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Executive Summary

This guideline on the environmental auditing of solid waste landfill was technically developed basing on
the literature review and the world experience in the field. Performance requirement on the operation and
maintenance of the sanitary landfill significantly depends upon the surrounding environment of the site,
such as topography, climate, distance from residential area, groundwater depth, nearby surface water
system, industry of the surroundings, etc. Guidelines referred in the creation procedure of this guideline
were published in several countries which are mainly located under wet climate condition. Thus, there are
many aspects that cannot be directly introduced in Palestine, since it is located arid/semi-arid climate.
Thus, this guideline is created by aiming at making proper evaluation/assessment of the landfill
management in especially Palestine possible and also it is created by considering that the auditing
procedure is feasible in Palestine, as prerequisite.
Therefore, the structure of the guideline is as follows;
Chapter 1: Fundamental requirement of landfill
Basic infrastructure and fundamental facility necessary for landfill are described. Evaluation is done
for their existence and effectiveness of their performance.
Chapter 2: Management of landfill operation
Appropriate operation modes regarding waste acceptance and the waste filling procedure are described.
Auditing can be done based on the appropriateness of these processes.
Chapter 3: Leachate management
In order to confirm appropriateness of the leachate management, necessities of the prediction and the
measurement of leachate quantity and control of the leachate head are described. Besides, the effluent
standards in Palestine is shown for assessing the correctness of effluent management.
Chapter 4: Landfill gas management
Necessary measures for the landfill gas management are described in terms of pressure, toxicity, ad
explosion.
Chapter 5: Routine inspection and maintenance
Necessary inspection and maintenance for facilities and equipment’s are described. Items for
inspection are listed with regard to each equipment/facility.
Chapter 6: Safety
Necessary measures to protect workers in landfill and required system for emergency response are
described.
Chapter 7: Littering and Vector
In order to prevent the littering of waste and the nuisance caused by bird/insect/animals, necessary
measures which should be taken are described.
Chapter 8: Environmental monitoring
To assess the impact on environment is regarded to be significant for landfill auditing. Required
environmental monitoring are described in terms of gas migration, leachate leakage, impact on surface

water and air quality, and odor.
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In each chapter, check list is provided to make the auditing more concrete.
Besides, in this quideline, Zahret Alfinjan sanitary landfill in Palestine was taken as case study, in order to

adapt the international guidelines to the Palestinian context.
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Preface

MSW sanitary landfill is the facility that protects environment from various adverse impacts derived by the
waste. Thus, there is the requirement on its structure and operation that has to be fulfilled.

At present, there are three landfills in Palestine, which were designed by different donors, then constructed
and put into operation by Palestinian party up to now. Each of these landfills was designed according to the
international standards and state-of-the-art equipments were introduced. Besides, operation is conducted
based on the detailed manual prepared for each landfill to be properly managed. However, at present, there
are no concrete standards which can be commonly applied for landfill in Palestine and each landfill is
operated by specific concept of its own. So, it is difficult to evaluate each landfill on its operation
suitability and appropriateness on environmental protection effort, this becomes the problem not only for
the competent authority but also for the person who is involved in landfill management. Thus, purpose of
this document is to provide detailed information regarding the standard landfill structure and management
in order to realize consistent evaluation of these landfills. It is expected that reasonable evaluation on the
operation and environmental protection become possible based on this document.

In this guideline, various design and operational standards/critear are described. However, currently, the
landfills in operation, use their own standards/criteria for design and operation. Some of them are much
stricter or much more in detail. Hence, the standards/criteria applied in this guideline are regarded as the
minimum requirements and all developed operational manual shall meet the minimum values presented by
this guideline.

Beside, in order to setup the standards/criteria, various guideline/ordinance/standards, etc in various
countries are implemented in the guideline. However, if there is concrete standards in Palestine, there are

introduced as much as possible.
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1. Fundamental requirement of landfill

1.1. Introduction

As the first step of audit, it is necessary to confirm whether the target landfill is designed and constructed
properly or not. In this section, basic design requirement and necessary infrastructure for landfill are
outlined.

1.2. Basic infrastructure

Figure 1.1 shows basic infrastructure of the sanitary landfill. These facilities must be properly designed and

constructed.

(a) Plan view of the landfill

(b) Cross section of the site
Figure 1.1 Plan view and cross section of the sanitary landfill and its basic infrastructure



1.2.1. Fence

The fence must be constructed to partition the site’s premise and outside. This fence helps intensifying
site's security by preventing unauthorized access from outside and also it helps mitigating the scattering of
waste from the landfill. Enough care must be paid to unauthorized access from outside because it gives rise
to illegal dumping of waste. It can also prevent invasion of animals. The fence must have height of at least
2m and must be unclimbable structure. It should have steel mesh with concrete base. Besides, it must

enclose the site's territory, continuously and completely, except for site's entrance.
1.2.2. Site notice board

At the entrance of the site, a notice board must be set up to notify about landfill. The necessary information
on the board are as follows; the site name; the name, address and telephone number of the site; operating
hours; types of waste accepted, types of waste not accepted; and the contact and emergency telephone

numbers.
1.2.3. Site access road

The site access road must have enough width that the carrying vehicle can intersect. Moreover, it is
necessary to be paved to prevent the noise and dust. Unpaved roads should be avoided. In case of dry
condition, water spray by the watering truck to prevent dust is likely to be necessary. The sign might be

installed on the access road so that those who deliver the waste may distinguish the route easily.
1.2.4. Weighing system

The amount of the waste carried in the landfill site must be accurately measured, and be recorded with high
precision. This data is useful for not only the management of the landfill but also statistics of the amount of
waste in the region. To achieve this purpose, the weighbridge is necessary. The weight of the waste can be
determined by the difference of the weight of truck before and after waste unloading. In general, the
weighbridge is installed at the entrance of the landfill. And several staffs are arranged at the acceptance
control house located at the side of weighbridge in order to confirm those who carry and the carrying

vehicle, usually. Weight data is measured automatically and is recorded also automatically.
1.2.5. Road inside the landfill

This is the road temporarily set up in landfill for the vehicle carrying waste that heads for the dumping yard.
Though this road is likely to be regarded lightly, it is quite important for appropriate operation. If this road
isn't constructed properly, the transport vehicles are forced to run over the weak ground comprised of soil
and waste. Sometimes, the vehicle is hampered to reach to the working face by this condition. And it results
in the sprawling dumping. This leads to the creation of the widespread dumping area and inefficient
operation. The road need not be paved. However, it must possess enough load bearing strength on which
the vehicle can pass by using gravel. The road must not become muddy even in rainy day. Sometimes, steel

plate, which is often used in construction site, is placed to create the road instead.



To set up signs indicating the route for the dumping yard along with the road is also recommendable.
1.2.6. 'Wheel washing facility

Waste and mud adhere to the transportation vehicle which ran about the landfill. Then, it causes the
scattering of waste and the drop off of mud outside the landfill after the vehicle leaves the site. Therefore, it
is necessary to wash mud and the waste of the vehicle before it leaves the site. For this purpose, the pool
where water was put must be provided. Waste and mud can be removed by letting the vehicle pass there. At
the bottom of the pool, the ragged iron plates or circular tubes are placed to promote removal of mud and

waste.
1.2.7. Office

An office is constructed for resting of working staffs, management data on the waste quantity, storage of
various data and documents/reports, rooms for analysis and measurement, etc. Safety gears for workers are
also stored in this building. In the building, water and electricity supply, restroom, communication

equipment, shower for workers should be provided.
1.2.8. Warehouse

The warehouse is set up in keeping heavy equipment and other equipment for landfill operation, keeping

the spare parts, and keeping the chemicals etc.
1.2.9. Stockyard for cover soil

The soil cover material is an extremely important material for the sanitary landfill. It is necessary to secure
not only an amount necessary for the daily cover but also sufficient amount of the cover soil for several
days. Moreover, when a landfill fire occurs, extinction by using the cover soil is most effective measure in

general. So, it is necessary to secure plenty of the cover soil to allow for this purpose.
1.2.10. Inspection yard and quarantine place

The transportation vehicles should be regularly inspected by a surprise inspection on the load. For this
inspection, flat smooth place should be prepared. At there, the waste is unloaded and the contents of load
are inspected thoroughly. The base of inspection yard should be sealed by the iron plate or geomembrane
sheet. This yard is also used to conduct regular waste composition analysis.

The rejection and returning of waste is a principle measure when the waste doesn't comply with acceptance
criteria. However, this measure results in the illegal dumping to the surrounding environment when there is
no receptor of the waste. Therefore, occasionally, to keep such waste in this quarantine zone is necessary

for the period until appropriate measure is instructed.



1.3. Fundamental facility required for MSW landfill

1.3.1. Leakage prevention system

The leakage prevention system is constructed to protect groundwater around the landfill from polluting by
leachate. It works robustly not only during operation phase but also after closure. In general, it is difficult to
achieve this function by leakage prevention system alone. Though leakage prevention system is constructed
to minimize leachate leakage, multiple-safety concept (i.e. to reduce leachate head at the bottom, to
minimize leachate formation, etc.) is necessary to further prevention of leakage.

There are two types of leakage prevention system, i.e. surface liner and vertical impervious wall. Decision
on which type should be utilized is made according to the base ground condition. If there is bedrock with
extremely low permeability, vertical impervious walls can be applicable. On the contrary, surface liner can
be applicable for almost anywhere. However, whether the surface liner is appropriate or not should be
carefully examined, considering the environmental conditions of the site and/or geographical features.

The surface liner system creates the containment structure for waste and leachate, where Geomembrane
(GM) and/or clay liners (including GCL) cover all the surfaces of landfill bottom and slopes.

Specification of the liner differs country by country.

The followings are the references [1].

Figure 1.2 Necessary characteristics for the base ground when using vertical impervious wall (Japan)

Requirements for impermeable layer
Hydraulic conductivity Ks < 10-3cm/s

In case of bedrock, Lugeon's value; Lu <1
Impermeable layer should extend to entire

area and be not discontinuous.

Figure 1.3 Requirement for surface liner (Japan)

Type-1
~Geomembrane

Clay layer (thickness > 50cm, Ks < 10 cm/s )
- Base ground

\

- Geomembrane
| Asphalt layer (thickness> 5¢m, Ks < 107cm/s )
| Base ground

Type-2

N

Thickness of sheet

_
N




For asphalt sheet: more than 3mm Type-3 T light shielding sheet
Other sheet: more than 1.5mm —_—+ Geomembrane
7 Filling material
<‘ Geomembrane
~ Base ground

Figure 1.4 Requirement of base liner for MSW landfill (USA)

LCRS: leachate collection and removal system;

—— | Ks>0.0lems

- CCL: Compacted clay liner; Ks < 107cm/s

Besides, the lining system adapted in the landfill already existing in Palestine, which was approved by the

regulatory authority, is also allowable. Figure 1.5 indicates the lining system installed in the Al Minya

landfill.

Upper layer; coarse gravel,
stone size 20-50 mm

Lower layer; fine gravel, Separation and protection Layer of 500g/m?
stone size <20 mm non-woven geotextile

Geomembrane lining layer of 1.5mm HDPE

GCL lining and protection layer
4.5 kg/m? minimum.

20cm

40cm

Separation and protection Layer of 1000 g/m?
non-woven geotextile or 30cm sandy silt layer.
Stone size < 20mm

Compacted to 95% dry density of mod. proctor
protrusion height < 12mm

ST .

Compacted sub-grade to 90% dry density of
mod. proctor protrusion height < 12mm

Figure 1.5 The lining system installed in the Al Minya landfill

1.3.2. Waste retaining structure

Waste retaining structure is a kind of a dam that can store wastes for a long time. There are various
configurations depending on the topographical condition of landfill sites. The function of it is to keep the
waste in the landfill semi-permanently. It also must prevent overflow of landfilled wastes and collapse of
landfilled waste. Besides, it works to prevent discharge and seepage of leachate from the waste layer.

There are several types on waste retaining structure, such as; concrete dam, earth fill dam (bund, dike, earth

embankment), retaining wall, etc.



Figure 1.6 Major types of the waste retaining structure

Major types are concrete dams and earth fill dams (figure 1.6). Concrete gravity dams are typical in the
former. This type of dams normally requires robust foundation such as bedrock. But it allows higher
storage capacity for waste. Homogeneous earth fill dams are typical in the latter. This dam can be adoptable
to wider range of foundation, though it offers less capacity than a concrete dam. To prevent seepage of the
leachate, slope of landfill-side of the dam must be lined.

The pressure on the structure consists of mainly waste weight and hydrostatic pressure and the structure
must be rigid and stable enough for the pressure. In addition, seismic effect is also considered in areas of
major earthquakes.

Stability of the waste retaining structure is evaluated by the sliding of the dam base at the boundary of
foundation for concrete gravity dam and slope stability for earth fill dam (dike and earth embankment). In
both cases, dead loads, static waste pressures, hydrostatic pressure, uplift force, and seismic effect are taken
into account as the loads for the stability analysis. In case of the earth fill dam (dike and earth embankment),
slope stability is analyzed by the method of slices for circular arc analysis of slopes and minimum
requirement of the factor of safety (FS) is defined to above 1.2. Based on the analysis, height of a shift (H)
and width of the bench (B) should be carefully determined.

Moreover, although gradient of the slope is basically determined so as not to cause slope failure by stability
analysis and construction material, standard gradient range is from 1:2.5 to 1:3.0 (vertical height versus

horizontal length).
1.3.3. Leachate collection and removal system (LCRS)

The LCRS collects and drains leachate from the landfill area, promptly. It consists of pipe network and/or
sand/stone layers. If semi-aerobic structure is adopted, the pipes also function to let air flow in the landfill

body and to expand aerobic zone in landfill layer. Stone/sand drainage layer on surface liner is also

6



important for leachate collection and drainage. Figure 1.7 shows basic structure of LCRS. In general, it is

comprised from main drainage pipe, branch drainage pipe, slope pipe and vertical drainage pipe.

[Cross section] o
Drainage pipe

Filter material
r ‘)/ Protective sand

U

Concrete

Geo-textile
membrane liner

Slope pipe

Vertical drain

Leachate pond Valve

Figure 1.7 Basic structure of Leachate Collection and Removal System
Table 1.1 shows types of pipes used for leachate collection and removal system. Usually perforated,
centrifugal reinforced concrete pipes (150 to 3000mm diameter) and perforated synthetic resin pipes (500

to 1500mm diameter for fiber reinforced plastic pipes, and 100 to 400mm for HDPE pipes) are used.

Table 1.1 Types of pipes used for leachate collection and removal system [1]

Types Diameter Bottom Slope  vertical Feature
(mm) Main  Branch pipe pipe

Perforated reinforced 150~3000 \ \ Very rigid. Use when prevention

concrete pipe of deformation is requested

Strengthened 500~1500 \ \ High strength, Durable for

plastic pipe corrosion. Use for deep landfilll

Hard HDPE pipe 100~400 N N Flexible, Durable for corrosion,
Suitable for small diameter

Hard PVC pipe 100~800 \ \ \ \ High strength, but weak for heat

Permeable  concrete  100~700 N Less flexible, Care is necessary

pipe for clogging

Permeable synthetic ~ 100~600 N Flexible, Care is necessary for

pipe clogging

Rock fill - N N N Suitable for short-term use. Care

is necessary for clogging

Diameter of the pipe should be carefully determined based on the estimated leachate quantity that must be

drained. For example, diameter of the main drainage pipe is designed as follows;



1)

2)

Estimation of the leachate quantity
The main sources of the leachate are in general rainfall and moisture of waste. Main drainage pipe
should have sufficient cross section of which the maximum quantity of leachate estimated can flow.
There are several method to estimate leachate quantity such as the water balance model, rational
formula, etc. Prediction of leachate quantity by water balance model is described in section 3. The
estimation by the rational formula uses the following equation;
0= LC -4

360
Here, Q: leachate quantity [m?/s], C: discharge coefficient [-], I: rainfall intensity [mm/h], A: catchment
area [ha]. The discharge coefficient expresses the percentage of rainfall water that becomes leachate
finally. It can be determined roughly by subtracting quantity of evaporation from rainfall quantity.
Selection of rainfall intensity vary site by site. If heavy rainfall is expected at the site, higher intensity
should be selected from the past meteorological statistics.
The alternative method is to use surface infiltration rate. In this method, surface infiltration rate is

multiplied by the surface area and the product is summed up for entire section as follows;

Q=Z(k§ xAi)

Here, k' is surface infiltration rate [m/hr] of section i, and 4; is surface area [m?] of section i.

Table 1.2 shows the saturated hydraulic conductivity of various soil as an example.

Table 1.2 Saturated hydraulic conductivity of various soil [13]

Grain-Size Class Saturated Hydraulic Conductivity, ks [m/hr]
Clay <1.1x 107

Silt, clayey 1.1x102~4.6x 102
Silt, slightly sandy 5.7x 1072

Silt, moderately sandy 9.1x10%~1.0x 10!
Silt, very sandy 1.1x10"~1.4x 10!
Sandy silt 1.4 x 107!

Silty sand 1.6 x 107!

Calculation of the pipe diameter
Flow of leachate in the pipe should not be the pipe flow but the open-channel flow as indicated in the

figure 1.8.



In general, 30% to 50% of cross section being
wetted perimeter is preferable. In the
open-channel flow, flow velocity can be

expressed by the Manning equation;

1 21
V =—R3?
n
Here, V: flow velocity [m/s], n: roughness of
the pipe [-], R: hydraulic radius [m], and i
hydraulic gradient [-]. By multiplying the flow
velocity and the section area of flow (i.e,, V"4), Figure 1.8
flow quantity can be obtained. Thus, pipe

diameter that can satisfy this condition is

Relationship among estimated leachate
quantity and velocity of leachate in the

main drainage pipe

determined.

Besides, since destruction such as buckling/collapsing may occur if the waste load is extremely heavy,

loading condition should be better to consider. The pipes must form a net structure and it consists of the

main pipes and the branch pipes at the bottom. The feature of the network configuration is shown the
following table (Table 1.3);

Table 1.3 The feature of the network configuration

Method

Image

Feature

Straight

Q]

*For small landfill, and when bottom slope is steep

*Applicable for sanitary anaerobic landfill

*Feature
*Inexpensive construction cost
*Less air introduction, Expansion of aerobic zone is unexpected.
= Leachate collection efficiency ; low

Branch

*Widely used,
*Suitable when slope gradient is sufficient
*Feature

*Enough air introduction.

*Leachate collection efficiency; High

Network

*Used for flat landfill
*Suitable when slope gradient is insufficient
*Feature
*Enough air introduction
*Robustness for accident (i.e. function even if some part damaged)

Crushed stone layer should be placed around the pipes as filter material to reduce the pressure of waste load

and prevent fine particle from entering the pipes. To prevent clogging by microorganism and calcium

carbonate, to use larger crushed stones is preferable. Generally, gravels or crushed stone of 50mm to

150mm diameter are regarded as suitable under semi-aerobic landfill. In case of anaerobic landfill that is
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applied in existing landfills in Palestine, gravel or crushed stone of 19-50mm of range is common. They are

installed as bottom drainage layer as indicated in Figure 1.9. And the thickness of the crushed stone layer

should be 40cm as minimum.

H=20cm, Gravel size 16~32mm

H=25cm, Gravel size 16~32mm

H=20cm, Gravel size 32~50mm

Figure 1.9 The bottom drainage layer structure and the drainage material (installed in Zahart Al Finjan

landfill as an example).

According to the regulation of U.S.EPA, leachate head on the liner should be controlled less than 30 cm
[11]. So, leachate collection and drainage system should be designed to achieve this requirement. The pipes

are normally arranged with 20 to 30m of interval to promote leachate collection and drainage.
1.3.4.  Gas collection/ventilation system

The function of the gas collection pipe is to collect and discharge (or treat) landfill gas. Landfill gas flows
to all directions due to the pressure gradient when the gas pressure rises by the generation of landfill gas. It
is also transported by the diffusion. The main composition of landfill gas usually consists of methane (CH4)
and carbon dioxide (CO) with trace odorous substances and chemicals contained in the end-of-use
products. Landfill gas including methane moves upward through waste and cover soil layer if no
countermeasures are taken. Sometimes, plants on the landfill surface blight because of the oxygen
deprivation in the root zone, and/or temperature increase by the methane oxidation. If no measure for gas
collection is taken, the gas can migrate to surrounding environment and also invades and stays in the
basement of residential buildings/facilities and may result in explosion, though rarely. The explosion limit
of methane is 5-15% in the atmospheric pressure in normal temperature. The transport of the methane is
resulted from the flow of the gas through covered conduit, drainage ditch, clacks of base ground, etc. To
prevent such migration of the gas, gas collection is indispensable. When all bottom and slopes of the
landfill are covered by surface liner, gas collection pipe must be installed inside the landfill with
appropriate distances to avoid its accumulation inside, because such accumulation perhaps triggers fire
and/or explosion. The installation of gas vents/gas release wall is also helpful to prevent landfill gas
moving outside the landfill.

There are two types of landfill gas collection system. Active gas collection system collects landfill gas

actively to decrease environmental risks and to use the gas as heat/energy source. Meanwhile, passive gas
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collection system collects and releases landfill gas by pressure gradient between inside and outside of the
landfill. In this case, the gas will be combusted at the exit of gas vents when landfill gas pressure is high.
The gas collection pipe is indispensable when large amount of organic matters is contained in the waste.

Most vertical landfill gas collection pipes are perforated pipes enclosed by crushed stones. It is stretched as
the landfill surface rises. Polyethylene pipes and vinyl chloride pipes (typical diameter ranges from 125 to
600mm, and 200mm is most frequently used) are used as vertical pipes. Diameter of slope landfill gas pipe
ranges from 75 to 300mm. When the filling operation ends and the geomembrane is used as top cover, i.e.
final cover, it is necessary to install the horizontal landfill gas drainage layer and gas collection pipes under
the sheet. In this case, a layer of crushed stones or flexible geosynthetics is used because differential
subsidence may occur in the waste layer. Figure 1.10 shows the schematic diagram of active gas collection

system introduced by USEPA [14],

Figure 1.10 schematic diagram of active gas collection system [14]

1.3.5. Storm water collection and drainage

Although Palestine is located in arid/semi-arid climate, the unexpected storm event cannot be excluded,
especially in wet season. In order to minimize quantity of leachate, storm water should be drained promptly
before contacting with the waste. The drainage network for storm water is important to prevent the inflow

of storm water to the landfill. There are various kinds of storm water drainage facility (figure 1.11).
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Figure 1.11 Systems involved in storm water collection and drainage

1) Upstream diversion ditch:
The by-pass ditch is installed to divert water current upstream and then it is led to the storm-water
reservoir for flood control. Sometimes, the dam with intakes is installed in the upstream, and the
upstream water current is discharged through culverts.

2) Peripheral collection and drain ditch:
The drain ditch is installed around the landfill site in order to prevent from surface runoft water entering
to the site. It is often installed along the road around the landfill. Drain ditch should be wide and deep
enough to prevent hydraulic jump into the landfill.

3) Temporary rainwater collection and drain ditch on the completed cells:
The collection and drain ditch (open channel) is temporarily installed at suitable intervals to collect
surface runoff on the final cover and to drain it intact. This decreases the volume of the water infiltrating,
then results in the reduction of leachate.

4) Rainwater collection and drain ditch in the unused section:
A collection and drain ditch is installed to drain the rainwater from the unused landfill section.

5) Rainwater collection and drainage ditch after landfill completion:
It is a ditch installed to divert the surface runoff on the final capping system after closure. Care must be
necessary to prevent damage of the ditch by the differential subsidence.

6) Storm-water reservoir for flood control:
This reservoir is constructed in order to prevent rapid outflow, which can affect downstream area, from
the site and to play a role of buffer. All the water collected by the above-mentioned equipment is led to
this reservoir.

The collection and drain of the rainwater fell on the working cell is thought to be difficult. However, it is
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necessary to minimize the working face as much as possible.
1.3.6. Leachate Management Facility

Leachate storage pond

It is necessary to remove the leachate as promptly as possible to prevent the hydraulic pressure rise on the
liner by leachate storage inside the landfill. The removed leachate flows directly into the leachate pond or is
maintained in pit once, then is sent forcefully to the leachate storage pond by pump. Leachate storage pond
should have enough capacity that can store leachate generated even if it is a rainy season. In order to design
the capacity of leachate storage pond, it is necessary to estimate beforechand the amount of leachate
generated by using statistics regarding past leachate generation or using the water balance model
(Schroeder, et al., 1994).

Generally, leachate storage pond is constructed to buffer the difference between fluctuation of real leachate
quantity and treatment capacity of the leachate treatment facility, which is constant. However, here, it is
constructed for leachate evaporation. So, by taking into account the evaporation rate from the pond, and the
balance of inflow and evaporation, capacity of the leachate pond should be designed. Lining by
geo-membrane sheet (i.e. HDPE sheet) at the bottom of the leachate storage pond is indispensable for
preventing leakage of leachate. Moreover, installation of fence around the leachate pond is necessary to

prevent the fall accident.

1.3.6.1. Leachate recirculation network

When evaporation is adopted as a major management strategy of the leachate, evaporation from the surface
of the landfill is expected as well as evaporation from the leachate storage pond.

Therefore, the leachate is pumped up forcefully from the leachate storage pond, and then the leachate is fed
to landfill surface by various means.

Major methodologies of recirculation are as follows;

1) Leachate recirculation onto the landfill surface and distributing it by using sprinkler/spray nozzle, or
open channel trench (or sometimes open shallow pond, etc),

2) Leachate is recirculated to the subsurface just below the surface of the landfill by using trench filled by
rubble or perforated pipes (subsurface pads with drainage material are also used),

3) Leachate is recirculated to the much deeper vertical wells existing inside landfill, such as borehole.
Figure 1.12 shows several types of leachate recirculation.

For the purpose of promoting evaporation, recirculation onto the surface is recommended. However, this
type of surface irrigation often causes the odor issue by the dissipation of leachate.

Even if any methodology is chosen, it is necessary to install pump which has an enough ability to send the
leachate to the surface of the landfill, pipe arrangement, the sprinkler that spray the leachate at the surface,

construction of the blind trench, etc.
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Figure 1.12 Several types of leachate recirculation systems. ([8] UK Environment agency (2009))

The required performance differs by purpose and size of the landfill, etc. UK Environment agency

conducted a survey on leachate recirculation [8]. Some actual application rates used at field scale are

indicated in Table 1.4 as an example.

Table 1.4 some actual application rates used at field scale [8].

System type Sub-set Infrastructure Areal
application rate application rate
(m*/ha/day)
Low pressure surface Infiltration lagoons 5.2-7.9 I/m?*/day 2.5
application
Irrigation at tipping face 10-66 1/m?/day
Trenches Tyre-filled trench 830 l/m/day
horizontal pipes
Gravel-filled trench 137 1/m/day
Deep (5-7m) tyre filled trench 205-274 1/m/day
Perforated pipes in gravel-filled trenches 10 /m/day 1.1
32 mm HDPE pipe 12-70 1/m/day 11-13
75mm PVC pipe in gravel-filled trench 10 /m/day 2.4-6.1
Perforated pipes in injection trench 7 /m/day 9
Pads 50 x 50 x 2 m tyre-filled pad 24 1/m?*/day
13 tyre-filled pits at 8 m spacing 19 I/m*/day 27
60 x 9 x 0.15 m blanket of crushed 28 1/m?/day
recycled glass
Wells 18 injection wells at 30 m spacing 90 I/m/day 8.9
134 vertical wells in 45 clusters at 15 m 50 l/m/day 8.4
spacing
12 shallow pin wells at a spacing of 1015 I/m/day 11.7
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Issues regarding the leachate recirculation confirmed through various experiences up to now are as follows;
odor, clogging of pipe network/spray nozzle, flooding of gas vents by the storage of leachate, the collapse
of the recirculation system on the surface due to the non-uniform settlement, slope instability, surface
outbreaks, etc. Therefore, careful design and construction by paying attention on these issues are

significant.

1.3.6.2. Leachate treatment facility (Not necessarily required here)

It is necessary to consider deliberately the purpose of the installation of leachate treatment facility. In
general, the leachate treatment is to be required because leachate has to be discharged to outside when the
amount of the leachate exceeds the capacity of which the site can control. As a matter of course, to prevent
negative impact on the environment caused by leachate discharge, the strength of leachate should be
weakened to the degree that never threatens the surrounding environment. If there is concrete effluent
standards, treated leachate should satisfy it. Also, if there is the environmental standards, the discharge of
leachate must not disturb it at the point of compliance. Therefore, the discussion regarding the installation
of leachate treatment facility should be started from the prospect on the necessity of the leachate discharge.
Under wet climate, landfill is subjected to constant rainfall event. In such condition, the situation of
leachate discharge is inevitable.

On the other hand, rainfall event is limited in arid/semi-arid climate. In some locations, annual water
budget may become negative because evaporation exceeds rainfall. If such condition is satisfied, control of
the leachate without discharge may be possible and leachate treatment facility isn't necessary. This
condition should be carefully inspected by past meteorological data and water balance calculation. If there
is a possibility to control the leachate without discharge, the strategy is further secured by promoting
evaporation using the re-circulation, an immense evaporation pond, etc.

If leachate treatment facility is intended to install even though leachate is controllable without discharge,
conceivable purposes of it can be summarized as follows;

1) When the leachate re-circulation is carried out, re-circulation of the treated leachate is more effective for
waste stabilization than non-treated leachate. (it can eliminate factors that obstruct biodegradation by
dilution)

2) When emission of strong odor from the leachate storage pond is concerned, appropriate leachate
treatment process can reduce the emission of odor.

3) If the leachate strength is weakened, impact on surrounding environment can be minimized even if the
unintentional leachate discharge happens under extreme heavy rain. (Since landfill should confine leachate
inside, this event should be avoided basically.)

If the leachate treatment facility is installed according to these purposes, requirements on the facility are
whether the facility can achieve each purpose or not.

To the contrary, leachate treatment facility must be installed, if the leachate discharge is intended due to its

overbalance against the controllable amount of the site. In this case, leachate treatment process should be
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designed to satisfy the required effluent standards, of course. The configuration of the process depends on
the objective. Various configurations are possible. The quality of the leachate changes drastically along
with the time depending on the landfill condition. Initially, leachate with high BOD is generated and it is
suitable for the biological treatment. Then, it gradually changes to the characteristics with high
concentration of COD and ammonia, and physicochemical treatment becomes to be more suitable. The
ratio of BOD/COD is a useful indicator for choosing appropriate treatment process. Specific condition of
the landfill in arid climate is that there is sometimes no river outside. In such condition, much higher
quality of effluent (i.e. low concentration of constituents) is required because no dilution is expected after
its discharge. Thus, as for the leachate treatment in landfill under arid climate, special attention should be

paid on the effluent quality.
1.3.7. Monitoring facility

Various monitoring equipments are necessary to be installed to understand the condition of the landfill and

to comprehend the impact of the surrounding environment.

1.3.7.1. Leachate monitoring well

To grasp the real leachate characteristics, analysis of the quality of leachate obtained at the outlet of
leachate collection system is necessary. However, sometimes, determination of the variation of leachate
quality by location is required. In such case, several monitoring wells inside landfill are installed. If vertical
gas vents reach at even the landfill bottom, leachate quality can be monitored by using the leachate stored
in the wells instead. Meanwhile, management of leachate head at the bottom is quite important to evaluate
the risk of leachate leakage. Thus, monitoring wells to measure the water table inside landfill need to be

installed.

1.3.7.2. Landfill gas monitoring well/pipe

Gas monitoring wells are installed to trace the transition of the landfill gas composition. If the vertical gas
vents or horizontal gas drainpipes are installed, they can be used instead of the monitoring well. All
monitoring wells should be capped to keep the landfill gas and to prevent air invasion. If to confirm
migration of gas (especially, methane) to the surrounding environment is necessary, sometimes, simple gas
wells are set up at peripheral area of the site (outside of the lining system), and it can be used as the

monitoring well.

1.3.7.3. Groundwater monitoring well

The purpose of the setting up this well is to detect leachate leakage from the bottom of the landfill. Thus, a
monitoring well needs to be constructed at each upstream and downstream of the site, respectively. By this
well, influence of landfill on the groundwater can be seized. The depth of the well should be what can reach
to the uppermost aquifer. When the existing well, which is utilized for domestic/agriculture purpose, is
alternatively used, care must be necessary. To identify the influence of the landfill becomes difficult

because of other pollution source or long travel time, if the well is far apart from the site in horizontal
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direction or the groundwater table is too deep. In such a case, to examine the flow direction of groundwater
below the site beforehand is necessary. In addition, possible flow path of leachate in case of leaking must

also be examined beforehand.
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1.4. ChecKlist

Basic infrastructure

-Unclimbable structure
-Enclose the territory completely
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Fence
-The height of the fence.

Site notice board
-Installation
- Information provided

Site access road

-Width of the road
-Pavement and dust condition
- Access sign

Weighing system
-Installation of the weighbridge

-The staff's arrangement at acceptance

Road inside the landfill
-Construction
-Quality (strength, dust prevention)

‘Wheel washing facility
-Installation

Office

‘Warchouse

Stockyard for cover soil
- Quantity of the soil stocked

Inspection yard and quarantine place
-Existence

-Location/Condition

- Capacity for temporary storage

Leakage prevention system (Liner)
-Installation
-In conformity to standards

Waste retaining structure
-Installation

-Robustness (not collapse)
-No erosion and cracks

system (LCRS)
-Installation

Leachate collection and removal

Fundamental facility required for MSW landfill

Gas collection/ventilation system
-Installation
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Storm water collection and drainage
-Upstream diversion ditch
-Peripheral drain ditch

-Drainage ditch on the closed cell
-Drainage ditch in unused section

- Storm-water reservoir

Leachate Management facility

Leachate storage pond
-Capacity

-Bottom lining
-Installation of the fence

Leachate recirculation network(Not]
necessarily required depending on the
site structure)

-Installation

-Functioning

Leachate treatment facility(Not
necessarily required here)

Monitoring facility

Leachate monitoring well (borehole
inside landfill)

Landfill gas monitoring well/pipe
(borehole inside landfill)

Groundwater monitoring well

Overall comment

Other observation / (Immediate) Action is Required on;

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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2. Management of landfill operation
2.1. Introduction

In this section, basic procedures on landfill operation are described, which are necessary for audit. The

explanation on each operation described here becomes the standard for preferable landfill operation.
2.2 Management of waste acceptance

2.2.1. Setting up waste acceptance criteria

There are unacceptable wastes, even if the landfill equips various environmental protection functions. They
are wastes such as especially hazardous, infectious, possible to cause deterioration of leachate, etc. Thus,
each landfill has to set clearly the items that are acceptable beforehand.
The waste acceptance criteria are set based on the function of the landfill site and the pollution control
agreement with surrounding community.
Followings are examples of the criterion.
1) Prohibited wastes:
They are hazardous waste including a highly soluble heavy metal, material containing persistent organic
pollutants, agricultural chemicals (pesticide, herbicide, etc.), inflammables, infectious waste, etc. Special
attention is necessary for sludge and cinder (ash) because they sometimes contain hazardous substances.
So, they must be analyzed before acceptance and clear identification on its contents is necessary.
2) Waste with high moisture content:
Liquid waste, sludge with high moisture, waste acid and alkali, waste oil, etc. Moisture content higher
than 85% should not be disposed of in terms of the control the leachate generation.
3) Asbestos:
If asbestos waste is accepted, it should be covered immediately with soil in order to prevent uncontrolled
dispersion and to protect workers health.
4) Organic wastes which are particularly putrescible:
They decompose rapidly and start to emit strong odor. So, animal carcasses, slaughterhouse waste,
hospital waste (non-infectious), etc. should be covered immediately if they are accepted.
5) Bulky waste:
They consume landfill space and lead to inefficient filling. So, they should be crushed before disposal so

as not to create hollow spaces in the landfill, if they are accepted.
2.2.2. Waste inspection at acceptance

Inspection of waste at the delivery is important to assure safety of landfill management and protect
environment. Any one or combination of the followings can be used as the inspection method to observe

the carrying waste;
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1) Visual inspection of waste on the transporting vehicle:
Waste is visually inspected by reception staffs regarding its appearance. And the staff confirms whether
other waste, which does not comply with acceptance criteria, exists in the load.

2) Visual inspection at the dumping yard:
The waste is inspected in detail by being laid on the dumping yard inside the landfill site if the load is
judged to be mixed with other types of waste at the entrance. In the case of waste being suspicious, it is
needed to be sampled and analyzed. As an alternative method, reception staff informs to the landfill
tipping area staff about the vehicle number by wireless etc., and then he inspects the waste on the
unloading location. TV camera is also used for visual inspection here too.

3) Sampling and analysis of waste:
The waste possibly violating the acceptance criteria is carried to the temporary storage location and is

sampled, analyzed and determined whether to be accepted or rejected.
2.2.3. Measure for the waste not comply with criteria

At first, suspicious waste should be moved to the quarantine zone until concrete decision is made. If
leachate formation or odor emission is too intense, impermeable sheet should overlies/underlies the waste.
Enough distance should be secured between the quarantine zone and site office building since there is
possibility of waste containing hazardous substance.

When a violation is found, the content is recorded in the report, and the waste generator and the waste
transportation contractor are informed about the rejection of the waste. The methods may not seem to be
effective as it is not a thorough inspection. However, the actual effect is high because this type of penalty

system (i.e. reject the waste to the generators) prompts produces/carriers to abide by the regulation.
2.2.4. Waste quantity measurement

The acceptable waste is weighed by weighbridge and the necessary data are collected and recorded. Data
on the waste should be recorded by each vehicle. Necessary data are; the area of waste collection, the
license number of the vehicle, types of the waste, weight of the waste, volume of the waste, information on
transportation ID, with/without inspection, etc.

The data is summarized daily basically. But monthly aggregated data is also necessary to submit the report.
In addition, the administration office instructs the driver about the suitable location at where each waste is

to be dumped.
2.2.5. Inspection/Periodical analysis

Waste composition analysis should be carried out periodically. Composition data is important for
understanding the trend of MSW generation and examining the possibility of recycling activity by the
competent authorities.

Waste sample is taken from the incoming loads randomly. The amount of sample depends on the number of
worker possible to be involved. The frequency of analysis depends on the type and quantity of waste

received. Records of these analyses must be kept.
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2.2.6.

Data recording and reporting

Data on quantity of waste delivered, result of inspection, report on the measures taken to the unacceptable

waste, result of composition analysis, etc. should be kept appropriately.

These data and reports are used to submit annual report to the competent authority.

For the landfill operation management, the quantity of the waste and location of waste disposed of are

indispensable for estimate future operation plan.

The following tables (Table 2.1 — 2.3) show examples of records.

Table 2.1 Example of data recording format on the waste acceptance (daily)

Date:

Weather:

Daily waste acceptance record

Daily record No.

Time

Waste origin

Type of waste

Vehicle ID.

Quantity

(ton)

Quantity

(m3)

Acceptance

(OK/Reject)

Inspection

report No.
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Table 2.2 Example of data recording format on the waste acceptance (Monthly)

Year: **** Month ** Monthly record No.
Monthly waste acceptance record
Date | Quantity Volume Number | Remarks
Daily (ton) Cumulative (ton) Daily (m3) Cumulative (m3) | of reject
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Table 2.3 Example of acceptance inspection record

Date: ****/**/**

Inspector:

Report on acceptance inspection

Daily record No.

Date and Time HkAk [k ok sk sk
Waste carrier

ID of Waste carrier

Waste origin

Result of visual inspection u] Caution

You are cautioned because of the reason described below. If you receive similar caution
again, delivery of waste by you will be rejected.
u] Reject

Your waste is not accepted in this landfill based on the reason described below.

Reason

1 Presence of unacceptable waste ( )
2 The characteristics of waste is different from the waste in contract
3 Other

Proof of the reason (Photo, etc.)
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2.3. Waste filling operation

Waste filling operation including soil cover application is the most crucial one in landfill operation. By
appropriate operation, various issues regarding the landfill site can be prevented, such as minimizing the
issue of odor, vermin, insect, fire, waste dispersion, etc., reducing the quantity of leachate, and preventing
non-controlled emission of landfill gas. Therefore, to confirm whether the site is properly operated or not,

regarding waste filling work is most important.
2.3.1. Waste emplacement and compaction

After waste is unloaded at the working area, at first, the waste should be crushed and blended by heavy
equipment in order to fill the waste efficiently and to extend the service life of the site. The waste is spread
on the ground then crushed by heavy equipment by running over the waste at least five or six times. The
spreading of waste should not be performed under strong wind condition, especially for the waste that is
easily scattered. Even when the wind is mild, such waste should be humidified beforehand, or sprayed by
using water before rolling compaction is done. The waste spread is pushed to the previous cell’s slope by
either following method; 1) pressing down or 2) pushing up. By repeating this operation, a cell is formed
daily. At the end of the day, the cell is covered with a daily cover. The size of the cell is about 2~2.5m in
height, and width and depth are decided depending on the amount of the waste every day. It is quite
important to minimize the area where cell is created.

The extension of vertical landfill gas collection pipes is also necessary if vertical vents are installed. When
landfill work is performed near the waste retaining structure, slope surface liner and landfill gas collection
pipes, cares should be taken so as not to damage these equipment. The workers should be educated for this
matter. In addition, when the landfill layer is shallow, special care must be paid on the movement of heavy
equipment over the surface leak prevention layer, since it may damage the liner, and also the leachate

collection and drainage system.
2.3.2. Implementation of cover material

Significant difference between open dump and sanitary landfill is the implementation of soil cover. By
covering waste by soil daily, various environmental nuisances are minimized and a safe working
environment can be created. Therefore, this operation is one of the most important operation among landfill
work. If the daily cover is not applied properly, the similar situation with the open dump site is easily

created.

2.3.2.1. Daily cover

Daily cover soil prevents the scattering of waste, emission of odor, access of birds, and multiplication of
vermin. Besides, appearance of landfill is improved. Normally, the soil with high permeability is preferred
for daily soil cover. Although rainwater is to infiltrate easily, vehicle motion can be improved even on rainy

day and smooth release of gas becomes possible. Furthermore, diffusion of oxygen into the surface layer is
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promoted, which results in activating methane oxidation and expanding aerobic zone. On the other hand,
fine soil with high clay content exaggerates working condition and triggers the formation of perching of
leachate between the layers. In general, soil excavated on site is utilized for daily cover. But, construction
and demolition waste such as crushed concrete can be also used.

Surface soil is very thin in this area. Bedrock such as marlstone, limestone, chalk, and chert appear
relatively shallow zone. Therefore, crushed rock is the major candidate for cover soil here. The
characteristics of them seems to be suitable for daily cover soil since relatively high permeability can be
attained and they don't have higher cohesion like clay. In many countries, 15cm of depth for daily cover is
recommended.

However, about 30 cm depth or more of daily soil cover is recommended if the waste contains high amount
of organic matter.

Application of alternative cover material is also worth to consider. To use compost like material for cover

material is effective to reduce the odor issue.

2.3.2.2. Intermediate cover

The landfill layer is formed by extending the daily cells to the horizontal direction. When the height of the
sum of some layers reaches to the planned height (e.g. around 12m which is resulted from 5~6 layers of
waste was set in Al Minya landfill)), the intermediate soil cover on the landfill layer is constructed. It is
important to note that the surface runoff on the intermediate soil cover should be collected and drained by
temporary runoff collection ditches. Compared with daily cover soil, rather low permeable soil is preferred
for the intermediate cover. By this low permeability, rainfall infiltration can be significantly reduced. In
general, about 30 cm or more in depth of intermediate cover is recommended. As for cover material,

crushed stone should be made much finer.
2.3.2.3. Final Cover

When the landfill is reached to the height that is originally planned, the final cover is implemented to the
surface of the layer for the landscaping and the control of leachate quantity.

Concrete objective of final cover are; reduction of leachate quantity during long-term post-closure phase,
prevention of uncontrolled release of landfill gas, isolation of waste that is possible to cause odor and
various nuisance, etc. Moreover, if certain after-use is planned, proper final cover that can contribute to the
purpose of the after use should be designed.

If the design concept of landfill is containment-type and to completely contain the waste in the landfill is
intended, the general structure of the final cover (from the lower to the upper layer) is as follows; the gas
drainage layer, impermeable barrier layer, rain water drainage layer, and topsoil. Geomembrane is
commonly used for impermeable barrier layer in order to restrict infiltration of rain water. Because gas
migration through surface is to be restrained by the geomembrane, gas drainage layer is installed below the
membrane in order to drain the gas efficiently. Beside, drainage layer above the liner is also work for drain
the rain water infiltrating through top soil vertically. Top soil works to maintain plant growth and contribute

the landscape.
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When complete containment structure is not intended, only thick soil cover of which thickness is more than

50 cm is installed in some cases.

2.3.3. Survey of completed amount

Landfill operation should be progressed strictly based on the plan that has provided beforehand. Therefore,
regular measurement of the thickness of the waste layer and cover soil layer according to the progress of
landfill operation is necessary. In order to measure the thickness of the waste layer and height of the landfill,
marking the elevation on the slope or geographical survey can be applied. To grasp the shape of the landfill
three-dimensionally, not only the plane but also vertical information becomes important. Survey of the
height is carried out by the level, the hand level, the transit, and GPS, etc. These surveys should be
conducted regularly to understand completed amount at that time. And the completed amount should be

recorded in detail.
2.3.4. Confirmation of slope stability

To prevent the risk of a slope collapse, the stability of slope constructed by filling the waste in landfill
should be checked. Basically, the slope should be maintained at a gradient not greater than 1:3 (ratio of
vertical height to horizontal distance). Along with the progress of the waste filling operation, deformation
of slope may possibly occur due to the settlement of the waste. Thus, the survey on slope is regularly
executed to confirm whether the gradient is within the range.

Besides, the slope might be eroded by the surface runoff. When erosion occurs, landfill waste may crop out
and it results in the scattering of the waste and the plague of vermin. To prevent this, regular walk-over
survey is necessary to find the location of erosion. If erosion is found, it must be promptly repaired by

additional soil covering. The state of the slope is recorded, and managed regularly.
2.3.5. Monitoring of settlement

Severe subsidence may occur along with time elapsing, especially in the landfill where a lot of organic
waste has been disposed of. The subsidence during active operation before the installation of the top cap is
not significant for waste filling work. However, its impact becomes to be serious for the surface drainage
system and gas collection system after the installation of the top cap. Therefore, subsidence should be

monitored regularly. It can be done by the method explained in the section of survey of completed amount.
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2.4. ChecKlist

Status Comment

Category
Satisfactory
Unsatisfactory
Inapplicable
INot-checked

Setting up waste acceptance criteria

- Clear definition of prohibited waste

- Refuse of waste with high moisture]
content

- Clear protocol on asbestos

- Measure for specific putrescible

 Measure for bulky wastes

Waste inspection at acceptance
- Enactment of visual inspection
- Sampling and analysis of waste

Measure for the waste not comply
with criteria

- Existence of decisive procedure

Management of waste acceptance

Waste quantity measurement

Inspection/Periodical analysis
- Execution of periodical composition|

analysis

Data recording and reporting

Waste emplacement and compaction
- Proper compaction work
- Well planned cell creation
* Minimization of working face

- Care on the other facilities

Implementation of cover material
- Daily cover
- Intermediate cover

- Final cover

Survey of completed amount

Waste filling operation

- Conduct periodical survey

Confirmation of slope stability
- Periodical ~ walk-over survey and|

maintenance

Monitoring of settlement

Overall comment

Other observation / (Immediate) Action is Required on;
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Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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3. Leachate management
3.1. Introduction

At the sanitary landfill, of which bottom and slope is lined strictly and inflow from outside is satisfactorily
controlled, leachate generation is determined mainly by climate condition (rainfall and evaporation), and
moisture of waste.

Especially, if the landfill is located under arid/semi-arid climate, amount of leachate formation is less when
compared with the landfill under wet climate, because evaporation exceeds rainfall. Besides, because the
moisture that waste brings in becomes the main source of the leachate, the generation of the leachate is
mainly limited for the period of active operation, in which the waste is disposed of. Moreover,
characteristics of leachate become strong because of the condensation by evaporation and less dilution by
rainwater.

In general, relatively a large amount of leachate is perennially generated from the landfill under wet climate
because annual water budget is positive. By this, discharge of the leachate to outside is inevitable. And in
order to fulfill the requirement on the discharge, quality and quantity of leachate is managed. In other
words, exit is necessary for leachate that is continuously generated, and the landfill cannot help requesting
the exit to available surface water. As long as the landfill belongs to this attributes, controlling the quality
of leachate to below the level that never affects the environment is major premise, when it is discharged
(For this, effluent standards is set by considering the dilution effect of the river water). Concretely, to
minimize leakage into the underground, to minimize leachate generation, and to fulfill the effluent standard
by the leachate treatment are set as the main management targets, in general.

When considering above mentioned regards, two management strategies can be applied to the leachate

management in landfill under arid/semi-arid climate.
3.1.1.  Control the leachate within the site and never allow the discharge of leachate

At first, careful examination should be done if the leachate management is possible within the site without
discharge. The generation of leachate depends on various factors, such as topography, climate,
characteristics of the waste disposed of (especially, moisture content), landfill structure, measure on
promotion of evaporation, etc. In arid/semi-arid climate region, it may be common that there is no surface
water body around the site. Thus, quality of effluent, which is discharged to outside environment, should be
equivalent to the quality of rainwater/groundwater, since no dilution effect is expected by river water. In
order to satisfy this requirement, extremely highly sophisticated leachate treatment process is necessary.
Thus, strategy controlling leachate only inside the landfill and never allowing the discharge has advantage
of cost and energy when comparing to the strategy allowing discharge.

If it becomes evident that the leachate is never generated based on the past operation record or the
prediction by water balance calculation, leachate treatment will not be a major subject of the landfill

management.
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To the contrary, if the leachate is generated even just a little, evaporation should be promoted to effectuate
the management strategy confining the leachate within the site. In this case, concrete measure is to rely on
the evaporation pond or re-circulation to the surface of landfill body. However, promoting evaporation
creates simultaneously odor issue because odorous substance vaporized together with the evaporation of
water. Thus, there may be a case that leachate treatment becomes to be necessary to address this issue
according to the circumstances of complaints from residents, etc. Besides, when the leachate re-circulation
is performed, there may be a case in which elimination/conversion of substances, which hinder
biodegradation process, is necessary in order to accelerate stabilization. Hence, although the discharge isn't
intended, there is a case in which leachate treatment is helpful for landfill management. If the leachate
treatment is conducted based on this concept, the advanced process that can produce high quality effluent is
not necessary. That is, leachate treatment is designed for more concrete objective, such as reduction of the
odorous substance (e.g. Ammonia (NH3) and Hydrogen sulfide (H»S)), conversion of ammonia to nitrate
for smooth denitrification after re-circulation to landfill body. Thus, in this case, the leachate after treatment
is sent back to the pond or landfill. Because leachate quality after treatment is not stringent for other
constituents than the target substances, the treatment process can be made simple in comparison with the

process described in the next section.

3.1.2.  Permit the discharge of leachate and execute leachate treatment so as not to

affect the surrounding environment.

When the amount of leachate exceeds the capacity of which the landfill can control it only inside, discharge
of the leachate is obliged to be considered. However, since no river that has abundant water to dilute
effluent is typical in arid/semi-arid region, especially strict standards is to be applied for the effluent. That
is, quality equivalent to rainwater/groundwater is required to avoid any impact caused by the discharge.
There are various configuration of the leachate treatment process, However, by choosing any process,

effluent must satisfy the requirement of the standards, which are listed in section 3.4.
3.2 Leachate quantity

Despite the strategy of leachate management (i.e. strategy confining the leachate inside the site and not
allowing discharge outside the site, or the other strategy which permitting the discharge of the treated
leachate), to grasp the quantity of leachate is crucial. Quantity of the leachate can be predicted by using
water balance model/past record of the site. Prediction of leachate in advance is quite helpful to manage
leachate properly. As a matter of course, daily measurement of leachate quantity should be done and also

the result can be used for the prediction of future leachate generation.
3.2.1. Prediction

Generally, it is quite important to forecast the amount of the leachate based on the climate data, moisture
content of waste, etc. at the planning phase. There are various prediction tools for leachate generation (e.g.

U.S.EPA's HELP model [10]). Besides, the generation of leachate can be also estimated by simple water
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balance model by using meteorological data. In the latter case, when describing most simply, the input is
rainfall rates and the water squeezed from waste, and output is surface runoff, evaporation, and leachate.
Thus, if the steady state is assumed (i.e. the amount water stored inside the landfill is assumed to be
constant), the amount of leachate is calculated by subtracting output (evaporation and surface runoff) from
input. Anyhow, what is important on this is whether the prediction of leachate quantity is conducted or not.

Here, simple water balance model is briefly described.

Storm water inflow Rainfall (/)

Evaporation (£
from surroundings (S,) ﬂ P (£)

T Surface Runoff (S,)

Groundwater

intrusion (G)
Moisture derived by Waste or Soil

Leachate (Q) cover (M)

Figure 3.1 Elements considered in water balance model

Figure 3.1 shows elements which are taken into account in water balance model.

Here, I: Daily rainfall intensity [mm/d], E: Evaporation rate [mm/d], Si: Storm water inflow from
surroundings [m3/d], G: Groundwater intrusion [m?/d], M: Moisture derived by waste/soil [m3/d], S,:
Surface runoff [m?/d], O: Leachate [m3/d].

Rainfall intensity can be obtained from meteorological station near the site. If evaporation rate is recorded
at the meteorological station, it can be used. But, in many cases, empirical equation (e.g., Thornthwaite
equation, Hamon equation, etc.) or theoretical equations (e.g. Penman equation) are used to estimate
evaporation. M is determined based on the analysis conducted for the waste actually accepted at the site. S;
and G are in general neglected. As for S,, influence of it is small during operation period but it must be
determined after cover soil is implemented.

When S; and G are neglected; input water to landfill is;
14
Input : ——+ M
1000

Here, A: is catchments area of rainfall in landfill [m?].

And output is;
EA
Onput .- ———+ S8+
Pty 500 Ho O

Therefore, water balance in one day can be expressed as follows;

I4 EA
AW, +W,)=| —+M |—| —+ S5, +
(7 +15) (1000 ) (1000 © Qj

Here, A(Wr+Ws) is the change of moisture inside. Wk is the moisture stored in the landfilled waste and Ws

is the moisture stored in the cover soil.
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If the moisture in landfill can be assumed to be steady state, leachate generation can be expressed as

follows;
14 EA
O=|—+M |-| —+S,
1000 1000
Leachate quantity can be also estimated by the rational formula that is explained 1.3.3.

3.2.2. Measurement

Additionally, it is important to measure the amount of leachate generation and its amount in the entire
landfill regularly after the landfill operation commences. In the typical landfill in arid/semi-arid region,

water fractions related to leachate are the following nine.

Leachate brought by waste (Q;)

Figure 3.2 Water fractions related to leachate in landfill in arid/semi-arid region

1) Leachate stored inside landfill (V1)

2) Leachate stored in leachate pond (1>)

3) Leachate flowing into leachate pond (Q1)

4) Leachate sent back to landfill from leachate pond by recirculation (Q-)

5) Leachate brought by landfilled waste (moisture content) (Q3)

6) Rainfall on the landfill surface (Q4)

7) Evaporation from landfill surface (Qs)

8) Rainfall on the leachate pond (QOs)

9) Evaporation from leachate pond (Q7).
For “2) leachate stored in the leachate pond (V2)”, “3) Leachate flowing into the leachate pond (Q1)”, and
“4) leachate sent back to the landfill from the leachate pond by recirculation (Q»)” can be measured. As for

2), volume of leachate can be determined by leachate level in the pond and surface area of the pond. So,
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measurement of leachate head in the pond is necessary. As for 3) and 4), flux of them need to be measured.
If pump is used for their transport, flux can be calculated by the operating time of pump and its flow rate. If
the leachate naturally flows into the pond, some flow meter should be installed. As for these three
fractions, daily measurement is preferable.

For the following component, there is no officially defined method. So, they are estimated if possible.
Measurement of “1) leachate stored in the landfill” is difficult. So, only applicable method is the estimation
by leachate head inside the landfill.

Similarly, “5) moisture derived by the waste” is estimated by the physical composition analysis which is
regularly performed. Rainfall data (daily, monthly, etc.) can be obtained from nearby meteorological station.
Evaporation can be also obtained sometimes from meteorological station, but if evaporation isn’t recorded,
it can be estimated by various theoretical/empirical equations by using basic weather data. The amounts of

both rain and evaporation can be calculated by multiplying them to the surface area of landfill/pond.
3.2.3. Recording

Result of measurement regarding the amount of leachate stored in landfill, leachate flux in and out of the

leachate pond should be recorded.
3.2.4. Evaluation criteria

The evaluation is done in terms of the presence of successive execution of measurement of the leachate.
Especially, to confine the leachate in the landfill and not to permit its discharge to outside, understanding of

the amount of leachate becomes essential.
3.3. Leachate head

Since liner is installed to prevent leachate leakage, in the case of having any leakage this means that liner is
not complete properly. Moreover, in case of the liner constructed by earthen material such as clay, leakage
through the liner is dominated by the hydraulic head on the liner. Therefore, it is necessary to reduce the
hydraulic head on the liner as much as possible. For example, U.S.EPA stipulates that leachate head on the
liner should be controlled to less than 30cm [11]. In view of these, it is recommendable to observe the level
of the leachate in some way. However, depending on the landfill structure and equipments, monitoring of
leachate is hard to conduct. Actually, there is no obligation for monitoring leachate head in some countries
such as Japan. Hence, this is a future perspective. However, what is important is to prevent leachate storage

inside landfill as much as possible.
3.3.1. Measurement (future perspective)

Leachate head in leachate monitoring well or in vertical gas vents should be monitored by water-level

meter regularly.
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3.3.2. Recording (future perspective)

Record should be kept.

3.3.3. Evaluation (future perspective)

Leachate head is evaluated by comparing U.S.EPA standard. Namely, it should be controlled below 30cm.
34. Leachate quality

The purpose of the management and analysis of the leachate quality is classified into mainly the following
two points:

1) To understand the condition of the landfill and to evaluate its impact on the surrounding environment in
the case of discharging leachate to this environment.

2) To confirm whether the quality of effluent complies with the designated standards

The leachate contains various elements and high concentration of each element is natural. There is a
mentality that ties the environmental impact directly to the leachate concentration. However, because the
direct discharge of the leachate from the landfill to the environment hardly happens basically, therefore, the
leachate quality should not be evaluated from the viewpoint of the environmental impact. That is, to
compare directly the leachate quality with environmental condition has no meaning. Leachate should be
evaluated from the viewpoint of the above-mentioned two points. And this is not the mandatory. This

monitoring will be done if the landfill operator think its necessity.
3.4.1. Analysis of leachate to understand landfill condition (not mandatory)
3.4.1.1. Objective

Characteristics of leachate reflect the biodegradation process of organic matter contained in the waste
and the leaching process of inorganic matter. These characteristics become the important keys to

understand the status of the landfill reaching to the waste stabilization phase.

34.1.2. Sampling and frequency

Raw leachate should be sampled. It is obtained at the outlet of leachate collection pipe or inlet of the
leachate pond. If the monitor wells are set up, to obtain sample from these wells is also useful.
Sampling point should be fixed to certain point and should not be changed. Leachate in the leachate
storage pond is not suitable because it is affected by exposure to the atmosphere and dilution by rain.
Frequency of sampling is as follows;

»  This measurement is not obliged.

»  Thus, the frequency should be determined by the landfill owner.

» Since the information is useful to recognize the condition of landfill, to understand the

stabilization phase, and to be used as the basic data when leachate treatment is performed, the
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periodical measurement is recommended.

3.4.1.3. Item for analysis

Items for analysis can be classified by simple analysis and detailed analysis

a) Simple analysis

This analysis is conducted on site by using simple apparatus. Daily analysis is recommended when

conducting.

pH, temperature, ORP, EC

b) Detailed analysis

After leachate sample is collected, analysis is asked to the certain laboratory. This analysis should

be performed every month or every three month when conducted.

pH, temperature, ORP, EC, BOD, COD, SS, TDS, T-N, NH4"-N, NOs™-N, NO>-N

Special knowledge or skill is necessary for sampling and sample storage. So, it is recommendable to

ask certain laboratory to conduct whole procedure from sampling to analysis.

3.4.1.4. Result evaluation

The purpose of this analysis is to understand the condition in the landfill. So, there are no meanings to

evaluate the high and low values. Though the meaning of each parameter is not explained here,

roughly explaining, information regarding circumstance in landfill (aerobic or anaerobic), phase of

biodegradation (acidogenesis, methonogenesis, stabilization, etc.), wash off of salts, and existence of

inhibition factor for stabilization can be obtained from these parameters. By conducting these analyses

continuously, their trend and fluctuation can be identified.

In addition, in some occasions when environmental deterioration occurs, to distinguish the influence of

leachate from other sources is required, especially when there is a possibility of leachate discharge. For this

purpose, in depth analysis on leachate characteristics provides useful information. There are various

sources of pollution such as release of non-treated sewage or wastewater to the small stream ("wadi"),

excessive use of fertilizer and uncontrolled use of pesticide on agricultural land, discharge of wastewater

from stockbreeding farmer, etc. Various forms of environmental pollution are possible to occur and

pollutants also vary. Therefore, in order to distinguish from other sources, thorough identification of

leachate characteristics is necessary. Although there are numerous kinds of pollutants, for example, U.S.

EPA designates major hazardous substances as indicated in Table 3.1.

Table 3.1 Hazardous substances for detection monitoring listed by U.S.EPA. [11]

Inorganic Organic Constituents:

Constituents:

Antimony Acetone trans-1,3-Dichloropropene
Arsenic Acrylonitrile Ethylbenzene

Barium Benzene 2-Hexanone; Methyl butyl ketone
Beryllium Bromochloromethane Methyl bromide; Bromomethane
Cadmium Bromodichloromethane Methyl chloride; Chloromethane
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Chromium Bromoform; Tribromomethane Methylene bromide; Dibromomethane

Cobalt Carbon disulfide Methylene chloride; Dichloromethane

Copper Carbon tetrachloride Methyl ethyl ketone; MEK; 2-Butanone

Lead Chlorobenzene Methyl iodide; Idomethane

Nickel Chloroethane; Ethyl chloride 4-Methyl-2-pentanone;  Methyl  isobutyl

ketone

Selenium Chloroform; Trichloromethane Styrene

Silver Dibromochloromethane; 1,1,1,2-Tetrachloroethane
Chlorodibromomethane

Thallium 1,2-Dibromo-3-chloropropane; DBCP 1,1,2,2-Tetrachloroethane

Vanadium 1,2-Dibromoethane; Ethylene dibromide; | Tetrachloroethylene; Tetrachloroethene;
EDB Perchloroethylene

Zinc o-Dichlorobenzene; 1,2-Dichlorobenzene Toluene

p-Dichlorobenzene; 1,4-Dichlorobenzene

1,1,1-Trichloroethane; Methylchloroform

trans-1, 4-Dichloro-2-butene

1,1,2-Trichloroethane

1,1-Dichlorethane; Ethylidene chloride

Trichloroethylene; Trichloroethene

1,2-Dichlorethane; Ethylene dichloride

Trichlorofluoromethane; CFC-11

1,1-Dichloroethylene;  1,1-Dichloroethene;
Vinylidene chloride

1,2,3-Trichloropropane

cis-1,2-Dichloroethylene;

Vinyl acetate

cis-1,2-Dichloroethene
trans-1,
trans-1,2-Dichloroethene
1,2-Dichloropropane; Propylene dichloride
cis-1,3-Dichloropropene

2-Dichloroethylene; | Vinyl chloride

Xylenes

3.4.2. Confirmation of the effluent quality based on the designated standards

34.2.1. Objective

If the leachate management strategy is determined to the confinement of leachate inside and never
allowing its discharge, discharge of leachate (raw leachate) must not happen. In this case, the event of
discharge is immediately regarded as the violation of the environment. Hence, auditing of
environmental impact should be done based on the occurrence of discharge.

Meanwhile, in the landfill where leachate treatment is conducted and its effluent discharge is intended,
effluent quality must comply with the designated standards.

At present in Palestine, standards for the leachate discharge to the environment isn’t exist. Destination
of the effluent is not only necessarily the river (or wadi), and sometimes, in arid/semi-arid climate,
effluent of treated wastewater is used as irrigation water. Table 3.2, in the following page shows the
effluent standards set by Palestinian National Authority Ministry of Environmental Affairs (2000) [9]

for treated waste water.
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Table 3.2 Maximum allowable condition on discharge for effluent of treated waste water [9].

Property Irrigation of Groundwater | Discharge
(unit mg/L unless | almond | olive citrus forest | artificial parks green | dry recharge by | to the sea
otherwise stated) trees trees trees trees crops and | and feed feed infiltration 500 m far
grains gardens
BOD;s 45 45 45 60 60 40 45 60 40 60
COD 150 150 150 200 200 150 150 200 150 200
DO >0.5 >0.5 >0.5 >0.5 >0.5 >0.5 >0.5 >0.5 >1 >1
TDS 1500 1500 1500 1500 1500 1200 1500 1500 1500 -
TSS 40 40 40 50 50 30 40 50 50 60
Color free free Free free free free free free free Free
pH 6-9 6-9 6-9 6-9 6-9 6-9 6-9 6-9 6-9 6-9
Fat Oil &Grease 5 5 5 5 5 5 5 5 0 10
Phenol 0.002 0.002 0.002 | 0.002 0.002 0.002 0.002 | 0.002 0.002 1
MBAS Detergents 15 15 15 15 15 15 15 15 5 25
NO; (N) 50 50 50 50 50 50 50 50 15 25
NH4 (N) - - - - - 50 - - 10 5
T.K.N 50 50 50 50 50 50 50 50 10 10
(Organic nitrogen)
Cl 400 600 400 500 500 350 500 500 600 -
SO, 500 500 500 500 500 500 500 500 1000 1000
Na 200 200 200 200 200 200 200 200 230 -
Mg 60 60 60 60 60 60 60 60 150 -
Ca 400 400 400 400 400 400 400 400 400 -
SAR(Sodium 9 9 9 9 9 10 9 9 9 -
adsorption ratio)
PO4 (P) 30 30 30 30 30 30 30 30 15 5
Al 5 5 5 5 5 5 5 5 1 5
As 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.05 0.05
Cu 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Fe 5 5 5 5 5 5 5 5 2 2
Mn 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ni 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Pb 1 1 1 1 1 0.1 1 1 0.1 0.1
Se 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Cd 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Zn 2 2 2 2 2 2 2 2 5 5
CN 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.1 0.1
Cr 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.05 0.5
Hg 0.001 0.001 0.001 0.001 0.001 0.001 0.001 | 0.001 0.001 0.001
Co 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 1
B 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 1 2
fecal coliform 1000 1000 1000 1000 1000 200 1000 1000 1000 50000
Pathogens Free Free Free Free Free Free Free Free Free Free
(Protozoa),((Crypt - - - - - Free - - Free Free
osporoidiom))Am
ocba & Gardia
(Cyst/L)
Nematodes <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
(Eggs/L)
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3.4.2.2. Sampling

Treated leachate before discharge should be obtained.

3.4.2.3. Item for analysis and frequency

Items for analysis are indicated in Table 3.2.
Frequency of analysis should be at least once in a year. However, representative parameters such as
BOD, COD, DO, TDS, TSS, pH, NH4 and TKN, fecal coliform should be analyzed more frequently.

Recommendable frequency of testing these parameters is seasonally (i.e. once in four months).

34.2.4. Evaluation

If the leachate is intended to be utilized for irrigation purposes, its excess against these standards
means the violation on the use. Hence, if the excess occurs, immediately discharge of the effluent
should be stopped and prompt measures should be taken to satisfy the standards. Auditing should be

done based on the condition of compliance with the standards.

As reference, Table 3.3 and 3.4 are indicated. Table 3.3 is the standards of Japan on the surface water
and groundwater. They are environmental standards not effluent standards. Effluent standards were
determined by taking into account the dilution effect after discharge to the river. In arid region such as
Palestine, this dilution effect cannot be expected because the discharge point will be wadi. This means
that effluent should have similar characteristics to environmental water (surface water and ground
water). The meaning to show these standards is how the standards of environmental water is and the
effluent standards in Palestine should be similar to them if the discharge is intended. Figure 3.3 shows

this difference on the setting the standards of discharge.

Table 3.3 Standards for surface water and groundwater (in Japan as a reference) [1]

Items Criterion (less than below value)
Cd & Cd compounds 0.003 mg/L
As & As compounds 0.01 mg/L
Cyanides Not detected
Total Hg 0.0005 mg/L
Pb & Pb compounds 0.01 mg/L
Alkyl Hg Not detected
Hexavalent chromium 0.05 mg/L
PCB Not detected
Dichloromethane 0.02 mg/L
Tetrachlorocarbon 0.002 mg/L
1.2-dichloroethane 0.004 mg/L
1,1-dichloroethylene 0.02 mg/L
cis-1,2-dichloroethylene 0.04 mg/L
1,1,1-trichloroethane 1 mg/L
1,1,2-trichloroethane 0.006 mg/L
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Trichloroethlene 0.03 mg/L
Tetrachloroethylene 0.01 mg/L
1,3-dichloropropene 0.002 mg/L
Thiram 0.006 mg/L
Simazine 0.003 mg/L
Thiobencarb 0.02 mg/L
Benzene 0.01 mg/L
Se & Se compounds 0.01 mg/L
nitrite, and nitrate 10 mg/L
B & B compounds 1 mg/L
F & F compounds 0.8 mg/L

Table 3.4 shows requirements for MSW landfill in USA. In the regulation of USA it is described that the
concentration values listed in Table 3.4 should not be exceeded in the uppermost aquifer at the relevant

point of compliance.

Table 3.4 Standards for water quality at the point of compliance (in USA as a reference) [11]

Chemical Maximum Contaminant Levels (MCLs) (mg/l)
Arsenic 0.05
Barium 1.0
Benzene 0.005
Cadmium 0.01
Carbon tetrachloride 0.005
Chromium (hexavalent) 0.05
2,4-Dichlorophenoxy acetic acid 0.1
1,4-Dichlorobenzene 0.075
1,2-Dichloroethane 0.005
1,1-Dichloroethylene 0.007
Endrin 0.0002
Fluoride 4
Lindane 0.004
Lead 0.05
Mercury 0.002
Methoxychlor 0.1
Nitrate 10
Selenium 0.01
Silver 0.05
Toxaphene 0.005
1,1,1-Trichloromethane 0.2
Trichloroethylene 0.005
2,4,5-Trichlorophenoxy acetic acid 0.01
Vinyl Chloride 0.002
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Figure 3.3 Difference on the setting the standards of effluent
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3.5. ChecKlist
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Is the prediction of leachate quantity|
conducted or not.

- Daily, weekly, monthly, yearly?

- Is the methodology appropriate?

- What sort of data is used for it?

Leachate quantity

Is measurement of  leachate
conducted?

- Amount of leachate in the pond

- Quantity of leachate flowing in the pond
- Quantity of leachate re-circulated

Are there satisfactory data on

- Quantity of water getting in by rainfall

- Quantity of water evaporating
Estimation of leachate stored in the site

Are these measured data recorded
properly?

Is the leachate head on the liner|

measured?

% - Frequency

f) - Methodology

S

<=

2

& | Is the data on leachate head recorded?
Is the hydraulic head of the leachate
on the liner less than 30cm
Is analysis of raw leachate conducted?
- Frequency
- Items of analysis
Does the direct discharge of raw
leachate to outside occur?

2| - Extent

;g - Duration

S

o Impact

S

S

E, If the leachate is discharged after|

treatment,

Is the quality of effluent analyzed?
- frequency

- analyzed item

If the leachate is discharged after|
treatment,
Doe the quality comply with the

standards?

Overall comment
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Other observation / (Immediate) Action is Required on;

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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4. Landfill gas management
4.1. Introduction

Major component of landfill gas are methane and carbon dioxide, and it contains trace odorous substance

and volatile organic compounds. As for the landfill gas, issues can be listed as follows;

1) Flammable and explosive methane may migrate through waste layer by pressure increase and then it
may be emitted at certain location of the site. This may result in fire or explosion.

2) Landfill workers on site may be harmed by toxic gases contained in landfill gas. This issue is limited
only to the location close to the dumping yard. It is thought to be quite rare that these gases move across
the site boundary. So, it seems to be not necessary to manage these gases outside the site.

3) This is similar to the issue explained in 1). Landfill gas migrates through underground within site's
premise and accumulates in the building or underground structure, then causes explosion or threaten
worker's health.

A necessary management strategy to each event is shown as follows. The audit objective is to evaluate

whether these management is executed.
4.2. Control of gas pressure

In anaerobic landfill, especially methane and carbon dioxide are generated actively. If no gas vents/gas
collection system are installed and permeability of soil cover is low, there is no destination for landfill gas
generated then it accumulates and causes pressure rise. By this elevated pressure, landfill gas may migrate
by passing through various routes and may consequently be emitted to the atmosphere at the certain point at
where pressure can be easily released. At such point, perhaps, concentration of methane may become high
and it may reach the explosion limits. In order to avoid the risk of explosion, such uncontrolled gas release

should be properly prevented.

Most effective measure for this event is to install gas vents/gas collection system. There are two kinds of
gas vents/gas collection system; i.e., active and passive. The passive gas vent/gas collection system collects
and releases landfill gas based on the pressure gradient. The landfill gas accumulated inside landfill tends to
move through least resistance part of the waste layer. Hence, if the perforated pipe or trench filled with
pebble is installed in such layer, gas flow occurs through the pipe/trench smoothly. The gas flowing through
the pipe/trench is finally gathered at exit of the system and it is treated by flare. On the other hand, active
gas collection utilizes vacuum device that is attached at the outside edge of collection system.

However, even if the gas vents/gas collection system are installed, landfill gas can be released fugitively
from the surface as long as the permeability of soil cover is high enough and the efficiency of gas vents/gas
collection system is not enough. In order to confirm whether they are not functioning, gas monitoring is

necessary.
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4.2.1. Methodology for confirmation

At first, installation of gas vents/gas collection system should be confirmed.
Then, in order to check the emission of landfill gas from the surface of the landfill, several
methodologies/equipments can be used such as;

Walk over survey with gas detection device (methane gas detector)

the closed static chamber technique for the monitoring points on grid layout

Sampling of gas and analysis by gas chromatography

Measurement by laser methane detector

Recently, it is reported that thermography can also be used to detect methane emission from the

landfill surface by analyzing increase of temperature due to methane oxidation.
4.2.2. Evaluation

First evaluation can be done by confirming the installation of gas vents/gas collection system.

Then, detailed evaluation on the condition regarding gas emission control can be done by identifying
methane gas release from the surface.

Although the installation of gas vents is recommended for controlling the migration of landfill gas, it is not

obligatory.
4.3. Toxic gas for workers

Most important toxic gas contained in landfill gas is hydrogen sulfide. Toxicity of hydrogen sulfide is
indicated in Table 4.1. Since hydrogen sulfide is heavier than atmospheric air, it tends to accumulate in the
underground structure or lower area. It shows toxicity from very low concentration. And chance of
exposure is high for on site workers. Therefore, workers should have enough knowledge about this gas,
especially regarding its characteristics and dangerous area. Also, it is important to instruct workers to carry
the portable gas sensor. Special attention must be paid at the dumping area because gas emission is active at
there. The impact of toxic gas is instantaneous. So, all time monitoring should be done. It is not periodical

monitoring.
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Table 4.1 Toxicity of Hydrogen sulfide (H»S)

Concentration (ppm) Symptom
0.0005 - 0.025 Threshold of humans the sense of smell
0.06 Clearly the smell can be felt (rotten egg smell)
1-5 Strong unpleasant smell
5 Limit value set by Industrial Safety and Health Law in Japan
10 Threshold limit value (TLV) set by ACGIH
10-20 Threshold for eye irritation
50 -100 Serious eye damage
150 - 250 Loss of olfactory sense
320 -530 Pulmonary edema with risk of death
530 1000 Strong central nervous system stimulation
over 1000 Immediate collapse with paralysis of respiration

4.3.1. Methodology

By using portable gas detector, gas concentration should be monitored all the time when workers stay

closed to the dumping area of when they works in enclosed space.

4.3.2. Evaluation

The criteria to be managed as a working environment are shown in Table 4.2.

Table 4.2 Trigger level of dangerous/toxic gas for the working environment

Gas components Regulation value
Oxygen deficiency 0, More than 18%
Explosion risk H, Less than 1.2%
CH4 Less than 1.5%

Toxic H,S Less than 10 ppm

CO Less than 50 ppm

The evaluation is done with regard to the following;

v Is the monitoring of hydrogen sulfide or other toxic gas performed at the working face, regularly?
v' Are the workers informed about the risk of hydrogen sulfide?

v Is the working face controlled so as to not accumulate toxic gases?

v

Is the waste containing sulfate such as gypsum board excluded from the acceptable waste?

4.4. Explosive/Toxic gas control in the premises of the site
It is possible for the landfill gas to accumulate in the building and structure constructed in site’s premise,

since moving distance of landfill gas is short. Thus, periodical monitoring of inflammable/explosive gas

(methane) and toxic gas must be conducted at the office building, warehouse, drainage ditch, culvert etc.
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4.4.1. Methodology

Target gases for measurement are methane and hydrogen sulfide.
Periodical monitoring on these gases are necessary. Measurement can be done by using the portable
gas sensor or gas detection tube.

The monitoring should be conducted for the place where gas stagnates easily.

4.4.2. Evaluation

At first, the fact on the execution of regular monitoring should be confirmed.
The trigger level, which is the value for alert, is 1.5% for methane and 10ppm for hydrogen sulfide.
Thus, the management condition is evaluated based on whether the concentration of these gases

exceed trigger level or not.

4.4.3. Mitigation measure

If the concentration of these gases exceeds the trigger level, immediate ventilation is necessary. Also,
investigation of the cause is also important.
In addition, if the route of the gas migration is made clear, equipment for ventilation should be

installed for possible route such as ditch and culvert.
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4.5. ChecKklist
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TE:’ from the surface
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Un controlled=Unsatisfactory

Is the monitoring of hydrogen sulfide]
or other toxic gas performed at the
working face, regularly?

Are the workers informed about the
risk of hydrogen sulfide?

Is the working face controlled so as to|
not accumulate toxic gases?

Toxic gas for workers

Is the waste containing sulfate such as|
gypsum board excluded from the
acceptable waste?

Is the regular monitoring executed?

The level of methane at highest|
location.

The level of hydrogen sulfide at
highest location

[Explosive/Toxic gas control

Overall comment

Other observation / (Immediate) Action is Required on

>

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No

48



5. Routine inspection and maintenance
5.1. Introduction

Appropriate functioning of each facility and equipment is essential for the total function of landfill. In order

to secure their integrity, routine inspection and maintenance are indispensable. The items and frequency of

routine inspection must be set depending on each facility and equipment. If any unusual situation occurs,

appropriate measures must be taken according to the degree of the abnormality.

In this section, the routine inspections are described for the following facilities and equipment.

1)  Waste retaining structure,

2) Leakage prevention system (lining system),

3) Leachate management system (including leachate collection and removal system, storage pond,
recirculation system, and treatment facility)

4) Storm water collection and drainage

5) Gas collection system

6) Other facilities
5.2. Waste retaining structure

For the waste retaining structure, purposes for inspection are the followings;

v’ taking effective measures promptly for the damage caused by landfilling operation,

v immediately identifying damage (erosion, slides, etc.) of the structure, cracking and subsidence of the
foundation.

Especially, inspection must be performed when abnormal natural disaster event occurred such as

earthquakes and torrential rain. If any deterioration is confirmed, maintenance/repairing must be scheduled

as soon as possible.

Inspection items and frequency are different by the structure. In general, these items and frequency are

recommended as follows;

Concrete dam

1D Inspection item Frequency Methodology
1 Seepage of leachate daily visually
2 Cracks and chipping of concrete Daily Visually
3 out of alignment Daily Visually
4 Corrosion of reinforcing Daily Visually
5 Buckling Daily Visually
6 Settlement Monthly Subsidence meter/Survey
7 Slippage 4 times per year Survey
Earth fill dam
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1D Inspection item Frequency Methodology

1 Plant (incl. Weeds and grass) growth Weekly Visually

2 Accumulation/deposition of soil Weekly Visually

3 Seepage of leachate from slope Weekly Visually

4 Cracks Weekly Visually

5 Expansion of structure Weekly Visually

6 Settlement Twice/year Subsidence meter/Survey
7 Erosion of slope Weekly Visually

8 Slope failure Weekly Visually

9 Scouring Weekly Visually

10 Buckling of the slope Weekly Visually

11 Subsidence of foundation Twice/year Subsidence meter/Survey
12 Collapse of foundation Weekly Visually

5.3. Leakage prevention system (lining system)

Leakage prevention system (Lining system) is regarded as one of the most important system among the
various systems in the landfill because it protects both surface and groundwater and conserves environment
by preventing leachate leakage. It also prevents intrusion of groundwater from outside. Major cause of the
deterioration of the system are; failure and collapse of foundation, natural deterioration effect (temperature,
oxidization, freeze/thaw, etc.), physical stress, chemical deterioration, effects of the activity of fauna and
flora, landfilling work, etc. Inspection is possible when the liner isn’t covered by the waste. But, it becomes
difficult after landfilling operation is commenced.

Recommended items for inspection and frequency are as follows;

1D Inspection item | Frequency Methodology
A When the liner is exposed
Al ]?eposition of waste and earth and sand on the Daily Visually
liner
A-2 | Crack and fracture Daily Visually
A-3 | Holes and depression Daily Visually
A-4 | Stripping, failure (on slope) Daily Visually
A-5 | Deterioration Daily Visually
A-6 | Buckling, swelling Daily Visually
A-7 | Dissolution Daily Visually
B After cover soil is implemented
B-1 | Propagation of crack and depression Daily Visually
B-2 | Springing of groundwater, gas extravasation Daily Visually
B-3 | Lifting of cover soil Daily Visually
B-4 | Stripping, failure (on slope) Daily Visually
C Under the waste
C-1 | Leachate quantity and quality Refer to section 3. Refer to section 3.
C-2 sz(l)lu ndwater quantity and quality in monitoring Refer to section 8.3. Refer to section 8.3
C-3 | Depression and failure of landfill surface Daily Visually
5.4. Leachate management system (including leachate collection and removal system,
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storage pond, recirculation system, and treatment facility)

Leachate management system is comprised of leachate collection and removal system (LCRS), leachate

storage pond, leachate treatment facility (LTF), etc. The required functions of them are; prompt collection

and drainage of leachate from landfill to avoid leachate building up inside, transporting of leachate to each

facility, and the treatment of the leachate. If any trouble such as blockage, clogging etc. occurs in LCRS,

leakage is triggered from the retaining structure or landfill body due to the hydraulic pressure increase

inside landfill by leachate storage. If any collapse and breakage of the pond structure happens, it leads to

the leakage of leachate to the environment. And if any trouble happens in the LTF, it results in deterioration

of the quality of effluent. Hence, inspection and maintenance of these facilities are crucial.

Major inspection items and frequency of these facilities are as follows;

1D Inspection item | Frequency | Methodology

A Leachate collection and removal system (incl. Re-circulation system)

A-1 | Crack/collapse/smash of the pipe Weekly Visually/Sewer Pipe Camera

A-2 | Clogging/incrustation/scaling of the pipe Weekly Visually/Sewer Pipe Camera

A-3 | Leakage at the joint part of the pipe network Weekly Visually/Sewer Pipe Camera

A-4 | Wash out of protective sand/soil Weekly Visually (only before it covered)

A-5 | Blocking in valve system Weekly Visually/Sewer Pipe Camera

B Leachate storage pond

B-1 | Integrity of lining (hole, collapse, breakage, etc.) Daily Visually

B-2 | Level of leachate (within controlled level) Daily Visually

B-3 | Deposition in pond (amount of sediments) Daily Visually

B-4 | Form/Bubble (abnormal forming) Daily Visually

C Leachate treatment system (if installed)

C-1 | Proper operation mode (by checking operation | Daily Checking of each parameter by
parameters; temperature, pH, DO, MLSS, SVI, measurement apparatus.
Turbidity, odor, etc.)

C-2 | Quantity of leachate Daily Recorded data

C-3 | Quality of treated leachate Daily Refer to section 3

5.5. Storm water collection and drainage

Storm water collection and drainage system collects and drain the storm water outside to avoid its inflow to

the site and contributes to prevent increase of leachate quantity. If the system doesn’t work properly,

floodwater is possible to enter the landfill and creates serious condition regarding leachate management.

Generally, the following items and frequency are recommended for routine inspection;

ID Inspection item Frequency Methodology

1 Collapse/damage/deterioration of each drainage | Monthly Walk over survey and visual inspection
ditch/culvert

2 Deposition of earth and soil in ditches Monthly Walk over survey and visual inspection

3 Clogging/blocking Monthly Walk over survey and visual inspection

4 Occurrence of leakage and spring water Monthly Walk over survey and visual inspection

5 Growth of plant/weed/grass Monthly Walk over survey and visual inspection
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5.6. Gas collection system

The function of gas collection system is to collect landfill gas inside and reduce the pressure of the gas
developed in waste layer. If the system loses its function by certain damage, the gas pressure increases and
it leads to uncontrolled landfill gas release from various location. Hence, routine inspection and

maintenance is significant. The followings are general inspection items and frequency.

1D Inspection item Frequency Methodology
1 Collapse of gas vents/gas well/gas pipes Weekly Visually
2 Clogging of the vents/well/pipe Weekly Visually

5.7. Other facilities

As for other fundamental facilities, the following routine inspections are recommended.

ID Inspection item | Frequency Methodology

A Weighing facility

A-1 | Function of weight bridge Daily Manual check of function

A-2 | Data recording system Daily Manual check of function

A-3 | Checking on mechanical part (Loosening of bolt, | Daily Manual check of function
deformation of materials, etc.)

A-4 | Calibration of the weigh bridge Twice / year Calibration agency

B Vehicle washing facility

B-1 | Function of washing facility Daily Manual check of function

B-2 | Deposition of mud/soil Daily Manual check of function

B-3 | Water supply Daily Manual check of function

C Road

C-1 | Waste scattering Weekly Visually

C-2 Hole, depression, cracks Weekly Visually

C-3 | Failure of road shoulder Weekly Visually

C-3 | Dust Weekly Visually

D Fence

D-1 | Breakage failure of fence occasionally Visually

D-2 | Catching the waste on the fence occasionally Visually

E Gate and notice board

E-1 Normal function of the gate occasionally Manual check of function

E-2 | Condition of the notice board occasionally Visually
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5.8. ChecKlist
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Is the routine inspection (1-7) of the waste
retaining structure (in case of concrete
dam) conducted appropriately?

Is the routine inspection (1-12) of the
waste retaining structure (in case of]
carthfill dam) conducted appropriately?

Is the routine inspection (A-1 to C-3) of
the leakage prevention system (lining
system) conducted appropriately?

Is the routine inspection (A-1 to C-3) of
the leachate  management  system
conducted appropriately?

Is the routine inspection (1 to 5) of the
storm water collection and drainage system|
conducted appropriately?

Is the routine inspection (1 to 2) of the gas|
collection system conducted appropriately?

Is the routine inspection (A-1 to E-2) of the
other remaining facilities conducted

appropriately?

Overall comment

Other observation / (Immediate) Action is Required on;

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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6. Safety

In landfill, various accidents are possible to happen because of the characteristics of the landfilled waste.
Thus, to prevent the accidents, appropriate facility maintenance, education of the workers, and work safety
management should be implemented on a routine basis. Besides, to secure the safety of labors, various
necessary safety equipments should be provided to them and also the facility should equip necessary units
that are utilized at the emergency and accidents. The accidents that may happen at the landfill site are
considered to be as follows;

Fire by flammable gas

Oxygen depletion on workers by inhalation of landfill gas

Occupational hazard by dust during landfilling operation

Traffic accident by vehicle and heavy equipment

Fall accident because of work at a high place

Facility breakdown and the discharge of waste by natural disaster

N N N N NN

Personal injury due to contact with the dangerous waste

6.1. Management of working environment

Working environment in landfill is not desirable circumstances because it is affected by weather condition
and workers are exposed to various unfavorable factors (exhaust gas and landfill gas). Moreover, they are
required to work at the dangerous place such as high place and the enclosed space in which oxygen
depletion may occur. Thus, working environment has to be always kept under surveillance by staffs in the
site. And all landfill workers must endeavor to care on health impact caused by the work and to prevent
accident. Necessary measures are listed as follows;

v Recognition and compliance with law and regulation regarding the industrial health and safety

v’ Satisfactory supply of protective equipment and enforcement of the use of them (working clothes,

helmet, dust mask, safety shoes, gloves, goggles, safety belts, etc.)

AN

Confirmation of flammable/toxic gas in working environment by detection device

AN

Setting up own rules on the working environment (limit value on gas concentration, etc.), and survey
and control of them

Installation of sanitation equipment for workers such as (eyewash, shower, emergency drug, etc.)
Management of the various chemical agents used in the facility and instruction of care on them
Training of first aid, lifesaving, and to establish an emergency response system.

Regular health check

<N X X
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The following table shows general limit value on the working environment.

Incident/phenomena

Items should be controlled

Limit value

Oxygen depletion

Oxygen concentration
HaS concentration

More than 18%
Less than 10 ppm

Flammable gas Hydrogen gas Less than 1.2%
Methane gas Less than 1.5%
Toxic gas CO gas Less than 50 ppm
Odor Ammonia 1~5ppm
methyl mercaptan 0.002~0.01 ppm
Hydrogen sulfide and other odor 0.02~0.2 ppm
Other Vibration 55~65 db
Noise 45~70 db
6.2. System and program for emergency response

In preparation for the emergency event or natural disaster, to prepare communication regime from normal
times and to take proactive measures such as regular training are necessary. If the event of an accident or
natural disaster occurs, responding to it must be done promptly. Also, it is always necessary to take

measures to prevent recurrence of similar accidents.

Proactive measures;

To convey accurately and promptly the contents of the accidents/disasters that have occurred, a framework
for communication should be put in place from normal times. Contact address includes the licensing
authority, police, fire department, hospital, etc. Contact content are primarily, when, where, who, why
(reason), what happened (the results). And the procedure of these contact contents should be prepared
beforehand. In the event of an accident, an emergency lifesaving situation affecting a human life sometimes
happens. To respond to the need for emergency treatment, in advance, the training of emergency measures
must be implemented.

If event of an accident happens;

When the accident occurs, to report the situation promptly to relevant organizations is important. Also to
perform quick appropriate measures is necessary. After the event, to draw up measures to prevent

recurrence should be done based on in depth investigation of the cause.
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6.3. Checklist
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Compliance with law and regulation|
related to the industrial health and
safety

Supply protective equipments to the
workers and enforcement of their use

Confirmation of dangerous gas af|
working area

Setting up the rules on the working
environment

Installation of sanitation equipment

Instruction on hazards of the chemical
agent used in the site

Management of working environment

Training of first aid lifesaving, etc.

Regular health check of workers

Preparation of contact address list on
the emergency event

Preparation of the procedure of
contact contents

Training of workers for emergency]
response

System for emergency response

Plans for prevent reoccurrence of the

accident

Overall comment

Other observation / (Immediate) Action is Required on

>

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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7. Littering and Vector
7.1. Littering

Municipal waste is generally collected by plastic bags and the bag is easily scattered after it is disposed of
into landfill. Scattering occurs on not only plastic bags but also many other light objects, such as paper,
container, plastic films etc. If they are scattered around site, they create bad impression to the site from
resident and also they make resident unpleasant. Thus, it leads to the complaints from residents. Sometimes,
scattering of the waste also causes the clogging of water course or drainage ditch outside landfill. Therefore,
appropriate management for preventing the scattering of waste is indispensable.

The scattering of waste (also called "littering") depends on wind strength and direction, condition of waste
filling operation. So, the countermeasure depends on these conditions. The main mitigation measure to
minimize littering is the prompt covering of the waste after the waste is dumped. However, even though the
placement of cover soil is conducted properly, sometimes light waste may be blown away from the tipping
area in windy day. In such case, use of litter screen is recommendable. The screen is placed around the
tipping area in order to trap the waste. The area of working face should be minimized as much as possible
and the portable screen should be emplaced as it enclosing the area. In addition, daily inspection and
cleaning of the site's perimeter should be executed by the special employee who is assigned especially for

the littering.

Evaluation

There are no concrete numerical criteria for littering. Therefore, the condition of littering management
cannot easily be evaluated numerically. Hence, this management should be done based on the best
management practice concept. It means that no litter from the landfill reaches beyond the boundary of the

premises.
7.2. Vector

Vector is including birds, flies, mosquitoes and other unfavorable insects, rodents and other animals. These
birds, insects, and animals are attracted to the landfill because in waste landfill, there are foods for them
and also there are many places at where they prefer to breed. They cause various problems. Most serious
issue is they transfer various kinds of deceases to human and others. Other issues are noise, aesthetic
impacts to site, interference of landfill work, nuisance, etc. Therefore, countermeasure to prevent their
breeding and settlement in site should be taken.

Concrete measures for the vector are; appropriate implementation of daily cover soil; eliminating the water
pools in the site; use of insecticide and pesticide; setting the traps; use of sound device to threaten birds and

animals; physical barriers such as the prevention nets, etc. Beside, to ask professionals on pest control is
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also effective measure.

Evaluation
With regard to vector, it is difficult to set concrete numerical criteria by which the condition of landfill
management is assessed. Therefore, auditing of this matter should be done based on the status of

implementation of various measures mentioned above and occurrence of resident’s complaints.
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7.3. Checklist

g ) =

> [Status 2! 5| | & |Comment
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-Littering is properly controlled.

-Cover soil is promptly placed to

&0 | prevent littering
}C_e Some measure (e.g. litter screen, etc.)
3 | is taken.
There is special employee for
inspection and cleaning of the litter at
the peripheral of the site.
Are there serious vector issue
happening?
There are a lot of birds out there.
- Flies and mosquitoes are heavily
£ | infested.
>

Daily soil cover is placed properly.

Water pool in the site is eliminated.

Some measure to rid of thel

birds/animals is taken.

Overall comment

Other observation / (Immediate) Action is Required on

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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8. Environmental monitoring
8.1. Introduction

Major purpose of the landfill environmental auditing is to confirm that there is no negative impact caused
by the landfill operation. In this section, proper monitoring procedure, frequency, and evaluation regarding
the followings are described.

v Landfill gas

Leachate leakage (groundwater)

Surface water

Air

Odor

<N X X

8.2 Migration of landfill gas

8.2.1. Purpose

Subject in this section is methane. Other trace odorous substance is discussed in another section. Most
important environmental impact regarding landfill gas is the migration of methane and resulting
explosion/fire. Special care must be taken for anaerobic landfill because much methane is generated for a
long term.

Methane emitted to the atmosphere diffuses rapidly and it is diluted greatly, so the problem is not so
significant. Problematic event is the migration of the gas to outside environment passing through
underground. Fundamental cause of this event is increase of the pressure inside landfill. Basically the
bottom and slope of landfill is lined. However, if the liner is broke or clack is developed in the clay liner,
gas migration becomes possible.

The base of the landfill in this region is comprised of mainly bedrock such as limestone, marlstone, etc. But
it is reported that the fissure and fracture are developed in such bedrock. Therefore, gas migration through
these fissure and fracture is highly possible. Since generation of methane continues for long time, enough

monitoring is necessary.
8.2.2. Method and Frequency

Recommendable monitoring method is to install several gas monitoring wells outside the lining system
and conduct monitoring of their gas composition regularly.
Measurement of methane gas only is enough.

Frequency should be every three months.
8.2.3. Evaluation

Trigger level is 1.5%.
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Monitoring results should be recorded and kept for summarizing annual report.
8.3. Leachate leakage

8.3.1. Purpose

Sanitary landfill equips liner to prevent leachate leakage. So, basically, leachate leakage to underground is
minimized as much as possible. However, in order to secure enough environmental safety, occurrence of
groundwater pollution must be monitored. Especially, because groundwater is precious water resources, it
must be conserved.

It is reported that there are two major aquifers in Palestine. Both aquifers are very deep and approximate
depth of upper and lower aquifer is over 100m and 300m, respectively, although it depends on the area.
Groundwater is recharged at the mountainous area at where the aquifer crops out. Based on the past report,
both aquifers are karstified and have many fissure and fracture so that hydraulic conductivity is relatively
high. Some studies suggest that infiltrated water can reach the water table within one year. Based on this
information, it is highly possible that leachate eventually reaches to the groundwater, if it leaks from
landfill. However, without in depth information regarding underground structure and groundwater flow
regime, it is hard to know which underground path the leachate flows through, even if it leaks from the
bottom of the landfill.

Besides, the results of water quality analysis on the groundwater obtained from various wells in Palestine
indicate obvious deterioration of its quality by excessive use of fertilizer/pesticide, discharge of sewage and
wastewater to wadi. This implies that groundwater has already affected by human activity even if the depth
of it is very deep.

Generally, groundwater monitoring well is installed at the upstream and downstream vicinity of the landfill,
assuming that the groundwater table exist at the depth of several tenth meter. This configuration is
established from the intention to detect the influence of leachate as soon as possible.

It is not certain whether the detection of influence by leachate is possible or not, if the monitoring well is
too deep like more than a hundred meter or the well is far apart from the landfill by horizontal direction.
Especially, identification of leachate influence seems to be very difficult at where various human activities

exist and wastewater is released into wadi.

8.3.2. Method and Frequency

At present, to propose optimum groundwater monitoring procedure, which can demonstrate influence of the
leachate on groundwater, is not possible.

Therefore, it is necessary to continue to analyze the groundwater obtained from the wells that are existing
in the vicinity of the landfill, as well as the means that has been done up to now. It is necessary to
accumulate data, and to keep them as the precious information for the future analysis. It is recommendable
to set up the wells both at upstream and at downstream of the groundwater flow, respectively, if installation

of such additional wells in the vicinity of the site is possible.

61



As for the frequency of the sampling and the analysis of underground water, once or twice in a year are

recommendable.

Items shown in Table 3.3 and 3.4 are suitable for analysis to distinguish the deterioration of groundwater..

8.3.

3. Evaluation

When confirmation of no impact on groundwater is requested, Table 3.3 and Table 3.4 can be helpful. But,

in many cases, it seems that upper aquifer has already affected by human activities.

The

reference values on the deterioration of the groundwater are shown in Table 3.3 and Table 3.4. When

the observed value exceeds these values, the groundwater is regarded as contaminated and it may be

possible to influence human health.

However, because there is a variety of a pollutant source, it is necessary to identify the obvious source. And

the auditing should be done based on whether the landfill is thought to be a source or not on.

8.4.

8.4.

InP

Impact on surface water
1. Purpose
alestine, there is no perennial surface water (river). Here, there are temporary streams called “wadi”,

which is ephemeral and intermittently appears only during rainfall. A part of the water flowing into wadi

evaporates, and the other part is infiltrates from its bed and recharges the groundwater. If the leachate after

treatment is discharged into surface water (or wadi), its influence should be evaluated. On the other hand,

even if there is no regular discharge because of no treatment facility, occurrence of accidental discharge

should be confirmed.

8.4.

2. Method and Frequency

If water can be obtained when the stream is appearing in wadi, to sample water upstream and
downstream is preferable. For this purpose, sampling point should be determined beforehand. If there
is identifiable effluent from the site, water sample is taken from the point.

Basically, sample should be analyzed in terms of chemicals listed in Table 3.2. However, if necessary,

the items indicated in Table 3.3 and 3.4 may be analyzed.

Alternative methodology

Sampling of the sediment of Wadi after the rainfall is thought to be a means to confirm the influence of
the landfill. This is because it deemed that the history is preserved in the sediment even after the flow
ceased.

To distinguish from other emission sources and to identify the effect of the landfill only, it is necessary
to take samples at two points upstream and downstream. Upstream sample must be such that is
unaffected from landfills.

In the analysis, air-dried sample is subjected to the leaching test (L/S=10 (mixing weight ratio of
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distilled water and sample, Liquid to Solid ratio), shaking duration 6 hour at 200rpm under ambient
temperature and pressure), then leaching liquid should be analyzed after filtrated by 0.45 um
membrane filter.

As for the analysis, items listed in Table 8.1 are the candidate. If possible, TOC, T-N, Na, K, Mg, Ca,
CL, and oil (by n-hexane extraction) are thought to be helpful.

Table 8.1 Chemicals for analysis and its criteria on sediment analysis obtained at wadi

Chemicals Criteria (less than below value)
Cd (Cadmium) 0.01 mg/L
As (Arsenic) 0.01 mg/L
CN (Cyanide) Not detected
Total Hg (Total mercury) 0.0005 mg/L
Pb (Lead) 0.01 mg/L
Alkyl Hg (alkylmercuric compound) Not detected
Hexavalent chromium 0.05 mg/L
PCB (Polychlorinated biphenyl) Not detected
Dichloromethane 0.02 mg/L
Tetrachlorocarbon 0.002 mg/L
1.2-dichloroethane 0.004 mg/L
1,1-dichloroethylene 0.1 mg/L
cis-1,2-dichloroethylene 0.04 mg/L
1,1,1-trichloroethane 1 mg/L
1,1,2-trichloroethane 0.006 mg/L
Trichloroethlene 0.03 mg/L
Tetrachloroethylene 0.01 mg/L
1,3-dichloropropene 0.002 mg/L
Thiram 0.006 mg/L
Simazine 0.003 mg/L
Thiobencarb 0.02 mg/L
Benzene 0.01 mg/L
Se (Selenium) 0.01 mg/L
B (Boron) 1 mg/L

F (Fluorine) 0.8 mg/L

8.4.3. Evaluation

If water was analyzed, it can be evaluated by Table 3.2 (column “Groundwater recharge by infiltration”
should be referred.)
If sediment is analyzed, the results can be evaluated by Table 8.1. In this case, comparison between

upstream and downstream is more important to discuss the influence of landfill.

8.5. Air quality

8.5.1. Purpose

Particular air pollutants are not generated from landfill. Therefore, analysis of air sample obtained from
landfill surface performed at present seems to be almost unnecessary. Moreover, even if the air pollutants

are emitted from landfill, it rarely becomes a crucial problem, because they are promptly diluted by intense
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diffusion and mixing of air. If strict management is favored, the target substances for monitoring are
volatile organic chemicals, CFC (chlorofluorocarbon), and a greenhouse gas, etc. However, the importance

is not high.

8.5.2. Method and Frequency

Monitoring of specific air pollutants is not necessary at present.
8.5.3. Evaluation

Monitoring of specific air pollutants is not necessary at present.

8.6. Odor

8.6.1. Purpose

Various odor substances are emitted from landfill. These substances originate in waste disposed of and also
they are generated from the reaction occurring in landfill. Most odors have offensive characteristics and
affect life of residents if they diffuse from the landfill site. Sometimes it causes serious resident's
complaints. Therefore, odor has to be managed in the landfill operation. And monitoring is crucial to
achieve proper management of it.

The odor is mainly emitted from the working face and leachate pond. Major odorous substances in landfill
are ammonia, hydrogen sulfide, methyl mercaptanm, dimethyl sulfide, and volatile fatty acid (Butyric acid
and Valeric acid). The former four substances are generated from anaerobic biodegradation and VFA is

generated by acid fermentation of waste, which occurs immediately after the waste is disposed of.

Concentration of these odorous substances should be controlled to the level below certain target value at
the site's boundary. Odor can be expressed by odor intensity (Table 8.2). To mitigate odor issue, in general,
maximum level of odor intensity at the boundary is lower than 2.5 or lower than 3.5. Which maximum
value is favorable depends on the odorous substance and the site condition. So, maximum value should be

determined by the site. But it must be set within the range between 2.5 and 3.5.

Table 8.2 Relation between odor intensity and human sense

Odor Intensity Explanation

0 Odor Intensity
1 Smell that can barely be sensed
2 No smell

2.5 Weak smell that can be understood what it is.
3 (Middle between 2 and 3)

3.5 Odor easily sensed
4 (Middle between 3 and 4)
5 Strong smell
6 Very strong smell
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8.6.2. Method and Frequency

Essentially, evaluation of odor should be done by the olfactory sense test method because odor strongly
depends on human sense. In general, odor is the mixture of various odorous substances, and its intensity is
magnified by mixing of the substance. Therefore, odor is reported to be not possible to evaluate properly by
the instrumental determination of specific odor substance.

According to the official document published by UK Environmental Agency in 2011 [12], official method
in EU is described "The standard method for measuring odor in Europe is Dynamic Dilution Olfactometry
(BS EN 13725:2003). This involves diluting a grab sample in the laboratory to a point where each member
of the panel can just begin to detect the odor. The result is the number of dilutions used when half of the
panel can detect the odor. "

In case of Japan, similar methodology is applied. Olfactory sense method is designated as the official
method. Several assessors sniff the diluted sample, which is obtained from grab sampling. And the dilution
ratio that almost half assessors cannot detect the odor is provided as odor concentration. Thus, odor
concentration of 1000 means the odor cannot be sensed when it is diluted 1000 times by odorless air. In
other words, "odor concentration of 1 means the odor cannot be sensed even if it is sniffed directly. The
sense of human doesn't linearly relate to the concentration of odorous substance. Rather, it is proportional
to the logarithmic concentration. Hence, the odor concentration (dilution ratio) is converted into odor index,
which is calculated by multiplying 10 to the logarithmic value of odor concentration. And this odor index is
utilized for regulation. In Table 8.3, the relationship among odor intensity, odor concentration and odor
index is indicated with regard to the regulatory value at site boundary.

The regulatory value (standards) of odor index has a range because the odor characteristics are different by
odor substances and odor sources.

In general, odor index of 10-14 at the boundary of landfill as the regulatory value is common in Japan.

Table 8.3 Relationship among odor intensity, odor concentration and odor index

Odor Intensity 2.5 3.0 3.5
Odor concentration 10~32 16~63 25~126
Odor index 10~15 12~18 14~21

However, the olfactory sense test method requires many assessors who passed the authorized test and
standard substance for such test is also necessary. The execution of olfactory sense test is relatively
complicated procedure.

If it is difficult to conduct olfactory sense test, an alternative procedure is to use specific apparatus such as
odor sensor. Various odor sensors are commercially available. They have their own gauge to indicate
intensity of odor that is sensed but such gauge can be convertible to the odor index. Hence, the odor index
can be measured much easily. However, the relationship between the gauge of the sensor and the odor
index should be carefully calibrated. Similar method is to use a field dilution olfactometer which is also
commercially available. In the guideline of UK Environmental agency introduced about this device that

“This device can assist investigators in assessing the concentration of odors in ambient air. The investigator
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breathes filtered air through the device while they manually adjust the amount of unfiltered ambient air
until the odor is just detectable. This results in a crude field measurement of odor concentration in dilutions
to threshold. Some authorities use detection requiring more than 7x dilution to indicate unacceptable
exposure”. Hence, if by using a field dilution olfactometer, 7 times dilution is regarded as the level of

nuisance.

Odor substances are various and they are in general mixed. Hence, the instrumental measurement of odor is
reported to be not satisfactory. And sometimes it cannot detect because the odor substance is trace even
though human sense can perceive it.

However, major odor from landfill site can be categorized into two groups as described above. And their
sources are also limited (i.e. leachate pond and working face). Therefore, if focusing on specific odor
substance, measurement may become possible. In Table 8.4, relation between odor intensity and
concentration of specific odorous substance is shown. By this table, limit value of each odorous substance

at the boundary can be set.

Table 8.4 Relation between odor intensity and concentration of specific odorous substance

Odor Intensity 2.5 3 3.5
Odorous substance Concentration corresponding to Odor index  (ppm)
Ammonia 1 2 5
Methyl mercaptan 0.002 0.004 0.01
Hydrogen sulfide 0.02 0.06 0.2
Dimethyl sulfide 0.01 0.05 0.2
Dimethyl disulfide 0.009 0.03 0.1
Trimethylamine 0.005 0.02 0.07
Propionic acid 0.03 0.07 0.2
Butyric acid 0.001 0.002 0.006
Valeric acid 0.0009 0.002 0.004
Isovaleric acid 0.001 0.004 0.01

Therefore, concrete methodology can be summarized as follows;
a. Olfactory sense test by using several assessors
b. Odor sensor
c. Field dilution olfactometer
d. Measurement by gas detection tube or another instrument
Measurement frequency
Measurement at least weekly basis is recommendable. If complaints from residents are received,

immediate measurement should be done.
8.6.3. Evaluation

Evaluation of odor should be done based on the Table 9.2 and 9.3. Limit value on maximum intensity
should be determined by the site or competent authority from the range between 2.5 and 3.5. In general,

when using olfactory sense test and odor sensor, odor index of 10-14 is recommendable for the limit value
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at the site’s boundary.

Further recommendation for odor monitoring

In the guideline of UK Environmental agency (2011), monitoring procedures with the sniff monitoring
report and the odor diary are also introduced. The sniff monitoring report is indicated in Table 8.5. It can be
created by the observer walking over the site and recording the sniff felt by each location. Also, the odor
diary is created by community member (residents), who is asked to record the condition of odor or to

record by conducting walk over survey of the site. Example of odor diary is indicated in Table 8.6.

Table 8.5 Example of sniff monitoring report (created by modifying table (Odor report form) indicated in
the guideline of UK Environmental agency (2011) [12]

Odor report form

Date

Time of test

Location of test e.g. street name etc

Weather conditions (dry, rain, fog,

snow etc):

Temperature (very warm, warm,

mild, cold, or degrees if known)

Wind strength (none, light, steady,
strong, gusting) Use Beaufort scale
if known

Wind direction (e.g. from NE)
Intensity (see below)

Duration (of test)

Constant or intermittent in this
period or persistence
What does it smell like?

Receptor sensitivity (see below)

Is the source evident?

Any other comments or observations

Sketch a plan of where the tests were taken, the potential source(s).

Intensity Receptor sensitivity

0 No odour Low (e.g footpath, road)

1 Very faint odour Medium (e.g. industrial or commercial workplaces)
2 Faint odour High (e.g. housing, pub/hotel etc)

3 Distinct odour

4 Strong odour

5 Very strong odour

6 Extremely strong odour

Ref: German Standard VDI 3882, Part 14
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Table 8.6 Example of odor diary (created by modifying form presented in the guideline of UK
Environmental agency (2011) [12]

Name: Address:

Tel:
Date of odour:

Time of odour:

Location of odour, if not at above
address (indoors, outside):
Weather conditions (dry, rain, fog,
snow etc ):

Temperature (very warm, warm, mild,
cold or degrees if known):

Wind strength (none, light, steady,
strong, gusting):

Wind direction (eg from NE):
What does it smell like? How
unpleasant is it?

Do you consider this smell offensive?
Intensity — How strong was it? (see
below 1-5):

How long did go on for? (time):

Was it constant or intermittent in this

period:
What do believe the source/cause to
be?
Any actions taken or other comments:
Intensity
0 No odour 3 Distinct odour 5 Very strong odour
1 Very faint odour 4 Strong odour 6 Extremely strong odour

2 Faint odour
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8.7. Checklist
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Is the monitoring of methane
performed?
- Frequency
-Methodology
-Data keeping

Landfill gas

No abnormal methane concentration is
reported.

Leakage

s groundwater monitoring performed?
- Frequency

-Methodology

- Analyzed items

No abnormal concentration in|
groundwater is reported

Is the monitoring of surface water
performed?

- Frequency
-Methodology
- Analyzed items
% Is the monitoring of wadi (sediment)
E performed?
E - Frequency
5 -Methodology
- Analyzed items
No abnormal concentration in surface
water/effluent is reported
No abnormal condition on the
sediment in wadi is identified
'i -“Currently no monitoring item”
Are there complaints from residents?
- The complaint is recorded?
-Measures for them are taken?
Is the monitoring of odor conducted?
- Frequency
é)g -Methodology

Is the monitoring data recorded?

Does any odor substance exceed the
criteria at the boundary?

Or does odor index satisfy the
criteria?

Overall comment
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Other observation / (Immediate) Action is Required on;

Site Operator's Comments:

Samples Taken: Yes/No

Photographs Taken: Yes/No
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Annex-3
2017/03/14

Auditing report on Zahart Al Finjan landfill

Date of audit: March 15, 2017
Auditor: Yasumasa TOJO (JICA Expert), Eng. Yosrea Ramadan (Ministry of Local Government)
Person responded: Mr. Mohammad Al Sadi (Jenin JSC)

Purpose
In order to confirm the feasibility and appropriateness of the Guideline on the Environmental auditing of the

landfill in Palestine created in 2017 under combined effort of MoLG (Ministry of Local government), LET
(Local Expert) of several JSCs (Joint Service Council) in Palestine, and JICA (Japan International
Cooperation Agency), auditing of the Zahart Al Finjan Landfll in Jenin district was conducted as a case study.
Primal purpose is to confirm whether the items in each checklist added in each chapter is appropriate or not,
and also to confirm that there isn't any estrangement between the requirement in the guideline and actual

exercise conducted in the landfill site.

Methodology
The auditing was conducted as the form of the interview with face to face. The auditor asked each item in the

checklist in the guideline and requested to the responder of the site to explain details on each items.
Results
Concrete results are summarized in the following tables of checklist. Comments from auditors and responder

are also described.

Overall comment

1) Fundamental requirement of the landfill structure
Most of the structures and equipments are designed and constructed so as to comply with the
international standards. There are not notable issue regarding basic structure, at present.
However, a serious issue regarding shortage of capacity of leachate ponds is arising. At the time of the
design and planning, it was thought that even if there is just one pond, leachate can be managed
satisfactory. Besides, it was expected that the quantity was thought to be able to be managed by
promoting evaporation from pond and landfill surface through re-circulation.
However, due to the unexpected amount of waste that drastically exceeds the planned value, the site
cannot keep up the management of leachate with only one pond because of the moisture derived by the
waste. Consequently, many emergent ponds were constructed in order to address the excess leachate
generation. However, since some of these ponds are made in the temporary measure, adequate structure
required for the leachate pond wasn’t applied.
Furthermore, the leachate which cannot be stored in these temporary ponds is overflowing from the site
and is affecting the surrounding environment. If this condition is kept, these affected area by leachate
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2)

3)

4)

5)

Annex-3

will expand to much wider area. Thus, immediate measure is necessary to manage these leachate.

Landfill operation

As for the waste acceptance procedure, measurement of the waste mass, inspection of the load,
correspondence to the unacceptable waste, etc are performed by satisfactory manner. Since composition
analysis has been seldom conducted, periodical execution of it is recommendable.

In terms of waste filling operation, there are several problems. First, working area is too large. It should
be made smaller if possible. Second, daily cover soil is insufficient. Every nuisance issues are caused by
this work. Third, quality of cover soil seems to be not suitable. Soil material having more suitable quality
(i.e. high moisture holding capacity, high adsorption capacity, finer particle size, etc.) to mitigate odor
should be used.

However, all the problems are caused by the huge quantity of waste delivered daily. It becomes three
times higher than the planned daily amount. The site seems to be reached to its limit to control the waste
appropriately. The reason of insufficient daily cover soil is that the site can’t keep up with its acquisition.
Also, to get the suitable cover material, there seems to be financial constraints. If cover soil having
suitable quality was acquired sufficiently and it is implemented properly, current nuisance problems

would be drastically solved.

Leachate management

Estimation of leachate quantity was conducted by using meteorological data and site characteristics.
Analysis of leachate quality is also done periodically.

However, as mentioned above, leachate quantity isn’t controlled properly and discharge of it to the
surrounding environment occurs especially in winter. Some countermeasure should be taken in order to
get out of this situation. Site personnel understands the issue well and tries to tackle this difficult
situation. Though possible means are; 1) to increase the capacity of the ponds, 2) to install liner to every
pond, 3) to install some leachate treatment process and discharge it after treatment, all these measure

require tremendous costs. This cost should be borne by waste generators.

Landfill gas management

Gas management system isn’t installed yet. Its installation is planned after the installation of final cover.
As consequence, fugitive gas release from the surface can be found elsewhere. Even if the gas
management is regarded as future work, some measures for preventing gas explosion and pressure
increase inside landfill cell should be better taken. Monitoring is one of the measure in them.

Beside, having a framework on gas detection at working place is highly recommendable, especially

enclosed space.

Inspection and maintenance
Necessary inspections and maintenances on the structure and equipments are performed appropriately. At
present, it seems there are no document regarding routine inspection and monitoring. Thus, preparation

of the manual of them are recommendable.
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6) Safety
Although necessary measures concerning safety are adopted with little problem, the detection system
concerning gas is insufficient. I would like to recommend the introduction of a gas detection system to

prevent accidents related to explosion and life of workers.

7) Littering and vector
The scattering of waste has occurred, it spreads to not only the inside of the premises and the fence but
also out of the premises. This is due to insufficient covered soil. There is room for improvement.
As for the vector, vermin, and birds, insufficient soil covering allows also their proliferate. As for pests,
it is dealt with by using insecticide in the summer, but it is necessary to tackle the cause of the
occurrence.

8) Monitoring
Various efforts made for trying to grasp the impact to the environment from the site as much as possible
can be inferred. Various monitoring for gas including odor, leachate, surface water, and groundwater has
been conducted voluntarily. If it allows to comment, these monitoring should better be done on a regular
basis.
As for the gas monitoring, toxic or explosive gas should be focused on. They can be monitored by simple
handheld detector. Voluntary analysis of surface water in wadi in storm event can be highly evaluated. In
order to monitor the odor, there is simple olfactory method which can be performed by site personnel.

Adoption of such simple method is recommendable.

Summary

In this landfill, there are several serious problems occurring.

The first problem is that the amount of leachate exceeds the planned value, making it impossible to manage.
The clear cause is that daily amount of waste carried in far exceeds the predicted value at the design stage,
and the increase of the leachate quantity is caused by the moisture derived from the waste. Because of the
large amount of waste, covering of it by soil becomes insufficient so that eventually it allows rainwater to
infiltrate to the waste layer, especially in winter. This rainwater intrusion also contributes to the increase of
leachate further. At the time of designing, it was estimated that only a single pond is needed and furthermore
it was judged that the leachate can be managed by evaporation. This judgment in design unfortunately
resulted in the current condition in which a part of leachate overflows the site.

By the desperate effort done by landfill personnel for dealing with leachate, a number of emergency ponds
were constructed. As consequence, the impact has been kept to a minimum. But essentially, drastic remedial
measures are still needed. For additional measure, it seems to necessary to add emergency ponds with leak
proof, to construct a leachate treatment process intended to release the treated leachate to wadi, and to
introduce a pump to enhance leachate recirculation.

The second problem also comes from the high amount of waste. Since waste of about 3 times the planned
amount is carried in everyday, the landfill working face has to be widened, and sufficient covered soil can
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not be implemented for such wide working face properly. As a result, the problem of nuisance on the surface

becomes extremely serious. Odor also comes from this situation. Thorough covering is the most fundamental
exercise of sanitary landfill. Besides, limestone collected from the surrounding ground is used as covering
material at present. But it can hardly expect the reduction effect of odor. Thus, it is desirable to adopt soil
covering that is more likely to have a deodorizing effect. However, additional costs will also be incurred for
the introduction of such alternative coverings.

If it is difficult to reduce the amount of waste to be delivered, financial support for the implementation of soil
covering and leachate treatment should be provided sufficiently. At this landfill, unexpected situations
different from the design stage are occurring, so it is natural that the site becomes to be struggling to respond
it. Since the essential cause is overwhelming quantity of daily waste, generators (i.e. general public) should

also be responsible together for this situation and should pay a reasonable cost.
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1) Checklist (Fundamental requirement of landfill)

e b=
> Status 2| £ = & |Comment
15 2| & S B
Q 17 Q 9]
& | 2| 5| S
=1 < j=5 Q
S 21 2| 5| 3
@l ol £ Z
-”le“E:ehei ht of the fence Height of the fence is 2m. It completely surrounds the site
eig ’ v boundary. If the breakage is found, it is immediately|
-Unclimbable structure epaired
-Enclose the territory completely P )
Site notice board
-Installation v
-Information provided
Site access road
-Width of the road % The access road has enough width (10m). It is paved by
-Pavement and dust condition asphalt. In summer, water spray is performed to prevent dust.
- Access sign
© |Weighing system Installed. Three staffs are allocated. Three shifts system is
g -Installation of the weighbridge v employed. All the data measured by the weigh bridge is
§ -The staff's arrangement at acceptance recorded electronically.
<
a‘é Road inside the landfill There are peripheral road and delivery way comprised of|
§ -Construction v coarse pebbles inside the site. Enough strength for vehicle
é -Quality (strength, dust prevention) running is provided.
'Wheel washing facility
v Installed.
-Installation nstalled
Office v There are three-storied office buildings.
Warehouse v Exists.
Stockyard for cover soil % Depending on the season, location of the stockyard changes.
-Quantity of the soil stocked Current yard has 100m? of the area.
Inspection yard and quarantine place Inspection of the waste is conducted at the tipping face. This
-Existence % location was selected in terms of the easiness of inspection
-Location/Condition because all the waste carried in is dumped at the tipping]
-Capacity for temporary storage yard.
Leak ti tem (Li . . .
=1 Iflzt:ﬁ;?orzven ion system (Liner) The liner comprised of clay and geomembrane was installed.
=i i v The specification of the liner complies with the international
& |'In conformity to standards standards
E ) .
S [Waste retaining structure
= .
-Installat oo
“_3 nsatiation v There are some embankments inside landfill. They are
= -Robustn.ess (not collapse) already covered by waste.
5.|'No erosion and cracks
o
2 |Leachate collecti d I
Tg se;::n?(eL Cli(g)ec fon - and. . remova Installed. There are several cells in this landfill. Leachate
Q‘T:: {nstallation v collection pipes are installed in each cell as passing through|
21 completely the cell.
g
-§ Gas collection/ventilation system Not installed. According to the design and plan of this
2 | Installation v landfill, gas collection system would be to be installed after|

the implementation of the final cover.
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There are several storm water drainage ditches. The primal
one is located at the side of the access road. Besides,
temporary ditches to remove rainwater are installed inside]
the site.
<The problem is separation of the storm water from leachate]

Storm water collection and drainage
-Upstream diversion ditch
-Peripheral drain ditch

v is insufficient, especially, ditches inside the site. In these]
‘Drainage ditch on the closed cell . peciaty.
. L. . ditches, leachate mixed with storm water flow. Because of]
-Drainage ditch in unused section . .
. the current site structure and the progression of cell

-Storm-water reservoir . . .
construction, complete diversion of storm water seems to be

difficult. However, if the soil cover is installed more]

completely, their diversion may become possible.>

Leachate Management facility

There are several leachate ponds. Based on the design,
only one pond was necessary. However, waste exceeding its
designed quantity has been delivered to the site and its
results in the generation of leachate that is far over the]

Leachate storage pond estimated value. Thus, the site needed to construct new
-Capacity v leachate ponds one after another. Some ponds have
-Bottom lining impermeable sheet as its liner. However, there are some
-Installation of the fence ponds that don't have sheets. This can be said for the fence
around the pond, too.
In winter, the capacity of the pond is still less. As
consequences, uncontrolled discharge of the leachate
(overflow of the leachate from the site) occurs.
. . The site doesn't have the complete leachate recirculation
Leachate recirculation network(Not . .. .
. . . system. Leachate recirculation is performed by using tanker
necessarily required depending on the . . . .
. truck. At some location (upper area of site), re-circulation is
site structure) v . . d
Installation conducted by using pump and hosepipe from 2™ leachate
. pond. Since they are not complete system, this inquiry is
Functioning . . ..
inappropriate to this site.
Leachate treatment facili ot . . e
. . (N v Leachate treatment system isn’t installed in this site, yet.
necessarily required here)
Monitoring facility
No leachate monitoring well is installed. One manhole is
. installed at the edge of the site. It was installed to inspect
Leachate monitoring well (borehole] g . . b
inside landfill) v leachate leakage by collecting groundwater passing below
insi . . . .
the liner. Thus, since this manhole is useful to detect leachate
leakage, periodical monitoring is recommendable.
Landfill gas monitoring well/pipe] v No gas monitoring well is installed. Installation of the gas
(borehole inside landfill) collection system is planned after final cover is implemented.
There are no groundwater monitoring well specifically
intended for this site. However, there is a domestic well at]
Groundwater monitoring well v the vicinity of the site. The depth of the well is

approximately 300m. Since the depth of the well is too deep,

it seems to be inappropriate for monitoring of this site.

Overall comment

Overall, the fundamental structures required for the sanitary landfill are installed in this site. This is because the site was designed
and constructed based on the international standards. Thus, in terms of basic structure, the site does not have any problem.
However, with regard to leachate management, the current condition is regarded as insufficient. The capacity of the pond is
obviously short. As mentioned above, it is the design issue. In the design phase, current situation was not expected (i.e., in actual,
daily amount of waste keeps exceeding the planned quantity). The moisture in waste is the significant source of the leachate.
Thus, the increase of waste beyond estimation causes huge amount of leachate generation that naturally surpass the originally
designed pond capacity. Thought the site personnel are trying to handle it and are making additional ponds to prevent the
overflow of leachate from the site, it seems to reach the critical limit of their effort.

Essentially, the quantity of the leachate exceeds the capacity of which the landfill control, its discharge to the outside is inevitable.
'When considering the discharge, leachate treatment becomes mandatory. So, this landfill seems to enter the phase in which the
installation of the leachate treatment facility is must.
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Other observation / (Immediate) Action is Required on;

As mentioned above, leachate treatment must be considered as soon as possible. And discharge of only treated leachate should be
allowed but not allowed for raw leachate.

Site Operator's Comments:

The operator also thinks that the issue of leachate is serious. Although they are tackling the issue by creating several ponds, there
is the limit. They also think that this issue is caused by the design and significant change of the daily waste quantity that was not
expected when the landfill was constructed. They are thinking that they want to treat the leachate in some efficient way and want
to reduce the amount of the leachate stored in the site.

The problem becomes especially serious in winter because there is much rainfall during winter. In summer, the generation of|
leachate decreases and they can control it somehow.

Besides, the operator also commented on the gas collection system. They are going to install the energy recovery system from the
landfill gas and its feasibility study was already performed. After two or three years, the landfill reaches to its full capacity so
then , they will install the gas collection and recovery system along with the implementation of final cover.

Samples Taken: Yes@

Photographs Taken:o

Gate Office

Weighing system and staff |Vehicle washing
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Fence

Site notice board

'Warehouse

ILeachate pond

Storm water drainage ditch

ILeachate overflow to outside




2) Checklist (Management of landfill operation)

Annex-3

Waste filling operation

- Minimization of working face
- Care on the other facilities

g [5) =
> Status g‘ 5 % & |Comment
o s < S 8
en Bl 2| =| =
2 o = o | ©
= 2 g o
O 5 =) ]
@l ol £ Z
Although there are not documented acceptance criteria,
. . acceptable waste in this site is limited to the domestic waste
Setting up waste acceptance criteria .
o o generated from the area covered by Jenin JSC.
- Clear definition of prohibited waste
i ] ) In general, the waste from slaughter house, hazardous wastes
- Refuse of waste with high moisture] . . .
v (e.g. asbestos), and bulky waste isn't accepted in this site.
content . . . . . .
The inspection is done at the tipping face in landfill where
- Clear protocol on asbestos . . . . .
the waste carrying vehicles unload their waste. If it contains|
- Measure for bulky wastes . .
8 unacceptable waste, the disposal of the waste is refused and|
§ the carrier is ordered to bring it back to the source.
g Inspection is performed for every vehicle carrying in the
< Waste inspection at acceptance waste. The procedure is visual inspection.
% | - Enactment of visual inspection v Sampling and analysis are not performed since the
E - Sampling and analysis of waste acceptable waste is limited to the domestic waste (the
o .. .
= characteristics are not so different.)
o
Measure for the waste not compl . . .
% . . Py There are no clear criteria. But if the waste is regarded as not
&0 | with criteria v . . B
=) . . acceptable by visual inspection, it is rejected.
§ - Existence of decisive procedure
Waste quantity measurement v Done appropriately.
Inspection/Periodical analysis Occasionally, waste composition is analyzed. It was
- Execution of periodical composition v/ conducted in 1998, 2009, 2011, 2013, and 2017.
analysis Periodical analysis on waste composition is recommendable.
All the data on waste quantity is appropriately recorded and|
Data recording and reporting v it has been submitted to the regulatory authority (MoLG) for]
creation of waste statistics.
The working face is quite large. And waste is exposed to
Waste emplacement and compaction atmosphere without cover. Though compaction is performed,
- Proper compaction work it is difficult to judge whether the procedure is appropriate or|
- Well planned cell creation v not because daily amount of the waste is too much.

Root of whole problem is too much waste delivery which
exceeds the capacity of the site. As consequence, it causes

the operation difficulty and results in large working face.
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Daily cover is insufficient. The reason is the same with|
above (waste quantity beyond the designed amout). Due to
the definite shortage of the soil, the waste is exposed at the
surface in various places. If the daily quantity of waste was
normal as designed, enough daily cover was implemented.
The designated thickness of the daily cover soil in this site is
15cm.

Implementation of cover material The site personnel told that in winter the implementation
- Daily cover work of soil cover becomes difficult because of the rain. It
- Intermediate cover affects trafficability of heavy equipment severely.

- Final cover The quality of the cover soil seems to have also problem. In
this site, crashed lime stone is used as daily cover soil.
However, this material does not have enough moisture]
holding capacity, adsorption capacity, and not suitable for|
microorganism to proliferate.

Intermediate ~ cover  was implemented  properly.

Approximately, 30 cm of cover soil was installed at the time]

a layer of 2.5-3m was completed.

Depending on the progress of filling operation, the survey|

was performed. Up to now, three times of the survey was

Survey of completed amount conducted within ten years. When conducting the survey, it is
- Conduct periodical survey ordered to the professional land surveyor.

Since the frequency of the survey is less, both satisfactory

and unsatisfactory were checked.

Confirmation of sl tabilit . . . .
onfirmation OF sope Stabiity Yearly, the stability of slope is confirmed. Besides, erosion of]

- Periodical Ik- dv :
eriodicalwalk-over - sunvey.an the slope is also confirmed.

maintenance

Monitoring of settlement 4 It is confirmed visually.

Overall comment

The procedure of waste acceptance seems to be not a problem. Though strict inspection is better for proper landfill management,
real execution of it is known to be quite difficult. Thus, the procedure adopted in this site is acceptable.

As for the waste filling procedure, obviously there are serious problem. Namely, they are issues on the waste placement and|
implementation of daily cover soil. As mentioned earlier, the root of these problems is the quantity of the waste which exceeds
planned value. The site's staffs have tried almost everything as much as possible up to now and still they are struggling.

These issues have to be considered by not only landfill operator but also by the generator of the wastes. Concretely, in order to
manage these tremendous amount of waste, financial support must be indispensable to improve the current situation.

Other observation / (Immediate) Action is Required on;

Immediate action on the implementation of daily cover soil and on the selection of cover soil seems to be necessary.

Site Operator's Comments:

The operator commented that there are not significant issue on the operation.

Samples Taken: Yes@

Photographs Taken: 0
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'Working face

Cover soil

Exposure of waste
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3) Checklist (Leachate management)

Annex-3

- frequency

- analyzed item

g [5) =
> Status g‘ 5 % & |Comment
<] 2 & 5}
) 2 2| = 2
) S| Bl &l o
= 2 g o
O 5 =) ]
@l ol £ Z
Is the prediction of leachate quantity
conducted or not.
- Daily, weekly, monthly, yearly? v
- Is the methodology appropriate?
- What sort of data is used for it?
2 |Is  measurement  of  leachate
E conducted?
=
S| - Amount of leachate in the pond
[}
E - Quantity of leachate flowing in the pond
§ - Quantity of leachate re-circulated v
— | Are there satisfactory data on
- Quantity of water getting in by rainfall
- Quantity of water evaporating
Estimation of leachate stored in the site
Are these measured data recorded v
properly?
| Is the leachate head on the liner (This check item is optional)
g measured?
'*é - Frequency
; - Methodology
<
[}
-‘: . . . .
é Is the data on leachate head recorded? (This check item is optional)
Q
33 Is the hydraulic head of the leachate] (This check item is optional)
on the liner less than 30cm
Is analysis of raw leachate conducted?
Y When necessary, leachate and other water samples are
- Frequency
. sampled and send to the laboratory.
- Items of analysis v . . .
The items for analysis vary but cover almost important|
items.
Direct discharge of leachate is happening. This is|
because the capacity of leachate ponds is short. Excess
leachate overflows from the pond and flows into the
2| Does the direct discharge of raw nearby Wadi, especially at rainfall event.
'§ leachate to outside occur? The leachate can be confirmed in Wadi even at almost
&'| - Extent v several hundred meters away from the site.
§ - Duration Since increase of leachate occurs in winter (in rainy|
Q . . .
S | - Impact season), the duration of discharge is thought to be
- limited within the period of rainfall event.
Up to now, its impact never assessed. As shown in
guideline, sediment of wadi should better be analyzed
periodically to identify the range of its impact.
If the leachate is discharged after
treatment,
Is the quality of effluent analyzed? 4 In this landfill, there is no leachate treatment process.

12
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If the leachate is discharged after
treat t

reatment, . . v In this landfill, there is no leachate treatment process.
Doe the quality comply with the

standards?

Overall comment

The basic strategy of leachate management in this landfill was to evaporate it from the pond and by re-circulation. This|
strategy was planned because the estimated amount of leachate generation was less than what is now actually generated.
However, indeed the amount of leachate exceeds the controllable capacity prepared in the site, and overflow events seem to|
be occurred sometime up to now. The occurrence of it is clearly identified at downstream "wadi".

At present, it is undoubted evidence implying that this landfill must have leachate treatment facility because strategy relying]
on the evaporation cannot control the quantity of the generated leachate.

Besides, in order to halt the uncontrolled discharge of leachate as soon as possible, increase of the number of ponds that have|
lining system must be constructed.

Other observation / (Immediate) Action is Required on;

'What is most important is to stop the uncontrolled discharge to outside the landfill as soon as possible.

Site Operator's Comments:

They are seeking optimum method to treat the leachate. At present, they are testing one method proposed by Israeli company|
in which chemical agents are used, by using main leachate pond. They expect the success of this. Besides, they heard that the|
investigation by consulting company on leachate management is under progress. Thus, they are expecting the results of the]
investigation, too.

Samples Taken: Yes/@

Photographs Taken: o

Leachate pond Discharge of leachate

Leachate pond outside of the landfill
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4) Checklist (Landfill gas management)

g [5) =
> Status 2| 5| | & |Comment
15 2| & S B
) 2 2| = 2
) S| Bl &l o
= 2 g o
O 5 = o
sl o| E| Z
% Installation of gas vents/gas collection| The landfill gas management is planned after entire cell
v
& | system for landfill gas management v construction is completed. Thus, during filling operation
= no gas wells are implemented.
<
20| Condition of fugitive gas emission) The same with above, the gas control will be done after
% from the surface v the completion of entire cell construction and|
£ | Well managed (less release)=satisfactory installation of top cap. Hence, at present, no measure is
S | Un controlled=Unsatisfactory done for fugitive gas emission.
Is the monitoring of hydrogen sulfide| The monitoring is not performed regularly. There is one
or other toxic gas performed at the] 4 mobile gas detector in site. Hence, if necessary, they can
working face, regularly? conduct monitoring.
Are the workers informed about the v Not all the worker is informed. But some of them are|
risk of hydrogen sulfide? informed about it.

The working face in this landfill is in general flat.
4 Hence, accumulation of toxic gas is not expected at the
working face.

Is the working face controlled so as to
not accumulate toxic gases?

Toxic gas for workers

Is the waste containing sulfate such as|
gypsum board excluded from the| v/
acceptable waste?

Waste containing sulfate such as gypsum board is|
designated as an unacceptable waste.

Is the regular monitoring executed?

The level of methane at highest]
location. (ppm)

The level of hydrogen sulfide at
highest location (ppm)

Explosive/Toxic gas control

Overall comment

In this landfill, gas collection and energy recovery from the gas is planned after the completion of entire cell. So, during the
filling operation, no gas management is performed.

Based on the onsite survey by auditor, fugitive gas emissions from the landfill surface are identified at many places.

As the operator considering, to concentrate gas recovery after completion of cell construction is understandable. However,
there are many landfill sites at where gas collection system is installed during operation phase. Especially, installation of|
horizontal gas trenches other than it directly located below the top cover is only possible during the filling operation.

In addition, to prevent the increase of gas pressure inside the landfill, it seems better to have gas bents. However, these are
just auditors comments.

Other observation / (Immediate) Action is Required on;

None

Site Operator's Comments:

The gas collection and recovery system will be installed after the completion of entire cell. It isn't far future, and probably
two or three years later, they will be installed. Already its feasibility study was completed. After the installation of it, every|
monitoring regarding gas will become possible.

Samples Taken: Yes@

Photographs Taken: Yes@
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5) Checklist (Routine inspection and maintenance)

Annex-3

Items for confirmation

Satisfactory

[Unsatisfactory

Inapplicable

INot-checked

Comment

Is the routine inspection (1-7) of the waste
retaining structure (in case of concrete
dam) conducted appropriately?

\

This landfill doesn't have concrete dam.

Is the routine inspection (1-12) of the]
waste retaining structure (in case of]
earthfill dam) conducted appropriately?

Inspection is performed routinely.

Is the routine inspection (A-1 to C-3) of
the leakage prevention system (lining]
system) conducted appropriately?

Inspection is performed routinely.

Is the routine inspection (A-1 to C-3) of
the  leachate = management  system|
conducted appropriately?

Inspection is performed routinely.

Is the routine inspection (1 to 5) of the
storm water collection and drainage system|
conducted appropriately?

Inspection is performed routinely.

Is the routine inspection (1 to 2) of the gas
collection system conducted appropriately?

This landfill doesn't have gas collection system, yet.

Is the routine inspection (A-1 to E-2) of the|
other remaining facilities conducted

appropriately?

Inspection is performed routinely.

Overall comment

It seems that routine inspections are performed appropriately.
However, if commenting some, its procedure should be better to be documented clearly.
For example, to create the routine inspection manual is recommendable.

None

Other observation / (Immediate) Action is Required on;

Site Operator's Comments:

None

Samples Taken: Yes@

Photographs Taken: Yes@
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Tables for check items (written again for checklist)

Waste retaining structure

Annex-3

Concrete dam
1D Inspection item Frequency Methodology
1 Seepage of leachate daily visually
2 Cracks and chipping of concrete Daily Visually
3 out of alignment Daily Visually
4 Corrosion of reinforcing Daily Visually
5 Buckling Daily Visually
6 Settlement Monthly Subsidence meter/Survey
7 Slippage 4 times per year Survey
Earth fill dam
ID Inspection item Frequency Methodology
1 Plant (incl. Weeds and grass) growth Weekly Visually
2 Accumulation/deposition of soil Weekly Visually
3 Seepage of leachate from slope Weekly Visually
4 Cracks Weekly Visually
5 Expansion of structure Weekly Visually
6 Settlement Twice/year Subsidence meter/Survey
7 Erosion of slope Weekly Visually
8 Slope failure Weekly Visually
9 Scouring Weekly Visually
10 Buckling of the slope Weekly Visually
11 Subsidence of foundation Twice/year Subsidence meter/Survey
12 Collapse of foundation Weekly Visually
Leakage prevention system (lining system)
1D | Inspection item | Frequency Methodology
A When the liner is exposed
Al ]?eposition of waste and earth and sand on the Daily Visually
liner
A-2 | Crack and fracture Daily Visually
A-3 | Holes and depression Daily Visually
A-4 | Stripping, failure (on slope) Daily Visually
A-5 | Deterioration Daily Visually
A-6 | Buckling, swelling Daily Visually
A-7 | Dissolution Daily Visually
B After cover soil is implemented
B-1 | Propagation of crack and depression Daily Visually
B-2 | Springing of groundwater, gas extravasation Daily Visually
B-3 | Lifting of cover soil Daily Visually
B-4 | Stripping, failure (on slope) Daily Visually
C other symptoms related to leachate leakage
C-1 | Leachate quantity and quality Refer to section 3. Refer to section 3.
C-2 g:l)lu ndwater quantity and quality in monitoring Refer to section 8.3. Refer to section 8.3
C-3 | Depression and failure of landfill surface Daily Visually

Leachate management system (including leachate collection and removal system, storage pond,

recirculation system, and treatment facility)

ID | Inspection item | Frequency | Methodology

A Leachate collection and removal system (incl. Re-circulation system)

A-1 | Crack/collapse/smash of the pipe Weekly Visually/Sewer Pipe Camera
A-2 | Clogging/incrustation/scaling of the pipe Weekly Visually/Sewer Pipe Camera
A-3 | Leakage at the joint part of the pipe network Weekly Visually/Sewer Pipe Camera
A-4 | Wash out of protective sand/soil Weekly Visually (only before it covered)
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A-5 | Blocking in valve system | Weekly | Visually/Sewer Pipe Camera
B Leachate storage pond
B-1 | Integrity of lining (hole, collapse, breakage, etc.) Daily Visually
B-2 | Level of leachate (within controlled level) Daily (optional) Visually (optional)
B-3 | Deposition in pond (amount of sediments) Daily Visually
B-4 | Form/Bubble (abnormal forming) Daily Visually
C Leachate treatment system (if installed)
C-1 | Proper operation mode (by checking operation | Daily Checking of each parameter by
parameters; temperature, pH, DO, MLSS, SVI, measurement apparatus.
Turbidity, odor, etc.)
C-2 | Quantity of leachate Daily Recorded data
C-3 | Quality of treated leachate Daily Refer to section 3
Storm water collection and drainage
1D Inspection item Frequency Methodology
1 Collapse/damage/deterioration of each drainage | Monthly Walk over survey and visual inspection
ditch/culvert
2 Deposition of earth and soil in ditches Monthly Walk over survey and visual inspection
3 Clogging/blocking Monthly Walk over survey and visual inspection
4 Occurrence of leakage and spring water Monthly Walk over survey and visual inspection
5 Growth of plant/weed/grass Monthly Walk over survey and visual inspection
Gas collection system
ID Inspection item Frequency Methodology
1 Collapse of gas vents/gas well/gas pipes Weekly Visually
2 Clogging of the vents/well/pipe Weekly Visually
Other facilities
ID | Inspection item Frequency Methodology
A Weighing facility
A-1 | Function of weight bridge Daily Manual check of function
A-2 | Data recording system Daily Manual check of function
A-3 | Checking on mechanical part (Loosening of bolt, | Daily Manual check of function
deformation of materials, etc.)
A-4 | Calibration of the weigh bridge Twice / year Calibration agency
B Vehicle washing facility
B-1 | Function of washing facility Daily Manual check of function
B-2 | Deposition of mud/soil Daily Manual check of function
B-3 | Water supply Daily Manual check of function
C Road
C-1 | Waste scattering Weekly Visually
C-2 Hole, depression, cracks Weekly Visually
C-3 | Failure of road shoulder Weekly Visually
C-3 | Dust Weekly Visually
D Fence
D-1 | Breakage failure of fence occasionally Visually
D-2 | Catching the waste on the fence occasionally Visually
E Gate and notice board
E-1 | Normal function of the gate occasionally Manual check of function
E-2 | Condition of the notice board occasionally Visually
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6) Checklist (Safety)
g [5) =
> Status g‘ 5 % & |Comment
o = < S 8
) 2| 2| =] 2
() G — a, 5]
= 20 | & &
Q = = =] °
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Compliance with law and regulation
related to the industrial health and| v/
safety
. Supply protective equipments to thej v Depending on worker, sometimes it is difficult to order]
QE) workers and enforcement of their use to wear safety clothes because of religious grounds.
§ | Confirmation of dangerous gas at
£ . g g 4 Not performed.
Z | working area
20 Setting up the rules on the working v
2 | environment
] . .
. L . Almost all necessary sanitary equipment for workers are|
E Installation of sanitation equipment v . i 1 equip
° provided.
é Hazardous chemicals are not used in the site in general.
9, | Instruction on hazards of the chemical % Occasionally, in summer, some kinds of insecticide is
% agent used in the site used to clean up the insect. But it is done by only skilled|
= professionals.
Training of first aid lifesaving, etc. v
Regular health check of workers v Labors are subjected to their health check, yearly.
Preparation of contact address list on
Q | the emergency event v
g
&
8 | Preparation of the procedure of]
2’ contact contents v This is not regarded as important, now.
[}
3
g Training of workers for emergency
5 | response v
5
> It isn't documented clearly, but training for the
% Plans for prevent reoccurrence of the . Y g'
v emergency is conducted based on the experience and

accident

such experience is helpful to prevent reoccurrence.

Overall comment

To protect labors and to prevent accidents, various measure are implemented.
However, toxic gas monitoring seems to be better implemented in order to prevent lethal accident.
In addition, response on emergency should be better to be documented.

None

Other observation / (Immediate) Action is Required on;

Site Operator's Comments:

None

Samples Taken: Yes@

Photographs Taken: Yes@
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7) Checklist (Littering and Vector)

Status Comment

Category
Satisfactory
[Unsatisfactory
Inapplicable
INot-checked

The operator answered that collection of litter around the
site and cleaning of the perimeter fence is performed on
regular basis. Also cleaning activity by workers is done.
-Littering is properly controlled. |/ However, litter is easily found around the site. Thus,
both satisfactory and unsatisfactory were marked.
According to the answer of the operator, there are no

50

g complaints from the residents regarding the littering.

Q

.43 -Cover soil is promptly placed to v At this site, inadequate daily soil cover is thought to be
prevent littering most significant problem. So, unsatisfactory is marked.
Some measure (e.g. litter screen, etc.), v Only perimeter fence works for preventing littering.
is taken. There are no additional measures.

Th i ial 1 fi . . .
ere 18 special - cmployee  1of Inspection and cleaning are done by site workers. Thus

inspection and cleaning of the litter af] 4 . . .
. . there is no special employee for this task.
the peripheral of the site.
Are there serious vector issue v There is serious vector issue actually in summer.
happening? However, by using insecticide the issue is mitigated.
Actually, the control of birds is difficult issue in any
There are a lot of birds out there. v landfill site. If daily cover is implemented perfectly, the
issue will be mitigated more or less.
Flies and mosquitoes are heavily v Same as above. To prevent the heavy infestation,
fg infested. insecticide is used in summer.
2 . . . The daily soil cover is insufficient. But this is because
Daily soil cover is placed properly. 4

the quantity as mentioned earlier.

By constructing storm water ditches inside the site,
Water pool in the site is eliminated. v formation of water pool is tried to be prevented as much
as possible.

Some measure to rid of the] v

birds/animals is taken. Nothing specially.

Overall comment
Most effective measure for these nuisance issues (vector/vermin/birds/dogs) is an appropriate implementation of daily soil
cover because it can block their access to the waste. So, strict execution of daily cover is highly recommendable in this site]
too. If all the waste, which is exposed to the atmosphere, can be covered completely by soil, all these issue will be solved.

Other observation / (Immediate) Action is Required on;

Though it is understandable that satisfactory implementation of daily cover is difficult, to make an effort to make the site]
closer to the condition with perfect covering is recommendable.

Site Operator's Comments:

None

Samples Taken: Yes@

Photographs Taken: Yes@
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8) Checklist (Environmental monitoring)

Annex-3

g [5) =
> Status g‘ 5 % & |Comment
) b5 i S 8
eo Bl 2| =| =
2 o = o | ©
= 2 g o
O 5 = o
sl o| E| Z
Is the monitoring of methane]
» |performed?
< .
01 Frequency v INo measurement is done at present.
';g -Methodology
E -Data keeping
INo abnormal methane concentration is
v No measurement.
reported.
The groundwater monitoring is performed by PWA|
s groundwater monitoring performed? (Palestine  Water  Authority), on regular basis.
2 -Frequency v Methodology and items are determined by PWA. Most|
£ | Methodology of the items considered to be important are included.
33 - Analyzed items There are no original monitoring well owned by the site.
So, its monitoring is not done.
INo  abnormal  concentration in| .
. v INo abnormal concentration was reported from PWA.
groundwater is reported
Is the monitoring of surface water In order to examine the impact of leachate discharge
performed? from the site, water in wadi (2 samples) were taken and|
-Frequency v analyzed. The result indicated these water is diluted by
-Methodology storm water and their concentration was less than the
- Analyzed items leachate.
ot
£ [Is the monitoring of wadi (sediment)
i performed? No monitoring was performed. (But this item is the]
{::j -Frequency v proposal by the author of the guideline and is not in
& |- Methodology common in the general monitoring of the landfill.)
- Analyzed items
INo abnormal concentration in surface .
. v No analysis was performed.
water/effluent is reported
INo abnormal condition on the
. . S . v No analysis was performed.
sediment in wadi is identified Y P
= . . .
Z |"“Currently no monitoring item”
There are complaints from residents.
Are there complaints from residents? The complaints are recorded.
- The complaint is recorded? 4 And in order to respond immediately, residents are|
-Measures for them are taken? requested to contact to the landfill as soon as possible|
when they sense odor.
Is the monitoring of odor conducted? As for the air collected at the landfill surface,
_§ -Frequency v occasionally, analyses were conducted. But they are not
O |- Methodology for odor.
Is the monitoring data recorded? v There is no data recorded.
Does any odor substance exceed the] L C .
. v Since it is not measured, this inquiry is inappropriate.
criteria at the boundary?
Or does odor index satisfy the S L .
criteria? v Since it is not measured, this inquiry is inappropriate

Overall comment
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Gas: This monitoring should be done for safety aspect not the understanding of the methane emission from the site. Thus,
simple gas detector should be installed at the office building or warehouse at where the gas migration from the site is|
doubtful.

Groundwater: Since the PWA conduct monitoring the domestic well nearby and its depth is very deep, to detect leachate]
leakage is thought to be difficult from the results. For the detection of leachate leakage, manhole installed at the edge of the
site is thought to be effective and its periodical monitoring is recommendable.

Surface water: The site performed the analysis of the water taken by wadi when storm water event occurred by their own|
decision. This original monitoring can be highly evaluated. When there is a water in wadi, to conduct sampling and analyzing|
it is highly recommendable to confirm whether there is the evidence of discharge from the site.

'Wadi sediment: This monitoring was proposed in the guideline. However, this is not commonly done in many landfills. The
reason why this was proposed is that there is no proper environmental target to identify discharge from the landfill under the
condition of arid climate (like Palestine) at where perennial surface water doesn't exist. Hence, this is not mandatory. When it
is necessary to probe the occurrence of the emission from the landfill, this investigation will be helpful.

Odor: Since odor is regarded as serious issue in this landfill, some monitoring should be done. The air collected at the surface
was performed in the past. However, it was the survey on air quality but not the odor survey. Hence, survey method|
especially on the odor should be selected and applied. The odor monitoring must be related to the human olfactory. If air]
sampling and chemical analysis are performed, specific odorous substances should be focused on. If complex procedure is|
difficult to implement, simple procedure, in which assessor walks over the site boundary and record what he feels, is also
applicable.

Other observation / (Immediate) Action is Required on;

None

Site Operator's Comments:

None

Samples Taken: Yes@

Photographs Taken: Yes@
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1 Introduction

The home composting pilot project was implemented in four phases; the first and second phases
studied the compost technology in two different seasons, in order to determine the best technology
for home composting in Palestine. Then the third phase was started which include implementing the
selected technology in large scale to study the impact of the home composting on waste reduction.
Three JSCs have participated in the third phase, which are Ramallah JSC, Bethlehem JSC and NE&SE
Jerusalem JSC. Each JSC has nominated one LGU to start the PP based on specific criteria, and they
received the required number of barrels from the project. But not all delivered barrels to the LGUs had
been distributed and used by the households; the LGUs couldn't find enough number of participants
that matches the number of the received barrels. This refers to the lack of awareness and willingness
to participate where no incentives or big direct benefits can be achieved from home composting
(Waste reduction is indirect benefits for people). Since the aim of the third phase of the pilot project is
to measure the impact of home composting on waste reduction, the number of the delivered barrels
for each LGU was big in order to achieve significant and measurable impact on waste reduction, but
the social aspect was not considered enough in determining the number of barrels that can be
distributed.

The project team decided to extend the home composting pilot project to the fourth phase, and to
reallocate the remaining number of barrels to new areas. The aim of this stage is to study the social
aspect and to summarize the lessons that can be learnt from the pilot project for future policy
intervention of home composting.

2 Purpose and Objectives of the Home Compositing Pilot Project- 4t phase:
This phase of composting project aims at continuously contribute in achieving the Ministry of local
Government’s vision in increasing the public awareness toward solid waste separation and reduction
issues as clarified and confirmed in the National strategy of solid waste management (2017-2022). The
specific objectives are:

1- Disseminate the idea of home composting in the targeted LGUs.

2- Studying the potential of applying home composting in rural areas.

3- Providing clear recommendations for MolLG about future strategies related to home
composting.

4- To investigate the factors that negatively impact the home composting and leads to failure in
achieving the aims of such practice.

3 Methodology
1. Project Agreements were signed between the responsible JSC and the targeted LGUs to assure
the commitment of LGUs in following the project.
2. Providing the targeted LGUs with the required barrels that are used for home composting, the
following table shows the targeted LGUs and the received number of barrels:



No. Jsc LGU Names No. of Barrels
1 Ramallah JSC Selwad 35
2 Ramallah JSC Beit Legia JSC (Beit Leqia + Kharbatha) 30
3 Ramallah JSC Kobar 8
4 Hebron JSC Al Karmel 45
Total 118

3. Lunching workshops were conducted in each LGU; the workshops targeted the participating
households in order to educate them about applying composting process in their houses.

Lunching Workshop at Selwad Municipality Lunching Workshop at Kobar Village Council

4. The LGUs distributed the barrels to the households.
5. A weekly field visit was conducted for each targeted area by a field surveyor to follow the

progress in home composting and give instructions to the participants.

Weekly field Visit to Beit Leqia Weekly field Visit to Selwad



6. Some public awareness workshops were conducted during the project implementation; the
workshops targeted the communities and some schools.

Public Awareness Workshop in Selwad Public Awareness Workshop at Beit Leqia/ Girl School

7. A final workshop was conducted in each targeted area at the end of the project. The
workshops targeted the participants, the community, and the LGU. The aim of the final

workshop is to disseminate and promote the project idea between the communities and to get
a feedback about the project from the participants.

Final Workshop in Beit Leqia Final Workshop in Selwad

8. Reporting; this includes preparing a weekly report about the field visits and the progress of
home composting in each area and preparing a final report.

4 Project Outline

The 4t phase was started in the beginning of November 2017 and lasted till the end of March 2018, as
illustrated in the outline below:

No. | Activity Oct, 2017 | Nov, 2017 | Dec, 2017 | Jan, 2018 | Feb, 2018 | Mar, 2019
1 Signing agreements
between JSCs & LGUs
) Providing of barrels to
LGUs




3 | Lunching workshops
4 Barrels distribution to
participants
5 | Weekly field visits
Public awareness
6
workshops
7 | Final workshop
8 | Reporting
8.1 | Weekly reports
8.2 | Final Report
5 Results

The results of the 4t phase in each targeted LGUs, can be summarized as following:

5.1 Selwad

Selwad LGU received 35 barrels, two barrels were missed at the begging of the project, the
remaining 33 barrels were distributed to 30 households (some households received more than
one barrel) and the active households were 29.

At the first period of the project, Selwad Municipality was not committed to follow up the
project, and there was no assigned surveyor from the project to follow up the project; so most
of the barrels were not distributed. Also when the municipality distributed some of the barrels
to the households, they didn't give them enough information about the project, so many
households returned the barrels to the municipality.

After seven weeks, an active women association started to follow the project instead of the
municipality, after that, the distribution of barrels going very well.

At the beginning period of barrels operation, some problems were appeared, like odors, high
moisture contents, existing of non-organic waste... etc. but after continuous following up of
the project progressing and weekly field visits, the participants learned the process and
overcame the appeared problems.

By the end of the project period, 15 households filled their barrels with organic material and
most of the participants operating their barrels in a good way.

The following diagram shows the trends of project progress, which illustrate how the project
proceed since the beginning, and what success percentage has been achieved, as no gab was
noticed between the distributed barrels and the functioning one by the end of the project.
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5.2 BeitLeqgia

Beit Legia JSC received 30 barrels, 7 barrels were missed at the begging of the project, 4 barrels
stayed at the LGU without distribution, the remaining 19 barrels were distributed to 16
households (some households received more than one barrel) and the active households were
14.

After about 7 weeks of starting the project in Beit Leqia, the field surveyor who was assigned
by the project started the following up of the project, so the number of functional barrels
(Active households) starts to increase.

At the beginning period of barrels operation, some problems were appeared, like odors, high
moisture contents, existing of non-organic waste... etc. but after continuous following and
weekly field visits, the participants learned the process and overcame the appeared problems.
By the end of the project period, 8 households filled their barrels with organic material and
most of the participants operating their barrels in a good way.

Beit Legia JSC, who is responsible for barrel distribution, couldn't distribute all of the barrels to
households; they couldn't find enough number of participants who are willing to participate in
the project. Some public awareness workshops were conducted in the area to promote the
idea of home composting and to find new participants in the project but they couldn't find
enough number.

The following diagram shows the trends of project progress, which illustrated as well how the
gap between the distributed and functioning barrels getting smaller after weekly follow up
started by the field surveyor.



emm=mHH that Received Barrels — e Active HH

18

16 6 16 16 1 16 16 46

14 14 14 14 14 14 14 14

12

10

5.3 Kobar

- Kobar Village Council received 8 barrels, all of the barrels were distributed and all of the
participants were active by the end of the project.

- At the beginning period of barrels operation, some problems were appeared, like odors, high
moisture contents, existing of non-organic waste... etc. but after continuous following and
weekly field visits, the participants learned the process and overcame the appeared problems.

- By the end of the project period, 3 households filled their barrels with organic material and
most of the participants operating their barrels in a good way.

- The following diagram shows the trends of project progress, which illustrate gradual increasing
of functional barrels which is resulted from continuous follow up.
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5.4 Al Karmel

Al karmel Municipality received 45 barrels, 35 barrels were distributed to 28 households (some
households received more than one barrel) and the active households were 26.

In the first four weeks of the project period, there were many unfunctional barrels, this is because the
LGU was not active at that period and the lunching workshop was not enough to educate the people
about home composting process. After continuous follow up for the households and the commitment
of the LGU, the number of functional barrels starts to increase.

At the beginning period of barrels operation, some problems were appeared, like odors, high moisture
contents, existing of non-organic waste... etc. but after continuous following and weekly field visits, the
participants learned the process and overcame the appeared problems.

By the end of the project period, 7 households filled their barrels with organic material and most of the
participants operating their barrels in a good way.

Al Karmel Municipality, who is responsible for barrel distribution, decided to distribute the barrels
in two stages; so they distributed half of the barrels at the beginning of the project, then the distributed
number of barrels become stable for more than one month, after that the municipality started to
promote the project to find new participants, so the distributed number of barrels started to increase.
The following diagram shows the trends of project progress:
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5.5 Results Summary

targeted area:

Following is a summary table for the number of distributed barrels and participated households in each

No. No. of Distributed Functional Remainin Missed
LGU Names Received No. No. Barrels J Barrels
Barrels (Barrels/ HH) | (Barrels/ HH)
1 Selwad 35 33/30 31/29 0 2
Beit Leqia JSC (Beit
2 Legia + Kharbatha) 30 19/16 15/14 4 /
3 Kobar 8 8/8 8/8 0 0
4 Al Karmel 45 35/ 28 27/ 26 10 0
Total 118 95/ 81 81/ 77 14 9




80% of the received barrels were distributed, part of the remaining barrels were lost due to
mismanagement from the LGU, part of them cannot be distributed and part of them still on going to be
distributed. The problems that appeared in barrels distribution were:

o Mismanagement from the LGU side in selecting the suitable household and providing enough

information about the project.

o People willingness to participate in the project and absence of incentives.
95% of the distributed barrels are active and compost is progressing very well. The reason for
uninstalling some of the barrels refers to the laziness of some people; they liked the idea and got the
barrel but after the nothing were done.
According to the discussion with the participants in the project, the main benefit they achieved in the
project was enhancing the cleanness level by reducing the disposed quantity in the public container and
reducing the odors from the produced waste. Where the Production of compost is a minor benefit for
them.

6 Conclusion and Recommendations

Home composting projects need an intensive follow up by a specialized person especially at
the beginning of the project, this is necessary until the household members getting the
required experience for making the compost, after that following up still necessary but with
lower efforts.

The commitment of LGU in following up the project plays a main role in succeeding the project.
This can be clearly concluded from Selwad and Al Karmel cases. The LGUs shall be aware about
the importance of home composting and its impact on waste reduction which reflects on their
waste collection fees; this will convince them to take their role strongly in such projects. So for
future projects, targeting LGUs that paying high fees for solid waste management (with tariff
system based on the generated tons) will increase the opportunity of project success.

Since by the end of the project we had many functional barrels in the targeted areas, this
indicates that there is a potential to disseminate the idea of home composting in the
Palestinian rural areas.

Since the number of barrels in each targeted area is very small compared to the total number
of household, we cannot know exactly what will happen if the number of barrels is increased.
But generally the idea of home composting takes time to be disseminated, and this happen
gradually, but the number of participants in home composting can be increased until reaching
a maximum limit "Saturation Point" (This is because the number of people who have gardens
around their houses and have agricultural activities are limited). Since the number of barrels in
each targeted area is very small, and the project period is very short, we couldn't determine
the percentage of the saturation point. But based on a fact that Beit Legia JSC couldn't
distribute all of the barrels although they received small number of barrels, and based on the
results of the 3™ phase of home composting PP, we can say that the maximum percentage that
can be achieved for functional barrels (active households) is 10%. In the 3™ phase of home
composting PP, the highest percentage of active households that can be achieved was in Al
Walajah village (it was 10% from the total number of household in the village), and this
percentage was achieved after intensive follow up and conducting many public awareness
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activities, after that no new participants can be found. The following table shows the
percentage of active household to the total number of households in each targeted area:

Population No. | gimated No. .
ety | of Households | o SIEUE | percentage
2016" Pops No./ 5

4™ Phase
1 Selwad 7836 1567.2 29 1.9%
2 Beit

LegiatKharbatha 16534 3306.8 14 0.4%
3 Kobar 4705 941 8 0.9%
4 Al Karmel 4940 988 26 2.6%
3" Phase
1 Al Walajah 2569 513.8 53 10.3%
2 Beit Uor 5595 1119 52 4.6%
3 Mukhmas 1692 338.4 19 5.6%

Since the organic fraction consists about 50% of the total waste, and about 80% of the organic
waste can be used in home composting, this means that the expected waste reduction from
the households who are participating in home composting is 40%. Considering the previous
point, that the maximum participation percentage that can be achieved is 10%, this means that
a successful home composting project in any area will achieve only 4% of waste reduction in
the targeted area.

According to PCBS 2016, 73.9% of the Palestinian people are living in urban areas, 9.5% in refugee
camps and only 16.6% in rural areas. Since home composting project can be applied mainly in rural
areas, this means that the expected waste reduction from applying home composting in the rural
areas is only 0.7% (From the total generated waste amount in Palestine).

To Achieve 4% of waste reduction in the targeted LGU, intensive follow up and huge efforts
shall be provided which is not feasible financially, especially if we consider the low cost of
SWM in Palestine (Avg. 144 NIS/ton) (See Annex 1). But considering the environmental aspect
and the current situation of overloaded sanitary landfill in Palestine, achieving 4% of waste
reduction is a good target to work on it even if it is not feasible financially, but there should be
some incentives and governmental support to encourage the LGUs to start implementing
home composting projects, also some mandatory regulations shall be applied. Due to the
weak capacity of most LGUs in Palestine, such project cannot be implemented without

governmental or international support.

Since there are no direct benefits from home composting to the people (Waste reduction is
indirect benefits for people). More incentives for the participants should be considered, in
order to keep them motivated to continue making compost. For example providing the
participants with some agricultural tools, or buying the produced compost from the
participants by small prices (this can be arranged in cooperation with agricultural association in
the project area) or by reducing the waste collection fees for the participants.
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In any case, promoting the idea of home composting through public awareness campaign as a
waste reduction method shall be kept for individual practice.

Many people faced some difficulties in turning the waste inside the barrel, so the type of used
barrel shall be changed, a special composter is recommended. Also each household shall be
provided with two barrels instead of one, so they can use the second barrel when the first one
is filled with waste.

12



Annex (1): Financial Feasibility of Home Composting

The following table was developed based on the following assumptions:

= Percentage of organic waste to the total waste: 50 %

= Percentage of used organic waste to the total organic waste: 80%

= Total Waste Reduction: 40%

= Maximum participating rate in home composting: 10%

= Total waste reduction in the area: 4%

=  Avg. SWM cost: 144 NIS/ton "Data Book, 2016"

=  Max. SWM cost: 248 NIS/ton "Data Book, 2016"

= Cost of One Surveyor: 30,000 NIS/ year "2000 NIS/month*12+ 6000 NIS / Sallary +
Transportation"

= Each Surveyor can follow up 200 barrel
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Revenues Expenditures
Expected Required
Pops HH No. V\?astg Ex;;aecjﬁgt\ilgzste Active Ncc'_>. of
No. Generation Expected_Cost Expected_Cost HH Field Cost of Field
(tly) (tly) Reduction Reduction Surveyors | Surveyors
(Avg. 144 NIS/t) | (Max. 248 NIS/t)

2,000 400 533 21 3,070 5,286 40 1 30,000
4,000 800 1,066 43 6,139 10,573 80 1 30,000
6,000 1,200 1,599 64 9,209 15,859 120 1 30,000
8,000 1,600 2,132 85 12,278 21,145 160 1 30,000
10,000 2,000 2,665 107 15,348 26,432 200 1 30,000
12,000 2,400 3,197 128 18,417 31,718 240 2 60,000
14,000 2,800 3,730 149 21,487 37,005 280 2 60,000
16,000 3,200 4,263 171 24,556 42,291 320 2 60,000
18,000 3,600 4,796 192 27,626 47,577 360 2 60,000
20,000 4,000 5,329 213 30,695 52,864 400 2 60,000
22,000 4,400 5,862 234 33,765 58,150 440 3 90,000
24,000 4,800 6,395 256 36,834 63,436 480 3 90,000
26,000 5,200 6,928 277 39,904 68,723 520 3 90,000
28,000 5,600 7,461 298 42,973 74,009 560 3 90,000
30,000 6,000 7,994 320 46,043 79,296 600 3 90,000
32,000 6,400 8,526 341 49,112 84,582 640 4 120,000
34,000 6,800 9,059 362 52,182 89,868 680 4 120,000
36,000 7,200 9,592 384 55,251 95,155 720 4 120,000
38,000 7,600 10,125 405 58,321 100,441 760 4 120,000
40,000 8,000 10,658 426 61,390 105,727 800 4 120,000
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HOME COMPOSTING
PP — 4™ PHASE

17 July 2018 Eng. Abdelhamid Shami

Project Objectives
|

01 Disseminate the idea of home composting in the
targeted LGUs.

0 Studying the potential of applying home composting
in rural areas.

0 To investigate the factors that negatively impact the
home composting and leads to failure in achieving
the aims of such practice.

0 Providing clear recommendations for MoLG about
future strategies related to home composting.
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Methodology

o Providing the targeted LGUs with Composting Barrels
as follows:

No. JSC LGU Names No. of Barrels
1 Ramallah JSC Selwad 35
Beit Leqgia JSC (Beit Legia +
2 Ramallah JSC 4 ( 4 30
Kharbatha)
3 Ramallah JSC Kobar 8
4 Hebron JSC Al Karmel 45
Total 118

Methodology

o1 Conducting of public awareness workshops.

1 Weekly follow up.
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Results
|

o Trends of project progress:
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Results

o Trends of project progress:

4 |

«===HH that Received Barrels  ====Active HH

P

K

Results
o

01 Trends of project progress:
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Results

Summary table for the number of distributed barrels
and participated households:

Distributed | Functional
No. of L. )
) No. No. Remaining | Missed
No. LGU Names Received
Barrels (Barrels/ | (Barrels/ Barrels Barrels
HH) HH)
1 Selwad 35 33/30 31/29 0 2
) Beit Leqia JSC (Beit 30 19/16 15/ 14 4 ;
Legia + Kharbatha)

3 Kobar 8 8/8 8/8 0 0

4 Al Karmel 45 35/28 27/ 26 10 0

Total 118 95/ 81 81/ 77 14 9

Results

80% of the received barrels were distributed. The
problems that appeared in barrels distribution were:

Mismanagement from the LGU side in selecting the suitable household
and providing enough information about the project.

People willingness to participate in the project and absence of
incentives.

95% of the distributed barrels are active and compost
is progressing very well

The reason for uninstalling some of the barrels refers to the laziness of
some people; they liked the idea and got the barrel but after the nothing
were done.
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Conclusion & Recommendations

1 Home composting projects need an intensive follow up

by a specialized person especially at the beginning of

the project.

71 The commitment of LGU in following up the project

plays a main role in succeeding the project. This can be

clearly concluded from Selwad and Al Karmel cases.

of project success.

0 Targeting of suitable LGUs will increase the opportunity

Conclusion & Recommendations

0 Since by the end of the project we had many functional

barrels in the targeted areas, this indicates that there is
a potential to disseminate the idea of home
composting in the Palestinian rural areas.

1 But we should be careful:

We are talking about too small percentages, but
what will happen if these percentages increased??

Estimated
Population No.| 0 ¢ No. of Active
No. [LGU "Based on PCBS Percentage
projection for 2016" | Households Households
"Pops No./ 5"
1 Selwad 7836 1567.2 29 1.9%
2 Beit Leqia+Kharbatha 16534 3306.8 14 0.4%
3 |Kobar 4705 941 8 0.9%
4 Al Karmel 4940 988 26 2.6%
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Expected Home Composting Projects Trend

No. of
Participants ]

>

Saturation
Point

% ??

Stage 1 Stage 2 Stage 3 T?2? Time

Conclusion & Recommendations

01 But based on a fact that Beit Leqia JSC couldn't distribute all of
the barrels although they received small number of barrels.

01 Based on the results of the 3" phase of home composting PP.

Maximum percentage that can be achieved for active

households “Saturation Point” is
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Conclusion & Recommendations

I
o1 Organic fraction: 50%
o About 80% of the organic waste can be used in home composting.

o1 Expected waste reduction from the households who are
participating in home composting is 40%.

0 The maximum participation percentage that can be achieved is

10%.

This means that a successful home composting project

in any area will achieve only of waste reduction.

Conclusion & Recommendations
N

0 To Achieve 4% of waste reduction, intensive follow up and huge
efforts shall be provided which is not feasible financially.

o Considering the environmental aspect and the current situation of
overloaded sanitary landfill in Palestine, achieving 4% of waste
reduction is a good target to work on it

0 There should be some incentives and governmental support to
encourage the LGUs to start implementing home composting
projects, also some mandatory regulations shall be applied.

O Due to the weak capacity of most LGUs in Palestine, such
project cannot be implemented without governmental or
international support.
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Financial Feasibility of Home Composting

Revenues Expenditures
Expected Expected Waste ) Required
Waste N Active No. of
Pops No. HH No. . Reduction Expected Cost | Expected Cost ) .
Generation ty) Reduction (Avg. |Reduction (Max. HH Field Cost of Field
) 144 NIS/t) 248 NIS/t) Surveyors | - Surveyors
2,000 400 533 21 3,070 5,286 40 1 30,000
4,000 800 1,066 43 6,139 10,573 80 1 30,000
6,000 1,200 1,599 64 9,209 15,859 120 1 30,000
8,000 1,600 2,132 85 12,278 21,145 160 1 30,000
10,000 2,000 2,665 107 15,348 26,432 200 1 30,000
12,000 2,400 3,197 128 18,417 31,718 240 2 60,000
14,000 2,800 3,730 149 21,487 37,005 280 2 60,000
16,000 3,200 4,263 171 24,556 42,291 320 2 60,000
18,000 3,600 4,796 192 27,626 47,577 360 2 60,000
20,000 4,000 5,329 213 30,695 52,864 400 2 60,000
22,000 4,400 5,862 234 33,765 58,150 440 3 90,000
24,000 4,800 6,395 256 36,834 63,436 480 3 90,000
26,000 5,200 6,928 277 39,904 68,723 520 3 90,000
28,000 5,600 7,461 298 42,973 74,009 560 3 90,000
30,000 6,000 7,994 320 46,043 79,296 600 3 90,000
32,000 6,400 8,526 341 49,112 84,582 640 4 120,000
34,000 6,800 9,059 362 52,182 89,868 680 4 120,000
36,000 7,200 9,592 384 55,251 95,155 720 4 120,000
38,000 7,600 10,125 405 58,321 100,441 760 4 120,000
40,000 8,000 10,658 426 61,390 105,727 800 4 120,000

percentage.

01 The type of barrel shall be changed.

Conclusion & Recommendations

0 An intensive system shall be applied to increase the participation




05/11/1439

- —

Thank You

10



sdsd Ooleadp s B Jdsd sdrad oz bl s

Project for Technical Assistance in Solid Waste Management in Palestine - A Technical
Cooperation between Ministry of Local Government Palestine and Japan International
Cooperation Agency

Study on Construction and Demolition Waste in West Bank, Palestine

Final Report

Universal Group for Engineering and Consulting
Nablus, Palestine

August 2017



Study on C&D Waste in West Bank, Palestine Final Report

Project Information

Project Name

Project No.
Client
Funded by

Consultant

Task Force on C&D Waste

Management

Commencement Date
Expected Completion Date
Contractual Duration

Report Period

Report Summary

Study of Construction and Demolition Waste in West Bank,
Palestine

20161110

Ministry of Local Government (MolLG)

Japan International Cooperation Agency (JICA)

Universal Group for Engineering and Consulting (UG)

e MolG;

e JSCs for Solid Waste Management;
o EQA;

e MOoNE;

e MoPWH;

e Engineers Association; and
e Palestinian Contractors Union.

01 January 2017

31 July 2017

8 months

01 January - 31 August 2017

PART I: Introduction

PART Il: Quantification and Characterization of C&D Waste
PART Ill: Current C&D Waste Handling and Practices

PART IV: Environmental and Social Impacts

PART V: Mapping of C&D Main Dumpsites

PART VI: C&D Waste draft Guideline

Part VII: C&D Waste Managing draft Bylaw

PART VIII: CONCLUSIONS and RECOMMENDATIONS

Universal Group for Engineering and Consulting Page 2 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Table of Contents

(oY 33 I N 141 o o 11T o 4 o T o 9
1. Background of StUAY .....ccccciiiiieiiiiiiiiiiiiiciiireencnrreneeesreneeeesssssssessssnsssssenssssssssnnnnnns 9
2. Construction and Demolition Wastes (C&D)......cccuueereiiiiiiiiinernnnnsiiisniinenennnsssessseneesnnnes 10
2.1 DeSCription Of C&D WASTE ...cccuviieieciieie ettt et e e et e e e et e e e e e taee e e e nrae e e eanneas 10
2.2 Problem statement Of C&D .......ciiiiiiiiiiiie ettt s e e saee e sbeeenes 12
S TR o (oY 1=Tot 0] oY [=T ot o | =P 12
31 Y YT a I e o T =T 4 V7= PP 12
3.2 Yot dTor= I U o AV - [ =] PR 13
4. Literature ReVIEW....ccciiiiiiiuiiiiiiieiiiiiitiiinirriis s rssaes s seaas s s sesssesssessssssssssnsssssesnnnes 13
5. Building and construction industry in Palestine........c.ccceeereeirieniiriecereeereeecereencereaneenenes 20
5.1 G- a1l | SR 20
5.2 Building materials used in PaleSting.......c.uuiiiiiiiiiiiee et 21
LT 0 T - T 0o | =T o oo N 22
6.1 G- a1l | ST 22
6.2 FIEIA VISIES ettt ettt st sttt r e s e san e st e e reenreesnee e 23
6.3 INEEIrVIEWS AN MEETINGS ..vveiiiiiieeiciee et e e e e e st e e e e st e e e e s rbae e e snbeaeeenaneeas 24
6.4 LGUS SUINVBY .eieeeceeecccceeeee e s e s e e e e s e e e e e e e s e s e s e e e s e e e s s e e e e e e s e s e e e e e e e s eeeeeeeesasaesaaeaaesasasasasasasasanenananens 26
PART II: Quantification and Characterization of C&D WaSte ......ccecveirerrereireirereirenrereresrenennes 31
1. C&D waste Characterization and Quantification .......cc.cccivveeiiiiiiiniiiiiiinciiiinnesiininnnn, 31
2. C&D Waste COMPOSItION ...c.cieuiieniiiniiiiiiiiiiiiiiiiiieiieeiieeieisietaeissiessresssesssensssnsssnsssnes 34
3. C&D Waste Quantification.........cceceiiiieneiiiiiiiniiiiiiniiiiiieiisee. 40
3.1 C&D waste estimation in dumpsites in the West Bank Governorates.........cccccecvveeeecveeeennns 40
3.2 Annual generation rate of C&D WASTE .......cccuuiiieiciiiiecciiee ettt eeaae e e e ear e e e e aaeeaea 42
4. Estimation of the Roads Construction Wastes..........cccevviiiiiiiiiiiiiiiiniiiininn, 46
4.1 1Vl d g ToTo [o] Lo} -V USRS 46
4.2 ANalysis Of the MPWH data........ccccuiiiiiiiiiiiciee e e e e e s aaee e 47
4.3 ANalysis Of the MIDLF data........ccccciiiiieiiiie ettt e e e et e e e eata e e e e eaaae e e eenbaeeesnnaaeaeas 51

Universal Group for Engineering and Consulting Page 3 of 228



Study on C&D Waste in West Bank, Palestine Final Report

PART lll: Current C&D Waste Handling and PractiCes .....c..cccceeereenierencrennereencrennecrenneceennenens 56
1. Palestinian laws and legislation for C&D Waste ........cccccciiiireniiiiieniiniienencenieneniennennnen 56
2. C&D waste collection PractiCes......cceveeireeirenereecrenereeireeieeererererenerenereseressresssenssensssnsesnne 57
3. C&D Waste diSPOSal....cccceieueienirenireeireenteeiieeereeerescresieessersseraneraseraseressresssenssensssnsssnsesnne 58
4. Current behaviors observed during site VisitS......cc.civeiiieniiiiiiiiinniiiinininiice. 61
5. Current practices of recycling and reuse of C&D waste.........cccceeeiiiieeniiiiienniiinnenncennenn 63
PART IV: Environmental and Social ImMpacts.......cccciiveiiiimiiiinciiiiiiiiniiie. 68
1. Environmental, health and socio-economic impacts of C&D waste.....cc..ccceeveeiirrennnnnnns 68
1.1 LCT=T Y=Y - | PSPPSR 68
1.2 Environmental impacts Of C&D WaSTES ......cccccuiiieeiiieeeccieee ettt e e e e 70
1.3 Hazards of C&D waste on public health ........cccuiiiiiiiii e 73
1.4 SOCIO-ECONOMIC IMPACTS...uuiiiiiitieeiiiiiiteeee e e e ettt e et e s e s ssaarrteeeeessssansrsreeaeesssssssrsseaeeessssssnsnsnns 75
PART V: Mapping of C&D DUMPSITES ....cceeuerreuirrenierennerennereaseereaneerasessaseessssessnsesssnsessnssesens 76
1. Mapping and Inventory of DUMPSItES....cccccveiireeiiteeiereeniereeeerennerenneernnserenseerensesennsesens 76
PART VI: C&D Waste draft GUIdeline ........ccooviiiriimuuiiiiiiiniiiinincnnnnrrreesss s 98
1. INTRODUCTION....ccuciiiittutiiiirnnniiiiinenisiieessiisirenssessmmsssssimssssssssessssssssssssssssesssssssssnsssssns 98
1.1 2 F 1ol =0 o YU 1o o DR 98
1.2 PUrPOSE Of GUIAEIINES ...eeviieiciiee ettt e e st e e e s aba e e e e b eee e enaneeas 98
1.3 Waste Management Policy and Legislation .........ccceeeeiiiiieciiee e 99

1.4 Integration or Coordination in the Management of Construction and Demolition

Waste (C&DW) and Municipal Solid Waste (MSW) ......c.uiiiiieiiieeciee ettt 100
1.5 Functions and Specifications of the Transfer Station..........ccccceeeeiiie e, 100
1.6 Procedures to Obtain the Necessary LICENSES ......ccveveieiieeeiciiie ettt 102
1.7 Hazardous Types Of C&D WaASte........cciicuiiiiiiiiie ettt ettt e e sae e s e evre e e e sbae e e e 102
1.8 Waste Management Plan and Thresholds ..........c..uvviieiiiiiecciiiee e 103
2. BEST PRACTICES in the C&D WASTE MANAGEMENT ......cccceoirmmmnniininnnncinnennsscnnnnnnsssns 104
2.1 Procedures of Best practices in the C&D Waste Management........ccccoecveeeeccieeeecciieeeeenneen. 104

Universal Group for Engineering and Consulting Page 4 of 228



2.2 Recommendations to Promote the 3RS Practices.......ceevviiiiiiiiviiiiieiieeeieiieee e 106

2.3 The 3Rs Practices Implemented in Palesting .........ccccveeeeiiieeeciiiee e 108
3. ON-SITE and OFF-SITE RECYCLING......cccccceeeeiiiiiiinrmnnnniiiiiiinnenesssssssssssneneesssaseens 109
4. GENERAL GUIDANCE for PREPARING a C&D WASTE MANAGEMENT PLAN......... 110
Part VII: C&D Waste Managing draft BylaW .........ccccveeciiiiieeiiiiiienciniieecccnneenncnnnenen. 114
I o V]« T o1 TN 114
2. DefinitioNS .....uueueueieiiiiiiiii e 114
2 T VoY s [ Tor- 1 4 [o 1 TAOUUu PR 116
L = 1 T £ N 116
B RECYCIING . ittt ittt e eneereneesensssnssssenssssnnsesenssssensssssnsssannnns 117
6. Compliance Reporting and Record Keeping........cccceeeieeiiininieeirinnenenieneacnnnnnes 117
7. Hazardous Materials .......cceeuuuiiiiiiiiiiiieniiiiiiiiiininr e 118
PART VIII: CONCLUSIONS and RECOMMENDATIONS........ccccetiiiiiininininnninineneneneeenenen 119
1. CONCIUSIONS.....ciiiiiiiiiiiiiiiiiiitieericc e e e e e ssass s s s s s e e ennns 119
2. RECOMMENDATIONS. .......cuuuuuninnninnninninnntineaiaiiaassaasaasssaaaasaaaaasasasasasssasasssasassses 119
2= = =T Lo LN 121
ANNEXES.cuuiieuuiriniiteniittniiieeirteiiteesitteesireasistesseresssetessistsssesessssrsssssessseresssstensssenssenes 123
Annex |: TOR Of the Project.......ccciiiiiiiiieiiiiiiirrcrcnscree s sense s sse e senssesenssssnnsenes 123
Annex ll: LGUs Survey QUEStIONNAIre......ccieuiieuiieniieniieniiiniiinicinciniisiseeisessesssesnnens 127
Annex lll: Survey Data Sheet ...ttt re e s e ssna s nes 133
Annex IV: Field Samples for Studying C&D Waste Characterization........c..cccccceveanene. 137
Annex V: Arabic Version of the draft Bylaw ........ccccciveiiiieiiiiiiiiiiiiiencreeccreecnenenenes 144
Annex VI: Glossary of C&D Waste Technical Terms.....cccccoevvueiiiiinnnciininenscinnenninnne 151
Annex VII: Minutes of Progress MeEetiNgS .......cccceeeeerreniereaereencrennereesereaseesensessnseenes 153
Annex VIII: Responsive Data Collecting FOrmS .....c..ceeeueereecriencrennereenereeneereaneeeennenes 165
Annex IX: Consultancy Team Members......c.ccceeereenereeniereencreeneerennereesereaseesensessnseenes 225
ANNEX X: PhOtOS.....ccoiiiiiiiiiiiiiininnnc s 226

Universal Group for Engineering and Consulting Page 5 of 228



Study on C&D Waste in West Bank, Palestine Final Report

List of Tables

Table 1: LILErature REVIEW . ..o viii ettt ettt e e tee e e tta e e e et e e e s e nbaeeeenbeeeeennees 15
Table 2: Gross average, maximum and minimum of C&D waste components by weight of all

LTE] H=To IFT 1 o] o] 1T UURUSRE 39
Table 3: Gross average, maximum and minimum of C&D waste components by weight of the

NOUSE tEStEA SAMPIES .eiiiiiiiieiceee e e e s e e s e e e e s abe e e e snrees 39
Table 4: Gross average, maximum and minimum of C&D waste components by weight of the

four dumpsites tested SAMPIES ......oeeiciiiiiieiiee e e 40
Table 5: C&D waste in dumpsites in the West Bank governorates......ccccccceeevcieeeeniieeeecsieee e e 41
Table 6: Estimated construction wastes (tons) in the West Bank time series (2011-2016) ......... 43
Table 8: Wastes of Roads Projects Performed by MPWH 2013-2014........ccccoocvveeviveeeecciieeeene 48
Table 9: Wastes of Roads Projects Performed by MPWH 2015-2016........cccccccvveeeviieeeencieeeeennee 50
Table 10: Wastes of MDLF Road Projects in Northern Area of the West Bank 2015-2016 .......... 52
Table 11: Summary of the Total Wastes of Roads Projects in the West Bank, 2015-2016........... 55
Table 12: Current practices of Recycling and Re-use of C&D Waste in the West Bank................. 66
Table 13: Inventory of the 21 Visited Main C&D Waste Dumpsites in the West Bank................. 77

Universal Group for Engineering and Consulting Page 6 of 228



Study on C&D Waste in West Bank, Palestine Final Report

List of Figures

Figure 1: Location of the 5 C&D characterization Site........ccccccueieviiieei e 32
Figure 2: Pictures for C&D waste experimental sampling for characterization.........ccccoccvveeenneen. 33
Figure 3: Gross average of C&D waste components by weight of all tested samples.................. 34
Figure 4: Gross maximum of C&D waste components by weight of all tested samples............... 35
Figure 5: Gross minimum of C&D waste components by weight of all tested samples ............... 35
Figure 6: Gross average of C&D waste components by weight of the house sample .................. 36
Figure 7: Gross maximum of C&D waste components by weight of the house sample................ 36
Figure 8: Gross minimum of C&D waste components by weight of the house sample................ 37
Figure 9: Gross average of C&D waste components by weight of the 4 dumpsites samples....... 37

Figure 10: Gross maximum of C&D waste components by weight of the 4 dumpsites samples.. 38
Figure 11: Gross minimum of C&D waste components by weight of the 4 dumpsites samples .. 38

Figure 12: C&D waste in dumpsites in the West Bank governorates.........cccccceveeeeecieeececveeecennee, 42
Figure 13: Licensed Areas (1000 m?) in the West Bank during the period 2011-2015 ................ 43
Figure 14: Generated construction waste in the West Bank (2011-2016)........cccceeecveeecrveerreennee. 44
Figure 15: Generated construction wastes in the West Bank by governorate in 2014 ................ 44
Figure 16: Generated construction wastes in the West Bank by governorate in 2015 ................ 45
Figure 17: Wastes of MPWH Roads Projects in the West Bank, 2013-2016.........ccccceeeveveeeennnen. 51
Figure 18: Wastes of Roads Projects in the West Bank by Type, 2015-2016.........ccccceeeecveeeennnnen. 55
Figure 19: Excavation material in front of a construction site, (Beit-Fuirek Village) .................... 57
Figure 20: C&D waste during loading in a truck for dumping, (Balata camp-Rujeeb area) .......... 57
Figure 21: C&D dumpsites visited and mapped in the West BanK..........cccceeeeieeieciieeecciiee e, 58
Figure 22: Random dumping C&D on roadsides, (Tulkarem-Nablus Str.) .......cccccceeeiveeecieeecennee. 59
Figure 23: C&D waste accumulated in front of a construction site (Nablus-Beit Eba str.) ........... 59

Figure 24: C&D waste disposed of along sides of roads (Salfit, Nablus, Nahhalin-Bethlehem,
Beitsahour-Bethlehem) ........oooeiiiiieee e et e e e 60
Figure 25: Construction waste disposed of on land owned by private entity (Jenin-Jaba’ str.) ... 61
Figure 26: Construction stone waste reused as a cover at a house entrance, (Jamma’een)........ 62
Figure 27: lllegal dumping C&D waste on a roadside (Balata-Rujeeb area).........cccceeveeeereeerveennne. 62
Figure 28 shows piling of excavation materials to be reused in leveling a new road, while Figure
29 shows the segregation of C&D waste components at different sites for recycling

PUIPOSES. ciiieieiiieieieieieeeeeee ettt ettt e e e e e e e e e e e e e e e e et e e e e e e et e eeeaeaaaeaeaaaeaaeeaaeeeeeeeeeeeeeeseeeseeeeeeeeens 64
Figure 28: Piling of excavation materials to be reused in leveling a new road...........cccccvveenneen. 64
Figure 27: Under-construction street while filling with recycled aggregates..........ccccceeecveeeennnee. 67
Figure 30: Archeological sites, wadis, land use, and topography of the West Bank..................... 69
Figure 31: C&D waste in a dumpsite mixed with a slaughterhouse waste (Badan-Nablus) ......... 70
Figure 32: Demolition waste as a suitable pest and rodent’s infestation site .........c.cccccccvveeennnee. 71
Figure 33: Construction waste containing different flammable C&D wastes.........ccccceeecuvveeennnen. 72

Universal Group for Engineering and Consulting Page 7 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Abbreviations

3Rs Reduce, Reuse, and Recycling of C&D waste
C&D Construction and Demolition
C&DW Construction and Demolition Waste

C&D waste Construction and Demolition Waste

EA Engineering Association

EQA Environment Quality Authority

JICA Japan International Cooperation Agency
JSC Joint Service Council

LGU Local Government Unit

MDLF Municipal Development Lending Fund
MoHE Ministry of High Education

MoLG Ministry of Local Government

MoNE Ministry of National Economy

MoPH Ministry of Public Health

MoPWH Ministry of Public Works and Housing
MoT Ministry of Transportation

MSW Municipal Solid Waste

NGO Non-Government Organization

PCBS Palestinian Central Bureau of Statistics
PCU Palestinian Contractor Union

PVC Poly Venyl Chloride

UG Universal Group for Engineering and Consulting

Universal Group for Engineering and Consulting Page 8 of 228



Study on C&D Waste in West Bank, Palestine Final Report

PART I: Introduction

1. Background of Study

In the framework of the Palestinian National Strategy for Solid Waste Management, the
Ministry of Local Government (MolLG) is implementing a project for technical assistance
in solid waste management in Palestine, supported by Japan International Cooperation
Agency (JICA), which will continue until the end of January 2018. One of the project
items includes studying the current situation of construction and demolition (C&D)
waste in Palestine. For this purpose, a preliminary study has been done in order to get
an overview of C&D waste problems in Palestine. The study has been done in three
stages:

1) Field survey on the connecting roads around Ramallah and Al Bireh city, in which
different irregular dumps of solid waste including C&D waste of buildings.

2) A questionnaire distributed to Joint Service Councils (JSCs) of SWM in West Bank
governorates.

3) A questionnaire distributed to local governmental units (LGUs) of West Bank
governorates.

By which the C&D waste is the collective name of discharged debris resulting from
construction, repair, demolition including (not limited to blocks, stones, digging
residues, concrete, wood, carton, plastic, all kinds of metals, asphalt, etc.) in addition to
fine particles generated from stone mills/crushers. The C&D wastes aggravating
problem and the data available in Palestine about these kinds of wastes are limited
regarding to types, quantities, and disposal ways.

Because of no clear evidence, it has not been determined how to deal with the
accumulated C&D waste, and limited data about the negative impact on human and
environment health, in addition to the lack of clear rules and regulation of dealing and
administrating these wastes. So MoLG is planning to have a complete wide study on the
reality of C&D waste in West Bank of Palestine.

According to the results of the above-mentioned preliminary study, MoLG-JICA Project
recognized urgent needs of a detailed study on C&D waste for preparing draft guideline
and draft bylaw. The Project created tender documents and conducted the consultant
selection through the competitive bidding in 2016.

Universal Group for Engineering and Consulting has been contacted to conduct a basic
study on C&D waste in West Bank, Palestine. The general purpose of the study is to
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estimate generated quantity and type of the C&D waste and to know current practices
of handling these wastes. The study is also to prepare a draft Guideline, for appropriate
C&D waste management, and a draft Bylaw in order to clarify the best administrative
practices and how to prevent or reduce the environmental and social negative effects to
the minimum level.

2. Construction and Demolition Wastes (C&D)

2.1 Description of C&D waste

In literature, C&D waste has many definitions. For example, Arslan et al. (2012) defined
C&D waste as “a mixture of inert and non-inert materials arising from construction,
excavation, renovation, refurbishment, demolition, roadwork and other construction-
related activities.” Inert materials can be comprised of whether soft inert materials such
as soil, earth, and slurry or hard inert materials of rocks and broken concrete. Non-inert
materials have also included wastes of metals, timber, plastics, and packaging.

According to the Department of Sustainability, Environment, Water, Population, and
Communities (2011), the definition of C&D waste is “Waste produced by demolition and
building activities, including road and rail construction and maintenance and excavation
of land associated with construction activities.”

The Regional Waste Reduction Coordinators of Nova Scotia (2013) named the C&D
waste as “construction and demolition debris” and defined it as “The materials which
are normally used in the construction of buildings, structures, roadways, walls and other
landscaping material, and includes, but is not limited to, soil, asphalt, brick, mortar,
drywall, plaster, cellulose, fiberglass fibers, lumber, wood, asphalt shingles and metals”

Based on the above definitions mentioned in the literature, the following definition can
be adopted for the purpose of this study. Construction and Demolition Waste (C&D
waste) is defined as any substance, matter or thing that is generated from construction,
demolition, remodeling, and repairing of individual residences, commercial buildings,
and other structures' works and abandoned. This matter might be processed or
stockpiled before being abandoned.

The composition of such materials is variable, but may include rocks, stones, bricks,
broken glass, soil, concrete waste, used packaging such as plastic and paper bags,
cardboard, scrap iron such as concrete bars, reinforcing steel pieces, asphalt, electrical
wire waste, wood from framework waste or pallets, and others. However, the waste
generated will be predominantly building rubble consisting of waste cement, wood off-
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cuts, and scrap metal. Some of this waste can be re-used directly (e.g. wood off-cuts
used as firewood), recycled (e.g. scrap metal) or re-used after processing (e.g. concrete
scraps and waste cement); but the remaining unusable waste would be disposed of at a
permitted waste disposal facility.

All C&D waste types are wholly inert, namely, public fill, should not be disposed of to
landfill, but should be taken to pre-planned filling areas, which usually form part of
reclamation schemes. C&D waste delivered to a public fill reception facility for disposal
must contain entirely of inert material.

C&D waste is considered as part of the general solid waste generated from different
activities in the community. In some countries, Solid Waste Management (SWM) is
responsible for controlling collection, transportation and disposing of all sources and
types of solid waste generated; municipal, industrial, etc. including the C&D waste. In
other countries, C&D waste is managed away from other types of solid wastes. In
Palestine, C&D waste collection and transportation are the responsibility of the one who
generates it. The Local Governmental Units (LGUs) are responsible for monitoring the
cleanliness of the generation sites and around, and directing the C&D waste producers
(contractors) to the preplanned areas where the waste is to be stockpiled or dumped.
However, waste management will be the producer's (contractor) responsibility to
ensure that all generated wastes during the construction and demolition works are
handled, stored and disposed of in accordance with good waste management practices,
and as to the Palestinian Environmental Law, 1997and regulations.

Generally, the main achievements of any successful waste management of all sources
and types are to:

(a) provide appropriate and efficient collection of solid wastes;

(b) provide successful source separation and storage;

(c) provide effective and economic transport of collected wastes to disposal facilities;

(d) provide environmentally safe, technically practical and low-cost disposal; and

(e) strengthen and ensure cost-effective operation and maintenance of the solid
waste system.

Solid waste management includes a large number of activities that should be properly
managed in order to achieve all previous goals at the maximum level of positive
environmental impacts and at the minimum level of negative impacts. Solid waste
management process begins with the first collection of the waste and continues to the
last disposal process. Improper management of solid waste causes health and safety
hazards to inhabitants
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2.2 Problem statement of C&D

Huge amounts of Construction and Demolition (C&D) wastes are generated in all
governorates in the West Bank. Most of these amounts are not dumped in official
dumpsites but on roadsides and on privately owned land. Many problems had appeared
due to such practices relevant to C&D waste handling and management. Some of which
are the unpleasant scene of the city, the obstruction of traffic stream on roads, and the
negative impacts of C&D waste on various environmental elements.

To solve the problems caused by the C&D waste, it is of great importance to secure the
necessary information about quantities and types of the C&D wastes. Unfortunately,
accurate estimation of such quantities is not available in any Palestinian institution or
literature. The composition of C&D waste in generation sites as well as dumpsites is not
characterized and proportioned. Negative impacts of C&D wastes on the Palestinian
environment and on human health are not studied. Proper regulations and laws for
handling of C&D wastes are not legally discussed nor adopted. These are the questions
that this consultancy assignment is keen to answer.

Therefore, Universal Group for Engineering and Consulting (UG) was contracted by the
Ministry of Local Government (MoLG) and granted by Japan International Cooperation
Agency (JICA) to study different aspects of C&D wastes in the West Bank and to
recommend effective solutions for the problems caused by mishandling and
mismanagement of the C&D wastes.

The study area includes all the governorates of the West Bank, Palestine. The survey has
covered all the 12 governorates of the West Bank, the site visits were conducted to a
selected main generation sites of C&D waste in the West Bank governorates.

3. Project Objectives

3.1 Main objectives
The main objectives of this study are:

(i) to estimate generated quantities of C&D Waste in generation sites of the C&D
Waste in West Bank, Palestine

(ii) to estimate types and composition of generated C&D Waste at the level of West
Bank, Palestine

(iii) to know current practices of C&D waste handling, and;

(iv) to prepare a draft guideline and a draft bylaw for C&D waste management in
order to clarify the best administrative practices and how to prevent or reduce the
environmental and social negative effects to the minimum level.
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3.2 Practical study targets
The practical targets of the study are mentioned below:

1) Categorize the C&D waste types based on the situation in West Bank, Palestine.

2) Determine and analyze the percentage of these C&D waste types observed in
West Bank, Palestine.

3) Develop a method to estimate the produced quantities of C&D wastes in Palestine
depending on the results of the site visits and other sources. The estimation has
been based on scientific statistical methods. This will help in estimating annual
C&D waste generation rate.

4) Complete description of all current practices of Collection, Transfer — Disposal of
C&D waste with determining the locations of (public & private) transfer stations (if
existed) and prepare a map clarifying these locations and the resulting
environmental effects.

5) Assessment of the environmental effects of the C&D waste.

6) Assessment of the methods applied for the recycling or reuse and usefulness

4, Literature Review

Literature review is an important tool commonly used when start implementing a
project. It is one of the main sources of collected data. Therefore, it is necessary to
review as many publications as available to achieve the objectives of the projectin a
proper way.

The consultancy team was keen to use literature review of previous studies related to
C&D waste studies implemented in the Palestinian areas, the regional areas and in the
world as a whole. During that, the team had concentrated on the high-value studies
which used the most updated scientific methods.

The team had selected a group of publications which researched the following topics:

- Questioning LGUs in Palestine about the C&D waste issues

- Quantification methods of generated C&D waste

- Characterization of the types of the C&D generated waste

- Different practices of collecting, transporting and disposing of generated C&D
waste

- Reducing, reusing and recycling methods of generated C&D waste

- Effective C&D waste management adopted

- Different guideline manuals for the C&D waste management
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- Socio-Economic impacts of generated C&D waste

Once the project team had been mobilized to start his work on the project, it began to
classify selected publications for review as shown in Table 1. The team reviewed all
these publications and found them to be very helpful and useful in achieving the
objectives of the study.
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Table 1: Literature Review

Title and Author

Summary

Report on
Questionnaire Survey
on Public Awareness
on Construction and
Demolition Waste at
LGUs Level

Nisreen Hammad

Ministry of Local
Government, Palestine

November 18, 2015

The purpose of this survey is to get the present state of awareness on the
C&D waste problem at LGU’s level in Palestine. The questionnaire was
distributed through a total of 142 Local Governmental Units (LGUs).
According to the questionnaire, LGUs had estimated types and quantities
of C&D generated in their service regions. LGUs have no accurate data
about the C&D waste. It was concluded from the questionnaire that LGUs
do not care about this type of waste because they consider it
nonhazardous on the environment or humans, and hence they didn't have
accurate records about the total amounts of C&D wastes generated. From
the results of the survey, it was found that only 11 out of 142 LGUs that
have designated dumpsite or land for C&D waste, whereas the rest of
LGUs declared that C&D waste is being disposed of in the surrounding of
construction sites, surrounding of demolition site, land owned by private
entities, land owned by public entities and in wadies in the area. All LGUs
pointed out that new laws and regulations are necessary to be enacted in
order to control C&D waste handling.

Workers’ safety in the
construction industry
in the southern West
Bank of Palestine. Al-
Sari, M., Al-Khatib, I.A.
(2012)

There are few data about safety in the construction industry in Palestine. The
main aim of the study was to assess worker’s experiences and perceptions of
safety at construction sites in Hebron and Bethlehem governorates of the West
Bank. A structured questionnaire was completed through direct interviews with
349 construction workers. Of the respondents, 34.6% had experienced work-
related accidents, 13.0% and 65.6% indicated that their workplace did not have
a first-aid kit or trained first-aid specialist respectively, 35.8% reported that their
work sites did not have safety tools and 83.7% had not received safety training.
Workers perceived that awareness and training were the most frequent factor
affecting workers’ safety, with the foreman position having the greatest impact
on the workers’ safety. Greater enforcement of the current Palestinian safety
laws is needed.

A Methodology for
Quantifying the
Volume of
Construction Waste

Peter A. Yost et al

September 1, 1996

Estimates for construction waste generation are often based on per capita
multipliers in much the same way as municipal solid waste estimates. This has
lead to estimation rates with more than 10-fold variation and little confidence in
the resulting estimates. A methodology is offered in this paper that bases
construction waste estimates on the financial value of building permits for a
variety of types of construction projects. In this way, estimates reflect actual
construction activity more closely and are based on a detailed and widely
available database from the Census Bureau.
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Reducing building
waste at construction
sites in Hong Kong

C.S. Poon et al

13 May 2010

The building industry is using a considerable amount of resources, but if the life
cycle of the material on the site is closely examined, it is generally known that
there is a relatively large portion of the materials being wasted because of poor
material control on building sites. The problem of material wastage is not an
isolated issue on construction sites. It is also an environmental concern. Hong
Kong is running out of both reclamation sites and landfill space for the disposal
of construction & demolition (C&D) waste. Many resources can be conserved
and the amount of C&D waste required to be disposed of should be greatly
reduced if better management of materials is practiced on building sites. This
paper reports on a recent study conducted in Hong Kong relating to material
control on construction sites with high rise multi-storey buildings.

Management of
construction waste in
public housing
projects in Hong Kong

Chi Sun Poon et al

21 Oct 2010

Waste management in the building industry in Hong Kong has become a major
environmental issue in recent years. Of particular concern is the increasing
amount of construction and demolition (C&D) waste being dumped at landfill
sites. Greater consideration must be given to waste generation and
management at the planning stage of a building development to reduce
wastage levels. The causes and quantities of building construction waste
generated on public housing building sites in Hong Kong have been analyzed.
The major causes of wastes were improper preparation and handling, misuse,
and incorrect processing. In general, little on-site waste sorting was carried out.
Appropriate planning including the preparation of a detailed waste
management plan is essential for effective waste minimization.

A study on the
attitudes and
behavioral influence
of construction waste
management in
Palestine

Majed | Al-Sari et al

October 4, 2011

As a step towards comprehending what drives the management of construction
waste in the occupied Palestinian territory, this paper quantifies construction
waste generation and examines how the local contractors’ waste management
attitudes and behavior are influenced. Collection of data was based on a survey,
carried out in the southern part of the West Bank between April and May 2010.
The survey targeted contractors who specialized in the construction of
buildings. The results showed that during the construction of buildings, 17 to 81
kg of construction waste are generated per square meter of building floor.
Although the area of a building is the key factor determining 74.8% of the
variation of construction waste generation, the employment of labor-intensive
techniques in the study area means that human factors such as the contractor’s
attitude and behavior towards waste management exert a key influence on
waste generation.
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Quantifying
construction and
demolition waste: An
analytical review

Zezhou Wua et al

September 2014

Quantifying construction and demolition (C&D) waste generation is regarded as
a prerequisite for the implementation of successful waste management. In
literature, various methods have been employed to quantify the C&D waste
generation at both regional and project levels. However, an integrated review
that systemically describes and analyses all the existing methods has yet to be
conducted. To bridge this research gap, an analytical review is conducted. Fifty-
seven papers are retrieved based on a set of rigorous procedures. The
characteristics of the selected papers are classified according to the following
criteria - waste generation activity, estimation level, and quantification
methodology. Six categories of existing C&D waste quantification
methodologies are identified, including site visit method, waste generation rate
method, lifetime analysis method, classification system accumulation method,
variables modeling method and other particular methods.

Assessment of
different construction
and demolition waste
management
approaches

Manal S. Abdelhamid

The waste generated from construction and demolition sites is considered one
of the most irritating problems in Egypt. In the last 10 years, some effort has
been made toward solving this problem, the most outstanding is the newly
issued Egyptian rating system “Green Pyramids Rating System”. It emphasizes
on waste management and particularly “site provision and environment” which
contributes to 75% of the management category score. However, the traditional
practice which is limited to dumping all the generated waste is still dominating.
The absence of sustainable practices in the construction sector in Egypt led to
the lack of financial and environmental data. From a strategic perspective, the
research aims at developing a detailed procedure to evaluate two construction
and demolition waste management approaches by means of Decision Matrix
technique. A detailed study is introduced for the two approaches; for each
approach, a flow chart is developed to demonstrate its lifecycle, as well as the
cost break down structure and the different stakeholders’ roles. A penetration
discussion of the pros and cons of each approach was developed accordingly
and came out with sixteen influencing attributes for both approaches. The
previous steps paved the ground to construct a Decision Matrix to decide on
one of the approaches from a strategic environmentally oriented perspective.

Strategies for
successful
construction and
demolition waste
recycling operations

Establishing a successful construction/demolition (C&D) waste recycling
operation in the USA is a challenge today, especially because secondary
materials markets have not yet matured. Increasingly, municipal solid waste
(MSW) landfill operations refuse to accept C&D waste. The experiences of
regional C&D recyclers indicate that successful recycling operations require a
minimum of 0.8 ha of clear space for processing equipment, incoming waste
stockpiles, recycled materials, and maneuvering room for mobile equipment
and operations. At present, operators of these facilities make a profit almost
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Chun-Li Peng et al

21 Oct 2010

solely on tipping fees, with the recycling operation functioning mainly to
maintain materials throughput. Different categories of C&D recycling machinery
and waste processing strategies are presented. Strategies for converting C&D
landfills into successful C&D recycling operations are also examined. C&D waste
recycling economics are presented to demonstrate the essential ingredients for
successful operations.

Country Report on the
Solid Waste
Management in
Occupied Palestinian
Territories

Glz

April 2014

The report concludes that the major obstacles in improving solid waste
management are highly political.

One of the important issues facing Palestinians in waste management is dealing
with illegal import of waste. lllegally imported waste includes municipal waste,
construction and demolition waste, E-waste and other hazardous waste.
Quantification of illegal waste imports is not possible at the time. Another
important problem facing Palestinian in waste management is obtaining
approvals for disposal facilities.

Most of the environmental facilities such as waste treatment and disposal
facilities can be located only in “Area C” as classified by OSLO Agreement. The
process of approval requires the Israeli approval for constructing these facilities
in “Area C”, where Israelis have both civil and security control on that area. The
approval of environmental facilities takes years (if approved), resulting in
significant delays in improving waste management.

Best practice
measures assessment
for construction and
demolition waste
management in
building constructions

Paola Villoria Saeza et
al

June 2013

Currently, the construction and demolition (C&D) waste collection system in
Spain is managed in a decentralized manner by each sub-contracted company.
This lack of comprehensive strategy for C&D waste management causes a
confusing and sometimes individual attitude regarding the different measures
for C&D waste. Therefore effective waste management should be enforced.
Construction stakeholders have a wide range of best practices in C&D waste
management that can be implemented, so they need to be assessed for their
effectiveness.

The aim of this research study is to assist construction stakeholders in making a
decision on C&D waste management. This paper carries out a survey conducted
among the construction agents in order to evaluate the effectiveness of 20 best
practice measures regarding C&D waste management, identifying the most
suitable types of building constructions to implement these practices and also
the advantages and drawbacks of their performance in a building construction
project.

Results of this study show that among the highly effective best practices are:
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the use of industrialized systems and the contract of suppliers managing the
waste. In addition, distributing small containers in the work areas is also
another high valued practice, although only 36% of respondents usually
implement this measure in their works.

Pilot-based
assessment of the
economics of recycling
construction
demolition waste

Issam M Srour et al

March 4, 2013

The significant amount of waste generated from construction demolition has
become a chronic problem in many developing countries. Using data obtained
from demolition contractors and various other sources, this paper proposes a
framework for the proper handling of construction demolition waste (CDW) to
serve as a decision support tool in countries suffering from the lack of national
CDW management guidelines. The framework is then demonstrated through a
case study in the city of Beirut, Lebanon, and a sensitivity analysis is carried out
to examine the economic feasibility of developing a recycling facility. The
analysis showed that in order for a facility to be feasible, a gate fee should be
charged in the presence of a market for recycled aggregates. The results confirm
the significance of instigating and implementing legislation to control illegal
dumping, constructing, and managing engineered landfills, and establishing
markets for recycled CDW.

Revised Technology
Transfer for Recycling
of Building Material
Waste, Gaza Support
to the Marble and
Stone Industry in the
West Bank UNITED
NATIONS INDUSTRIAL
DEVELOPMENT
ORGANIZATION

Vienna, 2011

The intended beneficiaries were the Palestinian population (particularly workers
and young entrepreneurs), the Government authorities and institutions dealing
with industrial and infrastructure development, private sector associations,
entrepreneurial groups and financing institutions addressing building activities.
The immediate objective was to transfer know-how and technology to produce
aggregates and/or value-added building materials from debris. Two recycling
facilities were planned, to be owned and managed by local public and/or private
partners. Waste materials would be transported to and crushed in the facilities
and transformed into semi-finished and finished products.

International and national experts would ensure proper technical and know-
how inputs into the preparatory activities. The International Centre for Science
and High Technology (ICS HT) in Trieste, Italy was to provide additional funding
and training of local management and technicians. It was assumed that the local
authorities would be able to secure the availability of land and utilities for the
facilities.

Construction and
Demolition Waste
Manual

The basic goal of this document is to assist design and construction
professionals to prevent construction waste and to divert from landfills the C&D
waste that is generated. Reducing construction and demolition (C&D) waste
requires commitment and attention by all parties key to the building's
construction. Significant waste prevention and diversion from landfills requires
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City of New York,
Department of Design
and Construction DDC

May 2003

that we view materials as resources to be conserved. Opportunities for reducing
the C&D waste focus on three approaches, typically expressed as Reduce—
Reuse—Recycle.

Reducing waste, the first approach, yields the greatest environmental benefits.
Using less material costs less, reduces pollution from its manufacture and
transportation, saves energy and water, and keeps material out of landfills.
Waste reduction should be the top priority in your waste management plans.

Reusing, the second approach extends the life of existing materials and
decreases the new resources needed. The reuse or salvage of building
components, common in historic renovations, is being extended to non-
decorative elements such as doors and light fixtures as well. And as a long-term
approach, designing buildings to easily accommodate evolving use and
technology is an excellent strategy to prevent future waste.

Recycling, the third approach again conserves resources and diverts materials
from landfills. Demolition and renovation projects, which account for
approximately two-thirds of DDC's work, present numerous opportunities for
recycling. The most sustainable form of recycling converts wastes into new
products, such as scrap to new steel or asphalt into new paving. Additionally,
finding alternative uses for waste is a form of recycling. Inert waste, such as
concrete and brick, can be crushed and used as an alternative daily cover for
municipal landfills, substituting for dirt, or wood can be burned as boiler fuel.

5. Building and construction industry in Palestine

5.1 General

Construction industry sector has been always considered as one of the most important

sectors in the world economy for its broad and the intense overlap with other sectors of

industry. It affects the economic development in the country as it is a major generator

of jobs and is an important component of Gross Domestic Product (GDP) in addition to

its added-value. It is considered as the second largest industry in the world, with a

contribution of 13% of the world GDP of developed countries in 2013.

The construction sector has a significant impact on the Palestinian economy and it

became one of the key economic sectors and the main force that motivates the national

economy. It has played a crucial role in extending job opportunities for Palestinian labor

force throughout Palestinian cities and towns. In 1994, the construction sector has
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witnessed noticeable expansion and became the leading industry sector in attracting
new investments and offering new job opportunities (PCU, 2008). In West Bank
construction sector completed approximately 5 million m? in 2014 and it contributed
about 8% of the GDP with gross value added totaling US$547.3 million in 2014 (PCBS).

A survey by the PCBS indicated that the value of constructing new buildings and
additions in the Palestine rose by 23.2% in 2010. The results of the survey indicated that
the value of constructing new buildings and additions in 2010 was USS657 million, with
$299 million spent on new constructions and $358 million spent on additions of vertical
or horizontal construction. Unfinished construction accounted for $374 million and
finished construction for $283 million (Wafa, 2011).

5.2 Building materials used in Palestine

The building material is any material used for a construction purpose. Building materials
can be generally categorized into two sources, natural and synthetic. Natural building
materials are those that are unprocessed or minimally processed by industry, such as
lumber or glass. Synthetic materials are made in industrial settings after many human
manipulations, such as plastics and petroleum based paints. Both have their use. In
general, stone is used as a basic structural component in the buildings, while plain
concrete is used to fill the space in between, acting as a type of concrete and insulation.

In general, the main materials used in construction in Palestine are concrete, stone,
hollow concrete blocks, steel, aluminum, wood and other complementary materials.
These kinds of building materials can be used individually or together with each other to
form the structure of buildings. By the second half of the 20th-century steel started to
be used as a structural element for walls and different steel sections and bars were
found as building materials. This changed the techniques of construction building
system from a bearing wall system into a skeleton system (the columns). The cement
displaced the lime, and with steel, it started to be not only the binding material but also
a structural element especially with steel.

The stone cutting industry in the West Bank is the largest construction industry.
Concrete blocks used in the construction of the walls and ceiling slabs of the buildings
are locally produced from local materials.

1- Stones

Building stone is obtained by taking rocks from the earth and reducing it to the required
shapes and sizes for the construction of residential houses and public buildings.
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The vast majority of these quarries are concentrated in the Hebron area, which is also
known for using the most modern and sophisticated machinery for extracting stone and
for producing stone that has minimal defects, a good color, and a uniform texture.

2- Cement

The cement industry is considered as one of the strategic industries, the cement
represents a great importance in the projects of the construction, reconstruction and
development on both levels as the specific levels and the general ones. This industry in
Palestine has a special importance at this time in particular where the Palestinian
society passes in the construction stage and increasing population which increases the
demand for cement.

The Palestinian market gets all its needs from cement by means of the import. The
imported quantity spreads according to the source as follows: Israel 80% <Jordan 9% ¢
Europe 6%: Egypt 5% (Source: Palestinian National Information Center).

3- Concrete

Concrete is widely used in all types of construction. It is used in all types of construction;
from residential houses to multi-storey office buildings and shopping complexes.
Concrete is made by mixing: Cement, water, coarse and fine aggregates, admixtures,
etc.

6. Data Collection
6.1 General

Collection of data had served in assessing the current situation of the C&D waste in the
target governorates. The generated quantities of C&D waste had been estimated and
the composition of this type of waste had been characterized, as well. Data had been
also included the generation sites of the C&D waste and the current practices of
disposing of the waste and recycling and usefulness ways of the generated waste.

Secondary data collection

Various resources of data had been utilized such as published studies and reports about
C&D in Palestine

As a first step of the implementation of the project, baseline data, population, economic
activities and employment data had been collected from the targeted governorates.
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Baseline assessment of the existing C&D waste handling practices in addition to
available relevant laws and legislations had been also collected.

Primary data collection

Data collection by this method had been conducted via different ways of collection such
as site visits, questionnaires, and interviews. Primary data was perceived as a valuable
source of original knowledge for the Consultant and all the project team members; since
it allowed for deep understanding of the C&D waste problem and about the perception
of the problem to local stakeholders. In addition to interviews with academics
specialized in construction engineering.

The project team had concentrated on quantitative and qualitative data collection as
the main objective of the project is to estimate amounts and composition of C&D waste
in West Bank.

Quantitative and qualitative types of data collection aimed at assisting the team in
gathering an in-depth understanding and evaluation of the current situation related to
C&D waste management, as well as identification of the role of public and private
sectors in controlling these wastes.

To make collecting data an easy process, the project team had developed a survey data
sheet to be filled, on the spot, by the data collectors during their visits to C&D waste
generation sites. A survey data sheet form is attached in Annex lll. Site visits had
targeted C&D waste producers from the private sector such as contracting companies
and the public sector such as official bodies implementing projects under their direct
supervision such as MoPWH and MoHE. Site visits had also targeted dumpsites, to
estimate the composition of C&D waste dumped off, and LGUs to obtain available useful
data such as permissions of buildings, demolishing and areas of licensed building under
construction. C&D waste characterization from different construction locations had
been implemented.

6.2 Field visits

Site visits had been conducted to generation sites in almost all governorates in the West
Bank. Data collection had been carried out through visiting generation sites in the main
cities in these governorates as well as the dumpsites there. During each of these visits,
data collectors had filled the data sheet, on the spot. This survey was only descriptive
and dealt with qualitative issues of C&D waste; such as the current situation of handling
C&D waste as well as the current behavior and practices in this regard.
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For dumpsites, it was important to describe the location, area, types of C&D waste, the
majority of C&D waste, recycling processes (if present), Palestinian trucks emptying, etc.

The data collection team had visited Jenin Municipality and conducted a meeting with
the Municipality Engineer in charge of C&D waste management. The team also
conducted another meeting with the Head of Deir Sharaf Village Council. Furthermore,
the engineer responsible for the management of C&D waste in Nablus Municipality was
interviewed and valuable information had been obtained as an output of the interview.
These meetings and visits had clarified many issues about:

(a) Public construction and demolition sites, supervised by the MoHE, MoPWH and
other relevant agencies;

(b) C&D waste dumpsites existed (private, public, random landfill/ dumpsites).

(c) The need for a detailed comprehensive survey study

Dumpsites in the selected cities had been visited and general information about these
dumpsites had been collected; such as location, distance from the city, area, recycling
inside the dumpsite, etc. Furthermore, estimations of the composition of C&D waste
had been carried out.

The data collected through site visits of generation sites and dumpsites was used
together with the data obtained from meetings with LGUs, Contractors Union records,
MoPWH, MLDF and PCBS; such as areas of licensed buildings, lengths of roads
constructed or rehabilitated, permissions of building, demolishing, fines imposed on
contractors and truck drivers, etc., were used in the process of determining the amounts
and composition of C&D waste.

6.3 Interviews and meetings
. Interview with the Palestinian Contractor Union

e The viewpoint of the Head of the Palestinian Contractor Union towards C&D
waste handling was as follows:

e Quantities of C&D wastes have no accurate statistical estimation in any region in
Palestine. However, he declared that during building; each 1 m2 of building
surface requires 0.8-1.0 m3 of concrete and the generated waste is estimated at
3%. He added; each 1 m2 of building surface requires 80-100 kg of iron bars with
a waste percentage of 5%.

e In Gaza Strip, recycling of C&D wastes is a common practice due to the unfair
siege imposed by the Israeli and Egyptian governments. Therefore, almost all
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components of C&D waste are being recycled. On the contrary, recycling of C&D
waste in the West Bank is more selective and restricted to certain materials
where the most attractive material is the steel bars.

e Random dumping of C&D wastes could be attributed to the absence of public
dumpsites and the high cost of transportation to remote dumpsites. However,
there is a need for strict regulations to control C&D waste

e In many cases, municipalities direct contractors to deliver C&D waste to future
roads or places that need to be leveled and sometimes the waste is sold as a
cheap agricultural soil.

. Interview with a contractor

The consultancy team had met the senior engineer at Brothers Contracting
Company, Nablus. The engineer had focused on some important points such as:

a. On-site recycling is restricted to agricultural soil and to rocks used for
terraces building or crushed in a stone crusher.

b. During streets rehabilitation, removed layer of asphalt is piled and residents
in the region can load from these piles for free and reuse this type of asphalt
in paving their house entrances.

c. Suggestions presented by the engineer: (a) allocating enough number of
dumpsites, by LGUs, in each governorate (b) enforcement of relevant laws
and regulations (c) cooperation between contractors and the Palestinian
Contractor Union (d) establishing a center within the LGU vicinity with a
database of expected generated C&D wastes in order to offer that waste for
those who need such wastes for road leveling or as soil for house gardens.

lll. Meetings with engineers responsible for C&D management in LGUs

a) An important meeting was conducted with the engineer responsible for
C&D waste in Nablus Municipality. He summarized the situation as follows:

b) There are not enough official dumpsites for this type of waste

¢) There are no previous studies on C&D waste regarding quantification or
characterization

d) The main reason for dumping C&D waste at the roadsides is the remote
distance of the designated dumpsite located at Badan street

e) Enacting new laws and legislations is very important for C&D waste
management
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IV. Meetings and interviews with engineers and workers during site visits

Some important data was extracted from the interviews conducted with engineers

and foremen during site visits:

a. Aforeman in one of the generation sites (a building under construction) was
interviewed. He declared that they do not reuse or recycle any of the
generated C&D wastes on site.

b. The foreman himself estimated that a floor of about 400 m? generates around
10-15 ton of C&D waste (25-37 kg/m?) and 2 bricks out of 60 ones (3.3%) used
in building, become part of C&D wastes. The foreman denied the existence of
any official dumpsites in that region and hence C&D wastes are of course,
randomly, disposed of.

c. Another foreman of a workshop installing tiles said that wastes generated are
tiles and fine aggregates. Damaged tiles are reused for filling purposes while
the surplus of fine aggregates could be used in other places of the building. He
estimated the wasted tiles as 0.5-1 m? out of 10 m? (5-10%) of tiles installed.

d. An engineer was interviewed in another workshop said that he could not
accurately estimate the quantity of C&D waste generated in his workshop but
he can say that a floor of 200 m? generates about 10 ton of wastes (50 kg/m?).
He added that about 40 truck-full of waste was generated from a demolished
house.

V. Meeting with top officials of the Environmental Quality Authority EQA

A meeting was conducted at the office of the Vice President of EQA. Many
engineers attended that meeting and participated in the discussions. These
discussions focused mainly on laws and legislations needed to control the
management of C&D waste all over the Palestinian Territory. They proposed
that legal suggestions be addressed in this project to be studied together with
the MolLG.

6.4 LGUs survey

A questionnaire consisted of 22 questions was designed and sent by fax to 60 LGUs. It
was intended to be a successful tool for data collection about C&D waste issues.
Unfortunately, only one or two of the LGUs responded and sent back the questionnaire.
It was clear from the telephone contacts with some LGUs that most of them do not have
any of the required data which can be exploited in this study. Therefore, it was
suggested to perform a pilot survey for about 10 communities to assess the value of the
available data of LGUs.
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To conduct the survey, ten LGUs in Ramallah/Al-Bireh Governorate had been targeted

for the survey purposes. Selection of this governorate was based on its location in the

middle of the West Bank and its large population which is about 700 thousand people.

The questionnaires were filled by an MSc. graduated student, who has considerable

experience in the field of surveys and statistics. The respondents were the engineers or

persons in charge of the C&D waste at the LGU. To ensure accuracy, respondents were

guestioned face to face. The targeted communities for this questionnaire were:

(i)

large communities: Ramallah, Al-Bireh, and Beituniya;

(ii) medium communities of about 5,000 - 10,000 inhabitants: Birzeit, Beit Leqia, and
Deir Abu Masha'al; and

(iii) Small communities of less than 5,000 inhabitants: Kober, Surda, Abu Qash and
Aboud.

The questionnaires were entered in the computer and statistically analyzed using the

SPSS statistical analysis program. Conclusions extracted after the statistical analysis of

the survey are summarized as follows:

1)

2)
3)

4)

5)

6)

7)

33.3% of the questioned LGUs can estimate the total amount of C&D waste
generated in their service area, while 66.7% cannot.

None of the LGUs can estimate the recycled or reused portion of C&D waste.

33.3% of the LGUs reported that they have a dumpsite dedicated for C&D waste
and that they have only one dumpsite; whereas 66.7% do not have such
dumpsites. It is worth mentioning that Ramallah, Al-Bireh, and Beituniya cities,
which constitute the three largest communities in the Ramallah/Al-Bireh
governorate, are currently preparing a special dump site for excavation
materials that are generated from construction. They are considering reusing
these C&D wastes.

11.1% of the questioned LGUs indicated that the waste dump sites in their
community receive C&D wastes from other neighboring towns and cities.

33.3% of the LGUs believe that the dumpsites of C&D waste are sufficient to
accommodate the C&D wastes in their area. These communities are clusters
that are small to medium communities.

All LGUs that have a landfill have indicated that C&D wastes are not recycled
inside the dumpsites.

77.8 % of the LGUs do not have any procedures (regulations, requirements or
bylaws) for the management of C&D waste, while 22.2% of the LGUs which are
considered large communities have some procedures. These include signed
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8)

9)

pledges as not to affect or dump on private lands. Sometimes, the municipal
inspectors monitor the excavation and construction works in their region.

There are several suggestions by LGUs regarding the management of C&D waste
which can be summarized as follows:

(i) the need for a general policy to determine how and where to dispose of
large quantities of excavation materials;

(ii) the need to have dumps ready to receive the huge amounts of excavation
materials;

(iii) the need for enforcement of laws including fining those who violate laws.

(iv) the necessity of obligating the building owner and the contractor to pay the
insurance amount to ensure that the neighboring land owners are not
affected. Furthermore, it is necessary to keep monitoring the excavation
works by the municipal inspectors.

LGUs, in general, indicated that one of the most important reasons behind the
illegal disposal of the C&D wastes would be:

a) the absence of a clear management and regulation system for C&D wastes;
b) inadequate dumpsites in the region;

c) saving transportation time and shorten distances;

d) saving the cost of waste transport; and

e) lack of awareness among those who are handling C&D wastes.

10) Most of the LGUs indicated that they are not aware of significant negative

impacts due to C&D waste in their service areas. As to some of the LGUs
negative impacts of C&D wastes could be:

(i) narrowing or closure of roads;

(ii) affecting privately owned lands;

(iii) closing of areas that are potential for LGU expansion and development;
(iv) obstruction of agriculture activities;

(v) changing the course of valleys (impact on surface water);

(vi) closing the rainwater drainage systems and culverts; and

(vii) contaminating the surrounding environment.
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11) 33.3% of the questioned LGUs indicated that there were no protests from
residents against the existence of C&D wastes either due to the nearby
allocated dumps or because of the random nearby dumps. In the meantime,
66.7% of the LGUs indicated that there were protests from residents of the area
against the presence of C&D random landfills and against dumping of wastes in

the privately owned lands.

12) LGUs do not have the capacity to identify sources of C&D wastes and to

determine the proportions of this type of waste.

13) 77.8% of the LGUs indicated that they do not have any recycling activities or
reuse of C&D waste in their service areas.

14) LGUs stated suggestions on the recycling and reuse of C&D waste which can be

summarized as follows:

(a)
(b)
(c)
(d)

(e)

(f)

recycling should be carried out away from the boundaries of the LGUs;
using the excavation materials in leveling new roads;
employment of experienced staff in this field;

recycling works to be under the supervision of an official body such as EQA
or MoNE;

establishment certain factories to re-grind the waste and reuse it in

construction works; and

cooperate with the private sector in recycling businesses and conducting
feasibility studies in this regard.

15) None of the LGUs has undertaken a survey or study about the C&D waste in
their service areas.

16) The following are suggestions from the questioned LGUs regarding the

management of C&D waste in Palestine:

(i)

(ii)
(i)
(iv)

(v)

activating the role of LGUs in monitoring C&D waste dumping;
adoption of legislations and laws that are logical and in line with reality;
conduct a diagnostic study of the current status;

cooperation with the private sector and strengthening the social partnership
between the institutions and the LGUs with regard to recycling;

adoption of official legal C&D landfills; and
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(vi) create clear instructions and policies with respect to C&D waste handling
and impose fees on building workshops and on trucks transporting C&D
wastes.

Based on the analysis of the pilot questionnaire, it was concluded that expanding the
guestionnaire to cover more LGUs in the West Bank governorates is not expected to add
any more desired data. According to the pilot questionnaire, only one-third of the
guestioned LGUs claimed that they could estimate the total amounts of C&D waste
generated in their service areas, whereas two-thirds could not estimate such amounts.
Furthermore, none of the LGUs had the capacity to identify sources of C&D waste and to
determine the composition and proportions of this type of waste.

In addition, none of the LGUs could estimate the recycled or reused portion of C&D
waste and none of them had undertaken any survey or study about the C&D waste.

On the other hand, the rest of data collected from the questioned LGUs would not differ
such as:

a) norecycling or reuse activities inside the dumpsite;

b) few LGUs have dumpsites dedicated to C&D waste and another few said that
dumpsites are sufficient to accommodate C&D waste in their areas;

c) veryfew LGUs allow other LGUs to dump C&D waste in dumpsites within their
service area;

d) most LGUs do not have any regulations, requirements or laws for the
management of C&D waste;

e) all LGUs declared that no significant negative impacts of C&D waste were
observed in their regions;

f)  most LGUs said that protests against C&D dumping concentrated on random
dumping in roadsides and in privately owned lands;

g) LGUs presented many reasons for random dumping of C&D wastes;

h) Suggestions commonly raised, from LGUs regarding C&D waste management,
were about recycling activities and legislations to be enacted and adopted.
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PART II: Quantification and
Characterization of C&D waste

1. C&D waste Characterization and Quantification

The main objectives of the project are (i) to estimate the generated quantities of C&D
waste in generation sites of the C&D waste in West Bank, Palestine and (ii) to estimate
types and composition of generated C&D waste, as well. These estimations include the
categorization of C&D waste types based on the situation in West Bank and to develop a
method to estimate the produced quantities of C&D wastes in Palestine depending on
the results of the site visits and other sources. The estimation was based on scientific
methods which helped in estimating annual C&D waste generation rate.

The consultancy team tried to get such estimations from the different LGUs in the West
Bank through distributing questionnaires to these LGUs and through conducting several
meetings with engineers responsible for C&D waste management in some LGUs.
Unfortunately, it was found that LGUs, in general, don’t have the desired data regarding
the amounts of C&D waste generated nor the percentages of the composition of this
type of waste. This was clear from results concluded from the survey carried out by the
MolLG where it was found that most LGUs do not consider these wastes as a harmful
agent for the environment and they do not have any data about the quantities of C&D
wastes. Any values of generated C&D waste quantities got from LGUs are random
figures and not based on accurate estimations.

Because of the above-mentioned reasons and the need to use scientific methods for
C&D waste quantifications, the team had carried out an experiment which is described
below in details.

It is worth mentioning that the heterogeneous nature of C&D solid waste,
determination of the composition is not an easy task. For this reason, more generalized
field procedures based on common sense and random sampling techniques have been
evolved for determining composition.

Procedures of the experimental sampling:
14 samples were chosen to represent the districts in the West Bank:

e 3 samples were obtained from a newly constructed house in Nablus city,

Universal Group for Engineering and Consulting Page 31 of 228



Study on C&D Waste in West Bank, Palestine Final Report

e 2 samples were obtained from Al-Badan C&D dumping site receiving C&D wastes
from Nablus city and the surrounding villages,

e 3 samples from Al Ezaryeh C&D dumping site in Jerusalem district,
e 3 samples from Dura C&D dumping site in Hebron district, and
e 3 samples from Ramallah C&D dumping site.

The location of the 5 C&D characterization sites is shown in Figure 1.

Figure 1: Location of the 5 C&D characterization site
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Figure 2: Pictures for C&D waste experimental sampling for characterization

A galvanized sampling tank was filled with C&D waste, capacity 0.5 m>. The tank
contents were then emptied on the ground. Each sample was sorted into the
components: Concrete, bricks, stones, metal, plastic, wood, gypsum, asphalt, tiles,
paper & cardboard, and other materials. Twelve dustbins, each with capacity of 80L,
were used for the separation of the C&D solid waste components. An electronic scale
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was used to weigh the dustbins at the different sampling locations. The percentage of
the C&D waste components and the total sample weight were calculated. The following
pictures have been snapped during the experiment clearing the steps. Pictures for C&D
waste experimental sampling for characterization are shown below.

2. C&D Waste Composition

Figure 3 to 11 show the gross average, maximum and minimum of C&D waste
components by weight of all tested samples, tested sample at the house, and the tested
samples at the dumpsites. From the 9 figures, it can be noticed that the principal
components on a weight basis are concrete and bricks. Table 2 to 4 summarize all
presented results.

Concrete, bricks, and stone fractions are the ones with the highest percentage.
Conversely, the gypsum and tiles fractions present the lowest percentages, while metal,
plastic, and wood remain relatively low if compared to the higher ratios. Note that
metal low percentage, probably as a result of an increase in the amount of metals now
collected selectively from dumpsites. Concrete waste ranges from 7.40% to 88.70% with
an average value of 41.60%, while bricks waste ranges from 3.80% to 37.70% with an
average value of 22.30%. All detailed samples’ results are shown in Annex IV.

The average values of C&D waste components by weight of all tested samples will be
used for the estimate of the total generation rate of the C&D waste components at the
level of the West Bank districts.
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Figure 3: Gross average of C&D waste components by weight of all tested samples
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Figure 4: Gross maximum of C&D waste components by weight of all tested samples
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Figure 5: Gross minimum of C&D waste components by weight of all tested samples
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Figure 6: Gross average of C&D waste components by weight of the house sample
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Figure 7: Gross maximum of C&D waste components by weight of the house sample

Universal Group for Engineering and Consulting

Page 36 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Min% of C&D Waste

w70 642
%60
%50
%40
%30
%20
%10 %70 ol s s
w0 . — T —_—
W Concrete m Ericks W Stones
W [Metal B Flastic | Wood
W Gypsum B Asphalt W Tiles
m Faper znd cardbozrd m Other materials

Figure 8: Gross minimum of C&D waste components by weight of the house sample

Avg.% of C&D Waste

%40
Was %33
%30
%2454
%25
w20 %181
%14
%10
%43
%5 %3.8 932 o35 03.8 %22
w15 %1.9

%] B - T e

B Concrete m Bricks W Stones m [Metal

m Flastic m W oo W S [ESLIT m Asphalt

ETiles B Faper and cardboard W Other materials

Figure 9: Gross average of C&D waste components by weight of the 4 dumpsites
samples
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Figure 10: Gross maximum of C&D waste components by weight of the 4 dumpsites

samples
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Figure 11: Gross minimum of C&D waste components by weight of the 4 dumpsites samples
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Table 2: Gross average, maximum and minimum of C&D waste components

by weight of all tested samples

Component Avg. Max Min
Concrete 41.40% 88.70% 17.40%
Bricks 22.10% 37.70% 3.80%
Stones 14.20% 28.10% 0%
Metal 3.50% 7.40% 1.50%
Plastic 4% 9.80% 0.80%
Wood 4.30% 6.90% 0.60%
Gypsum 2.10% 9.70% 0%
Asphalt 3.10% 14.50% 0%
Tiles 1.20% 3.90% 0%
Paper and 2.60% 8.40% 0.60%
cardboard
Other materials 1.60% 14.10% 0%

Table 3: Gross average, maximum and minimum of C&D waste components
by weight of the house tested samples

Component Avg. Max Min
Concrete 72.8% 88.7% 64.2%
Bricks 10.7% 18.9% 3.8%
Stones 0.0% 0.0% 0.0%
Metal 2.9% 5.5% 1.5%
Plastic 7.0% 9.8% 4.3%
Wood 2.7% 6.7% 0.0%
Gypsum 0.0% 0.0% 0.0%
Asphalt 0.0% 0.0% 0.0%
Tiles 0.0% 0.0% 0.0%
Paper and 3.7% 8.4% 0.9%
cardboard
Other materials 0.3% 1.0% 0.0%
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Table 4: Gross average, maximum and minimum of C&D waste
components by weight of the four dumpsites tested samples

Component Avg. Max Min
Concrete 33.1% 44.1% 17.4%
Bricks 25.4% 37.7% 10.4%
Stones 18.1% 28.1% 0.0%
Metal 3.8% 7.4% 1.9%
Plastic 3.2% 6.0% 0.8%
Wood 4.3% 6.9% 0.6%
Gypsum 2.6% 9.7% 0.0%
Asphalt 3.8% 14.5% 0.0%
Tiles 1.5% 3.9% 0.0%
S:Ejek:oaar;‘; 2.2% 3.4% 0.6%
Other materials 1.9% 14.1% 0.0%

3. C&D Waste Quantification

3.1 C&D waste estimation in dumpsites in the West Bank
Governorates

The estimation of the C&D waste in dumpsites in the West Bank governorates depends
mainly on the comprehensive survey conducted in Bethlehem governorate in 2014 (Al-
Khatib et al., 2015). In that study, an estimate has been made for the quantity of C&D
waste that is available at each dumping site existing in Bethlehem governorate.
Surveying using GPS was applied for each site to estimate its area and volume. The
volume has been converted to weight by multiplying it by the C&D waste density in the
dumpsite which is 1800 kg/m?>.

In order to estimate the accumulated C&D waste in the dumpsites in the other
governorates in the West Bank, the estimated weight in Bethlehem governorate in 2014
was divided by both the population and licensed area of Bethlehem governorate in
2014. The result was multiplied by both the population and licensed areas of each
governorate to obtain the total weight of the C&D waste in the dumpsites in the
governorates based both on population and on licensed areas in the West Bank. The
results are summarized in Table 5 and are presented in Figure 12. As can be noticed
from Figure28, the estimated C&D waste in dumpsites based on licensed area bases is
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much higher than that based on population in Nablus and Ramallah/Al-Bireh

governorates. This is expected as there is an accelerated growth of urban construction

in these two governorates. In Jerusalem, the licenses for construction are very limited

due to occupation restrictions. This explains why the estimation based on licensed area

is much lower than that based on population estimation. In the other governorates, the

differences between the two methods of the estimate are not high as those of the

previous ones.

Table 5: C&D waste in dumpsites in the West Bank governorates

Wastes (ton)

Wastes (ton)

Governorate Population Licensed Azrea Based on Based on
2014 (1000 m°) Population Licensed Area
Jenin 319,035 319 2,558,811 2,030,557
Tubas 108,041 108 527,896 687,647
Tulkarm 238,429 238 1,506,923 1,517,525
Nablus 874,884 875 3,140,899 5,568,359
Qalqiliya 113,558 114 910,767 722,761
Salfit 157,140 157 583,124 1,000,146
Ram;'z:: /A1 032,762 1,033 2,852,299 6.573.203
Jerigﬁ;gf Al 88,411 88 427,883 562,708
Jerusalem 140,512 141 3,469,798 894,314
Bethlehem 278,759 279 1,774,213 1,774,213
Hebron 628,874 629 5,767,658 4,002,584
West Bank 3,980,405 3,980 23,520,270 25,334,016
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Figure 12: C&D waste in dumpsites in the West Bank governorates

3.2 Annual generation rate of C&D waste

All generated construction waste from a house in Nablus city was collected and
weighed. The per meter square generated waste was estimated by dividing total
generated waste from the house by the total built area of the house and was found to
be 50 kg/mz. This generation rate range is comparable with a previous study results
conducted by Al-Sari et al. (2012) in Palestine, who quantified the waste generation
based on the data provided by the 83 contractors and found that the quantity of waste
generated during the construction of buildings ranged between 17 and 81 kg/m? of
building floor. This generation rate range is comparable to the 20 to 50 kg/m2 estimated
by Lauritzen (1994), to the 21.4 and 45 kg/m2 assumed by Kofoworola and Gheewala
(2009) and Kartam et al. (2004) respectively, and the 75 kg/m? calculated on the basis of
the assumptions made by Fatta et al. (2003) is also within this range.

The annual licensed area for the years 2011-2016 has been obtained from the
Palestinian Central Bureau of Statistics as shown in Figure 29. The C&W quantities are
estimated for the years 2011-2016 by multiplying 85% of the annual licensed area (m?)
by 50 kg/mz. It is worth mentioning that huge efforts were paid to obtain the actual
percentage of the built areas out of the licensed ones, but no actual data was found.
The 85% factor was agreed upon after many consultations with different experts from
the construction companies, municipalities, and engineers association.
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Table 6 and Figure 13 show the estimated construction waste in the West Bank for the

years 2011-2016, while Figure 14 to Figure 15 show the estimated generated

construction waste in the West Bank governorates for the years 2014 and 2015

respectively.

Figure 13: Licensed Areas (1000 m?) in the West Bank during the period 2011-2015

In general, an upward trend can be observed in the amount of C&D waste generated in

the West Bank for the 2011-2016 periods. However, the amount of C&D waste material

generated was the highest in 2012 and 2016. This mainly is due to political situation and

incentives provided by the LGUs for the buildings’ owners to license the existing

unlicensed buildings.

Table 6: Estimated construction wastes (tons) in the West Bank time series (2011-2016)

P f| A | Buil w
Licensed Area er:cent ° ctual Built astes 'Zer Total Wastes
Year (1000 m? Built Area Area 100 m (Tons)
(%) (1000 m?) (Tons)

2011 3,253 85 2,765 5 138.237
2012 4,392 85 3,734 5 186,677
2013 3,661 85 3,112 5 155,614
2014 3,980 85 3,383 5 169,165
2015 3,817 85 3,244 5 162,225
2016 4,918 85 4,180 5 208,996
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Figure 14: Generated construction waste in the West Bank (2011-2016)
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Figure 15: Generated construction wastes in the West Bank by governorate in 2014
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Figure 16: Generated construction wastes in the West Bank by governorate in 2015

Another point worth noting is the significant difference between the amount of C&D
waste generated in Nablus and Ramallah & Al-Bireh districts compared to Hebron
district. While the population of Hebron district is much higher than the population of
Ramallah & Al-Bireh and Nablus districts, the generated C&D waste in Hebron district is
lower. Ramallah & Al-Bireh district compared to Hebron district. While the population
of Hebron district is much higher than that of Nablus and Ramallah & Al-Bireh districts.
The reason can be due to the extensive presence of government institutions in Ramallah
and Al-Bireh, and thus the presence of jobs in the private and public sectors, and
consequently the increase of residential and non-residential buildings.

The above leads to a marked increase in built-up areas. The focus of the official bodies
in Ramallah and Al-Bireh also helps to control the buildings and thus increase the
percentage of the licensee. The reason for the increase in licensed built-up areas in the
Nablus governorate from Hebron is also due to the residents' commitment to licensing
prior to construction in Nablus governorate. In the Hebron governorate, the percentage
of licensed buildings is lower due to the complex political conditions in the governorate.

Based on the results presented about the average percentage C&D waste components
by weight of all tested samples and the data presented about the estimated
construction wastes (tons) in the West Bank time series, the C&D waste components by
weight in the West Bank has been estimated for the years 2011-2016 and presented in
Error! Reference source not found..
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Table 7: C&D wastes components by weight in the West Bank by year (ton).

Component Average 2011 2012 2013 2014 2015 2016
Percent
Concrete 41.40% 57,230 77,284 | 64,424 | 70,034 | 67,161 | 86,524
Bricks 22.10% 30,550 41,256 | 34,391 | 37,386 | 35,852 | 46,188
Stones 14.20% 19,630 26,508 | 22,097 | 24,021 | 23,036 | 29,677
Metal 3.50% 4,838 65,34 | 5,446 |5,921 |5,678 | 7,315
Plastic 4% 5,391 72,80 |[6,069 |6,597 |6,327 | 8,151
Wood 4.30% 5,944 80,27 |6,691 (7,274 |6,976 | 8,987
Gypsum 2.10% 2,903 39,20 | 3,268 | 3,552 | 3,407 | 4,389
Asphalt 3.10% 4,285 57,87 4,824 15,244 |5,029 | 6,479
Tiles 1.20% 1,659 22,40 | 1,867 (2,030 | 1,947 | 2,508
Paper and cardboard 2.60% 3,594 48,54 | 4,046 | 4,398 | 4,218 | 5,434
Other materials 1.60% 2,212 29,87 (2,490 |2,707 | 2,596 | 3,344

4. Estimation of the Roads Construction Wastes

4.1 Methodology

The construction of roads in the West Bank and Gaza Strip is managed and followed up
by either the MPWH or the Local Government Units (LGUs) themselves. The MPWH is
responsible for the rural roads, while the LGUs are responsible for the urban roads.

The MDLF is one of the major sources for LGUs funds. Its contribution is around 10% of
the infrastructure projects of the LGUs in the West Bank and around 30% in the Gaza
Strip.

The roads construction projects can be divided into three types as follows:

e Milling and Overlay Projects
e Reconstruction Projects
e Construction of new roads projects

Assumptions

1. There is no waste from the construction of roads layer, where the contractors
are always eager to import the exact quantities of the road materials. Thus, the
wastes of roads constructions are assumed to be due to excavation works only.

2. Milling and overlay projects mostly generate construction wastes from milling
the existing asphalt layer only, with a 3-cm thickness.
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3. Reconstruction projects mostly generates construction wastes from excavation
works (existing base course layer) with assumed average thickness of 30 cm, in
addition to wastes from excavating the existing asphalt layer with an average
thickness of 7 cm.

4. The data of MPWH for the years 2013-2014 is used as a reference for the whole
analysis. These data include the widths of both the asphalt layer and the base
course layer for each project. Accordingly, this data is used to find the average
widths of both the asphalt and base course layers. (8-m and 10-m respectively).

5. The percentage of newly constructed roads projects is very low. Unfortunately,
neither MPWH nor MDLF projects are newly constructed roads project. The total
quantities of roads wastes are multiplied by 20% to cover the wasted of the
newly constructed roads.

The data sources are MPWH data and Municipal Development and Lending Fund
(MDLF).

4.2 Analysis of the MPWH data

The MPWH roads projects are available for the years of 2013-2016. The data is available
for the following years: 2013-2014 and 2015-2016. No yearly data is available. The
projects are classified as milling, overlay projects, and reconstruction projects. Table 7
shows the results of the years 2013-2014, while Table 8 shows the results of the 2015-
2016 years using the average widths taken from the data of 2013-2014 years. Figure 17
shows the wastes of rural roads projects (Roads constructed by MPWH) during the years
2013-2016.
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Table 7: Wastes of Roads Projects Performed by MPWH 2013-2014

Average Average Asphalt Base course and
Length .
No. Road Name (km) Asphalt Base course | Type of Work Volume Soil Volume
Width (m) | Width (m) (m®) (m)
1 Jenin - Al-Jalamah road/Second 1.4 Reconstruction 637 3,570
stage
2 AI-_ZabaF)deh ~ Raba - American 3.61 Reconstruction 1,643 9,206
University road 6.7 9-10
3 | Mirka - Al-Jarbah road 1.73 Reconstruction 787 4,412
4 | Kufur Ra’l — Al-Rama - Ajjah road 5.43 Reconstruction 2,471 13,847
5 | KufurAl-Deik — Deir Ghassanah 3.2 Reconstruction | 1,456 8,160
road
g | WadiAlluheir - Al-Sawahrah Al 2.7 Reconstruction | 1,229 6,385
Sharqiyah (1) road
7 Wadi AI-Juhelr—AI-Sawahrah Al 1 Reconstruction 455 2,550
Sharqiyah (2) road
Al-Sawahrah Al-Shargiyah — Al- .
8 Sheikh Sa’ad road 1.29 Reconstruction 587 3,290
9 | Wadi Al-Nar/ Fifth Stage 1 6-7 8-9 Reconstruction 455 2,550
10 Increasg the traffic safety in 14 Milling and 273 i
Qalandia road Overlay
11 AI—.Th‘arwa Ro.ac.j in Halhoul'and 1.7 Reconstruction 774 4,335
Building Retaining Walls
12 Mllllng and _Overlaymternal roads 212 Milling and 4,134 i
in Hebron city Overlay
13 | Sanjal Main Entrance 1.88 Reconstruction 1,777 9,024
14 ﬁ\:}adl ﬁl-hBaBIat'rEad — - 1.68 19-15 14-18 Reconstruction 1,588 8,064
15 | hnarabth-bani Hareth-Ain Ayyou 2.2 Reconstruction 2,079 10,560

road
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Average Average Asphalt Base course and
Length .
No. Road Name (km) Asphalt Base course | Type of Work Volume Soil Volume
Width (m) | Width (m) (m®) (m)
16 | Doura-Hebron road 2.1 8-10 11-12 Reconstruction 1,323 7,245
17 | Yattan-Al-Samou road 5.1 Reconstruction 3,213 17,595
18 !VI|II|ng and Ove?rlaymternal roads )8 45 i Milling and 756 i
in Bethlehem city Overlay
19 | Nablus-Beit Iba- Deir Sharaf road 5.5 18 99 Reconstruction 6,930 36,300
20 | Dier Sharaf- Annab road 2 Reconstruction 2,520 13,200
21 | Beddo — Beit Anan road 1.29 8 10 Reconstruction 722 3,870
2 .I\/Illllnfgar?d Overlay internal roads 18 3 Milling and 432 i
in Jenin city overlay
23 | Hebron connecting road 1 10 12 Reconstruction 700 3,600
24 | Rhabilitation of Khillet Adb in 0.23 6 8 Reconstruction 97 552
Aboudeis
Reconstruction of Wadi Al-Fara’ah-
25 | Series / Tubas Governorate — First 4 6 8 Reconstruction 1,680 9,600
Stage
Reconstruction of the road leading
26 | tothe electricity conversion 0.35 5 8 Reconstruction 123 840
station
g7 | Reconstruction of the road 2 5.5 8 Reconstruction 770 4,800
connecting the Nour-Shams woods
)8 Milling and overlay Bal’a main 0.22 55 Milling and 36 i
entrance Overlay
Totals 79.81 39,644 184,053
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Table 8: Wastes of Roads Projects Performed by MPWH 2015-2016
Leneth Asphalt Base course and
No. Road Name g Type of Work Volume Soil Volume
(km) ( 3 3
m°) (m°)
1 Reconstruction Wadi Al-Far’ah — Sereies/ 215 | Reconstruction 1,204 6,450
Second stage
- . . Milling and
2 | Milling and overlay Al-Beireh main entrance 0.80 192 -
Overlay
3 | Rehabilitation of Al-Shuhadaa’ Raod 1 Reconstruction 560 3,000
4 | Reconstruction of Halhoul-Korea Road 1.5 Reconstruction 840 4,500
5 | Rehabilitation if Ramien main entrance 1.2 Reconstruction 672 3,600
6 Reconst.ructlon and widening Silwad- 14 Reconstruction 784 4,200
Evangelical school
7 | Reconstruction Salfit Northern entrance 1.7 Reconstruction 952 5,100
3 Rehabl.lltatlon of Ras Atiyiah — Habalah- ) Reconstruction 1,120 6,000
Qalgeliah connecting road
9 Reconstruction Beit Lugia - Kharabtha Al- 39 Reconstruction 1792 9,600
Mousbah-
S L Milling and
10 | Rehabilitation of Ramallah-Beirrzeit road 0.7 168 -
Overlay
11 | Rehabilitation and widening of Izbet Shoufa 3 rec 1,680 9,000
12 | rehabilitation of Kufur Qallil road 1.5 rec 840 4,500
13 | Reconstruction of Qatna main entrance 3.5 1/3 mi 2/3 rec 1,590 7,035
14 | Reconstruction of Deir Istia- Zeita Jamma’en 4.7 Reconstruction 2,632 1,4100
15 | Construction of Tubbas road-Al-Jadeedah 5.7 Reconstruction 3,192 1,7100
16 | Reconstruction of Burgin road-Jenin 3 Reconstruction 1,680 9,000
17 Rehabilitation of Ha’ssaka road- Halhoul the 3.4 Reconstruction 1,904 10,200
entrance of Bani Na’eem
18 | Reconstruction of Burin road-Irag Burin 3 Reconstruction 1,680 9,000
Milli
19 | Milling and overlay Hezma road 1 lling and 240 -
Overlay
I . Milling and
20 | Rehabilitation of Aboud — Beit Reema road 0.8 192 -
Overlay
91 Milling z-:md overlay Sarda — Al-Jalazoun 0.2 Milling and 48 i
(Education Area) Overlay
99 Re.constructlo!w of Al-Nazlah Al-Shargiyah - 0.9 Reconstruction 504 2,700
Saida connecting road
23 | Rehabilitation Bethlehem-Janata road 2.7 Reconstruction 1,512 8,100
24 | Rehabilitation Al-Jeeb road 1.4 Reconstruction 784 4,200
55 Rehabilitation of Deir Neitham Eastern 1 Reconstruction 560 3,000
entrance
26 | Reconstruction Kufur Qoud- al-Hashimiyah- 4.3 Reconstruction 2,408 12,900
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Length Asphalt Base course and
No. Road Name g Type of Work Volume Soil Volume
(km) 3 3
(m°) (m’)
Al-aragah- Al-Yamoun road
27 | Rehabilitation Hajjah- Al-Funduq road 2.5 Reconstruction 1,400 7,500
28 | Qabatiyah — Al-Jalamah road 14.2 | Reconstruction 7,952 42,600
29 | Hawwarah-Nablus main road 3.2 Reconstruction 1,792 9,600
30 | Ramallah — Rafat (southern entrance) 1.7 Reconstruction 952 5,100
31 Asphalt.mg roads in Khillet Al-Sheikh — 14 Reconstruction 784 4,200
Qalandia
Totals 78.75 42,610 222,285
Wastes of MPWH Roads Projects
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Figure 17: Wastes of MPWH Roads Projects in the West Bank, 2013-2016

4.3 Analysis of the MDLF data

The wastes of the urban roads projects are estimated based on the MDLF projects.
Where the north area projects data for the 2015-2016 cycle is analyzed deeply as
presented in Table 9. This data forms 50% of the total MDLF projects values. In addition,
the percentage of the roads projects is calculated to be 80% of the total infrastructure
projects in the LGUs based on the MDLF data. Table 10 and Figure 18 show the total
estimated roads projects wastes in 2015-2016. Assuming the specific gravity for the

asphalt and soil as 2.2 kg/m? and 1.5 kg/m? respectively.
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Table 9: Wastes of MDLF Road Projects in Northern Area of the West Bank 2015-2016

Asphalt Base course
No. LGU Project Name Type of | Length Volume and Soil
Work (Km) (m?) Volume
(m)
1 | Koforpan | Rehabilitationand asphalting | o\ | 5 840 4,500
of internal roads
2 | Borgin Rehabilitation and asphalting | o | 1875 | 1050 5,625
of internal roads
Rehabilitation and asphalting
3 | KuforRa'ie of internal roads and Recon. 0.35 196 1,050
retaining walls
Rehabilitation of internal
4 | KuforRa'ie roads and construction of Recon. 0.5 280 1,500
roundabout and sidewalks
5 | Jaba'a Rehabilitation and asphalting | o ) | 35 | 1960 10,500
of internal roads
6 Seelet Al Rehabnltatlon and asphalting Recon. 178 996 5,340
Hartheyya of internal roads
7 | Arraba Rehabilitation and asphalting | o\ | 107 | 509 3,210
of internal roads
8 | Alvamun | Rehabilitationandasphalting | o | 391 | 5 1g6 11,715
of internal roads
9 Al- . Rehabllltatlon and asphalting Recon. 436 2441 13,080
Muttahida of internal roads
10 Marj Bin Rehabllltatlon and asphalting Recon. 16 896 4,800
Amer of internal roads
11 | Qabatya Rehabilitation of part of the | o 4 2,240 12,000
main street \ phase Il
12 | Jenin Rehabllltatlon and asphalting Recon. 3 1,680 9,000
of internal roads #1
13 | Jenin Rehabilitation and asphalting | o | 45 | 2520 13,500
of internal roads #2
14 | Jenin Rehabilitation and asphalting | o 0 | 45 672 3,600
of internal roads #3
15 | Sabastya Rehabilitation and asphalting | o\ | 6 341 1,830
of internal roads
16 | Howwara | Rehabilitation andasphalting | o 1 560 3,000
of internal roads
17 | Jammaein | Rehabilitation and asphalting | o | 5935 | 1249 6,696
of internal roads
18 | Qabalan Rehabilitation and asphalting | oo | 137 | 733 3,930
of internal roads
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Asphalt

Base course

No. LGU Project Name Type of | Length Volume and Soil
Work (Km) (m?) Volume
(m)
Aseera Ash Rehabilitation and asphalting
19 Shamaliyya | of Civil Defense Road Recon. | 0.674 377 2,022
20 | Aqraba Rehabilitation and asphalting | o | 5416 | 1,352 7,248
of internal roads
21 | Beta Rehabilitation and asphalting | o | 095 | 532 2,850
of internal roads
22 | Beit Foreek | Rehapilitationand asphalting | o | 5 403 | 4145 22,209
of internal roads
Rehabilitation and asphalting
23 | Nablus of internal roads in eastern Recon. 1.7 952 5,100
area (Alhorshaldahi yard)
Rehabilitation and asphalting | 0.6
24 | Nablus of mte.rnal and asphaltlng Milling- 53 846 2 760
roads in western area (Hifa 0.4
and Yossra Salahrd ) recon
25 | Nablus Rehabilitation and asphalting | o | g56 | 313 1,680
Assera - Al- Itihad road
26 | Nablus Rehabilitation and asphalting | o 3 1,680 9,000
of internal roads
27 | Nablus Rehabilitation of Al-Zuiot Recon. | 0.8 448 2,400
road
28 | Jayyus Rehabilitation of internal Recon. 0.7 392 2 100
roads
29 Kufor Rehabilitation of internal Recon. 1431 801 4,293
Tholoth roads
30 | Hableh Rehabilitation of internal Recon. 1 560 3,000
roads
31 | Azzun Rehabilitation of internal Recon. 1 560 3,000
roads
32 | Qalqgilia Rehabilitation of internal Recon. | 3.405 | 1,906 10,215
roads-2
33 | Qalqilia Rehabilitation of internal Recon. | 0.9 504 2,700
roads-3
34 | Qalqilia Rehabilitation of internal Recon. | 1.186 | 664 3,558
roads-1
35 | Tammun Rehabllltatlon and asphalting Recon. 1 560 3,000
of internal roads
36 | Tubas Rehabilitation and asphalting | o\ | 319 | 1786 9,570

of internal roads
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Asphalt Base course
No. LGU Project Name Type of | Length Volume and Soil
Work (Km) (m?) Volume
(m)
37 | Al-Kafriyyat Rehabilitation of internal Recon. 1.3 728 3,900
roads
38 | Anabta Rehabilitation of internal Recon. | 1.8 | 1,008 5,400
roads
39 Baga Al Rehabilitation of internal Recon. 5036 1,140 6,108
Shargeyya roads
40 Deir Al Rehabilitation of internal Recon. 1203 673 3,609
Ghosoun roads
2/3
41 | Qaffin Rehabilitation of internal Milling- 04 138 396
roads 1/3
recon
42 | Atteel Rehabilitation of internal Recon. | 1.33 744 3,990
roads
43 | Tulkarem | Rehabilitation ofinternal Recon. | 2.48 | 1,388 7,440
roads -2
44 | Tulkarem | Rehabilitation ofinternal Recon. | 1.27 711 3,810
roads -1
Totals 83.726 | 46,359 246,234
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Table 10: Summary of the Total Wastes of Roads Projects in the West Bank, 2015-2016

Wastes by Source/Area Asphalt Asphalt | Base Course | Base Course Total
Volume (m®) | Quantities and Soil and Soil Roads
(Ton) Volume Quantities Wastes
(m’) (Ton) (Ton)
Wastes of MPWH Projects 42,610 94 222,285 333 427
Wastes of MDLF Roads 46,359 102 246,234 369 471
Projects in the Northern ! ’
Area of the West Bank
Wastes of Rural Roads 51,132 112 266,742 400 513
Wastes of Urban Roads 890,097 1,958 4,727,693 7,092 9,050
Total Wastes 941,229 2,071 4,994,435 7,492 9,562
Wastes per year 470,615 1,035 2,497,217 3,746 4,781

Wastes of Roads Projects
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Figure 18: Wastes of Roads Projects in the West Bank by Type, 2015-2016
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PART III: Current C&D Waste Handling
and Practices

1. Palestinian laws and legislation for C&D waste

Laws and legislations in the Palestinian system about C&D waste in the West Bank had
been reviewed. It was found that there is a great lack for environmental legislations and
regulating of C&D waste in the Palestinian Territory. Law no 79/1966 has only one
article numbered 42 which considers that C&D waste affects negatively the scenery of
the streets in the city.

The National Strategy for Solid Waste Management NSSWM in the Palestinian Territory
(2010-2014) stated the following: "Currently, there are no clear standards or regulations
for handling special waste in the Palestinian Territory and, thus, most of it finds its final
destination in solid waste landfills or on remote roadsides (as is the case for C&D waste).
There are also no national policies identifying best handling alternatives such as
recycling options for these wastes despite the fact that much of it is recyclable".

The Palestinian Environment Law No. 7, 1999 has included constructional waste in its
definition of Solid Waste under Article 1. Under Article 5, the law has stated that the
Environment law shall protect the natural resources from constructional activities,
among others.

The Law has stated under Article 10 that “All agencies and individuals, in conducting any
digging, construction; demolition, mining or transportation of debris and sands
generated by such activities, shall commit themselves to take all necessary precautions
for safe storage and transportation of such materials to prevent any environmental
pollution”.

In a survey carried out by the MoLG on 142 LGUs in the West Bank, most of them were
keen to enact strict legislations that could control the C&D management in Palestine.
The majority of them had asked for rules/legislations/guidelines to control all processes
of collection, hauling and disposing of all types of C&D waste (N. Hammad, 2015).

A comprehensive review of international guidelines and bylaws for C&D waste and is
management has been conducted. Accordingly, a draft guidelines manual for
management of C&D waste as well as a group of suggestions for a C&D waste draft
bylaw was developed. The draft guideline is presented in Part VI and the draft Bylaw is
in Part VII of this report. An Arabic version of the draft Bylaw is shown in Annex V.
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2. C&D waste collection practices

Unlike the domestic solid waste management which is the responsibility of the LGUs,
collection of C&D waste is the responsibility of the contractor or the owner of the house
to be built or demolished. Waste generated from excavation works is collected using
bulldozers. The other C&D waste such as stones, concrete, tiles, metal etc. is also
collected by the contractor and reused during construction works or piled somewhere in
the yard before being dumped. In the meantime, the house owner contracts a truck and
a bulldozer to collect the waste generated from excavation works.

Figure 19: Excavation material in front of a construction site, (Beit-Fuirek Village)

Some of the C&D waste from the constructed house is reused during construction and
the rest is loaded in trucks for dumping.

Figure 20: C&D waste during loading in a truck for dumping, (Balata camp-Rujeeb
area)
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3. C&D waste disposal

Only 7.7% of LGUs in the West Bank have one or more dumpsites designated for the
C&D waste within the borders of the LGU (N. Hammad, 2015). Some of these dumpsites
are on lands owned by the LGU and others are hired from private land owners.

Figure 21 is a map of 21 C&D dumpsites that have been visited and sited. These are
distributed among the 11 West Bank Governorates including East Jerusalem.

Figure 21: C&D dumpsites visited and mapped in the West Bank
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Some of the C&D waste is disposed of in these dumpsites whereas the majority of
contactors and truck drivers dispose of this type of waste randomly at different places
such as:

domestic solid waste landfill

surrounding of construction or demolition sites
land owned by private entities

land owned by public entities

roadsides

wadis' courses

X/ X/ 7 7 7 X/
L X X X R X SR X 4

Figure 22: Random dumping C&D on roadsides, (Tulkarem-Nablus str.)

Figure 23: C&D waste accumulated in front of a construction site (Nablus-Beit Eba street)

Universal Group for Engineering and Consulting Page 59 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Figure 24: C&D waste disposed of along sides of roads (Salfit, Nablus, Nahhalin-Bethlehem,
Beitsahour-Bethlehem)
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Figure 25: Construction waste disposed of on land owned by private entity
(Jenin-Jaba’ str.)

In fact, dumping of C&D waste in the nearby privately owned lands had resulted in
many problems with the land owners. Random dumping of C&D waste was attributed
to the lack of enough dumpsites and the remote distance between the construction
workshop and the dumpsite designated for C&D waste dumping.

4. Current behaviors observed during site visits

Observations indicate that behavior in C&D waste management is not satisfactory in
terms of environmental protection. This is greatly clear from the evidence of waste
disposal practices, which is taking place on different inadequate dumpsite locations.

From the different interviews with contractors, contractor attitudes and behaviors
regarding waste management tend to differ based on the size of the contractor, which
is indicated by its group or category. Contractors that have positive attitudes toward
waste management also have satisfactory behaviors. The important and significant
factors that affect contractor attitudes toward waste management include contractor
size, source reduction, reuse and recycling measures, the frequency of waste collection,
staff participation in training programs and waste disposal method. Factors such as
construction-related education among employees, contractor experience in
construction works, source-reduction measures, and reuse of materials, waste disposal
behaviors and attitudes toward waste management are the most significant factors
affecting contractor behavior on waste management. These factors influence
contractor attitudes and behaviors and are necessary to effectively improve waste
management, growth, and performance, as well as to reduce the environmental
degradation of the construction industry.
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During the various visits of the data collection team they witnessed some behaviors
and practices with regard to C&D waste handling as follows:
a. In some buildings' workshops, C&D wastes were thrown down from upper
floors, windows, and balconies.
b. Truck drivers do not cover wastes on their way to the ultimate destination.
c. Truck drivers working within the contractor team, usually, do not violate
regulations and laws during transporting C&D wastes.
d. Small contractors generate small quantities of wastes due to economic
reasons.
e. Asphalt generated from rehabilitated streets is reused by residents to cover
house entrances.
f. Most of the C&D waste illegally dumped on roadsides is being emptied during
night hours.

Figure 26: Construction stone waste reused as a cover at a house entrance,
(Jamma’een)

Figure 27: lllegal dumping C&D waste on a roadside (Balata-Rujeeb area)
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5. Current practices of recycling and reuse of C&D waste

Due to the continuous increase in the volume of C&D waste generated, a well thought
out strategy or plan for managing C&D waste is important. Thus, understanding the
current practices of recycling, re-use and disposal of C&D waste is vital in establishing a
commitment to waste reduction, recovery, reuse , and recycling, not only for economic
benefits but also for resource conservation, environmental and even social benefits. It is
necessary to include waste diversion goals and objectives, exploration of reduction,
recycling, and reuse alternatives, and identification of locally available recycling and
reuse outlets. Landfill disposal should be considered the last option for disposing of C&D
waste.

At the Palestinian level, there are no regulations or indications determining standards
for recycling materials in order to utilize them and make them an alternative to new
materials. Most of the C&D waste materials are disposed of in dumpsites spreading in all
West Bank districts. In these dumpsites, pickers pick up useful materials from the
dumped C&D waste. Those pickers mostly pick up the following materials:

1. Metal: There are two types of metals:

a. Ferrous metals, such as steel bars which the pickers collect and sell to
traders who finally export amounts of this type of metal to industrial
countries for recycling purposes.

b. Non-ferrous metals such as aluminum frames which the pickers collect
and sell to aluminum factories in the Palestinian districts or to traders
who finally export amounts of aluminum to industrial countries for
recycling purposes.

2. Paper and cardboard: pickers sell the amounts of collected paper and cardboard
to factories spread around the Palestinian districts for recycling purposes (e.g.
Nablus paper and cardboard factory in the Eastern Industrial Area).

3. Wood: It is sold to bakeries relying on burning wood or coal as a heating source.
This type of bakeries spreads along the Palestinian districts. Because wood has a
high heating value it can be used by a number of industries as boiler fuel.

4. Glass: pickers collect pieces of different types of broken glass used for doors,
windows, and partitions. These amounts of glass are sold to glass industries
spread along the Palestinian districts for recycling purposes.

Currently, there are no accurate statistics about the percentage of recycling of the C&D
waste in the West Bank. Current practices of Recycling and Re-use of C&D Waste in the
West Bank are summarized in Table 11.
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However, in the survey conducted by the MoLG on 142 LGUs, opinions and suggestions
towards the reuse of C&D waste had focused on the execution of the following:

reclamation of agricultural land and building stone walls.

sorting the C&D waste and reuse the materials again during construction works
reusing this type of waste as a covering material during solid waste landfilling
encouraging the private sector to make use of the C&D waste recycling
establishing Joint Service Councils dedicated for C&D waste handling
establishing different factories to utilize C&D waste materials in recycling
processes such as glass, paper, and cardboard, metal, etc.

AN e

Figure 28 shows piling of excavation materials to be reused in leveling a new
road, while Figure 29 shows the segregation of C&D waste components at
different sites for recycling purposes.

Figure 29: Piling of excavation materials to be reused in leveling a new road
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Figure 29: Separation of C&D waste components at different sites for recycling
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Table 11: Current practices of Recycling and Re-use of C&D Waste in the West Bank

No. Type C&D waste

1. Excavation
material

2. Road demolition

3. Concrete,
aggregate

4, Brick

5. Wood, Timber

Current Practices of Recycling and Re-use

Excavation materials are arising from the excavation of
building foundations. Excavation materials include both urban
soils mixed with old construction wastes and contaminants to
virgin soils as may be found in Greenfield construction. The
composition may range from organic soils, through to clays,
gravels, sands, and stones generally in heterogeneous form.

Excavation materials represent the bigger amount of C&D
waste generated in West Bank, and there are no accurate
statistics of their values. Excavation materials are reused for
agricultural land reclamation when they have a high content of
fine soil and organic materials; others are reused for upraising
the low-level areas as backfill material. Excavation materials
are sometimes used as filling material for road infrastructure.
Excavation materials are normally land/soil and stone surfaces
not contaminated by hazardous substances reutilized in the
same construction work, in a different work, or in an activity of
restoration, conditioning or refill, whenever their re-utilization
can be properly accredited.

In the literature, land, and stone are the most abundant,
amounting from 93% to 97% of the C&D total weight of waste.
This grouping corresponds to the movement of land necessary
for the construction (Carpio et al., 2016).

Mainly reused to cover agricultural roads or unpaved roads in
front of houses.

It is mainly used as filling material in areas with low level in
order to raise the level and use the elevated area for different
purposes.

Bricks are re-used as bricks directly on the construction site.
The greatest impediment to this reuse is the time taken to sort
and clean suitable bricks.

Crushed brick are also used as fill material in many locations.

The most common reuse option for wood recovered from C&D
waste is for fuel. Normally workers burn wood at the
construction site for heating mainly during the cold season.

If collected in an organized manner, wood has a high heating
value and can be used by a number of industries as boiler fuel.
Wood for fuel can be chipped or pelletized for better
transportation.
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No.

10.

11.

Type C&D waste

Metal (Steel)

Metal
(Aluminum)

Paper and
cardboard
Building stone

Tiles

Mixed
construction
waste

Current Practices of Recycling and Re-use

Wood with minimal soil and other foreign objects, and low
moisture content is ideal.

Steel is an ideal recycling material as it does not lose quality in
the process. Steel from C&D waste is normally collected by
scavengers from dumpsites and sold on weight bases. Steel
from C&D waste is sold locally or exported internationally.

The collected aluminum from the C&D waste is sold locally and
the recovery and recycling of aluminum are carried out by a
local Palestinian company that recycles and fabricates
aluminum in Nablus district.

There is limited recycling or reuse for paper and cardboard.
Normally workers burn Paper and cardboard with wood at the
construction site for heating mainly during the cold season.
Sometimes it is reused in the construction process in certain
locations in the building.

Broken tiles are sometimes reused as pavement to roads
leading to the house. Other limited uses include the creation of
unique floor, kitchen backsplash or wall mosaic in an artistic
pattern.

Mixed construction waste is mainly reused as a filling material
when there is a need.

Figure 30: Under-construction street while filling with recycled aggregates
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PART IV: Environmental and Social
Impacts

1. Environmental, health and socio-economic impacts of C&D waste

1.1 General

From the field visits to different construction sites by the team members, it was noticed
that sometimes, the rubble generated during construction or demolition is not collected
and disposed of directly but left or postponed for a short or long time. If this rubble is
left without dumping for a long period in residential areas, residents would suffer from
emitted dust, distorting scenery and disabling the traffic stream on the streets.

The potential for environmental impacts from the transportation of materials to the
dumpsite will increase such as noise impacts, possible congestion due to increased traffic
flows, and dust and exhaust of emissions from the hauling vehicles.

Excavation materials will mainly arise from the excavation works for the building and road
constructions. The excavated material will comprise reclamation fill material and could be
reused onsite as fill material for other areas of the location. Considering the inert nature
of the fill material, reuse on-site would not result in any unacceptable environmental
impact. Scattered C&D waste on roadsides will adversely affect the scenery of the region
and might cause road narrowing and therefore obstruct the flow of traffic stream.

Study of the environmental impacts was based on the existing environmental baseline
data and the changes that the C&D wastes may have on the environment. Figure 31
presents baseline maps for archeological sites, wadis, land use, and topography of the
West Bank. The impact of locations of the C&D dumpsites on the above mentioned
elements had been assessed.

However, random dumping of C&D waste generates many negative impacts such as:

1- distorting the overall scenery of the city and the roads between cites
2- narrowing main streets, obstructing traffic flow and obscure vision
3- closing agricultural roads and disrupt the work of farmers

4- closing wadis and culverts which cause flooding in winter

5- causing deterioration of soil properties

6- causing environmental pollution
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Figure 31: Archeological sites, wadis, land use, and topography of the West Bank
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7- causing problems with the private land owners.
8- causing health problems when poultry and butcher wastes are embedded within
the C&D

Figure 32: C&D waste in a dumpsite mixed with a slaughterhouse waste (Badan-Nablus)

1.2 Environmental impacts of C&D wastes

The disposal of C&D wastes has become a major concern in the West Bank recent years.
Some building owners, waste haulers, and demolition contractors are disposing of this
waste improperly and illegally in order to avoid transportation costs and fees at waste
disposal facilities.

Huge heaps of various kinds of C&D waste could be observed on the edges of roads, open
areas and in wadis, posing an environmental hazard and polluting the flowing streams,
agricultural lands, and groundwater, other than being a deformation of the natural areas
surrounding the cities and villages. C&D waste has caused the closure of streams in wadis;
leading to floods, soil erosion, dumping neighboring roads, as well as fatal accidents which
accompany heavy rains.

Due to the absence of enough dedicated sites for C&D waste disposal in the governorates,
as well as the lack of clear and specific mechanisms for handling such waste; solid waste
official and random landfills are exploited as a final destination for C&D waste, where
these wastes are then used for dumping purposes in landfills, as filling materials for
streets and excavations, and for leveling some areas. Otherwise, C&D waste is left without
any treatment or reuse; as the case of all Palestinian cities.
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Environmental damage caused by illegal disposal of C&D waste

The illegal disposal of C&D waste in open spaces and roads edges creates severe
environmental damage, including:
e Air pollution

Fine dust, typically from concrete, cement, wood, stone, silica, etc., can spread for
large distances over a long period of time. Dust penetrates deeply into the lungs
and causes a wide range of health problems; including respiratory illness, asthma,
and even cancer.

e Soil contamination

The quality of soil may be impacted by littering (wood and metal debris, concrete
blocks, empty cement bags, empty paint containers, plastics, etc.). Pollution may
occur by intentional or accidental leakage of used chemicals, fuel, or oil products
on disposal sites, as well.

e Groundwater contamination and particulate matter of the waste, and the
subsequent formation of leachate. The creation of leachate presents a major
threat to the current and future quality of groundwater; because of trace amounts
of hazardous constituents, which are sometimes encountered.

e Breeding sites for pests

Debris resulted from demolished buildings containing a pest infestation, can result
in spreading of these pests into the surrounding areas, causing morbidity.
Moreover, accumulations of surplus or damaged building materials can act as
harborage for pests.

Figure 33: Demolition waste as a suitable pest and rodent’s infestation site
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e Rodents problem

Rats sometimes become a problem when construction is going on because their
burrows are disrupted by digging. They need to find a new place to live, to find
their refuge in the accumulated construction waste. The presence of rats, their
droppings, and urine within the debris, poses an immediate risk of diseases

associated with rats.
e Flames generated by flammable materials

Flammable materials are substances that can ignite easily and burn rapidly,
emitting toxic and carcinogenic materials into the air. Concerning C&D waste, they

may include:

e Solid wastes that are soaked with flammable liquids, i.e. paper, cardboard,
wood, etc.,
e Solvents; as paints, paint thinners, adhesives, etc.

Figure 34: Construction waste containing different flammable C&D wastes

Under certain conditions, improperly disposed gypsum drywall can produce
hydrogen sulfide gas that can explode in high concentrations. Decomposing wastes
also generate methane and other gasses, which are explosive at certain levels.

e Contamination of lands

Contamination of land is caused mainly by windblown litter and random dumping
of C&D waste in open areas, in waterways and along roadways. This contamination
causes an aesthetic impact and loss of property value.
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e Contamination of streams and flooding of streets

It is common to find the drainage lines and even wadis and streams being filled up
with C&D refuse after rainfall. These refuse are good contaminants of streams,
groundwater especially shallow wells and the entire environment.

The huge heaps of C&D waste dumps, that are commonly seen on open spaces and
shoulders of streets are also been washed by rainstorms. Most of these wastes are
been moved by rainstorm into drainage channels that were made for excess runoff
thereby preventing easy flow of water and finally lead to flooding of streets.

e Increasing lllegal Disposal of other Types of Waste
An illegal disposal site may also attract the illegal disposal of other types of waste;
including conventional municipal waste, industrial waste, and hazardous waste.
This would further impact the site and increase the future cost of cleaning up an
impacted or contaminated site.

1.3 Hazards of C&D waste on public health
Hazardous materials that can be found in C&D waste include:

e Asbestos

Asbestos is the common name for a set of six naturally occurring silicate minerals.
Its fibers are very heat resistant and strong and are used in construction works as:

e Thermal insulating material;

e ‘Fireproof’ textiles, paper, and boards;
e Asbestos cement products;

e Electrical insulating materials.

Asbestos fibers can have serious health effects if inhaled; including asbestosis, lung
cancer. There is no known safe exposure level to asbestos.

e Adhesives

There are several types of adhesives, used in construction, including contact
cement, epoxy, polyurethane and super glue.

Cement can cause illness by skin contact, eye contact, or inhalation. The risk of
injury depends on duration and level of exposure and individual sensitivity.
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Super glue may adhere to body parts, and injuries may occur when parts of the
skin are torn off. The generated fumes irritate sensitive membranes in eyes, nose,
and throat. Repeated exposure to fumes results in flu-like symptoms.

e Drywall

Drywall, also known as plasterboard, is often made of gypsum and is a commonly
dumped item. Plasterboards are hazardous once they are land filled. They are
broken down in landfill conditions, releasing hydrogen sulfide, a toxic gas.

H,S is both an irritant and a chemical asphyxiant with effects on both oxygen
utilization and the central nervous system. Its health effects can vary depending on
the level and duration of exposure.

e Additives for concrete and blocks

The presence of some substances in concrete; including useful and unwanted
additives, can cause health concerns. Dust from rubble or broken concrete upon
demolition or crumbling may cause serious health concerns depending also on
what had been incorporated in the concrete.

e Wood treatment

Wood treatment refers to protecting wood from damage caused by insects,
moisture, and decay fungi.

Treated wood may present certain hazards in some circumstances; such as during
combustion or where loose wood dust particles or other fine toxic residues are
generated or where treated wood comes into direct contact with agriculture.

e Paints and thinners

Paints contain potentially harmful chemicals such as solvents and volatile organic
compounds (VOCs). Inhaling VOCs can cause eye, nose and throat irritation.

Lead based paint is another contaminant found frequently at illegal dumpsites.
Exposure to lead or lead poisoning is a risk for children and adults. High levels of
lead in children have been shown to result in learning disabilities, behavioral
problems, and mental retardation.

A paint thinner is a liquid compatible with paint which is used to reduce the
viscosity of paints. Paint thinner poisoning occurs when a toxic substance, known
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as a hydrocarbon, is ingested by mouth or by breathing. Paint thinners can contain
these hydrocarbons.

1.4 Socio-economic impacts

During construction or demolition phase of buildings, employment opportunities increase.
The C&D waste reuse or recycling will also increase the income of workers specialized in
extracting useful materials from the rubble such as scrap metal, electrical wire waste,
concrete scraps, and waste etc. Therefore, C&D waste has also positive socio-economic
impacts. Sometimes when contractors and drivers dispose of C&D waste randomly in the
privately owned lands, quarrels and problems ignite conflict which negatively affects the
cohesive social relations of the Palestinian society.
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PART V: Mapping of C&D Dumpsites

1. Mapping and Inventory of Dumpsites

Table 12 lists 21 main dumpsites and provides information and photos about these sites.
It gives details including X and Y coordinates, area, distances from nearest house and
descriptions. A photo and an aerial map of each of the dumpsites are provided.
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Table 12: Inventory of the 21 Visited Main C&D Waste Dumpsites in the West Bank

Coordinates

E: 178178.5
N: 208896.5

Photos Taken

Dumpsite 1

Dumpsite Information
Dumpsite Name: Jenin Dumpsite, managed by the Municipality

Governorate: Jenin
Location: The industrial area, near the WWTP

Area: 668 m’

Distance from the nearest residence: 14 m

Description:

e C&D wastes are distributed on both sides of the road

e Many complaints by nearby residents are raised to Jenin Municipality
e Many old damaged electrical appliances such as refrigerators and washing

machines are noted there
e C&D waste pickers exist from time to time

Aerial Photo
o
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Coordinates

Dumpsite 2

Dumpsite Information

E: 154312.5
N:192175.1

Photos Taken

Aerial Photo

Dumpsite Name: Tulkarm Dumpsite, managed by Hassan Al-Qaisi
Governorate: Tulkarm
Location: Near Al-Qaisi Stone Crusher
Area:20 du.
Distance from the nearest residence:60 m
Description:
e (C&D wastes and many wheel tires are available
e The nearby crusher (Al-Qaisi Crusher) uses some of C&D wastes available. This
crusher collaborates with those in charge of the dumpsite to collect and crash
the dumped stone pieces, bricks, tiles and concrete aggregates producing
materials which are finally sold to contractors who use them as filling
materials in their construction works.
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Coordinates

E: 158808.5
N: 191550.7

Photos Taken

Aerial Photo

Dumpsite 3
Dumpsite Information

Dumpsite Name: Wadi Al-Sheir Dumpsite, considered as a public/random dumpsite

Governorate: Tulkarm

Location: Wadi Al-Sheir, near Wadi Zumar edges

Area:529 m’

Distance from the nearest residence:154 m

Description:

e C&D Wastes and wheel tires are distributed along the way from Bala’a to Noor
Shams Camp Gate

e C&D waste pickers exist from time to time
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Dumpsite 4

Coordinates Dumpsite Information

E: 188382.568 | Dumpsite Name: Einoun Dumpsite, managed by the Municipality (random one)
N: 189663.918 | Governorate: Tubas
Location: East Tubas, Near the Solar Energy stations of Tubas Electricity Distribution
Company
Area:20 du.
Distance from the nearest residence: 328 m
Description:
e |t was used for dumping domestic waste
e Now itis used for C&D wastes
Photos Taken

Aerial Photo
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Coordinates

Dumpsite 5

Dumpsite Information

E: 172393.492
N:183201.422

Photos Taken

Aerial Photo

Dumpsite Name: Abu Rasheed Dumpsite, followed up by Nablus Municipality
Governorate: Nablus

Location: Near Al-Quds Open University Campus

Area:15 du.

Description:

e Few illegal dumping activities are available

e |tis considered as water harvesting area
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Coordinates

Dumpsite 6

Dumpsite Information

E: 178957.205
N: 182762.169

Dumpsite Name: Bathan Dumpsite, managed by the Municipality (public one)
Governorate: Nablus

Location: Near Al-Seirafy Waste Separation Station

Area:25 du.

Distance from the nearest residence: 263 m

Description:

Photos Taken

Aerial Photo

Controlled by Nablus Municipality and guarded by a Municipal Guard
All types of C&D wastes are available

Lots of wheel tires are noted

Slaughterhouse wastes are dumped there

C&D waste pickers exist from time to time
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Dumpsite 7

Coordinates Dumpsite Information

E: 149848.1 Dumpsite Name: Qalgilia Dumpsite, followed by the Municipality

N: 177303.9 Governorate: Qalqilia
Location: Qalqgilia Gate, in front of DCO check point
Area:548 m*
Distance from the nearest residence:115 m
Description:
e Mostly C&D waste (cement)
e The location is surrounded by many nurseries

e ltis the official dumpsite available for the whole governorate

Photos Taken

Aerial Photo
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Coordinates

Dumpsite 8

Dumpsite Information

N: 167940.225

Photos Taken

E: 156915.336 | Dumpsite Name: Bedia Dumpsite, followed up by the Municipality (random one)

Aerial Photo
®

Governorate: Salfeet

Location: Bedia

Area:1.3 du.

Distance from the nearest residence: 394 m

Description:

e C&D Wastes such as stones, cement, and blocks are notes
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Coordinates

Dumpsite 9

Dumpsite Information

E: 161651.387
N: 164553.551

Photos Taken

Aerial Photo

Dumpsite Name: Al-Matwi Road Dumpsite, followed up by the Municipality
Governorate: Salfeet

Location: Between Brugeen Village and Salfeet city

Area: 2.5 du.

Distance from the nearest residence: 1.1 km

Description:

e C&D Wastes and wheel tires are distributed along the way

e Few C&D waste pickers exist from time to time
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Coordinates

Dumpsite 10

Dumpsite Information

E: 167207.648
N: 164209.592

Aerial Photo

Photos Taken

Dumpsite Name: Kheirbet Qais Road Dumpsite, managed by crusher owner
Governorate: Salfeet

Location: Between Salfeet city and Kheirbet Qais

Area:303 m’

Distance from the nearest residence:350 m

Description:

e C&D Wastes such as stones, cement, and blocks are notes

e The dumpsite was a crusher

Universal Group for Engineering and Consulting Page 86 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Coordinates

Dumpsite 11

Dumpsite Information

E: 194204.076
N: 142445.895

Photos Taken

Aerial Photo

Dumpsite Name: Jericho Dumpsite, managed by the Municipality (random one)
Governorate: Jericho

Location: Near '90’ Street

Area: 8.3 du.

Distance from the nearest residence: 92 m

Description:

e Several types of C&D are dumped randomly in clusters
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Dumpsite 12

Coordinates Dumpsite Information

E: 194798.945 | Dumpsite Name: Jericho Dumpsite, managed by the Municipality (random one)
N: 138929.091 | Governorate: Jericho

Location: Near the Industrial Area

Area: 11.8 du.

Distance from the nearest residence: 260 m

Description:

e Several types of C&D are dumped randomly in clusters

e (C&D wastes are used in land leveling activities

Photos Taken

Aerial Photo

Universal Group for Engineering and Consulting Page 88 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Coordinates

Dumpsite 13

Dumpsite Information

E: 193271.468
N: 138063.482

Photos Taken

Aerial Photo
®

Dumpsite Name: Jericho Dumpsite, managed by the Municipality (random one)
Governorate: Jericho

Location: Near Jericho Hospital

Area: 30 du.

Distance from the nearest residence: 286 m

Description:

e Several types of C&D are dumped randomly in clusters
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Dumpsite 14

Coordinates Dumpsite Information

E: 169361.5 Dumpsite Name: Qandeel Crusher Dumpsite, managed by Qandeel Crusher owner
N: 142928.3 Governorate: Ramallah and Al-Bireh
Location: Between Ramallah and Rafat Village
Area:123 du.
Distance from the nearest residence: 253 m
Description:
e The dumpsite is located within Qandeel Crusher borders and controlled by the crusher
owners
e Stones and other C&D wastes are used by the crusher
Photos Taken

Aerial Photo
o

Universal Group for Engineering and Consulting Page 90 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Dumpsite 15

Coordinates Dumpsite Information

E: 176447 Dumpsite Name: Al-Ezareiyeh Dumpsite, followed up by the Municipality (random one)

N: 128450 Governorate: Bethlehem

Location: Al-Ezareieh Area

Area:16.5 du.

Distance from the nearest residence:90 m

Description:

e Itis used by other governorates.

o All types of C&D waste are available; gypsum boards, metals, cartoon, plastic, glass and
others

e Also, other types of wastes are available such as wheel tires

e Many C&D waste pickers exist especially for metal wastes (this means reuse activities)

Photos Taken

Aerial Photo
o
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Dumpsite 16

Coordinates Dumpsite Information

Photos Taken

E: 177097.793 | Dumpsite Name: Wadi Al-Nar Dumpsite, managed by the Municipality (random one)
N: 126239.162 | Governorate: Bethlehem

Location: Al-Obeidieh, Wadi Nar Area

Area: 5.7 du.

Distance from the nearest residence: 500 m

Description:

Aerial Photo
Q@

It is used by other governorates.

It extends over Wadi Al-Nar Road starting from Abu Deis Gate ending by Al-Obeideieh
All types of C&D waste are available; gypsum boards, metals, cartoon, plastic, glass and
others

Also, other types of wastes are available such as wheel tires

Many C&D waste pickers exist especially for metal wastes (this means reuse activities)
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Dumpsite 17

Coordinates Dumpsite Information

E:172773.8 Dumpsite Name: Beit Sahour Dumpsite, managed by the Municipality (random one)
N: 123745.7 Governorate: Bethlehem
Location: Near Separation Wall, Beit Sahour
Area: 2.5 du.
Distance from the nearest residence: 133 m
Description:
e Itisfor C&D wastes only
e It was noted that some people had put huge rocks around their nearby lands in order
to prevent dumping to extend to these lands
Photos Taken

Aerial Photo
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Coordinates

Dumpsite 18

Dumpsite Information

E: 168736.943
N: 125445.411

Photos Taken

Aerial Photo

Dumpsite Name: Aideh Camp Dumpsite, managed by the Municipality (random one)
Governorate: Bethlehem

Location: Aideh Camp, Near the Separation Wall

Area:1.7 du.

Distance from the nearest residence:114 m

Description:

e The dumpsite is very close to residential areas of Aideh Camp

e  Waste pickers exists

e Some domestic wastes are available
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Coordinates

Dumpsite 19

Dumpsite Information

E: 160319.7
N:121273.7

Photos Taken

Aerial Photo
o

Dumpsite Name: Nahhalin Dumpsite, managed by the municipality (random one)

Governorate: Bethlehem

Location: Ein Fares Area, Nahhalin

Area: 15.5 du.

Distance from the nearest residence: 120 m

Description:

e The dumpsite has green areas planted with olive trees and a beautiful water spring
exists

e It was used for dumping domestic waste

e The domestic dumpsite was closed in 2011 and transformed to C&D waste only (as
informed by Bethlehem JSC)

e Recently, some domestic wastes exist

e Huge quantities of C&D wastes are distributed also on both road sides. Sometimes, the
road is closed by wastes
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Coordinates

Dumpsite 20

Dumpsite Information

E: 156177.4
N: 102934.4

Photos Taken

Aerial Photo
®

Dumpsite Name: Dueirban Dumpsite, owned & managed by the Shareef Abu Sneneh
Governorate: Hebron

Location: Dueirban area

Area: 8.3 du.

Distance from the nearest residence: 133 m

Description:

e Agricultural activities noted there (green houses are available)

e Several Types of C&D wastes are available

e Many soil excavation wastes exist
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Coordinates

Dumpsite 21

Dumpsite Information

E: 155500.6
N: 101880.8

Aerial Photo

Photos Taken

Dumpsite Name: Dura Dumpsite, owned & managed by Amjad Al-Shareef
Governorate:Hebron

Location:Dura Entrance from Hebron City side

Area:24 du.

Distance from the nearest residence:98 m

Description:

e Itis a private land that is used as dumpsite

e Fenced Dumpsite with a gate

e Several Types of C&D wastes are available

e Inthe way to the dumpsite, lots of C&D waste are distributed on both sides of the road
e Its owner intends to close it
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PART VI: C&D Waste draft Guideline

1. INTRODUCTION

1.1 Background

In Palestine, C&D waste collection, transportation, and disposing of are the responsibility
of the one who generates it. The Local Governmental Units (LGUs) are responsible for
monitoring the cleanliness of the generation sites and around, and directing the C&D
waste producers (contractors) to the pre-planned dumping areas where the waste is to be
stockpiled or disposed of. However, waste management will be the producer's
(contractor) responsibility to ensure that all generated wastes during the construction and
demolition works are handled, stored, processed, and disposed of in accordance with
proper waste management practices, and as per the Palestinian Environmental Law, No.7,
1999. This responsibility of the contractor can be transferred to a “Manager” who will
follow up the management of the C&D waste generated throughout the duration of the
project.

Most of the C&D waste is commonly dumped in random dumpsites or at roadsides.
Therefore, 3Rs “Reduce, Reuse, and Recycling” should be concentrated on to be the main
management route of the C&D waste. Recycling of C&D waste has been recommended
by all LGUs in the West Bank when surveyed recently by the Ministry of Local Government
(MoLG) and the Universal Group (UG) consultants’ team.

The MoLG has realized that this problem would be put on the right track of solution via
various measures in which developing a Waste Management Guideline is the corner
stone.

The main objectives of developing such guideline are likely to provide a consistent
guidance on the preparation and implementation of the C&D Waste Management Plan
(WMP) and to encourage the diversion of waste from landfilling to reusing and recycling
processes. The Glossary of Technical Terms of the Guideline is presented in Annex-VI.

1.2 Purpose of Guidelines

The presented C&D Guidelines are intended to achieve the following:

1) to encourage creating an integrated approach to C&D waste management
throughout the project duration;

2) to define the way in which all stakeholders (clients, contractors, planners,
designers, authorities concerned, and suppliers) can work collaboratively so
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that the C&D waste generation can be reduced and the management can be
improved;

3) to provide all stakeholders with an agreed upon basis for determining the
efficiency and adequacy of C&D waste management plans; and

4) to provide general and specific guidance in relation to preparing the
appropriate C&D waste management plans for certain types of projects which
exceed a specified threshold size.

1.3 Waste Management Policy and Legislation

In Palestine, several governmental bodies are expected to be responsible for the licensing
and approval of different processes of C&D waste management from the stage of
generating the waste till the last stage of disposing of the waste. The main C&D waste
relevant Palestinian authorities are:

e Ministry of Local Government (MoLG);

e Environment Quality Authority (EQA);

e Ministry of National Economy (MoNE);

e Ministry of Agriculture (MoA);

e Ministry of Health (MoPH); and

e Ministry of Public Works and Housing (MoPWH).

In Palestine up to date, there are no sufficient policies or legislations related to C&D
management. A Bylaw draft has been developed by the UG team as a part of the project
“Study on Construction and Demolition Waste in West Bank, Palestine”. This draft Bylaw
will be legally reviewed and developed under the supervision of the Ministry of Local
Government.

These guidelines aim at clarifying and detailing how to deal with C&D waste in accordance
with the proposed Bylaws. It is necessary that the requirements attached by the related
authorities to these authorizations are fully in accordance with licensees and permit
holders. Site contractors should comply with the conditions imposed on their permits and
licenses. For example, all haulers engaged for the removal of C&D waste material from the
site should possess the requisite authorizations.

Implementation of regulations should be simple to make authorization applications for
reduction, reuse and recycling of C&D waste-related activities a more pleasant scheme for
contractors.
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1.4 Integration or Coordination in the Management of Construction and
Demolition Waste (C&DW) and Municipal Solid Waste (MSW)

Integration in the Management of C&D Waste and Municipal Solid Waste MSW is not
possible because:

1. Collection, treatment, transportation, and disposal operations are completely
different as waste in the two systems is different in nature and source;

2. Collection containers and vehicles used in both MSW and C&DW are different in
material, design, and job. Therefore, collecting of C&DW in the MSW containers is
not acceptable anymore as the C&DW may damage these containers. Similarly,
C&DW transportation in the MSW vehicle is absolutely forbidden as this may
damage the compaction and hydraulic systems of the vehicle;

3. The C&DW bylaw assigns the responsibility of collection, transportation and
disposing of C&DW to who generates the waste (owner of the building or
contractor); and

4. The MSW bylaw assigns the responsibility of collection, transportation and
disposing of MSW to LGU in its service area.

Coordination and cooperation are possible in certain cases and for certain purposes such
as:

= Assigning the locations of approved dumping sites of the C&DW.

= Reusing some materials of the C&DW like soil for the daily or final cover of solid
waste in the sanitary landfill.

= Manufacturing and marketing some types of recycled materials such as
cardboard, glass, and plastics which prevail in both MSW and C&DW.

1.5 Functions and Specifications of the Transfer Station

e The transfer Station is a land or building(s) at which C&D materials are
received and sorted for later transport to a C&D Processing Facility or to a
C&D Disposal Site.

e [tis designed in such a way that receiving of the waste via small vehicles of
the contractor, sorting, on-site processing, and subsequent transportation
of waste to landfill is carried out smoothly without any obstacles;

e The transfer station is equipped with the necessary heavy machines such as
loaders and bulldozers;

e Enough transfer stations should be established in each governorate, to
avoid illegal dumping of the waste at the roadsides or at the privately-
owned land;
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e Thessite (land and/or building(s)) and installations of the transfer station are
owned or hired by the LGU and/or the JSC. It could be owned or hired by the
private sector (e.g.; contractors). In this case, it must have a license issued
by the MoLG and/or approved by EQA. Operation and maintenance of the
transfer station is the responsibility of the owner/tenant;

e The personnel in charge of running the station are appointed by the LGU
and/or the JSC. If it is owned or hired by the private sector (e.g.;
contractors), it is the private sector’s responsibility to appoint the
personnel;

e Investment of Processing Facilities inside the transfer station could be
granted to the private sector as per the LGU regulations. These Processing
Facilities might be finally owned by the investor himself;

e In the future, we might witness the establishment of some large transfer
station companies which have Processing Facilities and hauling services;

e The following summarizes the processes related to transfer station from the
time of collecting the C&D waste till processing or disposal of this type of
waste:

a) the contractor collects the debris, from the generation site, in
specific containers that are usually provided or rented by the
hauler;

b) the containers are taken to a previously specified C&D waste
transfer station via small vehicles by the hauler;

¢) The amount of waste in the vehicle is weighed at the entrance of
the transfer station and certain rate of fees is to be paid for the
transfer station;

d) Recyclable materials are sorted and put in suitable containers or
bins which are finally moved to the Processing Facilities inside
the transfer station or hauled to Processing Facilities outside the
transfer station.

e) After sorting and waste processing is completed, the recycled
goods are taken to the market and the unrecyclable part of the
waste is hauled, by large vehicles, to the C&D waste landfill
outside the city. This landfill is owned or hired by the LGU and/or
the JSC and sometimes by the private sector after issuing the
appropriate license. Operation and maintenance of the landfill
are the responsibility of the owner/tenant.
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f) Some transfer stations have their own processing facilities within
their vicinity and hence large trucks load the unrecyclable waste
in the transfer station and take it to landfills;

g) Some contractors might transport their own waste and
recyclables to and from the transfer station and/or to landfills via
their own vehicles.

1.6 Procedures to Obtain the Necessary Licenses

e The license is issued by the relevant authority and according to its
specific regulations;

e License for C&D waste handling is issued by the MolLG or the LGU in its
service area;

e In some cases, issuing the license needs the approval of EQA or the
MoNE or both. This depends upon regulations of issuing the license and
the purpose of obtaining such license;

e Hereafter, are some examples of how to obtain and approve a license:

(i) for a temporary owned or hired C&D landfill, it is issued by the
MolLG and approved by EQA.

(ii) for a transfer station, it is issued by the MoLG and approved by
EQA.

(iii) for a truck (vehicle) used for C&D waste hauling to transfer
stations or to dumpsites, it is issued by the Ministry of
Transportation (MoT) and approved by the LGU in that area;

(iv) for a Processing Facility inside the transfer station, the license is
issued by the MolLG and approved by the MoNE;

(v) for a Processing Facility outside the transfer station, it is issued
by the MoNE and the LGU in that area;

(vi) for operating a mobile stone crusher, it is issued by the LGU in
that area and approved by EQA and the MoNE.

However, the license application for any of the above facilities should be submitted to
the Ministry of Local Government MolG, which will conduct the necessary contacts
with the other concerned authorities to study the application and finally determine
which authorities have the right to issue and approve the license.

1.7 Hazardous Types of C&D Waste

e Hazardous wastes are disposed of according to special disposal procedures and
regulations, and should be carried out according to the Palestinian Environmental
Law, No. 7, 1999;
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e Certain C&D waste projects may generate hazardous waste materials that need
special handling;

e Hazardous wastes are frequently found in demolition projects and may include
asbestos, lead paints, contaminated soil, adhesives, drywall, and additives for
concrete and blocks;

e The handling of C&D hazardous waste generated during C&D waste processes is
the responsibility of the contractor. He should do the following:

(i) collecting the hazardous waste properly;

(ii) placing it in special bins and cover these bins;

(iii) storing the bins in an isolated area of the project; and

(iv) transporting this type of waste in a safe way to an approved landfill after
getting the required permission from the landfill operators who will
dispose of the waste properly without causing any problems to public
health or any environmental negative impacts.

1.8 Waste Management Plan and Thresholds

e The Waste Management Plan (WMP) of the C&D waste is an important plan
that helps builders and contractors to achieve contractual and environmental
goals by minimizing waste generated from their projects.

e C&D waste management issues should be addressed at an earlier stage of the
project; as this allows an optimal period of time for waste reduction and
recycling aspects.

e The size of the C&D waste project usually determines the need for preparing a
waste management plan WMP. In countries managing the C&D waste
properly, it is compulsory that the waste management plans be prepared for
projects in excess of certain thresholds. The following is an example of the
thresholds at which a WMP of the C&D waste should be prepared. These
thresholds could be carefully examined by the LGUs, the Contractor Union,
the Engineering Association, etc.,then developed, and finally adopted in
Palestine:

1) projects of new developed 10 residential houses or more;

2) projects of new development which include educational, health,
institutional, and other public facilities, with a collective floor area that
exceeds 1,250 mz;

3) projects of demolition or renovation generating more than 100 m3in
volume, of C&D waste;

4) other C&D projects generating more than 500 m? of waste;

e For Projects that are not reaching the threshold values, the C&D waste
management should be carried out entirely by the owner of the project or the
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contractor without preparing a WMP. In this case, the C&D waste generated
should be transported to a recognized recycling facility or disposed of at an
official C&D waste landfill.

e The C&D waste management plans may be ignored or at least postponed in
some conditions where the local authority considers it unworkable to operate
such a plan due to nuisance, space restrictions, noise, technical reasons, etc.
The consideration of such postpone can be raised during the planning phase
of the project. In this case, the C&D waste management should be carried out
totally by the owner of the project or the contractor without referring to the
prepared WMP until the reasons for ignoring or delaying the implementation
of the WMP have ended. In this case, the owner of the project or the
contractor should transport the C&D waste generated to a recognized
recycling facility or to dispose of this waste at an official C&D waste landfill.

2. BEST PRACTICES in the C&D WASTE MANAGEMENT

2.1 Procedures of Best practices in the C&D Waste Management

Priorities of C&D waste management

e The management of C&D waste should emphasize and consider the waste
management sequence as follows:

(i) the first priority should be given to waste prevention and
minimization
(ii) the second priority to reuse and recycling

(iii) the disposal of the waste should only be considered as the last
option.

Prevention and reduction of C&D waste

e The main advantages of reducing waste in the project site could be summarized as
follows:

1)  Reduce project costs

2)  Meet regulatory requirements

3) Reduce environmental impacts

4)  Meet contractual obligations

5)  Help to avoid the nuisance of new compulsory regulations.

Reduction of waste could be achieved through many precautions such as:
a) limiting over ordering of building materials
b) selecting building materials with low waste rates

Universal Group for Engineering and Consulting Page 104 of 228



Study on C&D Waste in West Bank, Palestine Final Report

c)

reducing the risk of materials exposed to damage by appropriate storage of
the building materials

d) rejecting to purchase low-quality materials even if offered at low prices
e) purchasing materials with low packaging volumes.

Reuse of C&D waste

Waste materials generated in the project should be reused on site and not
sent to landfill.

Waste materials removed from demolished or renovated buildings could be
offered at certain shops which allow the public to acquire these materials at
low prices

Some materials could be reused in future projects such as soil, sand, bricks,
etc.

Recycling of C&D waste

Recycling of generated waste is considered the best alternative to disposing of
C&D waste at landfills.

Recycling of C&D waste is important in reducing our reliance on limited
natural resources.

Recycling reduces the cost of transporting the C&D waste to landfills.

Some materials with a recycled content that can be used on-site:

1- sand and soil 2- reinforcement 3- bricks
4- timber products 5- plastics 6- aggregates
7- concrete 8- paving 9- insulation

It is time for the local authorities (LGUs) in Palestine to implement a C&D
waste management plan promoting recycling practices through firm
enforcement of the C&D waste bylaw.

Storage of C&D waste

The remaining C&D waste after reusing or recycling should be stored in a
proper way until this waste being disposed of.

The selected places of storing the C&D waste should not be established in
farms or in the land of high agricultural production potential.

Storage places should be away from any drinking water or irrigation water
resources by at least 500 meter.

Storage facilities should be set up at enough distance from residentiol areas
by at least 500 meters.

An effective monitoring system should be set up in the storage area to enable
segregation of different waste materials (if exist).

If the storage area reached the maximum capacity, then this area should be
rehabilitated or another area is to be selected instead.
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Transportation of C&D waste

e Vehicles transporting the C&D waste from the generation site should be
covered with appropriate materials to prevent any environmental
contamination due to the uncovered vehicle load of waste.

e Vehicles should not be overloaded.

e Drivers should clean the wheels of their vehicles from mud and dirt, during
transporting the C&D waste.

e Vehicles should not operate if they do not carry a permit issued by the
authorized institution explaining what the vehicles are loading and the
destination of their cargo, as well.

Disposal of C&D waste

e C&D waste should be disposed of only in a landfill owned or managed by the
LGU or has a permit from the authorized institutions to receive this type of
waste.

e The landfill in which the C&D waste is to be disposed of should be assigned
only for this type of waste.

e C&D waste should not be disposed of in any privately-owned lands.

e C&D waste should not be disposed of at the roadsides.

e Disposal of C&D waste should not be considered as one of the routine
choices which can be taken. Instead, reusing and recycling is the preferred
option.

2.2 Recommendations to Promote the 3Rs Practices

There is a diverse group of approaches that can promote the 3Rs (Reduction, Reuse,
Recycle) practices and subsequently the diversion of the C&D waste away from landfills.
The first five of the following recommendations are the most effective in promoting the
3Rs without ignoring the importance of practicing the rest of recommendations
addressed below.

(1) Awareness Raising

Raising awareness is required to promote the environmental education designed to
make people realize the necessity for practicing the 3Rs. Awareness targeting designers,
contractors, sub-contractors, and building owners is crucial to promote the 3Rs.

(2) Incentives

These incentives can be classified into economic and social types which are important in
promoting the 3RS practices. Incentives could be a great beneficial factor in this regard
if combined by setting up of priority areas for the 3Rs-related businesses.
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(3) Partnership

All stakeholders, including the Ministry of Local Government, local government units,
the private sector, civil communities, and NGOs, are required to make efforts on their
own initiative to promote the 3Rs practices.

(4) Sharing Available Information

All stakeholders must share information which leads to 3Rs-related activities. The
sharing of information is crucial to enrich the joint understanding and cooperation of
various stakeholders. It is worth mentioning that sharing of information between
exporting and importing countries is required for proper recycling activities.

(5) Technology Development

Developments of clean technologies at the production stage, as well as the design stage,
are important to promote the 3Rs nowadays and in the future. Information on science and

technology to the public and cooperation between local governments and research centers
and universities are important in promoting the 3Rs.

(6) Economic Factors

Economic factors which promote the 3Rs practicing include but not limited to the
following: (i) saving the cost of transporting the C&D waste to landfills (ii) saving fees
and taxes of dumping the waste in landfills (iii) saving cost for purchasing raw materials
(iv) expected revenue from sales of recycled products.

The following recommendations are also important in promoting the 3Rs:

1. Establish in each main city reuse centers which are expected to manage the largest
volumes of materials, primarily offering items such as doors, windows, cabinets,
plumbing fixtures, metals, flooring, hardware, bricks, and fencing.

2. Establish in each governorate, a center within the main LGU service area with a
database of expected generated C&D wastes in order to offer that waste for those
who need such wastes for road leveling or as soil for house gardens, etc.

3. Establish regulations or indications determining standards for recycling C&D waste

materials in order to utilize them and make them an alternative to new materials.

Increase the number of recycling facilities in the region.

Use modern recycling equipment.

Develop a firm policy to control illegal dumping of C&D waste.

Nou s

Encourage recycling by tax exemption or by governmental or municipal subsidies.
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8. Encourage recycling by disincentives in the form of penalties.

9. Creating markets for the recycled products in the main cities.

10. Establish standards for the quality of recycled products.

11. Location of recycling facility should consider transport accessibility, air pollution,
and safety factors.

12. Use portable recycling crashers onsite.

13. Use the social media for encouraging marketing the recycled products.

14. Educate contractors and subcontractors about what materials will be recycled to
be used in the on-site construction works.

15. Regulations for the disposal of construction waste must be enforced as those
for municipal solid wastes.

16. Better enforcement by the local authority, if combined with firmer laws and
regulations, would have a satisfying outcome in the C&D waste management
and subsequently promote of the 3Rs.

17. Developing specifications for the use of recycled products in new buildings.

18. Testing and certifying recycled demolition materials to ensure high standards
and performance.

19. Substituting crushing concrete and bricks on-site for use as structural fill instead
of purchasing new materials.

2.3 The 3Rs Practices Implemented in Palestine

Currently, there are no accurate statistics on the size and extent of recycling operations
of the C&D waste, in the West Bank. Nevertheless, some materials are being
reused/recycled at a very limited scale. These materials include:

e Excavation material: reused for agricultural land reclamation, land leveling, and
road infrastructure.

e Road demolition: reused for covering unpaved roads in front of houses.

e Concrete aggregate: reused as filling material in areas with low levels.

e Bricks: reused directly in the construction site.

e Wood, Timber: Reused as a heating source and as a boiler fuel.

e Ferrous metal: exported to industrial countries to be recycled there.

e Soil: reused as a covering material during solid waste landfilling.

e Mixed stones, and concrete pieces: crushed and used on-site in the
construction work.

The limited activities in reusing and recycling of C&D waste, in the West Bank, is
attributed to limited awareness about advantages of the 3Rs activities and the absence
of firm legislation controlling both legal and illegal C&D waste dumping.
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To promote the 3Rs practices in the West Bank, it is of great importance to adopt the
recommendations discussed and listed above.ess

Unlike Gaza Strip which has been practicing the 3Rs since a long time due to
economical situation. Activities of the 3Rs have increased in the last few years after the
frequent invasions of the Israeli troops, in 2008-2009, 2012 and 2014, which left tens of
governmental headquarters and thousands of houses partially or totally destroyed. The
situation there has been aggravated due to the siege imposed by the Israeli and the
Egyptian governments. For all that, almost everything in the demolished buildings was
reused or recycled as no new materials are available in the market to buy.

In Gaza Strip, they are compelled to utilize every piece of concrete, metal, wood, tiles,
electrical wires, PVC pipes etc., and make them alternatives to missing new materials.

3. ON-SITE and OFF-SITE RECYCLING

There are two methods for the C&D waste recycling. The C&D waste in the first method is
collected, separated, and/or recycled in the project area and called On-Site Source Separation
method. The C&D waste in the second one is collected together in the project area and then
separated and recycled in a recycling facility outside the project area and called Off-Site Mixed
Recycling method.

e In the on-site source separation, the C&D waste is separated on-site and placed in
separate bins or bags. Then it is stored at recycling facilities in the project area or
taken away by recyclers or suppliers.

e In the off-site mixed waste recycling, all the C&D waste types are placed together
in one bin. Then all types of waste are separated at a recycling facility away from
the project site.

3.1 Implementing the On-Site Source Separation Method

To implement such a method of recycling, the following instructions should be taken
into account:

e to prepare a waste management plan suitable for the size of the project at an
earlier stage.

e to engage an experienced “Manager” to follow up the waste management plan.

e to identify the types and estimate amounts of C&D waste to be recycled in order
to calculate the number and size of bins to be used.

e to assign enough space and access path on the site for storing the recyclable
materials.
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e if there is more than one nearby projects in the area, all projects can share the
space and cost of bins.

e garbage and rubbish should be placed in different bins as these are to be
collected with the municipal solid waste.

e the manager can conduct some kind of training to the personnel with regard to
types of materials to be separated and to ways of preventing contamination of
the separated materials.

e to encourage subcontractors for separating and recycling processes by granting
them financial incentives.

e to examine the plan, periodically, and make the necessary adjustments to ensure
its success throughout the duration of the project.

e to roughly, measure the amount of the C&D waste that has been prevented,
reduced, reused and recycled.

3.2 Implementing the Off-Site Mixed Waste Recycling Method

To implement such a method of recycling, the following instructions should be taken
into account:

e to prepare a waste management plan suitable for the size of the project at an
earlier stage.

e to assign enough space for the Mixed Waste Recycling bin.

e to employ a mixed bin contractor who will take the mixed waste materials to a
recycling facility.

e to keep contact with the recycling facility to know the recycling rates of your
waste and to compare these rates with the contractor claimed rates.

e garbage and rubbish should be placed in a different bin as these are to be
collected with the municipal solid waste.

e to conduct training of the personnel with regard to types of materials that
cannot be placed in the mixed bins.

e to examine the plan, periodically, and make the necessary adjustments to
ensure its success throughout the duration of the project.

e to roughly, measure the amount of the C&D waste that has been prevented,
reduced, reused and recycled.

4. GENERAL GUIDANCE for PREPARING a C&D WASTE MANAGEMENT PLAN

e The Waste Management Plan is prepared by the owner of the project or the
contractor and should be approved by the LGU in the project area.

e The Waste Management Plan, when written, should be a simple document
focusing on measures to be taken to improve the handling and management of
waste generated in the project including the 3Rs (reducing, reusing, and recycling).
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e The plan should be designed and applied according to the hierarchy of the project
phases.
e The plan, when prepared, should take into account the following:
(i) Size of the project
(ii) Type of the project (construction or demolition)
(iii) Construction or demolition work hours
(iv) Transportation routes and traffic stream congestion
(v) Neighbors of the project
e An experienced “C&D waste Manager” should be employed to follow up the waste
during generation, reusing, recycling and disposal.
e The Manager should record the types and the exact quantities of the construction
materials purchased for use in the project
e The Manager should record the types and the estimated quantities of the waste
outputs for each phase of the project.
e Adjustment of the plan could be made (if necessary) during the continuous
tracking and follow up, by the Manager, to the project at any stage of the project.
e The Waste Management Plan should address and describe the following:
1. Project description
The project could be described in details via a well-designed sheet that
includes the following information:
- Name of the project
- Site address of the project
- Name, phone, fax, and mailing address of project owner or
contractor
- Name, phone, fax, and mailing address of the C&D waste
Manager
- Proposed work: construction or demolition
- Type of project (residential, commercial, new construction,
demolition)
- Estimated start date
- Estimated completion date
- Signature of the project owner/contractor
- Date of signature

2. Tabulation of the types of waste and the estimated amounts of the waste
material generated
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e The information about the generated waste could be organized in a
table which is to be filled by the C&D Waste Manager. This
information includes:

- types of waste (concrete, metal, wood, etc.)

- estimated amounts of the waste material generated from
each type of the waste

- estimated amounts of waste reused on-site

- estimated amounts of waste recycled on-site

- estimated amounts of waste recycled off-site

- estimated amounts of waste disposed of

- Place of the landfill where the unrecyclable waste materials
are disposed of

- the manner of how the waste be stored on-site for reuse
and recycling

- who will manage the site operations to ensure promoting
of the 3Rs in addition to the Manager

- who s responsible for evaluating the plan.

3. Checklist to assess the plan by the LGU officer
The purpose of the checklist is to assess the prepared waste management
plane. It is designed in such a way to ensure that the waste management
plan includes enough information to allow assessing it. The checklist is a
form, prepared by the LGU, containing questions to the C&D Waste
Manager about the adequacy of information addressed in the waste
management plan and the modifications suggested by the LGU. The
checklist is filled by the LGU officer. This could be considered as a kind of
supervision, from the LGU, on the management and handling of the waste
generated throughout the project duration.

4. Demolition Waste Management Plan
If the project is dedicated for demolishing a building(s), then a specific
management plan should be prepared and the following points should be
enough highlighted:
e Sorting and segregation of the demolished waste materials that
could be sold or used in other projects;
e Removal of the hazardous waste materials such as lead and
adhesives;
e Removal of the construction materials containing asbestos; and
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e Obtaining a permit from the authorized institutions prior to
demolishing a protected high-valued structure.
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Part VII: C&D Waste Managing draft Bylaw

1. Purpose

The purpose of this draft bylaw is to regulate and minimize the amount of waste
generated by new constructions or demolition of structures that are sent to dumpsites or
landfills for disposal. An Arabic version of this draft Bylaw is in Annex IV of this report.

2. Definitions
2.1 definitions of important words and terms:
e “Building Bylaw” is the LGU’s Building Bylaw No.

o "Building Official" includes Building Inspectors and Inspectors designated by the
LGU’s or the EQA.

e "Building Permit" is a permit to construct a building or a temporary building issued in
accordance with the MolLG laws and regulations.

e “Waste” means the construction & demolishing waste.

o "Demolition Permit" means a permit to demolish a building or temporary building
issued in accordance with the MoLG laws and regulations.

e "Permit" means permission or authorization in writing by the Building Official to
perform work regulated by this Bylaw.

o “Authorized Agent” means a person authorized in writing to act on behalf of the
owner in connection with a permit, including a hired tradesman or contractor;

e “Disposal” means:

a) the abandonment, discard, or destruction of any materials, substances, or
objects;

b) the application, release, or incorporation of materials, substances or objects in
or to land,

¢) the conduct prescribed in writing by the Building Official as Disposal;
e “Disposal Facility” means a Facility that:

a) has avalid & subsisting permit, license, or operational certificate issued by the
MolLG or the EQA for the operation of a disposal facility;

b) is approved as a disposal facility by the MoLG or the EQA
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e “Facility” is any kind of land, building, site, or structure;

e “Fee Refund” is the refund of a Waste Disposal and Recycling Services Fee paid in
respect of a Waste Disposal and Recycling Services Plan as estimated by the MolLG

e “Hazardous Substances” are the substances/materials that are declared or
defined to be hazardous, toxic or dangerous in or pursuant to any Palestinian
applicable laws.

e “Owner” is the registered owner in fee simple of land;

e “Recyclable Material” is the material, substance, or object that is produced,
originated or resulted from Work and satisfies at least one of the following:

a) is organic material from a residential, commercial or institutional source and is
capable of being composted;

b) is managed as a marketable commodity with an established market by the
Owner or operator of a Recycling Facility;

c) is being used in the manufacture of a new product that has an established
market or is being processed as an intermediate stage of an existing
manufacturing process; or

e “Recycling Facility” is a Facility, other than Disposal Facilities, that:

a) has avalid and subsisting permit, license, or operational certificate issued by
the EQA

b) is approved as:
i. anew organics processing facility; or
ii. a publicly-owned transfer station, for purposes other than Disposal;

e “Site” is any land, building, structure, or improvements where Work is or is
intended to be performed;

e “Waste” is defined as any discarded or abandoned material, substance, or object
that is produced, originated, or resulted from Work, and any other prescribed
material, substance or object;

e “Waste Disposal Services Fee” is the fee estimated by the MoLG or the LGUs for
C&D waste disposal sites.

e “Work” is the demolition, deconstruction, or systematic disassembly of a building,
structure or improvement regulated by the Building Bylaw.
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2.2 References in this draft Bylaw to enactments or bylaws of the Municipality and MoLG
include those enactments, bylaws, and plans as they may be amended or replaced
from time to time.

2.3 Unless otherwise defined herein, all words or expressions used in this Bylaw have the
same meaning, like words or expressions used in the Palestinian Environmental Law
No. 7, 1999.

3. Application

3.1 No person shall commence, continue, cause or allow the commencement or
continuation of any Work except in accordance with the provisions of this Bylaw.

3.2 This Bylaw does not apply to:

a) Any demolition, deconstruction, or systematic disassembly of a building,
structure or improvement that the Building Official deems is required to
protect public health or safety in an emergency; or

b) Any other demolition, deconstruction, or systematic disassembly of a building,
structure or improvement approved in writing by the Building Official.

3.3 Nothing in this Bylaw precludes or relieves a person from complying with any
provision of the Building Bylaw, other bylaws of the Municipality, or local government
laws or regulations applicable to Work.

4., Permits
For the issuance of a Demolition Permit, the following items are required:

a) A completed Waste Management Plan, as prescribed by the Building Official.
b) A Waste Management Fee, to be prescribed by the MolLG.

Some projects may be exempted from all or some of the requirements of this bylaw.
These exemptions may include:

e Small renovations to Single Family Dwellings.
e Buildings under 50 square meters in area.
e Additions under 20 square meters in area.

A portion of the Waste Management Fee may be returned to the applicant upon
completion of the project. A Compliance Report must be submitted to the Building
Official with attached receipts from recycling facilities, landfills and/or well recognized
C&D dumpsites indicating the amounts of materials recycled and disposed of. The
Compliance Report must be submitted within 90 days after the completion of the
project to receive the Waste Management Fee return.
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5. Recycling

5.1 At the time of submitting an application for a Permit, a properly completed Waste
Disposal and Recycling Services Plan regarding the management of Waste and
Recyclable Material must be signed by the Owner or Authorized Agent and submitted
to the Building Official.

5.2 If Recyclable Material is removed from a Site, the Recyclable Material must be
removed:

e to a Recycling Facility; or
e in accordance with an approved Waste Disposal and Recycling Services Plan.

5.3 No person shall commence, continue, cause or allow the commencement or
continuation of any Work unless the Building Official has approved a Waste Disposal
and Recycling Services Plan for that Work.

5.4 Notwithstanding the provisions of any other bylaw of the MolLG, no Permit issued
under the Building Bylaw for Work with respect to which a Waste Disposal and
Recycling Services Plan is required under this Bylaw is valid unless the Building Official
has approved the Waste Disposal and Recycling Services Plan for that Work.

6. Compliance Reporting and Record Keeping

6.1 To ensure compliance with this Bylaw, records of the surveying, removal, handling,
management, and Disposal of Waste and Recyclable Material must be kept, including:

a) payment receipts, donation receipts, weigh bills, inspection reports, clearance
letters, sampling reports, and Waste transport manifests;

b) photographs and - if applicable- recording:
i.  the use of Recyclable Material on the Site for backfill; or

ii. theremoval of Recyclable Material from the Site and used as backfill, or as
specified in an approved Waste Disposal and Recycling Services Plan; and

c) any other records that the Building Official specifies at the time of application for a
Permit must be kept.

6.2 Within ninety (90) days after Project Completion, the following must be submitted to
the Building Official:

a) a properly completed Compliance Report; and

b) originals of the records required to be kept under section 6.1.
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7. Hazardous Materials

7.1 At the time of submitting an application for a Permit, a properly completed Hazardous
Materials Report regarding the surveying, removal, handling, management, and
Disposal of Hazardous Materials must be signed by the Owner or Authorized Agent
and submitted to the Building Official.

7.2 No person shall commence, continue, cause or allow the commencement or
continuation of any Work unless the Building Official has received a completed
Hazardous Materials Report for that Work to the satisfaction of the Building Official.

7.3 Notwithstanding the provisions of any other bylaw of the MolLG, no Permit issued
under the Building Bylaw for Work with respect to which a Hazardous Materials
Report is required under this Bylaw is valid unless the Building Official has received a
completed Hazardous Materials Report for that Work to the satisfaction of the
Building Official.

7.4 To ensure compliance with this Bylaw, the Owner or Authorized Agent must keep
records of the notification to Work Safe regarding the surveying, removal, handling,
management, and Disposal of Hazardous Materials, including:

a) acompleted Work Safe “Notice of Project” for Work that is or is intended to be
performed on a Site, where a “Notice of Project” is required by Work Safe;

b) if 7.4(a) applies, confirmation from Work Safe that it has received the “Notice
of Project” for that Work; and

c) any other records that the Building Official specifies at the time of application
for a Permit.
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PART VIII: CONCLUSIONS and
RECOMMENDATIONS

1. Conclusions

The current C&D waste handling in the West Bank is inappropriate, and solving this
problem is the responsibility of all the parties involved in the construction industry. There
is an absence of a clear management and regulation system for C&D wastes; inadequate
dumpsites in the region; lack of awareness among those who are handling C&D wastes.

The current situation of C&D management has resulted in many environmental, health,
economic and social negative impacts such as narrowing or closure of roads, affecting
privately owned lands, closing off areas that are potential for LGU expansion and
development, obstruction of agriculture activities, changing the course of valleys (impact
on surface water), closing the rainwater drainage systems and culverts, and
contaminating the surrounding environment.

The analysis of the C&D waste fractions reveals that concrete, bricks, and stone fractions
are the materials that are with the highest percentage. Conversely, the gypsum and tiles
fractions present the lowest percentages.

Ramallah/Al-Bireh and Nablus are the districts with the highest C&D generation rates
based on the licensed construction areas.

There are no regulations or indications determining standards for recycling materials in
order to utilize them and make them an alternative to new materials.

2. RECOMMENDATIONS

1. More detailed study for the estimation of the excavation material generation rate
and characterization in the West Bank should be conducted.

2. Most of the current C&D waste management practices are oriented to short-term
solutions, without taking into account the long-term effects on the environment.
Therefore, clear actions should be taken to apply technologies for reusing and
recycling of C&D waste. The first step in this manner is to develop the relevant
regulations, bylaws and code/norm provisions in order to facilitate the reuse of C&D
waste and develop new materials from waste. Extensive research should be
encouraged in this regard.
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3. Conduct a survey study about environmental awareness among the employees in
charge of C&D waste handling, in the private and public sector, with regard to C&D
waste.

4. Conduct more studies about C&D waste with regard to quantities and composition.

5. Conduct a study about investment opportunities in the field of C&D waste recycling
especially the establishment of stone crushers.

6. In each governorate, establish a center within the main LGU vicinity with a database
of expected generated C&D wastes in order to offer that waste for those who need
such wastes for road leveling or as soil for house gardens, etc.

7. Establish regulations or indications determining standards for recycling C&D
materials in order to utilize them and make them an alternative to new materials.
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Annexes

Annex I: ToR of the Project
Introduction

In the framework of the Palestinian National Strategy for Solid Waste Management, the
Ministry of Local Government (MoLG) is implementing a project for technical assistance in
solid waste management in Palestine, supported by Japan International Cooperation
Agency (JICA), which will continue until the end of January 2018. One of the project items
includes studying the current situation of construction and demolition (C&D) waste in
Palestine. For this purpose, a preliminary study has been done in order to get an overview
of C&D waste problems in Palestine. The study has been done in three stages:

1- Field survey on the connecting roads around Ramallah and Al Bireh city, in which
different irregular dump of solid waste including C&D waste of buildings.

2- Questionnaire distributed to Joint service councils (JSCs) of SWM in West Bank
governorates.

3- Questionnaire distributed to local governmental units (LGUs) of West Bank
governorates.

By which the C&D waste is the collective name of discharged debris resulting from
construction, repair, demolition including (not limited to blocks, stones, digging residues,
concrete, wood, carton, plastic, all kinds of metals, asphalt, etc.) in addition to fine
particles generated from stone mills and crushers. Its aggravating problem and the data
available in Palestine about these kinds of wastes are limited regarding types, quantities,
and disposal ways.

Because of no clear evidence, it has not been determined how to deal with the
accumulated C&D waste, and limited data about the negative impact on human and
environment health, in addition to the lack of clear rules and regulation of dealing and
administrating these wastes. So MoLG is planning to have a complete wide study on the
reality of C&D waste in Palestine.

Study Area

Study area including All governorates of Palestine (West Bank), so a complete survey for
all areas of West Bank will be requested, and the consultant should do site visits of C&D
generation sites in the following governorates as random samples; Hebron, Bethlehem,
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Jenin, Nablus, Ramallah-Al Bireh, Jerusalem, and Salfeet.
Study Purpose

The general purpose of this study is (i) to estimate generated quantity and type of the
C&D waste in West Bank, Palestine (ii) to know current practices to handle C&D waste,
and (iii) to prepare a draft guideline for appropriate C&D waste management in order to
clarify the best administrative practices and how to prevent or reduce the environmental
and social negative effects to the minimum level.

In addition to those purposes, there are practical targets of the study as mentioned
below:

1- Categorize the C&D waste types based on the situation in West Bank, Palestine.

2- Determine and analyze the percentage of these C&D waste observed in West Bank,
Palestine.

3- Develop a method to calculate the real produced quantities of C&D wastes in
Palestine depending on the results of the site visits which will be done scientific
statistical method. This will help in estimating annual C&D waste generation rate.

4- Complete description of all current practices of Collection —Transfer—Disposal of C&D
waste with determining the locations of (public & private) transfer stations (if existed)
and prepare a map clarifying these locations and the resulting environmental effects.

5- Assessment of the environmental effects of C&D waste.

6- Assessment of the methods applied for the recycling or reuse and usefulness.

Required Duties

The consultant should prepare a technical detailed proposal including the detailed
methodology to conduct the study with the action plan which will be followed to
implement this study with the time schedule, taking in the consideration that this study
will be implemented in two stages, with the following main tasks in each stage.

(1) First phase: data collection and current situation study including the following tasks:

1- Review the previous studies related to C&D waste studies which implemented in the
Palestinian areas, with a concentration on the high-value studies, which used the
scientific methods.

2- Site visits to cities, municipalities, village councils, in purpose of evaluation of
problem size ,data collection of current construction and demolition activities, data
collection for real status analysis of C&D waste collection- transfer-disposal, and
identification of role of public sector (ministry, governorate, LGU, JSC, etc.) and
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private sector in controlling these waste.

3- Site visits for public construction and demolition sites conducted by Ministry of Public
Works and Housing, Ministry of Education, and other relevant agencies is also
required in order to obtain the data as mentioned above.

4- Compete survey for all C&D waste existing landfills (including private, public, random
landfills/dumpsites) with preparation of inventory table and map clarifying the
landfills locations and any related information, for example: (not limited to: far from
the citizens residences, the formal use of the land for landfills and nearby lands, users
number, opening year, landfill size, followed procedures in disposing waste, the
owner, environmental precautions, legal status, etc.). Also, it should include the
environmental and social impacts study.

5- Carry out detailed observation of C&D waste at least fifteen sites by selecting existing
projects list, and transfer sites for clarifying the type and proportion of the danger
from it, also specify the type and estimate percentage of each type from the total
amount.

6- Prepare a questionnaire to collect data on the management of C&D waste, which
includes contracting companies working in the governorates and official bodies that
implementing projects under the direct supervision such as the Ministry of Public
Works and Housing, the Ministry of Education, the Palestinian Council for
Development and Reconstruction, etc., and the questionnaire should be reviewed
and discussed with the committee in charge of following up the study prior to
distribution, must also be mobilized by conducting direct interviews with related
persons, and to be analyzed and compared the results with what has been collected
information from local bodies.

7- Review all laws and the Palestinian legislation related to C&D waste in Palestine, and
instructions issued by the concerned ministries, and indicate the role of all official
regulatory bodies and others according to what is contained in the legislation, and
the study of the procedures that are applied and not applied.

8- Prepare a detailed report of the results of the first phase and organize a presentation
for the results, in the presence of the technical committee (Task Force or another
committee) in charge of the study follow-up.

9- Organize a monthly meeting with the technical committee in charge of the study
follow-up in order to update them on progress and obstacles (if existed), in order to
facilitate the task of the consultant, and take the necessary corrective actions.

(2) Second phase: The Guideline drafting

This phase will begin after the completion of the first phase, and present the results and
approved by the committee in charge, this phase includes the following tasks:
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- The drafting of the C&D waste management Guideline, and here we must consider
the C&D waste management guideline in neighboring countries, at least the guideline
should include the following:

a. List and definitions of technical terms on C&D Waste.

The relevant authorities assisting the C&D waste, and the role of each party in
accordance with the laws and legislation in force.

c. Best practices in the C&D waste management, priorities, and procedures to be
followed during storage — discharging — transportation - disposal, recycling, and
reuse of C&D waste.

d. Technical specifications must be matched in the transfer stations of C&D waste, and
procedures to be followed to obtain the necessary licenses from the concerned
authorities.

e. Determine the procedures to be followed in the storage, transport, and disposal of
hazardous types of C&D waste.

Identify methods of recycling or reuse and usefulness.

g. Possibility of integration in the management of C&D waste and municipal solid

waste.

- Presentation and discussion of study results at the National Team for the Solid Waste
Management and get comments.
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Annex II: LGUs Survey Questionnaire
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Annex III: Survey Data Sheet

Lolasall L3l ol laal) addg anasis eliy ayliia (b adglls olid) cililia Jon cilibud) 2aa

cutally el (yshldl Jadis arglly pually slil) dlaii) e Aaalll A o aaglly elid) Cilila
Wy i ) iy ssiam (e ealY) Cinad lilia ) dilal e illy Gesnd) lslly otadly

psfie Cun ¢ A0 ALY dae) 5 3 i b aaglly oLl clilial SUE pamsl) Jsa Cilosheal) 35l
Clile 513 Al u) Akl delia 3 ALaaY) ods Jilad (e dealiivl) il 2aiul Al cilgal

o2y <L

““‘aﬁ‘gw O ‘:SJ JS,JCI

LAl pld) Lay

sl ]
Gguilly jial] ]
il sl ]
cwhal] ]

by il Alsje i g piall B aly el Cililie e ddlaa) ClaSl i oSa Jb ¥ Qe

el a3 oas cand sy Alla

Universal Group for Engineering and Consulting Page 133 of 228



Study on C&D Waste in West Bank, Palestine Final Report

[ 1Y

[ ]

ol Atidl Al s sl
pie!

Lyguilly yial

i) £l

bl

.-

Seopiall 8 aadly elid) Cililie (e o o8 alasinl ol yusw sale) 5 1 SE Jigad)

celill aige 8 o)y il ililie Jjes elill GlSHE Cuald cpas |

el elll i e aguill AL Sfgall Jha clilaall Lol Jie dien) je Glga Cald cans |
BHlaal gaw Jle b Lald s cudls cani [

.......................................................... (a1l clall) sl [

gardall A axglly bl cliladd aladiud ol ysw sale] (o liln oK A1 Y [

]
]
]
]
]

O Aallea) el 5 Sy JACh e piall 8 a8 alasiiad sale) ol g il (IS 13) 1A Jfjaal

Sl a3a3 o ot laY) Alls by clgalaiind Balel 5 ) gl (e Aailil aaaly elid) Cilila

RERONIF T RUEWEN

[ 1Y
[ Tex
e A g) gl ) sy Ohlb) dasl) salall

(s

Universal Group for Engineering and Consulting Page 134 of 228



Study on C&D Waste in West Bank, Palestine Final Report

fe gyl e At aglly elil) il o Galiall 2 o ale aSal s zgaldl el
[ IV

[ Ta=

e aaelly oLl i Galal) Gl ey ) Aileddl sle 1Sl Ja cpad wlyad) OIS 13): ualad) Jiud
[ 1Y

[ Ja=
UK (e ) Sall ) saslgll Algant) Ja AalSg oS (vereinirinnnnnn ) ALl 038 383 ap

Tl ol axglly el ildliag (als 4l anglly oLl culilie Jluy) 23 3 Sl Jaz guabuad) Jlad)
idlpde Ak Lbaly pals Ko bl .2
Slede Saas) Y L3

s ) Laxtianall (alial Gl pass s Wilsde aaglly bl Sl Ga Galdil oIS 13 ¢ gbead) Sl
(o) dan3 o 1S (ga ST 350

duall O\l
Llal ablad) ala

sl pdgas Anpsall (3lalial

a1 gdsar Aasad) 3lalial

oalall ¢ Uaall Beule 3507 ol

Cribalsal) ol

AagSall uSle 353 ol

Gyl cilgs

(23 elall) @A 3habie

casill [a2S 1 Jlie $20sall 53 Canen aSe g e o Aaill) axglly sl cldlie laeS i saf 1 Gl Jlgead)
L) [oh ¢ el [k casd) [k

Universal Group for Engineering and Consulting Page 135 of 228



Study on C&D Waste in West Bank, Palestine Final Report

Cilig€a e JSI Agiall dpastl LSl A3l 3)gall
el S el e il (oo 33ny [ sl (p2ells £lidl lalis)
Al al) iy

o

Gighll

4l Jgal)

a8

ST

o)

Jsially Jlals L

L)

Cilaally Baad)

i)

udal)

gl

Q58

Aga 33 (padaald

(el slay) A e

G prdly bl Clilie Blal Gaseads driaall cilgall sl §f milat of illls 1Kol Jo :awlid) Jigud)
gl slall axi LlaY) il 1) € plaa

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

................................................................................................................

Universal Group for Engineering and Consulting Page 136 of 228



Study on C&D Waste in West Bank, Palestine

Final Report

Annex IV: Field Samples for Studying C&D Waste Characterization

Sample #1 C&D waste components (Nablus House Measurements)

Waste component Component Weight (Kg) % Component
Concrete 911.9 56.56
Blocks (bricks) 66.6 98.81
Reinforcement Steel 95 6..5
Plastic 91.1 5.86
Wood 6.5 9.15
Other materials 1.16 9.69

Paper 1.55 6.1.

Sample #2 C&D waste components (Nablus House Measurements)

Waste component Component Weight (Kg) % Component
Concrete 666 88.5
Blocks (bricks) 9..6 6.8
Reinforcement Steel 6.6 9.6
Plastic 95.16 .6
Wood 6 6.6
Other materials 6 6.6
paper & cardboard 5.6 9.5
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Sample #3 C&D waste components (Nablus House Measurements)

Waste component Component Weight (Kg) % Component
Concrete 916.6 5..1
Blocks (bricks) 95.1 1.6
Reinforcement Steel 6.1 9.5
Plastic 98.8 1.8
Wood 91.8 5.5
Other materials 6 6.6
paper & cardboard 95.1 8..

Sample #4 C&D waste components (C&D Dump Nablus- Albadan Junction)

Waste component Co¥np0nent o
Weight (Kg) Component
Concrete 916.. %65
Blocks (bricks) 66.6 %96
Stones 81 %1.
Reinforcement Steel 8 %1
Plastic 1.1 %9
Wood 1 %6
O s |
Asphalt .8 %9.
Paper 5 %1
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Sample #5 C&D waste components (C&D Dump Nablus- Albadan Junction)

Waste component \S’zigﬁgl(llillgg % Component
Concrete 1 %95
Blocks (bricks) 68.6 %I.
Stones 1 %95
Reinforcement Steel 99 %6
Plastic 6.6 %1
Wood 1 %.
Other materials 6. %09.
Asphalt 66 %96
Paper .9 %1

Sample #6 C&D waste components (C&D Al Ezaryeh Dump)

Waste component \?V(;:glﬂ?(lle(lg) % Component
Concrete 58 %11
Blocks (bricks) 86 %11
Stones 966 %18
Metal 16 %5
Plastic 1 %6
Wood 95 %.
Gypsum 96 %.
Asphalt 66.6 %1
Tiles 6 %06
Cartoon 96 %6
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Sample #7 C&D waste components (C&D Al Ezaryeh Dump)

Waste component VCV:ZE;"(IE:;) % Component
Concrete 89 %66
Blocks (bricks) 59.6 %16
Stones 68 %11
Metal 6 %1
Plastic 1 %06
Wood 95 %5
Gypsum 15 %96
Asphalt 6 %6
Tiles 5 %6
Paper 6 %9

Sample #8 C&D waste components (C&D Al Ezaryeh Dump)

Waste component \?V(;:glﬂ?(lle(lg) % Component
Concrete 8. %65
Blocks (bricks) 85 %68
Stones 6 %6
Metal 95 %S5
Plastic 99 %6
Wood 95 %S5
Gypsum 6 %6
Asphalt 6 %06
Tiles 1 %.

Paper 5 %6
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Sample #9 C&D waste components (C&D Ramallah Dump)

Waste component &(;gg:r(nle(ngt) % Component
Concrete 56 %66
Blocks (bricks) 61 %15
Stones 66 %16
Metal 8 %.
Plastic 8 %.
Wood 96 %.
Gypsum 6 %9
Asphalt 6 %6
Tiles 6 %6
Cartoon 5 %06

Sample #10 C&D waste components (C&D Ramallah Dump)

Waste component &Zgﬂ:?le(lg) % Component
Concrete 915 %65
Blocks (bricks) 968 %61
Stones 66 %96
Metal 9. %.
Plastic 95 %6
Wood 1 %9
Gypsum 8 %1
Asphalt 91 %.
Tiles 99 %06
Cartoon 5 %1
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Sample #11 C&D waste components (C&D Ramallah Dump)

Waste component &(;gg:r(nle(ngt) % Component
Concrete 916 %61
Blocks (bricks) 86 %15
Stones 56 %91
Metal 8 %06
Plastic 96 %6
Wood 95 %6
Gypsum 5 %1
Asphalt 6 %6
Tiles 6 %9
Cartoon 1 %9

Sample #12 C&D waste components (C&D Dura Dump)

Waste component \?V(;:glﬂ?(lle(lg) % Component
Concrete 965 %..
Blocks (bricks) 51 %16
Stones .6 %9.
Metal 96 %6
Plastic 1 %6
Wood 91 %.
Gypsum 99 %.
Asphalt 6 %6
Tiles %06
Cartoon 5.6 %2
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Sample #13 C&D waste components (C&D Dura Dump)

Waste component VCV:ZE:I(II?;) % Component
Concrete 88 %353
Blocks (bricks) 5. %22
Stones 1 %71
Metal 8 %35
Plastic 96 %2
Wood 9. %2
Gypsum 6 %0
Asphalt 1 %7
Tiles 5 %5
Paper 8 %35

Sample #14 C&D waste components (C&D Dura Dump)

Waste component &Zigﬂgl(lle(lg) % Component
Concrete 99. %355
Blocks (bricks) 16 %21
Stones 55 %22
Metal 96 %4
Plastic 6 %7
Wood 9. %4
Gypsum 16 %2
Asphalt %0
Tiles %0
Paper 91 %5
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Annex V: Arabic Version of the draft Bylaw
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Annex VI: Glossary of C&D Waste Technical Terms

Aggregates: A granular product obtained by processing natural materials. It may be
sand or gravel produced by natural disintegration of rock, or it may be manufactured
by passing rock through a series of crushes.

C&DWMP: Construction and demolition waste management plan.
C&D waste: Construction and demolition waste

Commingle: A term referring to the practice of placing unrelated materials together in
a single container, usually for benefits of convenience and speed, but presenting
challenges for subsequent recovery and diversion.

Construction Waste: Waste generated by construction activities, such as scrap,
damaged or spoiled materials, temporary and expendable construction materials, and
aids that are not included in the finished project, packaging materials, and waste
generated by the workforce.

Demolition Debris: Waste generated from the process of intentional dismantling all or
portions of a building, and clearing of buildings and contents destroyed or damaged as
a result of natural or anthropogenic hazards. Demolition debris often contains
constituents regulated in the US as hazardous waste under RCRA Subtitle C, 40 CFR.

Development Plan: A plan setting out an overall strategy for the proper planning and
sustainable development of the area of the development plan indicating the
development objectives of the area. It is the responsibility of the planning authority to
secure the objectives of the plan.

Diversion: The practice of diverting waste from disposal in a landfill, by means of
eliminating or minimizing waste, or reuse of materials.

Hazardous Woaste: Waste with properties of hazardous impacts on Man and
Environment.

Land clearing Debris: Waste generated from the process of clearing land, including
preparing building sites for construction, generally consisting of vegetation, soil, rocks,
and constituent matter.

Landfill: Waste disposal facilities where waste is deposited onto or under land

On-site C&D waste management plan: A plan which promotes an integrated approach,
whereby the management of construction and demolition waste is given due
consideration throughout the duration of a project.

Recovery: The recovery of value from a waste stream either the form of raw materials
or energy.
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Recycling: A process where materials are collected, processed and remanufactured
into new products or use as a raw material substitute. To recycle is defined as the
returning of material to a previous stage in a cyclic process or the conversion of wastes
into reusable materials.

Residue: Waste which is economically impractical to recover for reuse or to divert from
disposal.

Reuse: Reducing the amount of waste disposed of by using a material again in the same
form as its prior use without any process.

Salvage: Recovery of components, products, or materials for the purpose of reusing
them for the same or similar purposes as their original use.

Selective Demolition Recycling: Removal of recyclable materials from a demolition site
in a pre-defined sequence in order to maximize recovery and recycling.

Source Separation: A term referring to the practice of administering and implementing
a management strategy to identify and segregate unrelated waste at the first
opportunity, thus simplifying subsequent processes for recovery of materials and
diversion, but presenting challenges for the management of space on the job site,
training, and supervision, and inefficiencies associated with hauling.

Waste Audit: Check of waste to determine amount generated, type, sources and
potential means to avoid or reduce waste production.

Waste Hierarchy: When considering waste, the following steps should be taken (in this
order): prevent, minimize, reuse, recycle, recover and disposal.

Waste Management Plan: A plan devised by the local authority, for their area, to
prevent and minimize waste and to encourage and support the recycling and recovery
of waste. The plan shall include policies, objectives, and priorities in relation to
prevention, minimisation and recovery of waste.

Waste Segregation: Waste should be segregated at source, in the case of C&D waste,
on the building site. The contractor should provide and clearly label skips for wood,
bricks, metals, hazardous waste, etc.
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Annex VII: Minutes of Progress Meetings

1- Minutes of Meetings

Project: The Study on Construction & Demolition Waste in West Bank, Palestine

Project No.: 20161110

Meeting: Discussion of the draft Inception Report
Date: 24/1/2017

Venue: MoLG offices, Ramallah

Attendees:

JICA representatives:

e Dr. Mitsuo Yoshida, Chief advisor
e Eng. Takaaki Murata, Project Coordinator

MoLG representatives:

e Eng. Suleiman Abu Qadah, General Director
e Eng. Nisreen Hammad, Project member
e Eng. Eman Makhloof, Assistant project coordinator

UG representatives:

e Dr. Hafez Shaheen, Backstopping

e Eng. Atef Abu Jaish, Team Leader

e Eng. Nour Atallah, Senior Water & Environmental Engineer

e Eng. Amro Shaheen, Junior Structural Engineer (Data collection)

Agenda:
1. Presentation of the Inception Report
2. Comments
3. Discussion of the Data Collection and Survey
4. Signing of Contract
Minutes:

e General introduction of the attendees from JICA, MolLG, and UG.

e General talk about the importance and scope of the project, the outcome guideline that is
needed for the C&D waste at the end of the project and how necessary it is to find a solution for
this problem.

e A presentation was made by Dr. Hafez Shaheen (UG) about the inception report delivered as
draft covering: objectives, study area, methodology, data collection, questionnaire, the scope of
work, our understanding of the project and the expected outcome from the project, in addition
to other points.
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Actions

e JICA’s general approval of the structure of the inception report was stated.

e JICA’s concerns about the estimation of C&D waste amounts in the methodology
was unclear, was stated. UG to consider this

e There is no clear definition as well as no control of C&D waste in West Bank.

e C(larifications from UG on the methodology: multiple (different) questionnaires
(Data collection sheets) for LGUs, generation sites, dumpsites, and contractors;
Building experiences, various projects are currently being supervised by UG (road,
water and structural) and through the available Bill of Quantities BoQs that can
give information on the amount and type of the used construction materials and
thus C&D percentage waste can be estimated.

e JICA’s concern on the amount and accuracy of information at LGUs; licensing data.
Other data might be subjective and not very accurate.

e UG stated that some other information might be available and useful from the
LGUs: permit for demolishes complains on the C&D wastes and records of fines as
examples.

e Agreement on the importance of a scientific method to be available in addition to
the other methodologies for estimating the amounts of C&D waste and amounts
and percentages of components of this type of waste.

e JICA’s concerns were summarized as: (1) more accurate estimation methods as
well as clearance of the adopted methodology and (2) evidence that C&D wastes
from Israeli settlements are dumped at dumpsites and/or roadsides in the West
Bank.

e Suggestion of having the survey study deeply on 3 representative governorates at
North, Middle and South of West Bank (LGUs, generation sites... etc.) and then
obtain the building licenses, the areas of these buildings and the demolition
permits in order to have data to implement scientific methods of C&D estimations.

e Comments on the inception report were made from JICA and the MolLG and are to
be sent officially.

e The members of the Task force for the project are MolLG, JSCs for Solid Waste
Management, EQA, MoNE, MoPWH, Engineers Association, and Palestinian
Contractors Union.

e To consider that licensing of the buildings is different from the actually
constructed; in rural areas (Area C) many constructed are not licensed while in the
cities (municipalities) some of the licensed are not constructed.

e In the inception report, page 34, MolLG is the member of National Team and not
JICA nor UG. It is to revise that “Presentation and discussion of study results are
delivered in the Project seminar and get comments, which will be reported to the
National Team for the Solid Waste Management by MolLG”.

e To make use of data and information found in the Palestinian Central Bureau for
statistics PCBS. It is suggested also to consult the Palestinian Contractors Union
with respect to the construction industry and C&D waste.

e JICA stated that this study is a continuation of the study "National Strategy for
Solid Waste Management (NSSWM)" and that C&D waste is at the starting point in
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West Bank. The policy on C&D waste is to be included in the strategy.

e MolLG and JICA stated that the study shall include draft bylaws and draft guideline
for the management of C&D waste.

e UG is to prepare the minutes of the meeting and mail to MoLG and JICA

e UG is to revise the Inception Report and submit early next week. The comments
are to be amended and the work plan to be updated.

e UG is to start the survey and data collection.

® MolG is to contact the members of the Task force and inform them and will mail
the names of the members to UG

e Contract discussion on the first payment. UG asked if it is possible to avoid the
bank guarantee while giving two other alternatives. JICA is going to discuss with
their office.
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2- Minutes of Meetings

Project: The Study on Construction & Demolition Waste in West Bank, Palestine

Project No.: 20161110

Meeting: Discussion of the First Progress Report
Date: 23/2/2017

Venue: MoLG offices, Ramallah

Attendees:

JICA representatives:

e Dr. Mitsuo Yoshida, Chief advisor
e Eng. Shoko Nakatomi, Project Coordinator

MoLG representatives:

e Eng. Suleiman Abu Mufarreh, General Director
e Eng. Nisreen Hammad, Project member
e Eng. Dalia Saa'dah, Assistant of Local Expert Team

UG representatives:

e Dr. Hafez Shaheen, Backstopping
e Eng. Atef Abu Jaish, Team Leader
e Dr. Issam Al-Khatib, C&D Waste Expert

Agenda:

5. Presentation of the First Progress Report
6. Comments on presentation
7. Discussion and consensus on the dates of upcoming meetings

Minutes:

e Introducing Eng Shoko Nakatomi as a project coordinator from JICA team instead of the Ex-
project coordinator Eng Takaaki Murata and introducing Dr Issam Al- Khatib who joined the
project team of UG as a C&D waste expert.

e General talk from Dr Hafez Shaheen about the C&D waste project components and about those
of phase-1 in particular.

e A presentation was made by Eng Atef Abu Jaish (UG) about the "First Progress Report" delivered
as soft copy covering the following points: project information, problem statement, objectives,
project progress and activities including visits to C&D waste generation sites, interviews with site
engineers in different workshops, behaviors observed during site visits, meetings with
contractors, Palestinian Contractors Union PCU and Environmental Quality Authority EQA, LGUs
questionnaire, quantifying and characterizing of C&D waste, and the planned activities to be
performed within phase-1 period.
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Actions

«+ JICA’s general approval of the structure of the progress report was stated.

«» JICA’s concerns about the methodology of quantification and characterization
of C&D wastes were cleared by Dr Issam Al Khatib who explained in details the
experiment and procedures to be performed within the next few days.

% JICA and MolG inquired about the extent of commitment of contractors to
dispose of C&D waste in dumpsites assigned by LGUs.

% UG suggested that establishing enough official dumpsites would minimize the
problem of dumping wastes on roadsides and on privately owned lands.

< MolLG raised doubts about the expected ratio of questionnaires filled and
returned back, from LGUs, for analysis.

< UG would not entirely rely on LGUs questionnaires but visiting C&D waste
generation sites, dumpsites and LGUs offices would be further sources of
important data.

% JICA inquired about areas of licensed buildings and of already constructed
ones.

% UG presented a table from PCBS for the licensed areas of buildings in each
governorate in the West Bank through the last 3 years.

% UG will prepare a map including official dumpsites designated for C&D waste in
the West Bank.

% UG stated that meeting with EQA revealed the lack of regulations and laws
controlling C&D waste handling and management.

<+ MolG pointed that UG is expected to make only recommendations with regard
to proposed bylaw to the MolG, and after an internal investigation of MolLG, a
draft bylaw on C&D waste management would be proposed to the National
Team for Solid Waste Management.

< JICA inquired about the possibility of obtaining the total quantities of C&D
wastes generated in the West Bank, the percentage of quantities disposed of
in official dumpsites and percentage of amounts disposed of randomly in
addition to the percentage of amounts recycled. JICA also asked about maps of
dumpsites, industrial waste generated, and recycling practices in the West
Bank. UG efforts are in progress to achieve all of these issues.

% JICA emphasized the necessity to discriminate between C&D waste generated
from construction sites and industrial waste generated from stone (marble)
cutting factories. They are composed of similar materials, but responsibility for
waste management is quite different. The concentration in the study should be
about the C&D wastes rather than the industrial wastes.

% Consensus was made on the following issues:

e phase-1 is not expected to be concluded before the end of next March
and accordingly, the work plan needs to be reorganized

e the routine monthly meeting will be conducted on March 30" 2017
e the third monthly meeting will be on May 3™, 2017.
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3- Minutes of Meetings

Project: The Study on Construction & Demolition Waste in West Bank, Palestine

Project No.: 20161110

Meeting: Discussion of the Second Progress Report
Date: Thursday, 30/3/2017

Venue: MoLG offices, Ramallah

Attendees:

JICA representatives:

e Eng. Shoko Nakatomi, Project Coordinator

MoLG representatives:

e Eng. Suleiman Abu Mufarreh, General Director
e Eng. Nisreen Hammad, Project Manager
e Eng. Dalia Saa'dah, Assistant of Expert Team

UG representatives:

e Dr. Hafez Shaheen, Backstopping
e Eng. Atef Abu Jaish, Team Leader
e Dr. Issam Al-Khatib, Waste Management Expert

Agenda:

8. Presentation of the Second Progress Report
9. Comments and Discussions
10. Suggestion of conducting a workshop
11.
Minutes:

Eng Atef Abu Jaish presented the Second Progress Report, that was submitted as soft and hard copies
covering: project information, problem statement, objectives, project progress and activities,
conducted survey, C&D Waste Characterization, C&D waste composition, C&D Waste Quantification,
C&D Waste Estimation in Dumpsites in the West Bank Governorates, and Annual Generation rate of
C&D Waste.

Eng Abu Jaish stated that other activities were also conducted but not completed and will be finalized
and included in the coming interim report including Environmental Impacts of C&D wastes, Mapping of
the main dumpsites in the West Bank governorates, and the current practices of C&D dumping and
recycling.

Abu Jaish presented in details the results of the LGU survey and the justification that no additional
questionnaires to be applied at LGUs as the data collected are sufficient. He also addressed the
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suggestion to conduct a workshop during May 2017 and the advantages and outcomes expected from

this workshop. The idea of the suggested workshop was further discussed and elaborated.

Dr. Issam Al Khateeb, the waste management expert, presented the C&D waste characterization,
composition, and quantification. He also presented the estimation of the quantities accumulated in the
dumpsites and the annual generation rate of the C&D Wastes.

Discussions and Actions

MoLG inquired whether it is necessary to raise awareness about the existing laws controlling C&D
handling or to enact new laws. UG will recommend a bylaw for controlling C&D waste handling in
phase 2 of this project.

MolG inquired about the percentage of stone generated as part of the C&D wastes in general and
why this percentage was zero in the house samples of the experiment that was carried out. UG and
MolG agreed that the reuse of some C&D wastes and the stones in the construction works is the
reason for the zero wastes of the stones for that particular house.

How the estimation of the C&D wastes in the dumpsites was calculated; although some buildings
were licensed and not built in Bethlehem governorate? UG answered that the important thing is
the mechanism of calculation as the licensed and non-licensed ratios are assumed not to differ
from one district to another. The mechanism of calculation could be used as an indicator to
facilitate computations for other districts. Bethlehem data was applied as an indicator for the other
governorates.

The greater amounts of C&D wastes in Ramallah and Nablus and the difference between the
figures per m” and per capita are due to the increase in the construction activities in these two
governorates compared to the others.

MolG inquired about the reasons for the high number of licensed buildings in Ramallah and Nablus
compared to other districts. As to the records of PCBS, the licensed m? in each of these two are
more than the others when compared to the estimated figures per population.

MoLG inquired about the reason for calculating amounts of C&D in terms of kg/capita at Bethlehem
governorate. UG answered that the detailed study carried out earlier in 2014 by Dr. Issam Al-Khatib
in Bethlehem was considered as a base for calculating the amounts of the C&D wastes in other
governorates.

The possibility of figuring out the %s of the licensed m? per actually constructed was discussed. This
can be surveyed as in some LGUs, the owners before starting construction should get a permission
to excavate and later they have to apply for water and electricity subscriptions. MolG
recommended considering strengthening the coordination between LGUs and the Property Tax
Administration in order to identify those who have constructed after licensing.

MoLG asked whether to have Bethlehem as the only reference for estimating the generated C&D
wastes. UG suggested implementing further C&D wastes projects to estimate the generation and
accumulated amounts in other governorates in the future.

MoLG inquired about the 50kg/m? as the average C&D waste generation which was calculated
according to PCBS records of licensed areas considering that the built areas are more than the
licensed areas in some areas and vice-versa in other areas. There is no information and it is
considered that the figure is reasonable as it is based on official figures from PCBS and the
conducted experiments.

MoLG inquired about the 85% as a percentage of the licensed areas that are actually built. UG
replied that this figure was concluded from interviews with contractors, site engineers, Engineers’
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Association and land/building owners.

X UG recommended performing a comprehensive survey for licensed and not licensed buildings
within LGUs service areas as a future study.

MoLG inquired about the ongoing other project components; environmental impacts of C&D
wastes, mapping of dumpsites and current practices of recycling, etc. UG answered that studying
this component is not completed but is ongoing and will be included in the interim report.

%I MolLG inquired about the 10 questionnaires (9 of which were considered responsive). UG answered
that the questioned LGUs were selected as a pilot and not as representative for all LGUs. The
sample is of 3 categories: large communities as Ramallah, Al Bireh and Bytonia; medium
communities as Birzeit, Beit Legia, and Deir Abu Masha'al, and small communities as Kober, Surda,
and Abu Qash. One of the questionnaires was dropped as non-responsive and not all the questions
in the questionnaire were answered by the 9 LGUs. Nevertheless, the results are satisfactory and
reasonable; therefore it is not recommended to apply the questionnaire further. The results are to
be compared with the results of the other questionnaire that was applied before by MolLG.

X MoLG asked that if the questionnaire is applied to cover more LGUs, do we expect different
results? UG said that the answers to the main questions, regarding C&D wastes quantification and
characterization, are not expected to differ and that the answers to the other questions are
sufficient.

JICA and MolLG asked about the proposed workshop. UG replied that the workshop is suggested to
be conducted during May 2017 and that 100 people are expected to be invited; from which about
70% may respond. The workshop is to invite EQA, LGUs, PCU, EA, NGOs, MoPW, MoNE, etc. It is
estimated to cost about 30 USD per person (a total of about 2,000 to 3,000 USD).
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5- Minutes of Meetings
Project: The Study on Construction & Demolition Waste in West Bank, Palestine

Project No.: 20161110

Meeting: Progress in the Guidelines and Bylaw
Date: Thursday, June 1st, 2017

Venue: MoLG offices, Ramallah

Attendees:

JICA representatives:

e Eng. Shoko Nakatomi, Project Coordinator

MoLG representatives:

e Eng. Nisreen Hammad, Project Manager

UG representatives:

e Eng. Atef Abu Jaish, Team Leader
e Dr. Issam Al-Khatib, Waste Management Expert
e Eng Amro Shaheen, Data Collector

Agenda:

12. Presentation of the Guidelines
13. Questions and comments

14. Presentation of the Bylaw

15. Questions and comments

16. Next meeting

Minutes:

e Eng. Atef Abu Jaish presented briefly the progress made in the proposed Guidelines and
Bylaw, that were submitted as soft and hard copies of slides of PowerPoint covering:

project information, a summary of the Guidelines and that of the Bylaw. Bylaw is to be

translated into Arabic and reformulated in a proper legal structure.

e Eng. Abu Jaish presented in details the contents of the Guidelines and chapters which are

already finalized. He presented the policy and legislations, purposes of Guidelines and the

best practices of the C&D handling. He also explained the hierarchy of C&D waste

management through prevention, minimization and recycling activities. Eng Abu Jaish

talked about hazardous C&D waste, transfer stations and definitions of technical terms on

C&D waste.
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e Dr.Issam did a presentation about the bylaws proposed for the C&D waste regulations. It

included the appropriate definitions concerning the management of C&D waste. More
definitions might be added later on if needed. He also presented Application of the
proposed Bylaw, Issuance of Demolition Permits, Recycling Issues, Record keeping and

Hazardous Materials.

e The following table represents the major questions/comments with the answers provided

by UG team:

Question / Comment

Answer

<,

Did you use any references from the
neighboring countries?

References for guidelines & bylaws were not found in
the close countries (Jordan, Syria, Lebanon... etc.).
Thus, the references used were from other countries
(inthe EU, USA, and Australia).

R
L <4

Did you find any nearby country which
has C&D Guidelines?

Israel is the only nearby country that has its own
guidelines & bylaws. Whether to be used in this report
is to be discussed by the MoLG & JICA.

K2
¢

What do you think the hazardous C&D
waste in the demolished houses?

Gypsum is the predominant material considered
hazardous to the environment.

K2
¢

How do you think we can consider the
threshold figures you have presented?

Threshold figures could be discussed internally in the
MoLG in the presence of the international team.

K2
¢

Is what you have presented the draft
progress reports?

These are not completed yet and hence need more
work.

K2
4%

Who will issue the permit of recycling
facilities?

The permit for the recycling facilities is to be issued by
EQA and other ministries ( to be discussed internally in
the MoJG and the International team.

K2
4%

In the definitions add the word “Waste:
which means the C&D waste.

It will be added in the next version of Bylaw.

» At the end of the meeting, JICA & MoLG declared that both the guidelines & the bylaws
to be studied within the upcoming days and comments will be sent via E-Mail.

> Next meeting will be conducted on July 6", 2017 at 11:00 am.
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6- Minutes of Meetings

Project: The Study on Construction & Demolition Waste in West Bank, Palestine

Project No.: 20161110

Meeting: Monthly meeting/Revising Comments on the Draft C&D Waste Bylaw
Date: Thursday, July 6th, 2017

Venue: MoLG offices, Ramallah

Attendees:

MoLG representatives:

e Eng. Nisreen Hammad, Vice Project Manager
e Eng Dalia Saadeh, Project Coordinator

UG representatives:

e Eng. Atef Abu Jaish, Team Leader
e Dr. Issam Al-Khatib, Waste Management Expert
e Eng Amro Shaheen, Construction Engineer

Agenda:

e Revising comments on the draft C&D waste bylaw
e Next coming activities

Minutes:

e Revising the comments made by the MoLG on the Arabic version of the draft C&D waste
bylaw. Articles of the draft bylaw were revised one by one taking into account the
comments of the MoLG.

e Some of the remarkable comments concerning relevant authorities responsible for
licensing, issuing and/or approving permits, fining, etc. are left for more discussion through
the National Team of the Strategic Solid Waste Management.

e Revising the comments made by the MoLG on the English version of the draft C&D waste
bylaw.

Next coming activities

e Receiving Dr. Yoshida’s comments on the draft bylaw and the guidelines (upcoming
week).

e Receiving EQA’s comments on the draft bylaw and the guidelines (upcoming week).

e Final meeting in the presence of the National Team for the Solid Waste Management to
present and discuss the C&D waste study results (during the 3™ week of July).
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e  Submitting the Final Report of the C&D Waste Study in the West Bank, Palestine (before
31% of July).

e Closing up the project (31% of July).

Note: After closing up the project, the UG consulting team is ready to attend a seminar to discuss
the study results obtained from the C&D waste project. This seminar which is suggested to be
organized by the MoLG and JICA should be conducted at date and time suitable for all.
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Annex VIII: Responsive Data Collecting Forms
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Annex IX: Consultancy Team Members

Name Position

Eng. Atef Abu Jaish Team Leader/ Environmental Expert

Dr. Issam Al-Khateeb Waste Management Expert

Fawz Kobari Road Construction Engineer/Data Collection
Eng. Noor Attahllah Environmental Engineer

Eng. Amro Shaheen Structure Engineer

Eng. Ali Abdo Data Collection

Dr. Hafez Shaheen Environmental Expert/ Backstopping

Dr. Riyad Awad Construction Expert
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Annex X: Photos
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