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• 
This paper is prepared b~- !1r. G. Clonfero, UNIOO Tannery Effluent Tre.sunent 

Expert during a t~o-~eek mission in Ethiopia for the project l"S/R~E/92/2:0. 

The purpose of the mission "85: 

1. Nalbandian Tanne:q 

To prepare a design for the effluent treatment plant with approp!"iate 
flwcg:nuns, equipnent specifications and cost estimates. The C..~ign 
inch.des sludge !'-.arrlling and disposal. 

2. Ethiopian Pickling and Tanning 

To prepare a design for the effluent treatment plant (both pri..Jlery and 
secondary inchxiin,g the treatment of sludge) with appropriate fhLX=-c:-rams; 
to assist in the- de~ign and/or edaptation of the civil \."Orks f:r the- ;:lant 
and to preµ_'!re s::.e:?-;::ifications for the equipnent requir~~ i-:itt. ·:-c~::. 

estimates. 

3. Dire and Wallia Tanneries 

To improve the efficiency of the existing systems (including !he ha:-&ing 
of sludge of tan.rieries with similar problems. 

The ex--.,ert .-:.si+.-:,d t.i..:ice all the above listed tanneries i..:it:. ~tr. ~"Z:yom; 

Hai lu, ~ational E';rer-.. 

During the •:isi '·= "'11 ti-:<:? &t.a of the proposals ha\·e beer-: e:?lair:=-:i a.....C 
discus!'.~; t!;e ""'-;;,. i. l:..:.:..., ci:~t::: n1:1.'.-:- lxen controlled d.i:-ect ly in t.!".-:- tanr~:-ies, 

so that the nece~.::;3.ry ~ ... ::-re-2Lons ha•;e been made. 

The expert 1:...:-lit.-.-:-s t.hat :he managers of lhe tanneries ha\'e t..:e:~ uridt::::.tooe 
the proposed technica: solutions. 'nle actual problem is representeci by the fact 
they do not know '"nich further action UNIOO will take. It is obvious that lDltil 
they will know clearly if a l~'lOO assistance for the necessary "'ha.~- will 
come true, they ,_.i 11 :10: take an~- decision about the problems. ~,'!refo:re, it 
is important thal l'NIOO shQl..-s the intentions about. the future develo;ment of the 
project. 
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1IALLll T A II II B R Y 

E'l'llIOPIA 

1. PACl.'ORY'S DATA ARD Oi'ilBk DPORllATIOB 

- Tannery 
capacity: 

- Production: 

- Process: 

- Work time: 

- Water 
consumption: 

- Industrial 
waters: 

- Rain water: 

250 bovine bides, dry 5-7 kq/pc 
and 

2,000 sheep skins, wet-salted 1.3-1.4 kq/pc 
or 

2,000 qoat skins, dry 0.5 kq/pc 

In total 7,000-8.000 kq/day green weight. 

current 
wet-blue 
future 
also crust 

conventional hair pulping system (line 
and sodium sulphide) and chrome tanning. 
Sheep skins only: hair removal by 
painting. 

6 days p/er week, 1 shift (8 hrs) 
per day. 

50 ml/day (factory's data), 
i.e. 6-7 l/kg of green weight. 
Also considering the current wet-blue 
production this figure seems 
underestimated. 
100 ml/day is a 11<>re realistic fiqure. 

discharqe.d into the same qully. At the 
present the bea•house and tanninq 
effluent are not separated. 

separately discbarqed • 
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- Tannery 
location: 

- Recipient 
body: 

- Lints for 
discharge: 

rural area, distance froa residential 
area 10 n ca. 

Akaki river. 

at the aoaent, no definitive standards 
exist. A new Minister for Katural 
Resources and Environmental Protection 
has been constituted in Ethiopia on 
october 1992: a .ore defined regulation 
is expected in short ti.Iles. 

2. BRIEF oBSCRIPfiOR OF 'l'llE PROPOSED DTERVBRfiOWS 

2.1 SBPARATIOlf OF '1'llB BFPL0BRTS 

The effluents from the beamhouse and tanning departments 
must be collected into two different channels. Few simple 
interventions inside the factory are sufficient for 
realizing this separation. The separation of the chrome 
containing liquor is mandatory if a chrome pretreatment 
will be installed (see paragraph 2.3). 

2.2 SCREEHIHG 

current situation: 
a proper removal of coarse solids is not done. 

proposed intervention: 
installation of two bar screens (one for each discharge 
gully). 

oiaension of the concrete pit for the screen 
installation: 

- width 50 cm, 
.: length 100 ca, 
- same depth of the inlet cbanni!l. 

Cbaracteristics of the screen (see annexed sketch) 
- bar screen to be manually cleaned (rake), 
- slope 60• on the horizontal, 
- spacing betv~n bars 10 -, 
- capacity 50 111 /b ca. 
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The screens can be locally realized using sllOOtb steel 
bars (s-10 - diaaeter) for bw.ldinq. The bars 11USt be 
cut (the total length aust be calculated on the base of 
the channel depth), curved at an extreai.ty as a walking 
stick (r = 10 ca ca.) and electro-welded at the 
extreaities to two steel plate or angular profi1es. 

Brlmple: 
installation of the screen in a pit of 50 ca width and 
100 ca depth. The steel bars bave a section (diameter) of 
10 - and they will spaced of 10 -· 
Total nUllber of bars (500 : 20) = 25 pieces. 
Total length (L) of the original bar piece (before 
bendinq) : 

L = 1.155 H + 30 ca H = channel depth 100 C11 

L = 145.5 ca. 

Part to be curved JO ca ca. 

2. 3 PRB'l'RBADIEll'l' OP CllRONB WASTES: 

Note : the separate pre-treat.ent of the Chrome liquors 
was proposed as optional. At the moment a specific 
regulation does not exist in Ethiopia, but. it .may be 
imposed in future because of the trend in East African 
countries to request it and to make difficulties for the 
disposal of chrome containing sludges. 

current situation: 
no separation of the chrome effluents, all the waste 
waters are mixed in one gully. 

Proposed intervention: 
separation of the discharges and installation of a 
precipitation tank for chrome and two dewatering beds for 
the chrome hydroxide sludqe. 
other not cbrmae containing wastes discharged by the 
tanning department can be eventually by-passed into the 
other discharge gully. To programme the chrome discharge 
not sillultaneously with other tannery effluents seems a 
practical way. 
Fur~.hermore, being a pre-treatment and not a recovery, 
the separation can be carried out without an excessive 
care. 
No big problems if fev other wastes are Jlixed with the 
chroae one. 
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Precipitation 

The chrome precipitation will be carried out in batch 
only Wilen the precipitation tank is full. 
The alkali, lime-mlk, is aanually added and the final pH 
(8-9) checked by aeans of paper indicator. The li.Jle-ailk 
will be exteaporaneously prepared aanually by the 
operator. 
At this pH the trivalent chrome is quantitatively 
precipitated as hydroxide. 
During this operation the liquor in the tank must be 
aixed (mechanic-.al aixer or air injection). 
Rote: the coapressed air aay be taken froa the saae 
blower of the equalization tank (see this paragraph). 

sedillelltation 

Ultillated the precipitation, the 11.l..X.LDCJ is stopped and 
the solids settled. The ainillua period of qui.et is four 
hrs ca. but an overniqht sedi11e11tation is recommendable. 

Discharge of the supernatant 

After sedimentation and thickening of solids, the 
operator manually opens the discharge valve that sends by 
gravity the supernatant (virtually "chrome free") ir..to 
the equalization tank where it is aixed with the other 
effluents. 
The discharge valve is connected with a flexible pi~-e 
that permits the operator to draw-off the supernatant 
without discharge the hydroxide sludge that remains into 
the precipitation tank. 
successively, other chrome precipitation cycles are 
carried out in a similar way. The operator must only take 
care that the chroae hydroxide does not exceed the 
supernatant discharge level. 

Discharge and dewatering of the chrome sludge 

When the sludge blanket in the precipitation tank reaches 
the level of 1 •ca., tbe sludge draw-off must be carried 
out. 
This operation is done by aeans of a submersible punp 
installed into a pit at the tank bottoa. 
Rote that the removal of the majority of solids is 
necessary, not a complete cleaniNJ of the tank froa 
sludge. 
In any case, this sillple systea resulted fully reliable. 
Tile sludge is pumped to tbe cbrolle sand beds for 
dewatering. 
10 fill the sand dryinq beds at a 1121Xiaml height of :l0-40 
ca of fresh liquid alud9e is reooJlllel1ded. 



A wood plank or a concrete slab •ust be placed at the 
sludge inlet point of the bed for avoiding the excavation 
of the sand layer. 
When the slud9e is dry the residual cake must be reaoved 
and disposed of. 'l.'his operation can be done with a folk. 
Cleaned the bed froa solids, the sand surface •ust be 
s•oothed with a rake. 

List of the necessary facilities 

Chrome storage and precipitation tank (civil work) 
Expected aax. volUJle of the cbrolle wastes: 18 •3 /day ( *) 
- total volUJ1e 30 a 3 (useful 25 •3 ca.). 
Indicative dillensions: 3.5 x 3.5 x J b metres (useful 
beigbt 2.5 •ca.). 
Kiniawa volu:ae for the storage of the chrome hydroxide 
sludge (25 - 18) = 7 •3 ca. 
Completely underqround construction (the tank must be fed 
by gravity) with 15-20 ca of external board (above tbe 
ground level) to avoid stones or other solids to enter. 
At the tank botto• is installed an air distribution 
device. 
(*) The expert has considered a total safety voluae 
(tanning, retanning and wet-blue pressing waters) of 200% 
on the green processed weight; i.e. 9,000 x 2 = 18 m3. 

n.l mixer for the mixing of the chrome precipitation tank 
(to be locally constructed or imported: Antico Olindo -
Italprogetti or similar). 
Materials: 
- shaft and paddles in stainless steel AISI 304 or epoxy 
painted steel. 
Characteristics : 
- shaft length 300 cm ca. ; 
- shaft speed : 300 r.p.m. ca.; 
- installed power : 2.2 kW, 380 V 50 Hz 3 phases. 
The motor is coupled with a vertical gear box, coaxial 
type with oil lubricated gears. 
The mixer is complete with frame in hot galvanized steel 
for the installation on the concrete tank. 

Indicative price: 3,000 U.S.$ 

n.l sul:mersible pmp, for waste waters with bigh solid 
content (to be illported: Flyqt 045 - ABS or sillilar). 
Body and propeller in cast iron with rubber paint, abaft, 
studs and nuts in stainless steel AISI 420. 
Characteristics : 
- 1.1 kW motor 380 v 50 Hz 3 phases 2 poles insulated to 
F Class; 
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vortex iapeller vi th solid passing of 50 -
diaaeter; 
- capacity 400 l/ain. at 4 a head (aax. head 12 m ca.). 
- weight 30 kg ca. 
The pump is equipped with the 9o·curve, connection for 
the flexible pipe,, base stand and strainer cable. 

Indicative price: 1,100 
U.S.$ 

Chroae sludge drying beds (civil work) 

Humber of beds: 2. 
Surface diaensions: 4 x 8 a each. 
Average heigbt: 1 a. 
The filteriDCJ surface is constituted of : 
- ca 10-15 upper layer of sand 0.3 - 0.6 -; 
- ca s-10 lower layer of crushed stone 15-20 ... 
Lateral walls 20 ca thick in blocks reinforced with steel 
bars 8 - diaa. placed every 50 ca and connected with the 
bottoa r.c. plate and r.c. tie beaa at su.mit level. The 
internal surface is finished with plastering. 
The beds are constructed above the ground level and the 
filtration waters 11USt be piped to the gen~ral treatment. 

2.3 BQUALIZATIOR ARD SULPBD>B OXD>ATIOM FOLLOWED BY 
PRDIARY SEDlftER'a'rIOR: 

current situation: 
A circular tank [upper diaJ1eter 17.5 m, lower diameter 12 
a, total height 2.5 m (useful 2.0 m ca.); usable volume 
350 ml ca.] has been installed. 
The original design includes a mechanical mixing device 
installed on a central platform (presently the mixer is 
out-of-order). The solids should settle in the tank 
bottom and the supernatant go by gravity into a lower 
lagoon (625 m2 ca. surface). After further settling into 
this lagoon the effluent is discharged into the Akaki 
river. 
The cicular tank should be periodically cleaned from 
solids discbarqing tbea by a lower pipe with the aid of 
the overaentioned. aixer. 

In practice, the current situation is the following: 

the aixer is out-of-order and the effluent and solids are 
directly discharged into the lagoon. '!'bis causes big 
propleas both in devatering and cleaniDCJ from solids the 
lagoon. 
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PX'Qposed, intervention: 
Use the exi.sting tank as equalization and sulphide 
oxidation tank and install a proper priaary sedimentation 
tank for the removal of solids. 
At the beginning, neither HnS04 (catalyst of sulphide 
oxidation) nor cbeaical flocculation (AlUll and 
Polyelectrolyte) are recommended: these chemical can be 
used in a second step (when and if necessary). 

List of the necessary facilities 

Equalization tank 

Tank of 350 a3 ca. useful capacity (existing civil work). 
In order to avoid deposit of solids and oxidize 
sulphides, the tank .must be equipped with a 
aixing/aeration device. 
The existing platform in concrete aust be elllainated. 

n.2 Venturi ejectors consisting of a subllersible pump 
coupled with a Venturi tube and (to be imported: 
Flygt Flo-Get 112-31 or similar). 
Characteristics: 
- 3.1 kW motor 380 V, 50 Hz 3 phases 4 poles insulated to 

F class: 
- 1 ejectors Mod. 4812 100 mm diameter. length 1,000 mm 

with nozzles of 55 nm diameter and 3 m snorkel for the 
air suction; 

- oxygen transfer 3.6 kgfh at standard conditions. 
Materials: 
- pump's mechanical face seals with tungsten carbide seal 

rings for continuous operation. 
Venturi tube and snorkel in stainless steel AISI 
304, nozzle in plastic material. 

Indicative price:l0,000 
U.S.$ 

or in alternative 

n.l floatinq aerator, high speed type,(to be imported: 
Fenwick, Italproqetti or similar). 
Characteristics: 
- propeller rotation 1450 per min., 
- 110tor 10 kW, 380 v, 50 Hx, 4 poles, protection IP 55. 

oxygen transfert 12 icg/h at standard conditions. 
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Materials: 
- propeller and shaft in stainless steel AISI 304. 
- floating support in fibre-qlass or steel with corrosion 

proof protection (hot galvanization or two coats of 
epoxy paint). 

Indicative price: 12,000 
U.S.$ 

Note: as provisional alternative the existing aixer can 
be restored and used for avoiding the deposit of solids. 
In this case (no aeration) there will be no sulphide 
oxidation. 

Pri•ary sedimentation tank 

sedimentation tank type Dortaund (civil work): 
square surface tank with pyra.i.dal bottom sloped at 60·. 
Internal dimensions: 
- square tank 5 x 5 • 
- vertical wall: height 2.0 m 
- pyramidal part: height 4.2 m. 
Total volume 85 m3. 
The tank is partially nnderground and installed at a 
level that the water ~an flow by gravity from the 
existing circular (equalization) tank. I.e. the level of 
the water in the tank must be 50-100 cm lower than that 
in the equalization tank. 

n.l series of accessories for 5 x 5 m square 
sedimentation tank in concrete, type Dortmund, (to 
be imported: Italproqetti or similar). 
Consisting of: 
- 2 m length influent well of 50 cm diameter in 

polypropylene; 
- overflow weir for supernatant in stainless steel AISI 
304; 
- support frame in hot galvanized steel with walk-way and 
parapets according to accident-prevention standards; 
- inlet and outlet pipes 100 ma diam. in bot galvanized 
steel to be imbedded in the tank walls; 
- flexible connections in PVC 100 mm diam.; 
- sludge draw-off pipe 80 lllll diam. in bot galvanized 
steel to be embedded in the tank wall. 

Indicative price: 3,400 U.S.$ 

Note: the primary sludge will be discharged by gravity 
into the existing lagoon. 
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2. 4 TRBA'J.'llBllT AllD DISPOSAL OP SLUDGE: 

- expected aean production of sludge: 0.8 kg per kg of 
processed material green weight (considering that the 
hairs of the sheep skins are removed by paintinq). 
- total sludge production: 640 kg/day ca. as dry matter 
(D.R.) i.e. 16 •3/day ca. as liquid sludge at 4t of 
solids. 

CUrrent situation: 
the solids are discharged into the lagoon with the above 
mentioned problems. 

Proposed intervention: 
The existing lagoon will be divided in Sllaller portions 
and used only for the sludge dewatering. 
At the aoaent, because of the local econoaical situation, 
the expert does not believe realistic the recomaendation 
of an expensive aechanical dewateri.ng alternative for 
sludges. 

Sludqe disposal: 

Lagoons of natural ground will be used for the sludge 
dewatering, they {tentatively) should have a max. liquid 
sludge height of 50 cm {to allow the complete drying in 
about 3 months of dry season). 
The existing lagoon (625 m2) seems insufficient, the 
total surface must be increased using the remaining area. 
At minimum two lagoons must be installed. During the 
lagoon feeding period, the supernatant water llUSt be 
discharged trough an overflow to Akaki river. In this way 
a thickening of about 250% can be expected (i.e. an 
~ncrease of the O.M. from 4 to lOt and a reduction of the 
volume of 2.5 : 1). When the max. thickening is obtained 
(the sludge blanket reaches the overflow), the sludge 
must be by-passed into the adjacent empty lagoon and the 
drying cycle of the filled lagoon starts. 
The capacity of a lagoon must be equal to the volume of 
the sludge produced in 3 months ca. (to allow the sludge 
storage in the wet season). I.e. in the case of Wallia 
tanneJ;Y (640 X 75) 48,000 kg of D.R. and (48 X 100 : 10) 
480 m3 of thickened sludge must be theoretically stored. 
As an example, n.2 lagoons Of' 1,000 •2 each with 
alternate cycles of feeding and cleaning every 6 110nths 
could be installed. 
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Note: a 2,000 m2 area is not currently available at 
Wallia tannery. On the other hand this is the result of 
the expert's theoretical calculations. He suggests to 
start dividing in two parts the existing lagoon and to 
see what are the real performances of the existing 
system. 

The theoretical approach to the times necessary for a 
natural dewatering of the sludges is always very 
difficult. It depends on several climatic factors and 
sludge characteristics, data that are difficult to be 
previously defined. 

******* 
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Filter press with plate 630 x 630 -
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Sludge drying beds 


