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Examination of Technical System Components
Examination of Technical System Components

The components of technical sub-systems of SWM are S0 closely related to cach
other and have an impact in the pcople_‘s lifestyle that it will be very difficult to
replace an existing system with a new one, besides the fact that there are too many
factors to be taken into account for the formulation of a different system.

a. Discharge and Storage

The existing tcchnical sub—systems generally comply with the requirements of the
study area, Curb collection is the most common system, using 80 to 100 liter nylon
sacks as storage vessels for household waste in low and middle income residential
areas receiving collection service, So far, it appears to function well.

Consequently, the examination is made only for applicability of various technology
for areas receiving no collection service. '

aa. Discharge

aaa. Discharge Method

The waste discha:gc method is divided into two categories; mixed discharge and
separate dischaige. The present technical sub-systems of discharge and storage in

Managua by generation source is shown in Table H4.la. Mixed discharge is
carried out in Managua City.
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i, Household waste

Collection service area is divided into two categories; collection arca A and B.
Collection area A is defined as the area where infrastructure is well established and
the waste is discharged in front of premises and collected by the municipality.

Collection area B is defined as the area where road conditions are inadequate and
low illegally drawn electric outlets prevent the entry of collection vehicles. The
waste is discharged in - illegal dumping sites registered by the municipality and
collected using municipal wheel loaders and dump trucks. However, some houses

- do not receive collection service due to the shortage of collection facilities.

The following were confirmed by the Study Team in May 1994 by conducting a
Public Opinion Survey (POS) in the Study Arca.

(1) Approximately 40% of the residents do not discharge garden waste with
other household refuse, and approximately 30% feed kitchen waste to their
animals. _

(2) There are no door to door collectors or purchasers of recycling materials.
(based on the response of more than 80% of the residents and 95% shops).

‘The introduction of a scparate discharge system in the future is reccommended if the

operation of a processing facility and/or recycling plant is feasible.
ii. Market, office and medical institution waste

These wastes are discharged into containers and some drum cans installed by the
municipality. Regarding industrial waste, the municipality requests the contracted

' factories to segregate hazardous waste, glass, construction debris, efc., and not to

discharge harmful waste into municipal collection vehicles. This has been
emphasized in order to assurc the safety of collection workers and the long
economic life of the equipment. Unfortunately, however, these institutions do not

.abide by this regulation.

aab. Discharge points

Primarily, waste is discharged in front of the premises in collection area A, and is
later gathered by collection vehicles. It was observed during the Time and Motion
Survey that approximately 30% of the residents use waste stands as discharge

- points in high income areas. On the other hand, waste in collection area B is

discarded in illegal dumping sites registered by the municipality.
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The containers or drum cans for storage and discharge of wasté used in commercial
areas, markets, offices and hospitals are usually placed at any opcn spaoc available
* outside the prcmlses : SR ‘

On the other hand,- in non-collection areas, waste is self-disposed outside or in
peripheral areas of the premiscs, such as roadsides and vacant areas. Street
sweeping waste is also discarded on roadsides or registered illegal dump sites.
aac.  Introduction of Separate Discharge System

~ The introduction of a separate discharge system will be recommendable in future,
if the opcratlon of a proccssmg fac1l:ty and/or rccychng plant is cconomlcally

- feasible.’

ab. Storage
aba. Type of Storage System
i . Residential Areas

Nylon sacks, with 80-100 liters capacity, is commonly used in low and middle
income residential areas as a storage and discharge container. Sacks are reused after
loading the waste onto collection vehicles.. On the other. hand, plastic bags and
drum cans are commonly used as containers in high income areas.

ii. Commercial areas

In commercial arcas, shops use 0.83m’ containers and drum cans for waste storage .~
and discharge, while restaurants use plastic bags or drum cans.

fil. Markets, offices and large medical institutions.

Markets, offices and large medical institutions use containers as a storage vessel.
There are two types of containers; the 0.83m’ container, collected by a screw type
collection truck with attachment, and the 15m’ container placed outside large waste
gencration sources and collected by roll-on roll-off trucks.

iv.  Street sweeping

Street sweeping waste is generally not storcd in contamers but hcaped in open
spaces.



v. Industries

Factories with an agreement with the Municipality conceming waste collection use
0.83m* or 15m’ containers,

ac. Capacity of Storage Equipment

Based upon the field survey conducted during Phase 1, the following results were
obtained:

Waste generation : 0.68kg/person/day
Average persons per family : 6.7 persons
Average discharge weight/household/day : 4.6kg/houschold/day
Household waste collection frequency : 3 times/week
Average household waste volume

(beginning of week) - -~ : 55.2 liters/household
: (4.6 kg x 3 days/0.25kg/liter (ASG))
Average houschold waste volume
(middle and end of week) : 36.8 liters/houschold

N.B. ASG: Apparent Specific Gravity

During the field survey of Phase 1, houscholds discharged an average of 60 liters
of waste a day. The present 80-100 liter nylon sack is thereby considered to be
suitable for houscholds under the three times a week collection frequency.

ad. Sanitary Aspects of Storage Equipment

- The following properties -are required for waste storage equipment in terms of
sanitary aspects:

-~ cover (to prevent lcakage of odor) - .

- adequate capacity

- structurally safe

~  casy to keep clean

- ae, Conclusions

aea... Collection Area A

In' order to improve collection efficiency ‘and avoid littering due to animal

H-35



scavenging, waste stands shall be installed, if considered feasible. -
aeb.  Collection Area B

From a sanitary point of view, the present discharge system shall be changed from
_ self~disposal to collection of steel containers. : '

- aec. Non-collection Area. ..
i Squat area with poor road conditions

From a sanitary point of view, th'c container discharge. system cmployed in
collection area B shall be introduced. -

ii.  Rural areas
' When.-mral areas are urbanized in the future, the roads will be improved to éllow
access of collection vehicles. Municipal collection services will be implemented

then. Collection services in collection area A will be extended to.these areas,

aed. Commercial area, markets and industries

As the present system is adequate for the service rcqunrcd lmprovcmcnt is not
necessary in these areas. - :

aee. Medical insl_itutions

The Ministry of Health is preoccupied with the improvcmcnt of - clinical waste
treatment measures with the financial support of the European Union (EU).
Decisions conceming this improvement program is left entirely up to the Ministry.

b. Collection and Haulage

ba. Collection frequency

The collection frequency is determined by taking into account the sanitary
conditions of the area and operation and maintenance cost invoived. Although a six
times a week collection frequency is desirable, a three times a week collection will

be catried out in consideration of the operation and maintenance cost.

Organic wastc should be collected more frequently than inorganic. The _collccﬁon
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frequency should be dctermined by waste composition in case separate collection
is introduced in the future.

bb. Mixed or Separate Collection

Separate collection requires public coopération for source segregation whereas
mixed collection requires none. However, separate collection can contribute towards
effective recycling and resource recovery and is therefore recommended if the
introduction of a recycling or processing facility is economically feasible. However,
one must bear in mind that successful 1mplemcntat10n of separate collection highly
depends on public cooperation.

be.  Collection

. -bea. Type of Collectibn

The characteristics of these collection services are described as follows:

i. -~ Curb Collection

Each household is responsible for placing the containers-at the curb on coliection
day and for returning them when cmptled to their storage location until the next
collection. S

ii.  Door to Door Collection

(1) Set-out-set-back and Set—-out Collection

Containers are set out from the premises and set back after being emptied by the
additional crew that work in conjunction with the operators responsible for loading
the collection vehicle.

(2) Set—out Collection

Set—out collection is essentially the same as set-out-set-back collection, except
that. residents are responsible for returning the containers to their storage location.

k)] Baékyqrd Collection

The collection crew enters the premises and collects the wastes from their storage
location, '



iii. -~ Bell Conection =

The collector calls out to the residents to dlschargc thelr waste when a collcctlon
vehlcle arrives at a given collectlon point. ' '

iv.  Public cont'ainer Collectioh .

: Rcs:dcnts d:schargc waste rcgardless of collcctlon day ThlS collcctlon method
: pmduccs a high collection cfﬁcncncy ' '

bcb Selection of Collection Services

i.  Existing system in collection areas

Curb collection with waste stands is common in high income residential areas,

while nylon sacks are used in low and middle income arcas. Markets, commercial
areas, industries and medical institutions: in a contract with the municipality are
serviced by the public container system. The curb collection system with the use
- of nylon sacks without waste stands causes animal scavenging and littering, which
create an unsanitary condition and ruin local sights. People frequently leave nylon
~sacks at the curb carly- in the morning of a collection day.

beb. Selection of collection service in residential areas

Curb collection provides a high collection cfficiency. Residents usually leave nylon
sacks filled with wastes at the curb along the road for collection, This system of
collection shall be continued in future. -

bd. Colleéti_on Time

Trafflc congestion is not observed in the downtown area. nght oollecuon will not
be required before 2010,

be. Collection Vehicles

There are three types of collection vehicles as shown in Figure H.4.1a and Table
H.4.1b. A comparison is made in terms of advantages and disadvantages.




o

_ Truck

Type

. Compaction

Compactor Truck i *ﬁ’i‘ﬁ‘;?@--
Hoist Truck
Detachablc
Roll-on Roll-off Truck
.Dump Truck
Standard

Flat Bed Truck -

. Figure H4.1a. Type of Waste Collection Vehicles
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“Table H4.1b - Comparison of Waste Collection Vehicles

Compaction Type Detachable | - Standard Type
‘2. Waste Scatering Dwring .~ | Noue Possible (i case | High possibitity
Transportation . of open type) (in case of open
. ' .type)
3. Discharge ) Easy ] Easy ‘| Easy (if with
) ‘ : thimping func-
tion)
4,  Maintenance Complicated . Relatively casy Easy
S, Lloading Bulky Wasle | Impossible | pifficun Possible
I_s. " Purchase Cost | Higher © | Highest ductoa | Lowest
i - ’ ’ large number of
comtainers requ—
ired,
7. Compatibility with Present Compatible . Compatible Compatible
Collection System o o ' S '
8. Use for Other Putposes Impossibie Impossible Possible - I
ot sl .

hl‘ Ha_ﬁla'ge Method
bfa. Motor vehicle haulage

The motor - vehicle is the most common transport method for solid wastes
throughout the world.

‘Refuse trucks are classified into the following three categories:
- compaction
- detachable container

- standard

bib. Railway Haulage

- Since the railway operation was suspended in 1992 this system cannot bc an

altcmatlvc to the present haulage system.
bfc. Water Haulage

Waste is transported to transfer stations to be loaded onto boats and carried
clsewhere. This method is frequently used for shipping and land reclamation.

-



Although there is a large lake (Lake Managua) in the Study Area, this system
cannot be taken as an alternative due to the following reasons:

i, There is a good national road system along the shores of Lake Managua,

~ii.  The water haulage system rcquires loading and unloading facilitics and

transfer vehicles, thus necding a certain amount of capital.

Table H4.1c  General Evaluation of Water Haulage

Advantage Disadvantage
1. Haulage -Capacity Larger than other -
2. Unit Haulage Cost ' Cheaper than other -
: methods

3. Transfer Station - Loading and unloading points are

_ required
4. Operation in Harsh Weather Conditions | - ‘ Difficult
S. Flexibility - ‘Less

- L

bfd. Pneumatic énd Hyd_r_au!ic System (via pipes)

Widespread use of these methods have not been conducted. A huge initial
investment and O & M fees are required; use of this method should be limited to
areas generating a large volume. of waste. It is judged that these systems cannot be
taken as an alternative.

bg. Transfer Station

Transfer and transport operations become a necessity when hauling distances to
available disposal sites or intermediate treatment plants increase to the point that
direct transport is no longer ebonomically feasible. Transfer operations and the
introduction of transfer stations are necessary in cases where the following are
observed: '

- location of disposal sites exceed 20 km

- use of small collection trucks (under 15 m’)

- widcsprcéd use of medium-~sized containers for commercial arcas
- Use of hydraulic or pneumatic collection systems.

The distance from the 'corc collection area to the proposed disposal sites in Santa
Ana is more than 20 km. Therefore, it is indispensable to examine the introduction
of the transfer system with motor vehicles.



bh. -Cdnclusions
bha Col]ection frequency

: Basmally, the prcscnt collcctlon frcqucncy, - cvcxyday except sundays for
commetcial arcas and three times a week for residential areas — shalt be applied
in the future. - .

" bhb. Mixed or separate collection

“The introduction of the separate collection system is advisable if ‘a recycling or
processing facility -is - economically feasible. Scparation at sources should be
promot_e'd.

bhe. Collection service

Since the present curb collection is very efficient, it should be continued. However,
container collection shall be introduced in collection area B and the squatter areas,
where municipal collection service is not extcnded due to shortage of resources.

bhd. Colle_ction vehicles
The appropriate vehicles are as follows:

i.  Compactors—

waste from cellection arcaA commercial areas, markcts mcdlcal institutions
and factories.,
ii. Contamcr trucks—

street sweeping wastc and waste from collcctlon arca B
iii.  Standard trucks- '

not applicable
bhe. Haulage method

The present motor vehicle haulagé method shall be continued.

bhf. TrénSfer station

The mtroductlon of the transfer systcm for motor vehlclcs shall be cxammcd as an
alternative for Santa Ana candidate disposal site.



- c.- Street Sweeping
ca, - Ihtroduction

The effect of street cleansing is one of the most visible of all government services.
Consciously or not, residents allow the effectiveness of street cleansing programs
to influence their feelings toward their municipalities and local officials. Visitors
‘may instinctively rate municipalities on its cleanliness before they learn anything
else; such opinions can help to shape a community's future. Street cleansing has
been associated primarily with aesthetics.

The major goal of street cleansing programs has been to remove litter and dirt so
that streets appear presentable and traffic will not create dust. In some arcas
particularly, regular street cleansing is necessary to prevent sewers from becoming
clogged. Knowiedgeable officials now recognize the pollution potential of
particulate matter when washed into sewers. |

Managua Municipality must balance the costs of adequate street cleansing and
effective litter control programs, improved sewer opcrations, safcty of pedestrians
and vchicle occupants, reduction of air and water pollution, and economic
development. Public education, however, will not eliminate all street litter. Debris
- also accumulates from air pollution fallout, carcasses, oil drippings, parts dropped
from vehicles, spillage from solid waste collection, mud tracked onto pavements,
efc.. ' '

cb. Manual Cleaning Methods

Manual street cleansing is by far the oldest method. And although it has been
- widely replaced by mechanical methods, certain advantages still remain.

‘The equipment required for manual sweeping is simple and inexpensive. Sweepers
use stiff bristled brooms and wheeled carts carrying barrel-like containers, shovels,
and possibly a few other tools for special tasks. Motor scooters have sometimes
replaced push carts for certain manual cleansing assignments.

c¢bb. Mechanical Cleansing

Mechanical cleansing is a cleansing method utilizing various types of machinery.

cbe. Vacuum Cleansing
. Vacuum street sweeping appears to be increasingly attractive because it minimizes
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water pollution b)". removing more of the fine dust-on the street as well as the

larger debris. The flicking action of the broom is not as cffective on fine materials _

as is the vacuum. Mechanical sweepers were designed to remove the larger deb_n‘s;
they do so in commendable fashion when the operator is capable and conscientious.

- Vacuum units can also-pick up larger debris, ranging from cigarette ends to beer
bottles ‘at operating speeds of 25 miles per hour. Vacuum units: also use gutter
brooms. to_loosen and deflect debris so it can be picked up. They also have an
.additional broom to windrow the dirt; this devise may also be used additionally to
- pick up debris. This second broom loosens the street dirt and pushes it toward the
vacuum nozzles where it is drawn into the storage compartment. A ﬁltcr system
‘traps the dust and. conﬁncs it to the swccpcr hoppcr

cbhd. Flushing- -

Street flushers hydraulically move debris from the street surface to the gufter. Since

disposing of street dirt in sewers and catch basins is regarded with increasing

_disfavor because of its adverse effects, several municipalities now: flush only to aid

sweeping and not as the sole method of cleansing. Flushing before sweeping
washes street dirt to the: curb for collection by motorized sweepers. This type of
flushing ordinarily employs smaller quantities of water and lower nozzle pressures,
which also minimizes splashing pedestrians and vchicles, to keep the dirt from
flowing into the inlets. The benefits of flushing after sweeping arce that the entire
pavement is made cleaner and that Gnly_small quantities of dirt are washed into
inlets and catch basins. ' |

cf. Conclusions

The  introduction of a mechanical. or vacuum cleansing machines scems to be
attractive. However, it is judged that the present manual sweeping system is more
suitable under the condition of high unemployment and underemployment ratio in
the study area. Therefore, the present manual sweeping system shall be continued.
d. Intermediate Treatment (Processing and Recycling)

da. Intermediate Treatment System

The technical system of MSWM consists of 3 main technical sub-systems, i.c., |
collection and haulage, intermediate treatment and final disposal. The intermediate

treatment system requires not only the most modern technology but also consider-
able amount of construction and O & M cost.  In -addition; the .intermediate
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treatment system is not indispensable in MSWM, while the other two sub-systems
are. The construction of an intermediate treatment facility is often the biggest
investment project in a local government. It is, therefore, very important to
carefully examine the introduction of an intermediate treatment facility to a local
government, '

As for the intermediate treatment technology, there are various processing and
resource recovery (including recycling) facilitics as shown in Figure H.4.1b. In this
section, the following intermediate technologies are examined and primarily
screencd for the comparison of technical system alternatives.






db. " Incineration

- dba. Introduction

‘Recently, incineration of municipal solid wastes is one of the most popular method

for processing wastes in developed countrics. Waste is converted mainly into
stable . gaseous oxides and some stable inorganic matters by combustion at high
temperatures. Generally, incineration results in the biggest volume reduction among
the various intermediate treatment technologies and it also achicves stabilization of
putrescible organic wastes.

A general observation would indicate that incinerators may be feasible where land

availability is scarce;, expensive or very remote from the actual solid waste
generation center. '

Modern incineration and flue gas cleaning technology makes waste incineration an
environmentally acceptable form of waste treatment and enables the construction
of plants, even in densely populated areas.

-dbb. Construction, maintenance and operating costs

A major factor contributing to the disfavor of incineration as an economical

- disposal solution is the high capital requirement. Total capital requirement per ton

will generaily decrease with increasing capacity, however, unit values are typically
higher than other disposal alternatives, especially sanitary landfilling. Therefore,
detailed cost cvaluation has to be made on the construction cost, annual running
and maintenance cost, versus expected income which could be obtained from the
supply of electricity or heat.

- dbe. Advantages and disadvantages -

Basic advantages are:

i.  Wide range of applicability and it is able to treat aimost any kind of waste
except bulky inert materials.

i, High reduction in bulk volume and weight and transportation costs due to

possible location near cities and landfill requirements.

il -~ Hygienic way of treating waste.

iv.. Revenue will be expected from the sale of surplus clcctrlcny by means of
- power generation in the plant (in case of high calorific value of waste).

==
|
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Disadvantages of incineration include:
i. The system requires considerable investment, high operatlon and maintenance
costs. :
- i Residues may have.a higher. conccntratlon of heavy metals and other
~ hazardous items. -
- dbb. Composting

.i. Introduction

- “Waste composting is a method which achieves microbial degradation of organic

-matter, to produce fertilizers for use in-gardcns, parks,'-hoﬂiculm:e, efc..

‘Waste composting can be applied to household, kltchcn and gardcn wastes

~ - -including branches and litter.

" Composting technology is divided into two main categories, i.c., on-site compost—
ing and composting plants.

ii. On-site composting

- On~sitc composting is the simplest poss:blc compostmg tcchmquc and is carncd
-out at each generation source (mamly each household) and it rcqulrcs

- the sorting of organic wastes in the kitchcn
-~ the provision of a standard mode! compost container for each household

Containers can be made of recycled plastics and constructed so as to allow a
circulation of air via air inlets and outlets both at the top and bottom of the devise,

fli. Composting plants
(1) Windrow type

The existing composting plant at Acahualinca is manually -operated. Numerous
windrow type plants were constructed throughout the world during this century, in
which several types of tumers have been designed to tumn windrows: or compost
stacked over a wide area. In the last two decades, windrow composting has gamed
acceptance in Europe, especially for making compost from garden wastes.




Windrow corﬁp‘osting is the conventional process for treating unsorted or sorted and
sieved organic wastes.

The process may be equipped with different pre~and post-treatment machinery
devices to:

- prevent the input of undesirable metals, etc.
~  break large components into smaller fragments to make it compostable
- sort incoming materials depending on density
- give a biological pre-treatment
-~ aerate the windrows
- sort the compost product, to recirculate larger fragments, or to send
- them for incineration
- fill up bags and sacks for sale

(2) high-rate composting type

High rate composting system consists of various equipment, devices, etc., (with a
unit operation) in-order to perform the function of composting treatment, regardless
of its method or size. The main function of this system is to feed sorted and mixed
wastes, shredding, and adjusting wastes in the equipment, fermenting, maturing and
post—treating, and finally removing refined compost and residue in a continuous
and smooth manner.

Composting operation must be kept in a controlled environment so that oxygen
amount, temperature, moisture, and C/N ratio, etc., can be ecasily adjusted and
secondary pollution, especially offensive odor, can be prevented. High-rate
composting plants can be located in urban areas if environmental protection
facilities such as fume removers are built,

(3) Modified landfill employing on-site composting

This process has been recommended as the lowest cost composting method yet
available today. Essentially the process calls for pre-shredding of refusc and
placing it in a sanitary landfill without cover. Composting may be conducted by
the use of forced air blown through pre-laid, four inch corrugated polyethylene
pipes which is low in cost. Pre-shredding can be accomplished either centrally or
with a rotor shredder on site. The cost of the stabilized refuse is approximately the
same as or slightly more than a sanitary landfill, but there are the advantages of;
(1) no cover, (2) less water pollution, and (3) approximately one-third of the
landfill area required due to hydrolysis and greater compaction. The end product
can be dug out and sold if a market exists thus making room for more material.
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“+jil. *“Value of_'orgsnic matier, utilization and marketing.

Organic composts used as low-grade fertilizer or soil conditioner improve soil -

quality -particularly heavy clays or loose sand where its usage can increase crop
yield. ' '

The need for organic ‘matter .in the soil can be summarized as follows:

- improvcmcn't of physical character of soil;

= increasc of moisture retaining capacity;

-~  reduction of chemical fertilizer -leaching ecspecially nitrates and

phosphates; and : o

—~  stimulation of healthy root growth. -
dd. RDF (Refuse Derived Fuel)
RDF (Refuse Derived Fuel) is based on replacing a fuel e.g..coal in a conventional
~ power or district heating plant by pellets. made from waste.

de. - Pyrolysis

Recently, considerable attention has been given to pyrolysis in providing means of

recycling  municipal solid wastes. Pyrolysis is a process. whereby organic .

- substances are decomposed under temperatures in the range of 700-1,200 °C, in the
absence of oxygen or at oxygen levels insufficient for total combustion.

df. Ash Solidification

Besides increase in the quantity, refuse of today is diversified quality-wise. Even
after complete incineration, there still remains a large quantity of substances which
can not be treated such as ash and sludge from waste water treatment. ' For heavy
metals, in particular, a fundamental solution is desired because the environmental
problems it is associated with posses difficulty when acquiring land for disposal.

Ash solidification technology is developed so- as to liqucfy_ and solidify such
substances at high temperatures or its conversion into solid concrete by using
- cements and other bonding agents. ' o '



o dg Biogas

Biogas is produced when organic material decomposes under anacrobic conditions.
‘The energy will be bound in the hydrocarbon methane, which is the main
~ compound ‘in natural gas. Anaerobic degradation of organic matter, resulting in
- biogas production, is an efficient means of decomposing organic wastes, and
‘making it hygienic. Anacrobic waste treatment is a well known process relating
z : - to treatment of farmyard manure, sewage sludge, industrial waste water, ctc..

A biogas plant consists of reception, pre-treatment, process and post-treatment

sectors including stock facilities. In the process area, the organic material is

differentiated into carbohydrates, proteins, and fats by micro organisms. Firstly, the
“material is decomposed by catabolic bacteria to organic acids and carbon dioxide,

after this process organic acids are broken down and the products include hydrogen
. and methane. o A

Biogas can be utilized both for heat and power production. The residucs are
compost and can be utilized as a soil improving agent.

It is possible to add the foliowing wastes to biogas production plants:

% - organic wastes from houscholds, including meat and vegetables
- flowers, including herb wastes from gardens
-~ coffee grounds and tea leaves including paper filters
~  fruit wastes
'~ .. paper kitchen towels and tissues
— - organic sludge and waste water from industry, including the food
~ factories
- sewage sludge -

However, one should exclude waste water and wastes containing heavy metals, and
those from some branches of the chemical industry.

This type of waste processing technology is rather new, therefore, it has becn
impossible to find plants which have been operating for more than a few years to
provide the relevant information. - On the other hand, plants for agricultural and
industrial purposes are well documented and reliable.

dh. Size Reduction (Crushing and Shredding)

A size reduction facility, which normally has crushing and shredding functions, is
genenally .used as a pre—treatment facility for an incineration plant, composting
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plant and other intermediate treatment facilitics, and also used in order to improve
samtary landfill 0pcrat1on

. Shreddmg for samtary landflll is conductcd to rcducc the volumc of wastc pcndmg
~ - final disposal at-a site. The shredded waste, as compared with non-shredded ones,
~ will be settled when tipped because of its high compaction ratio. They cause less -
‘damage to the landfill equipment. and trucks for landfill work and there is less
_complaints from the neighbors about landfill operations as it is invigilated and is
hygienic. In addition,.fcwgci' fires will break out during the landfill work. Fewer
vermin will require less insecticides and rat poison. o

_ The term. "crush” has various meanings, i.c., shredding, milling, pulverizing,

-grinding, cutting, tearing, ripping, etc., for which appropriate machines-are devel-
oped. For example, an ordinary hammer mill; with a swing hammer attached to the
horizontal or vertical shaft, rotates very fast pulverizing any matter by sheer force
of the cutting board. '

The grindability depends upon the substances to be crushed, .and the size required

for the purpose of each treatment system. The pulvenzmg proccss will be accom-—
pamcd with sicving, if necessary. ' o

di. - Sorting:
dia. Introduction

An important point to be considered in both treatment and disposal is that a system
for recovery of the resource such as paper, glass, metal, plastics, etc., must be
provided in the early stage of planning. The most desirable method is a system
which allows reclamation of as many kinds of waste possible at the lowest cost,
and not causing any secondary cnv1ronmcntal pollutlon

The lay-out of sorting plants and the specific operational requirements vary
accordingly, but the plants in general serve one of two purposcs '

- Salvaging rccyclablc materials from the waste stream in order to increase the
amount of recycling (positive sorting). Rc]cctcd materials are disposed of at
a landﬁll or incinerated. S '

- Secparating unwantcd materials from the waste stream before further process—
ing (recycling, incincration, composting ctc.). (ncgative sorting).

Furthermore, as the incoming waste usually has _t.o‘bc separated _at Sou'ro_e; the plant |



will act as a control unit for the quality of the collection system and source
separation.

Based on the above the following types of sorting plants are most relevant:

-  sorting of source separated wastes

- sorting of waste before incineration

-  sorting of waste before composting

-~ sorting of construction and demolition debris -
- sorting of bottom ash from incineration

However, it shall be stressed that the market price for the output material together
with the quality of the input material are the determining factors for the economic

-viability of the plant.

dib. Type of salvage process -

The major purposes of the salvage process are to recover valuables. For iron and
steel, nonferrous metals, papers, cardboards, glass, plastics, rags, leather, etc., to be
recovered as valuables, a dry classifier which uses wind power, magnetic separator
vibration, and manpower are mainly used in accordance with each characteristic of
valuables, Dry classification is usually performed in air. In addition to this

- method, wet classification by means of excess liquid and the semi-wet classifica—

tion by means of limited liquid arc available. Both the dry and the wet classifier
have a wide range of application in accordance with their characteristics. Various
sorting methods are described in Table H.4.1d. '

Table H.4.1d  Sorting Methods

| Sorting Method | Type of Differen- Classification Sub-~classification
: tiation

Mechanical Type | - Vibraling sieving

: —  Tramme

— Brush
Wind Power Type
Dry Magnetic Type
. . Classification Eleciric - Electrostatic Method

Mechanical Sorling Type (for non-ferrous

melals)

Optical Sorting (for glass)
Mechanical Type (Semi-wet)
Water Power Type

Heavy Liguid Type

Wet
Classification




~dj.  Examination of Technical Sub—system Components of Intermedmte
Treatment

Generally, the possibility of introducing appropriate intermediate treatment facilities
- must be examined because the acquisition of new disposal sites is - bccommg

mcrcasmgly difficult and that hetter envuonmcntal conservation measures should
be mtroduccd :

'dja. Selection criteria for intermediate treatment -

The followmg cntena are consrdercd in lhc selectlon of poss:ble intermediate
treatment

i. VQIumc reduction of solid waste

The facility should be capable of reducing the wastc volume for final dispoéal,
- thereby contributing to extend the life of disposal sites.

-il. * Resource recovery
The facility should assist the recycling of resources. -

There arc"two-ways of resource recovery from solid waste.. One is the extraction
of economically usabie matcnals from solid waste, and the other is the conversmn
of waste to useful energy. '

iii.  Prevention of environmental pollution
The facility should contribute to the improvement of environmental conditions.
~djb. Possible intermediate treat_ment

In response to the above—mentioned cntcrla the following intermediate treatment
systems arc discussed in this report:

- incincration

~ composting

- RDF

~ pyrolysis

- ash solidification

~ biogas

- size reduction (crushmg and shredding)
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- sorting

Each system' can be employed independently or jointly, and has advantages and
disadvantages. It is, therefore, important to select an optimum system or an opti-
mum combination of systems, taking the following points into account:

~ - construction, operation, maintenance and repair cost

~  adaptability to various kinds of wastes

- volume reduction effects for final disposal

- marketability and price stability in markets of recovered materials

-~  ease in operation

- reliability and stability of treatment plants (degree of technical
development and operation results, etc.)

- impact on surroundings and its intensity

- simplicity in design of plants (pre-trcatment, back—end treatment, etc.)

Table H.4.1e shows the characteristics of possible intermediate treatment systems.

djc. Relationship between intermediate treatment systems and solid waste
quality

The processing systems should be selected according to qualities of waste. Table
H.4.1f shows the general characteristics of various kinds of solid wastes (percen—
tage of organic materials, water content, inorganic materials and calorific value},
and types of wastes most cffectively treated by the respective processing plants.

The various intermediate treatment tcchnologies and their respective characteristics
are described below;

i.  Incineration

Suited for a wide variety of waste except for incombustible bulky waste.
Waste from medical institutions and carcasses are low in calorific values.
However, they should be incinerated in a special furnace for sanitary

purposes,
ii. Composting

Generally, suited for domestic waste (especially garden wastes), other similar
types of waste and some kinds of commercial waste.



iii. RDF
' .(._]omnic_rcial waste especially -n'ch:_in paper content might be proccssabic.
iv .4_:-1_'yr.olysis | o | B
Limited only to waste with low moisture content'and high célérific value.
v. Ash solidiﬂcatio.n-. '

Suited for ash including inert materials.




7401 Q0007 303 HOdIY WMS BURIO VOLII SU) WO 1500 AL © (f

vodsy WMS PUeled VDI 34 mox Feak 1ad suos OO'9E 107 1600 Sy, * (€.

podsy] WS PO WOIf 941 WL reak 1ad aisem uapred Jo §603 OOO6T 10§ 1500 ML : (Z.

(uodag WMS PUEad VDI VOIL 6661 <2 ‘A1) Weuzog 10} WIwnBeurly J1eAy PIOS 90 WO Aprug o) UI parummss ses med Imoy/uor gf 10§ 1900 UL © (L.
ASo[omgs ] WSIEaI] HeIpaULang L)

nOsea) SMOUS { ) pue J00d 30 Pporepsum aq o1 ) WO MRI D pOCO I WS[RMXT W 190N
_ L _
s ) =
ansel] (Buniog
‘radeg. [EnlEpy 10
SRUNE pIdeaps ¢.000°9t et 0 £Teg8300N] s | meomenep)
107 1IT JO ANIeIS— 44 q VN o papreosiq | Avesseoony | AqmowEsoQ v 2 o] o) Bumokoay ‘snoLag Jumsog
uosoldxg Jo AMaEs0d-
SOUARTEHTTEN
10y ssuadeg g~ | (g ® walan : smep, Lxpeg
P | wON) ) FEDAEN samojdxg Jo votnp 3 Suppang
Jo vondmnsnoy Ao~ o) o VN o] papmsp | Kwessoon | jo momownyy q d o} o) -3y sumpop, moeng | p Fogan
a2
‘onmg BRI
-t RS ® {904 01 . wodmo)
107 T Jo KTawIS— q o «00S'LE 3 ‘s | A N K N > o) ol o] TOTERIIAUO] LA 3]
. ooguiod
pEm Jo
gg_..&o 3 bﬂﬂn . ToROIAAL]
ATSRIONN Kmevaoap P UOmRapIY
%Sa | i VN q acoN] N | Amsooseog 2 v | v v . FTOMOA, LTS
03 Famocoy/ - | o) ¥
ABopoad], saquang : :
R e Lt X VN 2 ~mooooN | Ammooon | e 2 q g # o o #g
[C ] .
. mwa | oen) b : S . RN . . PO o :
~paig Jo AmAnIIRp- 2 i VN 2 ooy | Amesoon | . Amewaoon] 2 2 2 2 vonmIMte) | X PIOS
. — )
. (o0p0) : . oumid . . . ) .
e | (3000, : g ' , i Iy o
0] Yrep Jo ATTqRS- 2 2 @000 2 o | Aoeessoony Krwowon] v o) a3 . 3 ToRwIATN) “wodmory
W Jo 2 Aoy @ 10d
13} puy 01 A0 S- (g 20 sopqgmoq | Amwmon |- Kssaoon . vomonpyg | 2wy
1907 FeUDX/ERTI~ q fpupatg) 00T v 000N N o v € | g MUNIOA | Jonmi
TR L) A¥oT00
1omdtoy papacox | (soyesn) E e #30UW}§ i ~3L
e 30 Au-ng 1807 0T 30 fmq —ng naaeah A Jo Ay uonRE L DOTSOpA —
~OTIATY -may | -oanswod —Tda0y PNy wod ~an-3d ~rams | -Tems T AN S ’
: . BERC R B
spwwng opns) ferxdg - PEw] 0f TORRALINeD) s PALICON]
e ———————

TWSISAS JUIULEII] JJRIPIWIINH] 2AQISSO4 JO SOUSLIPRERY)  IT'H'H 2[qel

LI -

H - 57



" towsmu m g pemquico JEd QL 30} 91 BOTMERS (Y < (2.

* saes wpned 1o} KO : (1. Cmon

. . Mo e Joy 1o A[eason] ~
S ey smog g -
B S o poog’ e A
WA, Jo KeA QUMD J0f waeds TUTYWY - oww, JO mOSmoly ¢ Jof s Bonpwy Doy
: . . . {mommy) B
- v o - - B morp o pooD pooo L owes andsop
Y
- | - - - - - po0g ] mop Axoq agnenqmoony
- v q g - v oy - ] way g wany, Ao ogreoqoon |-
: : - o fxmer |
. oo
. {o1x01 ~uoN) vy
d - v | v v Lot 14 1 ] amsep, piosmpoy !
_ - _ ==t
(i ommeapy
ramx onged pm Sudasmg
- - v - od a oY Lo mq Iy NG NI 2HTUY
- v - - - v no1 Moy P00y pooD )
: . . (mawmear moyy Aumea)
v v - v v noy L poog) poc) ANy, IO
. - (sdogs
PR 230770 WO ATrm)
| - v ¥ v - v, N g ] ey ayry, ROITHIO)
q v v v q v v PPN 7] mz poon e e
C : : a9, DT
AWM ¥ 'y : 4
. 30 SamA s;omeeg ) ssovmscng
Foppans s ‘ T oyuops axndliooy arton Sratio
S o® @ DORBIIPNCS .
Baweer) - svlog = swalkg . 4 | Bumeodmes | Dowesmpup AT, JO TN
L

WaISAS Eu_nnwuﬂ. 2)eIPATLIIIUY mgﬂﬁmﬁm [eITUD3], PUR SBAY JO SPUry

JTYH 21qeL



vi. biogas

Limited only to organic wastes including paper and sewage sludge.

“vii.. size reduction (crushing & shredding)

An independent plant solely for bulky waste. However, crushing and shred-
ding devices are necessary for other intermediate treatment systems.

viii. sorting

Suited for inert waste.

dk. Conclusion

Upon consideration of the examination of intermediate treatment systems and the
present MSWM  in the Study Area, the introduction of an intermediate treatment
system is concluded to be unsuitable and is omitted from the alternative study.

dka. Incineration

ii.

jii.

The LCV (Lower Calorific Value)} of the MSW is very low (1,215
kcal/kg) and it requires auxiliary fuel for combustion.

The cost of incineration was estimated to be more than 26.3 US$/ton
according to the JICA SWM study in Asuncion, Paraguay, where the
LCV was 1,192 kcal/kg. The highest sanitary landfill cost in this study
was estimated at 8.6 US$/ton which included the treatment cost of
leachate.

There are enough candidate sanitary landfill sites for future disposal
operations.

dkb. Composting

i.

ii. -

iii.

iv.

| The market for the compost product from municipal solid waste is very
. limited in the Study Area.

Other competitive organic fertilizers derived from animal dung are

- easily obtained in the region.

Due to high production cost, subsidies on the sale price will be
necessary to make compost from municipal solid waste to compete in
the fertilizer markets. .

High cost of transportation and labor for the utilization of compost.
Less volume reduction. '
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R Possibilities of hazardous heavy m'ctals'-:accumulating in the soil and

secondary environmenta! pollution in the case of mixed collection sys-
~ tem. : : R . ’ '

There is a pilot composting plant-at Acahualinca under the technical assistance of
a Dutch spccmllst However, for the product to bccomc a marketable commodity,
. a mlmmum of 5 ycars expenence is reqmrcd '

dkc.

dkd.

RDF
i.  Waste which can be converted to RDF is very limited. -

ii.  The technology is in its developing stage.: -
ili. The market for RDF product is limited.

Pyrolysis

e ~ The waste quality is limited.

. dke.

df.

dke.

dkh

il The technology is under development.

iii.  The operation of plant is very difficult.
iv.  Large capital investment and high operational cost are required.

Ash solidiflcation -

i. - Large capital investment and high operational cost are required.

-ii.  The technology is in its developing stage.
iii,  Land for final disposal is still available in the study area.

iv. Difficulty of opecration.

Biogas

i. High investment cost.

ii.  The technology is in its developing stage only a few ycars operational
cxpcncncc regarding MSW. :

Size reduction

i.  Waste is limited to bulky waste and not much is pfoduccd._

ii. Bulky waste may be recycled manually.

. Sorting

i.  The 'prcscnt recycling system (manual recycling system) mainly
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ii.

1.
iv,

established by private sectors functions well. _

The introduction of the sorting facility may cause a conflict with the
present pﬁvaté sectors concerned with recycling activities (c.g.
scavengers) because it may cost them their job.

. The prices of recyclable materials are not stable.
~ The amount of recyclable materials in MSW is minimal.

The volume reduction by the introduction of a sorting facility is
limited. o

e. ~ Final Disposal

ea. Possible Technical Sub-System Alternatives

Upon consideration of the possible technical sub-system aiternatives of final
disposal, the following aspects arc to be considered:

location and number of final disposal sites

 final disposal methods

landfill structure -
recovery of methane gas :
level of sanitary landfill development and operation

eb. Location and Number of Final Disposal Sites

As for the location and number of final disposal sites for the Master Plan alterna—
tives study, the following were confirmed:

i.

i,

ii.

Three sites were selected as candidate municipal disposal sites for the
study of alternatives for the Master Plan.

There are two sites located within Managua Municipality; Acahualinca
and Esquipulas.

~ There is one site located beyond the boundarics of Managua Munici—
pality; Santa Ana.

ec. Final Disposal Methods

eca. Introduction

There are several final disposal methods, as listed below:

open dumping



- controiled tipping . -~
- samtary landfill

Although thc controllcd t.lppmg method is cmploycd in Amhualmca landfill, open

dumping prevails in the Study Area. These methods should not be tolerated in the

future in view of their adverse effects on the !andsmpc, public health and
~ environment. -

A sanitary landfill should be used for final disposal which is proven to be the most

economical and acceptable method. The term sanitary landfill implies an operation

in which the wastes to be disposed of are compacted and covered with a layer of
- soil at the end of each day. When the disposal site has reached its ultimate capacity
i.c. after all the disposal operations have been completed; a final layer covering
matcrlal (morc than 600m) is apphed '

ech. Advantages of Sanltary Landﬁlls :
The advantagcs of sanitary landfills are shown be_low. .

- Where land is avaliablc, a sanitary landf' 11 is usually the most econ~
omical method of solid waste dlsposal

- Initial investment is low comparcd w1th other dlsposal methods, such
as composting and incineration. S :

- A sanitary landfill is a complete or ultimate disposal method as
compared to incineration and composting which require additional
treatment or disposal opcratlons for residue, qucnchmg water, unusable
materials, ctc., :

- A sanitary landfill can receive all types of SOlld wastcs, eliminating the
necessny of separate collections,

- A sanitary landfill is flexible; incrcased quantities of solid wastes can
be disposed of with little need for additional pcrsOnnel' and equipment.

- Submcrgcd land may be reclaimed for use as parklng lots, p}aygrounds
golf courses, botanical gardcn, etc,, -



ed. Landfill Structure

There are five types of landfill structure, and they are as follows:

Contribution towards mitigation of environmental pollution is improved in
accordance with the above list. Figure H.4.1c shows the structure of each landfill
type. '

anaerobic landfill

anaerobic sanitary landfill

improved anaerobic sanitary landfill
semi--aerobic sanitary landfill
aerobic sanitary landfili



ANAEROBIC LANDFILL -~ .

'ANAEROBIC SANITARY LANDFILL

’ oep i
~, Solid Wasle :

. m '1 ‘ .
. ‘.. P LeaChatE' T .. -

IMPROVED ANAEROBIC SANITARY LANDFILL
(IMPROVED SANITARY LANDFILL) :

Leachate

Collection - Pit ‘\

i Pipe:

.. Solid Waste

— Leachals- e
Collection Pipe - 1 g 1-930115\16i

SEMI-AEROBIC LANDFILL

Runoff Collection Duct - \ ' ]
S\ Solia Wasle';r ., Fils for
I e v Pumping
.

|

Pits for

Solld Wasle .

ia' '
Ty
I

& Sofid =g Pumping
_— -\ Wasle -;. _ ¥ I - ¥ o |
Air S“PP’LY Pipes; > ~ Leachate Collection System“""‘"'"‘ L(}:ac_hale

Figure H4.1c  Landfill Structures
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eda. Anaerobic Landfill -

As the leachate generated in the landfill layers is hardly drained, the landfill layers
constantly maintain an anaerobic condition. The quality of the leachate is very
poor, producing pungent fumes and the propagation of disease vectors and vermin.

edb. Anaerobic Sanitary Landfill

Covering soil is applied to each layer of waste. This covering soil restrains bad
odors, incidental fires and the propagation of noxious insects to a certain extent.
However the problems of leachate and gas generation remain. As in the case of
anaerobic landfill, the disposed solid waste maintains anaerobic conditions. '

edc. Improved Anaerobic Sanitary Landfill

In addition to covering soil, a drainage facility for the leachate is introduced at the

- bottomn of the disposal site. The quality of the leachate is accordingly improved,
- although the anaerobic conditions are still maintained.

edd. Semi-Aerobic Sanitary Landfill

As the leachate is constantly drained by drainage pipes, the quality of the lcachate
is improved to a certain degree. These drainage pipes stimulate natural ventilation,
achieving aerobic conditions in the landfill layers. As a result, the decomposition
of the solid waste is accelerated.

‘ede. Aerobic Sanitary Landfill -

In addition to the drainage pipes used in semi-aerobic landfill, air supply pipes are

© - introduced for air injection to achieve aerobic conditions in the layers, thus

accelerating the decomposition and stabilization of the solid waste and improving
the leachate. quality.

In view of the different types of landfill structure types mentioned above, it is
planned that final disposal sites in the Master Plan will employ the semi-aerobic
sanitary la_mdfill'sttucturc with leachate drain pipes for samitary landfill.

" ee.. Récove_ry of Methane Gas

eea, Minimum conditions of methane gaS recovery

'Accurding to the " In_siruction Manual for Recovery of Methane Gas from Sanitary
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_ Landill" prepared by the "l‘echnology Company  For Environmental Sanitation
(CETESB), Brazil, November 1982, the criteria to ascertain whether or not a
- samtary landfill is pmmlsmg for rncthane gas productlon is prescnted as follows:

; Populatlon':- DR -200,000* : pcople-

I.andﬁll Volume: 2,000,000 tons
.- Average Depth: 9. - meters
Area: 12 ha -

' Daily DiSposal "‘Amount: 500 - i-tons/day
eeb. Inference regarding methane gas recovery

According to'thc above-mentioned manual, the recovery_of_ methane gas is possible
at all proposed landfills, It is, however, not examined in this report.- The reasons
are; '

= It requires 3 to 4 years landfill operation to clear the above-mentioned
criteria, In addition, it also requires several years:to obtain a reason—
~ able amount of gas after the clearance for the production of gas.
- In order to examine the feasibility of gas production,.it is necessary to'
- investigate quantity and quality of gas, mcludmg a test boring which
_ is not included in the Scope of the Study. -
~  In order to. produce mecthane gas, the landfill should be- anaerobic,
‘which deteriorates the quality of leachate. For the improvement of the
leachate, the landfill structure in the Master Plan 1s proposed as
semi-aerobic with a liner. -
- If the Nicaraguan side wishes to produ‘cc methane in future, they will
be able to change the semi-aerobic to anaerobic condruon by sealing
gas ventilation facilities. : *
~  Although the recovery of methanc gas at thc present Acahualinca
- landfill is possible, the efficiency of the. recovery may-be insufficient.
due to the very permeable bottom layers and lack of sealing measures
for them.

eec. Requirements for the feasibility study
Although this Study does not examine the feasibility study of methane gas recovery

at the present Acahualinca landfill, it may be necessary to check the following
aspects if the Nicaraguan side intends to conduct the study by themselves.

—  quantity and charactensncs of gencrated gas by test bonng(s)
- quantity and characteristics of the wastes disposed
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"= potential users and utilization methods
- ' investment and operation and maintenance cost
- benefits -

ef. Level of Sanitary Landfill Development and Operation

The level of sanitary landfill development and opcratioh can be classified into the
& following four levels. - = '

Level 1:  Controlled tipping

Level 2:  Sanitary landfiil with a bund and daily soil covering
Level 3:  Sanitary landfill with leachate circulation

Level 4: Sanitary landfil_l with leachate treatment

The prospective levels of sanitary landfill development and operation are illustrated
in Figure H.4.1d.
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efa. Level 1; Contrblled Tipping
Introduction of controlled tipping through:

- establishment of access to site :
- provision of cover materials in order to prevent fire and dispersion of
~rank odor : L
1} A - = -establishment of inspection, control and operational recording system
of incoming waste :

efb. Level 2; Sanitary Landfill with a Bund and Daily Soil Covering
Introduction of sanitary landfill through:

- establishment of site boundary in order to distinguish the disposal site
and to eliminate scavenging

- execution of sufficient cover over waste disposed

- differentiation of a disposal area by the construction of an enclosing
bund

- construction of a divider between present and future landfill arcas

~  establishment of a drainage system in order to divert storm water from

‘ surrounding arecas and to reduce leachate

- construction of environmental protection facilities in order to abate
direct impact on surroundings such as buffer zone, litter control and gas
removal facilities

~  installation of gas removal facilities to achieve the conditions of a
semi-acrobic sanitary landfill

- introduction of amenities for staff

efc. Level 3; Sanitary Landfill with Leachate Circulation
Establishment of leachate control through:

- the installation of leachate collection, circulation and monitoring
facilities

- the installation of liner to achieve seepage control

- construction of semi-aerobic sanitary landfill in order to facilitate the
stabilization of waste disposed through the active decomposition in
semi-aerobic condition

- introduction of dust prevention system by introducing water sprinkling
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efd. i.eVel 4; Sgnilafy Landfill ;vith -mchité -T.rea.tmenf
Establishment: of .leachalc. thﬁcnt thrqugh:
= the installation of an oxidation pond
The '.ab‘ovc mgntiqnc& level .éfl sanitary l#ndf:ill :doveloém;nt and. operation are
described ‘and tabulated in Table H.4.1g. A comparison on the environmental

standard to be achieved by each level of sanitary. fandfill development and
operation is made and tabulated in Table H.4.2h.



Table H4.1g

1

2

3

4

Outline of Sanitary Landfill Development and Operation

Level of Sanitary Landfill

Remarks

. Oun-silc Drain (Surface Watcr)
jii. Om-site Drain (Undugmu_nd

. Springs)
iv. Drain for Reclaimed Area
Access

" i, Approach Road

ii. On-site Rosd

B Others |

12

13

Fmrimmncm Pmtoclm Facilities

Buffer Zone -

ii. - Litter Control Facilities

iii. Gas Removal Facilitics

ivi Leachate Collection Facilities

-v. leachate Circulation Facilities

vi. Secpage Control Facilitics
vii, leachate Treatment Facilities

Buildings and Acceasories

Site Office

Weigh Bridge

Storage Building

Safety Facilities .
Fire Prevention Facilitics
Monitoeing Facilities

j, Car Wash
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B: the dike is made from a mixture of
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for landfill

If necessary

Improvement of existing road network for
accessing to the site

Mobile fence,etc.

Gate, fence, lights, ete.
Water tank, fire extinguisher, elc.
Monitoring well, etc.

2 Equipment

i Landfill Equipment

>

>

Water tnick, Inspection - Vehicles, etc.

(=] -

P oK =

‘Operation and Maintéenance

Opcratidn

Personnel

., Cover Material

Utility
i Fuel
ii.  Water

Maintenance

i, Main Facilitizs

ii. Environment Protection Facilitics
jii. Building and Accessories

v, Equipment
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OB B> »E

Ed s ds

BB P> P

b g g

b e e g A

e e g

B: insufficient operation

Divider, drain for reclaimed area, leachate
collection pipes, ete.

A memthcfacﬂhylsamny
B means the facility is a mcuslly under a cortain mndnion, or in case the budget is not cnough, the facility might not be
pmvided. : . .

=
]
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‘Table H4.1h -

Companson of Environment Level to bc Achlcvcd by Each chcl

of Samtary Landfill Development and

LneldSuﬂmyMﬁlDevelopmmlmepcnthu

Level 3
1-1 ~ Landiill ~ Anacrobic Sanitary |- Improved Anacrobic - |-’ Semi-arobic Samwy ~ Semi-acrobic
1-2  Achieved - Leachate generated in |- Through gas removal ' | - lmhaemmulatcd -~ Same as Level 3,
- Condition solid waste layers i facilities, the quality of | ' i the botiom of land~
i seidorn deained but _lca:lu!leass‘hg,ln.lym:w fills is promptly dis—~
remaing within, and | proved as charged fhrough drain
alwayskeepslmdﬁ!l with Level 1. Almost | pipes (leachate col-
in an anacrobic staie. | . all of the solid waste, lection: pipes). The
Geaerally, the quality | however, is still kept pipes alwo pormiit
of leachate does not "in o marobic stale. [ natural ventilation.
improve over along  { - The rate of decom— |~ This sirocture facili-
time, : position i3 also slightly | tates the decomposi-
~ Because of inactive improved. tion of solid waste
decomposition of " becaise of semi-
wastcs, promopi stabi- werobic condition by
lization of a landfill is drain ‘pipes. The qual-
not achicvabie, ny of lcacble is
;cmauon of offen-
sive odor Is further
- Water content of solid
wasies disposed
| . : . lower than Level 2.
e
2. Leachate and o ’ ’ ’
it's Impacts on
_Serromdings

2-1  Leachate ~ Leachate is frecly dis— | - As foc the reclaimed |- Same as Lovel 2. - Same as Level 2,
Generation charged out from both | arcas, surface wateris | : i
Amount landfilling wnd re- deained and dxscharged

claimed mcas becamise oul.
enclosing structere i8 |- Rain water from the
not set up. cachment area is di-
~ Rain water flows inlo verted into surrounding
the landfill from ca— " drains. .
tchment arca and it - A divider limits the
increases jeachaie aca for jcachate gen-
amount, cration to Lhc working
aea, - )
~ As mentioned above,

4 since the arca for -
leachate peneration is
limited, leachate )
amount is also Himited
w0 the precipitation on
the cortain area.

2-2  Leachaic = Nong - Enclosing dike and - In addition to the - Same as Level 3
Control : divider prevents direct facilitics for Level 2, | except for effluent
Facilitics discharge of leachate, there arc leachate cy- | which is constantly

' cling and moonitoving | trcated and dis—
facilities. R . charged from oxi-

- Leachate Is dis— dation pond,

charged only during o
heavy rain from reg-
ulating pond.
Leachate discharged
is therefore, diluled,

2-%  Leachate ~ Noric ~ Nosie # Retention md regula— | - Leachate is treated
Treatroent e .- tion ponds may work i an oxidation - -
Facilities as oxidation pond. pond with aerator.




2-4  Leachate
Quality

- Amount of leachate is
high and it's quality is
worse than any other

" levels. Besides that,
there shall be little
improvement on the
quality cven after a
loag period of time.

- Amount of leachate is
limited because of dike
and divider, However,

. the quality of leachate
is not improved after a
long period of time.

- Amount of leachate is
limited as in Level 2,

— The quality of leac—
hate is improved more
rapidly than Level 2
because of the semi-
acrobic landfill con-
dition.

-~ Leachate circulation
facilitates purification
by the wastes dis—
posed. :

~ Since leachate is dis—
charged only during
heavy rain, it is th-
erefore, diluted.

- Amount of leachate
is limited as in
Level 2

—~ The quality of
leachate to be dis-
charged will be
treated in order to
meet with an ef-
fluent standard.

Leachaic
I a Impacts on
Undeyground

water

Surface Wa~

3. Others

- The impacts ae de-
pendent on the per—
meability of bottors
0l

= If it is a permicable
bottor soil, the i~
pacts on underground
water is very high
because of high pres-
sure head and large
amount of leachate.

~ Decause of free dis-
‘charge of leachate
from a landfili site,
the impacts on to
surrounding water aea
is very high.

= The impacts are de-
pendent on the perme-
ability of bottom soil.

- The amount of leac—
hate is much less than
Level 1, However, the
tmpacts ace still high
in the case of perme—
able bottom soil.

~ Discharged of leachate
oy occur when the
divider is overflown
and tmough seepage.

- Although leachate
amount s limited, im-
pacts on to sur—

" rounding water arca is
still high because of
uncontrolled and un~
improved leachate.

= Liner is laid 5o as to
peevent underground
water from leachate
seepage.

= There is very litile
underground water
contamination.

- Discharge of leachate
is made only during
heavy rain.

- leachate can be
monitored. In case
leachate to be dis-
charged would affect
the surroundings, the
construction of
leachate treatment
facility s encouraged.

~ Liner is laid 50 as n
fo prevent under—
gound water from
leachate scepage.

~ There is very little
underground water
contamination.

— Effluent from
{andfill site will
satisfy a required
elfluent standard.

I3—1 Yector con-

= Great gencration of

-~ Vector control is

~ Same as Level 2.

~ Same as Level 2.

trol -flies, insects and 1o~ achioved and it is
dents, much improved com-~
=~ Great aow gathering. parcd to Level 1.
— Odots are constantly
generated,
32 . Odors and - Occasional fires occur |- It is much better than |- Due to semi-aerobic - Same as Level 3.
Gas Produc— duc to spontaneous Level 1, landfill structure, it is
tion ignition. - No occurrence of fire better than Level 2.
3-3  Others - ‘Litter of wastes and |- It is improved: in all — In addition to the ~ Same as Level 3.
dust, . aspects. condition achicved at
- Deteriovation of Land- Level 2, dust problem
scape, . is improved by a
— Noise. water sprinkler,
- Existing of scaven-
geTS, —
- eg. ~ Selection of Leachate Treatment Method

The treatnient of leachate is an important factor in-the study of the Master plan
disposal site facilities because it contaminates ‘groundwater. “Accordingly, the
results of the survey carried out by JICA in 1993 on groundwater development in
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- Mgﬁagua_city' were revi‘;:we'd and th'c.f(')llbwing ‘wer'c oonﬁnned:'

o Groundwater is the only dnnkmg water source of thc 1 million populanon of
Managua crty ' R

= The graundwatcr source of Managua city and those that can be utilized
~originate from the mountain ranges that administratively divide thc city, pass
' through the urban areas and ﬁow north toward Managua Lakc

- Managua' city is almost entircly volcanic in gcology' and covered by
extremely permeable scoria layers. The rivers in the aréa are dry rocky
-watcrcourscs, except: durmg hcavy 1ain. -

F:gurc Hd.le shows thc rclatzonsth ‘between groundwatcr flow and the disposal
- site candidates. : :

Based _r)n th'c conditions stated above, it can be assumed that the leachate
discharged by the éandidatc disposal sites, ‘except for the Acahualinca disposal site,
in the rainy season, could contaminate groundwater (drmkmg water source) through
'mfxltratron of thc dry nver bcds : o

Groundwater oontamination is expected to occur if leachate from disposal sites is
discharged without undergoing treatment. Even if leachate is diluted with rain
water, the groundwatcr quality will not sansfy the standard quahty for drmkmg
water :

The mstallauon of water treatmcnt facilities should bc conSJdcrcd thercfore, for the _

Esquipulas candidate dlsposai sitc which can possrbly cause groundwatcr

contamination, and the Santa Ana candidate dlsposa_l site outside the city, which -

has a diverse water system and an influence on the downstream basin.”

On the one hand, the Acahualinca disposal site is considered to have nb effect on
groundwater as a drinking water source because it is located near Managua Lake,
the final destination of groundwater flow. However, thc quality of leachate from
the existing Acahualinca disposal site is worse than the quality of Managua Lake,
and is one of the factors that contaminate the waters of Lake Acahualinca. In
consideration of this, the installation of water treatment facilitics in the Acahualinca
candidate disposal site, as a means of leachate control, would. be desirable.

~ Given the above conditions, all candidate disposal sites for the Master Plan Study
shall be incorporated with the leachate treatment facilities categorized under Level

4.
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H.4.2

_ Examinatio_h of Technical System Component

a _Cbinc'ept of the_. Altgmatives

The altcrnatwes ‘advantages, dlsadvantages and cvaluatxon of tcchmcal componcnts

for each sub-system are shown m Table H 4, 23

~ As for the components of each item, the loéatidn"of final disi)osal sxtés" and

introduction of transfer station differ with each alternative. On the other: hand the

“components of dnschargc & storage, collectlon & haulage and strcct sweeping dlffer.'

only slightly with cach alternative, i.e, _haulmg_ distance, - collection vehicle, etc..
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b, Candidate Altematlva

Candidate alternanvcs, a cornbmatlon of technml systcm components sclected in
section 3.2 and summarized in H.4.1, were formuiatcd The concept of candidate
alternatives are composed of the system componcnts as shown in Table H.4.2f in
addition to thc components of coliectlon, haulage and street swcepmg Wthh do not
dlffer grcatly in cach alternative,

Table H4.2f Candidat'e' Altc_mativcs for Master Plan Study

System Component e : _Candidate Altematw&s
| Al | a2 | A3 | A4 ]| As
Location of - _ Acahualinca x o o | _
Sanitary Landfill [~ — - '
Si T Santa Ana ‘ X x I
Site v i
I Esquipulas’ . 1 x .
I Transfer System' - “ - _ ' ' . S : " I

Note: Each candidate allernative consists of "x" systems,

i
I .;X&I
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HS.1.1

Examination of Technical System Alternatives
- Concept of Each Alternative )
Concept

a.  Technical System Component of Alternatives
The concept of alternatives are summarized in Table FLS.1a,

Table H.5.1a - Concept of Technical System Alternatives

Disposal o Site - a Transfer System Alternative No.
Centralized Disposal | Acahualinca Without A-1
Santa Ana Without A-2
With A-3
Eéquipulas Withoul A-4
Separate Disﬁosal Santa Ana & Esﬁuipulas Without | A-s

aa. Type of system in terms of l'inai_ disposal site location

Centrahzcd disposal system and separate dlSpOSdl system, two typcs of MSWM
altemanves, are conmdcrcd for candidate alternatives.

In a centralized disposal system, the wastes collected from the Study area are
hauled to one disposal site to reduce construction, operation and maintcnance costs.

_In a scparate dlsposal system, the wastes collected from each area are haulcd to the

nearest d:sposal site to reduce transportation cost.

‘ ab. Candidate site

Acahualmca, Santd And and Esqulpulas were selected as candidate disposal sites

by the Coordlnatmg Commlttee of Managua Mumc1pa11ty The centralized disposal
system is considered for alternatives A-1 ;2,3 and 4, while the separate disposal
system is considered for Santa Ana and Esquipulas candidate disposal sites in
Alternative A-3.



H.5.1.2

ac. Transfer system .-

In order to examine the most appropriate haulage system, the alternatives with and

without the transfer station were formulated for examination. In the case of distance
exceeding 20 km from the collection area to the disposal site, the introduction of
a transfer station should be examined to reduce haulage cost. When considering
Santa Ana candidate disposal site, the wastes collected from Districts 4, 5, and 6,

which exceed a transportation distance of 20 km, will be hauled to thc transfer_
station pnmarlly, then to the final dlsposal site.

Concept of Each Alternative -

a._.. - Alternative A-1: Acahua!inca Dlsposal Site without a Transl‘er
S Station : :

Alternative A-1 is presented as an extended disposal system providihg'sanitaxy
landfill operation at the existing Acahualinca disposal site. All waste collected from
the Study Area will be hauled directly to the disposal sitc without a transfer station
nor processing facilities. The alternative is illustrated in Figure H.S5.1a. .

b.  Alternative A-2: Santa Ana Disposal Site without a Transfer
' ' Station

" Alternative A-2 is presented .as_la disposal sysfe'm pfoViding sanitary ‘landfill

operation at Santa Ana disposal site. All waste collécted from the Study area will
be hauled directly to the disposal site without a transfer station nor processing
fac1lmcs The dltcmatlvc is 1llustratcd in Figure H. 5 1b.

¢.  Alternative A-3: Santa _Ana'Dlsposgl Site with' a Tralisfér_Station

Alternative A-3 is presented as a disposal system provxdmg sanifary landfill
operation at Santa Ana disposal site. The waste collected from areas within 20 km
from the disposal site, i.c. districts 1 to 3 will be hauled dlrcctly to the disposal site
without a transfer station. Howcver, the waste collected from arcas (mtmde the 20 .
km radius, i.c. dlstncts 4 to 6 will be carried to the dlsposal snc via a transfer
statmn The altcmatlvc is 1llustratcd in Flgure H.5.1c.




d. Alternative A-4: Esquipulas Disposal Site without a Transfer
Station

Alternative A-4 is presented as a disposal system providing sanitary landfill
operation at Esquipulas disposal site. All waste collected from the Study Area will
be hauled directly to the disposal site without a transfer station nor processing
facilities. The alternative is illustrated in Figure H.5.1d.

e.  Alternative -A—S: Santa Ana and Esduipulas Diéposal Sites without
a Transfer Station

Alternative A-S is presented as a separate disposal system providing sanitary
landfill operation at Santa Ana and Esquipulas disposal sites. The waste collected
from districts 1 to 3 will be hauled to Santa Ana disposal site. On the other hand,
the waste collected from districts 4 to 6 will be hauled to Esquipulas disposal sitc.
All wastes will be hauled directly to the disposal site without a transfer system nor
processing facilities. The alternative is illustrated in Figure H.5.1e.

Alternative A-1:

Centralized Sanitary Landfill at Acahualinca
without a transfer station

—
Generstion Comtralized
J——. oo

Figure H.5.1a  Concept Flow for Alternative A-1



Alternative A-2: .. -

Centralized sanitary landfill at Santa Ana
without a transfer station e

Figure H.5.1b Concept Flow for Alternative A-2.

Alternative A-3:

Centralized sanitary landfill at Santa Ana
with a transfer station

Figure H5.1c  Concept Flow for Alternative A-3

H - 94
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Alternative A-4

Centralized sanitary landfill at Esquipulas
_without a transfer station -

Generation Centralized Sanitary
Sources I"__—"Llndﬂllltﬂlqﬂiwh!

Figure H.5.1d - Concept Flow for Alternative A-4

Alternative A-5:

Separate sanitary landfill at Santa Ana and Esquipulas
without a transfer station
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Conceptual Design and Cost Estimation

First of all, it should be noted thai the purpose: of the conceptual design and cost
estimation is to compare the cost of each technical system alternative. The design
and estimation work is simplified as much as possible and a more detailed design

 including modification of the conceptual design and cost estimation will be done

at the Feasibility Study stage.
Premises

a.  Objectives

Based on the results of the examination of the system component (refer to Section |
3.2), this section presents: the conceptual design and estimates for the following

MSWM systems and facilities- in Managua:

-storage ‘and collection system
~haulage system '
-system for street sweeping
~sanitary landfill

b. Key Assumptions .

ba. For design

baa. Key assumptions for design

The conceptual design of this report were made bascd on the following key
assumptions: '




Table H.5.2a  Key Assumptions for Design

Design liems Remarks
o : Figure
1. Storage and Collection _ I
1-1 ASG of Waste in Compactor . 0.4 ton/m’
1-2 ASG of Waste in Container 0.22 ton/m’
.‘ 1-3 Operation Rate of Vehicks 0.9
o L 2. Haulage '
& _ o "1 2-1 ASG of Waste in Transfer Vehicle 03 ton/m?
| (Non—compaction Type)
3. Street Sweeping :
"3-1 ASG of Waste in Compactor - 0.44 '
. § 3-2 ASG of Waste in Container 022 | towm®
4. Fioa! Disposal '
4=1 ASG of MSW : ' 1.0 ton/m®> { After compaction

‘Table H5.2b  Distance Table for Alternatives

Alternative A-1 A2 A-3 A4 A-S
Distance (km) | 8.3 18.0 158 50 16.9 ] nao 15.8 10.0
. from from 1 districts districts transfer from districts districts
genera— | genera~ 1-3 to 4-6 fo station to | genera~ 1-3 to 4-6 lo
@ : : | tiento tion {0 disposal transfer disposal tion lo disposal | disposal
: _dispossl | disposal site station site disposal | site site
site site o site
Waste coilec~ | 1,483 1,483 | 593 890 1,483 593 890
(toniday) :
s s

- bab. Waste stream

In order to carry out the conceptual design and cost estimation, the waste streams
- in the year 2010 for each alternative arc presented in Table H.5.2c.




© Table H5.2c  Waste Stream for MSW in Managua in the Year 2010

. Alemmatives
Ib. Self Disposal . . . - . . . | woday | 2235 235 | . 25| 2235 235
c. Recycling a Generation woday | 4107 a0 w0 - a0 470
4 Collation Amownt . | | vday | 1483 | 14| 148 | 1483 148
e Street Sweeping ~ | voniday T2 R N - N RV 20
f. Wasic amount # TS | tonvday 0. of ..o - o 0
e rogaime | vomiday %8| %0 #m0| . 30 370
h' Amount of Direct Haul Waste - | - on/day 5123 | - sz 5123 |+ S123 5123
i. Waste amount ® Final Disposal Sitc | tonday | 1958 | w9s8 |~ fes8 | © w9sa [ . 198
. perday L : ' I ‘
jo - Waste amoungaFmii Disposal Site ton/year 714,560 714,560 “ 714,560 . 714,560 714,560
per year (i x 365) : . EE R . ‘
N L

- bb. Location of facilitigs '

.ﬁlé__lo_catio_n of the candidate .'dispos'al sites and transfer station area shown in
Figure H.5.2a. o :

s

Ke (. Acahualinca CDS"

s ' " LABD PE MAMNASYA

[ a1
Rl

1" Y
b
‘n.'\".c 'ﬁ. ,ﬂ‘

B Hypothetical Location of the Transfer Station
cbs Candidate Disposal Site

Figure H.5.2a - Location Map of Facilitics.
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I R - I Life ‘Span (years)

be. For cost estimation
bea. Basic consideration

The cost of each technical system alternative is used to represent the annual
MSWM cost in 2010. Consequently, the following assumptions were made for cost
estimation:

i The éxccuﬁng body of MSWM W_ill be the Municipality.

ii.  Cost comparison is carried out by means of the 0 & M (Operation and
Maintenance) cost in the year 2010 which includes the depreciation
cost of all facilitics and equipment related to MSWM.

iii. Cost estimation is conducted based on the price in June 1994, The
exchange rate is US$1=C$6.62.

iv. The estimated cost does not include interest or tax. Although the
actual cost should include them, they were excluded because the
purpose of the cost comparison is to select the optimum alternative.
The actual cost will be estimated at the Feasibility Study stage.

beb. An_nual working days and woiking efficiency

| _Tlﬁ: aﬁnu_dl _workirig days are.determincd as follows;

~ Total days pér year | : 365

- — Sundays _ : 53
- Public holidays S =
Total working days : 297 days/year

Equipment is assumed to be operated for 8 hours per day. The operation rate of

_equipment is assumed at 0.9,

bee. Life span of equipment and facilities

Containers ‘ . R 5
Trucks and Heavy Eqmpmem 7
Machineries - - o : 15

Bmldmgs and Civil Works , : .30 J

_ Nole The life span of other facilities for the disposal site depends on the period of its operation.
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H.52.2

Storage and Collection System

a. Wastes and Collectibn Amount

aa. Wastes -

The ob]ectlve wastes for the storage, collcctlon and haulagc plan are as follows; .

"“household waste (Area A & B)

~commercial waste (rcstaurant othcrs)

~market waste

' —mstxtutlonal wastc
—-hospltal waste
-street sweeping waste.
—park and green area waste
~industrial waste

ab... Collection amount -

: 'I‘hc waste collccnon amount of cach collcctlon system in 201{) is shown in Table

H.5.2d.-

Table H.5.2d  Waste Collection Amount in 2010 unit : ton/day
Collection System ' ‘ T 210
Compactor (15.3m®) Household (Area A) 2994 864

Commercial {Restaurant) 23:.6 47
Sub-total 3230 911
Compactor (15m’) & Con- Commercial (Others) 11.2 22
tatner (1.0m) Institutional 2.4 5 I
Hospital- 5.0 10
Street Sweeping 20
Industrial 17

Hoist Truck & and Container
(7.0m%

Sub-total
Household (Area B)

Market

142

Park & Gr:cn Area
Sub-total '

.

and dump trucks.
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The l' igure in parentheses lndxcatw the waste collection amount ﬁ'om a combination of wheel loaders _

Al present, market waste is collected using Roll- -on. Rnll—off Jrucks and ISm comamers.




b.  Storage system
_ ba, Assumptions
A storage system assumed for MSW in this section is summarized in Table H.5.2e.

Table H.5.2e  Assumed Storage System

m
I Category of Wastes Storage System

Household Waste (Area A) Nylon Sacks or Plastic Bags
Household Waste (Arca B) 7.0m* Container
Commercial Wasie (restaurant) Plastic Bags

Commercial Waste (others) 1.0m® Container

Market Wasie _ 7.0m* Container
Institutional Waste ' 1.0m’ Container

Hospital Waste 1.0m* Container

Street Sweeping Wasle 1.0m?* Container

Park and Green Area Waste 7.0m® Container

Industrial Waste . 1.0m® Container

bb. Required number of containers
The number of containers required is calculated by the following formula;
Qc = Qw x 7/Qd/E/ASG/C (unit)
Qc : Number of containers required (unit)
Qw : Waste collection amount (ton/day)
Qd : Number of working days per week = 6 (day)
E  : Rate of efficiency = 0.8
ASG : Apparent Specific Gravity
'C : Capacity of Container (m’)

Consequently, the number of required containers is as follows:

H - 101



“Table H.5.2f

Required Number of Containers (1.0m”) -

Note: DI - 3 : Districts 1 - 3
D4 - 6 : Districts 4 - 6

i
Type of Container For D1-3 For D4 - 6
-1.0 m* Container 143 215 |
7.0'm® Contairer 187 280

¢.  Collection system

ca. Assumptions

L _____________________

The collection system. assumed in' this section is as follows:

Table H.S.Zg Collection System

' -"':Category of Wastes

Collection vehicie

U Type of Vessel

Household (Area A)
Commercial (Restaurant)

Compacior (15.3m%)

Nylon Sacks or Plastic bags

Commercial (Others)
Institutional

Hospital

Street Sweeping

Industrial

Compactor (15.3m°)

Public Container (1.0m’)

Houschold (Area B)
Market Waste
Park & Green Area

Hoisi Truck

Public Container (7.0m’)

cb. Estimation of required number of collection vehicles

The required number of - collection vehicles according to the alternatives was
calculated based on the following conditions and procedures:

i Most of the present collection vehicles in the Study Area were donated
in 1993. However, as the Master Plan is for 2010, which is in 17 years
time, the required number of vehicles cannot be calculated based on the
present number of vehicles. | _

ii.  Asdescribed in the previous section, it is assumed that vehicles will be

utilized 297 days/year and operate for 8 hrs/day, with a operation ratio

H - 102




jif.

of 0.9,

“The required time for the collection work differs with the area. Since

the rear loading 15.3m® compaction truck is the most common

collection vehicle for the city of Managua, the work cfficiency of this

iv.

type of vehicle is applied to the estimation of the requlred number of
collection vehicles.

According to the data observed by the truck scalc at the Acahualinca

-disposal site from July 11th to 16th, 1994, the average collection

amount of a 15m® compactor was 5.86 tons/trip.
The collection work consists of the following works:

- collection

—  haulage

- dumping

- miscellancous

- The required time for collection work differs with the method. The

collection system, i.e. compactor (15.3m%, compactor (15.3m%) +

container and hoist truck + container (7.0m’) will be established by

_ 2_010. Therefore, the time share of each operation was summarized in

Table H.5.2.2f based on the Time and Motion (T&M) Survey conduct—
ed from May 16th to 21st, 1994.

' Table H.5.2h Tlmc sharc of Each Collection Work Observed by the

Time& Motion Survey

Cotlection System Compacior (15.3m”) Compactor(15.3m") § Hoist Truck + Container
. + Container (1.0m") {7m%)
Collection 140 (62%) 70 (45%) 10 (14%)
Hamlage - 40 (18%) 40 (26%) 40 (55%)
Dumping _ 15 (%) 15 (10%) 15 (20%)
Miscetlancous 30 (13%) 30 (19%) 8 (11%)
Total 225 (100%) 155 (100%) 73 (100%)
L
Bascd on the applied time for one cycle of collection work, the

- required number of collection vehicles was calculated; i.e. the required
“time for ‘collection, haulage and discharge will differ in accordance

with altcmativcs.:

'With the abiové_—rncnt.ioricd_ proccdu_rcs,' the required number of collection vehicles

for each alternative is calculated and tabulated in Table H.5.2.2f.
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Table H.5.2i

Required Number of Collection Vehicles

1 ] a1 ] Az | A3 | oad | oA
Compactor Trucks (153m%) | . 86 18] . 8|  w 95
Compactor Trucks (15.3m’) 6 g F S S | 7
with Container Lifier _ L
Hoist Track ko 124 n| & 95

d. Cost estimate

da. Method
The collection cost in 2010 of each altcmatlvc was csttmatcd in accordance wnth
the follownng methods: '

~ " By 2010, all the cquipment being used at present is assumed to have
" exceeded its economic lifespan and wﬂl have been replaced by this
*‘time. Therefore the dcprccnatlon costs are’ ‘calculated based on the price

- of equlpmcnt rccommendcd in this plan in 1994 and llfe span.

~ At the time of cost estimation _fdr’ the personnel' expenses, the disposi-
tion of the staff for the collection work are assumed as follows,

Collection System Driver- | Work-
. o ers

Compactor 15.3m? ' | 1

[

3

Compactor 15.3m? +C0ntamcr(l Omd) | 2

I Hoist Truck+Container(7.0m® -1 1
- The cost of fi:_cl and lubricant for the collection works is calculated

according to the running distance obtained in the Time and Motion
Survey. '

Collection system

Running Dist_ahce (km)

12
16
1 0.86 (hypothetlcal dlstancc)

Compactor 15.3m>
Compactor 15.3m’ + Container (1.0m’)
Hoist Truck + Container (7.0m*)
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H.52.3

0 T, . PR

l A-1 A-2 A-3 A4 A-5

Depreciation C$/ton 40781 5116 | 4238 % 4338 45.29

Fuel & Lubricant C$/ton 127 1.27 1.27 1.27 1.27

O&M o C$/ton 224 2962 | 2324 | 2433 20.60
I Total Unit Cost C$/ton 64290 | 8205| 6689 | 69.44 67.16
| Collection Amount ton/day 1,458 ] 1,458 | 1,458 | 1,458 1,458
l Total Cost millcs | 342 47| 356 37.0 35.7

#M

- Based on the market price of diesel etc., the unit cost of fuel and lubricant

is assumed to be 0.82 C$/km.
db. Unit cost

Aoc_:_ord{ing to the above mentioned method, the unit’ collection cost for each
alternative was calculated and tabulated in Table H.5.2j.

Table H.5.2) Unit Collection Cost for Each Alternative

Haulage System

a.  Consideration for Planning

Haulage activities are divided into two categories; primary haulage and secondary
haulage. Primary haulage is the transportation of waste from the collection area
to the final disposal site (direct haulage) or transfer station by the collection
vehicles. Secondary haulage is the transportation of the waste hauled by the
collection vehicle from the transfer station to the final disposal site. A trailer truck
is used to efficiently carry out secondary haulage. Secondary haulage is considered

only for Alternative 5.

aa. - Haulage amount

_The haulage amount for each alternative is shown in Table H.5.2k.

H - 105



- _Tabic_H.S;Zk, ~ Haulage Amount of Each Altemative

- (wait: tou/day)
| A-3 _ '
Al | A2 Niow TS| wim s | A4 | A5
[Primary Haulsge | 1,483 | 1483 593 890 | 1483 1483 |
| Secondary Haulage - AR I - L= J

Waste to be collcctcd for sccondary haulage w:ll be those dlscharged in Districts
4 to 6, arcas furthest from the dlsposal site. ' S

ab. _H_aulage _distance

" The haulage distance of each alternative are shown in Table H.5.2b.

b. 'l’rim'ary- haulage

It is diffi cult to divide coiicction and haulage because the same vehicles arc used
in both works. Thcrcforc fucl and lubricant costs were included in the primary -
haulage cost to examinc cost variation according to the dxstancc from thc collection
arca to the disposal site,

The deprccnanon costs of the equipment and personnel expenses are mcludcd in the
collection costs estimated in the foregoing paragxaph

€. Secondary haulage -
ca. Location of the Transfer Station

The location of the transfer station was cxamined by using a map on a scale of 1
1o 10,000 taking into consideration the nearest point from Districts 4, 5 and 6 to
Santa Ana, the proposed final disposal site, and accessibility. The map states that
the most suitable location for the transfer station is located near the junction
between Ruben Ave. and Pista de la Municipalidad Ave. This place was sclected

temporarily as it is deemed advantageous for the comparison study of alternatives
for the Mastcr Plan,

¢b. Type of transfer station

There are two types of transfer station: the direct re-loading type and the indirect
re-loading type. The latter has a waste compactor. This study adopted the former
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because it is cheaper and easier to operate and maintain due to its simple structure.

cc.  Type of transfer vehicles

A transfer .vehicle should be as big as possible for efficient haulage. Thercfore a
- 70 m® trailer truck was selected for the secondary haulage. This model is the
_ biggest transfer vehicle found in the Central and South American region.

. ¢d. Required number of vehicles

The rei]uired number of v#hiclcs for secondary haulage was estimated as follows:

- Loading capacity -

70 m® x 0.3 ton/m® = 21.0 tons/vehicle

- Time share of transfer cycle

Loading : = 40 min
Hauling. =51 min (16.9 km/one way)
Dumping' : = 20 min

- Miscellancous = 15 min

- Total = 126 min

- Haulage amount per vehicle
21.0 tons/v x 60 min x 8 hi/126 min x 0.9 = 72 tons/day

- Required number of vehicles
890 tons/day x 7 days/ 6 days/72 tons =15

ce. Basic design of transfer station

The facilities for the transfer station are shown in Table H.5.2l taking into
consideration the estimated transfer amount and number of vchicles, etc.. The

- layout plan of the transfer station is shown in Figure H.5.2b.

Table H.5.21 Facilitics of Transfer Station

S e
I Facilities _ Quantities
Required Area : -5,000 m?
Building (inc. Office) 500 m?
Approach Road 50m
Truck Scale 2sets
Refuse Hopper . 4 sets
Crane 1 sets
Container Truck (70mt’) _ _ 15 vehicles
Water Tank Truck 2 vehicles
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d.  Cost Estimate
da. Method

The haulage cost in 2010 of each alternative was estimated in accordance with the

- following methods:

daa. Primary haulage

~  Since the depreciation cost and personnel expenses of primary haulage is
included in the collection cost estimate, they were omitted in this cstimate.
- The cost of fuel and lubricant represent primary haulage.

-~ = 'Hauling velocity is estimated to be the same as the coliection velocity, i.e.

20 km/hr, : -

—  The unit cost of fuel and lubricant was set at 0.82 C$/km.

~  The cost of primary haulage was cstimated by the number of transfer cycles,
hauling distance per cycle and the unit cost of fuel and lubricant.

dab. Secondary haulage

~° The depreciation cost was estimated by dividing the life span of the facilitics
by their price.

-~ Construction cost of the transfer station was estimated by using the quantitics
indicated in Table H.5.21 and the unit cost described in Chapter 2.

- Hauling velocity is taken as 40 km/hr.

= Hauling distance is taken as 16,9 km one way.

db. Haulage cost

According to the method mentioned above, the haulage costs were estimated as
follows:

Table H.5.2m  Haulage Cost

unit: million C$ (C$/tom)

R T

A2 A-3 A-4 A-5
Primary Haulage : 2.56 5.55 2.87 3.39 3.80
_ : (4.81) (10.43) (5.40) (6.37) (7.73)

Secondary Haulage - e 4,13 - -

: : - (12.7)

Total : 256 5,55 - 7.00 3.39 3.80
| @8y (10.43) (13.15) (6.37) (7.73)
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H.52.4 Street Sweeping System

a ‘Consideration for Planning
Street sweeping is carried out .by cach di_strict. According to the institutional
recommendations in-the progress report, this examination was executed under the
premise that strect sweeping is to be carried out by the Public Cleansing Office. '
b, - Objective Waste and Co“ection Amount
- The. objcctwc waste is street sweeping waste and the amount of waste collcctcd by
this service in 2010 was cstlmatcd at 20.4 tons per day.
‘¢ Street Sweeping System .
ca. Sweeping system

The present manual sweeping system is 0 be continued due 1o the following

1easons: ' L . ' ‘

— high unemployment ratio in the Study area. -

- poor road conditions such as relatively narrow streets, lowasphalt and
concrete pavement rate, poor condition of storm water drains and curb
stones, lack of parking areas, etc.

¢b., Storage system
As for the storage system of swept waste, the 1.0 m’ public container is proposed.

cc. Required number of containers

The number of containers required for the storagc of swcpt waste is calculated by
the followmg formula;

Qc = Ow x 7/Qd/E/ASG (unit)

Qc : Number of contain.ers required (unit)
Qw : Waste collection amount (ton/ddy)
Qd  : Number of workmg days per week = 6 (day)
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_ E - :Rafeof efficiency = 0.8
ASG : Apparent Specific Gravity = 0.22

- Consequently, the number of rcquircd'containcrs is estimated as follows:

“Table H5.2n ~ Required Number of Containcrs (1.0m% for Strect Sweeping

Alternalive A-4 A-5

Number of Containers

133 133 134 133 134 I

cd. - Collection system

The proposed collection system for street swept waste is the one using the 15.3m’
compaction truck with the 1.0m® public containers. -

ce. Estimation of required number of collection vehicles

The required number of collection vehicles was calculated based on the conditions

and procedures described in Section H.5.2.2, Collection System. The required
% “number of collection vehicles for street sweeping is calculated and tabulated in

Table H.5.20.

Table H.S.Zo chui'rcd Number of Collection Vehicles for Street Sweeping

I'I‘ype of Vehices -~ | a1 | A2 | A ] A-4 A-S

Lcompscso's Truck 15.3m’ 2 2 2 l 2 2

-;..d. Cost. Estimate
da. Method

The street sweeping service cost in 2010 for cach alternative was estimated in
accordance with the following methods:

- The total strect sweeping service cost in 1994, assuming that the O &
M expense includes depreciation cost of equipment, was calculated
: based on the. 1993 figures.
-~ . The unit cost.of street sweeping service work (C$/ton) was calculated
by‘di_vidihg the total collection _éo_st by the total collection amount of
swept waste obtained from the truck scale.

H- 111



H.5.2.5

Since the present street sweeping service cost includes dcprcciaiion cost
of equipment, which is negligible, the depreciation cost was calculated

~and added based on the price in 1994 and life span of the equipment.
-~ The depreciation cost of collection vehicles includes some spare

vehicles by means of the rate of their operations (0.9).

. The street swccpmg cost obtained by the abovc—mentloncd methods is
~ divided into street sweeping (manual) cost and collection: (by 1.0m?

public contamcr) cost.

- The unit street sweeping cost (manual) is mmply calculated by

subtracting the unit collection cost from thc unit street sweeping service
cost.. ' _

Upon consideration of haulagc distance, work. efficiencies, etc., the
time share of each work item (collection, _haulagc; discharge and

‘miscellancous) for cach alternative was estimated based on the present

time share of collection work by the 15:3m’ compactor. . -
Unit collection cost (C$/ton) for cach alternative was calculated based

on collection time and collection. amount of one cycle.

db. - Street sweeping cost

According to the above mentioned method, the unit street sweeping service cost
for cach alternative was calculated and tabulated in Table H.5.2p.

Table H5.2p Street Sweeping Cost =

Park and Green Area Cleansing System

a, Considemlion for Planning

Costs : Unit | A-1 A=2 A3 | A4 A-~5
Street Sweeping Servicés | C$ton 689.26 -689.26 689.26 | 1 689.26 689.26
mill.C$ 5.03 5.03 © 503 " 5,03 5.03
Collection & Haulage C$/1on 110.74 T 113.36 111.01 111.47 111.83
mill.C$ 0.81 -0.83 - 08 0.81 - 0.82
Total Sirect Sweeping Cs$/ton 800.00 80262 | 800,27 . 80073 801.09°
mill,C$ 5.84 58| 5.84 5.84 5.85

The park and green area cleansing services are carried out by the Beautification

Head Office in the Municipality. * According to the institutional recommendations
the examination was cxecuted under the premise that park and green area cleansing
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is to be carried out by the Public Cleansing Office.

b. . Objective Waste and Collection Amount
The objective wéstc and its amount, i.c. from park and green areas, in 2010 was
estimated at 4.9 tons per day.
¢.  System of Park and Green Area Cleansing
~ca,  Cleansing system

The present manual cleansing system is planned to be continued due to the
following reasons:

-~ high unemployment ratio in the Study arca
—  these areas can only incorporate manual cleaning methods

c¢b. Storage system:

‘As for the storage System, the 7.0 m® public container is proposed.

cc. Reqﬁired number of containers

The number 6f containcfs rcquirt’;t‘;l for the storage of waste is calculated in the
same manner as the street sweeping system The number of required containers is

estimated as follows:

Table H.5.2q Requlrcd Numbcr of Container (7 0m®) for Park and Green Area

. Cleansing
Aliernative A-1t0 A-5 - -I
Number of Containers o 10

cd. Collectio_n system :

- The proposcd collection systcm is the one usmg hoist trucks with 7.0m public
containers. :
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ce. * Estimation of required 'nul_nber of collection vehicles

The required number of collection vchiclés was calculated based on the conditions

and procedures described-in Section H.5.2.2, Collection System. The required
number of collection vehicles for park and green area clcansmg is calculated and
“tabulated in Tablc H.S 2r. - : : :

Table H.5.2r | chui'rcd Number of Collection Vehicles for Park and Green
: ' Area Cleansing

I Type of Vehicles

Hoist Truck

d.  Cost Estimate

da. _Methoﬂ

* The service cost of park and green area cleansing in 2010 for each alternative was
estimated in accordance with the following methods:

'~ . The total service cost in 1994, aSsuming_ that the O & M cxpeﬁse
includes depreciation cost of cqﬁipmcnt, was estimated as 20% of the
total expenses of the Beautification Head Office in 1993. -

- The unit cost of park and green area cleansing service work (C$/ton)
was calculated by dividing the total collection cost by the total
collection amount of swept waste obtained from the truck scale,

- Since the present service cost includes depreciation cost of equipment
which is almost negligible, the depreciation cost was calculated and
added based on the price in 1994 and life span of equipment. The
depreciation cost of collection vehicles inciudes some sparc vehicles by
means of their operation rate (0.9). ‘

~  The park and green arca cleansing cost obtained by the above—
mentioned methods is divided into clcansmg (manual) cost and
collection (by 7.0m* public contamcr) cost. ' :

~  The unit cleansing service cost (manual) is simply calculated by
subtracting the unit collection cost from the unit service cost.

~  Upon consideration of haulage distance, work efficiencics, ctc., the
time share of each work item (collection, haulage, discharge and
miscellaneous) for cach alternative was estimated based on the present
time share of collection work by the hoist truck and 7m? container.

-~ Unit collection cost (C$/ton) for cach alternative was calculated based
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