on collection time and collection amount of one cycle time.
db. Cost of Park and Green area Cleansing

Acébrding_ to the above mentioned method, the unit cost of public area cleansing

| ~ service for each alternative was calculated and tabulated in Table H.5.2s.

H.5.2.6

Collection & Haulage Cost Cs$iton | 17337 | 22340 | -213.04 ] 17656 | 216.69

Table H.5.2s  Public Area Cleansing Cost
_ -Unit §} A-1 A-2 A-3 A4 A-5

Cleansing Services Cost - .| C$/ton | 2927.28 | 2927.28 | 2927.28 | 2927.28 | 2927.28
mill,C$ 5.34 534 534 5.34 5.4

mill.C$ 0.32 0.41 0.39 0.33 0.40

Total Public Area Cleansing | C$/ton | 3100.65 | 3150.68 | 3140.42 | 3103.85 | 3143.97
Cost : : mill.C$ 5.66 5.75 5.73 5.67 5.74

Sanitary Landfill

a. Introduction

A sanitary landfill is generally the basic element for modern solid waste manage~
ment in acknowledgement of the fact that in spite of efforts to reuse (recycle) or
utilize (incineration, composting) waste, there is still a considerable quantity to be
disposed of. A sanitary landfill is, thercfore, included in all the alternative plans.

The enforcement of landfill activities should be taken, therefore, as a first step
towards modern solid waste management, while keeping in mind that its environ—-
mental impact must be minimized. Once the requirements for the sanitary landfill
are clarified and. the proper design and operation implemented, other treatment
methods can then be considered. '

This section presents the basic layout and cost estimate of a landfill in accordance
with the concept of the alternative plans.

The location of the proposed landfill sites for cach alternative plan are shown in
- Figure H.5.2¢c. o :
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Figure H.5.2c  Locations of the Landfill Sites of Each' Alternative Plan
- Table H.5.2t shows the disposal sites (alternatives) requiring cost cstimates. The
final disposal costs for Alternatives A-2 and A-3 are the same because their

estimates only differ in transportation cost,

‘Table H.5.2t Disposal Sites chuiring Cost Estimatcs

No. | Name of Disposal Site Total Capacity | - ~ Cost Estimate
' ' ‘ (ton in 2010) Co :
A-1 Aca_hualin.ca ' | 715,6()0 Necessary
A-2 | Santa Ana (withoul T/S) 715,000 | Necessary
A-3 | Santa Ana (with TS) 715,000 | Same cos;.t as case A-~2.
- Esquipulas 1 715000 | Necessary
A-5 1 a. Santa Ana 286,_000 Necessary
w:i.::uipu]as g 429,000 .Necéss.iry : i
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b. Method of Cost Estimation

. ba. Assumptions for the Cost Estimation

This cost estimation docs not include the following:
- interest rate for the purchase of equipment, materials, etc.
- land acquisition price

bb. Procedure of Cost Estimate

Cost estimate is carried out to determine the unit disposal cost of cach altcrnative.
A unit disposal cost generally consists of a unit investment cost and unit O & M

. cost.

Composition of
Unit Disposal Cost

The concepts for each cost estimate arc given in Table H.5.2u.

Table H.5.2u  Concept of Cost Estimatioh

Facility ' Unit Investment Cost Unit O & M Cost
(C$/ton) . {(C$/ton)
Final Disposal : -
Site _ Total Investment 1997 £ill 2010 - _ __D-M Cost, 2010
Disposal Amount 1997 till 2010 Disposal Amount, 2010
Mhme Total 1 1997 wili 2010 O-M Cost, 2010
nvesiment i . 0- o,
“Treatment Plant = = 2
Life Year x Disposal Amount, 2010 Disposal Amount, 2010
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c. Design Conditions
“The following assumptions were set up::

- = Commencement of landfill operation:
- Beginning of 1997

- Sanitary level of landﬁll operation:
Level 4

- —. . Design capacity of the final disposal sites:

V1 js the required capacity of the landfill scction to Teceive waste for 14
years from 1997 until 2010. This is calculated assuming that the unit weight
of thc waste compacted in a landflll is 1 .0 tonfm

V1 (cubm) = Total Amount (ton) .
. ) Unit Weight (tonjcubm) =

V2 is the required volume of daily cﬁ_ve.,rag_c. soil which is equivalent to 6.7%

of the total waste volume disposed as explained below. - -
Thickness of Soil Cover - _ 02 m

Total Thickness of Oncl.ayer 30m

Rate of Coverage Soil = =67 %

Borrowed Soil for Covering

>,
X

2.0m
3.0m

Hence, the required capacity of the landfill sections are calculated and prescntcd
in Table H.5.2v.




Table H.5.2v

Disposal Sitc Cost Estimate -

AT ———
V1 y2 Yy
Tota] Disposal Amount of Daily Design
Amount from 1997 Cover Soil Capacity
till 2010 .
(m) (m®) (m®)
A-1 | Acahualinca 6,000,000 400,000 6,400,000
‘ A-2, | Santa Ana 6,000,000 400,000 6,400,000
) A-3
A-4 | Esquipulas 6,000,000 400,000 6,400,000
A-5 | a Santa Ana 2,400,000 160,000 2,560,000
b. ipulas | . 3,600,000 240,000 3,840,000
Esquipulas . .

d.  Technical Description of Facilities

It is assumed that thefollowiﬁg facilities are installed for each candidate disposal
site. : '

- Main Facilities

Enclosing structure:

Enclosing dike and divider

‘Drainage system:

Surrounding drain, on-site open drain, on~site culvert drain, catch pit,
intercepter drain '

Access road:

Rehabilitated roads, new roads, temporary roads

- . Environmental protection facilities

Buffer zones'

Littering prevention facilities

Gas removal and leachate collection facilitics
Secpage control facilities

Daily soil cover

Final soil cover

- Building and accessories

~Site office
. Truck scale



. Storagc building -
. . Safety facilities:
: Gatcs fences, street l:ghts '
~ Fire prevention facilities: - :
_ Water tank, extinguisher,
. Others: BEEE . _
. Parking lot, greenery, car wash, etc. .

" da. Enclosing Structure

" The purposc of the enclosing structure is to store waste and to control leachate
. from waste in-a landfill site. There are several kinds of enclosing structures.

- Enclosing Dike

The enclosing dike banked with earth around the filling area is required to prevent
secpage of rainwater. Because the disposal site is located in a flat area, a dike shall
be used to enclose the landfill site for the prevention of rain water infiltration,
The dimensions of the enclosing structure is set up as follows.

Gradient of Slope: 1:2
Crown Width: 50m
Height of 1st Dike: 5.0 m (10.0 m for Santa Ana)
- Height of Uppcr Dike: = 25 m:
Berm: 2 m width bcrm for cvcry 5m hlgh

Material of Dike Structure: Soil

- Divider

The divider which is made of soil is provided inside the enclosing dike to block
rain water secpage into the waste dumped. The purpose of a divider is to réducc
quantity of leachate. Four hectares of the dumping area is provided with a dmdcr
The dimensions of the enclosing structure is set up as follows.

Gradient of Slope: | 1:2
Crown Width: : 20m
Height of Dike: . 25m

Material of Dike Structure: Soil

db. Drainage System

A drainage system plays a very important role in maintaining the site and roads in
good conditicn and also in minimizing the influence of rainwater on leachate
control facilitics. Different types of drainage are adopted for this alternative study,

H~ 120




as descﬁbed below:

Surrounding Drain

The surrounding drain is generally constructed around the landfiil to intercept rain

water from the landfill area and to expel them from the site.
adopted for this study are shown below.

The dimensions

Top Width: 3.0 m
Bottom Width: 1.0 m
Gradient of Slope: 1:1
Depth: - 1.0m
Surface of Drain: No lining

-  On-site Open Drain

The on-sitc open drain keeps the working arca within the landfill sntc dry The

drain shall have no lining,

The dimensions of the on-site open drain for surface water adopted for this study

are shown below:

Top Width: 20m
Bottom Width: 1.0 m
Gradient of Slope: S 1:1

~“Depth: 0.5 m
Surface of Drain: No lining
Interval of installation:

- On-~site Culvert Drain

Every 100 m

This type of drainage discharges rain water outside via the surrounding drain.
The dimensions of the on-site culvert drain ad()pted for this study are shown

" below:
' Pipe Diameter:

0.6 m

Wing wall: - Concrete walls are provided on both ends

Intercepter Drain for Reclaimed Area

The intercepter drain is provided to intercept surface water on the completed
landfill area preventing seepage of rain water into the waste layer and also to
_protect the siope of the enclosing dike.

" ‘The dimensions of the intercepter drain ad0ptcd for. thls study are shown below.
Top Width: - 20 m

‘Bottom- Width:- 1.0 m
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Gradient of Slope: 1:1

Depth: 0.5 m E
Surface of Drain: - 0. 05 m thick mortar lmmg
dc.  Access

The condition of the access road is very important to the effectivity of the work
process.” Good road conditions minimize and prolong equipment maintenance cost
-and life span, respectively. Access roads are categorized into the following types.

- Rechabilitated roads
- Newly constructed roads
—~  Temporary roads

Rehabilitated roads refer to improved existing roads. The surface of rehabilitated
and newly constructed roads are paved with asPhalt ‘The surface of the temporary
roads are paved with crushed stone.

- Buffer ane

A buffer zone is constructcd between the disposal site and thc residential arca to:
Screen the landfill site from the residents,
Reduce noise and vibrations emitted during landfllllng operation,
Reduce odors,
Create environmental equilibrium,

The buffer zone is in the form of a green belt of plants with a width of 50 m.
-.  Littering Prevention Facilities

Litter control within the landfill site is principally the same measure as that taken
for disaster and pest control wherein the covering material acts as the main agent.
Nevertheless, littering is inevitable during landfill. opcrations before the covering
material is placed. As a means of prcvemlon, a mobile fence will be put up to
prevent waste from scattering. L

- Gas Removal and Leachate Collection Facilities

Microbial decomposition of organic matters during landfilling operations produces
water, gas and inorganic chlorides. If the, landfill structure- houses acrobic matters,
this gives rise to acrobic bacterial activity which accelerates decomposition and
produces carbon dioxide, water, ammonia etc. On the other hand, if the structure
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houses anaerobic matters, this gives rise to anaerobic bacterial activity and slow
decomposition, which produces odors and combustible gases, such as methane,
carbon dioxide, hydrogen sulfide and ammonia, that badly affect the environment.

Generally, as for the outbreak of gas in landfill sites, gushing and exhausting are
common at weak points on the boundary surface between the landfill site and
surrounding structures.  Disaster- prevention measures, through gas removal
facilities, are necessary at points where gas pockets burst unexpectedly and thus
produce fires, odors etc.

Three types of gas removal facilities, i.e. by evacuation, pumping and ventilation,
were taken into consideration. Within these designs, the most economical gas

. removal facility, the one by evacuation, has been selected.

The completed landfill site is designed to incorporate 3-4 ventilators per hectare,
an cffective prevention measure. However, the covering material is the most
important factor for gas removal, as it is necessary not to leave waste exposed
over a long time. ’

The function of leachate collection facilities .is only limited to the collection of
water contaminated with waste and decomposed polluted water, and the carrying
of these to the leachate control facilities with care so as to avoid spitlage and
ground water infiltration. |

- Seepage Control Facilities

A lining sheet serves as a seepage control facility on the bottom of the landfill area
to prevent feachate seepage.

- Daily Soil Cover
Firstly the waste layer will be covered by soil which was separated from the

incoming waste. This soil layer shall be 0.8m thick. Borrow soil, 0.2m thick, will
be then compacted onto its surface, as shown below.
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- . Final Soil Cover . -

The final soil cover on the completed section of the landfill will be 0.5 m thick
for. future use. . o : L

de.  Buildings and Accessories

These facilities include a site office, trucks, safety faciiities, fire prevention
-facilitics, storage building, monitoring facilitics, car wash ete,, =~ "
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e.  Preliminary Design

ea. Alternative A-1: Acahualinca
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Figure H.5.2d - Preliminary Design of the Acahualinca Disposal Site
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Figure H.5.2¢ Pre.liminary Design of the Santa Ana Disposal Sife (1)
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ec. Alternative A-4: Esquipulas
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Figure H.5.2f

. Preliminary Design of the Esquipulas Disposal Site (1)
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Figure H.5.2¢g

Preliminary Design of the Santa Ana Disposal Site (2)

H - 128"



edb. Esquipulas
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Figure H.5.2h

Preliminary Design of the Esquipulas Disposal Site (2)
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f.  Cost Estimate

fa. Final Disposal Site

it is vcxy difficult to differentiate mvcstment and the O & M cost of the disposal
works as each tlppmg arca is completely filled within less than a ycar Thcrcforc '
only the cost involved in the sprcadmg and compactmg of waste is mcludcd in the
o0& M cost cstlmatlon :

faa. Investment

i Assumptions on cost estimate

The material for the landfill structures such as cncfosmg dikes and dmdcrs wxll be
taken from the followmg .

: Sml w1ll be taken from within the disposal sntc
A1, A-2, A-3, A-5a
Sml will be carried to the site from a dlstance of 10 to 15km.
A-4, A-—Sb -

. Cost estimation

Thc cstimation of 1nvcstmcnts for the final dlsposal sites are- prcscntcd m Tablc 7
H.5.2w,
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* . Table H.5.2w - Estimation of Investment by Alternative
' unit: thousand C$

| No. _ Hems A-1 A-2, A3 A4 A-5a A-5b
‘1 © | Preparation Work (Site clearing) . 1,840 2,160 1,800 880 1,160
2 | Main Facilities . : ; 18,814 12,316 39,877 5,800 32,409
21 | Boclosing Structure ' 17,268 7,017 33,510 3,368 26,435
_ 2.2 | Drainage 1,127 | 3,679 1,217 1,372 824
@ : ' _ 23 | Access Road _ ' 420 1,620 5150 1,000 5,150
3 | Bavironmental Protection Facilities " 66,286 77,606 65962 | . 39022 | 40353
3.1 | Buifer zone ' C165 0 240 0 195
32 | Littering prevention facilities 891 1,242 756 § - 567 621
3.3 | Gas and leachale collection facilities 17870 | 20,564 17,606 7,975 11,121
34 |Sccpage control facility 25,600 32,000 25,600 12,800 15,360
3.5 { Daily Soil Cover ' ' 13,600 | 13,600 13,600 13,600 8,160
36 | Final Soil Cover 8,160 10,200 8,160 4,080 4,896
4 |Borrow Soil - : _ .0 0 3,580 0 3,798
5 | Building and Accessories (10%) 86N 9,208 10,764 4,570 7,392
6 | Miscellaneous (20%) : 17,388 18416 21,528 9,140 14,784
7° | Total Direct Cost 113,023 119,706 145511 | 59413 99,896
8 | Overhcad (30%) (7 x 30%) : 33,907 35,912 43,653 17,824 29,969
9 | Total Construction Cost (7 + 8) 146,930 155,618 189,165 77,237 129,865
. 10 | Design and Supervision (10%) (3 x 10%) " 14,693 15,562 18916 | . 7,74 12,986
® 11 | Total Project Cost (9 + 10) 161,623 171,180 208,081 84,960 142,851
Unit Construction Cost {C¥ton) 26.94 28.53 34.68 340 | 3068

fab. O & M Cost

The required number of spreading and compacting equipment, i.c., bulldozer, can
be used as an index for the O & M cost. In this estimation, the required number
of bulldozers is estimated first, and the cost for site maintenance and miscetlaneous
works is estimated in accordance with the determined number of bulldozers.

The required number of bulldozers is calculated as follows.

n = Annual Disposal Amount (ton/year)
240 cub.miday x 297 days[year x 1 tonfcub.m

n = Required number of bulldozers
Capacity of a bulldozer is 240 m®/day

The distribution of the estimated number of manpower and equipment are presented
~ in Table H.5.2x.
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Table H.5.2x

Distribution of Estimated Number of 'ManpbWer_and Equipment

H-132

|in’ 2010
foms - anit ' Amual Disposal Amount of Waste (x10" ton)
| ‘24 | Bs- | w6 | 28| s 51— | sa2- | na-

| Bs | 36 | 28 | 0 | s7) @2 | ma | 4
BQ_ild‘pm_ 210HP: - | wniis el s 6 7. 8. 9w 1
- Manages pers. ST 1| 1 1 1 1 1
Foreiuan pers.. 1 1 2] 2| 2 2 3
Opersor & Clek - Jpes. | 6. 8 sl w] u| .| o
Track scale operator | pers. | 4 6 6 6| &f s 8 8
Worker pers. | 4| s 6 F s o 0| u

Malerial - . _
" Diesel K w7 | | e | as | oas | oss | s | em
Oil and Lubricant(3%) | LS. 1 1 1 1 1 1 1 1

: R T A T T Ty ;




The annual O & M costs for the final disposal operation, estimated bascd on the
data given in Table H.5.2x, are presented in Table H.5.2y.

Table H.5.2y = Estimation of Annual O & M Cost for Final Disposal Operation
unit: thousand C$

I Items Annual Disposal Amount (x10* ton/year)

214 | 25 | 356 | 428 50- 57- 42~ | 73-

- _ 28.5 35.6 4238 50 57 64.2 73 784
‘ Machinery 134 | 1643 | 9m | 2300 | 2629 | 2957 | 3286 ] 314
Bulldozer 210HP 1314 | 1643 | 191 | 2300 | 2629 | 2957 3286 | 3614

Personncl 328 398 | 453 85| 517 588 642 74

Mansger 63 63 63 63 63 63 63 63

Foremam o 2 43 43 43 4 65 65

Operator & Clerk 114 133 152 1m 190 x9 228 246

Truck scale operat 76 114 114 114 114 152 152 152

. Worker 54 67 81 ) 108 | - 121 134 148

Material B 460 575 690 805 9200 1035 | 1,150 ] 1,268

Diesel _ . 447 558 670 782 893 ] 1005 | w17 ] 1228

-0il and Lubricant(3%) 13 17 20 23 27 30 34 17

Totat 2102 | 2516 ) 3114 3500 | 4066 | asso | s0m | 5554

Site maintenance cost (309%) 631 785 934 | 1,077 | 1220 ] 1314 | 153 1,666

Total O & M Cosi in 2010 273 | 3401 | 4048 | 4667 | 5286 | s9sa | sem 7,220

Unit O & M Cost in 2010 1277 | 19| 37| we] ws7i was | w2z | 1013

. ) {CSAon)

0 Disposat site to be constructed A-5a A-5b ' A1
: : . A-2

. A-3

l _ A4

fb. Leachate Treatment Plant
fba. Basic Désign of Leachate Treatment Plant

L Basic design data

- Catchment area for leachate: 4 ha
-~ Precipitation:
Annu_al average precipitation: 757 mm/year

Largest monthly precipitation: 133 mm in November

- Leachate amount;
. Annual average leachate amount :
Qa = 80,000m? x 0.757m = 60,560m*/210days
= 288.4m*day
Maximum leachate amount:
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QI = 80,000m? x 0.133m = 10,640m*/30days
- = 354.7m*/day ~ 360m*/day.
‘The dcmgn leachate amount is established at 360m’/day. The amount
exceeding this set amount shall be stored i in a pond in the final disposal
site.

B Lcaéhatc and cffluent _quality.'

'I‘hc establ:shed dcsxgn lcachate quahty is based on thc data shown in
Table H.5.2z, and is shown below.

Tablc H.S. 22 Dcs:gn Quahty of Lcachate and Efflucnt

mg/llt
-Leachate -
1,000 R 50
2300 - 150
005 . - om
SOl 0005
0 0 0.005
006 S 00S
05| 005
- 0.2 N X
o e S _
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Table H.5.2a'  Comparison of Leachate and Effluent Quality

mg/lit
Items Require:ﬁeni for Requirement by Measured Dala
I Potable Water WHO E
' 132
. 2,273
65 -85 6.5-85
$ 25 250 1357 §
25 : 400 2,900
100
30
25
10 . ]
25 10
0.05 -
005 | - 0.3 R
0.02 0.1
001} 0.05 0.04
t 0.005 - 0.005 _ Not detected
0.05 0.1 -
0.05 0.05 Nol detected
0.05 0.06
0.001 0.001 _ 0.4
0.02 : -
0.01 0.05 0.14
0005 | -
0.01 0.01 -
—— e

Note: 1) Normas de Calidad de] Agua para Consumno Humano Revisada en Marza de 1994
Comite Coordinador Rcgional de [Instituciones de Agua Potable y
Saneamiento de Centroamerica, Panama, y Republica Dominicana
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- Dcsigrn.ﬂow of Leachate Treatment Plant

WT_&*II‘ ' Chilodne Contact Tank

Grit Chamber

.

fbb. Investment

The estimated iﬁvcs_tmcnt for the leachate treatment plant based on the pfcliminary
design is presented in Table H.5.2b". ' '

Table H.S2b'  Estimatc of Investment Cost for Leachate Treatment Plant

Item . A _ ' . Amount
' (thousand C$)~
- Civil works : ' ' 18,495
-~ Mechanical, clectrical work ' _ 8418
Tolal Birect Cost _ . _26,913
Overhead (30%) . : _ 8,100
Tota! Construction Cost o 35013
Design and Supervision (10%) . : R - 3,508
Total Investnment Cost™ = ' ' - 38,521

m_

The Investment cost estimated for the leachate treatment plants of A-1, A-2, A-3
and A-4 is C$ 38,521,000 as presented in Table H.5.2¢".

Based on this estimated cost, the Investment costs for A-5a and A-Sb are adjusted
as follows. ' :
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PCQ) - Pca) (1 gﬁ;)

NI’-A

PC(l): Investment cost of the treatment plant for A-1, C$ 38,521,000
- PC(2): _Investmcnt cost to be estimated
C(1): Capacity of the disposal site for A-1
_ C(2):  Capacity of the disposal site where the cost for the leachate
ﬁ S treatment plant has to be estimated

In addition, the earthwork costs to be estimated for cach alternative are expected
to vary due to different topographical conditions, hence they shall be included in
the calculation,

Tablre H.5.2¢' Estimate of Investmcht Cost for Leachate Treatment Plant for
‘Each Alternative '

-
Name of Cay Investment | Earthwork § Total Cost | Annuval Unit | Unit Cost
Disposal Site (m®) Cost of Plant| for Plant | (x10' C$) Cost in 2010
_ (xlO’ Cc$) [ (x10° C$) (10" CS/year)| (C$/ton)
A-1 | Acahualinca 6,000,000 38,521 - 816 39,337 1,710 2.39
A-2, |Senta Ana 6,000,000 38,521 17,000 55,521 2,414 3.38
A-3 ) . i :
t J A4 | Esquipulas 6,000,000 - 38521 816 39,337 1,710 239
A-5 |a. Santa Ana 2,400,000 26,965 8,500 35,465 1,542 539
b. Esquipulas 3,600,0001 30,817 816 31,063 1,377 3.21

: :
fbb. O & M Cost in 2010

The estimated O & M cost for the leachate treatment plant is presented in Table
H.5.2d.
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Table H5.2d'  Estimate of O & M Cost for Leachate Treatment Plant

& Amounl_-‘
_ _ _ (x10°C$/year)
- l_xl)-or.(_:ost(ﬁpers(_ms) R _ 125
- Power supply (30kw/h x 8,760 Wyear = 262,800 kw/year) . o B e 134

- Maintenance cost for equipment (5% of 'equipmem"_and electrical work) 325 |
- .Main!el.lanoe cost for civil structures (1% of civil vlabrk) ' _ | 159
©~  Chemical (360m3/dayx3ﬁsdayst$319/m3) T 419
I" Mmlhﬂe““s(ls%) S , 174
l “Total o o o 1,336

Bascd on tlus cstlmatcd cost, thc O&M COStS for A~5a and A 5b are estimated as
follows

OMQ) = = x OM(I) x(1+ C(z))

1)

OM(1): O & M cost of the treatment plant for A—l 1, 336 000C$
OM(2): O & M cost to be estimated .

C(1): Capacity of the disposal siie for A-—l _ :

C(2): Capacity of thc disposal site where the cost of thc leachate
treatment plant is to be estimated

[ 2*]

fc. Total Disposal Cost

The total disposal cost for each alternative is summarized in Table H.5.2¢".

Table H.5.2¢'  Disposal Sites Requiring Cost Estimates Unit: C$/ton
PR
No, Name of Final Disposal Site Leachate ‘Treatment Plant Toral
Site i '
Investment o&M Total Investment oO&M Total
A-1 | Acahualinca 26,94 10.13 37.07 239 187 426 4133
A-2 | Santa Am 28.53 10.13 38.66 . 338 187 525 4391
A3 : -
A~ | Esquipulas .68 10.13 4481 239 1.87 426 49.07
A-Sa | Sunta Ana 35.40 7 48.17 539 321 8.6 56.83 I .
A-sb | Esquipulas 3968 | 109 | 5058 m 2.49 s70 | 5628
IR AR, MR
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H.5.3

The estimates show that the unit disposal costs of A-Sa and A-5b were more

~ expensive than the others, due to the less efficient design capacities of their

disposal  sites.

Interest rates were not taken into account in the cost estimation as they can
c:'onsiderably raise the leachate treatment cost in view of the treatment plant's life
span, that is 23 years. The inclusion of the interest rate may triple the cost
estimated without the interest rate.

_ Summary on Technical System of Each Alternative

The technical system of each alternative is summarized in Tables H.5.3a to H.5.3e.
The details of the conceptual design and cost estimation are summarized in the
following tables overleaf.
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‘Table H.5.3a

IIM'

‘Summary of Technical System for Alternative A-1

System '
1. ' Waste Amount (lon/day) D
1-1 Generation smount 2,265
1-2 Collection amount 1,483
- Street swccpmg 2
- Park and green ares cleansing - 5
- MSW dhcr than the above 1,458
13 Tramsfer anount _ ¢
- 1-4 Disposal @noent 1958

2. Collection & Haulage
- 2-1 Colloction system

2-3 Type and requlred number of vehicles

2-2 Typc and required number of containers

Arca Az Curb collection usmg n_ykm sacks of phsbc bags.
Area B: Container collection using public comainers.
Others: Container collection using public containers.

Container {1.0m?): 358 units {excl street swie
Porutmine E, ,; mﬂs(‘ndms epil_ls)

Compacior EIS -3m): 85 units
Culupaclot 15. 3m " with comamer 4 units (excluding street swcepmg)
2-4 Transfer station Not require
- Type of wransfer station ' -
« Main facilitics -
- Haulage distance ) -
~ Type and required number of trailers -
_~ Number of containers ~
3. Street Swecpmg and Park & Green Area
Cleansing
3-1 System ) ) Manual
3-2 Length of road swepl and cleansing area 350 km and 45 ha
3-3 Type and required number of containers Container (1.0ra’): 133 units
Container (1.0m’): 10 units
34 Type and required number of vehicles Compacior (15.3m") with container: 2 units
Hoist Truck: 1 unit

4. Inermediate Treatment

No processing facilities

5. Final Disposal

5-1 Landfill method

5-2 Disposa] site

5-3 Distance from main generation source

5-4 Required capacity

5-5 Main facilities

5-6 Environmental protection facilities
5-7 Otfwer {acilities

Sanitary landfill {level 4)
Acahuvalinca
83 km

6. Cost
6-1 Unit cost (C$ton)

6-2 Total Cost (million C$/yoar)

Collection & Hau]age - 81.57
Succ! Sweep: mir 800.00
Park Green Arca Cleansing 3100.65
Disposal 4133
Administration 373
Collection & Haulage 46.60
Street chcpmi‘ 5.84
Green Area Cleansing 5.66

Disposal 29.55
Administration 2.02
Total Annual Cost §9.47

S L
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Table H.5.3b Sunimary of Technical System for Alternative A-2

1. Waste Amount {ton/day)

1-1 Generation amount 2,265
1-2 erélltggon amount ‘ 1,4%8
- sweeping
~ Park and green area cleansing 5
~ MSW other than the above 1,458

1-3 Transfer soount : 0
1-4 Di Dount 1,958
2. Collection & Humlage _
2-1 Collection system . Area A: Curb collection using nylon sacks or plastic bags.
) : : Area B: Container collection using public containers.

: Others:  Container collection using public containers,

2-2 Type md roquired number of containers Container (1.0m7): 358 units (excluding strect i
: . Container E‘Iﬂmg 934 uniis (exc g sirect swecping)

73 Type ad requi.tcd mmbu of vehicles oot Egg,;’ J?&ﬁ rour.llts;iner: 5 units (excluding street sweeping)
m: 122 wnits
2-4 Transfer station . Not required
- Type of transfer station -
~ Main faciltics _ _ -
- Haulage disunce -
= Type md required number of trailers : -

— Numiber of contai
3. Street Sweeping ad Park & Green Area
3-1 System’ ' Manual

3~2 Length of road swept and cJeansing acca 350 km and 45 ba

3-3 Type aw required number of containers Conlainer El.ﬂm‘ : 153 units
. Container (7.0m”): 10 units

3—4 Type md required number of vehicles Cunmork(lg.mz with container: 2 units
H unj

Hois!

No_processing facilities

Sanitary landfill (level 4)
3-2 Disposal site Santa Ana
5-3 Distance from main generation source - . | 180 km
5—4 Required capacity
5-5 Main facilities
5-6 Environmental protection facilities
5-7 Otber facilitics

6, Cost
£-1 Unit cost (C$/ton) ' Collection & Haulage 110.96
Streel S\«recpinir : 802.62
Park & Green Area Cleansing 3150.68
~Disposal | 3.9
Adminjstration 373
6-2 Total Cost (million CS/yea)} Collection & Haulage 5905
Street chcpmi[ : 5.86
Park & Green Axea Cleansing 575
Disposal | 31.40
Admiinistration 202
Total Annual Cost 104,07
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Table H5.3¢c -

'Surhmé.ry of Technical System for A_l_témativc‘A-.f-_S -

1. Waée Amount (ton/day)

1-1 Generation amount 2,265
1-2 Collection amount 1,483

~ Street sweeping p-i}

~ Park and green aea c]msmg S

— MSW other than the 1,458
1-3 Transfcr pomt 890
1-4 Dis 1,958 -
2. Collection & Haulage
2-1 Collection sysiem Area A. Curb coilection using nyjon sacks or e

Cee 5 o Arca B: Container wllccnongusql;g blic cmnl;ll’:n begs.

‘ i : : R _O!hers Container collection using pubhc cuutamers ‘ )

2-2 Type ad ired number of containers . Container (1.0m*): 359 mms excluding strect swi
ype and roquired \ ainers .| Container (1 { ,} ( 2 l=ePms.) | i

2-3 Type and required number of vehicles

2~4 Transfer station
- Type of transfer station
~ Main facilitics
~ Haulage distance _
~ Type and required number of irailers

~ Number of containers

'Cmnpam?sam i 89 units

W 15.3m*) with container: 4 units (exchldmg street sweeping)
Direct re-loading type

Receiving hopper, weigh bridge, platform

16.9 lon (one way)

Opcn top trailer truck (70m3): 13 wnits (including 1 spare vehicle)

3. Street Sweeping and Park & Green Arca
3-1 Sysiem

3-2 Length of road swept and cleansing arca
3-3 Type and required number of contalners

3-4 Type and required mumber of vehicles

15 units (incjuding 2 spare coptaincrs) -
Marual

350 km and 45 ha

Container {l.ﬂm’ 1 134 upits

Container (7 Om’}: 10 units

Factor (15.3m") with mnta:ncr 2 units
k: 2 uni

4. Iniermediate Treatment

No processing facilities

5. Final Disposal
5-1 Landfill method Sanitary fandfill (level 4)
5-2 Disposal site Sarda Ana _
5-3 Distance from main gencration source 15.3 km (districts to disposal site) -
& 33 b (s 478 1o dpoes) snlc} :
5-4 Required capacity
5-5 Main facilities
5-6 Environmental protection facilities
3=7 (nher facililics
6. Cost _
6-1 Unit cost (C$/1on) Collection & Haulage : 102,61
Street Sweepl mir . 800.27
Park & Green Area Cleansing 3140.42
‘Drisposal - i . 4391
Administration . 373
62 Total Cost (million C$/year) Collection & Haulage - S ' 54.61
: Street Sweepl mﬁu . 5.54
Park & Green Area (‘lcansmg : 573
‘Disposal ’ . 31.40
- Administration . ‘ ' 202
Tola!l Annual _(.c_)s_l_ - 99.60
- L . -
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Table H.5.3d -

. Summary of Technical System for Alternative A-4

Svs_!ém

1. Wasic Amount {jon/day)
1-1 Generation anouqt

eeping
mdgrecnteadunﬂm
—MSWothcrﬁnndud:m

2,265
1,483
4]

3
1,438

1,958

2-2 Type wd required nember of containers

2-3 Type and required number of vehicles

2—4 Transfer station
~ Type of transfer station
~ Main facilitics
~ Haulage distance
= Type and reqmred nurnber of traflers

Area A Curb collection using nylon sacks or plastic bags.
Arca B: Container collection using public containers.
Othess:  Container collection using public containers,

Container {1.0m’): 358 units {excluding street sweepi
Container {7.0:1:’}: 934 units ¢ 8 ping)

Compacior Els J3mY): 92 uni

Cunracmr

13 3m Wllh m!ltamet 4 units (excluding street sweeping)

3. Steet Sweeping and Pack & Gicon Afea
3-1 System

3-2 lpngth of road swept and cleansing area
3-3 Type and required number of containers

3-4 Type and required number of vehicles

Not required
Manual

1350 kom and 45 ha
Container (1.0m?): 133 units
Container (7.0m’): 10 units

Com (15.3m") with container: 2 units
I{oigl ﬁk: 1 unit :

5-2 Disposal sitc

5-3 Distance from main generation sowrce
5~4 Required capacity o
5-5 Main facilities

5-6 Environmental protection facilitics
5-7 Other facilities )

No processing facilitics

Sanitary landfill (lovel 4)

Esquipulas
11.0 km

6. Cost .
6=1 Unit cost {CS/ton)

62 Total Cost (million C3/ycar)

Collection & Haulage

Street chepmﬁu
Pii.;‘;osal ea Cleansing
Administration

Collection & Haulage

Street SweepmiI

Park & Green Area Cleansing

Admml:?:h'alion
"Toial Annual Cosi
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Table H.5.3c - Summary of Technical System for Alternative' A5

1-4

111} System
1. Wastc Amount (ton/day) Santa Ara ' . Esquipulas
1-1 Generation amount 9206 1,59
1-2 Collection amount 593 -~ 890
- = Streef sweeping' - 8 S 12
k and green area cléansing .3
~ MSW other than the above 583 875
'1-3 Tramsfer amount 0
w o o 1175
2. Collection & Haulage : :
“2-1 Collection systern ArﬂA.Cmbwnocnonus bnsackstxpm&c
R sy ' Area B: Container wllccuol:s publ:c comainers, bay
: Others:  Container coliection using public containcrs.

2-3 Type and required number of vehicles

24 Transfer station
- Type of transfer station
- Main facilitics
- Haulage distance
~ Type and requived namber of trailers
— Number of containers

2-2 Type and required number of containers -

tainer 10m 359 units (excluding strect
,; m( 2 sweep"%)

Cnmpacbr 15.3m7): 95 wmits
515 3m wnh container: S mim (excludmg strect

Florst truck: 93 unit

f‘l§

3-1 System

3-4 Type and required number of vehicles

3. Steet Sweeping and Park & Green Area

3-2 Length of road swept and c_leans_ing area
3-3 Type and required number of containers -

Manual
350 km and 45 -

Container 10m’ 134units
Container (7.0m%): lﬂnmts

4, Int_é:mediale Treaiment

(lS 3m’) with ccmlamcr. 2 units
HO.ls__k.___

No processing facilities -

5. Final Disposal
5~1 Landfill method
5-2 Disposal site

5-3 Distance from main g.e:ietation sowrce

5-4 Required capacity

5-5 Main facilitics

5=6 Environmental protection facilitics
| 5-7 Other faciitics '

Sanitary landfill level 4)
Sants Ana and Esquipulas

15.8 lam (districts 1-3 to Santa Ana disposal sw:
10.0 km (districts 4-6 to Esquipulas dispoeal site

6. Cost
6-1 Unit cost {CSiton)

6-2 Total Cost (million CS/year)

Collection & Hauhge . 92.76
Streat Swecpmir 801.09
Park & Green Area Cleansing 314397
Disposal 56.50
Administration : 373
Collection & Haulage 4937
Street Sweepmi[ . -5.85
Park & Green Area Cleansing ‘“5}23
Administration. L I 2,02
Total Asawal Cost - ’ i 103.37
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H.54 - Evaluation

Generally, the optimum technical syétcrﬁ would be selected by evaluating the
~ following aspects:

~ technical
‘ - social
- - environmental -
- economical and financial

H.5.4.1 Technical Evaluation

a. Evaluation condition

Large technical differences with the alternatives lie in the introduction of the

transfer and final disposal s_#stcms including the location of a disposal site.

Therefore, the evaluation of the technical system of the alternatives is done
@ -+ according to the following '

- working condition
~ - . opcration and maintenance
—~  construction
—  the level of sanitary landfill

The 'comparison of technical systems for each alternative is shown in Table H.5.4a.

b.  Evaluation
-~ ba. Working condition

" Workers involved in solid waste management are engaged in different types of
work such as collection, trénéportation, operation of transfer station and final
disposal. The following three types of works in particular require - improved

; '_ working conditions to ensure both safety and hygienc.

- loading of solid waste into collection trucks
- . work in transfer station
- landfill work at disposal site
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Since the same technical systems will be applicd to the discha:gc/stbragc, collection
and final disposal, there is little difference in the working conditions of the
alternatives. However; the work in the transfer station of A-3 is less compared to
‘other Alternatives. | : '

‘bb., Operation and maintenance

Operation and maintcnanci: difficulties in the E'disposal site are estimated to be
almost the same with every alternative plan. Only few problems can be observed
in the operation and maintenance work. at the transfer station as they only involve
the transportation of large containers. - |

be. _Constnjctlon

The construction of the transfer station, will require highly advanced technology.
The technology presently used in Nicaragua will be good ‘enough for the
construction of all facilities cxcept the transfer station. '

- bd. - The level of sanitary landfill

The target sanitary landfill level is Level 4 (sanitary landfill with leachate
treatment) for all alternatives. Level 4 will be introduced in A-1 to prevent the
contamination of Managua Lake. Level 4 will be introduced in other alternatives
to prevent any adverse impact on groundwater, used as drinking water.

¢.  Summary of Technical Evaluation

Technical evaluation is summarized in Table H.5.4a.

Table H.5.4a Summary of Technical Evaluation

Criteria Allemative I

A-1 A-2 A-3 A-4 A-5 I
3. Working condition A . B B. B B
b.  Operation and mainienance A | B B A B
¢.  Construction : | A C C. C C
Overall Assessment A B B C C

Note: A: good B: fair C: poor

H - 146




H.5.4.2 Social Evaluation

a. Evaluation Factors

Social evaluation of each alternative was conducted based on the following factors,
and the plans were ranked accordingly as shown in Table H.5.4b.

- possibility of land acquisition
- possibility of obtaining neighborhood consensus
-~ compatibility with regional development plans

b.  Evaluation

ba. Possibility of land acquisition

There are no strict regulations concerning the use of the three candidate disposal
sites; all the sites except Acahualinca are privately owned, therefore, compensation
is required for the two sites if they were to be sclected. Santa Ana is under the
jurisdiction of the Villa El Carmen municipality. If this sitc is to be used,
negotiations will have to be conducted to incorporate the site within the Managua
municipal boundary as soon as possible.

Candidate sites for the transfer station were not selected during the 1st study work
in Nicaragua. If A-3 is selected as optimum alternative, candidate sites will be
discussed at the IT/R meeting with the Nicaraguan side.

bb. "PosSibiIity of obtaining neighborhood consensus

A neigthIthd Con_sbnsus is .nécc_ssary to Santa Ana and Esquipulus because its
peripheral areas are inhabited.

be. Compatibility with regional development plans

Since an Urban Devélopm_cnt Mastqr"Plan is not established in the study arca, the
three candidate sites will not face problems concemning this matter.
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¢.  Summary of Social Evaluation

Social evaluation is summarized in Table H.5.4b.

Table H.5.4b Summary of Social Evaluation

CCriteria . { . Altemative |
_ A-1 | A-2 A-3 A4 A-S ' ‘
a. Possibility of Land Acquisition AL C_ C B C
b. Possibility of Getting Neighborhood | A~ 1 - B | B B
Concensus e : _ ST
¢.  Compatibility with Regional Devel- A A A A
opment Plans :
I Overall Assessment ' A B B -{ B .
_m

Note: A: good B: fair C: poor
H.5.43 ' Environmental E\‘alua_tlon

a.  Items for 'E\_'aluation o - _ : _ ‘

The items for evaluation are listed in Table H.S.4c,"and 'pc'rtain to’ thé social
environment (9), natural environment (8), and pollution (6).

Table H.5.4c ~ Items for Evaluation

Categories Social Environment Naltural Environment . Poliution
| (1) Resetilement - - | (1) Topography and (1) Air Pollution
Items (2) Economic ~ Geology (2} Water Condition
' Activilies (2) Soil Erosion | (3) Seil Contamination
(3) Traffic and Public | (3) Groundwater | (4) Noise and Vibration
Facilities (4) Flow Condition of | (5)- Land Subsidence
{4y Communmily Scpa- Lakes, Marshes (6) Offensive Odor
ration _ and Rivers :
(5) Remains and Cul- | (5) Coastal Zone -
tural Property (6) Flora and Fauna

(6) Water Right and - | (7) Meteorology
" Right to Common | (8) Landscape
{7) Public Health Con-{ - -~ '
dition
(8) Wasle
(9) Natural Disaster

Total 9 8 6
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-b. Evaluation Method '

ba. ~ Evaluation Terms

The pro'pbséd alternative subject for evaluation was limited to the environmental
conservation measures indicated in Table H.5.4d.

bb. Evaluation Method and Results

Evaluation was carried out by comparing the contents and geographical position of
each alternative with every environmental item, Table H.5.4e shows the evaluation
of the social environment, Table H.5.4f, the evaluation of the natural environment,
and Tablc'H.S.4g shows the results of the evaluation of items related to pollution.
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Table H.5.4d

The Environmental Consc’_rvétio‘n Mcasures as The Bascs of
'Evaluation

I Alternative - A1, A2, A3, A4, A-S.

A3

| Eaviroameatal Hems

Disposal Site

Transfer Station I

l Alr Pollution

-lmplermmmon of dust reduction

measures, ie,, waler spm:klmg
and surface. compaction.

Installation of gas exhsust pipes, . | -

Covering of waste layers.
Use of treated leadlale for spnn—

. kling.

- Nothing in particular

‘Water Pollution

Installation of seepage ‘contro]
facilities,

Installation of leachate treatment :

facilities.

- the final: dISposal site for treat—

Transfer of domestic waste
water and water used to wash
the floor of the working place to

ment

Noise and Vibration

Reduction of the noise created by
ihe heavy machineries for landfiil
works and transponation vehi-
cles,

Carmrying out speed control and
better clutch contol,

Work will be carried out in
enclosed areas; noise will be
minimized as mich as possible,
Work space will be enclosed,
Better clutch control.

Offensive Odor

Covering of soil
Sanitary landfilling

.offensive odor

Constant washing of the floors

-of the work place

Avoid longlerm waste storage
Transfer wastes in enclosed
arcas to avoid the spread of

Work apace will be enciosed

Landscape '

Construction of a Buffer zone
{planting trees). .

Establish a land use plan which
incorporates the desires of the
locals and is compatible with
surrounding landuse,

The construction of an artifi cml

‘shore line for Acahuslinca Lake.

Construction of a Buffer zone
(planting trees).

Estabiish a land use plan which
incorporates the desires of the
locals and is compatible with
surrounding landuse,

traffic

1

The accurate installation of traf-
fic control indicators at exits and
entrance areas disposition of a
guard,

Selection of hauling route 1o
considerably reduce impact on
surrounding traffic

Educate operators on safe driving

R L S
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Accurate installation of traffic
control indicators at exits and
entrance areas; instailation of
traffic lights and disposition of a
guand,

Selection of hauling route to
considerably reduce impact on
surrounding traffic

Educate operators on safe driv—
ing

R
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be.  General Evaluation of alternatives

“The results of the general evaluation of the 5 alternatives on cnvironmental issucs
arc shown in Table H.5.4i. The evaluation points A-1 out as the most suitable
- optimum alternative. The outline of the evaluation is explained hereafter.

bea. Selection of the Optimum Alternative

‘Optimum alternative is an alternative with the least impact on the environment.

The best alternative for the city of Managua is one which bears the least impact on

_groundwater, the city's water source. A-~1 was found to satisfy this requirement,
‘whereas the other 4 alternatives failed. '

Alternative A-1 was also observed to have the least impact on other environmental

‘items in comparison with the ot]_ier alternatives.

‘The impacts of the other 4 alternatives on the social environment, natural
~environment, and pollution were evaluated to be almost the same. No indisputable

) differences were observed. Among these four, however, Alternative 3, which has

a transfer station, and alternative 5, which has 2 final disposal sites, will be ranked

-at the bottom as they are considered to have the largest impact on the environment.
‘beb. Selection of the second ahd third best alternatives

-Alternative 4 is considered as the second best alternative while Alternative 2 is

considered the third, as both have respectively the least environmental impact
among the remaining 4 alternatives. '

bee.  Selection of the fourth and fifth best alternative

The fourth best alternative is Alternative 3 as it has a low impact on the environ-

ment and has a final disposal site and a transfer station. The fifth best alternative
is A-S. '
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H.5.4.4 Financial and Economic Evalu‘étion'

a.  Financial Evaluation
aa. [Evaluation Method -

’ : * Financial evaluation was carried out by determining the alternative with the least
cost, since their benefits do not significantly differ and evaluation can only be
carried out qualitatively. The alternative that would satisfy the environmental
standards, with the least cost shall be selected as the optimum alternative.

The financial feasibility of MSWM was studied by taking into account the waste
disposal cost affordable to the residents according to the Public Opinion Survey
Results. : ' = C
- ab, * Expenses
The cdsts_MSWM to be financially evaluated will be taken as the waste disposal
cost of Managua City in the year 2010. These include Operation and Maintenance
w : Cost, and Depreciation Cost; interest ratcs are excluded.
ac. 'Evailu'a'i_;'ion Results
- 'a:_caf Evalmtibn using th_e Least Cost Method

Table H.5.4i shows the cost of every alternative. Alternative A-1 is sclected as the

- optimum alternative as it bring about the least cost. The next choices are Altcrna-
tives A-4, A-3, A-5 and A-2, respectively.
i, Alternative A1
The final disposal site proposed in Acahualinca brings about the least cost in terms

of collection, haulage and transport of waste to disposal site in comparison to all
- alternatives.” ' I '

ii.  Alternatives A-2, A-3

The collection and haulage cost of A-2, which has no transfer station, is 12%
higher than A-3, which has a transfer station. However, if the final disposal site
will be located in Santa’ Ana, the construction of a transfer station is considered to
be more cconomical. Nevertheless, the cost of A-3 is still 11% higher than A-1,
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in spite of the construction of the transfer station as a r._:‘os’tkdﬁcti_on measure.

iii.  Alternative A4

The final disposal site proposed in Esquipulas, rcpresenfcd as altemativé A-4,
brings about a collection and haulage cost 8% higher than A-1; the total cost is

- also 1(}% higher. This is mainly attributed to the fact that the covcrmg material
" is taken from outside of the dlsposal site, hence the hlgher costs for its transport

- :to the final dlsposal site.

v, Altemative A—
This Alternative is ranked below A~4 in terms of collection and haulage cost. The
total. cost: will be 15% -higher than A—4 duc to the opcratnon cost. of ‘the 2 fi nal

“disposal sites proposed in this alternative.

Table H.5.4i  Financial Evaluation - {Unit:million Cordobas)

Alternative A-1 | A2 A3 A4 - A-S I :
Total cost (including depreciation cost) - 89.67 104.08 B 99.60 | . 98.73 | 103.37 I
Collection, transportation expenses -~ | - 4660 | 59.05.| 5048 | - -50.11 49.37
Transfer station expenses N - - 4.13 - -
Strect cleansing expenses 5.84 5.86 5.84 . 385 585
Park cleansing cxpenses - 566 575 51| 566 5.74
Final disposal expenses 29.55 3140 3140 35.09 " 40.40
Management expenses L 202 202§ 202 202) 202]
Q&M cost 37.93 45.60 . 41.03 39.88 ' 41.26
Evéluatiun using the . Total cost ' l ' ) 5 3 . . 2 4
least cost method - ' — ; ' ;

O&Mcost | 1 s | 3 2 4 |

ad. Financial Feasibility

Although Sc.ction H.6.5 deals with how these costs arc.to be shared, Table H.S_.4j
shows the distribution of the cost among the residents, industries and Managua

City, and the percentage the cost covers in the family income and the city budget. |
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- Residents - .~ cost for collection, haulage and disposal of - household
' wastes in Collection Area A

Industries ~  cost for collection, haulage and disposal of wastes generat—
' ed through industrial activities (commercial, hospital,
industrial and market waste}

t’ | Managua city -  cost for collection, haulage and disposal of houschold
waste from Collection Area B; '
- cost for collection haulage and disposal of waste generated
by institutions;
~. . cost for cleansing, collection, haulage and disposal of waste
in streets, parks, etc.,

Table H.5.4j Residents', Industries' and Managua City's Share of MSWM Costs

e ——— e ———
Alternative A-1 A-2 A-3 A-4 | A-5
Total cost (CS 1,060,000) L | 8967 | 10408 99.60 98.73 | 103.07
Distribution of | Residents -~ 4111 | 4921 | 4662 | 4561 | 4752
Industries 13.23 14.83 14,47 15.24 16.82
t ' ' Managua city 3532 | 4004 | 3852 | 37.88 | 39.05
* Allocation of Household population in arca— 156,286
residents' share A '
in the expenses A
. : .| Average family income/month : 2,689
Percentage of expenses in 082 0.98 0.92 090 | 0.
family income
.Managua city's Total budget 464.06
share in the ex— : :
penses Percentage of expenses in city | 7.61 B.63 832 8.16 8.41
: budget '
K R —

" Noté: 1) Share imposed based on the volume of waste disc.harged
2) June 1994 exchange rate: US$ 1.00 = C$ 6.62

The waste disposal cost of each alternative covers less than 1% of the family
income. Conclusively, the residents can afford waste disposal services.

The Public Opinion Survey states that residents in Collection Area-B are willing

.. to spend up to 1.5% of their family income for waste disposal services. Although
the Master Plan study exempts this collection arca from payment, based on the
residents willingness to pay, any expense involving the carrying of waste to the
containers will be the responsibility of the residents.
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.The municipal share in the SWM  cost is estimated to be 7.6% 1o 8.6% of the
~ whole municipal budget in 2010, almost equal to the current financial budget.”
However, the inclusion of interest rates will actually raise the cost.

~ Although a détailcd economic analysis would be ncccssaiy in this assumption, the
perccntagc calculated above makes: it possible to conclude that MSWM operations
- can shil be continued in the year 2010

- b.  Economic Evaluation

A full scale economic evaluation will be carried out in the Feasibility Study. This
section only deals with the qualitative evaluation of the. bcncfits that can be derived
from the 1mplcmcntat10n of the alternatives. '

. ba. Benefits

. The benefits that can be derived from the alternatives are the '_impm_izcment of
sanitary conditions and the use of a final disposal site.- Only qualitative compari-
~ sons were conducted since quantitative evaluations were difficult to carry out.

i Improveme'nt ol' Sanitary Conditions ]

The best benefit that the alternatives can contnbute to the residents of Managua
City is improved sanitary conditions, through the expansion of collccnon areas, and
. landfilling. methods. There are no differences in the benefits of the aitematlves
they will all effect the same level of improved sanitary conditions.

ii. Ultimate Use of Final Disposal Sites
The use of these areas shall be limited to greenbelt zones or parks.  With this as
a premise in the selection of disposal sites, those closest to urban arcas arc
favorable. Bascd on the benefits that can be derived from the use of these arcas,
Alternative A~1 is considered to be the optlmum alternative, respcctlvcly followed
by A-4, A-5, A-2 and A-3,
jii. Increase in Job Opportunities

More jobs will arise from the expansmn of collection areas and thc 1mprovemem
of final disposal sites. : o
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"

H.5.4.S Overall Evaluation

" The overall evaluation of each aspect i.e. technical, social, environmental and
financial is given hereafter. -

a., Evaluation
aa, Alternative A-1

A-1 is the best alternative regarding all evaluation aspects. The following aspects
are superior to other alternatives.

-  disposal site acquisition is simple as it is mun1c1pal property
- no impact on drinking water
'~ least cost alternative

However, the operation of a disposal site will ruin the aesthetic view of Lake
Managua. In order to solve this problem, the following shall be conducted:

'~ daily covering of incoming waste
~  establishing suitable future land use plan for the site
= construction of a buffer zone '

ab. Alternative A-2
A-2 is unsuitable due to the follbwing aspects:

- land aC(]UISlllOn will require negotiation with another rnummpahty
- longest haulage distance '

- impact on drinking water by leachate

- most expensive alternative '

ac.  Alternative A-3

-A-3 is unsuitable duc to the following aspects:

- land acquisition is difficult as it is privately owned

- .. transfer station needs to be constructed to reducc haulage distance
.~ ...impact-on drinking water by leachate
© - cost is higher than A-1
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' ad;

ae.

- Alternative A-4

A-4is unsuitable d_ue to the following asPect_s:

land acqu:satlon is dlfﬁcult as it is pnvatcly owncd :
-impact on drinking water by leachate
cost is higher than A-1

Alternative A-5

- A-S is unsuitable due to the following aspccts:

land acqunsmon is dlfﬁcult as it is pnvatcly owncd- S

two disposal site lcads to high construction cost and complcx management
system - '

impact on drinking water by leachate -

cost is higher than A-~1

Summary of OQe'rallevaluati(.m

Overall evaluation is summarized in Table H.S_.4k.

Table H.5.4k  Summary of Overall Evaluation -

Criteria @temal_iye

A-1 A-2 A-3 A-4 A5

a, Technical Evaluation A ‘B B B B

b. Social Evaluation A B B B B

¢. Environmental Evalvation A C. _ .-C C =l C

d, Financial Evaluation | A B B B B

Overall Assessment A B B B B
e O r——

Note: A: good B: fair C; poor

In addition to the above-mentioned advantiges, in Alternative A-1 Acahualinca
landfill can be Level 3 which will not treat leachate. The reasons are:

- For sanitary landfill Level 3, the costs for investment and operation and
maintenance are cheaper than Level 4 by C$ 39.3 million and C$ 1.34
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- million/year, respectively.

Contaminant load of sewage on Managua lake is considerably heavier
than leachate from the landfill. For the improvement of lake water
quality, treatment of the sewage is more desirable than the lcachate.
If a sewage treatment plant is constructed in the future, the leachate
will be able to be treated at the plant.
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- H.6.1 -

. Insti'tﬁtional Requirements
 Administration

The institutional requirements concerning the administration of the Solid Waste.

Management System will be dependent upon the decision of the municipality
concemning the organizational model to be chosen by the heads of the municipal
administration.

‘The municipality has to decide on the degree of centralization or decentralization.
This shall be followed by resolutions conceming administration and decisions will
be made as to whether there will be some kind of privatization or contracting out
of the Solid Wastc Management activitics and to what extent.

These decisions will defermine the type of administraﬁ_on that will be bcst_'suited
for the organizaticn in charge of collection, street cleansing and disposal services.
This has to be made by those responsibie within Managua City administration,
following formal consultations by the Study Team. | :

Today, the administration of the Solid Wastc Management System is- cntircly
dependent upon the municipal government and does not rely on private contractors,

However, many alternatives of private participation may be considered, such as:.

a)  Private opcmtioh (with provision of drivers and collection crew) using
municipal trucks, equipments and buildings.

b)  Private maintenance of trucks only and municipal ownership and operation.

¢)  Private collection operation with private ownership of trucks, 'cquipmcnt and
buildings.

d)  Private provision of trucks and drivers and allocation of collection crew by
the municipality. ' '

Taking into account the surplus of collection trucks' donated to the Municipality

of Managua, the most plausible ways to deal with privatization should be .

alternatives a} or b).
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H.6.2 Organization

The type of organization that will be fcquircd to manage the institutional system
will be fully dependent on the type of administration selected, which in turn will
be conformed with taking into account private sector involvement and the degree |
of independence and autonomy of the solid waste management agency.

If privatization is acceptable to a certain extent, the organizational structure shall
incorporate control and supervision of the private service providers, which will be
very different from the structure required, if services are to be provided by the
‘municipality.

Proposed organization of Public Cleansing Office is shown in Figure H.6.2a.

[ | I |
Colleciion Disposal Oparadiorml Operstional| | Operational
Service ool "'"'l Operations | | & Comwact Controt Planning Enginearing

~ Figure H.6.2a Public Cleansing Office Direct Administration Centralized
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Legislation and Enforcement

' Legislation - concerning - Solid ‘Waste' Management -is 'alm.ost non-existent in
Managua, but there are some rather general and outmoded ordinances on cleansing
~of open arcas and the: prohibition of discharging wastcs to: the: streets or watcr

bodies. In order to cope with the lack of appropriate: ordmanccs, a Solid Waste

Code shall be prcparcd so that the Municipality can define grounds to compcl the .
o cmzcns to bchavc propcrly, mamly on llttcnng mattcrs '

- This codc sha'li be: simplc and objcctivc, clcarly dcﬁning'puhishxnents'and fines for

the offenders, so that the people cooperate with the cfforts to keep the city clean
and beautiful..

A good initiative that shall be closely evaluated is the onc that was started by the
Ministry of Health with the assistance of the National Police to enforce thc Sanitary
Code, mamly on matters related to Solid Waste.

The results of this initiative indicate that the issuance of a new Code is important

but not the key factor for achieving the goals of changing the behavior and
attitudes of the people. The key issuc in fact is the cffectivencss of the enforce-
ment. If there is a political decision and will, the existing laws, although rather

general and not specific to littering, are. good enough to alter habits for the befter.

Also, it shall be stressed that before the issuance of néw codes and rcgulétibns, a

public education program on environmental and sanitation matters shall be-

developed and implemented in the city, with cmphas:s in the areas whcrc public
cooperation is a ncccssity.

This initiative will make the enforcement. program more cffcctwc and sustalnable
and most comprehensive to the general populace.
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H.6.4

Privatization

a..  Municipal Public Services

The municipal services constitute a group of technical activities performed by the
municipal administration in-a general, permanent, uniform and continuous way in
order to satisfy the basic needs of the community.

Public cleansing, collection and disposal of solid wastes are closely related to the
prevention of diseases and to the health of the nation, and as a public service, is

considered relatively hig,h in the list of national prioritics.

The municipal law defines publlc hygiene, pubhc cleansing, collection and disposal

. of solld wastes as a mumclpal duty.

_ In order to assure the delivery of the cleansing services permanently, and with the

quality required by the population, it is important for the Munlclpahty to have the
necessary human, material and financial resources. L

b.  Possibility of Privatization of some Cleansing Services

" ba.: Goal of Privatization

The goal of privatization is to strengthen the private sector of the country, and at
the same time diminish governmental burden.

bb, Concept of Prlvatiz#tion’ o

The concept of privatization is the transfer of responsibility in delivering certain
goods and services, with the purpose of achieving belter efficiency and economic

effectiveness through a competitive market.
" be..  Objectives of Privatization

- The objectives of privatization are:

- o manage Wlth a rcduccd budgct and increase incentives to individuals
- and communities ' '

~  to develop conditions whereby public services can be improved
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- to increase tax collection ratc

- fo cncouragc the participation of new mvcstors to cnablc thc upgradmg
of tcchnologles i

_bd." Perspective of Privatization of Some Cleansing Services -

The Master Plan will provide oppbrtunities for the - dccision' makers in the

- Mummpahty of Managua to rcv1ew the Solid Waste Management. smlatlon in the

3 StudyArca IR ST

The current Clcansing Head Office was originally under a Municipal Enterprise,
- however, this system was unsuccessful, as the Solid Waste system was integrated
without having its different roles clearly defined. Therefore, for future privatiza-
tion, the objectives within each systcm shall be differentiated and madc more
: comprehensnvc '

Thc Municipality of Managua has enough human and material rcsourcés, but lack
of sufficient financial resources. '

However, within 5 to 6 years, the quality of collection equipment will begin to
deteriorate, requiring more spare parts, which is-scarce and costly.-Eventually these
equipment will have to be replaced in order to contend with the rise in waste
- generation in conjunction to population increase. '

The private sector could be a good alternative for delivering collection services to
residents in a given arca. However, under privatization, the contractors shall own

the equipment but must meet all performance criteria established in the contract
with the local authontles -

In order to efficiently introduce privatized collection service, local govemments
must establish regulatory control over SWM activitics, which shall include:
developing and implementing ordinances and regulations; establishing inspection,

monitoring, and investigating complaints; initiating enforcement; and developing |
bid specifications and awarding contracts for services to be provided by private

firms,

Privatization, however, involves social and economic risks and profits, such as job
losses or gain.

Some present conditions provide a favorabie outiook for private operation:
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H.65

'~ The public has a positive view towards the involvement of the private
sector in public services.

- Public sectors are flexible in terms of shifts which should produce cut
" " backs in labor costs and other expenses.

~  The local government will have less responsibilities on administrative
details (ie. workshop, spare parts, manual labor for the maintenance of
the equipment, etc.) in the collection system.

- The ability of the Municipality to provide public services cannot meet
the demands brought on by the population growth rate.

Revenue Sources

The expénscs for the cleansing services in the city of Managua are basically
supposed to be covered by fees imposed for the collection of waste. In 1993,
however, the collected amount of fees was only 5,100,000 cordobas, 22% of the
23,400,000 ‘cordobas brought about by the cleansing services. The rest were

“allocated from the general accounts of the Municipality of Managua.

".'The targeted amount- for collection in 1994 is 20,000,000 cordobas. Without

inflation -indhc‘:cd'pricc increases, the accumulation of the said sum is estimated to
cover 85% of the clcansing cxpenses. Unfortunately, only 40% of the sum was
cbll_cctcd by June. Furthermore, an inflation rate of more than 10%, based on the
exchange rate of the Cordoba to the US Dollar, makes it doubtful whether 30% of
the cleansing expenses will be covered at all. '

“.The establishment of an ‘independent financial resource is desirable in order to

secure the financial resources for the cleansing services in 2010 proposed in the
Master Plan. But, in so doing, the following should be considered:

- cstablishment of a "Bcncficiéry Pay Principle”
- — . imposition- of fecs in accordance with the economic standing of the
residents ' S o
- approptiate allocation of budget from the general accounts of the
Municipality
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o N Establlshment ofa Beneliciary Pay Principle
aa. Bene!lciary Pay Principle

Clcansmg services arc mdmpensablc toa comfortable urban life. Nevertheless, as
the service lcvcl is improved, the volume of waste discharged tends to increase,
conscqucntly ralsmg the expenses of the clcansmg services. '

An appropriatgly_'ximplcmcntcd _SOlid_ _waste -'._managcmcnt system, with the
cooperation of the residents, will help control the generation of waste, which in
. turn will contribute to the curtailment of the expenses of the cleansing services.

A "bcncficia.r)"f' pay principle” will promote the payment of fees set according td the
volume of waste discharged. However, the huge discrepancy in the income of the

people of Managua City is a factor that could make fee collection incredibly

difficult if the amount imposed is based on the volume of waste discharged. This
particular principle would be a burden to the low income household group.

ab. The Economic Condition of the Résidents

Only a maximum of 7% of the whole houschold population in’ Managua City

recciving waste collection services are paying the fees. Before 1992, payment for -

household waste was added to the electric bill of households exceeding 100 kWh
per month. * Nevertheless, only about 30% was collected at that time since other
‘residents such as collection area B did not pay the collcctlon fcc nor the local tax
unposcd ' : :

According to the Public Opinion Survey (POS), about 1.0 ~ 1, 3% of the monthly

family income of both high-and middle i income groups such as coilcctnon arca A
arc allocated to collection fees,

Given this condition, the collcctlon fee for houschold waste will be cxammcd as
below. '
i Collection Area A -

In accordance with the "bcncﬁciary. pay principle”, a waste collection, haulagc,
treatment and disposal fee will be collected from houschold waste dischargers of
Collection Area A
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ii. Collection Area B

- No charges will be imposed on this area for the collection method using container

trucks in consideration of the improvements in the environment that will result
from its implemientation, i.c., prevention of illegal dumping and the climination of
RIDS (registered illegal dumping sites). The expenses bronght about by this service
will be allocated from the general accounts of the Municipality of Managua.

However, to heighten the residents'- awareness about the importance of waste

- problems, they are obliged to carry their wastes to where the containers are located
~ for collection. '

ac.- Collection System |

About 80 % of the fees presently collected is from large generation sources such
as industries, commercial area markets and offices, while less than 20% comes

from houscholds. Three quarters of the amount collected in 1992 were payments

added fo household electric bills.

_ Fee coliection can be carried out in several ways, either directly or indirectly, as

shown in Table H.6.5a.

- The present collection system does not only take up plenty of time, but does not

also give dischargers incentives for the discharge of less waste volume. In order
to encourage many residents to pay, new methods should be applied and overall
collection efficiency should be improved.

The proposed collection system is shown in Table H.6.5b.
For efficient collection services, the following are considered to be of extreme

importance: -appropriate disposition of staff and the use of high technology, e.g.,
computerized data base.
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 Table H.6.5a

. Oom'pan's'on of Collection Mcthods

. Collection fees. | Present system . - . Easily collectible along ~ Imposed fee is not in
 (current sysiem) | (ength of lands of houses with property tax proportion o the volume
S | facing mcess wad.) 2" of waste discharged

S - Disparity in service Jevels
is not reflected in the im-
posed fec

Municipality income gets
relatively lower than ex—

penses due 10 inflation

_ " expensive collection fee

Wasic oollec- | Volume of waste - Disparity in service Requircs the establish—
tion fee levels s easily reflected |- - ment of a new fee colicc—
in the imposed fee tion system )

o ~ The fée imposed on Jow

- Mcasurement of waste

1 volume is difficalt
Indirect Coliection o

Addition of the | Consumption of electricity, | ~  Cost of fes coliection s Creates dissatisfaction as
mmount o the e, imxpcns_ive B the collection fee imposed
electric bill ' ' does not meet the quality

of the cleansing services
Addition of the Per houschold -.  Cost of fee collection is The fee imposed is not-in
. mEmQut 10 - : : - inexpensive proportion to the volume

comnwnity fees

H - 178

of waste discharged




Table H.6.5b Fee Collection System

| Beneficiaries

Colection System

Collection Method

Residents
Collection Area A

Collection Arca B

Waste collection fee

Addition of amount 1o

‘| community fees.

Collectors are presently em-

- played, but.in the future, pay-

ments will be made through
banks or at the office.

A representative of the communi-
ty ditectly makes the payment at

~ the office. i

Large Generation Sources

"1 General Collection
. Collection of Large
Quantities

Direct Transport of
Waste

Waste Collection fee

Collection fee (based on
the volumne of the wastes)

Tipping fee (based on the
weight of the waste)

" Payments through the bank or at

the office

Payments thrdugh the bank or at
the office

Payments directly at the disposal

site

Payments through the bank or al
the office

b. Appropriate Imposition of Fee and Allocation of Budget

The establishment of independent financial sources should be promoted in a step

by step basis and will be pursucd in the Master Plan under two phases.

- To ensure that by the year 2000 the O&M costs for collection, haulage,

treatment, disposal, including some part of depreciation costs will be
covered by the waste collection fees.

- To ensure that by the year 2010 the O&M costs for collection, haulage,
' treatment, disposal, including depreciation costs, will be covered by the

waste collection fees.
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H.6.6

Public Cooperation _

a. Bickground -
- In order fo gain adccptance 'for the pmposéd solid‘wa.stc' system, the fbnnﬁlation

ofa public-education program is imperative. The need for a sanitary and effi cwnt
~system ‘should be madc clcar to thc public. o

o .‘Ind1v1dual instruction may bc conducted by the city councﬂ aftcr 1ts membcrs are
- acquamtcd with thc _problems and possible solutlons of SWM '

Thc most effcctlvc public coopcratlon is attalncd voluntanly through mfonnatlvc,
cducatlonal and persuasive measures, If residents are mvolved they are more

~ likely to be motwatcd and cooperative.

b. Attainment of Public Cddpefat_ion -

| Public .c':o.opcrétion can be obtained through the'floklowing:

public relations and communication

{

| good fglétibns thrbdgh :cffcct.iv‘t_: SWM _'

public education

handling complaints

¢. Items for Attaining Public Cooperatlon
ca. Public Relations and Coinmunl_citions j

Public relations are methods and activities that should be employed by the
Municipality to promote a favorable relationship with the public.

Residents are to be informed about SWM i.e. magnitude of the problem, costs,
organization of the system, collection schedules and their deviations, rules for. -
collection and penalties, new methods of waste disposal, etc..

The information should be presented attractively and in a manner designed to
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* - obtain full cooperation. A system of communication must be implemented to
familiarize, interpret, and clarify solid waste services to those who use them.

" Public approval and good will, follow the realization that public services are
rendered efficiently and that public employees are competent, willing and pleasant.

It is essential for the citizens to be aware of sincere desire of the public officials
. to render good services at low cost, and through such understanding, recognize the
need for municipal regulations and the advantages of citizens cooperation.

- ¢b. Good Relations Through Effective SWM

~ All municipal employees are obliged to be courteous and polite to the public who
are in effect customers. Solid waste collectors, in particular should be more polite

- as they have more direct contact with residents than thosc working in other

sections. This calls for proper training of the employees to conduct waste collection
~ and thus climinating complaints and promoting better public relations. The
employees should look presentable, be courteous and answer in clear and definite
terms whatever queries are put to them. The language and the tone of voice used
by the workers should be considerate.

ce. Public Education
The carelessness and thoughtlessness of citizens and their disregard for cven the
simplest rules of cleanliness and sanitation, is réflected in littered streets, alleys,

parks, vacant lots, and even private premises. This tends to produce an untidy
appearance throughout the community and a general lowering of public morale.

While ordinances, rules, regulations, and penalties have their rightful place in a
solid waste management plan, their enforcement leaves much to be desired. It has
been found that as a part of the public communication program, a much easier and
more sensible solution is to secure public cooperation through education

campaigns.

- Citizen groups, such as the church, chamber of commerce, Women's Institute, Boy
Scouts etc., also aid public education programs to ultimately achieve a cleaner city.
Prominent members of society, including both professional and business leaders are
invited to assist in such programs.

* Public education-through the media is valuable, especially at the start of a new
solid waste collection system or when existing services are modified. Periodic
news reicases ‘in the local papers and television showing the various phases of the
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__cbilectioii and disposal service, photographs of good and bad practices, and'sin_i'ilar.'

" information prepared in an attractive and popular style help to increase public
awarencss of what has to be done to provide a good refuse collection service and
'.amuse interest in inaintainin'g a clean city._ |

Scasonal clean-up campalgns will prov:de opportumtles for pubhc communication
and cooperatlon In these campaigns the residents are pcrsuadcd to get rid of junk
: whlch has accumu!ated in prcmlscs, garagcs as well as litter in back' yards

Educatxon programs for school children is anothcr ‘option; it is a good policy; is
essential for dcvclopmg cthics on ‘waste. treatment among the futurc residents of.the
community.

~ Public education’ concerning refuse collection and disposal' shiould be considered
a long term activity, orgamzed by thc eoopcratwc cffort of pubhc officials and

. citizen groups

- Clean 'up campaigns include sanitation parades, decoration with prbucleanliné_:ss
_posters, and trash baskets, insinuations for the public to keep their city clean.

A campaign strategy can be approached in the fdlloWing manner:

- determine the extent of thc problems and causes

- cstabhsh the goals and ob]ccnvcs of the campaign bascd on the problems |

identified -

~ ectermine persons, groups, associations, eqmpment or fac1htlcs necessary for

the achievement of the objective
=~ develop a plan to enlist support fb_r the project -
- cmploy the plan to reach specific aims

~ - intensive propaganda throughout the media and personal persuasmn to gam the
objectives : : : ' '

i

as cach goal is reached, commend those involved and proceed to the next one

Public educa_tion éhouid be related to enforcement; prosécutidn often is reserved
for cases involving habitual violations which could result in health hazards and
public nuisances. However, every cffost should be made to:remind- residents of
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their obligations to cooperate with the Mummpallty in the operation of the solid

© waste management program

e -Handing Complaints

The number of complaints are often indicators of how successful the city's
cleansing services are conducted: positive criticisms often pave the way towards

- an improved implementation of these services,

The éorrect procedurc of handling complaints involvc§ four principal stages:
. = receiving the complaint -
- assignment of rcsponsibiiity for i_nv_cstigation and correction
- .fol_l-ow up

. = - notification of correction

‘The attitude of the public relations officer directly receiving complaints must be

of extreme politeness as those filing the criticism are often unhappy and have a
tendency of being irritable.

Clear lines of authority should be established for complaints especially for some
* which are not of routine nature and require assessments from higher authoritics and

should automatically be brought to the attention of the relevant officials. When
this procedure is conducted comrectly, the public will soon realize the efforts of the

~ Municipality in trying to look after their interests.

- d. - Public 'Cooperation for the Area B Container Collection System

In squat "aré_as,- community participation is an important issue conceming the

. successful implementation of the collection system.

In these areas the residents are forced to live without basic public services, and the
- lack of waste collection service creates many registered illegal dump sites in

various places.. The residents of these areas have economic limitations; malnutri—
tion is common especially in infants and access to preventive medicine is low. In
addition, basic knowledge of public health is low in squat areas which is directly

- rclated to lack of cducatlon

L Gencrally speaking, providing collection services to these areas is not a top priority
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as othcr mattcrs must be attended to such as lcgahzatmn of land tenure, improve~
~ ment of housmg facilities, drinking watcr, electricity, rcducmg unemployment etc..

However, it is advisable to combine the collection project with another equally
important one, forming an attractive package. ' :

The - cotlection system should have a service: level. economically sustainable by
residents.” There is a possibility that the population may not be able to pay the
collcctxon fee. and the success of thc project will depend heavnly on pubilc
-parucxpat:on : R :

The transition of collection system from open heaping to-container collection will

face many oppositions from residents who find it difficult to change their old
-habits. - However, this can be avmdcd by the manner-in which the project is
introduced. :

In order for the project to be accepted, it is essential to involve the community
leaders. They should be educated so that. they can help introduce changcs rather
than using an outside specialist who is perhaps not well acquainted with the local
situations. In this way the leaders will be respons1blc for mohvatmg the people.

Effcctlve cormnumty_ paﬂnc:patlon comes about whcn h_calth workcrs_and cngineers -
- interrelate with the people and information will be provided which will be most
comprehensive to them. Through this a common goal is reached. .

As sanitation projects' depend largely upoh communiiy . participation; when
sufficient time is taken to clearly explain activities in detail, the public responds
and assume their responsibility and participate fully.

-The first task, therefore, is to establish a meeting with the' community leaders to
discuss the project and the benefits of public health and sanitation. The district
-development commitiee should be approached and if poSsiblc ‘with these
community leaders form a task force comprising of different leaders and officials -
related to health, education, civilian groups, churches, efc.. Special considerations
should be made concerning women's role in society, as often they -are the family
members who partake in solid waste management wsthm the houschoid pay
coliection fees and take care of gcncral farmly health: -

This committee reviews -and dccidcs Upon all -dc_vcl()pmen_t acti_vitics ‘that need to
be carried out within the district, and health education should be available to the
people through the mass media and special workshops. . Officers from the
- Municipality .and Ministry of Health should play an important role as teachers in
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this kind of education programs and should explain and clarify any points which

- may not be understood by any group and to create a better working ambience with
. more involvement from the public.-

Institutional Requirements for Master Plan Alternatives

- The Master Plan alternatives will be dependent upon the improvements necded by

the technical system, To improve the current level of the Solid Waste Management
System, problems related to registered illegal dump sites, low coverage in the squat
areas and poor final disposal must be eradicated.

Today, the technical system of the Solid Waste Management activitics in Managua
is rather simple: one municipality is responsible for the whole system, only basic
tasks are performed (collection, street sweeping and disposal), there are no
treatment facilities and transfer operations.

- The institutional requirements, accordingly, shall also bc simple and. straightfor-

ward, depending only upon political decisions that affect administrative and

: orgamzatlonal alternatives.

.. Strategically, the alternative chosen shall comply with the following goals:

- tofind a cost recovery system affordable to the general populace (including the
cost for juridical persons-commerce, industry and institutions)

~~ to-achieve financial sustainability; the ability to bear costs for futurc capital

investments and replacement of trucks and equipments -

~ to render services to all the residents of the city, including the low income
- squat arcas-(although with different service levels)

- to guarantee the dlverslty of cqu:pment use, mcludmg the ability to assist in
emergencies ' : :

- to achieve public cooperation though environmental education and insure
- proper enforcement of regulations and guidelines

These goals and the ways to accomplish them are better explained ahead.
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a Aﬂordability of Costs
"I'hc affordablhty of costs shall bc attamcd through the followmg measures:

- Design of a tcchmcal system where the chargcabic amount is compat:blc with
the paying capacity of the population. R :

—  Imposing tax or tariff to all bencficxancs of thc scrvnces, and assure 100%
collection. - :

- Differentiate the bills,: aocordmg to the affordablhty of the paycrs and i msunng

a Ccross subsndy amongst the payers. -
- .= Creating a tax collection capamty through a collectmn qystem, so that
- everybody is compelled-to pay. A good solution to this: problem would be to
charge the people through another pubhc service (]ust as in the case of the
“joint electric/waste collection bxll) : :

b.  Financial Sustainability

‘Financial ‘sustainability shall be sought through a well balanced annual budget and
- the creation of a fund for investments that would be used when the vehicles and
equipments nced replacing after they reach their economical life span. This fund
should be used only for this purpose, sc that the city may free itself from the
endless cycle of dcpendcncy on donations of new trucks ﬁrom forclgn govemments.

¢. Full Coverage

Full coverage of the collection and street cleaning services to all the city, including
the low urbanized squat arcas, is a goal which shall be linked with the definition
of an adequate technical system.

One of the possible alternatives shall be the employment of the micro-enterprise
system, which is used in many low income scctions of several Latin American
cities, These micro-enterprises usually employ 10 to 15 laborers, who are also
partners of the enterprise and preferably residents of the arca where the services
are rendered.

The fees for financing the ‘service is collected by. one member of the micro-
enterprise; the municipality only supervises this.

Expericnces in other Latin American cities show that: the average cost per
houschold per month for the collection service provided by the micro-enterprises
is around 1US$, excluding the transportation cost from a collection point near the
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neighborhood to the final disposal site and the disposal costs itself, which shall be
supported by the municipality.

Another alternative is the extensive ‘use of the small containers (around 1m®
capacity) on street comers. This system is much more economical than curb
collection and its implementation only requires new trucks which are specific to
this system and instructions to residents concerning the manner of discharge.

d. Diversified Use of Equipment

The diversified usc of equipment shall be insured in a city such as Managua which
is subjected to frequent natural disasters, ranging from earthquakes to floods.

For the attainment of this goal contingency plans shall be prepared and an

“emergency system shall be in effect throughout the year.

e. Public Cooperat_fon

Public cooperation shall rely in environmental education programs aiming for
public understanding into problems related to public health caused by the poor

_ managcmént of the solid wastes and how disasters can be prevented through public

cooperation,
This program shall not be implemenfcd by the Solid Waste agency but rather by

the municipality as a whole. The Environmental Protection Head Office is
probably best suited for this task.
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ANNEX I . THE MASTER PLAN

11

i.l.l

Planning Framework
Goal, Targets and Strategy

a. Goal- -

For the formulatioh of the MSWM  draft master plan, the following is proposed as
the Master Plan objective:

[ Development and Realization of a Beautiful and Sanitary Environment
in the City of Managua towards the 21st Century through Citizens'
Participation and Establishment of Self-sustainable Solid Waste
_Managém_ent] ' o :

-b.  Targets -

In order to realize the goal, the targets for the Municipality are set up and tabulated
in Table L1.1a. - .

Table L.1.1a Targets for Collection, Street Sweeping, Public Cleansing and
Final Disposal Services

o
Unit 1994 2000 2010
. Population (Urban Area) - Inhabitants 834,427 1,131,052 1,610,943
2 -Collection Coverage % (inhabitants) | 77.0  (642,100) { 90.0 (1,017,947) | 1000 (1,610,943)
“Collection Area A % (Inhabitants) | 66.7 (556,563) § 06.7 (754,412} 66,7 (1,074,449)
- Coliection Arca B ' % (inhabitants) | 10.3 (85,537) 233 (263,535) 333 (536,444)
3 Street Sweeping Distance m i 350 350
4, Public Cleansing Area (Park ha 16.7 45 45
& Green Area) o '
Sanijtary Landfill Level _— Level 1 Level 3 Level 4
. o

¢,  Strategy Elements

' ’I‘hc goal '_is to be spcciﬁcaliy obtai_ncd‘th.roug,h:

1. Establishment of a self-sustainable solid waste managcm'ént. system.



10.

11

12.

da.

Provision of collection services in- the tirban area of the Municipality of
Managua, including the illegal settlement area, and establishment of a reliable

“collection system under which regular services can be provided.

Construction of sanitary disposal sites employing sufficient measures' for
human and environmental protection.

Establishment of efficient street sweeping and public area cleansing systems.

_Improvement of the Waste Fec System under the Bencﬁciary—Pay-Pﬁnéiplc
- where service recipients pay waste fees and tlppmg fees established according
'to houschold financial mpablht:cs S '

Establishment of proper legislation and rcgulatlons thmugh the modlflcatlon

-~ and revision of cxnstmg ones.’

_ Establishrhen’t of proper coor'dination among, the several institutions on both

national and mumclpal levels dcaimg with solid waste: management, mamly
to ensure legislation enforccment

Establishment of roles befitting the orgamzahons involved in sohd waste .

managcmcnt

Strengthening management and administration systems. -
Development of public participation and education programs.
Development of solid waste management human resources.

Sccuring funds for capital investment for the ‘equipment and facilities

“necessary for the realization of the goal, specially during the time of take off.

* Strategy for Collection Area Expansion

Present Conditions

In the urban area of Managua city, the subject arca of the M'SWM_improvemem
plan, the distribution of collection and non-collection areas is 77.0% “and 23.0%,
respectively. '

The collection arca is divided into collection areas A and B according to the -

-2




-

- collection system provided. In collection area A, the curb collection system — the

collection of wastes discharged by residents in front of their premises by compactor
trucks (15.3m%- is practiced. Collection area B, on the other hand, is predomi-
nantly a squat area where infrastructure such as roads and electric cables are poorly
established. Wastes in this arca arc discharged in registered. illegal dump sites
(RIDS) and collected later on by municipal wheel loaders and dump trucks.

The non-collection area is mainly composed of makeshift settlements as in

collection area B. Waste collection is not carried out in this arca, however, due to
the absence of suitable equipment.

10.3%
(Collection Area B)

23.0%

Figure 1.1.1a . Urban Arca Definition in Terms of .Collection Services

db. - Forecast on Regional Structures

The population of the urban area is forecast to increase radically to 1.6 million,
twice the present figure. The establishment of an infrastructure relative to the
increase in population shall be a héavy burden to the municipality in consideration
of present financial conditions. Accordingly, the master plan will assume that the
percentage (66.7%) of the urban area populatlon living in well developed arcas will

-be the same in the future

de. C_ollcctio.n Ar'ea Expansion Strategies

- The coliection.system employed in collection arca A, a well developed area, will
- be modified, cxccpt_ft)r the use of compactor trucks, Collection area A is presently

1-3



i almost’-ct_)ﬁ:pietcl.y'_:c’ovér'éd by coliection services that expansion: is not required.
- Sevices in Collection arca B, however, should be extended.

. The.present co_lléctior_: system in area B is not suited to the environmental state of
“the arca. - The General Urbanization Plan of Managua classifies Area B into 2
- categories::: spontancous and progressive - settlement areas. “The spontaneous

settlement area has no vehicular access road and constitutes 60% of Area B. The

" progressive settlement arca is cons!ructcd wnth a road mamiy for Vchlcular access t
- and: constltutes 40% -of Area B. ' '

Given these conditions, expansion of collection services in Area B will involve the
- use of the container collectlon system in the spontancous settiement area and the
bell collcctlon system in the progressive settlement arca.

Collection System

Collection Area At Curb collection systcm B
Collection Area B: '
- Spontaneous Scttlcmcnt Container collcctlon system
-~ Progressive Secttlement: Bell collection system

The implementation of a container collection system in collection area B will &
require the following from the residents:

- Disposal of waste in the containers.
- Regular cleaning of the peh’phcral arcas of the container.
- — - Inform the municipality if wastes other than household
refuse is dumped, ¢.g. industrial and construction debris.
- Maintain a sanitary cnvironment by sweeping streets and
drains, picking up rubbish in public areas, avoid littering,
etc.

dd. Collection Fee

The expansion of the collection area will not-be feasible without a properly -
established fee collection system, in consideration of the present financial state of
the municipality. Conclusively, the quality and quantity of the collection service
are directly proportional to the waste fees. Charging of collection fees in collection
area B is perceived to be difficult, however, because the majority of the residents
are squatters. '

To establish the beneficiary pay principie, the f'o_lldwihg.'-wasw. fec. system was

1-4
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i

planned:

ea.

Collection Area A

Waste collection, haulagc and disposal fees will be collected from the
residents. -

Collection Area. B

Waste collection fees will be collected from the residents. The expenses for
haulage and disposal services will be subsidized from the gcncral budget of
the Mummpahty of Managua

Large Generation Sources

Waste collection, haulage and disposal fees will be collected from large
generation sources.

Direct Haulage by Waste Producers

-Waste tipping fees w1ll be charged to wastc dlrcctly hauled to the disposal
. site by producers and contractors. :

Strategy for Leachate Control at the Acahualinca Newly Proposed

_Landfill Site (ANPLS)

Background

ANPLS was selected because it will not affect groundwater quality, the drinking
water source, regardless of its proximity to Managua Lake, the final destination of

. groundwater flow.

However, the quality of leachate originating from the present Acahualinca disposal

site is worse than the quality of Managua Lake according to the water quality
survey. Although the cause and effect relationship is unclear, it is quite definite

that leachate is one of the factors that contaminate Managua Lake,

. On the other hand, it is common knowledge that the concentration. of sewage load

in Managua lake is considerably -heavier than leachate from the landfill.
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