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Chapter 1 Introduction SWITCH Project

1 INTRODUCTION

This report has been done by CINARA-Universidad \delle with the support of UNESCO-IHE
and the institutions involved with the managemdnvater resources, sanitation and environmental
authorities at national, regional and local level.

This document does not only collect informatiomirdocuments of others institutions of the water
and sanitation sector, but also from experiencedifierent projects developed by Cinara-
Universidad del Valle jointly with water and satité& institutions in the last years. This document
shows information from interviews with local exgedand includes information about the results of
workshops done during 2007 (April,30ctober 4 and November T60f 2007).

The document shows a global vision of the wateragament in Cali, which constitute a start point
to analyze the water management sustainability thedpossibility to propose strategies in the
context of the city of Cali as a study case withBustainable Water Improves Tomorrow’s Cities’
Health” SWITCH project, with perspectives to become ireendnstration city.

This report includes a general description of theg, @ts water resources, drinking water supply
system, sewerage system, control of the wasteveatetamination, solid waste management. In
addiction, it presents the institutional aspectateel to the water management in the city of Cali
and a description of the main future urban expanaieas located to the south of the city.

Urban Water Management for the City of Cali - Diagis Report 1-1
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2 MUNICIPALITY OF CALI
21 GENERAL CHARACTERISTICS

2.1.1 Geographic location

The city of Cali is the capital of the Valle del@a department. It is located to the south-wesdt par
of Colombia between the central mountain rangethadPacific ocean. Its coordinates of location
are: North 92.000N and 116.000N and East 6.000E18@DOE. Figure 2.1 shows the location of
the Valle del Cauca department and the urban dr€alo
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q‘é’ Qf SOUTH AMERICA ¢ 1 §
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SANTIAGO DE CALI

VALLE DEL CAUCA

COLOMBIA

Figure 2.1 Geographic location City of Cali

Figure 2.2 shows that the urban part of the mualitip of Cali is composed by two zones: 1)
consolidated area which is the existing urbaa argil year 2007 and consists of 22 “comunas”
or districts and 2) the future development arest th located to the south-east of the city and
consists of 2 areas: Navarro and Cali-Jamundose(EMCALLI, 2007).

Urban Water Management for the City of Cali - Diagnosis Report 2-1
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Figure 2.2 Location of existing and future urbagaarin the Municipality of Cali

2.1.2 Demography

According to the National statistics department MEA 2005a), Cali has a total population of
2075380 inhabitants, from which 979530 are malelargb850 are female.

Furthermore, according to DAPM (2006), in year 2088 of Cali citizens were located in estratos
1, 2 and 3. Estratos is a way of economically digisg the sectors in the city; Hence estratos d 2n

correspond to the most economical stressed grong@seatratos 3, 4, 5 and 6 correspond to the
economical middle class to the upper class econgroigps.

Population in the city has increased mainly by igmaiion from the rural areas, from the south-west
part of the country and from other regions in therdry. Table 2.1 shows the growth trend of the

population in the municipality of Cali.

Table 2.1 Registered population in the municipadit€ali during period 1912-2005.

. Urban % Total urban Remaining| % Total
Year | Total population Rate % . . . o
Population population | population| remaining
1912 27747 - - - - -
1918 45525 7,49 - - - -
1938 101883 4,08 88366 86,7 13517 13,3
1951 284186 7,98 241357 84,9 42829 15,1
1964 637929 6,13 618215 96,9 19714 3,1
1973 991549 4,75 971891 98,0 19658 2,0
1985 1429026 3,05 1402893 98,2 26133 1,8
1993 1847176 3,20 1809054 97,9 38122 2,1
2005 2075380 0,97 2039626 98,3 35754 1,7
2with adjustment
(-) Without date
Source: DAPM, 1996 and DANE, 2005a
Urban Water Management for the City of Cali - Diagnosis Report 2-2
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The increase in the migration trends to the cityCafi, specially from the Pacific coastal area and
neighboring departments has produced an additipressure in the demand of land and public
services such as water and sanitation. Figurstb@s the historical immigration-emigration trend

from results of census in years 1973, 1993 and .20®0%m the census in years 1973 and 1993 it
can be seen that Cali used to be a city that weddammigrants. The net migration balance (SNM)

was positive during those years. In period 20005289 SNM was negative showing that Cali had
reduced its availability of receiving immigrantsitedid before.

250000 ‘ Immigration—&— Emmigration—#— SNM

220000+

190000

160000

130000-|

100000+

70000

40000

10000

-20000- 1968-1973 1988-1993 2000-2005

Figure 2.3 Immigration, emigration and net migvatbalance (SNM) to municipality of Cali,

period 1968-2005.
Source: DANE, 2007

People that came from the departments of the C&lea;6, Narifio and Valle, they placed in the low
zones of the city in an approximate area of 3000imahe sector called Aguablanca Distric (see
Figure 2.4). This zone present an intensive graghopulation, going on from 13 neighborhoods in
1981 (28000 inhabitants), to 29 neighborhoods BB31@ 30000 inhabitants) and to 42 neighborhoods
in 1985 (167600 inhabitants). The population reged by the DANE (2005) in this sector is 539869
inhabitants, which is equivalent approximately 6% of the whole of inhabitants of the city of Cali
When this zone began it is to be inhabited it wampletely devoid of public services, nevertheless,
at present it is provided with the services of klalnle water and sewerage, with an approximate
coverage of 97 % (EMCALI, 2007).

The migration trends towards Cali are mainly causgdiolence and internal wars in the country
that has caused that people flee their villagekitapfor more secure dwellings. Between 1985 and
1998, more than 53000 caused-violence immigranisear to the city whereas around 16000
caused-violence immigrants arrived between 1992808@.

The number of immigrants from the violence thaivarto Cali shows that the city has become one
of the preferred migration urban centers. Curremtipund 70% of the citizens in Cali are
immigrants that were born in other departmentsab@bia (URL-1).

Urban Water Management for the City of Cali - Diagnosis Report 2-3
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g WA E e

Figure 2.4. Immigration from the departments Ca@®co, Narifio and Valle del Cauca to
Aguablanca Dristrict

2.1.3 Climate

Since Cali is located in a tropical zone, there @oe seasons affecting climate. The climate is
mostly defined by the mountainous topography anthbyelevation above sea level so the weather
changes between middle cold and hot temperatureP{DA2000). Figure 2.5 shows the
temperature and precipitation distribution along ttansversal section of the municipality of Cali
according to the elevations above sea level.

Vertiente Zona Forestal Area Rural Agricolay Area Urbana
del Pacificd Farallones . Protectora ,  de asentamientos
— ;
4.000m. 3 ¢ 1t
s Leros i i Basin déls
i Bajos ‘ Franja de Optima el

Urbanizacion , Cauca; ;
it — - .

T =10-16T
<1300-3000 mm/year

12.000m

T=16-20T : : :
<1000-1300 mm/year :1.200 m;

- 1800m h : ; i
T = 20-24T : : 1100 m : 1% 5

g | : 3 : : 4000 m=++965 m cota max.

<1000-1300 mmiyear _{Zﬁﬂ% de Cajcedo 1.003m _ .. e, Pe——— L - Rio Cauca
T> 24T . : f > : o
<1000mm/year | 900m : o8

Figure 2.5 Transversal section of the MunicipatityCali and the respective temperatures and

precipitations regimes
Source: DAPM, 2002
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In the municipality of Cali there are identifiedufoclimates based on the air temperature and the
spatial distribution of precipitations:

Hot and moderated dry weather: It is mostly present in flat areas such as in iy af Cali with
elevation ranging from 900 and 1200 m above sedl l@vd temperatures higher than 24°C. There
is lack of frequent precipitations which in average inferior to 12000 mm/year.

Middle humid weather: It is present in the slope of the hill in the wegiuntain range with altitudes
between 1200 and 1800 m above sea level and tempeydetween 20 and 24°C. Precipitations
are frequent and well distributed between 100018@D mm/year.

Cold and moderated humid weather: It is present in altitudes between 1800 and 220fbove sea
level in the east mountain range and presents t@tyes between 16 an 20°C. Precipitation is
similar to the middle humid weather.

Humid cold weather: It is present in altitudes between 2000 and 320@hmve sea level and
presents temperatures between 10 an 16°C. Préicipgare regular and well distributed.

Precipitations in the city vary between 1300 mmvyieathe south and 1000 mm/year in the north
increasing in the south-west direction. In the ntaimareas, precipitations vary between 1300 and
3000 mm/year. Rainy periods occur mainly in the therof March, April, May, October and
November. Dry periods correspond to the monthsaoiudry, February, august and September.
December and June are the transition periods (URL-2

2.2. SOCIOCULTURAL CHARACTERISTICS

2.2.1. Education

In year 2006 Cali registered a gross coverage utatn of around 87% (URL-3). 94,9% of the
population older than five years are able to rezdhwarite. Figure 2.6 shows that people between 6

and 10 years of age are the biggest group attesdimgpls. On the other hand population older than
18 years register a low school attendance percetBNE, 2005b).

94.9

100 | 83.8
o 801 649
% 60 -

40 - 25.9
b

20 4 I I 3.7
0 . . -:-I_‘
3to5 6to 10 11 to 17 18 to 26 More than 27
Years-age

Figure 2.6 Attendance to education centers in Cali
Source: DANE, 2005b

According to Figure 2.7, the percentage of illitergopulation that lives in Cali is around 4,8%.
30,9% has reached a basic primary education aridd%8secondary education. 9,5% has reached
university education and 1,5 have achieved speerleducation such as masters and PhDs.

Urban Water Management for the City of Cali - Diagnosis Report 2-5
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None
Masters/Ph.
9.5

Normalist | 0.2
Middle Technician 5.8

Secondary schOj;l 38.1

Primary schoo 30.9
Kindergarden 4.3
T T T T T T T T T 1
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Figure 2.7 Educational level of inhabitants of Cali
Source: DANE, 2005b

214 Health

Health service

Health coverage in the municipality of Cali is andu75,3% with 40,6% access to priority health
services in 2003. According to the Panamericanlthigarganization, Cali has been assigned a
value of 0,3 in the rank of healthy municipaliti@s a scale up to 1.0). The goal for year 2007 was
to increase such index to 0,7 (Alcaldia MunicipalRhntiago de Cali, 2004).

As stated by DAPM (2004) cited by DAGMA-ASOCAR (Z)0the health service infrastructure in
the municipality of Cali consists of:

e Two general hospitals

« Two specialized hospitals

* 49 health offices in the urban area
» 23 health offices in the rural area
* 29 health centers

» 28clinics

Epidemiologic indicators

According to epidemiologic indicators registeredTamble 2.2 it can be seen that in Cali, the birth
rate is of 20,2% per 1000 inhabitants and in awethgre are 1,9 children per female. Additionally,
the life spam is of 71,9 years for the total popatabeing 76,3 years for women and 69,3 for men.

Table 2.2 Epidemiologic indicators year 2005

Indicatol Colombiz Valle Cali
Gross birtl rate (TBN) per each 1000 inhabitar 22,C 19,4 20,z
Gross dead rate (TBM) per each 1000 inhabi 5,C 6,C 6,5
Growth rat  (TCV) per each 1000 inhabita 17,C 13,4 13,7
Gross children dead ra(TMI) per each 1000 li-born babie 26,(C 20,1 12,C
Precnarcy mortality rat: (TMM) per100000live-born babie 130,( 81,C 59,C
Life span (year) 72,C 71,5 71,€
Fertility global rate TGF) Average children pefemale 2,6 2,2 1,9

Source: URL-4

Urban Water Management for the City of Cali - Diagnosis Report 2-6
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22 SOCIECONOMICAL ASPECTS

2.2.1 Non-fulfill Basic needsindex NBI

The indicators that evaluate the coverage of the-falill basic needs index are: inadequate
dwellings, overpopulated dwellings, dwellings witiadequate public services, dwellings with high
economical dependency, dwellings with school-agkeliedn which do not attend school.

According to the census in 2005, in the urban afe&ali, 10,9% of the population presented
positive non-fulfill basic needs index. At natioedel the NBI was of 27,6% (DANE, 2005a).

2.2.2 Labor market trend

According to DANE (2005a), in the period betweenrifn@006 and march (2007), the average of
un-employed people at national level was 12,1%i @aisented in the first semester of 2007, an
un-employment rate of 12,5%. The sub-employmerd vdtich refers to non formal-employment

activities not related to the person professioaatl registered a rate of 39,9% in the municipality
of Cali and 33,2 at national level (URL-5).

2.2.3 National gross product (NGP)

The city of Cali together with the Valle del Cautepartment make part of the main economic
sectors in Colombia. Cali is considered as an imapdreconomical national and international

exchange axis. Its proximity to the principal poftColombia (Buenaventura) and to the Panama
channel make of it a key market point in Colombia.

According to DANE in 1995, the NGP annual growththie Valle del Cauca region was almost the
double of the national NGP. In 1997, the Valle @auca NGP was inferior to 1%. Afterwards an
economical standby in Colombia happened where BB Keached -4%and since then the NGP in
the region of Valle del Cauca has presented high@m trends as it can be seen in Figure 2.8.
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T 12 L\ /‘\‘
§ 7 \\v \\_——"A\\V/f‘\
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S 105
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Figure 2.8 Historical percentage of the NGP inla#le del Cauca in comparison to the national

index, constant and current prices
Source: URL-6

Precios constantes Precios corrientes ‘
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2.24 Economic sectors

Industrial sector: In the municipality of Cali there are 4857 prodoctunits but only the 9,44% of
them is dedicated to the industrial sector. Ingbeod of 1990-1996 there were four main industrial
areas in the municipality:

e Chemical industry with 22% of the municipal NGP

e Food industry with 19% of the municipal NGP

¢ Rubber industry with 8% of the municipal NGP

« Paper and press industry with 9% of the municip@PN

The small industries are located in the residentiahs in low and middle class estratos represented
mainly by the chemical, paper, rubber and graph&iadustries (DAGMA-ASOCARS, 2005).

Commercial Sector: This sector represents the main economic activitthe municipality with
60,40% of the total market establishments dedicetembmmerce. Moreover, this economic sector
represent around 36,43% of the employment rate.

Services Sector: According to the economic censu30,16% of the establishments in Cali are
dedicated to the delivery of services. This seidhe main source of employment with 47,01% of
the employment rate.

Figure 2.9 shows the distribution in percentagéhefcommercial establishments in Cali according
to their production sectors being the commerce samdice delivery sectors the main economic

activities.
Industry

9.44%

Public services
30.16%

Figure 2.9 Distribution of the economical estabiigmts in the municipality of Cali, census 2005
Source: DANE, 2005b.

As stated by the Economical census for Cali-Yumb@005, the service delivery sector represents
the main source of employment in the municipalitfali as it is shown in Figure 2.10 where 47 %
of the hired personal belongs to this sector. Tdramercial sector presents a significant percentage

of employed personal as well.
Industny

16.56%

Public services
47.01%

Figure 2.10 Distribution of employed personalbamedihe economical sector, 2005.
Source: DANE, 2005b.
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23 PUBLIC SERVICES

231 Water supply system

EMCALI is the company responsible for the delivefywvater supply, sewerage and energy services
in Cali. The current drinking water coverage iniGal97% according to the technical planning
department of EMCALI (2007). The drinking watestlibution system in the city is supplied
by: a) Puerto Mallarino plant with an average pmdhn of 6,6 m3/s, b) Rio Cauca plant with an
average production of 2,5 m3/s, c) Rio Cali plaithvan average production of 1,80 m3/s and d)
La Reforma plant with an average production of &smRecently EMCALI has started operation
of a smaller plant called la Ribera with a productdf 0,030 m3/s.

Puerto Mallarino plant which uses Cauca river aswater source treats and supplies around
76% of the drinking water demand in the city.

Chapter 4 explains in detail the drinking watergysystem in the city of Cali together with the
plants description, demand and consumption and neawvironmental issues associated to
drinking water supply.

2.3.2 Seweragesystem

According to EMCALI, the coverage of the seweragstam to September, 2007 is 94,8%.
Following the land topography, the sewage systefaih is divided in three drainage systems: the
South Drainage System (SDS), North-West Drainaggesy (SDN) and East Drainage System
(SDO).

Through these three drainage systems, Cali direbtiyns its wastewaters and storm waters to
Cauca river. The only way of control of wastewatentamination in the city of Cali is made
through the use of the wastewater treatment plar€asiaveralejo (WWTP-C) which receives
around 56% of the total wastewater produced ircitye

Chapters 4 and 5 explain in detail the seweragesysf the city together with the operation and
efficiency of the WWTP-C and the main environmergalies surrounding these systems.

233  Electricenergy

EMCALI is the responsible for providing the electenergy service to the municipalities of Cali
and Yumbo. The company is the owner of the distidouinfrastructure and together with EPSA
(Energy company of the Pacific) own the energy staltions which are connected to the electric
energy national network (URL-6).

2.3.4 Telecommunications

EMCALI is the principal enterprise of the servidetelephony with 85 % of the local market. The
telephone offices and the equipments of transmisai@ connected by an extensive network of
optical fiber. At present (2007) EMCALI has approgitely 510000 users. Other companies on the
market of public telephony are UNITEL, Telecom, &fT. The city has a disposition of 115400
lines.
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There are three operators of mobile telephonywith national coverage and with technology
GSM, Comcel (of Mobile America); Movistar (of Telegne) and Tigo (of the ETB, EPM
Telecommunications and Millicom International ofdeimbourg), (URL-6).

235 Solid waste collection and disposal

The company responsible for the collection, transpod disposal of the solid waste produced in
the municipality of Cali is EMSIRVA. The approxineal800 ton/day of waste produced in the city
are collected and transported to the disposabs$iidavarro which is located in the area of Navarro
in the south-east part of the city of Cali. Navasmot considered as a proper land fill so cutyent
the environmental authority CVC has stated that disposal site needs to be closed and new
alternatives of solid waste disposal need to badou

Chapter 7 explains in detail the situation of tlity of Cali regarding solid waste management,
transport and disposal.

Urban Water Management for the City of Cali - Diagnosis Report 2-10



Chapter 2 Municipality of Cali SWMTCH Project

24 BIBLIOGRAFIA

Departamento Administrativo de Gestiéon del Medio blente — DAGMA., Asociacion
Colombiana de Autoridades Ambientales-ASOCARS. 260&n de Gestidon Ambiental Municipio
de Santiago de Cali.

Departamento Administrativo de Planeacion MunicipBIAPM. 1996. La Poblacion en Santiago
de Cali.

Departamento Administrativo de Planeacion MunicipdDAPM. 2000. Plan de Ordenamiento
Territorial de la Ciudad de Santiago de Cali. AdgalMunicipal, Cali.

Departamento Administrativo De Planeacion MunicipBlAPM. 2002. Plan de Servicios Publicos
para Santiago de Cali. Diagnéstico. SubdirecciohRI®.T y Servicios Publicos, Alcaldia de
Santiago de Cali.

Departamento Administrativo de Planeacion MunicydaAPM. 2006. Cali en Cifras, 2006.

Departamento Administrativo Nacional de EstadisticdDANE. 2005a. Censo General de
Poblacion. Santiago de Cali, Valle del Cauca.

Departamento Administrativo Nacional de EstadisicRANE. 2005b. Boletin Censo General
2005. Perfil Cali — Valle del Cauca.

Departamento Administrativo Nacional de EstadistiddANE. 2007. Movilidad Poblacional de
Cali y su Area Metropolitana. Censo General 20G8i C

Empresas Municipales de Cali — EMCALI. 2007. PlarSéneamiento y Manejo de Vertimientos
2007-2016, Cali.

URL

URL-1. http://www.terra.com.co/conflicto_armado/23-2002/nota68439.html.Conflicto Armado
en Colombia. Consulta Julio 10 de 2007.

URL-2. http://www.cali.gov.co/sil/web/index.php.sBma de Informacion Local de Santiago de
Cali - Clima de Santiago de Cali. Consulta Junio720

URL-3.http://www.alvaralice.org/Flash/Article/146.pdf. Programa Cali Como Vamos
Evaluacion 2006: Indicadores de Resultados e lropdetla Calidad de Vida en Cali. Boletin de
Prensa. Mayo de 2007. Consulta Junio de 2007

URL-4.http://www.calisaludable.gov.co/estadistigaisio.php. Perfil Epidemiolégico de Santiago
de Cali 2005.Secretaria de Salud Publica. Conduhiao 2007

URL-5. http://www.elpais.com.co/historico/may012(BZ0O/desempleo.html. El desempleo sigue
en alza - Mayo 1 de 2007. Consulta Julio 2007

URL- 6. http://es.wikipedia.org/wiki/Cali#_note-1Wikipedia. La enciclopedia libre. Santiago de
Cali. Consulta agosto 2007

Urban Water Management for the City of Cali - Diagnosis Report 2-11



Sustainable Water Improves Tomorrow's Cities’ He&wWITCH Project

Urban Water Management for the City of Cali
Diagnosis report

Study Case: Cali, Colombia

3. Water Resources

February, 2008



Chapter 3 Water Resources

SWITCH Project

TABLE OF CONTENT

3 WATER RESOURCES .......cooiiiiieieeee et
3.1 GENERAL OVERVIEW.........uiiiiiiiiiiiiiieseeeeeit e
3.2 GEOGRAPHICAL VALLEY OF THE CAUCA RIVER.........cceeeeeeuenneee.
B J 0 N - T T B U >
B.2.2 WaALBI USES....cceiiieeeiii e ee e e e et s o s e e e e e et s e e e et e e e e et e e e eenn s
3.2.3 Cauca river water QUANLILY ..........uuuerereiriiiieieses s e e e
3.2.4 WaALer QUAIITY........eeeiieiiieeee et
3.3 RIVERS OF THE CITY OF CALI...cciiiiiiiiiiiiieeeeeeeeee e
3.3.1 CAUCA RIVET..cciiiiiiieeeieeeeeeee s e e e e e e e a e e e e e e e e aeas
3.3.2 CaNaveralejO RIVET..........uuuuiiiiii s e a e e e
3.3.3 MEI&NAEZ RIVET .....uueeeiieeeieee et
G0 20 I 1T = SRS PRSP
GG TR O | [N 1=
3.3.6 AQUuACAtal RIVET ...t e e e
3.3.7 PANCE RIVE ... o eee e eee et e et e e e e e e e e

3.5 BIBLIOGRAPHY ..

ANNEXES

ANNEXES LIST

ANNEX 3.1 CAUCA RIVER: WATER QUALITY MONITORINGS
ANNEX 3.2 WATER QUALITY INDEXES

Urban Water Management for the City of Cali - Diagis Report



Chapter 3 Water Resources SWITCH Project

INDEX OF FIGURES

Figure 3.1. Urban area of the municipality of Gadd its seven rivers.. RRRRRRRRRC 2 |
Figure 3.2 Cauca River general location, includtedotal river basin, geographlcal dralnage
valley with itS monNitoring StAtIONS. ..........ccceriiiiiiiiee e 3-2
Figure 3.3 Cauca river basin general ClassifiCation..............coueeiiiiiiiiiiiiiiiieeeeeeee e 3-3
Figure 3.4 Main tributaries, industrial dischargesd municipalities along Cauca’s river
geographic Valley. Section: Salvajina— HOrmMiQUELQ.........ccevvviiiieieeeiiiiiieeeeeeee 3-4
Figure 3.5 Main tributaries, industrial dischargasd municipalities along Cauca’s river
geographic Valley. Section: Hormiguero — Mediacanoa. ...........ccccceeeeviiiiiivninnnneeen. 3-5
Figure 3.6 Main tributaries, industrial dischargasd municipalities along Cauca’s river
geographic Valley. Section: Mediacanoa — La Virg@ini............ccccoooiiiiiiiieieeeeiisssnen 3-6
Figure 3.7 Water use of the Cauca river basinen\Mélle del Cauca department................... 3-8
Figure 3.8 Historic Flow profile in Cauca River.eridds 1993 — 1997, 1998 — 2002 and
2003 Section: Salvajina — La Virginia. ConditioMginter — Transition — Summer-........ 3-9
Figure 3.9 Historic DO profile in Cauca River. ridds 1993 — 1997, 1998 — 2002 and 2003
Section: Salvajina — La Virginia. Conditions: Want- Transition — Summer ................ 3-11
Figure 3.10 Water quality in Cauca River accordmdgCAUCA index. Period 1993 — 1997
and 1998 — 2002. Winter, transition and SUMSB@ISON. ............cecerririreerniineeenim 3-12
Figure 3.11 SalIVAJiNa QaM........eeiiiiiii i s e e s e e e e s e e e e e e e e e annnnees 3-13
Figure 3.12 BOD load discharged to Cauca riverti&ecSalvajina — La Virginia................... 15
Figure 3.13 BOD load discharges in the Cauca rbasin by the different commercial,
industrial and domestic sectors in the Cauca deyantt...................ooooeeeiiiiiiie i 3-16
Figure 3.14 BOD load discharges to Cauca riverrbasithe Valle del Cauca department in
YA 20006 ... i e e n e rnnnrrnnrnrrrne 3-17
Figure 3.15 Boxes diagram presenting concentratiohazardous substance in the Cauca
river: lead and Mercury in the period July 11-160@...............covvveveeiiiiiiiiiiieeee e 3-19
Figure 3.16 BOD load discharges along Canaveraipr...............cccvvveeveeeeiiniiiiiinneeneeee. 3-21
Figure 3.17 TSS load discharges along Cafavenal@n .................evvvevviiiiiiiiiiiiinieeeeeeeeeen. 3-21
Figure 3.18 Dissolved oxygen in the Cafiaveralijerras result of polluting BOD and TSS
ISCRANGES. ..ottt e e e e e e e e e e e e e 3-22
Figure 3.19 Map of the quality of water of the Cadralejo river based on ICA-NSF index. .....3-22
Figure 3.20 Dissolved oxygen along Meléndez rVer...........cccceevvvveivieiieieeiieiiiiieeeeee e 3-24
Figure 3.21 BOD load discharges along Melendezrriv...........coccvevieiiiiiiieiniiiiee s emmeeeeee e 3-24
Figure 3.22 TSS load discharges along Meléndez.rive............ccccceeviiiiieiiiiiiee e 3-25
Figure 3.23 Map showing the quality of water ofe theléndez river based on ICA-NSF
10 = TSSO PPPPPPPPR PO 3-25
Figure 3.24 Map showing the quality of water of @edi river based on ICA-NSF index........... 3-29

Figure 3.25 Map showing the quality of water of uagatal river based on ICA-NSF index...... 3-30

Urban Water Management for the City of Cali - Diagis Report iii



Chapter 3 Water Resources SWITCH Project

INDEX OF TABLES

Table 3.1 Land uses in the geographical river biasihe Valle del Cauca department........... 3-7..
Table 3.2 Soil erosion levels in the Cauca MVEIMDa. ...........ccuvvviiiiiiiee e 3-8
Table 3.3 Flow ranges measured in the Cauca iRexrods 1993-2003.............ccccvvvvrreres s 3-10
Table 3.4 General characteristics of the dam............... 3-13
Table 3.5 Minimum, maximum and average phenols eaination in three stations of Cauca

river and the tributaries before intake Pto. Maflar.......................... 3-19
Table 3.6 Land uses in Meléndez river basin, 2880 ............c.cccceeeiiiiiiiiiiiiieee e 3-23
Table 3.7 Land uses in Lili river basin, year 2000..............oeuvveriieemremeiineiiiniiieeeeeeereeeeeeeeeee 3-26
Table 3.8 Land uses in Cali river basin, year 2000..............ccooevvieriiiieieeiiieeiiiieeeeeeeeee e 3-27
Table 3.9 Characteristics of the groundwater indigét sub-river basins in the urban area of

(O PP PP 3-31

Urban Water Management for the City of Cali - Diagis Report iv



Chapter 3 Water Resources SWITCH Project

3 WATER RESOURCES
3.1 GENERAL OVERVIEW

The water network in the municipality of Cali, inding Cali city has a sufficient amount of water
to satisfy the necessities of the different urtzgrjcultural, industrial and recreational sectés.it

is shown in Figure 3.1, the dense hydrographic odtvef the municipality is conformed by the
Pance, Meléndez, Lili, Cafiaveralejo, Cali, Agudcata Cauca River, which determine the centers
of urbanization and economic development of the aftCali (DAGMA - Universidad del Valle,
2007).

Expansion Area
Mavaro

South Channel

Figure 3.1. Urban area of the municipality of Gald its seven rivers.
Source: DAGMA - Universidad del Valle, 2007

The hydrographic network of the municipality extemtedominantly in direction West-East, with
the exception of the Cauca river that has a dwacBouth-North. Around 92% of the river basins’
areas are located at 1200 m above sea level imnigieest part of the municipality where the
majority of rain events occur (DAPN2000). The network of drainage of the seven riveas has
an overall of 757,56 km (CVC, 1996 cited by DAP2000).

These rivers haven been affected in their composdind characteristics along its way through the
urban area of Cali. The main characteristics affitetre: river bank area, margins, route, quality an
guantity of water. Some of these rivers have becalse part of the drainage system of Cali being
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receptors of the domestic and industrial wastewatsiuced in the city: 1) Cafiaveralejo, Meléndez
and Lili rivers discharge to the South Channehim $outh drainage area of Cali; 2) Aguacatal river
meets Cali river, which finally discharges to Cauieer after collecting wastewater discharges
from the Collector Margen izquierdo in the Northsivdrainage area

Following, a description is made of the main chimastics of the geographical valley of the Cauca
river basin, the quantity and quality conditionstloé Cauca river and the others tributaries rivers
that form the water network in the city of Cali.

3.2 GEOGRAPHICAL VALLEY OF THE CAUCA RIVER

The Cauca river is the second most important wsderce in Colombia. It is born in the Colombian
mountain range (Macizo Colombiano). It surroundsrtioorland of Sotara and has a length of 1350
km which crosses Colombia from the south to themontil meeting the Magdalena river (Figure
3.2). Cauca’s river basin is extended along thet@kmand Western Mountain ranges with an
approximated area of 63300 km
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Figure 3.2 Cauca River general location, includiadotal river basin, geographical drainage valley
with its monitoring stations.
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The river crosses Colombia from south to north ubgfothe departments of the Cauca, Valle del
Cauca, Quindio, Risaralda, Caldas, Antioquia, Coagd&ucre and the Bolivar. Along its river basin
more than 10 million people live, who representrapimately 25 % of the Colombian population.
Along Cauca river basin, there is located the suwgae crops and the Colombian sugar industry,
part of the coffee zone, the zones of mining anunifag development of de department of
Antioquia and an important sector of the manufaatuindustry of the country (Velez et al., 2006).

The Cauca'’s river basin is divided and classifiethree sections: high Cauca, medium Cauca and
low Cauca (see Figure 3.3). High Cauca extents ftsrsource through the Cauca and Valle del
Cauca departments until the municipality of La Viig (located in the department of Risaralda)
with a length of 445 km. The High Cauca is callemu€a’s geographical valley. Medium Cauca
extents from the municipality of La Virginia unthhe municipality of Taraza in the department of
Antioquia with a length of 400 km. Low Cauca extefiom Taraza until it meets Magdalena river
with a length of 260 km (CVC - Universidad del \é&alP007a).

5000

450C 4

4000 4 SALVAJINA LA VIRGINIA PUERTO BRAZO DE LA
VALDIVIA LOBA

3500 A
TIMBA
3000 A )
2500 A HIGH CAUCA MEDIUM CAUCA LOW CAUCA
2000 - :

1500 -

Meters above sea level (m)

100 { & —e o

500 - cALI \
0

"
75 14C 53E 960 136(

Length (km)
Figure 3.3 Cauca river basin general classification
Source: CVC-Universidad del Valle, 2007a

The Cauca’s river geographical valley is consideastne of the most fertile areas in Colombia
which is the base for an important part of the @d@n economy. Along the valley many
important economic industries are located such aife€, mining, agriculture and sugar cane
production (CVC-Universidad del Valle, 2007a).

The Cauca River flows for 445 km in its geographiadley and descends from a height of 1000
meters to 900 m above sea level. The geographédigly covers an area of 317595 ha and it is
located between the dam of Salvajina and the cipality of La Virginia (see Figure 3.2) crossing
the departments of Cauca and Valle del Cauca. Skretch of the river has an average width of 105
m, which at its highest level can fluctuate betw88mm in the high part of its course (Salvajina —
La Balsa) to 150 m in the lowest part (Anacaro -Mir@inia). The depth at its highest level can
vary between 3,5 and 8,0 m (Velez et al., 2003)er& are 40 tributaries between Salvajina and la
Virginia with strong slopes and considerable shesting spates. Figure 3.4, Figure 3.5 and Figure
3.6 show the complete geographical valley from &ala — La Virginia divided in three sections.
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Flgure 34 Mam trlbutanes industrial dlschargasi municipalities along Cauca’s river geographic
Valley. Section: Salvajina— Hormiguero

Figure 3.4 shows the first section Salvajina— Hguero, Figure 3.5 shows the middle section
Hormiguero — Mediacanoa and Figure 3.6 shows thteskection Mediacanoa — La Virginia . The
Figures show in addition to the tributary riverse tmunicipalities and the main industrial
discharges around the geographic valley.

As mentioned before, the geographical valley crogbe departments of Cauca and Valle del
Cauca. The stations antes de Suarez (at the |év&hloajina dam) to Timba are located in the
department of Cauca The stations from Timba tocanma are located in the department of the
Valle del Cauca and the station La Virginia is keckin the department of the Risaralda.

In the Cauca river between the dam of Salvajinataedstation La Virginia, there are located 19
monitoring stations which serve the CVC (Corporadkutonoma regional del Valle-environmental
authority) to carry out systematic monitoring towtrol the quality and quantity of the river. Annex
3.1 describes the monitoring goals, quality paransaetneasured and the monitoring frequency.
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Valley. Section: Hormiguero — Mediacanoa
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3.2.1 Land uses

The geographical valley is located mainly alongdbpartments of Cauca and Valle del Cauca. The
Cauca river basin in the Cauca department haseancdr739480 ha which represents 24,2% of the
area of the department. According to the land desfined by CRC (Corporacion Autbnoma
Regional del Cauca — environmental authority), ltmel uses are mainly for commercial crops of
pine, coffee, plantain, flowers, cassava, and beamsng others. The mining sector is also present
exploiting bauxite. There is also small scale fiattivities, cattle breeding and agriculture
exploitation by indigenous groups. The paper arghsindustries play important roles in the land
use. Gold and coal exploitation is a relevant #gtiwhich has impacted natural resources
(EMCALI- Universidad del Valle, 2006).

The Cauca river basin in the Valle del Cauca depamt is manly used for cattle breeding in green
areas which correspond to 38,6% of the land uslewfed by sugar cane crops with 17% and other
agriculture activities with 14%.

Table 3.1 shows the main land uses.

Table 3.1 Land uses in the geographical river biasihe Valle del Cauca department

Land use Area (ha) Area (%)
Green areas 4144745 38,6
Sugar cane crops 184954,5 17,2
Natural virgin forests 157439,5 14,7
Permanent crops* 150547,1 14,0
Rastrojo (type of grass) 61218,3 5,7
Moorland vegetation 44465 4,1
Urban areas 24468,8 2,3
Cultivated forests 12463,9 1,2
Guadua forest 7527,9 0,7
Water bodies 6111,5 0,6
Infrastructure 6735,9 0,6
Semi-permanent crops 2425 0,2
Mining 1054 0,1
Total 1073885,9 100

Source: CVC-Universidad del Valle, 2004.

Note: *Permanent crops: fruits trees, grapes, epféacao, melon, cotton, plantain
and pumpkin
**Semi permanent crops: sorgo, soy, corn and rice

However, sugar cane crops and its industrial psobase impacted the quality and quantity of the
water resource mainly by 1) groundwater depletidmenvit is used in irrigation and 2) river
pollution by chemical products used in the pro¢€34C — Universidad del Valle, 2004).

The destination of forests and hill areas for ealtteeding (38,6%) has generated an ecological
imbalance caused by deforestation, degradationchadge in the land use. Table 3.2 shows the
different erosion levels along the Cauca river maBrosion has impacted quality and quantity on
the water resource mainly in winter season wherdthgging of sediments is more sever causing
an increase in the sediments, turbidity and col@uoface waters. Hence, the uses of the resources
may be limiting human consumption, and crop andcaljure when the sediments may clog the
used systems and the soil permeability (CVC-Unideais del Valle, 2004).
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Table 3.2 Soil erosion levels in the Cauca rivesiba

Areg

Level ha %)
Highly sever 29323,¢ 2,7
Sever 15138 14,1
Moderate! 33171.4 31
Low 6529¢,3 6,1
Natural** 139197 13
Not studied 2020(,9 1,9
Flat are: 33341¢,6 31,2
Total 107053!,8 10C

Source: CVC — Universidad del Valle, 2004

Note: *high zones in Riofrio, Piedras, Pescadamuhdi, Claro
and Timba river
**Forests without and apparent lost in land use

3.2.2 Water uses

The main water uses in the department of Caucadhe agricultural sector, industrial production,
human consumption and energy generation.

Cauca River has been used for fishing, recreaBaergy generation, riverbed matter extraction,
human consumption, irrigation and industry. It isoaused as a receiving source for solid residues
and dumping of industrial and domestic residualewaivhich has caused deterioration in water
quality.

In the department of the Valle del Cauca, the Caiveat and its tributary rivers are used as water
source for three important sectors in the regiomeig agriculture, domestic and industrial use.
Figure 3.7 show the water quantity and used pesgestfor these different sectors. The sectors that
more use the river as drinking water source aralthmestic and agriculture sectors. It is observed
that the agricultural use of the Cauca River basnirrigation is the predominant one in the
Department of Valle del Cauca (86%), being mairdgdiin the irrigation of the sugar cane and in
the crops of the district of irrigation locatedtive north of the Department.

Industrial
Others

(6,5 m3/s)
4%

Domestic
(11,8 m3/s)
7%

Agriculture
(147,6 m3/s)
86%

Figure 3.7 Water use of the Cauca river basinénalle del Cauca department
Source: CVC- Universidad del Valle, 2004
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Figure 3.8 Historic Flow profile in Cauca Rivereri®ds 1993 — 1997, 1998 — 2002 and 2003 Se@alvajina — La Virginia.

Conditions: Winter — Transition — Summer

Source: CVC-Universidad del Valle, 2004
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3.2.3 Cauca river water quantity

Figure 3.8 shows the average flows of Cauca Riveind the periods 1993-1997, 1998-2002 and
year 2003 during summer, winter and transition @edbetween summer and winter); between the
Suarez and La Virginia stations.

Period 1998-2002 and 1993-1997 present the bidgtmss during winter-transition season and
summer season respectively. Also, an increasing titend is seen in this sector. Table 3.3 shows
the resume of the flow ranges registered in thetioresd seasons.

Table 3.3 Flow ranges measured in the Cauca faiods 1993-2003

Period Winter (r¥s) Transition (rYs) Summer (is)
1993-1997 158-548 129-334 103-251
1998-2002 204-670 140-341 97-234

2003 81-360 80-251

Source: CVC-Universidad del Valle, 2004
3.2.4 Water quality

To describe the waster quality of Cauca river albmgographical valley, following , it is presedte
the historical analysis of the DO concentraticggistered by the CVC, in the samplings made in
the 19 stations on the Cauca’s river geographiedley, section Salvajina-La Virginia. Such
monitorings where made during the periods 19939719998 — 2002 and year 2003 (see Figure
3.9). For the understanding of the DO profile, ¢hreain sections were defined: Salvajina-Puerto
Hormiguero, Hormiguero-Mediacanoa, Mediacanoa-Liaivia.

Section Salvajina — Puente Hormiguelm general for the evaluated periods it is obsethad the
levels of DO in the stations Antes Suarez and AGtesjas, located after the course of Cauca River
by the Salvajina dam, are lower that the report€dibthe stations located downstream these two
stations, phenomenon that can be associated vétimtinease of the dissolved organic matter in the
dam, which generates an increase in the BOD amdftite a diminution in the DO levels.

The recovery of the levels of DO in the River aftez station Antes Ovejas is associated to the self
aeration of the river, due to the topographicalditions of the river basin in this section, where
slopes of near 0,11 % appear. In this first sadiie River also presents its best concentratiohs n
only by the self purification but also by the fevastewater discharges registered in this zone in
comparison with other sections. Additionally, itssen that the average DO measured along the
years is near the oxygen saturation for this argarg/l) (Velez et al., 2003) except for the years
1993-1997 in the summer condition.

Section Puente Hormiguero — Mediacandss it is shown in Figure 3.9 the DO presents a
noticeable decrease in its concentrations througiheustations located in this section, situatiuat t
reflects the impacts that undergoes Cauca Rivenwheeiving the discharges from the collectors
of waste water and storm water from the City ofiQhk waste waters of the industrial zone of the
municipality of Yumbo, as well as the dischargesae tributary rivers affected by industrial and
domestic wastewaters of the different municipaitend industries located throughout its route. In
summer the most critical condition appears, witlidst levels of DO around 1,0 mg/l between the
stations Paso de La Torre and Yotoco, this is ardexl average value but in general lower values
are presented reaching cero (Velez et al.,, 2008his behavior can be associated with the
diminution in the capacity of dilution of the Rivat this time and to its high degree of pollution
present in this section. Moreover, the average D&sured along the years is far from being
around the oxygen saturation value for this areag/l).
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Figure 3.9 Historic DO profile in Cauca River. rieds 1993 — 1997, 1998 — 2002 and 2003 SwcHalvajina — La Virginia.

Conditions: Winter — Transition — Summer
Source: CVC-Universidad del Valle, 2004
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Mediacanoa — La VirginiaAccording to Figure 3.9 in this section the DO periods 1993 — 1997,
1998 — 2002 and year 2003, present a slight inergafts concentrations, changing from inferior
values of 2 mg/l for summer in the Mediacanoai@tatto 3 mg/l in the station Puente Virginia
during the three defined climatologic conditionsthAugh the River shows a recovery as far as the
presented DO concentrations, levels continue beiitigal in terms of the minimum requirements
recommended by UNESCO (1996) to guarantee the siiyeof aquatic biota (5 mg/l) and for
reaching the value of oxygen saturation of 7,4lmgrhis situation in this section is associated t
the discharges from the tributary Rivers like: Riof Tulua, Morales, the Paila and La Vieja, which
present a deterioration in their quality due to thastewater discharges from different
municipalities and some sugar cane crops locat¢lderarea. The gradual recovery that the Cauca
River presents in this section is mainly due toitfoeease in the flow volumes which improves the
capacity of dilution of the River (CVC-Universiddel Valle, 2004).

Physical chemical water quality index adapted to the Cauca river conditions

During the project of modeling of the Cauca riveMC), and adaptation of a water quality index
for the potential use of water bodies as sourceldman consumption was carried out (ICAUCA)
to evaluate Cauca river. This adaptation was maded on the most widely used national and
international standards according to the envirortngenditions present in the Cauca river basin.
Annex 3.2 shows a summarized description of thenatglogy and parameters used to adapt the
ICAUCA index. In addition, the Annex 3.2 shows thater quality classification for human
consumptions according to ICAUCA values. The ICAU@#Alex showed that neither of the
monitored stations along Cauca river presents #imom water quality. In the section Salvajina —
Puente Hormiguero (before Cali), the river repahis highest ICAUCA values, classifying the
water between good and acceptable (see Figure. 3.10)
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Figure 3.10 Water quality in Cauca River accordm¢CAUCA index. Period 1993 — 1997 and

1998 — 2002. Winter, transition and summer season.
Source: Patifio et al., 2005
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However, at the end of this section the qualityrelases to an inadequate water quality in both
winter and summer season. This progressive deciieatiee water quality is associated to the
impacts generated by the tributary rivers whenllfirdischarging to Cauca River. The water quality
in the section Puente Hormiguero — Mediacanoa ydinh Cali’s discharges) decreases from
acceptable to inadequate in the beginning to inaategand bad at the end of the section, being the
worst index at the Paso de la Torre and Vijesostat(Patifio et al., 2005).

In the section Mediacanoa — La Virginia, the watethe majority of the stations is classified as
inadequate water quality showing a slight recoxarthe end of the section, in the Anacaro and La
Virginia stations (Patifio et al., 2005).

Effects of the operation of the Salvajina dam in th Cauca river

The dam of Salvajina, that began operating in girming of 1985, constitutes one of the most
important systems of regulation of the Cauca RiVéis Project had as main purpose the recovery
of the agricultural operation on the flat terrie®iof the geographic valley of the Cauca River,
which corresponds to 130000 ha. In the past tleia aras periodically affected by floods caused by
the overflow of the Cauca River and its tributamers. As secondary purpose of the dam were
considered 1) the production of hydroelectric epength a capacity of 270 MW and 2) the
decrease of the pollution of the Cauca River byiticeease in its minimum volume of 70 td/mto

130 ni/s (Galvis, 1988 mentioned by CVC-Universidad dell®, 2007b) and the discharge of 250
Mm?in dry periods. The dam is located in the Soutlstwiorth latitude 2° 56’ and east 76° 42’ and
on the height 1100 m above sea level. The avemigas 2522 mm and an average temperature of
23°C. Inthe

Table 3.4 the main characteristics of the dam arttie Figure 3.11 a picture of Salvajina dam are
shown.

Table 3.4Generakharacteristicef thedam

Characteristic Measure
Intake area (kR) 3960
Total length (km) 32
Average width (km) 1,2
Total area (ha) 2124
Average depth (m) 36,4
Maximum depth (m) 140
Total capacity (M) 908,6
Usage volume (MM 753 -

roye o e

Source: adapted from CVC-Universidad del VV&&07b

igure 3.11 Slajina dam

From its initial operation, the regulating effedttbe dam has introduced changes in the volume
regime in Cauca river that can be possibly refegtdtethe quality of the water of the Cauca River,
added to the changes caused by the progressivdodatien of the main source of development in
the Region. The modification of some of the compdsehat define the regime of volumes
(magnitude, frequency, duration, and rate of vamigthas changed the space and temporary
distribution of the flow, which causes alteratiagnghe structure, the composition and the operation
of the fluvial ecosystem.
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With relation to the hydrologic regime the changese as expected: an increase in the volumes
during the Post-Salvajina period (1985-2005), duthre condition of summer and a decrease in the
flow during the condition of winter. As far as thjaality of the water, the levels of DO registered
for the condition of summer do not present sigaific differences between the periods Pre-
Salvajina (1980 — 1984), and Post-Salvajina (198665).

The hourly volume variability originated by the ogion of the dam of Salvajina causes hourly
variations in the quality of water that cannot bsualized and be quantified base on the daily
information. Following, the DO trend measured imrge2003 and 2005 in the stations La Balsa and
Hormiguero is shown which better reflect the howthanges in the quality of Cauca’s river water
caused by the operation of the Salvajina dam, denisig the climatic conditions of winter and
summer. In the station Balsa certain tendenciesobserved that can be related to some of the
following processes:

= The maximum levels of DO appear at noon (12:00 herwthe solar brightness and the
temperature are maximum whereas the minimum corat@ms happen at midnight (00:00 h)
when the solar brightness is null and the tempegagiminimum. This variation in DO can be
associated with the photosynthetic activity in 8ector of Balsa caused by the presence of
seaweed of the dam of Salvajina (CVC — Universidia®/alle, 2007b).

= The dilution of the polluting load as a result loé tvolume increase takes place, which generates
an increase in the dissolved oxygen levels. THexefs seen in the curve’s changes in the hours
following the release of the volumes in Salvajina.

= The fast release of the bigger water volumes frbm dam can produce a reduction in the
dissolved oxygen levels due to the increase irspieeds of the flow that produce the dragging of
materials on the bed of the river and the settléraésediments “phenomenon of washing of the
river basin” (CVC — Universidad de Valle, 2007b).

= The capacity of self-recovery of the river dimireshsince the concentration of DO in the water
coming from Salvajina is lower than the one in GaRdver in this section until La balsa station

Wastewater discharges

There are 40 tributaries between Salvajina and ltgiia, with a strong slope and considerable
short-lasting spates. From the total organic disp®to the Cauca River, 59% is discharged by
means of these tributaries (145 ton/day BOD in )19%Be most critical tributary rivers in terms of
BOD load discharge are: Tulua, Guachal, La Pa#aYleja, Palo and Cali (Velez et al., 2003).

Regarding wastewater discharges to the river, th€ ®as been periodically controlling and
monitoring the wastewater discharges from arour@if@ustries located in the geographical river
basin, whose wastewaters are discharged to theaQRiver and its tributaries. Figure 3.12 shows
the BOD loads discharged to the Cauca river basithé section Salvajina —La Virginia during
1979 to 2003. Figure 3.12 shows that sectorstlikesugar cane production, paper industry and
coffee production have reduced their polluting dbation to the Cauca River.

In year 1979 the sugar production industry spillezhr 100 ton/day of BOD load to the river
causing great impacts in the quality of the watsource and affecting the aquatic ecosystems.
Nevertheless for the years 2001 and 2003, this gaotiction sector reduced its polluting load to
approximately 5 BOD ton/day.
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Figure 3.12 BOD load discharged to Cauca riverti&ecSalvajina — La Virginia.

Period: 1979 — 2003.
Source: CVC, 2003 cited by CVC-Universidad dell&/a2004.

A similar behavior presents the paper industry eosftee sectors, when their contribution was of 40
and 90 BOD load ton/day respectively in 1979. Theseindustries along with the sugar cane one
are the three productive sectors of greater impadhe quality of the water of the Cauca River.
However, during the years 2001 and 2003 these rsehsnd reduced their polluting load in near
90% (CVC-Universidad del Valle, 2004).

Although, from Figure 3.12 it can be seen a deeréaghe average industrial load discharges to
Cauca river, there is no monitored evidence reggrdihe operation of the industrial treatment
systems and sporadically it had been found spedifscharge points with high pollution loads.

Likewise, the municipal wastewater load dischatgmge increased during the years, as a result of
the growth of the population, the development & thdustries within the cities and the low
implementation of systems of wastewater treatnm@nty for the case of the municipality of Cali in
year 2003, a reduction in the contribution of BQIad is observed, associated with the beginning
of the Wastewater Treatment Plant of Cafiaveral&f@/TP-C) which started operation at the end
of year 2002 (CVC-Universidad del Valle, 2004).

Discharges from Cauca department

Cauca river in the Cauca department from its sotrd¢be sector located near Desbaratado river (in
the border with the Valle del Cauca departmentives in average a BOD load of 20,86 ton/day
(see Figure 3.13) being the municipal sector tighdst contributor with a 68% of the total BOD
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load. The river in its course through the departmeneives indirect or direct pollution from the
nearby municipalities as well.

Meat
Production,
1.43 ton/day
Industries, 5.1! (7%)

ton/day (25%) Municipalities,

14.27 ton/day
(68%)

Figure 3.13 BOD load discharges in the Cauca fasin by the different commercial, industrial

and domestic sectors in the Cauca department
Source: EMCALI-Universidad del Valle, 2006.

Cauca department has deficiencies regarding theageament of wastewater in general. This
situation is the main cause of problems relatecespiratory deficiencies, water body’s pollution,
landscape deterioration and higher costs in thekihg water treatment (EMCALI —Universidad

del Valle, 2006).

The river basin in the Cauca department receivgl mdustrial wastewater contributions mainly
from the paper and sugar cane industry (around #ddiay) which corresponds to 86,4% of the
total industrial discharge to the river basin. Hear after law Paéavas implemented, around 65%

of the new industries created use now dry prodonctind the remaining 35% has implemented
wastewater treatment plants as clean productidmtdogies which has helped lowering the impact
from the new industries on receiving waters to atbd69 kg/day (which corresponds to around
9,1% of the total load discharged to the river).

Regarding the discharges from the tributary river€auca river in the Cauca department, states
that 47,1% of the total load (9,8 BOD ton/day) isctiarged by the rivers located after Salvajina
dam namely Palo, Zanjon Oscuro, Quinamay6 and Gveyers (EMCALI — Universidad del
Valle, 2006).

Dischargesfrom the Valle del Cauca department

In Figure 3.14, the contribution of BOD load in B00@y the industrial and municipal sector,
(monitored by the CVC to the industries, Cali atiteo municipalities) is shown. In the Figure, Cali
is the municipal sector that contributes the magt ®OD load (38%).

! The law Paez (law 218 of 1995) regulated the getiom of economical incentives to create industitethe department of Cauca, at
present there are an industrial complex in thetsofithis department.
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Figure 3.14 BOD load discharges to Cauca rivembiasihe Valle del Cauca department, year 2006
Source: EMCALI-Universidad del Valle 2006

3.3 RIVERS OF THE CITY OF CALI
3.3.1 Cauca River

The Cauca river enters Cali, from the mouth of Yamundi river (South municipal limit with the
municipality of Jamundi) and crosses approximaB@ykm until it arrives at the mouth of the Cali
river, that is the North limit of the city. In thisection, it receives the discharges from Lili,
Meléndez, Cafiaveralejo and Cali rivers. The Cauwar ris the main water source for
approximately one million and half of inhabitanfstioe city of Cali (EMCALI — Universidad del
Valle, 2006). The area of influence of Cali is Imwh between the stations Hormiguero and
Mediacanoa.

In Cali, Cauca river acts as the final discharge fair the wastewater produced in the city andsn i
rural area. From Hormiguero to Mediacanoa the msgjve deterioration of the water quality is
associated to the wastewater discharges from thmestic and industrial sector, mining
exploitation, deforestation process and solid wdieharges from nearby municipalities.

Following a description of water quality of the ssdxtions of Cauca river upstream, along and
downstream to Cali.

Section from Hormiguero to Before the South Chafuygstream to Cali)A slight decrease in the
dissolved oxygen levels is registered. This deerémpossibly associated, among other factors, to
the accumulative effect of the domestic and indalstwastewater discharges in the Desbaratado
river, the stream Zanjon Oscuro and water disclsafgem Palo and Jamundi rivers, located
upstream Hormiguero.

Section Before the South Channel — Puerto IsadosdeaCali): There is a considerable decrease in
the concentrations of the dissolved oxygen as @trebthe water discharges of the station before
the South Channel and the discharges before Plsadas, which correspond to wastewaters from
Cali that are spilled through the systems of digénand channels. According to the results of the
monitoring campaign in 2006 (EMCALI — Universidaaldvalle, 2006), the average BOD
polluting load discharged by the system of drainafehe city was 116,4 ton/day when the
wastewater treatment plant of Canaveralejo (WWTPw2)s operating without addition of
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chemicals (Ferric chloride). The greatest contidyubf BOD and COD load was the WWTP-C
effluent with a percentage around 46%. In additmrthe wastewater discharges of the drainage
system of Cali, in this section the Cauca rivereiees industrial wastewaters discharges as well
such as the paper industry and oil industry.

In this section, the south drainage system of ilyedescharges its wastewater to Cauca river which
Is contaminated by leachate coming from Navarrpa$al site. This discharge occurs 4 kilometers
upstream the water intake of drinking plants of rRuéallarino and Rio Cauca which deliver
approximately 77% of the total drinking water te ttity of Cali. The polluted discharges from the
south drainage system threaten the treatment divergeof drinking water to the city. According
to the records of operation from the plants frorary2000 to 2007 the number of shutdowns in the
plants has increased as follows: from 10 to 28dwis per year in Puerto Mallarino and from 10
to 24 shutdowns per year in Rio Cauca plant (EMCA007b).

In the Section between Puerto Isaacs — Mediacadoairistream to Cali)The most critical point

in the river appears in the Station Paso de laeTeovhich presented anaerobic conditions, which are
seen by the changes that take place in the wateh, & the deterioration of the aesthetic aspect,
dark coloration, floating substances and bad obgrthe HS liberated. This condition appears as a
cumulative response of the river influenced by westewater discharges of Cali, added to the
domestic and industrial wastewater dischargesefthnicipalities of Palmira and Yumbo through
the rivers Yumbo and Guachal. Although in this isecthe lowest DO concentration was recorded,
after the station Paso de la Torre there was obdeavrecovery tendency, registering a slight
increase in the DO concentrations.

The total load discharged to the Cauca river insé@ion Hormiguero- Mediacanoa during the four
days of monitoring campaign in 2006 was 197,8 BOm/day; 404,2 COD ton/day and 228,4 TSS
ton/day discharged by tributary rivers and the ggwsystem Cali. Regarding the origin of these
discharges 40% arrive through the four tributawens and the other 60% was contributed by the
city of Cali (EMCALI-Universidad del Valle, 2006).

Presence of hazardous substandesthe section Hormiguero-Mediacanoa there has lmen
found a potential risk of pollution in the wateredio presence of hazardous substances such as high
concentrations of phenolic compounds, some metaleganic matter (EMCALI- Universidad del
Valle, 2006).

Figure 3.15 the diagram of boxes show the variatidhe lead concentration which is similar in the
stations Hormiguero and Before South Channel, teamvalue for both stations is over the value
recommended in Decree 1594 of 1984 (0.05 mg/Refiai of water quality for human consumption
after conventional treatment). At the level of watgake in the station before Puerto Mallaring th
lead concentrations stay below the permissibledimi

In Table 3.5 the minimums, maximums and averagdgesaof the concentrations of phenol
compounds are shown (EMCALI-Universidad del Va®§06). In this Table it is possible to
observe that the average total concentrations efgk are above the limit established in Decree
1594 of 1984 of the Ministry of Health (that is 20 pg/l). This means that there is a risk of by
product formation from the disinfection with chiogi in the case of using the water as source for
drinking water production.
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Figure 3.15 Boxes diagram presenting concentratidrazardous substance in the Cauca river: lead

and Mercury in the period July 11-15, 2006
Source: EMCALI — Universidad del Valle, 2006

Table 3.5 Minimum, maximum and average phenols @otnation in three stations of Cauca river
and the tributaries before intake Pto. Mallarino

Cauca river Tributaries Decree
Parameters Charact. Hormiquero| _ Before Before intake| Zanjén| DesbarataddGuachall Canal| 1594 —
9 South channdlPto. Mallarino| Oscuro|  river river | Sur | 1984
Total Minimum <1,00 <1,00 <1,00 <1,0 <1,00 <1,00 <1}00
phenols | Maximum 57,4 39,51 14,53 78,54 39,76 78,34 56,%2,0
/l
(ug/h) Average 20,06 12,53 4,42 19,87 18,81 19,87 12,78
Penta- | Minimum <0,35 <0,35 <0,35 <0,3% <0,35 <0,36 <0|86
chlorine- . L
q
phenol Maximum <0,35 <0,35 0,91 5,77 1,06 0,49 3,59<2,0
(9/l) | Average <0,35 <0,35 0,42 1,09 0,47 0,37 1[49
2,46 Tri-| Minimum <0,86 <0,86 <0,86 <0,86 <0,86 <0,86 <0|86
choer;]noel' Maximum <0,86 <0,86 <0,86 <0,86 <0,86 0,817 3,69<2.0
(M9l | Average <0,86 <0,86 <0,86 <0,86 <0,86 0,86  1}49

Source: EMCALI- Universidad del Valle, 2006.
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3.3.2 Carfaveralejo River

The Cariaveralejo river is born in the slope of Faeallones of Cali at 1800 meters above sea level.
The Farallones are the tallest rock formationshi@ West mountain range. The river limits the
Northwest with the hydrographic river basin of tali river, on the South west with the Meléndez
river basin on the east with the urban border. Th&averalejo river basin has an estimated area of
2882 ha and it is divided in three geomorphologittsu high, medium and low river basin, that go
from the level 1800 above sea level (in the cowntley of Cali) to the discharge in the South
Channel, crossing an approximated length of 9 km.

Land useThe high part of the river basin (river source 1880ve sea level- La Sirena sector 1005
m.a.s.l) is characterized by the presence of foaesas with natural vegetation. This part has
presence of small scale crops, low level of detatam and cattle breeding activities.

The middle part of the river basin (La Sirena se&f05 m.a.s.l- Cafaveralejo dam 988 m.a.s.l) is
characterized by a displacement of the vegetatimercdue to construction activities that is located
in the protection area of the river basin. Thisaahas been highly affected by charcoal mining
activities, deforestation, cattle activities and@¢amrolled urbanization activities.

The low part of the river basin (Cafaveralejo da88 9n.a.s.| — South channel discharge 955
m.a.s.l) is characterized by being completely udethwith a shortage of green areas (DAGMA-
Universidad del Valle, 2004).

Water useln the urban zone of Cali the only water use diyeftom the river is for gardening as
irrigation for aesthetic purposes (DAGMA, Univemsitidel Valle, 2004). The river, in addition, is
used as waste water receiver. In the urban seittgathers the discharges from drainage channels
and water from nearby streams, which present adeginee of pollution.

Water quality

The Cafiaveralejo River receives high domestic wastier volumes present in the storm water
channels. It also presents changes in the hydreaiiditions of its river bed, which are reflected i
the low slope (0,5%) and in the canalization of rikrer until its river mouth in the South Channel.
These conditions make difficult the recovery of tiver (DAGMA-Universidad del Valle, 2004).

Around the urban periphery of Cali, the Dissolved/@en concentrations existing in the river limit
the life of the aquatic species (UNESCO, 1996),dessto inhibit their use for the agricultural
preservation of the flora and fauna, recreationtiviies and for human consumption, as it is
established in Decree 1594 of 1984 (DAGMA-Univessidiel Valle, 2004).

Along its course the river receives high pollutidigcharges from tributary rivers and adjacent
towns so that when the river discharges to thefSoaannel the DO oscillates around 1.0 mg/l in
both summer and winter season Figure 3.16, Figurg, &nd Figure 3.18 show the BOD and TSS
discharges measured in different monitoring paamd their direct relation to DO, respectively.
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Figure 3.16 BOD load discharges along Cafaveraiegr

Source: DAGMA - Universidad del Valle, 2004.
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Source: DAGMA - Universidad del Valle, 2004.
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Figure 3.18 Dissolved oxygen in the Cafaveral®jeras result of polluting BOD and TSS

discharges.
Source: DAGMA - Universidad del Valle, 2004.

Index ICA-NSF for the quality of water applied taffaveralejo river The ICA-NSF is an index
that considers the potential use of water bodiesoasces for human consumption (a more detailed
explanation of the index and its classificationgmaeters is found in Annex 3.2, Table A3.2-2).
Using this index in the Cafaveralejo River (Fig@r#9), it was seen that the river presents three
different sections depending on the characteristiegater during winter and summer seasons.

Quality Colour
Good o
Average @
Estacion 4 Bad o
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Figure 3.19 Map of the quality of water of the Cagtalejo river based on ICA-NSF index.
Source: DAGMA-Universidad del Valle, 2004
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The first part (before La Sirena — after Bella &ithe river is classified as of good quality talen
up as of average quality. The second sector (&uadla Suiza to Colegio Nuestra Sefiora del
Chiquinquird), the river is characterized by anrage quality ending up as of bad quality. Finally,
the last sector from Colegio Nuestra Sefiora defj@hguira to Desembocadura (discharge to south
channel) is characterized by the high decline ialijuso that is not considered as for human
consumption (DAGMA - Universidad del Valle, 2004).

3.3.3 Meléndez River

The Meléndez river is born in the Western Mountainge at a level of 2800 meters above sea level
inside the Natural National Park the Farallone€ali. It has an approximated length of 25 km and

it is located between the river basins of the sv€afiaveralejo and Lili. The river basin has an

estimated area of 3832 ha

Water useThe river supplies water to the drinking water sgst‘La Reforma” which provides
water by gravity to the zones in the slope of theuntain. Also, the river has been used like
irrigation and recreation source. In additionsipart of the relevant landscaping component of the
city (DAGMA - Universidad del Valle, 2004).

Land useThe main land uses in the river basin of Meléndar rare described in Table 3.6.

Table 3.6 Land uses in Meléndez river basin, 2680

Use Area (ha) %

Natural virgin forests 2325,6 63,3
Cultivated forest 28,8 0,8
Mining 20,4 0,6
Natural grass 894,4 244
Rastrojo (type of grass) 264,4 7,2
Infrastructure 63,2 1,7
Suburban area 29,6 0,8
Urban area 46,2 1,3
Total 3672,7 100

Source: CVC, 2004a
Water quality

In 2003, the flow of the river entering the cityswa21 I/s and in its discharge point was 294,5 I/s
(DAGMA, 2003). This river presents water shortagesblems, which affects the operation on the
drinking plant La Reforma which uses it as its wagsource. The average capacity of La Reforma
plant is 0,4m's in spite of the Fact of having a design capacftyl.On?/s. The Meléndez river,
before the sector of the Choclona, presents watece characteristics of good quality. The area is
characterized by very steep zones that allow theadton of turbulent flows in the river which
enhances the self-purification and self aeratiatgss.

77,6% of the houses and 82,6% of the establishnieatsire in the medium and low river basin of
the Meléndez river, discharge their waste watetheoriver, directly and indirectly using hoses or
small pipes, or by means of the infiltration frontadk holes and septic tanks. According to
DAGMA, (2003), Meléndez river receives a pollutidgscharge of 145 BOD kg/day, 401COD
kg/day and 156 TSS kg/day.

Figure 3.20 shows the DO profile along the rived &a direct influence by polluting BOD and TSS
discharges shown in Figure 3.21 and Figure 3.2@edively. It is observed that the wastewater
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discharges from the pigs breeding sector (MarraMakndez), Napoles channel and Canal Valle
del Lili (drainage channels) contribute signifidgntvith BOD and TSS loads (DAGMA-
Universidad del Valle, 2004). When the river metits south channel the DO concentrations
oscillate around 2,0 mg/I.
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Figure 3.20 Dissolved oxygen along Meléndez river.
Source: Adapted from DAGMA-Universidad del Vall@Q2.
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Figure 3.22 TSS load discharges along Meléndez rive
Source: Adapted from DAGMA-Universidad del Vall€02

Index ICA-NSF for the quality of water applied t@l¥hdez RiverAccording to the ICA index the
river presents three different sections dependimghe characteristics of water during winter and
summer seasons. The first part is formed by th#ostabefore La Choclona — before Lavanderas
where the river is being classified as of good ifual' he second sector before Lavanderas to before
Napoles channel, the river is characterized byvanage quality. Finally, the last sector from befor
Napoles channel to discharge to south channelasacterized by a bad water quality (See Figure
3.23).
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Figure 3.23 Map showing the quality of water o ¥eléndez river based on ICA-NSF index.
Source: DAGMA-Universi dad del Valle, 2004
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3.3.4 Lili River

It has a length of 15 km and a river basin of 1680f extension. Its natural course was altered and
deviated to the South channel, where its conditbnriver disappears to be replaced by a
wastewater / storm water channel.

Land use. The majority of Lili river basin (34%)nsists of natural grass out of which 30% is
located between the urban and sub-urban area. asie s influenced by mining activities and
sugar cane crops located around the area (CVCp2004

Table 3.7 shows the land uses in the river basin.

Table 3.7 Land uses in Lili river basin, year 2000

Land use Area (ha) %)
Forests 466,5 19
Sugar cane crops 84,3 3
Infrastructure 70,4 3
Natural grass 864,3 34
Mining 92,4 4
Rastrojos (type of grass) 177,9 14
Suburban area 48,6 2
Urban area 702,6 28
Total 2506,9 100

Source: CVC, 2004b

Water uselt is used for human consumption before the citye highest consumption is by the
town La Buitrera. It is also used for the sugarecarops as irrigation and for the feeding of cattle
(DAGMA, 1997).

Water Quality

According to DAGMA (2003), the Lili river preserm average flow of 597 I/s in its discharge point
to the south channel. The Lili river basin has béeided in three parts: high, medium and low.
Next, the characteristics of each one of them aseribed (DAGMA, 1997):

= In its highest part where the river is born there affected sectors in the river by the mining
operation. Severe erosion is detected by the pcesafiill coalmines.

= In the medium part the river undergoes pollutinigat by the disposal of rubbish dragged and
deposited during the crescents and by the wastemwgéaerated in the houses bordering the river
basin. Nevertheless, the factor of greater incidencthe deterioration of its waters constitutes
the original discharges from the mines that preagit acid.

= The low part of the river basin until the South &hel is affected by slums that produce
wastewater discharges and pollution. In this setite river is transformed into a channel
without any possibility of vegetation that can pdsv support and feeding to the aquatic
organisms.

Biological diversity index (IDB) and the qualitydiex (ICA) for the quality of water applied to Lili
River. For the evaluation of the quality of the Lili rivire IDB and ICA-NSF were used. A more
detailed description of the index is found in AnrgR. In its course the river presented a IDB value
of 1,7 which indicates that the water is averageufgnl whereas the ICA-NSF value was 52 which
indicates a medium water quality. In the dischargmt to the south channel, the IDB was 0,1 and
ICA-NSF was 48, classifying the water as very peliland of bad quality (DAPNM2000)
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3.3.5 Cali River

The river basin is located in the Northwest parthef municipality. The river is born in the Western
Mountain range in the National Park Natural Theafanes, approximately at the 4000 m level
above sea level. The river basin has a surfa@@22#2 ha. The Cali River crosses the city of Gali i
the West east sense crossing 16 km (DAGMA - Unidacsdel Valle, 2007).

Land useAround 69% of the total river basin area consi$tsatural forests which are reflected in
the fact that more than 50% of the area is locatside the National Natural Park The Farallones
(CVC, 2004c). Table 3.8 shows the land uses in<avier basin.

Table 3.8 Land uses in Cali river basin, year 2000

Use Area (ha) %
Natural fores 8175,2 68,6
Cultivated forest 52 0,4
Permanent crops* 184,6 1,5
Transitory crops** 234,1 2
Green grass 1980 16,6
Infrastructure 103,9 0,9
Rastrojos 744 6,2
Moor vegetation 141,6 1,2
Sub-urban area 3,5 0,03
Urban area 3014 2,5
Total 11920 100

*coffee, plantain ** vegetables and corn
Source: CVC, 2004c.

Water useThe waters of the river are used mainly for theawatipply of the city of Cali, by means
of the drinking Plant Cali River, whose maximum aeipy of production is 2,5 fs. At the moment
the water intake is done from the bottom of thenplaith an average volume of 1,8/m (CVC,
2004c). Additionally, the Cali river is used foreggy generation (Cidral-EPSA Plant), animal
consumption (zoo of Cali), landscaping and likeereer of liquid and solid waste discharges
(DAGMA, Universidad del Valle, 2007). In the lastars, the shores of the river had been
recovered and marginal collectors have been cartstfuo avoid the pollution of the source and to
deviate waste waters towards the treatment pleotdéeing discharged to the Cauca River (CVC-
Universidad del Valle, 2004).

Water Quality

In 2003, the flow of the river entering the city wa900 I/s (winter season) and in its discharge
point to Cauca river was 6700 I/s (DAGMA, 2003uring summer time the flow can decrease to
around 10 I/s (DAGMA, 1997). The parameters of Baml COD quality in winter and summer,
showed an increasing trend throughout the routbefiver due to the wastewater discharges from
the domestic areas in the urban zone of Cali. énlaist section of the river until its discharge to
Cauca river the concentrations are increased bydigeharges of the industrial sector from the
municipality of Yumbo), the Collector Margen Izgude (domestic wastewater from Cali).

Around Cali river basin, activities of deforestati@rosion are present mainly in the high parhef t
river basin. Such has contributed to a decreagshe@matural section of the river, changes in the
natural river course which added to the lack ofnteiance of the drainage structure in the city and
accumulation of sediments in the drainage netwbiks caused overflow of the river. A direct
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critical consequence has been the increase in floahts along the river basin of Cali river.
(Delgado et al., 2005).

In summer, it is observed that after the Interguenital Hotel discharge the DO diminishes reaching
lower values up to 1 mgfd. The high polluting loads discharged to the riwaainly in their last
section, generate anoxic conditions producing aimereactions that trigger bad odors. Before its
discharge to the Cauca river, the Cali river (ig deriods) does not fulfill the minimum level of
DO (4 mgQ/l) established in Decree 1594 of 1984 for the idatsbn of the water body to the
conservation of flora and fauna

The loads of BOD and COD present little variatioithwespect to the climatic condition. On the
contrary, the TSS load is greater in winter thasimmer, which would be associated to the storm
water contribution that produces the dragging afipalate material. According to the monitoring
campaign made in August of 2006 during summerhipleest contribution of load in terms of BOD
and TSS was the collector Margen Izquierdo (urbaastewater from Cali) which presented values
of 15759,4 kg/day and 14025,4 kg/day, respectively.

The high discharge from this collector is direattyated to its great tributary area of 1109,55 ha,
corresponding to its own area of 965,62 ha anchéodne of the Collector Margen derecha of
143,93 ha. Other important discharges in termsoaéfl Ito the river are the industrial wastewater
from the municipality of Yumbo, the Aguacatal riyére different domestic waste water discharges
along the river (DAGMA-Universidad del Valle, 2007)

Index ICA-NSF for the quality of water applied taliCRiver. The ICA-NSF presented medium
quality when the river enters the urban area, pbssiaused by the wastewater discharges of the
settlements located in the high part of the rivanlb After that, the quality of the water along the
urban area is of bad quality.

During the summer conditions, in the river mouthe twater reaches a very poor quality
classification, indicating the effect caused bynsuareas located around its margins and the
industrial wastewater discharges from the industie Yumbo municipality located 800 m
upstream the final discharge of Cali river to Cadear (CVC - Universidad del Valle, 2004) (See
Figure 3.24, in which the blue color means goodityyaireen average quality, yellow bad quality
and red is not apt for human consumption).

3.3.6 Aguacatal River

During its course it receives the contribution e¥eral water streams, wastewater discharges from
nearby quarries, coalmines and most of the wastersvaof the nearby municipalities. The
Aguacatal River after crossing the urban area dif fGaapproximately 6 km meets the Cali River.
The Aguacatal river basin has an approximate aréa<9 ha.

Land usesThe high part of the river basin (Alto Aguacatala—Rlayita Sector) is characterized by
farm dwellings with pigs breeding fed by the riveater. In the Playita sector there are located to
the right margin dwellings under high risk of lahde.

The middle part of the river basin (La Playita $eetEl Choclo creek’'s mouth) is characterized by
an area of forests which is protected but thatnideu risk of extinction due to the high level on
uncontrolled urbanization to the right margin of tliver. The vegetation green layer is poor with
presence only of rastrojo (type of grass) at thekbaf the river. The low part of the river basii (
choclo creek’s mouth —Aguacatal river mouth) isrelsterized by a forest protected zone at both
sides of the river bank and presence of buildimgsdsidential use. The land uses were described
according to (DAGMA, 1997).
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Figure 3.24 Map showing the quality of water of @edi river based on ICA-NSF index.
Source: DAGMA-Universidad del Valle, 2007

Water useln the Cali urban zone, the Aguacatal river is usedlothes washing, for aesthetic and
landscape aims (lake of the club "the Shore")gkdraction of construction material (rocks) and as
wastewater disposal and solid waste.

Water quality

According to DAGMA, Universidad del Valle (2007)etiAguacatal river basin has the lowest flow
of all seven river basins with an average flow @90n¥/s. The river in the urban zone, presents
also slums that generate as much deterioratioménstope as in the water quality, due to the
wastewater discharges (DAPKRID00 mentioned by EMCALLI, 2007a).

According to the monitoring campaign made in Augoét2006 during summer, the highest
contribution of load in terms of BOD and TSS was thocho river, which presented values of
83.95 kg/day and 772.9 kg/day, respectively (DAGMAersidad del Valle, 2007).

Index ICA-NSF for the quality of water applied tguacatal RiverThe ICA-NSF index showed
that when the river enters the urban area is ofimedjuality, possibly caused by the wastewater
discharges of the settlements located in the highgd the river bank. Following, the water finall
reaches “bad quality” in its discharge point toiGiler (DAGMA - Universidad del Valle, 2007)
(see Figure 3.25, in which the blue color meansdgmpaality, green average quality, yellow bad
quality and red is not apt for human consumption).
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Figure 3.25 Map showing the quality of water of uagatal river based on ICA-NSF index.
Source: DAGMA - Universidad del Valle, 2007

3.3.7 Pance River

The river basin is located in the South-west mauntss area of Cali with an area of 8975 ha. It is
born in the Pance mountain, at level of the natioatural park The Farallones at 4200 m above sea
level. It crosses the municipalities of Pance anddragine and finally discharges in Jamundi river
(EMCALI, 2007a).

Land useThe high part of the river basin (the river sourca-Voragine sector) is characterized by
agriculture crops. There is land dedicated theresxte cattle breeding. At small scale there are als
corn, beans, coffee and plantain crops.

The middle part of the river basin (La Voragine teec— Soccer Club Deportivo Cali) is
characterized by the biggest concentration of alitice activities and commercial activities
focused on tourism. Around the populated areather fish and forest activities.

The low part of the river basin (Club del Deporti@ali-river mouth) is characterized by
construction of lots and educational centers. Thegdso extensive cattle breeding activities. This
are corresponds to the expansion urban area oftthef Cali (DMP, 2004).

Water usePance river is the last natural source for reavaati purposes of the inhabitants of the
municipality of Cali. Hence, its social functiameéxtremely important.
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Water Quality

According to DAGMA (1997) Pance is the river witlgest average flow of approximately 2,59
m’/s. It is the only river that presents crystallimater and less contaminated reason why it is used
as the only recreation source in the city. In Pandeer bank, the highest presence of vegetation
and ethnic animal species is found (DAGMA, 1997).

Index ICA-CETESB for the quality of water appliedPance RiverThe ICA- CETESB is an index
that considers the potential use of water bodiess@sces for human consumption. More
information regarding this index can be found imAr A 3.2, Table A 3.2-4. The index classified
the waters in Pance river as good quality durirgttho monitoring campaigns carried out by CVC
in 2006.

3.4 GROUND WATER IN THE CITY OF CALI

The ground water constitutes an important resotine¢ contributes considerably to supply the
seasonal and spatial water deficit in the Valleyhef Cauca and specifically in Cali, becoming an
alternative source of water supply for the munikipaof Cali. The quality of the underground
water in the municipality of Cali is classified general terms as good, being best in the sector of
Pance (in the physical - chemical aspect). In tiohiological aspect there is located pollution in
the sub river basin of Pance and Cauca river, sidtref the septic tanks’ infiltration by lack of
sewage systems (DAGMA, 2000).

DAGMA (2000) characterized the ground water in Galcording to the river basins of the Cali

rivers. This methodology allows the evaluationla# specific physical and chemical characteristics
of ground waters depending on factors such as wingeology and entropic action. Table 3.9,

shows the ground water characteristics accordinigeoiver basins.

Table 3.9 Characteristics of the groundwater indilgbt sub-river basins in the urban area of Cali.

. . Length Area Transmisivit Flow
River basin (kn?) (km?) (m/day) / (m*lyear)
Pance 2 10,0 30 328.000
Lili river 2 50 70 511.000
Meléndez river 2 7,5 36 438.000
Other* 4,5 16,5 30 949000
Cafaveralejo 1,6 5,3 35 245.280
Cali river 5 34,0 60 1.314.000
Cauca river 18 36,0 150 7.884.000
Total available ground water flow 11.304.280

Note: * corresponds to “Chorros” and “San Fernangater streams
Source: DAGMA, 2000.

The estimation of the groundwater volume of eaebrbasin, registered in Table 3.9, is centered
in the fact of using only the water that drains iighest part of the aquifer (between 15 and 60 m)
not including the water storage. The calculateduahflow volumes are the maximums estimated
for extraction. exceeding these values would predart over-exploitation of the aquifer causing its
definitive exhaustion and possible bad effectshenground, since it has happened in many parts of
the world.

To the year 2000 the use of the highest aquifahencity of Cali (approx 300 wells) reached a
volume of 8 millions of m3/year, which is equivaldn a 75% of the technically allowed usage
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volume without interfering with the water storagéis means that still it can be counted on an
additional volume of 25% within the volumes teclatliz available.

According to the group for underground water frorAGMA, at August 2007 there has been
identified 475 underground wells in the city of Calit of which 44 are used by the industry, 235
are used for car washing by the gas stations, %used for irrigation, 9 are used for human
consumption among other uses.
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Annex 3.1. Cauca River: Water Quality SWITCH Project

A3.1 CAUCA RIVER: WATER QUALITY MONITORINGS

In the year of 1969 the CVC initiated the measurgmef the quality of the water in the tributary
rivers and industries that contributed with highde of pollutants to the Cauca river. In that same
year the controlled monitoring of the final sewaystem’s discharges in the city of Cali began as
well (Galvis et al., 2001). As of 1980, the CVC arg program of systematic monitoring, fixing
sampling points in 19 stations located along thec@aRiver, which continue working as far as
today. The sampling plan of the Cauca River andritsitary rivers oriented to the finding of
strategies of control and management of the wassurce, setting out the following objectives:

* To estimate the space and temporary evolution efgtimlity of the water in the Cauca River
and its tributary ones.

« To evaluate the impact of the strategies for th#rob of the contamination of the Cauca River
and its tributary rivers.

* To obtain data for the planning and decision makihthe polluter pays policy.

» To propose schemes of sampling with intentionsatbration in simulation models.

Base on these objectives, the CVC carries outdhgkng monitoring campaigns in the stations on
the Cauca River, tributary rivers, the industriesl he municipalities considering different water
quality parameters as it is point out in Table AB.The site and the frequency of sampling appears
in Table A3.1-2

Table A3.1-1 Water quality parameters monitoredhayCVC

Type Parameter Unit Staticr;r rllbutary Mun|C|pa_I|ty Qt.her._ Industries
rivers of Cali Municipalities
Hydraulic | Flow m/s X X X X X
Temperature °Cc X X X
pH Unit X X X
DO mg/l X X X
Total solids mg/l X X X
Dissolved
solids mg/| X X
Suspended | X X X X
solids
Turbidity UNT X X X
Physical- | Color uc X X X
chemical | conductivity | Mmhos/cn} X X
Total
hardnes mg/l X X
Magnesium
hardness mg/| X X
Calcium
hardness mg/l X X
Alkalinity
Total mg/| X X
Phenol
alkalinity mg/| X
. BOD mg/l X X X X X
Organics
COD mg/I X X X X
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Table A3.1-1 Water quality parameters monitoredhgyCVC, cont.

Type Parameter Unit Statig nTn_butary Mummpahty _Ot_her_ .| Industries
rivers of Cali Municipalities
Total mg/l X X
Organic
Nitrogen mg/| X X
Ammoniac
_ Nitrogen mg/l X X
Nutrients Nitrates mg/| X X X
Nitrite mg/l X X X
Total
phosphorous mg/l P X X
phosphate mg/l POA4 X X
Total mg/l Na X X
Dissolved
sodium mg/l Na
Total
Potassium mg/l K X X
D|ssol\_/ed mg/l K X
lons potassium
Calcium mg/l X X
Magnesium mg/l X X
Carbonate mg/l X X
Bicarbonate mg/l X X
Chloride mg/l X X
Sulphate mg/| X X X
Sulphate mg/| X
.| Silice mg/| X
Inorganic -
Fluoride mg/l X
Cyanide mg/l X
Aluminum mg/l Al X X X
Cadmium
Total mg/l Cd X X X X
Chromium
Total mg/l Cr X X X X
D|ssolyed mg/l Cr X X
chromium
Metals  I'Copper mg/l Cu X X X X
Iron Total mg/l Fe X X X X
Dissolved mg/l Fe X X
Mercury mg/l Hg X X X
Manganese| mg/l Mn X X X X
Manganese
Dissolved mg/l Mn X X

Urban Water Management for the City of Cali - Diagis Report A3.1-2



Annex 3.1. Cauca River: Water Quality

SWITCH Project

Table A3.1-1 Water quality parameters monitoredhgyCVC, cont.

Type Parameter Unit Station-rrr'it\)llejtriry Mugf'%gﬁ“ty Mun%igzrlities Industries
Total Nickel| mg/I Ni X X X X
g:ggg:ved mg/l Ni X X
Metals Lead Total mg/l Pb X X X X
Dissolved mg/l Pb X X
Zinc total mg/l Zn X X X X
zinc mg/l Zn X X
Microbiol Coliforms NMP/100 X X X
ogic Coliforms NMP/100 X X X
Pesticides p.p-m X
Source: CVC-Universidad del Valle, 2001
Table A3.1-2.Site and frequency of sampling caraetlby CVC.
Sampling point Frequency

Cauca river

19 stations located along the river

Three month

Tributary rivers

41 rivers, out of which 30 are Cauca river tribigar

Three months

CVC controls around 200 industries in the Valle @alica

)

Industries Six months
department
Municipalities Municipal wastewater discharges in the municipaditof Valle Six months
del Cauca department
Source: CVC-Universidad del Valle, 2001
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A3.2 WATER QUALITY INDEXES

ICAUCA index: To formulate ICAUCA index, the water quality ind@CA) and contamination
index (ICO) were adapted. After a sensitivity as@yfrom this two indexes applied to the
conditions of Cauca river to be used in the agrnical human consumption and fish sector, the
criteria selected to adapt the ICAUCA index rivexsw

1. Dissolved oxygen
2. Feacal coliforms
3. Turbidity

4. BOD

5. Suspended solids
6. Color

7. Total solids

8. pH

9. Total phosphorous
10. Total Nitrogen

Considering the river as a source for human consomprior to conventional treatment, the
ICAUCA index was classified as shown in Table A3.2-

Table A3.2-1 ICAUCA index for the classificationlve used as human consumption

Value ICAUCA Water classification
80-100 Optimum quality
50-80 Good quality
35-50 Acceptable quality
20-35 Inadequate quality

0-20 Bad quality

Source: Patifio et al., 2005

I CA index from National Sanitation Foundation (ICA-NSF): Brown et al. (1970) supported by
the National Sanitation Foundation, proponed th&-NSF index for the quality of water

The physical and chemical parameters used to eedtlue river based on the ICA-NSF were

Biological oxygen demand (BOD mg/l)
Dissolved oxygen (% de saturation oxygen)
pH

Turbidity (Turb, in UNT)

Phosphates (R mg/l)

Nitrates (N@?, mg/l)

Temperature (T)

Feacal coliforms (Coli. F, NMP/100 ml)
Total solids (ST, en mg/l)

©oNOoOghRWNE

To classify the river water swing ICA-NSF there ackassification ranges based on the
characteristics of water to be used as human soliheeclassification is presented in Table A3.2-2
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consumption

ICA index Water classification
90-100 Excellent quality
70-90 Good quality
50-70 Medium quality
25-50 Bad quality
0-2 Very bad quality

Source: CVC, Universidad del Valle, 2004

Table A3.2-2 ICA-NSF index for classification oktlwater resource to be used as water

Diversity Index Shannon Weaver: The diversity index classifies water intended toused for
human consumption based on the parameters in A&uke3

Shannon index (H’) Water classification
0.0-1.5 Very polluted
1.6-3.0 Average polluted
3.1-5.0 Very clean

Source: Roldan (1992) cited by CVC, Universidad\dale, 2004

Table A3.2-3 Water quality classification accordBigannon Weaver diversity index (H’)

CETESB water index. The technical agency for environmental sanitatio®fasil (Compafiia de
Tecnologia de Saneamiento Ambiental de Brasil) FEEB (2002), proposed a modification of
the ICA-NSF index to be adjust to the conditioristiee river basins in Sao Paulo. The ICA-

CETESB is defined by the following parameters:

Total solids

© o N oA

Dissolved oxygen
Feacal coliforms

Total phosphorous
Total Nitrogen

The CETESB classification is shown in Table A3.2-4

CESTESB index Water classification
79-100 Excellent quality
51-79 Good quality
36-51 Medium quality
19-36 Bad quality

0-19 Very bad quality

Source: CETESB (2002) cited by CVC, Universidad\ddle, 2004

Table A3.2-4 Water classification according to & -CESTESB (2002)

Urban Water Management for the City of Cali - Diagis Report

A3.2-2



Sustainable Water Improves Tomorrow's Cities’ He&wWITCH Project

Urban Water Management for the City of Cali
Diagnosis report

Study Case: Cali, Colombia

4. Drinking Water Supply

February, 2008



Chapter 4 Drinking Water Supply in Cali SWITCH Project

TABLE OF CONTENTS

4  DRINKING WATER SUPPLY IN CALL.....oiiiiiiiiiiiies e eessiiiieeeee e A1
4.1 DRINKING WATER SOURGCES.......cottiiiiiiiiiiiceeee et asseesseeeees 4-1
4.2 TREATMENT PLANTS L.ttt eeees et e e e e e e e s ettt eeeeeeeeaesannsseneeeeasannnssnnnees 4-3
4.3 DRINKING WATER DISTRIBUTION.......uiiiiiiiiiiie e eeeiiiie e e e et e e e e e e e snneeeeeeeeeeennes 4-9
4.3.1 General deSCrPLON ........cooi i 4-9
4.3.2 AQE OF TN PIPES ..ottt e e e 4-11
4.3.3 Storage tanks and pumping StatioNS........cccceveereeeiiiieiii e 4-12
4.3.4 Damages in the distribution NETWOIKS........ .o eeerrniiiiiei e ees e 4-13
4.3.5 SErVICE INEITUPLIONS .....coiiiiiiiiie et e cmmmmn et e et e e e e e e e e e e s e e e e eeas 4-14
G B ST = 1=l (0 11T 4-15
4.3.7 Water quality in the NEIWOIK...........ovviiiieeeeeiiiiiiii e 4-16
4.4 MAIN ENVIRONMENTAL PROBLEMS ASOCIATED TO DRINKING WATER
SU P P LY Lttt e e ——— e e e e e et raaae s 4-16
4.4.1 Deterioration of the water supply sources intheaf Cali.........................c s 4-16
4.4.2 Contamination of Cauca river and its effects inavaupply .............cccccevvvvviiiviiennenen 4:17
4.4.3 Risk of contamination of the water distributionWetks..............ccccooiiiiiiiiiiiinnnnces 4-20
4.5 ALTERNATIVES TO GUARANTEE THE DRINKING WATER SUPPLYN CALI....... 4-22
4.6 PRESPECTIVES OF THE DISTRIBUTION NETWORK OF CALLcc...uvvviiiiiieiiiiiiiee, 4-26
4.7 BIBLIOGRAPHY ...ttt ettt e ettt e e e e e st e e e e e e e e nneeees 4-27
ANNEX
ANNEX LIST

ANNEX 4.1 CHARACTERIZATION OF SLUDGE

Urban Water Management for the City of Cali - Diagnosis Report ii



Chapter 4 Drinking Water Supply in Cali SWITCH Project

INDEX OF FIGURES

Figure 4.1 Maximum turbidity values in raw wateriang to the four drinking water plants

O | PP PUPPR PR 4-4
Figure 4.2 Location of Cali's drinking water plants................covvvevviviieieeiiiiiiiiieeeeeeee e, 4-4
Figure 4.3 Rio Cali treatment Plant........ .o 4-5
Figure 4.4 Rio Cauca treatment PIAaNt.......ccceecoeoeiiiiiiiiiiiee e e e e e e e e 4-6
Figure 4.5 Puerto Mallarino treatMent PIANT .. cevveeeeeeeeeeeeeeeieeeiiieeiieeeveeeeieeeeeeeseeeeeeeeeeeeeees 4-6
Figure 4.6 La Reforma treatment plant.......ccccceceioiiiiii e, 4-7
Figure 4.7 La Ribera treatment Plant ........ccccceeuuiiiuiiiiiiiiiceee s 4-8
Figure 4.8 Drinking water distribution network satein the city of Cali.

Source: EMCALI, 20070, ..uuiiiiiiiiiiiiiiiieeeee et 4-9
Figure 4.9 High and low distribution networks inliCa............cooooiiiiiiiiiie e 4-10
Figure 4.10 Distribution of the diameters and matewused in Cali's distribution network........ -1
Figure 4.11 Number of registered damages duringéhnied 1989-2006..............ccceeeeeernnnn. 4213
Figure 4.12 Damages classified by material, ye@62Q....................ooeee e 4-14

Figure 4.13 Total number of hours of interruptidritee delivery of drinking water based on
the affected area and the time spent repairingléimeages (TAD). Period 1998-

2007 i ————— 111411111ttt e et e e e e e e e naatatnaaaeanntnrareaeeeeeeaaanns 4-14
Figure 4.14 Unaccounted for water index in peragatperiod 1997 - 2005..............cce.... 4:15
Figure 4.15 Percentage of time that the drinkingewglants were shutdown due to high

pollution concentration in the water sources infZ05. ... 18-
Figure 4.16 Dissolved Oxygen (DO) and water leeélhe Cauca River in the water intake

point of Puerto Mallarino Plant, March 2007 ....cccc....ueeiiiiiiiiiiiicieeeeeeeee e 4217
Figure 4.17 DO profile that causes the cease ofiies in the drinking plant Puerto

Mallarino in March 15, 2007 from hours 9:45 t0 22pM. ..o 4-18

Figure 4.18 Times Puerto Mallarino and Rio Caueafsl were put out of operation, 2000 to....4-18
Figure 4.19 Percentage distribution of the time Bweerto Mallarino was shutdown and the

likely causes of it. Periods 2000-20086. ..... . eeeeeeeeeeeeeeeeieieeieeeeeeeeeeneneneeeeeeeeess 4-19
Figure 4.20 Boxes diagram presenting concentrattbhazardous substances in Cauca river:

lead and Mercury. Monitoring campaign, july 11-2806.............ccoooeiiiiimieeeeeennnnnne 4-20
Figure 4.21 Location Of the rE€SEIVOIN.......cce e 4-22
Figure 4.22 Diagram of operation way of Puerto lst@tio plant with the construction of the

(12151 =] Vo | PP 4-23
Figure 4.23 Different possible rutes for transploet raw water from Paso de la Bolsa up to

the Puerto mallarino plant.............coueieiiiiii e 4-23
Figure 4.24 Alternatives for guarantee the drinkivager supply from the Cauca river............ 24-

Figure 4.25 Location of the Cali river reservoidaronduction line up to La Reforma plant...... 4-25

Urban Water Management for the City of Cali - Diagnosis Report iii



Chapter 4 Drinking Water Supply in Cali SWITCH Project

INDEX OF TABLES

Table 4.1 Water sources and drinking water plantie city of Cali ...........cccccoviiiiiiiiaacce s 4-1
Table 4.2 Cauca, Cali and Meléndez river fIOWSNRO06 ............cccvviiiieiieeeeeiiiiiceeen e 4-1
Table 4.3 Comparison between the rivers availdblesfand the drinking water plants

o= 0T T 11 = 4-1
Table 4.4 Minimum, maximum and average concentataf the different water quality

parameters measured in the drinking water plaBB6 2................ccoovviiiiiiiineeeennn, 4:3
Table 4.5 Drinking water plants charaCteriStiCS .o oo 4-8
Table 4.6 Chemical consumption in Puerto Mallaand Rio Cauca plants...........................4:8
Table 4.7 Chemical consumption in Rio Cali and ledidRma plants.............cccceeevvvvvivevvvennnnnes 4-9
Table 4.8 General description of the water distidrunetwork in Cali...............cccoovvvvvvimmnns 4-10
Table 4.9 Description of pipes and their trajectiorthe low distribution network in Cali.......-24
Table 4.10 Age of pipes in the distribution netwarkCali..............ooooeeeiii 4-12
Table 4.11 Principal tanks in the distribution natlvin Cali............oooveviiiiiiiii e 4-12
Table 4.12 Pumping stations and storage tankseimigh network ...........ccccooeeeeiiiiniinn . 4-12
Table 4.13 Pumping stations and storage tankseitotlt Network ..............cooeeeeeiiiiiii i, 4-13
Table 4.14 Volume of unaccounted for water in C&eriod 1997-2003. ...........cccceeveeeiiiiics 4-15
Table 4.15 Phenols concentrations. Monitoring cagmauly 11-15, 2006...........................4-20
Table 4.16 Row water quality description — Caugarr{Period 14/08/2003-13/05/2004). ......... 4-21

Table 4.17 Effluent water quality description —Cauriver (Period 14/08/2003-13/05/2004). ...4-21

Table 4.18 Microbiologic and physical-chemical dtyah the water column according to
aaTe UES A E= 10/ 01 TSP 4-22

Table 4.19 Alternatives for guarantee the drinkireder supply from the Cauca river............. 24-

Urban Water Management for the City of Cali - Diagnosis Report iv



Chapter 4 Drinking Water Supply in Cali SWMTCH Project

4  DRINKING WATER SUPPLY IN CALI

4.1 DRINKING WATER SOURCES

The water sources for the five drinking water pdaint the city of Cali are Cauca, Cali, Meléndez
and Pance river. Table 4.1 shows the five drinkiager plants and their respective water source.

Table 4.1 Water sources and drinking water plantbe city of Cali

Water source Drinking water plant
. Puerto Mallarino
Cauca river -
Rio Cauca
Cali river Rio Cali
Meléndez river La Reforma
Pance river La Ribera

Cauca river, which supplies two of the five plarfsterto Mallarino and Rio Cauca, presented a
flow variation between 80 and 251%m during summer season in 2003 (CVC, Universideld d
Valle, 2004). During year 2006, the minimum dailgw during dry conditions was 106%ms and
the maximum daily flow during rainy season was 65 (EMCALI, 2006 cited by Vasco, 2006).
This flow trend contrast Cali and Meléndez flowsyieh during summer season do not count with
sufficient amount of water to keep up the drinkimgter production capacity of the plants they
supply. Rio Cali and La Reforma drinking water pgarsupply 19% and 5% of the total
consumption of the city, reaching specially thehleigt parts of the city. Table 4.2 shows the
minimum, maximum and average daily flows for Cau€ali and Meléndez rivers during year
2006.

Table 4.2 Cauca, Caliand Meléndez river flowgn2006

s Minimum daily flow dry Maximum daily flow Average daily flow
ource . 3

season (fis) rainy season (f¥s) (m%s)
Cauca river 106 651 264
Cali river 1,52 22,22 4,76
Meléndez river 0,39 3,00 1,23

Source: EMCALI, 2006 cited by Vasco, 2006

According to the report from the Technical Plannibgpartment from EMCALI, in September
2007, the maximum available flow for the riversiGald Meléndez are below the installed capacity
of the drinking plants they supply. This situatitas caused that the drinking water production from
Rio Cauca and Puerto Mallarino plants, supplie€hayca river, increase so that they can cope with
the water demand in the city. Table 4.3 shows apeosison between the river flows and the
drinking water treatment capacity of the plants/thepply.

Table 4.3 Comparison between the rivers availdbiesfand the drinking water plants capacities

Plant Source Ri_vers maximum Treatment capacity
available flow (n¥/s) (m%s)
Rio Cali Cali river 0,80 1,80
Rio Cauca Cauca river 2,50 2,50
Puerto Mallarino 6,60 6,60
La Reforma Meléndez river 0,30 1,00
Total 10,20 11,90

Source: EMCALI, 2007a. Technical Planning Departmen
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In year 2004, EMCALI bought drinking water plant Rébera which is uses Pance river as its water
source. This plant supplies the drinking water oekwof an area located in the south of the city
which is called La Ribera as well. The drinking grahetwork counts with a water reservoir of
capacity 5000 rhand a treated water flow of approximately 0,014smAs of today, there is no
documented information regarding flows and watealityi from this system only that there is iron
and manganese presence coming from the mines doicetiee high river basin.

One of the aspects that has influenced the quatityquantity of the rivers in the city is related t
the continue migration of people which settle inusmorganized way without following the regular
urbanization process. Such situation has causemtadtétion in the river basins specially in Cali
and Melendez rivers which is reflected in the ld@nk which are under the treatment capacity of
the plants they supply.

Water quality

Concerning the quality of the water sources fonkirig water, Cauca river, which is the main
source for 77% of the total Cali’'s population, Hesen suffering a continue water deterioration
and has become the main concern of the environihanthorities, water supply company and
the community.

According to the results from the monitoring cangpacarried out in July, 2006 (EMCALI,

Universidad del Valle, 2006) there is a high riskuse when using Cauca’s river water as
drinking water source. Such risk is related to filleowing parameters: DO, TOC, COD, feacal
coliforms, mercury and total phenols since theyeateed the limit values for water quality
established by RAS 2000, decree 1594 -1984 and ORO®4. In this regard there were
concentrations of TOC and COD of 6,55 mg/l an893mg/l respectively which although

lower than values recommended in literature (101mpgB8 mg/l respectively) can affect the
different drinking water treatment processes, reqgi high chlorine doses and increase
trihalomethanes potential risk formation (Arbole@®00 cited by EMCALI - Universidad del

Valle, 2006).

Likewise there are recorded average concentratimfere Puerto Mallarino water intake of
42,88ug/l lead, 2,199/l mercury, 0,01 mg/l de total cyanide, <0,001 Inapromium (VI) , <
0,03 mg/l copper and total phenols of 12,158l

The main problem related to water quality in CatidaMeléndez rivers is the increased
concentration of solids during winter time whichusas many times the shutdown of the
drinking water plants supplied by these rivers. @annation of these rivers is mainly produced
during their course through the urban city wherees& industrial, domestic and agriculture
wastewater are spilled into them. In the drinkingatev plants the following standard
measurements are carried out: Temperature (°Chidityr (UNT), Color (Und), pH (Und), Total
Alkalinity (ppm. CaCQ) and residual chlorine (ppm. &l Table 4.4 shows the maximum,
minimum and average values of these parameters.

Raw water characterization in the plants indicats@nce of maximum turbidity peaks changing
from 2460 UNT to 6000 UNT. The value of 6000 UNTsathe highest registered in the Rio Cali
plant in year 2006. When the turbidity levels exté®e treatment limits, it is not possible to treat
the water since water under such conditions woalgse operation failures in the treatment units in
the plant.
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Table 4.4 Minimum, maximum and average concenmataf the different water quality parameters
measured in the drinking water plants, 2006

Parameters Raw water Treated water
Maximum | Minimum | Average| Maximun] Minimun] Average
Rio Cali Plant
Temperature (° C) 23,20 16,00 19,00 23,3( 17,00 9,63
Turbidity (U.N.T.) 600 1,00 53,75 5,50 0,20 0,72
Color (Un) 250 3,90 39,49 5,60 0,20 1,50
pH (Un) 8,40 6,80 - 9,00 5,80 -
Total Alcalinity (ppm. CaCg) 60,00 12,00 36,93 53,00 12,00 36,1P
Free residual chlorine (ppm. £l - - - 1,90 1,00 1,33
Rio Cauca Plant
Temperature (° C) 25,20 20,00 22,38 27,00 20,40 2,62
Turbidity (U.N.T.) 2460 14,00 131,14 6,30 0,44 ,80
Color (Un) 400 40,0 236,28 10,00 0,70 1,23
pH (Un) 9,00 5,00 - 9,30 4,80 -
Total Alkalinity (ppm. CaCQ) 31,30 17,00 23,65 31,40 11,40 20,65
Free residual chlorine (ppm. £l - - - 2,50 1,10 1,58
Puerto Mallarino Plant
Temperature (° C) 25,20 20,00 22,38 27,00 20,40 2,62
Turbidity (U.N.T.) 2700 21,00 148,26 3,20 0,20 .50
Color (Un) 734 26,00 92,74 6,10 0,20 1,64
pH (Un) 7,50 6,50 - 9,60 4,60 -
Total Alkalinity (ppm. CaCg) 36,30 14,40 24,60 38,10 1,00 21,59
Free residual chlorine (ppm. £l - - - 2,30 1,00 1,50
La Reforma Plant
Temperature (° C) 24,60 17,20 19,58 24,80 17,60 1,02
Turbidity (U.N.T.) 500 0,75 36,30 5,00 0,10 0,40
Color (Un) 400 0,40 50,02 20,00 0,00 0,21
pH (Un) 7,90 6,40 - 9,70 6,50 -
Total Alkalinity (ppm. CaC@) 30,00 11,00 22,32 35,00 14,00 24,14
Free residual chlorine (ppm. £l - - - * 0,40 1,05

Source: EMCALI 2006a
(-) not applicable
*Without date

Figure 4.1 shows the maximum turbidity values rdedrin the four drinking water plants. The
highest values correspond to the ones recordedarCRuca and Puerto Mallarino plants, whereas
La Reforma plant presents the lowest values witthéhtiez river. The likely reason for the lowest
turbidity values in this river is that the watetake is performed in the high part of the riveribas
where human activities have not yet deteriorateg:mguality.

4.2 TREATMENT PLANTS

Location

Figure 4.2 shows the location of the plants Rioi,(Rilo Cauca, Puerto Mallarino, La Reforma
and La Ribera with their respective area of infleeenAs it can be seen from the Figure, Puerto
Mallarino and Rio Cauca supply 77% of the city tigb the transmission North, East and South
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pipes (TTN, TTO, TTS ) which exit from Puerto Mailzo and North and South exits (SN, SS)
to Cauca river.

250,
200+
150

1004

Turbidity (UNT)

o
e

01
2004 2005 2006 2007

O Cali River @ Puerto Mallarino O Cauca River O La Reforma

Figure 4.1 Maximum turbidity values in raw waterivng to the four drinking water plants in Cali.
Source: Adapted by EMCALI 2006a
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Figure 4.2 Location of Cali's drinking water plants
Source: EMCALI-Universidad del Valle, 2007
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Rio Cali plant’s supply area is the North-East a@edter of the city through the pipes center,
south, north and normal (RS, RN). This influenceaacorresponds to the highest part of the city
regarding topography. La Reforma plant suppliesnbighborhoods located in the slope of the
hills in the South-east part of the city.

La Ribera plant, located in the south part of thg i the Pance district, supplies the drinking
water network named Pance.

Following, the most important characteristics & flve drinking plants are described.

Rio Cali: Its water source is Cali river. The plant was pubperation in the year 1930. It has a
production capacity of 1,80 ¥s to serve 420000 people living in the old parths city. It is a
conventional plant that works by gravity. It is qoosed by the following structures:

= Three types of water intake: sideway, bottom anerited siphon type. The last one takes the
settled water from the Chidral energy generati@mpl

= One grit removal.
= One wire of rapid mixture whit addition of liquadluminum sulfate, type B.
= Thirty six mechanic flocculation chambers.

= Three sedimentation tanks which are conventionat@ind 2/3 of the length and the last third
of the length consist in parallel plates.

= Twenty filters, out of which 12 work at decline eaind the remaining eight work at constant
rate.

= Chlorine disinfection.
»  Four storage tanks with capacity of 40000 m

= Five gravity exits: “Refuerzos Norte, Sur, Centxacional, La Normal”’, and one pumping exit
called Bellavista.

- 7™

Figure 4.3 Rio Cali treatment plant

Rio Cauca: Its water source is Cauca river. The plant wasiipaiperation in the year 1958 with a
production capacity of 1,0#s increased to 2,5%s in 1968. It is a compact plant composed by:

* A lateral water intake of capacity 2,76/m

= One grit removal chamber.

= One raw water pumping station.

= 6 Six reactors for rapid mixture with addition ofuminum sulfate and flocculation and
sedimentation processes.
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32 filters at constant rate.

Chlorine disinfection.

Two storage tanks.

One drinking water pumping station to the distribathetwork.

7 Seven pumping stations with a total installedacity of 2,5 n¥s.

Figure 4.4 Rio Cauca treatment plant

Puerto Mallarino: It started operation in 1978. It is located at Naraist part of the city. Its water
source is Cauca river. It has an installed capadiy;6 m/s and supplies approximately 53% of the
total water demand in Cali. The plant was desigaed constructed using complete cycle
technology and it is composed by the following snit

One raw water pumping station with 6 raw water psimp
Activated carbon addition in the impulsion pipes.
Grit chamber with four containers.

Two rapid mix chambers, where chlorine is addeé-{pratment) and liquid aluminum sulfate
is added as well (A(SQy)s) type B.

4 Four reactors compact type where water is flated and settled.
24 filters at decline rate (descendent flow).
Chlorine disinfection.

Chlorine contact tank with capacity of 24000rin the exit, Ca(OH)is added to adjust pH
(8,5-9,0 units).

One drinking water pumping station to the distribatnetwork, composed by 6 pumps with
capacity of 1,1riis each.

Figure 4.5 Puerto Mallarino treatment plant
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La Reforma: It is located in the rural district of Villa Caroein the city of Cali at a level of 1300
above sea. It is supplied by Meléndez river and drasnstalled capacity of 1,0fa. The plant
supplies by gravity the slope hill area of the cityis compact type that can operate at complete
cycle or direct filtration depending on the turlyddf the incoming raw water. It is composed by the
following units:

= One double water intake (bottom and side).

= One grit chamber with two compartments.

= One rapid mix chamber, where chlorine is added

= 4 flocculation units composed by three chamberh.eac

= 4 high rate sedimentation units.

= Rapid gravity filters with sand and anthracite hefisline rate and a filter back wash system.
= One storage tank where gas chlorine is added.

= Two water distribution exits: Lines Napoles y Siloé

Figure 4.6 La Reforma treatment plant

La Ribera: It is located in the middle part of Pance rivesiba The water intake is performed

by means of a side intake design to catch 30,&rdi® Pance river. The plant was bought by
EMCALI in year 2004 and supplies the dwellings frauam Ribera urbanization. The plant has a
technology with multiple stage filtration. The sgstis composed by:

= Deviation channel.

= Regulation pond with an approx. Volume of 10000 m

= Entry channel.

= Two pre-filters with ascend flow. Sand bed of tmeks 1,20 m and five gravel layers.

= Two slow sand filters. Sand bed of thickness 1,2&na 0,20 m gravel layer, 0,05 m thick sand
and 1,00 m fine sand.

= Two storage tanks.
Chlorine disinfection
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Figure 4.7 La Ribera treatment plant

Table 4.5shows a summary of the design parameters and ¢bastics of the four plants that
supply the drinking water demand in Cali.
Table 4.5 Drinking water plants characteristics

Plant Rio Cali Rio Caugduerto Mallaring La Reforma
Initial operation year 1930 1958 1978 1993
Technology Conventional Compact| Complete cycle Conventional
Installed capacity (fis) 1,80 2,50 6,60 1,00
Average production (¥s)! 1,23 1,77 4,11 0,41
Plant shutdowns (hours/year 11,3 37 35 19,6
Sludge production (ton/month) 17,9 30,7 67,8 2,3
Cost treated th ($/nt)* 39,6 97,14 51,8 31,2

Source:
1.Production information, December 2006, EMCALI

2. Production year 2005, EMCALI.

3. Sludge production year 2003, EMCALI
4. Production costs year 2006, EMCALI. Rio Cali &id Cauca plant, production costs - September.2003ts without

expenses of personnel.

Regarding chemical consumption, Table 4.6 showsattad consumption during the last three years
in Puerto Mallarino and Rio Cauca plants. Inttide, it can be seen that the chemical most used
is aluminum sulfate used in the coagulation proeesithe second most used is Calcium hydroxide
used to regulate pH. The main cost in the drinkiager treatment is the consumption of chemicals.

Table 4.6 Chemical consumption in Puerto Malladnd Rio Cauca plants.
Period 2004-2006.

Plant Puerto Mallarino Rio Cauca
Year Aluminum | Calcium | Chlorine A((j:;i;/g(';id Polymer| Aluminum | Calcium| Chlorine Ag;i;/t?étre]c
sulfate (kg) (kg) (kg) (kg) (kg) |sulfate (kg) (kg) (kg) (kg)

2004 | 3.177.112| 1.008.100| 818.454|102.600, O 1.444.711 367.000 298.731] 55.869
2005 | 3.043.862| 1.101.850) 986.796| 158.581|101.172 1.059.475 268.952 220.275/ 45.417
2006 | 3.779.481| 1.447.550/1.001.724 131.522| 47.257| 1.240.179 336.944 247.467|123.983
Source: EMCALI, 2006.

Table 4.7 shows the chemicals consumption in Rilo & la Reforma plants during the period
January —May, 2007.
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Table 4.7 Chemical consumption in Rio Cali and lefoRma plants
period January — May, 2007

Plant Rio Cali La Reforma
Calcium| Chiorine Aluminum | Activated Calcium| Chiorine Aluminu | Activated
Month (ka) (kg) sulfate carbon (ka) (kg) m sulfate | carbon
(kg) (kg) (kg) (kg)
January | 19,98 8,16 80,66 20 5,20 1,81 10,09 0
February] 17,25 6,34 76,13 0 4,40 1,81 12,09 0
March 19,15 9,07 112,69 20 5,35 907 13,29 40
April 18,30 8,16 95,77 20 5,35 2,72 11,54 0
May 16,43 9,07 99,99 40 5,10 907 12,63 0

Source: EMCALI, 2007b

Annex 4.1 describes the sludge quality coming fittve drinking water process in the different
plants. The Annex shows as well the volume andg&udharacterization produced in Puerto
Mallarino plant.

4.3 DRINKING WATER DISTRIBUTION

4.3.1 General description

The current drinking water coverage in Cali is 9fP&chnical planning department, EMCALI,
2007). The drinking water distribution system lre tcity is supplied by Puerto Mallarino, Rio
Cauca, Rio Cali and La Reforma plants. Figure ©8ws the water distribution network
scheme.

The distribution network is divided depending om ttype of service: High network (pumped
system), low network (gravity system) and Reforédditionally, there is the Ribera water supply
system which covers the communities located inPece area. Figure 4.9 shows the low and high
network distribution systems.

La Reforma Plant

Bellavista

Chipichape
Rio Cali Plant

Ciudad

Jardin Pumping
.. Trasvase Trasvase
Mapoles Silge | oTVesE I La Normal La Campifia
Pumping eoe & L ®
Station 4 k.
Mapoles Rio Cauca Plant YUMBO
Tanks -
1%
< ' | — I
TTO
Note: Puerto Mallarine Plant T
@ Tanks

I Drinking Water Plants

Figure 4.8 Drinking water distribution network sofeein the city of Cali.
Source: EMCALLI, 2007b.
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Low Network

. Rio Cauca Plant

Puerto Mallaring

Figure 4.9 High and low distribution networks inliCa
Source: Vasco, 2006

Table 4.8 briefly describes the distribution netiwor the city, considering the water source and the

population covered.

Table 4.8 General description of the water distidyunetwork in Cali

Drinking water Design flow | Current flow, Percentage covered
Network

Source plant (m%s) 2007 (ni/s) population

77% of the population
Puerto Mallarino 6,60 4,20 located in the flat area
Cauca river Low of Cali a_nd a sector
located in the flat area
of the municipality of
Yumbo

Rio Cauca 2,50 1,80

17,1% of the populatio
located in the slope hil
(north-west and center
of Cali)

=)

Cali river Rio Cali 1,80 1,50 High

5,7% of the population
La Reforma 1,00 0,45 Reforméocated in the slope hil
(south-west of Cali)

Meléndez
river

Source: Adapted from EMCALI-Universidad del Vall2007
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Table 4.9 shows the course and diameters followdHa low network in Cali.

Table 4.9 Description of pipes and their trajectiorthe low distribution network in Cali
Plant Network Description

Transmission| Supplies the north of the city with a pipe diameter56” until Cali-
North pipe | Yumbo highway where the diameter are reduced f@thto 12" until
(TTN) Puerto Isaac pumping station in Yumbo.

Transmission

Puerto ; Supplies the south of the city with a pipe diamefe56”. Supplies
Mallarino South pipe Napoles tanks
(TTS) '
Tr:gztrmiss;on Supplies the east part of the city. It crosses Mtareca district wit pipe
PIPE | giameter of 36" until the hospital Valle del Lili.
(TTO)
Ri South exit Meets a deviation of TTS and suppliepdies pumping station.
io ) — . ) .
Cauca North exit Feeds the tanks located in La Campifia neighborkgthd a pipe

diameter of 30”. Exits with a diameter of 24".
Source: Adapted from EMCALI- Universidad del Vall2007

4.3.2 Age of the pipes

The total length of the distribution network in Cal 2703 km. The diameters of the pipes vary
between 25,4 and 1422 mm made of different mategath as: melted iron (HF), cement (AC),
steel, PVC, high density polyethylene (PAD) andttieicron. In Figure 4.10 shows the distribution
in percentage of the diameters and materials usedali’'s distribution network and Table 4.10
shows the approximate age of the pipes in the syste

Diameters distribution Materials distribution

>8; 13% <3:2% HE 12% Others 4%

6-8: 23% D

PVC 44%

3-4;62%
AC 40%

Figure 4.10 Distribution of the diameters and matemused in Cali’s distribution network.
Source : EMCALI, 2006 cited by EMCALI-Universidaeldvalle, 2007
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Table 4.10 Age of pipes in the distribution networkCali

Material Material distribution (%) Installation ta Avg:gres)age

PVC 43,28 1982 — 2005 12
Cement 39,98 1956 — 1992 31
Iron 12,39 1942 — 1962 53
Pre-enforced concrete 2,03 1960 — 1997 27
Ductile iron 0,82 1994 — 2005 6
Steel 1,31 1964 — 1982 32
Sg:éeitt;‘y'e”e high 0,19 2005

Source: EMCALI 2006 cited by Vasco 2006
4.3.3 Storage tanks and pumping stations

Table 4.11 shows the information regarding theaggertanks in the city.

Table 4.11 Principal tanks in the distribution netkvin Cali.

Tank Water source
La Campifia | North exitand TTN
La Normal [Water from the high
Siloé La Reforma plant through a pipe of 24"diameterdry season, low network puma watef to
these tank
Napoles TTS
C. Jardin Compensation tank located in pilot arépd¥es — Ciudad Jardin

Source: Adapted from EMCALI

The pumping stations corresponds to the sectolddgdoles, Menga alto and bajo, Bellavista 1 and
2, Siloé tanks, La Normal tanks, Yumbo and Terréto@do (EMCALI, 2006 cited by EMCALI-
Universidad del Valle, 2007).

Table 4.12 and Table 4.13 show the pumping stationsthe storage tanks in the high and low
networks with their respective capacities.

Table 4.12Pumping stations and storage tanks in the high orétw

Pumping station Tank

Name Capacity (it h) Location No. Volume (M)
Bella vista 420 Rio Cali plant 4 40
Cristales 58 Bella vista pumping 2 2,5
Terron Colorado 1 430 Te"o'.‘ Colorado 4 2,69

pumping

Terron Colorado 2 202 Menga pumping 2 2
Terron Colorado 3 111 Cristales pumping 1 120
Terron Colorado 4 43 Norte 1 pumping 3 3,2
Aguacatal 54 - -
Siloé Antiguo - - -
Menga Antiguo 129 - -
Menga Nuevo 40 - -
Norte 1 - - -
Total 1487 Total 16 50,51

Source: URL-1
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Table 4.13 Pumping stations and storage tankseihotl network

Pumping station Tank

Name Capacity (it h) Location No. | Volume (f
Siloé 1 576 Siloé (La Nave) 2 24
Siloé 2 396 Normal 2 30
Siloé 3 396 Campifa 2 32,5
La Normal 630 Ciudad Jardin 2 8,5
Napoles 1446 Yumbo 2 4
Los Chorros 90 Norte I 4 1141
Yumbo 1 - Siloé 1 1 480
Yumbo 2 - Siloé 2 1 990
Norte Il E - Siloé 3 1 450
Total 3534 Total 17 102061

Source: Adapted from EMCALI- Universidad del Valk§07
4.3.4 Damages in the distribution networks

In Figure 4.11 it can be seen that the number ahadpes
replacement of pipes in the networks and generaitar@ance.
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1855 1833

Number of damage

has decreased with time due to

2149

1796

1510

2000+ 167
1500
1000
500
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Year

Figure 4.11 Number of registered damages during¢hied 1989-2006

Source: EMCALLI, 2006b

According to Figure 4.12, the cemented pipes aeeaihes that registered the bigger number of

damages followed by PVC and iron pipes. In the caete pipes is more likely to find damages

since this type of pipes constitute 40% of thaltptpes in the network. However, cemented pipes
are more likely to suffer damages than PVC pipdsidiv constitute 44% of the total pipes) since

PVC material is stronger. In year 2006, PVC pipegistered 198 damages in comparison to
cemented pipes with 1106 damages.
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Steel, 0.2%
P.A.D., 0.3%American Pipe, 0.2%

Ductil iron, 0.0%

P.V.C, 13%

Melted Iron, 13% Cement, 73.2%

Total Damage: 1510

Figure 4.12 Damages classified by material, ye@620
Source: EMCALI, 2006b

4.3.5 Service interruptions

Figure 4.13 registers the total number of hoursnithe distribution network services were stopped
and the average time spent in the damages (TADglyears 1998 and 2007.

The interruption of the service is made only in #tea where the damage was presented with an
approximated duration of 12 hours based in thertedoom the last years. The time spent in
damages has decreased in the past years showimgpaavement in the efficiency in time
reparation. In this way the time of interruptionthre delivery of water has decreased as well.
However, due to the high number of damages regidtar the networks, the interruption time is
still to long; for instance in 2006 the total numh hours of cancellation of the system was
19616 hours.

60000 30
* The registered values in 2007
correspod to the period January

50000 25

LLLLL

1.57
40000 20

17.55
30000 - - Wi1548%g o N 0 15
2.99

20000 +4— —— »— W — +— — 4+——1136] 10
Y4280 54880 24180 , 99 45863 38285 ‘032 31528 -

10000 | 5
11460
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Total number of hours of service suspension
Average T.A.D.

Figure 4.13 Total number of hours of interruptidritee delivery of drinking water based on the

affected area and the time spent repairing the dam@ AD). Period 1998-2007
Source: EMCALI, 2007¢c
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4.3.6 Water losses

The unaccounted for water index has been kept aohghroughout the years with average
values reaching 40%. As it is shown in Table 4.44yéar 2003, 86'161822 Yrof the total
produced water were not charged which indicatesgnce of illegal connections mainly in
slum areas. Such amount of water lost (not chargepdesents great economic losses for the
drinking water company in charged, in this case EMC

Table 4.14 Volume of unaccounted for water in C&eriod 1997-2003.

Total volume of Volume of water
. . Volume of water not| Average un-accounted
Year supplied water according to payments . .
(m3/year) (m3/year) paid (n?/year) for water index (%)

1997 209.506.839 147.316.543 62.190.296 29,63
1998 212.724.360 142.176.023 70.548.337 33,16
1999 195.809.566 132.836.212 62.973.354 32,14
2000 199.005.765 130.774.290 68.231.475 34,26
2001 212.230.029 130.074.944 82.155.085 38,63
2002 223.595.369 132.516.378 91.078.991 40,72
2003 219.475.452 133.313.630 86.161.822 39,25

Source: EMCALI, 2003.

According to EMCALLI, for the year 2007 until Julye unaccounted for water index has reached an

average of 39,98%. Figure 4.14 shows the percentaigen-accounted for water during the period
1997- 2005.
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Figure 4.14 Unaccounted for water index in percgatperiod 1997 - 2005
Source: EMCALI, 2007b
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4.3.7 Water quality in the network

The water production department in EMCALI countshwa central lab where water quality control
is carried out daily. In the lab, physical-chemieald bacteriologic analysis are made to water
samples taken in different parts of the city (Va<06).

After a study carried out by EMCALI-Universidad déhlle (2007), that analyzed possible ways to
reduce the toxicity risk in the water network sugglby Cauca river, it was found that the high
network presents problems associated to presengantitulate material which influences the
turbidity, total solids and real color in the wat8uch problem may be related to the age of pipes
which are older than 36 years.

There are also chlorine concentrations above 1 regfirded in the monitoring control stations in
the distribution network which can influence forroatof by-products in the network and increase
the risk of chemical contamination in the water (EM.I-Universidad del Valle, 2007). More
discussion about contamination of drinking netwari{s be discussed in Section 4.4.3.

4.4 MAIN ENVIRONMENTAL PROBLEMS ASOCIATED TO DRINKING W ATER
SUPPLY

4.4.1 Deterioration of the water supply sources in the ty of Cali

The water supply sources in the city of Cali préseprogressive quality deterioration mainly due

to deforestation, to presence of slums locatedénprotection area of the river basins and to the
discharge of wastewater. The contamination ofribers threaten the supply of drinking water

being the biggest affected source Cauca river tclwifie next section 4.4.2 will be devoted.

Due to the contamination of the water supply saardckee drinking water plants present higher
operation and treatment requirements and as a go@see an increment in the treatment costs.
When there are pollution peaks, EMCALI suspendsinkeke of raw water. As it can be seen in
Figure 4.15 the drinking water plants that predégher operation-time stops are Rio Cauca and
Puerto Mallarino which are supplied by Cauca river.

Rio Cali
Rio Cauca 11%
36%

La Reforme
19%

Puerto Mallarino
34%

Total stop time= 102 hours and 54 minutes

Figure 4.15 Percentage of time that the drinkingewplants were shutdown due to high pollution

concentration in the water sources in year 2005.
Source, Vasco, 2006
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4.4.2 Contamination of Cauca river and its effects in wagr supply

The city of Cali depends 77% on the Cauca rivetterdrinking water provision. The deterioration
of the quality of this source is threatening thfe garovision of water to the population, when the
risk is increased as much as the acute and chpoimit beyond the capacity of treatment of the Rio
Cauca and Puerto Mallarino plants.

The two most important sources of contaminatiostngam the water intake of Puerto Mallarino
Plant are the south channel and the Navarro dispisavhich discharge wastewater and pollution
around 5 km upstream the Puerto Mallarino watexkiat As an example, the level of contamination
of Cauca river is reflected in the oxygen curveorded in the water intake point of the plant in
March, 2007 shown in Figure 4.15, where it candmnghe sudden oxygen decrease in the river.

Hourly monthly average
Dissolved Oxygen 4,45 mg/l

Scale Valu

O plant stop

1
o 9 % ‘ —— River level (m) —— DO (mg/l)
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 293130
Days of the month

Figure 4.16 Dissolved Oxygen (DO) and water lee¢lhe Cauca River in the water intake point

of Puerto Mallarino Plant, March 2007
Source: EMCALI, 2007d. Daily report of DO and wal@rels recorded in Puerto Mallarino Plant

When the DO levels in the water intake point reachelues lower than 2 mgl) EMCALI
suspends the raw water intake. Figure 4.17 showasxample of the low DO levels in the water
intake in Cauca river registered in a day in Mag®0)7. The low DO levels caused the stopping of
operations in the Puerto Mallarino plant duringeaiqud of around three hours.
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Time of the event 315 & ¥ w

Figure 4.1D0 profile that causes the cease of activities inditigking plant Puerto Mallarino in

March 15, 2007 from hours 9:45 to 12:45 pm.
Source: EMCALI, 2007d. Daily report of DO and walrels recorded in Puerto Mallarino Plant, 2007

Likewise, Figure 4.18 shows the number of time¢ tha Puerto Mallarino and Rio Cauca plants
were stopped due to high contaminating levels inc@ariver since the year 2000 to 2006. The
number of time that the plant was left out operatias increased during the years.

The total number of hours that the Puerto Mallaprant was out of operation in the period 2000-
2006 was 342 hours and 11 minutes.

30 +

O Puerto Mallarino @ Rio Cauca 28
24
w25 A
(]
£ 19 19
19 18 17 18 17
7] 15
o 151 13
g 10 10
E 101 7 8
z
5 4
0 - ——
2000 2001 2002 2003 2004 2005 2006

Figure 4.18 Times Puerto Mallarino and Rio Cauea{d were put out of operation, 2000 to
Source: Data reports given directly by Rio Cauempyears 2000-2006 and EMCALI-Universidad del ¥a8007

Figure 4.19 shows the causes of the shutdown opldmg. It can be seen that around 60% of the
times was due to the high polluting levels in tiver, followed by shortages in the electric power.
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70%
60% 58.8% Total stop time = 353 hours and 11 min
6
50% -
40%
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0% T T — T
River High turbidity Without Voltage Damage to  Maintenance Others
contamination electricity variation equipment

Figure 4.19 Percentage distribution of the time Bheerto Mallarino was shutdown and the likely

causes of it. Periods 2000-2006.
Source: EMCALI-Universidad del Valle, 2007

Each time that the drinking water plant is stoppadpre than one million people are left out

without water since the plants are stopped suddehin the DO concentrations measured in the
water intake are low. Additionally there is not t®ys in place that alerts when the plant will be

likely stopped. Hence, there is no time to infggeople that the plants will be stopped so that the
community can take the adequate prevention measumtsm

Additional to the problems surrounding the operaicshutdowns by contamination of the Cauca
river, it has been also found a potential risk ohtamination in the water due to the high
concentrations of phenol compounds, some metalsoagahic matter, which cause by-products
formation as a result of the disinfection procesemvtreating water (EMCALI- Universidad del
Valle, 2006). In Figure 4.20 the diagram of boxed avires found in the monitoring campaign
carried out by EMCALI-Universidad del Valle in 208Gow the variation in the lead concentration
which is similar in the stations Hormiguero and @ef South Channel, the mean value for both
stations is over the value recommended in Natidt@m, Decree 1594 of 1984 (0,05 mg/l)
(criteria of water quality for human consumptiokteatconventional treatment). At the level of water
intake in the station before Puerto Mallarino, tead concentrations stay below the permissible
limits.

Moreover, in Table 4.15 the minimums, maximums amdrages values of the concentrations of
phenol compounds are shown monitored in 2006. ik Table it is possible to observe that the
average total concentrations of phenols are ablowdimit established in National Norm, Decree
1594 of 1984 of the Ministry of Health (that is 20 pg/l). This means that there is a risk of by-
product formation from the disinfection with chlog. or penta-chlorine-phenoles and 2,4,6 tri-
chloride-phenol the values stay below the norm.exneless, the wastewater discharge from the
South Channel presents the maximum values (3,99 augl average (1,49 ug/l) in concentration of
2,4,6 tri-chloride-phenol. In spite of this at thevel of water intake in Puerto Mallarino, the
concentration of these parameters is below thet limi the use of the resource as human
consumption.
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Figure 4.20 Boxes diagram presenting concentrattbhszardous substances in Cauca river: lead

and Mercury. Monitoring campaign, july 11-15, 2006
Source: EMCALI-Universidad del Valle, 2007

Table 4.15 Phenols concentrations. Monitoring cagmpguly 11-15, 2006

Cauca river Tributaries Decree|
Parameters Charact. Hormiguero Before Before intake | Zanjén| Desbaratadd Guachal South channdl 1594 ,
South channel Pto Mallarino | Oscuro river river 1984
Minimum <1,00 <1,00 <1,00 <1,0 <1,00 <1,00 <1,00
(ng;:)phem's Maximum | 57,4 39,51 14,53 7854 39,76 78,54 56,9| <2,0
Average 20,06 12,53 4,42 19,87 18,81 19,87 12,78
Penta-chlorine-| Minimum <0,35 <0,35 <0,35 <0,3% <0,35 <0,3b <0,86
phenol Maximum <0,35 <0,35 0,91 5,77 1,06 0,49 3,59 | <2,0
1gl/l) Average <0,35 <0,35 0,42 1,09 0,47 0,37 1,49
2,4,6 Tri- Minimum <0,86 <0,86 <0,86 <0,8¢ <0,86 <0,86 <0,86
chlorine-phenol Maximum <0,86 <0,86 <0,86 <0,86 <0,86 0,87 3,59 | <2,0
(pall) Average <0,86 <0,86 <0,86 <0,86 <0,86 0,86 1,49

Source: EMCALI- Universidad del Valle, 2006
4.4.3 Risk of contamination of the water distribution networks

In the last years the number of complaints of thersiabout the deterioration of the physical qualit

of the water has increased. In addition in a daélgis there are registered between 5 and 7 damages
in the networks, which increases the risk of comation of the water in the networks during the
repairs. This situation constitutes a problem fM@ALI since the potential risk for the public
health to which the users are exposed is unknowse. td the lack of studies on formation of bio-
films, presence of microorganisms and the accumamadf physic-chemical substances in the
internal walls of the distribution networks, redgnt study of the microbiological characterization

of the interior of the pipes of the low networkdiétribution of Cali was made (Mufioz, 2007). In
this study the microbiological quality of the somrand the effluent of the existing conventional
treatment system in Puerto Mallarino was charazgdrobtaining the following results:
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The quality of the water of the Cauca River presenhigh level of microbiological risk. The type
of pathogenic bacteria more found in the raw watere:the Klebsiella pneuminiae, Citrobacter
freudnii, Entrobacter aglomerans, Klebsiella Oxytoca and Proteus mirabilis that represent the
group of the entro-bacteriacea. Belonging to thisug the bacteria must be inactivated in the
system of treatment and networks during the repsinge these organisms grow within bio-films.
In Table 4.16 and Table 4.17 the data of qualirapeeters for raw water and treated water appears.

Table 4.16 Row water quality description — Caugarr{Period 14/08/2003-13/05/2004).

E. Total Heterotrophi Total Total
Parameter Coli Coliforms bacterig Temperaturg pH | TOC I:)hOSphatasiron manganese
(UFC/ml)| (UFC/ml) (UFC/ml) (°C) (un) (mg/ly (mg/) | (mg/l)| (mg/l)
Max 2.1x16 8.8x10 2.96x10 25 76| 90 1,11 9,4 1,8
Min 1.1x10 2.5x10 5.5x10 23 65| 1,37 0,02 2,5 0,04
Average 24 3,97 0,21 51 0,3
Percentile 95% 6,96 0,54

Source: Adapted from Mufioz, (2007)

According to the COT, phosphates and heterotrophicteria concentrations were found in the
evaluated period and the effluent from Mallarinocarl show a potential re-growth and
multiplication of microorganisms inside the netw®ikalls (see Table 4.17).

In the internal walls of the distribution pipesnka and valves, it was found presence of total
coliformes, with maximum values of 5 log units UER?, whereas the heterotrophic bacteria
registered maximum values of 10 log units UFC/¢@tufioz, 2007).

Table 4.17 Effluent water quality description — Caiver (Period 14/08/2003-13/05/2004).

Total Heterotrophic | Temperature TOC Phosphateq
Parameter Coll Coliformes bacteria pH Total iron
(UFC/ml) (UFC/ml) (UFC/ml) (°C) (mg/l) (mg/l) (el (mgl/l)
Max 0 0 80 26 3.7 0.17 0.08 0.098
Min 0 0 0 23 0.7 0.01 0.06 0.015
Average 24 1.9 0.08 0.07 0.06
Percentile 95% 22 3.0 0.16

Source: Adapted from Mufioz, (2007)

The results also indicated the formation of bimfihside the distribution pipes walls which depend
on the temperature variation, total iron insidewads and the distance of the sampling point & th
effluent of the drinking plant as well as the agd anaterial of the pipe.

As it is shown in Table 4.18, in the water colunfithe distribution network, it was found presence
of heterotrophic bacteria in two sampling pointghwvalues of 177 and 92 UFC/100ml. The
presence of such bacteria can be associated tdigtence to the treatment plant and the pipe
material.

In neither of the water column sampling pointsye¢heas record of feacal and total coliformes and
the values for the physical-chemical parametergvi@und inside the standard range (decree 475-
1984). In the PVC and cement pipes, 5 samplingtp@howed TOC values between 2,1-2,9mg/I
which are higher than the ones recommended by USERANQ/I inside the network) which shows
that more maintenance and higher control in themsdurce are needed.

The obtained results in the study from Mufioz (200 icate that EMCALI must study more in
depth the development of bio-films so that it candontrolled and the potential risk health by
contamination on the distribution networks can tevented.
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Table 4.18 Microbiologic and physical-chemical giyah the water column according to material

type.
Microbiologic parameter Mean value
AC (cement) PVC AC/HE
E. Coli (UFC/100ml| 0 0 0
Total Coliformes (UFC/100mr 0 0 0
Heterotrophic bacteria . .
(UFC/100c) 92 0 L
Physica-chemical paramet Average value (Standard deviati
Residual chlorine (mg; 0,92+0,26' 0,891+0,32 0,86(+0,41
pH (Und) Mir-Max 6,5-7,¢ 7,578 7,1-7,7
TOC(NPOC mgl/l 1,5(+0,66 1,75+0,83 1,8(+0,87
Phosphate (mgil) 0,16+0,24 0,17(+0,14 0,18(+0,20
Magnesium (mg/ 0,060,044’ 0,08(+0,08 0,06(+0,01
Total Iron (mg/| 0,13+0,16 0,11+0,14 0,19+0,26
Aluminum (mg/I 0,05+0,02' 0,03i+0,02! 0,05(+0,03
Temperature (°( 27+2,74 29 27(+0,28
Number of dta 12 9 3
Source: Mufioz, 2007.
1. AC/HF Sector where the pipe is made of iron egmient
(*) maximum values
4.5 ALTERNATIVES TO GUARANTEE THE DRINKING WATER SUPPLY IN CALI

Reservoir

In order to guarantee the supply of drinking wateCali, using as source of supplying the river
Cauca, EMCALI proposes the construction of a waeservoir near the plant, that allows the
storage of a sufficient volume of water to supgig Puerto Mallarino plant during the peaks of
pollution in the river. Figure 4.21 shows the ltii@a of this reservoir, that it will allow to storeext

to 80000 M of raw water in an area of 6 ha (URL-2).

e

Source: EMCALI, 2007.
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Figure 4.22. shows the diagram as there would wtaking the intake water and the plant of
treatment of Puerto Mallarino with the operatiornhaf reservoir.

PUERTO MALLARINO
DRINKING PLANT

k

GRIT REMOVAL

A

WATER INTAKE

<«
CAUCA RIVER
—>

Figure 4.22 Diagram of operation way of Puerto lst@tio plant with the construction of the

reservoir.
Source: EMCALLI, 2007.

RESERVOIF

Relocation of the water intake of Puerto Mallarino Plant

Another alternative is to locate the water intakd®oerto Mallarino plant in the Paso de la Bolsa
Station and transport the raw water up to the Budellarino Plant, where the treatment would be
realized. Figure 4.23, shows the different possitites for transport the raw water up to the plant.

Oseuro PUERTO MAL LARING
ORINEING PLANT

Figure 4.23 Different possible rutes for transiloet raw water from Paso de la Bolsa up to the

Puerto mallarino plant.
Source: EMCALI, 2007
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Proposals for location of place for water intake and water drinking plant

The Municipal Enterprises of Cali, EMCALI, also lawtudied alternatives related with the
locating of water intake and drinking water plahttee Cauca river, in a place located upstream the
south channel discharge. In this way it is soughesist the possible pollution by leachate from th
infiltration to the south channel. The places whiengroposes of water intake and drinking water
plant of the Cauca river are shown in Table 4.19®iarthe Figure 4.24

Table 4.19 Alternatives for guarantee the drinkireger supply from the Cauca river

Water Intake Conc_iuctlon Treatment plant
. Regulate Line
Alternative 3
flow (m /S) Length
Place m.a.s.| Place m.a.s.|
(km)
1 6,30 Salvajina 1102 67.6 Pance 1015
2 6,30 La Bolsa 955 17.8 La Bolsa 970
3 6,30 La Balsa 975 41.2 Pance 1015

Source: EMCALI, 2007.
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Figure 4.24 Alternatives for guarantee the drinkiveger supply from the Cauca river
Source: EMCALI, 2007.

Urban Water Management for the City of Cali - Diagnosis Report 4-24



Chapter 4 Drinking Water Supply in Cali SWMTCH Project

Futures sources for water supply in Cali

Medium-term (to 5 years), it considers to optimike sources of hillside, such as the rivers Cali,
Meléndez and Pance. For example, for the Cali rithex proposal is built a dam with a useful

volume of 10,8x10m?, with a regulation flow of 3,53 s and from this place to transport the raw
water up to the La Reforma y Rio Cali plants. Fggdr25, shows the location of the dam and the
conduction line up to the La Reforma plant.

Additionally other sources of water supply for Cadis been individuated such as river Pance, Cali,
Melendez, Timba, Claro and Jamundi in the soutthefcountry and river Naya, Yurumanguim,
Anchicaya, Dagua and Calima in the Pacific coast.

Figure 4.25 Location of the Cali river dam and aactébn line up to La Reforma plant
Source: EMCALI, 2007.
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4.6 PRESPECTIVES OF THE DISTRIBUTION NETWORK OF CALI

The Municipal Enterprises of Cali, EMCALI, it hirdd the Consortium Hiperaguas, to make the
modeling of the distribution network. The targetshis project are the follow:

1. Update of the Technical Register of the systematkewdistribution of EMCALI through a SIG
(System of Geographical Information).

2. Hydraulic modeling of existing networks of watestdibution system with hydraulic calibration.

3. Calibration of water quality for the distributiogstem of drinking water (Residual Chlorine) and
design of the system of disinfection.

4. Design of the division of the distribution systeetwiork.
5. Analysis of future stages of modeling for the dlsttion system.

The modeling of the distribution system was realikg the program INFOWATER, which uses the
software ArcGis. With the calibrated model of thistdbution network, it hopes to obtained
information related with: the possibilities of teervice, expansion of the distribution network in
future zones, operational analysis of the system vaith the map of pressures to identify the points
to diminish the un-accounted for water index. Tgmngject at present is in execution, for that reason
the model is not applying yet.
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Annex 4.1 Characterization in Mg/l Of Sudg SMTCH Project

A4.1 CHARACTERIZATION OF SLUDGE

Table A4.1.-1 Characterization in mg/l of sludgedquced during the washing of the treatment
units. Period 2004-2005

; ) PUERTO

Parameter LA REFORMA RIO CALI RIO CAUCA MALLARINO

Unit| Aver | Min Max | Aver Min | Max| Aver Min Max | Aver| Min Max
pH Units| 7,1 6,7 7,4 6,5 6,3 7,] 6,( 5,7 6,8 6,2 5 7.1
\Volatile
suspended 306,0
solids mg/l
Settled solids mg/I| 299 1 920 601 100 980 521 25 1000 3P1 6 D15
Oil and fats | mg/l <10 83 40 <10 160 <10 148
BOD mg/| <3,7 338 <3,7| 754 <3,7 1286 <3,7 468
COD mg/l| 709 17 1883| 3339/1 282 |1192(8153,4 134 | 180252222,4 32 7500
Total phenolg mg/I <0,0084| 0,049 <0,00840,086 <0,00840,1728 <0,0084 8061
Total cyanidel mg/l <0,009 | <0,658 <0,001| 0,002 <0,009| 0,538
Cadmium mg/I<0,003 <0,033 <0,005| <0,033
Chromium | mg/|<0,257 <0,257| 1,067 <0,043| <0,257 <0,043| 0,466
Lead mg/1[<0,658 <0,658 <0,110| <0,658 <0,110| 0,312
Nickel mg/I[<0,189 <0,183| 468( <0,031| 0,04 <0,031 1,21
Copper mg/l| 0,2 0,184 | 0,311 2,0 0,084 5,620,2 0,03 | 0,315 <0,0§ 0,87
Silver mg/l[<0,071 <0,071 <0,071| 0,071 <0,012 0,02
zZinc mg/l| 0,3 0,118 | 0,383 1,7 0,095 4,09 <0,005( 2,64, 1,8/ 0,069 3,98
Iron mg/l| 169,0 832,5| 0,13 | 2097 164,5| 81 248 | 0,4| 0,341 0,366
Mercury mg/| <0,0001%<0,0004 <0,0001D,006 <0,000170,0017 <0,000170,007

Source: records from drinking water plants, EMCALI

Table A4.1-2. Characterization of Sludge produceBuerto Mallarino plant

Parameter Minimum Maximum Average

Flow (n/s) 0,013 1,580 0,247
pH 6,10 8,00 7,37
Temperature (°C) 23 23 23
Conductivity (1(S/cm) 96 1510 142
BOD(mg/l) 62 1100 297,56
COD (mgl/l) 119,04 2544 664,08
SST (mg/l) 47 2993 909,29
Feacal coliforms 5,909 1,04E%¢ 8,3

Source: EMCALI-Universidad del Valle, 2006

Table A4.1-2 shows the characterization of the gédugroduced in Puerto Mallarino plant
according to the monitoring campaign carried ouduty 11 to 15, 2006 (EMCALI, Universidad
del Valle, 2006). The maximum recorded values agistered possibly during the back wash of
filters and grit chambers.
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Annex 4.1 Characterization in Mg/l Of Sudg SMTCH Project
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Sludge production (r?fmonth)
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Figure A4.1-1 Sludge volume produced in Puerto &alb plant. Period 2006-2007
Source: EMCALI, 2007d. Reports from the plant.

In the monitoring camping it was seen that there aingle sludge discharges with high
contamination loads from which, the possible impagh Cauca’s river water quality are still
unknown.
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