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BENEFIT-COST CONSIDERATIONS
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In anticipation of an eventual political transition in
Cuba, two Cuban-American engineering associations,
the Cuban-American Association of Civil Engineers
(C-AACE) and the Association of Cuban Engineers
(ACE), have continued to sponsor their joint Cuba
Water and Wastewater Infrastructure Committee. At
the 2008 annual conference of the Association for the
Study of the Cuban Economy (ASCE) two of the co-
authors of this paper presented an overview of envi-
ronmental, institutional and economics issues (Solo-
Gabriele and Perez, 2008). This paper concentrates on

priorities.

We anticipate that under a political transition, exter-
nal financial aid (i.c., grants) for infrastructure may be
available for only a relatively short period of time, after
which financing for infrastructure projects will need to
be obtained as loans from international lending insti-
tutions such as the Inter-American Development
Bank. One objective of this paper is to provide guid-
ance for identifying and prioritizing water/wastewater
infrastructure needs for Cuba, so that resources can be
allocated efficiently during the anticipated periods of
international aid and lending. Another objective is to
illustrate, via a case study, some sensible choices of in-

cremental wastewater treatment processes; to provide
approximate cost information; and to discuss the esti-
mation of economic benefits. As a starting point for
prioritizing water and wastewater improvements we
briefly describe the water resources within the country
and describe the eight priority watersheds on the is-
land as identified by Cuban Institute of Hydraulic Re-
sources (Instituto de Recursos Hidrdulicos)(Garcia
Fernindez 2006).

Specific detailed priorities are identified for one of the
eight priority watersheds which is located in the capi-
tal city of Havana, namely, the Almendares-Vento wa-
tershed. One of these priorities (illustrated in the case
study) is the treatment of domestic wastewater from
the Town of Cotorro, the waste of which currently
flows directly into surface waters which are hydrauli-
cally interconnected with the Vento Aquifer, the pri-
mary potable water source for the population of Ha-
vana. As a first step, we estimate the cumulative cost of
cach phase of the Cotorro project (that is, diversion of
untreated wastewater to another watershed, primary
treatment, secondary treatment and tertiary treat-
ment). Also, for each phase we present a conceptual
methodology for estimating the economic benefits of
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each incremental level of treatment. We believe a cost-
benefit approach, such as that outlined for the case
study, should be used for prioritizing water and waste-
water infrastructure investments within the Alm-
endares-Vento watershed as well as for the remaining
watersheds within Cuba.

GENERAL BACKGROUND OF WATER
RESOURCES

The previously-cited paper (Solo-Gabriele and Perez,
2008) contained a discussion of the water resources in
Cuba. Essentially, the seasonality of rainfall, and the
rapid movement of water from topographic ridges to
the coast, limits the availability of water for the popu-
lation and for other uses. The water demand may be
approaching its maximum “safe yield” supply (i.e., the
flow that can be withdrawn annually without deplet-
ing the resource long-term).

Many of these issues are discussed by Garcia Ferndn-
dez (2006). He calculated that that the availability of
water is 1220 cubic meters per person per year (i.e.,
slightly over 3 cubic meters per person per day), which
he indicates is a very low per capita number according
to the World Meteorology Association and the Unit-
ed Nations’ Environmental Program. Hence, there is a
need to carefully evaluate the rational use of water. He
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also mentioned the importance of ecological issues,
such as the need to maintain fisheries and biological
diversity. Accordingly, Cuba has created a set of Wa-
tershed Councils, whose activities are currently coor-
dinated by the National Council of Watersheds, under
the auspices of the Institute of Hydraulic Resources.

PRIORITY WATERSHEDS

Garcia Ferndndez (2006) describes eight watersheds
which have been prioritized by Cuban government of-
ficials. These watersheds are the Almendares-Vento,
Ariguanabo, Cauto, Cuyaguateje, Guantdnamo-
Guaso, Hanabanilla, Toa, and Zaza (Table 1). Two of
the watersheds, the Ariguanabo and the Almendares-
Vento, are located immediately adjacent to one anoth-
er (Figure 1). According to Garcia Ferndndez (2006),
these eight watersheds account for only approximately
15% of Cuba’s territory, yet encompass 40% of the is-
land’s population and 60% of the national economic
activity. He reported that as of the end of year 2004,
for the eight watersheds in the aggregate, the coverage
of potable water supply was 85% and the coverage of
sanitation systems was 86%. The issues affecting the
different watersheds are varied, as summarized below

and in Table 2.

Figure 1.  Eight Priority Watersheds (boundaries highlighted in shaded gray) with respect to
provinces boundaries (gray lines) and location of major cities (circles) within Cuba.
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Table 1.

Watersheds of National Significance and Basic Information Concerning Location,

Resident Population, Watershed Area, and Physical Characteristics of Primary River

and Water Storage Capacities

Water Coordinates of River

Storage  Watershed Discharge

Capacity  Average RiverSlope Length of
Watershed Name  Province Area (km2) Population (hm3)  Elevation(m) (m/km) River (km) North East
Almendares-Vento  La Habana 402 570,000 55 114 33 498 367.0 355.5

River Submerges

Ariguanaho La Habana 188 90,000 16 85 35 281 below ground
Cauto Granma, Santiago de Cuba, Las Tunas, Holguin 9,540 1,167,400 1,458 160 0.4 343.4 213.2 462.7
Cuyaguateje Pinar del Rio 795 40,210 89 126 11 124 2549 186.5
Guantdnamo-Guaso  Guantdnamo, Santiago de Cuba 2,347 410,000 290 172 2.1 97.5 Various Rivers
Hanabanilla Sancti Spiritus, Villa Clara, Cienfuegos 287 7,000 300 259 6.4 86.0 224.5 561.4
Toa Guantanamo, Holguin 1,061 12,300 — 498 5.6 18.5 194.8 740.4
laza Sancti Spiritus, Villa Clara 2,413 264,150 1,086 122 1.0 145.1 205.2 650.2

Source: Garcia Ferndndez 2006; Cubagua 2007.

The Almendares-Vento watershed (402 km? water-
shed area, 570,000 resident population) includes the
Almendares River and its underlying aquifer, Vento.
Problems identified within this watershed include
contamination of the Almendares River which is hy-
draulically linked to the Vento Aquifer, the primary
source of drinking water for the population of Ha-
vana, and erosion (Table 2). The Almendares-Vento
watershed is closely linked to the Ariguanabo water-
shed (188 km2, 90,000 population) which is located
immediately adjacent to the southwest. The aquifer lo-
cated below the Ariguanabo watershed also serves as a
significant source of potable water for the City of Ha-
vana and is also hydraulically linked to the Vento
(Cubagua 2007). The rivers within the Ariguanabo
watershed, notably the San Antonio River, are con-
taminated with industrial and domestic wastewaters

which are either poorly treated or not treated.

The Cauto watershed (9,540 km?, 1,167,400 popula-
tion) is the largest in Cuba. Problems in this watershed
include soil erosion (affects 68% of the watershed area)
and poor drainage (51%), and degradation of soil
through salt accumulation (38%). Six hundred and fif-
ty-two point sources of contamination have been iden-
tified in this watershed, of which 140 are considered to
be very problematic, including sugar processing waste,
coffee processing waste, other industries, and domestic
wastewater (Cubagua 2007).

The Cuyaguateje River (795 km?, 40,210 population)

is located in Pinar del Rio. Primary problems within
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Table2.  Primary Environmental Concerns
within the Eight Watersheds of
National Significance

Watershed Name Issues Within Watershed

Almendares-Vento Contamination of the Almendares River which is hydraulically
connected to the Vento Aquifer, primary drinking water source for

Havana. Erosion is a secondary issue (16%).

Ariguanabo Contamination from industrial and domestic wastewater.
Deforestation. Poor drainage (28%).

Cauto Soil erosion (68%), poor drainage (51%), salt accumulation in soil
(38%). 652 point sources of contamination.

Cuyaguateje Soil erosion (44%), salinity (0.4%), and poor drainage (6%).

Guantdnamo-Guaso Prone to drought. Salt accumulation in soil.
Soil erosion (42%).

Toa Valued for biological diversity. Deforestation, contamination from
29 sources, soil erosion.

Hanabanilla

laza Soil erosion (93%) and deforestation. 94 point contaminant
sources.

Source: Summarized from Cubagua 2007.

the watershed include erosion (44% of the area is af-
fected) and poor drainage (6% affected). The Guantd-
namo-Guaso watershed (2,347 km?, 410,000 popula-
tion) is known for its drought conditions, with some
areas receiving less than 100 mm of rainfall per year.
The Hanabanilla watershed (287 km?, 7,000 popula-
tion) is located in the mountainous terrain of the Villa
Clara and Cienfuegos provinces. A unique characteris-
tic of this watershed is its large hydroelectric plant and
man-made reservoir. Water quality is very good in the
reservoir and it thus serves as a potable water source.
The primary issue in this watershed is soil erosion. The
Toa watershed (1,061 km2, 12,300 population), locat-
ed in the Holguin and Guantdnamo provinces, is



known for its biological diversity and unique ecosys-
tems. The watershed is characterized by low popula-
tion density. A small hydroelectric plant is located
within its boundaries. The primary environmental
problems in this watershed are deforestation and soil
erosion. T'wenty-nine significant contaminant sources
have also been identified within this watershed. The
Zaza watershed (2,413 km?, 264,150 population) is lo-
cated within the Villa Clara and Sancti Spiritus prov-
inces. This watershed suffers from soil erosion within
93% of its area. Ninety-four significant sources of con-
tamination (most with little or no treatment), notably
from sugar and other agricultural operations, are
found within this watershed. A significant shrimp
aquaculture industry is found at the mouth of the Zaza
River along the coast (Cubagua 2007).

Among the eight priority watersheds, those located in
the Province of Havana (Almendares-Vento and Ari-
guanabo) have by far the highest population density,
1,420 and 480 inhabitants per km? of watershed area,
respectively. Due to the significant concentration of
people and industry within the Almendares-Vento wa-
tershed, we use it as a case study illustration for more
details with respect to prioritization, as we anticipate
that investments in infrastructure improvements will
benefit the greatest number of people. Moreover, the
study of this watershed is facilitated by the fact that
there is generally more information about it than for
other watersheds in Cuba.

Although this paper focuses on the Almendares-Vento
watershed, we emphasize here that there are many wa-
ter-related needs throughout Cuba. Basic needs
throughout the island include first and foremost ob-
taining a supply of sufficient quantity of water to ser-
vice the population. This water should be of good
quality and treated to further improve its quality. The
water should be supplied continuously during 24
hours a day and the service should be under continu-
ous positive pressure within the distribution system to
prevent contamination of the water during times of
low water pressure. Currently in Cuba, water is not
supplied continuously, which requires individuals to
store water in containers. The limited quantity of wa-
ter is critical in Santiago de Cuba. The quality of the
available water throughout Cuba is hampered by the
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lack of water treatment chemicals, inoperative chemi-
cal dosing equipment, lack of sand in filters, water
plants in overall need of repair, poor quality of the dis-
tribution systems, lack of monitoring, and the prolifer-
ation of cisterns in individual homes. In all of the prov-
inces, within a majority of the distribution systems,
water is available on alternating days. The provision of
water is through water tanker trucks, in many cases,
even when the homes are serviced by water supply
lines, because the water simply does not reach all of the
extremes of the water distribution system. The water
distribution systems throughout Cuba are character-
ized by a large amount of leaks. The prevalence of leaks
makes it almost impossible to maintain adequate and

continuous water pressure within the system.

CONDITIONS AND QUALITATIVE
PRIORITIES WITHIN THE ALMENDARES-
VENTO AQUIFER, CITY OF HAVANA

Assuming that sufficient water is available, the cycle of
the provision of safe drinking water begins with pres-
ervation of source water quality. Preservation of source
water quality depends highly upon proper treatment

and disposal of wastewater.

Once the quality of the source water has been secured,
then the provision of water to the general public in-
cludes its treatment, which for groundwater sources
should at least include disinfection and for surface wa-
ter should at least include filtration plus disinfection as
a minimum, with supplementation with coagulation
and flocculation. Once treated, the water is then dis-
tributed to the population. This water is consumed
and converted to wastewater, which should be treated
properly. The effluent from the wastewater treatment
process is to be ultimately disposed in a safe manner
which prevents contamination of the water supply
sources, thereby closing the cycle for the provision of
safe drinking water.

Given the cycle for the provision of safe drinking wa-
ter, the infrastructure conditions and priorities are dis-
cussed sequentially under the following headings,
namely: protection of water sources via wastewater
collection/treatment, and the treatment and distribu-

tion of potable water.
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Protection of Water Sources via Wastewater
Collection/Treatment

The Vento Aquifer, which is hydraulically connected
to the Almendares River, is the primary source of
drinking water to the City of Havana, providing water
to 47% of the local population (Olivares-Rieumont et
al. 2005). The hydraulic connection is due to the per-
meable Karstic limestone which underlies the Almen-
dares River, allowing for the waters from the river to
infiltrate to the aquifer below (Artiles Egiies and
Gutiérrez Diaz 1997). This aquifer, and consequently
its overlying river, the Almendares, should be protect-
ed from contamination, especially in the mid and up-
per areas of the watershed, upstream of the Ejército
Rebelde reservoir. This reservoir cuts into the Vento
Aquifer and because of its depth, the reservoir can
serve as an additional and significant conduit for con-
taminants to reach the aquifer.

Unfortunately, the Almendares-Vento watershed is
impacted by wastewater discharges throughout its
length (Figure 2). Lima Cazorla et al. (2005) estimate
roughly 70 point sources of contamination to this riv-
er system. The most critical of these discharges are the
ones located in the upper reaches of the watershed, as
these contaminants are carried downstream, thereby
impacting the potable water sources. Artiles Eglies and
Gutiérrez Diaz (1997) separated the Almendares Riv-
er into three regions, the upper Almendares (upstream
of the train bridge at Lenin Park), the mid-Almenda-
res (between the train bridge and the confluence of the
Almendares River with the Mordazo tributary) and
the lower Almendares (downstream of the confluence
with the Mordazo tributary). These regions are de-
scribed below.

Upper Almendares Region: The upper Almendares
suffers impacts from domestic wastewater, industrial
wastewater, and agricultural runoff including runoff
from pig and cattle farms (Lima Cazorla et al. 2005).
About one-fourth of the domestic wastewater from
the Town of Cotorro (total population of 74,500) is
collected. The rest is permitted to run off into the
nearest waterway which ultimately makes its way in
the upper reaches of the Almendares River. The origi-
nal intent of collecting the wastewater was to pump it
to El Pitirre Reservoir located outside of the Almenda-
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res-Vento watershed; however, due to an inoperative
pump station (Alonso Hernandez and Mon 1996) this
wastewater instead enters the San Francisco River
(which ultimately flows into the Ejército Rebelde res-
ervoir). Within the industrial wastewaters, the metal-
lurgy center, including a nonferrous metal smelter
(Antillana de Acero) and its secondary foundries, are
of particular concern. Not only do the metallurgy-re-
lated industries appear to discharge poorly treated re-
sidual effluents directly to the river, they also impact
water quality through metal-laden air emissions which
deposit within the watershed and are carried to the up-
per reaches of the Almendares River by stormwater
runoff (Lima Cazorla et al. 2005). Other industrial
discharges to the San Francisco River include a milk
processing plant (Combinado de Productos Licteos),
two rubber processing plants (Fébrica de Perfiles de
Goma, Fébrica de Productos de Goma), a textile pro-
cessing facility (Textilera Facute), plus a tannery, and a
battery factory (Artiles Egiies and Gutiérrez Diaz
1997; Olivares-Rieumont et al. 2005).

Mid-Almendares Region: Most of the flow during
dry periods (100 L/s) within the upper portion of the
mid-Almendares is composed of raw domestic waste-
water and untreated or poorly treated industrial waste-
water. After passage through the Town of Calabazar
the Almendares River receives inflow from the Jibaro
tributary, which receives waste from an acetylene
plant. Upon the confluence with the Jibaro tributary
(300 to 600 L/s during the dry season), the river ap-
pears to assimilate the upstream wastes, as BOD:s levels
at this point are generally at levels of 10 to 20 mg/L
and dissolved oxygen levels are at generally acceptable
levels of 4 to 6 mg/L. Upon crossing the bridge of the
Rancho Boyeros Highway, the river receives poorly
treated wastewater from the Tourist Center (Rio Cris-
tal), from an ice cream production plant (Coppelia)
located in Capdevila, and from the Marfa del Carmen
wastewater treatment plant. In the vicinity of this area,
Olivares-Rieumont et al. (2005) have also identified
effluent impacts from a paint factory, an electronics/
electroplating plant, a building materials facility, and
from the largest solid waste facility in Havana (Calle
100) which accepts both domestic and industrial solid
wastes and which contributes contaminants to the riv-
er (Lima Cazorla et al. 2005). The next tributary con-
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Figure 2. Location of the Major Contaminant Sources within the Almendares-Vento Watershed
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tributing to the Almendares River is the Cotilla. This
tributary receives domestic wastewater from the
Towns of Capri, Alcézar, Alturas de la Vibora, Vieja
Linda, and Altahabana. It also receives industrial
wastes from a bird slaughter facility (Combinado Avi-
cola Nacional) and from a baby food manufacturing
plant (Taoro factory). Immediately downstream of the
Husillo dam is the confluence with the Santoyo tribu-
tary which provides a considerable amount of dilution
capacity, with flows characterized by relatively good
water quality at rates between 300 to 500 L/s. Down-

stream of the Husillo dam is a tire manufacturing

plant, a paper-waste processing plant (Papelera Mo-
derna), a gas manufacturing plant (Planta de Gas Man-
ufacturado Mario Fortuny), a carbon gas manufactur-
ing plant (Planta de Gas Carbdnico), and a second
paper-waste processing facility (Papelera Cubana). Im-
mediately before the confluence with the Mordazo
tributary, the Almendares River, with a flow of about 2
m?/s, is characterized by significant levels of contami-
nation (BOD:s of 30 to 50 mg/L, dissolved oxygen of 2
to 3 mg/L) (Artiles Egiies and Gutiérrez Diaz 1997).

Lower Almendares Region: The Mordazo tributary

(flow rate of 1 m3/s) receives domestic wastewater
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Table 3.  Primary Sanitary Sewer Networks for the City of Havana

Network Length of Collection Network Population Type of Treatment and

(Towns Serviced) and Date Constructed Served Location of Effluent Disposal ~ Notes

Central 1,130 km. One part constructedin 945,000 Screening and sedimentation. The system is overloaded. Currently servicing 945,000 but was

(Habana Vieja, Centro Habana,  1908— 1915 and another partin Effluent disposed at Playa “El designed for a population of 600,000. The system needs

10 de Octubre, Cerro, Plaza, 1940-1950. Chivo” near the mouth of Havana ~ maintenance.

and part of Arroyo, Playa, and Bay.

San Miguel)

Maria del Carmen (Boyeros 89 km. Constructed during the 22,500 Biological treatment using trickling  The collection network has not been fully constructed and so

and part of Arroyo Naranjo) 1960s and 1970s. filters. Effluent disposed to the the amount of wastewater reaching the plant is below its

Almendares River capacity. Furthermore the plant is not operating properly and

requires a complete rehabilitation.

Lower Aimendares Watershed 83 km. Constructed during the 102,811 No treatment. Disposal to the Sewage laterals have been constructed but the system lacks

(Plaza, Marianao, and partof ~ 1950s. Almendares River sewer mains.

Boyeros and Cerro)

Cotorro 23.5 km. Constructed between 20,000 No treatment. Disposal to the San ~ About 50% of the municipality is serviced by the sewer

1960 and 1970s. Francisco River collection system. The San Pedro Pump Station designed to

transport the sewage away from the Almendares-Vento
watershed (into the Cojimar River watershed via the Pitirre
Reservoir) is not operating.

Alamar (Part of east Havana) 49 km. Constructed between 96,000 No treatment. Disposal to the

1971and 1990

coast.

Source: Alonso Hernandez and Mon 1996.

from the towns of Giiinera, La Fraternidad, and El
Calvario plus wastewater from a beer manufacturing
plant (Cervecerfa Miguel Oramas). After the conflu-
ence with the Mordazo tributary, the Almendares re-
ceives industrial wastes from a baby food manufactur-
ing facility (Fabrica de Compotas Ositos) and from
another beer manufacturing facility (Fabrica de Cerve-
za Pedro Marrero). From the 23 Avenue Bridge to
the outlet at Chorrera Cove the water is devoid of oxy-
gen, gray in color, and characterized by a considerable
amount of floating solids (Artiles Egiies and Gutiérrez
Diaz 1997).

Condition of Wastewater Collection/Disposal Net-
works: The collection and disposal of domestic waste-
water for the City of Havana, separated into five pri-
mary networks (Table 3), consists of about 1570 km of
sewer mains and laterals, 23 pump stations, 2 wastewa-
ter treatment plants and 15 stabilization lagoons
(Alonso Hernandez and Mon 1996). The 5 networks
service about 1.2 million people, or 55% of the popula-
tion of the city. Smaller wastewater collection net-
works service another 253,800 inhabitants (12%) and
septic tanks provide service to another 580,000 inhab-
itants (26%), with the remaining 170,000 inhabitants
(7%) without service (Alonso Hernindez and Mon
1996). Artiles Egiies and Gutiérrez Diaz (1997) iden-

tified a sixth collection network. This network, re-
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ferred to as “Puentes Grandes,” is presumably located
at the Puentes Grandes bridge at the Mordazo tribu-
tary. The Puentes Grandes system is designed to col-
lect wastewater from a population of 150,000 to
200,000. About 80% of the homes within this com-
munity have already been connected to wastewater lat-
eral pipes; however, the main trunk line for this collec-
tion network was never constructed, nor has the
wastewater treatment plant which was planned to ser-
vice this network been constructed. Thus, given the in-
formation available, it seems apparent that the Puentes
Grandes system accounts for most of the uncontrolled
domestic wastewater discharge within the City of Ha-

vana.

The wastewater collection and treatment network
within the City of Havana is in dire need of expansion
and repair. The largest network, the Central network,
is extremely old (with sections which are nearing 100
years) and overcharged, currently servicing a popula-
tion of 945,000 although it was originally designed for
a population of 600,000. Treatment of the wastewater
from this system is limited to sedimentation and there
are questions about the integrity of the ocean outfall
pipe which carries the partially treated wastewater out
to the coast at Playa El Chivo on the east side of the
mouth of Havana Bay. The other remaining systems
are about an order-of-magnitude smaller, servicing



populations between 20,000 and 100,000. The net-
work with the most advanced treatment system, the
Marfa del Carmen Plant (consisting of primary sedi-
mentation, a trickling filter, a secondary sedimenta-
tion basin, and sludge digestion), does not have an ade-
quate wastewater collection network as wastewater
mains interconnecting the service areas were never
constructed. Thus only a portion of the wastewater
collected is transported to the plant. Moreover, the
wastewater treatment plant is not operating properly
(Artiles Egiies and Gutiérrez Diaz 1997). Artiles Egiies
and Gutiérrez Diaz (1997) state that the plant was to
be constructed in two phases, the first providing treat-
ment for 300 L/s and the second providing treatment
for another 300 L/s, for an ultimate total capacity of
600 L/s. For a population of 20,500, we estimate that
the actual flow rate received at the plant is approxi-
mately 170 L/s which is significantly below the design
flow rate for the phase 1 design. Wastewater from the
remaining three wastewater collection networks goes

untreated.

Of special concern is the current wastewater disposal
situation from the Town of Cotorro, for the reasons
described earlier. The wastewater collection network
for the Town of Cotorro serves 20,000 of the 72,000
population (Artiles Egiies and Gutiérrez Diaz 1997).
The original plan was to pump the wastewater that
was collected for the 20,000 sub-population out of the
Almendares-Vento watershed via the San Pedro Pump
Station and then treat this wastewater within the
Pitirre stabilization lagoon. However, the San Pedro
Pump Station is inoperative. This situation greatly in-
creases the vulnerability of the water supply to con-

tamination.

Wastewater Priorities: Priorities for protecting the
water supply for the City of Havana include first and
foremost repairing the San Pedro pump station. Avail-
able information suggests that the pumps are in work-
ing condition; however the wiring and control panels
are in need of repair. We also recommend the expan-
sion of the wastewater collection network for Cotorro
to service the remaining domestic population and the
industries within the area (in particular the metal pro-
cessing plant and other related industries). A summary
of the source water protection needs is provided in Ta-
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ble 4, including a qualitative, judgment-based estimate
for the benefit versus cost relationship of each project,
expressed in terms of high, medium, and low priorities.
Furthermore, Artiles Egiies and Gutiérrez Diaz (1997)
provide a more detailed priority list of the wastewater
collection needs with references to specific wastewater
mains that are in need of construction and/or repair.

Possibility of Using “Natural” Wastewater Treat-
ment Systems: With respect to treatment facilities for
wastewater, Garcia-Armisen et al. (2008) recommend
the use of natural systems (such as constructed wet-
lands and solar aquatic systems) for Havana. In their
study they compared the operation of three plants in
Havana, a constructed wetland which services 3000
people with an average flow rate of 6 L/s, a solar aquat-
ic system which services 5000 people with an average
flow rate of 10 L/s, and the Marfa del Carmen trick-
ling filter plant which services between 20,000
(Alonso Herndndez and Mon 1996) and 50,000 (Gar-
cfa-Armisen et al. 2008) people with an average flow
rate of 170 L/s during the time of the study. Their re-
sults showed that the effluent quality from the con-
structed wetland and solar aquatic system was much
better than the quality from the more complex Maria
del Carmen plant. They attribute this difference to
simpler operation of the natural systems. They also
emphasize that the capital costs and maintenance are
generally lower for the natural systems and thus these
systems may be more suited for developing countries
such as Cuba. However, it is important to note that
the natural systems tend to be very land intensive and
are generally only suitable for areas where space is
available and the cost of land is relatively low. There-
fore, we believe that additional study of land use and
economics issues (including the “opportunity cost” of
land in an eventual market economy), would be war-

ranted.

Treatment and Distribution of Potable Water

The water supply for the City of Havana is separated
into four systems (the Central, East, South, and West
systems, Table 5). These four systems receive water
from 42 freshwater sources (41 are groundwater sourc-
es and one is surface water). The surface water source
is captured through a series of three dams. The total
amount of water provided by these four systems in
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Table4. Wastewater Collection/Treatment Infrastructure Improvement Upgrades for

Minimizing Contamination of the Almendares-Vento Aquifer Water Source

Estimated Benefit
Name Location Benefit Versus Cost
Repair of San Pedro Pump Station and transmission pipe Cotorro, Upper Reroute collected domestic wastewater from a population of 20,000 from  Very high
Almendares the upstream reaches of the Almendares River
Expand capacity of San Pedro Pump Station and transmission ~ Cotorro, Upper Pump station can route balance of domestic wastewater inputs and High
pipe Almendares industrial effluents away from the upper reaches of the Almendares.
Complete domestic wastewater collection system for Cotorro  Cotorro, Upper Public health benefits of removing sewage from highly urban areas. High
Almendares Protection of upstream reaches of the Almendares River from wastewater
discharges from the balance of the Cotorro population (50,000).
Add/upgrade pre-treatment of industrial wastewater Cotorro, Upper Minimize impacts of industrial wastewater discharges as San Pedro Pump ~ High
Almendares station is expanded.
Reroute treated effluent from Cotorro industries to the San ~ Cotorro, Upper Remove impacts of industrial effluents from upper Almendares River. High
Pedro Pump Station Almendares
Implement best management practices for agriculture for Upper Almendares Minimize nutrient and microbiological impacts from agricultural runoff. High
Upper Almendares
Construct a wastewater treatment plant to accept Cojimar Watershed Public health benefits and environmental preservation of the Cojimar Medium
wastewater effluents from Cotorro watershed
Collect and treat domestic wastewater from Calabazar Mid-Almendares Public health benefits of removing wastewater and protection of the upper ~ Medium
portion of the mid-Almendares.
Repair Maria del Carmen Wastewater Treatment Plant Mid-Almendares Protection of the mid-Almendares from a concentrated input of domestic High
wastewater.
Construct inter-connecting sewer pipes to route sewage from ~ Mid-Almendares Public health benefits and protection of mid-Almendares from uncontrolled  High
nearby towns towards Maria del Carmen Plant wastewater discharges.
Expand Maria del Carmen Wastewater Treatment Plant tofull -~ Mid-Almendares Improve water quality of mid-Almendares River by treating collected Medium
design capacity wastewater.
Implement Stormwater Management for Calle 100 Landfill ~ Mid-Almendares Protection of the mid-Almendares from solid waste leachate contamination ~ High
Groundwater leachate Management for the Calle 100 Landfill - Mid-Almendares Protection of the mid-Almendares and Vento Aquifer from leachate Medium
contaminated groundwater from the landfill
Add/upgrade industrial waste treatment for industries along ~ Mid-Almendares Minimize effluent impacts from acetylene plant, ice cream plant, paint Medium
the mid-Almendares factory, electroplating factory, bird slaughterhouse, baby food factory, two
paper processing plants, and a gas manufacturing plant.
Collection and treatment of domestic sewage from the Cotilla ~ Mid-Almendares Minimize impacts of domestic sewage from the Towns of Capri, Alcazar, Medium
tributary Alturas de la Vibora, Vieja Linda, and Altahabana
Collection and treatment of domestic sewage from the Lower Almendares Minimize impacts of domestic sewage from the Towns Gilinera, La Medium
Mordazo tributary Fraternidad, and El Clavario.
Add/upgrade industrial waste treatment for industries along ~ Lower Almendares Minimize effluent impacts from baby food manufacturing plant and two Medium

the lower Almendares

Repair and expand wastewater collection network for the Central Havana
Central system

Add secondary treatment to Central Wastewater Treatment  Central Havana
System

Rehabilitate outfall pipe from Central Wastewater Treatment ~ Northern Coast of
System Havana

Construct sewer main for Puentes Grandes System Lower Almendares

Construct wastewater treatment plant for Puentes Grandes  Lower Almendares

beer manufacturing plants.

Improve sanitation and public health benefits for most highly urbanized
area. Propose using a trenchless technology for the repair and expansion.

Improve quality of water discharged to Playa El Chivo near Havana Harbor.
Protect coastal waters from wastewater contamination.
Public health benefits of properly disposing of wastewater.

Improved water quality of the lower Amendares and estuary to which it
discharges.

Medium (very costly)

Medium (very costly)

High

Medium

Medium to Low

1996 was 15.5 m3/s (Alonso Herndndez and Mon
1996) and in 2007 was 18.1 m3/s (Cubagua 2007),
with rates corresponding to roughly 650 L/person/
day. Water is treated within these four systems

through chlorination, with an estimated chlorine us-
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age of roughly 2.5 tons per day, to provide a target
chlorine residual of 0.5 mg/L throughout the distribu-
tion system. During 1996 the distribution of chlorine
was about 50:50 between chlorine gas (25 installa-

tions) and sodium hypochlorite (23 installations)



Table 5. Water Treatment Systems within
the City of Havana
Per capita
Number Number Volume Supplied
Towns of Water of Pump Supplied (L/person/
System ReceivingWater  Population Sources Stations (m3/d) d)
Central Central Havana 817,000 5 10 5.2 552

10 de Octubre
Plaza de la Revolucidn

East East Havana 546,000 9 18 5.0 785
Guanabacoa

Regla

San Miguel

Cotorro

South  Boyeros 370,000 21 9 2.0 460

Arroyo Naranjo
West  Lalisa

Playa

Marianao

447,000 7 7 33 641

Source: Alonso Hernandez and Mon 1996.

(Alonso Herndndez and Mon 1996). However, more
recent data (Cubagua 2007) suggests that the majority
of the plants have been converted to chlorination via

sodium hypochlorite addition.

Chlorine (gas chlorine and sodium hypochlorite) has
been predominantly produced in Cuba within the Sa-
gua la Grande Electrolysis Plant located in Villa Clara
Province. Chlorine is produced at this plant through a
process using mercury electrodes and in recent years
this plant has not been operating properly, requiring
that chlorine be imported from other countries such as
Nicaragua and Mexico (Roberto Cardona, personal

communication, 2009).

The four water supply systems collectively include 44
pump stations which are equipped with 101 pumps in
total, 374 km of transmission lines, and 3,594 km of
distribution lines. The systems include a total of 13
water storage units of which 9 are in service (210,200
m? capacity). The system lacks metering, which makes
it difficult to analyze the flows (Alonso Herndndez
and Mon 1996).

Although the water sources are sufficient to supply wa-
ter 24 hours per day, the provision is not consistent.
During the late 1990s through the early 2000s, water
was provided intermittently, with usual provision of
water between 4 and 12 hours per day and other areas

which may have received water on alternating days

Water and Wastewater Infrastructure Priorities for Cuba

(Pérez Martinez et al. 2003) with some areas serviced
by water tankers (Roberto Cardona, personal commu-
nication, 2009). The lack of continuous service is at-
tributed to the following factors by Alonso Hernédndez
and Mon (1996):

e Loss of about 55% of the treated water within the
transmission and distribution water lines due to
leaks. The Central water distribution network is
the oldest of the systems and is in very poor condi-
tion.

e Instability of the pumping stations which trans-
port the water from their sources to the consumer.
The instability is due to breakdown of pumping
equipment which is in poor condition and the
lack of back up pumps, lack of surge suppressors,
lack of water hammer suppressors, lack of flow
metering, and interruptions in the availability of
electricity. Electric interruptions are especially
problematic as groundwater wells lose their prime,
which requires great effort to restore.

e Other miscellaneous items include: pumps which
lack meters and so it is difficult to determine
whether they are functioning properly, valves
within the distribution system which do not func-
tion properly and so it is impossible to isolate sec-
tions of the system for repairs, systems that are not
fully inter-connected, water storage capacity that
is not sufficient, capacity that is insufficient to dis-
tribute water in some zones due to greater de-
mand, and inadequate maintenance of the chlori-

nation equipment.

Water system priorities (Table 6) include replacement
of the aging water distribution network. Alonso
Herndndez and Mon (1996) estimate that 1800 km
are in extremely poor condition. The new innovative
technology of pipe bursting, which can replace pipes
without the requirement of open trenches, is estimat-
ed to cost of US$ 90 per linear foot for an 8 inch aver-
age diameter pipe (Mohamed and Hashemi 2008).
The cost for replacing 1800 km of pipe is thus estimat-
ed at roughly US$ 500 million. This estimate does not
include the costs associated with auxiliary components

such as valves and metering.
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Table 6. Water Distribution and Treatment Infrastructure Improvements

Estimated Benefit
Name Location Benefit Versus Cost
Repair and upgrade of the chlorine production plant located in Sagua la Grande ~ Villa Clara Province Provision of chlorine locally. High
Provide trucks and fuel to transport chlorine from Sagua la Grande Throughout Cuba Transport of chlorine to point of use. High
Repair leaks in water transmission lines. Add valves and metering Havana Minimize water losses. Medium (very costly)
Provide back up electricity to avoid water pressure losses Havana Maintain water quality by maintaining adequate High

pressure. Improved operation of water supply system.

Back up pumps Havana Improved operation of water supply system. High
Repair chlorination equipment at chlorine application points. Havana Provide disinfected water. High
Improve interconnections of water distribution network Havana Improved operation. Medium
Surge suppressors Havana Protection of equipment. High

BENEFIT-COST ANALYSIS
CONSIDERATIONS AND CONCEPTUAL
ILLUSTRATION

Earlier we have proffered qualitative judgment-based
benefit-cost relationships (thus, priorities) for various
wastewater and water infrastructure improvements.
Actually, we recognize the limitations of this ap-
proach, and recommend that infrastructure needs for
Cuba be prioritized using a more rigorous benefit-cost
analysis methodology, for optimum allocation of re-

sources.

Quantifying the Cost Component

The cost component of the benefit-cost analysis is the
easier to quantify. Costs can be obtained through tra-
ditional engineering cost analysis methods which take
into account the costs of mobilization, materials, la-
bor, and operation/maintenance. To complete a tradi-
tional cost evaluation, unit costs for materials and la-
bor within Cuba will need to be quantified although
today’s costs in Cuba may not be relevant during a
transition period. In the meantime, in the absence of
unit costs for Cuba, unit costs for other countries (e.g.,
developing countries in the Caribbean) can be used as
surrogates for costs in Cuba In the absence of costs in
comparison Caribbean nations, costs from the United
States (and perhaps Puerto Rico specifically, consider-
ing geographic and technical similarities) can be used,
noting that labor costs for U.S. and Puerto Rico would

likely be higher than that for Cuba.

Quantifying the Benefit Component:

Intangible Factors

The benefits of a particular project are even more diffi-
cult to quantify than the costs, because benefits tend to
be intangible. We propose here two approaches to
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evaluating benefits. The first focuses on adding up all
the benefits associated with decreasing environmental
contamination. The benefits from, say, a wastewater
collection and treatment infrastructure project would
include public heath improvements, ecological im-
provements including better fisheries, and increases in
recreational use of the receiving bodies of water. The
result of improved public health can be in theory ex-
pressed in the number of illnesses that have been avert-
ed. In turn, the benefit of this illness reduction result
can be quantified in terms of the monetary cost avoid-
ed of treating the illness and the monetary value of
work productivity loss avoided. Ecological improve-
ments have direct impacts on fisheries, and this benefit
can be quantified through estimation of the monetary
value of increases in fish and shellfish harvesting, Fi-
nally, recreation benefits can be expressed in terms of a
monetary “willingness to pay” on the part of area resi-
dents and tourists. In some cases in the U.S., this will-
ingness to pay has been estimated to be user fees paid
by visitors to recreation areas, but it seems likely that
such fees may underestimate the true value.

The second approach to quantifying benefits would be
based upon an evaluation of land value. One can evalu-
ate the land value of Caribbean nations that have a
market economy. The evaluation should include a
comparison between land values for those areas which
are contaminated versus those which are not. It is an-
ticipated that such differentials in land values would
be extraordinary given the high value of pristine envi-
ronmental resources within the Caribbean through
the tourist industry, especially for land located along
the coast. Minimizing the contamination of rivers
which drain towards the coast could potentially have



major impacts on land value through the potential to
develop the coastal areas for tourism.

Both suggested approaches would require a consider-
able amount of additional research. For the first ap-
proach, because of the intangible nature of the many
benefits associated with improved environmental
quality, the evaluation would require an understand-
ing of the impacts of infrastructure improvements on
local biological resources and socio-economic levels for
the local communities. For the second approach a con-
certed effort would be needed to evaluate local nuanc-
es associated with each area for developing the land. In
both cases a full analysis of benefits would realistically
need to involve eventual inputs from professionals in
Cuba and a considerable investment of time and re-
sources to obtain results which are meaningful. In the
meantime we provide a case study conceptual illustra-
tion below.

Conceptual Hllustration:

Town of Cotorro Wastewater Project

A project which lends itself to an illustration of a bene-
fit-cost analysis is the set of potential progressive
wastewater infrastructure improvements for the Town
of Cotorro, discussed earlier. A recent class project by
University of Miami engineering students (Ortega-
Castineiras et al. 2009), advised by some of the authors
of this paper, envisioned these infrastructure improve-
ments through a series of phases as follows:

e Phase 1: Rehabilitation of the San Pedro pump
station and associated transmission lines with dis-
charge to a minimally improved reservoir (Pitirre)
for diversion of the wastewater away from the Al-
mendares-Vento watershed into the adjacent Co-
jimar River watershed, thus removing a clear
threat to public health in the water supply.

e Phase 2: Addition of primary treatment plant
(primary sedimentation only) prior to discharge
to the Cojimar watershed.

e  Phase 3: Addition of biological treatment and sec-
ondary sedimentation prior to discharge to the
Cojimar watershed, thus helping to achieve a
Class B receiving water classification in the water-
shed, and its associated benefits.

e Phase 4: Addition of tertiary treatment prior to
discharge to the Cojimar watershed, thus helping

Water and Wastewater Infrastructure Priorities for Cuba

to achieve a Class A classification and its associat-
ed benefits.

Cost estimates were obtained in several different ways.
For Phase 1, the costs were estimated from wastewater
treatment plant cost tables (U.S. EPA 1976, Cristina
Ortega-Castineiras, personal communication, 2009).
As mentioned earlier, available information suggests
that the pumps are working at the San Pedro Pump
Station; however the wiring and control panels are in
need of repair. Thus two costs were estimated for this
phase: the estimated cost for the wiring and control
panel and the cost for a new pump station (8.25 mil-
lion gallons per day, MGD, which would be capable of
serving the entire population of Cotorro, about
82,500 people). The cost of the wiring and control
panel was estimated from the 1976 cost tables at
$82,000; similarly the cost of a new pump station was
estimated at $572,000. Adjusting these costs to 2009
values (NASA 2009) results in present day value of
$330,000 and $2.3 million, respectively. The cost of a
new pump station was cross-checked against an alter-
native method of analysis which included the consid-
eration that the cost of a new 6 MGD pump station re-
cently built in Florida was $2.5 million (Cristina
Ortega-Castineiras, personal communication, 2009).
Adjusting the cost for the 8.25 MGD design flow for
the San Pedro Pump Station and taking into account
that the costs for construction in Florida are about
50% more than the cost for construction in developing
countries (Peter Robinson, Hazen and Sawyer P.C.,
personal communication, 2009), the estimated cost
for a new pump station in Cuba was thus estimated
again at $2.3 million, which confirms the estimate
computed using the wastewater treatment plant cost
tables. For the purpose of establishing the costs for
phase 1 and the uncertainty concerning exactly what
parts of the pump station are inoperative, the cost for
phase 1 was thus estimated at $2.3 million, taking into
account that any cost savings from existing equipment
and infrastructure at the existing San Pedro Pump sta-
tion could be used towards potentially rehabilitating
the pipe that transmits the water from the pump sta-

tion to the Pitirre Reservoir.

For Phase 2 and 3, the estimated costs were obtained
from cost estimation tables established for the country
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Table7.  Estimated Costs and Qualitative Benefits of Wastewater Treatment Plant Upgrades for
Domestic Sewage from the Town of Cotorro
Benefit to San Francisco and
Description Cumulative Cost (U.S. million $) Almendares Rivers Benefit to Cojimar River:  Comments
No action (discharge without treatment 0 Status quo: threat to drinking N/A Not acceptable. Cost of alternative water
to San Francisco River) water and ecology supply for Havana is very high.
Phase 1: Electric and control panels: Removal of public health threat Severe Impairment. Not acceptable.
Diversion to Cojimar River without $330,000 downstream Threatens even Class “C” uses
treatment Entire pump station: $2.3 million
Phase 2: $26 million Removal of public health threat Impairment. May not meet  Acceptability questionable.
Diversion with Primary Treatment (824 +%2.3) (lass “C" uses
Phase 3: $44 million Removal of public health threat Allows Class “B” uses Acceptable.
Diversion with Secondary Treatment (18+24+2.3)
Phase 4: $47 million Removal of public health threat Allows Class “A” uses Acceptable.
Diversion with Tertiary Treatment (3+18+24+2.3)

a.  Waters in Cuba are designated into classes (A, B, or C) depending upon their intended use (Oficina Nacional de Normalizacién 1999). Class “A” waters

are intended for use as a source of potable water for public use and/or industrial use for the processing of food. Class “B” waters are intended for irrigation,

where products may be consumed raw, or for recreational purposes. Class “C” waters correspond to transportation (shipping) or irrigation uses with less

stringent water quality requirements.

of Colombia (Peter Robinson, Hazen and Sawyer
P.C., personal communication, 2009). The cost for a
primary treatment plant of 8.25 MGD is estimated at
$24 million. The cost estimation tables were devel-
oped for full secondary treatment using activated
sludge with pure oxygen aeration. Given that a trick-
ling filter aeration system would cost less, the costs

were adjusted downward accordingly to $18 million.

For Phase 4, the estimated costs were obtained from
the manufacturer of tertiary treatment equipment that
were included as part of the student design team plan
(Nicole Rodriguez, CDM Inc., personal communica-
tion, and Reshma Ramoutar, University of Miami,
personal communication, 2009). The company esti-
mated approximately $1.5 million for the equipment
cost. Taking into account that there would be addi-
tional installation costs, this number was increased to

$3 million for estimation purposes.

Table 7 lists for each phase the infrastructure compo-
nents, the approximate cumulative cost and the list of
benefits (and conceptual means to quantify them).
From this table, it is clear that Phase 1 (diversion)
should be implemented, on the basis of the preponder-
ance of benefits (even though not readily quantifiable
yet) over the modest costs. Likewise, given that Phase
1 would be implemented, it seems justifiable to pro-

vide at least the modicum of primary treatment (Phase
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2) so that public health issues associated with untreat-
ed wastewater discharge to the Cojimar watershed
would be avoided. They key question then is: where
should we draw the line? Should we stop at Phase 2, or
should we proceed to Phase 3 (secondary treatment)
or even Phase 4 (tertiary treatment)? From a financial
perspective (availability of funds) it could be argued
that Phase 2 is all that could be achieved. However,
from an economics perspective (benefit-cost analysis)
the answer is less than clear. Once the data are avail-
able for a full benefit-cost analysis, it is possible that
Phase 3 or even Phase 4 may be justifiable, and if so,
this conclusion should inform the process of allocation

of economic resources island-wide.

Tables 8 and 9 describe the incremental benefits of the
various phases to the San Francisco/Vento watershed
and to the Cojimar watershed, respectively. The first
column of each table defines the benefit (and where
possible a methodology to compute the benefit). The
third column lists the data that would need to be col-
lected, with the aid of Cuban professionals, to carry
out the computation methodology. Much of this con-
ceptual work is based on a wastewater treatment bene-
fits study conducted for the island nation of Barbados
in the Caribbean (Camp Dresser & McKee Inc., 2008)
and would, of course, need to be adapted to Cuban

conditions with more information.



Table 8.
Watershed
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Methodologies for Incremental Benefits to San Francisco River/Vento Aquifer

Benefit Methodology

Data Needed

Removal of public health threat (value of work
productivity loss avoided in “nuisance” case).
of population in work force

Removal of public health threat (cost avoided of
alternative supply in “extreme” case).

Cost avoided of alternative water supply/treatment
(potentially desalination)*probability of occurrence

Productivity loss avoided = average income*average work  « Income.
days*percent work days missed*area population*percent

« Work days per year.

« Percent work days missed (from survey of experts).

« Area population served by Vento Aquifer.

« Percent of population in work force (from demographic studies).

« Flow supplied by Vento Aquifer to service population.
« (Cost of desalination facilities for that flow.
« Probability of ruining aquifer (survey of experts).

Reference: CDM Inc., Cost-Benefit Analysis for Implementing the West Coast Sewerage Project Under a Public-Private Partnership Arrangement. Final Report

to Barbados Water Authority, Miami, FL, May 2008.

Table9. Methodologies for Incremental Benefits to Cojimar River Watershed
Benefit Methodology Data Needed
Allow Transit Assign economic value to incremental transit activities « List of current transit activities.
(if any) enabled by diversion of flow. « Estimate of additional transit activities from new flow.
« Economic value of additional activities.
Irigation Cost avoided of use of potable water. « Irrigation demand in Cojimar watershed and quality required.

Consumption of Raw Products Assign economic value to products.

Recreation Economic value of beach closings avoided.

Public Water Supply
polishing this diversion flow.

Industrial Use for Food Processing
polishing this diversion flow.

Cost avoided of use of current potable water less cost of

Cost avoided of use of current potable water less cost of

« Comparison of demand vs. diversion supply and quality.
Cost of treating offset amount of potable water.

« Number of days per year consumption would be prohibited (survey of experts).
Economic value of raw water products (fisheries studies).

Number of days per year beach would be closed otherwise (survey of experts).
Tourist visits and “willingness to pay”.
« Resident visits and “willingness to pay”.

« Population and water demand in Cojimar watershed.
« Comparison of demand with diversion flow.
Treatment costs for current supply and diversion flow.

Industrial demand and quality requirements in Cojimar watershed.
Comparison of demand with diversion flow.
« Treatment costs for current supply and diversion flow.

Reference: CDM Inc., Cast-BméﬁtAnalysis ﬁzr I mp/emmting the West Coast Sewerage Project Under a Public-Private Partner:/aip Arrangement. Final Report

to Barbados Water Authority, Miami, FL, May 2008.

CONCLUSIONS AND RECOMMENDATIONS

Cuba is in dire need of investment within its water and
wastewater infrastructure system. Much of the existing
infrastructure is over 50 years old, and as a conse-
quence is deteriorated and in need of maintenance and
repair. Newer systems appear to not function properly
(e.g.» Marta del Carmen Wastewater Treatment Plant)
and/or appear to not be fully constructed (e.g., missing
sewer trunk lines in the Puentes Grandes collection
network) and so efforts should focus on maintaining
and completing infrastructure projects that have been
initiated. For the Almendares-Vento watershed, ef-
forts should focus on protecting the potable water sup-
ply from contamination, in particular from both in-
dustrial and domestic wastewater discharges from the
Town of Cotorro.

Prioritization of water and wastewater infrastructure
upgrades should be based upon a cost-benefit analysis
which quantitatively ranks infrastructure projects in
terms maximizing benefits for a given cost. This study
provided some costs for upgrades to the Town of Co-
torro wastewater treatment system. All of the costs
listed were estimated at a conceptual planning level
only, as detailed design drawings are yet to be prepared
for each of the phases and the current status of existing
facilities are not known with certainty. More work is
needed in establishing the costs for the various up-
grades and prioritization should be completed in coor-
dination with local Cuban water professionals due to
the intricacies associated with watershed and infra-

structure management within the country.
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