Lake
Shalla P ine, (this is easiest to bring, if the pump
is not ready) and using road roller, Once the roller
work is over, the surfaces should not be allowed to be
dried, if filling cannot be started for reasons of pump
nat being ready keep the surfaces wet by sprinkling
Lake Shalla B ‘ine, It would be best to coordinate rol-
ling work with completion of the pump installation,

This work has been done once before and does not need
. « 7y
elaboration, The site need not be goftened even if it

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

When brine pumping is started, a regular log should be
maintained if start and stop of the pumping hours,

diesel 0il consumption pumping problems, maintainance
of pump etc, general obeservations should eclse be made

about pereolation losses,
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Labor¢ tory works During the first visit of the fxpnrt.
ﬁabor:tofy work was carried out for a total period cf
about 4 weeks. Based on the results obtained/ sce £DP.
2/ fuv-ther work is required to be carried cutv beloTe

the naxt visit of the Expert. This i3 detailed below.

Arrer ze to get a barrel load of Chitu Brine. prepare

seves-al Jerrycan hatches of 1:L conec., brine by boiling
in 1060 ml, beakers over oil-bath, allow the brine (&
conc.) to settle, Decz1t and separate tithe slime in tee
centrifuge and collect the precipitate (white)., Wash 2
or L times with distilled water and collect, The ccl -
ljected precipitate should be dried at 104-106°C, grovnd
in mortar and pestle and bottled send 1 the sample to

Gentral Lab, or Univ, for quantitative analisic of

Ne, K, Ca, Mg,

. 0 .
HCOB’ COB' c1, S 4 and F
Also, solubility in cold and hot water.
Ascertain Sp. Cre, COB' HCO3 and C1 of 1:4 conc. Chxtu
B-ine stock solution.

;

Take 1000 ml, of 1sk concentrated Chitu Brinc in plostin
evaporating pan, and keep the same in nzT oven fer
fractional crystallization, The temp., should be contre -

1ed at between 28 and 30°C.

The experiments should be 1like the "Progressiva" onas
described in App. 2 when the density reaches appics. R

Be, (plus or minus ¥ degree), filter through Jucluer




T
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fil :r, take tae Censity of filtered liguor
Py : smeter, weigh tue nracinitite we, ST whe

pre:ipitate, at 104-106°C unzil comei, Wi, o724

-

)

wei h again, fiitered mother lieoucz zhoul!l
we: ished and keut for suriher {reostierel cxyal~’-

; (o] . .
1ir ~tion at 2%-20 ¢ w.til vhe density rewshez 20

o

Be’ (1 % haldf dearee) colliect colids on {uernec
ter dovinz at 105-1067C

f£i..ser, weigh wet ard ar
Mo -her liquor is weighed und left for Turtac?

m

. a2 . .
' crvstalisation at 28~307C in ta2 B& T cver,; »

G
[\

) o o e . .
ci-ilewly for 32°Bs a-elyse all the dried solifs

. - YR
o! “ained; at 28,30, end 32 3e' ior

Hisle) 3

nos results should bz expressed &3 in App. 2 In

tabular form,

Bab.leit Based on the above worlk, the Li¢tpert vill car:>s 02
2 oxr 3 more w.ndom experiment3 to deternine Lo

opitimum "bitteras” density for higaest yiclds -« .-

. eiutens with the qualtiy of karvesto>d, cun ;.

3.5.3.2: Mcther-1liquor obkrained at 32°Be, chould e wel- .o
and znalysecd for 003 aa2d Ci ard “otel disrolvod
solids. (TDS). 1TIDS is cdetermined by taking o el

semple in an evaporating disn eaud drying al 0.1

to a ccnsteant wadghi.
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8,8,4: Take 500 ml, of 1:4 conc, Chitu Brine and add 65.5
grms, dried Ca(OH)é, kept in e stoppered Erlenmeyer
flaske, (this has been analysised) boil virorously
for 30-40 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 of dilute caustic soda. (about 8-10%)

) analyse the liquor from stock bottle for (OH)!', C03“
and C1 and density after calculating % OH, concentratc
it in a glass boiler to get appoX. 28% NaOH, coel,
filter the separgted solids (Na2003, NaCl, Ne2S0,
NAF etc). Through sintered glass filter and collect

in enother stock bottle, After completing the con-
centration, aalyse (o), C03“ 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 importad

caustic soda,

" 8,8,u4.1: Obtain some samples of good local lime (one currently
used by sugar factory, should be one of them), nyérate
with min, of water, Analyse the hydrate for Ca(OH)ﬁ
(figst end point with phenolphthaleinbindicator) and
repeat 8,8.4 experiments with local meterial, Take

ﬁ: settling test of CaCOB/NaOH slurry as was done for

acetylene plant waste product and compare the settirg

» tests, Experiment with atleast 4 or 5 samples of

local lime coming from different sources of limesione

quarries,
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It is suggested that we obtain a Hydrometer of the
range O-35°Be' the one the expert has brought and
1efv with the laboratory is of a loweT range, more

should be ordered for use at Chitu,

The following chemicals may be ordered =nd procured

at the earliest:

(i) Barium Chloride, Tech, G:rade 200 grms.
(11) Sodium Carbonate A.R, Grade 100 ¥

(1i1) Calcium Chloride, fused, Tech.
Grade 500 "

(iv) Whetman 4O or equiv, ashless filter pape.-
200 circles, of standard size {15 cu.)
(v) Nickel Crucible 25ml, size 3 pcs.
(vi) Sintered glass gooch crucible 25 ml, 3 pecs
(vii) Porcelain filtering crucible 25 ml. (witn
holes) 3 pcs,
(viii) Chemically pure blue<§3bestos acid washe<d
25gms.

Has been studied by Ato Abera in draft form 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 %v
Ato Makonen).
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8.,9.3: Requ2st Contral Iéb. to check the analytical results
of Lake Chitu Brine, There are some serous errowTs
Re: balance of cations and anions,. Fulor:ca determina--
tion is also in doubt, Chitu Brine may also be enalys.a
by ~he University,

8.9.4: Market survey for Soda Ash and Caustic Soda?

. t Y
' 8,9.4,1: Collect import statistics -~ quanit and value for bc*n

chemicals for past 7 years,

8,9.4.2: Approach 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 elso
(Max. % of impunties which the process can tolerate) -

Determine geographical centres of consumption.,

8.,9.5: Ascertain, tbreugh Ministry of Mines (geol, survev),
deposits of Gimestones and get the following devta’ls.

RE
' A, Geogr, Location & Distance from Lake Chitu

B, Approx, Reserves

c. Chemical Analysis
Ca, Mg, 5i0,, acid insolubles CO, etc.
D, Geological D:scription of T,/pe.
E. Collect Samples in Oar Office For P iysical
Examination,
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)
| 9.0,1:
9,1
9,1.1:
' 9.1.2:
9.1.3:¢

9. IIME 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 instalilation of the pumping set, by mid
October in crder 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 arranged
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 Ehe

work should be planned with priority. Foundation Brawing.
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, time schedule is indicated below:-

Arrange survey of site (theodolite) with NCC staff or
Mapping Agency work to be completed by 20th August,

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

Meanwhile negotiate for hire of eartmoving machinery.

h

Select and procure pump by 20t August, Prepare founda-

tion Drawing and cast the foundation by end of August,

The pump installation can then be started by 3rd week

of September and pump installed by beginning of October,
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Earthwork can start in early Septemberyand 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 by 15th/20th 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 maximum 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-
taig levels, (Approx. 30 cm, in condensing area and
50-60 cm, in reservoir. The level should be 15 cm

in crystallising area over the layer of solids),

Harvesting implements should be procured, (similar to

ones used in Solar Salt Works) by end of November,

At the stage of éilot f}oject, 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 hited trucxks,
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10,4
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10, EXPERTS PROGRAMHE ANC WORK PLAN

If everything goes on according to implementation
programme given in section 9,0, the E :pert shouild
visit Ethiopia by mid-December, His work during t:e

second mission, lasting approx, 3 more tiis will be:

Study the Laboratory Work done in the interim period
and organise some more random crystallisation experi-

ments,

'7ith the results of progressive crystallisaiion work
and random experiments, determine the parameters fox
Solar Soda works operation (highest "bitterns" densit:
consistent with quality of Soda).

Study the meteorological data obtained in the interim
and corelate with data collected earlier, (section

4 of the report),

:\I

Operation of Solar Soda wWwirks and establishment of
parameters (density of brine for admission to crystalli-

sers and density of brine for discharge).

Collecting samples from various ponds and organising

their analysis in our own (NCC) Laboratory .

From the quality of Qolids obtained in the Solar crystalls
sing pans, to decide whether it is possible to isolate

Bakers Soda as a Co-product,
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To improve the quality of S)da by washing or recrysta-

l1lisation.

Study actual evaporation rate in Solar Soda Works and
compare it with m:teorological data collect design data

for full scale Solar works,

Study the results of market survey. This will help in
deciding the size of the full-scale plant,

Study the investigztions on lime stcnﬁ deposits, study
the Chemical Caustic preparation work in the_Laboratnry
with locally available lime examine whether Cnemioal

Oaustic Soda Project is worth pursuing further,

Prepare questionnaire for collecting data for :n

economic evaluation in the final visit of the E pert,

Train personnel in operation and maintznance of the

pilot plant.

Train personnel in the analytic tests in NCC Lab,
at Addis Ababa




APPENDIX 1
Visit to Lake Shalla and Lake Chitu,

1.1 Ato Mekonnen Tessema and the UNIDO Expert left Addis
Ababa on 21st June after lunch and reached Shashamene
in the evening, Ye left for rthe site next day morning
and spent the whole day there visiting the two lakes
and several hot springs on the Southern Shore of Lake

' Shalla, Dry & Wet bulb, temp., reading were taken,

11,1 On the second day, we visited the southernm shore of
Lake Cphitu, as also some hot springs. Only the southern
shore of Lake Chitu has some open land but the area is neot
enough to develop any solar evaporation vorks, ‘e collect=d
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) Chitu Brine evap,

e) Rain-gauge.

1,1.2 on 24, 25 axd 27th June, we continued to take cbservatory
readings and inspection of site, Ve also collected soil
samples from three points on the site between the two
Lakes, General examination showed the soil to be very

fine in particle sige and free from grit. Wetted 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 need for consolidation during

solar evaporaiion pan construction,

On 28th June, we visited hot spring no. 30 on the eastermn
shore of Lake Shalla, This spring can be reached easily
by driving north from Shashamene for 37 km, on the asphzlt
road to Addis Ababa and then turn left on a paved road.
There is a sign board marked "Lake Shalla". About 6 km.
on this road, we see Lake Shalla and a walk of about 200 m.
brings us to the boiling water springs. Wwater 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 macl:
recently (in the last 10 years or so according to the
forest conservatory men), The boiling point of water S
the altitude (about 1570 meters) would be 95-96°C and i
one or the large pits, water was bubbling. The total
quantity of boiling water springs has been recorded ac

33,3 litres per second, The spring vater has been analysed
earlier and it was calculated that this single spring aais
3,100 tons of Soda Ash (Na2003) to Lake Shalla., Both in
temperature and volume, this is the most important and

largest spring near the Lake Shore,

After visiting the boiling water springs, we proceeden
further north on the Addis Ababa Road, The forest con-
servatory office is 42 km, from Shashamene, 19 km furtlier

north cn the main Asphalt Road, we turned right.




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, away on
mountainous but smooth track., At the drilling site, we
met Mr. Roy Johnstone, in charge of drilling operations.
Drilling of one well has been completed (to over 2100 m!
and the drilling rig had been shifted to another site
about 1 km, away. Drilling on tiis site has to start
early in July and would take about 3 months, The first
’ well which was completed would be opened up in about =&
months time and then they would know about the perrsaiili 7~
of the vrock structure and the quantdﬁ of energy availablc.
About the permeability, indications obtained during d:ill-
ing operations and water injection, indicate poor per €.
bility though it can improve somewhat after the well is
opened, The indications about the quantityof steam are
in the order of 15 kg. per second, (54 tons per hour) .
Temperature upto 300 C are expected, (for calcination of
Soda Ash, we need steam temperature of 225-228 °¢c and a
quantity of 5 tons per hour for 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 million. Each well drilling costs about
¢ 1,5-2,0 million and investigation of a field takes
¢ 10-15 to determine whether it is worth putting up
the power plant. ells which are too small to exploit
for pover generation could be used for steam repuise-

ments for Soda Ash calcination and Caustic solution

evaporation,




According to Mr. Roy Johnstone, even after a geothermal
field is commissioned, it is difficult to say how long
it will last., 30 years life is considered to be good,
The geothermal station in New Zealand is already 30
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 rise aad
temperature rise, Jater was injected at about 18000
1ts.. per hour, This water would penetrate in the
diraction opposite to the ultimate flow of steam.

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

improve the permecbility of the rock,

In Mr, 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 Corbetti
Caldera, hardly 20/25 km south of Lake Chitu. This site
has very favourable indications of geothermzl activity
(1arge number of fumaroles), In fact, in the project
(v.N.D,T.C.D, ETH/78/007) it was originally planned to
include Corbetti Caldera for full field investigations,
It is however, now given up and they will fully concen--

trated on Lake Langano site,

We returned to Shashamene over another route via Adami--
tulu., This route to south is longer than the route by
which we came to the Lake Langano drilling site but is

shorter in 2 respects: vis, it takes us to the asphait
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highway in shorter distance (15-20 km) and it is a shorter
route to Addis Ababa., (About 155 km), The road from 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 of the meteorological station).
Digging upto 2,5-2.6m depth produced only we# sticky tiick
mud and further digging was difficult, The wet mass -
suspended in feesh water (PH 6,8-7,0) and PH measured

again, There was little change in PH indicating the abs.i ¢
of alkaline brine in the interstetial part of the soil,

The iocal peoplc said even digging a pit very near the lia’:.
shore at Shalla produced come liquid only 4 m, below surZac-~.
This experiment showed that it is difficult to get sub-.o0il
brine,,and that Chitu Brine will have to be pumped over thc
47 m, high escarpment. The experiment, .iowever, indicatcs .
the favourable nature of the soil (low permeability) for

construction of S§»lar evaporation ponds,

A sample of the sticky thick soil frem 2,6 m, below surfacsz,
has been brought to Addis Ababa for general inspection,

We continued the observasiory readings until 30th and
returned to Addis Ababa on 18t July, The important reac.-

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

Vertical mm, Water & Chitu Brine

1
!
¥
1
H
t
|
H
.

Date Fresh Vater Chitu Brine
June 83 mm| Duri.tion hrs] 6° TW (1.03 Sp.Gr) Remarks
mm ~araton
23 6 7
* (Day Time) ——
23-24 1€} - - Chitu Brine in Big Pan
(Over night) 120 em, #, 155.3mp de2p
175.6 1tr. taken at ' 2-
O hrs. .
; 24 7 7 4,3 16 Bird guard provided cver
(Day Time) fresh water Bowl,
24-25 b4 161 3 164 hrs
(Over night) —
25 6 ( 6% hrs 3 6% hrs
i Day t1me) _—
25-27 14,2 411 hrs 12 414 hrs [Rainfall 3,2 mm. 5ig |-
covered. Fresh waler
evap., corrected fo- 7.7 -
wind 10 km/hr.
.27—29 11 48 hrs, 6 48 hrs, |Big pan covered 2% bz,
Density Chitu Brine 7.7
™ (1.0355) Rain ¢.23 m.
{ —_—
, 29-30 2 174 hrs, 2,5 24 hrs, {Cloudy wind 3 km/hr,
?'70 2,45 4 hrs, 0.3 4} hrs, Big pan covered moss of
| | time, Wvind 3 km/hr.




1.,1.9 The ex.sting rain-gauge has been calibrated so that we
can male 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 31.42 ml, of water., Table 1.3 gives the relationship

collection of water to mm, of rain and vice versa.

Table 1-3
. Rai s Gauge calibration .’ _ .
Ml, Water Rain-fall Rain-fall Water :
Collected _mm, mm, Collected mi .}
5 0,159 1 31,42
10 0.318 2 62.83
15 0,477 33 94.2
20 0,637 I 125,66
25 0.796 5 157,08
30 0.955 6 188,50
35 1.11 7 219,91
40 1,27 8 w51.33
9 45 1,43 9 282,74
50 1.59 10 314.16
60 1,191 12 377.0
70 2.23 14 439.8
80 2.55 16 502.7
90 2,86 18 565,.5
100 3,18 20 628,3
200 6.37 25 785.4
300 9.55 30 942,5
Loo 12.73 35 1100
500 15,92 40 1257
1000 31,83 45 141k
50 1571
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Table 1-2

Dry & Wet Bult Temperature

g T
Date ;Time Dry Vet Difference °C % Relative

i&unc '8%_hrs Bulb’C | Bulb ° C humidi ty
' 23 16-15] 31,) 24,8 7.1 57 .6

24 9.45 22.% 20.0 2.4 81.3
§ 11.30 ] 26 % 21,0 5.4 63.3
! 14,00 | 29,2 23.3 5.9 62,2
}. 15,151 28.2 22,4 5.8 62,2
\ 16,45 27.3 20.1 7.2 53.5
]
© 25 9.00, 22.2 18.4 3.8 71.0
% 11.00 | 24.5 19.4 5,1 63.8
{ 15.00 | 29,2 19.4 9.8 41,8
too27 9,00 | 20.8 18,0 2.8 77.5
i 11.45 26,00 19.6 6.4 57.0
‘ 14 .40 | 23,00 17.4 5.6 59.4
p29 1 9.10 | 24.4 19,2 5,2 63.1
| 11,40 | 30.6 22,0 g,6 49,0
9 15.45 | 22.0 18.1 3.9 20,1
!
)
‘ 30 9.30 23 19.2 3.8 71.5
i 14,00 § 29 22,8 6.2 60.4
!

o — — ————.
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APPUNDIX _ 2

Leboratory YWork

[
Consid.:rable Lz2boratory work was carried out on Chitu

e
-a

Brine, The work was divided into 3 sections,

2,1,1 Chemical. analysis and physical properties
2,1,2 Fractional Crystallization

’ 2,1.3 Preparation of Chemical Caustic Soda,

o
-

<
-3

Chitu Brine was anzalysed for HCO§ s CPB and Cl1, The
methods of zanalysis are described in pAppendix 3, The
ainalysis of Chitu Brine as carried out by us is given

in Tatle 2,1 along with the recent analysis carried out
by Central iaboratory and the earlier analysis reproduced

in Mr. Du Bois'!' Reports.

Table 2-1

Chemical Anslysis of Chitu Brine

Ma jor Constituerts in gpl,

] - P :
' i ‘ur Analysis Central Lab. | Du Bois® HKep~i-t.,
HCO,, 3,296 1,650 5.112
7
ce, 13,839 12,400 10,758 ,
| C1 5,964 7.285 5,900

-

The discrepancies in CO, and HCO, concentration in the

3 3

three sets of analysis are probably due to the tricky

nature of the method of determining of HCO3 and CO3

)
when they co-exist, (see Appendix 3). As regards the

high €C1' contents in the results of analysis of central




laboratcry, it should be noted that there is some serious
error in the G:ntral Léboratory results of analysis of
Chitu Brine as the total cations add up to 1505.38 molal
equiva .e.ts whereas the anions add up only to 6565.19

equivalents,

2.,1,2 During progressive concentratiuﬁof Chitu Brine before
b separation of any salts, Sa, Gr, of solutions were
determined. The results are tabulated below: TDS were

czlculated from original TS values and volume reduction.

Y Table 2-2

' Sp Gr, of Chitu Prine with progressive evaporation
TDS Sp, Gr.
£pl at 20/21°C
37.34 1.0304 (original Brine)
50.50 11,0420
73.82 1,0623
125,78 1.1066
148,47 1.,12125

) 201,40 1.1673
AR e The totel dissolved solids in Chitu Brine were determined

directly by one step evaporation of a weighted sam>le

and drying the solids at 120°C to constant weight, 800 ml,
of chitu Brine gave 29.87 gms of dried solids giving

3.734 gms per 100 ml, or 37.34 gms per litre. The probable
composition of Chitu Brine, calculated from anion concen®ra-

tions is given below.




Table 2-3
Probable Composition of Chitu Brine

. Component Gpl Remarks

Na2003 24,449 | Analysis in our lab,

NaHCO_, 4,539 " moww

NaC1 9,878 " moowoow

NaZSoh 0,59 " quoted by Du Bois

NaF 0.20 v " v
39.656

The direct determination of TDS is lower than the

probable composition because during progressive

drying of solids even at 120°C most of the Bi-

carbonate gets convepted to Sodium Carbonate, This

happens even during S)lar evaporation of brines at

lower temperatures, If we take all HCO3 as equivalent

COB' the calculated TDS comes to 37,98 gpl which shows

a good agreement with the one directly determined,

hccording to Table 2~3 the total dried solids after calcina~
tion to Na,CO, should have 27.313 gms Na,CO, in a total

2773 2773
dried soiids of 37.98 gms or by % 71.9%.

The dried solids, after calcination, analysed 71,01
NaZCOB' The agreement is close and confirms that the

C03/HCO determinations made by us in our Laboratory

3

are reliable,
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Sp. Gr, Vs TDS (Table 2-2) rcsults 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, The results are
tabulated below:

Table 2-4

Boiling points of Chitu Brine at

various concentrations

TDS Boiling Point

epl oG Remarks

0 93° Distilled Water
37.34 93,5 Chitu Brine
47,87 94,
103.2 95.5
149 ,4 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 HCO.ion),

3
From the general considerations of golubility data
given in J.E., Teeples Book on sezrles Lake Brine and th~
composition of Chitu Brine it was fei: that precipi-
tation of Na,SO4 and NaF would occur at a stage later

2
than precipitation of NaCl, In any fractional crysta-

llization, therefore, if we control the precipitation
of NaCl, the precipitation of NaF and NaZSOu will

automatically be controlled,




]

In all the fractional crystallization experiments. we
startec
to 100t

with ~ brine stock concentrated from 4000 ml
ml by boiling of Chitu Brine, This concentrated
brine “'as evaporated in porcelian dish at a constant
temper :ture of 39-40°C in a heating oven with thermo-
static control, The evaporated mass was filtered
througa a Buchner funnel and the brine obtained by
3 HCO3 and chloride and
The solids were dried at
3 CO3 and

the solids

obtained by fractional crystallizatisn of 250 ml conc, -

filtro-ion was analysed for CO
its Sp. Gr. was determined.
105°C and weighed and analysed for HCO
chlor: de: 1In case of a final sample ,
Chitu Prine were washed with 10 ml of Conc, 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 conoc,

tile results of fractional crystallization are presented
in Table 2-5 below.

Table 2-5

Fractinnal Crystallization of 250 ml of
1:4 Conc. Chitu Brine at 39-40°C

Sample Brine Solids .
Deseription J gpl Weight | % % by deighy _ .
Weight |Sp.Gr. 003 Cl Wet Dry H20 NaHCO3 NaZCOquaw]
N - -— '
LEvogressive 11 gms 11,1133} - - 13,44 8,66 |35.6] 2,83 192,86 2 2"
Prormessive 24 = 1,29541123,51 ~ 9.4} 6,74 ]28,5] -~ 92.63 _.5.84;
. andom_1 95.11_11.31871151.5|86.52| 17.64 1049 luo.5] .01 |89.62 |5 -6
+andom 2 167,09 |1.278 128-“'73083 ;
i Soiids washed j
' _with Bring 17,2 8,80 149,01 4,29 191,02 2:7§)
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duste . me slurry was obtained from the Acetylene ?lant

as scu ‘e of lime., The guantity of lime available from
the oc -tylene plant was subsequently fouund to be teoo small
to hav: any economic significance (The total quantity
avuile le in 1.ddis Ababa plant can make only 2about 80

tors c:ustic .scda per annum), After analysing the lime
sluz.y (:or method of analysis see Appendix 3) adequate
gizant. 5y of slurry wa. added to 1:4 concenirated Chit:
soipe (09 gms wet slurry per 100 ml Chitu )(Conc, brire}.

a7~ the solution boiled for 30-40 minutes, A scttling

-1

et was token on the ot solution with the foll:iing

v
S

5]

ult

9D

[

Table 2-6 settling test
Chemical Caustic Slurry

Tima % Clear liquor
—in.
5 14
10 25
15 35
20 43
30 58
iy 63
T 62
7 62

In nll, 2 ermeriments were conaucted and the results

voare summarized in the following table.
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Table 2-7 ,
Prepa:..tion of Chemical caustic soda, using :icetylene
flant time slurry (10% over theorestical requirements;.

Time «f reaction 3C-40 minutes. Temp. 97—98°C.

c - ee— e

)
] Conc, Chit

Iiquor Analysis !

I
[]
> v ! Brine ’ [ N !
%” ’O] Brine ml. % NaOH Na2003 NaC1 % Conversio=: '
e e e
» s 150 6.71 2,26 4,27 80 ;
2 ) 500 | 6.91 1,67 4.19 8L 5 E

. Materiael Balance was tzken and it was found that of te
ivput of 16,57 gms of Na2003

was accounted for in concentrated NaOH solution,; 4.79

in Chitu Brine, 11,73 gms

3ms in washings (of CaCO3 mud) and 9.05 gms unaccounted,
Iz she regular plant practice, the washings as also
unc o nverted Na2C03 would remain in the system,

ek s Lurge quantity of dry (Ca(OH)2 has been prepared by
drying the slurry at 10500, This was fground and stored

. in @ rubber stoppered container, This dry hydrate analysis
65.3% Ca(0H),.
. ’

I'or future use, and preparation of Chemical ZSaustic Soda,

use for every 100 ml 1:4 concentrated Chitu Brine.

13,1 gms dry hydrate

Thais will provide 10% excess over theoretical,




.PPENDI.L 3

Method: of Chemical Analysis: Chitu Brine and related

Produc: :s:

5Lt The existing facilities and Chemicals available make it
possit le to analyse Chitu Brine and other related producic

to th: following anaiyses:

3.%.1 Determination of HCO'3 and CO3

3.1.2: Determination of CL'

3.1.2: Available Ca0 or Ca (OH)2 in lime or slurry of
Ca (OH)Z.

1.h; (OH)! and 003" in Chemical Caustic Soda.

P

Trese methods are described below:

Geeld The determination of bicarbonate in presence of Carbonate
is triﬁ} and involves some skill, The chemical reactions
involved are:
Nz,C0,, + HCL - NaHCO
2773 3

!’ Na}ECOq + HCL -~ NaCL + H

+ NaCL ——-- (1)

50 + €0, -—(2)

Titrntion with decinormal hydro chloric acid using
pacnolishthalins“as indicator corresponds to reaction (1)
above, further titration, using methyl orange as

indicctor is represnted by reaction {2). During the

first part of the titration using phenolphthalein’ as ar
indicator, care has to be taken that the second part of
reaction does not take place at all., If CO2 gets releas~
it is irreveraible reaction, and will indicate high
~esulvs for Na2003 and low results for NaHCOB. The firs<
titration is therefore carried out with the following

wacautions:
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. Chilling the solution to about 5°C

3, Addition of HCl solution very sleowly (drop
by drop throughout the titration) and

e Keeping the burette under the solution and
all the time, vigorously stirring the solution.

to avoid excess acid in any part of solution.

Only o>y absorving the above precautions, bicarbonate

can bte determined accurately,

Calculations: According to reaction (1), Phanolphthaliis(V)
titration, indicated % the Na,C0,e Se, 2p indicates
Na,C0,. Total reading (M.0.) indicates Na,CO04 + NeHCO.,.
So M, 0, iainus 2p indicates bicarbonate. Example @

1:4 conc. Chitu Brine: 1.10975 grms conc. Brine (eq, %~
0.9831 ml) titrated against decinc:raal (0.1039 N) HC3..
Required 9,1 ml with phenoiphthalffieindicator and 19.75
~1, total M,O0, reading (in C1, P), m-2p corresponds

to NaHCO, (1.55) 2nd 2p corresponds to N32003(18,2) gpi
N2:CO,, is thens-

3
0,1039 x 1,55 x 84 = 13.76
0.9831
ol N32003
049831

Similerly, it can be calculated for solid products.



31022 Chlos ide 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, The procedure for Alkaline
solutions is: Take a 1£€éiL portion of the solution,
edd 3 drops of methyl orange indicator, neutralise
éropwise with dilute nitric acid (free from Chloride)
add a pinch of pure Sodium Biqarbonate (free from

.) Chluride) and add 3 drops of Potassium Cu—romate

indicator. Titrate ageinst N/10 AgN03 Solution,
Collect precipitate of AgCl for recovery of Ag,
(In the collected AgCl precipitate in an evaporating
crucible, add a piece of flat iron and 3 drops of HC1
(strong) and some water, AgCl will get converted into
black metallic silver and equivalent Fe from iron pic.e
will go into solution as FeClB, wash the precipitate
with distilled water until free from Cl and dissolve
in strong nitric acid, This silver nitrate sclution

can be used again after standardisation),

,' Calculations of Cl1' $¢ Examples
5 ml Chemical Caustic Solution made up to 100 ml,
5 ml of this solution from volumetric flask required.

2 m1 of 0,1 N AgNO
gpl NaCl = 2/5 x 0,1 x 58,5 x 100/5 = 46.8

Similarly, determination of Chloride can be carried
out in solids, taking known weight, making to known

rolume and takinga,lﬁttié portion for analysis,
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e 35 Avai.atle CeO: In commercial lime, Cea0 occurs in
two formas: Available Ca0 which Hydrates easl 1
forn active Ca(OH)2 ard some Ce0Q which i3 inactive
in the form of dead-burnt Ca0 or as Silicates. Tais
is : >t available for most reactions requiring Ca(OH)2,

e method described below is approxirate but quiul:
and is vzed by the Alkali Industry, The method con~
sists of tiitration of the Hydratedzsample mixad din

t, water; with standard Hydrochloric scid, usi:g

phenolphthalein as 3indicator, ond taxing thas firc.

on¢é noint, The titration should be carrisd out Tast.

(dropwise but several drops per second). After —une

eni point is reached, the red colonr appzars agein,

ac some slov-reacting Ca0 attacks the acid but this

i naglected,

Celecuiationss: Exampies: 0,10738 pgem: dricd

Ce{OH),, diluted with distilled vater required 17.%ul.
1039 NHC1 for the first end-poin’,

%ca(OH), = 17.1 70,1039 x 37 x 1C0 = 5h4.52%
:’ 100 x 0,10188
1,
3,40 (oH)' andg C03" in Chemical Caustic Soluticns:
¥Yhen Sodium Carbonate is reacted with lime slurr;.,
sornn Casbonate alvav:s remains unreacted and chemicel
anelysie 1s necessary to determine the unreacted CO."

The rcactions during tiitration arc as followes:

{NeOH + NaZCOB) + HC1 — NaCl + NaHCO, {1)

{(vith phenolphthelein as.indiaator?,




3.33

Naﬂco3 + Hc1 NaCl + H,0 + CO (2)

wit~ M,0, t&s indicator,

If we take M,0. reading os the total (m-p) x 2 is
the total Na2003 and 2p~m is the NaOH

Ca. culations, Example:?

5 a1, Chemical Caustic Liquor made up to 100 mi, 10
ml. of this diluted solution required 10,15 ml.
0(.1039 NHC1l with Phennlphthalein indicator and a totc’.
of 11,00 ml, with M, 0. indicator,

3 Na,CO, needed 0,85 mi,
-

Na2003 z=z==z 1,70 ml,

NAOH s=z== 9,30 ml,

NaOH gpl in orginal liquor =

= 9,30 =x 0,1039 x 40 x 100 = 77.30
10 5

NaZCO3 gpl = 1.70 x 0,1039 x 53 x 100 = 18,72
10 5

A document giving varous methods of analysis of ol

has been handed over to Ato Asrat, Due to low
fluepl s contents of Chitu Brine, it will not be neces-
sary to cerry out fldﬁridedetermination as a routin~
enalysic. Ccassionally, it could be got cone outnirle
(éentral Laboratory), Sulphate determination can tc
done only after we have a muffle furnace for ignit:ci.
This determination also could be got done outside.

until we have the muffle furnace,

Analysis of Catione is unnecessary for routine qual’:,

control,

The above covers all the major constituents of Chitu

Brine »
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App:ndix U4, Comparison of ilkali Reserves in Lake

Shalla, Lake Chitu, Lake Magalli and Lake Natron

Eas

Particulars

) Lake Shalla

Lake Magalili

Lake Natro.

I eke Chitu (Kenva) (Tanzenis:),
'Lg+iude 7° ~ 25'N 7° - 22N 1° - s50's 2° -~ 2018
i r g1 tude 38° ~ 30'E 38° ~ 34'E | 36° - 16'E 36° - 10 =
!lxiatence ot 1——201103

‘salinity - - years
i

jArea Sq. km 39.4 0.93(7) 75 9co

| Thickness of crust/

! or depth of Brvne Deepest 8,5 L - 4o 0.4
naters 257 (av,20) (overas: '
Lzlke level
above me.8.1,

i meters 1570 ? 580 610

i
resexrves of

irruzco million tons L21 0.86 3000 129

[ﬂjﬁlenishiment 0,005 Negligible 1.5 Egross) 1,1(gvos.)

lh lioan tons 0,5 net)

IW@ter input from

i mivers & Springs

;million m~ per davy - - 85 -

'~emp, of hottest

isp}ings c 96 60 85 53

'

Rainfall Leas than Less than 384 384
800 800 (average) (average)

L}
{omn
'
i

brn e e —mmma .-




(Appendix 5)

List of important Books for L ato for eral

Libra to _be procured,

1e Snell D, Foster: Emncxclopedia of Industrial Chemical Analysis
(complete set),
John Wiley V sons Inc.

2. Cocks L,V, et al, Laboratory Handbook for oil and Fat
analysis, Academic press Inc,

3. Vogel 1, Arthur, text book of practical Organic Chemisiry
the Erglish Language Book Societys Longman,

b, Bockenoogen H,A, analysis and characterization of Oil, Fats
s and Fat products Vol, I & IIX
! John Wiley & Sons Inc,

5, Coocke 1, Edward Chemical synonyms and trade names C.R.C,
press Inc,

6. Marvin C,F, Psychrometric Tables U,S,, Dept of Commerce,
¥V :ather Bureau,

Te Smithsonian Meteorologinal Tables Smithsonian Inst,
Washington,

8. Sodium Chloride, the production and properties of Salt

and Brine, D,W, Kaufman, Newyork, 1960,
L 2 i
9, Extraction of Chemicals from S:a W' ter, Taland Brines and

Rock Salt Deposits, Documents 1,D/73. U.N. 1972,
104 The Industrial Development of Searles Laoke Brines, J.E,

Teeple Chemical ©atalogue Co., (1929)

11, Solubilities inorg, and metal org. compounds Seidell
(1inke) Vo1, I & II,

12, Geothermal energy Ed, Kruger and Otte Stam Ford Univ,
press 1973,
. N /
13, ?.P.H?i, M mufacture of Soda Reinhold M nograph No, 65,
1 9"2 .
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14,

15,
16“19.

20,

21,
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1, Pateu and N, Dimitriu (English Ed.,) published in
Romania,

Zoran Rant, German publication, Manufacture of Soda.
There are four Russian Books in Soda Ash:

- Saas - Tissowski}] (1932)

- M,P, Sytin (1947)

- J.R, Goldstein (1934; 1956)

- J,J. Gessen (1951)

Guidelines for the establishment of Solar Salt facilities.

M.G, Venketesh Mannar, UNIDO 15/330 (1982)
L. ,t l

¢

International 8§ mposium on Salt and Marine Chemicals
(1982) Central 3alt and Marine Chemicals Research
Institute, India.




Appendix 6: CALCULATIONS OF RELATIVE HUMIDITY FROM DRY
AND WET BUl B TEMP,

During the interim period, whilst we are waiting for instruments
for continuously recording the relative humidity, If we want
to maintain records of this parameter the percent humidity can
be calculated from the dry and wet bulb temp. using the follow-
ing formula (the E:rpert has also included in the list of books
to be acquired psychrometric tables which also gives the read-

ings at a glance.)

e = e' -~ 0,00066B (t-t') (1 + 0,00115 t )

where

e = Vap, pressure of aq., vapour in air at ¢ °c
e' = Sat, Vapour Pr, of water at t' °c

t Dry bulb temp, °C

t' = Wet bulh temp, °c

B = Barometric Pressure in mm Hg,

Relative Humidity is found by dividing e with Sat., V,P, of water
o
at t Cﬂ

For our observatory sit, at Lake Chitu, B = Approx, 635mm, Hg,
and the formula can be rewritten as

e = e' — 0,4191 (¢t -~ t') (140,00115¢")
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Appendir 7. IMPORTANT DISTANCES

Addis Ababa to Shashamene

Shashamene to Solar Works Site
Asphalt Road 23km,
Village Track 16km,

Shasharene to Boiling ¥W ter Spring
on east coast of Lake Shalla 37km,
on Asphalt Road plus 6 km, truck

Shashamene to Geothermal Drilling
site via Adama Tulu

Shashamene to Geothermal Drilling site

via their base camp,

kn.
250

39

43

108

929
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