2.7.2 WORK PROGRAM FOR OPERATION AND MAINTENANCE

(1) SewerO&M -

There are four major O & M proccdurcs namely; dally mspccnon S|te mvesttgat:on
- pipe cleamng, and rchabilitation of damaged sewers. : :

Table V.2. 61 Work itcms by type for scwer 0 & M
O &MType | Work Items

- Operation of pumping facilities
- Operation of electrical facilities .

D_ally inspection

- Identification of damage and blockage locations
AT - Identification of inflow/infiltration points - e S o
Site investigation - | - [nvestigation of overflow from manholes : - 6)
R D - Inspection of new house connections o '

- Measurement of the volume of sediment in the scwer

Pipe cleaning - |- Removal of sediment and other foreign matter

Rehabilitation - Replacementlrepaar of damaged sewer

In orcler to pcrform thc above actwnties a hlgh prcssurc pipe cleanmg truck (exlstmg) a_
) sludge vacuum truck a dump truck and a plckup truck are requlred :

R

T he pipe cleamng operauon for the wastcwatcr collectlon system should be performedj _
according to a comprehenswe mamtenance schcdulc +The pipe cleaning crew should;
record the volume and quality of the removcd scdlmt,nt the method of cleanmg and'

' clcamng tlme in order to lmke nnprovements inthe future O&M activities.

"~ An anmnl pipe rehablhtatlon schcdulc based upon the results of the mvcstngat;on
survey should be prcpfired The rchabllltatlon works should be prlorltlzed such that
the sewers in most urgent need of repalr are rehabilitated ﬁrst

(2) Wastewater treatment plant 0 & M.

' ‘The proposed method of wastewater treatment at the wastewater treatment plant is the
usc of aeratcd lagoons facultatwe lagoons and constructcd wetlands llns requires
relatively snuple tcclmology and less manpo“er for operatton and ‘maintenance.

" Proper operation and maintenance is howcvcr mdlspcnsablc in order to rcal;zc the full

| perform'mce of the equlpment and to meet the demgn life of the cqunpment
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The O & M works for pump stations and ‘the wastewater treatment plant are classificd
. into two categorics, daily and perrod1cal works The work items for O & M are shown
in Fable V262 - S o

_- 'I‘able V.2, 62 Work items by type for w'tstewater treatment plant 0&.

O&MWork - | Work ltems

- Measurement of wastewater ﬂow

- Removal of debris at screen

- Inspection of operation of pump equipment.
- Inspection of operation of aerators
< Inspection of operatton of sedimentation faelht:es
- Inspection of operation of electrical equipment
- Analysis of water quality of influent and effluent (basic parameters)
- Recording equrpment operatlon data (runmng trme power
consumplion) R
- Inspection of operatron of on-site sludge colleetlon

Daily\vork o

- Removal of sediment at grit chamber (weekly) -

R lnspecttonfrepalr of mechanical/electrical facilities (annually)
Periodical work | - Overhaul of mechanical/electrical facilitics (every 5 to 10 years)

o L | - Removal of dried shidge froin sedimentation ponds (every 6 month)
- Maintenance of constructed wetlands s g i

VAs the wastewater treatment plant wrll drscharge the treated water mto Lake 'lrtrcaea
-the treated water wrll have to comply wrth the effiuent regulattons Because the
: 'quahty of the treated water will need to be checked rmmedrately on demand, a
'_laboratory will be faerhtated wuhm the plant, staffed by a chemist. Complrcated water

qualrty analysrs wrll however be- conducted by specralued organu:atrons outside the -
- company. Some major water quahty parameters for wastewater, such as temperature,
pH, BOD, COD S8, number of focal and total colrform colonies and molsture content
| “of sludge should be measured at the treatment plant '

2.7.3 ORGA:NIZATION FOR OPERAnON A'ND MAINTENANCE |
'Requrred personnel for the scwcrage operatron is proposed as Table V 2. 63
' Admmrstratron staffs for EMSAPUNO are not meluded in the table lempor‘tl
workers are hired for _tlre 0 & M ‘operation, such as totora cutting for constructed
- .wetlands and sludge removal from sedimentation ponds. '
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Table V.2.63 Required number of staff for o&M of the proposed
sewerage system :

(umt persons‘

Field & Position lPhasel | Phase2 } Phase3 [Duty
Manager [ 1 1 1 Responsible for wastewater system
Sewer and Pumping Station L
Engineer - - - Responsible for cleaning of sewers
Foreman - - - . |Responsible for site works
Sewer . — .
Worker 2 4 6 |2 workers/team
Driver 1 1 1 |2 workers/team .
‘Vehiclé maintenance shall be done by EMSAPUNO
Wastewater Trealment Plant _ o - T T
' Engineer 2 1 1 . |Responsible for technical matters
Operation |[Foreman S R I 1 Responsible for operation of each shift
" lOperator i 1 | -2 |1 (2) operator/shift -
. - [Technician | 1 1 1 [Responsible for site works
Maintenance A
: Worker - - - Cleaning
. Qualllty Chemist 1 1 1 |Water quality control
Analysis S _ S S
© . Total " 7 9 | 14

1274 OPERATION AND MmNTENAocE COST 2

'lhe operatlon and mamtenance program as st;pulated if the preéedmg sectlons

requnres the foilowmg 1tcms and annual funds for proper operauon of the wastewater_

* collection system and the wastewater treatment plant

Table \' 2 64 Operatlon and mamten_ance cost

(Umt S/ lyear)

* Figures include IGV.

From the above study, overall implementation arl-_d:'disblits'eméﬁt ‘schedule for the .

- Year 2008 2015 2025 .

- Personnel Expenses| - 167,802 222,641 294,000

- Electricity Cost 475,114 630,388 | 832,434

- Chlorine Cost - - IR

- Coagulant Cost - 105,894 - ©139,834 -
- Totora Culting 3,853 5,112 - 6,750

- Repair Cost - 87,318 116,518 © |- 153,863

Total 734,587 -71,080,553 - | ¢ 1,426,881 ¢

proposed plan is prepared, which is shown in Table V.2.65.
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2.8 PROJECT EVALUATION -

2.8.1

ENVIRONMENTAL ASPECT - -

(1)Contribﬁttoh for énvlronmehtal Ifnpr‘ovemeni o

lmprovcmcm of water quallly of thc Puno mlcrlor bay of Tltlcaca lakc is onc of the

~ main objeclwcs oi scwcragc syslcm dcvclopmcnt in Puno

Magmtudcs of polluhon

load’ reduction ta the. inner Puno bay by mch 1llcrmtlvc arc calcuhlcd using the

lo]lowmg cOndmons

Table V 2. 66 Treated wastewater quahty d:scharged to the mner bay

_ - - BOD; - Nnrogen(T N) Phosphorus (T-P)
| Year ‘mg/l oo omghh : © o mg/l
Phasel 2008 100 L0270 .40
Phas¢2. | 2015 co12 o3 S 2.9
Phase3 | 2025 1 L 33_. 2.9_

ot \’alues for )ears 20]5 and 2025 are \ulh ooagulanl add:llon '

. 'I‘olal pollutlon load reductmn to lhc lnncr bay is shown in Iable V2 67

Pollutmn load reductlon by proposed measures m year 2025

Table V.2.§‘7,
';.:.BODS’-_ TN , _ff'r-P
Discharge | Reduction D:schargc Rcduchon Dischargt_:_ Reduction
o (kefday) | (%) | (gday) | (%) | (kefday) | (%)
Without project |~ 2,541] " 0% | 1,292 0% | . - 155| 0%
thprojcci o 526) 79%‘ 667 48% | 68| S6%

(2) Inmal enwronmental evaluation (IEE)

Table V 2 68 Imtlal Envnronmental Evaluatmn (IILE)

Envitonmental concern Evaluallon Rcmarks
Lake water pollulion B “Treated water feuse can bc co_nsndcred.
N S Sludge shall be disposed in the fenced arca to -

Sludgc disposal ; C prohtblt public access 0utsndc the catchment
R a area of the Puno’ inner bay. o

or fcnswc odor and noise - B o Offensive odor and noise mlghl be gencralcd at_

gcnerahon L P acrated lagoons il

Change of landscape ' B Large (otora faeid wxll changc lhc landscapc

A: serious impact is expected
B: minor impact is expected

Crextent ohmpacl isunknown - 0 -

D: no igpact
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Only minor environmental impacts are expected from the implementation of the

proposed plan.
2.8.2 TECHNICAL ASPECT
The cvaluation of technical aspect is summarized in Table V.2.69.

Table V.2.69 Technical evaluation of the proposed plan

Criteria o ' ' Proposcd plan
Previous operation experiences in Peru o}
Appropriatencss of technologyused . . [ - . = ©
BascoroeM | e
Effectwe1mpIcmenlauonschedulefor SRR B o
maximum results :

Ablhly (o rcspond to new lechnology E . ‘-  | '- O

Thc praposed plan.is cons:dercd technically fcasnble for. nnplemcntatlon in Puno City.
283 SocmLAsrich -

Expeclallon of lmprovcment of S'mliatlon and lake cnvnronmcnt 1mprovemcnl by -
‘scweragc system dcvclopmenl is very high m Puno City according to the public
: conscmus survey carrlcd ouf by JICA study team. Implcmcnlatlon of the Master Plan

: w_ll_l have the following socm] effects: .
R lmprovcmcﬁt of Saniiéry éondilioné '

Improvcmcnt of tounsm dcvclopment polcnlml by 1mpr0vmg lhc inner lake

walcr quallty '

o 'Fhe proposed Mastcr Plan is con31dcrcd socnlly fe'ls:blc for Puno Clly Social
acccplance and cftcctlvcness of the Master Plan will be cnh'mcccl through pubhc

) awarencss program
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2.8.4 ' FINANCIAL ASPECT

(1) Conditions for Finance Analysis

In order to analyze thc f' nancial aspcct of the proposcd plan, there are some COIldillO]lS

as follows,
(a) nflation rale is omitted.
(b) Profit tax of sc\vérage project is not counted.

¢) Income of sewerage project will be raised by' 1) the increase of Puno po u]at-ion'
e p pop
(2) the increase of wastewater volume, (3) the increase of sewerage service charge
(5% up for cvery 3 year), and (4) ihe increase of the chargc co]lecllon ra!c

(d) KfW donates 12 million Dculschc Mark ( S/. 21,180,000 ).

(c) The parl of construction costs Ihal are nol able to be covercd by KfW donanon wxl] |
be fi nanced by loca] loan wnlh 5% 1ntcrest rale ‘The local loan w1ll cover
contlngcncy of construction work, but will not cover IGV (Impuesto Gcncral a las
Ventas is equal to General Sales Tax) of conslructmn work. '

H Malnlcmncc cquipment cost mamtcnancc cost, engmcermg cost w1|] bc 1i nanCCd
by local fund without interest. : '

(8) '.Civil work for sc\\?érﬁgc 1reatn.1cn-l is depré.ciated';\’filh’ 40 ycars.r

(h) Maintenance equipment is dcprcualed wnh 10 years. Aﬂcr 10 ycars lhc eqmpment
will be purchased again at same pncc ' L

(i) Contingency (15%) is cons:dcred on thc cosl of conslrucuon work mamtcnance :
- equipment and cngmccrmgserwcc - '

@) IGV (18 %) is con51dcred on the cosl of consiructlon work malnlcnance equlpmcnt -
“engincering service, conlmgency, and malntenance ' '

(k) Civil work and cqulpmen{ will be bought out by EMSAPUNO at lhc rcrnammg
value in 2025F/Y.
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(1) Rencwal costs of existing and proposed equipment are included in order to cvaluate
financial viability of the entirct EMSAPUNO’s scwerage service.

Financial Viability of Propose'd Prb}e#t

" NPV (Net Present Value ) and FIRR (Financial Internal Rate of Return) arc used as

indicators in order to cstimate financial viability of proposcd plan. To calculate NPV of

proposcd plan, discount rate is supposed as 5%, because internal trade rate between
~ banks in Peru was 5% in August 1999 (Banco Central D¢ Reserva Dcl Peru, Augusl'

1999)
Table V.2. 70 FIRR and NPV for the pmposed plan
(Uml 1,000 S/) :
FIRR | NPV
Propdscd_ Plan - 6.0% S/.2,277

* Notice: Discouat rate of NPV is 5%

FIRR and NPV are calculaié.d by using the data of prOject cost, revenue, and donation.

- Thc detalls of these dala are shown in Table V.2.70.

- FIRR (6 0%) is largcr than dlscoum sale (5%) and NPV (S/. 2 277) (urns out posmvc

-hencc the proposcd plan is esumated as feasible. However, the feasibility is based on

R the condmons mentioned in lhc previous section, so finding sources of local loan with

2 5% mtercsl and local fund w1thout mtcrcsl is crucial.

‘ Thc changc of cash bahncc is shown in the thme v.2.22. Thc c.ash flow out” will
7_cxpand in 2001 and 2017, bccausc the cost for construction work will swell in these

o years, and “cash flow out” will jncrease in 2012 and 2022 because the cost for

prouurcmcnt cqunpmenl will cxpand in 2012 and 2022. Whilc the “cash flow i’ * will
_ 1ncre'tse in 2001, bccausc of the domnon of KfW. Mon.ovcr “Cash ﬂow in’ w1]l swell

in 2025, because it is supposcd that ail tacmtlcs and equlpmcm will be sold out by

| EMSAPUNO at the remalmng value.
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60,000 §1.000

50,000. . B Cash Fow Out

Sale of all facilities and equipment

40,000 | o m C‘]Sh Fowln
;30,060. oo C
. ——Balancc

20,000 | Donauon of K[W
w000 |
10,000 | .
20000 | ': R e SiE ; | _ o T

Procurement equipment

40,000

Figure :_V.2.22 Change of Ca_sl_i: l__)alajncé E
(3) Finanmal Pian

In ordcr that the proposcd pl'm l'C‘lChCS thc F n‘mcmlly vnblc levc] ovcr 5% of FIRR, onc

of the most effective method is receipt. of subSIdy or grant. Morcovcr ot only the

financial aspect of the proposed plan but also economlc aspect should be considered,

because the 1mplcmcnht10n of the proposed plan for 1mprovmg water quallty of Lake
‘ Tmc:'u,a w1]l also 1nﬂucncc tourism and fish mduslry in Puno ‘ ‘

To m_akc the p.rop-o.s.ed .plal_i. fcésiblé,_lhg follo#_;{ing. :.1-1ca'surés |_nusl-..blc .iakcn- il;to 'e-.c;o-u'nl.
i (z;) 'll?i;icli;lg_ ﬁﬁnancc sourccoflowmlcrcst lowerth'mS% _- .
' (b)r Fil_’\ding a ﬁllﬁnéC source of ﬁb interest. | o
'(.c) lnéreaéing a chargﬁ cbllcétibh raié. Prcscm co]lécii;i; r.at.t;, isﬁpﬁr&%in%alél&v 76%

d) Increasing a sewerage service Ch'll’ c S% increase ever 3 years). Thc rescnl J
g 8 B¢ y )’ P

: scwcragc service chargc in Puno is approxlmalciy 97solcs/famlly/ycar (EPS
EMSAPUNO S.A, MEMORIA ANNUAL 1998) The raise must be rcgulated and

mtormcd well to Punio cnlvcns from the prcp'u‘allon stagc ot the prOJect

vo1sd



(c) In order to miligate the impact of the above raise in the sewerage charge on the
lower-income houscholds, a cerlain type of taritl structure could be considered.
For example, progressive tarill system by metering block (usage) with a low basic

charge will help lower-income houscholds with small water usage.
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Table V.2.71  Cash flow an.d P/, estimation for the proposcd plan

Project expenditure estimation

: . : : ' : : : : . (Unit : $7.000)
[Fiscal Year Yotal(99-25) [1999FY | 2000FY |2001FY [2002FY [2003FY [2004FY [2005EY [2006F Y [2007EY [20081Y [20005Y [3010EY 2011FY R2012FY [2013FY DOIEY [2015F Y [2016FY 20178 Y [2018FY J20195Y (20201 ¥ [2031TY [20931Y |2009EY [20240Y [7025FY
Land Acquisition ¢ : . :
Proposed project administration cxpense 601 22 22 - 22 22 22 2] - 2 22 22 29 29 29 29 29 29 029 20 20 20 20 20 20 20 2 20 20}
Construclion work (a) 53,550 2,586] 18,259] 2,586 - 2492] 447 L7 1497 40| AT ] s e st 1375 1,375 1,375]  L,3715]  L375] 1,375 1,375] 1375
Contingency (15%)  (b}=(a) x 0.15 8,033 388 2,719 388 ' - ‘ 3 7 217 217 217 217 217f - 206 986 206 206 206 206 206 206 206 206
GST (18%) {(c)={atb)x0.13 11,085 5351 3,780 535 316 - 300 ico 300 300 300 300 285] 1,360 285 285 285 285 285 285 285 285
[Maintenance Equipment (d) 20,388 15 234 173 377 - 112 15 8,670 173 317 189 817 E B 8,670 173 3wl
Contingency (15%) {)=(d) x 0.15 3,058 2 35] - 26 57 17 2 1,301}~ 26 57 - 28 123 2 1,301 26 57 ]
GST(18%) . () =(d+e) 2 0.18 4,220 3 - 48 36 78 ' 23 3 1,795 op - 78 39 169 3 1,795 36 8
Engincering Service  (g) -~ 53551 L406] 937 ) 670 : 447 1,137 758
Conlingency (15%) (h)=(g) x 015 803] - 21l : 141 ' : 101 - 67 171 114
GST (18%) () =(gth)x 0.18 1,108 291 1 . . ' 139 93 - 15 157 : : -
Maintenance (with GST) 24901 - 317 335 354 550 574] - 599 623 659 696 . 735 778] 913 9451 © 978] 1012] 10d6) 1,081 14| L1499 L181] 0219 W256] 1,289] 1322 1L337] L3901 1,427
Total 133,103] 2225 3,887 26425 4399 831 L131 645] - 681 718 757 _5250] 2925 3544] 14.736] 3,240] 35511 3,073F 4313 10084 4,352 4214 31621 3,175] 14,973] 3478] 3,789 3313
Donalion, Loan & Local Fund ' . T S : B L _ : o . . .
Donation up to $/.21,180 { DM12MI1) 2,180 1817 2974] 16589 0 0 o 0 0 O] -0 -0 -0 0 00 . 0 0 ¢ 0 0 0 0 [ ] 0 0 0 0
L.0an available for construction work -~ 42,030 0 0] 4419] 2914 o -0 o o - ¢ 0] 2866 1,664[ 1.664] 1664] 1664] 1,664] 1664] 1581] 7596] 1581] 1581 16811 1581 1581 1581 1581] 1581
Local Fund of non-construction expense 69,893 608] 913 sd417] 1425 B3}  1.133] . 645 - 681 718 151 2384] 1261) 1880 13072 1576 1.887] 1410 2862] 2529] 277i| 2632 1580] 1593 13392] - 1897] 2208] 1,332
Total 133,103) 2.225| 3.887] 26423 4393 83t 1,133 645 681 718 154 5250] 2925 3544] 14736 3.240| 3551] 3074] a4543] 10084] 4352) 4214] 3.062] 3175 14573] 3478} 3.789] 3313
Loan transaction : L S Co e : SR . . '
Loan Receipt . 42,030 0 0] 4419 2974 0o - o o O o -~ o 2866] 1.664] 1,664 1,663] 1,663] 1,661] 1,664] 1,581 7,556 L8 LSBI] 58] 1,581] 1,581 1.581] U581 1581
Loan Repayment ' 8,146 0 0 . 0 0 0 of = 0 0f 0] 221 370 - 370 370 - 370p 370 370 3 513 596 679 763 846 9291 - 1,012
Loan Balance 33,884 0 0] _4419] 7,393] 7,393] 7,393| 7393] 7,393] 7,393 7,393 10,259 11,923} 13.366] 14,660 15,955] 17,249] '18,544] 19,755| 26,911} 28,153] 29221| 30,206] 31,108 31,927} 32,662] 33314| 33881
- Inferest ' : s Co ot KRR o ) . - : ' . S : _
|Interest (5%) R ] 22,765} 0] 0] 2 370] T 30]T 3wl 3] 3ig] 370] © 370] 513 S96] eo8] 733 798| 862] 97| 988] 1,347 1,408] 1.464] i510] 1,555 1,396 1,.633] 1,566] 1,691]
Cash Flow - :
Cash-In: S - S : T = T - [ -
Dopation - - - . - - 21,180 1687 2974| 16589 - o] 0 ] ) 0 -0 0 6] - 0 "0 S0 0 0 0 . R 0 0 0 - o 0 0 0
Loan for Project Disbursement . 42,030 0] - 0] 4419] 2914 0 SO0 o 0 0 0] 2,866 1.664] 1,664]  1,664] 1,664 1,664] 1.664] 1581 7,556] 1,581 1,581} 1,581 1,581 1,581 1,581] 1,581 1,581
Local Fund for Project Disbursement - - 69,893 . 608 93] 5417 1,425 831} 1,133 645 681 713 757] 2384) 1261} 1,880 13,072 1376] 1,887] 1d10] 3962} 2,539] 2771] 2,632] 1,580 L3O4] 13392 18971 2,208] 1732
Local Fund for Loan Repayment -' 8,146 -0 0 0 0 ol ol -~ 0 . o -0 -0 0 of - 221] - 376] - 370 370 370 370 370 370 513 586 679 763 846 9291 1,012
Revenue + F/A sold . 166,671] -1,572) 1,783 1903] 2,025] 2359 2399 2,542 2875 3,095] 33221 3740 4.006] 4,181 4,584] 4781 4.983] 5.456] 5.674] 5.900] 6,426 6,689 6948 7,548] 72,8091 8.077] 8771 47,320
Local Fund for Interest Payment 22,165 0 0 21 3701 - 370 370 3N - 3100 - 310 370 513 596] - 668 733 798 8621 - 9 938 1347] t408f 1d461] 1510] 1,555 1,596 1.633] 1,666 1,694|
Cash-Out: . i . g Lo s . . . . . B = R R i ) . ) - .
Project Disbursement : 133,1031  2,225] 3.887] 26425 4,399 - &1 33~ 445 681 718 757 52501 2925 3,544] 14,736] - 3.240) 3,551] 3,074) A543 10084] 9352 4204] 3,063 3475 14,973) 3478} 3,789 3313
Loan Repayment - 8,146 0 0 0 o - 0 0 -~ 0 -0 - 0 of -0 0 221] - 370 - 370 370 370 370] 370 3N 513 596 679 763 846 929] 1,012
Interest Payment ' 22765 - 0 - of 22 370 370 370 Jio| - 370 370] - 370 513] - 396 668] - 733 798 862 927 988 1,347) - 1,408] 1461] 1,510] 1,555 1,596] 1,633] 1.666] 1,699
EMSAPUNO existing expense 21,249 7817 787 787 7817 787 87 787 787 - 18 - 7187 787 787 787 787 781 - 787 787 787 787 787 187 - 787 187 787 787 787} - 187
- |Repayment of Local Fund - 145,422 185 936] V116 1.238] " 1472] 1,613 1,755] 7088 2308] 2535 2953] 3219] 3394] 3797| 3994 4.196| 4669 4887] 5113] 5639] 5902 6161 6761] 7.022] 7290] 7984 46,533
Bafance of Cash Fund / - Local Fund 14,618 177 84] -4,5221  -556 271 110 740)  1,037] 1,220f 1.409] - 56 1,361 6251 -10377{ 1,250 1,078 - 1962 508 867] 1,091} 1,296] 2474 2,933] -8720] 2915 3,182 12,065
P/L ESTIMATION : : R : B ST ST T o T _ o : :
Revenue I - 1284200 1,572f 1,783] 1,503] 2,005] 2,250 2399 2,593 2.875 3,095 3,322] 3,740] 4,006] 4,181] 4,584]  4781] 4,983] 5456] 5674] 5.900] 6426 6,689] 6948] 7,548 7809 8077 8771 9,069
Expense: 1. Administeation I 22,576 7817 809 809] 1,127 809 809 $09 8091  809] - 809 968} s16] -~ 8is] ~ 316]  sl6 816] - 816 807 8071 1,063 807] - 307 807 807 807 307 807
2. Engincering service ' : 7,267 1,908 0] 1,212 0 0 6l 0 0 op - 0 909] 0 607] -0 6 0 0] vs53] 0 o] 1oz 0 0 0 0 0 0 0
3. Contingency 0 0 0 0 L 0 0 Y ) 0 0 0 L 0 0 -0 00 o0 O - o o 0 0 0 0
- 4. Maintenance 24,901 37 135 3541 - 550] - 574 599] - 623 - 659] - e96] - 735 i8] - 913 945 978) 1,012] 1,046 1,081) 104 L1049 LISI| 1,219 1,256] 1,289 1,332 1,357] 1,391 1,427
5.GST (18%) "0 0 Op -0} .o 0 Of -6 - op . of ol of o o 0 ol o 0 0] - 0 0 o ) R 0 0 -0 -0
i 6. Interest expense : 22,765 0 0 221 3701 3708 0 310 370 30 370 370 513 596 668 - 733 798 . 862 927 988 1347] 1.408] id6t] 1,510 1,555] 1,596] 1,633 1,666 1,699
" 7. Depiceciation { proposed ) _ 5231 o) o o] ol - of eri| et 1671 1,677 L677| 1,677} 1,677] 1,845] 1,894] 1,943 1,992 2,041 2,690] 2,140 2,186] 2392] 2,939 2985] 30321 3,078] 3123 3,172 3218
- 8. Depreciation { existing) 89,7711 - 362 - 362 362 362 - 362 62 362] - 362 362) - 362| .  362] - 362 362 362 362) - 362] - 362 362 362 362 - 362 362 - 362 362 362 362 - 302
| Expense total : ‘ - 139,593 3,37[ 1,506 3,018] 2,408] 3,792| 3817 33841 3877 3914] 3,953] 5207 4,532 5292 4,832 4,980 5,128} 3,277 6,953 5851( 7,935| 6,788 6,920 7,045 7,166] 7.284] 7,397 7.509
Profit / Loss . T3] -1,802] o 297 -1, 004] " .383] -1,532f <1417 -1,299] -1.002] 819 630 -1,467[ © -526] -1,110] - -248] -199] " -144 179] -1,279 48] -1,508 98] - 27 503 643 7931 L3M] 1,560
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g\ssuhlplion

1. Revenue : The rate will be revised every 3 years and 5 % increase is expected.
Fee collection rate will bc mc_rtased by 1% annually.

2. Depreciation { construction ) civil work will be deprnCtated for 40 years ( every year 2.5 % of acquisition cost is depreciated. )
mechanicallelectsical wilk be depreciated for 10 years.

3. Deprectat:on ( cqmpment Yitems will be depreciated for 10 years { every }ea.r 10 % of acqulsmon cost is dcprectalcd )

4. Depreciation ( EMSAPUNO ) Existing fixed asset is for water and sewerage business. According .
to the 1998 FY de!ail expense information, 66% of depreciation was for water business, 34% of depreciation was for sewerage business.

5. Local Fund : Non-construction e\p: nse loan principal pa)mcnt & lntcres! payment are funded by

Perw’Puno govemment without interest.

- NPR{5%)

V-137

. ' . - : : : : (Unit : $7.000)
Depreciation of proposed fixed asset 1999F/Y)2000F/Y] 2001 F/Y[2002F/Y) 2003E/Y] 2004 F/Y| 2005K7Y) 2006 F/ Y} 2007F/Y) 2008F/ Y| 2009F/Y | 201 0FN[ 20 HF/Y]201 28 /Y] 201 3F/V[ 20 LIF/Y[201 SE7Y] 2016 F/ Y[ 201 7E7Y| 2018E7Y] 201 9F Y2030/ Y| 202 16V 202 3 F Y1 20 23E 7V 2024F7Y[2025F1Y]
sewer civit work ( 2000-2FY ) 6,054 ' 263] - 263 263] - 263 263 263 263 263 263 263 263] - 263] . 263 263 263 263 263 263 263 263 263 263 263
sewer civil work (2009-15FY) 4,468 : . : 49 98 147 156 246 295 344 344 344 344 344] - 344 344 344 344 344
sewef civif work (2016-25FY) 2,099 ' : a] -9 140 187 233 2801 . 327 313 420
punp civil work ( 2001FY } B X - 1] -1 1 i 1 1 i 1 -1 1 il 1 1 1 1 1 i B i 1
plant civil work ( 2001FY ) 5,438 236] . 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236 236
plant civil work ( 2009FY ) - 124 - 8 - 8 8 -8 8 8 8 8 8 8 8 8 8 -8 8 -8
plant civil work ( 2017FY ) . 123 . : 2 : ' 15 15 15 15 i5 15] - 15 15
pump mechanical { 2001FY. 2017FY )} 763 25 25 25 25 25 25 25 25| - ?5] . 25 251 - 25 251 - 25| 25 49 49 49 49 49 49 49 49
plant mechanical ( 2001FY ) 26,496 1.092] - 1a52) i82) 1062] 1,152 1,152 i152] 1,152] 1,i%2] tas2  1a52] 1,152 3152 1.i52]  1.452 L152) 1,152] 1,152 1152 1152] 1152 1152 1,152
plant mechanical ( 2009FY ) 1,774 : : 111 it 111 i1 UL 111 i1 1 11 111 il 1] - 11 it 111 11t
plant mechanical ( 2017FY ) 4,953 R : : - ) : : . 619 619 619 619 619 619 619 619
total d\pnmahon of proposed FIA 52,314 L61] 1611 167 1671 1677 1673 1677] 1.845] 1,894] 1,943] 1992] 2041 20%0| 2140 2.i86] 2.802] 29330 2985 3.032] 3078 3125 3132 3218
: Depreciauon for custmg( l:.\i‘i:\['[l\'O ) fixed asset . o o L o - ' IR : - C S : )
- |Building, Construction (5/.23449 +5/.12450) x 3 8,239 305 3051 305 305 305 305 305 305 305 305 305 305 305] " 30s] - 305 305 305 305 305 305 305 J0sf - 305 305 305 305 365
Machine (5. 874)x34 % - 808 30 30 0 30 30 30 30 301 30 30 30 30 30] 30l - .30 30 30 300 30 30 30 - 30 30 30 30 10 30
Transportation equipmient { S/ 236)\ 34% 216 8 8 3 8 8 - 8 8] 8 8 8 - 8 - 8 8 3 8] - 8 8 - . 8 -8 8 [ ] ] -8 8 3 8
Equipment { §/. 43) x 34% 39 -1 1 1 1 1 . -1 1 -1 1 1) -1 1 1 1 1 1 1 1 1 1 ; 1 1 1 i 1
Other { S/. 510 ) x 34% 408 .- 17 17 17 11 171 - 17] . 17 - 17 17 17 17 17 17 17 17 17 17 17 .17 17 i7 17 17 17 17 17 17
total depreciation of propased F/A 9,771 362 362 362 362 362 362 i62) - 3621 - 362 362 362 162 362 362 162 362 362 362 362 162 362 362] - 362 362 362 362 362
REVE? 'Ub EST]\IAT]O\‘ o - B i - . . : Co : - ] S o :
wastewater flow estingation (61.3 Us in 98F Y) i 65.8 704 744] - 7841 825 86.8 21.1 97.2] 103.7{ 1103] 117.2] 1244] 1287 1332] 1377 T923] 1479] 15L7] 1564] 1609] 166.1] 171.1] 1756 180.2] 1849F 18091 1916
increase rate of wastewater (each year / 98FY )A 1.0734) 1.1485] 1.2137| 12790] 1.3458] 1.4160] 1.4861f 1.5856] 1.6917] 1.7993] 1.9119] 2.0294] 2.0995| 2.1729] 22463 2.3213| 2.3997] 2.4747| 35514 2.6248] 2.7096] 2.7912| 2.8646 2.9396| 3.0163) 3.0916] 3.1746
increase rate of sewerage fee (cach year / 98FY )B 1.00 1.05{ - 1.05 1.05 110} " 1.10] - 110 1.16 1.16 1.16 1.22 1.2 1.22] - 128 128 128 1.34 1.34 1.34 1.41 1KY | T 148 .48 1.48] - 1.55 1.55
increase of collection rate (annually 1%)C | 1.01 1.02{ ~ 1.03 1.04 105] 106 1.07 1.08 1.09) Ll1o L1} 1.12 1.13 114 115 . L.16 i17 1L18] 1.19] . 1.20 121 L2 1.23 124 1.25 .26 1.27
estimated revenue (84 1450in 1998 x AxBx C} 1,572| 1,783] 1903] 2,005) 2259 27399] 2542] 2875 3,095] 3322 3,740] 4,006] 4,181) 4583f 4,381] 4.983] 5.456] 56741 5900 6,426 6,689 6948 7548 7.809] 8,077 8771 9,069
Administration detail(without contingency and GST) L S S : : : S . S - o . _ -
EMSAPUNO existing administzation expense 21,249 787 787 787 787 787 787 787 787 - 787 787 7817 787 787 787 787 787 787 787 7871 - 187 . 187 787 787 787 787 787 187
Proposed project administration expense ~ 601 ol 22 22 22 22 22 22 2 N 21 2 29 29 29 . 29 29 29 20 20 20 20 20 20 20 - 20 20 20
Proposed project maintenance equipment 726 0l 0 0 g - 0 . O 0 0 - 0 0 152 0 0 -~ 0 0 0 0 0 0 256 0 1] 0 - 0 0f . 0 0
total 22,576 787 809] - 809 1,127 869 309] - 809 809 309 809 968 816 816 Bi6] 816 816 816 807 - 807] 1,063] . 807 807 807 807 807 807 307
lRR(IntemalRale 0fRelurn) : " LT S - : T B S s R :
Cash Flaw In ( Donation + Revenue + HA so!d) 187,851} 3,189 4,757| 18492| 2,025] 2,259] 2,399] 2542] 2875] 3,095 3323 37140] 4,006] 4181 4584 4,781] 4,933 5.456] s5.674 59001 6,426] 6,689 6948] 7,518 7.809] 8,077] 8,771 47,320
Cash Flow Out  Project dis + EMSAPUNO } 154,352) 3,012) 4,674] 27,212 5,186 1,618] 1920 1432] 1468]. 1,505] 1,544] 6037f 3,7i2] 4,331 15523] 4,037 4338) 386l 5330 10,871 5,139] 5001 3949 3962] 15,760 4.265] 4576] 4,100
Balance - : 33,499 177 84| -8,720] -3,161 641 479]  L10]  1407]  1,590] 1,798] -2296] - 294] -150] -i0,939 754] - 646f 1,595 344) 49721 1,287 1,680 2999 3,586 -7,951] 3812 4,195 43220
: - IRR 5967 . ' S ‘ : o : ' : : : o ' : '
NPR(12%) -5,133
NPR(10%) -4,594
NPR(8%) -3,046
NPR(6%) o 67
2217
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t)

HECQMMENDATIONS

Immediate implementation of sewerage development plan

~As eutrophlc lcve] of thc mtcnor bay of Puno has rcnchcd hyper-eutrophtc immediate

)

@

_ @

_:‘lCllOllS to reduce pollullon load inflow to the bay arc rcqmrcd Implcmcnlaﬂon of

sewerage development plan will greatly reduce the contaminants input to the lake as

dischssc_d in Seciion 2.8.

Careful malnténance of_ constructed wetltand

"The wastewater trealment syslem contains the process of a subsurface-flow type

értiﬁcial_wetland. In general, the rate of pollution loads reduction by this facility is
varicd by local conditions and quality of maintenance. - This type of wetland would not

 realize the expected performance unless a careful maintenance keeps the facility from
- being cloggcd Therefore a pilot study is necessary to examine the efficiency and the
* proper maintenance of the facility.  The study should also be carrled oul for

aitematlves such as a surface flow lypc wetland or a lreaiment system usmg Lemna,
and the most suitable iype shoutd be chosen from the results.

Sanitation promotion

In Puno health sub—rcgioﬁ, infant moriality rate is 99 per 1,000 line birihs, which is

much higher than 47, the national average of Pcru in 1995.  Sanitation promotion
through the proposed measures (Scction 2.4.2) is urgently required to improve the
present sénitary'conditions of Puno City.

_Inflow contro‘l for sanitary s'ewer' system

Largc amount of inflow to the s1mlary sewer system was observed during rainfall,

'whlch causes cxtrcmc wcl wcalhcr flow. This may overload pump stations and

_lreatmcnt planls resullmg in the dircet dlschargc of untreated wastewaler to the interior

bay of Puno. Enforccab]c regulations shall be established to prevent devised

connc_ctlons of rainwater sources to the sanilary system.

o v-138



(4) Enhancement of environmental awareness

The result of the survey shows that people’s awareness on deterioration of

environmental sanitation is still not very- hlgh ThIS lack of cnwronmcnhl 'iw:arencss
causes misus¢ of sqmlary sewer systcm and usc of (lramagc ways as 1oilet.
| Enlnncemcnt of envnrommnhl 1w-1rcncss is strongly rccommcnded as a kcy laclor for
lhc environmcnlal lmprovcmenl
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1.1

- CHAPTER - VI
SOLID WASTE MANAGEMENT

PRESENT CONDITIONS

_OUTLINE OF SOLID WASTE MANAGEMENT

Popu]auon of the Puno 'Provincial Mumclpallly 1:11998 is recorded as 110,013

mcludmg thosc of hl"SIdC inhabitants. Generation of waslc is 68.4 ton/day i m the

Mumcnpallly, of Wthh 35.7 ton/day i§ gcncralcd by thc ‘houscholds, 4.3 ton/day
by the commercral sector, 3 6 tons by markets, and 233 ton/day by road sweeping

wastc The rcmalncd 1 5 ton/day is conmdercd lo bc tr'msported dlrcctly by
' privately owned frucks to the Final Dlsposa] Site (hcrcmaﬂer referred to as the
_ FDS) in Cancharam ' ‘

' Thc collcction rate of waste generatcd in whole arca:is estimated 52%

approxnmatcly, whlch c0n51sted of 35% of houschold wasle, 34% of commercial

' cstabllshment 74% of road’ swceplng waste ‘and 75% of market waste collection

rate,

: Thc collccuon rale of houschold and commercml waste is lowcsl whlch is one of

E rcasons for an uncomfortablc ]akcsnde sccne of Lakc T111caca as well as for scene

of small galicy callcd Micro Cucnca ——

~ The solid wastc managemcm of. the Provincial Puno Municipality. is dircclly
.engagcd by the City, such as collection and lfansporlahon and !rmtmcnl of the

| f"‘?waste at the FDS in Sklrl of lhc Cancharam Hl]l

; Thc collcctSmn of so]lc wasle tmally lransporled to the EDS starls at 1:00 am up

.. to2or3 PM. The mumcnpalny owns 9 collection trucks, of which, however, only

~ 4 collection cars are Operatcd at: prcsent duc to thc rest unused from out of order

: by lack of mamtenance organuallon SR

As for the: FDS in Cancharam parts of samlary landflll facﬂ;llcs such as fence,

gale, opcn channel for run-off of supcr[‘ c1al walcr and biogas dramagc are

"‘mstalled ‘However dally éovermg by. sonl is nol carried out, and consequently

- harmful msecls such as ﬂy brced arc obscrvcd Tn totally, because of deficit of the



Municipality’s budget and lack of trained engineers in charge of sanitary
cnginecring, sufhcrent solid waste management is not rccogmzed for the benefit
of inhabitants.

1.2 EXISTING SOLID WASTE MANAGEMENT

(1) Experiment Data
“In order to establ'ishmenl a solid waste management 'pl-an oblaining the
mformauon on the co]lecuon populallon wastc quanhly and wasle characlerrslrcs

in lhe area is the most prmcrpa] as 1mp0rlant issue. i

"Thc followmg ﬁeld surveys wcrc conducted to exaetly understand the present
‘ 'srlualron of lhe so]rd wasle managemenl (SWM) in Puno C}ty

- Time and Molion _Sludy on the collection wprk
R smy oh :hé solid Qvaste quamity' transp(')r.ted. into the final disp&sal site.
— | Survey on, lhe 1llegal dumpmg ef ihe wasle (]localron and the quanlrly ).
- | 'Waste quanmy and physrca] eomponem |
- - Mca§urement ef the ex}rstrng ﬁnal dlsp_osa]‘._s-itie.f': R
" The detai!s ofilhc.nbo'vse sur\éeys'are &eserrbed as fo]ldv.’rs.
- .[Objcclrvc of The Waste Collectlon Experrment]

_ T hls seope of work for The Wasle Co]lectlon Experrmenl is mmmg al ihe analysrs _
"~ Jor the Solid Waste Managemenl for lhc Provmcral Mumclpallty of Puno. The
causes of the contamination at-the lnterror bay of Lake Titicaca are consrdercd_

that (1) the inflow of the sewage into the lake, (2) the mﬂow of solld waste into .
- the lake, (3) the sludge at Ihe bollom of the lake eaused by sewage )

- of lhesc causes, in ordcr to amlyze lhe cause due to lhe mﬂow 01 solrd waste mlo a
- the lake, this cxperm‘lem is earrrcd out. The conlents of the experlment are -

(l) The survey for the conscmusness of mhabrtams ['or lhe present solrd wasle
managemenl carrred oul l)y lhe Clly ' S



(2) Solid wasle collection cxperiment for the aim at the quanlny and the

componcnts of lhc waste.
(3) Time and Motion survey fof ll.lc.'wa.slé'coilcclion.l ?ehiélcs. |
(4) The survey on ql.lanlily of the was-t_c to be carried to the Final ]jispOSaI_Sitc.
(5) The qﬁantily énd-its volume of illcgal dumped waste in the Cily.

In ordcr to carry out thc first ltem, lhe city area are dwnded into four areas which

‘arc defined as

| 1) Urban area

2) Residential area in the urban arca

3) Residential arca

4) Mohntain side' residential arca

Tht'; four areas are shown in .Figurc VL1, 1 of the main report. The sample number
of the people’s conscmusncss concernmg the present solid waste management
bccamc 400 sample, which were 50 houscholds/one pointX 2 pomls/*uca X4
areas = 400 houscholds. The objects of the survey mcludcd houscholds,

rcstauranls and stands i in markets, slands surroundmg of markets Besulcs these,
several schools hotels were mcludcd as the study objcct

In order to carry out the sccond item, Ihc plastic bag was hanclcd out to lhc
' _'scleclcd 400 households and so on for storing '11[ the waste generated by the |
_ mhabllants and so omn. ' e

" In order to cafry out the third ilcm; that is Time and Motion Study, to take the

| lcnipbrél r'ct_:'ord-réga‘rd_ing cach work of the movement, colléction; Irzihéporl_ was

' _c-arried out, 'By meéns of this record, the cfl’icicncy of thé collection and
. lransporlallon work was analy7ed The data sheet conccmmg this survcy is as'
follows '



Data sheet

Motion

Sheet No,

Investigator

for Time &

“|Collec. -+ -

Route
No. -

{Date of Survey.

Weather Fine

Rainy -

Cloudy

No.  of
collec.

' ‘ " [Team
No. of Gollec. Point. ~ Contents of collector activity oper time
Arrvy Time= i N A
2 1. M
s
3 1. W
s’ :
4 ..M
_ s
el Y RONE oM
. : W s -
B 1 ™
s
8 : M
s .
dept time= 9 M
distns trck= .1 = 10] - 1M
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In order to carry out the fourth item, that.is the survey on the. quantjty of wastc lo
be carried to the Final Disposal Site, the truck scale weighed the each weight of
collection vehicle before cnlering the final disposal site. As for the waste, which
“'was' dircetly carried into the site was also studicd by watching at the entrance of
o thé site. 'I'his'survéy was carried out for 1 weck.
In ordcr fo carry. out lhc fifth 1lcm thc locauons and thcxr volumc of the 1llcg11
~ dumped waste in the cnty arca .were surveyed. The study team collected the
mformalxon regarding the placc of 1Ilcgal dumpcd waste by hcarlng and confirmed

"_'cvery place. +
(2) rEvalu'atIon of_ the Waste Collection Expériment -

1) Spenific Gravity of Solid Waste

Experlmental dala wcre oblamcd in Novcmbcr, 1998 in Puno mty as shown in
#'tablc VI 1. 2 of the main rcporl Thc spcmfic gravnty of the waste changcs from
0427167029 ton!cublc mctcr Howcvcr, those fi gurcs arc nol useful for the

:actlvmcs such as esllmallon forccastmg for sohcl waste handlmg causc too small.

iy H.u'.'r'l"f _4‘.'.:-": [ v 3 T
oA In this pijﬁCl the specd"lc gravny is adapted 0.30 {on/cubic mclcr By réason of
refcrcnced to followmg BO]Wla s ﬁgure of 5 citics.- '

- Oruro - . 0.276 tonjcubic meter

" Potosi 0.31'6'wt6ﬁ/cubi'c meter -
Tarija  0.261 ton/cubic meter
Trin‘idad 0.319 ton/cubic meter
Bl Allo 0. 360 ton/eubic meter

b In general, aVcraged f‘ gure of O 18 lon/ m’ (Expcnmcnlal data) is used in an
e ca.,onomlcally dcveloped country as lhc solid waste managcmcnl

c In 1994 PES (Insmuto Peruano Economla Soc:al ) rcportcd to the Puno
Provmcml mummpahly that n was approx 0.27 ton/m’ for the specific gravity.



2) Basis of Waste Generatlon and Colléclldn Volume

a. Quanhty of Waste Generation :

. Target year for overall counter-measme for avmdance of contamination of the
Lake is set up as 2025. Based on the rcsnll of the Study for Solid Waste
Mamgcment in this Project detailed in the Master Plan with long term of 26

= years, the estimation of the future volume of Solid Wastes is pl‘O_]CCled in the

' followmg dcsrgnaledthe waste gcneralron zones. - ' R

' Sources of the generahon of lhe wastc are desrgmlcd oy dividing info 4 Zoncs,
which are related to 16 Zones of Sewer'lge Project (Refer to Figure VI.1.1in
the draft final main report) :

'l he quannty of wasle generanon in cach zone 1s esumated in accordance w1th
- the ca(egorles classdied in lhe followmg two pomts *

One from lhe respeetwe arcas of A1 A2 Bl B2 C1 C2 Dl D2 allotted __

accordmg to thc research on the volume of gcnerallon of Sohd Wastes and the - -

| ~ other from the Arcas 1nlroduccd at present in the Cnty as admlmslrallve areas
of Sewerage (numbermg as No.1 Ihrough No 16). The background of lhlS

 method infroduced is for the sake of umt" ed mvesllgallon on the sourccs of

'conlammallon of the [ake_and it’s surroundlng and unified admlmslratlon of

Administrative Arcas of SWM (Sce I‘lgure No VI 1 1 Zones for So]rd Wasle' ‘

Management)
SW Total Generation Volume

AZORC. . ._'-_}.'-_.-"..‘.-..No 1 & N02 o
e BZonc No 4, No.5 & No. 6
CZone .V.No 7 through No 16
' IjZone . (Spccra]ly desrgnatcd for SW .as Mountamous '

residential areas) -



A
S

Each of those SW Zonces are at the same time classificd according to kinds of

- Wasles Collection methods such as collection by road swcepmg and collection

in residential areas.

b. Basls for Estimation of Solid Waste Generatlon Quantlty

(a) Population Forecast (1 998-2025 refer to thure-VI 1.1Zones for Solid
waste Management)

The forecast for populatlon growth used for the estimation of waste gencration

quantity is made on the basis of data obtamed in the period of 1972 through

1995 for the years of 1998 to 2025 (See Chaptcr o-STuDyY AREA, Table

I-2.1 Populahon Famllles and Households of Puno in the drafl final mam

report)

- (b} Forecast of Waste Volume Growth

Based on the data obtamed through hearmg to Central Bank Puno Bram,h for
the forecast of Annual Economic Growlh Rate as 1% to 2% for the commg 25
years, the growth rate of generatlon of waste for the same period is estlmated

annually 1. 5% .

(©) Forecast of Road Sweeping Waste Volume -

“The Road Sweeping Wasle Volume for eaeh ycar are obtained based on the '

figure of volume of Road Sweepmg Waste haulcd into the Final Dlsposal S}te o
in 1998 as 16, 413 kglday And also the data is obtamed that based on ratio of
total area of road in Zorte 1 through Zone 9 for sewcrage ag'unst the tot’tl arca
of the road in the Clty, :

 Asan examp]e in 1998 for method ofealculation; o

a:.

: Hau]mg Volume of Road Sweepmg Wasle mto E. D S 16 413 kg/day(a)

| rTolal Area ofall road in the Clty 7 ' '7 8%.5ha (b)
Total Area of Sewerage Zone 110 lone 9. w 588ha (c)
Generailon Volume of Road Sweeplng Wastc e (a)/{(c)/(b)} :
'_23447kg/day ST



(d) Number of shops in the Market . .. : e :
‘The details of the 1700 shops obtained through hcarmg to the Mumclpallly
Clcansing Dept. are as follows; RN

- Central Matk.c_t:
In thc Markcl Approx250 shops B
' Oulsuic Markct Approx 250 shops

Laykakola Markct Appmx 700 shops .
i Bellawsta Market - Approx 500 shops o

' (e) The Volume of Wastes Generated In Schools and Hospltals
‘ Bascd on the data by collecllon survcy and number of schools and hospuais
- o thc volumc of wastcs gcncrated in school and hospﬂa]s are obtamcd

T e

() Direct hauled Wastes R . _
The volumes of dircel hauled wasles are oblamcd through the cyc
~ measurement by countmg tl;lc numbqr of VcthICS in lhe collectlon survey
@ _Peiiééd'o'f Eollecton and Transpartaion Vehicles
1) Actual Data from Time and Motion Study In Nov.1998, PUNO Gity -
E‘xpcrimemal data (Payload) from Time motion Study are as follows;

Vehicle CompacldrTruck ~ Open Dtir;1p Truck

: Handling Waste - . - 12m*- Im* . . Ston - o
Street Waste 6.7(tllrip) 3 S(t/lnp) ~ 4.8(iftrip)
Domestic Waste ~ 3.8(t/trip)  2.8(t/trip) ;. .. . 3.7(1/rip). -

- Average S.3((]lrip) 3.2(/rip) 32(l/irlp)
_ : Sourcc, JS’I‘ 1998

- 2) Compactlon coefﬂclent of solid waste by Compactor Truck o
12 cublc mctcr Oompactlon ratio = (5 3 ton/IZ m )

= 0.442 ton/m* -



6 cu.m : Compaction ratio =(3.2 ton/ 7m’)
= 0,457 ton/m’

5 ton: Manual compnclron AS a Lollcctcd dala

: '=(3.2 ton/10.7 m’)
- =0300 ton/m*

T addition to the ‘above é}iis{ing vehicle, the [')ayloai'd for’ different éﬁpac"ilylof 4
: ‘cu m compactor truck and’ 6 8 cu.m Garbagc Dump Truck is ncccssary to estimate

' ?rcspectlvcly, as a condrtron for thc plannmg of cqulpmcnt (Vch:clc) capacrty

9 Estlm_atlon for Payload of Véhlcles (4 cu.m and 6.8 cu.m)

: Usmg abovc cxpcrrmema] cOmpactlon rallo

Payload of 4 cu.m Compaclor Truck (4 cu.mx 0. 45(0n/cu tn)
o SR o »18 ton!mp o

: ;:Using-ab()ve manual compablior‘i‘ r‘llio, ic. specnllc gravrly of waste, - -

...‘.

,{,__

_Z,D_lon/lnp

- Therefore, payload of each vehicle is summarized as follows;

" For planed vehicles, = - -

‘ 12cum Cdmpz{i(-;:!-s‘:_or‘ Truck o 12 X 045 5 4 ton (pcr lnp)
s 4curh .C(‘)mﬁaclé':r'Trzir‘“ck Sy X O 45 - 1.8 ton (pcr mp)

6 8 cu.m Garbage Dump Truck 7 6.8 X 0.3 =2.0ton (pcr lrlp)

'leFor cxrstmg vchrclcs R
' _12 cu, m Compactor 'I‘ruck | Samé és abo_vc 12 crr.rr_l Conipak:tbr (6.7 thrip)
- 7 cu. rn COmpactor Truck Same as abovc S

- 6. 8 cu., m Compactor (2 Ot/lrrp)



5 ton Dump Truck  : (3.2 t/trip) as per the data .
(4) Basle data concerned with the Final Dlsposal' Site,

1) On the life span of the exlsting lari_dﬁll s!_te.

According to the Clly Cleansing Dcparlmem the Owner of prescnt salc docs not
. clarify. Orlgmally, the Minisiry of Agnculturc owncd the land where the site is
located at prcscnt But, National congress had decided that contributed the land to

the local rcsxdcnt in consideration of the future land use of the pcnphcry mcludmg .

_ the prescnl Final Dlsposal Sltc Afict the conlrlbuuon by the National Congress,
the Clly requested an offcr of the Iand for the cstabllshmcm of disposal sites to ihe
commumty S ' '

For this request, the conimunity agreed that they made a promisc to offer thc 10
ha of ]and Howcver, as no documents concerncd wﬂh the cxacl locallon of the
* land to be purchascd by the Cny were made at that time, lhe commumty and the
- City did not rccogmzc the pin pomt location of the land of 10 ha. Aﬂer this -
ncgotiation, the City made the plans for establlshment of the dlsposa] sites whlch
are shown in Figure VI g1 Accordmg to the ‘plan, the life span ot the sites is
. calculated in the TablcVI 1. 7 lhls is shown in the Mater Plan in lhc Draﬁ Fmal -
Main Report '

Our survey becomes a l.riggér- the site for future use for the study (The Study on .

the integrated water pollullon control for Puno interior bay) was discussed
_ bclwccn the Clly and the commumly As the discussion rcsull concrelc Iocallon '
of the sile whlch is to be purchascd by the Clty was decndcd olhcr than lhc prcsenl '
- site. The plan of plain vww oflhc Samtary Landhll Site shown in lhc Flgurc X226
in thc Fcasmlhty Sludy is lhc 51lc . '

2) Actua! sltuatlon on Reuse and Recycle of the waste at the present Flna!
Disposal Site. : I _ :

Accordmg 10 lhc Clty clcansmg Dcparlmcnl sevcral months ago one woman
started co]lechng rcusable or rccyclable wastc in ordcr to sell them al the Jullaca '

Quantity of collecting the waslc is small al the presenl that does not contnbule to - |

reduce the hauled waste volume at the disposal site, Howcw_:r, as fhe fundamen_tal =



~ consideration of the Solid Waste Management, picking reusable and recyclable
waste up and.sclling'lhem is cffective for reducing the volume of collection,
transportation, and hauling waste to the sile if organizations or syndicates exist in
order 1o return them to the market. From the point of view, the City should keep
watching the possibility of the reducing waste through this kind of action ic.
confirmation of the presence of the buyer and confirmation of the distributing

structure of value wasle to the markel is necessary.
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1.3

EVALUATION OF PRESENT CONDITIONS

(1) Situation of the Scattered Solid Waste inside the City.

Geographical characteristics arc described as two arcas,
- Hill (slope) Arcas
- Flat Area

Those characteristics give affect on policy making for Solid Waste Treatment.
System due to the severe difficully in the callection and fransportation. Especially
in the hill arcas, collection vehicles face difficult access to the points of discharge.

Because of insufficient collection work mentioned in the above, the wastes arc
observed in the Micfo Cucnca (small valley) or tiatural of artificial waterways as

Hillegally dumpcd ‘and flow into shores of Lake Tilicaca, mamly at the time of
'tamy seasons. Thus natural view of Lake Titicaca was grcatly dclenomlcd

1) Solid Waste Management System.

The Municipality dominantly; manages -solid, .waste .:ircatment- -~ collection,

lr'msport and 1" nal desposal —in Puno C]l)’

Collecuon work of the waslc is by Road chepmg starling at 1: 00 am and by Bell

Collection from 8:00am both utilizing four Collection trucks, of which two are
compactors and another two are open trucks. Both of those are greatly old and are

unable to perform very often their services sufficiently due to out of order during
collcction work in 1998. In 1999, the Clly bought two used 2-ton compactor waste

coliection cars. This Lype of car is vcry ‘uselul for waste co]lccnon at the narrow

" and stccp slopc road

2) Final Disposal.

“No daily compaction of the hauled waste by means of heavy machine and no daily

covering with soil on it are carried out at present. Then, present situation of the
site is unsamlary and harmful insccis are observed. In order to avoncl lhlS sntuallon,

' 'ncccssary tools and equ1pmenl should be preparcd
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New regulation concerned with sanitary landfill site structure is now in mid
debate in National Congress. Aller passing the Congress, future sanitary landfill

site’s structure should be met with it.

1.4 IDENTIFICATION OF PROBLEMS

Through the evaluation of the exisling systems, the folloivillg problems are
identificd.

(1) Short term problems

1) Existence of Illlegal dump sites.

'Accordirlg to the'rcsu']t of JST survey concerned with the iliegal dumpcd waste
sites, 67 illegal dumping waste points were found out. The causes of these
poinls are mainly' “ Lack of collection frequency”, “Due to impossibilily of
people’s access of the collcction spot because of the slope”, “ No collection

service”.

2) Problems concerned with the Collection vehicles.

In 1999, 6 collection vehicles are in operation. Of 6 vehicles, 4 vehicles are
very old and as maintenance is unsatisfied situation, the vehicles stop many

times duc to mechanical malfunction during work. -

3) Unsalisfactory situation of the final disposal site.

No dail.y covering soil is carried out due to no heavy machine fs prepared, then
harmful insect is brecd. In case of cafrying out“the_ covcri.ng soil, the city
borrows the necessary machine from the other depariment of the city. But
heavy machincs such as buildo_zcr for covering soil, excavator for digging soil
and load on it into the dump truck are indispensable. |

4) Problems concerned with Administration and organization. -

As mentionced on the item (2), there is no system to check the situation of the

collection vehicles and to decide the time of rencwing the vehicles and



inefficient charging system for the cost for the solid waste managemeni shall

be improved.

(2) Intermediate term problems

1) Certainty of land acquisition for future FDS utifization.

For the necessary landfill site arca up to 2025, certainty of land acquisition is

indispensable.

2) lLack of knowledge to establish a long-term solid waste management
plan. ' R ' e

In order to implement the necessary long term solid waste management, the
knowledge concerned with the basic plan for the long term solid waste

management is indispensable.
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2.1

MASTER PLAN

TARGET AND STRATEGY

The final target of the study is to establish overall measurc to avoid further
contamination of water in interior bay of Lake Titicaca and to take action for

purification of it.

Thrce major causcs of the contamination in the Lake water, one by sé’wcragc and
others by the accumulated sludge in the bottom of the Lake as well as by solid
wastes dumped in the upper parts of the Lake in the City reaching to the .L_akt_:_
!h‘rough Micro Cuenca (small valley) or watcrways and scattered waste in the
inundation area of the Lake. |

In the solid waste management, the target is placed on reduction of volume of

illegal dumped waste for the cause of contamination of the Lake by achievement
of 100% Collection and Disposal of SW. '

The time schedule of final achicvement of the Target in 2025, which coincides
with time of compiction of Sewerage System, should be adjusted, however, to

consideration of the gap in the present Collcction Rate of 52%. Therealter, the

policy for 100% collection and disposal shall be maintained until 2025, a final
year of long terms Target.

Strategic Target

The following three objectives are taken into consideration for the achicvement of
the above mentioned Targel.

(1) Removal of illegal dumped wastes

(Sustainable collection of illegal dumped waste and extraction of hose as final
target)

(2) Improvement of Collection Rate of Solid Waste

(Reform of Collection System, Appropriate Supply of Collection Equipment
and Enhancement of People’s Consciousness over Waste Treatment)

€

O



(3) Improvement Efficiency of Final Disposal Site

(Cdm;ﬂctc Fxccutlon of Sa‘nilrary Lfm't_l.filll_a_nd Acqﬁisilion of Approprialc Landfill
~ Site) o |

“The plan is made on the basis of those Targets.
2,2 PLANNING CONDITIONS

(1) Planning Area

Planning arca for SWM is defined as Administrative Arca of Provincial

Municipality of Puno that includes improper arca for residing.
(2) Population and Land Use

1) Population

Pdpu]ation in Puno City is increasing year by year and is recorded in 1998 as
110,013, forecasted in 2025, reactiing to 186,560, 1.7 tifes of 1998;

Fbilowing Table shows the forccast of growth of population by zoiies, which

are definedas;
Zonc A= Cenl;al part oflhc City
Zone B- _’ R.csidj{.:nlial Arca -

 Zone C— Newtly developed Area

Zone D — Improper area for residing purpose

_ Zone A | ZoneB | ZoneC [ZoneD | ‘Tolal
1998 ' | 28,615 | 53,369 | 26,473 | 1,556 | 110,013
2000 | 28,383 | 54,982 | 31,214 | 1,556 | 116,135
2005 | 27,802 | 59,014 | 43,072 | 1,556 | 131,444
2010 27,221 | 63,048 | 54,932 | 1,556 | 146,757

2015 - | 26,638 | 67,081 | 66,788 | 1,556 | 162,064
2020 | 26,117 | 70,710 | 77,460 | 1,556 | 175,843

2025 . | 25,710 | 73,533 | 85,761 | 1,556 | 186,560

Growth | 90% | 138% | 324% | 100% | 170%




According to the figure in the table mentioned above, a variation of among four
Zoncs cxists. In Zonc A, center of the Clly, the popul‘mon is forccasted to
" decrease for 10 %, on ‘the other hand, in Zone C to increase for about 3 times.
Accordingly, in the futurc Plan for Solid Wastes Treatment ( Collection and
Transportation), the Area for colicction is assumed to expand tremendously

Sil]CC (hc amount Of wastes treatment.
2.3 ALTERNATIVE PLANS FOR STRUCTURAL MEASURES
(1) Possible Measures

1) Alternative Plans SEC TR P S ¢

The cvaluation was sct up as the evaluation point is obtained highly in the case
that to collect and to transport is advantagcous.

- Collection and Transport
The evaluation stan_ldﬁrd was set up by reason of the following.
a. Topographical shape:

Generally, in the hillside arca, roads are narrow and stcep gradiéni that means flat
arca is casicr to collect and transport the wasle than hiliside area. Thercupon, as
for the planc area, the hill area allotted 1 point 2 points respectively.

b. Difticulty of Discharge
b-1) Distance (o points of discharge.

According 1o the result of the qucstionnairc conducled by the JST in Nov. 1998,
the trend of 1llcga] dumping mcrcases as the dlschargc point become far.
lhereupon in case lhal the dmchargc poml is near and in casc that the dlSCh‘l[gC
point is far from a house, 2 pomts and 1 poml are a]lollcd rcspecnvcly

b-2) Restriction of liming for dischargc

For the inhabitants, no rcslnctaon tlmmg for dlsch'irglng waste is the best.
Thcrcupon 2 pomls were allotted for less rcsmcllon timing, and one point was _
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allotted for high restriction of timing. Gencrally, as for a timing of Solid Waste
discharge, at thc moment when a collection car passes, one must carry out the
discharge of Solid Wastc instantancously, However in case that some containers
are installed, the restriction of timing for discharging is climinated.

<. Road conditions

; 2..poinls‘ were _alldlicd fo.r wid_c' road é\mi 1 pbilll_\\;as allotted for narrow road.
As for the central part of the Cily; the road is narrow, the suburbs wide.

d. P(;ssil.)ili'ly of i“égai 'dul'nping o

Difference between thie car coltection and the container collection €Xpresses
possibility of illegal dumping. Namely, in case of container installation, low
possibil.il'y of illegal dumping would be occurred. Thereupon, 1 point was
allotted for high possibilily of illegal 'dumping and 2 points were allotted for
low possibility of illegal dumping.

e. Possibilily of rcpe{ition of illcgél dumping.

The repetition of illéga] dumping depends upon dilficulty of discharging waste
for inhabitants. Then, container collection is low posSibility of repetition and
car collection is high possibilily of repetition of illegal dumping. 1 point was
allotted to car collection and 2 points were allotted to the container collection.

Other than above items, the Population weight and construction cost weight are

considered.

As for the popﬁlalibn weight, the population ratios of 4 zones in 2008 is A: B: C:
- D=0.5:1.0: 0.7:0.03 in casc that it make B 1.0. .

- Final Disposal
As previously mentioned in the main report, no alternative is plancd.

- Costof cach Alternative
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* As mentioned in the main report, three alternatives for technical selection and
two alternatives for financial selection were set up. As for the cost of each
alternative, following results are obtained. L S

Costfor A—1,A- 2 A — 3 is shown in Table VI.2.1And for Cost of F - 1, F-
2 is shown in Table VI.2.2 Obtained Costs of three alternatives (A—~1, A-2, A
— 3)are the costs in case that the achievement of 100% collection by 2008. Cost

concersied with ¥ — 1, F — 2, is the cost in case that the’ achievement of 100 %
collection by 2008, and the achievement of 100 % collection by 2025.

Table VI.2.3 shows the calculation sheet to decide .the necessary collection
vehicles and number of them for the case of alte_rhative -1,2,3.
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Table VI.2.1 Cost for A-1, A-2, A-3 (unit 1000 soles)

' A-1 A-2 A-3
Cost of Coll. & Trans| 51,128 74,235 85,148
" 11Cost of Coll. Vehicles 11,087 14,955 22,653
: 21Cost of Opération 40,041 59,280] . . 62,495
‘ Fucll 13,169 19,050 20,370}
‘Wages| 26,402 36,968 34,561
Mainlenance 470 - 3,262 7,564
Cost of Final Disposal 63,308 63,308 63,303
. 1|Land acqui:;.ilion_cosl ' 62 62 62
- . i
- 2|Construction Cost - 40,453} 40,453 , 40,453
S 3 Heaﬁ Equfpment Cost 4,133 .4,133 _ 4,135
L 4|eegineering . Service]. 1,836/ .. 1,836 1,836
" 5|Conlingency o 5,163 - - 5,163 5,163
" 6|Cost of Operation 11,661] 11,661 11,661
= ~ Operation 9,294 9,294 9,294
Maintenance 2,367 2,367 2,367
Grand Total(1000S/.) 114,436 137,543] - 148,456{
Ave for 26 years(S1.) | 4,401,000 5,290,000 5,710,000
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Table V1.2.2 Cost for F-1, F-2 (unit 1000 soles)

F-1 - F-2

A |Costof Coll. & Trans 51,128 40,594
" 1|Cost of Coll. Vchicles : 11,087 - 8,780;
2| Cost of Operation 40,041 31,814
- Fuell 13,169 7,921
Wages|  26,402] 23,453
Maintenance 470] - 440
B |Cost of Final Disposal 63,308 _ 48,639
1 Laﬁd acquisition cost - 62 53
2|Construction Cost 40,453 27,823
3|Heavy Equipment Cost 4,133 ' 4,133
- 4{Engincering Service Cost 1,836 K 1,391
S|Contingency =~~~ 5,163 4,382
. 6|Cost of Operation - 11,661 10,857
Operation 9,294 8,753
Maintenance 2,367 2,104
Grand Total (1,000S/.) 114,436 @ 89,233
Ave for 26 ycars (81.) - | 4,401,000 - 13,432,000

(From 2000-2025) 1

‘The contents of kinds of vchicles and container contents for alternative 1,' 2, 3,
‘and F-1, F-2 arc as shown in Table VI.2.3. :



Table VI2.3(1) Necessary equipment for the case of Alternative - 1
Adoption of the present bell collection system for the whole zones

In casc of 2000 [Collection Rate 46 % 18%)
(1) A & B Zone : Vehicle Collection : . :
SW Population | Area of | SW Quantity to | (1) Required Number of vehicles
Zone : Road | be collected
Project habitation ~ ha Dom | Stre | payload | unit Trip | t/d -
Zone No (t/d) | (Vd) ]
1 A 17,307 17.8 29 35154 1 2 10.8
2 : 11,076 55| 18 1.1]1.38 2 3 10.8
3 2.0 28132 1 2 6.4
4 B 17,648 3 -2.9 - 0.6 263 < 280
5 18,409 14.5 3.1 2.3 106%
6 7,534 6.5 13 0.2 '
Total 11,391 6.5 0.1 13
83,365 53.8 14.0 123
S 263
(2) C& D Zone : Vehicle Collection
SwW Population | Area of | SW Quantity to { (2) Required Number of vehicles
Zone - | Road be collected R L
Project habitation ha = |Dom |Stre - |payload | unit Trip . | td
ZoneNo | -~ o W) s | (Wd) o
7 C 8,050 17.8 29 3554 0 2 o -
8 North - 3,627 5.5 18  L1}18 2 3 10.8
9 3,201 | 20] 28(32 1 2 6.4
11 381 3 291 06 1198 < 17.2
14 0 145 31| 28 144%
16 0 65| 13| 02
sub total 6.5 01] - 13
10 C 8,001 11.8 1.01 2.32
12 South 6,863 11.71 078 2.30 ' - '
13 - 19 229 001 ] 057 | (DH2)RequiredNumberof vehicles
15 112 0| 001 000][payload Junit [Trip |vd
sub total . 1.82| 51954 il 2 10.8
() - D 1,556 0 0.30 000|138 3 21.6
sub total -~ - R . 030 0.00 | 3.2 2 12.8
Total 32,770 | ~ 414| 3851 8.13 < 45.2
o -Total=12.0 18 %

N ¢ total? 38.3 t/d




Table VI.2.3(2) - Necessary equipment for the case of Alternative — 1
Adoption of the present bell collection system for the whole zones .

In case of 2008  [Collection rate 100%  100%]
(D) A & B Zone ; Vehicle Collection ,
SW | Population | Area of | SW Quantity to | (1) Required Number of vehicles
Zone Road be collected o A
Project habitation ha Dom |Stre¢ |payload [unit |Trip jtd .
Zonc No S (Ud) | (fd) : : : ,
1 16,623 178 29 35|54 2 2 21.6
2 ALl 1a79f 0 ss| 18f 11]18: 6 3 324 -
Commercial ‘ | 20| 28|32 2 2 128
3 | 17,708 3 2.9 06| 459 < 66.8
4 B 18,659 45| 31| 28 145%
5 0,154 6.5 1.3 0.2
6 13,493 | 6.5 0.1 1.3
Total 86,816 649 297 16.3.
' 45.9
(2) C& D Zone : Vehicle Collection o o .
Sw Poputation | Arca of | SW Quantity to | (2) Required Number of vchicles
: Zone < . tRoad - |becollected R I
Project - - | habitatien | ha | Dom |Stre payload junit = {Trip [t/d . |
Zone No 3 REEE (l/d) (lfd) IR R T
1 C 8333 . 43| 1221 :09]|54, [0 2 0
8 North 3,927 .3 ",1.1 0618 |5 3 27
L - 4,097 6.7 i) 13932 - |1 2 6.4 .
10 12,799 203 34 4.1. . 253 < 334
12 277 38| 01] 08 - ' 132%
13 393 0.9 01] - 02
15 C 12,692 206 341 41
il South 554 4.9 0.2 0.9 I _
14 : 0 0] 00| - 0.0 ] (1)+2)Required Number of vehicles
16 - 1,556 .0 0.7| 0.0 | payload | unit Trip |t/d .
) D 1,556 - .0 03] o00]s4 2126
Total 32,770 41.4 12 5| 129718 3594
» ' 3.2 21192
LR < 100,2
Tolal=25.3 . 141 %
cG.total = 713 t/d




Table VL.2.3(3) . Necessary equipment for the case of Alternative -1
Adoption of the present bell collection system for the whole zones

In case of 2010
(l) A & B Zone ; Vehicle Collection

!(,ulh.chon rate

- 100% - 100%]

(1) Required Number of vehicles

SW _ | Population [ Arca of | SW Quantity to
Zone | Road be collected :
Project ' habitation ha Dom {Stce | payload | unit Trip |1/
Zone No g (lld) (t/d) o
1. 15,939 201 ' 6.67| 3.206|54 2 2 21.6
2 A 11,282 6] 4721 098118 6 3 324 -
Commercial ' ' i 4.25| 3.5813.2 2 2 12.8
3 17,769 431 744 | 0.0 524 < 66.8
4 B 18,909 163 791 2.66 127%
5 19,774 183 | 451 298
6 15,596 136 | 053] 222
Total 99,269 7851 360 | 164
' ' Total | 524
(2) C& D Zone : Vehicle Collection ' L R
SW Population -| Arca of | SW Quantity to | (2) Required Number of vehicles
Zone Road be collected o e
Project .| habitation |- - ha .-{Dom -|Stre - |payload {unit |Trip jvd. -
Zone No ? ~ o (ydy, (/) I
7 C 8,017 | - 4.7 2.5 08 ]54 0 2 0
8 North 4,227 36| 12| : 0618 5 |3 271
9 4,992 99| 14| 16]32 1|2 12.8
10 . 16,697 24.5 4.8 5.0 317 < 398
12 18,523 31.6 5.3 52| - 126% -
13 B 475 - 49 0.1 0.8
15 - C 127 49 02 0.8
11 i South 0 -0 0.0 0.0
14 . - S .. .0 -0 0.0 0.0 | (1)+(2)Req ulrcd Number of vehicles
6 | . 1,556 0] 08| 0.0 ]payload Trip | Vd
(<) D 1,556 0 0.3 00}54 - 21216
Sub Tolal ' R o 03| 0018 ~ 3594
Total . 32,770 414| 169 14832 21256
' 84.1 |« 106.6
- Total=31.7 R7 %

* G.total=  Bd1vd




Table VL.2.3(4)  Necessary equipment for the case of Alternative —~ 1
Adoption of the present bell collection system for the whole zones

Incase 0f 2012 [Collcction rate  100%  100)
{DA & B Zoue : Vehicle Collection

Sw Population | Arca of | SW Quantity to | (1) Required Number of vehicles
Zone Road [ be collected -
Project habitation ha Dom - | Stre payload { unit Trip | t/d
Zone No (t/d) | (t/d)
1 ; - 15,939 ~20F 6.67| 32654 2 21216
2 A 11,282 61 472] 098]1.8 6 31324
Commercial f ' - 4.25 3.58 132 2 21128
3 _ 17,769 431 7441 0.70 . 524 < 66.8
4 B 18,909 163 791 | 2.66 L . 127%
5 o ' 19,774 1831 4.51| 298 '
6 : 15,596 136 053] 222
Total 99,269 78.5] 360 164
‘ Total | 52.4
(2) C& D Zonc: Vchlclc Collection S G : -
SW . | Population | Area of | SW Quantity to | (2) Required Number of vehicles
Zone . Road be collected : ' L
Project habitation - ha | Dom | Stre | payload {unit Trip |1/
ZoneNo | - P (l/d) (tld) : -
7 C 8617 | « 4.9 2.5 0854 - - 0 |2 -0
8 .| North 42271 -+ 36| 121 06|18 5 |3 27
9 4992 99 1.4 1.6 132 2 2 12.8
10 -1 16,697 2451 - 48 5.0 ST < 39.8
12 18,523 31.6 5.3 5.2 - . - 126%
13 ‘ 475 . 49 0.1 0.8 '
15 C 727 491  02] 08
(11 | South 0 .0 001 0O RS
14 ~ 0 0 001 0 0.0 | (D+(2)Required Number of vehicles
16 ' 1,556 0| - 08 0.0 | payload funit  [Trip jyd
_0) - D| 1,556) 0 03| 00 54 - 2216
Sub Total | - . SRR © 03 0.0 1.8 31594 -
Total 32,770 414 169 14.8 C 32 | 21256
- | B : < 106.6
- Tolal=3l_.7 : 127 %

G.total= [84.1]t/d



Table VL.2.3(3)

Necessary equipment for the case of Alternative - 1

Adoption of the present bell collection system for the whole zonces

In case of 2018  [Collection rate 100% 100]
(1) A & B Zone ; Vehicle Collection : .
Sw Population | Area of | SW Quantity to | (1) Required Number of vehicles
Zone Road be collected :
Project habitation “ha Dom [Sire | payload |unit Trip | t/d
Zone No : | /d ] (/D)
i 15,254 216 683| 23354 2 21216
2 A 11,385 64] 513 0.69]1.8 7 31378
Commercial 419 28632 2 211238
3 17,829 - S.1 8.04] 055 59.6 < 722
4 B 19,160 17.5] 864 | 1.89 121%
5 12,393 264 559 284
6 17,699 1851 798| 199
Total 93,720 955 465} 132
L Total | 59.6
(2) C& D Zone : Vehicle Collection . P . C
-0 | SW Population | Area of | SW Quantity to | (2) Required Number of vehicles
_ Zone Road be collected -
Project | . . |habitation | - ha = |Dom  |Stre payload | unit Trip |t/
Zone No ' ) | (Yd) '
7 - C 9,156 58| 3.05| 0.69]54 0 2 0
8 North 4,797 ~s]160] 05918 6 |3 32.4
9 6,693 179 | 223 | 212132 -3 2 19.2
10 23,732 565 -790| 6.71 49 < 51.6
12 - 28,325 5841 943( 6.93 115%
13 851 781 0281 0.00
15 C 1,207 371 040 052
11 | South 1,055 541 035 0.64
14 370 -0 0.12 |  0.00 | (1)#(2)Required Number of vehicles
16 1,274 0 0421 0.00 | payload i Trip | i1/d
O D|. 1,556 0] 089] 0.00 5.4 C 21216
S Total | - 79,016 . 160.5 | 267 18.2 1.8 3170.2
' o o s : 3.2 2132
: : 1045 | < 123.8
Total=44.9 119 %

G, tofal = t/d




Table V1.2.3(6) Necessary equipment for the case of Alternative — 1
Adoption of the present bell collection system for the whole zones

In case of 2025  [Collection rate 100% . 100}
(I)A& B Zonc : Vehicle Collection L C e 2
SW Population | Arca of | SW Quantity to | (1) Required Number of vehicles
Zone Road be collected - .
Project habitation ha Dom | Stre . | payload { unit Trip | t/d
Zone No L (/d) | (/) ' S
1 14,160 251 741 255]54 2 . 2)21.6 -
2 A 11,550 - 721 604 073]18 8 31432
Commercial - C L 3.2 2 21128 -
3. 17,725 7.1 9381 0.72 . 65.6 < 776 -
4 B 19,560 204 | 10231 2.07 5 118%
5 14,985 - 45| 7.84| 4.58
6 21,063 2971 11.02} 3.02
Total 99,243 134571 519} 13.7
o 65.6
(2) (,& D Zone : Vehicle Collection = B P SR
SW .- [Population 1 Arca of | SW Quantity to | (2) Required Number of vehicles
Zone Road be collected S I
Project 3 habitation .| - ha Dom . |Stre payload [unit . | Trip |t/d .
Zone No ' s (/d)y - [ (/) e R
7 ~Cc 9354 65| 360 07854 - 0 2 0
8 North 5007 - 59| 1.80] 0.60]18 7. 13 37.8
9 7,320 2341 263 233132 - 3 |2 19.2
10 . 25,974 743| 932 855 534 < - 570 ¢
12 990 - 971 036 0.02 107%
13 1,404 51 050 0.65
i5 C 856 0] 031} 0.02
11 South 30,732 769 | 11.03 | 7.82 : :
14 1,176 5.8 0421 0.59 (I)+(2)Rcc uired Number of vchicles
16 2,948 0 1.06 | 0.00 payload it Trip 1/d .
) D 1,556 0] 095 0.00 054 2 |21.6
Total | ~ 87,317 2075 320) 214 1.8 31381
' ' Total | 534 3.2 2132
1190 | < 134.6
- Total=119.0 ' 113 %
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