J.1.3

jil.  Suggestions

~ For on-site composting, it is recommended that only vegetable wastes should be
* used. Nevertheless, the following are normally acceptable:

- vegetable wastes from the kitchen

- . flowers, including roots and soil _

- coffee grounds and tea leaves including possible paper filters
- fruit waste = ' 2

- bread

~  eggs shells

~  paper used for drying etc. in kitchen
- = . wastes of small domestic animals

The microbial process is accelerated by the addition of small amount of wooden
chips, small branches produced from hedge trimming, etc.

Other similar materials may be used, but meat wastes as well as fish, sauces and
similar wastes should be avoided. Adding meat wastes enhances the possibility of
odor production, and attracts rodents. However, if meat wastes are to be added,
compost containers should be placed in a stecl net to keep out rodents, and mixing

must be more frequent than previously suggested.

‘Construction of the Acahuélinca Newly Proposed Landfill Site

a. Introduction

It is generally recognized that a sanitary landfill is the basic element in modern
solid waste management, proving the fact that the disposal of most wastes is
acknowledged in spite of efforts for re—utilization. By giving priority to modern
solid waste ménagem‘ent, the city of Managua should therefore strengthen final

disposal activities to minimize environmental impacts.

This section presents the preliminary design and cost estimates for the newly

~ proposed landfill site in Acahualinca which selected by the Coordinating
‘Committee. The site comprises. an arca of approximately 93.0 ha, as shown in

Figure J.1.3a,
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Figure J.1.3a Location of the Acahualinca Newly Proposed Landfill Site

b.  Design Conditions
ba. Target Level of Landfill Operation

'~ Target Level ~ : Level 3 in 2000 -
' Level 4.in 2010

= Requirements of Level 3 in 2000_ |
" The requirements for landfill ‘operation in level 3 are as follows:
weighing of waste input with a truck scale
prevent lcachatcl seepage
daily waste covering with soil
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screening of working areas from outsiders
prompt release of gas

minimize leachate quantity discharged outside
‘adequate drainage system

proper access road

leachate collection and circulation system

bb. Commencement of Sanitary Landfill Operation

. The operation of the ANPLS is planned to commence at the beginning of 2000.

~ be.  Estimated Amount of Waste Disposed and Required Capacity of the

ANPLS =

~ The amount of waste disposed in the proposed landfill site is estimated in the
_ previous chapter.

Leachate treatment facilities installation is proposed for 2010 in the master plan'

~ Accordingly, the capacity of ANPLS should be designed taking into consndcratmn

the installation term of these facilities.

Landfill construction should be carried out by section, with cach section having a
life span of 3 to 6 years. Therefore, the construction of the ladfill which shall be
utilized until 2016, according to the master plan, will be divided into 4 sections:
the 1st section for 1999 - 2005, 2nd section for 2006 - 2010, 3rd for 2011 - 2013,
and 4th for 2014 - 2016.

* The estimated annual waste disposal amount in the ANPLS and the site's required

capacity are presented in Table J.1.4b.
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Table J.1.3a- . Estimated Dally Waste Dlsposai Amount and chmred Capacity -

of ANPLS
- [ unit: ton/day
.“ N N N

Year- - Daily Waste - Annual Landfill | Accumulated Volume &

Amount . - Volume Required Capacity

: S (towfdas') (m’/ycar) My
Present Acahualinca | 1995 . 692.3 252,690 252,690
Disposal Site 1996 732.6 267,399 520,089
SIS /A R /5] --'283,934 Lot L 804,022
1998, . 8549} 312,039] - 1,116,061
1999 : 9399 343,064 L 1,459,124
Phase 1 . | 2000 |- - n03727] 0 3787610 - 378761
{Section 1) | 2001 1,093.7 399,201 - 777,961
_ - 2002 11538 421,137 . 1,199,098
2003 S 1,216 444,059| 1,643,157
2004 1,2824 | 468,076 - 2,111,233
2005 1,352.5 493,663 2,604,896
Phase I . 2006 § 142178 . 518921 o 518,921
(Section 2) 2007 S 14952 545,748| ' 1,064,669
b 2008 ' 1L,609.7| . 587,541 1,652,209
2009 11,7325 632,363 2,284,572
. 2010 _ £ 1,865.1 680,762 2,965,333
Phase 111 211203 - - S 680,841 . 2,042,523
Phase IV 20142016 B 6808ai| | 204255

Total - ' ' ' .9,654,798!'

c.  Facllity De_sigii |
The proposed disposal site shall be equipped with the foll_oWing f_acil'itics:
- Main facilities

Enclosing structure:

enclosing dike and divider

Drainage system: .
open side channel, on-site drain, culvert drain, intercepter drain on re-
claimed area, slope drain and diversion canal

Access: _

main- approach road, temporary access road

-  Environmental protection facilities
Buffer zonc

Litter scattering prevention facilitics
Gas removal facilities
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Leachate colleciion facilitics
Leachate circulation facilities
Seepage control facilities
Slope protection

- Buildings and accessories

- Site office
Truck scale
Storage building
Safety facilities:
gates, fences and street lights
Fire prevention facilitics:
~ watcr tank and extinguisher,
-Others:
parking lot and car wash

ca.” Enclosing Structure

The purpose of the enclosing structure is to store wastes and to control leachate
discharge from waste. '

caa. Enclosing Dike

i Description _

An enclosing dike banked with earth around the filling arca will be constructed to
prevent secpage of rainwater and leachate and to store dumped waste, The
dimensions of the enclosing structure are as follows:

Gradient of slope: 1:2

Crest of dike: . 40 m
Height of dike: 60m

Material of dike: Soil
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120m : _Aom_ 12om.

ii. Work Q\i_antities
- Soil filling work

Volumc—(120mx60mx05+40mx60m+120mx60mx05)x
1.0m = 96.0 m’/m

cab. Dividér

i. Description

A divider made of soil will be constructed in thc enclosing dike to scparatc the
landfill section used from the rest and in order to reduce leachate leakage by

blockmg rain water,

Gradient of slope: | 1 1.5

Crest of dike: 1.5 m
Height of dike: 1.5m
. Material of dike structure:  Soil
. Distribution density: A landfillmg yard shall be closed cvcry
4 ha,
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ji. Work Quantities
- Soil filling work

Volume = ( 225m x 1.5m x 0.5 + 1.5m x 1.5m + 2.25m x 1.5m x 0.5 ) x
1.0m = 5.625 m*/m

cac. - Slope Dike
i. Description
A slope dike, also made of soil will be constructed in the enclosing dike, to prevent

seepage of rainwater and leachate and to store dumped waste. The dimension of the
slope dike structure is set up us follows: = - '

Gradient of slope : 1:2
Crest of dike: 4m
Height of dike: 3m

Material of dike structure:  soil
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" il Work Quantities
- Seil ﬁllmg work
' Votumc~(60mx30mx05+40mx30m+60mx30mx05)x1()m
=300 m’/m
¢b. Drainage System
The drainage system is very important in maintaining the site and peripheral ro_adS :
in good condition and also to minimize the influx of rainwater to leachate control
facilitics,
cba. Open Side Channel
i.  Description
A side drain is generally provided around the landfill to intercept runoff water from
the landfill arca and to remove fluid from the site. The dimensions of the side

drain are as follows:

Top width: 5.0 m. -

Bottom width; 20m
Gradient of slope: 1:1
Depth: 15 m
Surface of drain: No lining




o5

1_ ’-/////%%ﬁ; %

7 7
...
. N % // -

‘ i

-

ii. Work Quantities
- | Ey.(éa.vation. work
Volume §(5.0m+ 2.0m ) x i.Srn x 0.5 x 1.0ni = 5.25 m*m
f cbb. On-s.ite Culvert Drain
i Deseription
.Thc on site culvert is used to drain rain water separately from the leachate.

The dimensions of the on-site drain are as follows.

Seepage Control Sheet
7

_ A

08 m
14m




if.

cbe.

Work Quantities

Excavation work
Voiumc-(10m+24m)x05x14mx10m 2.38 m*/m
Sand ﬁllmg work
Volumc—[(l(}m+15m)x05mx05 03mx03m.7rx05]x10m--'
048 m*m -

Filling work _ . AR
Volume=[(24m+1.5m)x05x09m 03mx03m:rx05]x10m-
161m/

C-Pipe

Description

The C-Pipe(I) is made up of pipes mstallcd to drain out rain water from inside the
arca enclosed with dikes to the side drain outside.
The dimensions of the culvert drain are as follows:

Work Quantities

Excavation work ~ S : :

Volume = (1.0m + 2.4m) x 05 x 1.4m x 1.0m = 2.38 m%/m
Sand filling work

Volume = [(1.0m + 15m)x05mx05 03mx03m:tx05]x 1.0m =
0.48 m*/m

J-28




- _Filling. work - -
Volume = [(24m + 1.5m) x .5 x 0.9m - 0.3m x 0.3m#z x 0.5] x 1.0m =
' 1.61 m¥m -

cbd. C-Pipe (II)

i. Description

The dimensions of the culvert drain are as follows:

Pipe Diameter: 1.5m
Protection for inlet and outlet: Reinforced Concrete (R.C.) headwall

hain Apgenach Paad

m“_ ?i m.-rpﬁm' J""ﬁﬁ

77 ’/éq//’/%/’/gw
. j

Q ii. Work Quantities

- . Pipe Culvert Work (including excavation, laying of foundation, supply and
placing, reinforced concrete pipe and refilling)

D=1,500 mm
Pipe Length = 40.0 m

'~ Reinforced concrete headwall

Reinforced concrete work = 5.0 m’/ 40m
Excavation work = 3 m" 40m
Sand filling work =73 mY 40m
Filling work = 66 m%/ 40m

che. Intercepter Drain for Reclaimed Area
i.  Description
An intercepter drain is provided to block surface run off water on the completed

area of landfill. The interception of surface water is to prevent seepage of rain
‘water into the waste layer and also to protect the slope of the enclosing dike.
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" The dimensions of the interccptér_ drain arc as follows: -

. Top Width: . 20m

. Bottom Width: 10m
B Gradient of Slope: 1:1
. Depth: ' 0.5m .
. Surface of Drz_iin: : Mortar lining t=5cm-
. Motaigtfem - 8
,' o — —~

ii. Work Quantities

~  Excavation work . : | %
Volume = (2.0m + 1.0m) x 0.5m x 0.5 x 1.0m = 0.75 m%m

¢bf. Underground Drain
i.  Description

- main

==




ii. Work Quantities

- Excavation work
Volume = (1.6m + 0.9m) x 0.5 X 0.7m x 1.0m = 0.88 m*/m

-~ - .Cobble stone filling work .

' Volume = ((1.6m + 0.9m) x 0.5 x 0.7m - 0.15m x 0.15m7z ) x 1.0m =
0.80m*m

& - = Concrete perforated pipe

d=03m

- Protection sheet
A =2 m¥/m

i.  Description

branch

ii. Work Quantities

- Excavation work
Volume = 0.3m x 0.3m x 1.0m = 0.09 m*/m
- Cobble stone filling work
Volume = 0.3m x 0.3m x 1.0m - 0.075m x 0.075mx x 1.0m = 0.07 m*%m
~  Concrete perforated pipe
d=015m |
- Protection sheet
A=07 m¥m
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chg. Vertical Drain
i Description
A slope drain introduces the runoff water from the intercepter drain to the open

side channel provided in the original ground, to remove water ‘without causing
problems or damage to the slope. The dimensions are as follows:

cbh. Diversion Canal for Leachate'
i. | Description

The diversion canal for leachate is designed to only carry leachate, which can
overflow from the regulation pond at freshet time, from the disposal site fo the
Paraguayan River directly. This diversion canal is composed of an open channel
for flat land and a culvert for cach interscction between a road and stream.
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iil. ~Work Quantities

- Excavation

- Volume = (3.0m + 1.0m) x 0.5 x 1.0m x 1.0m = 2.0m*m

cc.  Access

cca. Main Approach Road

i.  Description |

The road.at the entrance of the landfill site is paved in asphalt td facilitate the

entrance and cxit of waste collection trucks. In addition, the road from the entrance
to the landfill section will be paved with asphalt because it shall be used for more

than 10 years. The dimensions of the approach roads are shown below.

Carriageway width: 6.0 m
Shoulder width: 1.0 m both sides
2 paved layer in the carriage way - '

///’/’// I R
7 s

Typical Cross Section

| Pave{nent Structure
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ii. Work Quantities

- Filling work ' L

: 'v°1ume_(10mx20mx05x2+80mxwm ﬁomxozsm)xlcnn'
= 8.5 m’/m ' '

- . Asphalt concrete
Volume = 6.0m x 0.05m x 1.0m = 03m/

—  Mecanical stabilized o
Volume = 60mx025mx10~15m

cch. Tempomry Access Road
T Description

A temporary access road is provided in the site for landfill works. The dimensions
of the temporary access road are shown below. '

Thickness of paved road:  03.m -
. *.. Width of paved road: - 60m : :
Material: Crushed stone 0-40 mm

fom O

.ii. Work Quantities

- Crushed stone pavement
Volume = 60m x 0.3m x 1.0m = 1.8m’m

cce. Descending Road

The descending road is a slope which connects the top of the dike to the working
arca or roads. Its dimensions are the same as the temporary access road.

Width of descending road: 60 m

Gradicnt of descending road: =10 %
Thickness of paved road; 0.3 m
Width of paved road: 6.0 m

Material: :  Crushed stone 0-40
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il. Work Quantities

~  Filling work
Volume = 0.5 x 8m x 6m x 60m = 1,440 m’
-~ Crushed stone pavement '
Volume = 6.0m x 0.3m x 60m = 108 m’

_ccd. Maintenance Road

Bt Zore ' L i
D o g k0 40m 0w
’Z ,{/51’5”7"'4//’,//7"” /, R /.-?//// ’%&ﬁ 7 / \/ "J %/ T

Crushed Stone 0 - 43

- Crushed stene pavement
Volume = 4.0m x 0.3m x 1m = 1.2 m¥m

cd. Environmental Protection Facilities '

Environmental protection facilities are provided to prevent primary and secondary
- pollution outbreaks during and after completion of landfill operations.
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cda. 'But:'fer Zone

A buffcr zone is provndcd bctwcen thc dlsposal site and rcsndcntlal areas for the
puzpose of: . o L )
. screening the landfill site from rcmdents
. reducing the noise and vibrations emitted during landfi llmg opcranon,
- reducing odors :
. - balancing the site. with the natural surroundings in a harmonious @
fashlon ' -

Thc buffer zone is formed with a green belt and will have a width of SOm The
grcenbcit will bc planted with- approxnnatcly 400 trees per hectare.

ii.  Work Quantities

number of trees planted - 4.(.)0'&ces/ha

cdb. Litter Scattering Prevention Facilities

Litter scattering during landfill operation, before the waste is"cdv'cred with soil, is
inevitable. Therefore, as a means of prevention, a temporary fence made of

materials available iocally like wood and with nets to catch’ flying litter is -
constructed.

Height: . 30m

Material of post: Wooden pile and timber post
: Distribution density: The landfill yard shall be closed with . nets
every 2 mo
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ii. Work Quantities

~  Wooden pile (diameter 0.1m x 1.5 m)
' N = 5 piles/10m
- Timber post-(diameter 0.05m x 2.0m)
N = 5 posts/10m
- Net R
A =2.0m x 10m = 20 m¥10m

cde. Gas Removal Facilities

Microbial dccompoéition occurs when organic matters are present during landfilling
operations, producing water, gas and inorganic chlorides. Microbial decomposition
is accelerated when landfill structures house aerobic organisms, thereby producing
carbon dioxide, water and ammonia without difficulty.

Decomposition is slow when landfill structures house anaerobic organisms, thereby
producing obnoxious odor, combustible gascs, e.g. methane, carbon dioxide, that
adversely affect the environment.

- Gas leakage usually occur at the weak points on the boundary surface between the

landfill site and surrounding structures. Disaster prevention measures, such as gas
removal facilities, are necessary at points where gas pockets burst unexpectedly
thus producing fires, odors, efc..

As for gas removal facilities, there are three types under consideration: by

evacuation, pumping, and ventilation, the most economical of which is by
evacuation. Therefore evacuation was selected.
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The éompictcd landfill site gas removal facilities haﬁc bccn:dcsigncd at 3_—4
positions .per hectare. As disaster prevention measures, the gas removal facilities

dre considered effective, However, since it is necessary not to leave waste exposed

over a long period of time, covering materials are considered very important,
i Vertical Gas Removal

Prior to landfilling activities, a vertical gas removal 'facil_ity_ is installed 2-3m below s
the ‘ground and is extended as the landfill section becomes full. After completion - '
of landfilling activities the vertical gas removal pipe on the ground exhausts the
gas. The structure is shown below.

q/ Rissr Pips
Final Sol Cover
.
. = s
. \_ﬁ" . V . . . )
Whee menh 10 Gom RSN S
__obein o thibom 3 e
%
o S
K .
T im Iu-' tim
L L]

Note: R.C. Reinforced Concrete
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ii. Horizontal Gas Removal

Grovl

S

.

/,4
7.

'I'?.:r ’

d=100 Parforuted Pips

0.3m

g3m
V)

cdd. Leachate Collection Facilities

Leachate collection facilities only collect water contaminated with waste and
decomposed polluted water, carrying them to the leachate control facilitics without
allowing them to infiltrate the ground.

There are different types of lcachate collection facilities available and depending
on the conditions and requirements, a different form is installed.



i.  Horizontal leachate 'cdlléction

; ’Ihc.horiz'ont;_il leachate collection facility. installed at the bottom o_f the disposal site
is to collect leachate and to drain it out quickly. = In-this plan, two types of
horizontal' leachate collection facilities were adopted in accordance with the flow
capacity. ¢ S

: forbmnch ,

¢-0.3 m RC Perforsied Pige ' l
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fi.  Vertical leachate collection

The vertical leachate collection facility is used to quickly drain contaminated water
contained in the waste layer downwards. In this plan, the vertical gas removal
facility is also utilized as a vertical lcachate collection facility.

iii. Leachate drain pipe

The leachate drain pipe is used to expel liquid collected from the site's inner

- facilities.

The slope and the vertical gas removal facilitics will be used as substitutes for
vertical leachate collection facilities.

0
14m

T /’//////’Z///// T
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iii. Leachate inlet

/// 7
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cde. Leachate Circulation System
The purposcs of a leachate circulation system are as follows:

— '+ -reduce total leachate amount and cstabhsh site- boundary
- improve leachate quality e o @
—~  reduce leachate head (pressure) in the landfill to prevcnt leachate from

mfiltratmg the ground L Lo :

The leachate generated by waste disposed is collected at the regulation pond and
returned to the fandfill site. The repetition of the leachate circulation process

improves leachate quality and reduces leachate quantlty by cvaporatlon, microbial
decomposition, etc..

The leachate circulation system consists of:
- aregulation pond
- a water pump and pipe for leachate return

i.  Calculation of leachate quantity

(1) Conditions for calculation

i.  precipitation data 1983 to 1992 (10 yea:s)

ii.  cvaporation data: 1983 to 1992 (10 ycars)

iii. adopted formula: - Q= 1/1000 x I x(C,A+C,A)

iv.  Landfill arca:
Phase 1
Phase H

188,000 m?
217,000 m?
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Phase III = 152,000 m*
Phase IV = 152,000 m?

Total 709,000 m?

~.v.  Landfill operation:: . every 4ha.

_ Table J.1.3b . Calculation of Percolation Coefficient

e —
(1) ave. monthly (2). ave. of (3)=(2x0.7 C G
precipitation monthly Possible Evapo—
evaporation ration
_ mm/day . mmy/day mmy/day
January 1 210 147 - -
February . 4 230 161 - -
March 1 260 182 - -
April 5 253 177 - -
May 125 249 174 - -
June 162 172 120 0.27 0.16
July ' ' 159 - 144 101 0.36 022
August 150 152 106 0.29 0.17
September - 203 145 102 0.50 0.30
October 168 158 111 0.34 0.20
November 39 148 104 - -
December ' 1| 164 115 - -
Average from Jun - 168 134 108 0.36 0.22
to October : '

(2) Calculanon of leachatc ‘quantity
The quantlty of leachate was cstimated by usmg the maximum monthly precipita-
tion avcrage shown in above table.
- Maximum precipitation: 203 mm in Scptember
- Discharged arca: 4 ha (under landfilling)
: | ' 14.8 ha (landfill was completed)
Q = 1/1000 x 203mm x (0.5 x 40,000m* + 0.3 x 148 OOOmz) / 30days
= 435. 8 m3/day '

ii.  Regulation Pond
A regulation pond is installed for the temporary storage of leachate. Leachate
quantity fluctuates, depending highly on rainfall, and the capacity of the pond

should be big cnough to hold 7 days' volume of liquid during the wettest month.
The required capacity of the regulation pond is calculated as follows.
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Q =435 8(m3/day) X 7(days)
' = 3,051 m?

lii. Leachate return system - -

The water pump continuously returns leachate in the regulation pond to the landfill

area.. It takes 10 hours to return one day's volume of leachate back to the landfill

area. The lcngth of the cyclmg pipe is 500 m with a 20 m head. The design is for
an nnmersed pump with a mouth dlamctcr of 100 mm.

|ManHp_o)_f
——

g
45m

iv. - Estimation of Leachate Discharge Amount

Leachate is usually circulated between thc.landfill sité and the regulation pond.
However, it is discharged to the Managua lake dunng heavy rain whcn the volume
exceeds the capacity of the regulation pond.

. = Leachate cffluent system

The leachate cffluent system is. Composed of
* water pumps '
* water gafe
*  ecarth drain

) Y




*  pipe culvert for intersection between road and stream

Design conditions to specify the above component of leachate effluent system are
as follows: ' '

Maximum effluent volume: 3,051 m®
Time to discharge leachate: 24 hours

Design for water pump system
Required capacity of pump is calculated as follows:

3,051 m® + 24 hours + 60 min. = 2.119 m¥min
2,119 m*min + 60 sec. = 0.03531 m®/sec

Design for open drain

Design conditions
- Roughness coefficient of earth drain:  n = 0.025
- Design formula: - Manning formula
{t‘ -  Dimensions |

30m

Calculation _ _
$=1131x2+10=326m
A=(2.6+10)x08x1/2 =144 m’
R=A/S=144/326 =0442m

T |
- 04423 (L) - 367 mys
0.025 20

v
Q =1.44 x 3.67 = 5284 m*/ms

).~ 45



: 'Aithough the ﬂow capacny of the proposcd eanh drcun is approxlmatc!y five
timcs the required capacity, this dlmcnsmn sccms to be appropriate in
S consxderatlon of the difficulty in mamtammg earth drams and the workab:llty

of the excavation method.

Design for pipe culverts .

Design Condition

Incline: o F=17200

Cocffi(:lcnt of concrete plpe 0.015

Formula:.: - el .+ " Manning formula

Dlmcnswn. : ' D = 0.6m pipe culvert
Calculation

4=Ep2 L (deoc0oxPinsorsalx tapd 2 3|0 1535D2-0.05
2073702 2 27 (12716

S = #D/3 |

'R = 0.1466D = 0.08796

21
31’2

v=1gp
n

2 1
l - -—
0.08796% x [—-|? = 0.0932
‘o015 (200) 32 msee

Q = 0.055 x 0.932 = 0.051 m'/sec

Although the flow capacity of the proposed pipe culvert drain is approxi-
mately twice the required capacity, this dimension seems to be appropnatc
in consideration of the dxfﬁculty in maintaining plpe culvcrts

cdf. Seepage Con_trol Facilities
Onc of the requirements for the 3rd sanitary landfill opcratlon level i$ that leachate
should not infiltrate the ground. In Japan, it is said that without sccpagc control

facilities, leachate usually permeates the g,round at a speed of 107 cm/scc.

The permeabilities of 3 samples taken at the locations shown in ANNEX D werc
measured to be more than 10~ cm/sec, as shown in Table J1.1.3c. '
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Table J1.1.3c -Permeability Test Data of ANPLS

Borchole No. Permeability
B-1 3.09 x 107 cm/sec

B2 ] 151 x 10" emysec

. - B-3 o | 475%10% cm/sec

The results of the permeability test proved the importance of adequate seepage
control facilitics.

. Sheet and earth linings are the seepage control facilities considered for ANPLS.
Their characteristics are as follows:

~  Sheet lining

* material: thin lining made of plastic sheet or synthetic rubber

* function: sheet lining completely intercepts leachate seepage. Due to its
thickness, however, the sheet lining can be casily destroyed if mounted
with heavy equipment such as bulldozer.

* durability: sheet liner is assumed to be durable.

~  Earth lining _
* material: impermeable soil (less than 10~ cm/sec.)
* function: earth lining can intercept leachate scepage.
* durability: if treatments such as surfacing, compacting of existing ground is
not enough, the difference in ground level will cause a crack in
~ the carth iner.

it is difficult to obtain impermeable soil materials for earthlining near the ANPLS,
because the project area is geologically made up of volcanic soil which is
permeable such as scolia. Even if a material meets the specified permeability ratio,
the distance from the borrow pit to ANPLS would require expensive haulage and
transport costs.

Aécordingly, the sheet lining method was proposed as a leachate control facility.
cdg. Final Soil Cover

After lahdfil_ling_ 'operati.ons are completed, final waste covering should be carried
- out and the soil cover should be thick cnough to allow the use of the area without
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affectlng the wastes dumpcd underneath. Although thc required thickness of the

ﬁnal soit cover dcpends on the ulumate usc, m this dcsxgn the th;ckn&ss ‘was set at

The sml cover is planncd to be obtained w1th1n the ANPLS usmg the soil of the
hill in the landfill site.

cdh. Slope Turfing

~ This is to prevent slope erosion and to blend in with nature.

¢e.  Building and Accessories

These facilities include a site office, a truck scale, Safcty facilities, firc prevention
facilities, storage building, monitoring facilities, car wash, etc.

cea. Site Office

The site office is estimated to require an area of 180m?* to accommodatc a staff of
30 (excluding sccunty guards) - that is 6m* pcr pcrson '
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ceb. Truck scale with Computer

- The collection of data on waste discharged at the disposal site is essential for

proper solid waste management. Two units of computerized truck scale are planned
to be installed at the entrance to weigh all cars, trucks, containers, etc., upon
entering and leaving. The truck scale at the present disposal site entrance will be
moved to the new site in addition to a new one.

.cec. Fence

Fencing is necessary to control the disposal site properly for the following reasons:
- to control scavengers, intcrmcdiaric_s, ete.
—  to protect the equipment, spare parts, ctc.
- o protect'the disposal site from illegal dumping

The dimension of the proposed fence is as follows:

20m |

y
T T
. ,%f’/ .

i

7 / Z
S

“

ced. Water Supply System

A water supply system is necessary for firefighting which sometimes occur in a
disposal site and for maintaining the site in good condition. Installation work of a
water supply systern was included in the preliminary design since none is provided
near the site.

o Design and Supervision

Prior to the commencement of the construction of the disposal site, a detailed
design work i'nqluding investigation of site conditions has to be carried out. During
co}i'stgructibn of t_h'c' site, supcrvisi'o'n has to be carried out to maintain the required
qu:ility of work. The cost of the detailed 'dc_sign' and supervision work, about 10 %

 of the direct construction cost, was included in the cost estimation.
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d, _Ope“’ti‘"_‘ 3mi Maintenance Plan. =

'+ da, ~ Landfill Plan

" daa. Basic Policy
The following basic policies.wc're sustained for the preparation of the landfill plan:

- to spread and compact solid waste sufficiently
- to minimize scattering of solid waste
= to-minimize the diffusion of offensive odor -
= to stabilize wastes as carly as possible

Compaction of solid -waste is necessary to prolong the service life of the landfill |
site, which is also helpful in rcducihg settlements after the compietion of the
landfill. Furthermore, the prevention of solid wastes from scattering and the
diffusion of offensive odor is required in order to conserve the surroun'ding
environment. In order to use the completed landfill site for other purposes, such
as recreational or agncultural carly stabilization ‘is' necessary dunng landfill
operation. : '

" dab. Lﬁnt_!ﬂll Sir'uctu.r_e' .'

The unproved anaemblc samtary landflll method, which was cxplamcd in section
H.3.5, was adopted for the landfill structure.

dac. Landfill Method

The landfill methods are divided into three typcs; open dumping, séﬁdwich, and
cell method. The open dumping method can not mitigate offensive odors,
generation of disease vectors and noxious insects, and alsd db_es not ensure proper
compaction, Landfill methods are shown in_ Figure J.l._'4':. |

With the sandwich method, soil is spread to cover solid wastes honzentally buried.
Where the landfill site is narrow, this method is effective, but if the site is wide,

solid wastes are left uncovered for a couple days, resulting in the generation of -
offensive odors, etc.. '

With the cell method, soil is spread daily to cover solid was't_c's"d_umpc‘d. Through
this method a highty compacted landfill can bé obtained and this prevents scattering
of solid waste, gcncranon of offcnswc odor and lhc brccdlng of dlscasc vectors and
noxious insects. '
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It was confirmed that the cell method was effective to keep the sanitary condition
. good, and also ALMA could opcrate the cell method through sanitary landfiil
. experiment. Therefore, the cell method should be applied.

o

Cell Method

Figure J.1.3b  Landfill Mcthods

dad, Cover Soil

Cover soil is to be placed as in the method shown above and the thickness of each
layer should be is as follows:

- daily soil covering: 30 cm
- final soil covering: 60 cm (depending on the ultimate use)

Daliy Soll Cover
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- The 5011 cover will be obtamcd w1thm the ANPLS whcrc ns a hill wnth cnough sonl
volume can be found. The quality of the soil obtained from this hill is supposedly
not good for cultivation; thc compost- from the refuse can be used 1t' available.

dae. _Equipment Planning
N _Plannin'g Conditions

It is csscntlal to consider the followmg conditions to plan the landfill cqmpment
to be acquired.

- Equipment with a big capacity to excavate and load, -
- Equipment with a big capacity to crush and compact combustibles and
_ non—combusnbles : -

—  Bquipment which can cany out dally soil covering.

- Equipment with a high capacity for compaction is necessary not only
for the ultimate use of the site when completed but also for the
prcservatlon of sanitary C()IldlthHS as well as the lcngthemng of the life
span of the disposal site.

ii. Required Wdrks
The following works are required for operation of the ANPLS,

- for solid waste .
spreading
leveling
compaction

- for soil coﬁcragc

excavation

- loading

~ transportation
unloading
spreading
leveling .

~ compaction

- for maintenance.
road maintenance
drainage maintenance
sitc maintenance.
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- for supervision .
landfill operation
maintcnance of sitc

fii. Equipment Selection

The following equipment was selected for operation and maintenance of landfill
operation.

. Bulldozer (21 tons)

Bulldozers carry out spreading, leveling and compaction of solid wastes and cover
soil. This the 21 ton bulldozer is estimated to be capable of working on 240 m® of

- waste and soil per day, assuming a working rate of 8 hours/day. Working efficiency

is estimated at 0.8. The work capacity per year is calculated as follows.
W = 240 m’/day x 297 days x 0.8 = 57,024 tons/unit/ycar

In addition, this bulldozer will also be used for some maintenance work, e.g. repair
of temporary road.

Landfilt Compactor (20 ton class)

- Landfill compactor is used for crushing and compacting the waste for the long-

term use of the landfill site. It is said that a landfill compactor can reduce the
volume of waste dumped into half. The number of landfill compactors to be
included among the landfill cquipment will be half of the bulldozer.

Wheel Loader (1.2m* class)

Wheel loader is used to load the soil for covering waste, road maintenance, etc,
from the borrow pit in the ANPLS. A 1.2 m’® bucket is proposed for efficient
loading. '

Dump Truck (10 ton)
Dump trucks are used 1o carry soil from the borrow pit to the disposal site. The

average haulage distance is assumed at 1 km. Two dump trucks are considered for
the landfill operation in 2000.
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* Motor Grader (130 PS) '

Motor grader is used for leveling the cover soil, road surfacing and forming the

cazth drain beside the road in the l.mdflll site. One motor gradcr is considered for
the tandfill operation. : R TER

" Wheel Excavator

Wheel cxcavators will be used for maintenance work such as repairing roads,
dredging open drains and repairing some facilities constructed in the dumpmg yard.
Since flexibility is a requirement for these works, a wheel excavator will be
. mcludcd in the landfill- cqmprncnt : ' '

Water Tanknr (5 m ) o

A water tanker will be required in order to store water nceded to maintain the site
in good condition i.e., by sprinkling water. The water tanker pumps up water from

the pond and sprinkle water from its diffuser pipe while in motion. The water

tanker is -also- ‘necessary because ‘it can be- uscd to cxtinguish fires which
somctlmcs occur at the dumpsite. G

Picku_p

-~ A pickup is used to patrol the snte and for the transport of workers and materials

.. to the site.

Equipment Schedule

The cquipment required for the operation of ANPLS is prcscx{tcd in Table J;1.3d.
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Table J.1.3d ~ Equipment Required for the Operation of ANPLS

o
I Description Unit | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
I Bulldozer (21tons) _ unit | O 5 5 5 5 6 6
| Lanafit Compactor (20tons) | wait | 0 3 3 3 3 3 3
_ Whee! Loader (1.2m”) unit | 0 1 1 1 1 1 1
& Dump Truck (10tons) unit 0 2 2 2 2 2 2
B Motor Grader (130PS) unit | 0 1 1 1 1 1 1
Wheel Excavator (0.7m%) | wnit | 0 1 1 1 1 1 1
Water Tanker (Sm’) unit | O 1 1 1 1 1 1
Pickup unit o 2 2 2 2 2 2
Description Unit | 2005 {2006 { 2007 | 2008 | 2009 | 2010
Bulldozer (21tons) unit | 6 6 7 7 8 8
Landfill Compactor (20tons) | unit 3 3 4 4 4 4
Wheel Loader (1.2m"%) unit 1 |1 1 1 1 1
Dump Truck (10tons) unit) | 2 2 2 2 2 2
Motor Grader (130PS) unit 1 1 1 1 i 1
Wheel Excavator ©.7m%) - | unit | 1 - 1 1 1 11 1
' " I Water Tanker (Sm%) - unit |1 1 1 1 1 1
ﬁ Pickup unit | 2 2 2 2 2 2

dc. Landfill Operations
The landfill operations are outlined below:

~  Wastes are dumped as directed by the landfill operation staff.

- The dumped waste is spread, crushed, leveled and compacted by landfill
. compactor.. : .

~ - :After the landfill operations, the covering operations will be performed daily
using the cell method.

- A seccond layer will be laid on the first in the same manner, extending
towards the divider. '

- = - Covering: material will be laid on top of the second layer of landfill.
=~ A divider as well as gas and leachate removal facilitics' will be constructed
in the adjace_:rit arca for the next landfill operations.
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~ The landfill plan is summarized bc'lo_w.-
- div_idér'-

~ The dmdcr should always be dn‘cctly adjaccnt to thc alrnost completcd
landfill area; :

- }_constru’ction work ' REE ‘

Accordmg to the progress of Iandf‘ il works, the followmg should be
constructed:. : -

divider o
gas removal facititics
on-site road

site ditch

. configuration of completed landfill' area

“To insure the immediate dischargc of rainwater on the completéd area, the
- followmg works shall be completed;. these will all be paid for in US$

lcvclmg ‘
temporary drain construction;
main: lined with concrete

branch: unlined
dd. Facilities Maintenance
dda. On-site maintenance

In order to exccute landfilling in a safe, sanitary and effective manner, final
disposal site facilities must be kept in good condition by proper maintenance.,

i..  on-site roads _

The on-site toads in the final dlsposal site are to be constructed followmg the = @r
landfill operation. The on-site road is to be paved with gravel and compacted and | '
the approach road with asphalt to avoid any problems for vehicles. '

ii. fire prevention measures

The main causes of fire at the final disposal site can be the ignition and explosion -
of inflammable gases such as methane and combustible wastes, such as paper, set
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alight due to glass wastes. Other causes are the ignition of landfill equipment fuel
etc.. Although the on-site burning of inflammable gases is possible, it is

. unnecessary as a gas removal facility is installed at the disposal site. Fires caused

by glass mates should be prevented by frequent soil covering.
fii. sanitation control

Rodents, flies, mosquitoes, disease vectors and birds very often swarm the final
disposal site, which is a problem to be tackled. Therefore, it is essential to work

- out a measure to- prevent breeding of disease vectors, insects etc., as much as

possible. The most cffective measure is to carry out daily covering of soil by the
cell method, and it is important to prohibit solid wastes from being cxposed and
stagnant water from being produced. Only when absolutely nccessary should
insecticides be used and then only very sparsely.

A conceivable cause of offensive odor is solid wastes and its decomposition after

. landfilling: Odors caused by anaerobic decomposition is said to be more offensive
~than those caused by aerobic decomposition due to the volume and quality of

generated gas. An effective measure is to thoroughly cover organic solid waste,
which is the cause of offensive odor, ‘and to acrate the landfill site by the
immediate draining of rain water,

iv.  waste scattering prevention

A fence will prevent waste from scattering outside the site, in addition to the
constant monitoring and collecting of waste scattered within the site.

v. on-site maintenance (equipment)
The following is equipment required for effective on-site maintenance,

—~  disaster prevention:  water sprinkler truck

-~ on-site patrol: inspection vehicle

ddb. Main facilities maintenance

At the final disposal site, the main facilitics arc the dike and drainage facilities.
These facilities must be maintained in good condition as onc breakdown could

effect them all, resulting in mass damage.
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i~ The dike must be checked for any cracks or holes.

~ji. The. drainage system should be consténtly:monitorcd and cleaned out as it
" can be blocked up by sand, leaves, weeds and other objects: © -

- dde. Equipment maintenance

In -order. to  perform mamtcnance for cffective: operanons if dunng pcnodzc
"investigation problems are discovered, they should be- analyzcd and equipment

should be rcpa:rcd only by eklllcd cngmccrs Neccssary sparc parcs shouid be kept
© in stock. P : : : o

ddd. Hygiene and safety-cohtrdl
i, hygiene control

- .As the final disposal operations are outdoors, dust, odors, landfill gas cte. can badly
affect the staff working in this already unfavorable environment. Hygiene control, -
as well as safety control, ar¢ assured by understanding the working conditions and
improving certain aspects when necessary. Periodic health check-ups shall be
performed and trcatment given for any accidents. In addition, the staff should
possess full knowledge of the location and access to the hospital in case of any
emergency. R '

‘ii. - safety control
Outbreaks of methane and fucl leakages from landfill equipment should be strictly _
controlled, and in order to prevent fires causcd by carclessly thrown cigarette ends,

a measure such as no-smoking should be taken at the landfill site. Of course, the '
staff will be well educated on disaster prevention.
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de. Personnel Plan
dea. Organization structure

The organization structure for the operation of the ANPLS in 2000 is proposed as
shqwn'in Figure J.1.3c.

[Manager|
. 1 ponon
-~ Machine Operator]|
16 parsons
Foreman Workers
. 2 persons . & persons
———— Truck Scale Operator |
3 persons

Ciok |

. Figure J.1.3¢c . Organization Chart of the ANPLS in 2000

-  Manager (1 person)

Thc"managcr is responsible for operation of the ANPLS. He has the power to
delegate jobs to all employees. -

— Assistant manager (2 persons)

They  patrol the landfill ‘sitc to maintain sanitary conditions and to prevent
contamination.

- Truckscale operators (3 persons)

Thcy keep all records of waste and of incbmihg and outgoing trucks by operating
truckscale. '

- Maéh_ine operator (16 persons)

They operate equipment in the site,
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~  Mechanic (1 person)
Carry out minor repairs and periodical inspection for =pre'vcntive"main"tcnancc
- Worker (5 persons) -

“Indicate arcas prohibited to ioading to the drivers of colleciion vehiclcs, and keep
the space for compaction and covering activities from scavengers.

= Clerk (2 persons)

They do a:cc.ounting am‘i..a.d_ﬁinis_tration work f(;r fhc ANPLS

-— Security. (1 pérson) |

They keep guard over _equipmeﬁt, instrurﬁent's, l;tp._ at nigﬁt.

- Manpower Disposition |

The rﬁaﬁpower s;chqdulc for the ANPLS is prcscnt.cd in Table J.1.3e.

Table J.1.3¢ = Manpower Disposition for the Acahualinca Newly Proposed
Landfill Site : '

.
- Description unit 1998 | 1999 | 2000 | 2001 § 2002 | 2003 | 2004
Manager | . pemson i 1 1 1 "1 1 1
Foreman person 2 2 2 2 2 2 2
Truck-scale operator person 3 3 3 3 3 3 3
Machine operator person 4 9 16 16 16 17 17
Mechanic person 1 1 1 1 ] 1 1
Waorker person 5 5 5 5 5 5 5
Clerk Person 2 2 2 2 2 2 2
‘Security ' 1 1 1 1 -1 1 1
Description unit 2005 § 2006.7 2007 | 2008 | 2009 | 2010
Manager person 1 1 1 1 i 1
Foreman person 2 2 2| 2 T2 2
Truck-scale operator person 3 3 3 3 3 3
Machine operator person 17 17 19 19 21 21
Mechanic : person 1 1 1 1 1 1
Worker person 3 5 5 5 -5 5
Clerk Person 2 2 2 21 2 S 2
Security 1 1 1 1 i 1
B o e

I~ 60

|u-_,I



df. Environmental Monitoring

In the process of carrying out landfill work, a monitoring (or supervision) plan

- which includes water quality inspection and any scattering of solid wastes should

~ be prepared in order to prc\;ent the deterioration of the environmental conditions
at the final disposal site:

i Water quality monitoring
The following shall be monitored for water quality control:
- groundwater by existing wells
.= surface water in surrounding drain
—  leachate
ii. Waste monitoring
- The following wastes shall be monitored:
. — - waste directly-hauled by the generators unacceptable industrial wastes,
in particular -
- . scattered waste outside the site
- iliegally dumped waste
e.  Ultimate Use
ea. Basic Conditions on Ultimate Use
The following are basic potential hazards to be considered:
- problems related to settlement
- - problems related to gas gencration
- maintenance of completed landfills
eaa. Settlement.
The settlement of wastes buried in the landfill is dependent on the thickness and
composition of the waste, compaction of the material, moisture content, etc.,
- Studies have indicated that approximately 90% of the waste will scttle in the first
-5 years. The scttlement of the other 10 percent will- occur over a much longer
' period. ' '
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Settlement is classified into the following two typ'es_:—.-'

= settlerent of refuse layers | _
“ = < settlement of soft sub-soil layers’ .

'In accordance with the geologii:al su_rvéjv results; the ground of the proposed sitc
is so steady that landfill activities will not cause the seftlement of the sub-soil.

i settlement of refuse layer
Settlement of refuse layer is caused by two factors:

- compaction
= decomposition

Compaction is caused by pressure from the upper waste layers due to ovcrload and
-vehicle weight. The settlement rate by compaction varies according to material and
water content. e S :

- Little information is available on the decomposition of materials buried in a
sanitary landfill. It is extremely difficult to pred{ct the time required for 'complete_
decomposition. Many items, particularly paper, have been found unchanged in
landfills that had been completed 15 to 25 years préviously The rate of decompo-

sition is primarily dependent upon the moisture content and generally takcs placc
at a very slow rate. '

eab. Gas generation

Dccomposition of the wastes will result in the production of gases, principally
methane, carbon dioxide, nitrogen, hydrogen, and hydrogen sulfide. The rate of gas
production will usually reach a peak within the first 2 years and then slowly taper

off. Mcthane gas causes the most concern because of its flammable character.

A countermcasure for gas generation is construction of gas rcmova! facilities such
as installation of perforated pipes and gravel. '

eac. Maintenance

Completed landfills generally require maintenance because of dlspanty in lcvcls of
‘scttlement, Maintenance consists primarily. of ‘resloping the surface to maintain
good drainage and filling in small depressions that result from uneven settlement.
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e¢b. Ultimate Use Plan
eba. Paossible ultimate use

- . As for the ultimate use of the completed site, after reclamation the land can be
immediately us&_',d_as a car park, golf course, farmland, park, playground etc..
One-storey rambling-type buildings can be constructed on the reclaimed land years
later. It is difficult to grow tall trees in the reclaimed area due to the gascous
substances underneath and changes in temperature. Shrubs and herbs can be planted
though.

- Accordingly, it is really important to determine how thick the final waste cover
shall be in consideration of the land use ultimately intended for the area.

i. as farmlands

~ One of the ultimate use of the completed site is for agricultural purposes by
reclaiming swamps and mountainous arcas (valley) to produce leveled ground
suitable for farming. In order to use the land for farming, the selection of suitable
final cover soil is required, and to make the thickness of the soil approximately 1
-2m Additionally, in order to prevent crops from being affected by gases
generated, it is essential to install a gas removal facility. Periodic inspection and
maintenance are necessary because of distortion and deterioration of gas removal
pipes and rain water drains due to scttlement of the foundation. Because of the
clogging of pipes which causes the spread of generated gas over the farmland,
crops wither and die. In order to obviate negative effects caused by gascs, periodic
examinations should be conducted and necessary mitigation measures should be
enforced.

ii.  as sports facilities and parks

A number of disposal sites are used ultimately as soccer grounds, sports facilities
and parks. In order to use the site for these facilities, it is easy to decide the nature
and thickness of covering materials, as compared to that for agricultural purposes.

Considering that the public,' including children and the clderly, usc these facilitics
more often than they would farmland, one must pay attention in handling generated
gés. Generated gas is treated by diverting it into the open air and burning, but if
the releascd amount of gas, seepage and exhaust gas by burning is low, thesc gases
_remain in the utilized facilities. It is necessary -to take the aesthetic aspects into
account.
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iii. as car parks

As for the ultimate use of the completed site as a car park, although the problems
with rusting of cars caused by gas rcma'ins, the improvcmcnt measures for this use
* is easier than that for farmlands and parks. Inspection of gas removal facilities and
generated gas should be conducted in the same manner. as that in other uses,
| ~ however a small number ‘of problems still arisc such as settlement,

. ebb. Recommendations on ultimate use

' Due to settling and gas problems, construction of buildings on completed landfill |
~sites is not recommended for at least 15 ycars Thus, the following ultimate uses
are recommended.

A park for the surrounding inhabitants is recommended. The reasons are:

- a great contribution to the surrounding residents -
- = in harmony with the existing landscape
~ compatible with-the surrounding land use

“one of the least expensive methods of land use

f.  Cost Estimates
fa. Construction Cost of the ANPLS

The preliminary drawings of the ANPLS are presented in Figure J.1.3a and J.1.3b,
The construction cost of phase I was estimated based on the work quantiti&_:s taken
out from thosc drawings. The construction cost of the phasé II and III were
estimated bascd on the estimated cost of the phase I

. O & M Cost

The O&M cost estimate was made based on the estimated number of required
cquipment and manpower.’ ' ' ' '

fe. Land Acquisition Cost
“The land proposed for the construction of the new dis;;bs‘al site had to be acquired
because it was then (March 1995) privatcly owned. The land acquisition cost was

not included in the cost estimation. The land acquisition cost was assumed to be
C$ 2.8 million for 93 hectares (using official price = C$3.00/m?).
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fcb. Construction Cost

The respective costs of each construction phase of the Acahualinca Newly Proposed
Landfill Site are cstimated as shown in Table J.1.3f.

Table J.1.3f CohstructiOn Cost by Phase in the Acahualinca Newly Proposed
Landfill Site

_ﬂ L

B . Phase [ Phase I Phase HI Phase IV Total Cost

‘No. Tterns . i from 1997

o 2010

o } (thou.C3$) {thou.C$) {thou.C3$) (thou.C$) {thou.C$)
i Site clearing and preparation 5776 1,768 4,194 5330 23,067
z Enclosing structures : TATL 9,914 5352 6,802 29,439
21 | Enclosing dike 7272 9,780 5,280 6,710 29,042
22 | Divider 99| 134 o 92 397
3 Drainage system 2,643 3,554 Co1819 2439 10,555
31 Open side channel ' © . 616 828 447 568 2,460
32 On-sile open drain 88 119 4 81 352
13 | C-Pipe () - 3 7 38 49 211
34 C-Pipe (1) 476 6 | 6 440 1,503
35 | Under ground drain . 166 m| m| 153 | 663
16 Vertical drain : | 1,231 1,656 god | 1,136 4,918
37 | Diversion Canal ' V3 R 9 1 2
4 Rond . 5,029 6,763 3,651 4641 | 20,084
. 41 ‘Main approach road (asphalt paved) 2,721 3,659 . 1976 | . 2,511 10,866
‘3 42 | Temporary road {gravel road) 1,793 2412 1,302 1,655 7,161
43 | Descending road ' 515 693 374 475 2,057
5. | Euvironmental Profection FacBities 64,302 86,477 193,688 59,336 256,803
51 | Buffer zone _ o cas | a0 | 0 s 1,321
52 | Litter'scattering Prevention fxcilities | 376 506 27 47 1,503
53 | Gasremoval faciliies C 26 304 164 209 903
54| Bodizontal leachate collection for 4433 5962 3219 4,091 17,705
55 }?mg'i:w'nla! fcachate cbllcction for 3,444 4,631 2,500 3178 13,753
56 | Leachale drain pipe _ 56 75 41 52 24
52 Leachale circulation system 1,832 2,465 1,331 1,691 7,318
58 | swope turfing _ 53,306 71,650 38,704 49,190 212,891
59 | Monitoring facilities ' 26 | 3 200 254 1,101
510 | Leachate weatment facilities - . un] 29 15 20 85
6 Puikling and sccessories 4,176 L2425 1,547 1966 | 10,14
61 | Pence S 2,143 2,425 1,547 1,966 8,081
62 | site office : : 653 0 0 0 652
63 Garage and store . 512 0 0 0 512
6.4 Truck scale with computer 157 0 0 0 157
65 Fumitre - 397 0 0 0 307
66 | Water & Electric Supply 315 0 0 0 315
7 Miscellancoay _ 8,930 11,690 21,05 8,051 49,706
Contimgency (I5%)  und| e 30,181 11,552 73,240
Design and supervision (10%) 9,823 11,182 20,121 700 | - 48827
Total Construction Cost (millC3) 122.8 139.8 2515 9.3 6103
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- ecc Operation ah_d Maintenance (0&M) Cost PUE A

In compliance with the landﬁll lcvcl;dc‘sign, the estimated rcqﬁircd._ quantiﬁcs of

equipment, labor, and materials: are presented in Table J.1.3g. = -

©. Table J.1:3g - - Estimated -Quantities for O&M of Disposal Site - -

Tterns Desctiption wunit 2000 1 2001 § 2002 | 20031 204 | 2005
Machinery | Bulldozer 21 ton wit. | 5 5§ s 6 | s 6
Landfill Compacior 20 kn | wait | - 3 3.4 3 | 3 3 | 3
Wheel Loader 12m* - w1 1 A KOS T RS S RS U
Dump Truck 10 fon- wmt |2 2 2| 2 | 2| 2
Motor Grader. 130PS wit {1 t 11 1| v 1
Wheel Excavator 0.7m’ uait 1 1 1 1 1 1
B Water Tanker Sm’ unit SERN RIS U IS U OO T IS 1
Pickup ' wit | 2 2 2 ) 2 | 2
‘Employee Mmiger pmon 1 1 1 1 1 H
Foreman person 2 2 2 2 2. 2
Track Scale Operator person | 3 3 3 3 3 3
Machine Operator persoi | 16 16| 16 17 17 17
Mechanic person 1 1 1 1 L1 1
Worker pecson | 5 | s 5 5 5 5
Cletk person |2 2 2 2 2 | 2
Security persin 1 1] a 1 1 1
Matetiat | Insecticide LS 1 1 1 1 i 1
Fuel & Lubricant 18 1 1 1 1 |1 1
Others s 0ot 1 1 1 1 1
_Uuh-hes Water, Electricity i85 1 b H . 1 - 1 1 1
Henis Description unit 006 | 2007 | 2008 | 2009 | 2010
Machinery | Bulldozer 21 ton unit 6 7 7 8 3
Landfill Compacior 20 ton |  unit 3 4 4 4 | 4.
Wheel Loader 1.2m’ wnit 1 1 1 TR
Dump Truck 10 ton unit 2 2 2 2 2
Motor Geader 130PS unit 1 1 1 1
Wheel Excavator 0.7m’ unit 1 1 1 1 1
Waler Tanker Sm’ unit 1 11 1. 1 1
Pickup wnit 2 | 2 2 2 P
Employee | Manager person i 1 i T 1.
Foreman peeson 2 ) 2 2 2
Track Scale Operator person - 3 3 3 3 3
Machine Operatod person 17 19 19 21 21
Mechanic ' person 1 1 1 1 D
Worker person | 5 5 5 s | s
Clerk pefson 2 2 2 -1 -2 2
Securily person | 1| 1 R T PR
Material | Insecticide TR I 1 I T BT
Fuel & Lubricant LS r vy o
Others LS 1 1 | 1 1
Utilities Water, Electricity LS i 1 1 IR 1
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Improvement of the Present Los Cocos Workshop

a.  Design Conditions

_ aa, Introduction

Proper vehicle and equipment maintenance system is the key to a sound solid waste
management, and can be realized through the formulation and provision of
manuals. The maintenance system, however, can be effectively implemented with
the provision of the right tools and facilities.

In Managua, the maintenance of MSWM vehicles and equipment is carried out at
the Los Cocos workshop, which is located in a poorly structured building and
equipped with limited tools and equipment, some of which arca rundown or
malfunctioning. Given these conditions, it goes without saying that the workshop
renders . very sloppy services. :

Several suggestions are made therefore to improve workshop conditions and human
and material resources.

ab. Design conditions

The MSWM vehicle and cquipment operation and maintenance works arc
conducted in accordance with the following work share.

. Table I.1.4a MSWM Vehicle and Equipment Operation and Maintenance

Works
- - Woik Items o Operation . Maintenance & Repair
Use of Equipment
1. Collection ALMA, Private Sector | ALMA
2. Final Disposal ALMA _ ALMA
3. Administration . - ALMA ALMA

‘Conscquently, this chapter also deals with the improvemeht plan for the present
' Los Cocos wortkshop.
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ac. Lay—out modifi catlons and eniargements of the pment shed of the Los
Cocos workshop

‘Presently, the most prcssing problems at the workshop:are: =

- _' The maintenance services for vehicles and equ1pmcnts are poor and are
-‘bcmg madc in thc opcn yard

= 'There are no water closets for the workers but only a makeshift cloak
room without cabmets ' '

These p_to_blcms can be immediately overcome through the enlargement of the

- 'present shed which measures 69.4 m> This section to be enlarge shall be the area
: alongSIdc ‘the present greasing and welding scctlon The mechanical section, after

o _this cnlargcmcnt will occupy a total area of- 2425 m '

A9.0 m2 tool storage room will also be built in this area. The machines and tools
“in this arca will be shared by the mechanic and welding sections. These machines

- -and tools are the following: -

Machines and Tools Welding Section .Mechq_nié Section I -

- Welding Machine ' 2 - _ I
.~ Bench Electric Grinder S <

- Wood Bench 1 -

- Metatlic Bench 1 -

— Machinist Vise 2 -

- Oxy-Acetyicne Welding 1 -

- Tool Box 2 _ _ 2

w

Some machines and tools to be acquired for the mechanic section are as shown
below: ' ' . '

- tems :  Quantitics

- Bench

— Metatlic Bench

~ Bench Electric Grinder

— Machinist Vise n 8

- Compressed Air outlet

- Hydraulic Hanger

~ Universal Drilling Machine

e DD D) e e D0
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Some of the tools in the tool storage room shall be lent to the mechanics working
in the workshop. Thesc tools arc as follows:

= Electric Drill
- Adjustable Wrench
~  Adjustable Pipe Wrench
~  Grip Plier
@ o = = Plier
- Ball Pen Hammer
- Screw Driver
- Allen Wrench
~  Socket Wrench set
- Gear Puller
-~ Drill Set
- Screen Clamp
- Open End Wrench
- Box Wrench
- Combination Wrench
- Drain Plug Wrench
- Oil Filter Wrench ,
. | - Adjustable Hacksaw Frame -
& '~ Hacksaw Blade
= Torque Wrench
" = - Electric Soldering Iron
= Vemier Caliper

ad. Constfuction of a concrete paved area for washing, lubrication and
inspection in the Los Cocos workshop

Taking into account the absence of a designated area or cquipment for washing
services, the paving of an arca of 204 m? is proposed for this purpose.

This area shall be made of concrete and well drained, and shall be located

"~ alongside the shed with an inspection pit for the vehicles. This old pit shall be
demolished and 4 new one made specially for vehicular inspection, lubrication and
oil change.

A 6.0 m® storage room shall be constructed also for the washing and greasing
~ equipment. '

The following equipment and machines shall be acquired for the new greasing
- section in Los Cocos. workshop: .
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~ - High' pressure grease pump
=~ Hand oil pump
- = Compressed air outlet
- High pressure water pump
- Hot water high pressure car washcr "
= ComprcSSed air outlet - -

Thls area shall also bc very well hghtcd so that thc vehicles can also be washcd ‘
at night. : :

For the greasing and lubricating activitics, threc more employees will be assigned
to the night shift, under the following schedule:

"~ 1 (one) from 12:00 PM to 6:00 PM
'~ 2 (two) from 6:00 PM to 12:00 PM

‘Tabie 1.1.4b Proposed Area to be Paved in 2000

Present Situation

Surface Area: 65136 m? | 204.00 m® = new construction and one pit
' for the greasing section i’
69.40 m?* ~ . enlargéement of the present
shed to house the mechanic
scctmn

30.00 m® - cloakroom and bathmom -
- new constructions

ae. Mobile Greasing and Lubrication Unit

In order to improve the preventive maintenance and fueling of earth moving
~ machines in the samtary landflll the acqmsmon of a mobile grcasmg and fueling
truck is proposed. '

Only one truck, model Mercedes-Benz 1980, is carrymg out thls scrv:cc and it is
in bad condition,

The immediate acquisition of a new mobile lubrication and fuclmg truck for the
carth moving machines is very important.
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af. Enlargement of the present shed for container - construction and
maintenance in Los Cocos and new lay-out (for the year 2000)

All the containers used in the container collection system are under repair in this
. section and a few are newly built. Some vchlclc Tepair services are also made in
this section.

When the strect sweeping operations will be handed over to the Public Cleansing
Office, this section shall also be improved in order to render mamtcnancc services
to the litter carts that are currently being made in this shop.

The container construction and maintenancc section shall also be enlarged in order
to accommodate the body repair and painting activities to be introduced.

For this purpose,'thc arca of 120 m? alongside the painting boxes and the body
repair area shall be paved in concrete.

Table J.1.4¢ Improvement Plan of Container Construction and Maintcnance
‘Section
Section Present Year 2000
(m®) (m?)
- Offices 82.50 82.50
-~ Welding and Smithy 108.48 269.60
~ Painting 39.00 90.00
— Paved area 0.060 120.00
Total 249,98 562.10

ag. Construction of a new shed in Los Cocos and new lay-out

The previous suggestions for improving the maintenance buildings at Los Cocos
were restricted to minor extensions and to the rearrangement of several sections in
order to upgrade the working conditions of the maintcnance services,

For the year 2000 though, a new shed for the maintenance of vehicles and
equipment shall be constructed. '

This new shed will be constructed in Los Cocos, near the present one, taking
advantage of the current constructions used by the administrative offices and the

greasing scction. Also the construction of a new pit for lubrication, inspection, efc.
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~shall be carried out, -

The other areas occupied by the mechanic, vulcanization and welding sections shall

‘ be demolished. The area located between the new shed and the old one shall be
paved in concrete to allow vehicles access to the shed and for the parkmg of the
 vehicles during qu:ck Tepair services.

 For thcsc new workshops, several new machines and tools shall be acquucd for the
~.. . maintenance services. Thesc machmcs and tools are. llstcd in Table J.1.4d:

-1




Table J.1.4d

Workshop in 2000

Machines and tools to be acquired for the Improved Los Cocos

J =15

Items Quantities Items Quantities
Metallic Bench 01 Gear Puller 03
bench ' 08 Screw Clamp 04
Bench Electric Grinder 04 Open End Wrench Set 03
Machinist Vise No.8 4 Box Wrench 03
Battery Cable 01 Rigid Rack 04
Battery Hydrometer 04 Combination Wrench Set 03
Baltéry Tester 01 i Compression Gauge 01
Battery Syringe 01 - Hydraulic Gauge 01
Circuit Tester 01 Hydraulic Hanger 01
Wire Stripper 0 - Nozzle Tester - 01
Polyethylene Funnel 0 ‘Drain Plug Wrench 02
Wood and Steel Covered Bench M Qil Filter Wrenc_h 02
Jron Anvil _ 02 Qil Measure 02
Oxy-acetylene Welding 01 Adjustable Hacksawframe 05
Shearing machine . 02 [ Hacksawblade 30
Polisher - 02 Drill Set 02
Spray Gun nm Solder 30
Compressed Air Outlet - 02 Surface Plate 01
Air Impact Wrench 01 Tool Set Portable Type 01
High Power Wrench 01 Tool Set Heavy Duty Type 01
Wheel Nut Wrench 0 Grease Gun 0z
Tire _Service Tool Set 01 Torque Wrench 01
Grinding Wheel 03 Electric Soldering Iron 01
Wire Bush Bench ) Chisel and Punch Set 01
Hydraulic Jack — 30 t. {12 vV Block 10
Hydraalic Press ~ 150 ¢ 01 Vemier Caliper 01
Hydraulic Garage Jack 02 Fuelpump 01
Miled Tooth File 01 Stee! Rule 02
High Pressure Watcr Pump 01 Iron Bench Level 01
Hot Water High Pressure Car Washer 01 Garage Lamp 01
Electric Drill ' 01 Hack Sawing Machine 01
Adjustable Pipe Wrench 05 Spray Mask (Respirator) 02
Adjustable Wrench 05 ' Exhauster for Painting Box 04
Grip Plier . 05 | Body—fender Tool Set 01
Plier 08 Engine Oil Pump 1)1
Ball Peen Hammer 05 Grease Gun 02
Screw Driver 07 Grease Pump 0
Alief_x Wrench Set (Hex Wrench) - 02 automatic Tire Inflator 01
Welding Shield o 04§ Oil Flow Meter 01
Um'veisal Drilling Machine - 02 Water Tank 01
Toot Box - : 04 N DBattery Changing Cable 04
High Speed Abrasive Cut~off Machine ) Fuel Tank 01
Socket Wrench Set 3/4 ' 01 Safety Holder 05
Sockel Wrench Set 1/2 01 Earth Clip 05




ARCA ; 30,326.94 Mt'

PERIMETER 1 819.24 ML

mnv:mmmcﬁrﬂ:w‘m - . e L WML | : X0
we DTERATIOW, CIPCRATIN AGDE TOPOGRAPHICAL MAP OF "LOS COCOS™ - ° pro—

Figure J.1.4a Proposed Layout: of Los Cocos in. 2000
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Figure J.1.4b  Improvement Plan for Workshop Building (1)
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ah. Maintenahce staff requirements

- Vehicle maintenance work is baswally carried out by a331gn1ng one worker to do
the repair services of 3 vehicles.

“To estimate the required number of staff, this was use as a basis.

Presently, all the vehicles and machines being used for collection and disposal arc
stationed at the Los Cocos workshop, which houses a total of 102 trucks and carth
moving machines and 8 light vehicles.

The tepair and maintcnance services of these vehicles and equipment are being
made by 33 workers, that is 3 or more than 3 vehicles per worker.

After the construction of the Greasing Section, it will be necessary to add 3 new
workers to the manpower of this section (from 4 to 7 workers) and also to add one
worker to the vulcanization section, in order to cope with the many punctured tires
each moming.

All this will bring the total mahpowcr to 37 workers, and there will be 1 worker
for every 2 to 3 vehicles.

In the year 2000 there will be 117 vehictes and machines for the refuse collection,
street swc_eping and disposal activitics. In this case it will be necessary to employ

40 workers for the maintenance scrvices.

Table J.1.4e Labor force at Los Cocos Workshop

| R T T TR —
Section 1995 2000
~ Administration 2 3
- Mechanical Repair 16W 18
- Vulcanization 6+19 6
- Greasing 4+39 6
- Electrical Repair 4 4
- Welding _ 3 3
- Body repair & painting | 4~ 3
Total 39+4 43
: Pomerr— T T -
. Notes: (1) 8 mechanics and 8 helpers

(2) - 3 more workers in the greasing section after the construction of the
paved arca and service expansion
(3)  for better tire repair services

J-79



Table J.1.4f Maintenance staff: RSN

...No: of Vehicles and -
Machine

110 B o
1n7 " | Manager and 2 Clerks shall be added

' ai. Tra’ining needs for the mainfen'ance works g

For staff trammg, the Publlc Clcansmg Office shall provide oourscs in the
followmg arcas:

i. - Drivers.and Supervision Personnel

- Safe driving - :

- Traffic regulations for the drivers and transport supervxsors
-+ Accident communication procedures for drivers and transport supervi-
- Methods, techniques and procedures for daily inspections, including the

necessary ‘forms the drivers, mcchamcs, clectnclans, hclpcrs, have to
fitl up '

- Gettmg acquainted with vehicle structure and functlons for the drivers

-~ Advanced training courses on the opcratlon of new' vehicles and-

equipments

In order to render these courses, the technical staff of the Public Cleansing Head
Office shall be preparcd to act as instructors. Also, the participation and support
of the equipment and vehicles manufacturers shall be requcstcd in ordcr that thcy
provide manuals, films etc.

ii.  For the maintcnance staff

~  Lubrication

- Engine overhaul and adjustment

- Front axle repair and adjustment

- Back axle repair '

- Transmission gcar rcpalr (clutches, gear boxcs and differentials)

—~  Brakes system

~  Electrical systcm

- Adjustments of the hydraulic system

—  Hydraulic pumps, hydraulic drives and cylinders and valves overhaul




aj.  Vehicle and Machine identification

For the effective control of vehicles and equipments operations, the vehicles and
equipment will be identified by numbers. Numeric identifications as in the format
presented ahead, shall be painted on both sides of a vehicle and at the rear of truck
bodies.

The format shall follow the following pattern:

XX —XX.-XX.
e

(1) The first two digits represent the specific identification digit established for
the following groups of vehicles or equipment:

01 - automobiles, jeeps
02 - pick-ups
03 - vans
04 — dump trucks

~05 ~ flat bed trucks
06 — water tank trucks
07 — mobile lubrication and fueling trucks
(08 — compactor trucks
09 - road swecpers
10 - hoist trucks

11 - roll-on roil-off trucks
12 — tractor trucks
13 - mobile workshops
14 — wheel loaders
18 — bulldozers
16 ~ c‘ompacmr trucks

. 17 — excavators

18 — pulling cart tractors
19 - motor graders

- 20 — dump trailers '
21 - dump carts

* (2) . The next two digits stand for:

~ . the cargo capacity in cubic meters in the case of the compactor trucks, dump
trucks, flat bed trucks, water tank trucks, dump trailers, etc..
- the capacity of passengers in the case of automobiles, jeeps, pick—ups, vans,
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etc

- the cargo capacity in cubxc meter: of the contamcr in the case of the hoist

* trucks, roli-on, roll-off trucks, etc.

.= the manufacturcrs model, in the case of canh movmg cqulpment

Examplc: '

08 - 15: identifies a compactor truck with a15 éub‘ié_met'cr capacity
15-06: identifies a D6 model bulidozer

(3) The last two digits represent the identification figure in chronological order
of the vehicles and machines at the time of purchasc.

Example:
08 — 15 - 10 : identifies the tenth acqu'ired 15 ‘cubic meter compactor
' truck ' ) -

Promotion of Public Awareness, Cooperétionrand Participation _

a. Introduction

Public awareness, cooperation and participation are necessary to realize the target
defined in the Master Plan. These are very i'mportant not only for the MSWM
activities but also for the citizen themselves, for 1mprovcmcnt of the sanitary
environment.

The activities for promotion of public awareness, cooperation ‘and participation.

shall be done by municipality. The public communications assistant, which is a
proposed scction to be cstablished in the municipal organization as described in the
cquipment and staff to carry out these activities are proposed as follows.

b.  Required Equipment

The promotion activitics of public awareness, cooperation and participation shall
be carried out all over the project area. Also it must be cdnsidcrcd that large
number of people do not have TV set. Therefore, a 4-wheel drive station wagon
with a video is proposed. ' o '

J - 82

‘. \;:rfl



¢.  Required Number of Staff

 Table 1.52 Required Number of Staff

e
Items Required Number of Staff
-~ . Manager - : 1
& B - Assistant manager’ : 1
- Drivelf 1
- ;VWOrker _ 3
- Clek 1

J.1.6 -~ Summary of Prelimilia_ry Design: for the Priority Projects
a. Required Number of Equipment

“The number of ccjuipmént .which were planned to be used for MSWM opcrationé
based on the analysis result of section J.1 are summarized in Table J.1.6a.
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Table J.1.6a  Proposed Equipment.

Hems-

1998 -

1999

2001

Collection Service -

- Compacter. 15.3m°

- Compactor 15.3m" +
comtsiner Lift

~ Hoist Truck for 7.0m"
container

- Container 1.0m’

~ Container 7.0m’

~ Dump Trock 8m°

- Wheel Loader 0707
- Mgior Grader 103 PS
— Pickup )

10
3

»
- 210
31

.
oy
o WO

[- ]

w

3 s

35
3

gl

276
139

oo B

2002 | 2003

55
3

oy

283
147

Sh o= G Oh

55

o owe L) On- %

-

B

o L On

B~

305
172

4

-3z

82

s’ G

319
191

o L On

- ¥

527

335
258

O owe L On

Public: Cleansing Serviee
- Compector. 15.3m’ +
Containor list

- Hoist Truck for 7.0m*
Container. - s

- Pickup

=~

i PN --.m‘a«.E

]

Bisposal Operations Ser~
vive .

- Bulidozer 21t0n

- Landfill Coapector 20ton
— Wheel lcader 1.2m’

- Dump Truck 10w’

~ Motor Grader 130PS

= Wheel Excavator 0.7m°

- Water Tanker Sm’

- Pickup

[~ — i — i — N~ I - I =

B e e B we L2 EA

B e e D) e L2CLA

B e b = B e D A

B b e e DD s Lal A

B s we e B e W OA

B e e = B e W OR

B e e 0D e L3 Oh.

X R L I

b wm e b B e B ad

B e e e B e B

B b me b B e B OO

L e S . Y

Mainicnance Service

= Mobil Workshop.

- Maintenance Bquipraenl

in S .
.08 Cooos

—

-

—

—

—

ot

—

[P

b

Public Communications
Assisianis

-Station Wagon with VID-
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b.  Manpower Schedule

The manpower which were planned to conduct the MSWM operation basced on the
analysis result of the section J.1 are summarized in Table J.1.6b.

Table J.1.6b Summary of Manpower. Schedule

@ Hems 1998 § 1999 & 2000 | 200 |.200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 208
: : t | 213 4 5 6 7 8 9 0
Collection Serviée
- Miniger N i o] o 1 1 1 1 1] 1 1 1
“Foemen - & 6| 6] ‘s] e] &) s 6 6 6 5 6 6 6
- Driver 25 ™ 7wl wf w| 0| m| =] i s ef | m
- Workex {wlledor) 61 34 194 195 193 184 190 188 186 113 118 120 123
~Clek . 3 3 3] 3| a3l a 3 N 3 3 3 3
Public Cleansing Service '

- Assistant Manager ' I 1 1 1 1 1 1 1 1 1 1 1
- Foreman S 6 6 s| 8| 6] s 6 6 6 6 6 6 6
~Dive . . | .a) s s| sy os|.os|] s| si s} s| s| s| s
_-wdmta'(Conenor) N 8 8 8 8l 8 8 8 8 8 8 8 8
_ StmctSwecpcz’ ' ‘ zs | w0 2.3_4' w4 | s | 2e | el ma | e | e 24 | 234 | 234
- Park Clesoer " 4 | 104 i3} 11 wmw | wlm| w| wm) o] | o

@ - Clerk ' 2 2 2f 2| 2t 2 2 2 2 2 2 2 2

‘Dispossi Operations Servicr ' '
- Maneger 1 1 1] 1 t 1 I I 1 1 1 ) 1
- Foeman 2 b 2| 2| 2 2| 2| 2| 2] 2| 2] 2 2
§ - Truck-scale Operator 3 3 3| 3| af 3 3 3 3 3 3 3
- Michine Op;ﬂhr,'Dﬁvé 4 . 9 16 16 16 17 17 17 17 19 19 21 21
~ Mechanic o 17 G ot 1] 1 1 ¥ 1 1 1
- Worker 5 s s| st s| s st s 5 slos| s 5
= Clerk 2 2 2| 21 2] 2 2 2 2 2 2 2 2
b -seuiy N I 1 1 1 i 1 1 1 ] 1 1 1
Malotensace Service
~ Manager ' i ¥ 1 1] 1 I i 1 1 1 1 1
- Mechanic 3 10 s s ] 8] 1| s8] ] ] B 1] 1
- Diiver 0 1 ' i 1 1 1 1 1 1 i 1
- Worker (Assistant) 6 14 al al al a| af a} a] af 2] a] a
- Qe _ 2 2 2} 21 2] =2 2 2 2 3l 2 2 2
Public Commuications '

- Managet i 1 1 1 1 1 11 1 1 1 1 1
~ Assisiant Manuger | 1 1 1 1 1 1 1 1 1 1 1
.~ Driver 1 1 1 1 1 1 1 1 1 1 1 1

- Worker 3 3 3 3 3 3 3 3 3 3 3 )

- ek 1 1] 1 1 1 i 1 1 1 1 1 1
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321

_Institutional System

Administration and Organization

. ;a.. -_.=Admini'st.ration

- The admmxstratson of thc Solid Waste Managemcnt system in Managua by the : ycar
_'2000 will rémain in the hands of the Mumcnpahty, regardlcss of the proposcd

partlclpatlon of the private sector ina sagnlflcant scgmcnt of the Mumc1pal Solid -
S Waste Management activities. '

: _Bcing univcréally _acknowledg_t::_d_ as a public health concem, urban solid wastes

management shall always be administered by public ofﬁcials. '

In the case of Managua, the édmiﬁi’strétion' of the system will continue to be
contfpllcd_by the Municipal Govemmcnt basically through the Public Cleansing
Office, which is under the Public Works and Maintenance Head Office. Although

" some activ’itiés related to collection or street cleansing may. be exceuted by other

government agcncncs or private enterprises, the ultimate rcsponmbnhty and authority
shall emain, all the time, w1th the Public Clcansmg Office.

s nnpnrtant to note, however, that the cleanliness of a c:ty is the rcsult of the

combined efforts of several persons and institutions. Therefore, the pamclpatnon

and cooperation of the various government bodies, private concerns and non— .

governmental associations involved with the solid waste: problcm is essential for
the accomphshmcnt of a clean and hcalthy city.

The pubhc cleansing opcrations will be cxcluswcly camcd out by thc Pubhc

Clcansing Office from the year 204}, mcludmg the street swccpmg acnvmc‘;

prcscnt!y conducted by thc District offices.
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b.  Organization
The organizational structure of MSWM in Managua is as follows:

" Municipal Solid Waste Management System

= ible Instituti : Organizationa e

Municipal Government ‘General Supervision
Legislation Enforcement
Property Tax Collection

Public Cleansing Office Refuse Collection (arca "B")
- ' " Refuse Disposal
- Street Cleaning
Vehicle and Equipment Maintenance
Operational Planning and Control
Fee Collection (partial)

Government Concessionaires Refuse collection (area "A")
Fees Collection (partial)

- Private Enterpriscs Sccondary Maintenance on vehicles
. 'Fees and Taxcs Payment (partial)

Citizens . Preparation of refuse for collection
Litter Control
Primary Collection (area "B") .
Fees and Taxes Payment

The organizational structure of the Public Cleansing Office is as presented in
ANNEX I "Master Plan". This structurc shall be fully operational by the year
2000, with all positions occupied by appropriate public officials.
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J2.2

Privatization

The rolc of the pnvatc sector in the MSWM in Managua w111 be mtensmcd as a
trend in this direction has been’ pcrce:vcd not only in’ Managua but also in other
Latin American cmcs -

In thc case of Managua, the private scctor will be mainly carrymg ‘out collection
of refuse produced in collection arca "A", which, by the year 2000 will be wholty -

serviced by the concessionaires. The concessionaires will be granted the collection
of household waste in the most affluent sections of Managua as well as the fee

collection of the houscholds serviced.

Privatization by concession will be carried out mainly due to the three reasons
below: - i ' ' o

- Managua has a surplus of collection trucks as a result of foreign dona- -

~ tions. :
- Concession will provide the Public Cleansmg office with income, as a
~ result of equipment leasing conditions in the concession contract.
- The Municipality has shown a very weak capacity to collect taxes and
fees. This is not expected to happen with the concessionaire.

The role of the private collectors working on the secondary collcctibn_ systcm that’

is being designed for collection area "B" is also very important to privatization.
Although these workers are not 'usually recognized as formal entreprencurs such as
a part of the private scctor, they are, in fact, vital components of thc collection
organization and should be given recognition. ‘

Yet, there are othcr activitics to be suppllcd by thc private sector that should not
be overlooked, such as:

—~  Vehicles and cquipment supply along with their spdrc pans and

© accessories. _ : o

- Vechicles and equipment maintenance and repair (those that cannot be
made in the Los Cocos workshop)

-~ Materials, goods and utilitics supply .

- Purchase and processing of recycled material

- Participation in public environmental campaigns

Finally, it should also be stressed that the public sector, represented by the citizens
and cnterpriscs, is the ultimate entity accountable for funding the MSWM system
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J.2.4

through the payment of fees and taxes.

'Regulations and Enforcement

1t is forecast that Managua will have Sanitary Codes or Guidclines and enforcement

activities by the year 2000. -

The Sanitation Code shall characterize what is considered "urban solid waste", set
the government responsibilities and dutics as well as thosc of the citizens. It shall
also set fines for those that do not comply with their obligations and state an appcal
prbcedure:for those who do not agree to the fines imposed to them.

It is advisable also that the Municipality of Managua acknowledge what is being
done at the national level by MARENA — the Ministry of National Resources and
the Environment, with regard to Solid Waste legislation, in order to integrate and
harmonize national and municipal legislations.

The enforcement activities will be carricd out by a trained group of public officials

- of the municipality under the supervision of the Public Cleansing Office.

An effort shall also be sought in order to involve and integrate other government
agencies in the enforcement activities such as those that have been done with the
National Policy and the Health Inspectors of the Health Ministry.

It is important to note that the enforcement program assurcs the people that the
government sector is complying with their responsibilitics and duties. By this time,
the citizens of Managua arec morc cnvironmentally aware as a result of the public
environmental education programs carried out.

Training of Personnel

Employees from all department levels should be exposced to training activities on
a regular bases.

Dcpending upon the opportunities and cfforts of the administration, part of the
cmployees shall have had some kind of training by year 2000.

Universities do not offer solid waste management as a course in the under graduate
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arca, but rather as special short courses asua'_lly for pos't-'gr_aduate's; Latin Arherican
and United States institutions offer some of theses short courses. Officials in charge
of the Public Cleansing Office in Managua should bc encouragcd to take thcsc
courses. e

These short courses usually offer packages of subjects that best fit the nceds of the
: ,appllcants In the case of Managua, spccxal emphasis shall be placed on solid waste
‘legislation and ordinances, operational control’ management, planning. efficient
routes dcs:gn, spcc1al handlmg of hazardous wastes and medical wastes.

Wor_kshop _pcrsonm_:l should_ be made to take courses On v’chiclcs and equipmcnt
maintenance and repair. These courses shall be supplied primarily by the dealers
and suppliers of the vehicles and equipments in use at the Public Cleansing Office.

“Further details about these courses can- be found in' the chapter on Vehicles and
Equxpmcnt Maintenance.

Public. officials should also be encouraged to participate in seminars and
conferences on solid waste management. The knowledge and' the ability to make
a comparison of cxperiences and practices in other cities and institutions greatly
benefits the managers in charge of the solid waste collection and disposal.
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J3.1

Estimation of Project Cost
Conditions on Cost Estimation

a. Executing B{_)dies

Cost estimation was executed based on the proposed executing bodies presented

in Table 1.3.1a.

Table J.3.1a  Executing Bodies of MSWM

Fund Raising - Construction and Operation
Projects i and Repayment Procurcment
1. Collection Service
1-1. Collection : ALMA ALMA. ALMA
' : ' Private Comp.
1-2. Street Sweeping ALMA ALMA ALMA
2. Construction of ANPLS ALMA ALMA ALMA
3. Improvement of ALMA ALMA ALMA
. Los Cocos’ Workshop
4. Promotion of Public Awareness | ALMA ALMA ALMA
b.. Life Span

The following life spans were used for equipment replacement planning and cost

" estimation.

Table J.3.1b ~ Summary of Lifc Years

'Calegbry Item ' Life years Salvaged Value
Equipment Hcévy Equipment 7 10 %
Container 5 10 %

Machinery ~ | Truck Scale, efc. ' ' 15 0%
Building | Site Office, etc. . o 15 0%
Civil Works Ordinary civil works 30 0%
Section consumed by disposal disposal period 0%
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c. Maintenance Cost

Maintenance costs taken into account for cost cstlmatlon are presentcd in Table
13.1c. R

.Tablc J;3.1c Rate of Annual Maintcnahcc Costs

Category ' _ - lem . o Rate of Maintenance
| Equipment Compactor Truck, 15.3 m? 5%
1 | Compactor with lift 5%
Hoist Truck, 7.0 m* o se
Container 1 m* ' 2%
Container 7 o 2% _
Dump Truck 0 m* . - 5%
Water Tanker 5 m® ' 5%
Pickup R o 5
Bulldozer 21 ton o - 10% D
Landfill Compactor % )
‘Wheel loadex . 0%,
Motor Grader - S 10% .
Excavaltor : . _10,-% '
Mobil Workshop - ol se
Stalion Wagon o i 5% .
Workshop Bui!ding. 0%
Building ' 0%
- E(Luipmem : 2% __-

d. Fuel and Lubricant

Fuel and lubricant cost was assumed at C$ 0.82/km based on current operations.

e.  Contingency

Fifteen percent (15%) of the investment was taken into account as pnce
contingency and physical contmgency




J3.2

_ .Project Cost

Investment Cost

5_2. " Procurement Schedule of Equipment by Priority Project

Taﬁle 132a  Procurement Schedule of Equipment by priority project

—
hems 1998 { 1999 | 2000 | 2001 | 2002 | 2003 § 2004 | 2005 { 2006 | 2007 | 2008 | 2009 | 2010 .

1. Coblection & '
© Public Clesnsing

Service
11 CoBlection

- = Compactor 15.3m’ 5 45 0 0 0 o 4 0 0 0
- Compacior 15.3m® 1 2 0 0 0 0 1 3 0 0 o 1
+ container lift o
- Holst Truck for 10 10 o 1 1 1 2 1l 11 2 6 6 7
~ Cootsiner 1.0m’ 135 | 135 ) 6 7 142 142 8 13 14 150 150 17
- Contsiner 7.0m’ 65 66 ¢ 8 8 7 0 9 18 " 105 109 43
= Dump Truck 8. - 3 3 ob 0 0 0 0 3 3 0 0 ]

- Whesl Loader 0.7m* B | 2 0 0 0 o 1 2 0 ] ]
- Molor Grader 103 0 1| 0 0 0 ) 0 0 I 0 0 0
P
- Fidap . 3 3 0 o o 0 0 3 3. 0 0 0 o
12 Public Cleansing '
- Compactor 15.3m’ 1 1 0 0 ] 0 0 1 1 0 a ¢ o
with ¢

Conmncr list :
-~ Hoist Truck for 1 0 0 o 0 0 0 1 0 o 0 0 0
7.0m’ Container .
- Bickop 1 1 0 0 0 0 o 1 1 0 0 0 0
2. Disposal Opera~

tons Service
- Bultdozer 2lton ¢ 5 ¢ 1 0 5 1 0 1 1
~ Landfill Compactor 0 3 0 0 0 0 0 0 3 1 0 0 0
2000
- Wheel loader 1.2m° ¢ 1 0 o 0 0 0 o 1 0 0 0 0
-~ Dump Truck 10m* 0 2 0 0 0 0 2 0 0 1 0
-~ Motor Girader 0 1 0 0 0 0
130PS
- 1 Excavator 1] I [} Q t] 0 { 0 1 0 0 0 {]
0.7m°
- Water Tanker 5m’ 0 1 0 0 ] 0 ] 1 0 0 0
- Pickup 0 p ] 0 0 0 0 2 0 0 0
3, Mainicnance

Service
~ Mobil Workshop 1 ¢ a o 0 1 0 0 0 0
- Maintcnance 0 i 0 i 0 0 1] 0 0 0 0 0
Equipment in Los
Cocos
4. Public Commu-

akations Assis—

fanis : )
~ Station Wagon with 1 0 0 o 0 o ¢ 1 o 0 0 o 0
VIDEQ _ :
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~ac,  Estimation of Investment Schedule

Table 1.3.2b°  Investment Schedule of ALMA by Priority Project
" S S unit mill.CS

I lems
1. improvemest of

the oudiection and
public cieansing sys=
fem

11 Cobection . |- 158} . o]  7saf . zal z2ef w0z o wal ama]. wus
12w Oam- | 28] 15 -l - - - -l oz 15
Sub-wowl o il - 184) 0 as) w4 20 2of - we2] uafoowal 2

ot muss | zsi]|c 2ms|  we| o] emf ra] aef ] ae|
wny | — : ; :
|-

2. Constroction of

11 - Comstruction - .6 LIF-3 - ~ 46| - 458 6.5 -
12 Laadfl] equip- -] s - - - (3R -1 - B

men : . . . _
Sub-totad i S mit. | 716 o]l - - I D
(Sub-total fa US$ - - 1081 - - - 684 635 655 a6z
_*——-— _ S
3, Improvemcot of : . o
L1 Comtrwiion | - 52 LY - - - - - B =
12 Bquipmenst - - 11 - - - - - =l 03
Sub—total fn C¥ mill 52 63 - - - - -1 - 0s
Soml nuss | omf oms - - - - 1 - LT
mill.) NE

P s S S ST . E—
4. Promotion of T ’

public awareass,

Coopcration
and participation . _ : ‘ ;
Sub-total i C3 mill, 01 - o1 -5 - 01 0s - .
(Sub-iotal o USS 0.16 - - 002 -1 - 002 ool -
wit.) . : . :
Total Cost in €3 959 1638 754 21 20 8.9 582 61.8 524
will. . . : -
(Total Cost la USS) | 1347 14,57 10.6 3] oz 827 8.17 9.54 737
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b. O & M Cost by Priority Project

- Table 1.3.2c - Summary of O & M Cost by Priority Project

upit: mifl.C$

Rews
1. Improvement of the collection
and public ceansing system :
1.1 Colection Serviee 1047 1050 06| w75l 08s] we] 1050 829 888 94| w02
1.1 Fuct & Lisbricant 185 1388 150 193 196 1s8f  200] 203 219) 23 252
1.1.2 Maintcaanos 433 439 445 45 42| 4] am LED) 3ss) Ay 428
113 Prrsonect Exp, 429 432 129 432 421| a2s| a23] 297 3n 320 332
12 Poblic Cloansing Scrvicx 528 526 526 sa6|  sas] sae|. sas|  sa6 s26] 536 526
12,1 Fucl & Lubriceat en oli ei1f . on il ou o 011 e om o
122 Maintenace 19 019 019} . 019 oa9) oag]| 09| o0ae o1e] oa9 019
123 Persorael Bxp. 456 456 436 496 495] 496] avs]l 495 4961 496 496
Sub-total i .S 15.713] 1583 1590 wez]| enn]| el 1s3sf 1dss 4| 7] 153
Sub-1tad 0 miBUSE) 221 223 223 20s|  226] 23] 221 1.50 9] 206 216
: e = |
233 238 23§ 255 255| 2ss] 255 307 EX 7 B 329
034 034 034 037 037] 037f 037 044 o44| a8 048
09 099 099 101 101{ 1, 101 104 104 107 107
231 244 257 27 2861 30 317 333 as9| 386 416
- - - - - - - - - - 329
Sub-total i mill.C$ 54 6311 s25| . 84 &9l 698 710] 789 R14 s 1w
-tolal i mill.USS 084 .56 0.88 053 09351 098 100 111 114 122 Rl
31 PFucl & Lobricant 011 a1l 0.1k ouir| on}f om 011 011 onl| on 011
32 Maintcasnce 001 om om o o0t] oo oot oo 001} oot om
33 Personnc] Bxp. 049 0.59 0.89 o8y | os9l 039{ os9 089 ool o8y .89
Sub—totel in MIB.CS 102 102 102 102 12| 102 102 1902 102 102 192
ub-total a mEUSY 0,14 0.14 014 0.14 0.14]. 014 0.14 0,14 0.14] - 014 014
4, Promotion of pubtlic. awancss,
41 Fuel & Lubricast 002 0.02 002 002 02| noz 002 002 poz{ o002 002
42 Maibehance” 0400 0.00 000 000§ - ooo| oo oo0{ 000 o0l 000 0.00
43 Porsoancl Exp. 049 049 049] 049 04| o4y 049 049 v4s] o049 04y
44 Video Purt 017 0.18 0.18 0.18 oar]| o021 021 0.23 v23] 023 0.23
Sub—tota) in mitCH 0.67 0.69 .69 0.69 on| om 07 0 o] o4 0.74
S-potal fn millUSS 0.09 otol .oio} 010 010] o] e} 010 or0f o010l  010]
Total Cost in mill.C$ 2341f 2368| mas| w3 we| ny| wo] BO| NM| B[ W46
(Tot Cost in miILUSS) 329 333 335 342 a46] 341 337 326 3|  as3 414
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J33  Project Cost

~.~The brojcct cost is as summarized in Table J.3.3a.

Table J33a Initial investment Cost of the Priority Projects”

Bxccuting. | Description Total - ‘
Bodies : : Amount
o . i ; ] (mill.C3)
__—mm
Total Project Cost o 111433 L - | 16,071
Sub-total S 1023 - | 1s49s
- = Collection Service S ' .
* Procurernent of equ:pmcm for oollocuon
service Compactor, Compac—
: tor with fift, Hoist
,1;.3',};! ?gmlo"?m 1
1+
ksadeg,- Motor. '
. Pickup . .
Sub-totat | , L 410 |- ] s1.
~ Piiblic Cleansing Service L -
* Procurement of eqmpmem for public
cleansing works Compactor with hﬂ, :
) . . e - Hoist Truck i : .
" Construction of AIMA - | Tolal Project Cost .~~~ - - -1 14857 2052 | 17,999
ANPLS : Sub-iotal e Cp 228 clwsz | 14374 :
- (Land Acquisition ~ 93ha. o bmet : *
(_ Acq ) ' ) Emludcd) .
- Consiruction of ANPLS (Hme 1300
* Capacity
* Dmgn hl‘c 'z . 6 years
* Target landfill operation . E.cvcl ¥
* Eacilities: Site office, Gwagc,
- Truckscale, Fence,
-Dike, Leachatc circu~
lation facilities, dc.
Sub-tatal : : s -
- Equipment '
: !’rumramem of cqunpmcnl fO( landfil] oper-
ation dozer, Landfi OY
cum tor, -‘Wheel
Loader, [}ump truck,
Motor Grader, Whee
— ‘%
improvement of ALMA Total Project Cost ' 1150 | 0.88
Los Cocos sub—total 884 088 - | 118 '
Workshop - Construction of Workshop Building '
* Facilities; FEnlargement of main-
tenance shed, Con-
tainer shed, Pavememt
Sub-tolal - obss - |- 374
- Equipment
* Procurement of maintenance cquipment
Maintenance machine
Coand kmnols Maohil
= TR — shop m—m .
Promotion of ALMA Total Project Cost 0.68 - ] 9%
Public Awarcness, ~ Equipment !
(.(!opcralion and * Procurement of equipment for public educa~-
Participation lion Station wagont with
VIDEO set :
Total Projects Cost 27508 | 2140 35,648




J4 Project Evaluation
J4.1  Evaluation Method

a.  Outline of the Project

The following projects were selected as priority projects for the short term im-
provement plan of the MSWM in Managua.

i. Improvement of the collection and public arca cleansing system

.- Extension of collection service area

- Establishment of public cleansing system

- Establishment of adequate operation and maintenance system

- Provision of collection equipment

il.  Construction of sanitary landfill at the proposed site in Acahualinca
: - Land expropriation
‘ ~  Construction of approach road

-~ Construction of enciosure dike

- Installation of leachate circulation system

- Provision of landfill equipment

ili. Improvement of the present Los Cocos workshop

- Construction of workshop building
- Provision of maintenance equipment

iv.  Promotion of public awareness, cooperation and participation

- Provision of promotional tools and equipment

The social, environmental and financial cffects of the projects were cvaluated.

b.. Social Evaluation .

The social evaluation of each project was conducted on the basis of the following
factors:
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- creation of jobs N
~  improvement of the public health in the study arca

- = appropriateness of technology

- improvement of technical level
- impacts on cleansing service workers
-~ recovery of degraded arcas

- conformity with the city structure

- equality of service level

¢.  Environmental Evaluation
The effects of the projects, cxcept the promotion of public awarencss, cooperation

and pamclpatlon, on the cnvironment were evaluated usmg the assessment items
in the JICE . S ' L

‘The habitat factors subject to EIA were determined by forming a matrix showing
their relationship with the environmental impact factors-of the project, basad onthe
details of the Project and the surrounding environmental condition.
The preliminary surveys and assessments carried out were: substantlal but few, in -
light of the fact that they were taken for the basic plan

d.  Economic and Financial Evaluation

The methods used to evaluate the economic .md financial 1mpacts is shown in -
Table J.4.1a. ' '
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Table J.4.1a Economic and Financial Evaluation Methods

1 " Improvement of Collec— | Quantitative evaluation Quantitative evaluation
© tion and Public Area Qualitative evaluation

Economic evaluation

Cleansing System
12 " Construction of ANPLS | Quantitative evaluation | {Cost minimum)
& _ : _ _ : Qualitative
' 3 Improvement of Los to be evaluated along with the project | Quantitative cvaluation

Cocos Workshop for the important of collection and Qualitative evaluation
S _ public area cleansing system

4. Promotion of Public to be evaluated alone with the project | Quantitative evaluation
Awareness, Cooperation | for the improvement of collection and | Qualitative evaluation
and Participation public area cleansing system

5. Overall Evaiuation . | Continoity of MSWM (financial share

of the municipality and citizens)

‘da. Financial Evaluation _

: "The method used to caleulate the cash flow of the projects whercupon an F/S will
’t} _ be carried out is outlined below:

Table J4.1b . Revenue and Expenditure Items of the Cash Flow for the
S ' Financial Evaluation

. §ltems - Sources Exccu;'mm Revenue 1o ALMA Expenditure from ALMA
. . Body .
¥ Collection & Collection Area A ALMA ~Waste Fee ~Investment and O&M of
Haulage Vehicles
Private -License Fee ~Investment and maintenance
-Rental Fee cost of Vchicles
~Tipping Fee
- (Partially)
Collection Area B ALMA ~Waste Fee(pantially) | -Tnvestment and O&M of
. Vehicles
Large Generation ALMA ~Waste Fee -Investment and O&M of
Sources (LGS) . . Vehicles
ﬁ’f - : Street Sweeping FALMA ~(Property Tax) ~Investment and O&M of
. Vehicles
Final Disposal - " JALMA —Tipping Fee’ ~Investment and O&M of
A v . ' (Collection Area A Facilitics, Vehicles and
) ) . ‘ ‘LGS) ‘ Fauipment
B : —

Tipping fee collected as part of wiste fee from Area A, large generation sources and direct haulage such as
companics and shops which are charged a fec al the disposal site.



J.4.2

~db, Economic Evaluation

Tabiq _J.4.1C' | Economic Evaluation. . =

Workshop | Promotion of Public I

Project for Improvement of Col- | Final Disposal Siie _
Evaluation | lection Services . o © . | Improvement | Cooperation
curtailment of cost curtailment of -
for removat of ille= investment
gally dumped waste _and O&M -
: : cost because
' services pro—
vided by
concession-
aires are 30%
more efficient |
than the-
municipality's
Benefits (B) | facilitation of resi- cunailment of street
' ' "dential participation “sweeping services
' cost
Improved living en-- betier sanitary envi- help improve | increase in arca B
vironment, improved ronment, improved the efficiency | residents willingness 1
public health and public health and sani~ .| of collection | to pay
sanitation, attracts tation, groundwater services in curtailment of drain
tourists, higher land preservation, prevent area A cleansing fee, fee for
market velues wasle scattering disposal of illegally
dumped waste, fee
" for the cleansing of
streets and public
and green area
Caost (C) investment, investmenl, investment, formulation of pam-
O&M costs O&M costs O&M costs phlets and videos,
: personnel costs,
- . transportation costs,
: materal costs '
T A R N R R T S A T

Evaluation of Improvérhent Project for the Collection and Public Area

a. Socia

- Cleansing System

I Evatuation

The ultimate objective of the improvement of the collection system ‘is to creatc a
clean living environment in the urban area of Managua City to safe guard public

health.
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This objective will be reached basically through:

= improvement of solid wastes collection services

- extension of collection area
-  improvement of street sweeping activities
—~  improvement of refuse disposal operations

Aside from the objectives, this project is also estimated to bring about the
following: '

Creation of jobs, technical as well as unskilled ones

- Improvement of public health in the arca; health condition of residents is
directly related to the cleanliness of public spaces and effectiveness of refusc
collection services. '

- [mprchnient of the technical level of Nicaraguan professionals, mostly

~ engineers, but also technicians.

—  Improvement of working conditions for unskilled laborers, primarily on

matters related to safety and hygiene.

= Recovery of degraded arcas making them useful to the community, as in the
case of the existing municipal landfill.

—  General improvement in landscape, be it in the urbanized areas or open green
spaces.

The quantitative evaluation of these outcomes is rather difficult since many of them

~ have strong psychological components that are immeasurable. Qualitatively, the
improvement of collection system is feasible because it will bring about the above-

mentioned results. In addition, the proposed plan is appropriatc in terms of
technology because the system is widely practiced in the Study area and causes

little problem. Furthermore, the implementation of the project will contribute to
- equality, of cleansing service level in the area since it aims at the extension and

commencement . of services,

Nevertheless, a quantitative evaluation will be made on the social outcomes of the

project based on:
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i ‘accountability of the new jobs that will be crca'tc.df. B

it __cmploycc survey, secking the “opinion- of the mun1c1pal laborers and
tcchmcxans on the unprovcmcnt of thc services - '

iii. publié opinion' su’rvéy, similar tothc'(_)nc made at the beginning of the project
iv. evaluation of public health status by specific indicators

b. Envit_onmenfal Evaluation

ba. Assessment Method

- The habitat factors .subject to EIA were dcterfniﬁcd by forming a matrix showing
their relationship with the environmental impact factors of the project, based on the

details of the Project and the surrounding environmental condition.

The prclimiﬁary'survéys and asscssments carried out were substantial but few, in
light of the fact that they were taken for the basic plan.

bb. Project Outline
bba. ‘Coliection Area Ex.pansion-

The 1994 collection rate was 76%. The target collection rate for 2000 is 90% and
100%  for 2010. : A T _

bbb. Establishment of Public Cleansing System

Aside from waste collection, roads and drains: will be cleaned and constructed,
respectively, for the sanitation of the study area. 4 '

bbe. Establishment of Adequate Operation and Maintenance System
The vehicles to be aésigned for collection services will be chosen properly and

maintenance works will be adequately carried out to smoothly lmplcmcnt collection
activitics.

be,  Determination of Habitat Factors and Environmental Impacts Factors

The following are the two environmental impact factors determined from the above
data: o ' '
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~  Operation.of new collection vehicles for the new collection area
- Construction of a new waste disposal sitc

" The habitat factors that may come about with the operation of new collection
wvehicles are {air pollution with the emission of exhaust gas], [noisc] and |[vibration],

and [bad odors] may be generated with the construction of a new waste disposal
site. o

bea. Air Pollution:

The target maximum collection frequency in the new collection area, which is

-predominantly a residential area, is thrice a week and the number of collection
- vehicles assigned to this area will be limited to a few. Conclusively, these vehicles

will only-emit a small amount of exhaust gas which will not be enough to cause

_ significant air poliution.

hcb. Noise:

The small number of collection vehicles to be operated in this area will not produce
loud noise. '

bee. Vibration:

The small number of collection vehicles to be operated in the area will not cause
extreme vibration.

bed. Bad Odors:

The new collection area is predominantly a residential area, whereby the container
and bell collection system will be implemented.

- The arcas assigned for container arrangement are presently heaped with waste. The
: placing of containers will therefore eliminate heaping practices, and with a twice

or thrice or thrice a week collection, further improvement can be attained.

Belt collection is a system that entails the ringing of a bell to inform the residents

«of the arrival of the collection vehicle for their wastes. This particular system

prevents the accumulation of waste. -

To a great extent, these collection Systcms.will prevent the generation of bad odor
in the collection area. '
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- Consequently, these 4 habitat factors were not mnsidcrcd-for EIA.
bd. ‘Environmenial Survey and Assessnhent

: Ongmally, env:ronmcntal surveys and ‘assessments are- camcd out for the two

environmental impact factors aforementioned. But since they will not cons1dcrably |

result in the 4 habitat factors given above, none will be carried out.
Concluswcly, MSWM is considcred to have none of th_c given impacts.

be. Environmental Protection Meas;ires |

- MSWM is assessed to have no adversc impact on the cnvironment. However, this

assessment was made assuming that the residents will carry the collection system

~out exactly as planned. To successfully- uphold this assessment, environmental

protection measures in the form of education programs that would completely

inform the residents of the waste disposal plan and objectives should be adopted
therefore. -

¢.  Economic and Financial Evaluation

ca. Economic Evaluation

caa. Quantitativé Evaluation

The curtailment of collection costs for illegally dumped waste in area B will be
considered a tangible benefit of the collection improvement project. - Accordingly,
the reduction of the collection cost of waste dumpcd lllcgally along streets, parks

and channels will be consxdcred a benefit.

- As a result of the time comparison between street cleansing work and

collection works for illegally dumped waste, one fourth of present unit cost.

for street and park cleansing is used to determine the unit benefit for the
collection of wastc dumped illcgally.

- The cconomic internal rate of return (EIRR) is estimated:at 24.1% if the

investment and O&M costs for new collection services necessary for -
residents in arca B are rcgardcd as costs. This figurc proves the cconomlc'

fca31b111ty of the prolcct
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J4.3

cab. Qualitative Evaluation

. The following items are the subjects for qualitative evaluation:

- Improvement of public health

- Contribution to prevention of the generation of dengue fever, malaria, cholera
etc. through elimination of waste heaping practice |

- Promotion of public participation in cleansing services

- Promotion of tourism
(improvement of sanitary condition and beautification of Managua is related
to tourism)

-— . - Rise of land costs

(improvement of sanitary condition and beautification of the arca is
associated to the rise of land cost due to rapid infrastructure improvement.)

-cb. .~ Financial Evaluation

- Cleansing costs of area B will be mainly taken from waste fees from area A

residents, which shall be collected based on the "beneficiary pay principle”, because
arca B residents have a limited capability to pay. The rest will be covered by large
generation sources, and ALMA.

R/E (Revenue/Expenditure) is 0.80 at a discount rate of 0%, if initial investment
costs are excluded in the revenues. '

Assuming that initial investment costs are financed by grant aid from foreign

countries and regarded as revenues, the Financial Internal Rate of Return (FIRR)
will be 9.8%, thereby concluding the. project as financially feasible.

Construction Project of the Acahualinca Proposed Landfill Site

& Social evaluation .

The effects of the project on the society or community were cvaluated and the

following are the benefits assumed to result from these effects:
i~ Creation of jobs, technical as well as unskillcd ones

ii  Improvement of the public health of residents near the Acahualinca present
disposal site: — health condition of residents is directly related to the
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cleanliness of public spaces.

iii _lmprovcmcnt of the technical level of Nlcaraguan profcssnonals, mostly
- cngmccrs, but also technicians.

v Improvcmcnt of ‘working condltlons of unsklllcd personncl basically on
‘matters related to safcty and hyglenc ;

v Recovcry of degradcd areas makmg them uscfu! to commumty, as in the case
of the. Acahualmca landflll o R

vi  General nnprovcment in landscape, bc it in the urbanlzcd areas Or open green
' -_spaccs o o ' ' '

- The quantitative evaluation of most of these outcomes is rather difficult since many
of them have strong psychologlcal components - that are ~ immeasur—

able.Quantitatively, the construction of the Acahualinca Newly Proposed Landfill

~ Site is feasible because it will bring about the aboyc—menuoncd benefits.

b. Environmental evaluation

ba. Assessment Methods

The habitat factors subject to EIA were determined by forming a matrix showing
their relationship with the cnvironmental impact factors of the project, based on the

details of the project and the surrounding environmental condition.’

The preliminary surveys and assessments carried out were substantial but fcw in
light of the fact that thcy were takcn for the basic plan '

bb. Project Outllne

The construction of the final disposal site will be carried out in 4 phases and the
arcas to be reclaimed per construction phase are shown in Table J.4.3a.

o




Table J.4.3a Project Outline .

" | Construction Period | Landfill Period | Landfill Area'| Buffer Zone { Total Arca Capacity

. Geay. | (yew) . (ba) (ha) (ha) )
Phase 1 1998 - 1999 000 - 2005 18.8 39 4.7 2,660,000
Phase Il | 2003 - 2005 2006 ~ 2010 21.7 6.6 283 3,000,000
. JPhase I 2008 = 2010 201 -2013 15.2. . 48 200 2,100,000
& Phase 1V 2011 - 2013 2014 - 2016 152 4.8 240 2,100,000
) . . fTota ) oo _ 0.9 21| 93.0 9,800,000

bba. Land Expropriation
The area directly adjécenf_t_o the shoreline will not be included in the acquisition.
bbb. Construc_:tibn of Approach Road

i The road used by the present, Acahualinca disposal site will be extended for
future use.
: il The road will be widened to 8 m and extended for another 1km, from the
‘ - present truck scale to the landfill site.

- bbe. Construction of Enclosure Dike

i A dike will be constructed in each phase.
it ~ The dike will be 6m high with a banking gradient of 1 : 2.
. iii . Turfing will be carricd out on the dike slope.

bbd. Installation of Leachate Circulation System

i A (sheet) lining will be placed inside the dike. _
ii A leachate collection pipe will be installed at the arca wherc the lining is
placed. |
iii  Collected leachate will be circulated within the disposal site by using a pump.
iv. Daily waste covering will be carried out to prevent scattering, generation of
- .. harmful insects and bad odor. . L -
V.. Soil in.street sweeping wastes will be used for waste covering.
vi Gas relcase pipes will be installed to accelerate acrobic decomposition for the
~ immediate stabilization of the landfill site.
~vii Final waste covering material will be extracted from the small hilly arca
- within the disposal site.
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bbe. l_’mvi_sion of Landfill Equipmeni ;

o _To adequatcly carry out, landfill works, a- bulldozcr, landfill. compactor whcel
loader, dump ¢ truck, motor gradcr, whccl cxcavator water tankcr and a plckup will
_bc prov:dcd o ' o o

: bc Determination of Habltat Factors and Envnronmental Impact Factors

GiVén the dctails aforementioncd the foliowing items were. detcrmincd 'as the envi-

ronmental impact factors (a) during the landfill works and (b) after the landfill
works

(a) During the landfitl works:

- ‘Genération-of bad odors from leachate discharge —~

The leachate circulation system pond may emit bad odors

Extraction of soil for waste covering ~

~ The extraction of soil from the small hilly area within the dlsposal site will altcr
thc landscape ' '

(b) After the landfill works

Leachate Discharge ~

Discharge of water coming from the leachate treatment facilities into Managua

Lake

Conclusively, [bad odors], [landscapc] and [watcr quality] are thc habitat factors
determined by this study -

bd. Environmental Survey and Assessment
bda. Bad odors
i.  Survey Method

Qualitative surveys will be carried out to establish _thc'rclatibnship of the leachate
circulation pond site, protection measures and prevailing wind direction.

ii.  Survey Results

The leachatc circulation pond will be constructed at the northemnmost part of the R
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final disposal site where the nearest residences are approximately 250 meters to the

southeast; there is also a village 600 meters south of the arca. The wind blows

- from the arc, and there are no residences within a distance of 3 km west of the

pond. -

Accordingly, the construction of a circulation pond in this site will hardly affect the
southcast and southside residents. Despite the fact that the wind moves toward it,
the same conclusion was made for the westside rcsidential area due to its

. considerably dispersed layout.

~bdb. Landscape

i.  Survey Method

Qualitative surveys on land usc conditions in the final disposal site vicinity will be
carried out.

ii. - Survey Result

The proposed landfill site is bordered by Managua Lake to the north and the
present disposal site to the cast. The southern part of the arca is adjacent to an
agricultural pasturage, a 90m clevated hill and a part of a residential arca. To the
west, it is adjacent again to an agricultural pasturage which extends to a steeply
sloping hill. PENINSULA DE CHILTEPE is the only scenic spot near the proposed
landfill site, and can be viewed in all its grandeur from the memorial statue
established halfway up the road passing by the stecply stoping hill, which connects
Managua Clty and Ciudad Sandino.

The cxploitation of the small hill within-the proposed disposal site for excavation
of waste covering material will not in anyway affect the landscape as it is covered
by the mountains adjacent to the lake, It is also possible to view the entire

proposed. site ‘area 3km to the west at the plateau selected for the installation of the

water tank. Although the small hill forms the greenbelt of the hinterland towns, it

does not really contribute much to the scenery.

Conclusively, this activity will not adversely affect the landscape of the arca.

be. Environmental Protection Measures

As aforementioned, it is judged that these activitics will have little impact on the
- surrounding cnvironment. Nevertheless, the following protection measures are
necessary to minimize such impacts:
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'.béa'._ “Bad Odors -
o The gencration of 'bad odors can be further miniinizcd by the 'prt)'pcr operation of
* leachate circulation system and avoidance of storing lcachatc for long penods of
time- .
'beb.: .'[;andscape _ |

Fr_om the memorial statue, the fill located within the ANPLS that will disappear in
the future, cahnpt be viewed but the proposed landfill site can be scen. Although
the impact of landfill activities on the present topographical - condition ca be

ignored, the impacts on landscape shall be considered because the ground surface
~ will be altered with the cxtraction of soil for waste covenng The following are
proposcd as cnv1ronmcntal protection measurcs: '

- Daily covering of waste to restrict waste exposure.

- Turfing on the stope to create an arca in harmony with nature.

- ¢ - Economic and financial evaluation

ca.  Economic Evaluation

caa. Qualitative Evaluation

Sanitary landfill level 3 should be at the very least carried out to protect the
cnvironmental conditions of Lake Managua. This landfill level introduces the use -
of a lcachate circulation system.

The usc of a sheet_lining for leachate circulation is an additional cxpcnsé to the
estimated construction cost. Nevertheless, thc followmg situations are expcctcd to
result from its use:

- Counter~act the contamination of Managua Lake

- Improve public health and sanitation
—~  Groundwater preservation

The following effects are cxpcctcd from daily waste covcnng activities and the
- construction of a buffer zone: - o -
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- Prevent waste scattering
- Sanitary improvement of the disposal site's surrounding environment

" The collection services under independent fund reserves for a sustainable SWM

operation  would inevitably raise the tipping fee. Operations, for example the
prevention of illegal dumping, should be smoothly carried out in accordance with
the law. '

_¢b. Financial Evaluation

The operation of the new landfill site is considered feasible based on financial
evaluations carried out until 2010, which indicate and R/E of over 1%.

However, evaluations carricd out until 2016 indicate an R/E of Iess tan 1% once
the Acahualinca newly proposed disposal site becomes fully utilized. A feasibility
study should be carried out again should a waste treatment plant is to be
constructed. ' '

Evaluation of the Project for the Improvement of the Lo,'s Cocos Workshop

a, Social Evaluation

The main objective of the improvement of the Los Cocos workshop is to keep the
rate of operation of equipment used for MSWM high by strengthening its
maintenance capability.

The project will also bring about other benefits to the community. These main
benefits arc mainly the following:

- Crcation of jobs, technical as well as unskilled ones
~  Improvement of the technical level of Nicaraguan professionals, mostly
engineers, but also includes technicians

'— - Improvement of working conditions of unskilled personnel, primarily on

matters related to safety and hygiene
— . - Support the improvement of the. collection system, and sanitary landfill
-operation in ANPLS . :

, Thé_ quantitaﬁvc evaluation of most of these outcomes is rather difficult since many
of them have strong psychological components that are immeasurable. Qualitative-

ly, the improvement of the Los. Cocos workshop is feasible because it will bring
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" about the above-mentioned benefits.,

b, Environmental Evaluation -+
ba.~ ASso;ssmentrMethod' |

The habitat factors subject to EIA were determined by forming a matrix showing

their relationship with the environmental impact factors of the project, based on the

details of the Project and the surrounding environmental condition.

The prcli.minary surveys and assessments carried out were substantial but few, in
light of the fact that they were taken for the basic plan.

© bb. - Project Outline
bba. Construction of Workshop Building

-~ Aone story workshop will be constructed at the building site. :
~ = The building site will not be subject to any extension or expansion work. .

bbb. Provision of Maintenance Equipment

The following equipment and their respective quantity will be provided by the year |

2010: - - : - '
Bulldozer (21 tons)
Landfill Compactor (20 tons)
Wheel Loader (1.2m")
Dump Truck (10 tons)
Motor Grader (130 PS)
Wheel Excavator (0.7m’)
Water Tanker (Sm®)
Pickup '

z\)_:-a'—*v—_‘&r-a'-l:-oc

be. Determination of Habitat Factors and Environmental Impact Factors

Bascd on the details aforementioned, the' environmental. impact . factors are
[operation of construction vehicles] and [transport of construction materials] during
construction work, and [increased repair and maintenance services due to increase
in machincrics and cquipment] after the completion of construcii_on work.
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The habitat factors that may be influenced by these impact factors arc [air quality],
[noise], [vibration], [traffic safety].

bea. Air Quality
The opcration of construction vehicles, vehicles for material transport and
equipment maintcnance may pollute the air.

Since this activity involves the construction of a new workshop at the existing
workshop site, only a small number of construction vehicles will be used for the
preparation of the site. Construction vehicles will not affect air quality therefore.

beb. Noise

The operation of a small number of vehicles will not produce loud irritable noises.
bec. Vibration

The operation of a small number of vehicles will not produce damaging vibrations.
‘bed. Traffic Safety

Increase in vehicular traffic may affect traffic safety conditions cspecially since
there are a lot of houses within the vicinity of Los Cocos. The effect will be
minimal however, since the project will only cause a slight increase in traffic
volume,

- Conclusively, these habitat factors were not subject to-EIA.

bd. Environmental Survey and Assessment

: Oﬁginally, environmental surveys. and assessments are carried out for the
environmental impact factors aforementioned, but since they will not seriously
. bring about the given habitat factors, none will be carried out in this study.

- Conclusively, this project will not have a significant impact on the surrounding
environment,

be. Environmental Protection Measures

‘Although the construction works are forccast to have no adverse impact on the
~environment, they are itrefutably bound to increase traffic volume. Accordingly, the
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__'followirlg environmcntal protcctidn-méasurcs aré-p‘rdposcd:

- ’Assugnmcnt of a trafflc rcgulator at the entrancc and ex1t of Los Cocos to
secure safety of traffic :

- To educate drivers on safe dnvmg measures and makc sure thcy practice
- these measures - ' o : : :
- To satlsfactonly maintain the vehicles to mltlgate the following factors that

may come about because of construction vehicle opcratlon air poilutlon
. gencratlon of noise and. v1brat10n - ' :

¢. Economic and financial evaluation
ca. Economic Evaluation (Qualitative Evaluation)

~ Sanitary landfill level 3 should be at the very least camried out to protect the
environmental conditions of Lake Managua This landfill ‘level introduces the use.
of a leachate cnculatlon system

The use of a sheet lmlng to upgradc the leachate trcatment systcm wﬂl require
additional expenses as compared to a system without lmmg Nevertheless, the
following advantages are expected from its use:

~  ‘Prevent the contamination of Lake Managua
-~ Improve public health 3
- Preservation of groundwater quahty as potablc water

The following effects are expected from dariy waste covering activities and the
construction of a buffer zone: '

- Prevent waste scattering : :

-~ Sanitary improvement of the disposal sitc's 'suﬁounding_ environment

The management and opcfation of the ﬁnal'disp()Sal site under independent fund
reserves would incvitably raise the tipping fee. If the tipping fee is higher than

expected, people tend to dump waste illegally. Therefore, indirect support for the
operation through ncw legislation is necessary to prevent illegal dumping. '

cb. Financial Evaluation (Quantitative: Evaluation).

If the foreign portion of the initial investment. for the construction. of the new -
landfill site is financed by a grant aid from a foreign country, it will be financially
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feasible with an FIRR of 29.6%. .If the project is financed by loans, however, the
FIRR will only be 1.5%.

. Nevertheless, R/E is estimated at 0.83 at a discount rate of 0% based on the

financial evaluation of the Acahualinca Newly Proposed Landfill Site, from 2011
to 2016, taking into account the construction of leachate treatment facilities for
landfill level 4.

Regarding the final disposal site after 2011, a feasibility study should be carried out
again should a waste treatment plan is to be constructed.

Promotion Project of Public Awareness, Cooperation and Participation _

a. Social Evaluation

-Word-of-mouth communication of ideas and comments will undoubtedly remain
.our most effective form of education. For this rcason, demonstration of certain
-new methods of solid waste management is particularly valuable.

The ultimate objective of the above projects is to create a clean living environment

in -thc.urban.area of Managua City, for public health protection. These projects

were selected to achieve the target indicated in the Master Plan as projects to be

~done by 2000.

- Promotion of public -awarencss, cooperation and participation will not directly

affect MSWM. But this project is expected to bring about the following effects:

= Prevention of illegal dumping

~ . Improvement of the public health in the arca: health condition of residents
is directly related to the cleanliness of public spaces and effectiveness of
refuse collection services

- Recovery of degraded areas making them useful to the community, as in the

case of the existing municipal landfill

- Establishment of an MSWM under the supervision of the citizens and

municipality : - _ : :
- Establishment of a waste fec collection system for a sound MSWM

- The public promotion project is feasible because this project together with the other

3, will bring about other bencfits too:
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b :Envifol_lhiental Evaluation B

The environmental impact: assessment for the "Promotion of Public Awareness,
* Cooperation - and Participation” was not -carried out -because ‘this project only
- 'mvolvcd in the provision of audio- visual tools - (telcv:slon, video machincs,
: booklcts) for environmental and sanitary public cducatlon

¢. . Economic and financial evlua_tidn '
ca. Economic Evaluation
- caa.” Quantitative Evaluation -

The unprovcmcnt of the workshop will lengthen the life span and improve the
operation rate of collection vehicles. : o

The realization of the proposed improvement of Los. Cocos workshop is indispens—
. able to reduce collection expenses of a private collection company. At the same

- time, it will guarantce a reliable collcctlon service and achieve the 1mpr0vcmcnt of
3 thc collcctlon service. :

’_I'he quantitativlc- evaluation of the project for the imptovémcnt of Los Cocos
workshop regards as benefits the reduction in investment and O&M costs which
will contribute to increased service efficiency brought about by privatization.

- Collection efficiency by privatization will be improved step by step between 2000
- and 2010. Finally, a benefit of C$ 6,0 million in 2010 can be expcctcd which is

a 30% improvement over the 1994 figure.

As a result, with an EIRR of 12.5% (mvcstmcnt and O&M costs were taken as
expenditures) the project is Judgcd financially fcaSIblc

cab.- Qualitative Evaluation -

The improvement of the Los Cocos workshop is expected to raise the operation -
cfficiency of ALMA's collection vehicles and street chcping serviccs.

Moreover, the provision of a collcctlon service at regular mtervals w1ll increase thc
residents’ willingness—to-pay. -
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cb. Fﬁna_ncial Evaluation.

“The R/E until 2010 is only. 0.82 at a discount rate of 0%, assuming that investment
- is financed by foreign grant aid; this figure can be regarded as revenue,

As discussed in the economic evaluation, the improvement of the workshop is
essential for the smooth operation of cleansing services in Managua. Therefore,
this project is financially feasible when evaluated jointly with the collection and
public area cleansing system improvement projects.

J46.

Overall Financial Evaluation

- The results of IRR are summarized in Table J 4.6a, which concludes the necessity
of the four projects. '

Table J.4.6a Results of the Economic and Financial Evatuation of the Priority
- Projects - -
A e N N
Project Economic Evaluation . | Financial Evaluation
: Benefits (B) | Cost (C) | EIRR ' | Revenue Expenditure | FIRR by |FIRR of 3
' (%) : Project | combined
1 (%) Projects
mnﬂg
(1) Improvement || Eliminates Investment 1), | 24.1% |- Waste fee | Investment 1), 19,8
of Collection and J expenses for | O&M Cost - License fee {O&M of ve—
Public Area the removal - Rental fee [ hicles
Cleansing System § of illegally . .
a dumped waste
(2) Improvement § Cuntaitment | Investment 1), [12.5% Investment 1), | -
of Existing l.os = J of investment ] O&M cost : 9.9
Cocos Workshop J and O&M '
Costs as
services of -
private con-
cessionaires
are more
efficient than
the
municiaplity's
3) Promotion of ' | Eliminates | Investmént 1), | 34.0% |- Investment 1), [
blic Aware— © [ expenses for | O&M cost 0&M
ness, Cooperation | the removal
and Participation - § of illegally -
dumped waste
{4) Constraction ¥ Eliminates Investment 1), |- - Tipping lee | Invesiment 1),‘ 29.6
of Pr d New Jexpenses for | O&M cost O&M of fa-
Landfiil Site the removal cilities, vehi—
e of iliegally . cles and
dumped waste . equipments

: N_ole:
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Ca Overail Evaluation of the-3 Projec'tsfProp'ose'd for AreaB

-; ‘Assurmng the mmal mvestment is financed: by a forcrgn grant aid, the projects for

improvement ‘of collection services;: Los Cocos workshop and promotion of public -
partlmpatlon and coopcratlon activities are Judgcd ﬁnanc1aily fcas;blc, witha 9.0% -

- FIRR.

b. Financial Evaluation of Private Companies for Concession -

The FIRR of private companics is estimated at 7.7% considering that the services
of concessionaires will be 30% ‘more- efficient than ALMA's and that they will'be
- granted tipping fee discounts of 60% for the period 2000-2004 and 30% for the
2005 2009 pcnod

¢.  Area A Financial Capability .

The géncration sources in Area A are ﬁnanci.ally' capable of paying the imposed
collcction fccs, which will also partly subsidizc the clcansing scrvicc for Arca B.

It is cstimated that the collccnon fces will be wnthln 1% of thc household mcome'

(}f in Arca A until 2009. (Rcfcr to Flgurc 10.6. 4a)

The icachate treatment facilitics_will be upgra‘ded 0 fevel 4 in the year 2010 for

the new landfill site, slightly rising the collection fees imposed on the residents.

Therefore, it is necessary to review the project's financial evaluation after 2011 as

indicated in the financial cvaluation for the ANLPS' constructlon prOJcct

d. Municipal Financial Capability.

If the initial investment cost is financed by subsidies from thc ccntral govemment

or grant aid from foreign countrics, part of the collecnon fee will be reserved
internally as funds, which will enable ALMA to shouldcr thc budgct for thc second
and third mvcstmcnts :

In this case, clcansmg costs shared by ALMA will decrcasc gradually from C$ 19. 2
in 2000 to C$ 13.2 million in 2010, As a result, clcansmg costs in rclanon to
ALMA's budget will go from 7.6% in 1998, the highest value, to 3.4% in 2010

(Refer to Figure 10.4.6b). Conclusively, this proves that ALMA can sustain
MSWM cxpcnscs on its own.
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If a loan covers most of the initial investment costs, the waste collection fees will
'be used répay it. ALMA will then be obliged to obtain another loan to finance the

~ second and third investments, thereby incurring a total debt of C$ 300 million
"(rcfer to Figure 10.4.6¢).

Ta'bicr J.4.6b shows the revenue and expenditure plan of the 3 projects.
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