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SUMMARY AND BACKGROUND 

Studio Tecnico Or. Clonfero, Florence - Italy, was contracted by 
UNIDO-Vienna in September 1992 {Contract 92/134/Ml) within a 
programe of pollution control of the large sea le and .. u i
COllPrehens ivP. US/RAF/88/100 Project of Assistance to the leather 
Sector in the East Region of Africa. 
The specific task of this contract was the preparation of a 
techno-economic study and full design for the i111>le11entation of 
two Effluent Treatllent Plant~ (ETPs): 

- f[i1ary & Secondary phase at Awash Tannery. Ethjopja; 

- $econ<fary Cbjologjcal) phase at Sagana Iannery. Kenya. 

The contractual duties include: 

- collect all data relevant for the design and operation of the 
ETP; 

- obtain infonaat ion about the local existing standards for the 
effluent discharge; 

- examine the possible ETP site alternatives and collect 
inforaation about the local cost for civil works and construction 
materials; 

- provide detailed specifications of the necessary equipment and 
indicate an estimation of prices; 

prepare the break-down of various 
operation/11aintenance/110nitoring costs and 
requirnents. 

indicate personnel 

Before this Final Report, Studio Tecnico has submitted to UNIOO 
the reports listed below: 

- Flash Report 
- Dr-ogress Report 
- Draft Final Report 

20 Oecellber 1992 
15 February 1993 
28 April 1993. 

The content of these repcrts referring to Awash tannery is briefly 
sunnartzed here. 
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Flash Report 

The first •ission in Ethiopia of Mr. G. Clonfero, tea• leader and 
expert in tannery effluents, took placa in October 1992. 

Forward 

The origin2l priaary HP had been installed more than ten years 
ago with the assistance of a local consultant. From the beginning 
the plant resulted i111>roperly designed and ineffective. So the 
plant has been abandoned and the waste waters discharged to the 
Akaki river without any treatllent. Currently the tanks are full of 
old sludge and the equi.,.ent and metallic structures devastated by 
corrosion. The concrete works (underdimen~ioned for !he tannery 
capacity) are also poorly executed: it is necessary to start fro11 
the very begi1ming and to prepare a cmplitely new plant's design. 

i. The expert collected infonaation about the factory's 
product ion process and capacity ar.d discussed the more relevant 
data with the technical aanageaent of the factory. 
He exa•ined the route of the internal discharge gullies Jnd 
indicated a possibie solution for the separation of the effluents 
in three lines (lime, chra11e and others). 
He verffied the equipment of the loca 1 che11ica 1 laboratory and 
prepared a list of the ce>11plementary itet1s for effluent analysis. 
The local cost of the chemicals used in the tannery effluent 
treat.ent has been also investigated. 

ii. The available land (3,000 •2 ca.) is ir.sufficient to al~ow 
the installation of an extended effluen1 treatwent (e.g. 
lagooning). 
The tannery's location (close to a resident ia i area). does not 
rec0111end the i11Ple11entation of sand d~ying beds for sludges: this 
dewatering system will cau~e in future problems of air pollution 
(bad smells). Furthel'llOre, in the f1ctory' surroundings there is a 
natural park used as public recreational area: this implies that 
the aesthetical aspects of the plant and the possible risk of bad 
odours 1111st be carefully evaluated in the new ETP design. 
All these 11Dtives forced the expert to select a ce>11pact system of 
effluent treatllent and a mechanical sludge dewatering alternative. 

iii. Tht aap of th2 area (1cal2 1 : 500) reporting also the slope 
_levels was retrieved a~d used in the preparation of the tentative 
lay-out of the plant. · 
The effluent of the tannery can be piped to the ETP by gravity (an 
initial pUllf>ing station is not required). 

iv. Mr. Micheal Tsegai, Ethiopian civil engineer, infonied the 
expert about the soil characteristics. 
No problea exists for excavation: the soil is formed by a soft 
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rock with good carrying capacity and a deep water table. 

Note: successively this infon1ation resulted partially erroneous, 
the soil texture is not homogeneous and in some zones big and hard 
rocks exist. This is the reason for which the costs for the civil 
works indicated in the Draft Report had been revised. 
v. Addis Ababa is located in a second level seiS11ic area. 
Obviously, this has conditioned the design of the civil works: the 
use of strong and proper ..orks in reinforced concrete is 
mandatory. The expert received a copy of the Ethiopian legislation 
on the utter: this has been successively used by an Italian 
civil engineer in the design of the here proposed civil works. 

Note: the costs for civil ..orks indicated in this report have been 
prepared on the basis of the local u;iit prices of building 
materials and works consigned to the expert by Mr. M. Tsegai. 

vi. ~ith the privatization of the leather sector, Awash and other 
tanneries l.re urged tc; illP lement efficient effluent treatllent 
systems. At the 11011ent, a definite legislation with ~pecific 
standards for the discharge of industrial effluents does not exist 
in Ethiopia. The Minister of Natural Resources and Environmental 
~rotection has been constituted on October 1992: a special 
Government com·ittee is studing the matter and a new nonaat ive is 
expected in short times. In the general opinion the future 
legislatio,1 will adopt criteria si•ilar to those in Europe or 
other developed countries. 
Strict discharge standards for tannery effluents necessitate 
llodern treatllent techno fogies. The final goa 1, in the expert's 
opinion, •st be reached by steps (i.e. through a phased plant 
implementation: the primary and, only successively, the secondary 
phase). 
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proaress Report 

A techno-economic study for the pri11ary and secondary treatme"ts 
and the sludge lll!Chanical dewatering had been prepared. The design 
was including a pre-treatment of the chrome cointaining waters 
and, in alternative, a chrome recovery ur.it. 

Pe-briefing at UNIOO beadCUJarters jn Y.i.enni 

The Progress Report had been discussed on 24 February in Vienna 
with Mr. Jakov Buljan, SIOO, and Ms. Aurelia Calabro, UNIOO Back 
stopping Officer for this contract. 

The design concepts and criteria adopted by Studio Tecnico for 
~.wash tannery resulted basically correct: few for11al i111>roprieties 
were noted and some more details regarding the esti11ate operation 
and maintenance costs recomended. A list of the C011Ple11entary 
equip11ent necessary for making the existing laboratory capable of 
doing the basic wastewater analysis was requested. 

The second •ission on field of Mr. G. Clonfero took place in 
March 1993. 

L The project drafted by Studio Tecnico had been illustrated 
and discussed with the tannery's 11anage11ent. 

ii. The data referring to the tannery product ion and water 
consu111>tion had been rechecked with Mr. Tesfaye Arega, Production 
Department Head. 

iii. They agreed with the expert's suggestion of instalHng a 
chrome recovery plant but they asked for the simpler (less 
expensive) alternative with Mg(), method already tested in their 
laboratory. 

iv. The local prices of the chemicals for the effluent treatment 
and of the chrome sulphate had been.investigated. 

v. Close to the tannery fence passes the pipe- 1 ine of the 
.. n1cipal sewage treatment plant of Kaliti. The expert visited the 
plant and met the plant's Directors. There are chanr.es that the 
primary treated effluent of Awash will be accepted into the Kaliti 
plant. 

' ' I I 111111 I 
11111 II I 1111 11 11 11 

II I I I I ' 

IV 

' I 1111111 I I 11 I 1111 111 11 I I 11 I 111111 I 11 I I 11 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Draft final report 

In the draft final report, the contractual document about the 
proposed interventions at Awash tannery had been defined. In the 
substance, it did not differ significantly for11 this final 
version. The Draft Final Report na~ been discussed in detail with 
Mr. Berg, SIRA, Mr. Buljan and Ms. Calabro at UNIDO's he•dquarters 
on 26 May. 
The few llOdif ications and additions required by the UNIDO Officers 
have been introduced in this final report. 

Note: Mr. Clonfero was in Ethiopia in July, during this recent 
•ission for UNIDO he has revisited Awash tannery and discussed the 
content of the Final Report sent the11 as unofficial working paper. 
Only few 110difications have been recOB1ended: 

i. the chrome recovery unit 11t1st not be considered an optional 
part of the ETP (as may be understood by its collocation as Annex) 
but a necessary pretreatment. Further110re the unit 111.1st be 
designed oq the basis of the max. future tannery's production 
(i.e. 20 ~per day of spent tanning liquors). 

ii. the costs of the civil works 11t1st be revised according to the 
site real conditions (rock soil) and the current l!nit prices. 

******** 
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AWASH TARRRRY 

Addis Ababa 
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1 • PAC'l'QRY Is DATA 

1.1. ffsUt. daily capacity 

1.2. Raw material 
- goat skins 

- sheep skins 

- hides 

: 10,000 skins and 1,000 hides 

: 80\ dry 
20\ wet-salted 

: 80\ wet-salted 
20\ dry 

: 90% dry 
10% frash 

(0.4 kg/pc) 
(1.3 kg/pc) 
( 1. 3 kq/p) 
(0.5 kq/pc) 
(5.5 kq/pc) 
(20 kg/pc) 

3 

1.3. T9tal production . . 9,500 kq/day ca. (dry weight), i.e. 
24,000 kq/day ca. (green weight) 

1.4. Final prociuct 
- skins : 80% pickled, 

20% wet-blue; 

- hides (current) : 100% Chrome tanned (part exported 
in wet-blue or crust and part 
finished for the local market); 
some sole leather, vegetable 
tanning in drums (no effluent). 

1.5. Information about the process (main phases) 

1. 5.1. Liming 

- sheep skins (depilatory paint) 
consuaption for 8,000 pcs: 

water 
Ca(OH) 2 
Na2S (60%) 
NaHS (72%) 

- goat skins (pulp unhairing in drum) 
water 
Ca(OH) 2 
Na2S (60%) 
NaHS (72%) 

- hides (pulp unhairing in drum) 
water 
Ca(OK)2 
Na2S (60%) 
NaHS (72%) 

1,500 1 
400 kq 
256 kg 

72 kq 

420% (on 
5% 
3% 

1.5% 

420% (on 
6% 
3% 
2% 

pelt weight) 
" 
" 
" 

pelt wei')ht) 
" 
" 
" 
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1.5.2. ~liming 

- sheep skins Ammonia free product 
- goat skins 
- hides 

(NH4 )2S04 l.0-1.2' (on pelt weight) 
(NH4)2S04 1.0-1.5, " 

1.5.3. Tanning (hides, skins & splits) 

Note: 90\ of the hides are split in pelt. 
According with the tannery's data, a lot of 650 hides (3,600 kg ca. 
dry weight) gives 6,000 kq of split pelt (qrain side) and 1,500 kg 
of splits (50\ ca. of ~e split weight is lost). It aeans that 
11,460 kg of pelts (9,160 kg grain side and 2,300 kg of splits) will 
be produced fro• 1,000 pieces (5,500 kg ca. dry weight). 

In the future ( 1001 of skins chroae tanned J, the tannery will tan 
21,460 kg/day of pelts: 11,460 kg (hides: grain side and splits) + 
10,000 kg of skins pelt weight. 

Process: 
- water 80% (on pelt weight) 
- Cr sulphate (25\ cr2o3) 7% " 
- MgO as basification agent and overnight rest. 

Total max. consumption of chrome sulphate (21,460 x 0.07} = 1,500 
kg/day ca. 

1.5.4. Cbrome content in the spent tanning ligyors 
(from factory's analysis): 

Sheep ' goat Hides Mixed (Sheep/goat 
skins skins and hides) 

cr2o3 g/l l.21 4.78 4.03 

1.6. Yolwge of effluent (estimated by the factory) 

- soakinq ~50 ml 
- liainq & washings 250 ml (~) 

- second washings after 
liaing, deliming, bating, 

ml pickling and tanninqbaths 250 
- '2tb•z:: ut•c1 l:iQ al 

total 800 al per day 

(i.e. l3 ml per ton of processed material green weight) 
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(*) this figure differs fro• That indi~ated in the Draft Final 
Repor. It has been finally defined in the visit of July. 
Hr. Kidanu Chekol, Deputy General Manager and Mr. Tesfaye Arega, 
Production Depart•ent Head, have confirmed the following water 
consumptions. 

- goats skins and bides: 
liming 
washings after liming 
washings before deliming 

- sheep skins: 
floor washing after painting 
water for fleshing 

total 

50 ml/day 
100 al/day 
100 ml/day (*) 

100 al/day 
50 al/day (*) 

(*) the second washing after fleshing and the water for the 
mechanical fleshing of skins and hides are not piped into the 
storage tank for the concentrate lime liquors. These diluted wastes 
are not included in the effluents that must ~e sent to the sulphide 
pretreatment unit. 

Furthermore: 
i. the washings before deliming occur in a department different from 
beamhouse (tanning department): their separation and storage with 
the liming liquors will complicate the internal effluent separation. 

ii. the water used during the mechanical fleshing is not highly 
polluted.and, in any case, is already discharged uniformely to the 
ETP. 

For this reason a volume of 250 ml/day of "li~ing wastes" has been 
considered in the design of the pre-treatment of the highly sulphide 
polluted waters. 

1.7. Miscellaneous information: 

- .·Jork time from 6 a.m. to 6 p.m. 

- Work days 6 (exceptionally 7) per week 

- Power 220 V 50 Hz monophase and 380 V 50 Hz threephases 
Some power shortages (cuts) : max. duration a 1 hr ca. 

11111111 I Ill 11 I 111 I I 
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2. IllPOT DATA 

2.1. Max. quantity of processed 
material 24,000 kg/day green weight. 

2.2. Water consumption (adopted) 40 l per kg of hides & skins 
(green weight). 

2.l. Max. effluent volUlle 960 (say 1,000) ml/day. 

2.4. Discharge hours per day 12 

2.5. Mean discharge flow 85 al/h ca. 

2.6. Peak factor (adopted) 2.0 

2.7. Peak flow 170 ml/h (i.e. 2,850 l/min.) 

2.8. Hours of treatment (plant's 
operation) per day (adopted) 20 per day 

6 

Note: 20 hrs is the ti.e generally adopted in the calculations 
tor a continuous operation of the plant (i.e. 24 hrs per day). 
The re11aining 4 hrs are kept as security time (maintenance, 
breakdowns, etc.). 

2.9. Mean treatment flow 

2.10. Expected sludge 
production 

2.11. Total sludge production 

Note: D.M. means Dry Matter. 

2.12. Chrome recoverable in the 
spent tanning liquors 

50 •3/h 

0.12 kg D.M. per kg of raw 
material (green weight) 

2,880 kg D.M. per day 
(i.e. 72 ml/day of liquid 
sludge at 4\ of solids) 

45 kg/day ca. as cr2ol (*) 

(•) current situation. This a11e>unt has been calculated (see 
point 1.6.3.) on the b~sis of 11,500 kg (pelt.weight) of 
hide uppers and splits tanned per day. I.e. 10 •3 of spent 
liquors with an average content of 4.5 g/l of crz03• 
The eventual future contribution of the skins (10,000 k~/day 
pelt weight) 11ill oe about 25 kg/day ca. of crz03 (8 m /day 
of spent liquors 11ith a content of ca. J.2 g/l of Cr;f>3• 
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3 • PR0.JECT DATA 

3.1. Characteristics of tbe raw influent (*): 

(*) average data based on similar effluents 

pH 8 - 10 
BOD5 (mg/l) ~,500 - 3,000 
COD (mg/l) 4,000 - 6,000 
S.S. (mg/l) 3,000 - 4,000 
er III (mg/l) 60 - 80 
s2- (mg/l) 40 - 60 
o. & G. (mg/l) 500 - 1,000 

Abbt:~ViAtiQn§: 

pH = 

BOD5 = 

logarithm of the reciprocal of the hydrogen ion 
concentration: 
Biochemical Oxygen Demand, 5 days (Winkler method): 
Chemical oxygen Demand (dichromate reflux method); COD = 

s.s. = 
Cr III = 
s2- = 

suspended Solids; 
Trivalent Chromium; 
Sulphide (as S); 

o. ' G. = Oil and Grease; 
Settleable Matter (Imhoff cone); S.M. 

mg/l 
ml/l 

= 
= 
= 

milligrams per liter; 
milliliters per liter. 

3.2. final effluent expected standat:ds (*): 

(*) after primary and secondary treatments 
(see also point 3.3). 

pH 7.5 - 8.0 
8005 (mg/l) . 20 - 30 . 
COD (mg/l) 100 - 150 
s.s. (mg/l) . 30 - 40 . 
er III (mg/l) . 0.5 - 1.0 . 
g2- (mg/l) 0.1 - 0.5 

o. ' G. (mg/l) 5 - 10 
S.M. (ml/l) 0.2 - 0.5 

' " ' ' 
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3.3. Legislation 

At the moment no specific standards exist in Ethiopia for the 
discharge of tannery or other industrial effluents into surface 
waters or sewer. 
The matter is treated by various Ministries (Environment, Health and 
Industry) with obviously different approach concepts. Furthermore 
the most important part of the national industry was &lelonging to 
the same Government. With the end of the war, the recent 
privatisation of many industrial sectors (including leather) and the 
strong interest of the new Government in developing the tourism 
resources of the Country have changed the situation and, now, the 
enviromental aspects are considered with 110re concern. A special 
Government CollJDittee is working on the proble• and a new legislation 
on this aatter is expected in short. It is general opinion that the 
future legislation will adopt discharge standards similar to those 
existing in Europe and other developed Countries. 

3.4. Some furtber considerations 

The project of ~.T.P. drafted by Studio T~cnico Dr. G. Clonfero (see 
Progress Report - 15 Feb. 1993) has been illustrated and discussed 
with the tannery's management in the mission in Ethiopia of March 
1993. 
The proposed treatment process is resulted correct both in its 
design criteria and calculations: only two small recoJDJDendations 
have been done by the Ethiopian technicians. 

i. They asked the expert to evaluate the possibility of adapting 
an existing tank in concrete (the original E.T.P.) and using it in 
the new plant. 
The expert in his first design has ignored this tank because not 
built according to the Ethiopian antiseisaic legislation/criteria 
(Addis Ababa is located in a 2nd level seismic zone). 

ii. They agree with the expert' suggestion of installing a chrome 
recovery plant but they ask for a simpler (less expensive) 
alternative (precipitation with MqO). They said to have already 
tested successfully this method in the factory's laboratory. 

The local cost of the chrome sulphate and other chemicals has been 
investigated for a better evaluation of the cost/ber-4fit of the 
chrome recovery and of the operation cost of the primary treatment. 

In this mission the expert was informed that near the tannery there 
is a pipe-line connected with the municipal sewage treatment plant 
of Kaliti. So the expert has believed useful to visit the plant and 
to meet the plant's directors for more details on the installed 
facilities. 

1111111 I Ill I Ill II I I I II 111 II II 111111111 I I 11 11 11 11 I II 
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This plant (2 facultative, 2 maturation and 2 polishing ponds) was 
installed for treating ca. 7,500 m3 and 3,500 kg of BODS per day 

I (hydraulic and organic loading) but is far to its design parameters: 
it treats abOut 10% of its project capacity. Especially in the dry 

, "" ", season,,," this,',' caus,e,s, ,pt<:>.,~E!,M!il , t;o,, ~~'~" ~lan~' ~,, ~,per,~t~,on,: for t acing 
ze_ cs -a xcucwxsar•xw Pttao :n::wl tn1::10 water ift'ee Site la~gQAli I lft0•11111tne1 
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near AJCaK1 river. ;::,u uiot:::Lc aLoe: '-&&«&••--~ -··-- ---- -------. • 
accept favourably the discharge into the sewer of the tannery 
effluent after suitablu pre-treat•ent. This could be a good 
opportunity for avoiding the installation of a secondary treatment 
at Awash tannery or, at least, delaying its i•plementation. 
The Awash tannery will continue the contacts with the Municipal 
plant's •anagement; Studio Tecnico Dr. G. Clonfero will in any case 
include the plant's biological phase as optional in its Final Report 
for the Contract 92/134. A phased implementation of the ETP is in 
any case recommended. 

The implementation steps may be the following: 

Phase one: 
- Primary treatment, 
- Chrome recovery, 
- Sludge treatment. 

Phase two: 
- Biological treatment. 

4. PROCESS PESCRIPl'IQll (see also the annexed flow-sheet) 

Foreword 

The here proposed treatment is based on the following assumptions: 

i. rains waters are separately collected and discharged. 
ii. sanitary waters from the factory will undergo a 

pre-treatment into septic tanks before to be eventually pi;,.>ed 
to the biological phase of the plant. 

iii. the production process does not foresee the use of organic 
solvent in the hide degreasing cycles. 

iv. the pre-treatment of the Chrome waters (see Progess Report) 
has been substituted with a Chrome.recovery plant using MgO. 
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These wastes are then puaped to the equalization tank and a1xea w1~n 
the other tannery effluents. 

4.2. Priuey treataent 

The effluents fro• the tannery are screened (brushed screen) and 
sent by qravity into the eqitalization and sulphide oxidation basin. 
This tardc will receive also the supematant and washing waters of 
the Cbroae recovery plant. The equalization is necessary to realize 
a good mixing (hoaoqenization) of the various streams and to 
eliainate the flow-peaks (hydraulic equalization) of the factory in 
order to obtain an unifora and constant effluent to treat. In order 
to avoid sedi•ntation of solids, this basin is •ixed through 
injectic:i of air (blower and air diffusers - Alternative l or 
Venturi ejectors - Alternative 2). The injected air enables the 
oxidation of sulphide too; this process is catalysed by the addition 
of Manganese II salts. A subllersible puap re-distributes the daily 
treated aixed liquor to tbe further treatment phases in a period of 
20 hrs ca. 
The successive coagulation and flocculation process is done adding 
AlUll and Polyelectrolyte • This treataent with chemicals enables 
both a reduction of the load sent to the biol09ical phase and an 
increase of the settleability of the solids. The flocculated 
effluent flows by c;rravity iuto the pri-ry sedimentation tank where 
tbe llOSt of solids cont&ined in the effluent settles as sludge and 
the clear supernatant is piped to the biological treatlaent. 
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I 11 I 

'" 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

11 

4.3. Secomiarv treataent 

The biological treataent is an extended aeration that is realized in 
three successive steps: 
- aeration (BOD-reaoval through bio-absorption/flocculation of the 

soluble/suspended organic matter) 
- sediaentation (physical treatment necessary in order to separate 

the biological sludge froa the treated water) 
- biological sludge recycle (the settled sludge is continuously 

re-puaped into the aeration tank to aaintain the bacterial aass 
necessary to the process. 

The aeration tank is designed for 40 hrs retention tiae and the 
oxygen necessary to the process is supplied by blowers and air 
diffusers. The secondary sediaentation is realized into a circular 
tank fitted with rotary bridge aechanis. for sludge--scraping. 
A subllersible puap recycles the settled sludge to the aeration tank. 
Periodically, the excess of sludge is discharged throught a by-pass
valve into the equalization basin. 

4.4. Sludge Tr•ataent 

All the produced sludge is extracted froa the priaary sedi11entation 
tank. The sludge is drawn-off froa the bottoa of the tank and pumped 
(subllersible puap) to the devatering unit (band press or filter 
press) after a previous conditionirag with cheaicals (liae-ailk until 
pH • 10). The sludge cake is sent to the final disposal (land-fill 
or burial) and the filtration waters piped back to the general 
treatment. 

5. QIQ1LAUQllS 

5.1. SPENT LIMING WASTES STORAGE AND BE-PUMPING 

s.1.1. yoluae of discbarge 

The adopted vol\1118 is 250 al/day: 100 a3 of concentrated spent liae 
liquors and 150 al of successive washing waters (see point 1.7). 
These quantiti!8 are quite cautionary, they represent: 
- liaing 100 a • 400' ca. of the green weight 
- washings 100 ml - 600\ ca. of the green weight. 

5.1.2. Bate of discharge 

The discharge peak flow (two 3.5 x 3.5 a druas contemporary 
discharged in 15 win) is 2 x 15 x 60/15 • 120 ai/h. 

I 1111 1111 1111 111 I I I 11 I 
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5.1.3. screening 

A brushed screen, with &iniaua capacity of 150 a 3/h of liainq 
wastes, has been adopted. 

5. 1. 4. Storage 

The existin<j tank with a useful volUJle of 250 a 3 ca. will be used. 

5.1.5. Mixing 

A aini11al specific power of 30 Watt/al has been adopted for aixinq 
and avoiding the deposit of solids. 
Total required power (250 x 30/1,000) • 7.5 kW. 
Two 4.7 kW subllersible Venturi ejector have been adopted. 
Rote: the adopted ejectors will furnish 10 kcJ/h of oxygen at 
standard conditions; let the oxygen transfer efficiency in the real 
operating conditions be 70,, i.e. 10 x 0.7 e 1 kg/h. 
This oxygen will be able to oxidize 7 kg/b ca. of 52- and aust be 
considered in the calculation of the total oxygen necessary for 
sulphide oxidation (see ahead). 

5.1.6. Re-puapinq 

Tbe S8118 working period inside the factory, i.e. 12 hrs/day, will be 
uiilized as re-puaping period. capacity of the pmp 250 : 12 • 21 
• /h-

Mote: a subaersible puap operated by a programmed tiaer has been 
adopted for the re-puaping flow regulation. 

5. 2. GMDAL IPPLIJAf na2111n 

5.2.1. Total yoluae 

The daily effluent volwae to be treated is 1,000 al. 

Ill I I I 111 I 
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5.2.2. Peak flow 

Working period inside the factory = 12 hrs per da~. 
The mean voluae of the general eff:uent is 750 • /day (1,000 - 250 
of lime waste). The saall volume of the spent chro•e tanning liquors 
has not been here considered. 
The average discharge flow of the general effluents line is 750 : 12 
= 62.5 m3/h. 
Peak factor= 2 (adopted). 
Peak flow (62.5 x 2) = 125 m3/h. 

5.2.3. Screening 

A brushed screen witll a1n1aua capacity of 150 a 3 /h of tannery 
effluent has been adopted. 

5.2.4. Equalization arui sulphide oxidation 

a. Hydraulic equalization and wastes homogenization 

The hydraulic equalization necessary during the first phase of the 
plant's installation is minimal: in fact the •ean discharge period 
from the factory is 12 hrs/da~·: i.e. the •ean influent flow is 85 
m3/h ca. and the out-let flow 1,200 : 20 = 60 113/h. 
Note that 200 ml/day are internal recycles due mainly to the sludge 
dewatering. 
The difference (85 - 60\ x 12 hrs is 300 a 3• 
The above-reported separation and uniform dosage of the concentrated 
liming wastes makes possible a reduction of the volume of the 
equ~lization tank. The retention ti•e for the ho•ogenization of the 
various effluents has been here reduced to 12 hrs (normally 24 hrs 
are adopted in the design of tannery effluent treatment plants). 
Furthenaore, in view of rather large tank for the pre
treatment/storage of the lime liquors the capacity of the 
equalization tank has been reduced at 60\ of the daily waste water 
volume. The here reco1111ended tank bas a total volume of 600 •3· The 
retention time (600/1,200 x 24) is about 12 hrs. In practice, 300 a3 
ca. will be the •ini11al water voluae in the tank with an average 
retention time of 300 60 = 5 hrs ca. able to guarantee the 
necessary time for sulphide oxidation. 
The remaining 300 ml will be used for absorbing the tannery's flow
peaks. 

II I I Ill I II II I 11111 11111111 
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b. power for mixing 

Alternative 1 (blower and air diffusers) 

Note: in the case of mixi'f by air injection the design parameter is 
the specific air rate (• of air per a 2 of basin) per hour. The 
power of the necessary blower is so a consequence of both the 
necessary air volume per hour (that must be previously calculated) 
and the operational conditions (head) of the system. In the case of 
Awash tannery the total necessary power has been calculated in 22 
kW. The specific installed power results, so, about 36.7 watt per m3 
of basin. 

QUanti ty of air for the ah:ing and avoiding deposit of solids: 2 
N•J/h per al of +~nk volume (adopted). 
Total necessary air (2 x 600) = 1,200 Nm3/h. 

Alternative 2 (Vonturi ejectors) 

Power necessary ~·::>!~ mixing 30 Watts per ml of tank volume (adopted) . 
Total necessary po11er ( 30 x 600 : 1, ooo) = 18 kW. 

c. Sulphide oxid3tion 

The oxygen req•; ired for the oxidation of sulphide has been so 
calculated. 
On the basis of ~n addition of 3' of Na2s and 2i of NaHS on green 
weight (max. 24,iJOO kg/day). 24,000 x 0.03 = 720 kg of Na2s at 60i, 
equivalent to 1:0 x 0.60 = 432 kg of 1ooi Na2s or 432 x 32/78 = 177 
kg ca. of s2-. :~'i ,ooo x o. 02 = 480 kg of NaHS at 72\, equivalent to 
480 x 0.72 = 345.6 kg of 100\ NaHS or 345.6 x 32/56 = 198 kg ca.of 
52-. 
Total sulphide t.sed ( 177 + 198) = 375 kg of 52- per day. 
Let 80\ of this quantity be discharged with the spent liquors, i.e. 
375 x o. 80 = 3(10 kg/day of 52-. 84 kg/day of 52- ( 7 x 12 hrs) are 
oxidised in the liming storage tank, therefore 300 - 84 = 216 kg of 
52- must be tre;ited in the equalisation tank at the rate of 216 : 12 
= 18 kgfh. 

Alternative 1 

The installed air injection is able to supply a total of 1, 200 Nm3 
cf air per hour:·. Considering an oxygen transfer efficiency of 20\ at 
the real oper1ttional cond!tions, (1,200 x 0.28 x 0.2) 67 kg/h of 
oxygen are supplied. The aeration equipment results over-abundant; 
on the other nand reducing the air rate will increase the risk of 
solid deposits. 

Alternatiye__l 

The installed Venturi ejectors are capable to supply a total of 22 
kg of oxygen per hour in standard conditions. Considering an oxygen 
transfer etf icien~ of 85t in the real operational conditions, (22 x 
0.85) 18.7 kq/h 'i'f oxygen are supplied. The aeration equipment 
r~u~ul ~,, '9RP~,Cl'P~i~,~'. ,, ,, ,, , ,, , ' , ' , 
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d. Dosag.~ of the catalyst 

Manganese sulphate, catalyst of the sulphide oxidation, will be 
dosed in 20 ag/l quantities only if strictly necessary. 

The maxiawa conswaption is 1,000 x 20/1,000 = 20 kg/day of 
industrial proiuct (sot ca. ot MnSt=>t J or 20 x o. 80 x 54. 94/151. 94 = 
5.8 kg of Mn2+ per day. The MnS04 is dosed in solution at 5\, i.e. 
20 x 100/5 = 400 l/day, with a dosing puap of 30 l/h ca. capacity. 

5.2.5. Lifting 

The total volwae 
a 3 /day: 1,000 •3 
waters f roa the 
equalization tank. 

of effluents to be daily pwaped is about 1, 200 
waste waters froa the tannery + 200 a3 ca. of 
sludge filtration that are recycled to the 

Hours of treataent per day= 20 ~adopted). 
Treatllent flow 1,200 : 20 = 65 • /h. 
A subllersible pUllp, capacity 1, 200 l/•in at 5 •, has been 
the flow will be regulated by aeans of a by-pass valve. 

5.2.6. Flocculation 

MiniaUJI retention tiae: 5 minutes (adopted). 
Volwae of flocculation tank (65 : 60 x 5): 5.5 a3. 
A tank of diaensions 1.8 x 1.8 x 2 H aetres has been adopted. 
A slow aixer will be installed for the necessary mixing. 

5.2.7. Qosage of chemicals 

adopted; 

During the plant co-issioning, the aaount of cheaicals will be 
adjusted to the practical results and the required efficiency. The 
quantities here indicated are the mean values generally used in 
siailar plants. 

Alwa, industrial A1 2(so4 )3 .1s H2o , average d~sage = 300 mg/l; 
1,000 x 300/l,OOO = 300 kg/day or J,ooo litres solution at 10\. 

Polyelectrlyte, anionic powder, average dosage = 1 ag/1; 
1 kg/day o~ 1,000 lit.res of solution at O.lt. 

A dosing puap, capacity 0-200 l/h, adopted for the Alua. 
A dosing puap, capacity 0-100 l/h , adopted for the Polyelectrolyte. 

5.2.8. Priury secSiMntation 
Minimal retentior. tiae • 2 hrs (adopted). 
Maxiaua surface Jc~ding 1 a3/•2 per hour.(adopted). 
A circular sediJMntation tank of a diameter of 10 aetres 
sediaentation tank adopted (for shaPJI and diaensions see the 
paragraph •civil works•)1 surface 78.5 a2 and volUJ18 150 al. 
Retention ti.a (150 : 6~) • 2.3 hrs£ 
surface loading (65 : ,78.5) • 0.8 .~,.2 1;>9r hour. 

' Ill Ill 11111 I 11111 
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D. SECONDARY TP.BM'HENT 

Note: a pri•ary treatment alone will hardly comply with the general 
standards for the discharge into surface waters. 
A properly operating priaary treatment can produce a final tannery 
effluent with the following realistic characteristics (*): 

- pH 
- BOD5 
- COD 
- Oil & grease 
- Phenols 

- Chro•illll tot. 
- suspended Solids 

(*) aain paraaeters 

7 - 9 
500 - 800 mg/l 

1,000 - 1,500 mg/l 
: traces 

very variable (depending 
on the production 
process) 

< 1.0 119/l 
< 100 ag/l 

The reduction of the residual BOD, COD and phenols can be obtained 
only via biological treataent: to increase the dosage of chemicals 
in the flocculation process will result only in a massive increase 
in sludge production. 

5.2.9. Biological treatment 

The process adopted for the secondar / treatment is an "extended 
aeration": 
- retention time in the aeration tank: 48 hrs (ado~ted) 
- voltllle of the aeration tank (1,000 x 2): 2,000 m (*) 
- F/M ratio < 0.1 kg of BOD5/kg of MLVSS in the oxidation tank 

(adopted). 
(*) The internal recycles have not been considered. 

Note: 
F = organic loading, kg BOD5 oi the influent per day. 
M = mass of Mixed Liquor Volatile Suspended Solids (MLVSS) 

in the aeration tank (quantity of active biological sludge). 

F = 1,000 x 1 - 1,000 kg of BOD5/day (*) 

M • 1,000 : 0.1 • 10,000 kg of MLVSS 

MLVSS (10,000 : 2,000): 5,000 mg/l. 

(*) an influent BOD of 1,000 m<Jil has ·been considered. 
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5.2.10. OXygen refJ_Uir§~ (O.R.) 

(a x F) ~ (b x M) 
O.R. = 

where: 

O.R. = 
a = 
F = 

24 

total oxygen requireaent per hour. 
coefficient related to o2 requireaent for synthesis. 
organic load, kg BOD/day 

b = coefficient related to o2 requireaent for endogenous 
sludge respiration. 

Replacing the project's data and assuaing: 

a = 0.8 and b = 0.15 (experimental data) 

(0.8 x 1,000) + (0.15 x 10,000) 
O.R. = --------------------------- = 96 kg/h ca. 

24 
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Let the oxygen transfer efficiency of the installed air diffusers be 
15\ at the operational conditions: 

96 x 100 : 15 = 640 kg/h of o~ must be furnished or 
640,000 : 280 = 2,286 Na3 of air per hour. 

5.2.11 secondary sedimentation 

- superficial load= 0.5 m3/m2 of tank surface per hour (adopted); 
- influent flow 60 m3/h; 
- total necessary surface = 60 : o.s = 120 a2. 
A circular tank of 12 metres of diameter has been suggested. 

s.2.12. Sludge recycle 

- recycle rate= 100\ (adopted) (*); 
- capacity of the recycling pump = 60 a3/h. 

(*) Note: as general habit, lOOt recycle rate means that the volume 
ot the settled secondary sluge repuaped to the aeration tanlc equals 
the volume ot the hourly ratt inLluent. 'l'h.ts does not iaply any dratt
ott ot the excess sludge produced in the biological procesa. In tact 
periodically part ot the sludge mist be discharged in order to 
aantain the correct concentration ot suspended solids in the 
aeration tank. 'l'he surplus ot sludge is discharged by the saae 
recycle pu•p operating on the by-pass to the equalization basin. 
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5.3. SLUDGE TREATMENT 

5.3.1. Production of sludge Cprimary & secondary> 

Assumed a sludge production of o .12 kg of dry matter per kg of 
processed hides or skins (green weight): a daily production of 
24,000 x 0.12 = 2,880 kg of sludge dry matter or (2,880 x 100 : 4) 
72,000 litres {72 al) of liquid sludge with a 4% dry content is 
expected. 

5.3.2. Sludge dewatering s~ation 

Alternative l; Filter press 

Assuming a final sludge cake at 30% of D.M., (2,880 x 100 : 30) 
9,600 kg of dewatered sludge per day or (9,600 : 1,2): 8,000 litres. 
Adopting 4 filtration cycles per day, a filter with a minimum 
capacity of (8,000 : 4) 2,000 litres ca. is necessary. 

Alternative 2: Band press 

Capacity with tannery sludge 150 kg of sludge D.M. per meter of belt 
width per hour. 
Asswaing 15 hours per day of filtration we obtain (2,880 : 15) 
a mini•WD capacity of 192 kg of D.M. per hour. 
A filter with 1,500 mm width (capacity 200-250 kg/h of D.M.) has 
been adopted. 
The final solid content of the band press cake is about 25%. 

5.3.3. Transport anci final disposal 

According to the over-indicated calculations, 9,600 or 11,520 kg/day 
of dewatered sludges (filter press or band press respectively) will 
be produced. This quantity must be collected by a lorry and daily 
transported to the final disposal (sanitary landfill or other). 

*** 
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6. LIST AND PRICES OP '1'llB llBCISSARY BOUIPllmrl 

6. 1. 1.pm LIQUORS sroRAGB AND PR.DIARY 'l'RIA'DIBllT 

6.1.1. 

6.1.2. 

6.1.3. 

n.2 brushed screens, type Parkwood. 
Filtering panel, support frame and carters in stainless 
steel AISI 304, rotating brushes in polypropylene and 
nylon. 
Characteristics: 
- 1 kW motor 380 V, 50 Hz 3 phases insulated IP 55: 
- filtering surface 1.3 m ca.: 
- diameter of holes 3 Dllll: 
- capacity 100 •3/h of tannery waste water: 
- n.3 brushed spaced at i20·. 

Total Price: 14,000 U.S.$ 

n.2 Venturi ejectors. 
Each consisting of a submersible pump cs 3127 MT 431 and 
two ejectors Mod. 4812. 
Characteristics: 
- 4.7 kW motor 380 V, 50 Hz 3 phases 4 poles insulated to 

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

with nozzles of 55 JDl diameter and 5 m snorkels for the 
air suction: 

- oxygen transfer 5. 5 kg/h at standE.rd conditions. 
Materials: 
- pUJ1tp'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. 

Total Price: 17,800 U.S.$ 

n.l submersible pnq>, for waste water with high solid 
content. 
Body and propeller in cast iron with rubber paint, shaft, 
studs and nuts in stainless steel AISI 304. 
Characteristics: 
- 1.1 kW motor 380 V, 50 Hz, 3 phases, 4 poles, insulated 

to F Class; 
- vortex impeller with solid passing of 50 ma 

diameter; 
- capacity 400 l/min. at 4 m head. 
The puaps is equipped with a hose connection, hase stand 
and strainer. 

Price: 1,200 U.S.$ 



6.1.4. 

6.1.5. 

20 

n.l rotary vane blOMier a~le to supply oil-free air, 
roto~s and body in spheroidal cast iron, direct driving 
through flexible anti-shock coupling to 22 kW aotor 
380 V, 50 Hz, 2 pc-les, threephase, pro~ection IP 55. 
Technical specifications: 
- capacity = 1,200 Mm3/h of air at 0.4 Bars; 
- aax. head = 0.5 Bars. 
The blower is equipped with: 
- suction filter, 
- suction and discharge silencers~ 
- non return valve; 
- safety valve; 
- flexible anti-vibration connection and shock insulating 

feet. 

Price: 8,SOCJ U.S.$ 

n.1 air distribution ~evice consisting of: 
- 250 nor.-clog air diffusers (m~ium/small bubbles) 

with cone-sh~ped base in polypropylene and flexible 
perforated EPDM aeabr~ne for the air escape in fine 
bubbles. 
oxygc.i tra.•1sfer efficiency 20% ca.; 

- air distribution net-wo~k in galvanized steel 
(out-side part} and in PVC (submerqed part); 

- air regulation valves: 
- clamps for the device fixing at the walls of the tank 

in concrete. 

Total Price: 18,000 U.S.$ 

or in alternative to th~ Items 6.1.4. and 6.1.5. 

6.1.4.bis n.4 Venturi ejectors. 
Each consisting of a submersib!e pump cs 3127 HT 431 and 
two ejectors Mod. 4812. 
Characteristics: 
- 4.7 kW motor 380 V, 50 Hz 3 phases 4 poles insulated to 

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

with nozzles of 55 mm di~meter and 5 m snorkels for the 
air suction; 

- oxygen transfer 5.5 kg/h 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. 

Total Price: 35,600 U.S.$ 
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6.1.6. 

6.1.7. 

6.1.8. 

6.1.9. 

submersible pump designed to pump liquid 
containing solids up to 76 ma diameter. 
Materials: 
pump body and i•peller in cast iLon: 
shaft, nuts and screws in stainless steel AISI 304: 
o-rings in nitrile rubber: 
mechanical face seals in ceramic. 
Surface treataent: 
impeller: sprayed with pri•er 
pump exterior: primer (PVC Epoxy) and finish (chloric 
rubber paint). 
Version with discharge connection: the pump slides 
down along guide bars and connects auto•atically • 
Characteristics: 
capacity = 1.500 l/ain at 4 a head: 
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motor= 2 kW, 380 V, 50 Hz 3-phases, insulation class F. 

Price: 3,000 U.S.$ 

n.l Jlixer for the flocculation tank, 
shaft and paddles stainless steel AISI 304. 
Characteristics: 
- 0.5 kW motor 380 V, 50 Hz 3 phases protection IP 55; 
- vertical speed reducer, coaxial type with oil 

lubricated gears: 
- shaft speed 100 r.p.m. ca.: 
Complete with support fra~e in stainless steel AISI 304 
for the installation onto the tank in concrete. 

Price: 2,400 U.S.$ 

n.3 reservoirs, in acid proof material, for the 
dissolution of chemicals (Mnso4 , Alum and Polyelectrolyte) 
Capacity 2,000 litres. 
Complete of support for the installation of the mixer and 
the dosing pump. 

Total Price: 2,400 U.S.$ 

n.3 llixers for the dissolution of chemicals (MnS04, Alum 
and Polyelectrolyte), shaft and paddles in stainless steel 
AISI 304. . 
Characteristics: 
- 1.5 kW motor, 380 V, 50 Hz, 3 phases, protection IP 55; 
- vertical speed reducer, coaxial type with oil lubricated 

gears: 
- shaft speed 200 r.p.m. ca. 

Total Price: 4,800 U.S.$ 
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6.1.10. n.2 dOSillCJ puaps (Mnso4 and Polyelectrolyte) body in 
PVC, plunger in ceraaic and no-return valves in stainless 
steel AISI 316. 
Characteristics: 
- 0.3 kW, motor 380 V, 50 Hz 3 phases protection IP 55; 
- capacity variable fro• O to 150 l/h: 
- maximWI working head 2.5 bars. 

Total Price: 4,400 U.S.$ 

6.1.11. n.l dosillCJ pmp (Alum) body in PVC, plunger in cera•ic 
and no-return valves in Pyrex glass. 
Characteristics: 
- 0.3 kW, motor 380 V, 50 Hz 3 phases protection IP 55: 
- capacity variable from o to 200 lfh; 
- aaximum working head 2.5 bars. 

Total Price: 2,500 U.S.$ 

6.1.12. n.l sludqe scrapillCJ devices for circular primary 
sedimentation tank in concrete, 10 m. diameter. 
Technical specifications: 
motor 0.5 kW 380 V, 50 Hz, 4 poles, three phases, 
protection IP 55, with two speed reducers in series. 
Peripheral speed 2.5 m/min. ca. 
Electrowelded structure in hot galvanized steel. 
Equipped with: 
- over-flow weir type Thomson and scum-baffle in stainless 

steel AISI 304: 
- influent well in stainless steel AISI 304; 
- surf ace scua-blade scraper and scum-troug in stainless 

steel AISI 304; 
- bottom sludge scraper in hot galvanized steel and rubber 

blades; 
- f lanqed inlet and outlet connection and sludge draw-off 

pipe in Fe 37. 

Price: 28,000 U.S.$ 

6.1.13. n.1 control board for the operating and control of the 
electrical equipment of the E.T.P. 
The control board is designed in accordance with the 
standards of the European Electricity co .. ittee. 
The board is made for the installation under a covered 
area. 

Price: 13,000 U.S.$ 
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22 bis 

6.1.14. piping: 
pipes, valves and fittings for the hydraulic connections 
of the pri•ary treataent. 
The materials (PVC, steel, polythene, etc.) and the si.zes 
are different according to the characteristics of the piped 
product and the required flow or head. 

Total Price: 8,000 U.S.$ 

6.1.15. -- electrical viring: 
cable3 of different sections and accessories for the 
connection and/or control of the electrical equipment 
of the E.T.P. including installation/claaping devices 
with the exclusion of the aain line fro• the tannery's 
power station to the control board. 

Total Price: 6,000 U.S.$ 

SUb total 6.1 (blower ' diffusers in equalization) 130,300 U.S.$ 

SUb total 6.1 bis (Venturi ejectors) 139,100 U.S.$ 
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6.2. DIOLQGICAI. TRBA'l'llE'lfT 

6.2.1. 

6.2.2. 

6.2.3. 

6.2.4. 

6.2.5. 

I I Ill I II II 111111111 I I 111 

n.2 rotary vane blowers and accessoires, identical to 
that described at ite• 6.1.4. 

Price: 17,600 U.S.$ 

n.l air distribution device consisting of: 
- n. 500 •ellbrane non-clog air diffusers(fine/aediua 

bubbles), support in polypropylene and flexible aellbrane 
in EPDM: oxygen transfer efficiency= 20\ ca.; 

- air distriblltion net work, pipes, connections, etc. 
in galvanized steel (outside) and PVC (subaerged parts); 

- air regulation valves ; 
- claaps for fixing at the tank walls. 

Total Price: 35,000 U.S.$ 

n.l sludge scraping device for 12 m diameter circular 
secondary sedi•entation tank. 
Technical specifications: 
aotor of 0.5 kW, 380 v, 50 Hz, 4 pol£s,three phases, 
protection IP 55, with two speed reducer: 
peripheral speed 2.5 •i•in. ca. 
Electrowelded structure in hot galvanized steel. 
Equipped with: 
- over-flow weir type Thomson and scW1-baff le in stainless 

steel AISI 304; 
- surf ace scUJ1-blade scraper and scwn-troug in stainless 

steel AISI 304; 
- bottom sludge scraper in hot galvanized steel and rubber 

blades; 
- central influent well in hot galvanized steel; 
- flanged inlet and outlet connection and sludge draw-off 

pipe in Fe 37. 
Price: 28,000 U.S.$ 

n.l sldJaei:sible pump, identical to that of itea 6.2.6. 

Price: 3,000 U.S.$ 

n.l control board realized in plastic .aterial for 
the operation and control of the effluent treatment 
plant. The board is desiqned according with the 
standards of the European Electricity Coamittee. 
The board is executed for the installation under a cover 
area. 

Price: 2,500 U.S.$ 
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6.2.6. 

6.2.7. 
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-- piping: 
pipes, valves and fittings for the hydraulic connections 
of the secondary treataent. 
The 11aterials (PVC, steel, polythene, etc.) and the sizes 
are different according to the characteristics of the piped 
product and the required f lov or head. 

Total Price: 3,000 U.S.$ 

-- electrical wiring: 
cables af different sections and accessories for the 
connection and/or control of the electrical equipment 
of the B.T.P. including installation/claapillCJ devices 
with the exclusion of the .ain line froa the tannery's 
power station to the control board. 

TOtal Price: 2,000 U.S.$ 

--~-------------------------------------------------------------SUb total 6.2. 90,100 U.S.$ 

6.3. SLIJDGI ,.,..,.., 

6.3.2. 

n.1 sutmersible pm1p identical to that of itea 6.1.6. 

Price: 3,000 U.S.$ 

n .1 •dl 1rsible aixer, body and propeller in cast iron 
with chloric rubber paint; shaft, screws, studs and nuts in 
stainless steel AISI 304; o-rings in nitrile rubber. 
Characteristics: 
aotor 2.2 kW, 380 v, so Hz, threephases, insulation to 
Cl-• F, 4 poles coupled with a spur gear with helical 
teeth; 
propeller speed • 1,400 rp11 ca. 
Blades propeller with 300 .. dia11eter. 
The aixer is supplied with installation/liftillCJ systea 
consisted of: 
lifting david, CJUide holder sets(upper and lower) and 
4 a CJUide bar 100 x 100 aa in galvanized steel. 

Price: 4,000 U.S.$ 
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6.J.J. n.l lime aillc preparation and doallCJ8 unit, 
consisting of: 
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- n.1 llixer, abaft and paddles in stainless steel AISI 304, 
aotor of 1.2 kW, 380 v, 50 Hz, 4 poles, threepllases, 
protection IP 55: 
vertical gear box coaxial type vitb oil lubricated 
gears, shaft speed• 400 rpa ca., 
support fraae in bot galvanized steel for the 
installation on a 5 al concrete tank. 

- n.1 centrifuqal puap, body and propeller in stainless 
steel AISI 304, capacity • 50 l/llinute, 0.5 kW aotor, 
380 v, 50 Hz, 4 poles, threepbases, protection IP 55, 
installed on a support fr&11e in galvanized steel. 

Price: 3,500 U.S.$ 

Sludge deptaring; altematiye 1 (plate filterprasl 

6.J.4. n.2 rilter preaees for tbe sludge de-watering. 
llateriala: 
- steel frame with corrosion proof painting, 
- plates and filterillCJ clothes in polypropylene. 
Characteriatica: 
- Plates dimensions 800 x 800 ... 
- Filter fraae aax. capacity 100 plates. 
- llumber of installed plates 70 
- Filtarinq surface 60 a2 ca. 
- Voluae of the cake 1,000 litres ca. 
- DryneHa of cake 30-35t. 
- Hydraulic closure of the filtering plates by oil-power 

and double-actinq plUllC)er. 
- Installed power of the hydraulic closure 5.5 kif ca. 
- llanual diaplacell8ftt of the plates. 

Filter cmaplete of: 

- Pia1:Qntwhr'~e pwm for the feeding of the filter, 
capacit)fiOl(/b, aotor with speed reducer 5.5 kW, 380 v, 
50 Hz, three pbase, protection IP 551 

- ealt; conveyor for the cake transport, lenqth 9 •• ca., 
motor 1.1 kW, 380 v, 50 Hz, IP 55. 

- G@Mral control panel tor the operation and con~ol of 
the •ludCJ• treat.ant atatlon. Tbe board i• executed for 
the installation under a cover area. 

Total Price: 110,000 U.S.$ 
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Sludge dewoterjog; alternative 2 &band press) 

6.3.5. 

6.3.6. 

6.3.7. 

n.l unit for dosaqe of cheaicals (Polyelectrolyte) 
consistinq of: 
- dosing pWlp, body and plunger in PVC, non-return valves 

in stainless steel AISI 304; aotor 0.2 kW, 380 v, 50 Hz, 
4 poles, threephases, protection IP 55; 
capacity variable from o to 100 litresjhour; 
aax. head = 2.5 Bars. 

- 2,000 litres reservoir in polypropylene. 
- slow-speed aixer, shaft and paddles in stainless 

steel AISI 304, aotor of 1.1 kW, 380 v, 50 Hz, 4 poles, 
threephases, IP 55; coupled with vertical gear box 
reducer; shaft speed = 100 rpm. 

Total Price: 10,000 U.S.$ 

ra.l belicoidal pmp, eccentric screw type Mohno. 
Materials: 
- body in cast-iron, 
- screw in hard chroaiUll plated steel, 
- rotor in synthetic rubber. 
Characteristjcs: 
capacity variable fona 3 - 15 a 3/h at 2 bars. 
Motor 4 kW, 380 v, 50Hz, three phase, 
protection IP 55 coupled with variable speed reducer. 
Rotor speed 100 - 400 r.p.m. ca. 

n.l belt press 
Cbaracteristics: 
- belt ~idth 1,500 lllJll 

Total Price: 8,000 U.S.$ 

- belt speed variable between 2 ar.d 10 m/min.; 
- capacity 250 kg of D.M. per hour. 
- dryness of cake 25 \ ca. 
- wate~ consuaption for belt washing 

10 m /h ca. at 4 bars. 
- polyaer consuaption 2-4 g per kg of D.M. (*) 
- liae consuaption 4 g per litre of liquid sludge ca. 
- installed power 2.5 kW. 
(*) the type of polyelectrolyte (anionic or cationic) must 

be defined during the plant start-up. 
Materials: 
- rigid frame in steel with epoxy paint; 
- rollers in steel with rubber coating (driving and 

pressing) and in steel with special plastic coating 
(draining); 

- rotary drum sludge conditioner in stainless steel AISI 
304; 

- belt scrapers (cake discharge) in PVC and stainless 
steel AISI 304: 

II I Ill Ill I 11 I I 111 11 111 I I 11 



6.3.8. 

6.3.9. 
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- band washings boxes in stainless steel AISI 304; 
- all other parts in contact with the sludqe in stain~_ess 

steel AISI 304; 
- belts ir. polyester fibres with 180 kg/ca tearinq load. 

Filter CQmplete of: 

- lli9h. pressure pum> for the washinq of the 
belts, capacity 200 l/ain. at 4 bars. 
body and propeller in cast iron; 
actor of 2.2 kW 380 V, 50 Hz, 2 poles, threephases 
protection IP 55. 
The pump is installed on a support frame in hot 
qalvanized steel. 

- Inclined belt conveyor for the transport of the sludge 
cake; lenqt.h 6 a. ca.; inclination 30• ca.; 
aotor of 1.1 kW, 380 v, 50 Hz, 4 poles, threephase, 
protection IP 55, coupled to speed reducer. 
Materials: 
- belt in acid-proof 118terial: 
- frmae in hot galvanized steel; 
- rollers in steel with special plastic coatinq. 

- Air CQapressor for the tearinq and self-aligning of the 
belts. Capacity 200 l/ain. of air; volUlle of the air 
reservoir 25 litres; 118XiaUll work pressure 8 Bars; 
installed power 1.1 kW, 220/380 v, 50 Hz, threephases. 

- General control panel for the operation and control of 
the sludqe treataent station. The board is executed for 
the installation under a cover area. 

Total Price: 85,000 U.S.$ 

n.l control board realized in plastic material for 
the operation and control of the sludge treataent. 
The board is designed according with the standards 
of the European Electricity co..ittee. 
The board is executed for the installation under a cover 
area. 

Price: 1,500 U.S.$ 

-- pipinq: 
pipes, valves and fittings for the hydraulic conm:tctions 
of the sludge treataent. 
The aaterials (PVC, steel, polythene, etc.) and the sizes 
ure different according to the characteristics of the piped 
product and the required flow or head. 

Total Price: 1,600 U.S.$ 
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6.3.10. -- electrical virl.DC): 
cables of different sections and accessories for the 
connection and/or control of the electrical equipaent 
of the E.T.P. including installation/claaping devices 
with the exclusion of the aain line fro• the tannery's 
power station to the control board. 

Total Price: 

SUb total 6.3. (filter press) 

SUb total 6. 3. bis (band p1:ess) 

SUllllARY OF COSTS 

LD1B 1fASTBS S'IORAGB Ii PRillARY TRBA"J.idllft' ( *) 
LDIB ~ S'IORAGB Ii PRillARY TREAW (**) 
SBCOllDARY TRBA'l'llBllT 
SLODGB 'l'RBA"l'llBllT ( ***) 
SLODGB 'l'RBATllBll'l' (****) 

800 U.S.$ 

124,400 U.S.$ 

117,400 U.S.$ 

130,300 U.S.$ 
139,100 U.S.$ 
89,600 U.S.$ 

124,400 U.S.$ 
117,400 U.S.$ 

(*) 
(**) 
(***) 
(****) 

Alternative 1: blower and air diffusers (equalization) 
Alternative 2: ventury ejectors (equalization) 
Alternative 1: filter press (sludge dewatering) 
Alternative 2: band press (sludge dewatering) 

Indicative price (see Note) for the spare and consumption parts for 
two years of the plant's operation: 

7.1. Liae wastes storage anc1 general treataent: • 

7.2. Biological treatpent: 

7.3. Slud,ge trea1:Jaent: . . . . . . 

5,000 U.S.$ 

4,000 U.S.$ 

6.000 U.S.$ 

Note: the type and quantity of spare parts •ust be defined by the 
equipaent' supplier according with its experiGnce in si•ilar ~!ants, 
taking into account also the local pe<ntliar situation. 
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8. PLNl'r OBUSS!OllIIG & TRAilllftG or 1111 LOCAL STAPf 

8.1. Supervision during plant installation: 

n.2 technicians for 20 days: 8,000 U.S.$ 

Travel expen~es (2 international trips), board and lodging 
at the charge of the recipient Coapany. 

8.2. Plant start-up and training of the local personnel: 

n.1 technician for 20 days: 8,000 U.S.$ 
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Travel expen~es (two international trips), etc. at the charge of 
the recipient Coapany. 

9. COSTS lOR DIE PLAIT'S 9PKRATIOll 
(on the basis of 1,000 a ~waste waters per day) 

9.1 eost of cbeaicals: 

a. prices of products already in use in the factory: 
(the cost of iaported cheaicals is FOB) 

1 . Lime powder 
2. Alua (industrial product) 

OM = Deutschen Marks 

- local 
- iaported -

: 0.30 Birr per kg 
: 0.18 DM per kg 

(0.95 Birr/kg) 

Note: due to the change fluctuations, the prices llUSt be 
considered indicative. 

b. indicative price in Europe of the other products: 

1. Anionic polyelectrolyte (powder) 
2. Manganese sulphate (cristals 98t grade) 
3. Sodium Threephosphate (powder) 

: 3.8 U.S.$/Jcg 
: 1.0 " 
: 0.5 " 

9.3 Electricity cost: 

9.4 Labour: 

0.25 Birr (0.05 U.S.$ ca.) per kWh 

1.0 Birr (0.2 U.S.$ ca.) per hour 

111111 I Ill II I I I 1111111 111111 
I Ill II 1111 II I I 



30 

9.5 Indicative year costs of the treatment steps (300 work days): 

Note: the consu•ptions (both of chemicals and energy) here indicated 
represent the average quantities used in similar plants. 

General effluent treatment: 

a) Primary treat:aent 
Consumptions: 
Alua : 300 kg/day 
Polyelectrolyte : 1 kg/day 
Manganese sulphate : 20 kg/day 
Electricity : 600 kWh/day 
Labour : n.2 persons during the day + night-watchman 

(estimated 20 •anjhours per day) 

Year costs: 
Alua = 90,000 kg = 85,500 Birr = 17,200 
Polyelectrolyte = 300 kg = 5,700 II = 1,150 
Manganese sulphate = 6,000 kg = 30,000 II = 6,040 
Electricity = 180,000 kWh = 45,000 " = 9,055 
Labour = 6,000 hrs = 6,000 " = 1,210 
Maintenance (**) = 13,000 
Miscellaneous costs(**) = 2,000 

Total operation costs = 49,655 (say 50,000) U.S.$ per year 

b) Secondary treatment 

Consuaptions: 
SodiWR Threephosphate (eventual) : 
Electricity 
Labour 

Year costs: 

10 kg/day 
1,000 kWh/day 

none (the same of the 
primary treatment) 

U.S.$ 
" 
" 
II 

" 
" 
" 

Na3P04 (eventual) = 3,000 kg 
300,000 kWh 

""' 7,500 Birr = 1,500 U.S.$ 
Electricity 
Maintenance (**) 
Miscellaneous (**) = 

= 
= 

= 75,000 " = 15,090 
= 8,960 
= 1,000 

Total operation costs = 26,550 (say 27,000) U.S.$ per year 

" 
" 
" 

-= 



c) Sludge treatment 

1. f i 1 ter-press 

ConsU11ptions: 
Liae 
Electricity 

Year costs: 
Li•e 
Electricity 
Maintenance (*) 
Miscellaneous (**) 

. . . . 

= 
= 

90,000 
45,000 

300 kg/day 
150 kWh/day ca • 

kg = 27,000 Birr == 5,435 U.S.$ 
kWh = 11,250 • = 2,265 " 

== 11,740 " 
== 500 " 

Total operation costs = 19.940 (say 20,000) U.S.$ per year 

2. band press 

ConsW1ptions: 
Lime 
Polyelectrolyte 
Electricity 

Year costs: 

Lime 
Polyelectrolyte 
Electricity 
Maintenance (*) 

. . . . . . 

= 
= 
= 

300 kg/day 
6 - 12 kg/day 

190 kWh/day ca . 

90,000 kg = 27,000 Birr 
3,600 kg = 68,400 " 

57,000 kWh = 14,250 " 

== 
= 
= 
== 

Miscellaneous costs(**) = 

Total operation costs = 35,010 (say 35,500) U.S.$ 

5,435 U.S.$ 
13,765 " 

2,870 " 
12,440 " 

500 " 
per year 

31 

(*) ass\llled to be 10\ of major equipment cost \including repair 
and replaceaent costs). 

(**) esti•ative (analysis, etc.) 

10. CIVIL llORJ[S (Indicative diaensions) 

Prior to the starting of the civil works the site must be cleared. 
All shrubs, trunks, qrass and other vegetable aatter must be reaoved 
and disposed of. 
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10.1. SEPARATION AND STQRAGE OF THE SPENT LIME LIOUORS 

10.1.1. Pit for the installation of the brushed screen: 
lateral walls in block bedded with ceaent aortar and bottom in lean 
concrete with plastering of internal surface. 
Internal diaensions: cm 125 x 190 x 70 H. 
The pit is 30 C1ll above and 40 C1ll ca. below ground level. 

10~1.2. Storage tank: 
Walls in reinforced concrete 30 C1ll thick. 
Internal dimensions: 800 x 1,000 x 350 H cm. 
A bole 40 x 20 cm (overflow connection to the equalization tank) and 
a 25 x 25 hole cm (inlet of 200 DUI pipe). 
Useful volume: 250 ml 
TanJc partially underground. 

10.2. PRIMARY TREATMENT 

10.2.1. Pit for the installation of the brushed screen: 
see iten 10.1.1. 

10.2.2. Area for the storage of the screened solids in common 
with the liming line: 
lateral walls in block bedded with cement mortar and lean concrete 
bottom with plastering of internal surface. 
Internal dimensions: cm 150 x 370 x 45 H. 

10.2.3. E<aialization tank: 
with lateral and bottom walls in reinforced concrete 30 cm thick. 
Internal dimensions: 

width 800 Clll, 
lenqth 2,soo cm, 
height 350 cm (useful 300 cm). 

Useful volus.e: 600 ml 
Par'~ially underground tanJc: 150 cm above and 200 cm below the ground 
level. 

10.2.4. Flocculation tanJc: 
in reinforced concrete 30 cm thick. 
Internal dimensions: 180 x 180 x 200 H cm. 
Useful volume = 5.5 ml. 

10.2.s. Primary sedimentation tank: 
circular tank of 10 m diameter 
Complete of the bridge tor the installation of the sludge scraping 
device and of the pit for the sludge extraction pWlp. 
Dimensions: 
- height of vertical wall• 2.5 m (2 m useful): 
- useful volume • 150 m3 ca. 
Thank partially underground. 
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10.3. SECQNDABY TREATMENT 

10.3.1. Aeration tank: 
with lateral and bottom walls in reinforced concrete 40 cm thick. 
Internal diaensions: 

width 2,000 cm, 
length 3,500 cm, 
height 400 c• (useful 350 cm). 

Useful volW1e: 2,000 m3 ca. 
Partially underground tank: 150 cm above and 250 cm below the ground 
level. 

10.3.2. Secorutary sedimentation tank 
circular tank of 12 m diameter in reinforced concrete. 
Complete of bridge in reinforced concrete for the installation of 
the sludge scraping device and pit for the sludge recycle pWlp. 
Other dimensions: 
- height of vertical wall= 2.8 m (2.3 m useful): 
- useful voluae = 260 m3 ca. 
Thank partially underground. 

10.4. SLUDGE TREATMENT MD COMMON FACILITIES 

10.4.1. Tank for the preparation of lime-milk: 
in reinforced concrete. 
Dimensions: 200 x 200 x 150 H cm. 
Volume 5 m3 
Tank partially underground. 

lQ.4.2. TanJt for the sludge conditioning: 
in reinforced concrete. 
i. Band press, dimensions: 150 x 200 x 200 H CJD. 
ii. Filter press, dimensions: 200 x 500 x 300 H CJD. 

10.4.3. COyered acea: 
for the installation of the general control panel of the electric 
equipment of the plant and the dosing units, and for the storage of 
the chemicals used in the effluent treatment. 
A portion of cm 500 x 200 is closed with lateral walls in blocks 
bedded with cement mortar (control board room) the remaining is 
open. 
Dimensions: cm 500 x 1,250 x 400 H. 

***** 
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11. BILL or OUAlft'ITIES AMO BSTillATION COSTS FOR CIVIL WORKS 

Note: the local unit prices for buildinq materials have been 
fournished by lfr. llICHAEL 'l'SEGAI WOLDEZION, Civil Enqineer of the 
Ethiopian National Leather and Shoe Coorporation. 
In the visit of July so.a errors have been found both in the unit 
prices and in the characteristics of the local soil (resulted 
rocky). 

Reinforced concrete Class C-80 
Cement 150 kg 
Sand 0.45 m3 
Aggregate 0.84 m3 
Work strenght 28 days = 80 kg/cm2 

Indicative price: 250 Birr/m3 

Reinforced concrete Class C-250 
Cement 350 kg 
Sand 0.39 m3 
Aggregate 0.79 m3 
Work strenght 28 days = 250 kg/cm2 

Indicative price: 450 Birr/m3 

ITEM OlfIT QUANTITY UNIT RATB 
(in Birrl 

TO'l'AL PRICE 
(in Birr) 

11.1 Site works 

11.1.1. 

11.1.2. 

11.1.3. 

11.1.4. 

I I I I II I 111 11111 I 

bulk excavation of the mixed soil (natural ground and 
rocks to an average depth of m 0.30 from the current 
level. 

ml 2,000 15 30,000 
cart away , spread and deposit all surplus excavated 
material around site at distance not exceeding m 200. 

m3 2,000 15 30,000 
sub-base of the access road to the ETP, width about 
m 4, consisting of crushed stones, well packed 
and consolidated to finished thickness of m 0.20. 

m?. 1,000 20 20,000 
blinding the crushed stones with red ash consolidation 
with 10-16 tons rollers. 

m2 1,000 7 1,000 

SUb total Itg 11.1. • • I • • • e C I I 9 87.000 

I Ill I 1111 11 I 111 
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11.2. Gullits. pits and 9tber accessoires for the screening 
stations CLi.M anc:l General effluent> 

11.2.1. 

11.2.2. 

11.2.l. 

11. 2. 4. 

11.2.5. 

11.2.6. 

11.2.7. 

11.2.8. 

11.3. 

11.3.1. 

11.3.2. 

11.3.3. 

11.3.4. 

11.3.5. 

II I I 111 I 

excavation of mixed soil to a maximum depth 
of m 2.0 starting from the stripped level. 

m3 20 15 lOO 
car away all surplus excavated material and deposit at a 
distance not exceeding m 200 from the site. 

m3 20 15 lOO 
block walls m 0.20 thickness, consisting of concrete 
blocks of dimensions m 0.20x0.40x0.20 each, bedded 
with cement mortar and fixed to the r.c. base plate 
with steel reinforcement steel bars, diameter 8 mm, 
placed every m o.so 

m2 20 so 1,600 
steel bar reinforcement, diameter 8 mm, including 
cutting, bending, placing in position and tying wires. 

kg 200 6 1,200 
plastering of the internal wall surf aces 

m2 40 15 600 
lean concrete, type C-80, thickness m 0.20 

ml 4 250 l,OOO 
concrete filler for slopes, type C-80 

ml 2 250 500 
backfill and compacting of soil with good dry filling 
materials from the site around the pit walls 
(layer not exceeding m 0.15 of thickness) 

ml 2 15 lO 

Sub total Ito 11.2 •• t I I I t . , . . , . 5.530 

Storage tJlpk for the spent liae liguors and. 
Bqualization t.nnk 

excavation of mixed soil to a maximum depth 
of m 2.0 starting from the stripped level. 

m3 800 15 12,000 
car away all surplus excavated material and deposit at a 
distance not exceeding m 200 fro• the site. 

m3 800 15 12,000 
concrete lean, type c-80, forming the tank base of 
m 0.20 thickness. 

m3 . 66 
m 0.30 thick reinforced concrete 

m3 99 
m 0.30 thick reinforced concrete 
type C-250. 

m3 99 

Ill 1111 I Ill I 111 11 I 111 I I II 
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250 
plate, 
450 
elevation 

16,500 
type C-250, 

44,550 
walls, 

450 44,550 



11.3.6. 

11. 3. 7. 

11.3.8. 

11.3.9. 

11.4. 

11.4.1. 

11.4.2. 

11.4.3. 

I 11.4.4. 

11.4.5. 

I 11.4.6. 

I 11.4.7. 

I 11.4.8. 

I 
I 11. 5. 

I 11.5.1. 

I 
11.5.2. 

I 

I,, 
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concrete filler for slopes, type C-80. 
m3 50 250 12,500 

steel bar reinforcement, various diameters, including 
cutting, bending, placing in position and tying wires. 

kg 15,000 6 90,000 
provide, cut, and fix in position wood forawork for 
the r.c. elevation walls. 

•2 660 60 39,600 
backfill and compacting of soil with dry filling 
materials from the site around the excavated r.c. 
walls (layers not exceeding m 0.50 of thickness. 

•3 50 15 750 

SUb total Itea 11 e 3 I P P P I P P P . . p • 

PriMry secliMQtotion tank 

excavation of mixed soil to a maximum depth 
of m 2.0 starting from the stripped level. 

272.450 

m3 150 15 2,250 
~ar away all surplus excavated material and deposit at a 
distance not exceeding m 200 from the site. 

mJ 150 15 2,250 
concrete lean, type C-80, forming the tank base of 
m 0.20 thickness. 

•3 25 
m 0.30 thick reinforced concrete 

m3 30 
m 0.30 thick reinforced concrete 
type C-250. 

250 
plate, 

450 
elevation 

6,250 
type C-250, 

13,200 
walls, 

m3 24 450 10,800 
steel bar reinforcement, various diameters, including 
cutting, bending, placing in position and tying wires. 

kg 6,000 6 36,000 
provide, cut, and fix in position wood formwork for 
the r.c. elevation walls. 

m2 160 75 12,000 
backfill and compacting of soil with dry filling 
materials from the site around the excavated r.c. 
walls (layers not exceeding m o.50 of thickness). 

m3 40 15 600 

SUb total Itea 11.4, I « p I p S I 9 e I I 

Aarotion tonk 

excavation of mixed soil to a maximWD depth 
of m 2.0 starting from the stripped level. 

m3 1,000 15 
car away all surplus excavated material and 
distance not exceeding m 200 from the site. 

ml 700 15 

83.650 

15,000 
deposit at a 

10,500 



11.5.3. 

11.5.4. 

11.5.5. 

11.5.6. 

11.5.7. 

11.5.8. 

11.5.9. 

11.6. 

11.6.1. 

11.6.2. 

11.6.3. 

11.6.4. 

11.6.5. 

11.6.6. 

11.6.7. 

11. 6. 8. 

I II I 111111 I I 

~oncrete lean, type c-so, forwing the tank base of 
• 0.20 thickness. 

•3 160 
• 0.30 thick reinforced concrete 

•3 240 
a 0.30 thick reinforced concrete 
type C-250. 

250 40,000 
plate, type C-250, 

~50 108,000 
elevation walls, 

•3 130 450 58,500 
concrete filler for slopes, type C-80. 

•3 30 250 7,500 
steel bar reinforceaent, various diaaeters, including 
cutting, bending, placing in position and tying wires. 

kg 35,000 6 210,000 
provide, cut, and fix in position wood forJ1WOrk for 
the r.c. elevation walls. 

•2 900 60 54,000 
backfill and coapacting of soil with dry filling 
aaterials fro• the site around the excavated r.c. 
walls 

•3 120 15 1,800 

SUb total Itea 11.5. . . . . . . . . . • 505,300 

Secondary seclhentation tonk 

excavation of aixed soil to a aaxiaum depth 
of • 2.0 starting fro• the stripped level. 

•3 350 15 5,250 
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car away all surplus excavated aaterial and deposit at a 
distance not exceeding m 200 fro• the site. 

•3 350 15 5,250 
concrete lean, type C-80, forming the tank base of 
• o.~o thickness. 

•3 28 
• 0.30 thick reinforced concrete 

•3 40 
• 0.30 thick reinforced concrete 
type C-250. 

250 7,000 
plate, type C-250, 

450 18,000 
elevation walls, 

•3 36 450 16,200 
steel bar reinforcement, various diaaeters, including 
cutting, bending, placing in position and tying wires. 

kg 8,000 6 48,000 
provide, cut, and fix in position wood forawork for 
the r.c. elevation walls. · 

•2 240 75 18,000 
backfill and co•pacting of soil with dry filling 
materials from the site around the excavated r.c. 
walls (layers not exce~ing • 0.50 of thickness). 

•3 60 15 900 

SUb total Ito 11.6. I e e I I e 9 I e I 118,600 
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11. 1 • Covered area 

11.1.1. excavation of soil of natural ground to a aaxiau. depth 
of• 0.25 starting fro• the stripped level. 

•3 20 5 100 
11.7.2. car away all surplua excavated aaterial and deposit at a 

distance not exceeding • 200 fro• the site. 
•3 20 7 140 

11.7.3. • 0.15 thickness concrete lean, type C-80, 
under the floor. 

•2 70 30 2,100 
11.7.4. a 0.20 reinforced concrete plate, type C-250, with 

slope and channels for water drainage. 
•2 70 30 2, 100 

11.7.5. a 0.10 concrete floor slab plate, type C-250, 
•2 60 30 1,800 

11.7.6. a 0.20 thick walls realized in concrete blocks of 
diaensions a 0.20x0.40x0.20 each, bedded 
with ceaent aortar. 

•2 50 80 4,000 
11.7.7. stiffening colWIJls and top tie beaas in reinforced 

concrete, type C-250. 
•3 2 250 500 

11.7.8. steel bar reinforceaent, various diaaeters, including 
cutting, bending, placing in position and tying wires. 

kg 500 6 3,000 
11.7.9. provide, cut and fix in position the wood fonaworks 

for the upper tie beaas 
•2 30 75 2, 250 

11.1.10. steel coluas and upper beams of .. lOOxlOOx4 
rectangular hollow section 

kg 1,000 8 8,000 
11.1.11. roof c~vering consisting of corrugated steel, including 

truss and purline in steel profiles. 
•2 70 200 14,000 

11.1.12. aetal door consisting of black aetal sheet mm 1.5 thick 
on both sides fixed to aetal profiles, complete of hinges, 
locks handles and necessary iron aonge of KASI, diaensions 
• 1.20x2.40. Door finished with three coats of oil paint. 

pc 1 1, 700 1, 700 
11.7.13. plastering of the block wall surfaces. 

•2 100 15 1, 500 

SUb total Itew 11.7. I e ft e I e e e I I e 41.190 

'' 
1111 II 11 11 11 I 



11.8. 

11.8.1. 

RaceQys. pipes and. accessoires 

• 0.40x0.40 aanhole pits average height m 0.70 in 
concrete blocks of m 0.20x0.40x0.20 bedded with 

39 

ce•ent :aortar, including excavation, cart away, internal 
plastering, concrete lean thick • 0.20, cover in concrete 
• 0.50x0.50, etc. 

pc 
11.8.2. ma 200 P.V.C. pipe, 

• 11.8.3. mm 100 P.V.C. pipe, 
• 

20 
including 

200 
including 

100 

400 
excavation 

250 
excavation 

100 

and 

and 

8,000 
placing. 
50,000 
placing. 
10,000 

SUb total Itea 11.8. . , . . . . . . . . . 68,000 

SD1111ARY OF COS'1' BSTIJIATIOtf PQR Tiii CIVIL 1iOUS 

Site works . . . . . . . . . . . . 
Gullies, pits and other accessories 
screening chambers . . . . . . . . 
Lime storage tank and Equalization 
Primary sedi•entation tank . 
Aeration tank. . . . . . . . . 
Secondary sediaentation tank • 
Raceways, pipes and accessoires 
Covered area . . . . . . 

TOTAL 
contingency 10\ ca. 

GRAllD TOTAL 

. . . 

. . . . . . . 
. 

. . . 
for . . . 

tank . 
. . . . . . . . . . . . 

. 

. . 

. 

87,000 

5,530 . . 272,450 
83,650 . 505,300 

. 118,600 . . 68,000 . . 41,190 

1,181,720 
118,172 

Birr 

" 
" 
" 
" 
" 
" 
" 

Birr 
Birr 

1,299,892 BIRR 
(260,000 U.S.$ ca.) 

i2 t : : ====·=======================-============ 
Note: 
The eventual use of the existing tank for the s~orage of the spent 
liaing liquors, will represent a save of 50,000 Birr ca. ( 10,000 
U.S.$). 

I I II I I II Ill I I 

********** 
********** 
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DRAWINGS 
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Table 1: Plant lay-out 
Table 2: Process flow sheet 
Table_3: Equalization tank. 
TP~~e 4: Primary sedimentation tank 
Table 5: Aeration tank 
Table 6: Secondary sedimentation tank 
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AllllEX I 

AWASB TAllllERY 

AQDIS ABABA 
ETlllOPIA 

C H R 0 M E R E C 0 V E R Y 
P L A N I 

The Ch.rOlle recovery is a necessary pretreataent mad 1111st be 
considered as a basic part of the ETP. 

As already said, the Awash Tannery Kanagement evaluated positively 
the installation of a chrome recovery but they estimate more 
appropriate to the local conditions the alternative with MqO, 
simpler (less expensive) than the filter press alternative. 
FUrthermore, they had carried out some tests with MgO in the 
factory's laboratorf obtai~ing good results. 

The chro!lle recovery method with MgO foresees the following main 
process steps: 

- separation and storage of the spent chrome liquors, 
- precipitation of the chrome hydroxide with MgO, 
- draw-off of the supernatant ar.d redissolution of the settled 

chroae hydroxide deposit with sulphuric acid. 

1. Design data: 

Volume of thd spent tanning baths 

Chrome content as cr2ol 

Plant working time 

Total recoverable Chrome as cr2o3 

Number of cycles 

. . 

. . 

. . 

. . 
: 

lJ m3/day ca • (*) 

4.5 g/l 

8 hrs/day 

45 kg/day (currently) 

1 per day 

(*) current situation. The ex~cted volume at the max. future 
production is 20 ml/day (i.e. 90 kg/day of recoverable cr,.o3 ). 
These figures have been rechecked in July with Mr. Kidanu 'chekol, 
Tannery Deputy General Manager, and Mr. Tesfaye Areqa, Production 
Depar~..ment Head. 
The here propo~ed unit has been designed on the basis of the 
current situation (one recovery cycle per day) but in future it 
can easily operate two cycles per day. The volume of the storage 
tank allows the treatment of 25 ml/day of spent chrome liquors. 

I I II II II 111111 111 11111111 I I I I 11' 
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2. Process description: (see also the anraexed flow-sheet) 

foreword 
The process of chrome recovery with HgO is so11eti11es realized in a 
very crude and urwophisticatw.1 way. In these cases the efficiency 
and reliability of tbe process is very little: the process does 
not guarante'3 a final product wit constant characteristics and its 
rettse i:u tanning may cause troubll!!s. 
The here proposed alternative is enough si•ple but designed 
according to rational and industrial concepts that render the 
process able to guarantee a constant and unifora final product. 

2 .1. Scr.:!ellinC) and storage: 
The spent tanning baths are separately collected and, after a 
coarse bar screening, sent by gravity into the storage tank in 
concrete. The capacity of this equals the -daily volWlle of the 
spent chroae liquors. One day capacity is necessary in order to 
guarantee the full autonoay of tne unit from the internal process 
of the tannery. 

2.2. PullpiDCJ and fine screening: 
The spent liquor is pUJDped to the fine screen and flows into the 
precipitation tanlt. The installation of this second finer screen 
is advisable for limitinq the content of suspended solids in the 
final liquor. The Ope!ration of the pUBlp is controlled by a series 
of elect:!'onic level-switches in the preclpi tatiori tank and by a 
fl~ating switch (no more prodGct to treat) in the storage tank. 
In any case the operator must switch on the pump for starting the 
transfer of the liquor. 

2.3. Cbrolle hydroxide precipitation: 
When the precipitation tank i~ full, the operator switchea on the 
mixer and starts the dosage of the alkali. The alkali is manually 
dosed as solid product. 
The mixing aust contin•1e until the total consumption of the alkali 
and the quantitative precipitation of the trivalent chroae as 
hydroxide (pH 7 ca.). 

Note: 
'l'he necessary U1C>Unt ot lfgO J1Ust be defined during the plant 
start-up phase. Being tbs lllJ']nesiu• oxide a non-water-soluble 
product, the basiticat1on proceeds slowly and, so, the pH can be 
checked only at the end o~ the reaction. 

2.4. separation of tba hydroxide: 
When the rea~ion er III/MgO is ultimated, the operator &¥itches 
off the mixer and allows the settling of the Chrome hydroxide. 
one hour is generally the mini11U11 period of calm necessarf to 
obtain a good sedimentation with MgO. 
The supernatant virtually •chrome frefl• i.s pumped to the general 
effluent treatment plant. 
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2.5. Re-dissolution of the hydroxide cake: 
The Chrome hydroxide is Lurned back to Chromium sulphate by dosing 
concentrated sulphuric acid (96% ca., i.e. 60. ~). The necessary 
amount of acid,. to obtain a final liquor at 30±3l Schorlemner 
basicity, must be established definitively during the plant star
up. The volume of the acid is measured into a graduate pit and 
af cer uniformly and safely dosed with a metering pump into the 
dissolution tank. 

2.6. Storage and "'!-,ntrol of the recovered QrOlle liquor 
When the dissolut ~1 is tenainated, the pump transfers the liquor 
to the final storage tank. 

3. D:l'llCAL DATA 

3.1. Cbaracteristics of the recovered liquor: 

- Density 
- pH 
- Schorlellller basicity 
- cr2o3 content (on weight) 

: 1.2 ca. 
: 2.8 - 3.3 
: 33 ± 3• 
: 4 - 5% 

3.2. ConsUllption of cbeai.cals: 
(kg/kg of recovered cr2o3 ) 

- Magnesillll oxide (90% ca.) 0.5 
- Sulphuric acid (96\ - 1.84 g/ml) : 0.8 

3.3. Electrical cons1111ption: 
(main equipment only: stand-by units are not considered) 

- Total installed power: 13.5 Kw 
- Power consumption: 30 Kwh ca. per day. 

The necessary labour ti.me :may be estimated in 3-4 hours per day 
ca. 

4. LIS'l' OF ftB llBCBSSARY BQOIPllEll'l' 

4.1. n.1 bar screen (Mnually cleaned>. 
AISI 304 stainless steel execution, 
space between bars: 10 ma, capacity 20 ml/h ca. 
The screen will be installed in a concrete pit installed 
before the storage tsnk. 

' 
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4.2. n.2 s•Jbaersible puwgs (1 installed + 1 stand-by unit). 
Characteristics: 
puap body in cast iron, iapeller and shaft in stainless 
steel AISI 304, mechanical seals in AluminajTungsten 
Carbide: 
aotor. 1.1 kW, 38~ v, 50 Hz, 4 poles • 
capacity: 300 l/a'at 4 •. 

4.3. n.1 static wedge-wires screen (self cleaning). 
Characteristics: 
filtering panel in AISI 304, feeding box and supporting 
structure in polypropylene. 
Space between bars: 0.75 -· 
Capacity: 10 aljh. 

4.4. n.l mixer for tbe precipitation tank· 
Characteristics: 
shaft and paddles in AISI 304 stainless steel. 
Geared electric aotor of 5 kW, 4 poles, 380 v, 50 Hz. 
Iapeller speed 100 r.p.a. 

4 

4.5. n.2 belicoidal screw PtJ11PS (1 installed+ 1 stand-by unit). 
Materials: 
- body in polypropylene, 
- screw in polypropylene, 
- stator in synthetic rubber. 
Characteristics: 
capacity 2,000 l/h at 2 bars head. 
Motor 1.1 kW, 380 v, 50Hz, three phase, 
protection IP 55 coupled with qear box. 
Rotor speed 300 r.p.m. ca. 

4.6. n.l Chroae hydroxide rec1issolution tanJt. 
Characteristics: 
fibre-glass reinforced tank of 2,000 litres capacity. 
Equipped with framework for the installation of the aixer. 

4.7. n.l mixer tgr tbe re4issolution tanJc. 
shaft and paddles with anti-acid coating, coupled with 
geared motor of 3 kW, 380 V, 50 Hz, 4 poles. 

4.8. n.l centrifugal fan (exhaustion of the ac~d fUJ1es). 
body and iapeller in PVC, capacity 300 h of air per hour, 
total head 200 .. ot water coluan, installed power 1.1 kW, 
380 v, 50 Hz, 2 poles, protection IP 55. 

4.9. n.1 reservoir (pre-dosaqe of Sulphuric aci~). 
50 litres capacity tank fully realized in PVC, equipped 
with floating level indicator and graduated transparent 
window. 
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4.10. n.l •etering pwap (dosage of cone. H2S04). 
piston dosing puap, plunger in ceramic, body in AISI 
420 stainless steel, ball valves in Pyrex glass, 
valves seats in Astelloy c, packing in teflon. 
Coupled to geared aotor of 0,2 kW, 380 v, 50 Hz, 4 
poles, protection IP 45. 
Variable capacity fro• O to 20 litres/hour. 

4.11. n.l centrifugal PUllP (transfer of the Chroae liquor). 
Body and i•peller in polypropylene, aechanical seals in 
ceraaic 1111terial, direct coupling to electrical motor of 
2 kW, 380 V, 50 Hz, 4 poles, protection IP 55. 
Capacity: 50 l/•' ca. at 8 •· 

4.12. n.l reservoir for the storage of the recovered Chrome 
liquor; capacity 5,000 litres ca. 
Material: reinforced fibreglass resins for liquids 
at high specific weight (1.3 kg/l ca.). 

4.13. n.l general control-board of 'Che plant. 
switch desk-board realized in PVC for the operation and 
control of the entire Chrome recovery unit; complete of 
pH-meter and other accessories. 

4.14. - Piping and yalyes. 
Realized in various materials according to the particular 
service required. 

4.15. - Electrical cables. 
All the necessary connec~ions between the various 
electrical apparatus and the control-board are realized 
with cables of sizes and aaterials according the C.E.I. 
standards. 

5. LIST OP TBB CIVIL WORKS 

5 

5.1. n.l underground pit for the installation of the bars screen; 
internal diaensions: 50 x 100 x 50 h ca. 

5.2. n.l underground tank for the storage of the spent Chroae 
baths; indicative diaensions: 250 x 200 x 250 h ca, 
u£eful voluae 30 a3 ca. 
(the tank volwne has been designed considering possible 
future increases of the chroae tanned production). 

5.3. covered area for the installation of the general control 
board of the chrome recovery unit. 
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Price of the Chro•e recovery unit: 

40,000 U.S.$ 

Tbe price includes: 
- detailed drawinqs for concrete works (with the exclusion of 

the static calculations) 
- detailed drawings of the hydraulic and electrical connections; 
- detailed drawings of the reservoir for chemicals and recovered 

liquor: 
- detailed instructions for electrical and hydraulic 

connections. 
*** 

IXCWSIQHS 

In the over indicated price are not included the price of the 
reservoirs for the storage of the e2so4 and the recovered Chrome 
liquor. These reservoirs can be purchased on the local market. 

6 

The hydraulic connections (pipes, valves and fittings) between the 
Chroae recovery unit and these reservoirs are not included in the 
price and are on charge of the recipient Co•pany. The electric 
cable for the connection between the general control board of the 
unit and the tannery power network is also on charge of the 
recipient Co•pany. 

7. SPARE AllD OlWSUllPTIOR PARTS 

I 111 I 1111 11 

- first lifting plDlp (subaersible pwap): 
• n. 1 iapeller; 
• n. 2 pair of aechanical seals. 

- helicoidal pu11p: 
• n. 1 rotor; 
• n. 2 stators; 
• n. 2 sets of accessories for periodic maintenance: 
• n. 4 stuffing box packings; 

- dosing puap for e2so4 : 
• n. 2 plW1CJers; 
• n. 4 gland packings; 
• n. 2 set of accessories for periodical maintenance 

(valves, valves seats etc ••• ) 

II I I I 1111 II II I I 11 111 II I I 11111 I I I I I 11 I 
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- puap for the transfer of. the recovered liquor: 
• n. 1 i•peller: 
• n. 2 pairs of mechanical seals. 

- electric switch board: 
• n. 6 connectors: 
• n. 6 overload relays; 
• n. 8 sets of fuses. 

Indicative price of the spare parts •••••• 4.ooo u.s.$ 

*** 

7. COSTS • W&Pl'TS OP' TllB c::&RmlB RllXNBRf 

Note: the here indicated figures must be considered 11erely 
indicative. 'I'be fluctuation of the changes and the difficulty to 
deteraine exactly both the chrome quantity and the consu•ption of 
the chemicals do not all0tt a very precise calculation. 

current quantity of recoverable chroae 45 x 300 = 13,500 kg of 
cr2o3 i.e. 54,000 kg of Chroae sulphate per year. 

The Chroae sulphate ccr2o3 content 25t ca.) is iaported. The price 
FOB is 1.86 DM (1.16 U.S.$) per kilo: 15-20\ 11<>re expensive than 
that in Europe. 

Note: 
DM - Deutschen Marks 
U.S.$ - U.S.A. Dollars 

COllJllercial value of 54,000 kg of Chrome sulphat& • 62,640 U.S.$. 

Cgst of th• cbeaicals 
(Prices FOB. these cbeaicals are iaported) 

- Sulphuric acid (96t): 

- llagnesiua oxide (90t ca.): 

0.31 DM (0.19 U.S.$) per kg 

0.75 DM (0.47 U.S.$) per kg 

Electricity cost: 

J,ohgur: 

0.25 Birr (0.05 U.S.$ ca.) per kWh 

1.0 Birr (0.2 U.S.$ ca.) per hour 

I I I I I I I 11 1111111 I 



OPBRATIOR COSTS OF TllB CllRtME Ri5lXJVBRY PLAM'T 
(see paragraph 3, points 3.2 - 3.3 and 3.4) 

- MagnesiUJI oxide: 0.5 x 13,500 ::; 6,750 kg/y - 3,170 
- Sulphuric acid . 0.8 x 13,500 . = 19,800 kg/y = 2,050 
- Electricity 30 x 300 = 9,000 kWh/y = 450 
- Labour: 4 x 300 = 1,200 brs/y = 240 
- Maintenance (*) 
- Miscellaneous costs(**) 
- Depreciation (***) 

Total expenses = 16.910 (say 17,000) U.S.$ 

esti11ated. 10' of the equipment cost. 
estimative (analysis, etc.). 

= 4,000 
= 2,000 
:s 5,000 

per year 

us $/y 
• 
• 
• 
• 
• 
• 

(*) 
(**) 
(***) accelerated depreciation for pollution control equipaent, 

2ot per year. 

credit (62,640 - 11,000) = 45,640 u.s.$ per year. 

Plant installation costs 

- estimated price of the iaported equipaent: 40,000 U.S.$ 

40,000 U.S.$ 
- estimated price of the local ancillary 

facilities (reservoirs and civil works): 

Total cost of tbe cbnme recovery plant 80,000 U.S.$ 

80,000 
Payout period (*) = -------- - 1.75 years 

45,640 

(*) No interest and capital charges • 

••••••• 
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AllMEX II 

SUGGESTED LIST OF EQUIPMENT TO BE 
IMPORTED FOR 

THE EFFLUENTS ANALYSIS LABORATORY 

COD REFLUX APPARATUS, consisting of: 

1 six-burner heating •antle 
6 reflux apparatuses (250 ml Erlenmeyer flasks with 

ground-glass necks and 300 .. Liebig jackets). 

Spare parts: 

2 reflux apparatuses (glass) 
10 Erlen•eyer flasks, 250 al 
10 Erlenaeyer flasks, 500 ml. 

APrmdaate total price: u. s. S 2. 000 

8005 RESPIROllE'l'BR APPARATUS, consisting of: 

1 six-place stirring device 
6 BOD bottles with caps, mercury tubes, LiOH pills, 
silicone containers and stirring anchorsa 

6 sets of interchangeable scale for direct reading of 
BOD values. 

Spare parts: 

20 BOD bottles 
4 sets of rubber drive belts 

1 refill supply of cheaicals (nutrients, standard BOD 
and LiOH pills. 

Apm'<>XiMte total price: U.S.$ 1.500 

N.4 IJIHOFF SBDIJIBll'l'ATIOll CONES, for determining amount 
of setteable soli.d matter in waste waters. 
Capacity 1,000 ml with graduated scale. 
Material acrylic or Pyrex glass. 

Armroxiute total price; u.s.s 200 

I 



DISTILLATIOll APPARATUS for NH3 and phenols, consisting or: 

1 heating aant1€s for 500 and 1,000 al flasks with 
ground-glass 24/40 neck 

1 500 al flask, 24/40 neck 
l 1,000 al flask, 24/40 neck 1 condenser, 24/40 neck 

(See EPHA Standard Methods of Water Analysis) 

Spare Parts: 

2 500 al flasks, 24/40 necks 
2 1,000 al flasks, 24/40 necks. 

AaProxjwy total price; U.S.$ 740 

M.2 llAGllBTIC STIRRERS coaplete of stirring anchor sets 

A»Pmx••t:e total price: u.s.S soo 

N.J SOLVBll'l'-EX'l"RAC"l'IOll APPARATUSBS (Soxhlet glassware), 
each consisting of: 

1 reflux apparatus, large-neck, 250 ml capacity 
1 500 al Pyrex balloon, 24/40 neck. 

AmProxi•te total price; U.S.$ 900 

STAllDARD llB'1'llODS for the exaaination of water and Wastewater, 
published by Allerican Public Health Associ~tion, latest 
edition. 

AJmroxl•te prico: u.s.s 160 

TOTAL PRJCB OP TBB LABORA'l'ORY BQUIPllBllT: U.S.$ 6,000 

********** 
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SUMMARY AND BACKGROUND 

Studio Tecnico Or. Clonfero, Florence - Italy, was contracted by 
UNIDO-Vienna in Septeaber 1992 (Contract 92/134/Ml) within a 
programe of pollution control of the large scale and 1M.1lti
cohQ11Prensive US/RAF/88/100 Project of Assistance to the leather 
Sector in the East Region of Africa. 
The specific task of this contract was the preparation of a 
techno-econ<>11ic study and full design for the implementation of 
two [ffluent Treatment Plants (£TPs): 

- Priparv & Secondary ohase at Awash Tannery. Ethjopja; 

- Secondary (biologjcal) ohase at Sagana Tannery. Kenya. 

The contractual duties include: 

- collect a 11 data relevant for the design and operation of the 
ETP; 

- obtain information about the local existing standards for tne 
effluent discharge; 

examine the possible ETP site alternatives and collect 
infol"llition about the local cost for civil works and construction 
materials; 

- provide detailed specifications of the necessary equipment and 
indicate an estimation of prices; 

prepare the break-down 
operation/maintenance/110nitoring costs and 
requirements. 

' 
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Before this Final Report, Studio Tecnico has submitted to UNIDO 
the reports listed below: 

- Flash Report 
- Progress Report 
- Draft Final Report 

20 Decellber 1992 
15 February 1993 
28 April 1993. 

The parts of these reports referring to Sagana Tannery are briefly 
su..arized here. 

flash Reoort 

The first mission in Kenya of Mr. G. Clonfero, tea• leader and 
expert in tannery effluents, took place in October 1992. 

Forward 

Having participed in the design of the primary treatment phase, 
Mr. G.Clonfero was already familiar with the situation at Sagana. 

The Project US/RAF/83/100 installed a primary ETP in this factory 
as a •110de1• for the tanneries of the Central East African Region. 
The plant is ultimated and in operation since Septetnber 1992. 

The limits requested for the discharge into Sagana river (influent 
of Tana river, the most important Kenyan water course) are quite 
strict. The Project's strategy, illustrated and accepted by the 
Water Development Ministry (WDM: Kenyan environmental authority 
for water and effluent) provided a pha~ed intervention at Sagana: 
the secondary phase should be defined when the primary installed 
and its performances and efficiency tested. 

To evaluate the actual performance and efficiency of the priinary 
plant was mandatory for the proper design of the secondary 
treatment: this had been the main expert's task during his stay at 
Sagana. 

I 11111 II I 1111 I 11 11 ' 
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i. The analytical controls carried out by LDC-KIROI (Leather 
Development Centre of the Kenyan Industrial Development Institute) 
indicated the following average removal percentuals: 

Parameter 

- coo 
- BOO 
- Suspended Solids 
- Settleable matter 
- Sulphide 
- Trivalent Chr011iu• 

Percentual 
of re.oval (*) 

SOI 
69i 
95f. 
821 

IOOI ca. 
ggi 

(*) The reaoval has been calculated ca..,,aring the characteristics 
of the ho110genized and the primary settled effluents. 

These results indicate a good efficiency of the primary treatment 
(at the current operation conditions) but, as expected, they are 
still far fr011 the requested standards for discharge. The 
installation of a secondary (biological) phase is however 
necessary. 

11. The factory was working only at 30-40I of its maximu11 
production capacity: this circumstance has been considered in the 
evaluation of the actual performances of the primary ETP. 
Further110re, a cQ11Parision between the local cost of chet1icals and 
power indicated that the biological treatment of the organic 
loading (BOO and COO) is SOI ca. less expensive than the 
flocculation with chemicals. 
In the design of the secondary phase, a safety BOO of 1,000 119/l 
after the primary treatment has been considered both for 
preventing an eventual increase of pollution at the plant' maxi1111m 
capacity and for granting a reduction in consumption of chemicals. 

;ii. A detailed measurement of the area at disposal for the 
secondary treatment has been done by the expert with the support 
of Mr. Geoffry Murungi, Kenyan civil engineer. This technician, 
Works Manager of Sagana Tannery in the illP lementat ion of the 
primary ETP, prepared also an up-to-date list of the local prices 
of building 11ateria ls and civil works. 
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Progress Report 

A classical ~extended aeration• process {aeration, secondary 
sedimentation and sludge recycle) had been designed as secondary 
treatllent phase. 

De-brief jng at UNl[)Q headquarters in Vienna 

The Progress Report had been discussed on 24 February in Vienna 
~ith Mr. Jakov Buljan, SIDO, and Ms. Aurelia Calabro, UNIOO Back 
stopping Officer for this contract. 

The compact secondary treattient system designed by Studio Tecnico 
resulted the 11<>st suitable in the situation existing at Sagana 
tannery. The area available does not al low the installation of 
110re extended alternatives {e.g. lagooning). 

The above-mentioned UNIDO's Officers noted that the report 
contains smne fonul errors and, furthermore, recoanended 110re 
details about the operation and maintenance costs estimated for 
the primary ar.d secondary treatment. 

The second mission on field of Mr. G. Clonfero took place in 
March 1993. 

i. The secondary phase designed by Studio Tecnico had been 
explained in details to the tannery's management. 

1 i. In a neet i ng at WDM headquarters in Na i rob; the expert 
illustrated also to Mr. Weru, Head of the Pollution Control Board, 
the technical solution proposed for the secondary treatment phase 
at Sagana. 

iii. A series of analytical controls carried out in March by the 
effluent laboratory of LOC-KiRDI reconfirmed the previous data: 
the average 8005 of the effluent frOlll the primary treatllent is 
amply below l ,<JOO 1119/l, value adopted for the design of the 
secondary phase. 
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Draft final reoort 

In the draft final report, the contractual document about the 
proposed interventions at Sagana Tannery had been defined. In the 
substance, it did not differ significantly fonn this final 
version. The draft final report has been discussed in detail with 
Mr. Berg, SIRA, Mr. Buljan and Ms. Calabro at UNIOO's headquarters 
on 26 May. 
The few l!Odifications and additions required by the UNIOO Officers 
have been introduced in this final report. 

******** 
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1. INPUT DATA 

1.1. Max. daily capacity : 6,000 kg of raw m~terial 
(dried weight) 

1.2. Production (current conditions): 80% wet-blue, 

3 

10% finished chrome leather, 
10% vegetable tanned. 

1.3. Volume of waste waters (current conditions) 

Process 

1st soaking 

2nd soaking 

Washing 

Liming (1) 

Washing 

f'leshing 

Washing 

De-liming & 
bating (4) 

Washing 

Pickling & 
tanning 

Sammying 

Water 

400% 

400% 

400% 

150% 

170% 

70% 

100% 

60-70% 

70% 

WET-BLUE PRODUCTION : Water use 

Washing 

Neutralisation 

Washing 

Retanning, 
fatliquoring 
& dyeing 

150% 

100% 

150% 

80-100% 

OTHER PRODUCTION (**): Water use 

Daily volume(*) 

24 m3 

24 m3 

24 m3 

18 m3 

20 m3 

5-10 m3 

10.5 m3 

15 m3 

10 m3 

10.5 m3 

3 m3 

169 m3/day 

5 m3 

3 m3 
... 

5 m" 

3 m3 

16 m3/day 
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Notes: 

Waters for the cleaning 
of the equipment & floor 

TOTAL DAILY VOLUME: 

4 

10 m3/day 

211 m3 

(*) the 
expressed 
process). 

daily volume of effluent (the quantity of water is 
in weighi: of hides or skins at that phase of the 

(1) soaked weight = 2 times the dry weight. 

(2) pelt weight = 2.5 times the dry weight. 

{**) currently on 20% of tne total production. 

Important notice: 

211 m3 of water per 12,000 kg of raw material, soaked weight, 
correspond to 211,000 : 12,000 = 17.5 litres per kg of processed 
hides/skins. 
A precautionary water consumption of 35 l/kg has been here 
assumed, i.e. 12,000 x 35/1000 = 420 m3 of effluent per day. 
This figure allows for a future increase in production or water 
consumption. 

1.4. Limits to discharge 

The Kenyan Ministry of Water Development has imposed strict 
standards for the discharge of the final effluent of this tannery 
into Sagana river: 

- pH 
- 8005 
- COD 
- Oil & Grease 
- Phenols 
- Chromiwa tot. 
- suspended Solids 

6 - 9 
< 80 mg/l 
< 100 mg/l 

Nil 
< 5 mg/l 
< 1 llCJ/l 
< 100 mg/l 

A two-step treatment, physico-chemical and biological is necessary 
in order to achieve these levels of BOC and COD reduction .in 
tannery waste waters. 
Due to the current lack of practical experience in the design and 
operation of a tannery effluent treat»~nt plant, starting st 
Sagena tannery with a complete treatment seemed a risky 
undertaking and, therefore, an inst'lllation in two successive 
phases has been foreseen. 

1111 I Ill II I I I 111111 I I I I 1111 II I I 
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2. DESCRIPI'IOll OF THE TREA'l'MEllT PROCESS 
(see also the annexed process flow-sheet) 

PRIHARY TREATHENT 

The primary phase of effluent treatment is already installed, it 
foresees: 

Pre-treatment of Chrome III wastes 

These waters are separately collected and, after screening (bar 
screen), are sent to the neutralization tank where lime-milk is 
added by means of a pneumatic valve driven by a pH-meter. 
From the neutralization tank the liquor flows by gravity into the 
precipitation tank where the hydroxide settles as sludge and the 
chrome-free supernatant is piped into the first lifting station of 
the general effluent treatment. 
The chrome sludges are periodically disct:.arged and pumped to a 
series of drying beds specific for these solid wastes. 

Storage and redistribution of the spent unhairing ligyors 

The spent liming, washing and fleshing liquors are collected in a 
separate gully and, after screening, are sent by gravity in a.n 
underground storage tank with a capacity equal to ~he daily volume 
of discharge. 
In order to screen most of the hair, a self-cleaning brushed 
screen has been installed; in fact the partially pulped hair 
remaining in the concentrated lime/sulphide liquor are, in time, 
further dissolved increasing the BOD and COD of the effluent. 
Furthermore, this material floating or settling can form coarse 
aggregates with the risk of clogging the pwaps and pipes. 
A submersible Venturi ejector assures the mixing to avoid solid 
deposits and also starts the sulphide oxidation. 
At this step, due to the high concentration of the sulphide in the 
liquors, a dosage of MnS04 seems unnecessary (the sulphide 
oxidation will completed in the equalization tank) but it can be 
manually given if on-plant tests will show a better performance. 
These wastes are then pumped to the equalization tank and mixed 
with the other tannery effluents. 

A submersible pump, driven by a programmed timer, redic.tributes 
the daily sulphide wastes, generally discharged in a short period 
of time during the morning, in 10 hrs ca. 
The advantage of this teclmique is a more uniform load of the BOD, 
coo, Suspended Solid and Sulphide arriving to· the plant renders 
easier the design of the successive tre~taent phases. 
In particular, the knowledge of the quantity of sulphide coming 
into the equalization tank enables a better calculation of the 
hourly required oxygen and of the retention time necessary to 
complete the oxidation process. 

1111 11 111 I 11 I I II I 1111 II I 
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General effluent treat.ent 

I 

I 
I 

The other tannery effluents are screened (brushed screen) and sent f 
by gravity into a lifting tank. This tank will also receive by 
gravity the supernatant of the pre-treataent of the Chroae waters. 
The puaping station is equipped with two submersible pWlps and a 
series of floating level switches. 
The wastes are puaped into the equalization tank in which the 
liaing liquors fro• the storage tank are also sent. 
The equalization is necessary both to realize a good nixing 
(bo!IOC)enization) of the various strea•s and to cut off the flow 
peaks of the factory (hydraulic equalization) in order to cbtain a 
unifora and constant effluent to treat. 
To avoid the sediaentation of the suspended sol ids, the tank is 
equipped with two subaersible Venturi ejectors that assure the 
necessary aecbanical mixing. 
Furtheraore, the injection of air enables the oxidation of 
sulphides catalysed by the addition of Manganese II salts. 
A submersible pmap redistributes the aixed daily effluents to the 
further treatllent phases. 
The successive coagulation and flocculation processes are done by 
adding AlUJI and Polyelectrolyte. 
Such a cheaical treataent is very flexible and can be modified 
during the plant co .. issioning and adjusted to the real needs and 
practical results. 
The che•icals are dosed in water solution by means of two aetering 
pumps that operate si•ultaneously with the second lifting pUllp. 
The flocculated liquor flows by gravity into the priaary 
sediaentation tank ( Dortaund type) where 110st ot the suspended 
solid is allowed to settle as sludge and the clear supernatant is 
discharged. 
When the biological treataent will be installed the primarily 
treated effluent will be, obviously, piped to this treatment. 

Treat;aent of sludge 

The sludge settled in the primary sedimentation tank is pmq>ed 
(helicoidal puap) to a series of sand drying bed&. 
The puap is driven by a ti11er that will be progra..ad in order to 
•intain a correct blanket lf!Vel in the tank and transfer a 
suitable thickened sludge to the beds. 

The de-watered eluclCJe, 20' ca. of dry matter. aust be manually 
collected and transported to its final disposal site, while the 
filtration waters are piped back to the general treataent. 

BCORDARX fRBM'UJl'l 

The biological treatllent is an extended aeration that is realized 
in three successive stept.;: 
- aeration (BOD-reaoval through bio-absorption/flocculation of the 

soluble/suspended organic matter) 
- aedi11entation (physical treatllent necessary in order to separate 

the biological sludge frG• the treated water) 
- biological sludge recycle (the settled sludge is continuously 

re-pumped into the aeration tanJt to maintain the bacterial aaBa 
: necesaary to the process. 

I I I Ill II I 11 11 
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The aeration tank is designed for 2 days ca. retention time and 
the oxygen necessary to the process is supplied by blowers and air 
diffusers. The secondary sedimentation is realized into a circular 
tank fitted with rotary bridge mechanism for the sludge scraping. 
A ~ubmersible pump recycles the settled sludge to the aeration 
tank. Periodically, the excess of sludge is discharged throught a 
by-pass-valve into the equalization basin. 

NOTE 
During the meeting held at UNIDO headquarters in Vienna Mr. Jakov 
Buljan, Back St?pping Officer, recommended Mr. G. Clonfero to 
consider in the final report also a concept for a biological 
treatment applying a lagooning system. In the Officer's opinion, 
the realization of such system seemed be facilitated by the space 
availability at Sagana. 
Mr. Clonf ero in the mission in Kenya of March has recheked the 
dimensions of the existing lagoons and the eventual area still 
available for other lagoons. 

The dimensions of the existing lagoons are: 

lagoon n. 1 m 54.0 x 8.5 x 1.2 h = 459 m2 550 m3 ca. 
n n. 2 m 28.0 x 11.0 x 1.2 h = 308 n 370 n 
n n. l m 20.4 x 14.8 x 1.2 h = l02 n l62 n (*) 
n n. 4 m 19.4 x 7.J x 1.2 h = 142 n 170 n 
n n. 5 m 20.0 x 9.2 x 1.2 h = 184 n 220 n 
n n. 6 m 20.0 x 9.0 x 1.2 h = 180 n 216 n 
n n. 7 m 16.0 x 9.7 x 1.2 h = 155 n 186 n 
n n. 8 m 14.0 x 9.l x 1.2 h = llO n 156 n 

Total = 1,860 .2 2,230 •3 ca. 
=============~===========~======= 

(*) currently the lagoon n. 3 is used tor the disposal of solid 
wastes (the effluent from the primary treatment is not sent in 
this lagoon). 

The existing lagooons, depth between 1 and 1.5 metres, are 
basically "oxidation ponds" that are designed with an organic 
loading between 40 and 120 kg of BOD per hectare of pond surface 
per day (see Table 1.1). 

At the present tannery's discharge flow (70 ml/day ca.), the 
current retention time results about 26 days and 16 hrs. 

At. the plant's design capacity ( 400 ml/day) the maximum retent" ion 
time of the lagoons is about 5 days and 14 hrs. 

LDC KIRDI found a residua 1 BOD5 in the effluent from the primary 
sediment~tion between 500 and 400 mg/l. 
The few available data on the characteristics of the effluent from 
the lagoons indicate a eoo5 between 400 and lOO mg/l. 

II 1111 I II I II I 1111 I I I I 11 11 
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Considering that the tannery is currently diluting with fresh 
water 1 1 the effluent from the primary sedimentation, the 
volume of water sent into the lagoons is about 140 m3/day. 

The current BOD removal is {140 x 0.1) 14 kg of BOD5 per day. 

The mean BOD removal {14 : 0.156) is 90 kg BOD per ha per day. 

If the above calculations are correct, for comply with the 
requested limit of 80 mg/l BOD5 (i.e. a total BOD removal of 320-
420 mg/l) 0.50 ha (44.8 90} or 0.65 ha {58.8 : 90) shoud be 
necessary. I.e. 3-4 times the existing surface of the lagoons. 

Tbis area is not available at Sagana. 

Furthermore, the unsatisfactory experience done at Alpharama 
Tannery renders very difficult to entrust in the reliability and 
efficiency of the lagooning for tannery effluents. 

Also Mr. Weru, Head of the Kenyan Water Control Bureau, seems to 
have little revised his opinion about the rP.liability of the 
lagooning treatment for tannery effluents. Now he speaks about a 
possible their use for the final polishing of the effluent. A kind 
of protection "diaphragm", be'tween the treatment plant and the 
recipient environment, to be installed atter a mechanized 
biological treatment. 

For these reasons the expert reached the conviction that it is 
better to maintain the existing lagoons only as final polishing 
ponds after a classical biological treataent. 

T48LE 11 Dnlgn Futures and Expected Pertormanu lor Aquatic Trntment Unllsu" 

Treatment 
Concepts eoala 

0>1dation pond Secondary 

Facaltativlf pond Secondary 

Aerated pond Secondary, poliahane 
partial miz 

Storapand Secondary, 1torage, 
controlled polilhinc 
d1acUrp pondl 

Hyacinth pond8 Secondary 

Hyacinlb ponds A.Vfr, wich 
MClOadary •npt1t 

• See Tlble A..1 ill the •ppndis ror CODHnion racion. 
1 BOD • bioclMmical osypn cleanancl. 

Climate 
need& 

Warm 

Non" 

None 

None 

Warm 

Warm 

I TS8 • toeal 1111p9ncled 10liu, conceal.ration dependl on al1al mnc.tnt. 
I Fint Cllll io .,Um dt9!111ad u a (1KUltative or Mrated trutnwnt unit. 
~ TP • 1A1.a1 pbolphonia. 
I TN • toeal nilft.pn !aleo 1-' alsnilicant metalt re'llOnl ell'K14ldl 

Typical criteria• 

Detention 
time. Depth, 
days m 

10-40 1-1 5 

25-180 I 5-2 5 

7-20 2-6 

!.00-200 3-5 

30-50 < 1.5 

>6 <I 

:'ran INIJ..S'IRIAL WA'ffi1 RX.J.J.Trl~ cumu. W.Wesley Eckenfelder Jr 

Mc ffiAW-HHL ~TICJW.. fDI1'IOO Secood F.d. 1989 

Organic Emuent 
loadine. characteriatica, 

ke1<ha · d> nag IL 

40-120 BOD1 20-4(\ 
TSSI 80-140 

22-67 BOD 30-40 
TSS 40-100 

50-200 BOD 30-40 
TSS 30-60 

-I BOD 10-30 
TSS 10-40 

< 30 BOD < 30 
TSS < 30 

< 50 &OD < iO 
TSS < 10 
TP1 <5 
T~ti <5 

I 

I 
I 
I 
I 
I 
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3. DESIGN AND CALCULATIONS OF 'l'llE SECONDARY TREATMENT PHASE 

The biological treatment adopted is an nextended aerationn process 
with the following operational parameters: 

Note: 
F = 
M = 

- Retention tiae: 48 hrs ca. 

- F/K ratio < 0.1 

organic loading, kg soo5 of the influent per day. 
mass of Mixed Liquor Volatile suspended S~lids (MLVSS) 
in the aeration tank (quantity of active biological sludge). 

Volume of the aeration tank: 

400 m3/day x 2 days retention period = 800 m3. 

The Oxygen request may be calculated from the formula: 

Were: 

O.R. 
a 
f 

b 

= 
= 
= 

(a x P) + (b x M) 
O.R. = 

24 

total oxygen requirement per hour. 
coefficient related to o2 requirement for synthesis. 
organic loAd: kg BOD/day 

= coefficient related to o2 requirement for endogenous 
sludge respiration. 

Replacing the project's data: 

F = 1,000 x 400 : 1,000 = 400 kg of BOD5/day (*) 

M = 400 : 0.1 = 4,000 kg of MLVSS 

and assuming: 

a = 0.8 and b = 0.2 (experimental data) 

(0.8 x 400) + (0.2 x 4,000) 
O.R. = --------------------------- = 46.7 kg/h 

24 

(*) a BOD of 1,000 mg/l has been considered in order to allow the 
reduction of the chemicals used in the pri2ary treatment. 
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Let the oxygen transfer efficiency of the 
be 15% at the operational conditions: 

46.7 x 100 : 15 = ~11 kg~h ca. of o2 
311,000 : 280 = 1,112 Nm of air per 

installed air diffusers 

must be furnished or 
hour. 

Two blowers with a capacity of 600 Nm3/h ca. of air each have been 
proposed. 

Secondary sedimentation: 

- superficial load = 0.5 m3;m2 of tank surface per hour 
(adopted); 

- influent flow = 400 : 20 = 20 m3/h; 
- total necessary surface = 20 : 0.5 = 40 m2. 

A circular clarifier with a 8 m diameter (surface 50 m2) has been 
proposed. 

Sludge recycle: 

- recycle rate= 100% (adopted); 
- capacity of the recycling ~ump = 20 m3/h. 
A submersible pump with 24 m /h ca. has been proposed. 

Note: as general habit, 100% recycle rate means that the volume of 
the settled secondary sluge repumped to the aeration tank equals 
the volume of the hourly raw influent. This does not imply any 
draw-off of the excess sludge produced in the biological process. 
In .tact periodically part of the sludge must be discharged in 
order to mantain the correct concentration of suspended solids in 
the aeration tank. The surplus of sludge is disch3rged by the same 
recycle pump operating on the by-pass to the equalization basin. 

4. LIST OF THE EQUIPllEM'l' 

4.1. n.2 rotary vane blowers able to supply oil-free air, 
rotors and body in spheroidal cast iron, direct drivinn 
through flexible anti-shock coupling to 11 kW motor 
415 V, 50 Hz, 2 poles, threephase, protection IP 55. 
Technical specifications: 
- capacity = 600 Nm3/h each of air at 0.4 Bars; 
- max. head = 0.4 Bars. 
The blowers are equipped with: 
- suction filter, 
- suction and discharge silencers, 
- non return valve; 
- safety valve; 
- flexible anti-vibration connection and shock insulating 

feet. 

Price: 11,400 U.S.$ 
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4.2. 

4.3. 

4.4. 

11 

n.1 air distribution device consisting of: 
- 250 non-clog air diffusers (medium/small bubbles) 

wi tl1 cone-shaped base in polypropylene and flexible 
parforated EPDM membrane for the air escape in fine 
bubbles. 
oxygen transfer efficiency 20% ca.; 

- air distribution net-work in galvanized steel 
(out-side part) and in PVC (submerged part); 

- air regulation valves; 
- clamps for the device fixing at the walls of the tank 

in concrete. 

Total Price: 18,000 U.S.$ 

n.1 sludge scraping aecbanisa for circular secondary 
sedimentation tank of 8 metres. 
Technical specifications: 
central driver of 0.5 kW, 415 V, 50 Hz, 4 poles, 
three phases, protection IP 55, with two speed 
reducer; peripheral speed 2.5 m/min. ca. 
lectrowelded structure in hot galvanized steel. 
Equipped with: 
- over-flow weir type Thomson and scum-baffle in stainless 

steel AISI 304; 
- surf ace scum-blade scraper and scum-troug in stainless 

steel AISI 304; 
- bottom sludge scraper in hot galvanized steel and rubber 

blades; 
- central influent well in hot galvanized steel; 
- flange~ inlet and outlet connection and sludge draw-off 

pipe in Fe 37. 
Price: 20,000 U.S.$ 

n.1 submersible pu11p, for waste water with high solid 
content. 
Body and propeller in cast iron with rubber paint, shaft, 
studs and nuts in stainless steel AISI 304. 
Characteristics: 
- 2 kW motor 415 V, 50 Hz, 3 phases, 4 poles, insulated 

to F Class; 
- swingle-vane impeller with solid passing of 76 mm 

diameter: 
- capacity 900 l/min. at 4 m bead. 
The pumps is equipped with a hose connection, base stand 
and strainer. 

Price: 3,000 U.S.$ 
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4.5. n.l control board for the operating and control of the 
electrical equipaent of the E.T.P. 
The control board is designt"!d in accordance with the 
standards of the European Electricity co .. ittee. 

4.6. 

The board is made for the installation under a covered 
area. 

piping: 
pipes, valves 
of the E.T.P. 
The aaterials 
are different 
piped product 

Price: 2,500 U.S.$ 

and tittings for the hydraulic connections 
and sludges drying beds. 
(PVC, steel, polythene, stc.) and the sizes 
according to the characteristics of the 
and the required flow o~ head. 

Total Price: 800 L.S.$ 

4.7. electrical wiring: 
cables of different sections and accessories for the 
connection and/or control of the electrical equipment 
of the secondary treatment plant including cla~ping 
devices. 

Total Price: 600 U.S.$ 

--------------------------------------------------------------Total Price of the equipment 56,300 U.S.$ 
--------------------------------------------------------------
5. SPARE AllD COllSOllP'l'IOll PARTS 

Indicative price of the spare and consumption parts for two years 
of the biological phase operation: 

5.1. Air diffusers 
n. 10 coaplete sets Total Price 500 U.S.$ 
n. 25 •eabrands Total Price 625 U.S.$ 

5.2 Air Blowers 
n. 2 sets of flexible joint Total Price 500 U.S.$ 
n. 2 sets of suction filters Total Price 100 U.S.$ 

5.3 Submersible pllllp 
n.1 stand-by unit Price 3,000 U.S.$ 

--------------------------------------------------------------Total Price or the spare parts 4,625 U.S.$ 

--------------------------------------------------------------
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6. PLAiil't' COMHlSSIOMDIG AND TRAINING OF THE LOCAL STAFF 

6.1. Supervision during plant installation: 

n.1 technician for 7 days: 2,800 U.S.$ 
(1 internat~onal trip) 
Trav~l expenses, board and lodging at the charge of the 
recipient Coapany. 

6.2. J>lant .§.t.Art-up and t."aining of tbe local personnel: 

n.1 technician for 7 days: 2,800 U.S.$ 
(1 international trip) 

13 

Travel expenses, etc. at the charge of the recipient Company. 

7. OPERATION COSTS OF TllB ETP 
(for 400 .~ of effluents per day) 

Note: the exchange rate of 60 Kenyan Schillings (K.Sc.) per 
l U.S.A. Dollar (U.S.$) has been here adopted for the local 
costs. 

7.1 PRIMARY ~TMEN'!' 

CheaicAil: 

- Alum 

- Polyelectrolyt'I;! 

- Manganese 
sulphate 

- Lime 

price 

consumption 
cost 

price 

consumption 
qost 

price 

consumption 
QQ&t 

= 0.5 U.S.$/kg 
(local - coarse pieces) 

= 90 kg/day (*) 
= 45 U.S.S per day. 

= 

= 
= 

= 

== 
= 

10 U.S.$/kg 
(iaported - anionic powder) 
0.4 kg/day (**) 
4 U.S.$ per day. 

2 U.S.$/kg 
(iaported - 981 grade) 
a kg/day (***) 
16 u.s.s per day. 

price = 0.3 U.S.$/kg (local) 
consumption • 20 kg/day 
CQSt = 6 U.S.$ per· day. 

fgtal cost for chemicals = 71 U.S.$ per~. 



------------------~------~·--~~~~~~~--~~--~~~~~~~~~~~- -- -

I 

Notes: 
(*) calculated on the basis of the present consuaption 

(i.e. 225 ag/l), with the installation of the secondary 
treatllent a reduction should ~ po5sible. 

(**) in the current conditions at Sagana the polyelectrolyte 
does not see• to be efficacious, but it •ay beco•e 
necessary when the ETP will work at its full design 
capacity. For this reason a consUJ1ption of 1 ag/l has 
been considered. 
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(***) presently Manganese sulphate is not used, but, as for I 
polyelectrolyte, it could beco•e necessary when the tannery 
(and ETP) will work at full capacity. 
The calculated consUJ1ption is 20 ag/l on the •ixed effluent 

1 VOlUJle. 

Power: price = 3 K.Sc. (0.05 U.S.$) per kWh ca. 
consWlption = 200 kWh/day ca. I 
cost = 10 u.s.S per day. 

I.abour: 

Maintenance (*): 

salary 
persons 
cost 

= 4 U.S.$ per 8 hrs/day 
= 2 (8 hrs per day) 
= 8 U.S.$ per day. 

= 48 u.s.S per day 

(*) based on 10\ of the equipaent price (primary phase: 120,000 
U.S.$ ca.) per year (250 work days). 

Operation cost for the primary treatment: 137 U.S.$ per day 
(i.e. 0.34 U.S.$ per al of waste water). 

7.2 SECONDARY TREATMENT 

Chelaicals: 
- SOdiua Threephosphate price 

conswnption 
cost 

= o.5 U.S.$ per kg (estiaated) 
= max. 10 kg/day (eventual) 
= 5 U.S.$ 

Poyer: 

Labour: 

llaintenance (*): 

price - 3 K.SC. (0.05 U.S.$) 
per kWh ca. 

consUJ1ption - 400 kWh/day ca. 
cost = 20 u.s.S per day 

same pers~nnel of the pri.ary treat•ent 
(no extra labour). 

- 22 U.S.S per day 

(*) based on 10\ of the equipment price (secondary phase: 55,000 
U.S.$ ca.) per year (2~0 work days). 

Operation cost for the secondary trea~nt: 44 U.S.$/day 
(i.e. 0.11 U.S.$ per• ot waste water). 

I 
I 
I 
I 
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Note: the following costs has not been considered: 
i. the transport of the sludge to the final disposal and 

the eventual charge of the sanitary landfill. 

ii. tbe fin&nciDCJ/interast costs. 
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8. CIVIL moRltS 

8.1. Aeration tank: 
with lateral and bottoa walls in reinforced concrete 30 ca thick. 
Intemal diaensions: 

width 1,000 ca, 
length 2,soo ca, 

- heiqht 400 ca (useful 350 ca). 
Useful vol\me: 800 al ca. 
Partially underground tank: 270 ca above and 130 ca below the 
qround level. 

8.2. Secon4ar.y sadiaent;ation tank 
circular tank of 8 11etres diameter in reinforced concrete. 
coaplete of bridqe in reinforced concrete for the installation of 
the sludge acrapiftCJ device and pit for the sludC)e recycle puap. 
other diaensions: 
- height of vertical wall • 2.5 • (2 •useful); 
- surface a.: 50 .2, voluae • 100 al ca. 
Tbank partially underground~ 

***** 
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9. BIU OP QOAllTITIBS AllD BSHllATI«* COST Pm CIVIL ..U 

Note : the local unit prices for building 11aterials have 
been fournisbed by Mr. GEOFFRY MURUNGI, Consulting 
Engineer and work Manager for the E.T.P. at Sagana 
Tannery. 

ITDI UNIT QUAMTITY UllIT PRICE TOTAL PRICE 
K.Shs K.Shs. 

9 .1 Site worlm 

9.1.1. bulk excavation of the soil of natural ground to an 
average depth of • 0.30 froa the current level. 

•3 200 180 36,000 
9.1.2. cart, spread and depopsit all surplus excavated aaterials 

around site at distance not exceedinq • 200. 
•3 200 50 10,000 

. . . . . . . . . . 46.000 

9.2 aaca..ya, pita and llCCISBOire& 

9.2.1 a o.tOx0.40 manhole pita average beiqbt • 1.0 in 
concrete blocks of a o.2ox0.40xo.20 bedded with ceaent 
110rtar, including excavation cart away, internal 
plastering, concrete lean thick • 0.20 and cover 
a o.5oxo.so. 

pc 8 2,000 16,000 

9.2.2. - 200 P.V.C. pipeline, includi!1CJ excavation and 
placing. 

• 50 1,600 80,000 
9.2.3. - ioo P.v.c. pipeline, including excavation and 

placing. 
• 30 600 18,000 

SUb blt:al B• 1.z. • • • • • • • • • llt.ooo 

9.3. Mratt.cm teplr 

9.3.1. excavation of soil of natural ground to a •xi1n111 depth 
of • 2.5 starting froa the str.ipped level. 

•3 350 180 63,000 
9.3.2. cart away all surplus excavated -terial and deposit a-c a 

di•tance not exceedinq • 200 froa the site. 
•3 350 80 28,000 

9.3.3. concrete lean, kcJ 200 cement per •3 of concrete, forainq 
the tank base of • 0.20 thickness. 

•2 330 600 198,000 



9.3.4. a 0.40 thick reinforced concrete plate, kg 360 ceaent 
per a3 of concrete. 

ll2 330 2,000 660,000 
9.3.5. a 0.40 thick reinforced concrete elevation walls, 

kg 360 ceaent per al of concrete. 
•2 250 2,000 500,000 

9.3.6. concrete filler for slopes, kg 200 ceaant per •3 
of concrete. 

•3 30 l,500 105,000 
9.3.7. steel bar reinforce.mt, various diaaeters, including 

cutting, bendiDCJ, placing in position and tying wires. 
kq 16,800 40 672,000 

9.3.8. provide, cut, and fix in position wood for1NOrk for 
tbe r.c. elevation walls. 

•2 610 600 366,000 

9.3.9. backfill and coapacting of soil with dry filling 
•t.arials froa the site around the excavated r.c. 
valla. 

•3 90 50 

Sgb t:ot;al Jt• 9.3. . . . . . . . . 
9. 4. s--••n -od•...,...,.,,. tam 

4,500 

2.596.500 

18 

9.4.1. excavation of soil of natural ground to a aaxiaua depth 
of a 2.0 starting froa the stripped level. 

~3 70 180 12,600 
9.4.2. cart away all surplus excavated .. terial and deposit at a 

distance not exceedinq a 200 froa the Bite. 
•3 70 50 3,500 

9.4.3. concrete lean, kg 200 cement per a3 of concrete, toraing 
the tank base of • 0.20 thickness. 

•2 80 600 48 I 000 
9.4.4. a 0.30 thick reinforced concrete plate, kg 360 ce .. nt 

pitr a3 of concrete. 
•2 so 1,500 120,000 

9.4.~. a 0.30 tbick reinforced concrete elevation walls, 
kg 360 ciment per al of concrete. 

•2 65 1,500 97,500 
9.4.6. steel bar reinforC8118nt, various diaaeters, including 

cutting, bendiDCJ, placing in position and tyinq wires. 
kg 4,500 40 180,000 

9.4.7. provide, cut, and fix in position wood fonNOrk tor 
tile r.c. elevation walls. 

•2 80 600 48,000 
9.4.8. backfill and coapactinq of aoil witb dry filling 

aaterial• froa tbe site 5round the eY.cavated r.c. 
wall• (layers not exceediDCJ • o.so of thickness;. 

~ 15 ~ 7~ 

.. total ltr '··. • I , • • , , 51.0,350 
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Site works ••••••••••••••••• 46,000 
Raceways, pits, pipes and accessoirea ••• 114,000 
Aeration tank. • • • • • • • • • • • • • 2,596,500 
Secondary sediJ1811tation tanJt • • • • • • • 510, 350 

K.Sc. 
• 
• 
• 

~~--------~---~-----------------------~------~-------------
TOTAL 

contingency lOt ca. 

•••••••• 

3,266,850 K SC. 
327~000 K.~c. 

3,593,850 K.Sc. 
(60,000 U.S.$ ca.) 
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DRAWINGS 
Sagana Tannery 

I 
Table I: Process flow sheet 
Table 2: Plant lay-out 

I Table 3: Biological treatment: aeration tank 
Table 4: Biological treatment: secondary sedimentation tank 

I 
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