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5 THE SEWERAGE SYSTEM OF THE CITY OF CALI

5.1 GENERAL DESCRIPTION

The sewage system in Cali is composed of 1) stanch @mbined water sewers, 2) regulation
systems such as the dam of Cafaveralejo and therdagf the Pondaje), 3) pumping stations and
4) the Cafnaveralejo wastewater treatment plant WWMZTwhich will be described in depth in
section 6.

Cali's sewage system is a complex system sincesssuch as illegal connections and wastewater
discharges to storm water channels have causedgthoat the years that the majority of the sewage
system has become mostly combined (see Section&8&prding to EMCALLI, the coverage of the
sewage system 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 DrainageteBy (SDN) and East Drainage System
(SDO). Figure 5.1 shows the areas of drainagadi ene of these systems (EMCALI-Universidad
del Valle, 2006b).

Through these three drainage systems, Cali dirdctlins its wastewaters and storm waters through
the left margin of the Cauca river using six diggeapoints: 1) South Channel, 2) Pumping station
Puerto Mallarino-Estacion de Bombeo Puerto Maltarin3) sludge from drinking water Plant
Puerto Mallarino-Lodos Puerto Mallarino ,4) effladrmom wastewater treatment plant Cafaveralejo
(WWTP-C), 5) pumping stations Paso del Comercio Rlodalia- Estaciones de Bombeo Paso del
Comercio and Floralia and 6) indirectly through @udi river via the Collector Margen lzquierda.

5.2 SOUTH DRAINAGE SYSTEM

5.2.1 General overview

This system drains by gravity the South-west pathe city through the main channels which is
called South Channel. Its other principal chanreels the Cafaveralejo channel (which is the
Canaveralejo River once it has been channeled)Famtbcarril channel. The drainage system
intercepts the rivers Meléndez and Lili. Alonglé#t margin there is a protection dike that joihe t
Cauca river dike as well. The length of the dikapgroximately 8 km. The South Drainage System
is the only system that does not count with pumgtiagions. It completely works by gravity. Figure
5.2 shows the main components of the system.

The final wastewater discharge of this system é&s @auca River. The discharge point is located
approx. 5 km upstream the water intake point ofdfieking plants of Puerto Mallarino and Cauca

river, causing: 1) an increase in the risk of usée source for the water supply of the city, 2) a

greater exigency in the operational capacity ofdhieking treatment systems and 3) an increase in
the purification costs.

5.2.2 Wastewater collection and transport

The main transport channel of the system is theis@hannel whose length is 7730 m and it is
coated in its two first sections (3500 m). Its agr depth is of 6 m (EMCALI, 2007a).

Urban Water Management for the City of Cali - Diagis Report 5-1
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Figure 5.1 Drainage systems in City of Cali.
Source: EMCALI-Universidad del Valle, 2006b
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Figure 5.2 South drainage system and its main cosmis
Source: EMCALI-Universidad del Valle, 2006b
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Wastewater dischargé&he South Channel conveys all wastewater colleictede South Drainage
System to finally discharge it to Cauca river. Uf&y5.3 shows the South Channel near its final
discharge to Cauca river. Figure 5.4 shows thdlSGhannel discharge point to Cauca river.

Figure 5.3 South Channel nearby its discharge Figure 5.4 South Channel discharge point to
point to Cauca river Cauca river

Currently, there are illegal connections and dedatanitary collectors’ connections that discharge

to the rivers and channels from the drainage sys&mh situation has generated the presence of
wastewater in the system and an increasing ded¢inarof Cauca river’'s water (see more detailed

information in section 5.5).

5.2.3 Systems of regulation

In the South System is located the dam of Cafasjeralhe Cafaveralejo dam is an artificial
system of regulation whose aim is to buffer thevflseaks that appear during winter season in the
Cafaveralejo River and hence avoid flood eventearby zones. It covers an area of 78482 m

5.3 NORTH-WEST DRAINAGE SYSTEM

5.3.1 General overview

The system is composed mainly by the sanitary &mwinswater collectors Margen Izquierda and
Margen derecha, and Guaduales pumping station whrclugh a network of channels discharge
first to Cali river and pumping station Floraliadafinally to Cauca river. The approximated total
length of channels in the system is 15170 m. Tlaeeno regulation systems in this drainage
system (see Figure 5.5).

5.3.2 Wastewater collection and transport

The main collector of the system is the collectarlyen Izquierda which is located parallel to Cali
river. Its total length is 12 km. During its cour#tereceives the wastewater from the north-east pa
of the city and from collector Margen Derecho. €olbr Margen Izquierda finally discharges to
Cali River approximately 800 m before Cali rivescharges to Cauca River (EMCALI-Universidad
del Valle, 2006b). However, on 2003 this collectmilapsed and the discharge point moved
approximately 1000 m upstream the original dischangint (See Figure 5.6 and Figure 5.7).

Urban Water Management for the City of Cali - Diagis Report 5-4
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Figure 5.5 North-west Drainage System and its rnamponents
Source: EMCALI-Universidad del Valle, 2006b
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Figure 5.6 Collector Margen lzquierda Figure 5.7 Collector Margen lzquierda
discharge point, before collapsing in 2003. discharge point, after collapsing in 2003.

Wastewater dischargefhe Margen Izquierda collector conveys and trarispastewater directly
to Cauca river. This collector transports arou@&blof the total wastewater produced by the city of
Cali. The other discharge point is the Floralia purg station which pumps around 2% of the total
wastewater produced in the city to Cauca river (BMIC2007a).

Since December 16th, 2007 are operating the wdrksmstruction made for convey and transport
the wastewater from the Marginales collectors ughéowastewater treatment plant of Cafiaveralejo
(WWTP-C), with the main purpose of reduce the goily discharges made directly to the Cauca
river from Floralia pumping station and take adaget of the capacity of the plant and increasing
the flow to treat in approximately 850 I/s.

The work of construction has two stretches, thst fane with a diameter of 36" and 380 m of
length, which go from the Margen Izquierda colleatp to the Floralia pumping station; the second
one is the impulsion line of 33" of diameter and@3n, which initiates at the Floralia pumping
station up to the wastewater treatment plant ofa@afalejo (WWTP-C).

5.3.3 Pumping stations

Pumping station Floralia

It is located on the north-east side of the citarnthie confluence of the Cauca and Cali rivers. It
drains an important part of the right margin of @&li River, including part of wastewaters of the
nearby districts. It was designed to evacuate stwater from the low zones of the sector (see
Figure 5.8).

This station has four pumps in parallel (see Fidgeu®, each one with a volume of 250 I/s. In
addition the station counts with a system of foukigary pumps with a capacity of 2500 /s,
available for storm water events (EMCALI-Univergiddel VValle 2006b).

Currently, this pumping station receives the waatevs of the Marginales collectors from the Cali
river; from here the wastewater are transportetbupe wastewater treatment plant - Cafaveralejo
(WWTP-C) through the impulsion line, as was mergibbefore.

Urban Water Management for the City of Cali - Diagis Report 5-6
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Figure 5.8 Discharge point from Floralia Figure 5.9 Pumping station Floralia
pumping station to Cauca River

Pumping station Guaduales

It is located in the right margin of the Cali riyém the Guaduales sector. It is a storm waterostat
and counts with and installed capacity of’&mlt operates only one month per year.

5.4 EAST DRAINAGE SYSTEM

5.4.1 General overview

The principal components of the East System areGdageral and Cauca collectors, Oriental and
Cafnaveralejo interceptors, Cafaveralejo, Navarrd Aguablanca pumping stations and the
wastewater treatment plant of Cafaveralejo (WWTPg8g Figure 5.10. The channel system is
mainly composed by Oriental, Secundary and CaudNutde channels and the Paso del Comercio
and Puerto Mallarino pumping stations. The lagaainBondaje and Charco Azul make part of the
regulating system of this system as well.

5.4.2 Wastewater collection and transport

The General or Central collector is the principallector of the system. It works by gravity and
receives the wastewater coming from Oriental imptar, other secondary interceptors and
Cafaveralejo interceptor through Cafaveralejo pogptation. The general collector is connected
to the line influent of the WWTP-C and counts wétlby-pass system to the Cauca river, which is
used in season of rains.

Wastewater dischargéhe East Drainage System has the following finstlthrge points: i) Paso
del Comercio pumping station which pumps around(28® I/s) of the total wastewater to Cauca
river, ii) Puerto Mallarino pumping station whichumpps around 5% (322 I/s) of the total
wastewater and iii) the effluent from the WWTP-Ciethdischarges around 56% (3810 I/s) of the
total wastewater produced in the city (EMCALI, 297

Urban Water Management for the City of Cali - Diagis Report 5-7
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Figure 5.10 East Drainage System and its main coemnis
Source: EMCALI-Universidad del Valle, 2006b

5.4.3 Systems of regulation

It consists of an artificial wetland constructedhie 60°s for the regulation of the storm watethie
city and for the regulation of the frequent floodepts presented in this area of the city. It is
composed by two lagoons, one denominated the Pe(8ajth) and the other Charco azul (North).

Urban Water Management for the City of Cali - Diagis Report 5-8
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The ponds finally discharge to the Oriental mediarmel. Due to presence of illegal slums in the
area, the lagoons have lost their initial hydragkpacity (EMCALI, 2007a). Table 5.1 shows a
comparison between the Pondaje lagoons design tape@arameters and the design capacity in
year 2000.

Table 5.1 Comparison between design and charaateris year 2000 Pondaje lagoons.

Characteristics Design (1959) At year 2000
Area (ha) 31 25 (80% of the original area)
Storage capacity (f 620000 265000 (42% of the original)

361000 (comuna 13) and 4889 people living in

Inhabitants living nearby the lagoons 250 (year9)9f the lagoon protected area.

Source: Quantum, 2000

These regulation lagoons were designed to senda@s lowering hygrograms peaks so that the
maximum pumping flows could be decreased and actiufuin the costs of operation of the

pumping stations could be reached as well. Nevidke according to Quantum (2000), the
function of the lagoons in 2000 was minimal due to:

- Presence of wastewater in the storm water charhatsdischarge to the lagoons (wastewater
flow measured in year 2000 was 320 I/s).

— Direct waste water disposal from illegal slums tedsaround both lagoons

— Disposition of garbage and solid waste in the chnthat discharge to the lagoons and inside
the lagoons as well, (volume of debris found wad02@ ).

— Presence of sediments and vegetation inside thmoteag(volume of measured sediments was
152000 m and vegetation 133462%in year 2000.

— Dissolved oxygen in the lagoon was cero and the®no presence of aquatic life.

In addition, Quantum (2000) found that the areatheflagoons that were not being occupied by
illegal slums (inside and outside) were used ast $igdds, due to the high amount of sediments and
vegetations present in the lagoons (see Figure bigtire 5.12 and Figure 5.13).

‘.:._.- -~ - P> :E::-i ‘g "'_:.___",-,-_-_: ‘ L F
Figure 5.11 Pondaje lagoons in 1982. Figure 5.12 Lagoons EIl Pondaje and Charco Azul

Source : Quatum (2000). in 2004
Source: Contraloria de Cali, (2005).
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Figure 5.13 Pondaje Lagoons in 200
Source: Quatum (2000).

5.4.4 Pumping stations

Wastewater

Table 5.2 shows the pumping stations of East Dgaindystem, which the biggest station is
Navarro, that impels wastewater to WWTP-C.

Table 5.2 Pumping Stations of the East Drainagée8ys
. . Installed Capacity | Receives wastewater Impels wastewater
Pumping Station 3 ) "
(m°/s) from: until:
Navarro 8,0 The Cauca Collectar The WWTP-C
Aguablanca 2,8 An ample sector of The WWTP-C
Aguablanca
~ : Carfaveralejo
Cafaveralejo 6,5 Interceptor The WWTP-C

Source: EMCALI, 2007a
Combined and storm waters:

Paso del Comerciolt was initially designed for the evacuation obrst water coming from
Oriental Channel. However, as it was mentionedregefdue to illegal connections from the
sanitary collectors in the city, at the moment anbmed water volume is pumped from the
Comunas or districts 13, 16, 15 and 6 (see Figur4)5

Pumping station Puerto Mallarindt was originally designed to evacuate storm watekever it
pumps wastewater as well as consequence of iltgadections (see Figure 5.15). It receives water
coming from Cauquita Norte and Secundario Chanret. system is composed by 5 pumps. Each
one has a capacity of 3,6/ The total pumping capacity is 18/

Pumping station Calipsdt drains directly some neighborhoods located i Morth-west part of
the city. It is located in the South and it recsiweaters from Calle 72l collector. It pumps
wastewater to Navarro pumping station, which pumvastewater to WWTP-C and the Pondaje
Lagoons. It has an installed wastewater pumping@gpof capacity 0,7 s and a storm water
pumping capacity of 3,5 #s (EMCALI, 2007a).
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Figure 5.15 Discharge point Pumping station Puktddiarino

5.5 MAIN ENVIRONMENTAL PROBLEMS IN THE DRAINAGE SYSTEM  OF CALI

5.5.1 General view in the three drainage systems

As it was mentioned before, the drainage syste@adif presents many problems starting from 1)
presence of wastewater in the storm water chanBgkhe inadequate disposal of solid waste that
cause clogging of channels, 3) presence of sedierhannels, 4) poor conditions of structures of
the drainage systems such as Combined Sewer Oner{fodSOs), 5) presence of slums and 6) the
presence of hazardous substances specially inaiid Hrainage System, coming mainly from the
industrial discharges and leachate from Navarrpadial site. The drainage system in the most
critical conditions is the South Drainage Systera tho to the presence of wastewaters. Following,
the problems mentioned above will be explained tfee three drainage systems in general.
Afterwards, being the most critical the South Dagi@ System, its problems will be described in
more detail in section 5.5.8.

5.5.2 Presence of wastewater in the channels

The presence of wastewater in the storm water aiaiismainly caused by:

lllegal connections installed directly by house ewmand slum dwellers

— Presence of slums which directly deposit wastewnaterthe channels

- lllegal connections from the commercial sector

- Clogging of the CSOs due to failures in the sewsygtem or lack of maintenance
— CSOs shortage

— Lack of interceptor structures and of sewage nétsvpspecially in slum areas

— Lack of sewerage capacity as well as lack of maenee of the sewage networks
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According to the EMCALI’s technical planning depaent, in 2006 the percentage of wastewater
in the channels of the three drainage systems 28%: presence in the North-west System, 16% in
the East System and 56% in the South System, kbmgSouth System the most critical one
(EMCALLI, 2007a). Figure 5.16 shows a spilling ofstiawaster to a storm water channel.

Figure 5.16. Waste water spilling to a storm wateannel in the north-west drainage area

5.5.3 Inadequate solid waste and debris disposal into thehannels

The presence of solid waste and debris in the steaiter channels and in the drainage structures is
mainly caused by:

- Presence of slums which directly deposit their rsibkinto the channels and the drainage
systems. According to Cali’'s planning municipal ,2@04 the number of slums in the city was
232309.

- Unavailability of official debris disposal siteschsolid waste transfer stations
— Lack of “city culture” and community spirit to cafer their city

- Lack of knowledge and education from the commuretyarding the proper use of channels and
drainage structures, see Figure 5.17, Figure 5di@é¢5.19.

Figure 5.17 Solid waste in the secondary Figure 5.18 Solid waste and debris in the
channel (North-west System) canal oriental (North-west System)
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Figure 5.19 Solid waste the channels from the Egstem.

According to EMCALI (2007), in the year 2005 themuaete storm water drainage system in Cali
presented a total of 98 sites filled with garbagd &5 sites filled with debris for a total of 162
illegal solid waste disposal sites, known as clrahimpsites. The drainage system affected the
most was the East System with an incidence of 899.important to notice that these chronic
dumpsites have a variable location depending onntiantenance and cleaning provided by
EMCALI and the new locations that citizens willsetl to dispose their solid waste (see Table 5.3).

Table 5.3 Number of illegal disposal sites foundhi@ main channels of the three drainage systems
in Cali in 2005.

System Type of waste
Number of solid waste disposal sijdgéumber of debris disposal sites
South Drainage System 25 21
East Drainage System 71 42
North-west Drainage System 2 2
Total 98 65

Source: Adapted from EMCALLI, 2007a

In addition, Table 5.4 shows the total volumesalidswaste extracted from the channels and from
other sewage structures in the three differentndge systems (years 2006 and 2007). It is
important to notice that the illegal and uncongdldisposition of solid waste in the channels is a
critical problem since it is the main cause of 8qwoblems in the city.

5.5.4 Presence of solids and sediments in the channels

The presence of solids and sediments in the chauanel in the drainage structures is mainly caused
by:

— Deforestation and erosion in the hills and tribytdvers that contribute with a high load of
sediments to the drainage systems.

— The impact from slums and the inadequate use ofstllewhich are deteriorating the river
basins causing high dragging of solids to the chknn

- Low slope in channels e.g. South Channel, whoseslope contributes to the settlement and
accumulation of solids

- Lack of knowledge and education from the commuretyarding the proper use of channels and
drainage structures
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Table 5.4 Volume of solid waste extracted fromgbeage system in Cali in year 2006 and until
July, 2007

Solid waste extracted in the cleanipngSolid waste extracted in the cleaning
Month of chasnnels of sewage sygtem structures
(m’) (m’)

2006 2007 2006 2007
January 12480 13758 0 20
February 10650 15256 130 1600
March 14355 15671 500 0
April 9570 14031 1995 0
May 13418 17809 5070 40
June 10240 17204 5060 0
July 10305 13842 525 480
August 10885 - 570 -
September 9570 - 0 -
October 13750 - 320 -
November 14170 - 420 -
December 11474 - 130 -
TOTAL 140867 107571 14720 2140

Source: EMCALI, 2007b
(-) Without date

Accumulation of sediments in the channels decrtasehydraulic capacity and generate bad odors
due to decomposition of organic matter. Also, hégisumulation produces clogging of the system
likely causing flood events. Moreover, the sedirseate dragged during rainy events which
increase the dragged volume and causes high digcheads to the Cauca river, causing as well
depletion in the dissolved oxygen levels in therriio the extent of non treatment. Figure 5.28 is
typical example of the amount of sediments depdsitethe channels.

oy, ER R

Figure 5.20 Presence of sediments in the channels

According to the department for the environmentadorery of the channels of EMCALI, the
volume of sediments extracted from the channeRODE was 137936 (South Drainage System),
172360 m (East Drainage System) and 8683 (North-west System), being the east and South
systems the most critical ones.
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5.5.5 Bad state of Combined Sewage Overflows (CSOs)

The bad state of the CSOs in the drainage strictsmainly caused by:

- Lack of monitoring and maintenance that allows emaster to infiltrate in the storm water
channels and rivers , see Figure 5.21

— Dragging of sediments and rubbish which deterioaatt clog the CSO structures

Figure 5.21 Combined sewage overflows in bad condit

The sewage system in Cali is composed of 635 C3@sevmain function is to deviate the excess
of combined water mainly during the winter sease®% of the CSOs are located in the East
Drainage System, 20% in the South System and 22%eilNorth-west System. In the North-west

System the CSOs located at the left margin of Raler and right margin of the Aguacatal River

present the bigger problems due to lack of maime@maHowever, the North-West System is the
one with fewer problems in comparison to the otfe& drainage systems. In 2005 according to
EMCALI (2007) out of the 635 CSOs, 29% presentedraaequate maintenance, 32% required
reparation and only 21% had an optimal operation.

5.5.6 Landscape deterioration
Landscape deterioration is mainly caused by:

- Inadequate use of channels, specially around pinefection area
— Lack of surveillance

— Lack of awareness campaigns to teach communitgdirect use and maintenance of channels
and sewerage infrastructure.

5.5.7 Presence of slums

The slums in Cali better known as “subnormal seitiets” are defined as illegal communities
which lack the basic public services of water aawitation. Due to the formation of slums, the city
has been growing in an unorganized way, without playining and worsening the capacity of
delivery of water and sanitation services. Accogdim the municipal planning department in 2004,
the slums in the city are mainly distributed nda thountainside (in the districts ccdmuna$
1,2,20 and 18), along the dike on the Cauca river ia the district of Aguablanca (See Figure
5.22).
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Figure 5.22 Slums located on the Cauca river bank

Table 5.5 shows thatomunal concentrates 28% of the total slum dwellingshim city, followed
by comunal8 with 25% and on the third placemuna20 with 17% dwellings presence. These
three comunaslocated in the North-west and South Drainage ®ysjather in total 70% of the
slums in the city of Cali.

Table 5.5 Distribution of the slums on the diffardistricts €omunag of the city.

Zone Location Numb.er of
Dwellings
Comunal (North-west) 6503
Comuna 2 (North-west) 985
Mountain hill Comuna 18 (South Drainage) 5820
Comuna 19 (South Drainage) 212
Comuna 20 (South Drainage) 3853
SUBTOTAL: 17373
Comuna 6 (East Drainage) 754
Cauca River Dike (Jarillon)| Comuna 7  (East Drainage) 810
SUBTOTAL: 1564
Comuna 13 (East Drainage) 978
Comuna 14 (East Drainage) 1566
District of Aguablanca |Comuna 15 (East Drainage) 1623
Comuna 21 (East Drainage) 135
SUBTOTAL: 4302
TOTAL 23239

Source: DAP, 2004

Regarding the presence of the slums only in therodla of the drainage systems, Table 5.6 shows
the number of slums located in the channels oftiree drainage systems. The North-West System
presents the biggest number of slum dwellings.

Table 5.6 Distribution of slums in the channelshaf three drainage systems.

: Number of slums in | Number of dwellings
Drainage System
the channels per slum
East 3 65
South 2 31
North-west 5 96

Source: EMCALI, 2006
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According to the DAPM (Municipal Administrative Flaing Department) to the date of August
1999 the Secretary of Social House and Urban Reioovaad carried out the program of regulation
of the dwellings of which 7 slums (51 dwellings toe 6,3%) had been totally relocated and 24
slums out of 110 (21,82%) had been patrtially reletaFrom this, it can be deduced that in 1999
the final number of dwellings not regulated in ghems was of 16558. Nevertheless, in spite of the
plans of regulation, public recognition and relamatmentioned in the POT, in the year 2004 the
number of slums’ dwellings had increased to 2328%® (Table 5.5) which means that the causes
that originate the presence of slums are stillgares

Problems caused by slums presence

The subnormal establishments or slums are illegalbgrated to the current urban structure as they
uncontrollably connect to the network of deliverdypublic services so that they can satisfy their

basic needs of electricity, drinking water and &ditn. This situation has produced a big impact in

the environment and in the delivery of public seegi such (drinking water and sanitation) like the

increase in the unaccounted for water and the toatshese represent for the municipality.

EMCALI (2007) carried out measurements in 21 sectdrthe city which allowed extrapolating a
total consumption expressed in unaccounted fornmat&290000 ffmonth which with respect to
the total supply of drinking water to the city repents a monthly loss of 7,2% of water produced.
This consumption approximately represents a valtibl®500 million pesos lost per year.
Likewise, the waste water generated in the slundssisharged directly to the water sources without
any type of treatment. The estimated slums’ wadEwdischarged load to the different drainage
systems in the city was approximately 6891 BOD &g/dnd 4373 TSS kg/day.

Another environmental impact generated speciallyheyslums located in the Jarillén of the Cauca
river (dike) is the continuous erosion of the diebilitating its structure which is in charge of
protecting the city from the floods produced by therflow of Cauca river. In the hypothetical
situation that the dike will collapse, the eastapéthe city of Cali would be flooded, which would
represent a serious risk for the life of 60% of gopulation of the municipality, as well as the
affectation of the infrastructure of water supphdaewage system, in addition to the damage that
can occur to the drinking water treatment plantrieuMallarino, that supplies 76% of the urban
population of Cali.

Location of the slums is another critical probléifhile in flat areas the establishments have been
located mainly at the 1) borders of the Cali andd@arivers and 2) in low zones prone to floods by
storm water, in slopes they have been locateddasawith high geologic instability, sometimes on

lands that at previous times served as mining diparareas which are likely prone to collapses.

There is also likelihood of raise in water levelghe superficial water sources and landslide risks
(Restrepo et al., 1998).

5.5.8 South Drainage System

The South Drainage System is the one that prestetsmost critical conditions regarding
environmental impacts. Following, a detailed dggn of the main issues is presented.

Presence of wastewater in the storm water channels

The presence of wastewater in the channels is ynainé to the illegal sanitary connections,
failures in the operation of the CSOs which calmse the wastewater enters the channels or drain
directly to the rivers or open water bodies.
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The South Drainage System contributes with an geefiaw of 1,71 n¥'s to the Cauca river out of
which 70% comes from the channels Ferrocaril anilla@aralejo and 30% comes from Melendez,
and Lili rivers during summer season (EMCALI, 20074 study carried out by the consultancy
firm MANOV, (2006) reported that one of the mairusas for the presence of wastewater is the
illegal connections. In this regard the Cafaveoal€hannel shows approximately 41% of
wastewater presence, followed by the subsystem ideleLili Rivers with 34% and finally the
Ferrocaril System with 25%. Since the final SouttaiBage discharge point to Cauca River is
approximately located five kilometers upstreamititake point of the drinking water plant Puerto
Mallarino water quality can be affected by the ®oGhannel discharges and can be a potential
danger to human health.

The South Drainage System apart form collecting disdharging wastewater generated from the
city, transports also leachate generated in theoda site of Navarro through the South Channel
(see Figure 5.23). Since the level of saturatiothefdisposal site of Navarro is above the levéls o
the South Channel, the South Channel acts likendienground drainage for the dumpsite and the
nearby agricultural lands (Restregtoal. 1998).

A

Figure 5.23 Tranports leachate generated in thpodé site of Navarro through the South Channel.

Regarding ground water, the leachate contaminatiark reaches about two kilometers along the
“Madrevieja” with a depth of 10 m according to CY{2004). Madrevieja is an abandoned natural
water channel (or stream) that is located alongstiiel waste disposal site of Navarro. This natural
channel is the main system of runoff drainage efNavarro solid waste site (including leachate)
since it crosses the waste deposit from the easietavest. According with INGESAM (2005) and
Restrepoet al. (1998), the CVC in 2004 confirmed the direct hydia connection between
Madrevieja and the aquifer, in precise sites carsidl as high risk zones: the leachate circulates
through Madrevieja until about 2 km downstreamdisposal site of Navarro, where in winter it is
pumped to the old stream of the Lili river to draive zone and in summer, it is used for the
irrigation of the sugar cane crops located in tleaa

Pollution in the channels due to solid waste andbdis disposal

According to EMCALI (2007), in the year 2005 thavere 25 illegal solid waste disposals and 21
illegal debris disposal in the channels of the Bdbtainage System. At the time, the Ferrocaril
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Channel was found in the most critical conditiomesgnting in average 24 illegal disposal sites
between solid waste and debris.

Presence of sediments in the channels

The department for the environmental recovery ef¢hannels of EMCALI reported in 2005 that

the total volume of sediments settled in the Sddthinage System was 1378914 being the

South Channel the one with the most critical coodg with a total deposited volume of 123680
3

m”.

The deterioration of the river basins produced bynaéin intervention and excess in agricultural

activities causes landslides whose materials fimallnain and accumulate in the drainage system of
the city. For the South Channel in special, theoeftation and erosion in the Meléndez and
Canaveralejo river basins have contributed withigh foad of sediments dragged to the drainage
system.

Additionally, the sediments are dragged duringy@&wents which increase the dragged volume and
causes high discharge loads to Cauca river, caasingell depletion in the dissolved oxygen levels
in the river to the extent of non treatment.

Presence of hazardous substances
Surface water

It is proved that there are hazardous substanesemrin the waste waters coming from the South
Drainage Systems such as: phenols, chromium, merded that come from the industrial
discharges to the sewage system and from leacHaea.ecorded values for these substances do not
comply with the Colombian legislation (EMCALI, 208)7as it will be explained below.

Figure 5.24 shows the results from the most resantpling campaigns carried out in the main
discharges points to the South Channel (summemanigr 2006) regarding the values of these
components in the South Drainage System. Likewlsdle 5.7 shows the recorded values in
comparison to the national limits for the dischaofevastewater to open water bodies (Article 72,
decree 1594/84) and for the admissible limits ofewguality for human consumption looking at it

from the point of view of the Cauca river as theeieer of such substances (Article 38, decree
1594/84). This situation is dramatic since the aombation of the main water source for the City of
Cali is developing into a chronic contaminationrgve

Figure 5.24 shows that sampling points Cafiaver&ejer and Cafiaveralejo Channel are inside the
limit established by the Colombian legislation (X#t) for the admissible values of total phenols,
lead, chromium and mercury. However, the record@des are outside the established limits in
Articles 38 and 39 for discharges to water bodies are intended for human consumption (prior
treatment).

Sampling point Ferrocaril Channel is inside theitliestablished by the Colombian legislation for
the admissible values of total phenols, lead, ciwomand mercury. However, the recorded values
are outside the established limits by the Colomkegislation for water bodies that are intended for
human consumption (prior treatment). The conceotratof phenols and chromium were
homogeneous in all the data recorded in the mangarampaign which means that The Ferrocaril
Channel is the highest and most frequent contritaftphenol substance to the South Channel.
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Figure 5.24 Values of hazardous substances (mg#ept in the subsystems of the South Drainage

System.
Source: Adapted from: EMCALI, 2007a

Table 5.7 Comparison of recorded hazardous sulestanalues (2006), in the South Drainage
System, with the Colombian regulation.

Sampling point Phenols| Cr*® Lead | Mercury | Copper
(mg/l) | (mg/l) | (mg/l) | (mg/l) (mgll)

Cafiaveralejo Channel 0,04 0,03 0,03 0,001
Ferrocaril Channel 0,1 0,03 0,04 0,005 0,07
Cafiaveralejo river 0,04 0,01
South Channel 0,09 0,025 0,03 0,001 0,06
Lili river 0,05 0,02
Melendez river 0,05 0,01
Cauca river (before South Channel) 0,01 0,02 0,01 ,00D 0,02
Cauca river (after South Channel 0,01 0,03 0,01 020, 0,004
Decree 1594 de 1984 art 74 0,2 0,b 0,5 0,92 3
Decree 1594 de 1984 art 38 0,00p 0,05 0,005 0,002 1

Source: Adapted from: EMCALI, 2007a

Sampling points Melendez and Cali rivers are indide limit established by the Colombian
legislation (art 74) for the admissible values atiat phenols. However, the recorded values are
outside the established limits in articles 38 aAdf@ water bodies that are intended for human
consumption (prior treatment)

Sampling point South Channel is inside the limtabBshed by the Colombian legislation (art 74)
for the admissible values of total phenols, leddomium and mercury. However, the recorded
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values are outside the established limits in @$id8 and 39 for the parameters Phenols, chromium
and mercury.

Sampling points Cauca river (before and after tlaitls Channel discharge are outside the
established limits in articles 38 and 39 for wadiedies that are intended for human consumption
(prior treatment)The highest contributors regardiragardous substances are Cafiaveralejo and
Ferrocaril Channel. Most of the industries thatdome medical and dental equipment, rubber,
plastic, press materials and metals are locatatdlese channels and are the main sources of the
substances described above (EMCALI, 2007a).

Ground water

Regarding ground water, according to the study MGESAM (2005), which considered data
reported in the different advanced environmentahiteoing carried out in the area of Navarro by
CVC, EMSIRVA, and SERVIAMBIENTALES, significant hardous substances have been
identified in the most important water areas thatexposed to the dumpsite’s effects: Madrevieja
and the aquifer. These pollutants have been dedsifs critical due to their high possibility of
producing chronically toxicity events in the neighing districts (See Figure 5.25). These polluting
agents are: arsenic, cadmium, cyanide, copper,gtibecompounds, chromium, mercury, silver,
lead and selenium. Table 5.8 shows the registe@dnmum values found in the water sources of
the zone of Navarro (results of the diverse momtprcampaigns) in comparison with the
environmental norm in Colombia for the quality bétwater for human consumption (decree 1594).

7—“_ﬂ " 7
/ ”&n O 184
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%o g Desembocadura-Rio. .
ove ses Lili

us B BASUREROD
- - Vf’:,. S v o NavARRO o

D Solid waste disposal site of

. Area polluted by leachate Navarro

Figure 5.25 Area affected by leachate pollutiomfrine Navarro solid waste disposal site.
Source: CVC,2004 cited by Agudelo et al, 2005.
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Table 5.8 Comparison between the concentratiohazdrdous substance found in surface and
ground water resources located in the Navarroaittethe environmental Colombian standards.

Maximum registered . Decree 1594 of 1984
Substance . Location

concentration (mg/l) (mg/1)
Mercury 0,0240 Ground watef 0,002
Phenols and phenol 0,135 Ground water, 0,002
compounds
Chromium 0,36 Surface water 0,05
Cadmium 0,04 Ground watef 0,01
Cyanide 1,80 Ground watef 0,20

Adapted from: INGESAM, 2005

The outcomes from Table 5.8 are critical sinceltaeardous substances apart from exceeding the
Colombian standards are present in ground wateceswonsidered as potential water resources
for the city (CVC, 2004 cited by Agudelet al, 2005). In addition, potential risks associated to
these pollutants can cause chronic toxicity evenggljacent areas (INGESAM, 2005).

5.6 WASTEWATER DISCHARGES FROM THE CITY OF CALI

5.6.1 Identification of non-domestic wastewater dischargein the city

According to CVC (2006) cited by EMCALI (2007), year 2005 the BOD discharge load from the
city of Cali to Cauca River was estimated aroun#h3Bm the total wastewater discharge load in
the Valle del Cauca department (see Figure 5.26).

Sugar cane industry
2%

Other
municipalities
34%

Coffee industry Other industries aPer industry
14% 9% 3%

Figure 5.26 BOD discharge load to Cauca river iargo05.
Source, CVC 2006 cited by EMCALI , 2007

According to information reported by DAGMA in 199899 regarding non domestic sector
discharges to the sewage system in the city (cowiadeand industrial sectors), the total BOD and
TSS load discharged was approximately 24% and 26% the total wastewater load generated in
the city respectively. However, this is the onkiséing reference since after 1999 there has not
been complete and reliable information regarding ttumber of commercial and industrial
establishments and their average discharges (EMCZ07a).

From the reports given by DAGMA in year 1999, thesinrepresentative sectors in wastewater
discharge loads (spilling more than 1000 kg/dayewéood sector, beverages sector, hospitals and
clinics, commercial establishments and chemicatlpets industry (Figure 5.27). In addition, the
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most representative industrial production inside fitod and drinks sectors are observed in Figure
5.28 and Figure 5.29, respectively. The type ddféndustry that contributed the most BOD loads
was the corn industry (2928 kg/day), followed bgwigum industry (2465 kg/day) and oil industry
(2099kg/day). Regarding the production of drinkee highest contributors in BOD loads were
Bavaria (which produces beer) with 2400 kg/day @oda-cola with 1900 kg/day.

5.6.2 Final wastewater discharge points from the city oCali to Cauca river

Flows and BOD loads

Currently, the city of Cali directly drains its wawaters on the left margin of the Cauca rivehia t
following discharge points: 1) South Channel, 2jnping station Puerto Mallarino, 3) Sludge from
drinking water Plant Puerto Mallarino. 4) Effluesftthe WWTP-C and 5) Pumping station Paso del
Comercio.

Total BOD Load=16633,5 Kg/dia

Commercial )
Establishment Chemical products

4% %

Hospitals /

4%\

Food Products
Drinks Produc 54%

31%

Figure 5.27 Industrial sectors that most contridwt&h BOD load discharges (more than 1000

BOD kg/day) in Cali, year 1999.
Source: DAGMA, 1999

Harinera del Vall Total BOD Load = 7219,9 kg/day
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Figure 5.28 BOD load from the food industries idiGgear 1999.
Source: DAGMA, 1999
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Alcoholic bev. Soft-drinks
1% 3%

Coca-cola
37%

Figure 5.29 BOD load from the beverages industrnig€3ali, year 1999.
Source: DAGMA, 1999

The different discharge points, their location dhneiir respective flow and BOD load contribution
are shown in Table 5.9. The values from Table &f@ecas a result of the studies and monitorings
carried out in the discharge points in the city.

Table 5.9 Flow and BOD load discharges from thalfimastewater discharge points in the three
drainage systems in Cali. Year 2005

Drainage System Discharge point flow % flow from BOD | Load Source
(I/s) the total WW (mg/l) | (kgBOD/day)

South South Channel 2417 30,1 68,5 14211,7 MANOQR620

Collector Margen Izquierda | 808 10,2 157, 100813 EMCAU!
North-west

Floralia pumping station 150 1,9 342 4432,8 E,\S(C):OASLI
Paso del Comercio pumping 791 10 85 5809.1 EMCALI
station ’ 2005
Puerto Mallarino pumping EMCALI
station 29 04 729 182,7 2005
Sludge from Puerto Mallarinp EMCALI-Universidad

East treatment plant 241 3,14 330.8 70595 del Valle 2006
WWTP-C effluent with TPA "
(BOD removal 40%) 142,1 41920,8 EMCALLI, 2006
WWTP-C effluent without 3417 a4

- *

TPA (BOD removal 30%) 165,8 48907,6 EMCALLI, 2006

Source: EMCALI-Universidad del Valle , 2006a
(*) Result from statistic analysis WWTP effluent m2D8-mid 2006

The highest wastewater load and flow is coming ftbentreated effluent from the WWTP-C which
paradoxically is treating the 40% of the total veasiter produced in the city. In addition, the uke o
primary advanced treatment (TPA) in the plant (addiof ferric chloride) represents only an
increment of 15% total BOD removed which in ternmstioe total polluting load discharged to the
river still represents the highest discharge pdihe other discharge points do not receive any type
of treatment but only transport the wastewater fthencity to Cauca river.

Hazardous substances
In terms of presence of hazardous substance irwdstewater discharges, the South Drainage

System channel is the one that is more documemterleast and North-west Drainage System does
not count with information regarding monitoringtbese substances until now.
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As it was explained in section 5.5.8 , the SouttarCtel has been found to have presence of
phenols, lead, mercury and copper that were thaisgttme exclusively from Navarro disposal but
have been found to come also from the industriatoase(INGESAM, 2005). This situation is
dramatic since the contamination of the main watemce for the City of Cali may be developing
into a chronic pollution event. Additionally, mast the industries that produce medical and dental
equipment, rubber, plastic, press materials an@lsare located along the channels in the South
Drainage System and are the main sources of thed@uzs substances mentioned.

5.7 SOME DRAINAGE SYSTEMS PERSPECTIVES

The plan for the management of wastewater discbaagel sanitation (Plan de Saneamiento y
Manejo de Vertimientos —PSMV) for the city of Calhich has been formulated by EMCALI,
foresees a strategic action plan to improve themaality of the main human water resource in
Cali: the Cauca river. The plan has a work horifmm years 2007 to 2016 and has proposed
different strategies to tackle the main environtakeissues present in the drainage systems and
hence in Cauca river. Following a short descripttbtthe main issues to be solved by the plan are
mentioned. All plans have been based on the cusamtario which was taken as year 2005.

As it was mentioned before, the PSMV formulatededént plan and strategies to improve quality
of Cauca river. The main decontamination strategiessummarized below:

Regarding drainage systems

» Building of Infrastructure works to eliminate wastger from the channels. In this regard, the
amount of wastewater arriving to the different degje systems is thought to be reduced.

= Operation and maintenance plans to improve cursetiation of deteriorated sewerage
infrastructures to prevent for instance draggingadids, floods, etc.

= Control of wastewater discharges to the differeatrdhge systems
* Recovery of landscape and green areas e.g. charoedstion areas and Pondaje lagoons.

= Education and awareness campaigns focused on dperpuse of the drainage structures and
their importance for the community. Currently, tleavironmental educational campaign
“recuperemos a canalito” or “lets recover the cledsinis taking place.

= Establishment of control mechanisms to avoid presesf slums in the channels and in their
protection areas.

» As part of the plan, currently, there are infrastuves being built with the aim to contribute to
improve Cauca river's water quality. Such infrastame works are: middle section of
Carfaveralejo collector, replacement of Orientariceptor and the “trasvase” works.

The middle section works in the Cafaveralejo ctdlewill regulate the illegal connections to
the system and will prevent the wastewater disehafgapprox. 400 I/s to Cafiaveralejo and
Cauca river.

The replacement works in the Oriental Interceptolt improve its hydraulic capacity and will
avoid that the current excess wastewater is tratespto the channels and finally to Cauca river
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via South channel. The new oriental interceptot tnainsport around 480 I/s extra wastewater to
the WWTP-C during peak periods.

The “trasvase” works are new infrastructure worktgat will collect and transport wastewater
produced in the North-west part of the city to W&/ TP-C. Hence, the influent to the WWTP-C
will be increased in 850 I/s added to the preskmt in 2005 (3,8 rifs). Trasvase works also
include the excavation of a 4,2 km conduction lthat will communicate Floralia pumping
station and WWTP.

The PSMV formulated individual plans for each degje system, estimating the future wastewater
flows in the systems after the decontaminationtexias. Table 5.10 shows the decontamination
goals expressed as load and flow decrease in gadtade system. Such decrease in load was
obtained as a result of considering decontaminationks, landscape improvement works and

maintenance and optimization in the sewerage strestas well.

Table 5.10 Estimated reduction in flows and BORach drainage system 2007-2016

Estimated load to be reduced in each drainagerayste
Drainage Flow | Subtotal to year 2011 Subtotal to year 2016 Total 2007-2016
Systems (I/s) (kg/day) (kg/day) (kg/day)
BOD TSS BOD TSS BOD TSS
South 1440 5702 6995 3629 4451 9331 11446
East 430 2758 2976 66 71 2824 304p
North-west 915 12005 8640 407 293 1241p 8933
Z;’;grf urban 374 2586 1862 2485 1789 5072 3651
All systems 3159 23062 20473 6687 6804 29839 27077

Source :EMCALI, 2007a
(*) Includes growth inside the present city

Regarding Cauca river

Directly or indirectly, the measures described @&l contribute to the improvement of the
quality of Cauca river by e.g. reducing the amaefmivastewater and solid waste arriving to it. In
addition, with regards to the direct discharge altewater to the river, the PSMV plan proposes
the following:

» Increasing of the wastewater flow that arrives t8/VWWP-C so that more wastewater is treated.
EMCALI has proposed to increase the influent fimw6,18 n¥/s for year 2011 and 6,9%m= for
year 2016 which is equivalent to 89% and 97% ef éxpected total wastewater production
from the city during those years. With the incregsof the treated flow, the BOD load in
the effluent of WWTP-C will 61712 kg/day for yeedL and 64632 kg/day for year 2016.

= Improving of the WWTP-C operation to achieve se@gdreatment, which includes studies to
select the most sustainable technology. The ateen that has been studied at small scale is
activated sludge stabilization contact. EMCALI egfs that in the coming five years the a
appropriate technology will be selected.

Moreover, Table 5.11 shows the estimated waster\ilatgs and BOD loads (by drainage system)
that will be conveyed to WWTP-C during years 2711 and 2016 in addition to the current flow
(3,8 ni/s).
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Table 5.11 Estimated extra flows and BOD loads whthtarrive to WWTP-C after
decontamination works, period 2007-2017

oral 2007 2011 2016
é;;??% Flow | BOD TSS | Flow | BOD TSS | Flow | BOD TSS
(Us) |(kg/day)| (kg/day) | (Us) |(kg/day)| (kgiday) | s |(kg/day)| (kg/day)
South | 880| 5702] 6995 0 : : 0 : :
East | 60 | 394 425 40| 263 283 0 : :
North-"| ‘g0 | 11530 8299 0 . . 30| 407 293
west
Future
urban | 42 | 565 407 27 | 365 263 22| 295 212
areas
Total | 1832| 18192] 16126 67| 628 546 52 702 505

Source: Adapted from EMCALI, 2007a
(-) Without Date

However, although the PSMV plan considers infrastme works to improve the current state of
channels and main components of the sewage systenmain objective is to convey more
wastewater from the present and future Cali's urdr@as to wastewater treatment plants, basically
an end-of-pipe approach. In this regard, the PSNMW-gomprises the construction of the WWTP-
South in addition to WWTP-C that will treat wastegraproduced in the future urbanization areas.
The WWTP-South will start operation only startiragrh year 2016 with a wastewater influent of
19 I/s. However, the plan does not mention thetimeat technology that will be selected for this
WTTP-Sur.

The optimization of the service of sewerage: Regjisthd hydraulic modeling

EMCALI hired to Hiperaguas for make the design legters of the drinking water distribution
system and the optimization of the sewerage thrabhghimplementation of the hydraulic model
simulation.

Regarding the optimization of the service of segerathe objectives of this project are the
following:

= Update of the technical register of the seweragtesy of EMCALI through GIS (geographic
information system).

= Hydraulic modeling of existing sanitary seweragevoeks, without hydraulic calibration.

» Hydraulic modeling of drainage networks (channeld aollectors) existing, without hydraulic
calibration.

= Analysis of futures sceneries of modeling for teearage system: zones of future expansion and
developments of new systems.

At present is being constructed the hydraulic manfethe system of sewerage of Cali, in the
software INFOSEWER. Initially the construction dfet model is focused to obtaining the real
conditions of connections, the direction of flowsdathe construction and affiliation with the
database.
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Between the perspectives of EMCALI with the reswitghis project, there is the formation of a
group of modeling of systems, which would to gusgarthe continuity in the use of these tools of
modeling.

Early Warning Project

The main objective of the proposal of the earlymirgg is to mitigate the vulnerability of the water
intake of the river Cauca for distribution in Cali

This project is aimed to design the operational ponments of a station of early warning that will be
integrated to the monitoring network of the Cauoaerr and design the computer platform
associated with the station of early warning thdll wupport the take decisions process for
EMCALI and others institutions involucrated wittetmtegrated management of the water of Cauca
river

Furthermore, through of this strategy will be pbksidentify the factors of risk in the water gl

of the Cauca river upstream from the water intaketo the dam of Salvajina; identify the
vulnerability of the drinking water plants that ssepplied by the Cauca river and propose the
preventive, corrective and mitigation plans in thimking water plants to reduce the risks (critical
and chronic).

Programs of Sanitation and Management of Waste-Disarges plan

EMCALI has formulated the Program Control of Wasdév in Rains Channels - CARCALL - and
the Sanitation Program, in order to achieve thgetar proposed in the PSMV. Following the
general subject and the principal aspects of esmram are shown.

Program of Control of wastewater in Rain ChannelsGARCALL

The Program of Control of wastewaters in the chiannels - CARCALL, was created for resolve
the problem of the presence of wastewaters in #ée system, which is caused by the wrong
connections, situation aggravated by the presefiselid residues that come to the sewerage and
the sediments that comes from the deforestatidmeirillside.

The subject of this program is to contribute whle improvement of the water quality of the rivers
of the city, by means of the reduction and cortfdhe wastewaters in the runoff systems of Cali.

The specific subjects of the program are the fdlhgw

= Planning and built sanitary infrastructure to avibid arrival of wastewaters to the runoff system,
whose are discharge to the rivers without treatment

» Prepare the necessary designs to eliminate théepnalf wrong connections.

= Create a strategy of education to the communityeimeral on the use and handling of the system
of sewerage of the city.

* Reduce the payment of taxes.

In the CARCALL program there are registers all wharks of construction that will transport the
wastewaters to the WWTP-C. Also the update construevorks and the maintenance of structures
and the others components of the sewerage system.
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Sanitation Program

The main purpose of this program is optimize thevesage system through the works of
construction, replacement and repairs; activitiesed to improve the service and provide welfare
state to community. The activities to carry outlie Sanitation Program are the following:

* Replacement of the networks in bad state.

» Construction and optimization of the channels avitéctors.

» Construction of structures of retention of solidsdvoid the clogging of the networks.

= Optimize the combined sewerage overflow systenst@nxi and locate and design new ones.

= Optimize de pumping stations; improve the efficieaod the service; increase the capacity and
set up instrumentation equipments for reduce tinswmption of energy.

= Construction of works for avoid flooding.

= Optimize the wastewater treatment plant - CafiaggrfiWWTP — C).

» Works of construction of the massive transporteysof Cali (MIO).

= Works of construction of sewerage system in exganareas.

» Optimize the maintenance and use of the seweragersy

= Develop a integral system of register of the infation of the Sewerage of Cali.

= Make an inventory and diagnosis of the combinedesage overflow system (location, hydraulic
operation, physical conditions of maintenance as®).u
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6 CONTROL OF WASTEWATER POLLUTION IN THE CITY OF CALI

6.1 WASTEWATER PRODUCTION IN THE CITY OF CALI

As it was mentioned in Section 5.6, Cali's curreittiation, based on year 2005, shows a BOD
discharge load from the city to Cauca River estadatround 38% from the total discharge load in
the Valle del Cauca department (CVC, 2006 citeEEMCALI , 2007a). Table 6.1 show the flows
and BOD load discharges measured in the six diffenestewater discharge points from the city.
Refer also to Table 5.8, Section 5.6 to apprecraiee in detail BOD concentrations.

Table 6.1 Flows and BOD load discharges measur#tkifinal wastewater discharge points.

Year 2005.

Final wastewater discharge points Flow (I{s) BOD/day)
South Channel 2417 14212
Collector Margen Izquierdo 808 10981
Floralia Pumping Station 150 4432
Paso del Comercio Pumping Station 791 5809
Puerto Mallarino Pumping Station 29 183
Sludge from Puerto Mallarino 247 7060
WWTP-C effluent with TPA 3417 41921

Source: Adapted from EMCALI-Universidad del Vak§06a

Table 6.1 shows that the greatest wastewater ffoaws the city of Cali come from South channel
and effluent from the wastewater treatment plarfia@aralejo (WWTP-C). On the other hand, the
effluent from the WWTP-C represents the biggest BG#& discharged to the river whether using
addition of ferric chloride or not (TPA). The WWT®+feceives and treats around 56 % of the total
wastewater flow produced in the city (EMCALI, 20Q.7B6lowever, its discharge impact to Cauca
river is the highest since the dilution capacitytlod river in that point is affected by this criic
single load.

In addition, as it was mentioned in Section 5.6r¢hs also presence of hazardous substances in the
wastewater discharges specially from the Southmdlaisuch substances are phenol compounds,
lead and mercury. Presence of these substanceasdal since they all finally arrive to Cauca rive
which is also the water source for drinking waterthe city of Cali.

6.2 INDUSTRIAL WASTEWATER IN THE WASTEWATER OF THE CITY

The industries in the urban area of Cali dischaligectly their wastewater in the sewage system of
the city. According to DAGMA in the period from 18%o 1999 the total BOD and TSS load
discharged by the industrial and commercial sedtrthe city was approximately 24% to 26%
from the total wastewater load generated in the ¢ihe main impact to the domestic wastewater is
the contribution of hazardous substances presahtiwastes from the industries such as the metal,
dental, and mechanic industry (refer to Sectiorfér.@etail information).
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6.3 WASTEWATER TREATMENT PLANT -CANAVERALEJO DESCRIPTIO N

6.3.1 General overview

From the decade of the 80’s, EMCALI formulated fien for wastewater decontamination, based
on the studies of feasibility for the treatment@fstewaters of Cali. It was defined that the servic
of sewage system would be complemented with thrastewater treatment plants: the WWTP-
Cafnaveralejo, that would convey the main collectar&l interceptors, with a coverage of
approximately 85% of waste waters of the city, W&/TP - Rio Cali, that would receive the

wastewater generated in the north-western zonkeofity transported by the marginal collectors to
the Cali river, with a coverage of approximateh@dand the WWTP - South (WWTP-S) that

would receive the waste water generated by futameeg of urban expansion of Cali. At the
moment, WWTP-Canaveralejo (WWTP-C) is the only ocaestructed and in operation.

The WWTP-C is located in a lot of 22 Hectaressilocated between communes 6 and 7 of the city
of Cali (Llanos, 2000). The wastewater influenthe plant comes from: the General collector (by
gravity) and the pumping stations of Cafiaveraldfayarro and Aguablanca. Figure 6.2 shows the
location of the WWTP-C.

The only way of control of wastewater pollutionthre city of Cali is made through the use of the
wastewater treatment plant of Cafaveralejo (WWTJPAaBich treats around 56% of the total

wastewater flow produced in the city (EMCALI, 200.7&ollowing a description of the plant, its

operation and treatment efficiencies is made.

6.3.2 WWTP-C components

The plant began operating in December of year ZBBICALI, 2007a). It can operate in two ways:
through conventional primary treatment or througlvaaced primary treatment (TPA). The
conventional treatment consists on a simple sedatien whereas the TPA consists on the addition
of ferric chloride (FeG) as coagulant and organic polymer to enhancedlation and improve the
removal of solids. The general scheme of the pwrshown in Figure 6.1. Following, the main
treatment units are described. In addition Annéxshows the pictures of the main components of
the plant.

Figure 6.1 General scheme wastewater treatment @kamaveralejo (WWTP-C)
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Figure 6.2 Location WWTP-C with its influents frad@afaveralejo, Navarro and Aguablanca

Waterline

pumping stations and General collector (East dgarsystem)

The water line scheme and its main componentsawshin Figure 6.3. Afterwards a description of
the components is made.
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PUMPED

FeCls
INFLUENT Polymer
_I—L EFFLU ENT
Coarse Fine screens Aerated grit Primary settling
screen (2) (6) removal tanks CAUCA
©) ®) RIVER

pumps

Figure 6.3 Water line scheme
Note: (#) Quantity of units

Coarse screensThere are 2 course screens than function mecilgnto remove garbage. Their
height is 2 m by 2,6 meters wide. Separation batvirees is 10 cm.

Pumping station: It is composed by four screw pumps, with 2 m angeter and a nominal
capacity of 2 rifs each. The total number of fine screens is sith height 2,5 m by 1,8 m wide.

Flow mixing chamber. It is a chamber that mix all wastewater flows amgnto the WWTP-C,
from pumping stations Aguablanca — Navarro and Caxigdejo with wastewater coming from
General collector. Mixed water is then raised byans of the screw pumps. There is also a
continuous pH measuring system. Before the fineests there are a bypass systems composed by 2
bypass chambers to deviate excess waste waterucaCeaver, generally under big storm water
events.

Fine screens and aerated grit removalThe fine screens retain solids bigger than 2,5 The
aerated grit removal consists of 6 aerated chanibelise with the fine screens. The process of
settling and separation of sand on the bottom efcttambers is done through the addition of air by
means of diffusers. The retention time of the aetathambers is 3 minutes. The sand removal is
done by means of ejection pumps that conduct ttiredenaterial to storage containers. Then the
material is finally disposed in a place outside plant premises. The volume of the each chambers
is 394 m . Advanced primary treatment (TPA) is used to iowerthe removal efficiency of non-
soluble BOD and TSS by the addition of ferric cldercoagulant before wastewater enters the
aerated grit removal system. Similarly, an orggtymer is added to enhance flocculation in the
exit channels from the grit chambers. There a@nRs for the storage of ferric chloride (56)m

Primary sedimentation tanks: After the aerated grit removal process, wastewiateonduced to
the primary sedimentation tanks. There is alsoaby connection (before primary sedimentation)
to discharge excess of wastewater to Cauca riverase it is needed. There are in total 8
sedimentation tanks, distributed in two groups airf The tanks are circular, with diameters of
47,5 meters and height of 4,20 meters (volume 8D8®). Wastewater is fed from the bottom of
each tank and exists already treated from aboweatéd effluent is conveyed to chambers which
transport it to the final discharge point: Caucseri(see Figure 6.4). The sludge that remains en th
bottom is removed from the bottom and is pumpethéothickener, prior to digestion. The floating
sludge that remains on the supernatant is takery éyaa mechanical sweep system and it is

Urban Water Management for the City of Cali - Diagnosis Report 6-7



Chapter 6 Control of Wastewater Pollution in the City of Cali SWITCH Project

transported to 2 storage containers and finally ¢wease trap where the wastewater is re-circulated
by gravity to the beginning of the treatment pracéhe grease is gathered and taken away from
the plant.

Figure 6.4 WWTP-C Discharge.
= Sludgeline

The sludge line scheme and its main componentsowrs in Figure 6.5. Afterwards a description
of the components is made.

Digesters .
Sludge dewatering

Thickener = . Sludge storage

Sludgt_a heating

AN

Sludge pumping Final disposition
in landfill
Figure 6.5 Sludge line scheme

Thickener: The sludge produced in the primary sedimentatiquuimped with a DS concentration
of 2% until 4 to 6% to the thickener. There is tiniekener with a volume of 3322°m

Anaerobic digesters: There are four digesters which receive the slidga the thickener. The
digesters function in the mesophilic range at ailetd temperature of 35C. The volume of each
digester is 6200 M

Sludge dewatering.It is composed by seven dewatering units (filteysg) with a daily capacity of
997 ni/d. Lime powder is also added to the bio-sludgetoid odors and presence of vectors.
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Finally, the dry sludge is disposed in a monoitiich is located outside the plant in an area nearb
drinking plant Puerto Mallarino. Figure 6.6 sha¥ws location of the dry sludge mono-fill.

: ,yértif L EVETRT YY)
Drinking Plant j

ki Bs e S el

Figure 6.6 Location final disposal site for the-sladge coming from WWTP-C

Energy generation: Before generation of energy, the gas that is predua the digesters is
circulated in two gas purifiers to removeSd The gas coming from the digesters is storedvin t
storage tanks with capacity of 1000 each. There are two generators of electric enfeayy the
burning of biogas. Each generator has a capacitp0d Kw that would be used to generate energy
for the internal consume of the plant. At presém, generators do not being used, but the biogas
produced has two functions: mix and produces heatthe digestors, the excess of gas is burned
using two burning units with capacity 1000 each as well.

Odor control: The WWTP-C counts with an odor control systentechkoil beds. The treatment
consists on the filtration of air through bioloditters which by means of biological reactions
occurring in their interior, transform the gaseattbause bad odor (sulfuric gas and others). The
filters are made by organic material (humus), woicashes and organic layers.

Comparison between original and current operation

Table 6.2 shows the original design criteria foe WWTP-C. The plant design was originally
developed in year 1999.

Table 6.2 Design parameters WWTP-C

Parameters Value
Projected year 2015
Area of influence (ha) 9800
Population served (inhabitants) 2060000
Average flow rate (its) 7,6
Maximum flow rate (rYs) 12,24
Influent BOD (mg/l) 211
Influent TSS (mg/l) 180

Source: Llanos, 2000

Table 6.3 shows the comparison between the origiesign components and the components that
are currently in operation. In this regard it igpmntant to notice that not all the components dpera
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at the same time due to current lower treatment@apin comparison with original design:
Current (2007) average influent around 3,8snvs. original average influent flow of 7,6¥/m In
practice, all units are used by periods switchive off and on so that their regular operatiorois n
affected by lack of use.

Table 6.3 Comparison of design and current opergéameters in the WWTP-C.

Characteristic Design Current
Average influent flow (rs) 7,6 3,82
BOD removal with TPA (%) 42+ 5 40
BOD removal without TPA (%) > 25 32
TSS removal with TPA (%) 63+5 68
TSS removal without TPA (%) > 50 62
Grit removal chambers 6 4
Sedimentation 8 4
Digesters 4 3
Energy generators 2 Not functioning
H,S purifier 2 1
Sludge dewatering units

' 7 4
(filter press)

Source: EMCALI, 2001.
Source: EMCALI, 2006. Note: Average data recordethé plant in year 2006.

6.3.3 Wastewater characterization

The design capacity of the WWTP-C was establisiseti@n/s for the year 2015. During the year
2006, the average influent flow rate ranged betw@d® ni/s and 4,49 fifs, with an annually
average of 3,82Ms. Figure 6.7 shows the average of flows duriray @903 to 2007, it shows the
increase of influent flow.

4,0
3,8
3,6
34
32
3,0
28
2,6
2.4
2.2
2,0 ‘ ‘ ‘ ‘ — ‘

2002 2003 2004 2005 2006 2007 2008

Average Flow for year (¥s)

Figure 6.7 Average influent flow WWTP-C during y&f03 to 2007
Note: *Average January — September
Source: EMCALLI, 2007b

In the plant, composite samples are taken duriegddy so that wastewater characterization is
carried out daily. Table 6.4 shows the average hignialues registered for the influent and
effluent in year 2006.
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Table 6.4 WWTP-C influent and effluent characteraa year 2006

Influent Effluent
Month Flow (n/s)| TSS | BOD | COD | TotalP| TSS | BOD | COD | Total P
(mg/l) | (mg/l)| (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l)

January 3,78 172 208 | 456| 4,73 78 156 | 322| 2,8
February 3,66 175 219 | 474| 3,81 66 136 | 300| 2,1
March 4,08 164 198 378 - 57 125 239 -
April 3,80 167 230 | 415 - 59 134 | 240 -
May 3,64 192 226 | 483| 6,0 55 127 | 281| 4,0
June 3,81 174 217 | 438 7,2 56 134 290 5,8
July 3,16 218 271 | 587 8,4 65 174 364 6.4
August 3,53 189 275 | 566 5,7 60 177 348 4,4
September 3,72 211 235 | 508 6,0 62 154 328 4,9
October 3,91 238 254 | 548 6,9 68 154 341 4,7
November 4,49 247 191 | 461 4,6 90 122 301 4,1
December 4,21 202 211 | 472 4,7 70 132 286 4,0

Source: EMCALI, 2006.

Removal efficiencies

Table 6.5 shows the monthly removal efficienciesasueed in 2006 for the parameters of BOD and
TSS. According to the design criteria (refer tdl€a6.2) in average the plant complies with the
removal efficiencies in terms of BOD and TSS withwathout TPA. Additionally, it can be seen
that BOD and TSS removals are slightly higher whEw is used.

Table 6.5 WWTP-C comparison removal efficienciethvaind without TPA, year 2006

Month % removal with TPA % removal without TPA
BOD TSS BOD TSS
January 30 63 22 29
February 40 64 29 55
March 39 66 39 9
April 42 63 33 =7
May 44 71 ) -
June 40 69 o5 =9
July 37 70 33 68
August 40 72 31 65
September 37 69 31 71
October 46 77 38 20
November - _ 37 63
December - B 39 64

Source: EMCALI, 2006.

However, using TPA requires higher operation cdsis to the use of chemical, to year 2006, the
montly average costs was approximately $96.459.622ause of the Fefand organic polymer
consumption (see section 6.3.6), to achieve ormbyrad 15% extra removal. The use of ferric
chloride in the plant is not frequent since istieficed by different factors.

For instance during the first half of 2006 the plaperated with TPA in a continue way, stopping
the treatment every 5 days in average (due to enabhwith valves in the plant and maintenance
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activities). During the second half of the year thent operated without TPA in November and
December due to failures on the monitoring systadditionally, Table 6.6 shows the total BOD
production in Cali and the respective BOD removhtiency of the WWTP-C, in year 2005. The
WWTP-C received around 56 % of the total BOD wastiewload produced in the city of Cali.
However, after treatment only 18,6% to 24,8% BOBaeal (from the total BOD produced in the
city) was achieved. In addition, the influence dhmary advanced treatment in the whole treatment
represents an additional 15% BOD removed which @etpto the total load discharge to Cauca
river still represents the highest contributiorterms of BOD load to Cauca river.

Table 6.6 Total BOD load production in Cali andB@moval efficiency of the WWTP-C, in

year 2005

Parameter Value
Total BOD load produced in Cali (ton/day) 113
BOD load discharged to Cauca river without treatrhen
BOD load arriving to WWTP-C (ton/day) 70
BOD load effluent from WWTP-C with TPA (ton/day) 42
BOD load effluent from WWTP-C without TPA (ton/day 49
BOD load removal WWTP-C with TPA (ton/day) 28
BOD load removal WWTP-C without TPA (ton/day) 21
BOD removal from the total BOD produced in the ¢if) 24,8
BOD removal from the total BOD produced in the ¢if) 18,6

Source: adapted from EMCALI, 2007a

* From the other sewage discharge points to Cauwea: rBouth channel, Margen izquierdo
collector, pumping stations of Floralia, Puertaldrino and Paso del Comercio, and sludge
from Puerto Mallarino.

6.3.4 Sludge characterization

The efficiency of the digestion process is defiaéiér the removal of volatile total solids (SV) and
the quantity of methane that is generated. Eaclhsthyg counts with a measuring device that
registers the volume of generated biogas. The ptamu of bio-gas during year 2006 was
approximately of 3039327 friTable 6.7 shows the average removal monthly efficy of SV for
the four digesters in the plant (year 2006).

Table 6.7 % SV removal efficiencies during year@00

Month Digester A Digester B Digester C Digester E
January - 50 49 48
February - 44 45 44
March - 41 43 42
April - 48 47 47
May - 47 46 46
June - 51 49 50
July - 50 48 49
August - 47 46 46
September - 44 42 44
October - 42 42 42
November - 41 41 41
December 46 58 - 56

Source: EMCALI, 2006.
* digester A starting working on November 2006
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6.3.5 Bio-solid production

Bio-solid is the digested sludge that has been @diigal and that is ready for final disposal. Based
on the production reports carried out in the pldating January to May 2007, the average
production of bio-solid was 75 ton/d. This prodoetdepends also from the way of operation
(TPA or not). During year 2006, around 38673 tohdio-solid were finally disposed on the lot
“Puertas del sol” which is equivalent to 34226. im addition Figure 6.8 shows the historical
production of sludge from 2003. The sludge produrcthas increased since 2004 with a total
production of 34220 fin 2006. Such trend is due to the increase inavester treated since 2004
(see Figure 6.8). The total production of sludgtl May, 2007 was 9774 n

35000~ 34220
30000+

25000+

—~
[

~ 20000 18693
£

=
S 15000+

16244
12601

10000+

5000

0

2003 2004 veogr 2005

2006

Figure 6.8 Historic production of bio-solids duritige treatment of wastewater.
Source: EMCALI, 2007b

Physical and chemical characterization of the bioddid

After the treatment of the sludge, a bio-solid watlsoncentration of total solids around 32% and a

density of 1,13 ton/fris obtained. Table 6.8 shows the physical and otencharacterization of
the bio-solids produced in 2006.

Table 6.8 Physical and chemical characterizatidheobio-solid, year 2006.

T(°C) pH (Un.) - Total | Volatile
Month [ " - e | 0 (tond) H“{;‘S'ty Solids | Solids
' ' ' ' (%) (%)
January 25 33 7.89 8.46 1.11 69 31 12
February 27 33 7.79 8.22 1.12 69 31 13
March 25 32 7.72 8.23 1.13 69 31 13
April - - 7.39 8.10 1.13 68 32 12
May - - 7.35 8.28 1.10 68 32 13
June - - 7.71 8.30 1.12 67 33 13
July - - 7.55 8.30 1.13 69 31 13
August - - 7.48 8.35 1.12 69 31 13
September - - 7.20 8.27 1.14 70 30 12
October - - 7.59 8.16 1.14 68 32 12
November - - 7.55 8.41 1.17 66 34 11
December - - 7.70 8.35 1.13 66 34 12
Source: EMCALI, 2006

(-) Without date
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6.3.6 Chemical consumption

Table 6.9 shows the consumption of chemicals usdtlé plant during 2006. Ferric chloride and
organic polymer are used during the TPA proceshéngrit removal chambers. Lime powder is
used in the thickener to control pH and duringphecess of final disposition of bio-solids to cover

then to avoid odors and presence of vectors.

Table 6.9 WWTP-C consumption of chemicals in ye&&

Consumption of chemicals during the Consumption of chemicals
TPA process in the sludge line
Month Ferric Chloride Polymer Costs TPA ($ Polymer plz)lvr\r/]cTer
(kg/month) (kg/month) (kg/month) (kg/month)
January 74271 1600 88.429.77R 2400 46375
February 80278 2275 100.352.368 2600 44475
March 109808 2150 128.857.17¢4 3525 38324
April 112388 2500 134.503.373 2875 9300
May 14867 2050 32.826.126 3750 15800
June 128394 1850 144.861.550 3500 27925
July 71672 1150 81.889.884 - 61500
August 1702 575 6.733.668 - 52175
September 87162 1000 96.103.991 - 11500
October 21308 175 22.886.569 - 70751
November * * * 3625 107346
December * * * 4050 6169
TOTAL 701849 15325 $ 837.444.476 26325 491641

Source: EMCALLI, 2006
Note: Unit cost chemicals used with TPA processti€€hloride 1.002 $/kg, Polymer 8.744 $/kg.

Unit cost chemical used in the sludge line: PolyfzA 33 $/kg, Lime powder 325 $/kg.
(*) WWTP-C without TPA
(-) Without date

6.3.7 Energy consumption

According with the information given by EMCALI, a@ntly in the plant it is registered a usage of
electric energy between 750 and 800 kw/hour. ahieunt of energy is provided by the energy
public service (EMCALI). However, it is expected the plant that in a near future the two
generators of energy from biogas (that are in tletp will be used. The capacity of energy
generation of each generator is 1000 kw. Accordinglanos (2000) the plant requires a feed of
1600 kw/hour (for its designed demand). Currentig, biogas produced is only used for the mixing
of sludge and for the heating of water used inhbat exchangers (to ensure a temperature °f 38
in the digesters). The biogas that remains is whdady.
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6.4 PERSPECTIVE

6.4.1 Wastewater treatment plants

As it was mentioned in Section 5.7, the Plan foniteéion and management of wastewater
discharges, PSMV (EMCALI, 2007a), proposed for tteeming period 2007-2016 a gradual

increment in the wastewater flow entering the WWJO'Be that its complete capacity will be fully

achieved. In this regard, Figure 6.9 shows themestd BOD and TSS loads that will annually
enter the WWTP-C in addition to the current flovagbd on year 2005). Such flow estimations
come as a result of the general decontaminatiom foléowed in the drainage systems in the city
during the next ten years that were described oti@e5.7. Moreover, the plan estimates that in
year 2016, the WWTP-C would reach an influent floi6,9 mi/s which corresponds to the 89,3%
of its design flow (7,6 rits).

30000 4000
25000 | 7 3500 @
4 3000 §
20000+ 1 2500 &
Lo
150004 + 2000 g
1 1500 %
100004 1 1000 =
5000 | i i i i i i i 500
2007 2008 2009 2010 2011 2012 2013 2014 2016
—s— Influent BOD —e— Influent TSS —a— Influent flow

Figure 6.9 Additional estimated wastewater inflgeiotarrive gradually

to the WWTP-C from year 2007 to 2015and their ctimrézation
Source: EMCALI, 2007a

Likewise, Table 6.10 presents the total flow and’B@ad that will be transported to the WWTP-C.

Such flows and loads include the different wastewabntributions from the drainage areas and
from the future urban areas in the city of Cali.dddition, the table shows the total flow and

removal treatment efficiencies that would be tréabe the WWTP-S, in the case that it is

constructed and operated from year 2016.

6.4.2 Implementation of secondary treatment in WWTP-C

EMCALI started in year 2005 the study of feasiblermatives for the upgrade of the WWTP-C to
secondary treatment. In this regard, EMCALI andvwdrsidad del Valle tested different aerobic
alternatives at lab scale during year 2006. Aftdr $cale studies one activated sludge system was
selected to be implemented at pilot scale sincerdvided the best results during the lab
experiments.

Lab scale studies: At lab scale, five aerobic systems were tested.leT&h1ll shows the
characteristics of the systems:
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Table 6.10 Perspectives for total influent anduedfit’s flows, and discharge loads from WWTP-C
and WWTP-S as a result of the decontamination folanulated in the PSMV.

Parameters | 2006 |  2007] 2010 | 2013 2016
WWTP-CANAVERALEJO, removal BOD 33% and TSS 56%
Influent loads
BOD(kg/day) 69055 81544 92448 96389 98436
TSS (kg/day) 52904 62035 74049 78059 7979b
Flow(l/s) 3810 4762 6269 6757 6950
Effluent loads
BOD (kg/day) 54634 61875 64581 65952
TSS (kg/day) 27296 32463 34346 3511(
WWTP-South, removal BOD 80% and TSS 85%
Influent loads
BOD(kg/day) 0 0 0 258
TSS (kg/day) 0 0 0 186
Flow(l/s) 0 0 0 19
Effluent loads
BOD (kg/day) 52
TSS (kg/day) 28
Total removed by two treatment plants

BOD(kg/day) 26910 30508 31808 32690
TSS (kg/day) 34739 41467 43713 44843
Flow (I/s) 3810 4762 6269 6757 6969

Source: EMCALI, 2007a

Table 6.11 Summary of physical characteristichendtudied alternatives at lab scale for
secondary treatment in WWTP-C

Suspended growth Attached growth
Characteristics§  Extended Contact Adsorption/ T fiongROtating biologicg
aeration stabilization | Bio-oxidation A/B| ~°"VeNtoON3 contactor
10 14,5 10
Volume (I) 10 CR*: 3,5 AR™: 25 10 Phase 1: 5|
SR**: 6,9 BR™ 12 Phase 2: 5 |
Total: 13,1-2,3 Total : 34-5,8
HRT (hours) 30 -8 CR: 3,3-0,5 AR: 4-1 8-2 22-0,8
SR: 9,8-2 BR: 27,3-4,8

Source: EMCALI-Universidad del Valle, 2007
*CR: contact reactor, **SR: Stabilization reactbAR: Adsorption reactor;’ BR: Bio-oxidation reactor

The substrate influent wastewater to the systemdioreed in Table 6.11 was the influent to the
grit removal chambers without any addition of cheats followed by a simulated conventional
settling in a 1 mtank with HRT of 2 hours (like in the full scalettieg tanks).In the inoculated
sludge for the activated sludge system a concémtrat MLSS of 3100 mg/l was guaranteed.

Table 6.12 shows the physicochemical charactesistiche wastewater influent to the WWTP-C
and the influent used in the lab scale experiments
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Table 6.12 Physic-chemical characteristics of th&TPP-C influent and the lab experiment influent

Full scale WWTP-C influent Lab scale influent
Variable Units

Average Number data Average Number data
pH units 6-10 181 6,5-7,5 118
Total BOD mg/I 238 236 164 22
Filtrated BOD mg/l 85 11
Total COD mg/I 490 243 286 68
Filtrated COD mg/| 183 41
BOD/COD 0,5 236 0,6 20
TSS mg/I 194 245 81 60
VSS mg/I 131 74 49
TKN mg/l 32 23
NH; mg/I 20 23
NO, mg/I 0,188 11
BOD/N/P 100:20:8

Source: Adapted from EMCALI-Universidad del Valk)07 and Universidad del Valle, 2006.

Furthermore, Table 6.13 shows the summary of thmeoval efficiencies from each studied
alternative, showing that all systems reached B@B &SS efficiencies higher than 80% in the
settled wastewater and in this way the systems w@mplying with the national standards stated in
Decree 1594-1984.

Table 6.13 Summary results of each alternativerims of effluent quality and removal efficiencies

Effluent (mg/l) Removal efficiency (%

System HRT FBob [ cob| Tss| BoD| coD| Tss

Extended aeration (1) 12-16 <3 <29 <4 98199 88-94-99

Contact stabilization (2) 3,5-5 <16 <4p <15 90{927-9D | 86-90
A/B system (3) 58-8,7 <11 <5( <3 92-97 80-95 95:99
Conventional (4) 4-6 <2l <38 <3 88-96 89-98 96199

Rotating biological contactor (5 2-4 <1 <§1 <165-% | 80-88| 87-96

Source: EMCALI-Universidad del Valle, 2007

According to Universidad del Valle (2006a), Teclogy 1 was more robust to sudden increments
of organic load but used long HRTs. Technology @duw HRTs and required the least space
among all technologies. However due to the higldpetion of sludge a more robust sludge system
should be considered in the plant. Technology 3gmed similar behavior to technology (2) with
additional enhancement of nitrification processeshe BR reactor. However it would need extra
settling line between both reactors and higherepaquirements. Technology 4 presented similar
trend to technology 1 but al lower HRT. Technol&gig vulnerable to external factors like lack of
energy to rotate discs or high grease loads thatdcbreak down the bio-film. Hence, the
technologies of contact stabilization and convergicactivated sludge were the ones chosen to be
implemented at pilot scale. Both technologies djgerat low HRT and presented less complexity
in operation.

Pilot scale studies: The study of the two selected technologies mentigoreviously is currently
taken place in the WWTP-C and has not be finished Yntil today, the system of contact
stabilization is the one that has been tested wmmtigadapting a activated sludge pilot plant cokate
in 1985 which has an average capacity of 0,66 I/s.
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The sludge for the pilot plant was taken and inamd from sludge from the secondary settling
tanks from the WWTP-Aguas del sur, located in tren&y neighborhood in Cali which uses
activated sludge system.

The pilot plant has been ran in phases varyingrttheent flow until it reaches the design flow of
0,66 I/s and varying the re-circulated sludge. €ahil4 shows a summary of the results from the
operation phases of the pilot plant.

Table 6.14 Effluent quality and removal efficieria the pilot scale plant contact stabilization

Recycled Removal efficiencies (%) Effluent quality (mg/l)
Ph Influent (I/ HRT
ase | Influent (195 4ge (% BOD| COD| TSS| BOD| cOD TSS
N 0,18 100 - - - - - -
Beginning 25%Quesign 130 3,1 . . . . - .
033 100 84 91 96 28 29 8
1 o 85 1,7 89 93 97 17 24 1
50 A)Qiesign
70 82 91 99 29 31 1
050 85 87 90 84 26 31 10
2 s 70 1,1 85 92 92 33 30 5
75 A)Qiesign
55 83 90 86 31 32 10
3 0,66 40 08 83 87 94 52 35 5
100%Qesign 55 ' 81 77 80 46 78 17
4 0,56 55 1 83 91 87 41 29 12

Source: -EMCALI-Universidad del Valle, 2007

According to EMCALI-Universidad del Valle (2007)ehmost stable operation condition was in
phase 2 with a recycle flow of 55%. Moreover, imgel it has been seen that the contact
stabilization system can achieve BOD, COD and Te%wal efficiencies higher than 80%.

Regarding removal of nutrients, nitrogen and phospls has been measured once per week in the
influent and effluent in the pilot plant so thaettrend of such components could be appreciated.
Table 6.15 shows the summary of the measurememistoénts during two phases of the study.

Table 6.15 Nutrients’ characterization in influamd effluent from pilot plant

Phase 6c (cell retention time)| Parameterp  Influent (mg/l Effluent (mg/l
1 TKN 40,6 16,4
HRT: NH; 36,9 5,7
a 15 days NO, 0,1 1,3
CR: 3h
SR:5,9 h NO, 3 16
’ Phosphats 20 14,5
5 TKN 40,5 13,3
HRT: 7 days m(l_)I3 =8 8
CR:1,7h Y 2 - -
SR:3,3 h NO, - -
Phosphate 13,4 5,8

Source: EMCALI-Universidad del Valle, 2007

It can be seen that the pilot contact stabilizafemt is able to achieve around 60-70 % total
nitrogen removal and 30% to 60% phosphate removal.
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6.4.3 Impact of the future waste treatment perspective orthe quality of Cauca river

PSMV made use of modeling simulations to evaluagempacts of the future wastewater treatment
to Cauca river in the period 2005-2016. The modelatrategy considered only the Section
Hormiguero-Mediacanoa which covers the stationsreps and downstream the city of Cali Many
scenarios were formulated in order to evaluatedifierent future scenarios and impacts on Cauca
river.

In this regard scenario 1 and 2 (S-1, S-2) consitiéne base condition (year 2005) and where the
base scenarios for the future simulated scendBied 6-4, S-5 and S-6). For the future scenarios, i
was considered the implementation of the infrastmec works for the decontamination of the
sewerage system of the city proposed in the PSM#éi(to Section 5.7, chapter 5 for more details).
In addition, for the future scenarios S-3 and 8etdifferent BOD removal treatment efficiencies of
the WWTP-C with or without TPA were considered asllw For scenarios S-5 and S-6 the
treatment of the wastewater generated in the futtlyan areas in the city of Cali was considered by
means of the proposed WWTP-S. Table 6.16 showsnanany of the results of the different
modeling simulations.

Table 6.16 Description of scenarios to evaluatduhee impact of the wastewater strategies in the
quality of Cauca river.

Level of Influent WWTP-C Effluent WWTP-C | Discharge to Caubaer
: Scenario ve o BOD BOD BOD
scenarig year description treatmentin flow | BOD load flow | BOD load flow | BOD load
WWTP-C | (i/s) | (mg/l) (I/s) |(mgll) (I/s) | (mg/)
(kg/day) (kg/day (kg/day)
Primary nqg
Base TPA 1
S-1 scenario | (30%BOD 3414 237 | 69868 3414 165,88907,6 7856,1| 134,9|91584,4
2005 removal)
Primary
Base with TPA
- 4
S-2 scenario | (40% BOD| 3414 | 237 | 69868 3414 142,41920,8 7821,1| 124,6|84597,
removal)
Primary ng
0,
s-3 Proposed TPBAO(?)O/" 5829,7| 195 | 98111,45829,7 136,4| 6867,8| 8086,3| 123,486239,4
infrastructure removal)
2011 | in PSMV + -
WWTP-C F.’rk']m?;ﬁ
) . 1 Wit g
S-4 primary (40% BOD, 5829,7| 195 | 98111,45829,7 116,9/58866,9 8086,3| 109,4 (764286
removal)
Proposed |Primary no
infrastructurg TPA (30% ]
S-5 in PSMV + BOD 6483,1| 186 | 10408,26483,1 130,1| 72861 | 8239| 120,685853,
WWTP-C | removal)
2016 rimar .
AWWTP.S | Primary
56 with | W TPA | 6463 1| 186 | 10408,26483,1 111,5/62452,3 8239 | 106 | 75448
(40% BOD
secondary removal)
treatment

Source: Adapted from EMCALI-Universidad del Valledsb

* Domestic wastewater discharge from future urbaa &8 WWTP-C

2 Domestic wastewater discharge from future urbaa a0 WWTP-C and WWTP-S. Effluent discharge from WRAS before water
intake of Puerto Mallarino drinking water plant
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Modeling results suggested that to prevent DO digplan Cauca river as result of wastewater

discharges it is needed more than the implementaticcecondary wastewater treatment together
with an increment in the removal efficiencies i tineatment plants. Figure 6.10 shows the DO
variation along Cauca river in Section Hormigueredilicanoa as result of the simulation scenarios
described during years 2011 and 2016.

6
= = = Base Scenario year 2005 (E1)

Base Scenario year 2005 (E2)

5 O —@— Scenario-3 year 2011

== Scenario-4 year 2011
Scenario-5 year 2016

4
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Figure 6.10 DO variation along Cauca river as tesulhe simulation scenarios described during

years 2011 and 2016. Section Hormiguero-Mediacanoa
Source: Adapted from EMCALI-Universidad del ValledBb
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WWTP-C PICTURES

7 Figure A6.1.4 So transport band for the
solids caught by fine screens

N .
Figure A6.1. 5 Grit removal chamber Figure A6.1.6 Ferric chloride storage tanks
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Figure A6.1.11 Lime addition before filter press

Figure A6.1.8 Settling tank

Figure A6.1.10 Digesters
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Figure A6.1.12 Filter press
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Figure A6.1.15 Biogas storage Figure A6.1.16 Gas burners
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7 SOLID WASTE MANAGEMENT

7.1 GENERAL OVERVIEW

EMSIRVA has been the company in charge of the ctitla, transport and final disposition of the
solid waste produced by the city of Cali since 1966e coverage of the service is 100% in the
urban area and around 90% in the rural area ofgabrding to and interview with the Eng. Carlos
Espinoza from the EMSIRVA planning department (ER®A, 2007). After the collection of the
solid waste in the city, the waste is transportedhe final disposal site known as Navarro site.
Following the different aspects of the solid wastnagement in the city will be discussed.

7.2 SOLID WASTE GENERATION

Table 7.1 shows the historical average annual swdiste produced by the city of Cali. Since the
year 1970 until the month of April 2007, an amoahtLl3'874.000 tons of solid waste have been
produced by the city of Cali. The monthly averagkdswaste produced in the city during the last
six years (2000-2006) was 47891 ton/month.

Table 7.1 Historical amount of solid waste produbgdhe city of Cali

Year Solid waste (tonl) Year Solid waste (tonl)
1970 143280 1989 329400
1971 150480 1990 402800
1972 158040 1991 412920
1973 168480 1992 421200
1974 176400 1993 428400
1975 184680 1994 438480
1976 192960 1995 478450
1977 201240 1996 568800
1978 209880 1997 523440
1979 218160 1998 663840
1980 268130 1999 568800
1981 277200 2000 576720
1982 282240 2001 568510
1983 286200 2002 609108
1984 289440 2003 669812
1985 292320 2004 531470
1986 302040 2005 517140
1987 310680 2006 550091
1988 320040 2007 (data to Aprij ) 183032

Total 13'874.303

Source: adapted from: INGESAM, 2005a and solid &vgsbduction Report years 2002-2007 by
EMSIRVA

Similarly, according to information provided by EMA, in the month of April 2005
approximately 75% of the collected solid waste wiadomestic origin, followed by a 10% of waste
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generated in the cleaning of the streets and ar8i5% industrial waste, the remaining was debris
with 2,6% and hospital origin 0,4%.

As stated by Municipio de Cali (2006), the compgositof the domestic waste is mainly organic
origin (59%), followed by waste with sanitationgiri (7,7%) and plastics (6,9%), the remaining is
constituted by paper, rubber, textiles, wood argdgmatter as it can be seen in Figure 7.1.

i 0,
Sanitary, 8% Others, 2%

Rubber and Leather,
%
Plastics, 10%

Cardboard, 2%

P aper, 4%
Garden, 7%

Food, 58%

Figure 7.1 Composition of domestic waste generaidide city of Cali in 2006
Source: Municipio de Cali, 2006

7.3 SOLID WASTE SEPARATION

As stated in an interview on November 28, 2007 s$gcRologist Nestor Martinez (EMSIRVA-
education department employee), in the city of Gladire are no regulated recycling practices.
However, EMSIRVA carries out recycling awarenessngaigns to educate people in these
practices. The Education department of EMSIRVA fag recycling and separation at source
education practices targeted to all sectors ottdmemunity. The four programs are:

- Educando recuperando: Targeted to primary schimalkiding teachers and students’ families.

- Social Service: Targeted to secondary studemsialy those that are about to graduate.

- Préacticas educativas empresariales: Targetdubtmtustrial and commercial sectors which are
EMSIRVA costumers via capacity building strategi

- Domestic and community capacity building: Targete the house holds and communities in a
door-to-door basis.

Moreover, according to Municipio de Cali (2006, a survey carried out in 2006 to 2196 people in
the city of Cali, 92,6% of them had knowledge reljag solid waste separation at source. However
only 31,5% of them had incorporated the practicesolid waste separation at their homes.

Likewise, people belonging to higher estratos esjrato 6 are among the ones that carry out
separation practices more often.

7.4 SOLID WASTE COLLECTION AND TRANSPORT

The information provided in this item comes as sulteof an interview with the Eng. Carlos
Espinoza from EMSIRVA planning department on Novemf9, 2007. EMSIRVA manages the
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collection and transport of solid waste based enattigin of the waste. For instance in the citg th
collection and transport practices are divided thase three types of waste origin: domestic,
industrial-commercial and hospitals origin.

7.4.1 Domestic origin

EMSIRVA counts with 103 solid waste collection gmuient for the city of Cali and there are not
solid waste transfer sites in the city. Before thenth of April, 2007 the collection and transport
practices were done door-to-door, two times perkwédter April, 2007 the collection of solid
waste is carried out door-to-door three times peekv EMSIRVA counts with a collection
schedule grouped by days and neighborhoods foistlid waste collection, the neighborhoods
groups are called “comunas”:

-1. For “comunas” 1, 2, 3, 4, 14, 16, 22 the senigcprovided Monday, Wednesday and Friday.
-2. For “comunas” 5, 6, 7, 10, 11, 15 the servicprbvided Tuesday, Thursday and Saturday.

-3. For “comunas” 8, 9, 12, 13, 17, 18, 19, 20tt& service is split by neighborhood and collected
either as in option 1 or 2.

When the neighborhoods do not have road accesshanservice can not be done door-to-door,

there are the so called “Centros de Acopio” ordsalaste deposit sites in the neighborhood where
people go to deposit solid waste and the trucksectmmpick it up. This service is also carried out

three times per week.

7.4.2 Industrial-commercial origin

For the industrial and commercial waste collectima service covers the industries and commercial
establishments that have previously registered BMSIRVA as costumers. Not all industries and

commercial establishments are registered with EM@IRince there are small private companies

that also provide this service not carried out eoedoor.

The service is not provided in a door-to-door ha8lather there are established “industrial-
commercial routes” where the trucks collect thédselaste. The frequency of collection depend on
the industry needs and solid waste production. Beiwice is directly paid by the industry to

EMSIRVA depending on the previously agreed freqyent collection and amount of waste

produced in the industry.

7.4.3 Hospitals origin

As in the industrial-commercial routes, EMSIRVA hai®-established hospital routes to collect
hospital waste. These routes reach all levels spital-related offices from the emergency centers,
autopsy centers, small medical practices to prigatepublic hospitals.

At the hospitals, the wastes are collected andodesp in special bins according to the type of
waste: biodegradable, inert, toxic-bio sanitaryemfcal, heavy metals and radioactive. EMSIRVA

collects and treats the waste according to itsroagd afterwards the treated waste is disposed off
in the disposal site of Navarro burying it and aowgit.

The common hospital waste treatment practicesezhiout by EMSIRVA are: neutralization at
temperatures around 20@and incineration. This practices are made aealization plant own
by EMSIRVA which is located in the urban periph&gated in the west part of Cali.
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The EMSIRVA hospital rout has been recognized weideé by the European Economic
Assocciation (E.E.A.) and the Pan-American Healtlyabization (PAHO) because has followed
the environmental regulations regarding collectidrgnsport, treatment and final disposal.
Regarding the collection of debris the environmieatghority in charge of it is DAGMA.

7.5 SOLID WASTE RECOVERY

In Cali, some of the materials that are recycleel paper, cardboard, glass, metals, iron and
aluminum. Common practice is that in the city thare informal “recycling groups” constituted by
people that separate and recycle valuable wasgseTitecycling practices are done at three levels:

- Separation of the waste at house level and thengpttie recycled waste to the recycler person
- Separation of the waste at street level priorgicked up by the solid waste truck.

- Separation of the waste at Navarro site. In thgare there is a formal recognized group of
recycling people (scavengers) by EMSIRVA constidutgpproximately by 609 people. The

scavenger association is called UFPRAME. Howevkeret is more than 2000 scavengers
informally recycling valuable waste at Navarro si@ne of the advantages of belonging to the
UFPRAME group is that EMSIRVA is currently promadisapacity building strategies in the field

of recycling to approx 150 scavengers so that fatare the recycling activities can be done in a
more technical and organized way and transferréde@ther UFPRAME members.

As stated by Municipio de Cali (2006) around 20%hef domestic solid waste produced in the city
iIs composed by material that can be recycled sagbaper, cardboard, plastic, glass, and metals
which could represent an amount of 159 ton/dayatidiable solid waste.

7.6 SOLID WASTE FINAL DISPOSAL

7.6.1 General description of Navarro disposal site

The site where the solid waste produced in Calisposed off is denominated deposit of Navarro.
Officially its operation began in 1984, althouglorfr year 1968, the company of solid waste
management in Cali: EMSIRVA began depositing thestevan the zone where today deposit of
Navarro is located. During years 1970 to 1990 Navaperated as an open dumpsite, without any
control or technical operation of garbage. Durihig fperiod there was a lot of controversy with
respect to its operation, so in 1999 the CVC imdaswaste management plan for the recovery and
environmental restoration of the Navarro area dad for the closure of the Navarro dumpsite.
CVC established the construction of a “transit@gydfill” in order to give a transitory solution of
the disposal of waste while a better disposal rétiere was found (Subdireccion gestion ambiental,
1999). Consequently, in the period from 1998 to 12@8e closing and sealing of the “open
dumpsite” was carried out and the operation of‘ttesitory landfill” was initiated. According to
an interview with the Eng. Carlos Espinoza from BRNFA planning department on November 29,
2007, EMSIRVA has January 31, 2008 as the deadtininally shut down the disposal site of
Navarro.

The solid waste deposit Navarro is located in tis&idt of Navarro, in the south of Cali to thetlef
margin of Cauca river and nearby of the south chbfa®e Figure 7.2). The area is characterized by
a flat topography, with low slopes to the naturahicage of Cauca river. The area is also
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characterized by a high degree of flooding. Moreptieere are important body waters located
nearby this area such as: a) Canal Sur, b) L#irrig) Meléndez river, and d) Cauca river. The area

is characterized by the presence of phreatic leaels depth of 4,5 meters respect to the ground
level.

[T 1]
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Calketors and nispeaplor: *
Channel

Pumping Statians

REL it
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Figure 7.2 Location Solid waste deposit of Navarro.

The total area of the site is approximately 41 Fiamm this area, 22,6 ha where used as open
dumpsite from years 1970 to 1990 and are curremilyof service. In this open dumpsite, two
garbage hills where created through the yearssadtref the disposal of domestic, industrial and
hospital waste. The two garbage hills are know®kkhill and Hospital hill. On the entrance of
Navarro site, Old hill is located. OId hill lookiké the trunk of a cone, with a height of 45 m and
occupies an area of 12 ha. This cone was made tlieraccumulation of domestic and industrial
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solid waste generated in Cali between 1970 and ,28@@ivalent to 12’000.000 ton of garbage
(INGESAM, 2005). At the southeast of the site, H@phill is located which, likewise, Old hill
was created between 1970 and 2002 and was mairdg fram the accumulation of waste from
hospitals. Its height is 18 m with an area of 137 These two garbage hills are currently closed and
out of operation.

To the northeast of Old hill it is located the fiesxd second phase of the transitory landfill, \whic
each one consists of three garbage deposits calisbs 1,2 and 3” and “vasos 4, 5 and 6”
respectively. The area occupied by “phase 1” isha2vith a height of 10 meters. Likewise, the
area occupied by “phase 2" is 5,5 ha with a heif20 m. On the available space between “vasos
1, 2, 3" and OlId hill a new solid waste depositezh“vaso D” was constructed and is currently in
operation.. Figure 7.3 shows the distribution ditswvaste deposits in Navarro.

s el 0™ Hospital
Garbage deposit ; ~ hill

“Vasos 1,2y 3"

e el

Figure 7.3 Location of solid waste deposits in Neva
Source: INGESAM , 2005

Once OId hill was closed, on October 2001 the cansbn of the transitory landfill began, which
is located in the same area where the old dumgssit&he idea of the transitory landfill was to gjiv
a temporary solution to the problem of solid watisgposal of Cali and other towns while a new and
temporary strategy of disposal was created. Furtbe, it was sought that the landfill was built
following technical specifications to cause lesspatt on the environment. From 2002, the
operation and maintenance of the transitory lahidfinanaged by EMSIRVA.

The operation’s characteristics of the current “&taw transitory landfill” are showed below.
7.6.2 Design of the system

The transitory landfill is an area type landfill wh means that the landfill is built on flat terrai

The base of the landfill is the terrain after isHaeen excavated. Solid waste is deposited in the
excavated holes until it reaches a certain heifme. final result is a geometric figure similar ket
trunk of a pyramid. In the case of Navarro, eacthese “half-pyramids” are called disposal deposit
or “vaso”.
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The Navarro transitory landfill consists of soliéiste deposits or “vasos” namely: 1, 2, 3, 4, & 6,
and D. “vasos 1, 2 and 3" were in operation urid2 “vasos 4, 5, 6 and C” operated until 2006.
Currently, only “vaso D” is in operation Each oé#e “vasos” was built as follows:

i. Terrain excavation

ii. Leveling of the base of the “vasos”, keeping a alop1% to the middle part of the terrain so
that leachate could drain more easily to the let@ctiain system

lii. Construction of the perimeter dikes to guarantembilty of the solid waste mass. The
dimensions of the dikes are: base width (7,0 noyvarwidth (3,0 m) and height (2,0 meters).

iv. Installation of Impervious layer (see Figure 7.W)consists of: a) clay layer of 50 cm (to
prevent leachate leaking to aquifers) , b) rocletgydiameters between 15 — 30 cm (to enhance
leachate flow to final drains), c) installation @afpolythene geo-membrane of 1,5 mm of high
density.

V. Installation of leachate central collector systemd @&himneys to evacuate gases (see Figure
7.5).

i
e

Figure 7.4 Installation of the impervious layer andFigure 7.5 Chimney for the evacu

e

ation of gas

leachate central collector in “vaso D” in 2004. for “vasos 4, 5, 6 and C”.
Source: INGESAM, 2005 Source: INGESAM, 2005

Additionally, the transitory landfill counts withstorm water drainage system which is independent
from the leachate drainage system. Storm waterdiegodirectly on the surface of the “vasos” is
evacuated through a network of secondary channétson the slope of the terrace. These channels
are connected to rectangular channels called ‘fiteras” which go from the highest part of the
landfill to the lowest part. These channels are entdm rocks with diameters of 30 cm that
dissipate energy. These rectangular channels amected as well to a big perimeter channel that
rounds the garbage deposits base and connects'Matirevieja”, that is an abandoned natural
water stream that is located along the solid waisigosal site of Navarro (INGESAM, 2005).

For the leachate production, currently, the volumhdeachate that is generated is stored in two
ponds which are located in the east part of Navdiese two ponds are known as Big pond 1 and
Big pond 2 (Gran Laguna N° 1 y Gran Laguna N°r2RQ005, a third pond was built since the other
two were almost full. The volume of the first tworls is 74580 frand the third one is 80000°m
There are also small auxiliary ponds (total volwwh8156 ni) which are located beside the slope of
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the “vasos”. Their function is to temporally stdéeachate that is produced in the “vasos” priosit i
pumped to the Big pond N 2 (see Figure 7.6).

Garbage
Deposits

Tt ﬁ\ HMEEEENER .
Figure 7.6 Location of main and auxiliary leachadads in Navarro
Source: INGESAM, 2005

7.6.3 Operation of the system

The disposal of solid waste in the transitory l@hidf carried out as follows:

i. The operation of the system begins with the coragrmal weight of the trucks that collect solid
waste in the city. In the entrance, there is aesysdf scales to registered the gross amount of
solid waste that arrives to Navarro. The scaleesystorks 24 hours.

ii. Once the weight is registered, the trucks movehtorespective unloading zone (respective
“vaso”) using roads that were constructed in trecel In the solid waste deposit or “vaso”,
trucks unload garbage (the unloading zone is calleerational front site). The operational
front site is aprox. 5 m of height x 15 m in ldmgind 25 m in width. In this area scavengers
pick, separate and recycle garbage that can beeg-u

iii. Once the recycling activities are over, the solabkte is extended and compacted on layers of
50 cm. The group of compacted layers of solid wasteday is called “cell’. A cell can reach
a height of 2 m x 23 m width in a day. These catks covered with a soil layer (10 cm width)
until it reaches a height of 5 meters. Betweerscallroad of width 2-3 m is built to allow the
circulation of heavy machinery for the mainter@an€the slopes of the landfill.

iv. The so called “vasos” are made by building up aalisop of each other. At the end, the “vaso”
looks like the trunk of a pyramid of around 5 mhigrhe base of each trunk is moved between
2- 3 m respect to the previous trunk so that atethek the “vaso” looks like a terrace structure
with heights between 17 m and 20 m.

v. Produced leachate is only stored in the ponds pigierd in the previous section.
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7.6.4 Amount of disposed solid waste

Apart from the solid waste produced by Cali thabants in average to 47891 ton/month (see Table
7.1), Navarro receives the solid waste from thenwaf Yumbo and Jamundi. In the information of
garbage production given by EMSIRVA, it can be st since 2005 other towns are depositing
garbage there as well .These towns are: CandeRalaira, Villarica. Figure 7.7 shows the solid
waste contribution by the city of Cali in 2006. Ttigy of Cali contributes with 87% of the solid
waste to Navarro, followed by the contribution lné industries in the same city.

Public service Jamundi
companis Cali  Yumbo 2,3%
2,1% 6,7%

Others
1,5%

Cali Industries
0,4%

Total solid waste=613713 ton/ye:

Figure 7.7Distribution of solid wastes received at Navagmear 2006.
Source: EMSIRVA, 2006. Production reports

7.6.5 Leachate production and disposal

There is not still an homogeneity among the esthgiroduction of leachate in Navarro site. For
instance, according to INGESAM (2005), EMSIRVA i85 measured in a monitoring campaign
an average leachate flow of 5,94 I/s. In year 2@¥@l|lazos (2004), cited by INGESAM, (2005),
estimated a leachate production of 3,58 I/s throaghodel calleccorenostoswhich is a model
available in Navarro site to predict amount of lede. Similarly, according to CVC (2004), a
leachate flow of 7,6 I/s was estimated for a tpralduction of 240000 hin year 2004From this
7,6 I/s, its was stated that 5 I/s are collected stored in the leachate ponds and the remainihg 2,
I/s are discharged to “Madrevieja” which conveysnthto the old stream of Lili river and to one of
the collectors in Aguablanca district. From thig ¥s, approximately 0,9 infiltrate to the surface
aquifer in the area (Agudeéd al.,2005).

In Navarro, there have been detected two typesaufhlate according to their stabilization degree:
new leachate and old leachate. New leachate céoubd in the ponds beside “Vasos 1, 2, 3 and C”
whereas old leachate can be found in the big pamd® the cleaning ponds. Although it is
considered that the old leachate presents lesstipgllload than the new one, both are characterized
by high COD loads, polluting ions such as metalganic material and minerals and present strong
odors and dark colors (CVC, 2004, cited by Agudeical 2005). In addition, the Table 7.2.
presents a characterization of leachate.
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Table 7.2 Characterization of New and Old leachaidavarro.

Leachate type
Parameter Unit
New? old®
pH un. 6,64 8,5
Total Solids mg/l 48020 13506
Total Suspended Solids mg/l 1410 198
Total Dissolved Solids mg/l 46610 13309
COD mg Q/I 62700 6269
Total Alkalinity mg CaCQl - 665
Total hardness mg CaGD - 1700
Calcium hardness mg CagD - 600
Magnesium hardness mg Caglio - 1100
Chloride mg CI/| - 2147
Total Nitrogen mg/l 1900,7 736
Ammoniac nitrogen mg/l 955 578
Phenols pg Phenol/l - 321
Cyanide pg CN/I - 7,84
Mercury pg/l - 3,21
Cadmium mg/| - <0,04

Source€’Garzon & Vélez, 2008CVC, 2002, cited by Agudelo et al., 2005

During 1998 to 2002, under the management of thd s@ste agency SERVIAMBIENTALES, a
pilot leachate treatment plant was built. The plantiuded physical and biological treatment.
However, nowadays the plant is out of operation wukack of use and maintenance. Figure 7.8

shows the treatment units:

Phase svparata
‘ ohefminl
- TN - |
b .-Fl-" o e e Iquid T '
ee——— e ~ cril e g e
.\ fo - g :
‘f 5 Gas | = i k
e | |
> 2 — '3 — i -— i —
i o I
T 8l —
Regulation Ponds IJASE Reacto sedimantaton Tan

Filters Polishing Pong

Figure 7.8 Pilot leachate treatment plant
Note: Sludge treatment consists of units for thendy of sludge.

In addition, during years 2001 and 2003 anothetitnent plant for the management of leachate
was built. The plant operated through force evapmrawith a flow of 3 I/s. However, due to high
operation costs, the plant was stopped and cuyrenlbandoned and out of operation. Nowadays,
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there is no leachate treatment taking place in Nav&VC (2004) cited by INGESAM (2005)
defined a trend in the leachate flow, which is sarired as follows:

- The underground flow was defined. Since the growatdwflow is slow with an average velocity
of 1 to 4 cm/day, leachate contamination has roeesed vertically but rather horizontally.

- Phreatic level depth in winter is 1 to 3 m.
- Phreatic level depth in summer is 2 to 4 m.

- Not saturated underground area is shallow and rohdeavel, with exception of “Madrevieja”
area which is made of sand and limes that enhdeaekate infiltration.

7.6.6 Production and treatment of gases

INGESAM (2005) estimated the production of gas avalro during 2004. The model predicted a
gas production of 180456°%d, out of which 53% corresponded to Cihd the remaining 47% to
CO.. For the management of gases, there are chimnetalléd in Navarro. These chimneys are
cylinders of 1 meter diameter, built with metallhets and filled with rocks. The number of
chimneys is 6 per hectare. The installation of tretarts on the bottom of the landfill and it is
extended as long as the solid waste column incsedsethis way, a constant gas evacuation is
guaranteed before its combustion.

7.7 ENVIRONMENTAL IMPACTS

7.7.1 Regarding solid waste collection and transport

As it was mentioned in Chapter 5, Section 5.5, n¢igg solid waste collection and transport, the
biggest problem in Cali is the inadequate dispofablid waste all around the city. The inadequate
disposal in channels, drains and structures ofstserage system cause problems of floods,
presence of vectors in the city and bad sanitatrmhhygiene environment.

The presence of solid waste and debris in the staatar channels and in the drainage structures is
mainly caused by:

- Presence of slums which directly deposit their wadio the channels and the drainage systems.
Unavailability of official debris disposal sitesdagolid waste transfer stations
Lack of “city culture” and community spirit to cafer their city

Lack of knowledge and education from the commuregarding the proper use of channels and
drainage structures

As mentioned in Section 5.5.3 in year 2005 the detepstorm water drainage system in Cali
presented a total of 98 garbage sites and 65 detessfor a total of 162 illegal solid waste disalo
sites, known as chronic dumpsites. Moreover, tha mmount of solid waste extracted from the
channels and sewage structures in year 2006 reagmedximately 155587 nbeing the channels
the most affected structures.

7.7.2 Regarding the final solid waste disposal site of Narro

The main environment impact caused by the dispgigalbf Navarro is the leachate contamination
in surface and underground waters. As it was meatidn Chapter 5, Section 5.5.8, CVC (2004)
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has recognized the ground water contamination aghlate, which reaches about two kilometers
along the “Madrevieja” with a depth of 10 metetseachate contamination is also reflected in the
presence of hazardous substances such as arsaimgium, cyanide, copper, phenol compounds,
chromium, mercury, silver, lead and selenium. Awas mentioned in Chapter 5, Section 5.5.8, a
monitoring campaign carried out by INGESAM (2008)dround and surface water, within the
perimeter of Navarro disposal site, registeredgares of these substances at which in comparison
to decree 1594 (environmental norm in Colombia floe quality of the water for human
consumption ) were outside the permissible estaduis/alues. For more detailed information refer
to Section 5.5.8.

Furthermore, regarding surface water around Navsite which is mainly composed by Cauca
river, “Madrevieja” and South channel, such systaarns in imminent danger of contamination
through percolation of leachate or clandestinectlidescharge to them. For instance, Newspaper El
Pais in 2005, declared that leachate was beingtljirdischarged to South channel trough a hose
pump (see Figure 7.9). Moreover , according to &b fh 2006, incidents such as the recent birth
of six babies suffering from genetic mutations knoa&s one-eye babies and mermaid babies has
aroused more doubts about the effects of leaclatiamination in surface waters. The latter due to
the fact that the mothers of the babies were livimghe influence zone of Navarro disposal site
(Agudeloet al.,2005).

Figure 7.9 Leachate discharge to south channalghra hose pump
Source: El Pais, 2005, cited by Agudetal.,2005

7.8 PERSPECTIVES IN THE MANAGEMENT OF SOLID WASTE

» Integrated Solid waste management plan PGIRS

The city of Cali formulated in 2004 an Integratemli®éwaste Management Plan (PGIRS) that looks
to improve the current solid waste management tdsvand integrated management in the future.
Its time spam is contemplated from 2004 to 201%® plan was established by the Municipality of
Cali with the support of the involved stakehold@&50Os, EMSIRVA, DAGMA, CVC among
others). Its main goals are: to minimize at souheegeneration of solid waste, to adequately treat
and dispose the non-recovered waste and to maxtmzeeuse of waste when possible. In order to
accomplish these goals, the plan proposes five lbhaction:

i. City culture
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ii. Cleaner production

lii. Valuation of organic and inorganic solid waste
iv. Good solid waste service quality

v. Appropriate final solid waste disposal.

Action line 1- City Culture

The main objective is to achieve a “sustainableselste culture” in the community. Such culture
should emphasize reduction in the generation afl seaste, solid waste source separation, solid
waste reuse at source and adequate disposal. rbgeams to achieve this objective consist in
awareness raising campaigns targeted to all lewelthe community and to strengthen the
communal organizations that work towards consesuati the environment.

Table 7.3 shows the goals and indicators thatméasure the achievements in action linel.

Table 7.3 Goals and indicators that will measueeatfiectiveness of Action line 1

Base Line Targets to December, 2007 Indicator Soafinformation
110 chronic dumpsites by To reduce the number off Number of recovered DAGMA
December 31, 2003 | chronic dumpsites by 30% sites EMSIRVA

53160 ton/month solid | To reduce the amount of
waste disposed in the finglolid waste that arrives to {
site in December 31, 2003final disposal site by 30%
Source: Municipio Santiago de Cali, 2004

Amount of solid wast

disposed in the site EMSIRVA

Action line 2-Cleaner production

The main objective is to implement processes tls& technologies that reduce environmental
pollution and reduce stress on natural resourcég. Sirategies to achieve this objective are:
research for technologies to treat hazardous wasteéementation of a plan for the management
of hospital wastes, implementation of incentivegaals implementation of cleaner technologies at
industrial and commercial level, and implementatafna control plan for the management of
debris. Table 7.4 shows the goals and indicat@tsviiil measure the achievements in action line 2.

Table 7.4 Goals and indicators that will measueegtfiectiveness of Action line 2
Base Line Targets to December, 2007  Indicator Source of information

There are not transfer| Cali will countwith transfe
sites or final disposal sit{ sites and legal disposal sites

Number of sites in DAGMA

for debris, 2004. of debris. place EMSIRVAE.S.P.
. N DAGMA
There is no waste sour¢e 10% of the debris will be Number of
i : EMSIRVA E.S.P.
separation recycled and reused |implemented program

Municipal planning

To increase by 50% the

PGIRS practices at Number of companies DAGMA
To be defined . "> P . using PGIRS  |Secretaria de Salud Publica
industrial and commercial . ;
practices. Gremios

level

Source: Municipio Santiago de Cali, 2004

Action line 3- Valuation of organic and inorganic solid waste

The main objective is to incorporate the productyele of solid waste in Cali with participation of
all involved parties: scavengers association, avadseector, public service companies. There will
be recovery programs, source separation programmssfer stations, promoting campaigns for
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classification and characterization of waste amchéd participation of scavengers. Table 7.5 shows
the goals and indicators that will measure theeaghents in action line 3.

Table 7.5 Goals and indicators that will measueedtfiectiveness of Action line 3
Base Line Targets to December, 2007  Indicator Source of information

20% of the reused wasté Number of recovered

will be recovered waste in tons.
Solid waste Carry out a new

characterization yealr characterization of the

1996. waste produced in Cali.
Source: Municipio Santiago de Cali, 2004

No source separatio

—

EMSIRVA

New characterizatio

done Municipal planning

Action line 4- Good solid waste service quality

The main objectives are to guarantee the contingtlity and coverage of the delivery of solid
waste service in an effective, economic way. Ireotd carry out this strategy there will be capacit
building and strategy-strengthen programs for thalved institutions (solid waste company). In
addition, the same type of programs will be tarddte scavengers groups. Table 7.6 shows the
goals and indicators that will measure the achi@rémin action line 4.

Table 7.6 Goals and indicators that will measueedtfiectiveness of Action line 4

Base Line Targets to December, 2007 Indicator Soofinformation

40% of the roads in thg Increase in 20% the serviq ‘f<i|ometers of cleaned

city are cleaned, swept of road and public space$ EMSIRVA ESP
) streets
December 2003 clearing.
238 scavengers without  40% of scavengers are | Number of scavengers Fome”to Economlco.
: : Bienestar Social
formal status, July 2004. formally organized formally recognized Feresurco

1960 official cqmplaln_s Reduce by 50% the numbeNumber of complains
due to bad quality servic

December 31, 2003 of complains. per year
Source: Municipio Santiago de Cali, 2004

EMSIRVA

Action line 5- Appropriate final solid waste disposal

The main objective of this line is to have an agggsolid waste final disposal site for the city of

Cali. The line involves the research and studieshenmost appropriate technologies for the final
disposal.

The line includes also as target the closure oitgeof Navarro and programs for the re-adaptation
and re-location of the formal recycling groups wogkcurrently at Navarro. Table 7.7 shows the
goals and indicators that will measure the achi@rgmin action line 5.

Table 7.7 Goals and indicators that will measueeatfiectiveness of Action line 5

Base Line Targets to December, 2007 Indicator Spoafinformation
Navarro site is under Navarro site has been | System of monitoring Emsirva
discussion to be closed officially closed. and control post-closufe CVvC
Cali does not count with a Cali count with an . . .
. . X X L .|, Final disposal site . -

defined final solid waste| appropriate, official technical . Alcaldia Municipal

X . ; . working properly

disposal site. apt disposal site

Source: Municipio Santiago de Cali, 2004
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» Accomplishment of the Action lines stated in the PRS

To the date of November, 2007 and according toriinédion provided by the Planning department
of EMSIRVA and Education department of EMSIRVA (Ramal Interview on November 28, 2007)
the following targets are currently being achieved:

Action line 1- City Culture
EMSIRVA is carrying out awareness and educationpzdgn as it was explained in Section 7.3.
Action line 2-Cleaner production

Hospital routes for the collection of hospital vesstare implemented following the appropriate
technical standards as it was mentioned in SeCts3.

Action line 3- Valuation of organic and inorganic solid waste

- PGIRS awareness campaigns to promote source sepaaatl recycling are being implemented.
The camping name.iSYo separo mis residuos, y tRainly promoted by the municipality with
cooperation of other involved stakeholders.

- A new characterization of the domestic waste in dty of Cali was made in the year 2006
updating the characterization of year 1996.

Action line 4- Good solid waste service quality

- Coverage of the solid waste collection is 100%hmcity of Cali.
- 85% of the roads in the city are swept and cldane

- There are 609 scavengers that are formally rdzedrand that belong to a formal cooperative
group working in the disposal site of Navarro.

Action line 5- Appropriate final solid waste disposal

- By January 31, 2008 the disposal site of Navarro
must be officially closed.

- Currently, the most likely place to establish the
technical landfill for the city of Cali is the
Municipality of Yotoco (see Figure 7.10).
However, the final decision regarding the type of
disposal site and location is currently being made

Figure 7.10 Location of the new disposal site
or the city of Cali.
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8 FUTURE URBAN EXPANSION AREAS IN CALI

8.1 GENERAL OVERVIEW

The future urban expansion area in Cali would lsatled to the south of the city and it is composed
by the sectors named: Corredor Cali — Jamundi aenhi¥o (see Figure 8.1). According to the
Municipal planning department, currently, there asly a established road network already
approved by the Municipality for the Cali-Jamun@eetor (Refer to Figure A8.1-1 in Annex for
the detailed map). Regarding the type of urban ldgweents in this area, there is not a general
urbanization proposal for either sector. Howevar, the sector of Cali-Jamundi, individual
urbanization proposals are being studied by therittg Department. These individual proposals
are mainly requested by construction companiestwhave already bought land in the sector and
that are looking to develop their own areas.

¥
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M 3 ;%’ Fad, ¥ J
3 TR -
Mol -

Expansion area - i - s
orredor Ca]i—.]alnun}\ Ty : Fe, g e S SN
South Channel 1

Expansion area
Navarro

] ,.‘/’

C}-Eauca River . B

Figure 8.1 Current and future area distributiothim city of Cali
Source: Municipio de Cali, 1998.

Moreover, both sectors: Cali-Jamundi and Navarralavbe developed and classified according to
the economical status of their inhabitants using filgure of “estratos”. Estratos is a way of
economically classifying the sectors in the cityende estratos 1 and 2 correspond to the most
economical stressed groups and estratos 3, 4, b andrespond to the economical middle class to
the upper class economic groups. In this regardaia sector is meant to be for estratos 1 and 2
and Cali-Jamundi for estratos 3, 4, 5 and 6.

Following, a description of each expansion secanade with their respective proposed strategies
regarding water supply, sewerage systems and watgeweatment based on studies carried out by
EMCALI and private consultancy firms.
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8.2 CALI-JAMUNDI SECTOR

8.2.1 General Characteristics

The future urban expansion area defined in the R@md ordering plan) as Cali-Jamundi is located
to the south of the city and it is formed by 1652t ctares. Its topography is uniform with a slight
descent slope to Cauca river (see Figure 8.1).eGtlyr this area is mostly used for agriculture
purposes.

According to the Municipal Planning Department,reutly, there are two approved urbanization
developments (partial urbanization plans) in thet@eCali-Jamundi calleBlan parcial Melendez
and Plan parcial Las vegas-Comfar(@®efer to location map in Figure A8.1-2, Annex » A can

be seen in the map, there are other proposed adiam developments which have not been yet
approved by the municipality and are still undetieer and consideration.

Moreover, the only available information until nowgarding delivery of drinking water and
sanitation services in this expansion sector is féasibility studies undertaken by EMCALI.
EMCALI in 2005 hired the consultancy firm Hidroodente to make the feasibility studies for the
delivery of such services. Therefore, all the infation described in the section Cali-Jamundi
corresponds to the study carried out by EMCALI-ldimtrcidente (2006).

8.2.2 Drinking water supply

8.2.2.1 Population density and drinking water supply

There are not norms or legislation that regulageséctor of Cali-Jamundi sector regarding the type
of infrastructure, dwellings and urbanization laggo he gross area of this area is of 1654 ha.eTabl
8.1 shows the net area of the Cali-Jamundi sectichwwould receive drinking water and
sanitation services and which is divided accordingstratos as mentioned before. The distribution
of population density proposed in this study (whatko follows POT guide lines) are shown in
Table 8.2. In this study, year 2030 was taken aptbjected year.

Table 8.1 Expansion area “Corredor Cali-Jamundfintzded drinking water demand in year 2030

Estratc Aree (ha Deman (I/per/ha
3 30¢ 27¢
4 52¢ 417
5 49C 354
6 35 21
Total 1358* 1067

Source: EMCALI-Hidroocidente, 2005

*Note: The total area calculated in the Table doesinclude 122 ha from estrato 6 which
has been already considered in the Project drinkiatgr supply, Upgrade of the pumping
system of High Pance, carried out by Unién Temp@edi (2004).

Table 8.2 Proposed drinking water demand and ptipaldensity in the area Cali-Jamundi

Year Gross demancperha’ Gross demand/perha’
Estrato . | Estrato « | Estrato ! | Estrato (| Estrato . | Estrato «| Estrato !| Estrato |
201( 87 69 56 33 21€ 24C 273 371
201F 134 107 86 52 20¢ 23C 261 35¢€
202( 21¢ 172 13¢€ 83 20¢€ 22¢ 257 35C
202¢ 303 241 194 117 203 224 254 34¢€
203( 39( 31C 25C 15C 20C 22( 25C 34C

Source EMCALI-Hidrooccidente, 2006
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8.2.2.2 Proposed alternative

Based on Table 8.1, when the expansion sectorJaaiiindi would be totally developed, its full
water demand would be 1067 I/s. From a previoudystalled ‘Prolongacion de la Tuberia de
Transmisién Oriental-TTO or “prolongation of the Oriental transmission @ipTTO” by

INGESAM, it was already defined that the TTO woalthply the Cali Jamundi sector with a flow

of 510 I/s.

Based on these previous conditions, Hidrooccidpnd@osed the following as the drinking water
supply strategy in the sector; also Figure 8.2 shitnve layout of the proposed strategy:

« The main objective was to supply the expansion emeaugh pumping from Puerto Mallarino
and Rio Cauca drinking water plants, so in placarielogy was used.

e Prolongation of the TTS line trough Calle 25 uérrera 115
« Prolongation of TTO through Calle 53 until Carrég2

» Construction of a linking structure between TTO a&fi in Carrera 109

» Supply of water by gravity the south area in thé-Camundi sector which is equivalent to an
average flow of 538,95 I/s.

* Supply of water by pumping the tanks in the soutaaCra 127 and Cra 118) which is
equivalent to 528,07 I/s

Table 8.3 shows a summary of the proposed watgi\ssfrategy in the Sector Cali-Jamundi.

Table 8.3 Proposed drinking water supply areaidigion in expansion sector Cali-Jamundi

Area Supply Density Demand
tha) | BS"C | (inhab.d) (inhab/ha) (Ils) Zone
77,08 5 250 250 55,76
Direct pumping
94,46 4 220 310 74,56 from Puetto.
82,77 4 220 310 65,33 M?llrlalaurci:gopf‘ar?tg
50,76 4 220 310 40,07
166,81 5 250 250 120,67 |bumping Carret
24527 | 4and3| 220 and 200 310 and 390 186,40 118
Direct pumping
31756 | 4and3| 220 and 200 310 and 390 303,21 Mgﬁ;‘:ﬁg‘gt&o
Cauca plants
33,81 6 340 150 19,96 |bymping Carrer
289.48 | 5.4 and 2250, 220 and 20p 250, 310 and 394 201,06 127

Source: EMCALI-Hidrooccidente, 2006
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8.2.3 Sewerage system

8.2.3.1 Wastewater characteristics

The production of wastewater per person was esiinasing a return coefficient of 0,80 applied to
the drinking water demand. Table 8.4 shows theneséid wastewater production during the period
2010-2030.

Table 8.4 Wastewater production period 2010- 2030

v Wastewater production (I/per/day)
ear
Estrato 3 Estrato 4 Estrato 5 Estrato 6

2010 174 192 218 297
2015 167 184 209 285
2020 165 181 206 280
2025 162 179 203 277
2030 160 176 200 272

Source. EMCALI-Hidrooccidente, 2006.

Likewise, the BOD and SST concentrations of thetewaater in this area were estimated as 157
mg/l and 113 mg/l respectively. These concentratimpresent the typical domestic wastewater
concentrations in Cali based on measurements eegistin the Collector Margen Izquierda
(EMCALI, 2007).

Design Flows

Apart from the wastewater flows estimated in Tab# the following flows were also taken into
account in the design of the sewerage system:

- For options that considered separate seweragensyst additional wastewater flow of
0,1 I/s.ha that considers illegal storm water caotipas was included.
- Superficial Infiltration flow in the collectors jos of 0,115 I/s.ha was also considered.

8.2.3.2 Proposed alternatives

» The draining of the wastewater produced in the afe€ali-Jamundi, whether combined or
separate system, would be done using secondagctmit which would be placed in the future
roads located in East-West direction. The princigalectors would be placed in the roads
located in South-North direction which would conwegstewater to the proposed WWTP-Sur
which could be located in front of the current doliaste disposal site of Navarro along the left
side of South channel.

e Cali-Jamundi area was divided in four drainageasciccording to the sewerage system. Such
sectors were named Sector 1, 1A, 2 and 3 (Seed-&8).

The different sewerage alternatives proposed byddittidente are summarized in Table 8.5.

Urban Water Management for the City of Cali - Diagis Report 8-5



Chapter 8 Future Urban Expansion Areas in Cali SWH@roject

Cali
Urban Area -

Expansion area
“orredor Cali~Jamundi

-

Q’E;BIIL’EI Ver .

Caral Cal= 45500

a Fio Jamurdi

o
L g
= =
o] ol
= oi

=1

GCaliz &1 Canal Salke 51 —
aGanalaur SECTOR 1 : SEPARATE SEWERAGE SYSTEM

Sanitary Sewerage Area o WWTP-C = 247 ha

SECTOR 1A : SEPARATE SEVWERAGE 5Y5TEM

Sanitary Sewerage Area o WWITP-C = 85 ha

SECTOR 2 : SEPARATE SEVWERAGE 5Y5TEM

Sanitary Sewerage Area o South Pumping Station = 153 ha
l:l AREA SECTOR 3 : COMBINED SEVWWERAGE 5YSTEM

Sanitary Sewerage Area to South Pumping Station = 1037 ha
l:l PARTIAL AREA SECTOR 3 : COMBIMED SEWERAGE SYSTEM

Sanitary Sewerage Area to South Pumping Station = 87 ha

- [77 7] PROTECTED GREEN AREA

Figure 8.3 Proposed drainage Sectors in the aiel@alundi.
Source: EMCALI-Hidrooccidente, 2006
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Table 8.5 Summary of proposed sewerage systenmatiezs. Expansion Area: Cali, Jamundi

Alternative 1
Separate system

Alternative 2
Combined system

Alternative 3
Separate and combine(

Alternative 4 Ji
] Separate and combine

system system
Waste water — Sectors 1, 1A (332 ha) Separate system Separate system
drain by gravity a flow| Wastewater: Wastewater:

Sectors 1, 1A (332
ha) drain by gravity
a flow of Q=427 I/s
to WWTP-C via
Pance collector.
Sectors 2 and 3 drai
by gravity to the
future Sur pumping
station (Q=1034
m’/s).

See Map in Annex ,
Figure A8.2-1

of Q=427 l/s to
WWTP-C via Pance
collector.
Construction of
pumping station in
calle 48 with carrera
102 to drain
wastewater coming
from zone 1 to
WWTP-C.

Sectors 2 and 3 drain
by gravity to the
future Sur pumping
station (Q=1034 Hfs).
See Map in Annex ,
Figure A8.2-2

Sectors 1, 1A (332
ha) drain by gravity a
flow of Q=427 I/s to
WWTP-C via Pance
collector.

Sector 2 drains by
gravity to the future
Sur pumping station

(Q=1034 ni's).

Separate system
Storm water:

Sectors 2 must be
pumped to South
channel (Q=5,7
m’/s), as well as part
of sector 3 which
would be pumped to
the channel located i
Calle 60-Carrera 102
(Q=5.1 ni/s).

See Map in Annex ,
Figure A8.2-3

Sectors 2 and 3 are
under flood risk so
they have separate
system, draining
wastewater to future
Sur pumping station

Separate system

Storm water:

Sector 2 drains
stormwater by
gravity to Lili, Pance
and Jamundji rivers.
The remaining part o
zone 2 drains to
South channel
Sector 3 drains store
water by gravity to
the channel located in
,  Calle 60-Carrera 86.
See Map in Annex ,
Figure A8.2-4

Storm water

Sectors 1, 1A, 3 and
part of 2 drain by
gravity to Lili, Pance

Storm water

— Sector 2 is pumped t
South channel (Q=8
m’/s), as well as 87

D

Combined sewerage

Sector 3 is design
solely as combined
system which drains

Combined sewerage

Sector 1 drains the
combined wastewater
to Pance collector

and Jamundi rivers. ha from zone 3 which to the collector which until WWTP-C.
The remaining part would be pumped to arrives to future Sur
of zone 2 drains to the channel located ih  pumping station
South channel Calle 60-Carrera 102
- Construction of (Q=5.1 nils). .
pumping station - Sectors 1, 1A and a
with capacity 5.7 big part of zone 3
m®/s to drain 90 ha drain to Lili, Pance
from zone 2. Jamundi rivers and
- Modeling South channel.
simulations shown
that Lili river has to
undergo a hydraulic
improvement to be
able to transport
storm water
Source: Adapted from EMCALI-Hidrooccidente, 2006
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8.2.3.3 Selected alternative

In its final recommendations, the firm Hidroocciteestated the following:

» The most appropriate option should include sepa@teerage system in sectors 1 and 1A which
would drain by gravity their wastewater to the WWCTRo take advantage of its total capacity.

« Sector 2 presents risk of flooding. If the systanséparate there is the need of pumping 47% of
the rainwater that falls in the drainage area &tioki system is combined 100% of the rain water
needs to be pumped. Therefore it is suggestedripkmentation of a separate system in that
sector.

» Sector 3 presents 87 ha which are under flood asskvell (nearby Sur wastewater pumping
station). Hence a separate system must be implechémthis sector as well.

8.2.4 Wastewater Treatment

8.2.4.1 Proposed alternatives

The selected alternatives proposed by EMCALI-Hidmdente (2006) for the treatment of the
wastewater generated in the area Corredor Caliuddiwere:

Alternative 1: Pumping to WWTP-C

Alternative 2: Conventional activated sludge system
Alternative 3: UASB system plus low rate activashutige system
Alternative 4: UASB system plus aerated lagoons

The alternatives 2, 3 and 4 refer to the proposedtewater treatment plant in the sector Cali-
Jamundi called WWTP-Sur.

The influent wastewater to the WWTP-C in year 2088 estimated to be 7,28%s which made
feasible to consider alternative 1.

According to the terms of reference of this prgjéot the treated effluent form WWTP-Sur there
are the following available options to take inte@ant. The location of the WWTP-Sur is shown in
Figure 8.4.

1. Pumping to the channel located in street 4&hduwsummer season and to South channel in winter
2. Total or partial discharge to

3. Use as waster source for irrigation in summasase and discharge to south channel in winter.

4. Tertiary treatment and disinfection before désging it to South channel

5. Combination of the latter

6. Other options

Furthermore, the level of treatment of the altewest2, 3 and 4 was considered the same since the
same BOD and TSS removal efficiencies were expedtecddition, the denitrification of the
effluent via addition of ferric chloride and disaation with UV light before discharge to South
channel was also contemplated. Table 8.6 showssthemary of the proposed wastewater
alternatives.
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Table 8.6 Proposed wastewater treatment alterrsativ€ali-Jamundi area

Alternative No 1.

Alternative No 2.

Alternative No 3

Alternative No 4

Alternative Pumping to WWTP-C Activated sludge* UASB + show rat*e UASB + aerated pondsf
activated sludge
- Construction of
pumping station in— WW generated in— Same as alternative|2 Same as alternative P
front of Navarro Cali-Jamundi are
disposal site to conveyed to
transport WWTP-Sur, in
wastewater (WW)|  front of current
generated in Cali-|  Navarro disposal
Jamundi sector to|  site
existing Navarro |- pye to the
pumping station elevation levels d
— From Navarro the sanitary
General station WW is collectors , a
description|  hymped to screw-type
WWTP. pumping station
- Anindependent needs to be built
boost pipe is (1470 Ifs)
projected to
convey the WW
generated in the
city to WWTP-C
- WWTP-C in year
2030 is able to
treat 7,28 s
— 1 Screw-type — 1 Screw-type 1 Screw-type
pumping station pumping station pumping station
- 3finescreen |- 3fine screen 3 fine screen channells
channels channels . 3 aerated grit
- 3 aerated grit 3haeret1)ted grit chambers
chambers
chambers G UASE 6 UASB
~ 2 primary settling 8 aeration tanks 3 aerated ponds and| 1
tanks 8s ) " anoxic pond (Phase )
- i - econdary settlin .
4 aeration tanks s Yy 9 3 Settling ponds
Components N/A - (Q=1061 ni's e
P i (Q ) Denitrification with 3 aerated ponds and| 1

2 Secondary
settling tanks

Denitrification
with ferric
chloride

2 sludge digeste

2 sludge storage
tanks

2 Filters press

7]

ferric chloride

6 anaerobic sludge
storage tanks

5 Filters press

anoxic pond (Phase
1))
3 Settling ponds

2 anaerobic sludge
storage tanks

2 Filters press

Source Adapted from EMCALI-Hidrooccidente, 2006
*Design flow of the systems (Q) =1,061%m
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Table 8.7 shows the design characteristics of iffiereint components of the proposed wastewater
treatment systems

Table 8.7 Characteristics of the main componenthefreatment units

Component Characteristics
System of transport strips
Fine screens channel Waste chute (spacing 0,6 inches)

Number of units: 3

Air diffusers, ejection pump, screw sand collecfbength 11,8,
width 3,6m)

Aerated grit chambers Retention time: 3 minutes

Total area: 178

Number of units: 3

Retention time: 6,5 hours

Useful Height: 4,5 m; total: height 7,0 m

Length: 38 m
UASB Width per unity: 25 m
Area: 6840 m
Number of units: 6
Retention time: 5 days
Useful Height: 4,5m
Sludge tank Diameter 7 m

Area: 16,8 m
Number of units: 2
Capacity: 6,8 rfih
Filter press Operation time: 8 Hours
Number of units: 2
Useful depth: 3,5m
Width: 59 m
Aerated and anoxic pond Length: 177 m
Volume: 109068 m
Number of units: 3
Useful depth: 3,5m
Width: 59 m
Settling pond Length: 74 m
Volume: 45.827 rh

Number of units: 3
Source Adapted from EMCALI-Hidrooccidente, 2006

8.2.4.2 Technology Selection

The process of selection of the most appropriatienglogy was based on a technical, economical,
and environmental assessment.

Technical assessment

Table 8.8 describes the parameters considered entébhnical evaluation of the proposed
wastewater treatment technologies.
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Table 8.8 Technical evaluation of technologies.&i-Gamundi area
Infrastructure Advantages Observations
Screw-type Required in alternatives 2, 3 and 4. It keeps the
pumping station [same design characteristics in all alternatives
Pumping station to
Navarro pumping

Itis required in alternative 1. The pump type
would be centrifuge.

station
Navarro pumping Current infrastructure is used
station
- It allows the exclusive treatment of wastewaterHigh phreatic levels in the
produced Cali-Jamundi sector sector made compulsory the
— The different alternatives foreseen three type US€ of piles as foundation
of technologies: structures and to raise the land
level for the implementation
o Alternative 2 Conventional activated the slopes of the ponds
sludge system - The final effluent disposal
0 Alternative 3 UASB system plus low alternatives fore sought are in
WWTP-Sur . .
rate activated sludge system summary: discharge to

0 Alternative 4 UASB system plus aerated wetlands and discharge to
lagoons south channel. Such

alternatives are not favorable|
since either way suggest the
wastewater discharge upstream
the water intake of Puerto
Mallarino.

Current infrastructure is used. In addition, only
WWTP-C an investment in the upgrade of the plant to

secondary treatment is estimated
Source Adapted from EMCALI-Hidrooccidente, 2006

Economical assessment

The economical assessment was based on the investomsts, operational and maintenance costs
of the components of the different proposed altdres. Table 8.9 shows the description of the
components based on the economical assessmenthé&quurposes of this report, it was not
considered the need to include money value of eaofponent, but rather the final considerations
of the report. Therefore, after economically anisgzeach alternative, Hidrooccidente suggested
that the least costly alternative was alternatiyéollowed by alternative 4. Alternatives 2 and 3
were the most expensive ones.

Environmental assessment

The critical points to analyze each alternativemiréhe environmental point of view were
(EMCALI-Hidrooccidente, 2006):

* To avoid increasing the pollution to South charkmelwn also as Navarro channel

« The WWTP-Sur may strengthen the current charatiteri§ the sector as a sanitary polygon
based on the presence of south channel and Nas@idovaste disposal site

e The WWTP-Sur causes devaluation of the surrountdingins

* Using WWTP-C ensures the use of infrastructureadlyein place which currently is being
underused
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Table 8.9 Economic assessment of the wastewasgnteat alternatives in the sector Cali-Jamundi

Alternative No 1. | Alternative No 2. Alternative No 3 Alternative No 4
Costs Pumping to WWTP-CQ Activated sludge| UASB + show rate | UASB + aerated ponds
activated sludge
— Pumping station |- WWTP-Sur - WWTP-Sur - WWTP-Sur
(PS)to puma watef  construction construction construction
to Navarro - Construction |- Construction - Construction
pumping station pumping statio| pumping station pumping station
(PS1) entrance t{  entrance to WWTP{ entrance to WWTP
~ Replacement of WWTP-Sur Sur Sur
pumping - Replacement of- Replacement of - Replacement of
equipment in PS1 . . . . .
~ Boost pipe line pumping pumping equipment  pumping equipmen
from PS1 to equipment in in WWTP-Sur in WWTP-Sur
WWTP-C WWTP-Sur - Replacement - Replacement
Investment | _ Secondary - Replacement equipment in equipment in
costs treatment in equipment in WWTP-Sur WWTP-Sur
WWTP-C (flow WWTP-Sur
from expansion
area).
- Replacement
equipment in
WWTP-C
— Secondary
thickener WWTP-
C (flow from
expansion area).
- Energy PS — Operation and |- Operation and — Operation and
- Energy PS1 maintenance maintenance maintenance
Operation anl™ Op-eration and WWTP-Sur WWTP-Sur WWTP-Sur
maintenancd ~ maintenance - Energy - Energy pumping |- Energy pumping
costs WWTP-C pumping station  station entrance to |  station entrance to
- Maintenance boost  entrance to WWTP-Sur WWTP-Sur
pipe line from PS1  \wWwWTP-Sur
to WWTP-C

Source Adapted from EMCALI-Hidrooccidente, 2006

« Using WWTP-C is more advantageous since the teolgads already known

« UASB technology is a non proved technology sinsedtl efficiencies are still under discussion.
Additionally, there are no UASB technologies wiimiar size as the WWTP-Sur would be so
there is no option for comparison.

e |t is not advisable that EMCALI uses its resourdesthe implementation of not proved
technologies, even more, when there are conveitienanologies which have been tested and
proved worldwide. Furthermore, EMCALI has experienn the design and operations of
conventional plants as WWTP-C.

« UASB alternative is an uncertain investment for EMT which is not compatible with the type
of urban development wanted for the area whichdaliteon causes high environmental impacts.
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8.2.4.3 Selected technology

Based on the assessment described above, Hidreateidecommended the alternative 1 as the
most appropriate technology in the expansion asda famundi.

8.3 NAVARRO SECTOR

8.3.1 General characteristics

According to the POT, the area defined as “regirddarido Navarro” is not directly included
within the established areas for future urban dgwekent. However, the POT states that the area
may be used in a future as an urban developmertbrsgcovided that urbanization and
environmental studies say so. Currently, the mpaidy of Cali has selected this area as urban
development for the “estratos” 1 and 2 ( Gandir®&zco, 2006). This zone is located to the south
of the city in the area called Navarro (see Fig8r). It boundaries to the north is the urban
perimeter, to the south is the South channel,écetist is the protected green belt and to the igest
the polygon that defines the environmental prote@eea around Cauca river. The soils in the
sector area characterized by low hardness withgh lavel of liquefaction and high degree of
enlargement of the seismic waves. Navarro sestestiablished to be under risk of floods by storm
water or overflow of south channel and Cauca riltrerthis area, the solid waste disposal site of
Navarro is located. The total area of the Navaed® is 823,74 hectares, from which 615,52 ha
are designed to be urbanized and 196,6 ha corrédpatiie so called “ejidos municipales” which
mean areas of communal property. The soils in datos are adapted for agriculture and cattle
breeding, being the main crops the re sugar caee on

For the implementation of water supply and sewemagtems in this sector, EMCALI hired the
consultancy firm Gandini and Orozco to make thesifdbty studies for the delivery of such
services. Therefore, all the information describethe sector of Navarro corresponds to the study
carried out by Gandini and Orozco (2006). It is ampnt to highlight that in the study, Gandini and
Orozco point out the lack of a defined urbanizascheme by the Municipal planning department.
Consequently, the consultancy firm proposed a fayout to locate the water supply and sewerage
pipes.

8.3.2 Drinking water supply

8.3.2.1 Population density and drinking water supply

For the estimation of the population growth, thenfiestimated a growth that is defined in Table
8.10. The saturation density of 500 inhab/ha waedthan the population growth estimated in the
POT in estratos 1 and 2 in the current city (486@3 inhab/ha) arriving finally to a saturation

population of 307760 inhabitants.

Table 8.10 Estimated population growth in the SestdNavarro

Population in Navarro (inhab)
Year Increment Population

Annual Total
2010 12000 12000
2020 6000 96000
2025 6000 126000
2030 6000 156000

Source: Gandini & Orozco, 2006
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The base average water consumption was 140 l/idagbihich corresponds to the monthly

average consumption in estratos 1 and 2 in theeuunity of Cali in year 2005. The non-domestic

consumption was estimated as 3% of the total copgam The water losses were estimated as
25% of the total. The projected water demandslaoevs in Table 8.11.

Table 8.11 Drinking water demand in the Sector av&iro.

Year Total population Total demand

I/s nlyear
2010 12000 25,0 779
2020 96000 200,46 6235
2030 156000 325,74 10131

Source: Adapted from: Gandini & Orozco, 2006

For the study of the drinking water and seweragdesys alternatives, the sector of Navarro was
divided in North sector (389,7 ha) and south se(@B,5 ha). For purposes of the study it was
assumed that the total estimated population in 836 would be located in the north sector.

8.3.2.2 Proposed alternative

Table 8.12 shows the design criteria used in topgsal of the drinking water supply alternatives.
Furthermore, Table 8.13 shows a summary of theqseh drinking water supply alternatives in the
Navarro expansion sector. Annex A8.3 shows theeas/e layouts schemes for each alternative.

Table 8.12 Design criteria for the proposed inkirig water supply alternatives

Supply with losses of 25% 187 l/inhab.d
Maximum daily consumption factor 1,20
Maximum hourly consumption factor 1,50
Hourly maximum flow 1200 I/s
Average flow 666 I/s
Daily maximum flow 800l/s

Source: Adapted from: Gandini & Orozco, 2006

Table 8.13 Summary of proposed drinking water aives
Alternative Description
|Parallel to TTO line. It is feed by Puerto Mallariplant
This alternative causes high energy costs duenmpng
through long distances from Puerto Mallarino uRgivarro
sector
New drinking water plant located in Navarro sectsing
Cauca river as water source upstream South channel.
The drinking plant would be composed by , grit realo
chambers, settling tanks, rapid filters and chkmtion.

The sector of Navarro would be supplied through pimign

Each well would have its own water treatment sysaeih
pumping system.
The hydraulic capacity of each well would be 2@0 I/

1. TTNV (Navarro transmission pipe) wit
direct supply from Puerto Mallarino plant
Refer to Figure A8.3-1 in Annex

2. Autonomous system
Refer to Figure A8.3-2 in Annex

3. Construction of 4 wells located along
drinking water network. Wells’ depths

would be more than 400 meters. - - ;
Refer to Figure A8.3-3 in Annex The water treatment would consist of: biologicaater,

aeration, rapid filters and chlorination

Source: Adapted from: Gandini & Orozco, 2006
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8.3.3 Sewerage system

8.3.3.1 Wastewater characteristics

The return flow was established as 0,85 from tlekdrg water consumption. The design flow for
the pre-design of the sewerage network was asswaheéd5 I/s. The storm water flows were
estimated using the model EPA-SWMM-V-5.0. The failog were the considered parameters for
the proposed design of the sewerage systems:

- Average WW Q = 423,52 I/s

- Infiltration Q =110-7 I/s

- lllegal connections Q = 61,50 I/s

- Maximum hourly WW Q = 669,48 I/s
- Rain Q = 46288,65 I/s

8.3.3.2 Proposed alternatives

The proposed alternatives for the sewerage netwwekg classified as separate and combined
sewerage systems varying the materials of thegmahgpipes from PVC to concrete. In overall the
alternatives were classified according to Tablel 8.1

Table 8.14 Alternative proposed scenarios for dveesage systems in the Navarro sector
Alternative Scenarios

Sanitary sewers

1A. PVC network pipes, pumping to Aguablanca PumpirStation

(ABPS),WWTP-C and discharge to Cauca river.

1C. PVC network pipes, pumping to proposed WWTPayay and pumping to

Cauca river.
Alternative 1: 1B. Concrete network pipes, pumping to ABPS, transpo WWTP-C and

Separate sewer systemdischarge to Cauca river.

1D. Concrete network pipes, pumping to proposed Vi?MBvarro and pumping

to Cauca river.

Storm water

In all scenarios storm water will be convey to Gatiger.
2A. Combined network pipes, pumping to ABPS, WWTRs@ discharge to
Cauca river.
2B. Combined network pipes, pumping to proposed VWPANavarro and
pumping to Cauca river.

] For both alternatives the use of CSOs in conteraglatith transport of excegs
Alternative 2: rain water via open channels and their direct disgé to Cauca river.
Combined 3A. Combined network pipes, pumping to ABPS, WWTRx@ discharge to
sewer system Cauca river.
3B. Combined network pipes, pumping to proposed VWPANavarro and
pumping to Cauca river.
For both alternatives the use of CSOs in conteraglatith transport of excegs

rain water via closed pipes and their direct disgbdo Cauca river.
Source: Adapted from: Gandini & Orozco, 2006
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8.3.3.3 Selected alternative

The consultancy firm left the decision of the predd alternative to EMCALI.

8.3.4 Wastewater treatment

8.3.4.1 Proposed alternatives

There where different proposed systems for thertreat of wastewater in the sector of Navarro.
The design criteria were determined using year 283the projected year. The design parameters
are the following:

COD=380 mg/l

BOD=200 mg/I

TSS=200 mg/l

Inhabitants=156000

Return coefficient 0,85

Drinking water supply = 140inhab/day
= Maximum Flow =540 I/s

= Average Flow =300 I/s

The following was proposed for the wastewater tnegit in the Navarro area:

* A new WWTP in the area of Navarro

« Transport of the Navarro wastewater to Aguablaneagng station and afterwards to WWTP-C

The selected alternatives proposed by Gandini &Qyp(2006) for the treatment of the wastewater
generated in the Navarro area were:

Alternative 1 UASB + aerated ponds + high ratdisgt{f\WWTP-Navarro)
Alternative 2 UASB + percolation filter + secondasttling tank (WWTP-Navarro)
Alternative 3 Conveying and pumping to WWTP-C

Figure 8.5 shows the suggested location of theqaegh WWTP-Navarro. In addition, the estimated
design parameters and components of the systendefined in Table 8.15. The pretreatment for
alternatives 1 and 2 was defined the same.

8.3.4.2 Selected alternatives

The study made use of an economical assessmerden to classify the technologies according to
their investment, operation and maintenance c&stsn such classification, the least costly option
was alternative 3, followed by Alternative 1 andeakards Alternative 2. Moreover, between

alternative 1 and 2, the less expensive alternata® number 1: UASB + aerated pond + high rate
settling The effluent final discharge from the WWMNBvarro would be Cauca river in case its

construction is finally decided. Disinfection woulé applied to the effluent before it is discharged
to Cauca river.
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Figure 8.5 Suggested location of proposed WWTP-Nava
Source: Gandini & Orozco , 2006
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Table 8.15 Com

onents of proposed wastewater tegdtaiternative sy

stems in the Navarro sector

Pre-treatment

Alternative 1 UASB +
aerated ponds+ high rate
settling

Alternative 2 UASB +
2 percolation filter+ secondar,
settling tank

Alternative 3 Conveying
Yand pumping to WWTP-(

Gross screen

Solid waste
storage tank

(0.08 nf)

3 horizontal
flow grit
removal
chambers (15
I/s)

Sand storage|™

tank

sTotal area =2.6 ha

UASB
4 reactors :75 /s each

HRT:6 hours
Depth: 4m
Width 25 m
Length:16 m

BOD removal efficiency
60%

Sludge production 11/t

3 sludge dry blankets p
reactor

Pond

1pond

BOD removal
efficiency: 70%

Water volume 536 fn

Total area = 2.2 ha

UASB
Same as alterative 1.

Aerobic percolating filter
4 filters

BOD removal efficiency:
70%

Volume: 1016 m
Area 508

High rate secondary settling -

tank

HRT:3 h
4 modules :75 I/s

Navarro’s wastewater
pumped to Aguablanca
pumping station and
afterwards to WWTP-C

WWTP-C design flow
of 7.6 n¥/s would be
reached in 2030
according to Gandini &
Orozco. Other EMCAL
studies suggest that th
design flow would be
reached in year 2017.

Possibility of
implementation of
aerobic ponds as
secondary treatment ir
WWTP-C to reach BOI
removal of 80%.

0]

Proposed Options within
alternative:

o WWTP-C +ponds +
parallel plates until
2017.

o WWTP-C until 2030
o WWTP-C until 2017

Source: Gandini & Orozco , 2006.
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9 INSTITUTIONAL FRAMEWORK

9.1 INSTITUTIONAL STRUCTURE

The institutional role in Colombia is carried outaimly by two institutions: (i) National
Government that is in charge of formulating pobgigegulating and controlling, and (ii) the
municipalities that are in charge of ensuring thprapriate delivery of public services following
the national government guidelines. At nationalelevthe associations more related to the
management of the water resources are: MinistryEfovironment, Housing and Development,
Ministry for social affairs, National Planning Depaent, Ministry for Agriculture and Rural
Development and their associated organizationsaddition, the Public Services Commission
(Superintendencia de Servicios Publicos Domiciigyri SSPD) regulates and controls the
organizations that deliver public services, and ‘ater and sanitation regulatory commission
(CRA) sets regulations at technical, legal levetomtrol water institutions and guarantee a good
service delivery. At regional level the Autonomouwsgional Corporations (Corporaciones
Autonomas Regionales, CARs) and health secretareshe ones that must ensure the fulfillment
of the national policies. Finally, at local levalthough the main responsibility is under the healt
secretaries, the organizations that deliver pubdinvices, local environmental authorities and the
municipality must manage and control the wateruweses as well. Figure 9.1 shows the Colombian
Institutional structure for the management of ttaewr resources.

9.2 INSTITUTIONS INVOLVED WITH THE MANAGEMENT OF WATER
RESOURCES

For the department of Valle del Cauca as well aghfe other departments in Colombia there are
institutions at national, regional and local lewdnose mission is to guarantee the environmental
sustainability of the water resources in the rebpedepartments. Below, a brief description of the
principal institutions is made.

9.2.1 National level

Ministry for the environment, housing and developmte(Ministerio de Ambiente, Vivienda y
Desarrollo Territorial, MAVDT): It defines policies and regulations at technicabremical and
planning level for the recovery, conservation, ectibn, management and favorably use of the
environmental resources like water among others.

Water and sanitation regulatory commission (Condisi Reguladora de Agua Potable y
Saneamiento, CRA)It set regulations at technical, and legal lewatantrol water institutions and
guarantee a good delivery of services.

Public services commission (Superintendencia dev8gos Publicos Domiciliarios,SSPD) It
controls, inspects and regulates the public sesvigstitutions (ESP) and verify their compliance
with national policies, service to users, finanaad technical regulations. It also monitors the fat
of governmental subsidies within the water framéwor

National Planning directive (Direccion Nacional délaneacion, DNP) Designs, guides and
evaluates the Colombian public policies, the asgigmational given investments and the
involvement framework for the private companies.
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Source: Cinara, 2007

Urban Water Management for the City of Cali - Diagis Report

9-2



Chapter 9 Institutional Framework SWITCH Project

9.22 Regional leve

Department of Valle del Caucat is the local government authority in the regitt establishes and
guides development policies and the proper delieéublic services inside the department. It also
monitors the economic resources donated by theateg@vernment and their appropriate use.

Regional Corporation of the Valle del Cauca (Cormmion Autbnoma Regional del Valle del
Cauca, CVC) It is the environmental authority for the Valle deduca department. It promotes
environmental sustainable development among allitlkelved parts in the region within the
national environmental network. It grants environtaé permits, imposes environmental
punishments (in case of violations of environmemdéabs and policies) and establish laws and
policies for the management of the river basinth@department.

Public Heath secretarylt aims to improve quality of life of the commupiénsuring an optimal
level of health. It guarantees the environmentatainability in order to reach a good socio-
economical level in the community. It also implertseprevention policies when the environment
and the community are at risk.

9.2.3 Local leve

Regulation national institutions:

Municipal administration The municipalities must promote and carry onrth#onal policies and
programs. Law 715-2001 pointed out that they mosa idirect or indirect way finance projects
related to public service infrastructure, floody@etion, river decontamination; technical assistanc
to the agriculture sector, protection of the ermvinent, adequate use of water bodies; social
participation promotion in the decision making flioe delivery of services.

Inside the municipal administration there are sapeahdencies which are directly or indirectly
responsible for the management of the water reso@uch dependencies are:

- Municipal council: Its functions are to establisreform or eliminate taxes, economical
contributions and manage the municipal budget aicgrto the Municipal Development Plan.

- Administrative municipal planning department:idtin charge of monitoring and establishing
sustainable development of the city according ® ldind ordering plan (Plan de Ordenamiento
Territorial, POT).

- Administrative department for the managementefénvironment (Departamento Administrativo
de Gestidn del Medio Ambiente, DAGMA): Its establigent is required when the population in the
community is higher than 1'000,000 inhabitantss Ithe local environmental authority whose
mission is to strive for the sustainable developnoérihe environment inside the legal framework
and policies set by the Ministry for the Environrhen

- Health secretaries: . It aims to improve quadityife of the community ensuring an optimal level
of health. It guarantees the environmental sudbdityain order to reach a good socio-economical
level in the community. It also implements preventipolicies when the environment and the
community are at risk.
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Public services delivery companies:

The 1991 political constitution gives power to thation to guarantee the delivery of basic services
such as drinking water and sanitation to all Col@mé. The delivery of services can be carried out
by public or private companies. In the city of iGhk public companies that provide these services
are EMCALI and EMSIRVA companies.

Cali's Municipal Water Services company, EMCALt contributes to the well-being and
development of the community guaranteeing econocoiaditions throughout the delivery of
essential public services such drinking water @awviesage services.

Solid waste municipal company, EMSIRM# mission is to guarantee an optimal integrated
management of solid waste, ensuring a) social awhamic benefits for the community, b)

permanent organizational development of the compehgducational campaigns in favor of the
protection of the environment and d) continual ioy@ment in the quality of the service and
relations with the users.

Municipal urban renovation company, EMRIJwas created as a industrial and commerce meitio
company to carry out strategies to accomplish vidhatipulated in the POT. Its functions are to
coordinate and manage urban renovation projectseleet the municipality and the private sector
when it is required.

Trade associations:

Colombian association of Sanitary enginedfSCODAL): Its a national organization whose
mission is to promote, develop and strengthen ttenyvenvironment and sanitation level.

National association of Colombian entreprene{A8IDI): Its function is to promote the progress of
the entrepreneurs activities by strengthening atitinely.

Non-governmental organizations (NGO):

Colombian network for the natural resource and Iceaciety RESNATUR:It looks to preserve
civil society initiatives through processes of susible management of the biologic diversity
reservoirs.

Rio Cali Foundationlt is interested in topics related to river basimgervation, land ordering and
natural resource management.

Rio Cauca Foundationt is interested in Cauca river basin conservation

Pacifico Verde Foundationt looks to propend sustainable human developrtiough projects
related to participation of civil society in thelidery of basic services, the rational use of tued
and environmental resources.

Sustainable development and citizens participatioundation FUNDESPAC: It works to
guarantee sustainable conditions in indigenoussgrda and ethnic groups. It has carried put
projects such as the reforestation of Cali and Nu#e rivers, organic agriculture, septic tanks
construction among others.
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Academic and research institutions:

Universidad Autonoma de Occidentiehas bachelor programs in administration ofgéhgironment
and natural resources and post-graduate in enventahmanagement.

Universidad del Vallelt has bachelor programs in water managemenitasarengineering and
post-graduate courses in environmental managemeBanitary engineering. Inside the Faculty
there are research groups dedicated to the stutthe efater resources and management:

= |nstitute for the research in water supply, satitaind water resources conservation (Instituto
de Investigacion y Desarrollo en Abastecimiento Algua, Saneamiento Ambiental y
Conservacion del Recurso Hidrico, CINARA).

= Engenineering School of the Natural Resources amit@ment (Escuela de Ingenieria de los
Recursos Naturales y del Medio Ambiente, EIDENAR).

9.3 ENVIRONMENTAL POLICIESAND REGULATIONS

National L evel

In Colombia, the legal current framework relatedhe management of the water resources dates
from 1974 when the national code for the naturabueces was established. From then, a series of
norms have been created in order to regulate th@fugater resources. Among the many National
water-related regulations the following are thengipal ones which directly or indirectly affect the
city of Cali.

National Regulations

= Decree 2811, 1976: Palicy of control for users afi€a river. It establishes the prevention and
control norms to avoid contamination of the watsaurce and guarantee quality of water for
posterior use.

= Law 9, 1979: Known as the Sanitation national cotlegstablishes the proceedings and
measurements to carry out regulation and contrdiszharges.

= Decree 1594, 1984: It is the regulation norm frdm bhational code of natural resources.
Together with law 9, 1979 regulates the uses oématd wastewater. Regarding wastewater, it
defines the discharge limit of hazardous substamagen body waters and sewerage systems,
it establishes the permit of wastewater dischargesllution compensation tax and
environmental studies impacts.

= Political constitution 1991. Articles 49, 78, 79 8nd 366. It establishes that the state has the
responsibility of protecting diversity and integribf environment, promote environmental
education and control environmental deterioratign itmplementation of fees or pertinent
punishments.

= Law 99, 1993: It establishes the pollution compéaratax when discharging wastewater to
open water bodies. This legal figure was seensasetion that could punish polluters and as an
instrument that could finance water protection af.w

= Law 142, 1994: Public domiciliary services regirtteestablishes the legal competition among
municipalities in the delivery of secure water dymnd sewerage services.

= Law 373 de 1997: It regulates the efficient usevafer so that production of wastewater can be
minimized.

= Resolution 273, 1997: the minimum wages for théupioh compensation tax are established
regarding BOD and TSS concentrations.

= Decree 475, 1998: technical standards for drinkiater
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= Resolution 1096, 2000: Drinking water and basiutation technical design and quality rules
(RAS)

= Decree 1729, 2002: The ordering of river basinsds under the control of the competent
environmental authority.

= Law 182, 2003: National development plan 2002&2t@vards a community state. It looks to
boost the sustainable economical , environmentaltyr. It focuses in the programtegrated
Water management.

= Resolution 104, 2003: It establishes the critand parameters for the classification of river
basins.

= Decree 155, 2004: Water use fee. The fee was amesicbnly in case of profit. The resources
are used for water resource development and ragniprotection.

= Resolution 376, 2006: establishes the objectigesvhter quality for water bodies in the urban
area of Cali during the period 2007-2017. It esshigls also goals for the reduction of
contamination by wastewater discharges.

= Resolution 019 de 2007: proceeding for the estakst of the decontamination global goals
in water bodies in the municipality of Cali perigd07-2016.

= National policy of cleaner production, 1997. Adoptiof technologies that allow reduction of
emissions and waste to receiving waters (cleamdintdogies). Implement the optimization of
natural resources, increase energy efficiency. ¢ina of waste should be minimized and
prevented in order to stabilize environmental inbpdicat could adversely affect the society and
ecosystems. Waste should be reused when possideréluse and recycling of wastewater
should be encouraged.

National Policies

- CONPES 3177, 2002: Priority actions and guidalifue the formulation of a National plan for the
management of wastewater (PMAR).

- CONPES 3246, 2003: It defines the guidelinesth® management of the water supply and
sewerage systems. It looks fro strategies to remcmomic subsidies for the tariffs, new tariffs
based on the efficiency and quality criteria in dedivery of public services.

- CONPES 3343, 2005: Guidelines and strategiesaf@ustainable development in the water,
environmental and land sectors. It looks to stie@gtthe environmental governance so that it is
efficient, effective, transparent and equal.

- CONPES 3383, 2005. Plan for the development atewsupply and sewerage systems so that
total coverage are met considering good quality gumantity. Year 2019 is taken as the horizon
year so that an integrated management is reachedllas

Regional Leve

At regional level there are different strategiemetd to plan and guarantee the environmental
sustainability of the Valle del Cauca departmemwiver, it is important to highlight that the water
management approach followed in Colombia is ndhatriver basin scale. Instead each one of the
provinces works independently depending on its tigali jurisdiction. Following, the main
strategies are summarized:

- Plan for the environmental management in the aegiof Valle del Cauca 2002-2012
“Participacion con compromiso”This strategy orients in a coordinated way the rgameent and
administration of the renewable natural resources.
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- Plan for the development of the department ofev@él Cauca 2004-2007 “Vamos juntos por el
Valle”, which establishes the strategies to reach enviemal sustainability in the region.

- Plan triennial, PAT.2007-2009vhich defines the actions to accomplish the targetsin the
Millennium developing goals through the establishational policies.

- Pact for the recovery of the Cauca River 20Qlis a pact signed among the Ministry for the
environment, regional corporations-CVC the depantneé Valle del Cauca and the municipality of
Cali. The main goal is to formulate a plan for theegrated management of the Cauca river basin.
The formulation of the plan must be t establishadeld on the participatory approach from the
municipalities, communities and industrial seciomlved in the uses of the river basin.

- Plan for the integrated management of the Cauearrbasin-2005;lt establishes the strategies
and measures, to be followed by all the involvedigs, to protect, recover, conserve and manage
in a sustainable way the Cauca river.

Local Level

At local level the local policies which sustain timban water management in Cali are:

- Plan for the development of Cali area 2004-200%. main goals are: 1) Social equity, 2)
economical recovery, development and competitiver@sUrban culture, livelihoods, security and
peace, 4) Environmental recovery and developmetiteoferritory, 5) Institutional enforcement and
defense of the public sector.

- Master plan for Cali 2000-2020t coordinates the use and destination of the ipudleas to
ensure the social-economical development consiglettie needs and interest of the involved
population. Regarding the environment it definesdlauses, protected areas, risk areas, urban
growth. Likewise it defined the uses of the natueaburces in the city.

- Sanitation and management of waste-discharges pRSMV-EMCALI 2007.It includes
programs, projects and measures for the manageshemhstewater in the city following quality
standards and policies defined by the environmeaugtority in the region (DAGMA). The plan
encompasses recollection, transport, treatmenfiaalddisposition.

- Environmental management Plan for the city ofiCAIAGMA 2005-20191t includes all the
decisions and strategies to de developed by tlierelift stakeholders in the city (at institutional,
social and economical level). Such strategies areech to improve the quality of life of the
community as well as to improve the economical pobidity.

- Plan for the solid waste management in Cali-PGERS82.This plan was developed to be mainly
responsibility of the municipalities. Its missianto establish an integral management of the solid
waste taking into account all aspects from the petidn of the waste until its final disposition and
considering strategic aspects like recycling andee

- Resolution 376-2006 and 019-200Bet by DAGMA, these resolutions define goals foe t
reduction of emissions and waste discharge to waddres in Cali. Specifications for the uses of
the different rivers in Cali are also set. It alset deadlines (to be accomplished by the public
agencies) in reducing the waste discharge to Weesi

- Environmental municipal management system (SIGAMplemented by the municipality, it
establishes environmental profiles and identifiesponsibilities and responsible for control,
management and control of the environment in Cali.
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- Environmental agenda3he latest agenda was established in 1998. Thedageare developed at
local level to show the current state of the envinental resources inside the city. They also
formulate approaches to follow up the developmérineironmental strategies.

9.4 NATIONAL WATER STANDARDS
9.4.1 Drinking water

Decree 475, 1998 establishes the technical stasd@ardrinking water. Article 7 states the physical
quality standards for drinking water. Table 9.1w8the quality parameters and their values.

Table 9.1 Physical quality criteria for drinking tea

Characteristic Expressed as Admissible value (mgyl)
True Color Platinum cobalt units (PCU) 15<
Taste ad odor Acceptable
Turbidity Nephelometric Turbidity Units (NUT) b<
Total Solids mg/| 500
Conductivity micromhos/cm 50 — 1000
Floating substances Absent

Source: Decree 475, 1998

Article 8 © establishes the chemical standardreaiter drinking water. Table 9.2 presents the ani
for the elements and chemical components besidgliciges that may cause adverse effects in
human health when exceeding the established limits.

Table 9.2 Chemical quality criteria for drinking t&a

Characteristic Expressed ag Admissible value (mg/l)
Aluminum Al 0,2
Antimonium Sh 0,005
Arsenic As 0,01
Barium Ba 0,5
Boron B 0,3
Cadmium Cd 0,003
Free cyanide CN 0,05
Total cyanide CN 0,1
Chloroform CHC} 0,03
Copper Cu 1,0
Hexavalent Chromium ¢ 0,01
Total Phenol Phenol 0,001
Mercury Hg 0,001
Molybdenum Mo 0,07
Nickel Ni 0,02
Nitrite NO* 0,1
Nitrate NO® 10
Silver Ag 0,01
lead Pb 0,01
Selenium Se 0,01
active Substance to the blue methyl ABS 0,5
Fat and oils - Absent
Total Trihalometanes THMs 0,1

Source: Decree 475, 1998
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9.4.2 Quality standardsfor water use and wastewater discharges

Decree 1594, 1984 establishes the quality criferidhe uses of water and for the requirements of
wastewater discharges to open water bodies andragevesystems. Article 38 defines the
admissible standards for the destination of theeiagsource for human consumption and domestic
use when only conventional treatment is neededg(dation, flocculation, sedimentation and
disinfection). Table 9.3 shows the standards.

Table 9.3 Water quality parameters for water bothasare destined for human consumption.

Substance Unit Value
Ammoniac N 1
Arsenic As 0,05
Barium Ba 1
Cadmium Cd 0,01
Cyanide CN- 0,2
Zinc Zn 15
Chloride Cl- 250
Copper Cu 1
Color Color real 75, Platinum cobalt
Phenol compounds Phenol 0,002
Chromium Cr+6 0,05
Diphenyl Polichlorades Active agent concentration No detectable
Mercury Hg 0,002
Nitrates N 10
Nitrites N 10
pH Units 5,0-9,0
Silver Ag 0,05
Lead Pb 0,05
Selenium Se 0,01
Sulfates SO=4 400
Tensoactives Active substances 0,5
Total coliformes NMP NMP 20000 microorganisms/100ml
Feacal coliformes NMP NMP 2000 microorganisms/100m

Source: Decree 1594, 1984

Article 72 defines the direct wastewater dischangéts to water bodies which are presented in
Table 9.4

Table 9.4 Wastewater discharge limits to open wateies

Reference Existing user New user
pH 5 a 9 units 5 a 9 units
Temperature <40°C <40°C
Floating matter Absent Absent
Fat and oils Removal > 80% load Removal > 80% load
Domestic or industrial suspended solids Removal > 50% load Removal > 80% load
BOD Removal > 30% load Removal > 80% load

Source: Decree 1594, 1984

Article 72 defines the direct wastewater dischdigets to public sewerage systems which are
presented in Table 9.5.
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Table 9.5 Wastewater discharge limits to publicessw

Reference Existing user New user
pH 5 a 9 units
Temperature <40°C <40°C
Acids, bases or acidic solutions Absent Absent
Settled solids 10 ml/l 10 ml/I
Soluble substances in hexane 100 mg/I 100 mg/I
Domestic or industrial suspended solids Removad% foad Removal > 80% load

BOD
Domestic waste
Industrial waste

Maximum flow

Removal > 30% load
Removal > 20% load

Removal >80% load
Removal >80% load

1.5 times average hourly flgw 1.5 times average hourly flow
Source: Decree 1594, 1984

Finally, Table 9.6 shows the limit concentrationfs hmzardous substances in the discharges,
established in article 74.

Table 9.6 Standard admissible concentration foctmgrol of hazardous substances discharges.

Substance Unit Concentration (mg/l)
Arsenic As 0,5
Barium Ba 5
Cadmium Cd 0,1
Copper Cu 3
Color Cr+6 0,5
Phenol compounds Phenol 0,2
Mercury Hg 0,02
Nickel Ni 2
Silver Ag 0,5
Lead Pb 0,5
Selenium Se 0,5
Cyanide CN- 1,0
Diphenyl poli-chloride Active agent concentration o Netectable
Organic mercury Hg No detectable
Trichloride -ethylene Trichloride -ethylene 1,0
Chloroform Chloroform carbon extract Chloroforarioon extract
Carbon Tetrachloride carbon Tetrachloride 1,0
Dichloride-ethylene Dichloride-ethylene 1,0
Carbon sulfide Carbon sulfide 1,0
Other organ-chloride compoundsOther organ-chloride compounds 0,1
Organ-phosphate compounds Organ-phosphate compounds 01
Carbamate variety Carbamate variety '

Source: Decree 1594, 1984

9.5 BOTTLENECKS IN IMPLEMENTING AN INTEGRATED MANAGEMENT OF
THE URBAN WATER RESOURCES

In general, the principles of environmental susthility and integral management of the water
resources are considered within the policies amhsplat national, regional and local level in
Colombia as it was shown in the previous secti¥es, several issues prevent their implementation
and development as it would be explained as follows
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1. The normative for the control of pollution of theter resources, set decades ago and of which
an effective part is currently in use, have beesighed based on a “corrective approach” and
more precisely “the end-of-pipe approach”, rathenta preventive and integral one. The current
normatives are directed to mitigate the impact abte discharges on the receiving water bodies
mainly through two complementary policies: a fiosie of control and a second one based on an
economic resource known as the water pollutionvfeen discharging to water bodies which is
not working as it was expected.

2. There are problems implementing tariffs that arerdfble, and that include resources for
coverage expansion, operation and maintenance oériwastewater services. In addition,
according to CONPES (2003) cited by Guio (2004r¢hs a lack of financial incentives in areas
where the marginal cost is higher than the averaye In addition, since there has been a
reduction of subsidies, it has been impossibleh@rge the water use and water pollution fee in
the water bill. Regarding the water pollution fee,implementation has been slow and started to
be charged only to users that had any economicrdesiech as the industries. On the other hand,
the implementation at house level has not beeriljesss far as today and diffuse pollution is not
considered either. Therefore, livestock and agticealactivities have been indirectly favored.

3. Although in the past years, it has been observediivelopment of new policies and programs
that aim at the implementation of measures to imptowards the sustainable development still
the “end-of-the-pipe” approach is the most widedgd when referring to integral management of
water resources.

4. There is a tremendous lack of efficient managensystems and presence of insufficient
information on water measurements to determine "wdumtaminates and to which extent. In
general to implement monitoring systems, to meathe@eontamination of soil and underground
waters, to construct models of quality of water amdletermine the contributions of polluting
agents from the industries is a task that entailgreat deal of technical, institutional and
economical effort.

5. The institutional framework of water and sanitatemsctor that regulates the national territory,
including the city of Cali, in which each institoti has an area and a specific subject of
intervention prevents the exchange and flow ofrimfation, duplicates efforts and resources and
prevents the development of an integral water mamagt. Additionally, the jurisdiction areas
have been conceived based on political and admatig limits rather than at river basins level.
In some occasions, it is not very clear the judsdh and responsibility of the institutions when
managing the environmental problems in the citypdeeproblems of water pollution continue
without solution.

6. There is a weak capacity of enforcement and a levell of governance regarding water
resources. According to the National Developmerin p002-2006, the lack of control and
coordination between institutions have producedohecent disorganization in the judicial
Colombian system. The problem can be defined asdhénues uncertainty of citizens towards
access, responsiveness, equity, efficiency andtefémess of justice.

7. According to Guio (2004), there is not a definedexdaw in Colombia. There are many laws
and decrees that focus on different aspects ofrwa@agement. Yet, these laws and decrees are
modified several times and the relevance or pyiaitthem can not be understood. In some cases
it is not clear if a determined decree is stillidabr not so the level of complexity in
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understanding these laws increases. Hence, the legtslation is very complex and causes that
any attempt for an integrated management will g déficult.

8. The regulation for the control of the pollution thie water resources is frequently defined only
based on the loads of BOD and SST, being as wedlemt contamination that is caused by other
type of substances that also require an effectivgral.

9. The limitation in the availability of economical seurces prevents the implementation of
programs and technologies conceived inside theewark of the sustainability principles and
integral management.

10. Plans of action to mitigate and prevent contamimatif water bodies are not planned on a long
term. Rather, such plans are proposed in a “stasisbto remediate the so thought “immediate
problems”

11. lllegal practices like corruption at different ldsaffect also the water management practices.
Some of these practices are:

- bribery in water projects licitations

- irregularities in contracts that look to favoesgic contractors

- Partially completed or not completed contractd there already paid
- Nepotism

In Colombia water related institutions have beemtdied as highly vulnerable to corruption with
82% of the environmental institutions under riskcofruption as stated by Colombia Transparency
(2003) cited by (Guio, 2004).
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