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1. Peruvian Organizations

CALT:
APECO :
CAPET :
CONAM :
DIGESA :

EMSAPUNO :

. ENAFER:
GOP :

- INADE:
INADUR :
INEI :

" INRENA :
MITINCI :

MTCVC:
PELT :
PRONAA :
PRONAP :

SENAMHI:

. SUNASS :
SUNAT:
- UNA :_

Binational Autonomous Authority of Lake Tmmea

Peruvian Association of Conservation

Chamber of Fishery in Titicaca

National Environmental Council

General Administration of Env1ronmemal Health Mlmslry of
Health :
Municipal Enterprise for Potable Water and Sewerage
National Railroad Company

The Government of Peru

National Institute of Development

National Institute of Urban Development

National Institute of Statistics and Information

-National Institute of Natural Resources

Ministry of Industry, Tourism, Integratxon and Intematlonal Trade
Negotiations o

 Ministry of Transpoﬁ Housing and Construction

Special Binational Project for Lake Titicaca
Nationa! Program of Nutrition Assistance

- National Program of Potable Water and Sewerage

National Service of Meteorology and Hidrology.
National Superintendence of Sanitation Service
National Superintendence of Taxes: ;

_ National University of The Altiplano — Puno |

2 Japanesellnternatmnal Orgamzatlons 7

- CEPIS :

. GOJ:
- IBRD ;

IDB :
IMF:
JICA: -
JST:
KW
OECD :
WHO :

" Pan American Center for Samlary Engmeenng and Envnronmcntal

Sciences, WHO
The Government of Japan
International Bank for Reconstruction and Development (Wor]d

~ Bank)

Inter-American Development Bank
International Monetary Fund .
Japan International CoOperatlon Ageney -

JICA Study Team -
- German Bank for Reconstmcuon

Organization for Economic Cooperallon and Development '_ "
World Health Orgamzatlon



3. Measurilig Units

. 1) Physical
mm millimeter(s)
cm centimeter(s) - .
‘m meter(s) '
km kilometer(s)
ha(s) . hectare(s)
Lle o dier(s)
g, gr : gram(s)
kg . kilogram(s) -
t,ton  : tonnage(s)
S, S€C sccond(s) = .
min minute(s)
© hihrs) : hour(s) .
d(dys)  : day(s)
y, yr(yrs) 1 year(s) -
2) Chérriicall B _
mg/| milligram(s) ;_: '
3) Others R T
as.l. . above sea level e o R
inhv/ha inhabitants per hectare + - 7 i BT e
- nosfl

numbers per liter - T b vt e b

- 4. Monetary Terms

¥

S
DM

5.70thers '
- BOD
- CIF
cOD

D/D
D/S
DF/R
. DID
DL

Chla

P 'Japanese Yen
-USS :

United States Dollar
Peruvian Nuevo Sol

: Deutsche Mark -

. Blio'logical_ Qx'ygéll__[ie;ﬁ_éjld .

Cost, Insurance and Freight -

Chemical Oxygen Demand - .

Chlorophyll-a .-~
Detailed Design
Definitive Study

Draft Final Report
Densely Inhabited District
Datum Line

P T T



DO . Dissolved Oxygen

E/S :  Engineering Service
EIA :  Environmental Impact Assessment
EIRR :  Economic Internal Rate of Return
FR : Final Report
F/S -+ Feasibility Study
DS :  Final Disposal Site
FIRR  : Financial 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 Gcncral a las Ventas)
IT/R : Interim Report -

- M/P :  Master Plan
MSI, . : Mean Sea Level
N ¢ Nitrggen
NGO Nongovemmental Orgamzation
P . : Phosphorous :

T PIR . Progress Report -

- S/W . Scopeof Work

- 88 ~: 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






CHAPTER -1
INTRODUCTION

BACKGROUND OF THE STUDY

The City of Puno is expected to experience a substantial growth of population in
the future due to newly emerging communities in the outskirls 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 mosl of the _

- sewage is dircetly discharged into Puno Interior Bay without treatment.  Besides, -
 there are other problems, such as inflow of solid wastes into lhe interior bay during -
' ramfall bccause of msuﬂlcwnl wasle co]lccllon sysiem. : '

The Bay is suﬂermg from progresswc water pollution and eulrophtca!ron caused by
inflow of sewage and other wastes from Puno cily. Beneficial farge hydrophytc_

- such as Totora (a kind of reed) has been decreasing while Lemna (duckweed) has

developed in large quantity and covers a wide lake surface.  In order to overcome
the lake water environmental problems, both the state and the local governments
are wrestling with countermeasures agamst polluhon of the Bay, but could not yet

. 1mp1ement any Specrﬁc measures

- In view of the background descrlbcd above, the Governnient of Peru requested the
- Government. of Japan in September, 1995, for technical cooperation for the
* conduct of the Study on the Integrated Water Pollution Control of Puno Interior
- Bay of Lake Titicaca. In response to this requesi, the Govemmcnl of Japan

dispatched a Preparatory Study Tcam in July, 1996, which held mectings with the

- Government of Peru and other authoritics concerned and reached an 1grcemenl on

the Scope of Work (S/W) eoncerncd to this sludy

r‘f\e-::ordmU lo the S/W this Study was conduelcd by lhc Sludy Team of the Jfrpan

~ Intérnational Cooperalron Agency (JICA) in cooperation with the meoml Inshlulc

of Developmcnt (INADE) from Scptcmbcr 1998 to Janmry 2000.

- OBJECTIVES OF THE STUDY

The ObjCCllVCS of thrs sludy are as toHows

o ) 'I’o formulale a Master Plan of mtegralcd waler quahty 1mprovemcnt of
. Puno lnterror Bay - : '

' 2) To conduct a [casrbrhty sludy (F/S) on priorily pro;ccl(s) 1denuﬁed l‘rom the
“Master Plan. =

3) To lransfer technology to counterparl personncl in the _cours'e'o'f\ lhe Sludy. '



3. STUDY AREA

This study will cover Puno. Interior Bay ('1bout 17 knY’) ‘md ils surroumhng
~ catchment arca (aboul 36 kmz) The study area is as shown in Figure 1.

4. STUDY ORGANIZATION

(1)  Overall study organization

- - 'The overall study organization is shown below:

~ {PUNO Provincial Municipatity, [~ { Stecring | i f .. - | Advisory
| Regional Deparlmenlsof Slatc |Committee] it L : Commlttee

Government, - .
University, NGOs, others

{Counterpart Team |—i— Study Team o

(INADE, PELT) | | "L e
. .<PeruvianSide> . . ! . <JapaneseSide>
(2) Members of the Study Team
: ']hc mcmbcrs ot the Sludy Team are as follows: SR
: Assugnmcnt | Name

Team Leader
Hydmlog)/Walcr Qua]ity )

* Natural Environment and Ecology
W'islewater and Stormwaler M'magcmenl Plannmg T
Solid Wastc Management Planning
Urban P]annmg

acﬂlly Dcmgn and Cost Estimation (waslcwater)

Facility and Lqu:pment Dcmgn and Cost Fsumahon (soild wastc)

' "I‘sutomu Kurlhara
- Masahiro Kawachi

Marcus .R. Chambers.

-~ Koji Yoshina g

Ak;o Kuramochl '

Hll’OSh] Malsuo .
‘ -Toru Yag,l T

Ryousukc Okamura

Facility Design and Cost Eshmallon (boltom sedlmem) Hikaru Maki _
Organization and Inshtuuon ' © Yasuhira Minami
Economic and Fmancna] Evaluallon _' ) Takio Oshio

_ Study Administration _ Yosuke Abe

1-2 .




(3) Members of the Advisory Committee

The members of the Advisory Committec are as follows:

Assignment Lo e Naipie

Chairman/ ~ Hidenori Aya
Environmental Sanitation. - Professor, =

Dcparlmem of C|v11 Engmccrmg, Faculty of Engincering,
' Musashi Institute of chhnology .

. Wastc Water Treatment Mamoru Suwa

Planning = * Rescarcher,

- Advanced Waste Water Treaim'énl Division,

; '_Publlc ‘Works Rescarch Insu{ute Mlmslry of Conslruclton

S_olid WaSlc Managcnlén! Takahxde Tatsunari

* Senior Researcher, _
Japan W'lSlC Rcsearch Foundahon

Lakc waler Quallly Conlrol Kiyoshi Nomura '

PIanmng ' S  Chief,

o The Walét Envlronment wasion, _
:,Shlga Prefcclura! Institpte of Publlc Hea]lh and
Envnronment Scnence e :

@

Members of the Counterpart Téam -

Nalmnallﬂslﬂummepmm_(lNADE)

Albert YAMAMOTO MIYAKAWA (Ch!ct)

Méximo HA’ITA SAKODA/ Juan Carlos SEV]LLA GIL DEM{* ISTER '
~ (Gencral Manager) * | '
- Esperanza SANO (Counsclor of Chlct)

Plinio GUT lFRREZ DEL POZO (Manager of Studlcs)

Cnstma MASUDA MATSUURA (Chtcf ol 'lechmcal Fmancml and

lnlernatlonai Cooperallon Oitlcc)

Ancl BERMEJO LIRA I Jullén BARRA CATACORA (E\(ecutlvc Dlrector)
: Hugo RODRIGUEZ BFNAV]DES (Dlrec(or of Agncullure ancl Fnshcry Dcvelopmcnl) '

Héctor SALINAS FRANCO (Dlroctor of Slud:cs)

. ) _' .luan José OCOLA SALALAR (Coordmator)

o !.-3.- |



(5) Members of the Steering Committee
Mmlsux_&iﬁsallh
' Eloy Enriquez Encmas (Regloml Dlrcclor of Puno)
Ministry of Education
José Luis Chuquc Mamani (chiona! Director of Purio) '
~ Dane Markovinovic (Caplam of Puno Porl)
Mmﬂnmmmmmummum
* Fernando Ciceda Diaz (Prc_s:dent of UNA) S
Angel Achata Niifiez (Regional Director) =~ o
Mot
" Arturo Blondet Gago (Regional Dire'ctor) o

Juana Garcia Pincda (Regional Director) -_: -

_ Rié_ardo Orbegoso Carrasco (Dir_éé;or) S
Basic Sanitation Munici l'!!'!' (P [Ei:lSQBI.!:E_IQ.) :
Rogcho Flores Franco (Gencrai Mamgcr) ' '
- Gustavo Ibarra Imata (Regional Director) .~ - e
:I: Oll ] g ll I‘ B : . I ! ! LI ) -. N :CI!B-_E !!tIQJ .
Ramén Scrruto Colque (Exccutive President) - R
Félix Florcs Mamam (Prcsnlcnl) IR
hQQngL&ﬂdEHJLQﬂIDQDLMuﬂlSEﬁQmLCQmmlﬂE L
Grcgono Ticona Gomez (Prcs:dcnt Mayor of Mummpahly 01 Puno Provmcc)
Plinio Gutiérrez def Po_Zd (-M:_lr_\‘agcr.b_.f_ Sludiés) .
Special Binati ].E. vicel for Lake Titi PELT

Aricl Bermejo Lira / Juliin BARRA CATACORA (Excculiyc Difccl_or) - B
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5. CONTENTS OF THE REPORT
| Thc S.l_udy- rcporis prcpo_rcd are as t'ollosvs:
- Msin rRoporl (Eng]isﬁ)
: Mam Report (Sp'lmsh)
| Supporlmg Reporl (Enghsh)
Summary Reporl (Englrsh)
: Summary Report (Spamsh)
j:Dala Book (Enghsh)

" The mam report presents the summarrzed results of thc whole sludy It consists of

- 11 chapters. The existing - ‘basic data concerning the study arca are shown in

Chapter 1I. - The exising physical, chemical and biological conditions of Puno -

Interior Bay are shown in Chapter 1. The framework of the lmcgraled Water

- Pollution Control Plan for Puno Interior Bay is shown in Chapter 1V, as basic

~ policies and targets of the p]an As componcms of the Integrated Water Pollution

Control Plan for Puno Interior Bay, structural measures, non- -sfructural mcasures

- and envrronmental monitoring are discussed in Chapter V, Chapter VI, Chapter

VI, and Chapter IX. -Chapter V shows the exisling scwerage system and the

master plan for its development, as a componcnl of the integrated plan. ~ Chapter

- VI shows the existing solid waste management and the master plan for iis

* development.” Chapter VII shows the other structural measures including urban

- drainage improvement or in- Iakc mamgcmcnl such as internal load reduction or

- rephnlmg Totora.  Chapter- VHI shows the non- -structural measures which

cncourage or support the slructural measures. Chapler 1X shows the master plan

~ for the environniental monitoring which detects the water pollution problems and

i checks the cifects of the measures.  Chapter X shows the feasibility study on the

o solid waste managemcnt projecl sclected from the master plan.  Chapter X1 shows

conclusions and recommendations lo encourage the implementation of the
Inlcgrated Walter Polluhon Conlro] Plan for Puno lnlcrlor Bay

"~ The supporlmg report descnbcs in dcta;l thc same contenls presented in lhc main’
' roporl :

- The Spanish versions of reporls are prepared as reference.

I-5
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CHAPTER 11
BACKGROUND OF PHE STUDY AREA

NATURAL CONDITIONS

LOCATiON '

The prolcct is located in the Departmcnt of Puno, soulhem Peru The arca of
lhc Dcp'lrlmcnl is 71, 999 km” and in 1993 the census populallon was 1,103, 689
cqu;valent to 4.9% Of Peru’s population and the 5th most populatcd Department
of the country. Much of the Deparlmenl is situated in the Peruvum altiplano, a
high plateau in the Andes mounlams rangmg in altitude trom 3809 m to over
5000 m. ' ' ' ]

The SpﬁCiﬁC pr()jecl area (i tgure II) is located in the town ot Puno

*-~ (population 96 7171 in 1995) its surroundmg mountains and Puno Interior Bay of

Lake Titicaca. - The lotal area of these componems is 52.75 km of which the
walershed basin arca is 35.50 km® and the Intenor Bay 17.25 kni’.  Puno town

Cis maln]y built around the wcstem shores of Puno Interior Bay, which is itsell a
~ part of Puno Bay (550 km’) a large bay at the north western corner of Lakc :

Tmcaca (8 167 km )

, l_ake Titicaca is al an aluludc of 38(]9 m and lhe lown exlends up the
| 'surroundmg mountam sIopes to aboul 3950 m. T hc study area therefore forms

- a self-contained watershed umt or basin within the gcnera] watcrshcd area of

12
24

" Lake Titicaca. The area is located within the southem iropics around latitude -

15° 50'S and longitude 70°W.

TOPOGRAPHY GEOLOGY AND GEOMORPHOLOGY

Topography

B ..rThc sludy area b'lsm COnSISIS m1m]y of slecp hllls wuh slopeb [rom 20° - 45°

;_- They are hlght,sl (lo 4500 m) and steepcsl al thc weslcm part behind Puno town

* where thcy consusl mainly of exllnct volcamc cones. - The surroundmu hills are -

e Iower and gencrally less steep {o lhe north and south of the Interior Bwy although

S chiis and rocky outcrops accur al lhc souihcm 31dc At the eastern side of the

study area Puno TInterior Bay is bounded by two pcmnsulas (Chullunc to the

" north and Chnmu to the south) lhat parua]ly isolate it from the main (outer) part

' ot Puno Bay The dlslance bctwccn lhe points of (hese two pcmnsu]as is 1b0ui

-1



1.2.2

2 km and is occupied by a vegetated mud bank that is continuous apart from two

narrow navigation channels.that connect thic Interior Bay and the Exterior Bay.

There arc only two valley systems of significant size in‘the Punosbasin.  Both
are located in the south wesl, the largest being the Jayllihuaya v.lllcy (17 5k’ )
and the other the Salcedo valley.  In total, the Puno basin contains 123 river
and stream beds and rainwater g gttlllcs or drains that collcct and d]sch'lrgc water

to Puno Interior Bay. ‘Flows \ary lrom Ze10 in the dry scason to a maximum of

A h,w m /ch in the wel season.

Geology

- The geology of the Puno basin is described in two recent repords (PELT, 1996
and 1997). - The geological sclling of the study area is the altiplano depression
- of the Peruvian Andes mountains. The altiplano itscll is a vast intermontane

- basin in the central Andes of Peru, Bolivia and Argentina lying between the

. Western and Eastern Cordilleras. . n fotal it is about.2000 ki long and 200 km

wide, with the northern parts, occupicd by large pcrtmncntly Itaoded lakes

(‘Fiticaca and Poopo) and the southern by arid salt pas. |

. The mountains of the Puno basin-arc mainly of igncoﬂs origin but there arc also

_considerable arcas of sedimentary and metamorphic rocks (Figure IIJ I) The

lower arcas arc occupicd by alluvial and lacustrine (lake) sediments. The many

geological units are brietly described below.

(i) Pre-Quaternary Litho-stratigraphic Units

These arc surface sedimentary formations (5 in number) which together
cover 50% ol the study acea, forming Puno Interior Bay and on which
much of Pune City is located. 'lhcy were tormcd between bowcr

Crutaccous and Lower "m(l \1|ddlc Icrtlary per lods

The oldest of these, the Muni lormation, covers 244 In 'md dates trom

the Lower Crelaceous. It is LOI]]I)O.SEd of reddish- brown sandslonc with

strata of sandy clays and limestones. Structurally it forms faull blocks
with moderate cliffs and weathers dilferentially to form unstable

- depressions, particularly in sleeper arcas.

i-2
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The Ayabaca' limestone - and cong10|rrerate formation (Middle

- Cretaceous) covers 625 ha. It now forms hllls in the Puno basin whlch

in some arcas arc unstablc and llablc 1o lands]rdcs In some areas the .

rocks have wealhcrcd to form sorls and groundwalcr contamrnatcd w1lh

~ copper,  mercury and  silver. The Angosiura formation of
| s'mdstoné/quartz (Mrddle Crctaccous) covers 396 ha, It is rcsistant o
"wcalhcrmg and forms rocky rrdges on Liallahuane, Vacachune and
Huacaparquc hrlls At the botlom of these hrils lhe rocks havc' "
’ ,_wealhered to form qccumulalrons of anguhr blocks sands and cl'lys wrlh ‘-

_ dccp unslablc sorls

'7 Thc Munam tormallon (Upper Crclaceous) covers 1225 ha and consrsls'
: ot sandsione/quarlz conglomera(cs These are resrslant to erosrorr and
ow form spcctacular slccp or vcrlrcal clrffs on Pacocahua and Pulina
mounlams Thcsc areas are 1mportanl aqurfers Thc Puno formallon:. _
- (bower and Mlddlc Tertlary) covers 958 ha and consrsts of limestones
"and conglomerales The rocks are soﬁ and havc weathcrcd to form '
gentle slopcs and dcprcssrons on whrch part of Puno town is burll

@

Pre Quatemary Volcamc lgneous Rocks

."__Thcre are thrcc volcanrc rgneous umts in lhe Puno Basrn The smallest

of these - (8 25 ha) 1s lhe granodrorlte umt lhai is mirusrve in the
Crcl'lccous and Tcmary scdrmcnlary formalrons lt is composed of

0 quartz and fcldspars and torms thc small 1s!ands (Devrls Chullunc and -

. parl of Es!evcs) in Puno Intcnor Bay

_"Thc Tacaza formatron ot andcsucs, rhyo]rtcs basalls and d'ictohtes

(2 639 ha) was produccd by 1gncous crupllons in lhe MlddlL lcrllary and

now torms the hills of Puuna Cancharanc Ncgro chue and Huayllane
: thc prmcrp'll volcamc hll]s Ihat surround the Puno basrn - The rocks of

o Canchar’me havc mmcralrsalrons of copper sitver, Jead and ;,old thal in

the [‘)‘ISI were commcrcral!y mmed and whrch now form a conhmmalron

source lor. sorls and water.

' [he Slihpa formallons of andcsrtcs and basa]ls (1730 ha) were lormcd in : 7
~ the Upper 'i‘crmry and Plcrsloccnc pcrrods and are located bclwccn a
'_Putupulunc and Y'mamayo hrlls Thcy now consrsl ot both flat 'm:'ts

~ and escarpments.



(iii)

Recent Quaternary Unilts

In total these cover 4895 ha and consist of two fluvio-alluvial units and

five lacustrine units. ‘They were formed since the last glaciation period

. and are still accumulating.

The fluvio-alluvial depoéiis mainly occur in the volleys of Jayllihuaya
and Salcedo. They consist of sands, chy«; and gmvcls that have formed
terraccs on the bottoms and lower slopes of the vqllcy sides. lhcy are
good agricultural soils and ‘1Iso provlclc the lngrcdlelm for the brick-

making industrics of the Salcedo vallcy Much of Puno lown 1s ‘llSO

- bulil on these rccenl scdlmcnlqry deposus

Thc_ lacuslnnc d_CpDSllS ol sands, cl_ays and organic matcrials extend from
the littoral (flood zonc) of the Interior Bay to the centre of the Bay (about
7 m deep).  They arc mainly oarricd in from thé nuncrous streams_ and

drmmge canals emptying the wqtcrahed s rain into the Bay. The five

: umls consist of the flood zone (mund'iled at hlgh lake levcls) the totora

zone around much of the shallow writcr at the Inlcnor Bay s perimeter, a

- narrow zonc between this and the main Bay, the main part (opcn water)
' fof the ]nterlor Bay itself and the river Huile (Wllly) The latter is

outside the Interior Bay, but conncclcd to it by a mrrow nawgallon '

~ channel which brmgs in sedlmenls from the Ilpa and Tolorane rivers that
'dlschargc lo Puno Extenor B'ly Slmll‘lr scdlments '11‘;0 enter from the

" main nav1gat10n ch'mncl

RON

Geotechmcal Stablhly :

. Areas of geotcchmcwl snblhty can be del" ned on a combmallon of

llthology, structure and slope. Wlthm the Puno basin there are lour

 areas of differing geotechnical stability. - ‘The most stablc arcas (Class 1y
are -generai-ly-lhos;c_of the high ,m_o‘unlam tops with low slopes and no
structural deformaliohs Also included arc the islands of Espinar and
'Estev'es Class 2 arca‘; arc the fluv:o alluvml dcposns ot the prmc1p'll '
basin valleys‘ of Jay]hhuaya and S'ilccdo and rnuch of the arcas on which
"'the lower parts of Puno town are built, Chss 3 areas arc those of
-_'modcrale to steep slopus wuh an unfavourablc gcologlcal slructurc
- Much of upper Puno fown is bullt in such arcqs . The most |
untavoufablc area (Class 4) is the LO]‘IG of }acustrme dcep mud qround



1.2.3

@

: lhc Puno basm has mlcnse rlver and ramwaler crosnon “lCllVHlCS durmu :

)

rainfall and hum’m aclivily (Ifrgure 1 2) ©~ Wind crosmn is of mmor'

much of the perimeter of Puno’s Interior Bay. . Some of this area is

bcmg poorl)' rccl‘umcd and buﬂ{ upon.

: Sclsmlcn y
Puno is located in Peru’s Scismic Zone No. 2 according to the National
Construction Regulations.  This means therc is liitle risk of significant
c:irthqtiak_c activity. There arc no recorded major earthquakes from the
‘ arca. | '
Geormophology '

“The Puno basin is gcomorphologlcally very aclwc - duc 10 hkc dynamics,

) lﬂl[)OIl‘lllCC

RO

Lacuslrmc Proccsscs

Scdlmcms are transpotlcd mto Puno Intenor B'iy from lhc surroundmg '

_walcrshcd and {rom Puno F‘(lenor B'ly by the two nawg'ulon channels.

The formcr is by | f‘lr lhc major source. - These scdiments accurnu}dtc in

___lhc lmcnor Bay and will cvenlmlly (over geological hmc) causc it to fill
5 in complc!ely Sednnents '1rc l[ansporlcd mle Pung Exterior Bay by thc'
' ,Coala Ilpa and Totorong rivers as well. as, lmm,lhc main. part of Lake
- Titicaca through the C'lp'lchm - Chtcu;lo ‘Straits.. Thcsc havc ‘1lrcady
filled in much of Puno Exterior Bay, morc than Inll of which i 1'; covcrcd )

with cmergent macrophylc vcgelqtlon (totora) growing on lhcsu

lacustrine deposits. ~ Small amoums of these scdlmcnts enfer Puno

Interior B‘l)’ via the two nav1gallon channc]s Lakc Titicaca undcrgocs

cyclical chaugcs in Icvcls Bc{wcm 1933 dlld 1943 lhc h,vcl was 5.5 m .

below average, whilst from 1970 to 1986 il qu 2. 6 m above average.

' ,_Durmg pcnods of hl},h hkc levc]s deposmon ralcs of SCdlmCIllb will
.+ increase and build up the: lakc boitom which servcs o cxlend the land .

- area durmg low l'ikc levels when lhc lake walcrs rcccdc

Pluwo-Alluvn] Proccsses A

_the ramy suason These proccsses are 1ccclcratcd by ; human acllvmes o
- Within the Puno basm these are more than 20 micro- basme, wnh a total

Lof 123 nvcrs slrcams and dmmage channc]s Thcsc carry thc producls

-6

©



) (_iii)'_f

' -Thc Puno Bftsm is an arca of 1ntense hmmn actmly housc bluldmg, ,

of crosmn and weathering into Puno Interior B"l)’, usually after splllmg

out over the inundation (flood) zone of the Bay. - Much of the sediment o

is dcpos:icd on the lnundallon zone, lcadmg to ils graduai mcruasc in

- hmght 'md rcclfumtlon as dry fand.

The mamgcmcm ol lhcsc fluvio- alluvnl pmccsscs is a major prmnly for

the cnvrronmcntal nmmgcm(.nt of the Puno B'lsm

Human Proccsses L

o .r0'1d conslrucllon 'md agrlcu]lurc " Much of it is carricd out in an ill-

(W)

"'deforcshtlon or a hck of-tree

1;.:basm Thc proccss _

_ conmdcrcd manncr cxposmg rocks ‘md carth to the rain and lcwmg

. mounds of. carlh lymg cxposed to the clemcnts These 'xchvmcs o

accclerale crosmn 'md greatly mcrcqsc lhc amounls ot sediments cmcrmg :

' Puno lnlerlor Bay, thcrcby spccdmg up lhc process of llllmg ll m

Wmd Proccsscs -

Thc basin’s perSJSlenl wmds cxerl an croswc force when there is

" as 1s the situation iin nearly all 01 the

_ ccelcrafed by human ‘iCllVl[lCS that leave much

: cxposcd smls partlcularly durmg the dry season In the h]ghcsl parts of
 the basm wmds assist - m the \vmlhcrmg ot rocks looscning lhcm and
'mcrcasmg the mk 'md Gccurrcncc of landslldes ' '
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1.3 CLIMATE

The climate of the Puno Basin has been described by Ocola (1996) and this
description has been further supplemented by data from SENAMHI. Puno’s
climate is mainly determined by latitude and altitude together with its proximity
to Lake Tilicaca and the presence of the surrounding mountains.

In South America, the general atmospheric conditions are determined by three
semi-permanent systems of circulating high pressure. These arc the North
Atlantic (cyclonic) and South Pacific (anticyclonic) circulations with between
them the zone of Intertropical Convergence (ZIC). The ZIC persists the whole
year but is displaced according to whether the North Atlantic or South Pacific
circulations receive the most solar radiation. The pressure differences between
these two zones and the ZIC create movements of air between the tropics and
equatorial regions.

In Puno’s summer (November-February) the South Pacific anticyclone is situated
over the Pacific Ocean and conducts air masses towards central South America.
This gives rise to strong conveclion currents which increase the already high
humidity produced by evaporation from Lake Titicaca. This causes large cloud
masses lo form over the altiplano which give rise to the heavy summer rains.
During the winter period the ZIC is displaced to the sorth, resulting in the
altiplano’s dry season and high rains in the equatonal regions. :

The Pemvmn altlplano does not have a typlcal tr0p1cal climate due to its altitude.
_The Puno climate is classificd as cold and semi-wet with relatively low average
temperatures and pronounced wet and dry seasons. At Puno, the annual average
temperature  (1930-1998) is 8.7°C, with monthly averages ranging from a
maximum of 10.4°C (December) {0 a minimum of 6.0°C (July). This is the
mildest climate of the Peruvian altiplano and is due to its relatively low altitude
and promnnly to Lake Titicaca, whose tcmperalure never falls below '\bout 10°C.

There is comparalwely llttle Iemperature variatlon over the year. The average
maximum daylime tcmperatures (1964-1998) range from 13.3°C (June and July)
to 16.1°C (November), with an annual average of 14.3°C. The absolute
maximum recorded temperature is 22.0°C. The average minimum night time
temperatures for the same period range from -1 0°C (June) to 5.3°C (January).
The absolute recorded minimum is - 7 2°C

Pan evapomllon rales are high and e*(cecd annual ramf'ill 'Ihe maximum mtcs
occur between September and December and average 200.2 mm/mionth.
Minimum tates occur during the colder months of May to August with an average
of 145.6 mm/month. Over the year as a whole the pan evaporation totals about
2000 mm, about three times the annual rainfall.

Puno has a generally sunny climate, with an annual average of 8.2 hours/day. The
sunniest months occur in the dry winter and transitional months, with July having



the highest average (9.6 hours/day). The lowest sunshine occurs during the wet
summer season, the lowest average being in January (6.2 hours/day). Estiimates 6f -
solar radiation I‘CCCIVCd at Puno range from a maximum of 549 calories/cm’/day
(November) to a minimum of 390 calorrcs/cm’/da) in May and’ July " Average
cloud cover valucs rangc from 6 5 octaves in Jamrary to 2 4 oc!'wes in July '

’[he almospherrc pressure at Puno is 61 2% ‘of that at sca Ievcl There is Irltle
scasonal variation, with average valucs rangmg from 645.2 mb (Novcmber and
December) to 646.7 mb (May). " Slight pressure drffcrcnccs between the Puno
Basin and Lake Titicaca arc responsible for the observed dommant wmd
_ dlrectrons onshoro durmg the day and offshore at mght

Puno has a generally low relative humrdrty in part cxp]armng lhc high
evaporatlon rates. The annual average is 49%, ranging from a maximum of 61%
in the wet season to a minimum of 39% in the dry season months of June 'urd July

Rainfall in Puno is determmed mainly by lamudc and altrludc and toa smaller
~ extent- by orographic conditions created by the ‘surrounding mountains “and
~ distance from the lake. The annual® average ‘rainfall at Puno (1964-1998) is
7113 mm. Avcrages range from 391.4 mm (1966) to 1290.6 mm (1984). ' There
is a pronounced wet season from November to March when 79% of the annual -
rainfall oceurs, with transitional periods in April and SeptemberlOctober In the
dry winter period (May-August) only 3.8% of the annual rainfall o¢curs, with zéro
rainfall recorded commonly in thesé months, The hlghest daily maximam fainfall
averages occur in December (26 mm/day) and the lowest in July (1.4 mm/day)
The highest recorded - dally rainfall is 71.6:mmi, m October 1984 Heavy
rainstorms are frequent int the wet season and mtcnsrtlcs during these will greatly

exceed the daily averages. Little rainfall occurs as show or harlstones though the - -

lalter are very darmgmg to agrrcultural crops whcn (hey do occur

Deta!lcd wmd statistics are only avarlable for the period Junc 1995 to \/Iay 1996 o
and consist of recordings of wind speed and direction taken daily at 07.00,-13.00 =
and 19.00 hours. At 07.00 conditions in Puno are generally calm, with 64.2% of
days recorded as having no measurable winds at this tinie. ' On those mornings
with wind, the dominant directions are from E to SE (onshore, 19.1% of

occasions) and NW (9.0% of occasions). ‘There is little seasonal variation, though

offshore winds occur more frequently fromy June to November.” At 13.00 hours,
~only- 2 days were recorded as calm, with the strongly dominant. dircction being
from the east (73.7% of occasions) with no seasonal variations. ‘At 19:00 hours,
15.3% of days were recorded as calm, with the dominant directions from the south -
(28.1% of occasions), W-SW (26.0%) and east (24.0%), with little seasonal
- variation. Average wind speeds were low, ranging froni 1.0 m/s to 6. S'm/s, The

~ strongest average winds were generally from lhe south (8 m/s) and had an

absolute maximum spccd of 15 m]s e e e

u-10



' 1.4 HYDROLOGY

The total area of 7,500 km’, a quarter lying in Bolivia and three quatiers in Peru.

The catchment area covers 49 the Lake Titicaca basin, to the outlet of the .

Desaguadero and including the arca of open water, is 5,010 kn?, or 85% of the

total basin. Three quarters of the catchment area is drained by six rivers: the Rios

Ramis (31%), lave (15%) Coata (1 ]%) Catari (7%) Huancane (7%) aud Suchez
L (6%) ‘

- 'lhe 7er0 datum of the Lake Tltlcaca is at 3 809 93 m above sea levcl Lake
" Titicaca undergoes changcs in level of a time-scale of several years. Since the
1910, the range of variation has been 6,06 m at Puno. The highest level is
3, 812 57 m (in 1986) and the lowest i is 3,806. 51 m (in 1943) :

_Lakc Titicaca is fed by mﬂows from the surroundmg rivers and -by rain -f'l-llin'g
L dlrectly onto the lake. Losses are due to evaporatlon and surfacc dr'unage leavmg
. via thc Dcsaguadcro C - :

Catchment area of Puno lnterlor Bay is about 40 km and qunlc smallcr than that

"“of Puno Exterior Bay (4, 650km 7) or the whole Lake Tlllcaca (49,010 km?). The

~ water level of Puno Interior Bay shows annual fluctuation similar to that of

" precipitation, though evaporation does not show 31gmﬁcant fluctuation. Therefore,

~ the water level of the Intcrlor Bay is supposed to s[rongl)' dcpend on the outflows
= ofmajor rvers. .

-1t
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