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Evaluation of the Present USE

Water Supply

National Aspects and Institutional System

The management indices of INAA indicate progressive development that is expected to
continue in the near future,

INAA satisfics this aim and has decentralized through regional and muaicipal branches.

This strategy will be improved with the proposed decentralization of functions between
INAA and ENACAL (Dec. N® 27-95 and 31-95). INAA would eatrust its operational,
commercial and economic functions to ENACAL, maintaining its regulatory and
monitoring functions. ENACAL would be an enterprise able to relegate some of its
responsibilities with local branches and share its aclivities with private enterprises.

Decree N® 32-95 provides economic self-sufficiency to ENACAL and completes the
new strategy, that is still waiting for approval by the National Assembly .

A public education program should be considered for now and in the future to save
water, and protect natural resources.

Leon
a. Technical System
i Water Supply Sources

The present maximum capacity of the pumps of the wells in Leon is 43,372 m'/day (502
liters/sec), and the total urban population is 124,117 as of 1995.

Assuming the following, the daity water supply capacity per capita for the present total
urban population was estimated at 147 .4 liters/person/day:

Supply population o 124,117 persons
Efficiency : 58%
Non-household usage C 10%

Yearly fluctuation coeflicient - 1.25

(((43,372 x 1,000/ 124,117) x 0.58)/1.1)/1.25 = 1474 (I/person/day)

Although this figure (147.4 hters/person/day) suggests that the existing wells have a
capacity almost equivalent to the 1995 average daily water consumption (144.9
hters/person/day), there is a need to develop new potable water sources (i.e., wells) in
view of the future population growth in the urban area.

ii, Water Qua!ily

There are no specific problems in any of the wells in operation except for the one in the
San Felipe well field (I, 1, and 111). The nitrate concentrations observed causes some
concern, although they are still below the permissible level.
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ik, Water Transmission

As described in INAA’s Pre-feasibility Study, the water from “l.os Tanques” and “Pila
de Agua” wells is pumped into their respective reservoirs while water from other wells is
pumped dircctly to the distribution mains.

Making connections directly into the mains, fundamentally, is not allowed, in order to
maintain two fundamental hydraulic conditions: i.e., optimum head in the transmission
main and regulation of hourly pressure fluctuations in the net due 1o consumption.

Regarding the former, if the head along the transmission main is reduced because of
illegal connections, it is necessary to operate the well pump at a level higher than the
design level to compensate for the losses. A pump operating outside its optimum range
has a reduced life expectancy due to increased fatigue.

Once regulation of hourly variations due to consumption is achieved, the flow into the
reservoirs could become more constant and hourly variations in the output of well
pumping is reduced.

In conclusion, a conceptual change in the transmission system should be implemented.
That is, pumping should be done directly into reservoirs from the wells, and from the
reservoirs into the distribution mains.

iv. Storage

According to technical procedures practiced by INAA, the reservoir tanks are generally
designed to have a storage capacity equal to 25% of the average daily supply plus a
pravision for shortages and fire extinguishing (72 m’).

The daily average consumption is approximately 27,300 m'/day, under the following
assumplions,

Supply population © 124,117 (urban total)
Consumption 160! (Vperson/day)
Non-household usage © 10 (%)

Yearly fluctuation coefticient ©1.25

Including unaccounted for water (42%), the average daily supply is approximately
47,000m",

Considering 25% of this value plus 72 m* for emergencies, approximately 11,800m’ of
storage is needed.

Given that the current storage volume is 9,000 m’, it is concluded that this volume is
below what is necessary.

Finally, it is recommended that future reservoirs be strategically located, with the
objective of receiving well water {which is currently directly pumped to the distribution
mains), and subsequently to act as centers of waler distribution.

*This is refereed ta the figure proposed for a city of more than 50,000 population by the INAA's Pre-feasibility
Study financed by IDB (Interamerican Development Bank).
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V. Mains Supply

Generally, the pressures in the mains are acceptable, with the exception of the highest
points of the “low area net” and “high area nel”. This is due to the low clevations of the
storage tanks and because the pressures at some locations are below the required
mininwum head of 15 m.

INAA at this moment is exccuting various pipe replacement works. Replacing existing
pipes with larger diameter pipe lo increase pressures in problematic sections.

At present, significant pressure variations exist in the mains due to the direct pumping
from the well pumps into the distribution mains.

In conclusion, only a few points in the urban area do not have adequate service.
Comprehensive planning should be carried out including the requirements of the existing
and future storage systems so that the distribution system becomes more efticient.

Chinandega

a. Technical System

An evaluation of the present urban sanitalion environment of Chinandega was executed
based on the INAA Pre-feasibility Report, and the results clearly illustrate the actual
conditions of the water supply and sewer systems of the city.

The evaluation helped the study team discern the development activities of INAA which
is very important in order to fully comprehend the recommendations in the Pre-
teasibility Report.

The INAA study only covered two conditions:

1. Studies on water supply systems only included the relationship between the wells,
reservoirs and the distribution network. Further studies on well pumping facilities
suitable for the existing system should be conducted to be able to assess the
necessity of the system.

2. Studies on the sewerage system was limited to cities with a combined sewer system.
The use of alternative technologies were not fully considered due to resource
restrictions. Cheaper technologies that would improve hygienic conditions but to a
lesser degree should be introduced in the fringe areas of the city.

i.  Water Supply Sources

The presenl maximum capacity of the well purhps in Chinandega is 33,782.4 m*/day

(391 liters/sec.), and the total utban population in 1995 is 84,281.

Supply population . 84,281  (persons)
Efficiency C 72 (%)
Non-household usage o 10 (%)
Yearly fluctuation coeflicient ©1.25

(((33,762/ 84,281} X 0.72)/1.1/1.25 =210 (I/person/day)

With the above assumptions, daily water supply capacity per capita for the present total
urban populationis calculated at 210 liters/person/day, which exceeds the guidetine (160
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liters/person/day) for a city with a population of over 50,000 proposed in INAA’s Pre-
feasibility Study.

ii, Water Quality

Nitrate concentrations are high in general, although they are still below the INAA’s
permissible level,

This could be attributed to infillration of agricultural chemicals from the surface.
Therefore, in view of high permeability in the area, it is anticipated that nitrate
concentration in the well water might exceed the permissible level in the near future,

iii. Water Transmission

As described in INAA’s Pre-feasibility Study, curremly, water from “La Mora”, “La Pila
and “El Jirén” wells is pumped into their respeclive reservoirs, whereas water from other
wells is fed directly to the distribution mains.

Making connections directly into the mains, fundamentally is not allowed, in order o
maintain two fundamental hydraulic conditions: i.e., optimum head in the transmission
main and regulation of hourly pressure fluctuations in the net due to consumption.

Regarding the former, if the head along the transmission main is reduced because of
illegal connections, it is necessary to operate the well pump at a level higher than the
design tevel to compensate for the losses. A pump operating outside its optimum range
has a reduced life expectancy due to increased fatigue.

Once regulation of hourly variations due to consumption is achieved, the flow into the
reservoirs could become more constant and houwrly variations in the output of well
pumping is reduced.

In conclusion, a conceptual change in the transmission system should be implemented.
That is, pumping should be done directly into reservoirs from the wells, and from the
reservoirs into the distribution mains.

iv. Storage

According to the technical procedures practiced by iNAA, the reservoir tanks are
generally designed to have a storage capacity equal to 25% of the average daily supply
plus a provision for shortages and fire extinguishing (72 m®).

The daily average consumption is approximately 18,500 m*/day, under the following
PP Yy \/

assumptions.
Supply population : 84,281 {urban total)
Consumption © 1607 (Uperson/day)
Non-household usage : 10 (%)
Yearly fluctuation coeflicient : 125

Including unaccounted for water (28%), average daily supply is approximately
25,700m".

?"I'his is referred to the figure proposed for a cily of more than 50,000 population by the FNAA's Pre-teasibility
Study.
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Considering 25% of this value plus 72 m" for emergencics, approximately 6,500m’ of
storage is needed.

Given that the current storage volume is 9,000 nv', it is concluded that, at this moment,
this volume is above what is necessary.

Finally, it is recommended that [ulure reservoirs be strategically located, to receive well
water (which is currently directly pumped to the distribution mains today), and
subsequently to acl as centers of the water distribution to the mains.

v, Mains Supply

Generally the pressures in the distribution mains are acceptable, with the exception of
the high areas. This is due to the low elevations of the reservoirs and because the
pressures in some areas are below the required minimum head of 15 m,

INAA at this moment is executing various pipe replacement works. Replacing existing
pipes with larger diameter pipes to increase pressures in problematic sections.

At present, significant pressure variations exist in the mains, due to the direct pumping
from the well pumps into the distribution mains.

In conclusion, only few points in the urban area do not have an adequate service.
Comprehensive planning should be carried out including the requirements of the existing
and future storage systems so that the distribution system becomes more eflicient.

Granada
a. Technical System
i Water Supply Sources

The present maximum capacity of the pumps in the wells in Granada is 25,263 m*/day
(292 4 liters/sec.). However, the nitrate concentration in the water of the “Quinta Ena
1V” well exceeds the permissible level: water supply from this well should be terminated

in the near future. Therefore, the present maximum capacity above, excludes that of
“Quinta Ena IV” (3,750 m'/day).

Daily water supply capacity per capita for present total urban population was calculated
at 119.9 liter/person/day with the following assumptions.

Supply population © 71,783 {persons)
Efficiency .57 (%)
Non-household usage : 10 {%%)
Yearly fluctuation coefficient o 125

(((25,263/ 71,783) X 0.57)/1.1)/1.25 = 145.9(Uperson/day)

The calculated value is considerably lower than the guideline (160 liters/person/day) for
a city of over 50,000 people proposed in INAA’s Pre-feasibility Study and falls short of
the present supply level (151 liters/person/day). Therefore it is necessary to develop
new water supply sources for Granada City.
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i, Water Quality

All the well water, other than that of Quinta Ena 1V, complies with the requirements,
Priority should be given to constant monitoring for Quinta Ena 1V for the time being. If
nitrate concentrations are observed to increase, the well should be abandoned.

ii. Water Transmission

As described in INAA’s Pre-Feasibility Study, currently water is pumped from the wells
to both the reservoirs and the distribution network. There is no indcpendent line

between the wells and the reservoir; lines branch ofY directing water to the distribution
net.

The present arrangement transgresses two fundamental hydraunlic conditions: constant
flow from the well and regulation of hourly pressure fluctuations in the net due to
consumption.

Regarding the former, if the head along the transmission main is reduced because of
iltegal connections, it is necessary 1o operate the well pump at a level higher than the
design level 10 compensate for the losses. A pump operating outside its optimum range
has a reduced life expectancy due to increased fatigue.

Once regulation of hourly variations due to consumption is achieved, the flow into the
reservoirs could become more constant and hourly vanations in the output of well
pumping is reduced.

In conclusion, a conceptual change in the transmission system should be implemented.
That is, pumping should be done directly into reservoirs from the wells, and from the
reservoirs into the distribution mains.

iv. Storage

According to technical procedures practiced by INAA, the reservoir tanks are generally
designed to have a storage capacity equal to 25% of the average daily supply plus a
provision for shortages and fire extinguishing (72 m*).

The daily average consumption is approximately 15,800 m'/day, under the following
assumptions.

Supply population : 71,783 (urban total)
Consumption o 160° (liter/person/day)
Non-household usage : 10 (%)

Y early tluctuation coefficient : 1.25

Including unaccounted for water {43%), average daily supply is approximately
27,700n".

Considering 25% of this value plus 72 m® for emergencies, approximately 7,000 m’ of
storage is needed.

Given that the current storage volume is 8,300 m’, it is concluded that, at this moment,
this volume is above whal is necessary.

* This is referred to the figure proposed for a city of mere than 50,000 population by INAA’s Pre-feasibility
Study.
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V. Maius Supply

In general, the pressures in the mains are acceptable, with the exception of the southwest
and northwesi zones. This occurs where the topography is high and sometimes the
pressures are below the required minimum head of 15 m. However, INAA is promoting
the replacement of some pipes to eliminate the problem.

The barrios Ei Capullo and Reparto San Juan are about 7.0 m higher than the ground
level of existing reservoirs, therefore water is pumped a few hours per day from tank No.
3 to each of' the barrios.

In conclusion, as for distribution mains for the city, only barrio Ei Capullo and Reparto
San Juan do not have adequate services. For that reason, a study to propose solutions to
the problems in this area is needed.

Attention should be drawn, in this regard, to the possibility of limiting urban expansion
in elevated areas.

Stormwater Control

Nationa! Aspects and Institutional System

Both INAA and the municipalities lack institutional and financial requirements for
maintaining stormwater drains and the sewer system. At the same time they are faced
with tremendous sanitary problems - as mentioned in Chapter 5 (Present USE).

The insufficiency of the sewage system is the major reason for these problems. The lack
of environmental concern on the part of the public results in the illegal discharge of
wastewater into stormwater systems and streams.

A brief analysis of the economic data presented in Chapter 5 (Present USE) indicates
that the increase in the sewage system in the three cities is highly conceivable.

s The revenue from the sewage charges is much higher than expenditure.

e The proportions of _revénue from sewage services to the water supply varies from
8.9% in Granada to 17.6% in Leon .

e The average tariff for the sewage system was 33% of that of potable water.

e There is a potential for increase in the sewage coverage with corresponding
increase of income.

In spite of the municipal ability to manage stormwater drains, it needs to be in harmony
with INAA’s functions, in order to:

e Preserve the technical parameters to collect and treat sewage without rainwater
into the collectors;

e Preserve the natural and artificial drainage systems without poltuting them with
wastewater.

Sewage and drainage systems must be separéled. The municipality should have the
power to penalize both INAA and the cilizens for wastewater discharge into any
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drainage system - open or closed drains. At present, this action should be supported by
MINSA/SILAIS,

The municipality should be in charge of the maintenance of the micro-drainage system,
involving the SW sector (MS Department). Also the Street Maintenance sector should
be responsible for conduit and canal maintenance.

Macro-drainage system (rivers, channels) maintenance should be assisted by the
Construction and Transportation Ministry (MCT). The drainage system must be
included in the cadastre system (SISCAT).

teon

a, Technical System
a.l General Conditions

The probable rainfall intensity (66.1mmv/hr: 1/Syear) for Leon is considerably high,
although its average annual precipitation (1,220mnvyear) is not so high compared with
Tokyo (SOmun/hr :1/5 year, around 1,400mm/year). The climate in Leon is divided into
the rainy season and the dry season.

It is very important to designate an authority to be responsible for stormwater drainage

planning and management in order to minimize the effects of heavy rainfall, eg.,
flooding.

2.2  Inundation Damage

Inundation has considerably affected the daily lives of people in the study area in Leon,
according to the Public Opinion Survey (POS). The Inundation Damage Survey (IDS)
further confirmed haw destructive it is in view of the damage inflicted on houses and the
prevalence of infectious diseases.

The results of the POS and the DS confirmed the importance of preventing inundation
in the study area. However, because the study had to cover a wide area in a short period
of time, sampling was limited and the number of questions were reduced to a minimum.
As a result, the survey was not able to determine the specific causes of inundation.

Therefore, stormwater control should atso be included not only in the Master Plan, but

also in the Conceptual Master Plans like other USE components (water supply,
wastewater and solid waste management).

Chinandega
a, Techaical System
a.l  General Conditions

Of the three cities, Chinandega has the highest rainfall intensity at 79 2mm/hr, 1/5year
(annual recurrence interval (ARI). The average annual precipitation is also considerably

high at 1,920mm/year. Rain falling in the rainy season accounts for the total annual
precipitation in Chinandega.
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a2 Inundation Damage

Inundation has significantly affected the daily lives of the people in the study area in
Chinandega according to the Public Opinion Survey (POS). The Inundation Damage
Survey (1DS) further confirmed how destructive it is in view of the damage inflicted on
houses and the prevatence of infectious discases.

The results of the POS and 1DS confirmed the importance of preventing inundation in
the study area. However, because the study had to cover a wide area in a short period of
time, sampling was timited and the number of questions were reduced to a minimum. As
a result, the survey was not able to determine the specific causes of inundation.

The survey also observed scrious damage to the road in Somotillo, located on the
northern part of the cily, caused by rapid flow of a nearby stream. This rapid stream
flow also affected the living conditions of people residing along the road and the stream.

Therefore, stormwater control should also be included not only in the Master Plan, but
also in the Conceptual Master Plans like other USE components (water supply,
wastewaler and solid waste management).

Granada

a. Technical System
a.1 General Conditions

Of the three cites, Granada has the fowest rainfall intensity at 66.7mnvhr, 1/5 years
(ARI). However, the average annual precipitation is second to Chinandega at
1,517mm/year.  Rain falling in the rainy season accounts for the total annual
precipitation in Granada.

a.2  Inundation Damage

The city of Granada was reported to only have three (3) inundatlion prone areas.
Inundation has significantly affected the daily lives of the people in the study area in
Granada, according to the Public Opinion Survey (POS). The Inundation Damage
Survey (1DS) further confirmed how destructive it is in view of the damage inflicted on
houses and the prevalence of infectious diseases.

The results of the POS and IDS confirmed the importance of having to prevent
inundation in the study area. However, because the study had to cover a wide area in a
short period of time, sampling was limited and the number of questions were reduced to
a minimum. As a result, the survey was not able to determing the specific causes of
inundation.

Therefore, stormwater control should alse be included not only in the Master Plan, but
also in the conceptual Master Plans like other USE components (water supply,
wastewater and solid waste management).
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Domestic Wastewater Management

National Aspects and Institutional System

INAA prepared Pre-feasibility Study Reports on each of the three citics in this study that
is currently implemented.

Studics on Domestic Wastewater Management (DWWM) are usually patterned after
international parameters for the analysis of sewer systems. Although these parameters
are proven to be technologically accurate, they are not applicable to the situation
concerned duc to limited resources. The system idealized by these parameters cannot be
attained under inappropriate conditions.

The Pre-feasibifity Study Reports of INAA on the three cities only covered sewage
treatment based on the international parameters. 'The reports hardly covered the
importance of having to integrate an on-sile system into the sewage treatment system.
The present sitvation in Nicaragua suggests that the Pre-feasibility Report of INAA
should also propose the integration of an on-site system into the sewage system.

In the three cities, sewage is transported and treated in stabilization lagoons.

Presented overleaf is a brief analysis of the types of on-site treatment that may be
implemented in the study area.

Evaluation of the institutional system with regard to DWWM is inctuded section 6.2.1.

The municipality should encourage INAA to extend the sewage system, in a combined
plan for urban drainage.
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6.3.2 Leon
a. Technical System
i Sewage Collection Systems

Discharging domestic sewage directly into gutters and open stormwater drains of streets
is common practice in places without sewer systems.

The northwest area of Leon lacks a sewer system; an examination of this situation
should be made independent of the current system. Integration with the present system
is advisable to treat future flows.

An interconnection between other sectors of the cily (o the current system is feasible,

given that this system drains by gravity directly toward the lagoons through the principal
collectors.

The calculations presented in INAA’s Pre-feasibility Study verifies that the hydraulic
capacity of the present sewer mains, especially in the south of the city, has not been
surpassed by the current wastewater volume generated. There is an exception in the
rainy periods: the sewer system is overloaded due to a high number of illegal stormwater
connections. This present situation furthermore inhibits the biological degradation
processes in the treatment plants.

Special efforts should be made regarding stormwater intrusion into the sewer mains. All
the main pipes wifl have to be examined to identify major points of stormwater intrusion
for effective remedy.

il. Sewage Treatment

The water/BOD balance (April/96) was estimated by the Team based on the available
data. The results indicate that:

o Approximately 1,500 m*/day of wastewater of unknown origin enters the sewer
system, given the assumption hat 100% of potable water consumed reaches the
lagoon.

e Where BOD generation is assumed as 52g/person/day (the design load for the
Chinandega lagoon: INAA’s Pre-feasibility Study), BOD concentration in
wastewater of unknown origin is supposedly about 280 mg/l. On the other hand,
if the total BOD load flowing into the lagoon is divided by the population covered
by the sewers, the BOD generation becomes 38 g/person/day.

Wastewater, other than DWW, intrusion is small compared with the other 2 cities.

It can be deduced that the lagoons have other inputs in addition to DWW (eg,
stormwater or industrial wastewater).

* Studies on rehabilitation of stabilization lagoons in Ledn underiook flow measurements
and found that there was an immediate increase in flow following rain, revealing the
contribution of rain into the sewer system.

The flow into the lagoon “Subtiava” js 143.6 liters/s which is almost double the
maximum flow which enables BOD levels to be reduced to acceptable levels.
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6.3.3

iit, On-site Systems

Based on the results of relevant studies, the installation of traditional sewer systems is
unnecessary in areas with a population density of less than 50 persons/ha.  There is,
therefore, a need to look into altemative systems, ¢.g., on-site system.

In the city of Leodn, varying sewerage treatment systems were adopted. In “Reparto
William Fonscca” the use of septic tanks connected 1o filter drains was introduced, while
the residents of “Reparto Adiac” discharge their waste into trenches that were
connected to street drains.

These on-site-systems are economically feasible and should be introduced in arcas with
low population density and without any sanitary infrastruciure.

As stated previously, the sewage collection services currently cover 61.4% of the
population, which is equivalent to an average flow of 205.03 ¥scc. Of the remaining
population not covered by the services, 15.4% use seplic tanks or cesspools -- 51.4 Vs of
the discharge permeate the soil -- 23.2% use either dry or wet latrines which has an
economic life of three to five years -- new latrings are built in areas adjacent to the old.
The flow from the latrines is estimated at 77.5 Us.

In zones without sewer syslems, gray water is usually discharged into gutters and
stormwater drains in the streets.

Chinandega
a. Technrical Systen
i, Sewage Collection Systems

The present sewer coverage is low in view of the existing poputation density.

Discharging domestic wastewater directly into gutters and stormwater drains along the
streets is common practice in places without sewer systems.

The north and east sectors lack a sewer syslem; an examination of this situation should
be made independent of the current system. Integration with the present system is
advisable to treat future flows,

An interconnection between other sectors of the city to the current system is feasible,

given that this system drains by gravity directly toward the lagoons through the principal
coltectors.

It was also found that in the rainy season, the sewer capacity is insufficient because of
the high number of illegal stormwater connections, either from houses or from street
drainage, into the sewer system. This furthermore inhibits the biological degradation
processes of the treatment plants.

i, Sewage Treatment

The water/BOD balance (May/96) was estimated by the Team based on the available
data. The results indicate that:
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o Approximately 1,200 m¥/day of wastewater of unknown origin enters the sewer
system given the assumption that 100% of potable water consumed reaches the
lagoon.

o Where BOD generation is assumed as 52 g/person/day (design load for the
Chinandega lagoon: INAA’s Pre-feasibility Study), BOD concentration in
wastewater of unknown origin is supposedly 1,058 mg/i.

Ifit is assumed that this wastewater of unknown origin is from some DWW connections

not identified by INAA, the additional population discharging into the sewer is estimated
at 24,423 persons;

¢ 1,270 kg/day + 52 g/person/day = 24,423 persons

i.c, this total population is estimated based on the total BOD load in the
wastewater of unknown origin (3,270 kg/day) and the BOD generation per
person (52 g/person/day: INAA’s Pre-feasibility Study).

Accordingly, the total population with sewer connections in the urban area is about
61,400 persons, about 25% of the water supply service population, and their wastewater
generation rate is 107 liter/person/day.

e 6,600 m'/day + 61,400 persons = 107 liter/person/day

However, in view of the present state of the sewerage system, it is difficult to assume a
sewer coverage of 70% in Chinandega’s urban area. On the other hand, in the
calculation of BOD batance, BOD concentration in wastewater of unkrown origin 1s
estimated to be much higher than what is normally expected for DWW.

Therefore, if laboratory analysis of BOD is reliable, the source of wastewater of
unknown origin might not be DWW but industrial wastewater.

It can be deduced that the lagoon have other inputs in addition to DWW (e.g., rainwater
or industrial wastewater).

Studies on rehabilitation of stabilization lagoons in Leén undertook flow measurements
and it was found that there was an immediate increase in flow following rain, revealing
the contribution of rain to the sewer system.

The current flow into “Lagoon I” is 34.63 liters/s, which is 30% above the maximum
flow which enables BOD levels to be reduced to acceptable levels.

On the other hand, the current flow into “Lagoon 11" is 6.27 liters/s and is below the
maximum design flow. Hence BOD can be reduced to acceptable levels.

iii. On-site System

The on-site-system previously pointed out would be economically feasible in areas with
low population density.

As stated previously, the sewage collection services currently cover 39.5% of the
population, which is equivalent to an average flow of 108.1 Isec. Of the remaining
population not covered by the services, 2.1% use septic tanks or cesspools -- about 5.7
I/s permeate the soil -- 34.3% use either dry or wet latrines which have an economic life
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of three to five years - - new latrines are built in arcas adjacent to the old. The flow from
the latrines is estimated at 93.9 Vs,

In arcas without sewer systems (10.6%), gray water is usually discharged into gutters
and stormwaler drains in the streets.

Granada
a. Technical System
i Sewage Collection Systems

The total length of the existing sewer system is 27,874 m, of an estimated total fength of
131,000 m (streets). This represents 21.3% of the total streets,

The northwest sector, as well as other parts of the city, lacks a sewer system.

The calculations presented in the INAA’s Pre-feasibility Study, verifies that the principal

collector has sufficient hydraulic capacity to conduct additional wastewater from, as yet
unconnected, higher areas.

The wastewater fram Reparto Villa Sandino flows toward the pumping statton through
the main sewer. Subsequently, pumped wastewater should be routed to the treatment

site through a line 300 mm in dtameter. Hllegal stormwater connections into sewerage
need to be examined further,

ii. Sewage Treatment

The water/BOD balance was estimated by the Team based on the available data. The
results imply:

» Approximately 1,400 m*/day of wastewater of unknown origin intrudes into the

sewer system, given the assumption that 100% of potable water consumed reaches
the lagoon.

o Where BOD generation per person is assumed as 52g/person/day (same as the
design load for the Chinandega lagoon: INAA’s Pre-feasibility Study), BOD
concentration in wastewater of unknown origin is about 590 mg/liter.

If wastewater of unknown origin is from DWW connections not identified by INAA: the
additional population discharging into the sewer is 15,763 persons.

o 820 kg/day + 52 g/personfday = 15,763 persons

i.e., this total population is estimated based on the lota! BOD load in wastewater
of unknown origin {820 kg/day) and the BOD generation per person (52
g/person/day: INAA’s Pre-feasibility Study).

Accordingly, the total population with sewer connections in the utban area is about
29,000 persons, about 46% of the water supply service population, and their wastewater
generation rate is 117 liters/person/day.

« 3,400 m*/day + 29,000 persons = 117 liters/person/day
However, in view of the present state of the sewerage system, it is difficult to assume a

sewer coverage of 46% in Granada urban area. On the other hand, in the calculation of
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BOD balance, the BOD concentration in wastewater of unknown origin s estimated to
be much higher than what is normally expected for DWW,

Therefore, if the results of the laboratory BOD analysis are reliable, the source of
wastewater of unknown origin might not be DWW but industrial wastewater.

Given that the retention time is so long, a BOD reduction of 90% could be expected.
Therefore, it can be deduced that the lagoons arc receiving from other sources in
addition to DWW.

The tagoons have a treatment capacity of 10,000 m¥/day in view of organic load
reduction, while the sewer coverage is about 18% of the population and the flow into the
lagoons is around 3,400 m*/day. Therefore, this might imply that the lagoons have the
treatment capacity to serve a population three times the present (54% of the current
urban population). However, the actual efficiency of the tagoons, e.g., BOD and COD
removal rates, is small,

This maybe attributed to one or more of the following :

¢ Unstable retention time of the lagoon due to stormwater intrusion as pointed out
by INAA’s Pre-feasibility Study.

¢ [Intrusion of such substances that impede degradation of organic matter.
+ Errors in laboratory analysis.

Meanwhile, DWW in general has a COD/BOD of approximately 2. Wastewater flowing
into the Leon and Chinandega lagoons has a COD/BOD of approximately 1.8 and is,
therefore, assumed to be mainty domestic wastewater. However, wastewater flow into
Granada lagoon shows a COD/BOD of approximately 1.1.

Given that the laboratory analyses of wastewater in the 3 cities were carried out based
on general laboratory standards and level of integrity, DWW in the Granada sewer
system is assumed to contain a significant amount of wastewater containing
biodegradable and chemically oxidizable substances.

In practice, wastewater with these characteristics could possibly be identified as
industrial wastewater. Industries generating wastewater with a COD/BOD of
approximately 1.0 are : those who use raw materials that are easily biodegraded (e.g.,
sugar), namely, confectionery, beverage and brewery industrics.

il On-site System

In some areas, mainly in the suburbs, the introduction of an on-site system is very
important. The on-site system to be considered for these areas are small in scale, and
hence economically feasibte.

The sewage collection services currently cover 21.2% of the estimated number of
households in the area, based on the INEC 1995 National Population Estimate, the 1995
“Granada Socio-environmental Survey” by CIRA/UNAN, and the INAA 1994 report on
“Drinking Water Systems for the Operation and Maintenance Diviston”.

Information gained from the report on the “Environmental Action Plan (June 1996)” of
Granada was also used in the study. The report reveals that 70% of the polled
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population use latrines, 10.4% septic tanks, while 4.9% do not have any of these
systems.

Industrial Waste Management

National Aspects and Institutional System
a. Industrial Wastewater @

The Sanitary Code is primarily used to enforce sanitary and environmental control, but
Law N® 217-96 and Decree N® 33-95 suppties all fundamentals to support industrial
wastewater and solid waste management. However, being new legal acts, they need
detatled regutation and technical instructions to become vseful.

Skilled personnel to manage the control of IWW is needed more than reguiatiOns.

Decree N® 33-95 recognizes this aspect when enforcing a “gradual decontamination
plan” in two stages.

At present, the municipalilies have the Sanitary Code as a legal instrument to prevent

environmental contamination by IWW with the help of MINSA/SILAIS for applying
stiff penalties on defrauders.

b. Industrial Solid Waste

All direct responsibility on ISW was transferred to MINSA and MARENA under the
Sanitary Code, Law N* 217-96 and Decree N* 33-95, !

Municipalities may assist MINSA and MARENA but do not have the power to enforce
strong administrative sanctions,

The municipalities must establish their own SWM systems with rules, penalties and clear
information for generators. They must operate a system for domestic and non-
hazardous waste, set restrictions for hazardous waste management within the city, and
may offer special services for industries - making money and solving problems.

Municipalities must efficiently use the authority transferred by the Law of Municipatities
(Art.7/10/11/12), and use AMUNIC (Asociacion de Municipios de Nicaragua) as a
representative in the CNA - National Environmental Agency to compensate for Law No.
217-96. They should take advantage of the Prosecutor’s Office for the Environment and
Natural Resources Defense (Law No. 217-96, At.9 and 10) to improve their

Environmental Sector and train its officials to use all legal authorities transferred to the
municipality.

Leon | I
a, Technical System
a.l Wastewater

An cstimated 92,000 tons/year of wastewater is generaled in Leon. Out of this,
tanneries generate 54,000 tons/year. Wastewaler from tanneries contain high

- concentrations of organic contaminants and chemicals such as chromium, sodium

hydroxide. Moreover, all indusirial wastewater is disposed of into rivers or sewers
without treatment.
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Therefore industrial wastewater is one of the major water pollution sources of public
water bodies {e.g., rivers).

a2 Solid Waste

Industriat code No. CIIU3116 (processing of dry sceds) is the largest solid waste
generation source in Leon; solid waste from these industries are mainly non-hazardous
organic materials. High potential hazardous waste generation industries e.g., CilU3231
(lcather tanning and finishing), 3512 (pesticide), and 3522 (pharmaceutical products)
are also located in Leon. However, solid waste generated from these industries is not
much.

The amount of SW treated is only 1% of the total amount: solid waste is mainly disposed
of at the municipal landfill site without any filling plan.

The present disposal method is considered as poor landfill management: at least separate
filling of ISW and MSW is necessary.

Chinandega
a. Technical System
a.t Wastewater

An estimated 5,500 tons/year of wastewater is generated in Chinandega, almost afl of
which is generated by seafood industries and vegetable oil industries. Wastewater from
these industries contains organic material {non-hazardous). There are also industries
(CI1U3522) that are generators of potentially hazardous waste in Chinandega, however,
the amount generated is ow (37.9 tons/year).

All industrial wastewater is disposed of into the environment (e.g., rivers, evaporates
into the air) without treatment.

Therefore, industrial wastewater is one of the major water pollution sources of public
water bodies {e.g., rivers).

a.2  Solid Waste

Industrial Code No. CIIU3116 (processing of dry seeds) is the largest solid waste
generator in Chinandega; solid waste from these industries is mainly non-hazardous
organic matertals. High potential hazardous waste generating industries which include
3512 (pesticides) are also located in Chinandega. However, solid waste gencration is
not high.

The amount of SW treated is 28% of the total gencration amount: solid waste is mainly
disposed of at the municipal landfill site without following any filling ptan.

The present disposal method is considered as poor landfill management: at least separate
filling of ISW and MSW is necessary.
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6.4.4 Granada

6.5

6.5.1

a. Technical System
a.l  Wastewater

An eslimated 1,045,000 tons/year of wastewater 1s generated in Granada. Out of this
total, industries under code No. ClIU3523 (soaps, detergents, shampoos) generate
919,800 tons/year. Wastewater from C11U3523 has a high pH value and contains fat, oil
and sodium hydroxide ete. Also there are tanneries. Moreover, all industrial wastewater
is disposed of into the environment (e.g., rivers) without treatment. ‘Therefore industrial

waslewater is a major waler pollution source of public water bodies (e.g,, rivers, Lake
Nicaragua).

a2 Solid Waste

Only thirty-two percent (32) of the total solid waste generation amount is treated; most

of the amount is disposed of into the municipal fandfill site without following any filling
plan,

The present disposal method is considered as poor landfil management, at least separate
filling of ISW and MSW is necessary.

Municipal SWM

National Aspects and Institutional System
a. Technical System

There are no technical guidelines that cover the whole country. Also the current waste
collection and disposal system is dependent on: municipalities for things such as finance
and personnel, volume and composition of waste, and weather and other factors.
Therefore, a guideline for the waste collection and disposal system should be established
based on careful consideration of these factors. As for locations of waste management
facilities, a regulation that controls the location should be established immediately to
avoid secondary contamination. Especially, as the problems of the landfills in the three
cilies were confirmed, (e.g., contamination of surrounding areas) strict controls on the
location of landlills are one of the important matters to be solved.

b. Institutional System

Law N2 217-96 classifies the lﬁuni'c'rpal responsibility on non-hazardous SW only, while
MARENA and MINSA supervise hazardous waste, which is the responsibitity of the
generators (not yet completely defined).

The responsibility of municipalities on MSWM is expressed in Law N2 40-88 and the

Municipal Tributary Plan prestates a specific tax that should tecover at least 50% of the
services costs.

Although the taxes are generally lower, most the beneficiaries do not pay them because

they are either unemployed or are on low income, or because the services are not
satisfactory.

Furthermore, the collection method is expensive, unproductive, and biased.
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Also, the classification of customers in order to set the taxes, relies too heavily on the the
collcctor or inspector’s discretion.  Hopefully, the new cadastre will improve this
condition.

The improvement of the services is also hindered by the lack of social interaction among
communities. The tax system should be redesigned, considering income levels, services
offered and their running costs,

Leon
a, Technical System

With the exclusion of the fandfill site and regardless of its limited equipment, the MSWM
in Leon City is carried out appropriately.

The collection of waste is carried out well despite the lack of equipment, as can be seen
from the collection service coverage rate of 88.7%. The collection service has to be
strengthened, however, in view of the frequently observed illegal dumping of waste (6.5
tons/day) in the city: a constderable number of people (58%) who answered in the Public
Opinton Survey said that solid waste problems significantly affect their daily life, hence
they lack respect for the waste collection service.

The present Jandfill condition is bad. The landfill site deteriorates the value of the hill as
a tourist spot as the area is only used as an open dump site. It is feared that waste causes
secondary contaminalion of the arable land down the hill. Furthermore, the waste
dumped in this site can be seen everywhere in the city, lowering the dignity of the
citizens.

Consequently, the first priority problem to be solved is the landfill. The development of
an appropriate new landfill has to be done immediately.

Chinandega
a. Technical System

With the exclusion of the fandfill site and regardless of its limited equipment, the MSWM
in Chinandega City is carried out appropriately.

The collection of waste is carried out well despite the lack of the equipment, as can be
seen from the collection service coverage rate of 78.4%. The collection service has to be
strengthened, however, in view of the frequently observed illegal dumping of waste (9.2
tons/day) in the city: some people (28%) who answered in the Public Opinion Survey
said that solid waste problems significantly affects their daily life and are dissatisfied with
ihe service.

The present landfill site condition is bad. The tandfill is tocated on the left bank of the
Acome River. It does not function as a landfil} site, but as an open dump site. It is
obvious that the scattering of waste causes secandary contamination of the Acome River
and its tnibutaries.

Consequently, the first priority problem 1o be solved is the landfill. The development an
appropriate new landfill has to be done immediately.

6-21



The Study en the Improvement of Urban Sanitation Environnient HOA Study Team

of Principal Cities in the Republic of Nicaragua

_KOKUSAI KOGYO GO., LTD.

6.5.4 Granada

6.6

6.6.1

a. Technical System

With the exclusion of the fandtill site and regardless of its limited equipment, the MSWM
in Granada City is carried out appropriately.

The colltection of waste is carried out well despite the lack of the equipment, as can be
seen from the collection service coverage rate of 82.2%. The collection service has tobe
strengthened, however, in view of the frequently observed illegal dumping of waste (6.7
tons/day} in the city: a considerable number of people (43%) who answered in the Public
Opinion Survey said that solid waste problems significantly affects their daily tife, hence,
they lack respect for the waste collection service.

The workshop for the maintenance of the waste disposal cquipment is in a bad state.
There is litile equipment and spare parts. The building is inadequate as a workshop,
because it was originally built to be a market. Therefore, it is desirable to construct a

new workshop or improve the existing one to make it more suitable as a maintenance
shop.

The present landfill condition is the most serious problem. Tt is located next to the
southernmost crater, which is one of three craters located north of the landfill. As
stipulated in Chapter 4 of this report, leachate from the landfill may have been
contaminating groundwater resources which is Granada’s tap water source.

Consequently, the first priotity problem to be solved is the landfill. The development of
an appropriate new landfill has to be done immediately.

Medical SWM

National Aspects and Institutional System
a. Technical System

a.l,  Formulation of "Medical Waste Management Plan” or establishment of a
“Code of Practice”

There is neither a national or municipality planning guideline for planning medical waste
management. There is also no “Code of Practice” for infectious/hazardous medical
waste management. Therefore, infectious/hazardous medical wastes are collected by
the municipal collection system without segregation. Although there is no report
published giving evidence of contamination or infection from wastes, it is believed there
are potential cases. '

a.2.  Caucellation of incinerator installation preject in the whole country

EC had an incinerator installation project in principal cities in the whole of Nicaragua in
1994. This also included other Central American countries. However, it was canceled
because of unfavorable results in the financial negotiations. Therefore, the central
government has no plan regarding medical SWM to this date.
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a.3. Education and Training

Education and training of medical workers is carcied out either “only at the beginning of
employment, as initiation training” or “never”

ad.  Hypodermic Needles Incinevation Project in Chinandega

The municipality collects hypodermic needles, which are considered as one of the most
infectious medical wastes, from two major medical instilutions and incinerates them
every two weceks in an open air pit in the corner of the municipal disposal site. This
project has been promoted under the cooperation of a JICA volunteer program and the
municipality. The future plan involves other infectious wastes, and institutions such as
clinics, laboratories, pharmacies.

a.5. A Hospital construction project in Granada under a Japanese Government
Grant Aid Scheme by JICA

JICA has started to constiuct a hospitat in Granada. The details of the institution will be
clarified in the next ficld survey.

2.6.  Evaluation of National Medical SWM

The national level of medical SWM is evaluated as “poor”, due to the absence of plans or
“Code of Practice” for handling medical wastes. Medical SWM is left to the discretion
of the medical institutions.

b. Institutional System

There are no specific regutations on hazardous or non-hazardous waste management.
MINSA and MARENA are responsible for establishing these regulations.

However, the municipality should also establish rules because it is in charge of the
collection/disposal services, and should charge the cusiomers for these services.

Some technical procedures should be designed and gradually implemented, such as
segregation and internal management (before collection), as well as landfilling, and
further thermal treatment,

Leon

The present medical SWM in Leon is evaluated as “poor” because of incomplete
segregation, mixed collection, irregular colleclion, insufticient training of medical
workers, etc.

Chinandega

The technical system of the medical SWM system in Chinandega is evaluated as “fair”.
Although the conditions are similar 1o the other two cities, the municipality has started a
project to incinerate hypodermic needles from 2 medical institutions in a pit at a corner
of the municipal landfill site, with the cooperation of a HCA volunteer.

The project involves a future plan to accommodate other types of wastes for incineration
and increase the number of service medical institutions.
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6.6.4 Granada

The technical system of the medical SWM system in Granada is evalvated as “poor”, and
there are no improvement plans to date. The medical SWM system of the hospital being
constructed under the Japanese Grant Aid Program will have an impact on the present
medical SWM system of other medical institutions.
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Selection of a First Priority City

Criteria for Selection of a First Priority City

Requirements for a First Priority City
The purposes of selecting a first priority city are:

e 1o concentrate the limiled resources and time of the Study into one city (of the
three geographically separate cities) in order to formulate both an M/P and F/S.
This is in order to achieve an eftective outcome, and at the same time support the

Japanese government’s grant aid policy, which promotes self-sufliciency of
recipient countries.

» To formulate conceptual M/Ps for the other 2 cities to a certain leve! to encourage
self-sufliciency so that the M/P and F/S can be formulated and introduced by the
cities.

In other words, even if the formulation of an M/P and execution of an F/S are limited to
the first priority city, the Study should contribute 1o the improvement of the USE in the
three cities; an essential objective of the Study.

In view of the purposes mentioned above, the first priority city (FPC) should be a city
that absolutely needs the formulation of (among the 3 cities) an M/P for USE
improvement by the Study. In other words, the two other cities should have the
capability and/or support available to formulate M/Ps by themselves based on the
conceptual M/Ps to be prepared by the Team,

Formulating the M/P for-the FPC would result in reaping potential benefits that are
reatized only when related projects are implemented. In this context, therefore, and in
view of aiming to achieve effective results, the FPC should be a city that would gain the
highest predicted benefits in the following areas:

1.  Economic benefifs: ¢.g., prevention of future cost generated to counteract
urban pollution, and/or indirect benefits (i.¢., benefits of sectors other than USE).

2. Social benefits: contribution toward social equality and justice e.g., updating
the social welfare system to protect vulnerable people (e.g., absolute poor,
women), improved public health benefits, etc.

Although the formulation of an M/P would result in potential benefits, it would only be
achieved if the M/P is actually implemented step by step in each project. Therefore, the

FPC should at least be able to maintain a certain level of capability in implementing the
projects.

Evaluation items

Based on the above-mentioned requiremenls'f‘or the FPC, 4 principal evaluation items,
that the selection is based on, are summarized below.

I. Necessity for formulating an M/P.
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LEconomic benefits expected.
Social welfare contribution.
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The 4 “principal evatuation ttems” are classified by “key evaluation components”, that

are described in the “detailed evaluation elements”.

summarized in the table below.,

The stsucture of evatuation is

Table 7-1: Structure of Evaluation for the Selection of a First Priority City

Principal Evalualion
ltems

Key Evatuation
Componchts

Detailed Evaluation Elements

implementation

Necessily for 1. Urgent needs in 1. Contamination of drinking water and surface/ground
|[formulating an M/P improvement of USE water, inundation, public nuisance {offensive edor, cic ),
{scriousncss of current adverse impacts on fisheryfagriculture, landscape,
outstanding probleins) tourism, fauna/flora, needs expressed by citizens.
2. Abscnce of plans 2.1 City development M/P
2.2 Waler supply secior
2.3 Sewage scotor (scwerage and other DWW, industeial
waslewaler, stormwalcr imanagenment)
2.4 SWM sector (municipal, industrial and medical SWM)
3. Problens caused by the [3.1  Problems duc to the abscince of industrial wastewater
absence of the plans management plan
3.2 Problems due to the absence of stormwater management
plan
3.3 Problems due to the absence of SWM plans
4. Planning deficiency 4.1 Lack of resource for municipal planning (imanpower and
budget of planning depariment)
4.2 External assistance in planning (forcign and
institutional assistance)
Economic Benefits |1, Fconomic benelils 1.1 Prevention of future costs for counteracling urban
cxpected axpected on USE scctors pollution {contamination of drinking water and
2. Economic benefits surface/ground water, inundalion, public nuisancc)
expected on other than 2.1 Prevenling destruclion of resources {(fishery/agriculture,
USE sectors landscape, (ourism, fauna/flora)
Sacial Wellare 1. Sccial equity 1.1 Coverage rate of water supply, sewerage, toitets, refuse
Contribution colleclion and stormwater drainage
L2 Foreign aid and subsidy from central govermnent per
© capita
1.3 USE expenditurcs for each seclor per capita
1.4 Benefits for vulnerable people (GDP, uncmployed rate,
elc.)
2. Health indicators 2.1 Neonatal and malcrnal mortality rate
2.2 Morbidity/moertality ratc of major ‘epidernics
2.3 Poor health caused by inadequate USE facilitics
Capability to 1. Financial capability of [1.3 Financia! capability of the exccuting body (budgcts, ctc.)l
Implement the executing body and 11.2  Financial capability of citizens (fax payment,
Associaled Projects cilizens wiltingncss to pay according to the POS)
2. Administeative 2.1 Adminisirative capability of the municipality
capability for 2.2 Administrative capability for receiving forcign/domestic

assistance
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7.1.3 Weighted Evaluation

7.2

7.2.1

a,

Principal Evaluation Items

The evaluation of each detaited element was based on a given weighting system. The
points for each detailed evaluation clement were decided depending upon avaifability of
data for evaluation. At the mecting held during the P/R (1), the Team proposed the
weighting system betow, which was approved by the Nicaraguan side, for the 4 principal
evalualion ifems.

Necessity for formulating an M/P: 50
Economic benefits expected: 20
Social welfare contribution: 20
Capability to implement associated projects: 10
Total: 100

The reasons for selecting the weighting system arc described below.

1.

b,

Necessity for formulating an M/P is an essential and primary requirement for
the first priority city (FPC). In other words, the FPC was selected by evaluating
its needs for an M/P, instead of evaluating the M/P.

Al the selection stage it was not known whether which sectors and/or projects
would be derived from the M/P, therefore, the estimation of economic benefits
expected and social welfare contribution from projects were conditional and
subject to many assumptions. Therefore, it was unreasonable to place a large
emphasis on conditional benefits expected.

The Team placed the same weight on both “economic benefits expected” and
“social welfare contribution”.

The Team judged that the “capability to implement associated projects”
should receive a smaller weight than “economic benefits expected” or “social
welfare contribution”. The reason being that the evaluation item (capabilily to
implement associated projects) is contradiclory to the Ist evaluation item
(necessity for formulating an M/P). In other words, cities that have the
capability to implement associated projects should be able to formulate M/Ps
by themselves based on the conceptual M/Ps prepared by the Team.

Point Allocation for the Detailed Evaluation Elements

Points given were either 0, 1, or 2, in accordance with the criteria set up for each
“detailed evaluation element”.

Selection of a First Priority City

Evaluation Principles

Where various authorities are interrclated and involved with USE improvement plans,
one evaluation method would be to assess the M/P as a composite of all their views.
However, the aim of the M/P is te improve USE in the sclected city, even though the
M/P is related to several sectors that other authorities are in charge of. Therefore, this
evaluation examines the comparative situation of the 3 cities.
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Meanwhile, the data and information on which this evaluation is based were obtained by
the Team during the First Work in Nicaragua (i.c., data and information presented in
Progress Report {1) and related comments by the counterpan).

Purthermore, the evaluation items were not intended to cover all aspects of the situation
in the 3 citics, but was limited so far as to what is related to USE in the 3 cities.

Outcome of the Evaluation

The outcome of the evaluation was analyzed in the following 3 cases, where each case
assumed different weighting.

Case-1 | Point weighting was as stated in Progress Report (I): necessily for formulating an M/P (50
points), cconomic benefits expected {20 points), social welfare contribution (20 points), and
capability to implement associated projects {10 points).

Case-2 | The four principal evaluation itenis reccived equal weighting i.c.: neeessity for formulating
an M/P (235 points), economic benefits expected (25 points), social welfare contribution (25
paints), and capability to implement associated projects (25 points).

Case-3 | Without weighting principal evaluation items, atl “detailed evatuation clements” received
the same weighting.

a., Case-1

The results of the Case-1 analysis are shown in Table 7-2 and Figure 7-1. As shown in
the table, Granada is ranked top with 71.9 points, followed by Chinandega with 60.9
points, and Leon with 56.3 points.

b. Case-2

The results of the Case-2 analysis are shown in Table 7-3 and Figure 7-2. As shown in

the table, Granada is ranked 1op with 65.7 points, followed by Leon with 59.0 points,
and Chinandega with 55.3 points.

C. Case-3

As shown in Table 7-4, even when the wcighii:fg of the 4 principal evaluation items is
eliminated and detailed evaluation items receive the same weighting, the results are:
Granada 82 points, Chinandega 71 points, and Leon 64 points.

With the above evaluation analyses results, the Team proposed that Granada should be
selected as the first priority city of the Study.
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Table 7-2: Quicome of Evaluation {Case - 1)

Detailed Evaluation Elements __ Resulis of Evaluation

Teon |Chinandega| Granada

a. Necessity for formutating an M/P
1. Urgent Needs in Improvement of USE
I.1 Contamination of drinking walcr
s 1.2 Contamination of surface waler 1
!\ 1.3 Contamination of ground waler
1.4 Inundation
1.5 Public nuisance (oflcnsive odor, elc.)
1.6 Adverse impacts on fishery and agriculture
1.7 Acsthetic degradation
1.8 Adverse impacts on tourism
1.9 Adverse impacts on fauna/Hora
1. 10 Needs expressed by cilizens
2. Abscace of Plans
2.1 City developmicnt M/P
2.2 Water supply system plan
2.3 Scwerage system improvement plan
2.4 Industrial wastewater managemenld plan
2.5 Stormwater managcment ptan
2.6 Municipal S\WM plan
2.7 Industrial SWM plan
2.8 Medical SWM plan
- 3. Problems causced by Absence of Plans
‘ !Q 3.1 Dug to absence of industrial waslewater management plan
3.2 Due to abscence of stormwater management plan
3.3 Due to abseace of municipal SWM plan
3.4 Duc to absence of industrial S\WM plan
3.5 Duc 10 abscnce of medical SWM plan
4. Planning Peficiency
4.1 Planning capability of the municipatity (1)
4.2 Planning capability of the municipality (2)
4.3 External assistance in planning (1)
4.4 External assistance in planning (2)
sub-1otal 31 37 42
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50 weighted points 28.7 34.3 38.9
|b. Economic Benefits Expected
1. Economic Benefits Expected in USE Sectors
1.1 Prevertion of drinking water contamination {municipal level)
1.2 Prevention of drinking water contamination (regional level)
1.3 Prevention of surface water contamination
l 1.4 Prevention of ground water contaminalion
1.3 Prevention of inundation
1.6 Prevention of public nuisance
2. Economi¢ Benelits Expected in Scclors other than USE
2.1 Prevention of adverse impacts on fishery and agricullure
2.2 Prevention of acsthetic degradation
2.3 Prevention of adverse inmpacts on tourisem
2.4 Prevention of adverse inmpacts on fauna/flora
sub-total |
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Detaited Bvaluation Elements Results of Evaluation
_ |_Leon [Chinandega Granada |
20 weighted points 12 12 191
¢. Social Welfare Contribution
1.Conlribulion to Social Equily
1.1 Coverage rate of the water supply svstem 0 2 1
1.2 Coverage rale of the sower system 0 1 2
1.3 Toilel per capita 0 1 2
b4 Coverage rate of refuse collection senvice 0 2 i
1.5 Coverage rale of stormwater drainage 1 2 0
1.6 Amount of foreign aid per capita 0 2 1
1.7 Amount of subsidy [rom central government per capita 1 0 2
1.8 Expenditure for water supply system improvement (per capita) 1 2 0
1.9 Expenditure for sewerage system improveinent per capita 0 1 2
1. 10 Expenditore for SWM per capila 1 2 0
1.11 GRDP 2 0 1
1,12 Unenmployment rate 2 0 1
2. Contribution to the Tmprovement of Public Health
2.1 Maternal death rate 1 0} 2
2.2 Nconatal death rate 2 0| 1
2.3 Morbidity rat¢ by major epidemic discases 2 1 0
2.4 Mortality rale by major epidemic diseases 0 2 1
2.5 Poor health caused by inadequate USE facilitics 0 0 0
sub-total 13 18 17
20 weighted points 7.6 10.6) 10
d. Capability to Implement Associated Projects
1. Financial Capability of the Excculing Body and Citizens
1.1 Financial capability of the municipality 2 0 |
1.2 Financial capability of citizens (1) 0 1 2
1.3 Financial capability of citizcns (2) 2 ¥ 1
2. Administrative Implementation Capability
2.1 Administrative capability of municipal staff -2 1 0
2.2 Groundwork to reccive foreign/domestic assistance 2 I 0
sub-tofal 8 4 4
10 weighted points g 4 4
Grand Total 04 71 -2
50,20,20,10 weighted point 56.3 60.9 71.9
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__Principal Evaluation Items - | Leon | Chinandega | Granada|
a. Necessity for Formulating an M/P 287 313 38.9
b. Economic Benelits Expected 12 12 19
¢. Social Welfare Conicibution 1.6 10.6 10
d. Capability to linplement Associated Projects 8 4 1
E Tolal 56.3 60.9 71.9
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Figure 7-1: Outcome of Evaluation (Case - 1)
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Table 7-3: Outcome of Evaluation (Case - 2)

Detaited Evaluation Elements Results of Evaluation
o Leon |Chinandega| Granada
a. Nocgssitly for Formulating an M/P
1. Urgent Needs in Improvemgnt of USE
1.1 Contamination of drinking waler iy 1 2
1.2 Contaniination of surface water 2 | .
1.3 Contamination of ground water 2 2 2 '@
1.4 Inundation 1 2 ]
1.5 Public nuisance {offensive odor, cle.) 2 2 2
1.6 Adverse impacts on fishery and agriculture ] 1 i
1.7 Aesthclic degradation ~ ? 2 2
1.8 Adverse impacts on lourisni 1 1 1
£.9 Adverse impacts on fauna/flora 0 0 2
1.10 Needs expressed by citivens 1 1 1
2. Absence of Plans
2.1 City devclopment M/P 0 2 2
2.2 Watcr supply system plan 0 0 0
2.3 Sewerage system improvement plan 0 0 0
2.4 Industrial wastewater management plan 1 2 2
2.5 Stormwaler manageent plan 2 2 2
2.6 Municipal SWM plan 1 i 0
2.7 Industrial SWM plan 2 2 2
2.8 Medical SWM plan 2 1 2
3. Problems caused by Absence of Plans ,
3.1 Due 1o absence of industrial wastewater management plan i 2 2 s
3.2 Due to absence of stonmwaler management plan i 2 1
3.3 Dugc to absence of municipal S\WM plan 2 2 2
3.4 Duc to absence of industrial SWM plan 2 2 2
3.3 Duc te absence of medical SWM plan 2 1 2
4. Planning Deficiency ,
1.1 Planring capability of the municipality (1) 1 0 2
4.2 Planning capability of the muricipality (2) 0 2 ]
4.3 External assistance in planning (1) I | 2
4.4 External assistance in planning (2) 0 1 2
sub-total 3 37 42
25 weighted points 14.4 17.1 194
b. Economic Benefits Expected
1. Economic Benefits Expocted in USE Sectors . ‘
LI Prevention of drinking waicr contaniination (municipat level) 1 ] 2
1.2 Prevention of drinking waler contamination (regional level) { 0 2
1.3 Prevention of surface woaler contantination 1 1 2
1.4 Prevention of ground water contamination 2 2 2 !
1.5 Prevention of inundation ] 2 ]
1.6 Prevention of public nuisance 2 2 2
2. Economic Benefits Expected in Seciors other than USE
2.1 Prevention of adverse impacls on fishery and agriculiure 2 2 2
2.2 Prevention of aesthetic degradation 2 2 2
2.3 Prevention of adverss impacts on tourism 1 0 2
2.4 Prevention of adverse impacts en faunafflora 0 0 2
sub-total 12 12 1P
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Detaited Evaluation Elcmcnts _ Resulis of Evaluation
| Leon |Chinandega] Granada
25 weighted points - 5] 1s] 238
. Social Welfare Contribution
1. Contribution to Secial Equity

1.1 Coverage rate of the water supply system

1.2 Coverage rate of the sewer system

1.3 Toilcts per capita '

1.4 Coverage rate of refusc collection serviee

1.5 Coverage rate of sforiwaler drainage

1.6 Amount of foreign aid per capita

1.7 Amount of subsidy from cenleal government per capita

1.8 Expenditure for water supply system improveinent (per ¢apita)

1.9 Expenditure for sewerage system imipravement per capita

1.10 Expenditure for SWM per capita

1.11 GRDP

1.12 Unemployment rale
2. Contribution to the Improvement of Public Health

2.1 Maternal death rate

2.2 Neonatal death rale

2.3 Morbidity ratc by major epidemic discases

© 2.4 Mortality rate by major ¢pidemic diseascs

2.5 Poor health caused by inadequate USE facilitics
sub-total
25 weighied poinls ‘ :
d. Capabitity to Implement Associated Projects
1. Financial Capability of the Exccuting Body and Citizens

1.1 Financial capability of the municipatity

1.2 Financial capability of citizens (1)

1.3 Financial capability of citizens (2)
2. Administrative Implementation Capability

2.1 Administrative capability of municipal stali

2.2 Groundwork to receive foreign/domestic assistance
sub-lotal
25 weighted points 20 10 10
Grand Tola) 64 71 82
25 weighted points 59 55.3 65.7
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Principal Evaluation Items Leon | Chinandega { Granada
a. Necessity for Formutating an M/P 144 171 19.4
b. Economic Benefits Expected Al 15 238
c. Social Welfare Contribution 9.6 13.2 iz.5
d. Capabilily to Tmplement Associated Projocts 20 10 10
Tolal 59 55.3 65.7
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Figure 7-2: Outcome of Evaluation (Case - 2)
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Table 7-4: Outcome of Evaluation (Case - 3)

~ KOKUSAI KOGYO GO, LTO,

Dctailed Evaluation Elements

Results of Evaluation

N | 1.con |Chinandega] Granada
a. Neessity for Formulating an M/P _ N
1. Urgeat Needs in Tmprovement of USE
1.1 Contamination of drinking water 1 i 2
1.2 Contamination of surface water . 2 2 2
1.3 Contamination of ground wat¢t 2 2 2
1.4 Inundation 1 2 1
1.5 Public nuisance (oflcnsive odor, etc.) b 2 2 2
1.6 Adverse imipacts on fishery and agriculture i 1 1
1.7 Acstbetic degradation 2 2 2
1.8 Adverse impacts on tourism 1 1 1
1.9 Adverse impacls on fauna/flora 0 0 2
1.10 Needs expressed by citizens 1 i 1
2. Absence of Plans
2.1 City development M/P 0 2 2
2.2 Water supply syslem plan 0 0 o
2.3 Sewerage system improvement plan 0 0 ]
2.4 Industrial wastewater management plan 1 2 2
2.5 Stormwatcr mianagement plan 2 2 2
2.6 Municipal SWM plan } i g
2.7 Industrial SWM plan 2 2 2
2.8 Medical SWM plan 2 1 2
3. Problemns caused by Absence of Plans -
3.1 Due to abscnce of industrial wastewater management plan 1 2 2
3.2 Due to absgnce of stormwater management plan 1 2 1
3.3 Due to absence of municipal SWM plan 2 2 2
3.4 Doe lo absence of industrial SWM plan 2 2 2
3.5 Duc to absence of medicat SWM plan 2 1 2
4. Planning Deficicacy
4.1 Planning capability of the municipality (1) 1 ] 2
4.2 Planning capability of the municipality (2) 0 2 1
4.3 External assistance in planning (1) i 1 2
4.4 Externat assistance in planning (2) 0 1 2
sub-total 31 37 42
b. Economic Bencfits Expecied
1. Economic Benefits Expected in USE Scctors
1.1 Prevention of drinking water contamination (municipal level) i 1 2
1.2 Prevenlion of drinking water contamination (regional level) 0 0 2
1.3 Prevention of surface water conlaniination 1 I 2
1.4 Prevention of ground water contamination 2 2 2
1.5 Prevention of inundation 1 2 |
1.6 Prevention of public nuisance 2 2 2
2. Economic Benefits Expected in Sectors other than USE
2.1 Prevention of adverse fimpacts on fishery and agriculture 2 2 2
2.2 Prevention of acsthelic degradation 2 2 2
2.3 Prevention of adverse impacts on tourism 1 Q 2
2.4 Prevention of adverse impacts on favna/flora 0 0 2
sub-tolal 12 12 19
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Dxclatled Byvaluation Elenments

Resulls of Evaluation

Leon

Chinandega

Granada

E. Social Welfare Contribution

1. Contribution to Social Equity

1.1 Coverage ratc of the water supply system

1.2 Covcrage rate of the scwer systan

1.3 Toilct per capita

1.4 Coverage rate of refuse collection service

1.5 Coverage rate of stormwater drainage

1.6 Amount of forcign aid per capita

L.7 Amount of subsidy from central government per capita

1.8 Expenditure for water supply system improvement (per capita)

1.9 Expenditure for sewerage system improvement per capita

1.10 Expenditure for SWM per capita

t.11 GRDP

1.12 Unemploymend rate
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2. Contribution to the Improvenmient of Public Health

2.1 Matemal death rate

2.2 Neonatal death rate

2.3 Morbidity rate by major ¢pidemic discases

2.4 Mortality ralc by major ¢pidemic diseases

2.5 Poor hzalth caused by inadequate USE facilitics

sub-total
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d. Capabilily to Implement Associated Projects

1. Financial Capability of the Exccuting Body and Citizens

1.1 Financial capability of municipality

1.2 Financial capability of citizens (1)

1.3 Financial capability of cittzens (2)

A R=R LA

2. Administrative Implementation Capability

2.1 Adninistrative capabilily of mnicipal stafl

2.2 Groundwork to receive forgign/domaestic assistance
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sub-telal

ORI [ 2

Grand Total
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Principal Evatuation Tleins | Loon | Chinandega | Granada
a. Neeessity for Formolating an M/P 31 37 42
b. Economic Benefits Bxpected 12 12 19
c. Social Welfare Contribution 13 18 17
d. Capability to Implement Associaled Projects 8 4 4
Total 64 71 82
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Figure 7-3: Outcome of Evaluation {Case - 3)

7-13




HCA Sty Team
KOKUSAI KOGYO €O, LTD.

The Stidy oo the Iniprovement of Uyban Sanitation Envirennemt
of Principal Cities in the Republic of Nicaragua

7.2.3 Requirements for the Selected First Priority City

Aiming to select a city which absolutely needs the formutation of a USE M/P, the Team
proposed Granada to be the FPC. Granada being the FPC means that the city, in
comparison to other 2 cilies, requires the most support from the Team in formulating
plans, improving administration and consolidating implementation capabilities.
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8.1

8.2

JHCA Study Team
KOKUSAI KOGYO CO., LTO.

Outline of the Works for the M/P and the
Conceptual M/Ps

The USE M/P for FPC and the Conceptual M/P for the other 2 cities were formulated
within a 5 month petiod from January to May of 1997. Because USE covers various
fields, e.g., water supply, wastewater, SWM, the formulation of the plans required
smoothly conducted investigations. Accordingly, atong with the differences in the M/P
and Conceptual M/P, the following planning frameworks were defined for the Study
Teain and the Nicaraguan side to mutually agree on the details of the works involved.

» frameworks necessary for respective M/P and conceptual M/Ps; and.

¢ the difterences in works for a M/P and conceptual M/Ps formulation.

Target Year and Population

a. Target Year
In accordance with the S/W, the target years are set up as follows;

Year 2010
Year 2005

Master Plan;
Feasibility Study:

b. Population

The population forecasts available are: those adopted in INAA’s plans' for the 3 cities,
and the population forecast for Leon in the “Steuctural Master Plan” for the city. The
difference in forecast population between those two plans for Leon is quite small.
Therefore, the Team employed INAA’s population forecast as the Study’s population
forecast as outlined in the table below.

Table 8-1: Future Population Forecast

Poputalion
Year 1995 2000 2005 2010
Lecn 123,885 183,519 213,158 245,421
Chinandega 97,387 115,393 133,753 153,444
Granada 71,783 105,341 125,597 148,374

Economic Conditions

Economic growth rate in Nicaragua is assumed as follows.

The World Bank forecasts the average around growth rate (between year 1996 to 2005)
for Latin American and Caribbean countries to be 3.8%. On the other hand, the

! Estudio de Pricrizaciéon de Inversiones ¢n ¢l Secior de Agua Potable y Alcantarillado Sanitario,
Estudio de Prefactibilidad, INAA, Maizo 1996
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Nicaraguan government raises the targets for economic development in the “Plan
Nacional de Desarrollo Sostenible 1996 -2000” as follows:

e Year 1996 - 1997: 4.5% real growth rate, and
e  Yecar 1998 - 2000 6 10 7% real growth rate.

The central bank of Nicaragua estimated in June 1996 that real economic growth rate for
the year 1996 will be 5%. Because actual values usually exceed the estimate, the Study
forecasts the annual economic growth rate as follows:

o  Year 1996 - 1997 5%, referring fo the central bank forecast;
e  Year 1998 - 2000: 6%, referring to the lower target of the government plan;

s  Year 2001 -2005. 5%, assuming that the growth rate will fall close to
3.8%fyear, which is the average growth rate in Latin American countries;

o  Year 2006 - 2010; 3.8%, adopting the average growth rate of Latin
American countries.

Water Supply Management

Although certain problems in the water supply management of the 3 cities prevail, most
of those problems could be solved, if projects are implemented along with the plans of
INAA. Therefore, the planning framework of the Study for “water supply management”,
was basically in accordance with INAA’s plans.

Domestic Wastewater Management (DWWM)

The M/P for the First Priority City and the Conceptual M/P for the other two cities was
be formulated in Phase 11, based on the results of the investigations in Phase 1.

"The works for the formulation of M/P and the Conceptual M/P for DWWM are outlined
in the table betow.
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Table 8-2: Outline of the Works for the M/P and the Conceptual M/P for
DWWM

Quttine of the Works
Stage =

M/P Concepioal M/P

2nd Woik in I, Setting up the Planning Framework
A&} Nicaragua

. Investigation for Site Sclection

Il Methoeds and Targst Establishment for Improving Domestic Wastewater
Treatment/Disposal

1 .defining arcas to be covered by scwer by 2010
2 defining arcas (0 be covered by sewer after 2010
3.defining arcas thal non-sewer systems to be introduced.

4 ctarifying measures for improving DWWM in cach arca, then classifying the
arcas according to their urgency of improvement

IV. Examination of Technical System
1.DWW treatment/disposal

2.sewer systemn (off-site treatment/disposal)

3. nor-sewer syslem (on-sile treatment/disposat)
4 studge collection and treatment/disposal

V. Examination of Step-wise Improvement in DWWM

e VI Examination of Localization of

:i, Major Facilitics

VIL. Selection of an Optimum
Technical System

VIII. Examination of Principles for
Operation and Maintenance

IX. Examination of an Optimum
Institutional System

X. Fornmwlation of implcmentation
Plans

P/R(2) X1 Examination of Pilot Projccl(s)

2nd Work in Japan | X Preliminary Design of Facilities
X111. Cost Estimation for M/P

X1V, Examination of Financial Plan
IT/R(2) XV. Evaluation of M/P

Phase 111 Feasibility Study
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Industrial Wastewater Management (IWWM)

Nicaragua does not have an institutional framework for the comprehensive management
of industrial wastewater. Government authorities are not lully aware of the conditions
that currently affect industrial waste generation and disposal. Te identify and grasp these
conditions, the Team conducted questionnaire surveys in factories.

The generation of industrial wastes, including industrial wastewater, is largely
influenced by the industrial structure, economic trends and market demands. To forecast
future industrial waste generation, a set of comprehensive data was gathered 10 estimate
future economic trends. And the extrapolation necessary 10 estimate future generation
required a significant amount of time because of the complex nature of the work,

The treatment and disposal of industrial waste (including industrial wastewater) are the
responsibilities of the waste generator (i.e., factories). Wastes shoutd be treated and
disposal of appropriately in accordance with relevant legislation. Due to time constraints
the study did not forecast future ISW, although it recommends several industrial waste

management measures to be implemented by both government authorities and the
generators.

Stormwater Management
The inundation prone areas surveyed are basically classified as shown below.

Table 8-3: Inundation Prone Area Classification

Principal Classification Dectailed Classification Features
1. Arcaswithdrainage | 1.1 These arcas are located 1.1 Large amount of water flows
chianncls downstream of larger into these areas from the
i L inth catchmenl areas hinterfand catchment area.
(mainly located in the These arcas usually expericnce
urban arca) considerable flood damage.

1.2 These arcas arc located ina | 1.2 Inundation occurs because the
smaller drainage basin, drainage channels in these arcas
which mostly overtaps with are small or clogged with waste.
1he study arca. The damage is comparatively

small,
2. Arcas without drainage | 2.1 Flood plain (i.e., inside 2.1 Floeding occurs when the water
channels river banks) level of the river or stream riscs

duce to heavy rain.
(mainly located in the Y

urban fringe )

2.2 Others 2.2 These arcas arc located in
lowlying arcas and lack of road
and roadside drains inlensifics
the damage.

The countermeasures against each type of inundation are shown below.
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[ Classification: 1.1 ]

Anintegrated river system management plan {inctuding a reforestation plan, a drainage
basin improventent plan, ¢tc.) would be an ideal countermeasure for the areas classified
herewith. However, it would be physically impossible to carry out such a
countermeasure in this Study, as il requires considerable time and resources 1o acquire
the voluminous basic data (e.g., rainfall, river regime, land use) for it.

[ Classification: 1.2 and 2.2 }

A stormwater drainage plan mainly consisting of a drainage basin plan (to determine the
design rainfall, and the scale of drainage channels) would be ideal for areas classified
under 1.2 and 2.2, and this work will be simpler than that of the integrated river system
management plan. However, it would be impossible to conduct this countermeasure in
this Study, because it requires certain basic data (e.g., detailed topographical maps) and
a substantial amount of time. Currently the cities have no detailed topographic maps.

[ Classification: 2.1 )

Administrative measures such as prohibiting construction of houses in flood plains (i.e.,
riverside lands) or demanding people to leave from riverside lands, would be applicable
for areas classified herewith.

With inundation damage as one of the major USE problems, in view of the limitation
described above, the Team conducted the following works as a part of the Study for the
3 cities:

1. Identification of inundation prone areas, inundation damage and
inundation causes.
2. Proposed countermeasures to mitigate inundation damage.

3. Indication of “planning processes” to improve stormwater management.

Besides the above items, the improvement of areas 1.2 (small drainage basin) and 2.2
{others) was carried out through the conduct of a pilot project in the FPC. The works
involved \topographic survey, the results of which were used to preduce the local
drainage map, and consequently a drainage improvement plan for the pilot area.

Municipal Solid Waste Management

The M/P for the First Priority City and the Conceptual M/P for the other two cities were
formulated in Phase 1, based on the results of the investigations in Phase [ and the
WACS conducted in Phase 1.

The works for the formulation of the M/P and the Conceptual M/P on Municipal SWM
are outlined in the table below.
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Table 8-4: Outline of the Works for the M/P and the Conceptual M/P on

Municipal SWM

Stage

Outline of the Works

M/P Conceptual MP

Ind Work in
Nicaragua

1. Sctting up the Planning Framework

Il Investigation for Site Sclection

P/R(2)

IlE.  Examination of Institution System
1. Mcasures to strengthen organizalion and legisiation
2 Mcasures 10 strengthen financial capability

3 Measures lo strengihen public health education and conymunity patticipation
4 Measurcs for waste gencration minimization

1V, Examination of Technical System
1 Street sweeping

2 Discharge and storage

3.Collection and transportation

4 Intermediate reatnicol

5.Final disposal

V.  Examination of Step-wise Improvement of Municipal SWM

VI. Examination of Localization of
Major Facilitics

VIl Sefection of an Optimum
Technical System

VIl. Examination of Principles for
Opcration and Maintenance

1X. Examination of an Optimum
Institutional System

X. Formulation of lmplementation
Plans

XL Examination of Pilot Project(s)

20d Work in Japan

IT/R(2)

X1 Prcliminary Design of Facilities
X1 Cost Estimation for M/P

X1V, Examination of Financial Plan
XV. Evaluation of M/P

Phase HI

Feasibility Study

Industrial Solid Waste Management {ISWM)

Based on the same scasons expressed in Section 8.5, ISWM generation in target years

was not forecast, but the study recommended several measures on how to appropriately
control ISW generation.
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8.9 Medical Solid Waste Management

Questionnaire surveys for medical SWM, including medical wastewater management,
were carried out in the 2nd Work in Nicaragua, to generally identify and understand the
generalion of medical SW (especially infeclious waste).

Based on such survey results, medical S\ generation in target years was estimated and
i the optimum technical and institutional systems for medical S\WM were determined to
enable the Nicaraguan side to: appropriately control, collect, treat and dispose medical
waste.
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USE M/P for Granada

Planning Frameworks for a USE M/P

Goals, Targets and Strategies

:‘.

Goals

The principal goal of the Master Plan for Granada is to improve the

Urban Sanitation Environment (USE) of Granada City, by the target

year 2010, where the poputation and major economic activities of Region 1V are

centered.

Through the improvement of USE in Granada City, the Plan aims fo:

*

promote the citizens’ well-being,

<+ support sustainable development of the city.

<+ contribute to regional economic growth,

The goals of the Master Plan are as follows:

1.

2.

M

Improvement of public health in the city.
Reduction of health hazards in and around the city.

Protection of natural resources and environment (e.g., groundwater resources,
Lake Nicaragua’s water quality and ecology, etc.).

Encourage the public 1o be more environmentally aware.

Increase the provision of USE services (i.e., water supply, sewer system, SW
collection, ctc.) at affordable and appropriate levels.

Establishment of self-sustainable management systems for USE services.

Establishment of a “beneliciary-pays-principle” (BPP) under which recipients pay
for the USE services.

Development and promotion of community participation in USE systems.

Adoption of satisfactory measures for the protection of environmental and public
health in the operation and maintenance of USL facilities.

10. Prevention of pollution caused by industrial wastewater and solid waste.
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11, Establishment of appropriate legislation, regulations and guidelines on USE

through modilications and revisions of cxisting ones.

12. Establishment of a coordination system for the city and national institutions

concerning USE management.

b. Targets

In accordance with the S/W of the Study, the target years are set up as follows:
Master Plan: Year 2010
Feasibility Study: Year 2005

In order to achieve the principal goals, the target figures for the 3 major sectors that
constitute USE were set as indicated in the table below.

Table 9-1: Target Figures for the Technical System in Granada

Present (1995/96) £/S (2005) M/P (2010)
Water Supply Coverage 89.7 % 85 % 85 %
Domestic Wastewaler System
Cff-site sewer system 21.9% I8 % 55 %
On-site system 16 % 10 % 17 %
Soak pit system 375% 24% 13 %
Latrine only system 281 % 22% 15 %
No system 10.9 % 6 % 0%
Municipal SWM
Coverage rate (waste amount) 82.0% 90 % 100 %
Coverage rate (population) 63.0% 89% 100 %

Nete: The INAA established a ta rget water supply coverage rate of 85% of the whole urban population,
Thetaiget figure is set up in accordance with the INAA's target. Consequently, the coverage rates
for the year 2005 and 2010 is lower than 89.7%, the rate of 1995/1996. However, the supplied
population in 2005 will be about 1.6 times more than that in 1995/1996 and that in 2010 will be

about 1.8 times.
< Strategies

Strategic actions to attain the goals and targets should in practice, be introduced step by
step toward the target year 2010. Therefore, it is recommended to divide the period up
to the target year into 3 phases.
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Table 8-2: Strategies for the Realization of the USE Master Plan

* In order to exccute the priority projects (F/S
projects), the required funds shall be secured
and the detailed design of the projects shall
be conducted.

* As for arca with sewers, conncction (o sewer
should be promoted and system iniprovement
nceessary for maintaining the present sewer
coverage (21.9%) should be provided,

¢ As for the non-sewer area, in order to prepare
for “model communitics integrated USE
improvement” projects (PECM), public
cducation programs should be encouraged to
raise ¢itizens' awarencss of the environment.

Stormwater Management

» Technical gaidelines necessary for storm
water management should be preparcd.

+ Basic investigation {¢.g., topographic
survey) for inundation prone arca should be
conducted for planning the improvement and
recruiting necessary funds.

« Rain draihage in urban fringe arcas (UFA)
should be improved through PECM.

Municipal SWM

¢ In arder to execute the priority projects (F/S
projects), the required funds shall be secured
angd the detailed design of the projects shall
be conducted. Then, construction of the
facilities and procurcment of vehicles and
equipment shalt be done.

» Technically satisfactory level of sanitary
landfill operation should be maintained in
the present tandfill vntil its closure, in order
to reduce the pollution impacts to the
environment. Meanwhile, itlegal dumping
should be reduced through improved
collection services.

Indusirial Waste Management

¢ Bascd on the “polutcr pays principle”,
industries should be instructed to implement
appropriatc on-sitc management ol their

Ph a(;::“s'ﬁm“o“ Technical Aspects Institutional Aspects

Phase 1 Water Supply System N Convmon Aspects T

(1998 - 2000) « The water supply system should be + Regulations of wastewaler discharge
Preparation for consolidated o maintain a target coverageof | into sewer/public water body shoutd be
Priority 85% for the increasing poputation, legally and practically enforced.
Projects Domestic Wastewater System + The municipality should provide norms
Implementation : and guidelines regarding USE to the

citizens, which they should casily
understand appropriate sanitary
practices and civil procedures,

s Urban development plan of the city (at
least including the land use regitations)
should be preparcd. Meanwhile, a
cadastee of real propely and public
secvices should be established.

Domestic Wastewater System

¢ Guidelines for appropriate on-site
DWWM should be claborated.

» INAA, MINSA and the municipalily
should coordinate to establish a stecring
contmitice for “Special Program for
Model Community Integrated USE
Improvement Project” (PECM)

" niecessary for introducing on-site DWW
treatment system and to seck forcign
and domestic grants for such projects.

Stormwater Management

 Autharitative competency for storm
water management {planning,
maintcnance and repair) should be
reviewed respectively for macro- and
micro- drainage,

»

INAA, MINSA and the municipalily
should coordinate to cstablish a stcering
committec for PECM neccssary for
improving rain drainage in UFA and to
seck foreign and domestic granis for
such projects.

Municipal SWM

* Regulations on urban cleansing should
be established to clarify municipalily’s
powers (inciuding placing penaltics)
and dutics as wel as cilizen’s rights and
dutics.

» The nmwnicipality should improve
collection of municipal taxes and
charges for tic services,
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solid/kiguid wastes and residual water,

Medical Waste Management

¢ Appropriaie on-site managemcnt (¢.g,
separation of hazardous/infectious medical
waste from other waste) in inslitutions
should be promoled.

Industrial Waslé'i\lanagemcnl

+ Wasie classification svited for
Nicaraguan authoritics’ present WM
should be ¢slablished. Management of
havardous waste should be prioritized.

o laventory of factorics and their waste
gencration should be made for
identifying ISW and IWW.

¢ With regard to ISWM and [WWM,
authoritics should be cmpowered to
conduct administrative measures such
as monitoring, supervision and
guidance,

Medical Waste Management

¢ Classification of medical waste should
be ¢stabtished. Code of practice for
respeclive medical waste categorics
should be formulated.

Phase 2

(2001 - 2005)
Priority
Projects
Implcmentation

Water Supply System

+ The water supply systcm should be
consolidated fo maintain target coverage of
85% for the increasing population.

Domestic Wastewater System

« Facilities and cquipment provided in Phase-
1 should be aperated and maintained
appropriately.

¢ In order to prepare for M/P projects, dosigns
and funds recruitment for the projects should
be prepared. Then, facilities construction
should be implemented.

+ Sewer provision should be improved to atiain
the target coverage of 38%.

o In the non-s¢wer area citizens® participation
in the “model communitics integrated USE
improvement” projects should be
substantiated in order to sustain the projects
in affordable and appropriate levels.
Meanwhile coverage rate of on-site system
should be raised to 10%.

Stormwater Management

» Drainage should be improved in accordance
with Flood Damage Area Imprevement Plan.

¢ Intcgrated Arroyo Management Plan
{comprising: land use regulation; catchment
conscrvation with reforesiation; and
drainage channel improvemeni} should be
formulated.

» Rain drainage in UFA should be further
improved through PECM.

Commen Aspects

e The norms and guidelines regarding
USE provided by the municipality
should be demonstrated through public
cducation programs in order for the
citizens {0 practice appropriate
sanitation measures and civil
procedures.

The urban development plan should be
put in practice to guide and to restrict
the land use, in order 1o maintain a
preferable utban environment {e.g.,
protect potable water sources in
southern part of the city, regulale
industrial aclivities and NIMBY
facilities in designated areas).

» The cadastre of rcal properiy and

~ public services, perhaps applying
crossed subsidies; should be utilized for
cstablishing the management system on
USE services and also promoling a
Beneficiary-Pay Principles for the
senvices,

Domestic Wastewater System

» PECM steering commitlee should
further seck foreign and domestic
grants for constructing on-sitc DWW
freatment projects.

Stormwater Management

+ Respective institutional system (e.g.
funds, design guidelines) for macro-
and micro-drainage shoutd be
¢stablished.
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Municip al S\WM
« Facititics and velictes acquired in Phase-1

should be appropriately operated and
mainlaingd.

+ Technically satisfactory level of sanity
landfill operation should be maintained in
the new landfill, Meanwhile, illegal
dumping should be further reduced through
improved collection services.

Industrial YWaste Management

» Oun-sile ISWM and FWiVM should be further
strengthened.

o TreatmenVdisposal by private scctors,
mainly for havzardous wastc, should be
implemented.

Medical Waste Management

+ Appropriatc on-sil¢ management (e.g.,
separation of hazardousfinfectious medical
wastc from other waste) in institutions
should be obligaled.

« Freatment/disposal of hazardous/infectious
medical waste should be implemented by
private scclors,

further seck forcign and domestic
grants for constructing rain drainage
facititics.

Municipal SWM

+ Authoritics should cacourage recycting
activitics by wasle generators and
private recyclerss. However, the
administralive support should be such a
manncr with teast financial burden on
authoritics.

Industeial Waste Managemead

+ Legislative framework to obligate
appropriate WM (c.g., manifest
system) should be established.

» With rcgard to 1ISWM and IWWM,
authorilics should practice
administrative measures (e.g.,
monitoring, supervision and gaidance)
and apply penaliics (if nocessary)
against #lcgal measures by industries.

» Formulation of commercial inechanism
for appropriate treatmcat/disposal
should be promoted.

Medical Waste Management

» Code of Praélicc on miedical waste
managemeit should be enforced.

Phase 3

(2006 - 2010)
M/P Projects
Implementation

Water Supply System

» The water supply system should be
consolidated to maintain target coverage of
85% for the increasing population.

Domestic Wastewater System

» The M/P projects should be reexamined and
implemented, with reference to the outcome
of the priorily projects (F/S projects).

» As for scwer arca, the off-site system should
be consolidated to maintain target coverage
of 35% of the population,

o As for 1io sewer arca, the on-site system
should b consolidated to maintain target
coverage of 17% of the population.

» As for arca served with “model communitics
integrated USE improvement” projects, self-
help of communitics should be employed in
operation and maintenance of the facilitics.

Stormwater Management

¢ Reforestation, drainage improvement works,
¢le. should be implemented in accordance

Common Aspects

* Public cducation programs related with
the norms and guidelines regarding
USE provided by the municipality
should be deployed widely.

o The urban development plan should be
pul in practice to restrict the land use, in
order to maintain a preferable urban
environment. Mcanwhile the plan
should serve for planning USE scrvices
corresponding to the urban expansion
and the population increase thercin.

Water Supply System

Domestic Wastewaler System

o PECM steering committee should raise
funds for constructing on-sitc DWW
treatment projects, from water and
wastewater charges collected.

Stormwater Management

¢ PECM steering committee should raise
funds for construcling rain drainage
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with Integrated Arroyo Managcménl Plan,

s Rain deainage facilitics in UFA shoutd be
further constructed through PECM.

Municipal SWM

+ The M/P projects should be reexamined and
implemented, with reference to the outcome
of the priority projects (F/8 projects).

» Satisfactory municipal SWM both
technically and cnvironmentally should be
continued. In maintaining 100% waste
collection rate, illcgal dumping should be
cradicated.

Indusirial Waste Management

» Industrics should take initiatives for
introducing “waste minimizalion and
cleancr production” technologics for their
production,

Medical Waste Management

Appropriate collection, treatment and disposal
should be practiced for all medical waste
(including hazardeus and inftctious ones).

facilitics, from automobile taxes cte.

Municipal SWM

« Introduction of scparate collection
system should be examined in order to
promete waste minimization and
1ES0Uree recovery from waste.

Industrial Waste Management

¢ Authoritics should promotc
introduction of “cleancr production”
mainly for factorics that generate
hazardous waste,

Medical Waste Management

« Appropriate contrel, treatment and
disposal of medical waste should be
enforced in line with the Code of
Practice for Medical Waste
Management.

9.1.2

Forecast on Future Demands for USE Services

The table below summarizes the forecast on future demands for respective USE sectors,

as key indicators.

Table 9-3: Forecast on Future Demands for USE Services

Item Present {2000) FiS (2005) M/P (2010)
1. Area and Population {ycar 1995)
Arca
Total (km?) 531 531 531 531
Projected Service Area (km?) 143 14.3 14,3 14.3
Population .
Total 96,996 126,307 147,830 171,618
Projected Service Poputation 71,783 97,078 114,760 135,106
2. Water Supply System (ycar 1995) :
Walcr supply coverage area 8.4 km? 8.4 km? 9.3 kmn? 9.3 ki’
Supplicd poputation 64,411 82,516 97,546 114,255
Coverage (of population) 887 % 85% 85% 835 %
Water production (m’/ycar) 6.107,5%0 9,742,945 10,631,355 10,847,800
Water production ratc (L'p/day) 2598 324 299 260
Eficiency 57% 60 % 65% 75%
Water consumption (m’iy) 3,454,25) 5,845,840 6,910,545 8,135,850
Water consumption rate (/p/day) 146.3 195 {160%) 195 {160%) 195 (160%)
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Item Present (2000} F/S (2005) M/P (2010)

3. Bomestic Wastewater Systen (ycar 1995)

3.1, Areas with sewers
Service arca 2.0km? 2.0 km? 3.7k’ 56 k'
Service population 15,706 21,260 44,125 74,266
Coverage {population) 21.9% 21.9% 38.5% 35%
Treated amonnt (m’fday) 2,592 3,402 1,060 11,883

3.2 Areas without sewers

Oit-site system 1,122 persons | 1,353 persons 11,555 23’_1 10

persans persons
1.6% 1.6% 10.1% 17.1%
Soak pit system (sumidero) 26917 peisons, | 36,356 persons | 27,817 persons, | 16,879 persons
37.5% 315% 242% 125%
Latrine system 20,188 persons, | 27,298 persons | 24,991 persons, | 20,851 persons,
28.1% 281% 218% 15.4%

10,611
No system 7,850persons, persons 6,272persons, { person
10.9 % 10.9 % 5.5 % 0%

4, Municipal SWM {year 1996)

Population in the study arca 76,250 97,078 114,760 135,106

Wasle gengration amount (lon/day) 571 76.6 97.5 123.4

Waste discharge amount (ton/day) 432 59.5 78.2 1020

Wasle collection ammount (ton/day) 354 48.8 704 1020

Final disposal amount (tenfday} 36.9 50.2 72.7 145

Coverage (Ya of wastc amount) 82.0 82 90 100

Coverage (% of population) 630 63 89 100

Service population 43,037 61,159 101,843 135,106

Non service population 23,2113 35,919 12,917 o

Length of road swept (km) 35 35 40 47

5, Medical SWM {ycar 1996)

Medical waste generation 99 g/day 127 kg/day 149 kg/day 176 kg/day
Non-hazardous waste geacration 49 kgrday 63 kg/day 4 kg/day 87 kg/day
Infectious waste generation 48 kg/day 62 kg/day 73 kg/day 86 kg/day
Other hazardous waste generation 2 kg/day 2 kg/day 2 kg/day 3 kg/day

Note: ¥ These figures exclude commercial and industrial water use.

a. Economic and Financial Conditions

9.1.3 Other Planning Considerations

Key economic and financial indicators emplbyéd in the M/P’s economic and financial
evaluations were calculated based on the following conditions. Table 9-4 shows the

summary of the calculations.

¢ Gross regional domestic product (GRDP) in £995: The Nicaraguan authorities
were not able to provide the GRDP of Granada Department. Therefore, the
regional product ratio (Granada Department total product/total national product)
for each industrial category is assumed equal to the regional income ratio
(Granada Depariment total income/total national income). For the calculation of
the regional income ratio of each industrial category, the national and regional
INSSBI data (number of people covered by the social security system and their
average income) were used. The contribution of the industrial sector to the GDP
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was multiptied by the regional income ratio to compute the GRDP. The growth
rate of GRDP in Granada Department is assumed to be equal to the GDP growth
1ate.

* Municipal budget: Municipal budget is assumed to increasc in proportion to the
GRDP growth.

s Houschold income: Total household income in Granada in 1995 was assumed
based on the data provided by the Ministry of Labor. It is estimated thai the
growth rate of total houschold income is in proportion to the product of the
“GRDP growth rate” and “increase in average number of persons per household”,
1t is estimated that the average number of persons per household in Granada will
grow slightly from 5.674 persons/household in 1995 to 5.81 persons/household in
2000, in accordance with the existing INAA plan.

¢ Budget of INAA Region 1V: It is estimated that the ratio of “INAA Region 1V
budget” to “INAA national budget” will remain the same as in 1995,

Table 2-4: Economic and Financial Indicators in thé MiP

Unit 1995 2000 2005 | 2010

GROP C$million{| 2582 3405 4345 5236
Number of households Numbers 12,651 16,709 19,752 23,254
Average income per household | Céfyear 15,300 15,278"'| 16494 16,883
Budget of INAA Region IV C$1,000 9,026 10,883 12,375 14,184

Budget of Granada Municipality | C$1,000 |  13,816] 17,957 22918 27617

Note: *' Since growth rate (between 1985 and 2000) in number of households is slightly
targer than the growth rale of GRDP, average income per household slightly
declines from 1995 to 2000.

b. ~ Conditions for Cost Estimation
b.t  Commodity Prices and Foreign Exchange Rate

Commodity prices as of September 1997 and foreign exchange rates as of beginning of
September 1997 (USS$ 9.6 = C$9.11 = Japanese Yen 120.0) were used for cost
eslimalion.

b.2 Personnel Cost

Personnel costs in the INAA F/S were adopted for the waler supply M/P and DWWM
M/P personnel cost estimation. For the municipal SWM M/P, the personnel cost was

calculated based on the present salary (i.e. Granada’s SWM section staff) plus 18%
social securily charge.

Outline of Water Supply M/P

The present water supply coverage rate in Granada is about 90%, more than the INAA
target coverage (85%) for 2005 and 2010. This rate presently covers almost all of the
urban population in Granada. Even with the predicted increase in population, the proper
maintenance of the present water supply system and its expansion coutd help to attain
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the future water supply target. Basically, the M/P is in accordance with the plan of the
INAA. The table below summarizes the water supply M/P outling.

Table 9-5: Outline of Water Supply M/P for Granada

ltem | 1995 | 2000 | 200 | 2010
FORECAST ON KEY INDICATORS
Projocted service area 14.3 knt? 14.3 kn? 14.3 kn? 14.3 kni?
Projecied service poputation 71,783 97,078 114,760 135,106
Water supply coverage arca 8.4 knt? 8.3 kin? 9.3 kn’ 9.3 km?
Supplicd poputation 64,411 82,516 97,546 114,255
Coverage ratc (poputation) 89.7% 85% 85% 85%
Number of connections 11,352 14,202 18,199 21,435
Water production amennt 6,107,500 m*y | 9,742,945m%y | 10,631,355 m'y | 10,847,800 m*y
Water production rate 2598 I/p/d 324/pid 299 1/p/d 260 Upfday
Efficicncy rate 57% 60 % 65 % 15%
Water consumption antount 3454251 m¥y | 5845840m¥y | 6,910,535 m¥y | 8,135,850 m'ly
- Domestic use 85.7 % 82% 82 % 82%
- Commeicial use 36% 13.6 % 13.6% 13.6 %
- Industrial use 1.2% 1.7% 1.7 % 1.7%
- Others 9.6 % 2.7% 27% 21%
Water consumpiion rate (Up/d) 147 194 (160+%) 194 (160%) 194 (160#)
PARTICULARS OF THE PLAN
1. Water source
Type of water source Groundwater Groundwater Groundwater Groundwater
Number of wells 6 8 G 6
Dala on wells
- Total pump capacity 292.4 litersfsee | 292.4 liters/sce 525 litersfsce 525 lters/see
- Total production amount 6,107,590 n’fy | 9,742,945ny | 10,631,355 m'ly | 10,847,800 m’y

2. ])isinfei:ﬁon

System
Method

Line injection
Chlorination

Line injection
Chlorination

Line injcclion
Chlorination

Line injection
Chlorination

3. Water transmission and
distribution facilities

Method

Mainly direct

Mainly direct

Mainly dircct

Mainly dircct

(C31,000/year, incl. sewage)

connection connection connection conneciion
Distribution reservoir _
Number of rescrvoirs 4 4 5 5
Total volume of reservoir 8,356 m’ 8,356 oy’ 16,660 m® 16,660 m*
Total length of network 98 km 98 kin 118 km 122 km
4. Operation and
maintenance of facilities
INAA Region IV INAA Region IV INAA Region IV INAA Region IV
Responsible authority Granada branch Granada branch Granada branch Granada branch
office oftice oflice oflice
Type of eperation Dircct Direct Dircel Direct
Number of personnel 48 (incl. sewers)
5. Finanges
INAA annual budget 64.85
{C$1,000/year, incl. sewage) 302,605 364,859 414,897 475,532
Regional bureau budgzt 9,026 10,883 12,375 14,184
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Itcm 1993 2000 2008 2010

100 % of real
Water charges oparation cost
- For houschold C$2.05/ m’ C$2.05/ m’ C$231 m’ C$2.37 m?
- Others C$3.98/ n?® C$4.98/ o’ C$5.76/ m’ C$5.76/ n’
Colleciion method Direct coltection | Dircct collection | Dircct collection | Direct cotlection
Collection rate .98 % 98 % 98 % 98 %
Revenue from water charges C$ §,952,000 C$ 11,752,000 C$16,548,000 C$ 20,531,000

Note: *

The figores exclude commercial and industrial waler use,

9.3 Outline of Domestic Wastewater Management M/P

The Study’s DWWM M/P was planned for:

* projected sewer areas in 2010 (INAA projection)

& areas without sewers in 2010

Areas without sewers refer 1o

* areas where water supply is provided (about 30% of the urban population).
¢ areas where water supply is not provided (about 15% of the urban population).

The 1able below summarizes the outline of the DWWM M/P.

Table 9-6: Outline of the Domestic Wastewater System M/P for Granada

1995 2000 2005 2010
FORECAST ON KEY INDICATORS
Projected service area 14.3 ke’ 14.3 km? 14.3 km? 14.3 km?
eojectod seice population/ 71,783/ 100% | 97,078/100% |  104,760/100% |  135,106/100%
overage rate ; o
Sewer system (off-site) 15706/ 21.9% | 21260/ 28.9% | 44,125/38.5% 74,266/55 %
On-silc system 1,122/1.6% 1,553/1.6% 11,555/10. 1% 23,110/17.1 %
Soak pit system (sumidero) 26,917 31.5% 36,356/ 31.5% 27,817/24.2% 16,879/12.5%
Lairine system 20,88/28.1% 27,298/28.1% 24,991/21.8% 20,851/15%
No-system 7.850/10.9% 10,611/10.9% 6,272i5.5% 0/ 0%
PARTICULARS OF THE MASTER PLAN
1. Arcas with sewers
Scryice arca 2.0km? 2.0km? 3.7km? 5.6km’
Service population 15,706 21,260 44,125 74,266
Number of conncctions 2,768 3,659 7,595 12,782
Coverage rate 219% 219% B85% 550%
Number of pump stations 1 1 i 3
Sewage production per capita 165.0 l/p/d 160 1/p/d 160 Vp/d 160 Up/d
1.1 Sewage treatment plant
Number of planis 1 i 1 1
Name of plant Tepetate Tepetate Tepelale Tepetate
Treatment method Facultative lagoon | Facultative lagoon Acrated lagoon Acrated lagoon
ioiaks amount (mean annual 2,502 m¥day | 3402m*/day | 7,060 mfday | 11,883 m¥/day
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1995

2000

2005

2010

Intake water quality

BOD: 440 ;}lg/}
COD; 500 mgh

BOD: 340 mgi
COD: 600 mg/

 ROD. 340 mp/l
COD: 600 mg/)

BOD:; 340 mgﬂ—_
COD: 600 mgN

S8: 260 mght §S: 570 mp/l S8: 570 mg/l SS: 570 mgil
Treated water quality BOD: 280 mg/l | BOD:; SOmgAd | BOD: 20 mgfl | BOD: 90 mg
COD: 300 mg/l | CON: 180 mg/l | COD: 180 mgil | COD: 180 mg/
SS: 240 mgil 551 80 mg/l 5S: 80 mg/l SS: 80 mgi
Discharge point Infiltration Infiltzation Infiltration Infiltration
1.2 Operation and maintenance
INAA Region IV | INAARegionlV | INAA RegionlV |  INAA RegionlV
Responsiblc authorily Granada  branch Granada branch Gran:eda branch Granada branch
oflice office oflice office
Nusuber of personnel 4 (“"‘:'J;;:;‘_;
1.3 Finances
INAA annual budget
(CS1.000car, in ch aten) 302,605 364,859 414,897 475,532
Regional burcan budget
(C$1.000/scar, inel. watee) 9026 10,883 12,375 14,184
Scwage charge
- For houscholds €316.7 5167 C$16.7 C$16.7
finonth/houschold | /month/houschold | /month/houschold | /month/household
- Others 30% of total charge | 30% of total charge 3025 oftotal charge 30% of tolal charge
Collcction rate 98 % 98 % 98 % 98 %
Charge collection method Dircct collcction | Direct collection | Direct coltection | Direct collection
Revenue from sewage charges
(C$1,000) poene 799 1,069 2,558 4,500
2. Areas without sewers
Oni-site system
Sesvice population 1,122 1,553 10,737 23,110
Coverage rate 1.6% 1.6% 9.4 % 171%
Soak pit system (sumidero}
Service population 26,917 36,356 28,635 16,879
Coverage rate 375 37.5 25.0 125
Latrine system B
Service popu]af ion 20,188 27,298 24,991 20,851
Coverage rate 28.4 28.1 21.8 15
No system
Service population 7,850 10,611 6,272 0
Coverage rate 10,9 _ 10.9 3.5 - 0
Facilities of On-site system Septictrk | it e | colectivg sy | collatine ysem
Responsibic authority [NAA.’ .MINSA’ lNApf’ .M“T’SA" ]NAPf’ .M“.\'SA' INAA&' .MINSA’
Municipality Municipality Municipality Municipality
Legislation Nonc| Tobe established | To be established | To be cstablished
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