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This pa.per is prepared by~. G. Clonfero, L1NIDO Tannery Effluent Treatment 
E.'Cpert. during a t~u-week mission in Ethiopia for the project L'S/RAF/92/200. 

The purpose of the mission was: 

1. Nalbandian Tannery 

To pre~-e a design for the effluent treatment plant with 
flu.xgrams, equipnent specifications and cost estimates. 
includes sludge handling and disposal. 

2. Ethiopian Pickling ard Tanning 

appropriate 
The design 

To prepare a design for the effluent treatment plant. (both primary and 
secondary including the treatment of sludge} with appropriate flu.xgrams; 
lo assist in the dei:ign and/or adaptation of the eidl t.:orks for the plant 
and lo prepare spe.~ifications fur the equi1nent required t·:ith eust 
estimates. 

3. Dire and Wallia Tanneries 

To improve the efficiency of the existing systems (including the handling 
of sludge of tanneries with similar· problems. 

The expert dsited t:.t.:ice all t.hP ahon., listed tannP.ries i-·ith Mr. Seymun 
Hailu, National Expert. 

During t.h1~ \"is i t.s ?- : : t.hP (fat.?. 0 f t.hP rwoposa ls ha\·~~ '!-1'->Pfl p~;p 1 a i ned ~nd 
discussed; the available data han• ken eonlt·olh'!J dirP.t·tly in !Jw tannerit->s, 
~.., that the necessary co!"rections have been madP. 

The exptrt. Lel ieves that the managers of Uw tanneries han~ t.:el 1 understood 
the proposed technical solutions. The actual problem is represented by the fact 
the~· do not know which further action LTNIDO will take. It is obvious that unl.il 
I.he~· wi Jl know clearl~· if a {;~JOO assi stanc1~ for the necessary "hardware" wi 11 
1.:ooie true, they will not take any decision about the problems. Tltt-!refore, it 
is import.ant that LlNIDO shows the intentions about the future develorment of the 
project. 
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llALBAHDIAll T A H H E R Y 

Debre Zeit - ETHIOPIA 

&A:&M.:a.=;::1.&...-..AM~:&:.&~=-..:aaawUM~~~~~~~JwOwO-.-nl~Of TARJ!IRY 

1. PROJECT DATA AND 01fiBR DPORllATIOH 

- Tannery 
capacity: 

- Raw material: 

expected initial production 400 hides and 
2,000 skins per day. 
Maxilllla future production 500 hides and 
3,600 skins per day. 

dry hides 4.7-5.0 kg/pc 
(12-12.5 kg/pc green weight) 
dry goat skins 0.5 kg/pc 
(1.2 kg/pc ca. green weight) 
wet-salted sheep skins 2 kg/pc 
(2.2 kg/pc ca. green weight). 

- Total daily 
processed raw 
Raterial: initial 9,000 kg ca. green weight, 

14,000 kg ca. green weight. future 

.1. 

- Production: initially wet-blue, in future also crust leather. 

- Main process: hair saving liai.ng system and chrome tanning 
(high exhaustion products and chrome recycle 
methods will be examined for eventual use). 

- Work time: 6 days per week (JOO days/year), 1 shift (8 hrs 
per day). 

- Water source: Bishoftou lake: two submersible pumps (1 installed 
+ 1 stand-by unit) have been 
purchased. for this factory' service. The pump 
tested in the real operation conditions gives 

- Expected water 
consumption: 

- Total area 
available: 

lOO l/min. 

- initial 180 ml/day (max. 200 ml/day), 
- future 280 ml/day (max. 300 m3/day) (*) 
(*) factory's data. 
These fiCJUre give a water consumption of 20 
(max. 22) l/kg of raw material green weight. 

22,000 m2 (50\ ca. outside the factory'fence). 



- Tanr.ery 
location: suburban area (approx. distance from the 

residential area 1 km ca.). 

- Final recipient 
~ body: on the surronding land surface (see Note 1). 

- Limits for 
discharge: 

Note 1 

presently, no definite standards 
exist. 
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rhere are no surf ace waters or a sever into which to discharge the 
treated effluent. The direct discharge into the lake is out of 
question and, therefore, the dis-posal. onto the soil (irrigation or 
infiltration/evaporation) is the one -possible alternative. 

2. PROPOSED EFPLUElft' "l'REA'ftlBRT PLA1l'T 

Forward 

The expert's technical proposal has been based on the following 
assumptions: 

i. the tannery will adopt the hair saving lining process 
followed by the hair removal by filtration. This fact will 
remarkably reduce the solids, organic load and sulphide content of 
the effluent to be treated. 

11. the rain waters are separately discharged (they are not sent 
to the ETP). 

111. at the moment a specific regulation about the separate 
treatment of chrome effluents does not exist in Ethiopia, but it 
may be imposed in future because of the trend in East African 
countries to request it and to make difficulties for the disposal 
of chrome containing sludges. 
In the expert's opinion, a separate pre-treatment of the Chrome 
effluents is in any case necessary. Neither the use of the spent 
tanning liquor for the preparation of the picking bath nor the 
high exhaustion techniques (these are the possible aethods that 
the tannery would eventually to adopte) can guarantee a final 
content of trivalent chrome lower than 500 mg per kg of dry sludge 
(as normally requested by the environmental regulations for the 
use of the sludge in agriculture). 

iv. because of the land slope, both the chrome pre-treatment and 
the general treatment unit can be fed by gravity (an initial 
pumping station is unnecessary). 
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v. in the expert 1 s opi.ni.on, the here proposed disposal of the 
final effluent (and the residual chroae fret~ sludge ?) onto the 
soil (irrigation/fertilization) does not justify high level 
treatments. The installation of a secondary (biological) treatment 
has been so estimated unn~essary and the scme flocculation with 

... che•icals before the priaary sediaentation has been proposed for 
security reasons BtOre than for technical exigencies. 

2.1 Brief description of the treatment process 
(see also the annexed flux-graa) 

The tannery effluent are 
line 1 and line 2 
respectively). 

discharged into two separate gul lits: 
(beambouse and tanning depar1".ments 

2.1.1 Pre-treatment of Cbro•e wastes 

The chrome effluent are discharge in the line 2 and after 
screening (bar screen HS) piped by gravity into the chrome storage 
and precipitation tank (1). 
The chrome precipitation is carried out in batch. When the tank 1 
is full, the mixer .HX is switched on and lime-milk manu?.lly added 
to reach a pH of 8-9 (the final pH is checked with a paper 
indicator). The trivalent chrome is quantitatively precipitated as 
hydroxide at this pH. The mixer is switched off and the quiet 
liquor releases the solids. The minimum period of quiet is 4 hrs 
ca. but an overnight sedimentation is recommendable. 
Ultimated the sedimentation, the supernatant (virtually chrome 
free) is pumped (submersible pUllp Pl) into the tank 3 for being 
mixed with the other effluents. After the superratant draw-off, 
the chrome hydroxide sludge are trasf erred to the sand drying beds 
for de-watering. This operation is done by means of the same pump 
Pl lowering it to the bottom of the precipitation tank. The 
operator must only take care that during the pumping of the 
supernatant no chrome flocks are carried out. 

Note 2: the complete cleaning of the tank 1 from sludge is not 
necessary, any eventual chrome hydroxide residue will be 
(statistically) eliminated in the successive cleaning operations. 

2.1.2 Hair recovery from liaing 

The liming process is done into paddles both for skins and hides. 
The choice of the hair unpulping system (both process and 
chemicals) must be done by the same technicians of the factory. 

· .The hair st.,ving is maJldetory in order to achieve the best results 
with the successive screening phase. 
During the liming (generally an hour after the dosage of the 

• sulphide) part of the bath is send by gi.·avity trough an over-flow 
of the paddle to fine screen. The "hair-freew liquor flows into a 
pit and is recycled back by a subrersible pump to the departure 
paddle. 

,, 
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The filtration/recycle process is continued for 2 hours ca., 
period necessary in order to achieve a statistical removal of the 
total hair ~ontained in the paddle. 

2.1.3. General treat11ent 

The cbroae free waters and the other tannery effluents after 
screeninq (aanual screen MS) are piped by gravity into the 
equalization and sulphide oxidation tank 3 • 
Tbe tank 3 is aixed and aerated by two Venturi ejectors ( &la/b) 
The dosage of MnS04 has been estimated non-essential. If 
necessary, it can be easily done adding the catalyst solution 
aanually. This dosage aay be done twice: 50t of the chemical 
illmediately after the li.ai.ng discharge and the remaining 3-4 hours 
later. 
The aerated effluent is then pumped (submersible puap P2) to the 
flocculation tank 4. The inlet flow in 4 can be regulated by 11eans 
of a by-pass valve Vl that recycles the excess water again into 
the tank 3. 
The control of the flow si•plifies the primary sedimentation 
design and the flocculation treatment with chemicals. 
The chemicals used in the flocculation are Alum and 
Polyelectrolyte. This treatment is very flexible and the cosage of 
chemicals can be adjusted (and even not used) according to the 
real future necessities and practical results. 
The chemicals are dosed in water solution by means of two dosing 
pumps that operate simultaneously with the main pump P2. 

The flocculated liquor flows by 
sedimentation tank 5 (Dortaund type) 
in the sloped bottom and the clear 
the upper over-flow channel. 

gravity into the primary 
where suspended solids settle 
supernatant is discharged by 

The supernatant from 5 flows by gravity into the storage lagoon 6. 
The treat~d water is finally pumped and to the area to be 
irrigated. 

3. SLUDGE Treatment 

The sludge from the primary sedimentation tank is pumped by a 
helicoidal pump to the storage tank 7. 
The pump is driven by a timer that is programmed'. to maintain the 
correct blanket level in the sedimentation tank and transfer a 
properly thickened sludge. 
The sludge is finally disposed of by means of a small tank-truck 
for far1lin9. The number of daily travels is depending on the total 
volume of the sludge to be transported and, of course, on the 
capacity of the tank-truk. 

In the future, if new local regulations will veto or limit this 
method of disposal . ., other alternatives aust be evaluated. 
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a. sand drying beds 
rhe installation of drying beds must be carefully evaluated: it 
aay affect; negat;ively the area (aesthetic and bad smel.l problem> J. 
In the case the sludqe froa the primary sedimentation tank will be 
directly pwaped to the dryinq beds (the storaqe tank 7 becoaes 
unnecessary). The filtration water should be collected and piped 

.. into the tank 6. 

b. filter press 
rhe mechenical sludge dewatering is technically the most reliable 
alt;ernative but it requires enough high installation costs. 
In this case the sludqe stored in the tank 7 will be pumped to the 
filter-press. A previous conditioninq of the sludge (li•e-ailk to 
pH 10 ca.) could be necessary for illprovinq the sludqe dewatering 
process. 
The final sludge cake (30-35\ of solids) aust be anyway eliminated 
(transported and disposed of). Is evident that the handling of a 
solid sludge is easier also in the case of use in agriculture. 

4. LIST ARD IBDJ:CATIVB PRICE OF TllB BQUIPMENT 

4.1 Air removal from limina liquors 

4.1.1 n. 1 Self cleaning fine screen (to be imported: Idrascreen, 
Italprogetti, Sernagiotto or similar) 
Characteristics: 
- filtration bars with trapezoid cection; 
- spacing 750 microns; 
- capacity 600 l/min. ca.; 
- dimensions of filtrating drum : diameter 632 mm, 

length 900 mm. 
Materials: 
- frame in stainless steel AISI 304; 
- drw;i, bolts in stainless steel AISI 316; 
- rotating brush: special rubber and AISI 304; 
- sealing devices : Teflonr, polypropylene H.O.; 
Filter is complete of feeding tank in AISI 304, drum washing 
device and overflow. 
Electric motor with motovariator of 0.75 kW, 380 v, 50 Hz, 
protection TP 55. 

Price: 18,400 U.S.$ 

4.1.2 n. 2 Sµbmersible pumps (1 installed + 1 stand-by unit) 
suitable for water with high content of suspended solids 
(to be imported: Flyqt CP 3085, ABS or similar). 
Open channel impeller with 76 mm free passage. 
Perf~ct insulation between ·110tor and hydraulic system by 
means of two mechanic seal working indipendently. 
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Materials: 
- pwap body and impeller in cast iron: 
- shaft, nuts and screws in stainless steel AISI 420; 
- aechanical face seals in ceraJli.c for abrasive liquids. 
Characteristics: 
- capacity 1,000 l/ain. at 4 • head: 
- electric J10tor of 2 kW, 380 V, SO Hz, 4 poles, insulated 

to F class. 

Total Price: 5,800 U.S.$ 

4.1.J n. 1 Electrical panel for tbe hair filtration unit and the 
recycle pUllp for the filtered liquor • 
Complete of aain switch and operation/control coaponents of 
all the electro-aechanical parts of the plant. 
Board executed accordinq to European standards for indoor 
installation. 

Price: 800 U.S.$ 

Subtotal Section 4.1: Total indicative price: 2s,ooo us $ 

4.2 Pretreatment of chrome wastes and primary treat.Bent 

4.2.1 n.2 bar screens, sloped 60., in steel to be aanually 
cleaned. 
Characteristics : 
- bar diameter 
- spacing between bars 

: s-10 nm; 
: 7-10 llJil; 

- width so cm; 
- length : 70 cm; 
- capacity : 50 m3 /h ca. 
The screen is equipped with cleaning rake. 

To be provided locally (*) 

( *) the expert provided 
screens. 

with the factoryv- a sketch illustrating these 

4.2.2 n.1 •ixer for the ai.xing of the chrome precipitation 
tank (Antico Olindo - Italproqetti or si•ilar). 
Materials: 
- shaft and paddles in stainless steel AISI 304. 
Characteristics : 
- shaft lenqth : 100 en ca.; 
- shaft speed : 300 r.p.a. ca.; 
- installed power : 2.2 kW, 380 V 50 Hz 3 phases. 
The motor is coupled with a vertical gear box, eoaxfal 
type with oil lubricated gears. 
The mixer is complete with fra11e in hot galvanized steel 
for the installation on the concrete tank. 

Price : 2,500 U.S.$ 

I II Ill I I 
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4.2.3 n.2 submersible pmps, (1 installed + 1 stand-by unit) for 
waste water with high solid conteat 
(Flygt D4S - ABS or siai.lar). 
Body and propeller in cast iron with rubber paint, shaft, 
studs and nuts in stainless steel AISI 420. 
Characteristics : 
- 1.1 kW aotor 380 V SO Hz 3 phases 4 poles insul~ted. to 

F Class: 
- vortex impeller with solid passing of 50 .. 

diaaeter: 
- capacity 400 l/ain. at 4 m head. 
- weight 30 kg ca. 

The pwaps are equipped with the go·curve, connection for 
the flexible pipe, base stand and strainer cable. 

Total Price : 2,000 U.S.$ 

4.2.4 n.2 Venturi ejectors (Flygt Flo-qet FG 112-31 or similar). 
Each consisting of a submersible pump CS 3102 M'l' 430 and 
an ejector Mod. 4812. 
Characteristics : 
- 3.1 kW motor 380 V so Hz 3 phases 4 poles insulated to 

F class; 
- an ejector Mod. 4812 100 mm diam. length 1.010 mm with 

nozzles of 63 mm diameter and 4 m snorkel for the air 
suction; 

- oxygen transfer 4 kg/h ca. 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: 11,000 U.S.$ 

4.2.5 n.2 submersible pmaps, (1 installed + 1 stand-by unit) for 
waste water with high solid content 
(Flygt CP 3085 - ABS or similar). 
Body and propeller in cast iron with rubber paint, shaft, 
studs and nuts in stainless steel AISI 420. 
Characteristics ~ 
- 2.2 kff motor 380 V 50 Hz 3 phases 4 poles insulated to 

F Class: 
- vortex impeller with solid passing of 80 mm 

dia11eter; 
- capacity 800 l/min. at 4 m head. 
The pumps are equipped with bar guides, connection for 
the outlet pipe, base stand and strainer cable. 

Total Price: 5,800 U.S.$ 



4.2.6 n.2 dosillC) groups for preparation and dosage of the 
solutions of chemicals (Alwa and Polyelectrolyte), 
(OBL - Dosapro - Italprogetti or similar). 
Each consisting of: 

reservoir in oolvthene, 1,000 litres capacity, complete 
of support for the installation of the mixer and dosing 
puap. 
Approx. diaensions: 
- dialleter 1,100 am; 
- height 1,230 mm; 
- feeding hole 200 .. diameter. 

mixer for the dissolution, shaft and paddles in stainless 
steel AISI 304. 
Characteristics: 
- 0.35 kW motor 380 V Hz 3 phases protection IP 55; 
- vertical speed reducer, coaxial type with oil lubricated 

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

ciosing pumD (Alum and Polyelectrolyte) body in 
PVC, plunger in cera.ic and no-return valves in 
stainless steel AISI 316. 
Characteristics: 
- 0.2 kW motor 380 v 50 Hz 3 phases protection IP 55; 
- capacity variable from O to 100 lfh; 
- maximum working head 2.5 bars. 

Total Price: 6,600 U.S.$ 
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4.2.7 n.l series of accessories for 5 x 5 m square sedimentation 
tank in concrete, type Dortmund, (Italprogetti or 
similar). 
Consisting of: 

2 m length influent well of 50 cm diameter in poly-
propylene; 

- overflow weir for supernatant in stainless steel AISI 
304; 

- support frame in hot galvanized steel with walk-way and 
parapets according to accident-prevention standards; 

- service ladder 3 m length in hot galvanized steel; 
- inlet and outlet pipes 100 ma diaa. in hot galvanized 

steel to be iml:>edded in the tank walls; 
- flexible connections in PVC 100 ma diam.; 
- sludge draw-off pipe so - diam. in hot galvanized 

steel to be embedded in the tank wall. 

Price: 3,700 U.S.$ 

' . 



4. 2. 8 n. 2 heliooidal pmps, screw puap type Mohno 
(1 + 1 stand-by unit): (Allveiler SEP 100 or similar). 
Materials: 
- body in cast iron, 
- rotor in hard cbroaiua plated steel, 
- stator in synthetic rubber. 
The puap is coupled through a speed reducer to a 2. 2 kW, 
380 v, 50 Hz, 3-phases motor protection IP 55. 
other characteristics : 
- rotor speed 300 r.p.•. ca.; 
- capacity 4 • fb at 20 • head. 
The puap is installed on a fraae in hot galvanized steel. 

Total Price: 8,300 U.S.$ 

4.2.9 n.1 ai.xer for the liae-ailk preparation, (Antico Olinda 
Italprogetti or siailar). 
Materials: 
- shaft and paddles stainless steel AISX 304. 
Characteristics : 
- 1.1 kW motor 380 V 50 Hz 3 phases protection IP 55; 
- vertical speed reducer, corucial type with oil 

lubricated gears: 
- shaft speed 400 r.p.m. ca.; 
Complete with support frame in stainless steel AI3I 304 
for the installation of the preparation tank in ccncrete. 

Price: 2,400 U.S.$ 
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4.2.10 n.l centrifugal pump, (Robuschi - Mencarelli or similar). 
Mat:erials: 
- body and propeller in stainless steel AISI 304. 
CharCt.cteristics : 
- 0.3 kW motor 350 V Hz 3 phases protection XP 55; 
- capacity 50 l/ain. at 5 o head. 

Price: 1,500 U.S.$ 

4.2.11 n.l control board for the operating and control of 
all the electrical equipment of the E.T.P. 
The control board is designed in accordance with the 
standards of the European Electricity Committee. 
The board is made for the installation under a covered 
area. 

Price: 6,800 U.S.$ 

4.2.12 -- pipinq : 
pipes, valves and fittings for the hydraulic con~ections 
of the E.T.P. and sludges drying beds. 
The materials (PVC, steel, polythene, etc.) and the sizes 
are different according to the characteristics of the 
piped product and the required flow or head. 

Total Price: S,000 U.S.$ 



4.2.13 -- electrical wiring : 
cables of ~ifferent sections and accessories for the 
connection and/or control of the electrical equipment 
of the E.T.P. including installation/clamping devices 
with the exclusion of the main line from the tannery's 
power station to the control board. 

Total Price: 4,500 U.S.$ 

SUbtotal section 4.2: Total indicative price: 60,100 us $ 

4. 3 Mechanical deva~.ring of the sludge ( OPTIOKAL) 

4.3.1 n.l filter press for the sludge filtration (to be 
imported: Diefenbach, Italproqetti, or similar). 
Materials: 
- steel frame with corrosion proof painting, 
- plates and filtering clothes in polypropylene. 
Characteristics: 
- plates dimensions aooxsoo mm. 
- filter frame max. capacity &O plates. 
- number of installed plates 60 
- total filtering surface 24 m2 ca. 
- volume of the cake 900 liters ca. 
Hydraulic closure of the filtering plates by oil-power 
and double-acting plunger. 
Installed power of the hydraulic closure 1.1 kW ca. 
Manual displacement of the plates. 
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The filter is com~lete of high pressure feeding pump of 
a capacity of 5 m / h (installed power 3 kW ca.) and electric 
control board. 

Subtotal Section 4.3: Total indicative pric~; 70,000 us $ 

4.4 -- spare parts: 
the main spare parts for two years of plant operation 
represent approximately 15% of the price of the aain 
equipment (i.e. with the exclusion of price for 
the optionals, hydraulic piping, electrical wiring, 
reser:voirs and metallic structures). 

Subtotal section 4.4: Total indicative price: 6,000 us $ 
(without Jledlanical sludge devaterinq) 

Subtotal section 4.4: Total indicative price: 10,000 us $ 
(with aechanical sludge dewatering) 

. ' 



4.5 packing • freight 

4.5.1 -- packing: 
packing in standard wood cases to be shipped inside 
a 20 foot container. 

Price: 500 U.S.$ 

4.5.2 -- freight: 
FOB Italian port 

Price: 800 U.S.$ 

4.5.3 -- c • F Ethiopian port (by surface) 

Price: 2,500 U.S.$ 

SUbtotal section 4.5: Total indicative price: 3,800 US $ 

4.6 supervision at equipment installation 
n.l foreign technician for 15 days, assisted by local 
labour supplied by the recipient company: 
- fee: 6,000 U.S.$ 
- D.S.A. (100 U.S.$/day): 1,500 U.S.$ 
- travels (international air ticket): 2,400 U.S.$ 

SUbtotal section 4.6: Total indicative price: 9,900 us $ 

4.7 -- start-up of the BTP and training 
n.1 foreign technician for 15 days, assisted by local 
personnel of the recipient company: 
- fee: 6,000 U.S.$ 
- D.S.A. (100 U.S.$/day): 1,500 U.S.$ 
- travels (international air ticket): 2,400 U.S.$ 

Subtotal section 4.7: Total indicative price: 9,900 us $ 

. . -----------------------------------------------------------GRARD TO'l'AL EQUIPllBll'l' MD ACCBSSORIBS 
(without aecbanical sladqe devatering): 

114,700 U.S.$ 

------------------------------------------------------------

--~------~--------------------------------------------------GR.ARD TO'l'AL BQUIPllBN'l' MD .ACCBSSOUBS 
(vitb •ecbanical sluclcJe devateriilC)): 

188,700 U.S.$ 

----------------------~------------------------------------

11 
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5. CIVIL WORKS 

5.1 Pre-treatllent of Chrome wastes 

5.1.1. Pit for the installation of the bar screen: 
lateral wall in blocks bedded in cement aortar and lean concrete 
botto• with plasterinq of the internal surface. 
Internal diaensions: ca 100 x 50 x 50 h ca. 

5.1.2. Precipitation tank: 

Expected aax. voluae of the chroae wastes: 24 al/day (*l 
- total voluae 30 a3 of the proposed tank (useful 25 •3 ca.). 
Indicative dimensions: 3.5 x 3.5 x 3 h aetres (useful height 2.s • 
ca.). 
Coapletely underground construction (the tank aust be fed by 
gravity) with 15-20 ca of external board (above the qround level) 
to avoid stones or other solids to enter. 

( *) 'l..1e expert has considered a total safety volume (tanning, 
retanning and wet-blue pressing waters) of 200\ on the green 
processed weight: i.e. 14,000 x 2 = 24 ml. 

5.2. General effluent treatment 

s.2.1. Pit for the installation of the bar screen: 
lateral wall in blocks bedded in cement nortar and lean concrete 
bottom with plastering of the internal surface. 
Internal dimensions: cm 100 x 50 x 50 h ca. 

5.2.2. Equalization tank: 
Tank type ditch with lateral and bottom walls in reinforced 
concrete lO cm thick. Useful volume lOO ml ca. 
Internal longitudinal wall in blocks bedded with cement mortar and 
reinforced with steel bars 8 mm diam. placed every o.a m and 
surface plastering4 
Internal dimensions: 
- ditch : width 7 a 

lenqth 17 m (r = m l.5) 
heiqht 3.5 m (max. water level l.O m); 

- longitadinal wall : length 10 m 
height 3.5 m 

The tank must be equipped with two walkways in concrete for the 
installation of the Venturi ejectors. 
Partially underqround tank. 

5.2.J. Primary sediaentation tanlt: 
square surface tank in reinforced concrete, walls 30 ca thick ca. 
Pyramidal bottom sloped 60·. 
Internal dimensions: 
- square tank 5 x 5 lll 
- vertical wall: heiqht 2.0 • 
- pyramidal part: ~ei9h~ 4.2 •· 
Total volume 85 ml. 
'l'he tank is partially underqround. 

. 
II I I 



5.2.4. Storage lagoon for the pri.llary treated effluent: 
lateral walls and botto• in natural ground. 
Height of the lateral walls: 0.8 • ca. 
capacity: soo a 3 ca. 
Indicative diaensions: 60 x 10 •· 

. s. 3 ,Sand beds for sludge de-watering 

5.3.1. Cbroae sludge drying beds: 
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·lateral walls 20 ca thick in blocks reinforced with steel bars 8 
- diaa. placed every 60 ca and connected with the bottoa r.c. 
plate and r.c. tie beaJI at sumait level. The internal surface is 
finished with plasteriDCJ. 
Jf•mber of beds: 2. 
surface diaensions: • 4 x 8 per bed 
Average height: 1 •· 
Tile filtering surf ace is constituted of : 
- ca 10 upper layer of sand o.3 - 0.6 .. : 
- ca 10 aiddle layer of crushed stone 15 - 20 .. : 
- cm 10 lower layer (average height) of crushed stone 

40 - 80 ... 

5.3.2. Sludge drying beds: 
these beds are identical to those for Chrome sludge but with a 
surf ace dimensions of 6 x 10 a. 
Number of beds: 8. 

5.4 covered area 
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 cheaicals used in the effluent treat:aent. 
Si~ steel columns and five upper beams of rectangular hollow 
section of mm 100 x 100 x 4 support the roof covering made with 
corrugated iron. 
Indicative dimensions: 3,5 Y 10 m, h~ight 4 m ca. 



6 8 OPf!RA.TIOB PARM1$11$BS OP 1'llE BTP 

Design ciata: 

- Effluent volwae: 
- Discbarqe period: 

- Average discharge flow: 
- Peak factor (adopted): 

Peak flow: 
- ProceSsed aaterial: 
- Sludqe production: 

300 a 3/day 
8 hrs/day 
(8 a.a. - 6 p.a.) 
37.5 •3/b (300 : 8) 
2 
75 a3/b ca. (37.5 x 2) 
14,000 kq/day 
0,05 kg D.K. per kCJ of 
processed aaterial 
D.K. = dry aatter sludqe 
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Note 3: considering the hair saving systea, a factor of o.os (501 
ca. lower than the usual 0.1J has been adopted. 

- Daily sludqe production: 700 kCJ ca. D.M. (0,05 x 14,000) 

Screening: 
- Peak flow: 
·- Kin. screen capacity: 

75 •3/b 
so m3/h (adopted) 

Pre-treatment of the Cbrome ligyors: 

- Volume of the spe~t 
Chrome liquors: 

- Voluae of the existinq tank: 

100\ on the hide/skin weight 
i.e. 14 ml/day ca. 
19 m3 

Equalization and sulphide oxidation: 

- Volwae of the tan.'I<: 
- Average retention time: 
- Total installed power: 
- Specific installej power: 

- Tranferred oxygen at s.c. 
(supplier datum): 

- Correction factor (adopted): 
- Tranferred oxygen at o.c.: 

300 m3 

l day ca. 
6.2 kW 
20 Watts per m3 of tank 
(6200 : 300) 

8 kg/h 
0.7 
5.6 kg/b ca. 
(i.e. max. 134 kg/day). 

Note 4: 
s.c. means standard conditions; i.e.2o·c, o.D.= o, low salinity 
4Dd 1 Ata .. ). 
o .. c . .aeans operatiolllll conditions. 

sulphide oxidation: 

- oxygen/sulphide rate: 
- Sulphide ~e.oval rate: 
- Quantity of 52-

to treat per day: 

1 kg o2fkg of ~xidised 52-
15 kg ca. of s - per hour 

28.5 kg (see Note 5) 
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Note 5: 
due to the hair saving syste•, a percentage of 11 of sodiu• 
sulphide (at 621) on the hide weight has been hypothesised. 14,000 
x 0,01 x 0,62 = 86.8 kg ca. of Na~, i.e 35.5 kg of s2- (86.8 : 
78 x 32)- A residual sot of this sulphide will be discharged vith 
the spent effluent, i.e. 28.S kg per day. 
~he ozyqen transfer capacity of the proposed Venturi ejectors is 
correct. 

- catalyst: 

PuJaping: 

- daily effluent voluae: 
- operation tiae of the lifting 

PUllP (adopted}: 
- •in. capacity of the 

pUllp: 
- installed pwap capacity: 

HnS04 (not required} 

max. 300 a 3 

10 hrs per day 

30 •3/h (300 : 10} 
48 •3/h at 4 m head 

Note 6: the pump flow will be adjusted by means of a by-pass valve 
and the excess water is recycled back into the equalization tank. 

Flocculation: 

Minimum retention time = 5 min. (adopted). 
Volume of flocculation tank 30 : 60 x 5 = 2.5 m3 • 
Number of tanks adopted: 1. 
Dimensions 1 x 1 x 3 h m adopted (useful volume= 2.5 m3). 

Note 7: no mechanical ai:rer has been foreseen, the same influent 
flow will assure the necessary mixing. 

Dosage of chemicals 

Note 8: the dosage of chemicals can be varied according tc the 
required efficiency. Due to the peculiar disposal of the tr;::ated 
water, the quantities here indicated are tentative values. 

- Alwa, industrial product, average dosage= 150 mg/l (*); 
150 x 300 : 1,000 = 45 kg/day or 450 litres solution at 10\. 

- Polyelectrlyte, anionic powder, average dosage = 1 ag/l~ 
0.3 kg/day or 300 litres of solution at 0.1\. 
Two dosing pumps, capacity 0-100 lfh, adopted. 

(*) considering the disposal of the treated effluent onto soil, 
the AlUll dosage has been reduced of sot of that normally used in 
the tannery effluent treatment. 
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Eriwary sed,iwentation: 

- Hiniaal retention tiae = 2 hrs (adopted). 
- Tank voluae 30 x 2 = 60 al. 

A 85 a sedimentation tank, type Dortmund, has been adopted. 

Sludge treat.ent: 

- expected sludqe 
production: 700 kg~day as D.H. or 

17.5 • /day ca. as liquid sludge at 4\ 
of solids 

Sludge transport and disposa1: 

a. disposal onto soil as licntii prod,uct 
- assuaing a tank-truck of 3 • capacity: 5-6 travels per day are 
necessary. 

b. dewatering into drying beds 

- nu.ber of beds: 
- dimensions: 
- total surface: 
- average sludge 

drying period: 

8 (adopted) 
6 x 10 m (adopted) 
~80 m2 

14 days (adopted) 

Note 9: 14 days (i.e. 12 work days) produce 210 m3 (17.5 x 12) of 
sludge. Adopting o. 5 ., as max. sludge level, we need of 420 112 
(210 : O,S) i.e. 7 beds. 

c. mechanical dewatering 

- dry content in the dewatered cake: 35% (adopted) 
daily cake production: 2,000 kg (700 x 100 : 35) i.e. 

1,700 litres ca. (sp. weight 1.2). 
- number of filtration: 2 per day (adopted). 
- volume of the filter press: 850 litres (1,700 : 2). 
A 800 x 800 llDll filter with 60 plates of 32 mm thickness has been 
proposed (total cake volume 900 litres ca.) 

******* 



JRQICATIVE COSTS POR ~ PLNIJ''S OPBRATIOR 
{on the basis of JOO~ of waste waters per day) 

Cost of cbewigls: 
(the cost of iaported cheaicals is FOB) 

1. Liae powder - local 
- 2. Alua (industrial product) - iaported -

3. Anionic polyelectrolyte ([>C>Wder) 
4. Manganese sulphate (cristals 98t grade) 

: 0.30 
: 0.95 
: 20 . . 5 

Birr/kg 
Birr/kg 
Birr/kg 
Birr/kg 

Electricity cost: 

Labour: 

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

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

U.S.$ = U.S.A. Dollars 

17 

Note 10: due to the change .fluctuations, the prices llllst be 
considered indicative. The exca.nge rate here considered is 5 Birr 
per U.S.$ (July 1993). 

Consumptions: 

Note 11: the consumptions (both of chemicals and energy) here 
indicated represent the average quantities. 

Chemicals: 
- Alum 
- Polyelectrolyte 
- Lime 

Electricity: 

Labour: 

Year costs (300 work 

: 90 kg/day 
: 0.3 kg/day 
: 20 kg/day 

130 KWh/day 

1 person 8 hrs per day 

days): 

Alum = 27,000 kg = 25,650 Birr = 5,130 U.S.$ 
Polyelectrolyte = 90 kg = 5,700 " = 1,150 " 
Lime = 6,000 kg = 1,800 " = 360 " 
Electricity = 39,000 kWh = 9,750 " = 1,950 " 
Labour = 2,400 hrs = 2,400 " = 480 " 
Maintenance (*) = 4,000 " 
Total operation costs: 12,92C, say 13,000 U.S.$ per year 
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(*) Maintenance 10\ per year of the aain equipment price. 

Because of the difficulty of a proper estiaation 6 the cost for the 
transport and disposal of the liquid or dewatered sludge is not 
included. 

******* 
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ANHRX 1 

SQME NQTES ON THE DISPOSAL OF THE PRIMARY EFFLUENT ONTQ SQJJ. 

Because of his lack of any prior practical experience, the expert 
has tried a theoretical approach to the problea examining soae 
possible alternatives for the conditions at Nalbandian tannery. 

A primary (physico-chemical) treatlllent of tannery effluent enables 
· the following percent reduction: (most relevant pollutants): 

suspended Solids: 80 - 90 % 
Settleable Solids: 90 - 95 % 
COD 50 - 60 % 
BOD 40 - 50 % 
Sulphides 90 - 100 % 
Trivalent Chroae 90 - 98 % 
Allmonia 5 - 10 % 
Chlorides 0% 

The proposed primary treatment can produce a final tannery 
effluent with the following mean characteristics: 

- pH 8-10 
- BOD5 500-1,000 mg/l (*) 
- COD 1,000-2,000 mg/l (*) 
- ChromiU"'D III 1.0-4.0 mg/l 
- Suspended Solids 100-200 mg/l 
- Ammonia 100-150 mg/l (**) 
- Sulphides : 1-5 mq/l (**) 
- Total Solids 6,000-10,000 mg/l (**) 
- Chlorides 2,000-4,0()0 mg/l (**) 
- Sulphates 1,000-1,500 mg/l (**) 

(*) the final value depends also on the quantity of chemiCl:lls used 
in the flocculation and the water consumption in the proce~~-

(**) parameters slightly or not affected by the primary tr-atment. 

Let us see these parameters in detail. 

i. BOD, COD and Suspended Solids are removed by bacterie1 action 
and by filtration as applied wastewater percolates thrwgh the 
soil. BOD and ss are normally reduced to concentrations of less 
than 2 mg/l and 1 JllC}/l, respectlvely, after 1.5 m of percolation. 

11. Amnonia removal mechanisms include crop uptake, 
nitrification-denitrification, aJllJIOnia volatilization and storage 
in tho soil. 

iii. Sulphide is quickly oxidized when disposed onto soil both by 
che•ical and biochemical reactions. 

iv. 96-99' of fecal coliforms are removed bioloqictlly and 
mechanically by percolation through the first metres of soil. 
Thus, in aany cases, the effluent disinfection is not necessary 
before the irrigation in order to prevent a bacterial pollution of 
the underqround water. 
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v. The trivalent Chroae content of the effluent must be reduced 
at the lowest values before the disposal into the enviroment. 
This aetal, in low concentration, is useful for the crop growth. 

vi. High salinity will impair the growth of a cover crop and in 
clay soils will cause sodium to replace calciwa and aagnesiwa by 
ion exchange. This will cause soil dispersion, and as a result 
drainage and aeration in the soil wiil be poor. A aax salinity of 
o .15\ has been suggested to eliainate these problelis ["Diagnosis 
and Iaproveaent of saline and Alkali soils" u. s. Dept. Agr. 
Handbook 60, 1954). 
Excessive salinity reduces a plant's osJ10tic activity and so 
prevents its absorption of both water and nutrients from the soil 
(salinity hazard to the crop). 
Furtheraore sprinkler application of salty water can cause leaf 
burning. 

Quality of water for irrigation (R. Ayers) 

1. Effects of salinity on crop: 

No problea Increasing 

Chloride, mg/l < 142 

TDS, mg/l < 450 

2. Effects of salinity on soil 
dispersion and drainage: 

142 -

450 -

problems 

355 

2,000 

No problem Increasing problems 

SAR < 6 6 - 9 

Na 

Severe problems 

> 355 

> 2,000 

Se:rere problems 

> 9 

SAR = Sodium Adsorption Ratio = 
ceca + M<J)/21\ 

where the ion concentrations are in milliequivalent per liter. 

3. specific ion toxicity: 

No problem Increasing problems Severe problems 

Na, mg/l (*) < 69 > 69 ---
Cl, mg/l (*) < 142 142 - 355 > 355 
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( *) water absorbed only by roots, if also leaves are involved 
(spray irrigation) the limits must be lowered. 

Ayers indicates a tolerance ( no yield decrement expected) to 
salinity in irrigation water of 3.1 and 2.5 lllllho/cm for wheat and 
soybean respectively. I.e. 3.1 x 640 = 1,984 and 2.5 x 640 = 1,600 
ag/l of TDS. 

Note: Salinity is generally .easured by the water conductivity in 
microahos per c•. The electrical conductivity may be approximately 

· conversed to sill of !'otal Dissolved Solids (TDS) by multiplying 
-'1o by 640. 

The UNEP Technical Report n.4 "Tanning and Environment" reports 
the following .aximWI levels as a very general guide: 

Total dissolved salts 
Sodium Absorption Ratio 
pH 
Chromium 
Toxicants (e.g. fungicides) 

500 mg/l (*) 
5 
4.5 - 9 
0.1 mg/l or 50 gjha total mass 
absent. 

It is important to note that COD, BOD, Ammonia are not indicated 
in the UNEP table. 

(*) This value is very low. 
Drinking water standards recommend that finished potable water 
contain less than 500 mg/l TDS but more saline waters have been 
used with no negative effects. 

Salinity effects are generally a concern only in the arid regions 
where accuaulated salts are not flushed from the soil profile by 
natural precipitation. 
In the wet season, the salinity is not a problem: the rain will 
dilute and flush the salts. 

Some references: 

"Process Design Manual for Land Treatment of Municipal 
Wastewater", U.S. Environmental Protection Agency (EPA), 1981. 

nr.and treatment of Municipal Wastewaters: Supplement on Rapide 
Infiltration and overland Flow", U.S. EPA, 1984. 

T~chnical Report n.4 : "Tanning and Environment", United Nations 
Environment Protection Agency (UHEP), 1990. 
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TENTATIVE CALCULATION OF THE TOTAL DISCHARGED SALT 

The chloride content of the mixed tannery waste waters is 
generally too high to aake the undiluted effluent usable for 
irrigation. 
In the case of Nalbandian tannery, the expert considered 2, 000 
mg/l of chloride (the tannery processes aostly dry (not salted) 
hides and skins, only sheeps are wet-salted) and assumed 1,200 
ag/l of sulphate {the second figure is the normal content of the 
tannery effluents). 

We obtain [(2,000 : 35.5 x 58.5)+(1,200 : 96 x 142)] = 5,070 JDCJ/l 
of TDS (sodium chloride+ sodiua sulphate). 

Note: 35.5 and 96 are the atoll.i.c and .alecular weights of Cl and 
so4 respectively and 58.5 and 142 are the molecolar weights of 
NaCl and Na~4· 

According with the strict UNEP standards, the theoretical 
necessary dilution is about 1 : 10. 
This brings to a daily diluted effluent of 3, 000 m3 that must be 
used for irrigating 11,000 a2 ca., i.e. 0,27 m of water per m2 of 
soil per day. 

So in the wet season (poor evaporation) the chloride content of 
the pond or in the leachate water is about 1, 360 mg/l very close 
to the common limits for discharge adopted in many Countries 
(1,000-1,soo mg/l). 

According to the received information, the irrigation hydraulic 
rate is 0.9 cmfh and n.2 sprinkler distribution systems are used 
(irrigating 0.6 hectares each) with one week cycles. In total 
40 m3/h of water per hectare are required therefore 1200 m3/day 
are needed to irrigate the 30 hectares of the farm. 
When 300 kg ca. of chloride are di luted in this volume of water 
{300000 : 1200) 250 mg/l ca. of c1- are obtained. 
The calculated TDS, i.e. 760 kg/day ca. (5070 mg/l x 150 m3 : 
1000) will be diluted to 633 mg/l ca. (760000 : 1200). 
This yalue results reasonably close to tbe tolerance data of both 
Ayer and EPA. 
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The expert's opinion is that in the Nalbandian conditior.s the use 
of the tannery effluent for irrigation is possible only if the 
pre-treated effluent is further diluited with fresh water of the 
lake. 

The installed subJlersible pu.p has a capacity of 300 l/•in. (18 
a3 /h or 432 •3 /day) insufficient for allowing a significative 
dilution at the aax. tannery production (300 a 3 /day of effluents). 

Also in the wet season ( froa June to Septellbe::-) , seea to be 
insufficient for flushing off the residual salinity fro• the soil. 

Note: 500 .. of rain fall (average data 1990-'91-'92) in the Debre 
Zeit zone in this three aonths period. 
This quantity on the 11,000 a2 of available land surface 
represents (11,000x 0.500) 5,500 ~3 of water (i.e. a mean of only 
61 • 3/day). 

In any case the planned recycle of the spent tanning liquors in 
picking will further reduce the total salinity of 50% ca. 
The picking bath volwae JIUSt be in any case reduced to aaxiawa. 

The tannery's max. production is about 14,000 kg/day of hides and 
skins (c~reen weight) that gives approx. 13 ,ooo kg ca. of fleshed 
pelts. Assuming a water consumption in pickling of 50t on the pelt 
weight, we obtain 6,500 litres of initial bath per day. 
Let, after tanning and ba:;ification, the final volume to increase 
to 8,000 litres. 

Note: this figure is realistic: in JBa.JlY tanneries shorter floats 
are often used (less than 601). 

Assuming that 6,500 litres (80% ca.) of the spent tanning liquors 
be recy~led for the picking, 1,500 litres per day are discharged. 

The quantity of NaCl normally used in picking is 8% on the pelt 
weight (initial desity of the pickling liquor = 10 ·ae (100 g/l of 
NaCl). 
Without recycle, the consumption of NaCl (13,000 x 8 : 100) 
results 1,040 kg per day, i.e. (1,040 : 58.5 x 35.5) 630 kg/day 
ca. of c1-. 

If sheep skins are processed (assuming a 20% on weight of salt) 
other ( 4, ooo x o. 20) 800 kg of NaCl or 485 kg of Cl - are 
discharged. 

These quantities (630 + 485) give (111,500 : 300) 3,700 ag/l of 
·cl~ in the mixed effluent. Say 3,800 for considering also the 
salinity of the lake wa.ter (100 mq/l ca. of Cl-). 
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With the over hypothesised recycle the NaCl consumption may be so 
calculated. 
The density of the a spent tan."linq liquor is about 7 ·~, the 
desired density of the picking bath is 10 ·se: the necessary 
aaount of NaCl is about 30 9/l i.e. (6.500 x 30 : 1,000) 195 kg 
per day. 

The excess of bath (1,500 litres/day) gives 120 kg ca. of c1- (400 
mq/l in the mixed effluent). 

The eventual sheep skins contribution remains the same: 485 kg of 
c1- (1,600 mg/l in the aixed effluent). 

The total salinity results (400 + 1,600 + 100) 2,100 mq/l of c1-. 

Note that, when no sheep skins are processed, the c1- content is 
reasonably close to the standards for irrigation. 

An other possible alternative can be the evaporation of the more 
concentrated wastes. 

Evaporation of the pickling/tanning waters and the eventual 
soaking waters of the sheeps skins 

The mixed liquor (water and suspended solids) from the chrome 
precipitation tank are puaped with the submersible pump Pl to the 
evaporation lagoons in this case also the soaking wat~= from 
sheeps must be jointed to the residual tanning liquors. 
When the residue is dry (20% ca. of dry matter), the solids are 
taken off and transported to the final disposal area. 
The bed cleaning operation is manual with shovels and/or forks. 

Due to the lack of municipal landfills, the disposal area must be 
selected with care in order to limit the risk of a secondart 
pollution of the ground water. 
The possible aesthetic impact must also be considered. 
These aspects must be studied by the same factory. 

Tentative design of the evaporating lagoons 

AssUlling to adopt the recycle of the spent tanning liquors, the 
total volume of the excess liquor has been already calculated in 
1,500 litres per day. 
If sheep skins are processed also their soaking waters :must be 
evaporated, (assuming 200t of water on the wet-salted weight) 
(4,000 x 2) s,ooo litres are obtained. 

~n ord~r to remain within realistic (and possible fiqures) the 
expert has here done the hypothesis that the skins production be 
sheared at 50% between goats and sheeps. 
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So the mean total volUlle of salted waters to be evaporated is 
(l,500 + 4,000 litres) s,soo litres, say 6 a 3 , per day. 
The average loss due to the evaporation of a flat water surf ~ce is 
7 JUI ca. per day in the dry season. This value is reduced to 1.2 
JUI per day in the wet season. 

-Ref. •1.es Eaux Us~es dans les Aggloa~rations Urbaines ou Rurales• 
C.Goaella and H.Guerr~e, Ed. Eyrolles, Paris 1978, pag.283. 

"Note that these data have been aeasured at the cote Azur, France, 
and higher values can be expected in Ethiopia but, in the our 
case, the progessi ve increase of the salinity and the consequent 
decrease of the surf ace tension of the liquid 1111st affect 
negatively the evaporation rate. 

According with these data, for evaporating 6 •3 /day of water 900 
or 4, 800 m2 ca. are necessary in the dry and wet seasons 
respectively. 

Adopting a 1 iquid height in the lagoons of o. 2 metres , the 
necessary time for a complete evaporation results (200 : 7) 28.6 
days (i.e. 1 month ca.) in the dry season (9 months per year). 
The monthly production (25 work days) is (6 x 25) = 150 m3 so the 
total necessary surface is 750 m2 (150 : 0.2). 

The expert has tried an operation hypothesis. 

The installation of three lagoons of dimension 50 x 20 aetres each 
(total surface 3,000 m2). 

Note: the lagvons must have the lateral walls in compacted ground 
with a height of 40 cm and the botto~ in natural ground, 
eventually sealed with compacted clay. 

With an average liquid level of 0.2 m, each lagoon has a capacity 
of 200 m3 (i.e. a capacity of 33 work day). 

Note that the volume of two lagoons is very close to the volw::e of 
the salted water produced in the three wet months (75 work days). 

In the dry season only a logoon seems be sufficient for the 
complete evaporation. 

The big difficulty of this solution is the slope of the available 
soil that does not allow the realization of such lagoons. 
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'!'he JU (rapid infiltration) systea still reJN1ins the si.llplest 
possible alternative. 

Land area requireaents 

The estimation of the area necessary for the RI treatment may be 
done with the equation: 

(1.9) x (Q) 

(1) A = ---~------

where: 

(L) x (P) 

A = field area for treataent, ha 
Q = d~3ign daily flow, a3/day 
L = annual design percolation rate, a/yr 
P = period of operation, wk/yr 

Since RI systeJIS typically operate on a year-round basis, the 
equation becoaes: 

(0.0365) x (Q) 

(2) A = --------------
(L) 

Determinating the design annual hydraulic loading rate is one of 
the most critical aspects of RI system design. The operational 
cycles (wet/dry periods) is another important factor. 
Normally 1-4 days of irrigation are followed by 7-14 days of rest 
(drying). 
The hydraulic loading rate is based directly upon the field and 
laboratory test results for infiltration, permeability and 
hydraulic conductivity. 

The expert has tried the some calculations. 

The equation (2) considering 300 m3/day of tannery effluent + 21 
m3 /day of rain (0.7 x 11,000 m2 : 365) and the area available 1.1 
ha (11,000 m2 ) gives: 

(0.0365) x (321) 
L = --------~--~---- = 10 m/yr ca. 

1.1 

The hydraulic laoclinq rate used in SOiie RI systems installed in 
the USA for primary treated mnicipal effluent is between 15-20 • 
per year: so the systea seam realisable. 

Because of the &ite slope, the water distribution system must be 
properly selected for avoiding erosion problems before an adequate 
vegatative cover is established. 
The most suitable syste• seems to be a upper distribution channel 
with different out-let alternatives (for allowing the cyclical dry 
periods) followed by series of t6rraces or channels fed by 
gravity. 

******* 
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Simple manually raked screen. Flow is from left lo right 
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Fine bubble membrane diffusers 

ELASTOX Fine Bubble nubber Diffuser 
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Mellbrane diaphrap diffuser 
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Submersible ptmaps 
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Filb·r press with plate 630 x 630 .. 
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