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F/S-1: Municipal SWM System improvement

Project

HOA Sty Team

KOKUSAS KOGYO CO., LTD.

Outline of the Municipal SWM System improvement Projects

a. Target

The Municipal SWM System Tmiprovement Project aims to improve the solid waste
collection, haulage and disposal systems between 2001 and 2005 in order to attain the
targets shownin Table P-1.

Table P-1: Targets of the Municipal Solid Waste Management System
Improvement Project

ltem Unit 28 o | 2001 2003 2006

Poputation in Granada City persons 96,996 | 126,307 1478301 171,618
Population within Study area | persons 76,250 100,382 107,330 114,760
Waste generation amount (A) | ton/day 57.1 §0.3 83.5 a7.5
Waste discharge amount (B) | ton/day 432 62.8 70.1 78.2
Waste collection amount (C) | ton/day 35.4 56.5 63.1 70.4
Coverage Rate (C/B) % 81.9 S0 80 90
Population served persons 48,037 89,083 98,249 101,843
Street Sweeping km 35 35 37 40
Final disposal

Disposal amount thousand mfyear i6.8 26.8 29.8 33.1

Name of the disposal site - La Joya SV a new landfill site

Lavel of disposat method Level 1 Level 4

b. Outline of Muhicipal SWM System imprdvement Project

The outline of the project which is proposed to realize the targets in Table P-1 are shown

in Table -2,

Table P-2: OUtIihe of Municipal SWM System Improvement Project

Contents

1. Refuse Collection
System Improvement
Project

1.1 Refuse Collection
Syslem Improvement

Procurement of equipment:

+ Special colleclion service
e 1 of 10m* lipper truck (20
s 1 of wheel loader (2000)

Genejra! collection (street/point)
+ 12m° compactor truck: 5 in 2000, 1 in 2002, t in 2004

00),

1.2 Improvement of Street
Sweeping

Procurement of equipment:

« 30 Nos, of hand casds

+ 12 m’ compactor trucks (included in the above)




The Snudy on the Improvement of Urban Sanitation Envirenment JICA Study Team
of Principal Cities in the Republic of Nicaragra KOKUSAI KOGYO GO., LTD.

P.2

P.21

Conlents

1.3 improvement of the |« Renovation 172000, Operation from 2001,

Modulo de Operacion + Renovation works: operation yard, inspection pil, water
Workshop tank, lighting, electrical system, ete,
s+ _Procurement of equipment: tools, elc,

2. SJV A New Municipal + Construction in 2000, Operalion from 2001.

SW Disposal Site . LevelolSamtaryLandfull level 4 (i.e., sanitary landfill with
Development Project a leachate {reatment facility)

+ Total volume (till 2010): 436,700 m®,

» Volume of F/S period (till 2005) 179,460 m*

» Major facilities: One fandfill seclion for 5 years (3.5 ha),
regutation Jmnd facultative lagoon, maturation pond,
access road, office, stormwater drainage system, elc.

e Procufement of landfill equipment: 1 bulldozer, 1
backhoe, 1 tipper truck, and 1 waler tankers

3. Improvement of o Strengthening of the UEMB (Urban Environmental
Administrative System Maintenance Bureaw, and precurement of office
equipment

+ Improvernent of organizational system

b. Field Investigation

During the 3rd Study Work in Nicaragua, the field investigations necessary for the F/S

of Municipal Solid Waste Management System Improvement Project (F/S-1) were
carried out.

<. Refuse Collection System Improvement Project

A survey was carried out on “Modulo de Operacion” maintenance workshop, which
maintains and repairs vehicles and heavy machinery, etc. owned by Granada
Municipality at present, for the Refuse Coltection System Improvement Project.

d. A New Municipal SW Disposal'Site Development Project

The following surveys, necessary for formulating A New Municipal SW Disposal Site
Development Project and its Environmental Impact Assessment (ETA), were conducted.

1. Topographical survey of the SJV site

2. Route survey from SJV to Tepetate sewage treatment plant
3. Geological survey of SIV
4

Environmental Baseline Survey of the SJV site:

It comprises: water quality survey, air qualﬂy survey, hyd rotoglcal survey; noise and
vibration survey; traffic volume survey; odor survey; soil analysis; flora and fauna
survey; economic activities survey; land use survey; water use survey, landscape
analysis by photo-montage; cultural inheritance survey; borrow pit survey for cover
soil and soil for an impermeable liner work.

Preliminary Design of the Refuse Collection System
improvement Project

Design Conditions

a. Planned Waste Collection Amount

Table P-3 shows the waste collection amount in 1996 and from 2001 to 2010.

P-2
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Table P-3: Waste Generation, Discharge and Collection Amount

bDescription unit | 1905 | zo01 | 200z | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
[Generation vaay stt] eoa] sa2] eas] wif ers| 1020] 1074 v22] 176l 1234
Discharge Vday 4372 628 662 701 139 12 823 86.9 91.7 96.71 1920
Collection tday 154] ses5] sos| 631l ess| 04| 823] ss9] v e 1020
Coverage Rate {waste} % 82 80 99 80 90 90 100 106 100) 100 100
Totat Population person | 97.078] 100.322] 103.708] 107.330| 110.933] 114,760 118.568] 122,502] 126.567] 130.767] 135,106
Served Population Porson| 61,150] 89083] e2,115) 952491 58491) 101,843 118568| 122,502] 126567] $30.767] 135,105
Coveraga Rate (pop) % 63 89 89 89 89 sal  100]  so0] 100l 100|100

b. Refuse Collection System

b.1 Classification of Collection Service

The plan for the collection service shall be ¢lassified in consideration of the conditions in

the areas and quality of services required. The classification of the areas is shown in
Figure P-1. The collection service is classified into the 4 categories as follows:

1

Curb Collection Area A: CCA
Urban Core Area with street sweeping services

Curb Collection Area B: CCB
Urban Core Area/Semi-Urban Area without street sweeping services

Point Collection Arca: PCA
Urban Fringe/Semi-Urban Area without street sweeping services

Special Collection Service: SCS

Special collection service to collect bulky waste and the large amount of garden
waste etc., and removal of illegally dumped waste and sedimented soil.

Based on the classified collection service plan above, the waste collection amount and
collection rate to be achieved during the F/S period are summarized in the following
table. Moreover, besides, the municipal collection service, constructors which directly

haut

non-hazardous indusirial waste, efc. were taken into account,
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Figure P-1: Classification of Waste Collection Areas
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Table P-4: Wasle Collection Plan

Hem code Unit 1996 2001 2002 | 2003 | 2004 2008
Total generation aniocunt atbic tonfday 57.1 gn.3 81.2 885 927 97.5
i_jig'(:‘lk;“":éca'[]}c.llilt‘ PR R T R R T TP TR B R N TETITIEE TIPS PRI B TE T Ee P R REEL ST

{including strect sweepiug a tonfday 432 628 66.2 0.1 730 TR.2
|_amounty

sposal
Recyeling amount at
generation ) ) |

Colleclion rate (A/a) % 219 90,0 90.0 0.0 0.0 90.0

e t0[v'd4} P T | T B R RPN

v ton/day 5.0 10 7.4 N 8.1 83

Total collection anount (A) | A=ethitj| rretien TEB 0| TEORSA] O Is| s 240 9sa01[ 01,843
tonday 354l ses|  soe| 63| 66| 04

Curb Collection Area A f‘;ﬁi‘:\ﬂ;’ -- 35633 36,845 380699 39,397 40,737
General
waste d
Strect
sweeping today
waste e

tonfday - 4.0 25.3 266 281 29.7

- 1.3 1.3 14 1.4 135

popotation [T 26705 27,635 28,575 29,547 30,553
{person)

f ton/day - 15.1 16.OJ| 17.0 17.9 19.0

Point Collection Area | | r?s;»;;; TN TR ARs| R 63s] IR ETS| 20.547) 30,553
F

g ton/day = 15.% 160 17.0 17.9 19.0

Fiensekatd vade e T SNSRI TN EO PRSI S
sweeping amount nol h==d-i--g ton/day - 542 57.2 60.6 61.% 67.7

Jncluded)

“Cutb Collection Arca B

: g Special Coltection Service Jdumped ton/day - 6.3 6.6 1.0 7.4 7.8
.5 waste: §

Bulky waste: j| ton/day n 1.0 1.0 11 1.2 12

Other Wastes (direct
haulage)

k ton/day 20 22 22 22 23 23

b.2  Waste Collection Frequency

The frequency of waste collection shall be as follows;
Curb Collection Area A: 4 times/week
Curb Collection Area B: 3 times/week

Point Collection Arca: 2 tunes/week

P.2.2 Planning the Collection and Transportation System

a. Determination of Refuse Collection Vehicle Type

This section compares eight different waste collection vehicles in terms of unit collection
cost.

a.1  Equation for Required Number of Vehicles
The following equations were adopted for computing the number of vehicles required.
¢ Number of trips per day (Tr)

Tr = (- (12 v YDV 1 4+ 15)

P-5
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where,

Tr:
D:
V:
tl:
2:
t3:
t4:
i5:

Number of teips per day

Travel distance per trip (km}

Velocity {knvhr)

Working hours per day (hr)

Daily inspection and fueling time before working (hr)
Daily inspection and washing time after working (hr)
Loading {(collection) time (hr)

Unloading time (hr)

¢ Amount of waste carried(Qd)
QOd  =(gxe)xty /(I +r)x0.5

where,
Qd:

q:

e

r

Amount of waste carried(ton/day/truck)
Volume capacity of a vehicle (m’)
Efficiency of loading capacity

Reserve rate of vehicle

ASG of waste (0.5)

¢ Number of vehictes (Nv)
Nv = WCAx7/We/Qd

where,
Nv

WCA

Wd

Required number of vehicles
Waste collection amount{ton/day)

Working days per week (6 days)

a2 Cost Comparison

JICA Study Team

KOKUSAI KOGY0 €O, LT0.

From a long term viewpoint, unit costs were calculated based on the collection amount
in 2010 (102.0 ton/day). Table P-5shows the unit cost of each vehicle.

Table P-5: Cost Comparison by Vehicle Type

ltem Unit Compactor Truck Tipper Truck 1 Conlainer Truck
1. Specification
Capacity in weight i 4 6 8 4 8 4 6 8
Capacily in volume m’ 8 12 15 10 15 sl 8 10
Required number of trucks Unit i1 9 8 14 121 13 8 7|
Redquired conlainers Unit 237] 150 120
2. Investment
investment cost per waste (a) | C$/ton 31 30 34 32 32| 62| 45 45
3. O&M cost
Fuelcosiperwaste @) | CSfton | o ~ of 12| 13l 121 24 19 25
Laborcostperwaste(c) | CSton | 19| 48 13| 24|  20f 14 9o 8
MBR costperwaste(d) 1 CSton | 6 .8 7 8. ..& 12 9 .9
O&M cost per waste (b+c+d) Citon 34 30 32 41 38 50| 37 42
4, Unit rate
a+b+c+d C$ion 65 60 66 73 70] 142 82 87
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a.3  Type of Refuse Collection Vehicle

Taking the followings into consideration as well as cost comparison, the vehicles shown
in Table P-6 were selected.

®  Considerably high tevel of maintenance skills tequired the municipalities’
workshop (Modulo), although the equipment is insuflicient to conduct the work.

This provés that introduction of vehicles which have complicated hydraulic
system in some degree is possible,

»  Waste on streets include a lot of soil and sand; waste in parks mainly consists of
bulky waste, e.g., grass, leaves, woods and so on, and waste illegally dumped is
often construction debris.

These wastes are absolutely inappropriate to be collected by the compactor
trucks which have more complicated hydrautic system than tipper trucks.

Table P-6: Waste Collection Vehicle Plan

Collection Service Type of Vehicle
General collection service areas
CCA Compactor truck (12m°)
ccB
PCA
. . . Tipper truck (10m°)
Special colleclion service Wheel loader {75ps)

a.4 Waste Collection Vehicle

A compactor truck (12m’}) was selected as a street/point collection vehicle as it is more
economical compared with a tipper truck. A tipper truck was selected as a vehicle for
special collection services since it can drive through poor read conditions to collect
bulky and illegally dumped wasles, that are often dumped into the riverside or close to
the areas where road condition is poor.

Waste collection vehicles are planned per respectivé collection service as follows;.
Table P-7: Waste Collection Vehicle Pian

Waste Collection Amount

; ‘ (ton/day)
Collection Service Type of Vehicles Code Your Yoir Year
2001 2003 2005
General coliection
service areas 3 '
CCA 12m compactor | | 555 20| 692
cCB
PCA
Special cottection f0m  tippertruck  [i+] 73 8.1 a.0
sefvice Wheel loader
Tolal 62.8 70.1 63.2

P-7
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The number of equipment required are calcutated and shown in the table below, based
on the waste collection vehicle plan.

Table P-8; Waste Collection Equipment Plan

Number of | Amount of waste ;
Collection service Type of vehicle Trips carried Number of Vehicles
(times/day) (tonfdayitruck) 2001 2003 2005
General collection | 12 m’ compactor 3 13.09 5 6 7
service truck
CCA
ccB
PCA
Special collection | 10 m° tipper truck 4 14.65 1 1 1
service Wheel loader
total 6 7 8
B Compactor truck(12m’)
¢ Number of trips per day (17)
Tr = (11- (@2 + POV + t4 + 15)
=(7.0- (0.5 +0.5)/(20/40 +1.25 + 0.2)=3.08 Say 3trip
Tr: Number of trips per day
D: Travel distance per trip {km) 20km
V:  Velocity (kmvhr) 40km/hy
t: Working hours per day (hr) 7.0hr
12: Daily inspection and fueling time before working (hr) 0.5hr
t3: Daily inspection and washing time after working (hr) 0.5hr
14: Loading (collection) time (hr) 1.25hr
15 Unloading time {hr) 0.2hr

s Amouni of waste carsied(Qd)
Od ={qxe)xTr/ (I +r)x0.5

=(12x0.8)x3/(1+0.)x0.5-13.09 Say 13.09(ton/day/truck)

Qd:  Amount of waste carried(ton/day/truck)

q:  Volume capacity of a vehicle (m*)  12m’

e Efliciency of loading capacity 0.8

I Reserve rate of vehicle 0.1
ASG of waste 0.5

¢  Number of vehicles (Nv)
Nv = WCAx7/Wd/Qd
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Nv: Number of vehicles required

WCA: Waste collection amount(ton/day)
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wd: Working days per week (day) 6 days

-2001 Nv = §5.5x7/6/13.09=4.95 Say §

-2003 Nv = 62.0x7/6713.69-5.50 Say 6

-2005 Nv = 69.2x7/6713.09-6.15 Say 7

® Tipper truck(10m’)

= (11- (12 + 3PADNV + 14+ 15)
~(7.0- (0.5 V0.5))/(20/40 +1.2 + 0.2}=3.08 Say 4trip
Tr: Number of trips per day
D: Travel distance per trip (km) 20km
\'R Velocity (knv/hr) 40kmvhr
tl: Working hours per day (hr) 7.0hr
t2: Daily inspection and fueling time before working (ho} 0.5hr
t3: Daily inspection and washing time after working (bhr) 0.5hr
t4:  Loading (collection) time (hr) 1.2hr
t5: Unloading time (hr) 0.2hr

¢  Amount of waste carried(Qd)
Od  =(qxe)xTr/ (I +r)x0.5
=({0x0.8)x4/(110.1)x0.5=14.55
Qd:  Amount of waste carried(ton/day/truck)

q: Volume capacity of a vehicle (m")
e Efficiency of loading capacity
I Reserve rate of vehicle

ASG of waste

e Number of vehicles (Nv)
No = WCAx7/WdiQd
Nv: Number of vehicles required
WCA: Waste collection amount(ton/day)
Wd: Working days per week (day)
2001 Nv = 7.3x7/6/14.55=0.58
-2003 Nv = 8 Ix7/6/14.55=0.65

-2005 Nv = 9.0¢7/6/14.55-0.72

b. Maintenance of Equipment

Say 14.55(ton/day/truck)

1om’
0.8
0.1

0.5

6 days
Say 1
Say I

Sayl

The location and size of the maintenance shop and motor pool for the planned vehicles
were examined in view of - disteibution of each collection service area in Granada City;
Granada’s road infrastructure condition; disposal site location and collection/iransport
distance; and initial investment cost for the construction and its O&M cost. 1t is planned

P-9



The Study on the Improvemend of Urban Sanitation Envivonment JICA Study Team
of Principal Cities in the Republic of Nicaragua KOKUSAIKOGYO GO, LTD.

to renovate Moduto de Operacion (MDO) in order for it to function as a maintenance
shop and a motor pool. The maintenance of equipment coutd be carried out at MDO
which is belong to Granada Municipality, so that it becomes unnccessary to spend a
large amount of capital to procure new property and to newly construct a motor pool
and a maintenance shop (sce Figure 4-2: MDO Location Plan).
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Figure P-2: MDO Location Plan
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e, fmprovement of Street Sweeping

Street sweeping shall be carried out manually by using hand carts in Curb Collection
Area A. The waste coltected shall be placed along the roadside to be collected together
with household waste in CCA by the Curb Collection Service. The improvement of the

strect sweeping till the year 2005 is outlined in Table P-9 below;

Table P-S: Improvement of Street Sweeping

ftem Unit 2001 2002 2003 2004 2005
Length of streels to be
sweept kn1 35 36 37 39 i 40
Waste collection vehicle . o R 2 o ol
(12m® compactor truck) units o 0 0 0 0
E:hvi‘zlre of waste collection person o o 0! o~ 0!
Hand car Nos 30 30 30 30 30
Sweeping worker person 30 a0 30 30 30

Note: *' - The street sweeping waste are calculated as required vehicles for general voilection
service (see Table 4-5), it is not quantified.

d. Tmprovement of the Modulo de Operacion (MDO) Workshop

Modulo de Operacion workshop, which is now used as the workshop for the trucks and
machinery (e.g., motor grader and wheel toader) owned by Granada Municipality shall
be renovated as shown in Figure P-3. 1t is planned that MDO will also have to serve as
a workshop for the waste collection vehicles and disposal site equipment. The activities
of the workshop shall be timited to routine and preventive maintenance and breakdown
repair shall be commissioned to private workshop. As Granada Municipatity owns the
MDO, there is no need to acquire additional land for improvement. The main contents
of the improvement are as follows.

Operation Yard

At present, the operation yard in front of the workshop building is not paved so that
when it rains, the mud prevents vehicles from gaining access to the workshop. As a
solution, the operation yard shall be paving in concrete and alsoa drainage ditch shall be
installed in order to exclude stormwater. The outline of the operation yard improvement
is shown in Table P-10.

Table P-10: Outline of Operation Yard Improvement

Contenls Quantity
Pavement Concrele paving (1= 20cm) A= 1,400m
Drainage ditch U -shaped side ditch (U300 300) L==40m

Lighting Works

As slates ae used for the roof of the present workshop building, the workshop interior is
dark and not fully utifized. Therefore, a part of the present roof (approximately 130 m’)
shall be replaced with transparent roofing materials in order to improve the working
environment of the workshop (Refer to Figure P-5: Roof Improvement Plan of MDO
Workshop).

P-11
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Facilities and Tools for Maintenance

Although breakdown repairs are to be entrusted to private workshops, the present
workshop is not sufliciently equipped even for routine and preventive maintenance of
refuse collection vehictes and heavy machinery of the disposal site. Thus, the foltowing
facilities and tools shall be newly provided and clectsical system shall be alsa improved
for a larger capacity as shown in Table P-11 below.

Table P-11: improvement of Facilities and Tools for Maintenance

Contents Quanlity
For general maintenance and repair One set
Tire repair e'quipment One sel
Batlery equipment One sel
Inspection pit One set
Parts and too! slorage One sel
Electrical system One sel

Installation of Car Wash

Car wash shall be installed to prevent vehicles and heavy machinery from corrosion by
waste that has accumulated during waste collection and fandfill work. It will also make
routine inspections of the vehicles casier, and to prolong service life of the vehicles.

P-12
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P.3

P31

Preliminary Design of a New Municipal SW Disposal Site
Development Project

Design Conditions
a. Introduction

The municipality has one landfill {I.a Joya) which is located 5 km southwest of the city
center. The La Joya landfill is located to the south of a crater. It is feared that the lechate
from the tandfill may contaminate the groundwater because the crater is directly
connected to ihe groundwater. To make matters worse, there ace some tap water wells
belonging to INAA downstream of the creater.

Therefore, it is strongly recommended to terminate the 1.a Joya landfill’s operation and
to develop a new landfill. In this study, the work for sclecting a site was conducted,
where upon San Jose de la Viuda (SVV) was selected as the new MSW disposal site.

This chapter presents the preliminary design for the proposed new sanitary landfill at
SJV. The main items considered and examined in this chapter are as follows:

s Current conditions of SJV.
» Waste composition and amount dealt with in the future.

¢ Instructions on the new disposal site development by the Nicaragvan authonties
concerned.

. Appropriate sanitary level of the disposal site.
o Preliminary design.
» Operation.

b. Location and Current Conditions

b.1  Location

The site “San Jose de la Viuda (SJV)”, is located 5 km north from the center of Granada
City, to the east of the highway (Granada-Santa Rosa), and 1 km from the shoreline of
Lake Nicaragua. The coordinates of the sile’s center are approximately 11°58°20”N,
85°57'20"W. The altitude is around 35m to 45 meters above sea level. See Figure P-6.
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Figure P-6: Location Map of the New Disposal Site (San Jose de la Viuda)
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bh.2 Land Use

The site used mainly for catile breeding and partially for agriculturat purposes. The
surrounding areas are uséd in a similar way. There is swampy area across the woods to
the east of the site. In addition, there is a poultry farm bordering in the north of the
property.

b3  Weather Conditions
Temperature, Precipitation and Evaporation

The mean temperature is 26°C, the mean precipitation is 1,517 mm/ycar and the mean
evaporation is 1,561 nun/year.!

b4 Geological Conditions

The study team conducted the borling survey in order fo lean the hydrogeological
conditions of the site in July and August in 1997,

The site expands at an etevation of 35 m to 45 m, The groundwater level exists around 2
to 10 m below the ground level.

The surface layer (0 to 1.5m) of the proposed SIV site is made up of clay and silt that
overlies a layer of sandy silt and volcanic deposits that extends to depth. The surface
layer is relatively permeable with a permeability cocflicient ranging from 2.08E-5 to
7.0E-5 cm/sec.

b.5. Road Condition to the Site

The road connecting the city and the site is enough for two-way traffic and the condition
is substantial. The improvement works could only be grading of the existing one and
laying of asphalt pavement.

b.6 Pubtlic Utilities

The site and the surrounding areas have no access to tap water, sewage nor telephone
service, icanwhile, electric service is available.

b.7  Expected Life Span

The expected life span of the new disposal site is around 30 years. Although the siteisa
flatland, the use of the site as a landfill is limited by the groundwater fevel and the
distance to the lake and to the poultry farm. Taking these factors into consideration,
around 30 ha is planned for the new disposal site. This area is expected to operate for 30
years.

c. Disposat Amount and Type of Waste
The landfill is expected to receive the following types of waste:

o Houschold waste (kitchen, garden waste)

¢ Commercial waste (restaurants, other shops)
¢ Institutional waste

* Market waste

' Al the Masaya metcorological station, data by INETER.
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s Stroet sweeping waste
¢ Parks and green areas cleansing waste

¢ Other waste (construction and demolition waste, non-hazardous industrial waste,
non-infectious/non-hazardous hospital waste, etc.)

The waste expected to be disposed at the new fandfill mostly consists of household
wasle, then, a substantial portion (around 80%) of organic matter.

Disposal of hazardous and chemical wastes shall be not allowed on the fandfill. These
types of waste must be treated to become inert and safe enough to be dealt with in the
tandfill before being disposed. The landfill will not receive the following types of waste:

o Hazardous and toxic waste from industries, commerce, institutions etc.
» Infectious waste, syringes, etc. from hospitals, ctinics and dentists.

s Radioactive waste.

¢ Liguid waste

Table P-12 and Table P-13 shows future waste generation and disposal amount.

Table P-12: Forecast of Waste Generation Amount

‘ : : . g : : Unit ; lon/da
| __tems 2001 | 2002 | 2008 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
[Househoid Waste 720] 756 793] 831 74 o914l 959] 1005] 1054] 1105
[Restaurant 1.0 10 1.1 1.1 1.2 12 1.3 1.4 14 15
Other Shop Wasle 1.1 12] 12 133 14 1.4 1§ 18 18] 1.7
Institutional Waste 02 02 03 03 03] - 03 03] 03 03 04
Market Waste 3.7 38 44 43 45 438 5.0 52 55 58
Street Sweeping Wasle 13 13 14] 14 15 1.5 16 1.6 1.7 1.7
Bulky Waste 1.0 10 i1 12 2l 1.4 15 15 1.7 18
Sub-otal 803| a42f s8s] 927 975 1020 107.4] 1122] 1178] 1234
Other Waste 22 22 22 23 23 23 241 24 24 25
Total s2s5] 854 07| 950 908 1043] 1005 t148] 1200 4259

Table P-13 : Forecast of Waste Stream
_ : L ‘ X Unit : ton/day
Ciems 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 § 2010
Waste Generation 803] 842 - 8s8s] 927 978 i020] 074 1122) 1176] 1234
{Recyciing at Generation - 70 74 77 81 85 88| 94 ga| 103 108

- [Waste Discharge e28] 682 708 739] 782 823] 8689 o7 967 1020
Sell-disposal 105] 106] 107  107] 108] 108] {08 107 106] 108
Coflection Amount 565 596] 631 65| 704 s23l e69] 17 967 1020
iflega! Dumping 83] 66 70 74 78 of o 0 0 0
Recycling at Disposal Stte 0 0 a G 0 0 0 0 0 G
Other Wasle ) 2.2 22 22 23 23 23 24 24 2.4| 25
Final Disposal Amount ss7l 618 6531 638 727 846 833] 941} 994 1048

d. Landfll Yolume

Table P-14 shows yearly and accumulated final disposal amount, based on the waste
stream (see Table P-13).
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Table P-14: Finat Disposal Amount

| Hems Unit | 2001 | 2002 | 2003 | 2004 | 2005 { 2008 | 2007 | 2008 | 2009 | 2010 |

Final Disposall 1000ton/year| 21.4] 226] 238] 251 265] 30.9] 328] 34.3] 362 a8t

1000m/year | 26.8] 283| 298} 31.4] 331| 388| 40.8] 429| 453| d4ie

2001-2010]1000ton_ 21.4] 440] o7.8] 629 1194] 1503] 1829 217.2] 263.4 2915

20012010 1000w 26.8] $5.1| 84.9] 116.3] 140.4| 188.0] 228.8] 271.7| 317.0| 3646

Covering Soil [1000mi/year | 54| 67| 60/ 83 66/ 77| 82 88| 91 95

2001-2040]1000m’ s4f 11| 174 234] 300 37.7] 459 545 836 731

B Wasle * Soil |1000m>/year | 322| 340 358 37.7] 38.7] 463| 400] 51.5] 544] 571
= 2001-2010]1000m’ 322| 66.2] 1020| 136.7] 179.4] 225.7| 27477] 326.2] 380.6] 437.7

Nola: ASG of waste after compaction is 0.8ton/m”.
Covering soil is 20% to waste amount in volume.

As the landfil} will be used for long term, around 30 years, the fandfill capacity is set
based on the waste disposed from 2001 to 2010,

Waste votume disposed is as follows:

2001 1o 2005 179,400 m® (inc. cover soil)
2006 to 2010 253,300 mv’ (inc. cover soil)
Total : 437,700 m*

Alot {200 x 300m, 10m height) for 10 years operation has the capacity of 468,000 m”™.
As 5 years operation is subject to this preliminary design, a halflot, i.e, 150 x 200m,
is set tor 5 years operation.

!- e. Other Conditions

At present, Nicaragua has no official technical guidelines necessary to plan a final
disposal site for municipal solid wastes. Consequently, the Study Team, INIFOM and
Granada Municipality held a discussion with MARENA concerning technical guidelines.
Table P-15 shows the technical guidelines presented by MARENA of which this plan is

based on.
Table P-15 : Design Standards from MARENA .
PRAMETER | STANDARD | OBSERVATIONS
Minimum distance o a water 500 meters Downstream,- with’ an intercepting marshland(it
body(Lake Nicaragua) 7 | would have lo consider pollution menitoring welis)

Minimum depth of phreatic line With effective and sustainable . impermeability
. {compacted clay or plastic membrane)
Concentration of BODs in case 100 nig Nitet Maximum concentration that could reach Lake
of ruplure of impervious layer Nicaragua

All of this can be applied under the following assumptions:

The impermeable layer ensures to contaln infitration throughout the period the 1and Ni}is in used.
No toxic materials should be disposed in the landfdl.

No dangerous waste from hospitals should be brought into the fandfill.

The standards have a pilot characteristic; they are subject to the appropriate officiatization.
Appiopiiate evacuation of leachate accumulated over the impervious layer.

These standards are applied to this site only.

The environmental permit Is subject to the corresponding EIA

1.00 meter

NO AW =
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f. Appropriate Sanitary Levet of the Disposal Site
Sanitary landfill levels are classified as follows:
Level 1: Controlled tipping

Level 2: Sanitary landfill without a bottom liner but with daily soil
coverage of waste.

Level 3: Sanitary landfill with a bottom liner, leachate collection system
and a regutation pond for recirculation/evaporation of leachate.

Level 4: Sanitary landfill with a bottom liner, leachate collection system
and leachate treatment facilities.

To meet the technical guidelines presented by MARENA, the sanitary landfill level of
the disposal sitc should be planned for either tevel 3 or 4. However, considering the
annual precipitation in the proposed site, which is approximately 1,400mm/year, it
would make leachate treatment by on-site leachate retention for evaporation difficult.
Therefore, it is necessary 1o adopt the level 4 sanitary landfill for the final disposal site.

Preliminary Design
a. Access Road

Though the access road from the urban area 1o the site (Grenada - Santa Rosa) is in a
rather good conditions, a part of it from the north of the urban area to the site will be
paved to ensure an efficient transportation and to avoid additional dust impacts. The
construction works do not need substantial earth movement works, just grading of
present road and paving works will be sufficient for the road improvement.

Width of the pavement: 4.0m
Length: approximately 3.0 km
b. Enclosing Structure

An embankment surrounding the landfill will be built, with the purpose of defining the
area, and to avoid the leachate efflux exit and the intrusion of surface runoff from its
surrounding area. It will have a height of 3m, with a width at the top of 5 m and a slope
with a gradient of 3 to 1.

c. Drainage System

Elimination of possible entry of stormwater to the landfill site is of fundamental
importance to avoid the increase of the leachate volume generated in the waste disposal
area. For these pluvial currents an open ditch, 2 m wide, 0.5 m deep and 1,600 m long
will be built. The collected waters will be disposed into the wetland.

Inactive cells for future landfill should be isolated with small dikes in order to prevent
stormwater therein to flow in the active cell. Stormwater falls on inactive future cells will
be collected through leachate collection pipelines therein and separately discharged to
stormwater drainage system nearby, in order to minimize leachate generation by
preventing the stormwater on inactive cells to flow into the active leachate coltection
system.
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dad. Climate and Leachate Generation
d.1  Precipitation

According to the 17 year precipitation record from 1969 to 1985 taken at Granada City,
the average annual precipitation was 1,517 mm with a minimum of 1,022 mm in 1979
and a maximum of 1,932 mm in 1972. Similar to the areas of the Pacific coastal plain,
the rainy season begins in May and ends in the beginning of November. More than 90 %
of the annual precipitation occurs in the rainy scason of May to October, and nearly
10 % in the remaining 6 months. The average monthly precipitation was the highest in
September (309 mm) followed by October (276 mm) and June (236 mm). The
maximum monthly rainfall in 17 years was 587 mm in May of 1982. The annual
precipitation varies considerably by year, as shown in Figure P-8. The average monthty
rainfall is given in Figure P-9, which is accompanied by the minimum and maximum

monthly precipitation in the year 1969-1986. Monthly precipitation in the same years is
tabutated in Table P-16.
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Table P-16 : Monthly Precipitation (1969 to 1885)

Year | May. | Jun | Jul | Aug | Sepl. | Ol | Nov. | Dec | Jan. | Feb | Mar, | Apii | Tetal
1969 | . 383 o7| 274 ze7| 198]  e6| 25 - - 92| 4

1970 1a4]  168]  215] " 3s8| 420p 187 t08|  20] 4] 1 0 4 1634

1974 187| 243] 158 2241 518 o277 106) 44 19 2 ¢ o 1784

1972 194 -1 - -11 4] v -1 -1 0 2 0 0
| 1973 | 1] 323 257|457 209] 4ra] - 65 71 iz 2 2 4 193
- 1974 85| 251| 94 oo} 35| 1zp  n| 54 7 0 1 of 1078

1915 4] s9) 1e3] s17] 2s8] 12 -1 0 5 4 25

1976 27| 317f e9] 132] 104l 280 14 16 0 0 0 1 RAES
| 1977 223] 72| 65| 146] 243] 70| ¥3 7 2 of - o 21 o

1978 118f 18] te7] 137} 37| 257 56 5 0 0 0] 51 1244

1979 126| 307] 334) 304] 262} 429) 80| 28] 4 0 0 of 1872

1980 169] 446] 153] is6] =244 27| 28t 5 1 0 17l 15| 1ss7

igat 249] 205] 203 346] 268] 30| 2 23] 26} 3 1| 43 1o

1952 587) 242  158] 148 242] 188 4 9 i 0 20 17| 1810

1983 16] t76] 204] 190 270 357] 33 47 3 1 0 3 1270

1984 85| 203] 245| 248} 4s6] 142) 100 3 3 3 1 -1

1985 Al s7l o124) 18] 150 sss] 6 19 A -4 -4 -

1985 -1 -1 ] I - -1 -1 - -1 - -4 -1
Average 164] 235] 163] 224 308] 276 80 19 6 1 8 15 1517
Standard | vaal 11a] 78] tor] a2 vl es] 45| 8| o] 2] i ses

Min. 16 4] sof - 90/ 104 70f 11 3 0 0 0 o 1022

Max. 587] 446] 334] 4s57| s519) ss4] 281f 54 2% st o] s 1932
8% ¢) | ] 208] 140] 192] 2es| 27 e8] 16l s 1| - el 13 izes
95% ) | 76l 157 74l ta1] 2e8] 25] 18] 4| o o -0 1 850

Source : INETER (') Probabiity Distribution : (Normal and Weibull), elaborated by ITS-LOTTI/LAMSA, -1 = No Data

d.2  Temperature, Humidity and Evaporation

Since the data on various meteorologic conditions were not avaitable at the rain gauging
station in Granada, the data taken at the nearest station - the Masaya station at elevation
of 210 m - was referred for estimation of Granada’s condition. The mean monthly
temperature averages 26.0 °C with a small monthly variation within a range of 24.8 -
28.3 °C. Monthly mean maximum temperature usuvally rises at the end of dry season
from 32.8 °C in March to 34.2 °C in May. The highest temperature recorded in 1992
was 36.8 °C in May.

Monthly mean minimum 1emperature is relatively low in the dry season, ranging from
20.8 °C in January 10 21.8 °C in December. In rainy season, it ranges from 21.8 °C to
23.6°C in May. The minimum temperature recorded in 1992 was 18.0 °C in December.
Since the mean elevation of Granada is 140 - 150 m lower than that of Masaya, the
temperatures in Granada City are presumably stightly higher than the above mentioned
ones. The difference in the highest and lowest temperature may be smaller than in
Masaya, because Granada faces the vast waters of the Lake Nicaragua.

Monthly relative humidity in Masaya is considerably high throughout the year ranging
from 64 % in April to 87 % in July. The period of high humidity, exceeding 80 %, lags
one month behind the rainy season. Granada may follow a similar pattern influenced by
the vast water area it faces. Regardless of the high humidity in Masaya, the potential of
evaporation is quite high ranging from 65.0 mm in July to 245 mm in April. The
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evaporation of 1992 totaled 1,561 mm, which was twice the precipitation of the same
year. Granada’s features cannot be extrapolated from the data in Masaya.

d.3 I,eachaté Generation

Leachate results  from  waste - - e
moisture and stormwater infiltrating .
Evj j
'

the waste disposed of in the landfill.
Because the amount of leachate that

would result from waste moisture 4___*_[_..-*—4———*"—‘””””
itself is negligible, it is disregarded in Qs) Ixd l
this plan. On the other hand, |  |......coooooo R
leachate generation resulting from l
stormwater was calculated using the ]
model illustrated in Figure P-10. Landfill Site

o

Figure P-10; Leachate Generation Mode

j F 4. A d ' ! _% ' _%

where,

Qj : Daily Leachate Generation Amount (m’/day)
R : Run-off Resistance

Ij : Daily Precipitation (mm/day}

A : Catchment Area (m')

Leachate amount calculated according to equation (1) significantly varies according to
the dain precipitation amount. If the leachate treatment facility is designed based on
maximum daily precipitation, the facility needs to be extremely large. This will be more
outstanding if the facnhty design is based on maximum daily precupltation in areas where
prec:puatmn in the rainy and dry seasons (almost 0 inthe dry season) varies considerably
as in Nicaragua. Therefore, the design daily leachate amount will have 10 be determined,
on condition that leachate generated will be once stored in a regulation pond in order to
accommodate the fluctvation of leachate generation caused by rainfall variances.

There is a correlation between the regulation pond capacity and the required daily
leachate treatment amount. Supposing that a regulation pond is capable of storing the
total leachate amount generated from the annual precipitation, the daily leachate
treatment amount shall be set by dividing the total leachate amount generated from the
annual precipitation by 365 days. The resulting figure would necessitate a huge
regulation pond capacity.

Using the 10 year daily precipitation data from 1979 to 1995, the correlation of the
regulation pond storage capacity and daily leachate treatment amount is simulated using
a computer. The results are shown in Table P-17.
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Table P-17: Regulation Pond Capacity and Leachate Treatment Amount

Datly Leacha}:an ;;f(;eaa;;wnl Amount Regulation Pond Capacity (mg)
_________ ) _. 100 L 18,389
150 12,894
170 o 10,994
180 9,994
190 8,994
200 - 7.994
210 7.234
220 6,934
230 6,634

Table P-18 indicates the daily leachate trcatment amount and the regulation pond
capacity determined, taking into account the simulation results in Table P-17 and the
regulation pond layout conditions.

Table P-18: Leachate Trealment Amount and Regulation Pond Capacity

Daily Leachate Trealment Amount . .
(iday) Regulation Pond Capacity (m)
250 6,000
e Liner and Leachate Collection

el Liner

The inlpe_fﬁleable lines for the final disposal site shall be either made of synthetic material
or clay, or the combination of both (composite liner). The selection of the liner material
should be based on the material property on seepage control and the cost.

The liner proposed by MARENA for the project should be as such:

e the impermeable layer ensures to contain infiltration throughout the period the
tandfill is in use. '

Other conditions required for the project include:
e the period that the landfill is in use is for § years from 2001 to 2005,
For the availability of clay materials:

o the results of the study conducled by the Team suggest that clayey soil after
compaction with a permeability coeflicient of 8-2 x 10”7 cm/sec can be acquired
within 20 km from the proposed site. :
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From these conditions, the required thickaess in case a clay liner will be used was
calculated as: t=(8.2 x 10-7 (cnv/sec) X 60 x 60 x 24 x 365) x 5 = 129.3 e

However, in account of imptementation accuracy, the design clay liner thickncss was sct
at 150cm.

From an economic point of view, the hautage of clay materials even from a distance of
20km would curtail the costs, as shown in Table P-19.

Table P-19: Comparison of Liner System
Unit C$/m”
Synthetic Liner Clay Liner(t=150cm) Composite Liner
220 200 420

From the above results, the adoptian of a clay tiner for the project was decided.
e2  Leachate Collection
e.2.1 Design Rainfall

The operation of the landfill will be completed (covered by interinediate cover soil)
every 5 years. Therefore, the 5 year return period is appropriated.

A four (4) hour inundation in the landfill is allowed, so that, the time of flood
concentration is set as 240 minules.

From the figure mentioned above, the design rainfall intensity is 32.4 mm/hr.
PR
(7+B)
where,

370.68
240 min.

Z i
W

0.443
1=32.4 mm/hr
e.2.! Run-off coefficient
The run-off coeflicient inside of the landfill is set as 0.7.
e.2.3 Design Flood Discharge ‘
From the rational formula, the discharge amount becomes 0.063 m*/sec/ha.
1
Q= ;36'{ 74
where,

f: 0.7
7 312.4 mm/hr
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A: 1 ha
Q=0.063 m*/sec/ha
e.2.4 Distribution of Leachate Collection Pipes

Leachate cotlection pipes are spaced every 20m, so thal, one pipe covers an area of
around 0.3 ha. The discharge amount from 0.3 ha is 00189 m*/sce (0.063 m’/sec x 0.3
ha).

Meanwhile, the 200 mm pipes has a capacity of 0.0284 m'/sec according to the
following calculation.

- 0

Q=A-V

where,
n: 0.010
A: 7 +0.1% (0.0314)
P: 2x -0.1(0.628)
R:  A/P(0.05)
I 17160

V=1.260 m/sec

Q=0.0427 m*/sec

The capacity of a pipe, 0.0427 m’/sec exceeds the discharge amount, 0.0189 m'/sec.
And the pipe can also act as an air distributor due to its sufficient capacity.

f. Leachate Treatment

f.1 Leachate Quality

Leachate quality varies according to type of waste disposed of at the landfil), landfill
structure (aerobic, anaerobic, semi-aerobic), and climate conditions, e.g. ambient
temperature. Determining leachate quality by referring to past examples is a non-
objective practice. However, because the final disposal sites in Nicaragua are not
equipped with leachate control structures (e.g., impermeable liners to block leachate
from permeating the ground), examples form Japan and other countries were used to
determine leachate quality. Biochemical Oxygen Demand (BODs) and Suspended Solid
(5S) are used to determine leachate quality. Although MARENA only specified a
permissible BOD levet for the effluent discharged from the site, the project also used the
S8 in consideration of the facility design.

Tabte P-20: Comparison of Leachate Quality

Japan (combustible waste with USA{combustible waste Denmark (combustible

Constituent a semi-aerobic structure) with ;?ﬂ;:;wic ::‘;ﬁg‘:‘m?t;gi
BOD (6-day biochemical 250 to 2500 (typica! 2,000 to 30,000 (typical
oxygen demand) {mg/l} 1,000) 10,000) 200 0 20,000
8 S (suspended solid) - 200 to 2,000 (typical .
{mg/) 100 to 500 {typical 200) 500) not available
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As indicated in Table P-20, leachale quality is considerably better in semi-aerobic landfitl
struclures than in anacrobic landfills.

An anacrobic landfill structure decomposes and stabilize the organic fraction in solid
waste under anaerobic conditions, and utilizes combustible gases produced such as
methane, This structure does not enhance acrobic decomposition of the waste but
mainly causes methane fermentation. As a result, the organic fraction is high in the
leachate from this landfill structure.

The semi-aerobic tandfill structure maintains acrobic conditions in many parts of the
waste layers mainly to enhance aerobic decomposition of the organic fraciion in solid
waste. The organic fraction in leachate that results from this landfill structure is
considerably lower than in anaerobic landfill structures because the organic fraction in
the semi-aerobic structure landfill has already been degraded to a certain degree within
the waste layer under aerobic conditions.

This project adopted the semi-acrobic structure for the disposal site in order to maintain
a lower load (o the leachate treatment facilities and o immediately stabilize disposed
waste in the landfill. Accordingly, the BOD (1,000mg/) and SS (200mgA) values of
Japan for leachate quality were adopted for the design.

.2 Leachate Treatment Method

The Study Team held a discussion with the Nicaraguan side concerning feasibility of the
design of the leachate treatment, in which leachate is diluted to the permissible
concentration level and treated at Tepetate sewage treatment plant. The response was
not clarified and declared by INAA at that time, as 10 whether diluted leachate is
acceptable or not at Tepetate plant, in view of the limited capacily of the present plant.
Consequently, it was mutually agreed that the two options below should be compared
and examined during the 3rd Study Work in Japan by the Study Team. One of these two
options was selected in order to carry out the F/S.

1) Leachate should be diluted to the permissible concentration level and to be treated
at Tepetate sewage treatment plant.

2) Install an independent leachate treatment system at SJV site.

The problems of the two options above can be summarized as follows.

Table P-21: Comparalive Study of Leachate Treatment System

. Technical Problem institutional Froblem
1) Treat leachate at 1)The amount of dituted leachate | 1) INAA's procurement of
Tepetate Sewage constitutes a significant finances for the expansion of
Treatment Plant increase in the infivent of the the plant is still undecided.
sewage treatment plant in view | 2) It was decided that the
of the capacity of the plant. expansion of Tepetate plant is
2)Therefore, the expansion of the rot subject to the priority
sewage treatment plant projects of the Study, because
becomes indispensable. the tandowner of the site did
not permit the Team to enter
the site for site investigation.
Furthermore, INAA expected
108 funds for the expansion.
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o Technical Problem i institutional Problem
2) Treat leachate al the 1) Consideratie increase in. 1) Operation and maintenance
disposal site conslruction cost and costs increase.
operation and maintenance
cost.

2) Whether or not the
Municipality is technically
capable of operating and
managing the lrealment
facitity.

1) Whera to discharge the

treated effluent.

First of a!"l, the Study Team examined a closed system which does not require treatment

outside the disposal site by recirculating leachate within the disposal site, except during
heavy rains.

It was found lhal even if a 6,000 m’ regulation pond is demgned for regulatmg the
fluctuation of leachate generation, 250 m*/day of raw leachate still needs to be treated
outside of the disposal site everyday (based on the precipitation data and an assumption
that an average BOD concentration of raw leachate generated is 1,000mg/1).

On the other hand, if the leachate is to be treated at Tepetate sewage treatment plant, it
should be dituted to the permissible concentration level (i.e., BOD 400mg/i). In this
case, the total amount of leachate to be ftreated reaches 625m’/day (=
1000(mg/1)/400(mg/1) X 250(m’/day)).

Therefore, it became clear that even if the treatment’ capac:ly of Tepetate plant is
increased by installing an aerator, the marginal abitity (i.e., 240m® /day in 2005) of the
plant is much smaller than what is required for the diluted leachate treatment. .

Accordingly, it also became clear that this case (i.c., leachate treatment at the sewage
plant) inevitably requires the expansion of Tepetate sewage treatment plant which had
been excluded from the priority projects in this Study with the reason stated in the table
above.

In conclusion, leachate shall be treated within the SJV site in this project. The on-site
leachate treatment shall be through a facultative tagoon and a maturation pond, which is
basically the same treatment method used in the Tepetate sewage lreatment plant. The
outline of the treatment facifity is summarized in the following table.
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Table P-22; Outline of the Leachate Treatment facility

Intake water quality BOD. 1,000 mgA, § $:200 mp/l o
Treated water quatity BOD: <1001
Trealment capacity 250 m’/day
Treatment method Facultative tagoon + Maluration pond
Facility volume
Regulation pond 6,000 m’
Faculiative lagoon 5900 m?
Maluration pond 1,250 m®
Flow Sheet

-. [BOD 1,000 mg/l
58 200 mg/l

Landfill Site

v

Regulalion Pond Facullative Lagoon Maturation Pond quel Land

|BOD <100 mgfll

f.2.1 Engineering Calculation .
£.2.1.1 BOD Removal Rate and Treated Water Quality

- As can be seen from the figures in Table P-23, the BOD removal rate of the treatment
g system, consisting of a facultative lagoon and maturation pond, is found to vary
according to the temperature of the water subject to the treatment.

Table P-23: BOD Removal Rate of Facultative Lagoon Sysiemz_

Ambient Temperature (centigrade)
12 20 25
Facuitative lagoon . 5% 80 % 84 %
Facultative + Maturation pond* 86 % 90 % '

Note: * detention time : 5day

The température in the proposed site averages at about 26°C, and fluctuates somewhere
around 24.8 to 28.3°C. Assuming a temperature of 25°C, the BOD concentration level
of the treated effluent would be;

Q= 1,000(mg/1)-(1000 X 93%)=70 (mg/l)

‘! f.2.1.2 Facultative Lagoon and Maturation Pond

The equation (1)° is used to represent the areal load of the facultative lagoon to calculate
the required area.

As =20T-60

? WORLD BANK TECHNICAL PAPER NUMBER 7, Notes on the Design and Operation of Waste
Stabilization Pond in Warm Climates of Developing Countrics, 1P Arthur
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where,
As : BOD areal load rate (kg/ha/day)
T : Atmospheric temperature {centigrade)

The BOD inflow {oad is
B, = 1,000mg/l x 250nv/day = 250kg/day
Therefore, the required area for the facultative lagoon is:
A = 250(kg of sop)/day / 440(kg non/ha/day)= 0.57 (hectare)

With a retention time of 5 days in the maturation pond (see Table P-23), the
required volume was calculated as:

V = 250m%/day * 5 days = 1,250n?

g Envivonmental Protection Facilities
gl Fence

The fence will restrict the access of the scavengers and animals to the site. The fence
installed around the site will be of mesh type and will have a height of 2m and a length of
about 2,600m. Scatlering of waste from the landfill site will be prevented by mobile
fences near the active cells and by tall trees planted as a buffer zone. Therefore, waste
scattering beyond the buffer zone will be minimal. In addition to those measures, the
fence around the project site will function as final barrier for flowing waste.

g2  Buffer Zone

The planting of fast growing eucalyptus trees at the circumferrence of the landfill site, 20
meters wide, will also work 1o prevent the scattering of fitter such as plastic bags and
furthermore will function as a vegetation screen (visual shield) that will improve the
aesthetic landscape view and avoid possible impact by offensive odor and noise.

g3  Gasremoval

To remove the landfill gases carefully from the landfill site, vertical chimneys will be
installed with perforated concrete pipes, of 200 mm a diameter, every 40 m (pitch to
both north-south and east-west directions). At its bottom, these will be connected to the
leachate collection pipes, in order to achieve better ventilation of the gases.

g.4 Monitoring Borehole

To confirm whether leachate has contaminated groundwater resources, monitoring
wells 35 deep with a diameter of 100mm will be installed in 4 areas {2 each to the west
and east).

h. Building and Accessories
h.l Reception Area

The recepiion area will be paved with asphalt, comprising a site office, a weighbridge, a
tire washing pit and a gate, and furnished with electric lighting facitities.
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2 Asphalt Pavement

From the entrance, the road 30m long and 7.0m wide will be paved. And, the area in
front of the site office (120m by 15.0m} will also be paved.

h.3 Site Office

The site oflice (approximately 100m?) shatl have a control room and facilities for staff
and management,

The control room shall be constructed and equipped with facilitics, that enable casy
contro! and registration of incoming vehicles. The computerized weighbridge system
enables detailed registration, this is indispensable for appropriate SWM.

The facilities are as follows:

a control room furnished with a computer for the weighbridge.
a changing room.

toilets and showers.

cooking facilitics.

a storeroom.

h4  Weighbridge

» & & & »

A weighbridge shall be constructed on weighing cells in a concrete structure, 3 X 12m.
The recorded weight of a full vehicle will be transmitted to the computer in the site
office.

h.5  Tire Washing Pit

The refuse collection vehicles shoutd pass through the tire washing pit before leaving the
site to avoid carrying the dirt back into the city. The pit shoutd be of a concrete
structure, 4 X 15m.

hé  Gate
A 8m wide gate should be installed at the entrance of the site.
h.7  Parking and Washing Yard

The parking and washing yard should be mainly for heavy equipment for the landfill
operation. A section of the yard should have a roof (7 x 15m). This yard should also be
available for the refuse collection vehicles to park.

h.8  Appreach Road

For the refuse collection vehicles reaching the active filling area (waste disposal site),
this approach road should be constructed. Its width should be 7.0m and 410m long,
paved with gravel.

h.9 Internal Access Road

This internal access road should be for maintenance of the enclosing structure, ditches,
regulation pond, facultative lagoon and the maturation pond. Its width should be 3.0m,
and 1,600m tong, paved with gravel.
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i Outline of the Disposal Site

The outline of the disposal site’s layout is shown in Table I'-24.

Table P-24. OQutline of the Disposal Sile

JICA Studdy Team
KOKUSAI KOGYO GO, LTD.

Hems

Dgseription

Land Arca

arcund 40 ha

Access road (from the city to
the site)

asphait paved: width 4.0m, leagth 3 ki

Reception arca

asphalt paved: width 2.0m, length 30m; width 15.0m, length 120m,
Site ofiice: approximately 100w

Weighbridge: |sei; 3x 12m

Tire washing pit: 1 sol 4 x 15m

8m wide gate: b set

clectric ighting

waltcr and power supply

Parking and washing yard

6001, roof: 7 x 15m

Approach road (in the site)

gravel paved: width 7.0m, length 440m

Access road (intermal)

gravel paved: width 3.0m, length 770m

Enctosing structure of
landfili

width 10m, height 2m, tength 700m

Landfill tincr clay lingi; thickngss 150¢m; sand layer: thickness 60cm
Leachate collection perforated PVC pipe: ¢ 200inm; open thain ditch
Leachale treatment regulation pond : 6,000 i, facullative lagoon : 5,700m’, maturalion

pond : 1,250m’

Gas removal

perforaled concrete pipe @ 200mm at 40m intervals

Surface drainage vee lype lined ditch: width 2m, length 1,600m
Fence 2m height fence: length 2,600m

Planting (buffer zonc) eucalyptus nos. :3,000

Meonitoring borchole 4 borchole: depth 35m

i Time Schedule for Construction Works

The following time schedule provides a summary of the construction works.
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Table P-25: Time Schedule for Construction Works

S Month
1z 3| 45167 ]8]s |10]n

Site cleaning [

Reception area

Earthworks I
% Weighbridge
Pavement
Lighting
Landfill site

Excavation and embankment

Leachate coilection pipe

Approach & access (internal
foad

Clay liner

Drainage

Leachate treatment facility
Excavation and embankment

!j Clay liner

Concrete edging

Piping

Access road {internal)

Building
Site office

" Garage

Cthers
Power supply

Water supply h

Fences & planting

Moniloring boreholes

! Access road |

Hand-over and start disposal
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k. Operation of the Disposal Site
k.1  Crew and Equipmeat Plan

The following personnel and equipment are required to operate the sanitary landfill,

Table P-26 : Required Clew and Equipment for the Sanitary Landfill

Personnel and Equipment Number Remarks
Personnet

Site manager
Waste controller
Opcrator

b B e —

Driver
Maintenance personnel )] dispatched from the maintenance shop
Worker
Sccurity guard
Total 9

[ o I

Equipment
Bulldozer (219Hp)
Excavator (83Hp)
Tipper truck (8 ton}
Sprinkler truck (6-7 ton)
Total

oy e me e

A site manager:
who has overall financial responsibilities and management duties, i.e.

- management and supervision of tandfill operation, maintenance of landfill
equipment, and performance of control procedures, e.g. regisiration of
incoming waste and control of the groundwater.

- planning of the future extensions of the landfill, i.e. the construction of
further landfill sections and preparation of new excavation areas for soil
coverage. :

An incoming waste controller:

who undertakes the fask of controlling the incoming waste by using the weighbridge
system.

Equipment operafors and (ruck drivers: !

for the operation of the sanitary landfill, one bulldozer for smoothing and compacting
waste, one excavator for digging the daily cover soil, one tipper truck for transporting
covering soil and one sprinkler truck for preventing waste and soil from scattering.
Therefore, 2 operators and 2 drivers are required.
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Maintenance personmel for the equipment:

conducts preventive maintenance of the equipment. Tlowever, they should be dispatched
from the maintenance shop when required.

A worker:

to generally perform auxilitary functions.

Two security guavds:

responsible for the sccurity of the disposal site.

k.2  Daily Operation

The sanitary landfill will operate Monday through Saturday, from 8:00 a.m. to 5:00 p.m.
k2,1 Registration and Control at the Weighbridge

All vehicles will have to be registered upon arrival at the site office. The information
recorded at the weighbridge will include:

¢ Registration number of the truck
* Type of waste
e Quantity of waste

e Origin of the waste (district, address of industry, institution etc.)

The staff of the site office will undertake control of the waste. Special attention will be
paid to chemical and hazardous wastes that are not allowed on the sanitary landfill.
These types of waste should be rejected on inspection and if there are suspicious cases, it
should be further examined during the unloading at the filling area.

After registration, vehicles should go to the unloading area directly. While being
unloaded, the waste should be checked again by the operators of the tandtill equipment .
If the waste is unsuitable for the landfill, the truck driver is obliged to remove the waste
from the landfill area. '

It is recommended that construciion and demolition wastes is placed at an other area and
stocked for construction of roads in the disposal site.

k.2.2 Waste Disposal and Daily Soil Coverage

The waste should be spread and compacted into 0.3m layers, optimum compaction at
the filling area should be achieved by the bulldozer. This work should be continued
repeatedly up to approximately 3m high. Each day’s wastes should form one cell, and be
covered with 10-15 e¢m soil at the end of a day. The cell dimension should be 9m length,
4m width and 3m height, and the slope of working face a gradient of 3 to 1.

The soil for daily coverage excavated from areas where further landfill sections will be
constructed should be stocked close to the filling area.
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k.2,3 ‘Treatment of Leachate

The operation and maintenance of leachate treatment facilitics are classified into daily
maintenance and periodical sampling and analysis of leachate,

Daily maintenance involves recording the volume of leachate flowing into the treatment
facilities, recording the color of the influent and cftluent of the lagoon, cleaning and
mowing the surrounding areas of the lagoon, etc.

Periodical sampling and analysis of leachate will be carried out in conjunction with the
groundwater quality monitoring works, The parameters used in the groundwater
monitoring works will also be used to analyze sampled leachate. The sampling will be
for raw leachate generated, facultative lagoon eflluent, and maturation pond effluent.

k.3 Control Procedures

To ensure that the landfill does not im’posé any negative impact on the surroundings, the
sanitary landfiil must be supervised regutarly and monitored. Reports on the monitoring
should be available at any time for inspection by authorities concerned.

The monitoring program should include issues described below.

k.3.1 Waste Conirol

Ongoing monitoring of waste is to be conducted at the weighbridge. Monthly and annual
reports based on the registration of waste should be prepared.

k.3.2  Menitoriag Program for Groundwater and Leachate

Monitoring should be carried out to closely watch for changes in the groundwater and
teachate qualities.

The recommended monitoring program is described in Tabte P-27. The frequency and
the parameters may be altered in accordance with the changes in the leachate qualities.

The groundwater must be analyzed before the opening of the landfill for later reference.

Table P-27: Monitoring ltem and Frequency for Groundwater and Leachate

_ Groundwater Leachale

Color once per week daily

pH once per week once per week
80D once per year twice per year
CcoD once per year twice per year
S8 once per year twice per year
Electric conductivity once per week once per week
NH4-N once per year twice per year
Cl ONGe per year twice per year
SO once per year twice per year
Fe once per year twice per year
E-coliform once per year twice per year
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1 Ultimiate Use of the Site

After landfill operation is completed, a hill of about 5.5 to 8.5m height will be formed.
An ecological park with an observatory will be constnicted on the hill, which will be
integrated with surrounding natural resources such as Lake Nicaragua, the wetlands and

forests. The observatory could alse provide views of the volcanic mountains and the
Lake around Granada Cilty.
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P.4.1

KOKUSAI KOGYO GO, LYD.

Cost Estimation

Conditions of the Cost Estimate

Unit costs used in the preparation of the preliminary cost estimates were obtained from
various sources, primarily, unil costs periodically published by the Ministry of
Construction and Transport. Further data was obtained from Nicaraguan contractors

and equipment suppliers, recent projects undertaken in the study arca, and internationat
Sources.

An allowance of 10% of the basic cost estimale to cover physical contingency is
reasonable, based on the degree of detail of the preliminary design. A further 25% is
applied to cover over heads, and 10% for design and construction supervision,

Unit costs contained in the following table are those prevailing in September 1997; at the
exchange rates, US$1 =¥120 = C$9.6.
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P.4.2

Table P-28: Unit Costs

Description Unit Unit Cost

w {CS)

DGR e
engineer, Stemanager T Ty
dtver,operater, mechanio. Y
aceountent |

Drainage
 spopens s!one and mona
SAVpopenc conctete draln d~

_SlVp $200 mm perforated PVC draln
stpo ?Omx 0.70m x 1.20m. concrete p:l wall l— 0 175m
COncrele work o

:E’.‘&E.‘.‘E’Bf?.’.??‘.’.,99!'1‘.‘-!.‘:‘.‘2!9...!,@59.'.‘2@.'...‘.'.‘.‘?.f..!?‘..'.‘.‘.‘i’??!’.'.‘....... e m’

B —
prfemf}(edogn(:fete ?_‘iq_kg’rcm? A (A B IR CLLITIPIPER P RP AR

sz ho! mtx asphaﬂ and base preparabon
stp’ puedra canlera” curb and channel
sp gravel road (t= 0 .3m) & and subgrade preparahon )

“Missellanous .
oAl Kibael #n submersm%a pump ¢?5mm d“30m
| sUplanttrees 2lo5minheight e

iS‘VPW”"‘e"S‘}PP’Y pipelne, ‘975’“’“
.BaSic mtel’ials e e - -

deseloh '
GIOME e
Sushed 10K T m

| course aggrega!e e st R e e R m
r eaggre ate T e

nzuuuﬁi:fﬁﬁhh_ipgf

chgber Y B S X7 Y

Investment
a, Final Disposal Site
a.l Construction Werks

The following cost estimate is based on the preliminary design of the proposed Granada
sanitary landfill carried out during the F/S. The basic difference between level 4 and
level 2 is that the fevel 4 cost estimate is for a landfill with a clay lining layer and leachate
treatment facilities. The level 2 landfill has no liner nor leachate treatment.
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Table P-28; Investment Cost of Construction of Final Disposal Site

tem Unit

o 9 | quaniy cost | quantity | cost

Unit cost LEVEL 4 LEVE}-%,T

Actessroadfiomeitytosite el b

asphaltpaving m* 125 12,000 4,500,000 12,000 1,500,000

Site bulldings and administrationarea 1 Lo
ste clearing

oo .

planfing of buffer zones

fandfil fines, 150cm compacied clay

) mim perforod PYCipe |

moniloring borehole, $100, 30m

Leachate treatment

EEVTOA O SO oo
clay liner, t=1500mm

congieln fining of embankment, 1=150mm

SUBTOTAL . c$ 22,739,430 731,700

PHYSICAL CONTINGENCY C3 2,273,543 737,170

TOTAL DIRECT COST C3 25013373 | 4,108,870

COVERHEAD (%] 6,251,838 2,025,025

TOTAL CONSTRUCTION COST C3 31,265,211 10,133,895

DESIGN AND SUPERVISION C3 3,126,521 1,013,390

TOTAL PROJECT COST C$ 34,391,732 11,147,285

LAND ACQUISITION COST ha 15,000 40 60,000 40 600,600

! TOTAL 34,991,732 11,747,285

a.2  Equipment
a.2.1 Investment Schedule of Landfill Equipment

The landfill equipment procurement schedule, determined in previous sections, is
summarized in Table P-29. From this table, the following investment schedule is made.
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Table P-30: Procurement Schedule

o ltems 2000 2001] 2002| 2003| 2004] 2005
Bulidozer (219 Hp) il - - - . -
IExcavator (83 Hp) 1

Tipperlmck{&ton) 1- ............. = = e
S e ?ton) 1 UORURIN WS U SO S

Table P-31: Investment Schedule

Unit : C$ 1,000
Hems 200G| 2001| 2002] 2003| 2004] 2005
Bulldozer(219 Hp) 1,639 - - - - -
Ex v [(83 Hp} OO TSRV RSO ORI S
Tlpper uck(ston)
Sprmk!er truek (6-7 Ion) 5?2
Total 3,597 - - - - -

b. Collection System
b.1  Workshop

The following cost estimate is based on the preliminary design of the proposed
workshop improvement plan.
Table P-32: Investment Cost for Workshop

Unit: C$ 1,000
items Cost

COnstructlon work

lmprovement of exsshng bu1ldmg
““"Concrete pavement
P ¥ calcontmgency
“..T.(.]taul e cost
".".Overhead
| Totetconstructioncost L e

'otal

Design and superwsmn

Total construction works

Equipment and tools
Total

b.2 Cellection Yehicles

The vehicle procurement schedule, determined in previous sections, is summarized in
Table P-33. From this table, the following investment schedule is made.
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Table P-33:; Procurement Schedule

2000

2002

2003] 2004] 2005

Tipper truck (12e) |

...5

1 -

Wheel loader{0.7m%)

Handoart 30 e :
1 - - " = -

Table P-34: Investment Schedule
Unit;: C$ 1,000

Items

[ 2000

2003

2004

2005

Compactor truck (12m?)

Handeart

Tipper truck (12m*)

4,267
598
67

853

TOTAL

3,700

P.4.3 Operation and Maintenance Costs

a. Operation Cosfs

a. i

Final Disposal Site

The operation costs consist of the cost of diesel fuel consumed by the landfill equipment
(e.g., bulldozer, excavator, etc.) and labor: landfill equipment drivers, waste controller,
workets, and supervisors.

‘The fuel costs were calculated assuming the equipment wilt operate for six (6) days a
week, fifty two (52) weeks per year.

Table P-35: Required Operation Quantities of the Final Disposat Site

items

2000

2001

2002

2003

2004

2005

Fuel

Labor

D;ese|(c$1.000)

Sutemanag er
Waste controller -
Operator -

Driver -

Oing i AR bl

ORIl IRt
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Table P-36: Required Operation Costs of the Final Disposat Site
Unit: C$ 1,000

Hems 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Fuel . 108] 116] 120 28] 135
et Y o SO o L

TOTAL - ati| 319 323 32ef 338

a2  Collection System

The operation costs consist of the cost of diesel fuel consumed by the colleclion vehicles
and labor: collection vehicle drivers, collection workers, street sweepers and
SUPEIVISOrs,

The fuel costs were calculated assuming the vehicles will operate for six (6) days a week,
fifly two (52) weeks per year.

Table P-37: Required Operation Quantilies of the Collection System

Table P-38: Required Operation Costs of the Collection System
Unit: C$ 1,000

ltems 200Q | 2001 | 2002 | 2003 | 2004 | 2005
Fuel - 218 251 251 251 251
e S i 1.0” 1.0“ 1.011 1'011
TOTAL - 1,119 1,262 1,262 1,262 1,262

ltems 2000 | 2001 2002 | 2003 | 2004 | 2005

Fue!

Diesel (C$ 1,000} - 173 203 203] 203| 203
Labor o
Dﬂver B 7 R 8 B B
LWorker b | 820 $

Supervisor - 1 1 1 1 1
Sweeper B R P T R 30|

b. Maintenance Costs

b.1  Final Disposal Site

The maintenance costs for the final disposal site have been broken down into two costs:
1) landfill equipment maintenance costs; and 2) leachate treatment facility maintenance
cost.

The landfill equipment maintenance cost is estimated to be 20% of the landfill equipment
investment cost. This cost covers general operation costs (electricity, water supply,
spare parts, Jubricants, periodic building maintenance, etc.) of the landfill site.

The leachate treatment facifity maintenance cost is estimated to be 1% of the leachate
treatment facilily investment cost. This cost covers general operation costs (monitoring
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of intake and treated water quality, studge management, etc.) of the leachate treatment

facility.
Table P-39 : Required Maintenance Costs
' Unit : C§$ 1,000
items 2000 | 2001 | 2002 | 2003 | 2004 | 2005 |
La0dil s |03 t03]t03 103 103
Leachale treatment - 36 36 36 36 36
TOTAL - 139] 139 139] 139 139

b.2  Collection System

The maintenance costs for the solid waste collection vehicles have been broken down
into two costs: 1) collection vehicle maintenance costs, and 2) maintenance workshop
labor costs.

The collection vehicle maintenance cost is estimated 10 be 20% of the vehicle investment
cost, and 5% of the handcart investment cost. This cost covers general operation costs
(electricity, water supply, spare parts, lubricants, periodic building maintenance, etc.) of
the maintenance workshop.

The workshop labor cost is the cost of employing a crew of mechanics,'administrative
staff, and watchmen, necessary for the day to day operation of the maintenance

workshop.
Tabls P-40 : Maintenance Workshop Labor
Position Number (cszl':;:gn!h) Payfyear
Manager 1 4,000 43,000
“Ag;i;t;ﬁ'imn{;ﬂééé} ............ e R T ‘_'"_56;665%"
..Memam(.:_...__....... 72000
e 96000
Slo[emanager1 24000
e 19200
TOTAL 319,200
Table P-41: Required Maintenance Costs
Unit: C$1,000
temns 2000] 2001} 2002 2003| 2004] 2005
Collection vehictes 162} 187] 1871 187 187
Wo:kshoplabor R e I ot e
TOTAL 481] 506] 508] b506] 506
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Administrative Cost

‘The tetal number of stafl necessary for the day to day administration of the solid waste
collection services has been described in the Institutionat Plan. Tt is assumed that most of
these positions will be filled with existing staft.

However, it is expected that a number of additional staft will be needed to fulfill the
requirements of the Institutional Plan. The following table is an estimate of the number
and qualifications of this additional staft.

Table P-42 : Cost of Additional Administrative Staff

pioossin | (oo [ tatrequied | Moty T APy
Engineer/ Architect | high Lo fepoo 120000
[Engineer/Architect | medium LI EOU. 1's's S N 48,000
Economist ] mediwm | . 1. 000 L 28,000
Technician medium 3 2,000 72,600
TOTAL 288,000

Project Cost Summary

Table P-43 summarises the project cost schedule from 2000 to 2005 to implement the
complete priority project.
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Table P-43: Project Cost Summary
Unit: C$ 1,000

ltem | Category Pescription 2000 2001 | 2002 | 2003 | 2004 | 2005 | Tolal
Direct [Coliection {investment for equipment 5,700 8531 - 67 853 - 7473
Cost |System  [Operation for labor - £95 805 805 805 515| 4,025
Gperation for material & fuel - 218 251 251 23 283} 1,254
Malntenanice - 162 187 187 187 211 934
sub-total 5700 1928] 1234] 1310 2096 1,409)13,686
Street Investment for equipment  fino. collecion system
Sweeping {Operation for fabor k206l 208 208 208 206) 1,000
Operation for material & fuet linc, collection system
Maintenance tac. collectionsyslem
sub-total - 206 206 208 206 206] 1,030
Disposal  |Investment for faclities (loc. 34,992 - - - - - 34,992
Site 1and acqguisition cost)
fnvestment for equipment 3,597 - - - - - 3,597
Operation for labor - 203] 203|203 203} 203 1015
Operation for material & fuel - 108 116 120 126 135 &5
Maintenance - 139 139 139 tag 139 695
| sub-total 33,569 450 458 452, 468 477{ 40,904
Tofal Direct Cost 44289 2584] 1907 1978 2770] 2092;155620
indirect|Mainlenance investrment for facilties 1,285 - - - - - 1,285
Cost  |Waorkshopand | Investment for 144 - - - - - 1,444)
Vehicle Depot equiprment
Qperation for fabor - 319 319 319 318 319r 1,595
Operation for material . = 5 5 5 5 25
g% Maintenance - 5 5 5 5 5 25
! sub-tota) 2,729 320 329 329 329 329| 4,374
Adminisiration  |lnvestment fer faciities |inc. workshop & depot
investment for Inc. workshop & depot
equipment
Operation for labor 288 288 2688 1,440
Opertation for material
Maintenance
sub-tolal 288 288 288] 1,449
Tolal Indirect Cost 617 617 617] 5814
Grand Total 2595 37387] 270861434

P.5 Financial and Economic Evaluation

P.6.1 Financial Analysis

The objective of the financial analysis is to evaluate the municipal SWM system

improvement project for Granada City and to select a financially sustainable plan.
a. Methods and Conditions of the Analysis

"The FIRR (Financial Internal Rate of Return) is calculated to evaluate the project in the
following conditions.
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IPro}ect Life

31 years, from 2000 uniil 2030

!Execuling Organ

Granada Municlpality will be the executing body, but a part of the
services will be contracted out 1o privale collection companies |

Investmen! plan

The M/P proposes the construction of the San Jose de ta Viuda (S0V)
disposal site in the northern part of ihe city after the closure of the La
Joya disposal site in 2001. the financial analysis was therefore cariied
oul assuming that in 2000, Granada Municipalily will purchase all

vehicles required for the cotlection, haulage and dlsposa1 of wastes lo

the SJV final disposal site. .
Additional investment of vehicles and replacement investment of

plants and equipments were counted according to their economic life

Centrat Bank of Nicaragua in 1997, was assumed. The cost to be

to the financial analysis.

span,

Resldual value The residual value of the collection vehicles, facilities, landfiil
equipment in the year 2031 is considered as ihe minus investment
costs.

Cut-off Rate A cut-off rale of 8.5%, which Is also equwa!ent to the prime rate of the

covered by the grant was excluded from the project cost items subject

b. Case Studies

Three case studies were established for the financial analysis.
+ Financial Source: Financial source for a part of the project cost
* Revenue Source 1: Waste fee colleciion system

o Revenue Source 2: Total budget allocated for SWM services from municipal tax
revenue

b.t  Financial Source for a Part of the Project Cost

The following possibilities were considered for this case.

Case A To acquire a loan for the total investment amount

Case B To acquire grant aid to cover 90% of the investment for the
construction of the final disposal site, procurement equipment’s and
coilection vehicles, and improvement of planis in 2000,

of the fina! disposal site, procurement equipment's and collection
vehicles, and improvement of plants in 2000,

Case C To acquire grant aid to cover the enlire investment for the construction

b.2  Waste Fee Collection System

Granada Municipality directly collects waste fees from service recipients, but because
the present collection rate is extremely low, 16.3%, the system is not functioning at all,
Furthermore, the tax reforms currently being promoted in the country deprives the
municipality of the power to reinforce the direct fee collection system. As a result, the
municipality made a plan to combine the collection of charges for household waste
(ordinary households) with the water supply charges of INAA, who had a 96%
collection rate in 1996. In view of the fact that discharge volume significantly varies by
generation source, and that it is favorable to have dischargers shoulder the expenses for
waste they generate, the municipalily established charges according to discharge volume
for wastes generated in commercial and business sectors. It is favorable to attach waste
collection charges to taxes imposed in the municipality, such as that on sales and services
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{the business tax), for effective collection. Thus, as before, waste collection charges will
be collected through the municipal tax scction.

b.3  Totfal Budget Allocated for SWM Services from the Maunicipal Tax

Revenue

The following possxblhhes were considered for this case.

Case A

Very opllmistsc assumplions regarding increase in municipal tax

revenue (6.7% per annum) and budget allocation for SWM {(12% inthe
year 2005)

Case B

Assuming the present rate of increase in municipal tax revenue (5. 4%
per annum) and budget allocation for SWM (10% per anumm)

Case C

Very pessimistic assumptions regarding increase in municipal tax
revenue {3.3% per annum) and budget allocation for SWM (8% in the

year 2005)

<. Waste Fee Collection System

The following were the conditions established to determine the waste fee collection

system,

c.l Heuschold Waste

Targel Poputation All households thal will receive waste collection services
RCC The refuse collection charges are set as follows, based on the service

level: . .

- High service charge {CCA): C$15/household/month

- Ordinary service charge (CCB). C$10/household/month
- Low service charge (PCA): C$5/household/month

Coltection Rate

82% (attained by multiplying the waste supply collection raie of 96%

- |with the water supply service expansion rate, in 2000, of 85%)

The area where the high service ‘and the ordinary seivice are
conducled is assumed to be inciuded in the waler supply service area.

Collection Cost eate

5% (5% of the collection charge will be allocated to cover the INAA fee

collection expenses and commission.)

c.2 Other Waste

Target Population

Commerciat and business institulions, as well as all municipal wasle
generators that will receive wasle colleclion services

RCC's

The refuse collection charges are set according Lo wasle volumes as
shiown below:

Collection services C$ 363/ton (will basically cover the cost for
collection, haulage and final disposal services)

Direct haulage C$ 215/0on {(will basically cover the final disposal
services)

Coliection Rate

100%

Collection Cost rate

0% (will he covered with other municipal tax)

<3 Revenue of Waste Fee

The revenue of waste fee is calculated based on above mentioned conditions are shown

in the following table.
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Unit: C$ 4,000
2001~
2001 2002 2003 | 2004 2005 2005 Total
Household |CCA 806 8§92 987 1,003 1,210 4,988
cCB 403 446 494 546 805 2,494
PCA 100 111 123 137 151 622
Total 1,309 1,449 1,604 1,776 1,966 8,104
{Other Collection |901 954 994 1,047 1,100 4,996
Direct
hautage 194 194 184 203 203 988
Total 1,095 1,148 1,188 1,250 1,303 5,984
Total 2404 2,597 2,192 3,026 3,269 14,088

d. Forecast Increase in Municipal Tax Revenue and SWM Budget

The total budget to be allocated for SWM from the municipal tax revenue was estimated
according to the assumed increase in tax revenue and the budget rate for SWM services.

d.l1  Forecast on Municipal Taxes

d.1.t Municipal Taxes

The municipal tax sevenue of Granada Municipality is broken down into 64% municipal
tax and 13% municipal service charges.

The municipal imposed tax on sales and services (the business tax) make up 52% of the
municipal tax. However, tax reforms proposed the lowering the tax sate to 1% in 2000
from the present rate of 2%. Accordingly, the municipality needs to fill up the deficit that
would result from this proposal. Although nothing concrete has been decided, the
municipality is currently reinforcing the collection system for real property tax, vehicle
tax and service charges, to secure the funds required.

d.1.2 Forecast Tax Revenue Growth Rate
The tax r_evénue growih rate was estimated based on the following factors:

s effect of culs in the business tax rate on actual revenue deductions (share of the
business tax in annual revenues)

e maximum amount collectible for other municipal taxes (tax revenue potential
growth rate and potential maximum collection rate)

d.1.3 Effects of Cufs in the Business Tax Rate

The business tax rate will be cut from the present rate of 2% to 1.5% in 1998, and to 1%
in 2000, in order to stimulate economic growth and increase annual revenue as a result.
The table below shows the possible scenarios that may result from the tax rate cuts.

Case 1 Hardly no impact; the same annual revenue rate can be expecied in
terims of GRDP ‘

Case 2 With tax rate cuts, an increase of about 75% in the present revenue
rate can be expected in terms of GRDP

Case 3 Tax rate ¢uls will have a direct impact; an Increase of gbout 50% in the
present revenue rate can be expected in terms of GRDP
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d.1,4 Tax Revenue Potential Gyowlh Rate

As long as the tax rate remains constant, the tax revenue potential growth rate is
basically influenced by the municipal economic growth rate. Accordingly, the GRDP
growth rate of Granada Municipality (6% from 1995-2000, 5% from 2001-2005)
estimated by the Study Team was adopted as the potential growth rate of cach tax
revenue.

d.1.5 Potential Maximum Collectible Rate for Tax Revenue

The study determined the potential collectible rate of tax revenues by taking the budget
(B) as potential tax revenue and dividing it (A/B) by the actual tax revenue (A).

The potential maximum collectible rate of revenue from vehicle tax, property tax and
service charges was estimated based on the data on annual revenucs for the past 4 years,
as shown in the table below.

i x| oo | T T | oo

Vehicle Tax C$ 376,000 (2.9%) C$ 1,105,000 0.34
Property Tax C% 847,000 (6.5%) C$ 5,488,000 0.15
Service Charges C$ 1,797,000 (15.5%) C$ 2,043,000] 0.85

Note: * figures in parentheses are contribution to municipal annual revenues

Because the potential rate specified in the previous section, the tax revenue growth rate
is estimated by creating optimistic, moderate, and pessimistic scenarios as shown below.

Tax Revenue Growlh Rale - Maximum

Municipal Tax Optimislic Moderate Pessimistic Collection Rate

_ Scenario Scenario Scenario
The Business fax 5.3% 2.9% -1.7% 100%
Vehicle Tax 13.7% 12.9% 12.1% 70%
Properly Tax 16.3% 15.5% 14.6%| 70%
service 5.4% 5.4% 5.4% 90%
Charges/Cthers
Average Service 6.7% 5.4% 3.4% 90%
Changes in Total

-d.2  Budget Allocation for SWM from Municipal Tax Revenue

As shown in the table below, the budget allocated for SWM services for the past 4 years
ranges around 10%.

1994 1985 1996 1997
SWM Budge! 8.4% 10.0% 11.5% 10.1%

Taking this into account, the changes in the budget allocation rate for SWM services
were estimated as shown below.




The Swudy on the Inpraventent of Urban Sanitation Hwvirenment JICA Stuely Fean
of Principal Cittes in the Republic of Nicaragua KORUSATKOGYO €O, LTD.

Scenario  |Budgel Allocalion Rate

Optimislic To incur a 0.2 % per annual increase in the curcent budget allocation rate of,
Scenario 10%:; the budget allocalion rate for 2005 is estimated at 12%

IModerate To maintain the curren! budget allocation rate; the budgel allocalion rale for
Scenario 2005 is eslimated at 10%

Pessimistic To reduce a 0.2% per annuatl in the current budgel gllocation rate of 10%;
Scenario the budget allocation rate for 2005 is estimated at 8%,

d3  Budget Allocation for SWM as Revenue Seurce 2 (from Municipal Tax
Resource)

The budget allocation for SWM as revenue source 2 is calculated based on the above
mentioned conditions as shown in the following table.

Table P-45: Budget Allocation for SWM as Revenue Source 2

Unit: ©% 1,000
2001~
2001 2002 2003 2004 2005  |2005 Total
Oplimistic '
Scenario Case A 2,333 2,488 2,653 2,828 3,014 13,316
Moderale
Scenario Case B 1885 1,980, 2079 2183 2202 10419
Pessimistic
Scenario CaseC 1,280 1,330 1,369 1,410 1,450 6,849
e Project costs

The investment costs from 2000 until 2004 is set based on the cost estimation of the
project. After 2005, the replacement investment costs are considered in the FIRR
cafculations. Concerning the replacement cost of the SJV disposal site; C$ 8,000,000 is
assumed to be the cost in order to expand the disposal area, every 5 years.

The project costs used to calculate the FIRR are summarized in the following table.

Table P-46: Project costs for SWM

_ Unit: C$ 4,000
2001~2005 | 2006~2030 |Residualvalue
2000 Total Total in 2031 Total
Inveslment 47,018 9,773 81,203 -8,355 129,639
Q&M costs 12,643 67,723 83,230
Fee collection cost 8405 2,457 2,862

f. FIRR

The FIRR was calculated for a total of 9 cases (3 x 3 = 9): a combination of the three
cases for the acquisition of funds for the project costs (A: use of a loan to fully cover
expenses; B: acquire grant aid to cover 90% of the investment for final disposal site
construction, collection vehicles procurement and facility improvement; C: acquire
grant aid to cover 100% of the investment for final disposal sit construction, collection
vehicles procurement and plant improvement) and the three scenarios to forecast the
budget allocation for SWM. The results are shown in the table below.
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. Financial Source ForecastRevenue | Case [ FIRR (%) RIE
By Loan Oplimistic A n.a. 0.7291
{Full Investment Cost} Moderale A-2 n.a. 0.7046
Pessimistic A3 n.a. 0.5986
Granl aid Oplimistic B-1 16.4 1.2357
{for 90% of the invesiment Modecate B-2 4.7 1.1280
required in 2000) Pessimistic 8-3 B -0.4 0.9875
Gran! aid Ogptimistic C-1 374 1.2038
{for entire investment Moderate Cc-2 13.0 1.1766
required In 2000) Pessimistic C-3 1.2 1.0391

d.4 = Cash Flow

The cash flow and the statement of profit and loss for each case was carried out and
shown in Chapter 7 of the Data Book: Volume V.

Case C-2, which proposes covering the total investment cost for 2000 by grant aid, the
joint collection of waste fee and water supply charges, and the most appropriate tax
revenue growth rate and budget allocation, shows positive results in profit and clearly

indicates the capability to accumulate C$ 11 million to cover the investment cost after
2006.

e Conclusion

1. Ifaloanis acquired to cover the entire prbject cost, the R/E(Revenue divided by
Expenditure) would be less than 1 and the FIRR caleulation indicates that the
project would be financially unfeasible.

2. Tfgrant aid is to be acquired for 90% of the investment required in 2000, only
Case B-1, where the forecast revenue is optimistic, was calculated to incur an
FIRR (16.4%) that is higher than the cut-off rate (8.5%).

3. [If grant aid is to be acquired for the entire investment required in 2000, Case C-
2 (where the forecast increase in municipal tax rate and SWM budget is most
probable) was calculated to incur an FIRR (13%), higher than the cut-off rate. In
this case, the profit and loss statement would be in the black and an internal
reserve of C$ Il million can be accumulated by 2005, emabling Granada
Municipatity to independently provide for the investiment required after 2005,

Economic Analysis
a. Methods and Major Assumptions

The economic evaluation on the municipal SWM system improvement project is
conducted to investigate the necessity of the proposed project from the national
€CONOmIC VICW-points.

The EIRR{Economic Internal Rate of Return) is calculated to evaluate the project in the
following conditions.
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Evaluation Term

31 years, from 2000 till 2030

Executing bodies

Granada Municipality with partial contracting-out of coileclion
services {o private companies

Investment plan

Construction of SJV disposal site, improvement of MDO workshop
and purchase the necessary vehicles and equipment in 2000 in
order lo operate SWM services sufficlently in 2001,

Additional inveslment of vehicles and reptacement investment of
facilities and equipment wete counled according to their life span.

Residual value

The residual value of facilities and equipment in 2031 is considered
as the negative investment costs in 2031.

Opporunily cost of The prime rale of BCN in 1997, thal is 8.5%, is used as the cut-off
capilal rate.
b. Benefits

According to the POS, the beneficiaries are only willing to pay an amount that is lower

than the present fee regulated in July in 1997, In this study, the following three cases
were set fo calculate the EIRR.

¢ Only the willingness-to-pay, that is the average of all houscholds in the three cities
not receiving the services, is counted as the benefit of this project.

» The willingness-to-pay and some of the environmental effects are counted as the

benefit.

¢ The payment based on the proposed tariff and the budget allocation from Granada
Municipality in case of appropriate revenue growth and atlocating rate (the case
A2 analyzed in the above-mentioned Financial Evaluation) are counted as the

benefit,

The environmental effects are calculated in the same way in the M/P study as the

following items.

» effects of public health improvement

¢ effects of rise in real estate value

» effects of the increase in tourist consumption

The benefits of improvements in public health were calculated in consideration of the

following factors.

+ time wasted due to illness

¢ medical treatment costs

* loss in economic productivity due to death (life span shortened 1o 10 years)

The figures used in this study are as following table.
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Table P-47: Benefits used in this analysis

2005 2001 ~2005 2006~ 2001~
3 Total 2030 Yotal | 2030 Total
willingness-lo-pay {C$6.48/Ln9’r§y_\___” 1,361 5,610 34,023 39,633
benefit of public heaith improvement 64 192 4,808 5,000j
benefit of rises of propeity value 2,016 8,352 208,800 217,152
benefit of increase of tourism consumplion 2,329 15,297 382,418 397,715
: C$ 9.75/month
payment and . 10% of appropriate
budget allocation [evenue increase 4,837 21,664 122,103 143,768

The benefit after 2006 is assumed 1o be equal to that of 2005,
<. Conversion factors and Costs of the projects

In order to convert the market price to economic price, in order to evaluate the projects
of the project economically, the following conversion factor was used based on those
adopted in M/P study.

Table P-48: Conversion Factor used to evaluate the project

‘ ems Conversion rate
Investiment Civil 0.840
Equipment - 10.820
Operation & Fuel 1.5
maintenance Personnel cost 0.458
Maintenance 0.869

The economic costs of the project are summarized in the following table.

Table P-49; Economic costs of the project

2001-~-2005 2006~2030 [Residual valuef
2000 Total Total in 2031 Total
Investment 32,274 8,168 48,003 -5,203 90,241
Q&M cosis 8,433 45685 54,118
d. EIRR
The EIRR in terms of benefils is as shown below.
s B/C (0 discount
Benefils Willingness-to-pay EIRR
. rate)

Willingness-to-pay only C$6.48/month na. 0.2745
Willingness-te-pay and

environmental improvement C$ 11.53/month 2.5% 1.1453
Payment and budge! allocation C$ 9.75/month 2.2% 1.1179
Paymeni, budget allocation and

environmental improvement C$17.34/mo mhl 13.6% 1.8667
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c. Sensitivity Analysis

This section shall deal with the conduct of a trial sensitivity analysis in case changes

occur in the environmental improvement benefits and cconomic costs estimated in this
F/S.

The sensitivity analysis of EIRR on municipal SWM are shown in the following table.

___Benefit of Urban Sanitary improvement

-10% 0% +10%
-10% 3.0 44 5.1
Economic Coslt 0% 11 2.5 B 3.8
+10% 0.7 0.8 2.1

There figures show the need to implement policies, e.g., use of a refatively large number
of local equipment and materials, that would reduce the economic costs, and consider
the conservation of energy.

f. Conclusion

The economic evaluation was carried out using the Economic Internal Rate of
Return(EIRR) as a basis. The EIRR was calculated using the overall project costs,
which is converted in order to revise the irregulacities in domestic market prices, and the
overall project benefits, which took environmental benefits into account.

When only the willingness-1o-pay of residents is assumed to be the benefit, it is difticult
to calculate the EIRR because B/C is very low. Even with environmental considerations,
this case would incur an EIRR of 2.5%, still less than the opportunity cost of the
investment.

For the case A2 (see FIRR table), which proposes the acquisition of a loan to cover the
entire project cost and the joint collection of water supply charges and a very
appropriate tax revenue growth rate and SWM budget allocation, the EIRR was
calculated at 2.2%.

The main reason why the EIRR’s are so much lower than the cut-off rate is that the costs
of the SJV disposal site is too high. Taking the case A2 with environmental
consideration, it would incor an EIRR of 13.6%, more than the opportunity cost of the
investment.

In this analysis, the effects of the SWM improvement project on the conservaiion of
water quality Lake Nicaraguan could not be counted as benefits, because it was very
difficult to quantify. In view of the various intangible benefits involved, such as the
conservation of potential water supply resources for Managua and other areas, the
implementation of the project based on this case is presumed to contribute to the
national economic growth.
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