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0. GENERAL INTRODUCTION AND SUMMARY

After a detailed study of various possibilities for the Kasur
tannery effluent drainasge and pretreatment as well 8s the solid
waste treatment and disposal, the system consisting of the
entireties recapitulated in Annex 16 of the "Techno-Economic
Study” (TES) has been recommended as optimum for the first phase
of the integral Kasur pollution control system. The whole concept
was preconditioned by the specific situstion with land
availability in the Kasur area. The 1local government suggested
useing the area along the abandoned railway tracks which are in

government property;

- the track to the south of the town for the CETP (width 80 m

and length 1000 m) and
- the track near Indian border (to the east of the town) for

the solid waste disposeal.

Naturally the site limitations had considerable repercussions on
the system design and the maximum effluent treatment effect to be
achieved with the simple cost effective physical treatment and
lagooning is not sufficient to completely satisfy the Pakistani
standards for effluent discharge in the first phase of
implementation (without the common wmunicipal plant for final
effluent treatment).

To study this technological problems and to draft the plans for
the project implementation the JOINT FORMULATION MISSIOR (JFHM)
was fielded to Kasur between Jan.268th and Feb.15th 1983. The
Subcontractor was recruited by UNIDO to send the Team Leader as
the JFM resource person and to assist in designing of some new
ideas concerning the final discharge of the effluents, if
necessary.

Comments on the JFM Report excerpts received from the BSO,
Mr.J.Buljan on 27/04/1993, regarding technical data and cost
estimations, are presented in the PART I of this Report.
Technically, no big differences exist but regarding the cost
estimation of the civil works we do not see justification to plan
with more than 25% buffer inspite all the inflation problems
anticipated in Pakistan.

Since no other assistance was demanded, only the recommendations
and calculations of the new solid waste disposal site (requested
by UNIDO on 04/05/1993 are summarized here and have been
elaborated in details in the PART II of this Report.

During the JFM, the 1local government changed their suggestion
regarding the solid waste disposal because of the military base
vieinity and suggested that the abandoned railway track in the
extension of the CETP should be taken into account instead.

UNIDO has requested TEH-PROJEKT "“"HIDRO" to study the conseguences
of such a change on the system in the whole and to estimate the
investment and running costs for it.

The following two alternatives of "CETP/solid waste treatment and
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dispossl system™ have been studied and compared with the one
reconmended earlier in Annexes 13 & 16 of the "Techno-Economic
Study” in PART II of this Report:

Alternative 1.

Sludge thickening/drying in lagoons to be constructed on
the abandoned railway track in the extension of the CETP and
then the evacuation and separate disposal of the dry sludge
on the abandoned railway track in the extension of the
lagoons.

Alternative 2.

Simultaneous sludge thickening/drying and permanent disposal
on the abandoned railway track in the extension of the CETP.

Alternative 2 (specifically its sub-alternative 2a) has been
recommended as optimum, since it does not demand higher
investmer:t than the system recommended earlier and in the same
time it is possible to achieve an even better effluent treatment.

RECAPITULATION OF THE COST ESTIMATION FOR
THE WHOLE KASUR TANNERY EFFLUENT DRAINAGE/TREATMENT AND
SOLID WASTE DISPOSAL SYSTEM ACCORDING TO
THE SUB-ALTERNATIVE 2a

* x 1000 USs
*x x 1000 US$/10 years

IRVESTHMENT COSTEx RUNNING
equipment civil works COSTS%xx%x
1. DRAINAGE AND PUMPING 158 1.324 787
2. TANNERY EFFLUENT TREATMENT
2.1. IN-HOUSE ARRANGEMENTS 32 74 49
2.2, CETP & SOLID WASTE
HANDLING & DISPOSAL 1.832 2.295 8.300
2.3. ANALYTICAL LABORATORY 60 51
2.4. Cxr-RECOVERY
— PILOT PLANT 75 25 80
3. UNFQRSEEN COSTS 630
GRARD TOTAL COSTS: 2.787 3.718 9.287
( 8.505 )
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COMMENTS ON THE JOINT FORMULATION MISSION REPORT

1. EXCERPTS OF THE JFM REPORT RECEIVED
Title page,
Annex 4 Technical Project Data and Costs

Annex 4.a. Technical preoject data
Fages: alS% - alkE

Anneyx 4.b. Detaile of civil works and equiopment coste
S ="

Fages: aZi, alZ, a2

2. COMMENTS ON THE ANNEX 4.a.(Technical data)

Ad 1. Drainage

Ad 1.1. Dingarh Collector
JFM proposal toc construct ar open channel
accepted since it would intercept storm we
shoulc be drainec freely intoc the R.Nullah,

Ad 1.2. Dingarh Fump Station
Manually cleanec screens proposec by JFM
introgduced in the first phase o save some
the space for leter automatic screens ing
should be prepared.

Ad 1.3, FPressure FPipeline
FVE material carm oe uvsed ifinstsac of oCzst
availability im Fakistan as weil a2z prob
valves and fittings shouild be taken in conside

Ad 1.4. Frolongation of the Pucca Drain
No proposale have been made.

Ad 1.5. Y.Nagar Drainage
No propocsale have been made.

Ad 1.6. Y.Nagar Pumping Station
Same as Ad 1.Z.

Ad 1.7 Final Outfall ’
The Subcontractor recommended three smaller

pipes for crossing the R.Nullah (rather
bigger) to prevent blocking of the river flow.
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Ad

Treatment Plant

We consider T1ow measuring anc recorging necessary to
collect the data about the flow distribution during the
day, (season etc.), the treatment cost per m as well
as to determine other parameters Tor research anc
development cf effluent treatment systemis).

Simple and cost effective sludge drying lagoons cleaned
with drag-line crane were recommended earlier and not
sludge drying beds mentioned by JFM. The beds were
coneidered toc expencsive, and difficult to meintain for
such a big svstem.

TEH-FROJEKT was of the opinion {Just 1like the UNIDD

consultant Mr.Aloy) that 1.8 m deep artificially
aerated lagoons coulcd give optimum effect but this was
considered tooc xpensive in investment and running

coste (at least in the first phasel. For maturally
aerated lagoons (like those recommended} max. depth
allowec is 1.5 m.

There are no technical problems to add the second Tloopr
on the Adminisiration/Control Buildine recommenced.

Solid Waste (Vehicles)

We are of the opinion that one 4-wheel pick—up combined
with § seat <zabin is suftficient and that separate
vehicle proposed by JFM i=s not necessary.

We agree that only o tractorzs and 10 trailers can be
purchased in the first phase and the othere can be
added iater according +to the needs for soclid waste
hRandlino.

Wwe consioser I-vacuum tanrevrs Necessa
house grit/grease chambere and to tr
{and other; liqueores to the recovery i
them fTrom proposzal).

For +the new concept recommended in Fart II1 of thie
report, a sludge drag-line crane and dump—trucks

not be necessary at all.

te clear. the in-
nsport Cr-tamning
ent (JF™M omittec
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COMMENTS ON THE ANNEX 4.b. (Cost estimation)

There are great discrepancies between the civil works
costs estimated by TEH-PROJECT and JFM.

JFM costs are é46i bigger for drainage and 3I0% bigger
for CETF.

Only the access road to the solid waste disposal ics
ectimatec cheaper by JFM thar pov TEH (23.000,/200.000%).

Thise can be realistic or:ly if JFM took intc
consideration the waete disposal at (or near) the CETP
location, but it ie not clearly stated and in ocur
opinion should be elaborated in more details {see Fart

17 of thie reportl.

It i=s not clear what the reason./interest of JFM was to
estimate the <ivil works so much higher then TEH since
TEH e team has checked and rechecked the pricee of
standardized civil workes several times with the local
consultants and compared thnem with other similar
projects in the area.

The following official documente were used:

"Composite schedule of rates for Funjat/Fakistan”

"PC-I and project estimate of re-sectioning
R.Nullahk at Kasur city, Feb.1391"

"Eev.ized coste esi

imate for urbarn sewerags scheme
zt Kazur, PHED, z

Fecpecting all +he price enhancing expectec to be
caused by inflation during the prolect implementation
it doee not seem realistic to estimate tne cost
increase at more than 25%. If this 1= taken intc
account (+ 25%; it 1is obvious that the proiect coste
ectimations made by TEH are practically the same as
those made by JFM (see the comparative table, Anne:
4.b. below).

JFM ecstimatione do not seem always in conformity with
their proposals. E.g. manually cleaned screens were

proposed but prices for the automatic ones are
included in the cost estimation; on the other hand the
costs for the vehicles and the laboratory were

significantly reduced and for Cr-recovery significantly
increased, (in comparison with the TEH's estimationg)
without an accurate explanation.

We feel obliged to stress, as many times before, that
cost estimations were prepared (as the most probable
approximation) to enable the comparison of the




siternatives glaborzTen in the “Techno-Ezonomiz Studv”.
Lzseoc on ©his., an ooifimur zosisp nacs heen recommencec
anc contairmed on variogues lgvels local., UNIDOD. UNDF,
Sonars and Tenges Documents Tor 1te isoliementeticn
prepared. Naturaiiy. only the tendering procedurs oancs
completed cCah precisely snewer i1 the iechnizal anc
eZonomiTssl dilemmas.

RECGMENDATION:

The costs estimated by TEH and JFM should serve only to
plan the general financing of the project and precise
coste could be determired ornly after the tendering
procedures for particular parts and stages of system
recommended.

NOTE: The changes in
proposed recently

the solid waste disposal concept
and elaborated in details in Fart I1I

of this report should be taken into consideration
during the prciect implementation planning and
tendering procedure (Tenders No.% & 8 should be

adequately adopted).

TABLE
ANNEX 4b: DETAIL OF CIVIL WORKS AND EQUIPMENT COSTS (USS)
!
1. DRAINAGE JFM i TEH (Study)
: (+25%)
oD -+ Collector all 7. 000, - CY FLono -
bz, e Dingarh oV £5.000.- i CV 64. 000, -
I E 331.000.~ 0 F 100,000, -
_— -
3. Pipeline D-F.D. cv 134.000,~- { CV 5(2).000.-'-.ﬂ
4. Prolongatior F.D. cv 161.000,.- | CV AG. 000, -
5. Y.Nagar Drainage cv 28.000,~ | OV 25.000, -
é&. F.S.Y. Nagar cv 3. 000.- ; CV 37.000.~
E 66.00C.- | E S3.000. -
7. Final Outfall cv 1.734.000.- | CV 1.100.000. -
TOTAL 1: 1.485.000.~-
2.399.000.- | +25%= 1.8356.000.-
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2. TREATMENT PLANT J F M TEH
1.Structures cv 1.454,000.- cvV 1.870.000.-
E 1.500. ooo.- E 1-285- ooo.-
2. Lagoons cv 1.008.000.~
E 104.000.~
3. Laboratory 19.000.- 60.000, -
TOTAL 2 3.215.000.~
4- mo m.— +ﬁ’= 4. 018- 000.-
3. SOLID WASTE JF M TEH
MANABMENT
1. Vehicles and E 448. 000. - $80. 000, -
2. Road 23.000. - 200. 000, -
3. Site FPreparation 200.000. - 160.000.-
TOTAL 3 671.000,. - 1.340.000.-
+25% = 1.675.000.~
2+3 4. 6.000.- 4.555.000. -
+25% =
5.693.000. -
4. IN-HOUSE ARRAGEMENT JF M TEH
1. Clear Technology 71.000.- Nema u zadatku
2. Pretreatment cv %0.000, - cv 74,000, -
E 390000.- E 32-000-_
129-000-- 106.000.—
3. Cr-Recovery Cv 138.000.- Cv 25.000. -
E 171-000.- E 75-000-"
309-000-"’ 100.000--
TOTAL 4 509.000.~ ’ 206.000.—-
+259%= 257.000. -
BRAND TOTAL 5.115 000.~
2. 5‘9- ow--’ 6. 242. 000. hand
7-6“. m-- "'25’- 7- 802. 500- -
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1. INTRODUCTION

After a detailed study of the various poscsibilities for the Kasur
tannery effluent drainage and pretreatment as well as the solad
waste treatment and disposal, the system consisting of the
e .ireties recapitulated in Annex 1& of the "Techno—Economic
Study” (TES) has been recommended as optimum for the first phase
of the integral Kasur pollution control system. The whole concept
was preconditioned by the specific csituation with land
availability in the Kasur area, sc the iocal government suggestec
uweing the area along the abandoned railway tracke which are in
the government property:
- the track toc the south of the town for the CETF (width 86 n
and length 1002 m) and
- the track near the Indian border itc the east of the town;
for the sclid waste disposal.
Later on during the JOINT FORMULATION MISEION, the local
government changed their suggestion regarding the solid waste
disposal because of the military base vicirity and suggested
using the abandoned railway track in the extension of the CETF
and acrocss the existing "stagnant pool 4" instead.
UNIDO requeczted TEH-PROJEET "HIDRO" (on O4/05/1993) to study the
consequences of such & change on the sys.iem in the whole and to
ecstimate the investment and runming costs.

The two a&additional &lternatives of the "CETF/seclid waste
treatment and disposal system” have been studied and comparec
with the one recommended esarlier in Annexes 12 & 1& of the

"Techno—Economic Study”:

Alternative 1.
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Alternative 2.

simultaneous sludge thickening/drying amd permanent disposal
orn the abandoned railwav track in the extemnsion of the CETF.

Freviocusly 4-6 of the 18 lagoons within the CETP were planned to
serve for sludge thickening/drying so 1f sludge drying is to
occur in the extencion of the CETP it would be only logical to
use all the CETP lagoons as facultative lagoons for effluent
treatment since anyhow the area limitation caused rather poor
possibilities for biological treatment. With the increase in the
capacity the overall treatment effect could be increased as well
(elaborated under the sub-alternatives 1la & 2a). Additionally,
juet to enable & logical comparison of the new alternatives with
the orie recommended earlier in the ANNEX 16 , two more




sub—-alternatives with only 12 f{facultetive lagoons within the
CETP boundaries were elaborated under it & 2Zb.

The newly recommended concept of solid waste disposal near the
CETF will have repercuseions only on the CETF. The rest of the
system e.g., in—house arrangements, Cr-recovery,laboratory anc
drainage will remain as recommended in the "Techno-Ecconomic
Study”. Thie is the reason why only the CETF and <sludge
treatment and disposal are described below in details

{chapter 2).

The tabular comparison of investment and running coste betweer
the EKasur tannery effluent treatment and solid wecste disposel
sveteme recommerded eariier {TES,annex 16) and aiter the J/M
{chapter 2) is presented at the end.
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2. DESCRIPTIONS AND CAiLCULATIONS
. OF THE NEW CETP/SLUDGE DISFOSAL CONCEPT
2.1. BASIC DATA
. EFFLUENT CHARACTERISTICS:
. Volume (m3/day): 12700
SS {(mg/1): 2700-3000
. BODS "oz 1200-1350
Cap "ot 3I500-4000
. §-2 Yoo 70-80
. Cr+3 "o 20-30
s04-2 "o 800-1000
' Cl- "o 3000-3200
pH : 7-9
l NOTE: Since the site for the effluent treatment plant, due to
legal/proprietary reasons in Kasur, 1is limited to the
abandoned railway route near SPZ, the following
. calculations will be based on the space available.
2.2. DESCRIPTION OF THE CONCEFT
. The malor part of the processes ie identicel or aii the suc-
eglternatives o©of the corcept, which is going to be described
below (see drawings 17 - 17/4.
This concept enatle easv experimernting with other possitble
physical, chemical and biclogicel (anaerobic, and aerobic)

procezsecs which can be proved feasible in & future design of the
kasur integral environmerntal project (after the development o
techrnology and local financial abilities).

2.2.1. EFFLUENT TREATMENT

After screening the effluent will enter the homogenization tanke
{20-A-02) mixed with surface aeratore. The homogeriized effluent
will be uniformly pumped, during the day, (20-A-0Z, Z0-FP-01) into
the settling tanks (30-A-02) equipped with sludge & scum
scrapers (I0-7I-01),

The settled sludge will be discharged into the pumping tank (20-
A-02), and from there pumped occasionally (20-F-02) into one of
the =ix sludge thickening/drying lagoons (Alternative 1) or into
one of the two pits for permanent solid waste disposal
(Alternative 2).
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The clarified effluent wiil overflow through the flow, pH and
temperature contrel pit {40-A-01, FIRQ 1. AIRA pH 2, TIR 3} inte
two series of facultative lagoons (21-L-02). After zig-zaaging
through the lagoons the purified effluent will be discharged intc
the Fandoki Outfall via Final Outfall (8400m}), and further on
{10-1i2 km} intc the Sutlej river.

NOTE:Since according to this new concept, sludge drying is going
to occur at the location behind the CETP (in extension), all
the 18 lagoons previously designed (&6 for sludge drying and
12 for facultative effluent treatment) can be now used as
facultative lagoons for effluent treatment. This would be
logical and useful since the space available was not
sufficient for adequate biological treatment and we strongly
recommend it to be implemented (sub-alternatives 1la & 2a).
To enable a logical comparison of the old (dislocated CETP
and solid waste disposal sites) and the new concept (CETP
and solid waste disposal at the same site) we have
supplementarily presented sub-alternatives 1b & 2b in which
these additional facultative lagoons (6 pcs) are not taken
into account.
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.2.2. SLUDGE HANDLING

Lime milk prepared in the mixed concrete tanks {350-A-01, 50-M-0Q1°
will be occasionally added, inte the tank (3I0-A-03) for the
=ludge stabilization, by pumps (30-F-01i) preventing sludge
anaerobic decomposition and the emission of noxious gases.

ALTERNATIVE 1

When filled with sludge the particular sludge drying lagoon will
be blocked off from the svstem and left for some time, sc that
sludge can be thickened. After that, separated/drained water
will be ccllected inteo the pumping pit {21-A-02)} and pumped baclh
to the equalization tanks by the pump {21-P-01). R
Simultaneously the sludge will be dried due to high evaporation.
Once sufficiently dry, the sludge will be excavated by & dragline
crane. lcaded onto trucke and transported to the sclid waste
disposal eite constructed on the abandoned railway tracks in the
extension of the CETF and sludge drying lagoone.

ALTERNATIVE Z

The sludge from the clarifiers will be pumped intoc the deep pits
constructed on the abandoned railway tracke in the extension of
the CETF where 1t would be gradually thicrened, dried, compacted
and permanently disposed off. Toc enhance =ludge dryving, the twc
pits will be filled alternately anc supernatant irom them will be
drained off into the pumping pit (2i-A-02) and pumped (21-F-01i)
back intc the equalization tanke. Once the pite have been
completely filled with compactied and stebilized <sludge (after
cseveral vears), they can be covered by humue and culitivated bv
adequate vegetation {(timbre and Tire woode for example:l.

Z.2.2. UTILITIE

m

The water nececssary for the process (ilime milk preparation.
equipment and floor waszhing etc.) will be supplied from the wel:
{70-BU-01) equipped with a submerged pump (70-F-01).

Fotable water will be supplied from the municipal networtk.

f separate high-voltage network (11 kV) should be conetructec
from the central transformer station (110711 kV), as well as the
local transformer 11/04 kV., Apart from this, one <ctand by power
generator should be installed in a separate building (80-P0-01).
Indoor and outdoor illumination should be installed and all the
equipment should be grounded according to the standards.

A telephone should be connected to the Kasur network.

Fine screens and power generators should be placed in the closed
object.

The main control monitoring, and regulation equipment should be
installed inside the building (80-UP-01) comprising; control
room, laboratory, office, rest room, lavatories, work-shop and
storage.

Accese and internal communicatieon roads should be conetructed and
the whole plant area protected by a fence.




2.3. MAIN TECHNOLOGICAL CALCULATIONS

2.3.1. GENERAL REMARK

511 the materiale applied in the plant construction should
be resistant to the aggressive influence of the tannervy effluents
and the surrounding atmosphere.

2.3.2. SCREENING

1) Manually cleaned coarse screen

Mau.flow: 980 mZ/h -
dpenings: S0 mm

Gradient: 70 o

wWidth: 1.290 mm

Ferforated drainage platform

2) Automatically cleaned fine screencs & compactors

Maxv.Tiow: 98¢ mi/h
Openings: & mm
Gradient: &3 o
Width: 1.200 mm
rength: 2,550 mm
Screer power: 0,18 kW
Compactor power: & kW

~
= sete

The building for whe fine screens anc the Sower generators:

Area: IZ 2 S om
HEight: 3,5 M

2.7.3. HOMOGENIZATION IN CONCRETE TANEK

Effluent volume: 12.700 m3/day
Sulfide quantity: 80 mg/1, 1000 kg/day

1) Tanke
Width: 2.5 m
Length: 65,0 m
Water depth: Z.0m
Volume: £.375,5 m

2 tanks

Total volume: 12.675 m3

Detention time: ca 1 day




2) Floating aerators

Power: S0 kW
Oxvgen transfer: 1.8 ko O027kWh
16 pce

Overall mixing power:

Tz WM
Overall oxvygen transier:

864 kg O0Z/h ——-» 20.73& kg oZ/day
Oxygen necessary for sultide oxidation:

0.7% kg DZ/kq 82- ——-3 750 kg 02/day

I) Pumps for flow egualization

Average Tlow: 530 m3/h
G = Z00 aZ/h
H= 12 m
N = 18,5 kW

2.3.4. SLUDGE SETTLING AND STAEBILIZATION
@ = 530 m3/h

1) Settling tanks

Diameter: i m
Depthn: 2.4 m
Voiume: &1l mZ
Z pcs
Superficial load: 1 a3/a2 h
Detention time: 2,5 h

ig

From all the measurements carried out on the effluent homogenized

and aerated during the 24 hours, the elimination rates after the

primary settling were as follows:

SS 60-~-807% Cr+3 90-95%
BODS 40% 804-2 /
coD 407 Cl- /

s-2 50-70%




2) Sludge pumping {(same for all alternatives)

Sludge velume:

8SS (raw effluent): 2850 mg/1

S€ (clarified effluent):
1000 mg’l1 (&65% expected removal}
SE (expected in sludge}:
J0-4C kg/ma
Ory solide expected to be csweparated:
20000-25000 kDS day
iuagge volume expected atter settling:
&30-700 mI/day

3]

Lime for sludge stabilization

uantity needed: ca 103 Cal on the dryv sclide an sludge.
2000-2500 kg Cab:s/day or
2540 03 kg Cai{OHYZ day

ca IO aZsday lime milk

Pumping pit

ArEa: 22 Zm
Depth: 2.5 m
VYolume: 10 mZ

Sludge pumps

Zjudoe + lime volume:
Mma: . S0 mIlgar

- -~

. _ L™
Gas. = ZC 4l h

G = & wml’h
£S5 m
N = 18,5 kW

X
}

Fressure pipeline

Sludge tranzport pipelane 1= longer than in  the alternative
recommended earlier (TES, Annex 16) since <sludge drying 1is
dicslocated from the CETF.

Fipe diameter: 125 mm

Additional length: 1,000 m

S5ludge distribution pipeline is the same as described in the TES.
Anne: 16.




-

3) Lime milk preparation (same for all alternatives)

Concrete tanks

Width: Zm
tength: 4 m
Depth: Z2.59/3.1 m
Z pcs
Active volume: IO mZ
Electric mixers
N = 9 kW
2 pcs .
Recirculation/dosing_ pumps
&= 10 aZ/h
H= 1 m
N o= 1,5 kW
1+ pce

2.3.5. FACULTATIVE LAGOONS

Accerding to the new concept of a dislocated CETF and sludge
treatment/disposzl, there is & possibility toc use &li  the space
avallable within the CETP Tfor effluent treatment in facultative
iagoone (18 pcs alitogether; and to increase the tresitment effect
{sub-aiternativees ia & Za!. In the sub—-azliternatives it & 2b the
concept with the =zame number of sludce drving agbons anc
facultative lagoone a&s irn the alternsi:ve recommended earlier
‘TESE, Annex L&Y are presented mostly tz enable & logical
comparison between the cld ancd new recommeEndstions (si1de by =ide
CETF/seludge cdispoeal : dislocatec CETP anc =iudge disposal).
Neturally, longer overall effiuent detention time in the
treatment svetem can be expected to occur accordinc to the new
concept presented 1in the e&alternatives 1a & Za. then these
calculated for the old concept (TES, Annex 1é) and for the
elternatives 1b & 2b.

Logically, a higher treatment e<ffect. proporitional to detention
time zan be expected asz well (see calculations in Annex 16).

-
‘T w

2.3.5.1. Excess sludge after biological treatment in the lagoons

Sludge production: 0,3-0,4 kg per 1 kg of the BODS removed.
0,35 % 12700 » (600-Z00)max:1000 = 13T7 hg/day

Taking into consideration the low concentration of bioclogical
eludge (0,%-1,5% of dry solids), the lagoons should be blockec
off from the rest of the system one by one, and the sludge should
be dried and evacuated approx. once in 1-2 years.
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2.3.6. SLUDGE THICKENING/DRYING AND DISPOSAL

2.3.6.1. Alternative 1

Zin lagomnz, of the same dimensions acs described ain  the TES,
Annex 1&, are goino tc be constructed st the abandoned railway
track in the extension of the CETF.

1) Lagoons

Width: 3T m
tength: 100 m
wWater depth: 1.5 m
Active volume: 790 ml

Sludge + lime quantity:
max. 30.000 kgDS/day or,
max. 730 m3/day (40-30 kg/m3)

Etxpected sludge concentration a&fter the combination of the
supernatant drainage & gdraw off and evaporaticn during the lagoor
€3111ig (ce BO-90i o water content removaiil:

Z00-300 kgDS/m3
{specific gravity ca Z ka/ 1}

Q
=
.
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Volume of the thickened siudge:
may 100-150 rl. day
Estimated lagcon f1lling time:

T70/150 to I790/100

Z5-28 davs

flanned additional sludge stabilization and drying time {(after
the f1liing is stopped):

I0 dave
Estimated z=ludge drynesc:
Z0-407% DS
Estimated sludge volume:
60-100 m3Z/day ; 2000 m2/lagoon

Ecstimated sludge evacuation time:

20 days/lagoon
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The whole cycle (thickening/drying/evacuation) would 1last
approximately 3 months/lagoon so, if two lagoons operate
simul taneously it would be necessary to plan 4 2 x 2) sludage
drying lagoons to cover whele year cycle.

For the safety reasons we recommend the construction of 6 (2x3)
lagoons!

2) Supernatant Drainage

Since now the drying lagoons are toc far from the equelization
tanke, it i=s not possitle to drainsreturn supernatant simply by
transportable pumps but & special drainage system of sc called
"fish bone" should be applied. Using this system the supernatant
will be decanted, ccllected in the pumping pit and pumpec back to
the equaliization tank.

Pumping pit

Area: 22 m
Depth: 2.5 m
Volume: 10 w3
Pumps
Qav. = 30 mi/h
G = 50 mZ/h
H =45 m
N = 16.5 kW

"Fish bone"” and Collection Fipeline

16

1.0 Min

“ipe diameter

JI0C m

Length

Fressure pipeline

Identical as the sludge transport pipeline.
FPipe diameter: 125 mm

Length : 1.000 m

Z) Disposal of the dry sludge

The site arrangements will be the same as described in the TES,
(Annex 13) and recommended in Annex 16 with the exception of the
site location which will be just near the sludge drying lagoons,
so the access road will be significantly shorter.
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2.3.6.2. Alternative 2

1) Sludge Disposal Fits

In this alternative the construction of pite for simultaneous
sludge thickening, drying, compacting and permanent disposal are
recommended. For this purpose deep pite are more economical tharn
relatively shailow lagoons {bigger vclume and higher compacting!).
Contrary tco drving lagoons, the shape of the pit is not relevant
to the final effect., but as stated before in our case the
location ie limited and the shape determined by the availatbie
aree {(with 80m).

Such disposal pite are wucually constructed for & longer ase
which apart of being more economical is favorable for better
rnatural drving and compacting of the sludge.

In the first phase we recommend & construction for 5 vear
operatiorn divided intc two parts. which are going to be used
alternately to improve supernatant decanting az well as sludge
drying and compacting.

Irn thie First phase it would be necessary tc use & stretch
approximately SO0 m lonc {width 80m).

FPit dimensions:

Width » o9
Length: 232 m
Depth : oSS m
Voiume: 52447 =
Z pce

The operation of thesze pits Tor tLhe calculeted siucoe quantity
will be pnsesible in & perioc of:
2w 8244347
= approx. > - & years

{e0=-100 mi/day 65

Yaluable euperiencees could be collected during the operation of
thie svetem and thers would be ro problem to design probably even
more appropriate syetem in the future.

2) Supernatant Drainage

The supernatant drainage system will be in princip.ie similar to
the one in the Alternative 1, but the dimens:ons and details are
dictated by the local conditions. The system will consist of the
following:

FPumping pit

Area: 22 m
Depth: 2,5 m
Volume: 10 m3




Pumps
Qav. = 30 mI7h
@ = 60 mI/h
H=45m
N = 18,5 kW

1+1 pcs

“"Fish bone” and Collection Fipeline

FPipe diameter : 12% mm

Lenath : 150 m

Pressure pipeline
Identical as the sludge transport pipeline.
Fipe diameter: 12% mm

Length H 1.000 m
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2.3.7. EFFLUENT TREATMENT EFFICIENCY
OVERALL EFFLUENT DETENTION TIME
For earlier recommendation {(Annex 16) and
sub—alternatives 1ib & 2b:
{1Z.700 + 1,220 + 14 x F790) : 12.700 = T davys
For the sub-alternatives la & 2a:
IZLTO0L 4 2L220 + 18 x TT790) 2 1Z2.700 = 6.0 days
EXPECTED TREATMENT EFFECT -

For earlier recowrendation (Annex 16) and
sub—al ternatives 1b & 2b:

2 = 95-9g % pH = 7-8
| BODE = &0-70 % 0D = S0-70 %
F
| 5-7 = 95-9% % Cr+3 = 20-98 %
|

S0a-2 = oo Cl-1 = o %

For the sub—-alternatives 1a & 2a:

Raw treated effluent/

effluent min.overall effect
=351 {mg/1) 2700 < 150 (9%S%)
BODS " 1200 < 800 (677)
COoD " 3100 21200 (69%)
s-2 " 70 < 1,3 (98%)
Cr+3Z " 2% < 0,5 (98%)
TDS " 6500 6400 ( O%)
s04-2 " 1000 1000 ( 0O%)
Ci-1 " Z200 I200 ( 0%)
pH 8-10 7-8 -




Z2.4. SPECIFICATIONS AND INVESTMENT COSTS

2.4.1.

20-A—01
20-FO-01

-

T e i
LA

30=-/-0Z

— a e
RAALT ATt ¥e1

A0-A—01

Y
=il

CIVIL WORKS
{Earth works, concrete works and mascnry)

1. Physical Treatment & Egualization

Supply channel,
Building for screencs & power generators

4~ ., B ., T £
PSS O 1]

Equalization tank

o {Z2.5 v &5 3 T )y = 12,875 md

Settling tankes -
diameter:18 m

H=.:",4 m

Sludge pumping station
Vo= 1o o mT

Venturi channel

Lime preparation tanks

~

A <4
HoZe fi

1
m

by L

pc
Control! building

=~ $y =
24 ¥ 12 o3 Z.0m

Fower generator building

21-1-02

Tox 12 w Z.5m
TOTAL 1.: 620,000 US$

2. Biological Treatment

2a. Facultative Lagoons (sub-alternatives a)

Construction of the lagoons witn
inlet and outlet arrangements.
L= 100 m

W= Z0Om
H =1, m
ie pcs 275.000 US%

2b. Facultative Lagoons (sub—alternatives b

Congtruction of the lagoons with
iniet and outlet arrarigements.

L = 100 m
W= 20m
H= 1,9 m
12 pcs 690,000 US$

975.000 USS
650.000 USS$

TOTAL 2.: Alternatives 1a & 1b
Alternatives 2a & 2b
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3. Sludge Treatment and Handling

S.1.1. Sludge Drying Lagoons (alternative 1)

1L Conetruztion of the lagoons

= 100 m

= 30 m

= 1,%m

pcs T00 ., 000 USsE

T EI”

3.1.2. Solid Waste Disposal (alternative 1}

Access road:
width: 4.5 m .
length: 1100 m 100,000 USe

Site preparation and drainage:
80w 1000 m 160,000 USs

Z.2. Sludge Disposal Pits (alternative 2)

2i-1-0D1 Construction of the pites

= 238 m

= 89 m

= 4,5 m

CE SO0, 000 UsSs
i

|5 I -2l

i

TOTAL Z.: Alternatives la & 1b: 560.000 USE
Alternatives 1la & 1b: 560.000 USSE

4, Utilities

4.1, Concrete Outflow Channel

RCC dia,.: S30-840 mm
L = 1.200 m 25.000 USe

4.2. Water Supply

70-BU~-01 water well

D = 400 mm

H= 1% m

1 pc 12.000 USS
- process water pipeline Z.000 "
- potable water pipeline 15.000 "
TOTAL 4.2.: T0.000 USS

4.7%. CETF Access & communication roads

m
00 m 75,000 USS

£
L

]
-

K

[ANE]

TOTAL 4.: 200.000 USS




!

TOTAL CIVIL WORKS

s ik st g oo o ik A

Alternative la: 2.355
Alternative 1b: 2.030.000 USS

Alternative 2a: 2.295.000 USS .

. Alternative 2b: 1.970.000 USS




2.4.2. EQUIPMENT
{Electro—mechanical equipment and all the accessories,
pipes. valves and local electrical commands & controls
are included in the costs)

1. Physical Treatment & Equalization

- Sluices (9pcs) & penstocks (2 pcsi,
150041200 mm 20.000 USe

20-R5-0: Bar screen
openings: 50 mm
1 pc o0 "

20-R5-02 Automatic screen with compactor
operings: & mm
R = 1200 mm
Nc 3.6 kW
N= .18 kW
2 set

Iﬂ'-

238.000 "

20-K-01 Containers
Vo= 19000 1
E, pC < 'O()C

20-aP-01 Floating mixers/aerators
N = 30 kW
ié pzcs TEZ.000

203-F-01/1/2 Egualized ev7luent pumpes
@ = 200 a3/h. H= 12 my, N = 18,5 kW

2+ 1 pc

w—-—.—...,—.—-——-w—‘_.,r.“

X 7y .-') I'-‘, L1}

P

T0-I-01/1/2 Sludge/scum scraper
diameter: 18 m
N = 3,1 kW
2 pce 80,000 "

FO-F-02 Sludage pumps
G &0 m3/h
H 1% m
N 6.5 kW
2+1 pcs 12.000 "

50-M-01 Lime miver
N =9 ki
2 pc 20,000 "

50-F=-01 Lime transport pumps
0 =10 m2/h, H = 10 m,N = 1,5 kW
2 pcs 2.500 "

TOTAL 1.: 750.600 USS




2. Biological Treatment

=0

- No equipment for facultative lagoons! O USs
. Sludge Treatment and Handling
21-F=-01 Diesel—-motor pump for periodic sludge
supernatant draw off from facuitative
lagoons
@ = 200 m37h
H =S m
N = % kW
Z pcs 25,000 0
- Mobile sliudge loader/draoline crane
{alternative 1) ad, o008 v
- Ziludge bulldezer/compactor
{alternative 1) ac,000 ¢
- Sludgge transport trucks (5 ti
2 pcs 120,000 ¢
TOTAL 2.(alternative 1): 305.000 USE
TOTAL 2.(alternative 2): 25.000 USsS
4. Utilities
4.1. Water Supply
TO-P—=01 welil pump
G = 22 mZ/h
F = & bars
N = .8 W
1 pc E.000 USE
- process weter distribution svetem
ca 20C¢ m. D=82 mm L 000 0
- potable water distribution system
ca 1800 m, 1.57. 10,000 "
TOTAL 4.1.: 20,000 "

4.2. Diesel Power Generator

670 kEVA generator with automatic
connection to the electric network in
the case of electric power brake down.
Daily fuel tank included.

1 set

160.000 USS



4.3. Vehicles
- Fick—up (Comby:
I pc JIEL000 USS
- General purpose truck (& t)
I pc S2.008 "
- Solicd waste handling:
18 tractors
¢ trellers
T vasuum tanks SOL 000 USE
TOTAL 4.3. : 683.000 USS
S. Measuremsents and Requlations
FIRG 2 rilowmeter w:.th transmitter, display.,
counter and register
! set E.000 USs
AIRA 2 pHE measuresent with transmitter,
displiay. regicster anc &alarm
I set &. 000 USE
TOTAL S.: 2.000 USS
6. Electricity Supply & Eguipment
- Electricaty suppiv. 11 BV 26.200 USE
- Trancsformer, 11.°0.,4 vV. 530 vVe
-~ set TelLEg0L
- Compensator
1 set 17.80¢ v
- Control-puards
1 et 2.000 7
- Local commands
1 set F.000 "
- Cabiles
i set Zi.000 0"
- Indoor & ouvtdoor illumination 26.000 "
- Service vuoltaae TL000 "
- Telephone cornection 1.5%00 ¢

TOTAL 6.:

181.000 USS
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TOTAL EQUIPMENT

Alternative la: 2.111.600 USS
Alternative 1lb: 2.111.600 USS
Alternative Z2a: 1.831.600 USS
Alternative 2b: 1.831.500 USS

2.5. RECAPITULATION AND COMPARISON OF THE INVESTMENT COSTS

THE NEW SUB-ALTERNATIVES

(USS)
la ib 2a 2b
Civil works: 2.355.000 2.030.000 2.295.000 1.970.000
‘ Equipment : 2.111.600 2.111.600 1.831.600 1.831.600
:
TOTAL : 4.4566.600 4,141,600 4.126.600 2.801.600

l
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2.6. RUNNING COSTS

Funning castsz are presented through:

- Material! consumption and costs.

~ Maintenance costes.

- Energy consumption anc costs.

- Sludge transpert costs.

- cabor consumption ancd cestes.

- Depreziation o7 the civil worisz and eguipment,

2.6.1. Material Consumption and Costs -

e 107 of lime shouic be &addec on dryv matter of the sludge for
ite stakilizztion
600 t/year x 9T USs/t = 32.000 US$/year

-

Z.6.2. Maintenance Costs

Maintenance coste for such a plant can be estimated at 1.5 % of
the mechanical and electriczl equipment value per & vear.

THE NEW SUB-ALTERNATIVES

la ib 2a 2b
Equipment(US%): 2.111.600 2.111.600 1.831.600 1.831.600
Maintenance($/y): 3I1.600 31.600 28.00C 28.000

2.6.3. Energy Consumption and Costs

Taking into account the compensation for the engagec power, the
coste per kwh will vary depending of the max. load. but we can
estimate that i1t would be an average of ca 71 US$/MuWh,
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Power consusption :

-~ Floating aerators:
16 pce x 30 kKW x 24 h/d » 300 diyear

Z.858.00C kWh/y

- Effluent pumps:
12700 als/d 3 300 mI/h x 18,5 kW % 300 d/y = 238.000 kWh/v

- Sludge pumps:
1J30C w37d @ 250 w3/ x 18,5 KW = 300 d/y = 120,000 kWhsy

— Sludge scrapers:

2 pcs 3 1.1 EW x 24 hi'’d x J00 div = 16.000 kWh/y
-~ Lime mixer + pump:

i + 1,.3) kW % & h/d x 309 dry = IC.000 EWh/y

- Screens, illumination etc:
ca 206 kW ca S0, 000 kWh Ty

TOTAL

4.050.000 kWh/y

Energy costs : 4.050 MWh/y x 71 $/Muh 288.000 LIS$/y

2.6.4. Sludge Transport Costs (Alternative 1)

Dewatered cludge voiume: 50-70 mT cay, 19250 mi/year
Viorrking with: © t-itruchks one can assums thzt 1F,.000 : & = T,.900

per vyear.
}

rouncs wii. 5he necss=sary
Talking into account ca I ke per rouns, fuel consumption of
0.2 17km and the fuel price of 0,25 US%: the sludge transport
costs can be calculieted as followes:

3900 x 2 x 0,2 % 0,25 = 90 USs/y

NOTES: ¥ Only the fuel is calculated since labor, maintenance

and depreciation costs are presented under other items!'

X In the alternative 2 sludge is transported
hydraulically!
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2.6.02. Labor Costs

Necessary labor, gquaiification and cecete can be estimated as

fellows:
Qualification Workers nc. Salaries Yearly Coste
{arecss)

% ‘w/vear UsSs/vear
Ffrocess engineer 1 2,280 2.25¢
Technician 1 1.10GC 1.100C
Gualified -
workers 1& a50 18.300
Non—qualified
worveres = sol 1.650
TOTAL : 22 20.000

2.6.6. Civil Works and Equipment Depreciation

Yearly depreciation rates are estimated at:

— civil works for lagoons: 10,0 %
— concrete works & roads : 2.0 %
sludge disposal sites : 20,0 %
electro—mechanical equipment: 7.0 %
— vehicles and compactor : 20,0 %

- solid waste handling equipment
(sludge trucks, tractors &
trailers): 8,% %

Alternative 1a

| - Lagoons: 1.275.000 10% = 127.000 $/vy
| - Sludge diszsposal sites: 160.000 1 20% = 32,000 $/y
E. ~ Concrete worle & roads:
| (Z.355.000 - 160,000 - 1.,275.000) »n 24 = 18.000C %/y
| - vehicles & compactor:
. (87.000 + 80.000) x 20% = IT.000 $/y
[ ~ Solid waste handling equipment:
(120,000 + &00.000) » B,5% = 6£1.000 $/y
- Electro-mechanical equipment:
. (2.111.600-720.000-16Z.000) = 7% = B6.000 %$/y
TOTAL: 357.000 8/y




Alternative 1b

- _Lagoone: 250.000 x 10% = 93.00C €/v
- Sludge disposal sites: 160.000 x 20% = JIZ,000 €Sy
- Concrete works & roads:

; {Z2.030.,000 — 160.000 - 950.,000) x 2% = 18.000C $/y

i - Vehicles & compactor:

| {(83.000 + 80.000) x 20% = Z3.000 $/y

r - Soplid waste handling equipment:

t 320,000 + A00.000) u 8,5% = 51.00C $/v

: ~- Electro—mechanical equipment:

; {2,111.800-720.000-1&8T.000} » TU = 86.000 $/y
TOTAL: 325.000 $/y

Alternative 2a

- Lagoons: TSL,000 x 10% = 98.0900 $/v
- Sludge disposal sites: S00,000 3 207 = 100,000 $£7y

- Concrete works & rocads:
(2.295.000 — 00,000 - 975,000) x 2%

16.000 $/y

- Vehicles: 8IZ.000 x 20% = 17.000 €/v
- Splid waste handling equipment:

OO0 DT . 8,5% = S1.000 $/7v
- Electro—-mechanical equipment:

{2.871.600 — 500,000 ~ BIZ.000) » TH = @noodl &5y
ToTAL: T62.000 $/y

Alternative 2b

- iLagoone: &50.,.000 3 10% = 65,000 %/y
- Sludae disposal sites: S00.000- x 2Z20% = 100,900 ¢/y
- Zoncrete worke & roads:

(1.275.000 - S0OG.DH00 - &50,000; » 2% = 1&£.000 $/y
- VYehicles: 832.000 1 207 = 17.000 $/y
- 8plid waste handling equipment:

600,000 % 8,5% = 51,000 $/y
- Electro—-mechanical equipment:

(1.821.600 - 600.000 — 8Z.000) » T%4 = B80.000 $/y
TOTAL: 329.000 $/y
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6.7,

- + Ev
T8 A

Miscellaneous

addition

to the &ali

Tunning costs:

85.000 $/y

2.7. RECAFPITULATION OF THE RUNNING COSTS
THE NEW SUB-ALTERNATIVES
(USS$/y)
ia 1b 2a 2b
Material : 32.000 32.000 32.000 32.000
Maintenance : 31.600 31.600 28.000 28.000
Energy : 288.000 288.000 288.000 288.000
Sludge transport: 400 400 0 0
l.abor : 20.000 20,000 20.000 20.000
Depreciation: 357.000 I28.,.000 J62.000 229.000
Miscellanecus: 100.000 100,000 100.000 100,000
TOTAL : 829.000 797 .000 830.000 797 .000
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3. COMPARISON OF THE NEW CONCEPT WITH
. THE ONE RECOMMENDED EARLIER IN THE “TECHNO-ECONOMIC STUDY*®
. J.1. ECONOMIC COMPARISON
. THE NEW SUB-ALTERNATIVES
TES la ib 2a 2b
1. INVESTMENT
{x US$ 1000)
Civil works: 2.230 2.355 2.030 2.29% 1.970
Equipment : 2.292 2.111 2.111 1.831 1.831
TOTAL 1. : 4,522 4,466 4,141 4,126 F.801
2. RUNNING
(» 1000 $£/10Y)
8.030 8.2290 7.970 8.300 7.970
TOTAL 1+2 12,582 12.756 12.111 12.42¢4 11.771

"
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S.2. OVERALL TREATMENT EFFECT

JES /7 ib & 2b la & 2a
Raw treated effluent/ treated effluent/
effluent min.overall effect min.overall effect

- . JON —— . i eyEer s - N
3= img. i 2700 190 {250 T 150 {95
BODS " 12040 A5 (89%) < 400 {&TE)

Cob " Z100 <1600 {85W) <1200 {(H0%)

&~z " T i 2 {esw T 1.5 (99%)
Cr+3 " 2% . MRS LY < Q0,5 (2EY)

TDE " &S00 SE400 {0 0% L6400 O%)

Sa4-2 " 1000 <1000 {0 D% 21000 { DR}
£1-1 " I200 CI200 0 0% TI200 0 0%

pH E-1i0 7-5 -
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3 FINAL CONCLUSIONS AND RECOMMENDATIONS

e te

A

It would be cheaper to construct the CETF and solid waste
disposal facilities at same location than apart {like it was
recommendec earlier)}.

Savings which can be achieved for the system o©of the same
performance charactericstics (alternative lblcan be:

- in investment: Uss 81.000
- in running : Uss/v &0 000

et

hvoravlic sludage transport direcily to permanent disposal
applied i(which is now possible because of the site close
c the CETF; even hioher savings can be achieved
cai1ternative 2bl:

r+ -
n -+

- in investment: Use 721,000
in running : USE /v 78,000

t

e there would be enough space st the CETF site now, we
that the previouesely recommended sludoe drying
lagoone should be vsed for facultative effluent biclogicel
reatment, increasing the overall svsiem efficiency.
art from efficiency benefitse thiz svstem recommended under
sub-alternative s couid eventually be more economical
ar: the evstem recommended earlier in the TES {(Annex 1&}.
=p1te of a little bit higher running costs, lower
tment (Uci IF6.000% could result in =ome savinge taking
account the total 10 year costs (US$/710v &.0005%,
*1naﬁc;a] construction ci the whole recommended Fasur
ey efTluent drainage/trestment and soclid waste disposa
presented in the table Z.4.below.
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+ e necessary to bear in minc thet =211 the costs presentez
are ecstimated orn the basise of the Subcontractor experiences
and the date cecllected Ffrom +the local consultante and
running proijects during the fielo missions.

Firm, absoclute costs could be known only after +the bidding
procedure which shouwld be performed uveing the "Tender
Documents" elaboreted earlier. Naturally, the parte of the
documente concerning the CETF and solid waste dispossal

{Nos.S5 & 3) should be adopted in accordance with the

recommendatione made above.




3.4. COST ANALYZE OF THE RECOMMENDED SYSTEM

£ x 1000 USS
£%X x 1000 US$/10 vears

INVESTMENT COSTSX

equipment

RUNN ING

civil works COSTSx»

1. DRAINAGE

1.1. DINGARH COLLECTOR
D=0.7& m, L=480 m
1.2. DINGARH PUMP STATION

G=100 1/s

H= 14 m

N= 25 kW

2 pumps & 2 screens
1.3. PIPELINE

DINGARH-"PUCCA DRAIN"

=300 mm, L=430 m
1.4. PROLONGATION &

RECONSTRUCTION OF THE

"PUCCA_DRAIN"

0,90%1,25 m, L=590 m
1.5. Y.NAGAR DRAINATE

0,60mx0,60m; L=500m
1.6. Y.NAGAR PUMF_ STATION

Q= 171/s

H= 10Om

N= 4,5kuh

screen & 2 pumps
1.7. FINAL OUTFALL

= 8.400 m

-
=7

1.100

120

80

TOTAL DRAINAGE (1.1-1.7):

158
( 1.482 )

1.324

Corntirnued -/-




|
|
;

INVESTMENT COSTSx
equipment civil works

RUNNING
COSTSxx

2. TANNERY EFFLUENT TREATMENT

2.1. IN-HOUSE ARRANGEMENTS

190 flowmeters

190xscreen + grit/grease

chambers
s

2. CETP & SOLID WASTE

HANDL ING & DISPOSAL

0= 12.700 m3/day
N= 60C kW, 13300 kWh/day
= 13,6 ha
Treated effluent
characteristics:

area: 80x1700m

sS (mg/1)
BODS "
coD "
s-2 »
Cr+3 "
sS04-2 "
Cl- "

< 150
< 800
£1.200
< 1,5
< 0,5
<1.000
£3.200

Solid waste quantities:
- from the production

processes:

42 t/d

- from the effluent
treatment: 60-70 t/d

2

. ANALYTICAL LABORATORY

32 74

1.832 2.295

60

2.4. Cr—-RECOVERY

PILOT PLAONT

75 25

49

80

TOTAL EFFLUENT TREATMENT
& SLUDGE DISPOSAL (2+43):

1.999 2.394

8.480

UNFORSEEN COSTS

GRAND TOTAL COSTS:

2.787 3.718
( 6.5035 )

9.267
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PROCESS DIAGRAM
of the CEP TP WITH PHYSICAL EFFLUENT TREATMENT,

EQUALIZATION, SETTLING AND NATURALLY AERATED LAGOONS

20 PHYSICAL TREATMENT & EQUALIZATION

DO- s e [ s Ty ANNE!

TCRE MAANLAD Y T TANSL SURTEN

Sl ECL T AUTAMATIE FINE SUREFN k) T- TNME AUTOR
oo 13 SOL ID WASTE MONTINEFR

o000 0T EQURL TZATION TANE S COORORT YR TS
20-47 SURFACE AERATNRE (TN Tk T78TIOR TAN: ©F
RO S EFF_NENT ElimE TNE 377 Y I0A

30 SEDIMENTATION

3¢ £ -0.  DISTRIBUTION & DE. TWER. TAM
I0-F -3 EQUALIZED EFFLUENT Z1MPS
-6 T GFTTILING TANKE

IG-7 -0t SUiIDGF SORAFPFSC

W& -0T GUUDGE FUMFING STeTION

I0-F -07  SLUDGE SuMFE

40 MEASUREMENT, EFFLUENT DISPOSAL
LO-n -0 F: Nk MEASIHIRENMEMT  Ti-ANNE,

S0 SLUDGE STABILIZATION

SO-£ —-01 L IME PREFARING & GI o Itsz 700
S50-M -1 CIME SLAKING MIXER

Sa-r -0! _IME MILE DOSING FEHD

21 EFFLUENT TREATMENT IN LAGOONS
21— -0 SLUDGE DRYING LAGOOND

T1-i —-07  EFFLUENT TREATMENT LAGOMNNS
Mt OVERFLOW TN THE 1.AST " AGHC T

~07 6 UDGE GUFTERNATANT FME TS~ o1 o
A S UDAF SUFERNCTANT T

)
nS D

70 WATER SUPFLY SYSTEM

T o T T SN SR SR

-7 o PR TpAp

80 BUILDINGS
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PROCESS DIAGRAM

of the CEPTP WITH PHYSICAL EFFLUENT TREATMENT,

EQUALIZATION, SETTLING AND NATURALLY AERATED LAGOONS

20

2O-A-
20-RS
20--RE
20—t
20-A
Z20-AF
20-A

30

30-A
30-F
30-A
30-2
30-A
30-F

40-F
S50

SO-A
SO0-M
SO—F
21

21-L
21-L
21-A
21-A
21-F
70

T B
TO-F

80

a0-UF

PHYSICAL TREATMENT & EQUALIZATION

01 SUFPLY CHANNEL.

-1  MANUALLY CLEANED SCREFN

0T AUTOMATIC FINE SCREEN (WITH COMPACTOR.
-1 SOLID WASTE CONTAINER

07 EQUALIZATION TANKS {CONCRETE TANRC:

-0i SURFACE AERATORE (IN EQUAL IZATTON TANLG)
-0 EFFLUENT FUMFING STATION

SEDIMENTATION

-01 DISTRIBUTION % DELIYVERY TANE
-01 EQUALIZED EFFLUENT FLIMPS

~02 SETTLING TANKS

-01 SLUDBE SCRAFERS

-03 SLUDGE FUMFING QTATTON

-072 SLUDGE FUMFS

MEASUREMENT, EFFLUENT DISPOSAL

-01 FLOW MEASUREMENT CHANNEL
SLUDGE STABILIZATION

~01 LIME PREFARING % SLAKING TANE
-01 LIME SLAKING MIXER

-01 LIME MILK DOSING FPUMF
EFFLUENT TREATMENT IN LAGOONS

-0: SLUDGE DRYING LAGOONS

-02 EFFLUENT TREATMENT LAGOONS
-01 OVERFLNW IN THE LAST LAGOONS
-02 SLUDBGE SUFERNATANT FUMFING STATION
-n1  SL!UDGE SUPERNATANT FUMF

WATER SUPPLY SYSTEM

-0y, PROCESE WATPR WEL L
-3 wWELL TUMP

BUILDINGS

01 ADMINISTRATION % CONTROL T T DING

BO-G6- 01  GENERATOR STATION

RO~ TE

o TROANSFORMER “TOTTON
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PUTABLE WATER
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PROCESS DIAGRAM
of the CEP T P WITH PHYSICAL EFFLUENT TREATMENT,
EQUALIZATION, SETTLING AND NATURALLY AERATED LAGOONS

20 PHYSICAL TREATMENT & EQUALIZATION

20-A- Q1 SUPRLY CHANNEL

20-RS5-01 MANUAL LY CLEANED SCREEN

20-RE-Q7  AUTOMATIC FINE SCREEN (WITH COMFACTOR}
S0-k ~01 SOLID WASTE CONTAINER

20-A -0F EQUALIZATION TANKS (CONCRETF TANtS)
20-AF-01 SURFACE AERATORS (IN EQUALIZATION TANKS)
20-A —-03 EFF!{ UENT PUMPING STATION

30 SEDIMENTATION

30-A -01 DISTRTRUTION & DEL IVERY TANE
30-F —-01 EQUA! IZED EFFLUENT “UMPS
30--& 0T SETTI ING TANKS

30-7 -01 SLUDGE SCRAFERS

I0-A -03  SLUDGE FUMFING STATION

30-F -02 SLUDGE FUMFS

40 MEASUREMENY, EFFLUENT DISPOSAL \\~
40-A -01 FLOW MEASUREMENT CHANNEL //
50 SLUDGE STABILIZATION

s0-6 ~01 LIME PREPARING & SLA: ING TANE

S0-M -01 LIME SLAKING MIXER

SO-F ~-01 . IME MILKF DOSING FUMF

21  EFFLUENT TREATMENT IN LAGOONS

21-L -01 SOLIC WASTE DISPOSAL

21-L -0Z EFFLUENT TREATMENT LAGJIONS

21-A4 -01 OVERFLOW IN THE LAST LAGOONS

21-A -02 SLUDGE SUPERNATANT FUMFING STATION
21-F -01 SLUDGE SUFERNATANT FUMF

70 WATER SUPPLY SYSTEM

TO-BU-01 PROCESSE WATER WEi.lL
TO-F -0 WELL FiLIMF

80 BUILDINGS
80-1JF-07  ADMINISTRATION ¢ CONTROL BUILDING

B0-6S-01 GENERATOR STATINON
80-TS5-01 TRANSFORMER STATIDON
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PROCESS DIAGRAM
of the CEP TP WITH PHYSICAL EFFLUENT TREATMENT,
EQUALIZATION, SETTLING AND NATURALLY AERATED LABOONS

20 PHYSICAL TREATMENT & EQUALIZATION

20-A-- 1 SUPPLY CHANNE!L

20-R6-01 MANUALLY CLEANED SCREEN

20-RS-02 AUTOMATIC FINE SCREEN (WITH COMFACTOR)
20-k -01 SOLID WASTE CONTAINEK

20-A -02 EQUALIZATION TANKS (CONCRETE TANKS)
20-AP-01 SURFACE AERATORS (IN EQUALIZATION TANKS)
20-A -03 EFFLUENT PUMPING STATION

30 SEDIMENTATION

30-4 -01 DISTRIBUTION & DEL TVERY TANE
30-F -01 EQUALIZED EFFLUENT FUMFS
30— -02 SETTLING TANKS

30-7 -01 SLUDGE SCRAPERS

I0-A -03 SLUDGE PUMPING STATION

30-F -02 SLUDGE FUMPS

40 MEASUREMENT , EFFLUENT DISPOSAL
40-A -01 FLOW MEASUREMENT CHANNEL

S0 SLUDGE STABILIZATION

S0-A -01 LIME PREFPARING & Si AK'ING TANK
50-M -01 LIME SLAKING MIXER

so-—-F -01 L IME MILK DOSING PUMF

21 EFFLUENT TREATMENT IN LAGOONS

21-L -0O1 SOLID WASTE DISFOSAL

21-L -02 EFFLUENT TREATMENT i AGOONS
21-A -01 OVERFLOW IN THE LAST LAGOONS
21-A -02 SLUDGE SUPERNATANT PUMFING STATION
21-F -01 SLUDGE SUPERNATANT PUMF

70 WATER SUPPLY SYSTEM

TO-BI-01  PROCESS WATEFR WELL
TO~-F —01 WEL.t THiMF

80 BUILDINGS
BO-UFP-0: ADMINISTRATION & CONTROL BiITr. DING

BO-GS -01  BENFRATOR STATION
80-TS- 0!  TROANSIORMER STATTIAN
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PROCESES DIABRAM
of the CEP TP WITH PHYSICAL EFFLUENT TREATMENT,
EQUALIZATION, SETTLING AND NATURALLY AERATED LABOONS

20 PHYSICAL TREATMENT & EQUALIZATION

20-A- 0! SUPPLY CHANNEL
20-RE€-01 MANUALLY CLEANED SCXEEN
20-RS-0Z AUTOMATIC FINE SCRE=N (WITH COMPACTOR)

20-k -01 SOLID WASTE CONTAINZR
20-A -0 EQUALIZATION TANKS (CONCRETE TANKS)
20-AP-01 SURFACE AERATORS (IN EQUAL.IZATION TANKSS

20-A -03 EFFLUENT PUMFING STATION

30 SEDIMENYATION

30-A4 -01 DISTRIBUTION & DELIVERY TANK
30-P -01 EQUALIZED EFFLUENT FUMFS
30-A -02 SETTLING TANKS

36-7 -01 SLUDGE SCRAFERS

30— -03 SLUDGE PUMFING STATTON

30-F -02 SLUDGE PUMPS

40 MEASUREMENT, EFFLUENT DISPOSAL
40-A -01 FLOW MEASUREMENT CHANNEL
S0 SLUDGE STABILIZATION \\\
S50-A -01 LIME PREFARING & SLAKTING TANE ///
50-M -01 LIME SLAKING MIXER

SO-F -01 LIME MILK DOSING FUMF

21 EFFLUENT TREATMENT IN LAGOONS

21-L -O1 SOLID WASTE DISPOSAL

21-L -02 EFFLUENT TREATMENT LAGOONS

21-A -01 OVERFLOW IN THE LAST LAGODNS

21-A4 -02 SLUDGE SUPERNATANT PUMFING STATION
21-F -01 SLUDGE SUPERNATANT PUMF

70 WATER SUPPLY SYSTEM

7T0-BU-01 PROCESS WATER WELL
TO-FP -01  WELIL PUMF

80 BUILDINGS
8O-UF-01 ADMINISTRATION % CONTROL BJILDINCG

B80-6S5-01 GENERATOR STATION
80-TS-0, TRANSFORMEFR STATION
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