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PREFACE

In response to a request from the Government of the Republic of Peru, the
Government of Japan decided to conduct a master plan and a teasibility study on The
ln.tegratcd Water Pollution Control for Puno Interior Bay of Lake Titicaca in the
Republic of Peru and entrusted the sludy to the Japan International Coopcratlon Agency |
: (JICA)

JICA sclec{ed and dispatched a study team headed by Mr. Tsutomu Kurihara of
Pacific Consullants International (PCI) to Peruy, lhrcc times between September 1998
and January 2000 In addition, JICA set up an advisory commiltec hcaded by Mr.
' Hidenori Aya, Professor of Musashi Institute of Technology, between September 1998
and January 2000 which cxammcd the study from specialist and technical points of

view.

~ The team hel.drdiscuss_ions with the officials concerned of the Government of Peru
- and, conducted field surveys at the study area. Upon rclurning to Japan, the tcam
- conducted further studies and prepared this final report.

_ I hopc that !hls rcport will contribute to the promotlon of lhc prOJccl and to thc
“enhancement of friendly relauonshlp between our two countries. '

Finally, I wish to express my sincere appreciation lo thc officials concerned of the
Govcmmcm of Peru for their closc coopcrauon extended to the Team. '

Jariuary, 2000

' /@tw—( U4
Kimio Fujita -
President
Japan International Cooperation Agency




THE STUDY ON THE INTEGRATED WATER 'OLLUTION CONTROL

FOR
PUNO INTERIOR BAY OF LAKE TITICACA
IN

THE REPUBLIC OF PERU

January, 2000

Mr. Kimio Fujita

President
Japan International Coopceration Agency

Decar Sir,

We arc pleased to submit 1o you the final report cntitled “The Study on The Integrated
Water Pollution Control for Puno Interior Bay of Lake Titicaca in the Republic of Peru”.
This report has been prepared by the Study Team in accordance with the contracts
signed on 16 Scptember 1998 and 20 April 1999 between Japan Inicm'moml
Cooperation Agency and Pacific Consultants Intcrnational.

The report cxamines the cxisling conditions of Puno Interior Bay of Lake Tititcaca and
presents the results of master plan of the integrated water pollution control and
feasibility study for priority project concluded in the master plan.

The report consists of the Summary, Main Reporl, Supporting Report and Data Book.
The Summary summarizes the results of all studies. The Main Report contains the
exisling conditions, the master plan, the feasibility study, and conclusions and
reccommendations. The Supporting Report includes technical details of contents ol the

Main Repori. - In addition, Data Book has been prepared and is submitted herewith. '

All members of the Study Team wish to express grateful acknowledgement 1o the
personnel of your Agency, Advisory Committee, Ministry of Forcign Aftairs, Minisiry
of Consltruction, Ministry of Health and Welfare, Environment Agency and me'lssy of
.hp'm in Pcru, and also 1o officials and 1ndw1du1]s of the Republic of Peru for their -
assistance cxicnded to the Study Team. The Study Team sincerely hopes that the
results of the study will contribute to the improvement of water pollution of Lake
Titicaca in the Republic of Peru and that friendly rehtlons of both countrics be
promolcd further by this occasion.

Yours faithlully,

i
Tsutomu Kurihara
Team Leader .
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ABSTRACT

. .BACKGROUND

Puno Interior B‘l)’ is sullering from progrcsswc waicr pollullon and culrophication
caused by inflow of sewage and other wastes from Puno city.  As a typical feature,

- beneficial large hydrophyte such as Totora (recd) has been deercasing while

floating Lenna (duckwecd) have dcvclopcd in large (]ll'mllly and covers a wide

' | hkc surface.

21
' 1) Water Quahty of Puno Interlor Bay

Under lhcsc urcumsldnccs lhiS Sludy was conducled by Ihc Study Team ot the

Japan International Cooperation Agency (J lCA) in cooperation with the National

_ Instllute of Dcvelopmcnl (lNADF) from SCpICIl]bCl’ 1998 to January 2000.

| The Sludy area covers Puno lnlcrlor B‘l)’ (aboul 17 km) and ils surroundmg

alchmcni arca (about 36 kmz)

'INTEGRATED WATER POLLUTION CONTROL PLAN FOR PUNO
: _INTERIOR BAY - |

'FRAM_Ewo_aK oF THE INTEGRATED WATER POLLUTION CONTROL PLAN

Targets :

Rccovcry ot the acccphblc watcr quahly as 1t uscd to bc in ihc 1970 s

o 2) Scenery of Puno Intenor Bay '

- Rcducllon of Lemna (]lel'lbu[l()l‘l :
- Rcducllon of llltercd solld wasles 10 an mmgm{‘cant levci

3) Ecosystem of Puno Interlor Bay

e Rehabilitation of Totora bcll fish, bcnlhos and submcrgcd lmcrophylcs

- _'_- Conscrvatlon of habllais for wﬂd b]rds :

' 4) Publlc Health Condltions of Puno Interior Bay and Puno Clty

e Rcducllon of littered wasles in the walcrshcd and the lake

SRt e No bacteml and parasnlc conhmm'mon in the watcrshcd and the lake

.Ta rget Year

3 Shol- lcrm targcl year shc'yea;zoog[ o
. 'Mid-term target year :  the year 2015 -

' bOﬂg-iQr_m target year :  the year 2025 - '



2.2 STRUCTURAL MEASURES

(1) Wastewater Control

1) Planning Conditions |

' Year 1998 - 2008 | 2015 2025

Populationof | - Total | 108,457| .  139,076| 160,508 ' | - 185004

Puno City | Sewerageserved | 50,107 (46%) | 97,631 (10%) 125,731 (18%) | 157,253 (85%)

- Daily Ave. Wastewater Flow S om21s] 12861{5 170005 2240Ys
Poliution BOD, | - 2255 4393 . 5658 7,076
Load T-N Coooossyl 10| 1,383 1,730

 (kg/day) TP s3] 122 157 197

2) Proposed Plan

“a. On-site system . - o

Qu:mls:_fag.hl.y - Pltlatrlﬂc(O?\Vx07Lx15H 074;")

| BtL_cmpt)ung : : _. Small (vacuum) p)t cmplymg machme (500 Llumt) '
| Sludgc_dlim&al _" Truck (loadmg capacny 2ton) o '

b. Otf-sité -system"

Wastewater collection system o

Ssay_gr_ - 'lotaiLcnglh 136234m

Phase 1 (1998-2008) Length 23, 396m ST
 Phase 2 (2009-2015) Lenglh 46832m
PhaseS(ZOlé 2025) | Lenglh 66,007 m

Rump_Stann - LB EL PUERTO

i Bump_statmn. | . gubmcrmblc PumP (QOOUS 8. 6m 30kW 2sets (+l))

Submcrsnblc pump (5 25 l/s 8 6 m, 1 2 kW 1 sct (+1))

Wastewater treatment plant

: Acmlc_d_lagQQn 3basms RIS

Scmmgnmtmnmnd *'_3_ba_sin's"_"- |




* Inlets for facultative lagoons

1 basin (existing fz_lcullalivé. lagoon)

Eﬂmgulagogn _
| Sgggnd;;mlaggmn

1 basin (existing facullative lagdo_n)

Outlet Eacility for the.second facultative lagoons
Consirucied wetland (Totora) - 34 basins (sub-surface flow type)

'3) Project.Cost.

a On-sne system (for small pit emptying machine and truck)

Total mvcs{menl cost: S/1 248 000 Soles (nol including IGV)

- O/Mcost: (not mcludmg IGV) .

Year

- 2008

2015

2025

- 237

171 -

b. Off-site system

Total im}cslm'cnt cost :

Cost (thousand S/./year)

' OM cost : (not mcludmg IGV)

195

D Sl 91,189,800 Solcs (not lncludmg IGV)

2075

Manpower e

' - Year 2008 - 2025-
Cost (thousand S/ Iyear) 757 1 1,109 | 1,447
@ SO|Id Waste Management
‘1) Planning Conditions
- Year | 1998 2008 | - 2015 2025
Quantity of | Generated (t/day) | 67.0 . 85.9 | 1005 | 1262
Solid waste' Cc.nected(@m 34.0 (51%) | 58.3 (68%) | 81.9 (81%) 1262(100%)
2) Proposed Plan
L an Collecﬂon and Transport v
. S [ Year| 2008 '2025_
Reql.ured Lo 12 m® compactor b 2
Numbcr of Sohd 4w compaclor 17 15
_ Was{e Collccuon 6.8’ dump - 1 5
o Vehjcle ] Tricyele - . -5 .5
153 204




b, Final Disposal Site
Accordmg to the technical guxdclmc lssucd by DIGESA, 10 samlary hndﬁll

-~ sites having acrcage of 20,000 m2 - 37,000 m2 arc to be constructed slcpwlsc R

At thc sites, heavy cqulpmcnl will be also rcqmrcd

-Pro]ect Cost

- Total im;rcsimc'nl cosl : S/ 89 232 800 Solcs (nol mcludmg IGV)
© O/M cost : (not 111cludmg IGV) -

- Yer | 2008 2025 .
Cosl (thousand _S/./yeélr) 1,401 2,115 |

' (3) . Other .Measurr':es

._..1)'

Urbén'Drainagé Syétem o
a. _Proposed Plan -

- cnlargcmcnl and lmmg of cxts[mg channc!s

- rconstruchon of 1ddlllonai dramage ways ‘

- comirucllon of cheek dams and drop siruclurcs to conlrol ﬂow veloc;ly and x L

2

scdlment

- SCp'l[allOll of dr'umgc ways 'md srmliary scwcr syslem L

" b. Pro;ect Cost

Totalcost: - /8,543,200 Soles (not including IGV)

..In Lake Management

a. Hemoval of Duckweed (Lemna)

"Bmmss_dﬂan

chuhr rcmoval of Lemna by a low draﬁ bargc hal'VCSllng chlpmem Lo
‘ (hdrveslmg ralc 30~40 l/day) is pmpgscd SR ..

lohl 1nvcslmcni cost : _ S/ 378 000 Solcs (not lm,ludmg IGV)
: O[M cost: S/ 36, 800 Solcs/year (nol mcludmg lGV)



b. Cover of Bottom Sediment
Proposed Plan

The areas for the sediment cover is the western part of Puno Interior Bay where
the water depth is smaller than 3.5 m and the cquipment can be operated.

Possible covering material is silty sand which is d;slrlbutcd 1Iong the navigation
channel of Puno Inlerlor Bay. - : :

. Sedlmcm Covcrmg Arca: | ; 2,400,000 m’
- Covering thickness : ‘ . .. 030m
- Covering volume: - - 720,000 m’
- TO(‘I] cosi | .' - 8123, 310 700 Solcs (not mcludmg IGV)

¢, Heplantmg of Reed (T otora)

Mﬂ_]Ol’ proccsscs 0[ the rchablhhtlon of 'I‘otora arc a muluphcatlon of secedling
" Totora and a planting of multiplicd Totora. The sccd]mg Tolora should be
L p]anlcd along thc wcstem shore of Puno lnlcrlor Bay

- Uml Totora bcll lcng,lh 200m wid_lh=40 m
- - Numbcr ofuml o o 18 units B
S -_'. Toial ofplantmg area: - 144 ha
" Totalcost : i S‘/.'-1578,300 Sblcs/_ycar (not including IG‘_V) :

23 NoN-SThUCTUnAL_MEAsunEs |
(1) Proposed Plan

| lhc fo]lowmg mcasurcs arc proposed

_' o 1) Thcmstltutlonal consohdahon plan
- 2) Thc publlc educahon program, S
= = 3) ’lhc cnhgh[enmcnt campalgn (mslal[ahon of the Clean Day),

e 4) Thc enforcement ofcnvuomnenlal rcgulat:ons
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@

25

Project Cost
Total invesinent cost : S/.579_;6(]0 Soles (n_of including IGV)

O/M cost : §/.516,300 Solcs/)rerir (not including IGV)

ENVIRONMENTAL MONITORING

: Propbsed Ptan

1) Monitoring P'rogra.m for Efﬂuents N

- Food and prouessmg mduslrws (4 workshops)
Slaughter house (1 facility)
- Espinar wastcwaler treatment plant (1 facﬂlly)

2) Monitormg Program for Water Bodles

"~ a. Physical and Chemical Condltlons -

: '_ Lake water (7 main points, 5 supplcmcmary pomls)
~ Drainage channels (5 points)
- Lakc scdiment (12 pomls)

. niuuagmal Condltions ' _ L
Lakc waler (Plank(on Bcnthos and Macrophylcs)

Project Cost

Total investntent cosi : S/ 246 000 Soles (nol mclud;ng IGV)' o

O[M (_:65t S/ 184,200 Soles/ycar (nol mcludmg IGV)

IMPLEMENTATION PROGRAM :

Implcmcnhtron program for the Intcgrated Pl'm are summarrzed in I‘nble 1 :
Among the proposed components, the sewerage systems improvemenlt, the solid N
waste management and the enwronmcnhl momlonng should be 1mplementcd '15_'_ S

' iirst prlonly pro;ccls in Puno

The scdlmcnl cover shou]d be lmplcmcnted whcn (hc measures agamsl thc ex(crnai_ |

. polluuon load docs not producc the cxpcclcd cl‘tccts '

Besides lhc slructural measures, no-slruclurai measures shou'l'd be started as carly =
as possible in order to formulate cilizen’s awaréness and understanding for the
Integrated Plan. = Citizen’s awareness and undcrsiandlng are 1ndlspcnsablc lo"-'

'. promolc the s!ruclural measures. . : : ‘



3. FEASIBILITY STUDY

3.1 SELECTION OF PROJECT

In. the Integrated Water Pollulion Control Plan for Puno Interior Bay, cach measurc
has been ranked considering its priority.

1*:  Improvement/Upgrading of Sewcrage Systems

2 Improvement/Upgrading of Solid Waste M'magcmem

3":  Improvement of Urban Drainage Systems

4% In-lake Measures (cover of the bottom sediment, removal of Lemna,
rehabilitation of Totora) | o

With regard to sewerage nelwork, the fcasibility study has been alrcady completed
“and the German Government will offer a financial assistance for the project as it is

feasible.  As a result, the improvement / upgradmg of solid was(c m’tmocmcnl by
. lhe year 2008 has been selected for the fC'iSIblIlty sludy :

32 DESIGNIN_G
) Waste 'Collec'tlon" :
" 1) Proposed Plan

' a Necessary numbers of co!lectlon vehicles .

_ 2002 |2003 | 2004 |2005 |2006 {2007 |2008

12m3 Compactor 1) 1)1 1 1l 1] 1
Ditto(Existing) 1) 1 1 1 - - .

_g 4m3 Compaclor 1| 2| 2| 2| 4] 4] s

§ Ditto(Existing) 2| 2| 2l 2| 2] 2| 2
1 Eg;;nummeck IR 1 1| 1 1
§ 5 t Dump Truck 2 2| 2 2 b1 1
% Total(uity .~ .- | 8| .ol ~9] 9 9l 9] 10
“ Supplement Capacity(dy | 22.6| 280 280 334 38.8] 38.8| 44.2
ME;;slmgCapacnyﬁ(nt};ﬁ | 344 344 344] 172] 172] 172] 172
Total Capacity(id) | 57.0| 624| 624| s06| s60| s60| 614
Collection Quantity(i/d) * | 42.51 | 44.84 | 47.24 | 49.88 52.61 | 55.41 5853
Ditect carried waste(rd) | 1.59| 1.62| 1.64| 167 69| 1.72] 1.74



(@) Final Disposal Site

The following table shows th'c_'rcquirt:d capaoity for waste in total.

Waste . :
Generation | . - : Volume R .
. - | Wastes | Wastes of - | Covering | Necessary | Volume
(Incl. Direc. | Hauled | Hauled | Wastes | Soil | Volume | Accumulated
carried in) i , : - ' . L e s
1/day tday | tfyr mYyr | wfyr mfye | oom
1993 68.41| 3549 12,954 18,506| - 4,626| 23,131 23,13;1
2008 - 87.63| 60.07| 21,926 31,322 7,8291 © 39,152 - 236252

- 3) Necessary Equlpment to be msta!led |

: Bulldoycr B'lckhoc Dump 'I‘ruck Truck SC'llc Generator are rcqurred for
Sftmtary Landﬁll : : S

- 3.3 |MPLEMENTATION PLAN

In order to construct a samtary hndﬁll one ycar is neccssary asa preparatlon .

year T hcrcforc the constructron work wrll start in 2001

34 PRO_JECTCOST_

* Constructioncost . . 9113000Soles

_ hqmpmcnt T LT o .3 738,000 30135 L
- opcmuon and M‘untenamc Cost R 9,682,000 So]os . HEE
R GRANDjoTAL L '_ DR : 22 533 000 Solcs ‘
o . - (not mcludmg IGV)

3 5 PHOJECT EVALUATION

. Implcmcnt‘ttlon of thc pleCCl will hwc thc socml cﬂccts such as anr‘_'_ S
- improvement ol sanilary - condmons and _an 1mprovcmcnt of tourlsm e
' _dcvclopment potenttal ' o - : -

" KRR would exceed 7 % if revenue will bc srgmﬁcamly mcrcascd by an mcreasc‘

- of the wa%tc handling ‘charge or by an cstablishment of new funds. such as
environment fee, or -if the state government wrll allocate subsuhes or low- L

interest funds to Puno Provmcmt MUﬂlClp‘lIlly



4'1

CONCLUSIONS AND RECOMMENDATIONS

EVALUATION OF THE INTEGRATED PLAN

~ The whole plan requires a large amount of investment even if reasonable techniques

arc applied to cach component projects. However, the financial status of the local

“government in Puno is too serious to realize the Plan.  Even if the local

government of Puno succeed in increasing the revenue with a maximum effort,

: alrong imancm] supporl by the state govemmcnt wﬂi sull be mdispcns*tbk:

* There wﬂl bc varlous bcncf ts accrumg from lhls plml f lhlS plan can not start,
" the cnvironment of Puno will become worse and worse.  As the resull, Lake
" Titicaca will be dirty and fishery activities will be d'lmagcd and the sightsceing '
* business will be also diminished. The cllects were cslnmtcd from currenl business

~volume. The value of EIRR is 15%, higher than the opporlumly cost (the cost is

i assumed as 10% i in Peru), and the cumulative profits is plus. ~ So it can be said that

S the proposcd Inlcgmlcd Plan is vmblc from lhc CCOﬂOll‘llC pomt of view.

. lhc Plan w11| csscnlnlly conlnbulc to the cnv1r0nmem'll unprovemcnl of Puno

Interior Bay. = Organic pollution load will bc reduced o the targeted level which

E used to be in/beforé the 1970%. _Conscqucntly, the target of the plan against the

“organic pollution in Puno Interlor Bay will be achicved by the year 2008, and the

favorable condition will fast for a long period.  Although the Plan wili also

- produce negative eftects through the phascs of plannmg, consiruction and

~ operalion, it is evaluated that all lmpacle are mmor or lcmporary and able to be

L mmgated w1thm an acceplablc level. -

4.2

RECOMMENDATIONS =

" Puno Intcnor Bay is a part of Lake [lil(:'lca Not only the people who live there

~ but also the Peruvian nation and foreign tourists have enjoyed the oulst'mdmg

environment of the lake. ~ Therefore they have to rcturn the profits, in other word,

'prowdc the labor or the funds required for the environmental improvement of the

lakc. - The cconomic benefit will surpass the total cosls of the Plan. - 1t means that
the Plan is worlhy to implement. - However it is too hard for the local governments

- or residents to bear all costs when lhclr financial d]ﬂlculllcs are taken into account.

The slate govemmcni s ﬁnancml assrsiancc such as subsidics or low-interest lunds
are 1nd15pcnsablc to ‘realize the Plan, - Furlhcrmorc, it is reccommended to establish

- the system- to ralsc thc funds w1dcly from lhc uscrs or pollutcrs of thc hkc_ .
: t,nwronmcnt L - = :
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. PRONAA :
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. National Institute of Natural Resources .
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Pan American Center for Sanitary Lngmccrmg and annonmemal
Sciences, WHO _ .

~The Government of Japan

International Bank for Reconétructmn and Development (World
Bank) - _
Inter-American Development Bank

International Monetary Fund
- Japan International Coopcratlon Agency

JICA Study Team - | .
German Bank for Reconslructlon '

" Organization for Economic Cooperatlon and Dcvelopment

World Health Orgamzahon



3. Measuring Units

1} Physical

mm
cim

m

km
ha(s)

1, lir

8, Bt

kg

{, ton

s, SeC
min
h(hrs) -
d(dys)

: 2) Cheinica!
_ mg/l
~ 3) Others
as.l.
inh/ha
‘nos/l

millimeter(s)
centimeter(s)
meter(s) '
kilometer(s)
hectare(s)

: liter(s)
3 gram(s)

kilogram(s)
tonnage(s)
second(s)
minute(s)
hour(s) .~

day(s)
-y yelyrs)

year(s)

.milligram(s)

above sea level .
inhabitants per hectare .-

©: numbers perhter

- 4, Monetary Terms

US$
oS
DM

S.Others

BOD
CIF
CoD
Chl-a
D/D
/S
DR/R
DID
DL

Japanesé Yen -

United States Dollar
Peruvian Nuevo Sol

t - Deutsche Mark - -

: _B.iol_ogical Oxygen Demand

Cost, Insurance and Freight

;. Chemical Oxygen Demand Lo IR

Chlorophyll-a _
Detailed Design -

¢ - Definitive Study

Draft Final Report .
Densely Inhabited Dls(l ict
Datum Line



DO . Dissolved Oxygen

E/S : Engineering Service
- EIA :  Environmental Impact Assessment
EIRR  : Economic Internal Rate of Return
F/R : Final Report
F/S : Feasibility Study
FDS :  Final Disposal Site
FIRR : TFinancial Internal Rate of Return
FY . Fiscal Year
- GDP :  Gross Domestic Products
GNP . Gross National Products
IC/R : - Inception Report
IEE : - Initial Environmental Evaluation
IGV : General Sales Tax (Impuesto General a las Ventas)
S ITR :  Interim Report
"M/P : Master Plan
MSL :  Mean Sea Level
N : Nitrogen
NGO  : Nongovernmental Organization
P :  Phosphorous
- PR : - Progress Report
- S/W . : Scope of Work
SS : Suspended Solids
STP .~ : Sewage Treatment Plant
SWM  : Solid Waste Management
TDS . : Total Dissolved Solids
VAT - : Value Added Tax

WWTP : Wastewater Treatment Plant
WWTS : Wastewater Treatment System
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CHAPTER - I
INTRODUCTION

BACKGROUND OF THE STUDY
- The City of Puno is expected to e.xpcrience a substantial grO\uth of population in
the future due to newly emerging communities in the outskirts of the city in

addition to population influx. - However, improvement and expansion of urban
infrastructure has fallen behind the rate of such population growth and most of the

- sewage is directly discharged into Puno Interior Bay without trcatment.  Besides,

~there are other problems, such as inflow of solid wastes into the interior bay
. durmg ramfall because of msufﬁcrent waste collection system '

The Bay is suffermg from progressrve water pollutron and eutrophrcatlon caused
_ by inflow of sewage and other wastes from Puno city. - Beneficial large
hydrophyte such as Totora (reed) has been dccrcasmg while floating Lemna
(duckweed) have developed in large quantrty and covers a wide Iake surface

‘_ Under these elrcumstances thrs Study was conducted by the Study Team of the

o .Japan International Cooperatlon Agency (JICA) in cooperation with the National

- Insutute of Development (lNADE) from September 1998 to lanuary 2000.
R The objectrves of the Study are as follows R

' 1) To formulate a Master Plan of mtegrated water qualrty 1mprovement of
- Puno Interror Bay. : -

2) To conduet a feasrbrhty study (F/S) on prronty pro;ect 1dcnt1frcd from the
* Master Plan.

' '3) To transfer technology to counterpart persormel in the course of the Study

o The Study area COVers Puno Interior Bay (about 17 km) and its sunouudmg

atchment area (about 36 km ) as shown in Figure I 1

: "'The Stuclj,r reports prepared are as follows
- Mam Report (Engllsh)
- Mam Report (Spamsh)
| Supportmg Report o
. 'Summary Report (Enghsh)
Summary Report (Spamsh)
' ..Data Book

; T_he Spams_h versrons of reports are prepared as reference.
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o CHAPTER - II
INTEGRATED WATER POLLUTION CONTROL PLAN FOR
PUNO INTERIOR BAY

EXISTING PROBLEMS IN PUNO INTERIOR BAY

_If‘igure 1.1.1 s‘mnniarizcs of the last several decades records of environmental
~ cvents, metcorological and hydrological obscrvation, and development  of
- sewerage systems.  The figure also shows the transition of environmental
' con(litiozis'ol.' Puno Interior Bay. '

' Water quahty ol Puno !mcnor B"ty has bccn deteriorating since the 1970’3 or
carlier. ~ In p'lmullar the western shoreline is affected mamly by domestic and

B commcrcnl \V‘ls{cv.mlcr which is dlsch1rgcd from the urbanized area of Puno Clly -

Thc cxlslmg watcr cnwronmcnhl problems in Puno lntcnor Bay, whlch are
- identificd by the field survey and intervicw, are described as below.

. (1)- Eﬁtquc:d and shallow féziler Eody which is prone to bc.p(’)lluléd
. .'(2) qucr us‘_:: pré;l;lelllg _é:aus?:d_ by significant cuirophication |
' :(3) i)n.:pr.ccialioniof tolu_ris.n.l resources
(4.) DcSlruciibn of cé;)syslcm |
| (5)Offensive odor

(6) Public health problems

a1
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2, FRAMEWORK OF THE INTEGRATED WATER POLLUTION CONTROL
- - PLAN FOR PUNO INTERIOR BAY

2.1 CONCEPT OF THE INTEGRATED WATER POLLUTION CONTROL PLAN

(1) Goal

The lnlcgmlcd Walcr Po]luuon Control Plan aims pnmarlly to lmprove the water
quahly of Puno Interior Bay pollulcd by urbamzatlon of Puno Clty, and

. consequcmly to contribute to the + conscrvalion of its umquc ‘natural environment
and to the dcvclopmcm of the rcglonal cConomy and living conditions.

. (2) Targets
~1) Water Quality of Puno Interlor Bay
Recovery of thc'a:ccc'ptablé'iva{cr quality as it used to b_c inthe 1970’s
2) 'Sceh'ery of Puho Inierior Bay' o
- Reducuon of Lemna dislnbuuon o
- Reducuon of huercd solid wastes lo an msrgmﬁcanl level

3) Ecosystem of Puno Intenor Bay

- Rehablhtallon of reed (Totora) belt -

- Conservation of habilats for wild birds
- Rccovéry of fish and benthos
. R.cco.v'cry of submerged macrophytes

-4) Public Health Conditions of Puno Interior Bay and Puno City

- Reduction of littered wastes in the watcrshed and the Jake |
- No baclerial or parasite contamination in the watershed and the lake

o (3) Target Year
> Shor{?-wnn l.argel. yeat : the year 2008
_ Mid-t.en'ﬁ larget year ;. the year 2015
" Long-ferm target year 1 the year 2025



)

Methodology

ln general, possible cfforts to improve I'lkc environmen! are classrﬁcd into the

following three categories:

- Structural Mcasures
- Non-structural Mcasures
- Environmental Monitoring

Slruclur’tl mcasurcs arc dclmcd as lhc mcwsurus t'\kcn by '1dmmlslrahvc bodlcs to
physlcally 1mpr0vc Ihe cnvlronmenl of Lake Tlllmca Non—slruciural mcasurcs
are defi ncd as the mcasurcs which aim 1o ‘motivate lhc stateflocal governmcnts

pnvalc ‘scclors or cmzcns to l'lkC some acllons for cnv1r011mcnta] lmprovcmcm

Environmental momlormg is defined as an cnvironmental 'uhnmlslmllon {ool

which detcectsfidentifies environmental problcms, assesses the cffectqhmpdcls

causcd by the lmplcmcnl'mon of structural mcasurcs, and. Touses - pcoples

_ awarencss. A!lhough the struciural mcasurcs must be Ihc mam category, the -
_ mtegmtcd pl'm will noi fulfill its funcllon unlcss all mcasurcs are syslemanm]ly

combined. The conccplml figure of “The lnlcgrated Water Pollution Control

Plan for Puno Interior Bay” is shown in Iftgu_re 1.2.1.
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3, SThUQTbRAL MEASURES

3.1 WAéféwATsR CoNTROL S.YST:EM |

3.1.1.. Evalualion of the Present Condiﬁoﬁs
Ex'isling pr‘.oblcﬁ.}s. are idéhlified_ .as. follows:

. i Inw collcctlon rate of qutcwalcr (46% by samhry scwcr 5ystem)
- _Broken covers of sewer pits L o -
- Insufficient removal rate of nulncnls at the Espmar stablhzahon lagoon
(BODS 80%, T-N: 30%, T -P: 30%) 7 '
- Overload of Chanu Chanu treatment plani
' '_ - Inflow of rainwater to the co]lccuon nclwork

La_ck of on-site systems
3.1.2 Master Plan
(1) Target and Strategy
“Target year: . . 2025
T‘argét waslewaler:

- Domeslic waschatcr :
Commcrcmi wastewater

- Industrial wastewater -
' -'1 argel covcr'igc of saml'\ry sewer systcm 85 % in ycar 2025
.Scwcr syslcm_ sclectlo_n_. scp'mtc syslem |
Staged impiemchfation: .

Firststage 19982008 (Phasel)

Sccondstage © 2009--2015  (Phase2)

Thlrd stage - 2016 2025 (Phase 3)
(2) Planning Conditions -
1) Plann!ngérea o

- Area served by s'mal'lry sewer (/oncs 1 ~12, 14) L - 2831 ha’
Arm scrved by on- sue samtalmn f‘lCllllICS (zoncslB 15 16): . 539ha

-6



2) Sewerage service coverage

Table I13.1 T_argef service coverage of sanitary sewer

~ Year 1998 2008 2015 2025
Population of Total 108457 | - 139,076 160,508 185,004
Puno City Sewerage served | 50,107 (46%) | 97,631 (70%) | 125,731 (78%) | 157,253 (85%)
Daily Ave. 'Wastewater Flow - 1.2 Hs 128.6 Ifs 170.0)/s 224.0 /s
Pollution BOD, 2,255 4393} 5658 7,076
Load . TN - 551 1,074 1,383 | 1,730
- {kg/day) T-P 63 122 157 197

(3) Possible Plans for Structural Measures

)

Oh-site syétem _

© On-site facilities:

- .2)_

- Pit latrine L
-i Pour ﬂush loilct

Pit emptymg | smqll (vacuum) p1t emplymg m'tchmcs + sludgc trucks * - :-

Sludge dtsposal hnd (forcst) dlsposal

_ Off-s_i'te' system

a. Wastewater collectlon system

T ‘-'Convcnllon'il samtary sewer systcm in combln'mon with s:mphflcd sewer

' systcm

b. Wastewater treatment system

Thrcc Alternalwe plans for waslcwater treatment and dlsposal proccsscs exist,
which include ones proposed by PRONAP (Allermtlvc I, I-A} and INADE-

PELT (A]tcmahvc H). Schcmatlcs of waslewater Lrcalment proccsscs for

_ ach alternalive arc shown bciow



3) Cost estimation

The projeet cost is estimated based on the preliminary désign for the Master

Plan facilitics.  Unit prlccs and lump sum prlccs were determined considering

Iocal condltlons sub- contractors, cquipment, available construction ¢quipment

’ and materials as well as suﬂ’tblllty of the proposcd construction method. The

i total costs for the altcrnatives are as shown in Iable 11.3.2.

Table11.3.2 Total Prq;ect Costs (unt;l the year 2025)

(8/.1000 (lhousmd Solcs)

Note: l) l(cm “8.” includes conlmgcncy and [GV

2) Item “9.” includes [GV

Alternative

Item I I-A 0 1l
1. Land Acquisition 0] :: 0] ;-=._:16.7_ )
2. Administration 600 600 400 | 600
3. Construction Work 159,987 | 53,722 | 56,542 | 83,428
1) Sewer | 31,639 | 31,639 | 31,639 | - 31,639

_' 2) Pump station E 6;661 7 397 6423 7,959 { .

| 3) WwTP 21,687 | 21,687 | 18,480 | 43,829
4. Procurement of Maintenance Equipment | 536 | 836+ s65| - 835
5. Engincering Service (10% of Item 3.) 599 | 53712| 5,655 | - 8,343
6.Contmgcncy (15% of ltems 3,4,5) - 9,979 S 8oas | 9,414 13,890
7. 1GV (18% of liems 3,4,5,6) 13771 | 12344 | 12,9927 19,169
Total __ 90,870 | 81,519 | 85,734 | 126,266
8. Renewal of Equipment 28,567 | 26939 | 12,969 72,084
9.0/M? 27,640 | 23,896 | 40,597 | 31,323
Grand Tolal 147 077 132,354 139 300 229,633
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4) Evaluation of alternative plans

Alternative T discharges treated water to the Puno outer bay. Its discharge
point is not so far from the drinking watcr infake.  This drinking \thér source
is most important for the residents of Puno City and should be prolcctcd at all

cost.  Failure tor this may result in mcrcascd lrcalmcm cosl for water supp]y

Technical cvalualion shows all four alternative phns are fe"tsiblc for Puno city
although shff lrammg is rcqulrcd for the all thc 3Ilcrml|ves cspccnlly for
" Allcrmuve HI. '

: I‘manclal cvaluatlon slmws that only altcrnatlvc I-A, wluch cosls mlnlmum
among the allernauvcs is hi nancm]ly l‘camblc ~Other alternatives rcqmred
subslamlal rise in scwcr'lgc scrwcc rates or subsndlcs from the mumclpahty or.
the govcrnment

'Tabl_eII‘.SI.S - Fmanmal Internal Rate of Return (FIRR)
-~ and Net Present Value (NPV) '

FIRR(%) &"5&2“5’%
Alternative | . 3s| - .-4,018
Aliernative I-A. ' 59 - 2,094
Alternative 1l [ 44l 1,683
Alternative 11 | 38 o 144,703

From !hc abovc evaluailon u is concluded that A]lcmalwc I A is tea31b]c for )
thc Puno city, cspcua]ly from the l' nanc:lal point of view. A]lcrnau\'c I- A is .
lurlhcr analy/cd for ophmum pcrlormancc and proposcd as an approprlalc
phn ' ' ' '
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(4) Proposed Plan
- 1) On-site system

a. Proposed on-site wastewater treatment/disposal system

Pit1 .

Q Pit Capacity : 0.7WX07LX1.5H=0.74m’
L Sludge Collection:  Bvery3years -
Cl Installatlon Each house
Q Cspacily : 500 Lunit :
O Performance: 4.2 plts/day X 250days/yc*1r = 1 050 plts/year '
Q  Economic Life : 4 ycqrs '
3 Loading Capacity: - 210n .
Q2 Economic Life : . 8 years

b, Sludge col'!ectio'n'cost for on'-site systém a

 Total operatlon cosl for s]udgc coileclmn is calculalcd as S/.78 per LO"CLIIOI)
(on wcragc) Since it does not include 1dm|mstrauon cost and mlcrcsls on

apml cosl actual tariff may bc sci sllghtly hlghcr

2) Oﬁ-sité system

a Wastewater collection system :

’l he summary ol sewer and a pump station conduclcd in fulurc phn are shown
in thc followmg tables. '

Table I1.3.4 Sun_imary of Ss_wér Plan
Phasc - | Pipe lcnglh (m) | Percentof sewered arca (%)
Phase 1 (1998-2008) | ~ 23,396 - - 36 '
Phase 2 (2009-201S) | 46,832 - . 57
Phase 3 (2016-2025) | 66,007 - 72
Total - 136,234 . L.
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P_ump;Sjaiign

Table 11.3.5  Summary of Pump Station Plan

Name | Specification

E.B. EL PUERTO . | Submersible pump, 5.25 I/s, 8.6 m, 1.2 kW, 1 sel (+1)

b. Wastewater treatment plant
- Possihlc imptovcmeni for Allcfﬁalivc I-A
,.smms;ulauuulagugns

As rcqulrcd rcmov*nl of accumulalcd sollds from lhc hculhllvc lagoons is
qullc difficult whllc conlmuous opcratlon is rcqunrcd msiallal;on of
sedimentation hgoons is proposcd Two iagoons arc to be conslruclcd at
Phase 2, which opcratc allernatively as a scdimentation lagoon and a sludgc
pond.  Another lagoon is consiructed at-the’ siari of Phase 3. Accumulaicd
sludge in the aerated lftgoons w:ll be pumpcd to the scdlmenlalion pond while
it is used as a s]udgc pond. . ' '

Inlcls for Ihc laculhlwc lagoons arc modlllcd as. shown in Iugme H 3.1 lo

maximize the ¢ wcmgc retention time of the lagoons
Outlet facility £ ” . !E “‘[. l
Al present, a large amount algac is 0b€chcd in'the effluent :of facultative

. lagoons. : In order to minimize the relcase of algac mlo the clﬂucnl oullcl' '

. struclure is to be mstallud

-Nn-12



< Proposed wastewater treatment plant

Schematic of the proposed wastewater treatment plant is shown below.

nol| |oo m “ Sewerage Arca

‘ _ (Sewer)

— -

i Chemical Phosphorous Removal | -
|(Coagulant Addition) (from 2010)] I | .
' - v [se dlmenlauon Ponds }
B (fmm 2010) B )

Discharge to Puno Interior Ba

Layout for thc proposcd waslcwatcr trealmcnl phnl is shown in I*lgme 3.1

Spccnflcallons for m'l_]or quu,walcr lrc'tlmcnl [acilitics are shown in Table
. 3 6. e ' '
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Table 11.3.6 Spcciﬁcations of proposed wastewater {reatment plant

Facilities : . |Specifications
1.Pump Station
EB FPuno o . ISubmersible Pump 200 l/s 8.6 m, 30 kW, 2 scts (+i)
2. Acrated Lagoon ~ Bbasins
Type DR Rectangular Type
Dimcnsion . : HAO0mWx800mLx4.0mD
~ Acration Power Level : 22.35 kKW (4 per Basin) '
~ Retention Time : 2.43 days
3. Existing Primary Lagoon “ [1 basin .
Type . _ [Facultative lagoon ~
Area . 13.4 ha '
Depth Average - L.5m
Volume . “1204,600 m3
4 hxlslmg Sccondary Lagoon © Jibasin
- CType . : . {Facultative lagoon
cArea 0 . 7 |79ha-
Depth Average "« " " 11.Sm
Volume o Lo 118,350 m3
5. Constructed Wetland |34 basins
Type N - |Sub-suface flow .
Dimcension . o 1220mWx203.0mL
Depth Average - [0.3-05m o
6. Sedimentationponds |3 basins .
Type U .. |Rectangular Type _
Dimension - ' IR 630me630mLx40mD

RetentionTime - - . .- |2 days in year 2025
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Non-structural measures

a, Institutional and operative capacity sti‘engthening of EMSAPUNO

The stafl training prdgram shall be established to provide the existing and
future staff to upgrade their knowledge and skills for - organization
management, operation & nmintmmncc of the facilitics.

b. Sanitation pr'omoiion 3

In order to aulncvc 1mprovcmcnt ot public hcallh s1mlallon promouon 1mong

) the residents of Puno Clly is essential.

¢. Control of Sewerage system'use ;

Sewerage _Syslcms ar¢ often damaged through pu_blip misusc. This results

from a public misconception that a sewerage system can be used to carry away
any unwanled object. A(Icqmtc’ regulations setting forth proper uses of the

system and public coopcnl:on are rcqulrcd to pmpcrly nnmhm and conlrol |

thc sewerage systcm

(5) !mplemehtétion plan

Construction works according to the phases are as follows:

Facilities . Sewer Pipe - Pumip Station Waslewater Treatment Plant

Year - 2000-2002 | 20002002 S 200022002
I'hase 1 o

¢ 150-900, L =25,223m I:B ELL. PUERTO | EB Puno _
: ' - oo ] Aerated Lagoon X2
Construcled Welland X 34

Phas_c 2

¢ 150-300,L=46,832m{ = - - <2009>
C Scdimentation Ponds X 2
Phase 3 $ 150-300, L = 66,007m | <2017> - | <2016-2017> R
o - | BB EL PUERTO EB Puno (Pump equipment
(Pump cqmpmenl - { rencwal) - -

?me\vai_) Actated Lagoon X 1
~ | Sedimentation Pond X l
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(6) Organization for Operation and Maintenance

Table 11.3.7 Requu cd number of staff for O&M of the pmpose(l
~ sewerage system

) _ _ . (Unit: pcrsml)

. Field & Position | Phase 1 | Phase2 | Phase3 l - Duty

Manager - 1 [ R chspbnsiblc for wastewaler system

Sewer and Pumping Station

|Engincer . - e - Responsible: for cleaning of sewers

-~ |Foreman C S - [Responsible for site works
Sewer _
Worker 2 4 ] .6 |2workers/lcam

Driver | .. 1 +} 1 =« i 2 workeis/team

*Vehicle maintenance shall be done by l;'MSAPUNO

Waslewater Treatment Plant

Responsible for technical matters

_ " |Engineer 1 i 1
Operation |Foreman 1 1 i Responsible for operation of each shill
Operator | 1 i 2 1 (2) operator/shifi
AL Technician 1 1 { - |Responsible for site works
Maintenance - - — — — -
. |Worker I S 0 = ¢ [Cleaning '
W. Quality | ., .0 R R T
Analysis Chiemist | 1 i1 | - Water qualily F‘onqul . _
o Total . B AR I IR e I

Admlnlslrallon shlls for FMSAPUNO are nol included in lhc table. Tcmpbrary
: workers are hlI’Cd for lhc opcratlon such as fotora culling and sludg,c removql

(7) . Pro.iec.t'Cost :

: Consiructlon cosl tor thc proposcd prolect is cshmalcd as lhc same proccdurc

- explamcd in lhe prcwous sccllon N

From lhc abovc study, ovcrall 1mplcmcntat10n 'lnd disburscmcnt schcdu]c for the

‘proposcd p]an is prcparcd as shown in Iable 1.3.8.
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@

Project Evaluation

1) Social aspect

Expcchtion of im’provcmcnf of sanitation and lake cavironment improvement by

_scwcmgc syslcm dcvclopmcnt is very high in Puno Cnly according to the public
_'1warcncss survey carricd oul by JICA Sludy Team. - Implementation of the
_Master Plan will have the following social effects:

- Improvement of sanitary conditions

- Improvement of tourism development potential by improving the water

quaiity of Puno Interior Bay

Thc proposcd Mas!cr Plan is cons:dcred socnlly fcasﬂ)lc [or Puno Clly Socml
acccplancc and cftccl;vcncss of the Master Plan will be cnh'mccd lhrough public
awareness program '
2) Financial aépect _

'- a. Finéricial Viabilify of Proposed Projeét _

| - To La]wlatc NPV ot proposcd plan, discount rale is supposcd as 5% becausc ‘

- internal trade rate between banks in Peru was 3% in August 1999 (B'mco

Central De Rcscrva Dcl Peru, August 1999)

- Table 11_.3.9 _FIRR and NPV for the proposed Plan
CERR | NPV 1000)

ProposedPlan | - 60% | "'s.2277

© Notice: DismunmieomPVisS% :

FIRR and NPV are mlcula(cd by usmg lhc dah of pro;cct cosl revenue, 'md -

domllon

PiRR (6 0%) is largcr Ih'm dlscount rate (5%) and NPV (S/ 2 277) tums out
G posulvc hcncc the proposcd plan is cstlmatcd as tc1S|blc Howcver, {hc
fCﬂSlbllily 1s bascd on lhc condltlons mcnnoned m (hc prcvnous section, 50
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finding sources of lacal loan with 5% interest and local fund without intcrest

is crucial.

The change of cash balance is shown in the Figure 11.3.2. The “cash flow out”
will expand in 2001 and 2017, because ll}g: cost for conslruclidn work will
swclj in these ycars, and “cash flow oilt_” will inerease in 2012 and 2022,
bcé‘umc the cost for procurement of cquipment will expand in 201"2 and 2022,
While the “cash flow in” will increase in 200'1 because of the donation of
KIW. Morcover, “cash flow in” will swell in 2025, because it is supposcd that
all facilities and Cqulpmcnl will be sold out by EMSAPUNO al the relmmmg

~value.

50000 | ' Cash Flow Oul o R .
7  Sale of all facilifies and equipment___ -
40,000 mC'lsh Flow In - fes and eqipment- 3
30,000 |

: """B'ihncc :
20,000 | . 5
10,000 - DO_u_atipp gf K[\v :
20,000

30,000

40,000

Figure 11.3_.2 ~ Change of Cash-balaﬁce R

b Fmancial Plan

In order that the pmpo:.cd plan rc*u:hcs thc fi mncnally vnblc lcvcl over 5% of
" FIRR, onc of the most cllective iethod is rccmpt of subsndy or gr‘ml

Morcovcr, not oniy the lmam,nl aspcu of the proposcd phn but also_
u,onomlc aspecel should be considered, bccausc lhc lmplcmcnmuon of the
' proposcd plan for 1mpr0vmg waler quahly of Lake TllIC'lC'l w1!l also mflucncc_
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~ tourism and fish industry in Puno. To make the proposed plan feasible, the

lollowing measures must be taken into account.
(2) Finding a linance sourcce of low interest lower than 5%.
(b) Finding a finance source of no intercst.

() Increasing a charge collection rate. Present collection rate is approximately
76%. '

_ (d) Incrcwsmg a sewerage scrvu,c charge (5% increase every 3 ycars). The

prcscnl sewerage scrvncc ch‘lrgc in Puno s approximately
,497solcs/f'nmly/ye'1r (bPS EMSAPUNO S.A. ’\/l[‘,\dORlA ANNUAL 1998).
. The raise must be rcgulalcd and mformcd well to Puno citizens from the

prcmmllon smgc of the pm;ccl

(¢) Inorderto __miligatc Ihc impact of the above raise in the sewerage charge on

the lower-income houscholds, a certain type of tarifl structure could be
considered. For cxample, progressive tariff system by melering block '
(usage) wnh a low b‘lSlC chargc will help lower-income households with '

small water usage.

(9) Recommendations

1)

Immediate implementation of sewerage development plan

As culmplm leve! of the Puno intcrior B'ly has rcachcd hypcr—culrophu, lcvcls

2)

1mmcdnle actions to reduce pollution 101(1 mﬂow to the bay arc rcqulrcd

C_afeful maintenance of 'const'ructed wetland

_The wastewater treatment system conlains the process of a subsurface-Tlow

lype 'mmcm] wcll'md rcspcctmg, the d031g|1 which the Peruvian authority is

Hmblllous to construcl “In gcncral the rate of po]luuon loads reduction by

lhl‘i lac1l|l) is varicd by several Iocal condmons or a quality ol maintenance.

'_ F herefore an cxpenmcntfil study is necessary to examine the cfficiency and

the proper maintenance of tl_lc_l_ac_lllly. The sludy should also be carried out
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3)

4)

for alternatives such as a surface-flow type wetland or a trcatment system

using Lemna, and the most suitable type should be decided by the resulls.

Inflow control for sanitary sewer system

Enforceable régulations shall be established to prevent devised connections of

rainwater sources to the sanilary system.

Enhancement of environmental a_wai'énes_s -

Thc ]ack of cnwronmcnla] awarcncss causcs misuse ot s-mllary sewer syslem

and use ot dralmgc ways  as toilet. En]nnccmcnt 01 cnwronmenlal

awarencss is slrongly rccommcnded as a kcy f'lclor Ior lhc enwronmenlal

1mprovenwnl
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3.2 SoLiD WASTE MANAGEMENT

3.2.1 Evaluation of the Present Conditions

The following ficld surveys were conducted to cxactly understand the present

situation of the solid wasic management (SWM) in Puno City.

- Time and Motion Sludy on the collection work

- Survcy on the solid w'lste qu'muly transported into thc final dlSpGS‘\] site
- Survey on the illegal dumpmg of the waste ( location and the quantity)

- Waste quantily and physical component.

- Mcasuremcnl of the cxisling final disposal site

The city is dlwdcd into lour arcas; rcsndcnlml area (A) commchIal arca (B) new

B devciopmg arca (C) and mouniam area (D)

From the resulls of the survcy, the waslc ;—,encralxon per capita 'md the average
' spemflc grawly arc 0. 33kglpcrson d1y and 0. 18kg/] rcspcclwc!y

: 67 locations of lllcgal durnpmg were rccogmzcd and the total surhcc qrca and the
quanmy of the dumping sites were cstimated as 5500m* and 180m® respcclwcly
The 'm:as o where collection vehicles are unable to access were counted as 50
locations and 20 of them arc mountain slopc arcas, 10 arc 1.11-:031(]0 arcas 'md the

rcmammg 20 arc other areas.

Figure 11.3.3 shows the flow of solid waste freatment in 1998, which shows the

- wasle gcncmllon and hansportcd quantity of the waste to the final dlsposal sile
"‘(F “DS). The total collcchon mlc of the waste in the city is 52% and rates of the
collected w_astc for houschold and strect clcansmg are 35% and 75% respecetively.
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~ Solid Wastc Generation Collection Final Disposal

Bd&ﬂls:qigm
Household : : —
gy | T i
14.¢d
Cmn.me.-rcia.! - 1 'I".
Establishment . - —» ', : R - P14
4.3 1d : ' ’
- ]i !S\ ‘ .7 . N
Road S\\'eeping o . R
S on3w > —
— 2014d .
_ Ma:kel'_' _ > 20.0|/d. o o
3.0t/d - : ’ i ] o Co
- S o [P Subtotal 34.01/d _
- - (51%)
Sub lotal  66.9 ¥/d ‘
. Direet S S RS IR
Carricd in — P . 1543
1.5 t/d '
* Generalion Total - R SRR - "Grand Total
7 _ 52 %
Ces4ud | N - ' ©3550d

Figure IL3.3  Flow of Solid Wastes in Puno City (1998)
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3.2.2 Master Plan

(1) Target and Strategy

@

Target ;- Removal of the illegally dumped wasles (continuous removal of the

illegally dumped wastes and climination of illegal dumping)

- Improvement of the collection rate of the solid wastes (improvement of the
_ co]lectlon system, purchasc ot additional collection vehicles, ecnhancement -

of the c1u/cn s consuousness

- Improvcmcnt of the lmal dlSpOb'll site (thoroughness of smlt':ry landhll

B method, acqmsulon of necessary space for fi ml disposition)

Staged implemcn.!ation :

' lhdycafZOOS Implemcnhllon of sanitary landhl} and mcrcasc of waste
' colicction rate : : -

ks ‘th'c year 2025:  Achievement of waste collection rate = 100 %

Planning Cozn(:_litidns.

f 1) Population

Popu]allon of Puno Clly is increasing evcry year and the p()plil‘lllOl] in 2025 is

| torccastcd as 186,560 whlch corrcsponds lo about 1.7 tlimes as many as the
- present population in 1998. - Populatlon will decrease 10% in Zone A and th'u of

Zonc C will increasce {hrcc tlmcs as many as Ihc prcscnl populatmn

, _2) '_Solid'wéste q(tahtity ahd éharact_erist'ics '

: F or thc prcdlcllon of lulurc wastc gmcratlon in Puno Clly, ihc wmc ;,cncrallon

. per capﬁa is c1lculalcd based on the assumpl;on that the annual cconomic growth

“ratio of the Clly is 1.5%. Thc generaied waste will be 86 t/day in 2008, while it
 was 67 l/d'ly in 1998 No yearly change of the wiste characlemtncs is assumed,

' although the precxsc situation is' not casy (o predict. I'tgme .34 shows the

pl'CdlClCd flow ot sohd waslc treatment in 2025 in Puno Cny
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Solid Waste Generation - Collection Final Disposition
 Bell Collection

Household  83.6t/d P
) 817 s 87744
Commercial Establishment  4.14/d [~~~} -
Road Sweeping 34.81d el
= I X © 3841
Market 3.61/d RN ' '
: S s Subtotal 126.1 !/d
Sub fotal .'71_26‘.1 vd (100%)
22Ud
Dircet Carried in 2210 |- . S .l Sub Total 334ud
Generation Total ' I " Grand Total

12831

1283 d.

Figure 11.3.__4 Flow of Solid Waste in Puno_ Clty (20-25')

(3) Possible Plans for Structural Measures
1) Improvement for Collection“and Trénspértatloh CR
- Additional purchasc 01 collccuon vchlclcs

- Seven collection vchlclcs are owned by Puno Clty, bul 'tmong them only
four vehicles are available lo work becausc ol the dclcnoratlon of other
vehicles. In order lo lmprovc Ihe wastc co]lccuon r'uc morc vehlcles are '_ _

"rcqulrcd R ' ' ' ' |

L 1able I[ 3 10 shows lhc prcsenl and lhc requ1red numbcrs of lhc Vehlcles lo
- achieve the collcchon rate of 100 % in 2008 and m 2025
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Table I1.3.10  Required number of Vehiclcs_ for Collection

Al p. resent | Required Numbers in
Vehicle . | . L the targel years
1999 - 2008 2025
12m* Compactor 1 2 2
6n* Garbage Truck 1 | 3 5
4.0m* Compactor |- 2 | 11 15
| Total - 4 16 | 22

2) Improvement of the flnal d:sposal site
- Procurcmcnl of hcavy cqulpmcnt

For dally covcrmg by sonl cqulpmcnl such as bulldozcr cxcwalor and
dump truck is required. '

. Acqu_lsltlon of the new land for the exp.an-sion of landfill
~ Present landfill site will be filled after a few years.
- Lcach'atc Irealmént syslcin -

Lcachfitc treatmenl syslem should be ncwly mstallcd accordmg (o the ncw
: rcguhtlon which will be cnaclcd in near lulurc :

3) '_Remwal of the illegally dumped \..v'as-_t.és. |
The removal work should be done through citizen’s participation.
" 4) Ai_terri_at_ive plans .
a. Collection and transport
- .Co]lccfion systém :

Altcmallvc 1 (A1) Adoptton of the prescnl Bcll Collccuon Syslcm for
' the whole area of Zone A, B, Cand D wuh
' collcctlon l‘rcquency of lwlcc a wcek .

Cr-27



Altcrmtwc 2 (A-2): Yor Zone A 'md Zonc B the colicction system which
is used for A-1 is adoptcd and for Zone C and Zone
D a new system bascd on the comblnatlon of
" container scllmg and introduction of spccn] vchlclcs
is adoplcd :

Alternat i_vc.3 (A-3): Cbmai_ncr is arfangcd for Zone Cin the above A2,

Among the above three allernatives, Alternative-3 is the mosl clfective
from the technical point of view. However, consndcnng thc ovcrall cost,
Allcrmlwc-l is proposcd as a practical onc.

- Waslc co_llcction ralc

As the rcsulﬂt of the case study for two alternatives that aim. fof a npid ora

moderate increase of collection ratc, both™ will cost a largc amounl "

Consldcrmg the financial dilficulties of Puno Provmcnl Municipality,
. lhcrc is no way cxccpl sclcctmg Ihc modcratc mcrcasc (scc Figure I1.3. 5)

: b Fmal d:sposal SIte

- Landnil site shall bc dcmgncd in acuord'mcc wﬁh the Icchnlcal gmdelmcs of _. '
DIGESA (shorlly 10 be emctcd upon the approval ot the National Congrcss)

' Spccmmlly, lhc followmg facilitics should be c0n51dercd for lhc sammy_
landfill snc in accordance with the lcchmcal gutdclmcs '

. Rclaining wall to prev_cnt wasle oul ﬂows.

- .Dminagc l‘or.supcrﬁ_cial water due (o rain. L

B 'Lcaclntc collector facility, ~ . R

- Sccpdgc control hycr for leachate. SRS

- F cncc for preventing scaitcrcd wasle duc to wmd blow.
- Aceess road., ’

. 'chclnlclrmlmcnt fac1llly

_'~' Sile administration lacnhly_mcludi_lllg W(:igl{ b'ridg‘c."'é
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@)

o 'provmmal mumclpallly, but other ‘than ordmary scrwce by lhc mumclpallly, '
o voluntary mvoivcmcnt of citizens in this work is desnrablc

Proposed Plan

1) Collecﬂ_oh and transport

~ the year 2(}25
Year 2008 . 2025
Requited _12mlcompactor | 1 . 2
N'um‘o_ef ofSolid | 4m’compactor | 7 15
Waste Collection | 6.8 m® dump truck | 1 5
Vehicle ~ Tricycle | . 5 5
Manpower : 153 204

: 2) Final Disposal Site

'Consideri'ng'lhc financial difficultics of Puno Provincial Municipality, the -W'\Sic

- colicction rate should be increased stepwise with the 'nm of achlcvmg 100 % by

S'amt'iry landf l] has been proposed for the fi nal dlSpOS'l] snc accordmg to lhc'
‘ lcchmcal guldcllnc issucd by DIGESA : -

Accordmg to lhc lCChnlC‘ll gu1delmc ISSllCd by DIGESA, 10 swmtary landilll siles

havmg acrcagc of 20,000 m* - 37,000 m* 1rc to be comlructed Slep\Vlsc Al the -
s;lcs hcavy cqu;pmcnl w1[l bc also rcqu1rcd ' ' _
* Year| 2008 2025
Number of Sites (to be constructed until the ycar) 3 10
Required - Bulldozer 1 -1
Number of Excavator | 1 | 1 -
Heavy Equipmcnﬁ Dump Truck l 1
atthe Final Electric Generator 1 1
DiSposalSi!e Truck scale . - 1 1
. Manpower - ' - ‘6 6

| 3) Noo-Structural Méésui’es

CH-30 0

i Bwslcqlly the scattcrcd wastcs shail be removcd usmg cqulpmcnl owncd by the



(5) Implementation Plan
1) Removal of illegally dumped waste

* 10 to 20 working crew shall gather the scattered wastes (o transport the materials

to the [inal disposal site by collection vehicles owned by the p'rovincial
~ municipality on every weekend . 1t will take 6 months for the work lo be
“completed. '

2) Expansioh of the final disposal site
‘ Until the lar'gcl' ycai‘ 2025 .approxilmtcly 1,270,000m? of 'wastcs including
E 254 000m® of covering soil is prolccwd to be disposed of at the fi nal dlsposal site.

Itis rcquu’cd to consiruct the final dISpOS'll site with the mcnt ioned capacily.

Togcthcr with the construction, an access road, a lruck scalc; hcavy machines, an
©electric gencrator and an administrative house shall be furnished for the site.

o 3) Supplemeht of the cdllection vehicles .

_ Lqmpmcnt shatl be procured slcpwnsc One large compactor, onc small
compaclors ﬁvc ‘medium size dump tracks and a complete sct of mam!cn’mce
' tools shall be pmcurcd by the year 2002 at latest.

- 4) lfnplementatlon schedule

- Conimcnéc_ the removal of the c'xisling illegally dumped wastes from the
- year 2000 and complctc the work within oﬁc year.

- 7. Commcncc thc conslrucllon of lhc imal d]sposql sﬂc from lhc ycar 2001
and consirucl thc 10 sltes havmg 20, OOOm - 37, OOOm untll {hc year 2025

Implemcmallon schcdulc is shown in I'tgme 11.3.0.
(6) Project Cost
1) Condition

_ Conditions for cost calculations arc summarized as follows,
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o)

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

1998, and price cscalation is not considercd.

- The construction work is assumed to be contracted to Peruvian general
contractors, and the operation and maintenance work is conducted by the
. shﬂ’of the municipqlity

- ['or the cslmnhon the costs in Peru are used except that in Japan wluch is
uscd lor leachate collcchon pipe. -
- Thc engineering service cost is assumed to be 5 % of the _161:1_1 of direct

consiruclion cosls

Thc ph)su,a] Lontin,g,cncy lS assumcd 10 bc 15 % of thc total 0[ Ihc dnrccl .

comlrucnon cosls and the cngmccrmg serwcc cosls

2) Consiruct_ion cost | R _: I_ o 33,649,00'01'80Ies.

3) Equi:pl.h.eﬁt o . o AR 1-2.,9'13',60() Soles

4) Opefation_aﬁd Ma.\.i.htené'r_\c;Cost_.i- S ‘4_2-’;6'71,.000 S&[es ,
GamaTow . essmososs
. (otincludingIGY)

Orgénizalion for Operatioh and Ma_inte_nénce

- 1) -Management of the Project.

" The Cleansing Department is in charge of operations for waste collection and

disposal. .~ However the maintenance of cquipment or the task of charging are

' donc by d:llcrcnl rcyonal dep’nrlmcnls of the mamlcmncc of lhc cqulpmcnl and
'lhc Dcp'\rlmcnl whlch in charge of the Tlppmg Fee CO]ICLI!OH IS rcqmred

Umflcallon of lhcsc dcparlmcnls is rcqu1rcd for cf11c1011t mamgcmem

2) Strengthenihg of the c;rgarilzati.o'n

Itis dcsrrablc to educate of the staff to cnh'mcc their techmcwl lcvcls as wcll as to

“dispatch them to the technical lrmmng which is held by the slalc govcmmcnl or
~ international organizations such as DIGESA or CEPIS.
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®)

Pro]ect Evaluation

1) Calcu!at:on for Acceptable Financial Plan

In order to estimate the most sullablc measure to make the proposed plan fcamble
FIRRs of following 6 cases are calculated. In the Table 11.3.11, combm.thons of a
waste handling charge and an cnvironment fee, and FIRRs (F inancial Inlcmal of
Rate of Rcium) of cach case are shown.

Casel: lhc present system of a waslc h'mdlmg chargc(32 solc:lhousehold/yr as a

handling Ch'll'gc and no cnwronmcm fec)

Casc4: O/M cxpcndilu_rc is s_upposed to be rcduccd b'y 30%.

C‘lSCI 4 6, 7 the cxpcndllurc for cngmccrmg service is assumed to be covcrcd by '

o a contnbutlon of Pcru governmcnt

C‘iScS 8 the cxpcndllure tor cnglnecrmg scrvxcc hcavy machmcs and vehlclcs is .

assumed to bc covered by a conlnbullon of Pcru govcrnmenl

‘Table 11 3 11 Result of Fmancnal Vlablllty

60,751] . -

Waste OIM SubSIdy R o
anm)nmcnl S S -~ .1 Revenue
Handling ' - fexpend. | - by | FIRR | PIL -
Fee ' ; -+ | Balance
Charge | - | cut _S,f,i_qy__. BTSRRI N
~ |soleshouse o (%) s 1,000 | _
o $/day/person (%) %o - - }1,000 soles
hold/yr ' ~ | soles L -
Case | 32 0 0| Eng.Ser. | -38.8] -60,781
Casc 4 32 0 30[ EngSer.| -32.6] -53745|  -s3.71s
o R - - O{Eng.Ser.+ o S
Case 5 .32 ) ) : 271 -51,879) - 51,849
Case6 | gl 14 o EngSerj 81 273 - a03]
Casc 7 64| L1 of EngSer| - 87| 1,553 1,583
Case8 48 12 . 173] 2,143 2,173
“L ‘HM+V SR I L

*1:P/L stands for Profit — IJ)SS caused by the proposcd pro;ecl
*2 S.Gov. is State Governmen.

*3 Eng. Scr is I*ugmecrmg Service .

*4 H. M+V is Heavy M'xchmes and ‘-’ehlcles
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The proposed plan is not feasible under Casel,4,5, because FIRRs of the cascs arc
negative. On the other hand Case6,7, and 8 are vi:lblc', because FIRRs exceed 7%
of an interest ratc of soft loan and P/Ls and Revenue Balances arce positive.
Moreover, it can be said that the contribution for engincering service, heavy
machines, and vehicles is more effective than the decrease of labor cosl, because
FIRR of Case 5 is higher than the one of Cased.

2) Financlal Plan

: E’lch casc has a advqntagc under dlﬂcrcnt SllUElllOﬂS Thcsc qdvanhgcs arc cleared

as to]lows

: C'lSC 6: lf the priority of cilizens is haghcr than the onc of tourist, and if heavy
machines and vehicles arc not covcrcd by a comrlbuuon CascG is most
 suitable. '

Case 7: If lhc pnonly of tourist is hlghcr than the one of cmzens and if hecavy
: machmcs and vehicles arc not covered by a contribution, Case7 is most
sultablc : :

C‘isc 8: If lhe expcndnlurc of cngmeenng service, hcwy machines, and VCthlC is
covcrcd by a conltribution of Peru govcrnmcnt Case8 is most suitable,

Thcrc are somu crucnl pomls to cxcculc Case6,7,8 as follows:

Pomll The prescnl collecllon rate of the waste h'mdlmg charge must be mcreascd
" from 48% to 70%. This method can be exccuted without a lumhmcnhl :
ch‘mgc of solid wasle managcmcm in Puno.

Point2: The raisc of (hc prcsenl W'lSEC handlmg clnrgc musl be rcuuhlcd

P01m3 The raise of the prt,scnt wasle handlmg charge muslt be informed well to
' Puno cm/cns irom the prcp1rat10n slagc of the pro;cct '

Poml4 In order to mlllgalc thc 1mpacl of the raisc on the lower-income

houscho]ds a certain type of mean could be considered, For cxamplc

E ~ Puno should be divided into hlghcr income areas and lower income areas.

lhcn a higher mcreasmg rate of waste hmdlmg charge should be
app]lcd at hlghcr mcomc areas.

Ce3s



(@)

Point5: Introduction of envirenment fee must be regulated and mformcd well to
lhu holcls in Puno

P0ml6 T hc stale government should rccognize lh‘li the valuc and benelit
gcncratcd by the tourism at Lake Titicaca are worthy 1o prov;de a subsidy
for an cnvironmental improvement. ' '

Recommendations

- 3Ad0p110n of the pru;cm Bell Collccllon System for the whole arca wnlh
collcclmn lrcqucncy of lwwcawcck S

- hducallon on publlc hcalth for cm?cns at clmrch ch'\mbcr of commerce, and
school to prevent l“cg‘il dumpmg, r of qu{c

- Usc of media such as ncwspz\pcrs lclcwsion 'md radlo o cducatc cm/cns

. Execution of Seasonal clean- up camp'ugn:.
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