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- CHAPTER -
SOLID WASTE MANAGEMENT

| 1 PRESENT CONDITION

1.1 .PEES_ENT SH’!JA.T_IOB; OF THE :Sc.il..:b_W.ASTé MANAGEMENT
| (1_) ;:ield Survey |
%1) O-U‘lrline of the Field smey’

In order to eslabhsh a solid waste managemcm plan obtaining the information on
: lhe ‘collection population, waste quantlty and waste characteristics in the arca is

~ the most prmcunl as well as important issue.

"The followmg ﬁeld survcys were conducled to ex‘zctly undcrstand lhe prescnt
sﬁuauon of the SOlld waste managcmenl (SWM) in Puno Clly :

Timc and Molion Sludy on the collcction work

'- Survcyon lhe s'-i)li(:l iva_;ig qu_z;mitj lra'ns'p:or-ic'd i'nfo the -ﬁna]:dispd-sal ;ilq
- Surv_cSr oﬁ the illegai dumpmg of the w.as:tf; (location and the quantity}
- Wa_sté_qi;g_ﬁtity and pﬁyéicai componénl.

S Mc_ﬂSuremeﬁt 6f ih:é cxisl_ing final disposal sitc I_

. Thc dcta:ls of lhc abovc surveys arc dcscrlbcd in the Supporlmg Report, and '
‘ con51der1ng the 1mporlance of the survey resulis on the waste quantity, W‘lS[C
' quahty and illegai dumpmg waslc the results of these surveys are summamcd as'

e menlloned in the following paragraphs
.- 2) Waste ql'.laln'ti'ty"and wasté rcolrr-zp'onént o

B D1v1d1ng lhe cuy 1o the four arcas of rcmdenllal area, commercna] area, new
' deveioplng area and mounhm area (A D), mvcsllgal:on on the wasle collection
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and waste qualities is made for cach location. The Zones are shown in Figure
VI.1.1. '

From the results of the survey, the wasle generation per capita and the average
specilic gravily arc 0.33kg/person-day and 0.18kg/l respectively as shown in
Table VI.1.1 'md Table VI.1.2. '

lable VI.1.1 Generated Wftste Per C‘lplta by 70nes

 7ONES - | ° GENERATED WASTE PER CAP]'I‘A B
A—1(c0|hmercia!) . . © 1.03 (Kg/fstand/day)
A-2(markels) ' o - 2.11 (Kg/stand/day)

B-1 . ; 0. 30(Kg/pcrson/d1y)

B-2 I N 039(Kg Person/day) s

¢l o | 0.22(Kglperson/day)

c2 b 0.25(Kepersonsday)
D-1 S 1. 04lKg/personfday) -

D2 ° | 0.41(Kg/person/day)

Average S 033(Kg/personfday) U

- Source : JICA Study Team, 1998

~ Table _YI_.I.Z | S_peeiﬁe_Gravity ofrthes_\rra_ste .byr Z““‘?S- (kgll)

ZONBS . SPECIPICGRAVITY(kgﬂ)
A1 | 020
A2 RS 0.29
B4 - | 017
e T e ATy
el | 015
D1 oo e e
D2 S 08
‘Average | . 018
Source : JICA Study Team, 1998 . -+ &
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Table VI.1.3  Components of Waste by Zone

ZONES| A1 | A2 | B1 | B2 | C1 | C2 | D1 | D2 |Ave
Items G % % % % % % | % |
Paper | 24.02| 6.03| 1381] 11.09] 12.83| 7.81| 7.88| s538| 104
Organic | 20 14| 62.22| 47.86 | 59.56 | 39.68| 20.82| 3838 | 47.00| 437
Garbage : S -
Fiber, | 360 222| 253| 341 401| 335| 323| 174| 29
cloth - o - R IR
Wood Bl I 0 0 O —~_ | 060| 064] 040| 044 - 05
Plastic | 20.72| 5.08] 20.04| 11.95| 17.23] 16.75| 22.02| 17.15| 165
Rubber, |t ggo| 253 — | — | —~ | 364| 145 25
Jeather ' ’ N R .
Ferous | 430|141 428| 461| 621] 1037] 808| 872 62
melals o e o S -
Glass 7.52| 111} 195| 1.87| 060| 861] 7.08] 959| 54
Stones, =l =1 = = | oa0| = | 121] 146| 05
ceramics o) o RREEE B I
Bones |- —| 842| 389| 068 — — 1]..040] 058] 2.0
Soil 0.15| 3.81| 3.11| 6.83] 1844 22.65| 7.68| 6.40| 94
Total ~100| 100] 100f " 100{ 100| 100] :100{: 100| 100

Source : JICA Study Teans, 1998 -
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Table VL.1.4  Comparative Table of the Components of Solid

Waste in Puno Clty
. Cbmponents | 1994 1) 1997 1) 1998 - 2)
Paper, Cardboard 95| 821 104
Kitchen garb‘lgc 49.3 39.8 43.7
Flbcr cloth ' B o ' 29
Wood e L | 05
Plastic . - 10.3 114] 16.5
Rubbcr, leather . - B o .25
Ferrous metal . - . 120 .. 49| = .62
Glass .~ | - .sg8| . 67| - 54
Stones, ceramics - - T IIRTERPE - 0.5
Bones S B ' : 2.0
Soil .l a0 0 290 94
lmotal | 1000] 1000] 1000
g Souroe 1) Mumcnpahdad PIDVIRCIHIC‘E Puno Sur\ey in Nov 1998 . |
| : 2)JICASludcham,1998

1 Componcnls of the waste by zone analyzed in lhc above survcy are shown in
. lable V. 1 3

- Wastc Char"iclcrlslics arc shown in Table VI.1.4 including the analyzed resulis in
i 1994 and 1997. Table VI 1 4 shows that lhc change of the was{c characteristics

s consndcrcd to be small
x 3) Illégél "du_mping of th’é Wasté' i

: In thc cﬂy lhcrc are some locatlons ‘where cleansmg service is not performed

: bccause LOHCCI]O]’! vchlcles arc unablc lo access to the-locations.

) As the result ot' lhc survcy, 67 ]ocations of illcgal dumping were recognized .and.

the tolal surface arca and the quanmy of the dumpmg sites were cstimated as

7. N _SSOOm and 180m respcclwcly

. The areas lo whcrc collccllon vchlclcs are unable to dCCCSS were coumcd as 50 S
locallons and 20 of lhem are mount'\m slopc arcas, 10 are lakeside areas and the

rcmammg 20 are othcr areas..



- 4) Present Situation of the Solid Waste Managem_ent :

~ a. Outline of the Solld Waste Management -
: Thc resent populalron of Puno City is 110,013 (in 1998) and the gcncratlon of
~+ the municipal solid waste is 68, 4t/d1y

The crly owns 7 co]lcctlon vchrcles but only four (4) of thcm are avallablc for
usc lo collect half of the waste generated in the city. The other lhrce (3)
L vehlcles are out of oper'mon duc to poor m'unlcnancc ' -

' -Thc houschold wastes were collccted by Bell Collccllon System in lhc_ E
afternoon but only otic lhlrd is collccted bccausc some locations on the
mountam srde have dlfﬁcult access for vchlcles M'my of the roads in thosc

: are'ls are narrow and slopmg Somc 1llegal dumpmg sites also exist in lhc crly

. The waslcs collcclcd m the crty are tr’msportcd to thc Cancharam F nal .
dlsposa] site about 7 km from thc ccnter of the city and t"nally dlsposcd at the |
~site. The sité is' furnished with somc facrhtlcs and cqulpmult (such as rain
water dramagc dllch gas cxhaust plpc lcncc gatc efc.) bul lhc lack of he'wy
cquipmcn{ prevents the exccuuon of thc s'{mtary dlSpOS'l] cspccm!ly sorl
- covcnng on the wastc ' f o

Thcrefore lhc W1stc M'lmgemcnt Systcm in Puno Cliy is nol prcsenlly fully
- functional and 1mprovcmenl ot the system is rcqulred S SR

Figure VI I 2 shows thc ﬂOw of so]id waslc trcalmcnt in 1998 'md. Table
“VI1.5 shows the waslc gcncrallon and transported quantity of the wastc to lhc_
final disposal site (FDS) The table shows thal the tolal co]lecuon rale, of the
~wasle in the city is 52% and rates of the collccted wastc for houschold and_ .
slrccl clnansmg are 35% and 75% rcspcchvely
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Solid \Véslc Generation - . - Collection Final Disposal

Bell Collection

Houschold ' _ : »
357wd o )

14. yd , 14yd

Commercial . e : o _
Establishment o — R T o

43yd

'RoadSweeping: S s ’ z ' it o
23ud - > N mamaen o

2004d 0w

. Market - S L N
161/d - I L »

Subtotal 66.9td | . . | | subtotal 340ua
: : o —. (G1%)

Direct Con o - S .
* Carried in L _ . ' g
CLswd - O o L

s

" G-cner'aﬁo;n_Tolal o S - " Grand To_'la]
o | . _ - o
B T I L .17

 Figure VL1.2 Flow of Solid Wastes in Puno City (1998)
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Table VI.1.5  Quantity of Waste Generation in Puno City And

Quantity of Waste transported to L.D.S

Quantity of Waste Gencration . Collection _
Origin Population Per capita/ day kg/dray‘ % | T/day
Houschold A | 28,615 | Person 0350 10,015|
B | 53,369 | Person | 0.350 | 18,679
C | 26,473 | Person : - (0.240 6,354
DI 1,556 Person 0416 647 .
“lotal 110,013 | Person 0324 35695| 35| 125
Comniercial ' 4,23.6 Est. -~ 1.030] 4,363 | 1s
Markel - 1,700 | Stand 2110 3587 0 | 26
Road Sweeping | - 825|Ha |~ 282)| 23265 75| 174
Dircetly | - N 15000 | 18
;I;rahspor{cd ' e ' 1 1 :
GrandTotal . |+ . . : | 68,410] 520] 335

()kg/Stand (2 kgha

Sowrce

:JICA Study Team, 1998

b. Collection and transportation System of the Sd!id Waste 1 :

7 -Bell Coltection System

In the so- c1llcd “Bc]l Collcctlon” syslcm lhc collectlon vehicle stops al each' '
prescribed point in the cny and rings a bell. The rcsxdcms bring out lhelr'
wastes kept in the containers from their houses or shops to l_hrow_mtq_ the

" vehicle,

~ Available collection vehicles are assigned to run different foﬁles._'rhé average

speed of the car is 5.5 km/h and the distance for one trip is _20 to 36 km.

" -Road Sweeping System

Sixly six (66) crew arc assigned to swécp the designated arcxas'm'a'nually and
the swept wasles-are gathered (0 22 accumulation pOmls in the city by Incyclc -

o transpoit by 4 collection vchlcles

'I‘hc spcéd_ of the Collcciion vchiclc is 6.2 kmfh on average and it runs 25km in

the city for one trip to carry the waste to the linal disposal site. =

vi-g



-Collection Vehicles

Seven (7 ) vchicles are owned by Puno Provincial Municiphlily but mos! of
them are old and even the newest vehicle is ten ycafs old. Presently only
'~ four vehicles, two c0|11p‘1clors (12m’ and 6m* ) and two open dump trucks
“{each 5 ton), arc avmlablc because of the lack of maintenance. ‘These four
vchicles run in ihc cnly two times a day, cquy in the morning and in the

. afternoon , lor ﬁvc days a wcck.

* Each vehlcle col]ccls wastes from roads and nnrkcts in the mommg and
collects wastc from households shops ‘schools and h05p1tals in the afternoon

' for transporl to ihe Cancharam llll‘lldlSpOS'll site.

Y able VI.1.6 shows the prcscnl dah on the vchlclcs owned by Puno Provmcnal '

' Mumc1p1hty

Table VI L 6 Vehlcles owned by Puno Provmcnal Mumcnpallty

Uml M3 Ymr (_)f Present Slluatlon
o Lo Manufacture |-

1 | Compactor DSOO | ‘1 6 1976 | InUse

2 |OpenDumpDs00 | -1 [ 5 1981 | InUse

3 |OpenDump3041 | 1 | 7 | 1983 | Not Used

4 Opcn Dump 1 5 1988 InUse

5| Compactor psoo | 1 | 12 1981 | InUse

6 Comp‘u,lor " 1 12 1981 Not Used

7 Uuh{y Car - 1. - 1983 Not Uscd

Source: PUNQ Provineial Munfciba!ily
. Re—_tjse of the wastes

' At C"lCh waste accumulallon poml in the cny, re-usable wasle matcrials arc
salvagcd but this collection is not so uscful for reduction of waste bccausc it is

~not orgamzcd

_ So callcd scavcngers werc ot rccognucd in Puno Clty as wcll as at the final

- dispom} site.
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d. Cancharani Final Disposal Site

) -Geographic Characterlstics

At the fool ot lhc Ml Canch'lr'uu aboul 7km from lhc center of thc cnty, Puno
Provmcnal Mumcnpallly has a final dlspoml site (the site is 4000111 above sca
fevel and about 200m hlghcr th'm thc surface of Lake Tmcaca) '

The leachatc it any, from the final dlsposal sile does not ﬂow into the Puno
| basin, because the suc is Iocatcd behmd the walcrshcd of Puno lnterlor Bay.
Howevcr the leachalc may go mto L‘ikc Tlllcaca by a diflcrcnl route from
Puno Clly via the Illabe river, Thc whole surroundmg area of the final
' dlsposal site is in the catchmcm area of Lake Tltlcaca Treatment of the

S leachate from the final disposa] sitc should be con51dcrcd

- The Capacity of the Final Dlsposal Site :
e The Cancharam final disposal site is about 10ha and thc ha]f of the arca has
~ been already buncd InT able VI 1. 7 1hc capacnly is shown : '



Table VI.1.7 Estimation of the Expected Capacity of Cancharani Site

EXPECTED CAPACITY OF CANCHARANI SITE PREPARED BY THE CITY

o ;\VC"' ;igcf . Capacity | Life Expcchlion R L
Site No. Arcam?2 si(igs of the (m3) ' Years Cinarxs
Site 1 5030 6 0 Closed
Site 2 - 12640 6 75,840 0.7 | Half uscd
| Site3 s130] 6 48,780 10
' Sitc 4 1730] 6 70,380 1.4
Site 5 11390] 6 68,340 13
Total 263,340 4.4

In this calculation, the transported waste is assumcd as 70 l/d lohl 25 550 t/y or
51,110 m3/y (spccific weight : 0.5 ym’) o

Accordmg to the World Bank Reporl lhc dcplh of lhc suc is 9m, howevcr the
survey shows 6m at max. -

' .Soutce : JICA Study Team :

Au:ordmg to the above fable, the rcmammg llfc of the f'nal d:sposql sile is
- about four years | in lolal and an early expansmn of the imal dlSpOS’ll snlc is
requ;red : ' AR :

' :-Covermg Soil .

In order to make sam{ary land[“ Ii, covermg Ihe wasle wuh sml is thc prmc:lp'll

7 issuc. Prcsently this is not well pcrtormcd in the final disposal site because the

' -':Puno Prown(:lal Mumcnpallly does not own such necessary equipment as
- bulldozer, excavalor and dump kuck fo lransporl the soil and these are rented
. by conlract. The spreading, compacling and dally ‘soil covering arc not

‘Pcrfo'rmed." . . JESLE -

- Fac;hties and equlpment supplled In the sne : _
Prcsent facﬂmcs and cqunpment furmshed at the sitc are not cnough 10
- -perform a samlary landflll alihough the site is furnished by border fence,

¢ rainwater dramage open channel gas vcnhlat:on pipc stock yard and coves

: sml

Ncw construcuon tcchmcal slandards for samlary landflll wull bc shorlly pul'
- into cffecl by DIGESA. Thcsc will mcludc ' '
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- Seepage Control Layer -

- Instﬁliation Leachate Colleclion Pipcé
- Gas anlilélio_n foE.lCiii‘ly

- Iﬁslailatipn of a.fcm.fc |

- Access road o the Tandfil site_

- .Lcachate tréatmcnt fabilﬁy' -

- Facilily for gcncration of ‘cleélri-city |

Furlhcrmorc olhcr lhan !hc abovc mcnlloned facnlltlcs 'md cqlupmcnl lhc-_'__

- Cancharam site has no truck scalc 10 wmgh lhc waslc quamlty carncd to the -

site and no vchlclc repair faczhly vchlclc

e. Organlzation for the SOI[d Waste Management Rep'air' aAnd_
Mainténancein Puno Clty e e

_'Thc solid wasle managcmcnl in Puho Cily is diréct!y 'ckcculcd by the
'Dcparlmcnt of Public Cleansing whxch belongs to thc Hcallh and
_ Enwronmemal Sqmlallon D1v1510n undcr thc Mumcnpal Scrv:cc Dlrcdomlc

. This department dircctiy carrics dul the city clcansing :iclivitics Howcver duc
t0a snnll budgci it is dlfncull to cmploy quahllcd slaft in lhc p]annmg
'sccllon to make plans. Thcrc 15 no solid wasle managcmcnt plan for the future.

. Consequcnlly, the solid wasic managcmcnl carried out at prcscm does not -

have appropriate policies (o improve the admmlstralwc managcmcnt.

' In-l_h_c city there is station tb.keép'lhc.ychicl_cs a_n'dz_ ifarchqusé‘lo keep :_thc o
- equipment for collection and transportation. ‘However - there is no specific
| Tepair .shbp for vchicles and equipment. They are. repair'ed and mainlaincd at
- privately owncd w0rkshops in Puno City. =T hcrcforc, thls sntuatlon causes
lack of maintenance of the vchtcles as well as insufficicnt mfmagcmcnt of thc -
spare parls. Conscqucnlly, the systcm for mamtammg and rcnowmg the
'cqulpmcnl caniiol work well, and the low cfflcwncy ‘of qulc Loilcclion and L
' lrdnsport'luon makes the hillside area and thc ]akcsmc arca unclcfm o '
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1.2 EVALUATION OF PRESENT CONDITION

(1)

(2)

Situation of the Scattered Solid Waste in the City

Puno Clly has devcl()pcd on the mountain slope lacmg to Lake Titicaca. On the
hillside many roads werc poorly constructed because of stccp slopcs Because of
this somc parts of the city are not included in the waste collection service and in
those arcas wastes are lllcgally dumpcd into lhc slreams or draumgc in the city,

which cvcmually brmg the wastes into the lake.

“In the cnly, some wastes are scattcrcd at m'my placcs rcsu]lmg in the low

co]lcctlon rate of 52 %.

Solid ‘Wasté Managérm_ent' System |

_ Puno Provmcnal Mlll]lClp‘l]lly is in charge of collccuon transporl and dlSpOS‘ll of

solid wasles; howcvcr the collection systcm and the shorhge of cqulpmcnt such as

: collccuon vchtcles are problems to be urgently solved.

@

'_Final Disposal Site

* At the final disposal site, daily soil éovéring is not peiformed due to the lack of
~ heavy cqu1pmcnl and so the site is in an unsamlary condmon which makes it a

brecdmg phcc of h'lrmful msccls

-Th;: present ﬁnal disposal site will ‘only last'.abo\_l'u four years and therefore

prcparat_io'npf a new la_ndlfill si_tc i_s urgent subjcét for considcralion.

hnaclmenl of lhc ncw tcchmcal standard on samhry landinll construction will
bccomc cﬂcclwe in the near luturc and the provmcml municipality has to havc a
dCSlgn of the new Iand filt mlc lh1l comphcs w1th thc slandard in pam]lcl wuh the

”acqmsulon oflhe new snc
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1.3 IDENTIFICATION OF PROBLEM
(1) Short term problem
1) I_ile'gally:dumpéd wastes
- Areas of uncollected wastes -+
- .Sho‘rlagc' of co]l-.c"ciion linn:
- _insnf ficicnl collection 'frcqucncy. for cxislillg .co'n‘t.aincrsr‘
2) Collection vehicles
- Lackof colicclidn vchicies
- Vcry old lype vchlcles :
'-4 Poor mamlcnancc .‘
3) _U_nsaﬂsfét_:tdry sit_uatibn of the final disposal' site . o
- Laék of soil co?pring -
“ - Lack of heavy equipmeit
4) Adminisnation and organization

- Lack of syslcms for mamtammg and rcncwmg the equlpmcnt qumrcd for '
waste col!ccllon & lransportahon '

e Lack of campalgn for promolmg cm/cn S parllcipatlon
- [ne[f1c1cnt chargmg syslem for lhc cosl for lhc solld waste management i
(2) lntefmédiate term problems_
. Unccrlain—ty'of thc land acquisition for'fulufc final disposa] sitc' AR
- Lack of knowlcdge to cslabhsh a long term S()lld wasle management plan

© Lack of slaff mcmbcrs in the Deparlmem Of Pubhc Cleamng
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2.1

MASTER PLAN

TARGET AND STRATEGY

The ta'rget of the present project is to achicve 100% collection rate of the
municipal sotid wastc generated in Puno City. It will realize the reduction of the
pollution loads generated from solid wastes, which can be one of the

countermeasures (o prevent the water poltution in Puno Interior Bay.

“The final iargél ycaf is set in 2025; the same as that of the water supply and

sewerage project,

* Short term target

o '_l_hé yéaf 2008 Implcmcmauon of samtary ]andflll and increase of waste

- _ collechon rate
Long term target

thc year 2025 Achlcvement of wasle collccllon rate = 100 % o

Thc _fdrllowingr lhréc ﬁcm_s Shall bc iniplémént_ed to achicvc lhc largcl slratcgical]y.

SR Removql of the 1llegally dumpcd wastcs( continuous rcmowl of thc
illegally dumpcd wastes and ehmmalmn of 1llcgal dumpmg)

S | Improvcmcnt of the co]lectlon ralc of the SOlld wastes (lmprovcmcnt of the

. co]lcchon system, purch'lse of addmonal collcchon vchlclcs cnhanccmcnl

SR of lhe cm?cn s conscmusness

- fr_-Improvemcnl of the ﬁnal disposal site (thoroughncss of saml‘uy landfill -
ke mclhod, acqulsﬂmn of necessary Sp'lCC for final dlsposmon) '

- "Thc_ Maslgr Pl:__m is formula_tcd _considcring the achicv_cmcm of thc qbdvc largets.
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2.2 PLANNING CONDITION

1

Population and Land use

" a. Population

As described in Section 1 (Present Condition), of this chaptm the population of
Puno Clly is mcrcasmg every year and the popuhtlon in 2025 is forccasted as
186 560 Wthh corresponds to '1bout 1. 7 times as nnny as the prcsent popuhllon

in1998. ° ~ |

Forecast of lhc future popu]atlon is shown in Table VI 2. 1

Table VI 2.1 hstlmatlon of Populatlon Growth in Puno C:ty

“Zone | A | B, | cC. )} TOTAL
1998 28,615| 53369| 26473| - 1,556| 110013
- 2008 27,453 61,434 | © 50,188 | 1,556| 140,631
2025 25,710 | . 73,533 | 85,761 | 1,556 | 186,560
GROWTH RATE 90% 138% | 324% 100%_ - 170%

. .I‘nble VI.2.1 shows that the fulurc dislﬂbunon of Ihc populallon is dlftcrcnl by -

o /one m the éity. - Popul'ulon will décreasc 10% in Zone A 'md that of Zonc C

: 1 w:ll 1ncrc1sc Ihrcc umcs 13 m'lny as the prcscnl popuhuon

L sml'lble tor residents.

b. Land mmz'aﬂc;a

Among ihc four zoncs of Puno Clly, nolcd as Zone A Zonc B Zone C and Zone

D, Zone A and 7onc B are located in thc cenler of thc cuy Wth]'l includes somc' o
residential quarters and Zone C is a ncwly dcvclopcd arca and Zone D is nol -
In-the future a tourist n,sorl Zone \wll be construclcd
1[0115, the shoreline of the lake, and main lrunk roads will be conslruclcd as well

with the progrcss of the dcvelopmcn! phn Thc rcah?auon of lhe new road

' constructlon will make the collculon and transportauon of solld wastcs casicr as

well as giving the benefit for gcncral lnnsporlanon
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(2) Planning Criteria

1) Solid Was_te Quantity and Characteristics |

Table VI.2.2 shows a future prediction of wastc generation in Puno City. In this
the ﬁgures of the waste generation per capila is calculated based on the

assumpllon that the mmuml cconomn, growth ratio of the Clty is 1.5%.

The gcncraicd waste will be 86 i/d‘iy in 2008 compared with the amount of 67
: l/day in 1998. '

No ye_ariy change of the waste characteristics as shown in Table VI.1 .4 is assumed,

although the prccisc silualion is not caSy to prcdict.

T able V1. 2 2 and thme VI 2 1 prcdlct the wastc gcncmllon in Puno Cll)’

Table VI 2 2 Estlmatlon {)f Waste Generatlon in Puno City

| rorunon | O iy | CENERATIONG)
CYear .| 1998 | 2008 | 2025 | 1998 | 2008 | 2025 | 1998 | 2008 | 2025
ZoneA | aseis| arass| zsa0] esso| osss | oses wois | st | st
Zore B - _53,36§ stass] 1533 | o3so| o006 | os2| 1sem| 2e955| 3mam

© oneC | 26473 | soass| ssaet| 0200 o2 03s0 | 6ast| 13010 | 30767
ZoneD 1556 | usse| usse| oaro| oz | Toers|  ess 240 951

Total (Average) 110,013 | 140631 | 186560 | (0330) | (0.392) ©305) | 35686 | sosas{ 83es3

AlCommercmlNo : oo . N o o X
! | azse| Caass|oaon| w03 reaf o r03| 4363 | 429 | 41

Kg/ha-road -

of Fst.
'C('x'mr:nén-:iél “aste T s L ERRIEN o e Lo :

B : : 1,700 0 L7000 | L700 211 - 21 211 3,587 3,587 3,587
No.ofStand .- . |- . M o . L - .
Read Sweéeping | . b 8 B I : % R

: S - 825 95.3 1233 . 2.82 232 282 23,265 27,006 34,777

fotal - Generation

. 66,901 85,697 | 126,137
Wasle : :

Drcctl fra led Lo . i
itectly nspor . 1,500 1,741 242
to site - - .

GRANDTot .| | b p o e ] esaon] 87439 128350
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Figure V1.2.1 shows the predicted flow of solid waste treatnicnt ini 2025 in Puno
City. | ' '

cotid Waste Generali © Collection  Tinal Disposid

Houschold 83614 ___h.._m.___p

| o s
- 7 g1.71d [P ,
Commeicial Establishment  4.14/d - | = “_pt - - :

© Road Sweeping3484d |y

3840d IR 0 agdyd

Maket 3644 |

* Sublotal 1261¢d Subtotal - 126.1vd

(100%) -

D Coed 12248 'qmzlzzim "
- 4 Gchcral'io'n To.l_:li : R : | .' o Grand TOt'll :
,12'8_31,;, . :_ : o . '_ : : o -128.31/(1
' SR T (100%)

B:gure VI 2 1 Blow of Solul Waste in Puno Clty (2025)

' 2) System Consideratlon '

~ Solid \vaSte m'xmgcment in Puno City is :c;x'céotcd by the Cléansing 'Dcpar'lm‘c'nl'

The wastes come not oniy from- gcncral households bul also from commcrcla] o

: cstab]lshmcnls buwwss arcas road swccpmg, pub]lc cleansmg, parks, iactorlcs o

' and lrom hospllals and arc collcclcd and camcd to lhe final dlsposa} site.

: I‘rcqucncy of (he co]lecuon for lhe houschold waslc by lhc Bcll Collcclion Systcm .
" istwoto thrcc llmcs a week for Zone A and Zonc B once a wcck for Zone C and

tor Zone D no rcgular co]lccllon is pcrformed

: rThc wastcs from slreet sweepmg and from the market arc collcctcd by thc Slrcet _ '
Collection System ' : : ,

w’ "



2.3

(1)

ALTERNATIVE PLANS FOR STRUCTURAL MEASURES -

Possible Measures

1)

Improvement for Collection and Transportation
Additional purchase Ofcolicc_lion vehicles

Scven collection vehicles arc owned by Puno City, but among them only four
vehicles are available to work beciause of the delerioration of other vehicles. In
ordcr_ to impfovc the wastc'collection rate, morc vchiclcs ate_ rcquircd._

; Table VI 2. 3 shows the prcsent and lhc rcqulrcd numbers of the vchlclcs

‘Table VL.2.3 Requnred number of Vehlcles for Collectlon

A present Future l\{un&bcrs
Kind of Vehicle . S required -
R 1999 '
12m3 Compactor | 1" -
6m3 Compactor | 1 Refer o _Tabic‘ '
Ston Dump Truck 2 - V.25 S
4.0m* Compactor 2 i

ot 6

Therefore prcparallon of the budgel to purchasc the new vehlclcs should be

donc as soon as possxblc

_ lmprovcmcm of the collccnon systcm

In ordcr lo 1mprove the presenl low collccuon ralc of 35% tor houschold

‘W’iSlC in addlllon 10 the supplcmcnt of lhc ncw vehlclcs 'm |ncrc1sc of the

| _'collccuon frcquency and a s{udy o sel up the new carrymg roulcs WhiCh is

- cllechve lo lhc collectlon are requ1rcd

B _ Study on the collecllon systcm :

' Impro'vcmcnt of the pcrforma_nce level for road S\\iccping T
| ~ In addition to the present manual sﬁréeping method it is rééohhicndéd to have
the arrangcmem of the containers and of the collccllon vehlclcs (Roll-on-off

vchlclc elc )



Thers arc many slopes in Puno City and poor construction of the road in the
steep slope arca makes it diflicult for specific container hauling vehicles to
ACCess. '

It is required to make a study to rinquducé an a[)prol)rialc collection system for

such site conditions, for cxample arrangement of the containers and small

compactor cars.

Improvement of the final disposal site

' Addilioris (o the héair)r cquipment owned By the pfovincial mu‘niCipality

D:uly covcrmg by sonl is not pcrformcd for the hndﬁll due to lhe fack of

hcavy cqmpmcnt Addlll()ll'il eqlupmenl such as, bu]ldozcr excavator and

' dump lruck owned by lhc provmcml mummpa]lly is rcqunred

3)

=Acquisili0n of the new land for %he cxpansion _of the landfill SR

'Prcscnl landfill snc w1]l be f llcd after scvcnl ycars and thc new ]andﬁll mc '

should be boughl or lcased
acha_lc treatment system

anch'llc treatment system should be newly mslallcd bccausc new rcgulallons
to shpulalc this for the conslrucllon of the landiill wnll bc cnacted in near -

future.
Removal of the illegally dumped wastes

' lllcgally dumpcd w'tstcs in lhc various p]accs in lhc cny conl'lmmalc thc lake
water, cspccnlly whcn lhcy arc ﬂushcd oul by r'un, lhcrcfore remowll ol lhc'

qulc 15 rcqmrcd as soon as possd)lc

The removal work should be done in CoOpcrdlion \\'rilh PRONA‘A ‘Or'g'an'ilzalion of

a moniloring syslcm to delect |llcgal dumpmg as wcll as the 1mplcmenlallon of .

cducatlon on publlc <;'m|l'|llon n ncccssqry

vI-20



~4) Management
- Slrcnglhéning of the 0fganizati0n and institution _'

It is desirable to unite the many organizations which are involved in the solid
'waslc managcmcnl Prcsemiy collection and transporlalion are donc by the
Cleansing Dcparimenl maintenance of the vehicles by Maintenance
Dcpar!mcm collccuon of the tipping fce and publlc cducation are done by iwo
dltfcrcnt orgamzauons L

- Strenglhening bflhe i“mancial foundation

* Financial analysis of the solid waste management is difficult bccaﬂSc of
g msufﬁclcnt records of the lmancml/at.countmg issucs up to now. The

' 1mprovcmcnl of this snuatlon is requnrcd

"F_ rPubllc cducatxon and lhc cnhanccmcnt of the rcsndcnls molivalion o

part1c1pate

lmplemen!atlon of the pub]lc s samhry cducauon and ihc cnlnnccmcnl of
rcsndcnts motivation to. paruclpatc in lhat are nccessary bccausc their
; knowigdgc on the mumcnpal waste h'mdlmg is v_cry sn_mll.

' (2)  Alternative Plans . -
1) C-dlle'ctibﬁ é*nAd Tra'rispdri "

A study to prcparc an 1mprovcmeni plan based on the prcscnt collccnon syslcms

: was madc
. As _the gcncral condilion, '
- ']‘hc pro;ect w1|l slarl lrom 2002

Comparison ot lhe requlrcd equnpmcm and size of the work force

- Adopllon of lhc collcctlon system ht for mdmdml collccllon area :

%AIICI!’IHUVC— 1 (A—l) Adopllon of thc prcsc,nl Bcll Collcctlon Syslcm lor the
" o whole area 0onnc A B, Cand D w1th co]lecllon lrcqucncy '

of lWlCC a wcck

S VI-21 .



Alternative 2 (A-2) : For Zone A and Zohe_ B the collection system which is used
for A-1 is adopted and for Zone C and Zone D a new system
based on the combination of container setling and -

introduction of special vehicles is adopted. -
Nicrhéli@c 3(A-3): Cdliléiilér is arraliged fér Zonc C in lhc"abdv"c'A-fl.

The cvalmilon of thcsc three ﬂltcmalwcs ‘md thc results are shown in Iab!e
Vi.24. Thcsc rcsulls include welghl of populanon and wetght of cost of cach

alternative.

As shown in Tab!e VI24 ihc totally cvalualcd m'\rks are [A-l] 171 [A— :
+ 2]=16.05, [A-3]=15.99. The best aIlermtlvc is A-1. :

Table VI.2.5 shows lhc rcqu1red vchicles and machmcs fo achlevc 100% waste
- collecllon rate in 2008, and since then, lhe rate will be kept up to 2025 I the

rate of 100 % will be achlcved in 2008, neccssary costs based upon Table VL2.5
are shown in lab[e VI 2 6. - - o

Table VI 2 4 Evaluatmn for Alternatwes -

EVALUATION CRITERIA
Evaluation Point - :
: Flat Area - | Hill Side
1) Topographical shape e
_- 2 1
o - L Longer |- Shorter
2) Distance to points of discharge masa : - rerrmaan
. R _ 1 -9 |
. - . . Weak | . Sirbhg--
3)Restriction of timing for discharge : : .
. : Wider . | = Narow
4)Road Conditions . . - T
T A R T " Higher Aol Lower
5)Possibility ef illegal dumping - — —
O Tt S “Higher -} - Lower
6) Possibility of repetition of illegal dumping — I —— Ty

Vi-2z



RFSULTS OF EVALUA’I ION

- Alternative 1

- Classification of Zone

No. liems of Evaluation —
: o ' A B C D TOTAL
Topographical shape 20 | 20 1.0 1.0 6.0
2 . | Difliculty of discharge 30 ] 30 | 25 | 20 | 105
2.1 | Distance to points of discharge 020 20 L5 1.0 6.5
2.2 R:cstricl_ion of timing for 10 3 1"0 1.0 10 40
discharge - :
3 - | Road Conditions - 1.0 10| 15 1.0 4.5
4 - Possibili{yofiflegaldumpiug 1.0 1.0 1.0 1.0 4.0 -
5 Possibility of I.Lpfllll()i.l of 1.0 1.0 1.0 : 10 4.0 .
1Ilegaldumpmg . - _
- Total -+ 80 [ 80 ] 70 | 60 | 290
Cﬂnmdcralwn of Populalmn N oan o0 | a0 | ' 1
Weight L 4.0 8.0 . 4..9 4 0.2 17.1
Consideration of Cost Weight 4.00 8.00 4.90 0.2 171
: Altema_tivez_
S . Classification of Zone . .
No. | = ltems of Evaluation _— - —-
: R : A B - C D | TOTAL
1 | Topographical shape 20 - 20 . '_~1.5 _ 20 . 1.5
2 | Difficulty of discharge 30 | 30 | 33 | 40| 133
2.1 Distance to points of discharge 20 20| 18] 20| 78
9. | Restriction of timing for - 1o el us] 20 ss
- dischargg S . : <
3 . | Road Conditions . 10 | Lo | LS 20 | 55
4 - Po'séibiliifbfil!cgdldumpiug 1.0 |10 1.8 |- 20 5.8
5 Possibility of repehupu of 10 ' 1.0 1.5 2.0 '5.5
ille gal dumpmg -

' Total 80 8.0 9.5 12.0 37.5
Consnderahou of Populalmu '40 b 3.0 6.7 0 4 '1'9 0
Weight : ) . : ! )
Constdcrahon of Cost Wclght 332 6.64 5.56 033 | 15.85

v



Alternative 3

- Classification of Zone

CVE-2d

No. [tems of Evaluation :
N A B C D TOTAL
1 .- | Topographical shape 20 | 20 2.0 20 8.0
2 Difficulty ofﬂiSChafgc 3.0 ' 3.0 4.0 40 - | 140
2-1 | Distance to poi'nts of discharge 0 2.0 C 20 20 20] .80
92 5{'5!ridi0ﬂ of timing for .‘ 10 10 o 2.0 20 " 60
ischarge - a 7
3 Road Conditions : 1.0 1.0 | -15 20 -_5._5
4 _ . Possibility of illegal dumping 1.0 1.0 2.0 20 | 60
S ; ,F{ossibilily ‘of repeliiton  of 1.0 10 20 _'2‘0 ‘I 60
illegal dumping : :

. Total - 80 | 80 | 1L5 | 120 | 395
Counsideration of Population | * . " ' i '
Weight (A) ol 4.0 80 { 81 | 04 204

. | Consideration of Cost Weight 3.08 616 | 6.24 0'31‘ ' 15 19
e - L : : 4 el Bhed
*Condition of Population Weight , |
oz A | B | ¢ |'D
"A Weight of Popilation(2008) - |  21% | = 45% . 33% _f 13% |
¢ | Ratio o 1 os. | 10 | 07 | 003 |
- *Condition of Cost Weight - - -
- | Classification ofA}_(cmativé A1 A2 S A3
‘B | Cost (Unit:Sotestyear) 4,401,400 | 5,290,113 | 5,709,862
| Weightof Cost AZ=A-VA2, | ¢ ver | e




Table VL.2.5 Comparison of Required Number of Equipment

A-l A2 A-3

N 2008 | 2025 | 2008 | 2025 | 2008 | 2025

(A) Equipment for collection/ [ransportation
1) |12 m3 compactor - 2 21 1 2 1] . 2
2) |[4m3 c_ompactdr S 11 15 ) 12 -4 7
3) | 6.8 m3 dump truck 3 s 2 5 2] 3
4) | Tricycle 1 s| s s| s| s| s
5) |3 ton lift rolt on/oft -1 2 s . s} 14
6) | 4 m3 containcrs - - -8 17 220 57
D |Souipmen 700 | 1 1]t r
(B) Equipment for final disposal site L
1) | Bulldozer 1)1 1y 1 1
2) | Excavator 1 B 1f 1 1 1
3) | Dump truck A5 R T IR O AR B IR B R
4 |Generator | 1| 1| 1| 1| 1 1
5) | Truck Scale - 1 a1 1 1 1

~ MANPOWER

| trsponion | 16| 204| 28| o) 227] a8
| rorED.S 6| 6 6 6] 6| 6
. TOTAL 182 210 234 | 255 233 254

" Source: JICA Stady Team, 1999 .

;I‘able Vi.2._6 Necéésary Cqsfs 'fdr_"Al-terné_tiyes_.' (Soles / year)

Alterpative

A1

A-2

A-3

. Cost

7 4,401,400 -

5290131

5,709,862

. MNote: IGV (general sales kax) is excluded.

v
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Among the above three alternatives, the most effective technical advantage is

. Alternative-3 superior to Alternative-2 and A]tcmalivc—l (hcfcimftcr referred to - -

as A3, A—2, and A—l respectively) in the criteria of lopographlcal shapc
'; dllllcully of dlschargc road conditions, possnblhly of illegal dumpmg, ‘and
possﬂnhly of rcpclltlon of 1llcgal dumping. Consldenng the proporllon of zonc
! population, this result is unchanged. However, in cnsc of the _ovcmll cost
consideration, the result is A-1 followed By'A-Z and then A-3.

Ear_licsi achievement of the collection rate of 100% is 'thc_:‘b‘c'si ‘frlo_mf the
é[ﬁndaincntal considcrat'ion of solid whste m'inagcmcnt ~ However, urgent
‘whlcvcmcm of thc complc!c co]lechon rale \Vlll be’ dltﬁcull bccausc of the

R ¥ f'mncral condmon of Puno Provmcml Munlcipalliy '

: Cosls to'achicvc lhc wasle colléction rate of 100% were studied and cémphred -
S undcr the fo}lowmg condmon ' L ‘ : :

(- | Urgcnl achlcvcmenl of the collcclxon ratc of 100% by thc ye'tr 2008
' (dcf ncd as Altcrnallve F-l) L

- \dodcralc achlcvcmcnt of lhc collccuon rate of 10{)% by 2025
- (dclmcd as Allcmahvc F 2) B

Phnmng condmons of lhc above iwo altermtwcs 'u'e shown in I' tgure VI 2. 2 and
Figure V1.2.3. s e :

The comparalwc table for F-1 and F—2 suggcsls nccessary numbers of co]lectlon L |

- vehicles and manpowcr as shown in 1‘ able VIZ 7.

_ é._Accordmg to lhe I' able 1'1 2 7 companson of necessary costs fOr F—l and F—2 are
'shown in1 ab!e VI 2, 8
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Table VI.2.7 Required Waste Collection Vehicles for Alternative -1

3., 3
[2nve 1dm 6.8m* | Tricy | Bulld | Excav Gener | Truck
Case | Year | ompa | comp ; Dump | =
Dump | cle ozer ator ator - | scale
. fpetor | actor : - : o
2002 |1 4 2 5 141 |t 1 1
2008 | 2 i |3 s (1 | 1 1 1
2025 | 2 15 |s s |1 1 i i 1
<M amnmpower. .
F-1 — — :
For collection & Transporiation | For sanitary landfill site
2002 142 ' 6
2008 176 6
2025 204 6
2002 | 1 3 |1 s {1t |1 1 1
20081 |7 11 5 | U B 1 1
2025 |2 15 |5 |5 1 1 1 |1 1
"M anpower
F-2 : R s :
For collection & Transportation | For sanitary land[ill sitc
2002 137 R 6
2008 153 6
2025 204 6

“Table VI.2.8 Comparisdri of Cosfs_ _fbr two collection ra"t'e"alternati\%es |

"F-1°

4,401,400

Soles/year

CF2

- 3432,025

- Soles/year

Noie:_' :

Iov'(g&umls%aic'_s_tax)isé@tcmae_d. o

.-As the result of the case study for above two alternatives, both will cost a large

anount. . '

o rlhcrc is® no way excepl sclcClmg Altcrmlwc b 2

Considcring the fin'méia} difficullics of Puno Provincial Municipality,

- the allcmahvcs A-1and £ 2 has been proposcd

vi-29
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2) Final Disposal Site

~ Landiill sitc shall be designed in accordance with the technical guid_cl:incs' ot-:'
- DIGESA ( shdrlly to be enacted upon the approva! of the National Congrcss) -

SpCC]IlC‘l"y, the followmg facilitics should be cons;dcred for the smliary l'mdﬁll

site in accordancc with lhc technical gUIdclmcs

Rclaining wall to 'prcvc;.l.l wasle oul flows.
- Drain.aéc fof éﬁpérﬁcial walcr duc to r'.ai.n. .
- Lcaéhat_c c.o.llccld.r f'lClllly o
- Scépélgé.cénlrpl layer for .lcfizchatc. |
- .'Facrglce for:pircvehl;n'g 'scaitwgricd waélé_, due to wmd bl.oiw.._
‘- Acccss rdad. _- |
L :Lc-;f_:chat_c .lre.al.mel-].t. tacmty o
- Site administration facility inchuding chigh'br_'idgc.' |
24 PhOPossp_PLAN
(1) Strqétura_l M'e.as‘urer
1)- cOueeﬁonand Tfénspb'& .

T hc alternative plans for the w*nlc collccnon syslcm were evaluated cons.‘.ldcnng
the geographical condition, dlslancc to the gcncrauon poml ot thc waste, road
'condmon and possibility of illegal dumpmg and cost csum'ltlon Altcma{lvc 1
was sclected as the proposcd p]an As for the largcl of waste collecilon ralc -
100 % should be achlcved as e’arly as possible. - However it will bc hard lo
realize it by the year 2008 consu]ermg the financial dlfflcullics of Puno Provmcnl

_ Mumc:pallly Thcrcforc the waste collecllon rate should be mcreased slepw;sc o
with the aim of achlcvmg 100 % by lhc ycar 2025 ' |
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2) Final Disposal Site

Sanitary landfill has been proposed for the final disposal site 1ccord1ng to the
tcchnical guideline 1ssued by DIGESA. '

Non-Structural MeaSures

" "The most lmportant non-structural measure is the complclc removal of the wasics

- scattercd in the cxly by using citizen’s paruclpallon

Basioally the l’C[ll()V’l] shall be done using equipment owned l')yl the provincial

: mumclpahly, but other than ordmary service by the mummpahly voluntary

- involvenient of citizens in this work is desirable. -

Eftectlve syslcms or orgamzallons whtch cncoumgc citizen’s p'lrl]c:pallon should

" be cstabhshcd to prcvent the rcpchuon of 1Ilcg1] dumpmg.

os

0y

IMPLEMENTATION PLAN

Construction Pla_n for Structural Measures : -

1) Removal of Illegaliy dumped waste

Thc work Sh'l]l be donc by lhe Clcansmg Dcmrlmcnt of Puno Provincial

-Mummpallty based on lhe collccnon plan madc by them in COOpC["tllOll with
'PRO\:AA '

ilO to 20 workmg crcw shal] galher the scal(crcd wastes 1o lmnsport the materials

.-_ilo the lmal dlsposal sitc by collcchon vehlclcs owned by the provmcnl

' ,._mu111c1pahly on every wcekcnd ll w1|l take 6 monlhs for the work lo be

. .completed

:Prcscnl co]lectlon systcm should bc 1mprovcd o prevcnl rcpchtion ol 1llcg'1|7 '

R fdumpmg at the placcs where this tradluonally occurs.



2) Expansi'on of the final disposal site

Until the target ycar 2025, approximately 1,270,000m* of wastes including
254,000m’ of covering soil is projected to be disposed of at the final disposal site.

It is required to construct the final disposal site with the mentioned capacity.

The consiructlon of the new final disposal suc sh'lll comply with lhc new
lcchmc'ﬂ st‘m(hrd regulated by the Mmlslry of Heallh with- the leachate
~ collection ¢quipment, leachate treatment facility, gas ventilation, fence  cte. as

' rcquircd.

- Together wnh the construction, an access road, a lruck scalc heavy machines, an

eleciric gcncnlor and an '1dm1mslr'\hvc housc shall be 1urmshed Ior the sitc.
3) Sﬂppiemént' of tﬁe'c'ollection Vehlcleé R

The mosl 1mporhnt issue in this pr0]ccl is to mcrcasc of the collccuon vchu,lcs _
Equnpment shall be procurcd slcpw1sc as shown in Table - V129 One large
' (,omp'lclor one small compaclors five medlum size dump lracks 'md a complclc '
' 'sel of m'nnlcnance tools Sh'l]l be procurcd by (he ycar 2002 a1 latcst ’

| Tabrle V29 Supplement.planof;hg_,equip,nxent;;f

Year - |2002{2003 2004 [2005 [ 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
12w’ Compactor ** | 1 |~ e | x S
dm*Compactor ~ | 1 [ 1| | 1]1 ol ol
6.8 m* Garbage Dump| 1 | % R R A (R I U IR B
Maintenance Tools - | 1 | ' ' ' 1 - '
- Year - 2014|2015 | 2016 | 2017 | 2018 | 2019 2020 | 2021 2022 2023120242025
12 m* Compactor -~ | _ N 1N
4 m’ Compactor - | B R BT T N e IR
6.8 m* Garbagé Dufnp AESEN I I B SO AR IR I N A i
Maintenance Tools ' ' ' ' o

Sc_»urcé: JIICA Study Team

VI-32




(2) Implementation Schedule

- Connncncc the removal of the cxlslmg illegally dumpcd wastes from the

year 2000 and complcte the work within one year,

- Commence the construction of the final disposal sitc from the year 2001,
a'nd construct the 10 siies having 20,000m* — 37,000m? until lhc year 2025.

- rProcurcmcnl of the collcction vchicles shall be perlormcd in the ycars
2003, 2006, 2007 2013 and 2018

Imblemcntanon schedule is sho_wn in Figure VI.2.4.
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2003

2010

2018

FlgureVI 2 4 Pm]ect Imp!ementatmn and Dlsbursement Schedule

VI-34

2000 | 2001 § 2002 2004 | 2005 | 2006 | 2007 | 20608 | 2009 2001 ) 2012 |1 2013 | 2014 | 2015 { 2016 | 2017 2019 | 2020 § 2021 | 2022 | 2023 | 2024 | 2025
Itenis ed 5 i
Collection and Transportation iq
I.Preparation of Project 7
E.1etasted Planning for Collection Routes [z
and manpower. -
2.Procurement of Equiprients
2.1)inguiry/Place of Ordes for Equipments
2.2)Procurement
a) 12 m’ Compactor Truck
b) 4m’Compactor Truck
' ¢) 6.8 m’ Garbage Pumyp Truck
d) Maintenance Equipinent
€) Tricyele o i I
3.Employment of Stalf : i i
3.1) Driver for Vehicles and Assistant ﬂ a z E B2 ks 2= =
3.2) Worker for Road Sweeping | il o s
Sanitary Landfill Constraction
1.Preparation of Project B
1.1} Detailed site survey of Geol, ete. BE
1.2) Delailed design.
1.3} Bidding
2 Land Acquisition e AANTANO (O e TR IRER 1] s | 72777977 TiTiT TS
3.Site Construction . | i | 51 site e Ind sitessesint 3ed site nimind 4ih sitegrrers] Sih site wrpr i 6th sile e Tih site pZzzezz 8t site i 19th site T2 Gih site
4.Duration of kandfill period at cach sit I mﬁ"‘{vﬁﬂf T T e T L 0 (L s s s e TN L T O T T T T T T 20 e oo A S i AP 77t} A T T LI L V¥V ", &
5.Truck Scale basenwent | *= ' =
6.Administration House Construction [ - -
7.Sedimentation Tank Construction’ e ) o’
8.Leachate Circulation Pit Constructioh - [l = | -
9.Road Improvenient,construciion iy - ma
10.Monitoring well instalfation - o] - o
11. Heavy machine puchasing . - h!_ h{
Db sc.hed.u_le '{z‘i‘iﬂi 2000 | 2001 200? 20?3 2004. 20.0.5 2006 2{)07 2008 2909 2010_ 2011 2012 2013 § 2014 29I§ 2016 | 2017 2013 ‘2_019_. 2020 | 20231 | 2022 | 2023 | 2024 2025
Collection and Mainténance :
1 Procurement : L . . . __ ; - - . — -
1.1)Vchicles ' 8,781 LII7)  216] - 0] 216] 216 2] 216] 251 0] 216] 1,450 . 432] ~ 216| 216] 467 218 684f - 297 0] - 467| 550.0] 432{ 432 467
) - ] 0 0 9 o 0 o] - 0 0 ~o0. "0 0 - 0 o] o 0 ¢ 0 0 0 o] o0 0 0
2.1GV(18%) : 1,581 201 39] .0 39 9 0 39 45 0] . 39] 261f - 78 39] - 39 84 39 123 54 0 84] 99.0 78 78 84
3. Manpower : 23,453 - 788] 804 804| - 819] 834] 835F 850] 873 - 91l 926] .- 949] 965 5980]  980] 1,003] 1,018f 1,0722] 1,125{ 1,125 1,125]1,1480] 1,164 1,179] 1,175
4.0peration and Maintenance 8,361 156} - 139] - 128 1671 196] 185] - 196] - 226] 214] 253  443] 378 396] 1367| 408 424 533 528] - 513 565] 455.0) - 449] 506f 536
Total for collection & trans. 42,174 2,262] 1,198]  932] 1,241} 1,286) 1,022} 1,301) 1,395] 1,125] 1,435] 3,103] 1,853 1,631] 1.602] 1,962 1,700 2412} 2004] 1,638 2241\ 2,252 2,123] 2,i95] 2,262
Sapitary Eandfill Construction i e A R " o - o ' SR ‘
1.Land Acquisition - R 14] - S - 8 3] w4 4 5 5 7 3
2.Site Construction ‘ 25, 152 ] 1,944 1,944 2,233 22431 - 2581 3100 3270 - 3179 3638 1620
3. Facilities E : 0 : - - - N - '
construclion . - - 1,516 - 368 574 M
4.Road Improvement - 3718 53 236 89|
5 Monitoring well instattation - 175 87 : - B8 ’ £ -
6 Procurement of Heavy Machine 4, 133 i 753 L . L 1190} : . 1190
7. Engineering Service 1L 39 1123 0 9 -7 IR K W2y - 129 0 0f 155] - : 163} - - 159 215] -0 31
8. Operation cost 8,753 258 2601  414] 2641 441 - 265|  268] 451 - 274} 4s51] - 274] - 277] - 485| 282] 285] s42f - 298 561 303] - 560] - 309] - 313] 602 316
9. Maintenance cost 2,104 " 87| 88 87| - 88] .- 87 8% 87| - 88 - 87f - 88| -87f . s8] 87 88] 87| - 88| - - 83| - 38 88 - 88 88 88 - 88 88
10. Contingency 4,382 - 386 0 “ 307 : _494 N IR T N 488 "~ 515 ' sof] - 677 0 255
1. IGV : ' - 6,791 -1 533] - 316 RV R ] o 487 561 © 214 674 - A I 691 - 935] ¢ 214 3s2
Total for Landfill const. 55, 428 14| 3.494] 2.414] 348| 32711 352] 4,999 - -353] 355] 3,737| 36[ 4,220) 1,765} ~ 365] 4,993{ 370]  372] 529 386] 5,184 - 3911 6,783] 1,801 401 3.001 404
Grand Total ' - 97,6021 - 14] 3494] 4,676] 1,546 4 203] 1 593 0, 285 I 375 l 656 5, 132 1 486 S 655 4, 868 2 218 6 624 I 972 2,334] 6994] 2,798] 2,188 2,029] 9,024] 4053 2,524] 5,196] 2,666






2.6 COSTESTIMATION

(1)

Condition

Conditions for cost calculations are summarized as follows,

1) - Most costs are expressed under the cconomic conditions that prevailed in -

' 1998 and pricc escalation is nol considered.

- 2) Thc conslrucllon work is assumed to be contracted to Peruvian general

' _conlraclors and lhc opcrahon and mamlcnancc work 1s conduclcd by the

"staft of lhe mUHIClp‘lllly

3 I‘or (hc csumalmn lhc cosls in Pcru are uscd cxccpl lhal in Japan whlch is

uscd 10r leachate collection pipe.

' COHS[I’UC“OH costs

4)  The engineering service cost is assumed 10 bc 5 % of 1110 tolal of dlrcct

)| 'I‘he physicai cantingeﬁcy is assuméd to be .15 % of the total of the direct

@

@)

o 1) Vehlclcs Ior cO]l:éctioh'&lranspo'rla_llion o

) conslrucuon costs and the cngmcermg serwcc costs.

Construction cost_ o : total_

Brc akdow n; f :

1) Dlrcct Construulon Co.st. ‘.
' 2) Land Acqursmon Cosl 3
o . 3) Engmeermg Serwce Cost[ D x 5%]
‘ 4) Commgcmy[ { 1) + 3) }x 15%] |

Equipment ey

| 2) Heavy machmcs & dump lruck 3

Operat!on and Mamtenance Cost

= 1) For collcctlon & transportatlon

L 2) For f nal dlsposmon

OB

G_rand Total

Vi

33 649, 000 So!es '

27,823,000
53000
1,391,000
4382000

12,913,000 Soles

8,780,000
4,133,000

42,671,000 Soles

'315;'1'4 000 o
10 357,000

' 'ag 233, 000 Soles (not mcluding IGV)



2.7

M

- the Department which in chargc of the Tipping Fee Collcullon is required. -

2 __

~ which is hcld by thc state govcmmcnt or mlcrnailoml orgamzatlons such as

@)

- participation. In order (o gain the resident’s vqluntnry parllclpahon, ih_c need for a =

ORGANIZATION FOR OPERATION AND MAINTENANCE

Management of the Project

Presently the solid wasle management of Puno Clly is exccuted by Puno
Provincial Mummpalny However future plan for the solid waslc m‘magcmcnt is
not clear and new action against the lack of the lcchmcal standard as well as
againslt the financial problems shall be l'lkcn. ' ' R

The Clcmsmg Dcparlmem is in ch'irgc ol opcratmm for w'lstc collccllon and
dlS])OS'll However the maintcnance of cqmpment or the task 0[ chargmg are

“donc by different regional dcparlmems of the mfumcmncc ot the eqmpmcnl 'md

Unification of thesc dcparlmcnls is required for e_ftlclcn_l managcmcnl.

Strehgthehing of the organization

' Training of personnel

For the fields of collection, lransporhtion 'md final dlSpOSIlIOll an appropnatc
progr'lm for slaft lramlng IS 1mp0rlanl C

The training program shall bc preparcd for all lcvels of mamgcmcnt in thc DPC
which can be named “ the Rcsc*nrch and Dcvclopmcnl Unit”, ThlS unit should
study the issues on the effective imanagement of so]ld waslc requlrcd for the Puno
City in the coming years.

The number of personncl to be frqinéd and the type of ébu'rs‘c ti) bc offered will be

-'dctcrmmcd before commencing the training program 13 well as the people to *

superwse the program and the courses. It is desirable to cducalc of lhe staff to
enhance their iechnical levels as well as to dlSp'ﬂCh them to the techntcal thlmng :

DIGESA or CLPIS

Promotion of ther Non-Structufa! Meésure N

“In the pro;cct thc prowncml mumc;pahly wﬂl remove, the cxnslmg 1llcgally o
' dumpcd wasles in coopcrahon with PRONAA mvolvmg lhc resxdcnl s volun!ary
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- sanitary and efficient system should be made clear 1o the public. The most
cltective public coopcmlion is attained volunl’\rily through informative,
cducallonal and persuasive mceasurcs. Four items are 1ndlspcn5'1blc to attain the
pubhc cooperatlon as follows
1) Publlc re!ations and communications.
2) Good relations through effeclive Solid Waste Manager.

- 8) Public education.

4) Handling complaints.

As for “public relations and communications”, these are methods and activities
. - ? < . ’

" that should be employed by the Puno Provincial Municipality to promote a

" favorable relationship with the publlc Residents arc to be informed about SWM
i.e. magmtudc of the problcm cosls, orgamzahon of the system, collccuon '
schcdulcs and their deviations, rules for collecllon and pcnalllcs new methods of

was{c disposal, ctc

g As for “good relations through effective SWM?, all municipal cmployces arc -

jobllgcd to bc courlcous and politc to the publlc who are in effect customers. Sohd
© wasle collectors in particular should be morc polltc as ihcy have morc direct
'._'coniact wnh residents than thosc worklng in other sections. This Lalls for proper
~training of the cmployccs lo_ conduct wastc c_ollc<:uon and thus eliminating
* complaints and promoting better public relations. The cmployces should look
_ prcscntablc be courtcous and answer in clear and defi nite terms whatever querics
o '_ are put to thcm Thc languagc and thc lonc of voncc uscd by Ihc workcrs should be

con51deralc

As for “public education”, the oarclcssncss and thoughtlessness of citizens ond
 their d1srcgard for cven lhe simplest rules of cleanliness and swmtahon s
reﬂectcd in h!tcrcd strecls, alleys, parks, vac.,anl lots, and even pnvqtc prcmlscs

| lhIS tends to producc an unlldy appearance throughout the community and a'

_ gcneml lowcrmg of pubhc morale. While ordlmnccs rules, regulations and

B pcnallles havc thc;r rlghtful placc in a sohd wasle nnnagemcnt plan, their
L 'cnforccment lcwcs much to be dcsucd It h‘lS bccn found that as a parl of the
pubhc commumcatton program a much casjer and more sensnblc solullon is lo

i secure pUbllC Looperallon Ihrough pubhc educmon o

vi-37 o



The folloiving public education programs will be considcl'cd'

- (,llucn groups such '1s the church, chamber of commcrcc or women’s

groups |
- Public education lhrough the media, such as ncwspapcrs tclcwsmn ctc,,
- Seasonal clean- -up campalgns - | | a

- Educatlon programs for school chlldrcn and

- Clcan -up campalgns include sanitation pamdcs and lmsh b'lSkC(S
’ remmdcrs for the publlc to kcep lhc1r cny clcan '

Pubhc cducatton should be rcla(cd lo entorccmcm

- _As for © H‘mdling Complamts”, Ihc numbcr of complamts is a good mdlcator of

2.8

M

: how successful a cn!y s cIeansmg services are conducted: posilive criticisms oﬁcn

pavc the way towards an 1mproved 1mplemcmauon of these services.
PROJECT EVALUATION

Technical Evaluation

.' The collection system adoptc'dkin, this projccl! is _tl]f_; mo$t_uniyersal _onc{ {l_l_l(l Sp,ccial -

lralning is not required for the crew. Elimination of illcgally dumpcd waslcs

- needs a ncw c1lucn s voluntary coopcratlon for collccllon and transporlahon of -

: .'.lhcm But 1! is not difficult to carry out bccqusc this sys{cm is cxpcncnccd lhrough'

i lake water clcanmg campalgn L

'The conslrucllon of lhc final dlsposal site will comply wnth thc l'itest standard of o

Peru, whlch w1|l contnbute to the 1mprovcmcni of the publlc hcallh COﬂdllIOﬂS in

- Puno Clly

@)

En\'lirohmen'l'a'l Aspéct o

Thc imal largcl of the prcsent prq;cct is “ Zcro Uncollccled Mumc:pal Wasle” és o

“the result of the 1mprovcmcnl of thc Waste collcetion ratc Achlcvemenl of the -

targct will COIllI’lbulC to the purnflcauon of lhe water quahty of Lakc Tllicaca as
well as lhc cnvlronmcntal 1mprovement K D R

»‘Thc Imtlal Enwronmental Evaluatlon(lhB) was madc and 23 1lcms wcrc
' 'cva]uatcd for lhc dcgrce of thc impact and thc rcsult is as follows;
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Table VL2.10  Result of Initial Environmental Evaluation (IEE)

Items Point Reason

1. | Removal of the people D No rcxldenl in the prcsenl landfill stte and the

: - R : : _ pmjected sile -

2. | Economic Activity D . Rccyclmg of wasles not popular .

3. | Transport f Life facility C Remarks on the case of traffic jam.
g_ 4. | Separation of Districts D No facilities to divide. o
g 5. | Historical Remains & Cultural Assets C The way to the Remain of Old PUNO is localcd
5 - _ _ in the {ulure sitc.

6. Fishery Right D - | No plan tolandfill in fishery arcas

7. Péoplc’s Health S C Few people live in the landfill site arca.

8. | Wasteé Treatment N D | No mtermed:atelrealment oi' waste

9. | Risk of Natural Disaster D Less tisk in the area.

10 Topographical & geographical aspect - D ._ Embankmg of Sor6mis camed oul bul the

S ' | watershed is not changed.

- 11 | Ercsion of'SpiI .; C . | Inclination of the tandfill site is small, and annual
g1 : . rainfali is not big. Open channel is installed in
g A L order to preven!eroslon . .
'2 12 Underground Water : c Possdnhly of water oontammahon depends on the
ﬁ : .. - | performance of clay layer. -
: 13 Condllmns of Lake and Rl\'er D . NQ change by landfill
g 14 | Lake and Iakes:de ‘ 'D | Nochange by"landfill_
Z 15 | Animat and l_’lams B _7 s D | Possible prcsénce'of vermin

16 | Meteorology ‘D |No changc b)' setup lhe snes

17 | Natural Scene C " | Appearance of FDS

18 | Air Po]iulion : D No. influence l'ro.m exhaust fun.le due o

' ‘ ' oo+ | monntainous featuge :

19 | Water Pol_luti.on C Passible: teachate from Iandfll sile in the same

- -] reason menhonecl ltcm 12 in the above.

.g 20 | Soit Coh_laﬁ]ina!icﬁ : C From Ieachate as sanie as Ttem 12.
= | 21 | Noise and Vibration _ D Less mﬂuemx: from consleuclion equipment,
ﬂ?( o ' heavy machines and vehicles because no residenlts
e _ . L close to the snte '

2 Land Subsrdence _ D No pumpmg up of underbround water -

2 Offensne Ddor o SC Gencratlon of Odor from Wasles is low for

. o “t - ° | covering the wastes with soil over.

A Cons:derable]mpactpred:ﬂcd

B- Small lmpaclpredlcted

- Nol clear (Necessary tobe siudied Consrdered becommg clear along vmh lhe process o! siud))

D- Less lmpacl pmqpecled and acmrdmgly app]u:ab]e Item aot included in IEE and EIA
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As the result of IEE, A - level is 0, B - lcvcl is 0 C- icve] is 9, D - lcvel is 14.
This means that lhcrc would be ll!llc cnwronmemal mflucncc from the
- construction of the sanitary landfill site. Howcver there woul(l be the possﬂnh{y
of ground walcr potlution at the pcnphcry of the sites dcpcndmg on thc
pcrfonmncc of the clay scepage control hyer o :

(3 Financial Aspect
1) Con'ditions for Finance_AnaIysls

In ordcr 1o analy/c lhé ﬁmncnal aspcct of the proposcd phn, thcrc‘ arc some
conditions as follows, ' : :
(a) Inﬂ‘auon cstlmallon is ommcd
(b) Proﬁt tax of sohd waste pro_]cct is not countcd
(c) Rcvcnuc of solld waslc pI’OjCCl wnll grow wnh
1) ihc mcrcasc of Puno houschnld
11) lhe mcreasc of solld wastc chargc wuh economu, growlh

- (=1 5%/yr ThIS fi gurc rcﬂccts thc cconomlc growlh rate ‘in Puno' '
dcmrlmem) : :

m) thei mcrcasc 0[ co]lccllon rale of waslc handlmg chargc

(—-] 46%/yr lhc goal of lhc collccuon ralc in 2025 is sci as 70% [hc '
- prcscnl ratc is 48%) - :

_ w)thc 1mplemcnlnllon ot env1r011mcnt fcc to save Lakc _Tmcaca for,—
lourists - - : : . :

(When solid waste mzimgcmeﬁl in Puno is heatly org:{nimd lourists
~are able o Clle)’ cslhetlc cnjoymcnt of cnwronmcnl 13 bcnclu{_
'lhcrcforc lourlsls shou!d sh'lrc the cosl of lhl% pl’OjELl by p'lymgi'

cnwronmenl fee. Thc sml'lble prlcc ot cnwmnmcm fec ]S analyzcd m' '
lhc Table XI. 2 12) o -

| v)thc conlnbuuon by PRONAA _ ’
_ v1)thc conlrlbullon ot S/ SSO ,000 every year by Puno mumc:pahty

vil) thc comrlbutlon by the state govemmcnl
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(d)Thr, parl of construction cost will be tinanced by local loan with 7%
" interest rate. Repayment period of the loan is 20 years and grace pnrrod is5
- years. The loan will cover the contingency of construction work, but not
IGV of construction work.
(c) Equipment co§l engincering scrvice, vehicles, and manpower will be
fmanccd by 1001[ fund wrthoul mlcrcs! ' - o :

' :(f) Vchrclcs are dcprccntcd w1lh 10 years Aﬂcr 10 ycars thc vchrclcs wrll be

purchascd agarn at same price.

E (g) Conlrngency (15%) is consuiercd on the cost of consiruclron work and

o cngmccrmg SCIVICC

- '(h) IGV (18%) is consrdcred on the cost of conslruclron work equ:pmcnl cost,

, cngmccnng servrce conlmgency and vchlcles
: (i) Civil‘ \vork _and cquipmcnt will be sold out 'al the romaining value in
C2025HY. ' ‘ |
':_2) _F'I'nancial' Viability'of Proposéd Pro]eot :
Tn order to cstlm'uc the most surhble measure (o make the proposed p]an fcasrblc
- PIRRs of foilowmg 5 cascs are wlcuhted _ '

' (l) Purpose o['Each Casc .

E . Casel: The prescm qulc handlmg char;_,c in avemg,c(32 solcs/houschold/yr) is

- applrcd to scc thc vnbrlrty of prcscnl chargc syslcm 'rgamsl thc proposed plan

o Casc2: The p’rcscni waslc h'mdling charge in 1vcragc(32 solcs/houschoid/yr)
' _dnd an envrronment [ee are applied to sce lhc mﬂucncc of 1nlroducmg an

o rcnvrronmcnt fce agfunst the proposcd pl'm

45..-. 'C'rse3 A morc cxpcnsrvc w*rslc h'indlmg chargc is applred (o sec the mflucncc

of mcrcwsmg handlmg chargc ﬁgamst the proposcd plan

iy C'l‘;c4 An ﬁssumplron that Ihc hbor cost for W‘IS[C h'mdhng, staff is decreased
by 30% is apphcd io sce thc influence of cullrng the O/M cxpcndrture
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o CaseS: An assumplion that the cxpcndllurc for hcavy nnchmes and vehicles i s

_covercd by a conlnbuuon of Peru govcmmcnt lS appllcd lo see the ml‘lucncc of

_ ,,'r_thc contrlbullon (Engmccrmg service is SuppOSCd lo bc covered by the slate
i government in casel,2,3,4,5) -

(ii) Results 0[' Financial Viability

: ]n the Table VIZII combmallons 0[ a wastc handllng ch‘lrgc and an

environment fcc and FlRRs (Fm'mcml Inlernal Ralc of Rclum) of C'lCh case arc

' 'shcown
" Table VI.2.11  Results of Financial Viability
Waste |, . ° - O/M | Subsidyby | -
Handling anxr?nnlent expenditure | thestate | FIRR
e v . TFee : ) .
1 Charge o ~cul government _
. Isolesfhouseho : N U B
e iy $/day/person | B Bl
~Casel | - 32 - - -0 - 0] Eng.service | . .- 388
Case 2 : 32 .17 0| Eng.service | - 7.5
Case3 - 115 0 - 0] Eng. service . .83
Case 4 : 32 oo 0 - 30} Eng. service ' -32.6
CaseS | .~ 321 .-..0 .. OEngservicet| ., o
AT IR ' ' . heavy machine| ©~ - -27.1
+ vehicle : '

*1)Eng. is engineering,
From the results of financial viabilily, nex! things can be said.

. Rcsu]l of am]ysm on Casel , o o _

. The proposcd plan is not feasﬂ}lc undcr thc prescnl systcm of a waslc handhng '
'chargc (32 solcs/houschold/yr as a h'mdlmg charge and no cnwronment fee),
becausc FIRR of Case 1 is an'lllVC ' ' - :

e Resull of ana]y51s on Casc2 ) : :
Implemcn!atmn of an cnwronmenl Iec has an mﬂucncc to makc thc proposed plan
viable, becausc PIRR of Case 2 excccds 7% assumed as an 1nlcrcst ralc ot soﬂ
loan. '
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¢ Result of analysis on Casc3:

An increase of a waste handling charge has an influence to make the proposed
plan viable, because FIRR of Case 3 cxcceds 7% assumed as an intercst rale of _
soft loan. - |

. Rcsult of analysis on Casc4
A decrease of the labor cost for Waslc handlmg is not cftcchvc to make the
proposcd plan viable, bc_ca_usc FIRR of Case 4 is still ncgative.

o Result of analysxs on CascS

.lecn the results of F IRR thc contnbut:on for (‘ngmccrmg service, heavy
machines, and vehicles is consuicrcd ie be more eftecllvc than the decrease of
labor cost but F]RR of Case 5 is shll negaiwe under lhc present sysicm of the
~ wasle handlmg charge (32 solcs/houschold/yr as hfmdlmg charge and no
- cnv;ronment fec) ' '

3) Financlal Plan
(i) Caléulaﬁon for Acéépt'able'Financial Plan '

As analyzcd in the prewous scctlon 1l is csllmatcd lhat mcreasmg the prcscnt
waslc handlmg chargc and introducing an envnronmcnl fee are cifcctwc lo cnlargc :

~ the amount of rcvcnuc of solid \v1stc managcmcm in Puno. In this scction, an L

_ acceptablc waste handlmg charge, cnwronmcnt fee, and the state govcrnmcm s
subsndy are amlyzed in consndcrallon of a burdcn for Puno cm?ens aud for
' {ouusls



Staﬁ

Set Handling Ch_arge

Set Environment Fee

Flgure VI 2 5 Procedures of Fmancnal Plan ‘  :
*1 P/L slands for profit and loss esllmallon ' o

*2 R.B shnds for revenue balancc .
' !|i'ihe'CiSc6 aﬁd 7, the expéndiujré fdr‘Cngiﬁéérinkgﬁs‘réﬁ'i_i:c is assumed to be -
covered by a conlnbulnon “of Peru government. While, in the Case8, the

expendilure for cnginecring service, hcwy machmcs and vchlclcs is assumed lo
be covered by a conmbuilon of Peru government.

Table VI 2.12 Recommendablc Combmatlons

Waste Handling Enwronmcm Fcc FIRR P /l_, | Revenue
Charge . e Balance
| Soles/household/yr $/day/pcrso_n % aoles | 1:000 soles |
Case 6 : 48] 1.4 8.1] - 273 o303
Case 7 e T T T sal s 1,583
Case 8 o . 48] - . 1.2 173 2, 143 - 2,173

*lz.P/L stands for Profit -- Loss.
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“Based on the results of analyses shown in the Table V1.2.12, Casc 6, 7 and 8 arc
rccommendable to expand the revenue of solid waste management in Puno
“municipality. Reasons in detail to choose Case 6, 7 and 8 are descricd as follows:

~ Reasonl: FIRRs are over 7% of interest rate of soft loan.
: Rcasbnz: P/Ls arc posilivc. o

Reason3! 48 and 64 solcslhouschold/yr arc consldercd as payablc tor Puno

citizens.

-Assummg, th'\! ihc avcmgc momhly income in Puno is 700 solcs/month
S /household, onc family is able to pay approxnm'ucly 300 so]cs/ycar _
" /houschold for a bay cleaning’ prOJect. Thus, on_c family can afford to

" pay at least 64 sbles/houschoidlyr for solid wasle managcmcnl.

Quotal:on Consulermg the monlhly average income esm:mted by the INEI-
. ENSECO for 1991 the 46. 32% of the families are wtllmg to pay
.3 63% of theer monlhly inconte for a bay deamng project. (bs{mho de
Fac:hbmdad Descontaminacion y Desarrollo de la Bahia Interior de

-'Puno, ATA Oc{ubure de 1997 Tomo 1 Informe Prmczpal pageI 9)

RC‘!SOH4 Compared wnh ﬂccommodahon chargc (aboul 20$/day/pcrson) in Puno,
1L1- 1 4 $/day/person for an environment fee scems acceptable. -

(i) Implementation of Financial Plan

~Inthe Tab!eVIZ 13,7ac:1\'hnlzigés_'orf each case are described,
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TableVI.2.13 Advantage of Each Case

Wasle
Handling anuonmcnl Iee . ,
L Charge - L ) Advantage
soles}l'ld:?;l[scho $ y _Qaylpcrsion_‘ | - | K. _ : .-
If the priority of cilizens is higher than the
: o : one of lduris.l- and if 'hcz'u'ry'-ﬁi;lchiﬁes and
C;::sc;6 L 48, - g 3'4: ) vclmlcs are not u)vercd by a conlrlbunon
Case6 i is most sunlablc
: ii lhc prlorlly of tounst is hlghcr than the
AR IR o | one of cnu?cns and 1f hcavy machmcs and
C3507 - 64 B '_ Ll _ vehicles arc nol covcrcd by a contnbullon, _
- |Case? is mosl smlab]e o '
It lhc expcndllurc of engmecrmg serwcc
T N R hcavy machmes and vehlclc is covcrcd by
Casc 8 48 iR 12 o a copl_n_bul_roq pf Rcru govgr_n_mcm, Case8] -
|is most su.ilabie. | |

Thcré are some crucial poinls't'o cx'cculc Caseo, 7 8 as fo]lows:_ o .
Point1: lhc prcsam collcclmn ratc of lhc \Vaste handllng chargc n‘nusl be mcrcascd

from 48% 1o 70% Thls me{hod can be excculcd wnthoul a lundamcntal

change of sohd wastc m1mgcmcnl in. Puno
- Point2: Thc raise of the prcscnt wasic handlmg chargc must bc rcguhtcd

Pomt3 Thc raise of the prcsent wasle handlmg chargc must be mtormed well io
Punc cntmcns from the prcparatlon slage of lhe pro;ect |

Pointd: In ordcr to rmtlg'ilc lhe lmpacl of thc raise on thc Iowcr-lncomc
houscholds, a ccrtam lype of mean could be c0n31dcrcd For cxamplc
Puno should be divided into h;ghcr income areas and lower i mcome areas.
'Ihcn a higher mcreasmg r'ue of waste han_dlmg charge should be
applicd at hlghcr income areas. L o

- Point5: lnlroducuon of envnronmcnt fee mus! bc rcgulatcd and mformcd wc]l lo
~ the hotc]s in Puno '
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Point6: The state government should recognize that the value and benefit
generated by the tourism at Lake Titicaca are worthy to provide a subsidy

for an cavironmental improvement. -

4) General Evaluation
Result of the' geﬁcral evaluation is shown in Tabie VL2, 14

Table Yi2, 14 PrOJect Evaluatlon on Solld Waste Managcmcnt

ITEM fﬁihégxlmf)%ilm) IMPROVEMENT OF WASTE CONSTRUCTION OF
| wWASTES 27 { COLLECTIONRATE . | FINAL DISPOSAL SITE

: ; " - 7| Asfor the collection system of

Technical | No required special the proposed plan, Muaicipality

Aspeet | skill toexecute of Puno has to comply wnh lhe
' B ' proposed sysicm

ftis indispcnsablc the
techuoical trainiag for
sanitary landfill.

To prevent dispersion of

By rcduchon of the quanmy of the illcgal dumped wastes

Fnviron- . . nncollected wastes, it is . e g :
Effective from view is indispensable for
mental . " anlicipated that the enwronment .
As point of Sapitation environmental
pect e S of the lake water will bc P .
_ - 1m roved. Improvement and public
' o P health conditions.
| Subsidy from ~ Atthe present prospect, it is
Financial 'PRONM andthe - | necessary lo HICTCASE the . Sauic as the reasou of left
Aspect campaign of revenue and to gain financial column. _ _
;.)c‘ PRONAA can be supporl by the state -

available. | - | government..
29 RECOMMENDATION
In ordcr to lmprove thc prcscnl situation of SOIId wasle mamgcmcnl in Puno,
JICA Slud)r Team divides the waslc m’nmgcmem into 6 calcgorlcs such as (1) '
Collection and Tnnslcr, (2) Final DlSpOS'll Site, (3) Lducation, ) Adnnmslralxon,
- (5) Finance, (6) Illcgaliy dumped waste, and rccommcnds some Iachcs for cach
: category as follows S ' " ' ' '
(1) C'olléct-ion and Tl"ansfer
Achlevcment Gf 100% collechon rate by 2025

- Adopllon of lhc present Bell Collecuon Systcm for ihc wholc area with

co]lecllon frcqucncy of twice a wcck
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- Improvement of the performance level of road sweeping by introducing new
types of containers and collection carls

- Purchase of collection trucks to raise wasle collection rate

Table VI.2.3 shows the required numbers of the trucks lo mccl the goal of 100 %
collection rate in 2025

(2) Final Disposal Site
- Con_siruc'l'idn ofa new diéposal sile '\\"iih the cohsidcr‘ation of environm'cnl
- Purchflsc of heavy equlpmcnl such as bulldo:rer and cxcavator lo cxecutc
. samhry landllll
- ‘Imro_duciio.n of ]eachaie treatment system for a new disposal site _
(3) _Educatiori
- Edu(:'ttlon on puhllc hea]lh for cm?ens at church chambcr of LO!‘I]I]I(:I‘CC and
: 'school o prcvent Jllcgal dumpmg of waslc

- Useof mcdia such as nev.‘spapers, (clcvision, and radio to edué:it'c cilizens
- Exccution of Scasonal clean-up campaigns
- lmplementation of Clean-up campaigns include sanitation parades to enhance
citizen’s awarencss ' '
@ Administralioh

- Slrcngthcn of lhc ICIalIOIlsh]p amon;:, org'm}?‘mons and mshlut:ons in ordcr lo
“execule sohd wasle managcmcnl comprchcnswciy S

- (5) 'Fi.nance

- hndmg of a hmncc sourcc of Iower mtcrf..st th'm 7 ‘% and conlnbullon as'_
wclI ' ' |
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- Increase of a collection rate of waste handling charge, the present collection

rate is approximately 48%.

- Raise of a solid wastc handling charge ( 1.5% up per cvery year). The preseni

ch:irgc in Puno is approximately 32 solcsfhousehold/year.

- Implementation of environment fee for tourist.

| (6) I.Ilégally DumpedWaste |

- Prompl rcmova] of 1llcg"|lly dumpcd waste with the help of monitoring systcm

to find 1!lcgai dumpmg

- Use of subsxdy such as PRONAA for citizens who attend the campaign of

illegally dumped waste collection






CHAPTER - VII
OTHER MEASURES .

Expansion and improvcnﬁcnt of sewerage syslems and solid waste management
have been discussed as major measures to be taken with highest priority in the
previous chapters.  In this chapter, remaining possib]c structural measures are
discussed in order to reinforce the integrated water pollution control plan for Puno

Inlcrior Bay.

Urban drainage system shou]d bc lmprovcd o cfleclwcly opcr'\lc the sanmry .
sewer system rather than lo directly rcducc non- poml pollutlon loads. Especially
it is expected that a proper urban drainage sysiem will prcvcnt the rainwater from
flowing into the sewer which lessens the cffect of the scwage lrcatmcnt l'mlluy

- Mainly from this pomt of view, the lmprovemcnl of urban dramage system is .

: dlscussed

' In general the m—Iakc slructural measures arc apphcd to lake. cnvn’onmenlal
] m'magcmcnt cxpectmg dlrecl cffccls Several methods invc bccn dcvclopcd and

available. Howcvcr most mcthods are cxpenmental and their effects arc

'_uncertam lo apply o a full-scale water body Some possnblc mc*tsures arc

© discussed l'lkmg the apphcablhty to Purnio Inlcnor B'l)

1.1

)

 URBAN DRAINAGE SYSTEM
PRESENT CONDITIONS
' Ouﬂine of the s&Stem e

" "I) Drainage system

a. Dfainage channels

- Co_ncrcle_ open channcl
© < Concrete box (:UI_ver{ :

- Barth channel
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b. Natural dralnage ways (mlproccjenqas)

' 2) Erosion and sediment control measures

- ln[_iltrat_ion'di!'chcs

- - Masonry walls to hold soil

3) Operatlon and maintenance -
Maintcnancc of channel structures

_ . Silt and dcbrls rcmoval

- chmr of erosxon conlrol famhlles ,
(2) Evaluation of pfeéen_t 'cohdii_ions |
- No serious ﬂoodmg in rcsldcnlial area (only slreel ﬂoodmg)

- - Past ﬂoodmg cqused by rise in thc water lcvcl of Tlucaca ]ake =

- Dlsposql of solld ‘wastes, human cxcreta and used conslrucuon malcnals lo
. the drmnage ways ‘ T -

- HlllSldc crosmn controlicd by mcasures lmuatcd by PFLT '

3) \dentification of Problems_'
- Streel ﬂooding
. Sédimch( in the drainagc ways
- R‘lll]W‘llC[ inflow to the S'mllary sewcr system

- Sediment and contammanl d;sch'lrgc to lhc mlcrlor bay of Puno -
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1.2 - HYDROLOGICAL ANALYSIS
(1) Rainfall analysls

1) Annual maximum rainfalls

- Prbbélbilily aﬁaiyﬁﬁ: Gumbel’s distribution metﬁ_od

-" Annual maximum rainfall intensity (60 minutcs)

Return period (years) .'

3

- 10

18

Py

24

. | Maximum rainfall (m'm/hr)

15

" 2) Intensity = Duration — Fféquse;icy\(iDF) Curve

"~ Bquation : Kimijima (Wenzel)

a .

' tdb_+_c

whérc: ) 1 ':. ': ramfall iﬁigﬁsit.y (mm/i1r)

g ~ duration (minutes)

- Constants for rainfall equation for 5, 10—Ycaf return périod'

- Data: Pluviographic charis from year 1965 to year 1989 (SENAMHI)

- 3) Arial _rédut;iioh factor (prbpdséd_Peru standérq (. 124.5))

Co o Area Reduction factor
=20 ha | 10 .
“|200-500na . | 09
| 500 ha = 1,000 ha 0.83

- Vll;fi

Duration {min) Refurn period (yéatj a b c
S s 3240 | - 1.07 81.4
. 0-180 = :

T Lo 10 3010 1.04 56.7
SR 5 1190 .| 088 | 262
" 180-1440 — : '

TR 10 - 1070 0.85 14.0




(2) Dlscharge analys'is

1) Analytical method
- Peak di.scharg.c analysis: | Rational mclhod

it Division of urba'n drainagc arca: 16 catchmenls S
(F igure. VIL1 1 ) o 84 sub catchmcms' _

- Ralloml formuh '

- Q, —1/36xCxIxAxf

' whcrt; Q,: "pcak runoff (ma/s)

C: - runoff coefllclent
e N .areal reductlon {‘lctor
A "calchment area (km’)

- Timeof inlet ('I‘) Klrplch formula o

M= 00078L“"xS°3‘”

' whcre L ' lcngth of natural channell catchmcnt (ﬁ)
s avcrage walcrshcd slopc

- Channel flow Qch_)'c_:jly (T,)c_alculalion:_'_ Manr_li:}g- f_o;mu.'l'a"' -

- Time of concentration (T.):  T,=T; +T;

- Run.off_ci)cfficieﬁtr:
- Year B " Urbanarea - .o Hilb - o
1998 | 08 | 06
2025 0 |09 | 08

- Return pcnod (Peru standard (S 124 5)): o

Rcmdcnt;al 1 Syears
Commercial - __5 10 ycars'
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1.3

m

@

, -(3)‘

2) Result of discharge analysis (Table VI.1.1)
Return ‘p'crfod: 5 years and 10 years
3)' E'v'éltiatlon of éxisting channel capacity (Table \_/ﬂ. 1.2)

Locations where discharge exceeds channel capacity (Figure VILL1)

MEASURES FOR DRAINAGE IMPROVEMENT

Target
- comrol slrect ﬂoodlng
- _reduc_:q scdlmenl _and contaminant inflow to the interior bay of Puno

- prevent rainwater inflow (o sanitary sewer system

Stfatégy

- - maximum use of nalural dramagc ways and e‘(istmg ch'mncls to mmlmlzc

cosl

. detention basin to improve water quality and sediment lrzipping

Proposed measures

(Structural méaéurés) |

| énlargcmem and lining of existing chamicls

- consirucuon of add;uonal dramagc ways - '

- constructmn of chcuk dams and drop slruclurcs to control ﬂow vclocny

. and sedlmem

- "_construcllon of wet dcten{lon basms in the flood area (b‘lSll‘lS will bc
"abandoned after 5-10 years in use lo accommodate tounsm and

: commercml developmcnt in the area)
' '-'_ rmslallatlon of propcr strccl dramage

- scparahon of dramagc ways and _samlary sewer system
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