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Chapter 8 The Landfilling Process

8.1 General

Factors that shall be-considered in the operation or process of landfilling works are such’
as the methods and order of landfilling, control of landfill slopes, applicatiori of cover soils

Landfilling process includes the whole series of activities from the delivery of solid wastes into the
landfill sites, spreading, mixing, applying final cover soil and all other works related to landfiiling
activities. A summary of the landfilling process is shown in Figure 11-36 below.
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Figure I1-36 Composition of Landfilling Process

Natural conditions such as the surrounding environment, geography of the landfill site, weather, the
type and amount of solid wastes disposed per day, financial and technical aspects etc. are factors that
shall be considered in the design and planning of appropriate landfilling process.

The relationships between the landfilling process and the objectives to be achieved at landfill sites
are shown in Table 11-24 below.

When the landfill disposal efficiency is to be given priority, landfill lifespan, ability to compact solid
wastes, the thickness of the landfilled waste, thickness of the cover soil etc. shall be given due

consideration.

In the case when stabilization of the landfilled wastes is to be given priority, the landfilling method,
selection of cover soil materials and compaction methods as well as the solid waste composition

shall be considered.

On the other hand, when leachate and gas quality or quantity is important, the order of landfiiling,
cover soil and maintenance facilities shall be given priority. In the particular case when liner facility
is used, special care shall be taken so that the liner sheets are not being damaged during landfiilling ~
works such as spreading or compacting the solid wastes.
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Table II-24 Relationships between Landfilling Process and the Objectives
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8.2 Methods of Landfilling

The solid wastes shall be landfilled following the most:a
' ' s0 as to stabilize the fandfill foundation and to

There are several kinds of landfilling methods as well as cell construction methods etc. The most
suitable method needs to be selected depending on the location and topographic conditions of the
landfill site, daily landfilled waste volume as well as the daily soil cover so as to improve
stabilization of the landfill site, create a physically strong foundation, improve the usability of the
completed landfill site, etc.

At the same time, proper landfill equipment must be used to sufficiently compact the landfilled
wastes. To improve the potential usage of the completed landfill site, separate landfill methods shall
also be used when necessary. Data on the amount and type of landfilled solid waste, their changes
with time must also be noted for future reference or for maintenance of the landfill site.
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(1}

Landfilling Method

a) Area Method

Area method is used when the terrain is unsuitable for the excavation of trenches. Earth
dike with a height of 2-3m as one lift is first constructed to get the support for compaction.
The wastes are unloaded at the toe of the earth dike and then be spread and compacted on
the slope of the dike in a series of layers that vary from 30 to 60cm in depth. The
recommended slope of these layers is 1:3. The width of the working face (see Figure
I1-37) shall be as narrow as possible to confine the wastes to the smallest possible area but
at the same time it shall be wide enough to give necessary movement space for bulldozers.

At the end of e¢ach day's operation, a 15 to 30cm layer of cover soil shall be placed. This
completed filled area for one day including the cover soil is called a cell. However, in the
case of large landfill sites with the amount of solid wastes more than 200 tons per day, two
or more cells shall be constructed each day.

The wastes shall be unloaded at the top of the last cell, spread and compacted using the
slope of that cell as the support for compaction. When all the areas are converted by one
layer of cells it is called a lift, One more lift can be constructed on the top of the preceding
lift as long as it does not surpass the designed final topography of the areas. If a small
amount of usable cover soil is available from the landfill site, a combination of ramp
method and area method can be used as shown in Figure II-38. In this method solid
wastes are placed and compacted as described for the area method and partially or wholly
covered with earth scrapped from the bottom of the ramp.
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Figure II-37 Areca Method
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Figure II-38 Progressive Slope or Ramp Method

b)  Trench Method

This method is suitable for arcas where the water table is not near the surface and terrain
can be excavated for landfilling. The excavation of trenches gives on-site cover soil as
well as support for compaction. Solid wastes are placed in trenches varying from 30 to
120m in length, 1 to 2m in depth and 5 to 8m in width. To start the process, a portion of
the trench is dug and the earth is stockpiled to form an embankment behind the first trench.
Wastes are then placed in the trench, spread and compacted into thin layers of 30 to 60cm
with the slope of 1:3. Cover soils shall also be placed at the end of each day's operation.
Cover soils can be obtained by excavating an adjacent trench or continuing the trench that
is being filled. Figure H-39 shows the details of the trench method.
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Figure I1-39 Trench Method
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¢ Depression Method

This method is applied in areas where natural or artificial depressions exist. Canyons,
ravines, dry borrow pits and quarries have been used for this landfilling method. Example
of landfilling in a canyon or a ravine by using depression method is shown in Figure

11-40.
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Figure II-40 Depression Method

Cell Construction

a) Sandwich Method

This method is shown in Figure 1X-41 where the solid wastes are laid horizontally with
cover soil layers placed over each solid waste layer. This method is commonly used to

landfill at narrow valleys.

Daily Cover

Figure 11-41 Sandwich Method

b) Cell Method

This method as shown in Figure I1-42, has a cell of solid wastes covered with a layer of
cover soils. The size of each cell is determined by the volume of solid wastes disposed per
day. Since each cell is an independent landfill area, each cell acts as a fire breaker. It also
prevents the solid wastes from being scattered, emission of bad odours and harmful

vectors from breeding.
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Cell for 1 Day’s Waste

Daily Cover

Figure I1-42 Cell Method

c¢) Dumping Method

This method as shown in Figure II-43, dumps the solid wastes directly into the landfill
site. Since the solid wastes are not compacted, the foundation of the landfill site will be
physically weak, the solid wastes will be scattered and emissions of bad odour and
harmful vectors occurred. This method is not recommended for hygienic and systematic
landfilling.

Figure 1I-43 Dumping Method

(3) Order of Landfilling

In mountains or valleys, there are generally 2 orders of landfilling process as depicted in
Figure II-44, namely:
¢ Landfilling from upstream to downstream

¢ Landfilling from downstream to upstream

In the first method, easy access to the landfill site through the exiting landfilled area is
possible. The rainwater absorbed into the landfilled layers during the early stages of
landfilling would have time to seep out. In addition, it would be difficult to discharge the
rainwater from the unfilled areas. Collapse of the landfilled layer due to rainwater on the
liners at the bottom of the landfill site may happen. Sometimes the liners may even be
damaged.

On the other hand, the second method of landfilling from downstream to upstream does
not face the problems abovementioned in the first method. Therefore, when considering
the order of landfilling, the geography of the area, the rainfall patterns, solid waste volume,
leachate treatment methods as well as rainwater treatment methods shall be considered
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thoroughly.
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Figure [I-44 Order of Landfilling (Concept)

(4) Spreading/Compaction
Methods of spreading and compaction shall be determined by considering the waste

compositions, landfilling methods. landfilling order, machinery used etc.

The methods of spreading and compacting are depicted in Figure II-45 where the solid
wastes dumped from the collection vehicles are "Push Down" or "Push Up" a slope by
bulldozers. Another method of "Mounting Up" is shown in Figure I1-46.

Push Down Method Push Up Method

solid waste
on toe of slope

Cover Materials ;\

e
..’)--i\}}
S .1‘-";‘1-;-\"¢t‘ y

(approximately 2 feet)

Figure 1I-46 Mounting Up Method
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In the case of pushing the solid waste down the slope, it is difficult to spread the solid
wastes into a uniform thickness because the bottom parts of the slope will usually be
thicker. Mixing and compaction are alse difficult. On the other hand, making uniform
landfill layers will be easier when using a pushed up method. Spreading and compaction
are also easier.

Therefore, in order to achieve faster stabilization of the landfilled waste, the push-up

method is recommended. However, factors such as the solid wastes compositions, method

and order of landfilling, equipment used and Jand conditions shall be given consideration

together with the following aspects:

» The spreading shall not be too thick. Normal thickness of 30 to 50 e¢m by using
compaction machines will be sufficient.

s The landfill layers shall be made as uniform as possible and when necessary, the solid
wastes can be pushed up a slope when spreading and compacting the solid waste. A
slope gradient of 3:1 (about 20 degrees) is recommended.

¢ The thickness of each layer shall be determined after considerations given to the
compositions and types of waste, the post closure land use etc. However, each layer
shall be less than 3m thick. If the site is planned to be used as early as possible after
landfill completion, then the thickness of layers shall be about 2m.

The compaction and spreading methods are shown in Figure II-47 and Figuare I1-48.
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Figure 11-47 Spreading/Compaction Method
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Figure I1-48 Pushing Up and Compacting the Wastes Simultaneously
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8.3 Section Landflllmg

When the scale of a Iandf If: S|te is Iarge and 1andf Ilmg duratlon is expected for a relatlvely
long time, it is en: deswable to plan the section landfi Iling and mstall sectlon dyke or
embankment if necessary T C '

(1) Basic Concepts

In many cases, a landfill site takes about 15 years or more for the entire landfilling process.
In order to achieve reduction of leachate, to ensure easiness for operation and maintenance
as well as to achieve early stabilization of landfill site, stepwise approach such as section

landfilling is necessary.

Stepwise approach of landfill site management and planning such as section landfilling
varies widely depending on topography and size of the landfill sites.

When the scale of sanitary landfill is large and landfilling process continues for a long
period, it is desirable to plan for section landfilling with installation of section dyke or
embankment if necessary, in order to achieve leachate volume reduction, early
stabilization of landfill, prevention of deterioration of liner facility, as well as reduction of
overall operation and maintenance cost of landfilling. It also ensure easy operation and
maintenance of the landfill site such as easy control of leachate quantity and quality by
dividing the landfill site into sections according to completed landfilled section, on-going
landfiiling section and non-landfilled section.

Feasibility of implementation section landfilling is determined by taking into
consideration the following matters: topographical conditions of the landfill sites; landfill
planning, capacity of leachate treatment facility, and cost implication of landfill space
reduction caused by installation of section dyke etc.

(2) Section Dyke/Embankment

Section dyke or embankment for section land{illing is an important and useful structure,
which has several functions such as 1) separating stormwater dropped onto non-landfilled
section from leachate and preventing stormwater from flowing into on-going landfilling
section, 2) storing leachate temporarily at non-landfilled section at emergency time such as
during extraordinary rainfall. Besides, it also increases the leachate quality and reduces the
leachate volume generation by implementing the landfilling work in proper order.

In other words, section dyke is used as temporary solid waste retaining facility. The dyke
shall be strong enough to control the slope pressures and impermeable which prevents
stormwater from entering or leachate from flowing out of the landfill sites. In most of the
cases, earth dam can be used as section dyke.

(3) Separate landfilling

The landfilling practice where the mixed solid wastes are divided into several categories
according to types of material and each category is landfilled separately at different
sections is called separate landfilling.
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In order to achieve early stabilization of landfill sites and from the view point of
environmental conservation such as the promotion of recycling, it is desirable to
implement separate landfilling system at all the general landfill sites if possible, which will
ensure easy operation and maintenance of the on-going and post closure of landfill sites.
However, separate landfilling system requires extensive role played by the society where a
recycled-oriented society is compulsory.

8.4 Working Face

Durmg the Iandﬁllmg process the worklng face shaii be clearty demarcated and the area

of workmg face sha!l be malntamed as smali as possmle

Securing a good working face is of utmost importance for landfilling works. By maintaining a
clearly defined working face and restricting the working area to the smallest possible, it will be able
to eliminate the problems of blowing papers, achieve better conirol of scavengers, and increase
the efficiency in the application of cover soil and waste compaction. The maintenance of the smallest
possible working face is a highly effective measure to reduce the leachate generation,

Based on the survey data on the present situations of landfill sites in Malaysia, the relationships
between the daily landfilled wastes, size of working face and equipment required can be summarized
as in Table II-25 below.

Table I1-25 Average Working Face Required for Landfill Sites

Daily wastes V°]1‘f‘;1;3(/’:‘) Width Height Length Equipment

t (0.5tm’) (m) (m) (m)

10 20 6 1 1
20 40 6 1 7 1
50 100 6 1.5 1 1
100 200 10 1.5 20 2
150 300 10 15 20 2
200 400 15 1.3 20 2
300 600 20 15 20 3

Generally, the landfilling works shall be performed in such a way to make thin layers of wastes
spread over a wide area during the dry season, and thick layers of wastes dumped on smali area
during the rainy season. This way of landfilling will ensure lesser leachate generation volume and

requiring less excavation work to be carried out.

8.5 Construction of Landfill Slopes

The grad:ent of 'slopes at'the la | be d tal ing __in_'_to' coneideﬁati'pn
the safety facfors and workability of-the slopes for landfi ilmg precess ;- PR
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{1) Construction of Slopes by Landfilling

The size and gradient of landfill slopes are depending on the geography and soil
characteristic of the landfill site areas as well as the quantity of solid wastes to be
landfilled. When the quantity of wastes for landfilling is abundant, the slopes built will be
generally large in size and steep in gradient. When a slope is not properly made, it may
collapse or eroded by rainwater. Therefore, the following factors shall always be
considered when constructing a landfill slope:

e  As far as possible, the slopes shall be small in scale with gentle gradient.

s  The slopes shall be free from the effects of retaining facility, thus the retaining facility
shall be positioned at the bottom of the slopes.

e  Proper protective measures shall be taken to prevent erosion of the slope surface by

rainwater, etc.

o The slope gradient and appearance shall be in harmony with the surrounding
environment.

When determining the gradient of a slope made by landfilled wastes, the abovementioned
factors shall be considered seriously. The “slip circle” method is usually used to calculate
the safety of the slopes. This method is strongly governed by the solid wastes dynamics,
solid waste types, mixing of landfilled layers, thickness of each landfilled layer, the water
contents in the landfilled layers, the number of years after landfilling, etc.

{2) Types of Landfill Slope

Figure I1-49 (1) shows an example which uses only solid wastes as landfill slope, while
Figure II-49 (2) shows an example of earth mounts above the landfilled layers.

In case (1), the landfill operation creates the slopes itself. This method is easy but
compaction would be difficult. It is also difficult to complete the slope by laying the final
cover soil because it takes longer time to achieve the final planned height.

In case (2) where the embankments are mounted onto the landfilled layer, the slopes can
be sufficiently compacted and the wastes can be easily spread and compacted. This kind of
embankments structure has a very strong foundation which will not cause settlement.
Therefore, the landfill slopes shall be made by earth mounts over the landfilled layers.

Embankment for
Mounting Up \

£ :-- \ Landfilled
ral oy waste

- e . 1 A N
Retaining& Retaining l

Structure (1) Structure @)

Cover SOiIW

Landfilled
waste

Figure II-49 Types of Landfill Slopes
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(3) Construction of Landfill Slope by Earth Bund

a) Structure of Earth Bund

The earth bund is the final soil cover on a landfill slope. It is better that the bund be piled
progressively depending on the availability of landfilled waste and the height of each bund
shall be about 2 to 3m high.

In mounting method, a beam of more than Im long shall be constructed at each level. In
the case of large scale bunds, certain horizontal distance shall be allowed at the middle of
the slopes when necessary. In order to prevent crumbling of the bunds as well as to prevent
the retaining facility from being overloaded, the originally planned landfill structure or
position of the earth bunds shall be strictly followed.

Figure JI-50 shows an example of the structure of a slope.

Cover Soil
I/
LA (

| 7 7

oF S
5
l v Earth Bund \\ \
N
Earth Bund \_-V/L Drain or Retention Diich

Figure JI-50 Example of the Structure of Slopes and Earth Bunds

b) Stability of Landfill Slope

A landfill slope is usually built on a landfilled waste layer and therefore, the stability of a
slope will greatly depend on the stability of the landfilled wastes.

When determining the gradient of a slope, the overall stability of the slope together with
the landfilled waste layers shall be taken into consideration, In stability calculations of a
slope, potential structures and positions of the slope shall be assumed. The minimum value
for the stable coefficient will give a stable slope. The forces that move the slope include
the weight of the slope itself. In addition, the water pressures in between shall also be
considered in order to reduce the shear resistance.

Stability calculations are usually performed by applying the “circular slip plane" method.
Safety coefficient is represented by the ratio between shear resistance and shear force. In
most cases, it will also be necessary to use the “multiple circular area slip plane” method
or the “multiple slip plane” method where straight lines are used for the calculations.
When calculating the stability of a landfill slope, it shall be done over a large area
especially when the slope is made by piling of small mounts. Although the safety of a
slope is also depending on the surrounding environment, the safety coefficient shall
always be above 1.2.

¢) Rainwater Collection & Drainage of Landfill Slope

A slope will be easily eroded by rainwater. It also crumbles easily and therefore, proper
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rainwater collection and drainage facility shall be provided. The slope shall be able to
collect and drain the rainwater on the slope in order to lessen the load of leachate entering
the treatment facility.

If the rainwater has secped into the landfilled waste layers and then seeped out again, the
rainwater shall be collected as leachate. The stability and appearance of the slope will then
be poor. Crushed stones can also be laid within the inner parts of the siopes so as to
establish a water draining layer,

The water drainage gradient may change due to sinking of the landfilled waste layer. After
the landfilled waste layers have stabilized, side culvert made of concrete may then be used.
Drainage culvert shall be as wide as possible to accommodate quick flow or sedimentation

of earth and sands.
(4) Appearance of Landfill Slopes

a) General

The landfill slope shall be safe. But it is also important that the shape of the slope matches
with the surrounding environment.
b) Measures to Beautify Slopes

Exposed sand and earth on a slope will not only spoil the appearance but also causes

erosion due to strong winds and rainfall.

The following are some measures for prevention:
s Slope protection by structures around the slope

* Planting of trees and bushes
» Seed Planting
The third method of seed planting is a popular method. When applying this method, the

following technical aspects shall be considered:
e  Structure of slope (gradient, length, etc.)

* Quality of soil {(hardness, fertility of earth, etc.)
e  Weather conditions (temperature, rainfall, wind strength)
e Local conditions (saline pollution, locations, humidity, etc.)

e Workability

8.6 Cover Soil

Cover soil at the landfill site plays important roles in sanitation, fire prevention, reduction
of jeachate volume, odour and vermin control etc. '
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(4)) General

In general, it is necessary to carry out the landfilling process in consideration of the

following aspects related to cover soil:

* As far as possible, the landfilled waste shall never be exposed. It shall be covered as
soon as possible with cover soil.

e Cover soil shall be laid at specified areas {0 prevent gas dispersion, fire and also for
movement of collection vehicles, when necessary.

e A final cover soil shall be laid on the top layer of the landfill site. In this case, the
thickness of the final cover soil depends on the proposed usage of the completed
landfill site.

¢+ The cover so0il shall cover the landfilled wastes properly, sufficiently spread and
compacted with proper thickness and gradients.

(2) Functions of Cover Soil

The cover soil prevents bad odour from dispersing, reduces the littering and flowing out of
wastes, eliminates the breeding of vectors etc. It also acts as a fire breaker to prevent fire
from spreading. It also provides good appearance for the landfilling areas as a mean of
protecting the environment. In addition, it also ensures easier spreading and compaction
works, prevents rainwater from seeping into the inner layers of the landfill site etc.
However, when a large amount of cover soil is used, the capacity of landfill becomes
lesser and it also reduces the permeability of the landfill site and subsequently reduces the
waste decomposition rate. Therefore, the thickness and type of cover soil shall be properly
selected.

The availability of cover materials depends on the location of the landfill site and the

financial capability of the operator. If new cover soil material is not available, old

landfilled wastes buried for about 3 to 6 months can be utilized effectively as cover soil.
(3) Categories of Cover Soil

Depending on the purpose, cover soil can be classified into daily, intermediate and final
cover soil.

~ a) Daily Cover Seil

When a landfill layer has reached its specified thickness or when one day's portion of the
landfilling works is completed, a daily cover soil is laid to prevent:
e littering of wastes

* bad odour from spreading

¢ harmful vectors like flies from breeding.

b) Intermediate Cover Seil

Intermediate cover soil is laid as the landfill works progress. The function is more on
providing foundation for roads for the collection vehicles as well as draining the rainwater
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away from the landfill sites which are to be left for considerably long period.

¢) Final Cover Sail

When all the overall landfilling works have completed in a landfill site, final cover soil is
laid on the top of the landfilled waste layers. The types and thickness of final cover soil
depends on the planned usage of the completed landfill site.

(4) Selection of Cover Soil

In general, cover soil is classified into grainy type and clayish type. The permeability of
the cover soil is different based on different types of soil used (See Figure I1-51 and Table
1I-26).

In most cases, earth is used as it is easily available. Extremely acidic or alkaline soil type,
or which contains harmfui substances or anything that deteriorates the leachate quality
shall be avoided. Earth which contains substances which are harmful to plants shall also be
avoided. The different types of soil are listed as follows:

a) Daily Cover Soil

As far as possible, permeable and porous sand types shall be used to ensure easy spreading
and compaction of the solid wastes, stabilize the landfill waste layers as well as not
hindering the waste decomposition process. Porous cover soil is not suitable for preventing
bad odours from dispersing. Therefore, when such types of soil are used, the cover layers
shall be made as thin as possible so as to prevent the soil from becoming anaerobic.

b) Intermediate Cover Soil

Clayey soil is suitable to prevent gases from dispersing or rainwater from seeping into the
waste layers. However, if the area is to be used as a foundation for roads, then crusher
stones are recommended as cover materials,

) Final Cover Seil

The final cover soil shall be resistant to corrosion by rainwater, low permeability and

suitable for plants.
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cr 71T 1 1T 17T 7T°F 1T 1T T7T7T1 17T TT7TT]1
USDA GRAVEL SAND SILT CLAY
Very Coarse Med Fine Very
Coarse Fine
USCS GRAVEL SAND SILT OR CLAY
Coarse Fine Coarse Medium Fine
8 T I I O I A O I 11 | 41 11 |
100 50 10 2 1 0.5 0.42
010074 005 002 0.01 0005 00002 ©.001

Figure I1-51 Textural Classification Chart (U.S. Department of Agriculture) and

Comparison of Particle Size Wastes
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Table 1I-26 Unifted Soil Classification System And Characteristics
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(8)

(6)

Selection of Thickness of Cover Soil

The thickness of the cover soil is determined depending on the purpose, solid waste
compositions, environmental conservation etc. Generally, the thickness is recommended as
follows:

a} Daily Cover Soil

¢ When the solid wastes are mainiy combustible and large in size: 30 ~ 50 cm
s  Crushed wastes and ash: 15~ 20 cm

¢ When uncrushed wastes are used: 45 cm

e When crushed waste are used: 20 cm

s When impermeable soil such as silt or clay is used, the cover soil shall be as thin as
possible

b) Intermediate Cover Soil
*  When the cover soil is to be exposed for a fairly long time: about 50 cm

c) Final Cover Soil
e For planting of grass or low plants and bushes: more than 50 cm

» For planting of medium height to tall trees: more than 1 m

Applying Cover Soil and Maintenance

The cover soil shall be uniformly spread and compacted by using appropriate type of
landfill equipment depending on the thickness of the cover soil, the area and quality.

In particular, it takes some time before the final cover soil on a slope to be stabilized.
Therefore, care shall be taken to prevent the final soil from being eroded by rainwater. One
measure is to make the slope in the gradient of 20 ~ 30 degrees while on the plain areas, a
gradient of about 2 ~ 3% is reasonable.

The surface of the final cover soil may sink, crack or forming potholes. This will result in

increase in leachate volume, gas leakage, erosion, landslides, fire etc. Therefore,

maintenance shall b done by taking into consideration the following aspects:

+ The site settles deeper when combustible wastes are landfilled and shallower when
incombustible wastes (e.g. construction debris) are landfilied.

¢ The deeper the landfill waste layers are, the deeper the site settlement is.

e The settlement process continues for several years.

s Settlement rate ranges from a few percent to 30% of the landfill thickness.

In particular, when the surface of the landfill site depresses or cracks, rainwater will seep
into the inner waste layers and gas will be released from the landfilled waste layers.

Therefore, the surface of the final cover soil shall always be inspected, maintained and
repaired. The appropriate cover soil thickness for various sizes of working face is given in
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Table 11-27,
Table II-27 Average Requirements of Cover Soil in Completed Cells
. 3 . : 3
et [ ety | e vt i [ vengn [
@®) (0.8¢m’) (30%) (m) m) | hickness [cm]
10 12.5 16.2 6 1 3 4[22]
20 25.0 325 6 1 6 8 [22]
50 62.5 01 .2 6 2 7 15 [35]
100 125.0 163.5 10 2.5 7 30[42]
150 187.5 243.7 10 3 0 40 [50]
200 250.0 325.0 15 3 0 60 [50]
300 375.0 407.5 20 3 9 90 [50]

8.7 Landfill Equlpment

Landfll eqmpment reqmred for Iandf Ilmg process mcludes the machines used for
spreading, pompactmg excavatmg or dlggmg purposes. The type, size and amount of
equment requnred is dependmg on the S|ze of the [andf' Il S|te method of operations etc

(1) Selection of Landfill Equipment

Landfill equipment shall be selected based on the size of the landfill site, landfilling
method, solid waste composition etc. Generally, landfill equipment can be classified
according to their functions into the following:

Type A : equipment used to spread and compact landfilled waste layers
Type B :  digging equipment, cover soil spreading equipment
Type C  : other equipment required for landfill operations

Tractors such as crawler tractors and wheel tractors are usually used in Types A and B. The
crawler tractor is called a bulldozer or tractor shovel depending on the type of arm
attached to the crawler tractor such as buckets or blades for different purposes. Table II-28
shows some of the equipment and their suitability to be used for different landfilling
process. Landfill blades are commonly used for spreading and compaction of solid wastes.
Landfill compactor is also required for landfill sites with bulky or construction debris.
Although landfill compactor can crush and compact very well, this equipment is not

effective on soft Iayers.

Therefore, different equipment has different characteristics and type of equipment used
has to be properly selected according to its usage. Besides, Type C equipment such as
watering trucks, disinfecting trucks, fire fighting trucks etc. are also required especially at

large scale landfill sites.

Most of the equipment used for landfilling process are equipment used for construction
purposes. However, this equipment sometimes breakdown in a manner that is different as
compared to equipment used in construction sites. For example, machines used at landfill
sites are exposed to corrosive gases like hydrogen sulphide or ammonium salts which may
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cause breakdown of machine parts. It is therefore always advisable that spare equipment or
spare parts shall be made avaiiable in good condition at all time.

Table II-28 Comparison of Equipment for Landfilling Works

[ Waste Cover Soil =
b
Machine = = g g
R w8 g on| 2 — -'3 15ty
Capacity el 5|21 5| 8 y 3 Characteristics
SIE|E1E| &8 2| 3
S|8|&|&id|=| @
Best for spreading. Suitable for compaction.
Weigh 3.5~401t . Can also work on soft ground. Power
Crawler Dozer Big |Inland . . . .
Speed 0~14km/h ||+ ] | - nobility, Compaction effect is best achieved
(Bulldozer) ) Small |Sea .
Plate 0.5~10 m on hard ground foundation, Most commonly
used piece of equipment.
Bucket Capacity , Suitable for excavation. Suitability for
Crawler Dozer 5 Big . . .
(Tractor Shovel) 02~4m 4 [ [ - Small Inland|spreading / compaction work is [ower than
ractor Shovel mal
Speed 0~14km/h bulldozer.
Weigh 5~6.2t

Big |Inland|Best for spreading. Compaction effect is

Wheel Speed 0~ [ ] -
cel Dozer  |Speed 0-35kmh Small [Sea {lower than bulldozer. High mobility.

Plate : About 1 m*

Bucket Capaci . . -
a;; 1y Big [Infand[Not suitabie for compaction. High nobility.
Wheel Loader 0.2-9m |+ |+ [+ + | - . i
Small jSea |Mainly used for packing
Speed 0~10km/h
Weigh 8~
cigh 8-251 Suitable for moving long distance and
Speed 0~12km/h ) Inland . .
Scrapper Dozer i -] - |+ || | - |Big removing a lot of sand or earth. Not suitable
Bowl Capacity Sea
s for garbage
4~6m
Capacity Inland Most suitable for moving large volume of
(Self-motored) 10~34 m? - | - [+ - 1+ |Big 5 sand but not suitable for working on landfill
ea
Speed 60km/h site.
Bucket Capacity
P 1 Inland
ower Shove 0.2~9 m’ A Big PN Best for excavation work. Use to transport
Bucket Capacity Small cover soil from nearby borrow pit.
Drag Line s Sea
0.7-12m
) . Effective in contacting and crushing stones.
Compact Weight LR R ++ |+ Big _{inland Effectiveness is lost if ground is not hard
PECIOT | Height of Teeth ) Small {Sea & :

Normally used to landfill uncrushed waste.

Note: +++ Most Suitable, ++ Good, -+ Can be used but not good, - Not Suitable

(2) Number of Equipment Required

The number of equipment required. in a landfill site depends on the following:
¢ The daily amount of solid wastes disposed at the landfill site

o  The amount of solid'waste delivered at peak times
e  Size of the sanitary landfill system

« Efficiency of the landfill equipment

s Number of operation hours per day

e Maintenance and repair measures

¢ Financial availability
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Table I1-29 shows the average equipment requirement for a sanitary landfill system.

Table II-29 Average Equipment Requirements for a Sanitary Landfill

Daily wastes

Equipment

arader, water truck

{tons) Number Type Size, Ib Accessory
Tractor, crawler or Dozer blade
4-40 1 . 10,000-30,000 |Front-end loader (1 to 2 yd)
rubber-tired
Trash blade
Dozer blade
| Tractor, _crawler or 30,000-60,000 Front-end loader (2 to 4 yd)
40-130 rubber-tired Bullclam
Trash blade
4 Scraper, dragline, water
truck
Dozer blade
1~2 Tractor, _crawler or 30,000+ Front-end loader {1 to 5 yd)
130-260 rubber-tired Bullclam
Trash blade
4 Scraper, dragline, water
truck
Dozer blade
Tractor, crawler or Front-end loader
2 rubber-tired 43,000+ Bullclam
260+ Trash blade
Scraper, dragline, steel
# wheel compactor, road

Note: # Optional - depending on individual need
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Chapter 9 Landfill Control Facilities

9.1

Types of Control Facilities

To ensure proper: management and operatlon .of santtary iandflll system addltional'
facilities fo control operations and monltonng shall be establlshed such as a 5|te offi ce_
weighbridge and access roads etc. o '

(1

)

Management of Sanitary Landfill System

The entire management of a sanitary landfill system involves proper control of solid waste
quality and quantity, landfill operations, management of landfilled layers, facilities -
included in the sanitary landfill system as well as other facilities as shown in Figure II-32.

—— Landfilled wastes - Record of quality and quantity

\—— Landiill works - Cover materiai, landfill plan, health

Sanitary Landfill Landfill layer - Grasp changes in waste quality,
Control System leachate and gas generation, ground settlement, etc.

L. TFacilities - Mainteénance and repair

L—— Others - Safety first, fire, disaster

Figure I1-52 Checklist of Items to be Controlled at a Landfill Site

Structure of Control Facilities

The control facilities required at a landfill site include the site office to record and control
the quality and volume of incoming wastes, inspection of landfill vehicles used for landfill
operations, petrol storage tanks, places for washing vehicles, monitoring facilities, access
roads etc. as shown in Figure I1-53.

— Incoming vehicles conirol facility

—— Monitoring facilities

Control Facilities —— Site office

—— Access road

b—  QOthers (Garage, Fuel Farm, Vehicle washing facility, etc.)

Figure I1-33 Structure of Control Facilities
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9.2 Waste Inspection and Measurement

Waste’ mspectlon is necessary to monitor and ensure that the wastes dellvered to the
landfill sites are acceptable to be dlSpOSed off at the landfi iI' site. . The quanhty of the
accepted wastes shall be' measured by using a weighbridge to ensure that the Iandf Iled
waste meets the requurement stiputated in the plan where the amount of landf ll waste is
measured and recorded. B o

(N Incoming Wastes Inspection

Solid wastes to be disposed off to the landfill sites shall be checked to ensure smooth
operations as well as to prevent land pollution due to unacceptable harmful substances.
Therefore, the types and qualities of the incoming waste shall be inspected carefully.

Incoming wastes without passing through any intermediate treatment facility are usually
inspected by its physical appearance. A platform or simple structure can be built near the
weighbridge so that the waste loads on the incoming truck can be inspected. When
necessary, the solid wastes can be unloaded for inspection. A space for inspection is thus

necessary.

(2) Weighbridge

Weighbridge is the basic requirement at a landfill site to record the quantity of incoming
wastes to the landfill site. Weighbridge shall be installed at the entrance of the landfill site
to measure and record the incoming wastes. As a general guideline, a landfill site receiving
more than 50 tonnes/day of solid wastes shall have a weighbridge installed.

a) Structures of the Weighbridge

The weighbridge measures the truck loaded with the incoming wastes to the landfill site.
There are three different systems of weighbridge, namely mechanical system, load cell
systems and lever load cell system. The mechanical system has a digital scale (pulse
system). While the load cell and lever load cell systems also have digital scales (electrical
system). The general structure of weighbridge is shown in Figure TI-54.

The load cell weighbridge is more popular as the mechanism is simple (with four
supporting points) and it requires easy maintenance.
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1) Earth Wire

2) . Special Cables to Meter
3) Stopper Plate

4) Basic Frame

5) Concrete Base

Cover for Maintenance Pit

7y  Main Bean

8) Desk

9 Inspection Cover
10} Vibration Damper
11) Load Cell Portion
12) Junction Box

Figure II-54 Structure of Weighbridge

b) Weighbridge Design
The following factors shall be considered before selecting the weighbridge system.
i) Number of Weighbridge to be Installed

The total number of collection vehicles per day, solid waste collection systems and the
maximum number of collection vehicles at peak delivery hours are factors to be
considered before deciding on the number of weighbridge to be installed at a landfill site.
In particular, if the weighbridge is located near the public roads, then the maximum
number of collection vehicles at peak hours shall be considered at intervals of 15 to 20
minutes. When necessary, separate weighbridge can be installed at the entrance and the
exits of the landfill sites in order to measure the loaded and empty trucks respectively.

i) Maximum Weighing Capacity of Weighbridge

The maximum weighing capacity of the weighbridge shall be several times more than the
total weight of the collection vehicle in order to provide excessive room for unusually
heavy collection vehicles.

if) Position of Weighbridge

Weighbridge shall be placed at strategic locations where the vehicles pass through
whenever entering and leaving the landfill sites.

¢} Automatic Weighing System

Automatic weighing systems using computers are becoming more popular. Tables II-29
shows the information processed by the automatic weighing system.

d) Regular Inspection

When a weighbridge is used as a toll gate, regular inspection of the system shall be done to
ensure proper and accurate measurements.
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(3)

(4)

(5)

9.3

Table II-30  Example of Input Information for Automatic Weighing System

Outgoing Vehicle Incoming Vehicle
08 Date (1) Contractor's Name
2) Contractor's Name (2} Vehicle Registration Number
3) Vehicle Registration Wumber 3) Driver's Name
4 Driver's Name “) Waste Type
(5) Waste Type (5) Entry Time
(6) Collection Route (6} Gross Load (kg)
(7) Departure Time (7) Unloaded Weight (kg)
(8) Gross Load (kg) (8) Nett Load (kg)
(9 Unloaded Weight (kg)
(10) Nett Load (kg)

Investigation of Solid Wastes Quality

Besides the inspection to check whether the incoming wastes are acceptable to be disposed
off at the landfill sites, the quality of the wastes shall also be investigated. By knowing the
quality of the wastes, the types of gas generated in the landfill, the leachate quality, the
amount of settlement due to compaction of the landfilled layer etc. can be estimated. This
is also important information for planning of the future usage of the completed landfill site.
Samples of the solid wastes shall be taken for investigation. An unloading place to take the

samples shall be prepared.

Analysis of Control Data

The data collected on the waste volumes as well as the results of the inspection shall be
analysed on a regular basis. Daily, monthly and yearly reports are recommended.

Data Recording/Management

Information on the landfilled waste volumes, quality, locations, time of landfilling, waste
types etc. are all important data which shall be recorded and kept in a systematic way.

Monitoring

"quitoring works need to be carried out periodically on various aspects such as the
landfill waste, leachate, underground water, discharged water, gas generation, bad odour
etc. in order to achieve proper management and control of the sanitary landfill system.

9.3.1

Function of Monitoring

The main function of carrying out monitoring works is to observe and understand the
changes condition of the landfill sites from various aspects such as changes in landfil
‘waste layers, leachate quality, odours and environment impacts etc.
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{1) Monitoring the Landfilled Waste

The landfilled wastes will change with the years. Therefore, it is important that a sampies

at certain specified landfilled layer be collected, analysed and its quality change be

recorded at regular intervals. Monitoring of the waste guality change has to be taken on a-
macro basis because the landfilled waste is not homogenous and thus a typical landfilled

waste sample would be very difficult to be obtained.

The monitoring of landfilled wastes layers shall be carried out during the operation as well
as after landfill completion, particularly on its changes in the solid waste compositions,
settlement rates in the waste layers etc. The data obtained from monitoring of landfilled
waste will be useful for designing future leachate treatment plants as well as planning of
future use after landfill completion.

(2) Monitoring the Leachate and Discharged Water

As part of the management and maintenance of the sanitary landfill system, the quality and
frequency of the discharged water shall be monitored. In the case of leachate, monitoring
shall be done for the water flowing into the leachate treatment facility. The amount of
pollutants and harmful substances in the leachate flowing out of a landfill site shall also be
measured particularly at the discharge point where the treated leachate is released to the
environment. Table II-31 shows example of monitoring items for leachate and discharged

water.
Table II-31 Example of Monitoring Items and Frequency
Frequency at Each Location
Monitoring Items Leachate Discharge Water Pre-treatment Leachate
A B C A B C A B C
Volume 0 o O
Temperature 0O O O
pH 0 0 0
BOD o] O o
COD 0 ' 0 0
Ss 0 O 0
E-Coli
N-Hexane 0 0 0
NH;—N 6] 0] O
T-N O O 0
T-P 0 ) 0 o
Hazardous Ttems 8] i 0
TOC 0 O
Cr 9] o
Other (Fe*" Mn*" etc.)

Frequency A: Daily B:Weekly C: Monthly or Quarterly

Note : Leachate shall be collected from leachate retention pit. If leachate flows directly into the leachate treatment
facility, then the leachate and pre-treatment jeachate are the same.
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{(3) Monitoring of Groundwater

The monitoring of groundwater in areas surrounding the landfill site shall be carried out

for the following reasons:-
» To check the quality of the groundwater to ensure that the liner systems of the landfill

site are functioning well without any leakage.

+ To detect any pollution at earliest possible so that remediation works can be carried
out immediately to prevent the extent of the impacts of pollution on the groundwater
and the surrounding environment.

e Therefore, the groundwater monitoring wells established is crucial in order to
determine the quality and possible usage of the groundwater in the areas around the
landfill sites. The number of wells, positions and depth required are of primary
important and shall be determined carefully.

a) Position and Number of Monitoring Wells

Monitoring wells shall be constructed directly below the subterranean water flow direction
in the landfill sites so that the amount of seepage can be detected before the dispersed into
the groundwater.

In addition, monitoring wells shall also be constructed downstream of the landfill sites
where the dispersion of pollutants has the highest possible and fastest effects. This allows
the comparison of groundwater quality between upstream and downstream. The
monitoring wells shall be as deep as possible but usually a depth that enables the detection
of pollution in the groundwater level will be sufficient. The wells shall be more than
100mm in diameter with a mesh or screen at the water level,

b} Parameters to be Monitored and Frequency

The water quality monitoring by using monitoring wells can be divided into regular and
routine monitoring.
Regular monitoring is carried out for checking seasonal changes in the groundwater

quality. The water quality shall be checked at the same time each year at each monitoring
well. Regular monitoring includes inspections on the land-use in the neighbouring areas.

Routine monitoring requires immediate detection of poliutants and therefore, instruments
such as pH meters or electric conductivity meters to measure changes in the water quality

are required.

Figure II-55 shows an example of the structures of monitoring well.
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Concrete Manhole (With Caver)

Top Cover {(PV{)

Limit of Excavation
T T~ Mortar Injection
§
—————————————— N N=—=——=
Clay —::::S N g
N, T~ Clay (Seating materia)
. o ° o .‘
s el Sand
- o
Jeo o] ’//_—~_
o -
) ° ol
L B Perforated pipe
L] o —
e
Ll - o ‘1
L] o

Bottom Cover (PVC TS Cap)

Figure 1I-55 Example of Monitoring Well Structures

(4) Monitoring of Gas Generation

Monitoring of the gas generated will help to determine the decomposition condition of the
landfilled wastes. Even in a landfill site which contained mainly incombustible waste, the
landfilled waste shall also be monitored since the wastes may include organic substances.

The gas generated can be monitored by using the gas venting facility installed at the
landfili site. The gas generated shall be monitored frequently when active generation of
gas occurs. During stable periods, monitoring frequencies can be reduced. In other words,
a flexible monitoring program shall be planned.

Table I1-32 shows some gas parameters to be monitored at a landfill site.
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Table 1I-32 Monitoring of Gas Generation

Measurement Frequency
Outdoor Temperature o+
Cutdeor Humidity Ea—
Gas Temperature -+
Gas Generation Volume +H+
Methane ++++
;":) Carbon Dioxide o+
g. Carbon Monoxide +H+
(-Uo)) Ammonia +
S Hydrogen Sulphide +
Oxygen ' et
Is there evaporation ? ++++
Notes: +HH Four times a year until the 2nd year of operation
+ : Once a year after the 2nd year of operation
(5) Monitoring of Bad Odours

The monitoring locations and frequency for bad odours shall be planned by taking into
consideration the living environment in the surrounding areas as well as the weather
conditions. Bad odours monitoring is usually done once a day in 3 months at 2 to 3
different places at the landfill site boundaries.

Monitoring parameters shall include the analysis of ammonia, thiorumethane, hydrogen
sulphide, methyl sulphide, triethylamine, aceto aldehyde, styfene and methy! disulfide as
well as tests on their effects on human senses. The selection of monitoring method is
depending on the local conditions, solid waste quality etc.

(6) Monitoring the Surrounding Environment

Other possible impacts on the surrounding environment such as noise, vibrations, animals,
plants and aesthetic etc. shall also be monitored when necessary. The quality of the
surrounding environment shall be monitored during and after landfilling operations so as
to ensure that the environmental impacts of the landfill sites are prevented and minimized.

(7) Monitoring for Future Plans

The data collected and analysed from monitoring will be used to determine future projects
that can be planned on the landfill sites. Therefore, it is important that data on solid waste
compositions, leachate quality, underground water quality, gas generation, bad odours etc.
be regularly monitored and collected.
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9.4 Site Office

The 5|te ofr ice must be able to contro aII treatment facmtles Facmtles I|ke Iocker rooms
rest rooms, showers etc. for workers must also be mstalled when necessary '

{1 Functions of Site Office

Site office shall be the overall control centre that supervises the activities of inspection and
weighing of the incoming wastes, checking of landfilling work progress and conditions,
securing of cover soil materials, installation of section walls, operation, maintenance and
monitoring of leachate treatment facility at the landfill sites, that shall be performed
systematically so as to protect the environment, promote safety of the plant and improve
the cost effectiveness.

The site office shall include at least a management office equipped with utilities such as
water supply and electricity, as well as complete communication systems such as fax,
telephone etc. Depending on the needs, when necessary, other facilities can also be
incorporated with the site office such as test laboratory and analytical room, workers’ rest
room, locker room, showers, canteen, toilets, conference room, etc.

In many cases, the type of facilify required at a site office are depending on the scale of the
landfill sites, the number of employees as well as the management policies etc.

(2) Design of Site Office

Site office can be as simple as only a metal cabin, or as good as a few-storey concrete
building. Some site office at small scale landfill sites are also used as leachate treatment
facility. The site office shall be placed at a convenient location to enable easy control of
the entire landfill operations. Figure II-56 shows an example of a site office, where the
main part of the weighbridge is placed next to the site office which also houses the
measuring system.

In order to prevent the collection vehicles from carrying dirt onto the public roads, a
vehicle washing facility shall be installed at the exit roads. Whenever necessaty, garages,
petrol stations, warehouses, and other maintenance facilities shall also be installed.
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Figure II-56 Design of Site Office
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9.5 Safety Measures

Safety measures are of pnmary |mportant at !andflll sites in order to prevent accldents or
any unwanted mmdents to- happen such as explos:on dump f re, |1Iegai !mplng as well
as human death. ¥ ; ER

Landfill sites shall be fenced off to prevent illegal trespassing. The fencing system is also to prevent
from illegal dumping of unacceptable wastes at the landfiil sites such as hazardous or explosive
wastes. In addition, landfill sites shall have clear notice board that indicates important information of
the landfill sites such as a list of acceptable wastes etc. Descriptions on the notice boards, fencing,
gates and security at landfill sites are discussed in Section 10.4 of this guideline.

Inspection and safety management of landfill sites shall include the confrol of scavengers who enter
the landfill sites illegally. The following dangerous places at a landfill site and the safety measures
shall be considered:
» Dangerous substances such as insecticides etc. shall be kept properly and locked under
aroof.

* Leachate treatment facility and leachate control pond shall be fenced off and locked
properly.

e  Gas venting facility shall be fenced off and a warning signboard shall be placed on the
fence indicating the danger of the vent.

o Landfill equipment must be steered in specified places and when necessary, a buffer
area established.

¢ The sands and soils used for cover materials shall be piled to a safe height.
In addition, any part of the landf{ill sites shall be strictly no smoking at all time and this rule shall be
strictly followed by anyone working or visiting the landfill sites.

Lighting during night time is also important for safety and to prevent illegal dumping. Security
guards shall be stationed at the landfill sites at all time throughout the years.
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Chapter 10 Other Related Facilities

10.1 Composition of Other Related Facilities

A complete sanitary landfill system shall be equipped with other related facilities such as
E'p'rop!e_;r'."access roads, fencing and security system, signboard, fire prevéntion__faciiity, etc.

Other related facilities at a landfill site are necessary for effective management and operation of the
entire sanitary landfill system. Other related facilities at a landfill site shall basically include the
following depending on the size of the landfill site, land conditions, etc.:

Proper access roads designed for effective transportation of wastes or other necessary

materials into the landfill site.
Facilities to prevent littering of wastes at the landfii} site.

Proper fencing system surrounding the landfill site and notice boards with clear
indications at the main entrance or gates for security purposes as well as to prevent
illegal entrance or illegal dumping in the area.

Fire prevention facility for fire fighting and emergency use.

Bunds, walls to prevent rocks, earth etc. from slipping or crumbling down from slopes
due to heavy rain.

Temporary rainwater control ponds to prevent rainwater overflow or flooding.

Other facilities such as noise abatement walls, measures against insects and crows etc. may also be
considered whenever necessary depending on the local characteristics of the landfill site.

Some of these related facilities shall be built during landfill operations while the other can be built
even after completion of landfill if they are use mainly for control and management of a completed
landfill site. Figure II-57 shows an example of related facilities at a landfill site.

Slope Protection Gate / Notice Board

Site Office < Approach Road  Fence

Fire Fighting Facility

Fence to catch blowing paper

Unworked

Section . 2
Landfill Section 5 B T ™ WO =
& S & g 0% =
a 3 2 3 8% z
! 5 g =5 255 5

. a = 2 .,

Landfill Site @ g g g 5
a3

Sanitary Landfil! System

Figure II-57 Layout of Related Facilities at a Landfill Site
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10.2 Access Roads

The access roads for transportahon of wastes cover sons etc. inta the landfill site shall be
proper de3|gned in a way that it does’ not pose any problem in the transportatlon process
- at all time, as well as does not hinder the overall Iandf Ilmg actlvmes :

{1) Characteristics and Types of Access Roads

Generally, the access reads shall have the following characteristics:

(1) Access roads shall be constructed within the landfill site for transporting solid
wastes.

(2)  Access roads shall be built after determining order of landfilling, frequency of
waste delivery, time required for dumping and loading, etc.

(3)  Access roads shall be made smoothly passable to collection vehicles during all type
of weather.

The access roads to the landfill site can be divided into few categories, namely the public
roads, roads leading from the public roads into to the landfill site, and also trunk roads and
branch roads within the landfill sites.

Surveys on the use of existing public roads shall be done so as to determine the existing
road and traffic conditions of the area. The road width and structure etc. shall be
investigated to ensure that it is suitable for the transportation of solid waste. When the
public road is to be used for transporting solid wastes, proper signboards shall be erected
and the junction shall be modified if necessary so that it does not obstruct the free flow of
the existing public roads.

(2) Design of Access Roads within Landfill Site

Although access roads built within a landfill site usually have a short lifespan, it is still
better to consider building roads with a comparatively long lifespan. The access roads for
long lifespan can be used as trunk access roads while those built during the process of
landfilling can be used as branch access roads.

a) Function and Structure of Access Road

It is necessary to ensure that access roads are safe for collection vehicles as well as
acceptable to provide smooth traffic flow especially on rainy days. Therefore, the
following are some of the factors to be considered:

s Road Structure: road width, number of lanes, horizontal and vertical cross section

+ Road paving: Thickness of paving, type (asphalt concrete, cement concrete, gravel
etc.)

+ Other safety measures, road signs, water, drainage facilities, etc.

To ensure proper design and construction of access roads, it is important to know:-
s  The number of vehicles using the road (per day or at peak hours)

e Size of vehicles and their speed
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¢  (Geography of the land

+ Service standards to be maintained,

b) Design Standards
Access roads shall be built to meet the JKR standards. Figure II-58 shows a typical

cross-section of an access road.

6.0m
Gravel
Pavement (T=0.3)
5.0m
i
: !
/ \ 2.0m
L Soil I

Figure I1-58 Access Roads (Typical Cross-section)

¢) Trunk Roads in Landfill Sites

Since trunk access roads may be used for a comparatively long period, the following shall
be considered before designing the roads.

() Estimated Traffic Flows

Collection vehicles are usually concentrated at a certain time of the day, the
traffic volume shall be estimated more than the traffic volume during the peak
hour. When the volume is particularly high or when the trunk access roads are
leading to a public road, then the maximum number of vehicles at 15~30 minute

intervals shall also be considered.

(ii) Number of Lanes
The number of lanes required depends on the traffic volume. When there is only
one lane, the road alignment (curves, gradients, etc.) shall be considered and
when necessary, rest areas shall be provided.

(iii) Road Width

The road width required depends on the road alignment and/or the traffic
volume but it shall be at least 3.5m for the case of one lane road and 6m for 2

lanes roads.

(iv) Vertical Cross-section Gradient

This vertical cross section gradient shall be as low as possibie. Even in valleys
or mourtainous areas which have geographical limitations, access roads shall
have a gradient of less than 7:1.

) Horizontal Cross Section Gradient

The access road shall have a horizontal cross section gradient of at least 3% for
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easy maintenance and able to drain off the rainwater efficiently.
(vi) Paving

Access roads shail be appropriately paved after determining the traffic flow, site
condition, strength of the road surface, etc.

{vii) Safety Measures

Trunk access roads in hilly areas such as cliffs, ete. shall have safety measures
such as guard rails to prevent traffic from being plunged off into the ravines,
When building roads on cut-off or built-up slopes, safety measures and
reinforcements shall also be considered to prevent crumbling due to slopes
failures.

Table TI-33 lists the minimum widths and gradients for access roads.

Table ¥I-33 Design Criteria for Access Roads

. . Waiting Lane
Design Speed | Width | Gradient
Spacing Width Effective Length
30-40 kph 4.0m 4 - 5% Within 300m More than 5.0m More than 20m
20-30 kph 3.0m 5-6% Within 500m More than 5.0m More than 20m
20 kph 2.0m 6—7% Within 500m More than 4.0m More than 10m

d) Temporary Access Road in Landfill Site

Temporary access roads are used for only short period, usually only during the landfilling

process at certain areas. The following factors shall be considered when constructing

temporary access roads:

e Temporary access roads shall be efficiently built to ensure smooth traffic flow and
landfill operations. The traffic flow condition on a rainy day shall be considered.

e  When temporary access roads are built above liner system, their layout, method of
construction, materials used etc. shall be taken into consideration.

e [If necessary, road materials used can be the landfilled wastes or recycled wastes.

e A platform shall be built on the branch access road to improve landfill operations
efficiency.

¢ It is preferable to use crushed stones to prevent slipping on these temporary access
roads and also prevent dust. Proper water drainage system shall also be considered.
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10.3  Littering Prevention Facility

Littering’ prevention facility is installed to prevent littering of solid waste from the landfill
site to the surrounding enwronment espec:aliy by wind blow.. The size, structure etc. shall
be determined dependlng on the weather and geographlcai conditions of the [andfill site.

(1) Concepts of Lettering Prevention

In order to prevent the solid waste from littering or flowing out of the landfill site to the
surrounding areas, cover soils shall be laid as soon as possible during the landfill operation.
Sometimes due to reasons such as insufficient cover soil etc., the solid wastes will be
exposed and not covered. In this case, littering prevention facility shall be installed.
Littering prevention fence shall be about 3 to 4 times the height of the perimeter fencing.
Trees can also be planted surrounding the landfill site as wind breakers to reduce the
littering of solid waste by wind blow during strong wind events.

In the case of ash or dusts which disperses easily, they can be mixed with other wastes or
soils and landfilled immediately. Water can be sprayed to prevent suspended dust but it is
important to ensure not over spraying.

Figure 11-59 show typical designs for installation of fence as littering prevention facility
to catch blowing wastes such as papers and plastic sheets. The fences must be strong
against the wind but from the cost effectiveness point of view, a height of less than 3m will
be sufficient. In landfill sites where there are a lot of trees, the trees may also be used as a

fence for littering prevention.
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Figure II-59 Typical Design for Installation of Fence

10.4 Notice Boards, Fencmg, Gates and Security

fProper gates WIth securlty shall be built at the entrance of the landfill site with clear and
'yapproprlate not:ce boards mdlcatmg the activities, rules and restriction of the landfill site.
Proper- fencmg system shall be installed surroundlng the landfill site to prevent lllegal

:trespassmg

{1) Notice Boards

Notice boards shall be built to clearly indicate the purpose, activities and other information
of the landfill site.
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(2) Gates and Security

Proper gates shall be built at all entrances or exits of the landfill site with security guards
etc. to prevent any illegal trespassing. At the end of a daily operation, the landfill site shall
be closed and locked with 24 hours security.

(3) Fencing System

Proper fencing system surrounding the landfill site shall be installed if necessary
depending on the location of the landfill site. The fence acts to control the landfill site
from any illegal trespassing and illegal dumping. It shall be inspected and maintained
regularly for any damage.

10.5 Fire Prevention Facility

Fire happens at landfill sites is spreading extremely fast because of the generation of methane gas
and also other combustible materials. In order to prevent outbreaks of fire, it is therefore
recommended that gases generated from the waste layers shall be removed by using proper gas vents,
and the wastes shall be covered with soil as soon as possible. By releasing the gas into the
atmosphere, explosions and fire in the waste layers can be avoided.

Once fire happens at landfill sites, it will be extremely difficult to be extinguished. Pouring of water
directly into the gas venting pipes is prohibited, because dangerous subterranean explosion may
occur. Fire extingnishers, water reservoir, sands etc. shall be made available at the landfill at all time.
Bulldozers, water spraying trucks etc. shall also be fully equipped. It would be an advantage if the
cover soil used is fire-proof. Stocks of cover soil shall be made available so that when a fire breaks
out, the cover soils can be used to put off the fire.

Detection of fire at the initial stages is most important in a landfill site so that the fire can be put off
before it becomes a serious dump fire. Therefore, daily routine inspection surrounding the landfill
site is important in order to detect any hot spot or fire.

10.6 Disaster Prevention Fac:|llty

_Dlsaster preventlon facmty; shall .be avallable at all tlme at the [andf Il sites and it is
necessary in order to prevent damages due to unueu |saster such as heavy ralnfail
landshde etc f C -

(1) Flood Control Ponds

The sanitary landfill system shall be equipped with a flood control facility either a control
pond or control trench. When the final or the intermediate surface cover soil is effective in
removing the surface runoff which will then be discharged by the stormwater drainage
facility, the outflow of rainwater from the landfill site will be greater than the expected
discharge volume. Therefore, the flood control facility at the landfill site will be very

Vol 5-1I- 120



The Study on The Safe Closure and Rehabilitation of Landfill Sites in Malaysia
Final Report — Volume 5

important particularly after the landfill is completed. Besides, the flood control facility is
also important when there are uncommon heavy rainfall events.

The planning and design of a flood control facility shall be taking consideration the
geography of the area, soil quality, final use of the completed landfill site, size of the
landfill site, storage facility, etc.

{2) Other Prevention Facilities

During site selection of landfill sites, places with natural disasters such as flood, landslide
or avalanche shall be avoided. If a landfill site is constructed in a location where there is
possibility for natural disaster like landslide to happen, precaution measures shall be taken
such as construction of appropriate disaster prevention facilities.

For exampie, if a landfill site is located at a mountainous area, there is possibility that
overflow of earth and sand or landslide may occur by disastrous rainfall or when cutting
through the surface of a mountain to obtain soil for covering work. In such case, masonry

retaining wall shall be constructed as preventive measures,
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Chapter 11 Capital Costs for Construction of New Landfill Sites

11.1

Basis for Estimation

Thls chapter is lntended to prowde a general understandmg of the vanous costs ltems;
.,lnvo!ved in the provusuon of the related facnltles

Very few !andf It S|tes in. Malay31a have been constructed“'as L_evel 3
fandfills. The costs of construchon may’ differ greaﬂy based
the site, the s_ysteme:to_pe ;nc_:lude

and the surrounding environment.

__Levei '4 'sanltary -
the. pamcuiar _condftfons of

Table II-34 shows the various criteria that will influence the selection of the facilities and the

associated cost.

Table 11-34  Criteria for Selection of the Facilities

Criteria Alternatives Comments
1. Mountain area
Topography 2, Valley area
3. Flatland Assumed for ease of estimation
1. All materials excavated at the site Valley and trench method for landfill
Cover soil 2. Materials imported to the site Mainly flat terrain
3. Fartial import of materials Soil testing to confirm suitability
1. Single unit Small incoming waste amount
2. Two units Large incoming waste amount
Weighbridge 3. 30 ton capacity Direct waste transport
4. 50 ton capacity Waste transport via transfer station
3. Connected to computer system
Site Office 1. 290 areq - Waste amount of 200v/d
2. Increased area as waste increases
Fence Chain link fencing
Bund Partial import of materials o the site Confirm based on soil testing
gtopn water 1 430x £30mm RC U draz:n Confirm based on meteorological data analysis
rans 300 x 300mm RC V drain
HDPE 150mm .
(Gas vents Confirm hased on gas estimates
HDPE 225mm

On-site road

1. Crusher run

2. Asphalt pavement

Suitable for small scale landfills

Leachate
collection

1. Main pipe RC perforated 1,000mm

2. Main pipe RC perforated 450mm

3. Branch pipe RC perforated 450mm

4. Branch pipe RC perforated 225mm

Selected because of large area. Confirm based on
hydrology study.

Retention pond

Pond dimensions estimated based on

hydrology study

To be confirmed

Re-circulation
system

Pump capacity and piping requiremnents
estimated based on hydrology study

1. Two groundwater wells depth 20m

To be confirmed based on soil investigation and

Monitoring well
s 2. Bwo gas wells depth 10m topography
175 kw To be confirmed based on pond dimensions
Aerator 5 15 ko required
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B 1. Vertical liner _ Depends on s01l conditions
Liner 2. Horizontal liner (liner sheet plus | More politically acceptable
impermeable layer)
1, Treatment Standard A In proximity of water intake
Leachate 2. Treatment Standard B Less stringent than Standard A
treatment plant 3, Biological treatment .
4. Physical-chemical treatment

Note: Alternatives in bold letters and italics were selected for the cost estimation purpose

1.2 Cost Estimation

The estimated capital expenditure, CAPEX, for the procurement, installation and
construction of the core facilities are tabulated in Table II-35 and Table IE-36 below.

The cost estimation excluded the cost of procurement of the Jand or any other engineering
design and supervision costs. The engineering and contingency costs may account for 20%

of the project costs.

The total costs for the cover materials (for daily and intermediate applications) have been
included in the CAPEX. However, during actual operations, the cover material will be not
procured all at once but spread throughout the operational life of the site. Nevertheless, the
total cost must be budgeted and included as a CAPEX item,

The estimation shall be based on assumptions for the landfill to be constructed on a 10
hectares flat area and the waste to be piled to a height of 9 meters. It is further assumed
that the site shall receive 200 ton per day of waste and serve a population of about 330,000
for approximately 7 years.

Table I1-35 Summary of CAPEX for Sanitary Landfill

Cost Level 1 Level 2 Level 3 Level 4
Base on Waste
(RM/ton) 9.6 112 140 389
Base on area
(RM/ha) 460,000 532,000 665,000 1,855,000

Vol 5-11- 123



The Study on The Safe Closure and Rehabilitation of Landfill Sites in Malaysia
Final Report — Volume 5

Table I1-36¢ Estimated CAPEX

Item [ Cost (RM) l Comment
Level 1
1. Cover material 4,346,120 | Includes daily and intermediate cover layers and assumes half required
amount will be imported into the site
2. Weighbridge 150,000
| 3. Site office 31,250 § Simple 1 storey structure of area Sm x 5m, excluding furniture, etc.
4. Fence 70,000 | Fence to be constructed along the total site entire perimeter and
includes 2 gates
Sub Total A 4,597,370 | RM 9.6/ton or RM 459,000 /ha
Level 2
5. Bund 315,000 | Surrounding site perimeter 5
6. Sform water drain 85,692 | Includes perimeter drain, cascade drains along slope and pipe drains
7. Gas vents 314,250 | Both vertical and horizontal vents -
8. Oa-site road 11,040 | Along the site perimeter
Sub Total B (incl. 4) 5,323,352 | RM 11.2/ton or RM 532,000/ha
Level 3
9, Leachate collection 910,000 | Main pipes spaced at 20m intervals and branch pipes
10. Retention pond 90,180 | Pond dimensions 160m x 10m x 2m depth. Berm and maintenance
road provided along the pond.
11, Re-circulation system 30,500 | Includes pump and piping system B
12. Store~-room 126,600 } Area of 210m’
_13. Monitoring wells 27,000 | Drilling and installation of wells and casing
14. Aerator 147,000 | Procurement and installation with mooring
Sub Total C (incl. B} 6,654,032 | RM 14/ton or RM 665,000/ha
Level 4
15, Liner 5,850,000 | Application of horizontal liner {Cover soil 30cm + Liner sheet +
Impermeable layer 60cm on a compacted sub grade. Drainage pipe
installed under the liner at 20m intervals,
16. Leachate treatment 6,053,000 | Construction of leachate treatment plant, including building,
_plant foundations, and tanks. Aerator cost (item 14) is reduced.
Overall Total (incl. C) 18,557,032 | RM 38.9%on or RM 1,836,000/ha
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Part Il Management of Sanitary Landfill

Chapter 1 General

The proper management of samtary Iandf II S|tes is essentlai to preserve the functlonahty
- of the landfi Ils as safe solid waste d|sposal sites. and to prevent envnronmentaf pollutlon
caused by Ieachate and the !andf‘ It gas i : o :

After the completlon of landfi Ilmg actlvmes the samtary landt' lis should be closed ina safe
and proper manner. Appropriate measures should also be taken to ensure that any future
post-c[osure land-use would be: carned out effectlveiy and managed properly

1.1 Management of the Sanitary Landfill Site

The management of samtary landfil site should be carried out properly to preserve the
functlonahty of the landfill. The’ |mportant tasks to cons;der are:

_ 1-)- 'fnspectmn of the Incomlng. Wastes o
E_;-Z)‘ Management of the Facilities |
3) iManagement of the Landﬁilmg Activities
4) | Management of the Enwronmental Impact

5 Management of the Post Closure Landfill Utilisation -

6) Management of the Information and Administrative Structures
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Chapter 2 Inspection of the Incoming Wastes

2.1 Necess:ty for lnspectlon of the !ncommg Wastes

The |ncormng wastes shculd be mspected to ;dentlfy and record the quantaty and the type
of wastes the bemg disposed off at the iandf I-site. : :

2.2 Items for Inspection

The fcllcwmg ltems should be |nSpected 1dent|t“ ed and recorded

1) The Type and Composmcn of the !ncommg Wastes:

2) The Quant;ty of. th mcommg Wastes

3) The Type and @uantlty____._ f the Cover Material Dehvered to the Sfte
4) The Waste Collectors ! Transporters o

5) The Type and Detalls of Vehlcles Used

(1) Type and Quantity of Waste

The type and quantity of the incoming wastes should be inspected and the data recorded.

(2) Cover Material

The type and quantity of the landfill cover material should also be inspected and recorded.

(3) The Waste Collectors/Transporters

The names of the waste collection/transportation companies should be recorded, together
with the information on the sources of the waste.

(4) The Type and Details of Vehicles Used

The type and details of vehicles used for delivery of the waste or the cover material should
be recorded, together with the registration numbers of the vehicles.

2.3 lnvestlgation of Wastes Type and Compos:tlon

ltis. recommended that typ and composatlon of the mcommg wastes should be ldentlﬁed
and analysed penoducally SR D R

(1 ltems for Investigation

The recommmended items to be identified and analysed are;
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(2)

2.4

1) The type and composition of the wastes

2y The moisture content

Frequency of Investigation
The recommended frequency of investigation and analysis are;
1) For the type and composition of the wastes More than 4 times per year

2) For moisture content ' More than 4 times per year

Inspection Procedures

In order to carry';'but"the proper managérr“ient of :the'_i'nzépeét'_ipn of the incdming wastes, the
proper inspection procedures should be implemiented. : :

(1)

(2)

(3

Procedures for Inspection

The general procedures for inspection of the incoming waste are as follows:

i. Checking of the documentations of the waste collectors/transporters
il Visual inspection of the incoming waste
iii Detailed inspection by taking random samples.

Frequency for Inspection of Incoming

1) Evaluation of preliminary document shall be implemented once a year for incoming
wastes throughout the year, and at the time for application for temporary incoming

wastes.

2) In principle, inspection of incoming shall be applied to all vehicles except those for
incoming wastes collected by municipalities or concessionaires.

3) Detailed inspection using random pick-up method shall be done properly for target
vehicles of inspection of incoming.

Measurement of Inspection of Incoming

1) Evaluation of preliminary document shall check types of wastes, etc. according to
declaration.

2) Inspection of incoming shall check types of wastes, etc. by inquiry and visual
observation,

3) Detailed inspection using random pick-up method shall be done by durﬁping test and
waste composition test. '
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Chapter 3 Management of The Facilities

31 Necessrty of Management of the Facilities

'The proper operatron and mamtenance of the facmtr '_ _
the management actavrtres of the sanltary Iandf‘ II

|n the Iandf' Il

n:essen.tia[ part of .

All the facilities must be operated properiy wrth regular preventrve marntenance carned
out. Any damages or mod Catrons should be mvestrgates and the necessary repairs “or
remedlal acttons be determmed and 1mplemented :

3.2 Solid Waste Retaining Structures

3.2. 1 Management of Solld Waste Retalnmg Structures

The solld waste arnlng structures shou __:'be properly managed to prolong and mamtam
their functi Regular mamtenance should be carned out to mrnrmrse the 'ffects of wear
and damage to ructures : o o o

{1) Prevention of Damage

Suitable measure must be carried out to prevent damage to the retaining structures. Some
of the recommended actions are;

1) To set up operating procedures and establish the landfill operation manual
2) To provide training for the landfill equipment operators
3) To provide explanation on best practices for landfill management to the operators

4) To investigate the suitability of the retaining structure in response to changes in
operations techniques.

5) To investigate the impact to the retaining structure with varying types and
compositions of the waste.

. 6) To have adequate backup measures to response to emergency and disasters, such as
heavy rain or flooding.
(2) Inspections

1) The visual inspection should be carried out to determine the conditions of the structure.

The necessary tasks are;
a. To ascertain the extent of the damage
b. To determine the causes of the damage

c. To decide on the urgency of remedial actions or repair
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(3)

4)

3.2.2

(1)

d. To formulate the suitable repair plan and schedule of implementation
2} The type and frequency of inspection are as follows:

a. Daily inspection

b. Detailed inspection

c. Emergency inspection

Evaluation of Inspection Results

The results of the inspection should be use to determine the tasks for carrying out the

necessary remedial actions. They are;

1) To determine the necessity for emergency measure
2) To determine measure to prevent future occurrences
3) To formulate detailed inspection plan

4) To determine the necessity for repairs

5) To establish the method of repairs

Repair Plan

The repair plan should be established with considerations to the following;:
1) The impact on the surrounding environment

2) The impact on other structures

3) The impact on the landfilling activities

4} The estimated cost of repairs

Inspection and Repair of Mound

Daily Inspection

The daily inspection of the mound should be carried out to determine the following:
1) The conditions of sedimentation of the wastes and the earth on the mound

2y The vegetation growth on the mound

3) The signs of seepage through the mound

4) The presence of cracks on the mound

5) The signs of bulging on the mound

6) The signs of subsidence of the mound

7) Conditions of erosion on the surface and slop

8) The presence of soil-slide or slope instability
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(2}

)

3.2.3

(1)

9) The signs of subsidence of the foundations
10) The signs of water leakage from the ground and from the mound

11) The presence of soil-slide and collapse of the mound

Detailed inspection

The detailed inspection should be carried out to determine the actual conditions of the
mound. The tasks to be.performed are as follows:

1) To measure the amount of water leakage

2) To measure the rate of subsidence (Mound)

3) To measure the infiltration line (Mound)

4) To measure the pore water pressure (Mound)

5) To measure the force of the wastes exerting on the mound
6) To measure the water level of the landfill site

7) To measure the groundwater levels

8) To investigate the bearing force on the foundations

9 To investigate the core/inner condition of the mound

Repair of Mound

Suitable methods for repair of mound shall be selected according to cause and condition of
damage.

Inspection and Repair of Concrete Mound and Concrete Retaining Wall

Daily inspection

Daily inspection of concrete mound should be carried out to determine the following:
13 The condition of sedimentation of the wastes and the earth on the mound

2) The presence of cracks on the surface

3) The signs of flaking of the concrete

4) The signs of damage or gaps at the joints

5) The signs of denudation and corrosion of the reinforcement bars

6) The signs of seepage of Leachate from the mound

7y The signs of subsidence of the mound

8) The signs of declination and extrusion of the mound

9) The signs of movement of the mound
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(2)

(3}

3.3

(1

10) The signs of water leakage from the ground and from the mound

Detailed Inspection.

The detailed inspection should be carried out to determine the actual conditions of the
mound. The tasks to be performed are as follows:

1) To inspect the material of the structure
2) To measure the siresses of the structure
3} To measure the flexibility of the structure

4) To measure the rate of subsidence, the degree of slanting, and the movement of the

structure
5) To measure of amount of water leakage
6) To inspection the ground foundations
7y To measure the force of the wastes exerting on the mound
8) To measure the water levels

9) To inspect the environmental condition such as water quality, aspect of wastes, etc.

Repair of Concrete Mound

Suitable methods for repairing the concrete mound should be selected according to cause

and condition of damage.

Stormwater Drainage Facility

Management of Stormwater Drainage Facility

_The--stormwgiér drainage facility should be properly managed fo prolong and maintain
their functions. Regular maintenance shouid be carried out to minimise the effects of wear
and damage to the facility. :

(2)

Cleaning of Stormwater Drainage Facility

The stormwater drainage facility should be cleaned regularly to maintain the facility in
good working conditions. The necessary tasks are as follows;

1} To remove the sedimentation of wastes and earth in the drains, corrugated flume,
collection pit, connection pit, tap work, etc.

2) To remove the plant growth at surrounding and on the drains, etc
3} To move the sediments at disaster prevention reservoir

4) To move the weeds grown at disaster prevention reservoir
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)

(4)

Daily Inspection
The daily inspections should be carried out to determine the following:
1} Storm water drainage
a. The extent of damage and uneven subsidence of drains, etc.
b. The condition of sedimentation of wastes and earth at the drains, etc,
c. The locations and conditions of the overflow or points of stagnation
d. The presence of abnormal conditions of the joints with lining facility
e. The water inflow conditions and the sediments from surrounding
f. The conditions of the surrounding plant growth weeds
2) Disaster prevention reservoir
a. The existence of damage of guard fence
b. The level of retaining water
c. The sedimentation condition at the bottom of the reservoir
d. The sedimentation condition on the slope
e. The growing condition of weeds on the slope
f. The condition of dam and slope
g. The condition of sedimentation at the outlet and discharge channel

h, The existence of damage of the outlet and discharge channel

Repair of Stormwater Drainage Facility

The repair plan should be established with considerations to the following:
1) The impact on the surrounding environment

2) The impact on the structures of the other buildings

3) The impact on the landfilling activities

4) The estimated cost of repairs
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3.4 Leachate Collection Facility

{1) Management of Leachate Collection Facility

The leachate collectzon facmty should be proper[y managed to prolong and malntarn thelr
functlons Regular mspe 1on should be carried out to-check on condltions ‘of the leachate
and to prevent pondlng ind stagnatlon Regular mamtenance should be carried out to

mlmmlse the effects of wear and damage to the fac:lsty

(2) Prevention for Damage of Leachate Collection Facility

Suitable measure must be carried out to prevent damage to the leachate collection facility.

Some of the recommended actions are;

1) To set up operating procedures and establish the landfill operation manual

2) To provide training for the landfill equipment operators

3} To provide explanation on best practices for landfill management to the operators

4) To investigate the suitability of the facility in response to changes in operations
technigues.

5) To investigate the impact to the facility with varying types and compositions of the
waste.

6) To provide regular greasing and testing of equipment, valves, etc.

(3) Daily Inspection
Leachate collection facility shall be inspected for following items:
1) Collection pipes and water conveyance pipes at the surface of the earth
a. The presence of cracks or damaged to the pipes
b. The build up of scales inside the pipes
c. The signs of pipe leakage at the joints

d. The clogging of the of pipes (inspection of the inside of the pipes by observations
from the outlet and the manhole)

e. The jammed or clogging of the valves
2) Collection pipes buried in landfill layers

The visual inspection of the buried pipes may not be easy. The conditions of the pipes will
have to be determined based on certain tell-tail signs as follows:

a. Check on the amount of water at the outlet of leachate collection facility
b. Check on the water level retained in landfill site

¢. Check for signs of localised surface subsidence or cavities forming on the surface of
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(4)

3.5

(1)

the earth
d. The clogging of the of pipes (inspection of the inside of the pipes by observations

from the outlet and the manhole)

Repair of Stormwater Drainage Facility

The repair plan should be established with considerations to the following:

1) The impact on the surrounding environment

2) The impact on the structures of the other buildings

3) The impact on the landfilling activities

4) The estimated cost of repairs

Leachate Treatment Facility

Management of Leachate Treatment Faclllty

_ 'perat:on and mamtenance ‘and repa“
carried out properly S0 that the facmty [sf':ab[e to treat and dlscharge the treated efﬂuent to
comply with the relevant envzronmental s ndards - :

f: the !eachate treatment facnlrty shou!d be

(2)

(3)

Daily and Detail Inspections

The leachate treatment facility should be inspected to determine the following:
1) The quantity and quality of leachate and the treated effluent water

2) The most appropriate operational conditions

3) The adjustments and repairs necessary for each facility and the equipment

Frequency of Inspection
The recommended frequency of the inspection is as follows:
1) The daily inspection activities should be carried out once a day.

2) The periodical inspection activities should be carried out ranging from once a week to

once a month.
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3.6 Lining Facility

3.61 Management of meg Facmty

.operations,.

_The Imlng facallty should be protected and managed properly so that the facility is able to
maintain its function and prevent leachate from seeping further mtethe_gground Proper
landfilling activities must be adhered to S0 that the lmmg wul not be :amaged during:

1 Prevention of Damage of Lining Facility

Suitable measure must be carried out to prevent damage to the lining facility. Some of the

recommended actions are;

1)
2)

3)
4)

5)

6)

To set up operating procedures and establish the landfill operation manual
To provide training for the landfill equipment operators
To provide explanation on best practices for landfill management to the operators

To investigate the suitability of the lining facility in response to changes in operations
techniques.

To investigate the impact to the retaining structure with varying types and
compositions of the waste.

To protection the lining facility that has been exposed to the air or a long time, i.e. by

using cover soil, etc.

{2) Inspections

1) The visual inspection should be carried out to determine the conditions of the lining

facility. The necessary tasks are;

a. To ascertain the extent of the damage
b. To determine the causes of the damage
c. To decide on the urgency of remedial actions or repair
d. To formulate the suitable repair plan and schedule of implementation

2} The type and frequency of inspection are as follows:
a. Daily inspection
b. Detailed inspection
¢. Emergency inspection

3) Evaluation of Inspection Results
The results of the inspection should be use to determine the tasks for carrying out the

necessary remedial actions. They are;
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{4)

3.6.2

nm

I} To determine the necessity for emergency measure
2) To determine measure to prevent future occurrences
3) To formulate detailed inspection plan

4) To determine the necessity for repairs

5) To establish the method of repairs

Repair Plan

The repair plan should be established with considerations to the following
1) The impact on the surrounding environment

2) The impact on other structures

3) The impact on the landfilling activities

4) The estimated cost of repairs

Methods for Inspection and Repair of Liner Sheet

Daily Inspection of Liner Sheet

The daily inspection of the lining sheet should be carried out to determine the conditions
of the liners. The tasks to be performed are as follows;

1) Exposed condition
a. To inspect the rate of sedimentation of wastes and earth
b. To inspect the integrity of the joints
c. To inspect for puncture marks and torn surfaces
d. To check for cracks appearing on the surface
e. To check for abnormal stretching or shrinkages of the sheets
f.  To check for the degradation of the material of the sheet, i.e. softening or hardening
g. To check for surface eruptions or deformation.
2) Covered condition by soil

The wvisual inspection of the covered liners may not be possible. The conditions of the
liners will have to be determined based on certain tell-tail signs as follows:

a. The presence of cracks or cavity on the surface

b. The presence of groundwater leaking through or the detection of escaping landfill

gas
c. The sign of floating
d. The sign of slipping and collapse
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3} Buried condition under the landfill layer

Similarly, the inspection of the buried liners is not possible. The conditions of the liners
will have to be determined based on certain tell-tail signs as follows:

a. Check on the amount and quality of the water at the outlet of leachate collection
- facility
b. Check on the amount and quality of the water at the outlet of groundwater

collection facility
¢. Check on the quality of the water samples in the inspection well

d. Cracks and cavity-on the surface soil

{2) Detailed Inspection of Liner Sheet

The detailed inspection should be carried out to determine the actual conditions of the liner

sheet. The tasks to be performed are as follows:
1) To check on the condition of the joints
2} Ta carry out the tensile test on the material

3) To check on the rate of elongation, the variation in thickness and abnormal

deformation
4} To check on the groundwater level
5) To check on the sliding and collapse of the foundations

6) To measure the bearing capacity of the soil (for uneven subsidence)

(3) Repair of Liner Sheet

Suitable methods for repairing the damaged liner sheet should be determined and carried
out according to the causes and condition of damage.

3.6.3 Measure of Inspection and Repair of Earth Lining Facility

(1 Daily Inspection of Earth Lining Facility

The daily inspection of the earth lining sheet should be catried out to determine the
conditions of the liners. The tasks to be performed are as follows:

1) Exposed condition
a. To inspect the rate of sedimentation of wastes and earth
b. To inspect the plant growth
¢. To check for cracks appearing on the surface
d. To check on holes or cavity

e. The presence of groundwater leaking through or the detection of escaping landfill
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gas
f.  To check on the sliding and collapse
g. To check the floating
h. To check the flowing out of the earth lining
i. Surface erosion caused by flow of water
2) Covered condition by soil
{Refer to Item 2) of subsection 3.6.2(1))
3) Buried condition under the landfill layer

(Refer to Item 3) of subsection 3.6.2 (1))

(2) Detail Inspection of Earth Lining Facility

The detailed inspection should be carried out to determine the actual conditions of the
earth lining. The tasks to be performed are as follows:

1) To check on the inner condition of the lining facility

2) To check on the thickness of the lining facility

3) To determine the coefficient of permeability of the lining facility

4) To check on the swelling of the lining facility

5) To check on the condition between the lining facility and the foundation
6) To measure the groundwater level

7) To check on the sliding and collapse of the ground

8) To measure the bearing capacity of the ground (for uneven subsidence)

9) To check the crack of the ground

(3) Repair of Earth Lining Facility

Suitable methods for repairing the damaged earth liner sheet should be determined and
carried out according to the causes and condition of damage.

3.6.4 Measure of Inspection and Repair of Pat_hs and Road Surfaces

{1) Daily Inspection of Paths and Road Surfaces

The daily inspection of the earth lining sheet should be carried out to determine the
conditions of the liners. The tasks to be performed are as follows:

1) Exposed condition

a. To inspect the rate of sedimentation of wastes and earth
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(2)

(3)

3.7

(1}

b. To check for cracks appearing on the surface

c. To check for depression and cavity

d. To check for peeling and collapse

e. To check on the deterioration

f. To check on the swelling

g- To check on the condition of the asphalt that may be eluted by leachate or wastes
2y Covered condition by soil

(Refer to Item 2) of subsection 3.6.2(1))

3) Buried condition under the landfill layer

(Refer to Item 3) of subsection 3.6.2 (1)).

Detail Inspection of Paths and Road Surfaces

The detailed inspection should be carried out to determine the actual conditions of the
earth lining. The tasks to be performed are as follows:

1) To measure the coefficient of permeability

2) To meaeure the groundwater level

3) To check for the sliding and collapse of the ground
4) To check for depression or cavity in of the ground

5) To measure the bearing capacity of the ground soil

6) To Investigation the effects of the waste and leachate on the surface

Repair of Paths and Road Surfaces

Suitable methods for repairing the damaged earth liner sheet should be determined and
carried out according to the causes and condition of damage.

Incoming Wastes Monitoring Facilities

Management of Incoming Wastes Monitoring Facilities

,The operatlon and-
: camed out proper!y so that the facility is able to function efficiently. The facilities should be
inspected regularly to check on the.wear and tear of the equipment. Any damages or
modifications should be- mvestrgates and the- necessary repairs or remedial actions be

‘determmed and: lmptemented

'ma:ntenance of the incoming wastes monitoring facilities should be
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(2)

(3)

(4)

Cleaning of Incoming Wastes Monitoring Facilities

The incoming wastes monitoring facilities should be cleaned regularly to maintain the
facility in good working conditions. The necessary tasks are as follows:

1) To clean the area around weighbridge
2) To clean and to remove any water found inside the weighbridge pit
3) To cleaning the area around the incoming wastes monitoring facilities

4) To cleaning the inside of the administrative office

Daily Inspection

The daily inspection of the incoming wastes monitoring facilities should be carried out to
determine the conditions of the facilities. The tasks to be performed are as follows:

1) To inspect the weighbridge _
a. To check on the operation of the equipment instrumentations such as the load cells
b. To check on the operation of the computer systems for data collection, etc.
c. To check for malfunction of machinery, material fatigue or damage
d. To measure the electrical resistance of the circuits
¢. To measure the humidity inside the pit

f.  To check on the conditions of the concrete structure and the surroundings

Repair Plan

The repair plan should be established with considerations to the following:
1) The impact on the surrounding environment

2} The impact on other structures

3) The impact on the landfilling activities

4) The estimated cost of repairs

Access Road

Management of Access Road
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(2)

(3)

(4)

Cleaning of Access Road

The access road should be cleaned regularly to maintain the facility in good working
conditions. The necessary tasks are as follows:

1) To clean of the wastes or earth and sand scattered on the road
2) To clean and remove the wastes or earth and sand deposited in the roadside drains
3) Toremove the wastes or earth and sand deposited on the slopes by the side of the road

4y To remove the plant growth on the slope

Daily Inspection

The daily inspection of the access road should be carried out to determine the conditions of
the road. The tasks to be performed are as follows:

1} Road surface
a. To inspect for falling rocks and earth on the surface
b. To inspect for holes, ruts, cracks, and ballasting condition
2) Drains
a. To check on the deposits or sediments
b. To check for trapped or stagnate water puddles
¢. To check for damage to the drains
3) Building structures (Retaining wall, bridge, etc.)
a. To check on the conditions and damage to the structures
b. To check on the rate of subsidence of the structures
4) Road shoulder, slope, etc.
a. To check on the condition of the road shoulders
b. To check on the sliding and collapse of slope
¢. To check on the spring water on the slope
5) Others facilities
a. To check on the damages

b. To check on the degree of cleanliness

Repair of Access Road

The repair plan should be established with considerations to the following:
1} The impact on the surrounding environment

2) The impact on other structures

3) The impact on the landfilling activities
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(8)

3.9

(1)

4) The estimated cost of repairs

Management of Bridge

1) - Te bridges and the surrounding slopes should be inspected periodically and checked
for any unusual signs of wear or damage.

2) The repair plan should be formulated and be implemented.

Other Supporting Facilities

Management of Other Supporting Facility (Littering Protection Facility, Sign
Board, Gate, Fence, Fire Protection Facility, etc.)

"The other éupporting facilities should also be inspected. All these facilities are an integral
part for the smooth operations of the site. The faculltles should be |nspected periodically to
check on the. ‘wear and tear Any damages or modifi cations should be’ mvest:gates and the
necessary repalrs or remedlal actlons be determmed and lmplemented

(2)

(3)

Daily Inspection

The daily inspection of the other supporting facilities should be carried out to determine
the conditions of the facilities. The tasks to be performed are as follows:

1) To check on the general cleanliness of the facilities
2) To check on the wear and tear or damage of the facilities

3} To check on the operational conditions of the facilities

Repair Plan

The repair plan should be established with considerations to the following:
1) The impact on the surrounding environment

2) The impact on other structures

3} The impact on the landfilling activities

4) The estimated cost of repairs
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3.10

(1)

Landfill Gas Venting Facility

Management of The Landfill Gas Venting Facmty

The landfi II gas venting facmty shou[d be managed properly to ‘ensure, the toxic and
1 hazardous gases-are vented and removed in a safe manner The faC|I1ty should be
‘mspected penodicaily to check on the wear and tear of vent pipes Any damages or
madifi j'_ tions shouid be: mvestzgates and the necessary repa:rs or remed|al actlons be

_detennlned and |mp!emented

(2)

(3)

{4)

Prevention of Damage to the Landfill Gas Venting Facility

Suitable measure must be carried out to prevent damage to the gas venting facility. Some
of the recommended actions are;

1) To set up operating procedures and establish the landfill operation manual
2) To provide training for the landfill equipment operators
3) To clarify the installation method of gas venting facilities during landfilling works

4) To take measures to prevent clogging of the pipes

Daily Inspection

The daily inspection of the gas venting facility should be carried out to determine the
conditions of the facility. The tasks to be performed are as follows:

1) To inspect the gas venting facility for signs of distortion
2) To inspect the gas venting facility buried in landfill layer

The inspection of the buried pipes may not be possible. The conditions of the pipes will
have to be determined based on certain tell-tail signs as follows:

a. The change in the amount and quality of gas emissions from the vents
b. The release of landfill gas from landfill surface other than from the vents
¢. The change in the water quality of the leachate

3) To inspect the gas treatment facility at the final process

Repair Plan

The repair plan should be established with considerations to the following:
1} The impact on the surrounding environment

2) The impact on other structures

3) The impact on the landfilling activities

4) The estimated cost of repairs
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Chapter4 Management of the Landfilling Activities

41 Necessity of Management of the Landfrllmg Activities

In order to maintain and prolong the lrfe span -of- the Iandf I, proper operatrons and
management of the [andf llmg actwttles ‘should be camed out, Effective management of
the !andflll process W|II have a. p03|t|ve rmpact on -the - waste decomposmon and
stabllssatron process and an 1mprovement in Ieachate and gas qualrtres : :

4.2 Management of Landfilling Activities

(1) Landfilling Process and Management of the Landfilling Activities

_The tandfilling process encompasses all- the acfivities: necessary for the proper and safe
operations of the tandfi II The management of the landfi illing activities should include the'
monltonng of the incoming wastes, the prevention’ of environmental poliution, plannmg for
closure and post closure Iand use, and the protectton of the health and safety of workers
' and publlc R -

-;The management actrwtues can be dlwded mto Performance Management and Safety
':E_Management s . T :

(2) Levelling and Compaction

As part of the daily operating procedure, the proper landfill activities must be carried out,
i.e. the spreading and levelling of the incoming waste, compaction and putting on the soil
cover. All these will prolong the lifespan of the site and also to prevent uneven settlement
and subsidence.

{3) Selection of Landfill Equipment

In order to carry out the landfilling management activities, it is important that the right
types of equipment or machinery are being used. The selection of the machinery should be
based on the type of waste received by the landfill and the degree of compaction required.
The selection process should also take into account of the closure and post-closure
utilisation of the site so that the appropriate measure could be taken.
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4.3 Performance Management

The management of perfo'rmance activities” generally re'Iated' to ‘the management of
degree of subS|dence of the landf Il The subsidence rate’ can be used to determine the
stablllsat!on of the waste decomposmon process The results can then be used to
determme the remammg life span of the site, and to prepare for closure. of the sute lt can
also be used to determme the appropnate post closure land use. : P

rThe dally operatlonal . nd.:: performance data and mformatlon must be recorded and

documented

(1) Benchmarking of the Performances

The benchmarking or measurement of the performances of the different zones in the
landfill site should be carried out to ensure that the proper management activities have
been carried out. The data can also be used to determine the remaining lifespan of the site
and allow the operators to plan for the future landfilling works, and for the post closure

land use.

(2) Management of Land Subsidence

The monitoring and measurement of the rate of land subsidence should be carried out in
order to determine the degree of stabilisation of the ground. Basic topographical surveys
should be carried out periodically to record the varying ground levels.

4.4 Safety Management

'Safety-at-work 'proceduresg"must be established at the site in order to prevent any
accidents. Proper safety: management must be carried out to ensure a safe and healthy
working. enwronment for the operators

45 Management of Information on Landfilling

The information and data gathered during landfill operations must be reco_rded and
documented. The assessment of the data can then be used to formulate the best
.operating practlces and new improved management- techmques The data can also be
used for reference for future closure and post closure actnnt:es
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Chapter 5 Environmental Management

5.1 Necessity for Environmental Management

!t is necessary to manage the operatlons of the Iandf Il properiy in. order to protect the
enwronment and to manage and minimise the xmpact caused by the waste leachate and
the Iandf If gas - e :

5.2 Leachate Control

"'The amount and quallty of the ieachate shoutd be mon:tored and analysed er;odlcaily in-
-order 1o determlne the céndmons-_' of the Iandﬂl and the potentfa _ pact_f__to the
_-;-en\nronment The data can also bé used to-determine the rate. of stablllsatlo - of the
Iandﬁu ' . * : =

(1) Monitoring Points for Leachate Measurements

Monitoring points for leachate measurements shall be outflow point of leachate from the
landfill site, In case the landfill site consists of several land filing phases, each phase shall
be covered for the measurements.

(2) Leachate Monitoring

The monitoring and measurement of the leachate production should take into account of
the following:

1) The weather conditions

2} The temperature and humidity during sampling
3) The amount and frequency of rainfall

4) The amount of the leachate

5} The quality of the leachate

{3) Frequency of Monitoring

The recommended frequencies for the leachate monitoring measurement activities are as
follows:

1) For measuring the parameters that are easy to be measured automatically - once a day

2) For measuring the parameters which are necessary for daily operation control due to
keep the efficiency of water treatment facility and fluctuate in a wide range: Once a
week - once a month

3) For measuring the parameters which are not directly needed for operation
management of water treatment facility, but fluctuate in a wide range: Once a2 month
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4) For measuring the parameters which are hardly fluctuate: Once a year

(4) Sampling of Leachate

The sampling method must be in accordance to internationally accepted good practices and
procedures. Sampling activities should not change or affect the quality of the leachate.

5.3 Monltorlng of the Effluent

The efﬂuent dlscharged form the Ieachate treatment facmty should be momtored The
quahty of the drscharge should comply W|th the relevant enwronmentat standards :

(1) Monitoring Paoints for Effluent Measurements

In practice, the monitering point for effiuent monitoring should be at the discharge point of
the leachate treatment facility to the parameter drains or to the waterways. If the case
where the effluent is not directly discharged to the waterways, i.e. discharged to a retention
pond etc, then a new monitoring point will be required and should be at the discharge point

where the effluent is actuaily discharged to the outside drains or waterways.

(2) Effluent Monitoring
The monitoring of the effluent should consist of the following:
1) The amount of the effluent discharged

2} The quality of the effluent

(3) Frequency of Monitoring

The monitoring of the effluent should be carried out periodically. Generally, the frequency
should correspond to the frequency of the leachate monitoring activities. However, regular
measurements may be taken and recorded in order to check on the performance of the

leachate treatment facility.

4) Sampling of Effluent

The sampling method must be in accordance to internationally accepted good practices and
procedures. Sampling activities should not change or affect the quality of the effluent.

54 Monitoring of the Landfill Gas

.__Q;The amount and quallty of the 1andf‘ It gas should be monitored and analysed periodicaily
in "'orde_ to determrne the conditions- of the landfill and the potential impact to the
'en\nronment The data can aiso be used to determrne the. rate of stabrllsataon of the

: Iandf ll
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(1)

(2)

(3)

(4)

5.5

Monitoring Points for Landfill Gas Measurement

Suitable landfill gas monitoring wells should be provided. Such wells should be
independent and should not be connected to the leachate pipes. The monitoring wells
should be located at an interval of about 50 to 100 meter apart,

Landfill Gas Monitoring

The monitoring and measurement of the landfill gas production should take into account of
the following:

1) The weather conditions
2) The ambient temperature of the environment
3) The barometric pressure of the environment

4) The temperature of the sampled gas (depending on temperature inside waste layer,
depth, etc.)

5) The flow rate of gas discharge
6) The composition of generated gas (by laboratory analysis)
a. Methane (CH4)
b. Carbon dioxide (CO2)
¢. Nitrogen (N2)
d. Oxygen (02)

Frequency of Monitoring

The landfill gas monitoring exercise should be carried out not less than twice a year.,

Sampling of Landfill Gas

The sampling method must be in accordance to internationally accepted good practices and
procedures. Sampling should take into account of the atmospheric conditions of the

surrounding,

Prevention of Water Pollution

It 1s lmportant th t

,surro_un_c_ilng' water source

at he water quallty lof the surroundlng area should be monlt"frednregularly-:
ater from the iandf II S|te has not poliuted the'

1)

Monitoring Points for Water Quality Measurement

The water quality monitoring points should be located down stream of the landfill site.
However, it may be necessary to take control samples at the upstream as well so that the

comparison of the differences in quality can be carried out.
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(2) Water Quality Monitoring

The monitoring and measurement of the water quality of the surrounding areas should take

into account of the following:
1} The proximity of the sampling point to the landfill

2) The amount and frequency of rainfall

{3) Frequency of Monitoring

The monitoring of the surrounding water quality should be carried out pericdically.
Generally, the frequency should correspond to the frequency of the leachate and effluent
monitoring activities. The recommended frequency should not be less than four times a

year.

(4) Method of Sampling

The sampling method must be in accordance to internationally accepted good practices and
procedures. Sampling activities should not change or affect the quality of the original

source.

5.6 Prevention of Offensive Odour

The iandf mng ac‘lIVIi'IeS should be carried out properly and management effectively to
reduce‘ the em1351on of the unpleasant odour and minimise the lmpact to. the surrounding

{1) Monitoring Points for Odour Measurement

It is not possible to quantify the odour emitting from the landfill. The state or degree of
unpleasantness can only be determined by smelling the air and also dependant on the
prevailing atmospheric conditions. The “measurement™ of the odour can only be expressed
in the distance from the source where the odour can still be detected.

(2) Odour Monitoring

Since the odour cannot be quantified, the “smell” or “unpleasantness” will have to be
determined by odour concentration and substance, i.e. how bad it smells and what does it

smell like.

(3) Frequency of Monitoring

Since the odour is not quantifiable, there is no prescribed frequency of monitoring.
Generally, the odour should be monitored daily or as-and-when necessary, as long as it is

not having a major impact on the surrounding.

Vol 5-11I- 25



The Study on The Safe Closure and Rehabilitation of Landfill Sites in Malaysia
Final Report — Volume 5

5.7 Prevention of Noise and Vibrations

The Iandf lling- actnntaes shou[d be carned out properly and management effectwely to
reduce the excesswe noise:. and vrbratrons caused . by the: movement of vehtcles and
' operatlons of the machlnery The nmse and wbratron ieveis shoutd be mmlmat and comply
wrth ‘the relevant regulatson as set out for the protectron of occupat:ona[ safety and health

{1) Menitoring Points for Noise and Vibration Measurements

The noise and vibration monitoring measurement should be carried out at or near the
generation source. Other monitoring locations could be along the perimeter of the landfill
or at the nearby residents.

(2) Frequency of Monitoring

The recommended frequency of monitoring should be carried out not less than once a year.

(3) Method of Measurement

The measurement method must be in accordance to internationally accepted good practices
and procedures.

5.8 Management of Prevention of Breedmg of Vectors and Animals

fences, providmg 'darly; ] cover and the spraylng of msectrc:de (|f necessary)v' '

5.9 Prevention of Littering of Wastes

T .e Iandf lllng actlwt ' houid be carned out and managed properly in order to prevent
the_ cattermg and litte f ithe waste Su:table pre"'entrve measures should be carned
out such as-pre rdmg daily so;l cover and carrylng the-.c mpactlon work ' :
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Chapter 6 Management of Post Closure Landfill Site

6.1 Necess:ty of Management of Post Closure Landfill Site

Even long aﬁer the Iandf llmg of the wastes has been cornpieted the degradatlon process
of wastes will contlnue Leachate and landf‘ I} gas will-still be produced. The management
of the tandfill- facult:es should be contlnued even after the c[osure of landfifl _snte and:
_'through out the post closure Iand use phase 3 o S :

6.2 Leachate Control

__'_Even after the closure of the sanstary landfi Il the amount and quahty of ]eachate may st|I1_
“remain at hlgh Ievels Regular monttorlng should be carned out until itis con81dered that
the !eachate Ievels are . suff CIentIy Iow that it has no major lmpaot on surround:ng

env1ronment

6.3 Control of Generated Gas

Slmliarly, the monltonng of the Iandf II gas should be carrled out untll it is considered that
the gas Ievels have no major |mpact on surroundmg envrronment

6.4 Control of Land Subsidence

The landf !Ied area may subS|de due to the degradatuon and compactlon of the wastes
dunng the decomposmon process The ground conditions and levels should be momtored
and measures penodicalfy in order to determine the state and the rate of subsidence.

6.5 Momtormg of the Degradation and Stabilisation of the Waste

The condltlons of the degradatlon and stablllsatfon of the wastes should be monitored
penodlcally in order to prevent further envaronmental polIuhon during the crosure and post

cfosure land use phases

{1) Assessment of the Degradation and Stabilisation of the Waste

The conditions of the degradation and stabilisation of the wastes should be assessed
periodically in order to determine state and rate of degradation of landfilled waste layers.
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1} Sampling of landfilled wastes

Sampling location of the landfilled waste shall be decided taking into account the year
waste disposed of, waste types etc. In case the landfill site consists of several phases, each
phase shall be covered for the sampling,

(2) Items for Measurement

To determine the degradation and stabilization of wastes, following items should be
measured.

1) The composition of the waste

2) The moisture content

3) The water quali;fy inside waste layers
4} The gas quality inside waste layers

5) The temperature inside waste layers

{3) Frequency of Monitoring

The recommended frequency for monitoring the conditions of degradation and
stabilisation of wastes should be once every two or once every three years.

6.6 Utilization and Management of Post Closure Landfill Site

The pmper land use 'pian shoutd be fon'nulated |n conSIderatlon of the characteristlcs of
‘the g ' ite. st c!osure management [ ould also be impfemented
TS ¢ fthe iand S :
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Chapter 7 Management of information and Administrative Structure

71 Management of Information

lnformat:on gathered durmg the operatron of the samtary landf Il should be documented
and . managed properly $0 that the data may be utmsed by the other management
departments - ‘ :

7.2 Administrative Structure

A dedlcated admlnlstratlve structure should be set up to oversee and carry out the proper
operatlons of the landf‘ !l RN ~ _ E
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