Pollution Control and Reduction of EnvironmentalBurden

in Solid Waste Management ReEB Waste
Democratic Socialist Republic of Sri Lanka

Final Report
3 Findings and recommendations

3 Findings and recommendations

31

Objectives of pilot projects

The objectives of pilot projects are described as below table.

Table 3-1: The objectives of pilot projects

PP site Objective Detail
KurunegalaMC  ® Verify the outcome of STREPS as MFilter the ground water by using
the appropriate technics for proper  Permeable Reactive Barrie (PRB)
management of final disposal site.

Rathnapura MC B Verify the method of 3Rs promotion B Improvement of  source reduction,
separate discharge, separate collection
transportation, and public awareness.

Katharagama PS M Verify the outcome of STREPS as M Expansive clay liner system as local

the appropriate technics for proper
management of final disposal site.
B Verify the method of 3Rs promotion

available material.

B Improvement of source reduction,
separate discharge, separate collection
transportation, and public awareness.

3.2

Findings and recommendations

The details of findings and recommendations at each pilot project are discussed in the below table.

Table 3-2: details of findings and recommendations at each pilot project

Findings Recommendation
Kurunegala PRB seems to contribute to  Design stage
MC improve the water quality of v Check the availability of clay soil during the
(PRB) Some parameters. design stage.
There are not so many borrow  v* Consider material alternative.
pits of Bangadeniya soil
material. Operation stage
No heavy metal at up streamand v Replacement of PRB material is not required
down stream monitoring wells is before 6years. But in case heavy metal is
detected before and after detected, PRB material should be replaced
installation of PRB
Kataragama Construction of clay liner system  Design stage
PS is easier than HDPE liner v' Check the availability and distance of
(Clay liner) system. expansive clay material.
There are not so many borrow v* Cost comparison between clay liner and
pits of expansive clay HDPE liner system

Bentonite cost causes rising of
total construction cost

Clay liner is eroded by storm
water

Construction stage
v Top soil or protection sheet should cover
liner system to avoid erosion
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Findings

Recommendation

Kataragama
PS
(3Rs)

v

Starting with simple 2-category
separation of bio-degradable and
non-biodegradable wastes was
easy to be accepted, with proving
ample information

Starting with separation of
bio-degradable waste made it
easier to further separate other
recyclables at the recycling
facility as well as at the
discharging points.

For  bio-degradable  waste
separation,  distribution  of
separation bins which are in
appropriate size and quality for
both dischargers and collection
workers, was an encouraging
element.

v" Collection crew’s strong commitment to

keeping the rules during operation is
necessary, being the first counter face with
dischargers.

Allocation of field staffs, while maintaining
close communication with the official in
charge of SWM of the local government, to
monitor the collection  service and
discharging practice is essential especially in
the early stage of implementation when
people need to understand and get used to the
details of the rules.

Rathnapura
MC
(3Rs)

v

Starting with  bio-degradable
waste and 5-category separation
of bio-degradable and
non-biodegradable wastes has
been accepted, with proving
ample information and
equipment such as
bio-degradable separation bin,
poly sack bag and three wheeler.
Some data at Kanadra compost
plant is not so accurate because
of some human error.
Malfunction of skid loader gives
serious negative impact to
compost plant operation for long
time.

According to public opinion
survey, the knowledge
interesting and intention of
SWM cooperation are increased.

The capacity of compost treatment should be
developed for increasing the amount of
separated bio-degradable waste.

v" The weigh bridge should be installed to get

accurate data of in-coming amount of waste.

v' Several monitoring such as separation of

recyclable waste, home compost, collection
schedule should regularly be conducted.

The final disposal site should be established
as soon as possible.
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4 General recommendations

General recommendations based on the project are summarized as below;
(1) Imposing bylaws and all relevant parties extend their support to enforcement of laws and by-laws

related to SWM is required.

(2) Strong supporting hand to LA by PC, CEA and government in terms of disposal site technical
knowhow, budget and monitoring is essential. To make clear the duty, role of stakeholders, budget

and schedule, SWM Master Plan project of national and provincial level is expected.

(3) Updating of action plan of solid waste management for short term to make clear targets, roles and

duty of each stakeholder is necessary.
(4) 3 Category (Biodegradable, recyclables and others) separation is essential at first step of 3Rs .
(5) Enhancement of capacity of compost plant with developed technology is essential to facilitate 3Rs.

(6)Development the current recycling system in terms of society and business field is important to
facilitate 3Rs. Not only to facilitate 3Rs but also to establish material cycle society, development of

recycling system project is expected.
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5.1

Study tour at Shibushi city and Fukuoka city in Japan

The counterpart of CEA, Kurunegala MC and Kataragama PS visited Shibushi City and Fukuoka City in

a self-funded trip to observe Solid Waste Management from 29January2018 to 3February2018.

51.1 Participant

The participant list is shown in the table below.

Table 5-1: Participant list of the study tour

No.

Name

Title

Central Environmental Authority: CEA (Group 1)

1
2

Pathiranage Buddhika Hemantha JAY ASINGHE
Upali Indrarathna JAYASEKARA MUDALIGE

Director General: DG

Deputy Director General (DDG), Waste

management

Kurunegala Municipal Council: KMC (Group 2)

3 Pradeep Nishantha Tilakaratne NUWARA PAKSHAGE = Commissioner
4 Ratnayake Mudiyanselage Shishirodha RATNAYAKE Medical Officer of Health: MOH
5 Lal Ranjith WETHTHASINGHE Health Supervisor
6 Dayarathna Rajapakse RAJAPAKSE DEWAGE Public Health Inspector: PHI
7  Nalaka Arjuna Bandara RANAMUKA Engineer
ARACHCHILLAGE
Kataragama Pradeshiya Sabhas: KPS (Group 2)
8 Lal Jayathilaka KODITUWAKKU LIYANARACHCHI  Secretory
9  Sarath Bandula KARUNASINGHE DEVALAGE Development officer

EX Research Institute Ltd.

10

11

12
13

G S Nayana Kanthi Madhugeethika Jagath
SAMARAWEERA

Layan Sampath WICKRAMARATHNA
GUNASEKARA

Naofumi SATO

Chiharu lida

Consultant
Consultant

Senior consultant
Consultant

5.1.2 Schedule

The schedule of study tour is shown in the below table.
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Table 5-2: Schedule of the study tour
No Date Detail Person no. Stay
1 | 27Jan(Sat) | Group 1 UL454 1.2 -
2 | 28Jan (Sun) | Groupl Arrive. Narita 1.2 Shinjuku
Group2 UL454 3-11 -
3 29 Group 2 Arrive Narita, Travel Narita-Haneda 3-11 -
Jan(Mon)
a.m. Group 1 Courtesy call MoE, JICA 1212 -
p.m. Group 1 meets Group2 1-13 Shibushi
Travel Haneda-Kagoshima
Travel Kagoshima- Shibushi
4 | 30Jan(Tue) | Briefing of SWM at Shibushi city 1-13 Shibushi
Site visit at “SO” recycling centre
Site visit at final disposal site
5 31 Site visit at collection place for kitchen waste, other 1-13 Shibushi
Jan(Wed) | waste
Observe “Environmental Patrol” activity
Site visit at Compost plant
Wrap up meeting
6 1Feb Move : Shibushi-Kagoshima JR station 1-13
(Thru)
Move : Kagoshima JR station — JR Fukuoka station 1-13 Fukuoka
7 2 Feb(Fri) | Site visit at Waste to Energy facility 1-13 -
am. Site visit at sanitary landfill site
p.m. Move: Fukuoka-Haneda-Narita 1-13 Narita
(No.1-12)
8 | 3Feb(Sat) | Travel: UL455 1-11 -
5.1.3 Courtesy call to Ministry of Environment Japan (29Jan. 2018)

Pathiranage Buddhika Hemantha JAYASINGHE (Director

General) , Upali Indrarathna JAYASEKARA MUDALIGE

(Deputy Director General ) and Naofumi Sato (Chief

consultant) visited the Ministry of Environment Japan as a

courtesy call. Main topic during discussion is as follows;

(1) Individual Recycling Law of Japan (English version)

There is no

shared.

(2) Method of monitoring of proper municipal solid waste management in Japan
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The current status of operation and maintenance of waste treatment facility must be announced officially
in accordance with Waste Management Law Chapter 8, Clause 3. In case that waste treatment facility is
not operated well in accordance with Waste Management Law Chapter 9, Clause 2. Province orders the
execution body of waste treatment to improve it. The operation and maintenance of municipal waste
treatment facility is monitored under the Ministry of Environment, Provincial government and Local

government.
5.1.4 Briefing of solid waste management of Shibushi city (30Jan. 2018)

Main topic of the presentation and discussion were as follows;
» 25% of collected waste is discharged at final disposal site, while 75% of it becomes recyclable
material
» The volume of discharged waste was drastically reduced since the separation of kitchen waste
started in 2004.
Role and duty of health committee
At the beginning, separation of waste was requested

Role of environmental committee

YV V V V

Annual monitoring form submitting to Ministry of Environment Japan

Briefing Group photos in front of Shibushi city office

5.1.5 “SOH’recycling centre (30" Jan. 2018)

Main topic of discussion were as follows;
» Machine of volume reduction of styrene foam

» Buyer and selling price of recycling company
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» Biodiesel system
» Population of waste generation, amount of recyclable waste, number of staff working there,

consumption of electricity, capacity and price of sorting machine

Site visit at “SO” recycling centre

5.1.6 Final disposal site and leachate treatment facility (30" Jan. 2018)

Main topic of discussion were as follows;

» Amount and types of waste discharging (Discharge of ash from incinerator is strictly prohibited
according to category of registration.)

> Liner sheet material

»  Storm water drain and gas removal facility

» Relationship between annual precipitation and size of leachate treatment facility

Sanitary Landfill Site and Leachate treatment facility
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5.1.7 Collection place and collection rule for the discharged kitchen waste and others  (31*
Jan. 2018)

Main topic of observation and discussion are described as below;

Frequency of collection: kitchen waste 3 days per week, other waste 1day per week, and
recyclable waste 1day per month

Subcontracting company collects waste and manage (1) collection route (2) schedule at
collection place

No limitation of discharge time

Collected kitchen waste bucket is replaced to empty bucket

Name of discharger is written in the other waste plastic bag.

The cost of making calendar which mentions collection schedule is supported by commercial
advertisement, and it is distributed to citizens free of charge

Sticker for illegal discharging

Role of health committee

» Only health committee member can discharge

» Management of collection place

> Instruction of discharge rule, etc.

Observation of kitchen waste and other waste collection

Observation of environmental patrol activities
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5.1.8 Compost plant (31%t Jan. 2018)

Main topic of observation and discussion are described as below;

>

>

519

Process: receiving bio-degradable waste->chopping->composting->packing

Weight ratio between kitchen waste and garden waste = 1:1, volume = 1:3~4

mixing after chopping both

Temperature 80C during decomposition period

Turning of compost pile starts after 4-5 days after receiving waste. Mechanical aeration operates for
24hrs

Purpose of adding Lactic acid bacteria is to deodorize

Observation of compost plant

Wrap up meeting at Shibushi LA (315t Jan. 2018)

Discussion and comment at wrap up meeting are described as below;

Name Comment

Mr. Jayasinghe, (1) There is a big gap of citizen’s behaviour between Japan and Sri Lanka.
DG, CEA Community engagement in Sri Lanka is still poor.

(2) Capacity development of SWM sector of Provincial level and LAs level is
essential
(3) The progress of 3Rs promotion is not enough in Sri Lanka
(4) The SWM business, particularly recycling market, is established well in
Japan. Since the establishment of systematic recycling market is necessary and
urgent in Sri Lanka, the Shibushi LA is kindly requested to support the
establishment of it.

(5) The target of SWM in Sri Lanka is to achieve recycling society for
sustainable development.

Mr. Indrarathna, (1) Compere to Japanese SWM, there are still many issues of optimization of
DDG, CEA SWM, such as collection of waste, operation of compost plant and so on in Sri

Lanka.
(2) Enforcement for SWM for all stakeholders in Japan functions well.
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Name Comment
(3) Since the basic infrastructure for SWM is not enough in Sri Lanka, it must
be developed within the 5 years.
(4) Accountability for citizens and participation of citizens are functioning well
in Japan.
Mr. Pradeep, Based on this study tour experience, | would like to formulate proper SWM

Commissioner,
KMC

policy expected by Sri Lankan citizens.

Dr. Ratnayake,
MOH,

(1)The collection coverage ratio in MCK does not yet reach 100%.
(2)Because of lack of equipment and facility of SWM, lot of labourer are

KurunegalaMC  needed.
(3)Most Japanese citizens are honest, cooperative for participation of 3Rs
activity.
Mr. Lal The improvement and development of SWM in KPS is quite essential. Same
Jayathilaka, Shibushi model must be introduced and established in KPS as well.
Secretary,
Kataragama PS
Mr.Nishikawa » ltis difficult to separate 29 category wastes same as Shibushi LA from
Director of the beginning.
Environement <There two important considerations>
Department 1. To achieve 100% collection coverage ratio, it means that to provide

collection service to all citizens is first priority.
2. To separate kitchen waste is the second priority other than separation of
other recyclable material after achievement of 100% collection

<Request>
1. Your experience in Shibushi LA is requested to share with your
colleagues.

2. The establishment of even small scale of Shibushi model in Sri Lanka
is requested to share its idea to many stakeholders.

5.1.10 Waste to Energy facility and sanitary landfill site of Fukuoka city (2 Feb. 2018)

Counterpart visited Waste to Energy facility and sanitary landfill site of Fukuoka city

Observation of Waste to Energy facility and sanitary landfill site of Fukuoka city
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5.2.1 Participants

The participant list is shown in the table below.

Study tour in Shibushi Cityn and Nerima Ward, Japan

Table 5-3: Participant list of the 2nd study tour

No.

Name

Title

Uva Provincial Council

1
2

Mangala Mihilal WIJENAYAKE
Nandasiri Dissanayake
MUDIYANSELAGE

DISSANAYAKE

Commissioner of Local Government (Uva)
Assistant Commissioner of Local Government

Kataragama Pradeshiya Sabhas (KPS)

3
4

Puhul Walla Gamage CHANAKA AMIL RANGANA

Bhathiya Madhusanka GALLE WATHTHAGE

Chairman
Member of Council

Sabaragamuwa Provincial Council

5

Bamunu Arachchige Chamara Premanath BAMUNU

Commissioner of Local Government (CLG)

ATTANAYAKE

ARACHCHI
Rathnapura Municipal Council (RMC)
6 Tiron Hirantha Attanayake
MOHOTTALALAGE
7  Aruna Sanjeewa Jayanadha GODELLAWATHTHA
8  Gamini NIVITIGALA BOWATTALAGE
9  Nuwan Prasanna Chandrasena MAGAMMANAGE
10  Anura Piyarathna LIYANA ARACHCHILLAGE

Mayor

Commissioner

Medical Officer of Health (MOH)
Engineer

Chief Public Health Inspector (CPHI)

Rathnapura Municipal Council (RMC)

11

12
13
14
15

Thushara Sanjeewa VITHARANA

Sumith Kumara UDAWASALAGE

Aruna Shantha Sumedha BORUPPAGE DON
Thiyagarajah KRISHNAPALAN
Ehalagaha  Waththe = Gedara
SAMARAKOON

Rohana

Priyantha

Mayor
Deputy Mayor
Member of Council

Member of Council
Additional Medical Officer of Health (AMOH)

EX Research Institute Ltd.

16

17
18
19

G S Nayana Kanthi Madhugeethika Jagath
SAMARAWEERA

Naofumi SATO

Chiaki Nishi

Kazuki Kobayashi

Consultant

Senior consultant
Consultant
Ph D. student, Intern

5.2.2 Schedule

The schedule of study tour is shown in the below table.

266



Pollution Control and Reduction of EnvironmentalBurden
in Solid Waste Management ReEB Waste Final Report

Democratic Socialist Republic of Sri Lanka 5 Others

Table 5-4: Schedule of the 2nd study tour

No.| Date Schedule

1 [30-Jul-18  [Mon |Arrive Narita airport

JICA curtesy call

2 (31-Jul-18  [Tue |Study tour: collection system, 3Rs and Incineration in Nerima Ward in Tokyo

3 |1-Aug-18  |Wed |Move: Haneda airport- Kagoshima airport-Shibushi

Meeting at Shibushi city hall

4 2-Aug-18  [Thu |Study tour: SWM Shibushi

3-Aug-18  |Fri  |Study tour: SWM Shibushi wrap up meeting
6 |4-Aug-18 |Sat |Move: Shibushi-Kagoshima airport-Haneda

(¢, ]

5.2.3 Briefing of solid waste management of Nerima Ward, Nerima Incineration Plant and
Hikarigaoka apartment complex (31 July 2018)

The officer of Nerima Ku explained the outline of SWM in Nerima, particularly the public participation

from Hikarigaoka apartment complex was highlighted.

Lecture of SWM Practice of separation

Hikarigaoka apartment complex Incinerator
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5.2.4 Caoallection Station, Recycling centre and compost plant in Shibushi city (2-3 Aug. 2018)

Main topic of observation and discussion at recycling center:
»  Machine for volume reduction of styrene foam
»  Buying and selling price of recycling company
» Biodiesel system
»  Population of waste generation, amount of recyclable waste, number of staff working there,
consumption of electricity, capacity and price of sorting machine
Main topic of observation and discussion at final disposal site:

*  Amount and types of waste discharging at disposal site
»  Liner sheet material
e Storm water drain and gas removal facility

» Relationship between annual precipitation and size of leachate treatment facility

Discharging manner of mixed waste Collection of kitchen waste Recycling centre
Recycling centre Compost plant Recyclable waste station
Final disposal site Final disposal site Leachate treatment
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5.2.5 Wrap up meeting at Shibushi city (3 Aug 2018)

(Question 1) Are there penalties for illegal dumping etc?
(Answer 1) Yes. Although it is a prison sentence of less than 3 years, or 10 million yen, most

applications are for industrial waste.

(Question 2) What is the response when a person from outside temporarily discards their garbage
inappropriately?

(Answer 2) Three environmental patrols are monitoring the town.

(Question 3) Outsourcing: do you select suppliers by bidding? | understand there was a profit made from
the sale of valuables back from the outsourcer, but what is the surplus or loss of the total waste as a
whole?

(Answer 3) Initially it is a general bidding, after that it is a voluntary contract. Even if the profit on sale is

returned, it is totally in deficit as a whole.

(Sri Lanka side comment) In this training, it was very meaningful to be able to visit the waste business
activities of both Nerima Ward with incineration facilities in an urban area, and Shibushi, which is a
small-scale in rural area. It is a great surprise that the communities are solid with both local governments
and that the right to consolidate with local governments is close.

I was convinced that the ideal image of local government waste business in Sri Lanka is the Shibushi
model, but since we cannot immediately implement all of the Shibushi model, we want to implement

about 10% for the time being.

(Shibushi City comment) Not limited to Shibushi, the local governments’ waste business in Japan is a
series of repeated trial and error, and they have overcome these issues after overcoming many
difficulties. 1 would like Sri Lanka, which is rapidly developing in the future, to refer to Japan's

experience. Please understand that the most important thing is to gain the cooperation of citizens.
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53 Current condition of incinerator plan and final disposal sites in Western province

including Colombo Municipal Council

Japanese government dispatched Disaster Relief Expert Team to Sri Lanka from 19 April 2017 to 25
April 2017 for the landslide disaster caused by heavy rain on 14 April 2017 at the final disposal site of
Colombo Municipal Council. The incinerator to reduce the amount of collected waste is discussed in Sri
Lanka because of the landslide disaster and some incinerator projects are planned in a couple of years.
The latest incineration projects is studied in Western Province and Colombo Municipal Council as

follows.

Figure 5-1: Current condition of incinerator plan and final disposal sites in Western province
including Colombo Municipal Council
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5.4 Inspection of pilot project site at Kurunegala MC and Kataragama PS by Prof.

Kawamoto of Saitama University

5.4.1 Improvement of Kurunegala final disposal site

Professor Kawamoto of Saitama University visited to inspect the progress of pilot project of
improvement of Kurunegala final disposal site on 11" March 2018 after the brief meeting at

Kurunegala MC. The comments of Professor Kawamoto are given as below;

B The excess amount of coliform is detected at existing wells in the residential area. What
reason is assumed?
- Answer: Due to no lid on the existing well and it opens, it is assumed that drops from

birds or animals easily mix to well water.

B During rehabilitation of current disposal site, the collected waste should be temporally
discharged at the old disposal site.

B The landfill mining survey is important to study the expansion of lifespan of current
disposal site.

W Since the discharging of heavy metal at the disposal site must be avoided, the separation of

waste which contains heavy metal at source generation is important.
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5.4.2 Improvement of Kataragama final disposal site

Professor Kawamoto of Saitama University visited to inspect the progress of the pilot project
for improving the Kataragama final disposal site on 16™ March2018. After the brief meeting at

Kataragama PS, the comments of Professor Kawamoto are given as below;

B The proper drainage surrounding the planned disposal site for diversion of storm water
should be constructed and regularly maintained well since quite a large amount of storm
water must come from the hill behind to the final disposal site.

B Total selling price of Progress of 3Rs activity can be evaluated not only by percentage of

recycling but also by the trend of total selling price of recycling.
5.5 Hand over equipment

Table 5-6: List of handover equipment

No. ltems Model Qty. Location
1 Three Piagio 1 RMC
wheeler pick-up model 2016
2  Chopping Jinasena Agricultural 1 KPS
machine Machinery (PVT) Ltd.
Multi Chopper Couple
15HP Motor
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1st stakeholder meeting

Meeting:  Finalization of (Draft) SATREPS Guide and 1*'Stakeholder Meeting
for Pollution Control and Reduction of Environmental Burden in Solid Waste

Management

Date: Tuesday, June 13, 2017

Venue : Conference room, Central Environmental Authority

Minutes of the meeting

1. Explanation of the progress of pilot project by Dr Sato
2. Explanation of the outline of the SATREPS Guide by Dr Gamunu

3. Discussion

1) Comments from Dr Gamunu

e SATREPS guide is to convert open dumps in to Sanitary landfills to reduce
pollution. Unforeseen delays in the process of preparation.

e In addition to the technical matters issue, gaps and challenges was the limitations
for the study.

e Chapter 6.2 should be amended since the study is still ongoing, probably end of this
year.

e For the study of the liner used Moragahakanda and Buttala Soils. For Hambantota
field study used Buttala soil with 10% Bentonite . Permeability is 10-’ms™

e It will be difficult to locate Bangadeniya soil. It is advisable to get the support of Dr.
Chandana and Ruhuna University in this regard.

e Several factors should be concerned in construction i.e. level of compaction,
permeability, moisture content etc,

e Prefer to handover the guide to a foreign consultant to review the document.

e 3 Detailed action plans were prepared and handed over to the respective LAs
namely, Kandy MC, Gampola UC and Udapalatha PS

2) Dr Nadeej explained in dry zones cracks will appear in the clay liner and mixing with coir

fiber dust will minimize/prevent it.

3-1
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For the final cover soil with Olick acid were tested. Also slope stability were studied.

3) Comments from Director Pilisaru

e Instead of 3Rs Pilisaru promotes 5Rs i.e. Reject and Respect

e Wild life will not support for elephant fence in Katharagama so better to go for natural
barriers (live fence). Amapara district implements “Aliyata Kithul” project uses plants
(such as Gajamadara, Giricedia) that produce aromatic compounds which prevent
elephant attack.

e In relation to identification of required soil types in different locations “Sri Lanka
Canada soil study” could be used.

e Permission would be a problem for sand mining

e In the guide 2.6 not only legal and social frame work but also political frame work
should be included since the political influences is inevitable in SWM.

e Similar as forest and wildlife reserve a buffer zone should be introduced in SWM
facilities.

e MOPCLG will organize a workshop On June 23and 24™ to prepare National Action Plan
for SWM. SATREPS team can contribute the forum through the research output.

4) General comments
¢ Find the possibility of preparing a technical guide for composting and Biogas.
e Geomembrane will cost Rs.10 million for 1 hectare. But condition such as

Muthurajawela there is a possibility to damage the layer due to the high level of peat.

Decisions
e Hardcopy of the Guide should be circulated among the 22 experts of the SATRREPS
Guide consulting committee and all the other relevant parties including Ministry of
Megapolis.
e CEA will circulate the hard copy of the document among stakeholders.
e One last meeting will be held in July to finalize the document.

e Pilot projects could be implement using the draft Guide.
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2nd stakeholder meeting

Minutes of Meeting

Meeting: 2" Stakeholder Meeting for Pollution Control & Reduction of Environmental Burden
in SWM

Date: 25" October 2017

Time: 3.00 pm

Venue: CEA Conference Room

Participants:

Stake Holders Prof Lal Dharmasiri Chairman, CEA
Mr. W. T. D. Disanayake DG, CEA
Mr Upali Indarathna DDG, CEA
D A Ruwan Pathirana AD Legal division
K Pirapaharan SEA,CEA
R W S M N Manoratne AD/IR

JICA SWM team Dr. Yoko Onuma Long term expert
Dr. Naofumi Sato Consultant expert
Ms Chiharu lida Consultant expert
Ms. Nayana Samaraweera Project Coordinator

(D The Chairman of CEA chaired the meeting and made the welcome speech and opening
remarks.

* Dr Onuma explained about the ReEB waste project progress, outline of the SATREPS
Project, proposed 3 years technical cooperation project background, objective,
stakeholders and schedule.

* Dr Onuma explained about the progress of the ongoing surveys of Method of SWM
annual budget making and utilizing collection and disposal data in LA and SWM
labour satisfaction survey in Rathnapura.

¢ Also informed about the Seminar scheduled on November 23 on SWM data collection,
analysis and dissemination.

* Dr Sato made a detail presentation on the progress of pilot projects including the process
of site selection, site surveys, basics of improvement plan, site specific field surveys
and SWM action plan.

@ Discussion
e There is an issue of administrative system of this project. MOU should be signed

between JICA and ERD. In kind no for the project should be obtained as soon as
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possible. ARFR format should obtain from Audit section.
o Check the Recommendation for elephant fence from the wild life department.
o Operation mechanism for Katharagama disposal site should be prepared.

o Also, operation standards and guideline for the dumpsite should be prepared.

@ Confirmations
e SATREPS Guide will be amended with Prof. Kawamoto comments by Dr Sato and
forward to Dr Gamunu.
e By the end of this year SATREPS guide will be finalized.
e Administrative problems of the project (reporting financial progress) should be resolved

as soon as possible.
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Meeting: 3™ Stakeholder Meeting for Pollution Control & Reduction of Environmental Burden

in SWM

Date: 24" January 2018
Time: 2.30 pm

Venue: Board Room of CEA

Participants:
Stake Holders

JICA Office

JICA SWM team

@

Prof Lal Dharmasiri

Mr Upali Indarathna

Mr. Nalin Mannapperuma
Dr Young

Mr. K Pirapaharan
Mr. R W S M N Manoratne
Mr. Tilak Nawaratne

Hiroki HASHIMOTO

Dr. Yoko Onuma

Dr. Naofumi Sato

Ms Chiaki Nishi

Mr. Akira Haseyama

Ms. Nayana Samaraweera

Chairman, CEA
DDG, CEA

Director, WMA
Korean Expert, WMA
MoE

SEA,CEA

AD/IR

Planning Officer

Representative

Long term expert

Consultant expert
Consultant expert
Consultant expert
Project Coordinator

¢ The Chairman of CEA chaired the meeting and made the welcome speech and

opening remarks.

* Dr Sato made a detail presentation on the progress of pilot projects including

kick off seminar, basics of improvement plan, condition of tendering, Progress of

activities in pilot project areas of Kurunegala and Rathanapura .

* Ms Nishi explained the progress and limitations of Katharagama PS pilot project.

* Dr Sato explained about the amendment and preparation of the final version of

SATREPS Guide.

¢ Also informed about the future schedule.
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* Dr Onuma explained about the progress of receiving in kind number for the
project, results of the surveys of Method of SWM annual budget making and utilizing
collection and disposal data in LA and SWM labour satisfaction survey in Rathnapura

* Informed about the Seminar held in November.

* Dr Onuma explained about the progress of proposed 3 years technical
cooperation project and Planned Recycling survey and schedule as well.

* DDG informed there is a slight delay in the tender process due to the election and
recent incident in Katharagama.

¢ Also mentioned politicians involvement from February will influence final

outcome, specially KMC . There is strong community protest in KMC.

@® Discussion

e Chairman requested to get review from the seminar participants with short
questions to check the effectiveness. JICA team agreed to do it in the next seminars
organized in August and December.

e Importance of continuous monitoring of Sundarapola site was stressed.

e Chairman suggested to introduce bio fence in addition to the electric fence in
Katharagama.

e Also mentioned about involvement of human resources in Ruhuna university
including awareness.

e Questioned about the Life time of the KPS site and Dr Sato mentioned target is
10 years but it is highly depend on the practices of PS, if they increase composting life
time can be increased.

e DDG informed landfill site operation practices are poor in general, he visited
eastern province recently and operation is not up to the standard. Further stated that
“NEP” which is under preparation is address this issue.

e Dr. Sato said that construction of a landfill site is easy, and operation is the
difficult task. KPS lack required human resources and external support is essential.

o Chairman said that the political leaders will expedite the process and address the
issues.

e Director WMA mentioned that LAs can collect and transport, it is better to
handle collected waste by a separate Authority. Presently western province practices it.
Also, it’s better to investigate the possibility of having SPC to run the facilities as joint
venture.

¢ DDG mentioned in future stakeholder level meeting to discuss specific areas up

to the point will be organized in national level.
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e The Korean expert Dr Young appreciated JICA approach and stated that the
outcome is highly depend on policy and policy tools. At present no charging system
(almost free) and voluntary system will not  last if there are no policy tools to make
it happen. So, he questioned from the CEA what is the plan for sustain and maintain
the introduced systems.

e DDG mentioned that National Policy on waste management is under preparation
will finalize very soon address all the serious issues.

e Also, Dr Young questioned are there any regular discussion flatform, CEA to
share experiences of best practices of LAs, success and failures, drives and barriers,
coherence with policy and strategies.

e DDG mentioned there are practical problems; there are only 3 LAs with more
than 100T/d collection, few middle level and majority are less than 10T/d collection.
In the common forums LAs always discuss only the negative factors they face (e.g.:
no labour, no machine and no land). Therefore, have to address specific way i.e. high,
middle and less than 10T/d categories. District base cluster meetings with participation
of LAs, CLG, CEA regional office, District secretariat and relevant stake holders are
organized by Pilisaru yearly is another table to discuss. On the other hand, CEA is a
regulatory body but depend on the need CEA supported to construct about 150
compost yards and in now concentrate on recycling and value-added materials.
Dedicated authority is required since CEA is enforcement agency and covers many
aspects: MSW, Hazardous and medical waste etc.

e Director WMA stated that planning should be done in national level execution
should be done by provincial level as the system practice in western province.

e Dr Young stated that connectivity and feedback system is very much important,
and it should reflect in the policy. Realizing the connection is vital. Overarching
institution cannot be observed. Comprehensive planning, review and coordinating and
commitment is essential.

e MOLGPC could be the coordinating body.

o Director WMA stated that WP badly needed waste transportation plan.

e DDG stated that under the new policy tipping fee, master plan etc. address and

CEA will provide fullest cooperation for the required elements.

Confirmations
e Landfill operation Mechanism is required.
e MOLGP is essential for the process.
e SATREPS guide will be finalized soon.
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4th stakeholder meeting

Meeting: 4" Stakeholder Meeting for Pollution Control & Reduction of Environmental Burden
in SWM

Date: 22" March 2018

Time: 2.00 pm

Venue: Board Room, CEA

Participants

Stake Holders
Mr Upali Indarathna DDG, CEA
R W S M N Manoratne AD/IR
JICA Office Ms. Tomita Representative
Dr Serasinhe Senior consultant
JICA SWM team Dr. Yoko Onuma Long term expert
Dr, N. Sato Expert Consultant
Ms. Nayana Samaraweera Project Coordinator

O DDG Waste Management of CEA chaired the meeting and made the welcome speech and
opening remarks.

[0 Dr Onuma explained about the Financial Progress of the project, WMA Roundtable Meeting,
Ratnapura Survey Result and Way forward, Contents of Waste Flow and Recycling Industry Survey
and the JICA Public Relations Activities (“Mundi” Interview)

[0 Dr Sato made a detail presentation on the progress of pilot projects including the process
collection improvement, 3R initiatives, tender process, progress of construction, improvement
schedule, SATREPS Guide and Shibushi study tour.

@ Discussion

[] Simple GPS units has been introduced to Rathnapura MC and Katharagamma PS baseline
data will be collected and collection improvement will be planned accordingly.

[] 3R pilot project will be very useful experience and it should be recorded in a systematic
manner (Eg Flow Chart) to share with stakeholders.

[] Experience of the pilot project should go to the CEA regional office staff. Therefore
maximum involvement of them is important.

[] Its good to add awareness component in to SATRPES Guide.

[] Recently CEA established a dedicated unit on MSW and better to get their involvement too.
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[] Its better to have district level SWM data base and NSWMSC could manage the data base

with discussion of stakeholders about parameters, what form of data and software etc.

@  Confirmations
. CEA will arrange the message from Secretary and Current DG for SATREPS Guide.
. JICA Project team will design an attractive cover for the book

. SATREPS Guide will be handover to the president on 5th June.

3-9
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5th stakeholder meeting

Meeting: 5" Stakeholder Meeting for Pollution Control & Reduction of Environmental Burden
in SWM

Date: 29 June 2018

Time: 10.00 am

Venue: Conference Room, CEA

Participants
Stake Holders

JICA Office

JICA SWM team

Mr. Upali Indarathna

Ms. Sarojinie Jayasekara
Mr. S.M. Madawalagama
Ms. Sujeewa Fernando

Ms. Sepali De Silva

Mr. R W S M N Manoratne
Mr. Tilak Nawaratne

Ms. Rie Tomita
Dr. Serasinhe
Mr. Shinya Inoue

Dr. Yoko Onuma

Dr. N. Sato

Ms. Nayana Samaraweera
Mr. A. Siriwardana

DDG, CEA

Director, SWM, CEA

Director, NSWMSC

AD, MoMD&E

AD/ Policy Planning, MoMD&E
AD/ BOI, CEA

Planning Officer, CEA

Representative
Senior Consultant
JICA Volunteer

Long term expert
Expert Consultant
Project Coordinator
Survey Assistant

1. DDG Waste Management of CEA chaired the meeting and made the welcome speech and

opening remarks.
* Dr Onuma explained about the
»  Financial Progress of the ReEB Waste project
»  As JICA Public Relations Activities JICA publish a monthly Japanese
magazine named “Mundi”’, May issue of the magazine describes about ReEB
Waste Project activities as one of the excellent SWM project implement by JICA
»  WMA Roundtable Meeting progress
» JICA SWM New project- WP SWM Master Plan Formulation Project
Progress
»  Demonstration of Takakura Composting system
»  Waste Flow and Recycling Industry Survey progress
»  Finalization of SATREPS Guide

* Dr Sato summarized the schedule of ReEB waste project and made a detail
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presentation on the progress of pilot projects including the progress of construction,
Progress of 3R initiatives, Planned intermediate evaluation in June/July and the future

schedule of project activities.

2. Discussion
*  Master plan project period is 3 years and Master Plan will be prepared within 1
1/2 years and Pilot project will be implemented and out puts will be amended.
¢  NSWMSC director explained that NPD approval has been granted for the new

project and after finalizing it will be forward for cabinet approval.

* After completion of ReEB waste project 2 manuals will be prepared (3R and

compost promotion, landfill operation).
¢ New deputy minister of MoMD&E advised to promote household composting
*  MoPC&LG initiated Takakura composting project. Mixing is a problem.

* DDG explained in 2017, 13 exporters collected 8000MT of E waste and PC,

mobile phone batteries are the items that exported.

* Asia recyclers stopped operation due to machine failure. Their mercury
collection amount is too small (10MT) to ship. CEA stress them to start operation again.
Spare parts provider of the machine (Sweden) is bankrupted. Possible option is Japan

and ReEB waste will facilitate the communication.

* CFL and florescent market is shrinking because of LED. Government has to

facilitate until CFL and florescent phase out.

3. Confirmations
. As next step ReEB waste project will conduct RMC labourers satisfaction

survey.

4.  Recommendations
e Preparation of Smart registry of Recyclers.
o All the recyclers need government support because the recycle market is

shrinking down.
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6th stakeholder meeting

Meeting : 6™ Stakeholder Meeting for Pollution Control & Reduction of
Environmental Burden in SWM

Date : 23" October 2018

Time :3:00 pm

Venue : Conference Room, CEA

Participants
Stake Holders

JICA Office

Eng:. Upali Indarathna
Ms. Sarojinie Jayasekara
Ms Wasantha Wijesekara
Ms. Sujeewa Fernando

Ms.V Hewawasam

Mr. R W S M N Manorathne

Ms. E R H S Yomukubura
Mr. K.Pirapaharan

Ms Sewwandi Wickramasinghe
Ms Chandi Wijayasinghe

Ms Nadeeka Karunarathne

Ms R. Shanmugapriya

Dr. Yoko Onuma

Dr. Naofumi Sato

Ms. Nayana Samaraweera
Mr. A. Siriwardana

DDG, CEA

Director, SWM, CEA
Director,CEA Laboratory
AD, MoMD&E

AD/ Policy
MoMD&E

Planning,

AD/ BOI, CEA (coordinator
from CEA)

SEO (R&D)
SEO, CEA

SEO, CEA

Director, Planning
AD/Legal /CEA

AD (Technical) / WMA

Long term Expert
Expert Consultant
Project Coordinator
Survey Assistant
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DDG Waste Management of CEA chaired the meeting and made the welcome speech and opening

remarks

Dr Onuma explained about the
Financial Progress of the ReEB Waste project
Findings of working hour utilization survey in Rathnapura

Progress of Waste Flow and Recycling Industry Survey

Oooon

A Seminar has been organized on 13th December to share the findings of both surveys as
well the experience of So Recycle Company, Japan

[] Dr Sato made a detailed presentation on the progress of pilot projects including the progress
of construction, Progress of 3R initiatives, planned final evaluation in November and the proposed.

Monitoring committee structure and the check list.

O Discussion

[J] Time and motion study is very useful for local authorities in decision making. Though the
LAs always complains about inadequacy of vehicles the study explicit 50% drivers absent, denotes
vehicles idling.

[] The possibility of replicating this study to other LAs by NSWMSC should be considered.
MCs could be the starting point. Using these studies if can provide a guideline based on population
and waste amount necessary minimum human/physical resource requirement for SWM activities it
will be very useful to LAs.

[] Project activities will be completed by the end of January, Manuals and reports will be

prepared including the experiences of Pilot projects.

@ Confirmations
. Waste Flow & Recycle Industry Survey and Results Dissemination Seminar will be held in
December 13th.

»  Final ReEB waste project seminar will be held in January.

@ Recommendations
*  Lessons learned and way forward is very important. This project could be a bench mark in
SWM and the reports should include recommendations for SWM policy, as well as

recommendations to Ministry of Environment and Presidential Environment unit and NPD.
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7th stakeholder meeting

Meeting : Final Stakeholder Meeting for Pollution Control & Reduction of

Environmental Burden in SWM
Date : 29" January 2019
Time :10.30 am
Venue : Conference Room, CEA

Participants

Stake Holders Eng:. Upali Indarathna DDG, CEA

Mr. M.J.J.Fernando DDG, CEA

Ms. Sarojinie Jayasekara Director, SWM, CEA

Ms. Wasantha Wijesekara Director,CEA
Laboratory

Ms. Chandi Wijayasinghe Director, Planning

Ms. Hewawasam AD/ Policy Planning,
MoMD&E

Mr. R W S M N Manorathne AD/BOI, CEA
Ms. C M Kottawaththa Commissioner RMC

Mr. M. N. Kumaraperperuma Legal officer-CEA

Mr. W S Jayathissa SEO, CEA
Ms. GM T S Fernando EO- CEA

JICA Office Ms. Moe Negishi Representative
Dr P Serasinhge Project Specialist
Dr. Yoko Onuma Long term Expert
Dr. Naofumi Sato Expert Consultant
Ms Misako Takatama JICA Expert
Mr Shunichiro Honda JICA Expert
Ms. Nayana Samaraweera Project Coordinator
Mr. A. Siriwardana Survey Assistant

DDG Waste Management of CEA chaired the meeting and made the welcome speech and stated
that the project successfully completed, publishing 3 manuals as the output of the implementation of
pilot projects (including SATREPS Guide). Also thanked to JICA for training opportunities and for
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the ReEB waste project. Requested the support in future as well. Also appreciated the support
extended by the project experts for out of their scope SWM activities and issues such as Gampaha,
Batticaloa etc.

Ms Negishi of JICA Sri Lanka office made the opening remarks.

Dr Onuma explained about the
Financial Progress of the ReEB Waste project
Seminar held on 13th December to share the findings of surveys
Findings of Waste Flow and Recycling Industry Survey
Technical Guidance given by the President of So Recycling Company in Shibushi to 3 Pilot
Project LAs
[] January JICA study tour

ooodd

[] Director MSW, Ms Sarojini made a presentation about the Japan Study Tour. She explained
the legal system in Japan for smooth SWM and the necessity of streamlining the law in Sri Lanka for
better SWM. Also requested the support of JICA to prepare comprehensive legal system as a future
project

[] Dr Sato explained the progress of pilot projects of

Kurunegala MC — PRB construction

Rathnapura MC — 3R Promotion

Katharagama PS — Landfill rehabilitation and 3R promotion
including the “Monitoring committee “meeting at Katharagama.

Discussion

[0 CEA questioned about the way forward and continuation of this project. JICA representative
explained there is no continuation of this project but master plan for the western province is in the
pipe line.

[] CEA stated that not only MSW, clinical and e waste are also serious issues in western
province. Master Plan will also consider these two aspects as well. Though JICA tried to support
for clinical waste incinerator due to the poor support of health ministry it was not materialized yet.

[1 Also requested the support from JICA for comprehensive total solution for industrial waste.

[] JICA representatives explained that for any requirement proposals should come from
government side through proper channels.

Confirmations

*  Final ReEB waste project seminar will be held on 31 of January.

*  ReEB Waste Final Report will be circulated on 1st of February and comments should be
submitted by 7th February.
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Commitment letter of MCK
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RMC Commitment letter
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Appendix

No PRB Material Pollutant Removed Absorption Capacity Reference
phosphate solid phase, chernikovite. >12 300 microgram U
(VI)/g in batch samples of bone meal, bone charcoal, and
reagent-grade hydroxyapatite.
18  Column packed with soil-activated carbon Organic matter 60% of NOM is removal in packing columns at 60 min Martinez-Gallegos et al. 2017
19  Iron Reactive Barrier Uranium and Nitrate Gu et al., 2003
20 FeS-coated sand Arsenic(l1l) Removal of As (1Il) by FeS - coated sand was 30% of that by nano =~ Han et al. 2011
particulate FeS at pH 5 and 7. At pH 9, the relative removal was
400%.
21  Acid-washed zero-valent iron/aluminum Cr(VI1), Cd?, Ni?*, Cu, and Zn?* Cr(V1), Cd%, Ni*,Cu?, and Zn*were all above 99.5% can keep = Han et al. 2016
mixtures about 300 h using 80 g/40 g acid-washed ZVI/ZVAl when treating
wastewater containing each heavy metal ions (Cr(VI), Cd?, Ni**,
Cu?, and Zn**) concentration of 20.0 mg/L.
22 Spongy iron/pine bark Nitrate—nitrogen NO3N removal efficiency (>91%) before 38 pore volumes (PVs) Huang, Huang, et al. 2015
of operation (corresponding to 504 d), form little or even
negative NO* N during the 45 PVs, and produce low NH* -N
after 10 PVs. Hydrogenotrophic denitrification removed 10—
20% of the initial NO*"N. Effluent total organic carbon
decreased from 403.44 mgL1atPV1t09.34mglL1
at PV 45.
23 Zero-valent iron(Fe), zero-valent iron and Tetracycline PRB columns packed with zero-valent iron (Fe), zero-valentiron = Huang et al. 2017
microorganism(M + Fe), microorganism(M) and microorganism(M + Fe), microorganism (M) - Removal rate
50%, 40% and 10% respectively
24 (PRB) with oxygen-releasing compound (ORC) Ammonium-nitrogen NH* N depletion (>99%). NH** N of 5.23 - 10.88 mg/L was = Huang, Liu, et al. 2015
and clinoptilolite removed, and NO? N of <1.93 mg/L and NO3- N of 2.03 - 19.67
mg/L were generated.
25  Novel, low-cost, PRB Acidic, and metal-rich, spoil heap The drainage has typical chemical characteristics of pH < 4,  Jarvis et al., 2006
drainage (pH < 4, [acidity] > 1400 [acidity] > 1400 mg/L as CaCOs, [Fe] > 300 mg/L, [Mn] > 165
mg/L as CaCOs, [Fe] > 300 mg/L, [Mn] ~ mg/L, [Al] > 100 mg/L and [SO4] > 6500 mg/L. During 2 years of
> 165 mg/L, [Al] > 100 mg/Land [SOs] ~ operation the PRB has typically removed 50% of the iron and
> 6500 mg/L) 40% of the sulphate. overall reductions in iron and sulphate
concentrations are 95% and 67% respectively.
26 Sand + zeolite waste disposal site leachate NH*s (at 100%), K* (at 93%) and Feror (at an average of 86%) Joanna et al, 2013
27  Zeolite-sand mixtures (Vistula sand (medium Groundwater at waste disposal sites Batch test - copper by 32%. Column test - NH*; (at 100%), K* (at ~ Joanna & Kazimierz 2013
sand acc. to USCS) with Slovak zeolite) 93%) and Feroral (at an average of 86%)
28  Zerovalentiron (ZVI) and the mixture of ZVI Zn, Mn, Mg, Cd, Sr, and NH4* BODS5/COD increased from initial 0.32 up to average 0.61 and = Jun et al. 2009
and zeolites + oxygen releasing compounds 0.6. Zn, Mn, Mg, Cd, Sr, and NH4*, and removal efficiency was
97.2%, 99.6%, 95.9%, 90.5% and 97.4% respectively.
29  Flyash zeolites Heavy metals (viz., As, Cd, Cr, Cs, Cu, Koshy & Singh 2016
Fe, Hg, Mn, Ni, Pb, Sr, W and Zn) and
ionic species (viz., ammonium,
chloride, fluoride, nitrate, phosphate
and sulphate)
30  Bio barrier + Activated carbon nitrate More than 94% Liu et al. 2013
31 Nano-sized manganese coatings on bone char Arsenic (V) Uncoated bone char has a higher retention factor (44.7) than  Liu et al. 2016
bone char with 0.465 mg/g of Mn (22.0), but bone char samples
with between 5.02 mg/g and 14.5 mg/g Mn have significantly
higher. Between 0.2% and 0.6% of the sorbed As is desorbed
Table 2-2 Different types of materials used in PRB designs
No PRB Material Pollutant Removed ‘Absorption Capacity Reference
1 Organic mulch RDX- and HMX-contaminated 87.1(83.6-90.6) pg/Lto<0.1pg/L Ahmad et al. 2007
groundwater
2 Clinoptilolite and Y-type zeolite - Isotope cd(iny 1.2 mg/kg Ahmed et al. 2010
exchange
3 Zeolite with high Si02/A1203 Methyl tert-butyl ether (MTBE), 100 pg/L Anderson 2000
Chloroform, trichloroethylene
4 Nano sized iron Nitrate 20 - 300 mg/L to 3-50 mg/L Araujo et al. 2016
5 Silica sand + Ca crushed limestone + readily Phosphate Short term - 99% of PO4 from a 10 mg/L PO4-P solution within ~ Baker et al. 1998
available metal oxides 1 h. Long term - 50 wt % silica sand, 45 wt % limestone, and 5
wt % iron/calcium oxide averaged >90% reduction in phosphate
over 4 years. A second column containing 50 wt % silica sand,
40 wt % limestone, and 10 wt % activated aluminum oxide
achieved >99% reduction in PO4 over a period of 2 years
6 Polyhydroxybutyrate (PHB) and zero valent Chlorinated ethanes Acetate 2500 mg/L and butyrate 700 mg/L Baric et al. 2012
iron (ZV1)
7 FeO Acidic leachates Bartzas et al. 2006
8 Pine sawdust mixes with soil Nitrate Preliminary groundwater is having, N (tot) equal to 704 mg dm- = Bednarek et al. 2010
3, NO3-N equal to 228 mg dm-3and NH4-N to 347 mg dm-3.
Preliminary results showed nearly 90% reduction of all forms of
nitrogen
9 Fly ash Pb Lead ion reduces from 1000 ppm to less than 2 ppm with 10 ~ Brooks et al. 2010
liters of solution and Lead ion from 10 ppm to less than 0.01
ppm.
10 20% iron and 80% sand Dissolved contaminants (PCE, TCE, Carniato et al. 2012
cis-DCE, trans-DCE and VC) and
inorganic (Ca%, Fe*)
11 Apetite I Zn, Pb and Cd Cd and Pb to below detection (2 Ig L 1), has reduced Zn to near =~ Conca & Wright 2006
background in this region (about 100 Ig L 1), and has reduced
SO4 by between 100 and 200 mg L 1 and NO3 to below
detection (50 Ig L 1). The PRB, filled with 90 tons of Apatite II,
has removed about 4550 kg of Zn, 91 kg of Pb and 45 kg of Cd,
but 90% of the immobilization is occurring in the first 20% of the
barrier, wherein the reactive media now contain up to 25 wt%
Zn.
12  Flyash zeolites Groundwater remediation Czurda & Haus 2002
13  Biological control Leachate 95% of COD and 100% inorganic Nitrogen. Ding et al. 2001
14 Zero-valentiron As(I11) Oxidation of As (Ill) to As (V), sorption of As (lll) and sorption of = Eljamal et al. 2011
As (V).
15  Grey cast-Fe shavings mixed with gravel Chromate contaminated Flury et al. 2009
groundwater
16  Granular activated carbon and natural Petroleum hydrocarbon Freidman et al. 2017
clinoptilolite zeolite
17  Bone apatite material (Contain HAP) Uranium < 5500 microgram U (VI)/g for all materials with the exception  Fuller et al. 2003

of crushed bone char pellets. >5500 microgram U (VI)/g in the
absence of dissolved carbonate, formation of the uranyl
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Appendix 8

No PRB Material Pollutant Removed ‘Absorption Capacity Reference
50 Fe(0) Different pollutants from Column tests showed that all fractions achieved good TCE  Ruhl & Jekel 2012
contaminated aquifers removal with a slight advantage for smaller grains.
51  Fe(0) Hazardous substances Ruhl et al. 2014
52  Clayey sandstone and entonite Methanogenic leachates Ruiz et al. 2012
53  Granular activated carbon Atrazine and oxyfluorfen Santos et al, 2016
54  MgO + saw dust Borate Boron accumulation was more than 1.6 times greater in the = Sasaki et al. 2011
presence of saw dust, although MgO alone performed well.
55  Fe(0),municipal leaf compost, sawdust, and Se(VI) Influent concentration (40 mg/L) of Se;O « decreased to less = Sasaki et al. 2008
wood chips than 2 mg/L within one week and to less than 0.014 mg/L within
1 month. SO,
4 concentration was reduced from 620 to 220 mg/L.
56  Uranium in hydroxyapatite: 237U as a radio Uranium HAP can sorb more than 2900 mg/kg uranium Simon et al. 2004
indicator
57  Natural clays containing small amounts of Leachate Soto et al., 2012
carbonates and sulfates
58  Granular zero-valent iron (ZVI) Copper and Zinc The hydraulic retention time decreased by 15-18%. Decrease in ~ Statham et al. 2015
the uniformity of the particle size distribution and the
agglomeration of particles.
59  Zeolite, activated carbon Heavy metal and hydrocarbon, Phosphorus concentrations were reduced during flow through = Statham et al. 2016
Phosphorus the iron/sand section and iron concentrations were reduced
within the zeolite section.
60  Cotton burr compost, zero valent iron, and Nitrate Cotton burr compost alone removed added nitrate at a greater ~ Su & Puls 2007
sediment rate than did Peerless FeO alone. Cotton burr compost also
removed added nitrate at a faster rate than did cotton burr
compost mixed with Peerless FeO and/or the sediment. No
substantial accumulation of ammonium ions in the cotton burr
compost system, system, in contrast to the systems containing
Peerless Fe0 in which ammonium ions persisted as major
products of nitrate reduction.
61  Cement kiln dust (CKD)-filter sand Cu(ll) and Zn(ll) from simulated acidic = Decrease in the hydraulic conductivity, which can be attributed = Sulaymon et al. 2015
groundwater to an accumulation of most of the quantity of the contaminant
masses in the first sections of the column bed.
63 Fe® Nitrate Nitrate reduction efficiency was enhanced by either increasing ~ Suzuki etal. 2012
the Fe0 content in the FeO reactive barrier or decreasing the
initial anode pH. Nitrate reduction efficiency was reduced by
increasing the
applied voltage from 10V to 40 V. Nearly all nitrate nitrogen was
recovered in either anode or cathode wells as nitrate or
ammonium within 100 h.
64  Calcium carbonate (CaCOs) and partly- Arsenic (As), lead (Pb), copper (Cu) Presence of CaCOs drastically reduced the amount of hazardous = Tatsuhara et al. 2012
weathered volcanic ash and zinc (Zn) elements released from the altered rock. Combining
neutralization and adsorption effectively reduced the amount of
As and heavy metals in the effluent
65  Clay (illite) and wood chippings Cs (137) Portability (104 Bg/m?) Torres et al. 2017
66  Calcite Fluoride For SPL contaminant mixtures, fluoride removal is initially less = Turner et al. 2008
than expected from idealized, pure, solutions. With time, the
effect of other contaminants on fluoride removal diminishes.
Fluoride removal increased with decreasing pH. 99% of 2300
No PRB Material Pollutant Removed ‘Absorption Capacity Reference
from the Mn-coated bone char at an initial pH value of 4,
compared to 30% from the uncoated bone char.
32 Partially saturated mixture of potassium Trichloroethylene, toluene, and High removal efficiency and reactivity of potassium = Mahmoodlu et al. 2014
permanganate and sand grains ethanol vapors permanganate for all target compounds at the highest water
saturation (Sw = 0.6). A change in pH within the reactive layer
reduced oxidation rate of VOCs.
33  Biobarriers with electro kinetics Diesel After two weeks of operation, 30% of pollutants are removed = Mena et al. 2015
and energy consumption is under 70kWhm-*
34  Sand + peat and sand + sawdust Trichloroethene Mondal et al. 2016
35  Autotrophic sulfur-oxidizers Nitrate Over 90% Moon et al. 2004
36  Oxidative process by Fenton’s reagent Leachate COD (63%), true color (76%) and humic substances (50%) Moravia et al., 2013
combined with membrane separation system
37  Amorphous ferric hydroxide u(vi) Uranium(V1) (8.40-10-7-2.10-10-3 mol L-1; 0.2-500 mg L-1), Moravia et al. 2013
sulfur(VI) (0-0.07 mol L-1; 0-2240 mg L-1) and carbon(IV) (0—
0.0195 mol L-1; 0-234 mg L-1)
38  Bio-reactive (5 cells each cell having different Petroleum hydrocarbons Mumford et al. 2014
materials)
39  Activated carbon Tetrachloroethylene (PCE) Nardo et al,
40  Activated carbon Cd(Il) Di Natale et al. 2008
42 Sand, carbon, bentonite clay and iron (10%) Cr(VI) Thermal treatment increased the amount of Fes04 from 25 to  Oliveira et al. 2011
55% by reduction of Fe;0s and highly dispersed Fe** by the
carbon present in the waste. Reduction of Cr (VI) to Cr (I11).
43 Cay mineral Silica in leachates, Ammonium Observed SiO; values average 26.9 mg/I SiOz (s.d. 12.1 mg/l. The = Owen & Manning 1997
youngest (<2 a) leachates have
highest SiO; levels (27-47 mg/!). Ammonium also appears to be
controlled by exchange with K within clays.
44 Geotextile clay liners Hydraulic conductivity and self- Parastar et al. 2017
healing properties
45  Clinoptilolite (a natural zeolite) Ammonium and heavy metals (Pb One gram of clinoptilolite showed removal efficiencies of more = Park et al. 2002
and Cu) than 80% against those contaminants in all cases except in very
high initial concentrations of ammonium (80 ppm) and copper
(40 ppm)
46  Flyash Pyrite oxidation With time, pyrite microencapsulation inhibited oxidation in  Pérez-L6épez et al. 2009
practically 97% of the pyritic sludge. Rapid pyrite-surface
passivation decreased its reactivity, preventing AMD production
in the relatively short term.
47  Clay Cs-137 The model was used to predict the performance of a = De Pourcq etal. 2015
hypothetical 2 m thick barrier with versus a real solution
containing 105 Bq/m? Cs-137 and K* and NHa* concentrations as
high as 740 and 337 mg/L. The barrier treats high
concentrations of Cs-137 more efficiently since its operation
time decreases linearly with the logarithm of the inflow Cs-137
concentrations.
48  Pozzolanic fly ash Hydraulic barrier - Landfill Prashanth et al. 2001
49 Fe® Mercury Mercury removal percentage of 76.30%. Permeable reactive = Robles et al. 2015

barrier of Fe, where 84.47% of the Hg?* was recovered from
water.
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83

85

86

87

89

90

PRB Material

Wooden shavings, as porous matrix, and clay

In situ PRB

Coconut coir fiber, rice straw, saw chips and
rice husks

Ex situ PRB
Amorphous ferric oxyhydroxide

Coconut husk (CH)

Granular activated carbon (GAC)

Mixture of WTR and pea gravel

Pollutant Removed

Cs-137

Hexavalent Chromium and
Trichloroethylene
Landfill leachate

Arsenic
Uranium

Cd(ll) and Pb(ll)

Atrazine and oxyfluorfen

Copper

‘Absorption Capacity

materials can be successfully used as PRB materials to treat
leachate contaminated with lead.

Aresidence time of 1 h of water in the barrier is enough to reach
a retention rate close to the maximum
(equilibria).

Organic matter, saw chips were the best at both adsorption and
biodegradation; coconut coir fiber and rice husks were the best
at biodegradation; both rice straw and saw chips were equally
good at adsorption. Ammonia could be treated mainly by
adsorption and nitrification. Based on the results, rice husks
could be the most supportive reactive media for nitrification.
Adsorption could be the dominant mechanism for chloride
removal in all media that equally performed in removing
chloride with greater than 90 percent removal.

The high iron (Fe) and calcium (Ca) content of the slag reacts
with the As removing it from solution.

Uranium exhibits a sharp rise in the extent of adsorption with
increasing pH.

Maximum adsorption capacities of Cd?* and Pb?* onto HACH
were 47.28 and 66.26 mg/g, respectively, and 24.24 and 21.21
mg/g, respectively, for RCH.

10% of atrazine and oxyfluorfen remained in the soil after 15
days. Adsorption onto the GAC bed was an important removal
mechanism (15-17% of herbicide retained). The evaporation
loses in REKAB were lower than those obtained in EKSF (45-50%
compared to 60-65%)

The mean total copper concentration in groundwater was found
to be 0.273 ppm. PRB based on mean K values from soil at the
site was calculated to be 0.240 cm/s. Soil porosity was found to
be 36.5%. A design pore water velocity value was calculated to
be 0.07 cm/s.

Appendix 8

Reference

Ayora et al. 2012

Blowes et al. 1999

Jayalath n.d.

Manchester et al. 2009
Morrison et al. 1995

Sewwandi et al. 2014

Vieira dos Santos et al. 2017

Walkons 2016

No

67

68

69
70

71
72

73

74

75

76

77

78
79

81

PRB Material

Zeolites

Calcium carbonate (limestone and crushed

concrete)

Gray cast iron

Novel Pd - bionanocatalyst

Compacted clay
Granulariron

Natural zeolite

Appetite

Mycobacterium sp. CHXY119 and
Pseudomonas sp. YATO411 immobilized bead
FeO—-Granular Activated Carbon (GAC)

Clayey soils

Calcined-hydrotalcite with electro kinetics
(Activated carbon) Electrokinetics process

Zero valent iron, zeolite, activated carbon

Natural Red Earth and Peat

Pollutant Removed

Petroleum hydrocarbons

Fe(l1), Mn(11)

Cr(vi)
Alkaline Cr(V1)

Leachate or methane

(Hexavalent chromium and

trichloroethylene)

Copper ion exchange

Cd, Pb, Zn, SO42-, NO3-

Benzene, toluene, ethylbenzene and

xylene
1,4-dichlorobenzene

Leachate pollutants

Cr(6+)
Copper contaminated Kaolin

Landfill leachate

Lead in leachate

‘Absorption Capacity

mg/L fluoride can be removed when CO is injected directly into
the barrier.

Test was interrupted for six months for removing by
backwashing the inorganic and biological deposits formed on
the filters.

Influent groundwater to the PRBs contained mean Fe and Mn
concentrations of approximately 30 mg/Land 1.62 mg/L. Fe was
removed from influent water at average rates of 91% and 95%
(by mass) for the limestone and crushed concrete PRBs in first
year. Fe removal efficiency decreasing to 64% and 61% for
limestone and concrete PRBs in 3 year.

Cr (V1) reduction efficiency of ca. 15%.

Removing 4% and 64% of Cr (VI) observed from model Cr (VI)
solutions, when formate and H2 were used as electron donors,
respectively.

Chromium concentrations exceeding 3 pg/L have not been
detected in regions located hydraulically down-gradient of the
PRB. Trichloroethylene treatment has also been effective,
although non-constant influent  concentrations of
trichloroethylene have at times resulted in incomplete
dechlorination.

The ion exchange of copper in slightly saline waters is decreased
at both 22 and 2 °C compared to uptake in simple binary
systems

Elizabeth City - Inorganic carbon(IC) and sulfer (S) accumulation
0.09 and 0.02 kg/m?/year. TDS < 400 mg/L in upgradient
groundwater. Denver site - Inorganic carbon (IC) and sulfer (S)
accumulation 2.16 and 0.8 kg/m?/year. TDS 1000 - 1200 mg/L in
up gradient groundwater.

97.8% for benzene, 94.2% for toluene, 84.7% for ethylbenzene
and 87.4% for p-xylene

1, 4-dichlorobenzene (1, 4-DCB) could be efficiently
dechlorinated in both anode and cathode. Long term
performance of the process was significantly better. Iron
efficiency (IE) of the proposed setup was averagely 225.7%.
The clayey soils showed a relatively high attenuation capacity
for COD with the estimated retardation factor of 5.

0.16-1.65 mg/g Cr (VI)-contaminated soil was remediated.

The average removal rate reached the highest of 96.60% when
the initial Cu?* concentration was 2000 mg/kg.

Average reductions in chemical oxygen demand (COD) and
contents of total nitrogen (TN), ammonium, Ni, Pb and 16
polycyclic aromatic hydrocarbons (PAHs) from test samples
using this mixture were 55.8%, 70.8%, 89.2%, 70.7%, 92.7% and
94.2%, respectively.

Both NRE and peat show high BET surface areas and remove
high percentages of low concentrated lead. Therefore, both
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Reference

Vignola et al. 2011

Wang et al. 2015

Wanner et al. 2012
Watts et al. 2015

Wijeyesekera et al. 2001
Wilkin et al. 2014

Woinarski et al. 2003

Wilkin et al. 2003

Xin et al. 2013

Yang et al. 2012

Zhan et al. 2014

Zhang et al. 2012
Zhao et al. 2016

Zhou et al. 2014
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Appendix 8

2.7.5 Characteristics of proposed PRB materials

Table 2-7 Characteristics of proposed PRB materials

Particle size Processing

Proposed
ratio (V/V)

Cost

(Rs/MT)

Availabili

Adsorption

Target pollutant

Main
purposes

1) Heavy metal

PRB material

cost
*Dry sieving
is possible

/Reactivity
Moderate

12.5%

Moderate

Readily

Heavy metals
Chlorinated

Bangadeniya clay

2 mm max. @

30% WC

available in

absorbent
2) Bulking agent to

local areas

hydrocarbons

maintain K
3) Organic pollutant

12.5% 75pum max. *Can be

High

Available as a
commercial
product

High

Organic

Coconut shell
charcoal

crushed &

pollutants

absorbent
4) Biologically

sieved with
simple

Heavy metals

reactive material

crushing

machines

**Dry sieving
is possible
*Requires
heavy

Moderate Available Low 75%

Heavy metals
Chlorinated

5) Bulking agent

6) Heavy metal

Crushed clay tiles
made out of

2mm<D<

crushing

4.75 mm @
3.5% WC

absorbent hydrocarbons

Natural Red Earth
(roofing/ bricks)

machines

**Dry sieving
is possible
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Appendix 8

Figure 3-1 Cross Sectional Views of proposed PRB system
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Appendix 8

Figure 3-3 Layout of the PRB system

Figure 3-2 Proposed heights and location of PRB system
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Table 4 - Calculation of Landfill Capacity
idential Was Domestic + Other
Residential Waste Other T Collection N Waste Perahera Total . Cover | Annual Cumulative
N otal . Collection N to Density | Volume | Settlement . il -
Year | P N G G Waste Ratio To To Season Lanfill Soil Landfi Landfill
v Landfill | Landfill
kg/person/day | keg/day | ke/day | kg/day kg/day | kg/day | Ton/yr | Ton/yr | Ton/yr | Ton/m* | mi/yr m/yr mifyr | mifyr m/Yr
1 22640.0 0.410 9282 7500 | 16782 | 0540 9062 5256 1919 378 2297 1.0 2297 230 459 | 2526 2526
2 22889.0 0414 9478 7725 | 17203 0.543 9336 5415 1976 380 2356 1.0 2356 353 471 2474 5000
3 23140.8 0418 9678 7957 | 17635 0.545 9618 5579 2036 382 2418 1.0 2418 363 484 | 2539 7539
4 23395.4 0.422 9883 8195 | 18078 0.548 9909 5747 2098 384 2482 1.0 2482 372 496 2606 10145
5 23652.7 0.427 10091 8441 | 18533 0.551 10209 5921 2161 386 2547 1.0 2547 382 509 2674 12819
6 23912.9 0.431 10304 8695 | 18999 0.554 10519 6101 2227 388 2614 1.0 2614 392 523 2745 15564
7 24175.9 0.435 10522 8955 | 19477 | 0.556 10837 6286 2294 389 2684 1.0 2684 403 537 | 2818 18382
8 244419 0.440 10744 9224 | 19968 | 0559 11166 6476 2364 391 2755 1.0 2755 413 551 2893 21275
9 24710.7 0.444 10971 9501 | 20472 0.562 11505 6673 2436 393 2829 1.0 2829 24 566 2970 24245
10 24982.6 0.448 11202 9786 | 20988 0.565 11854 6875 2509 395 2905 1.0 2905 436 581 3050 27296
11 252574 0.453 11439 10079 | 21518 | 0.568 12214 7084 2586 397 2983 1.0 2983 447 597 3132 30428
12| 255352 0.457 11680 10382 | 22062 | 0570 12585 7300 2664 399 3064 1.0 3064 460 613 3217 33645
13 | 25816.1 0.462 11927 10693 | 22620 | 0573 12968 7522 2745 401 3147 1.0 3147 472 629 3304 36949
14 | 26100.1 0.467 12179 11014 | 23193 0.576 13363 7751 2829 403 3232 1.0 3232 485 646 3394 40343
15 | 263872 0471 12436 11344 | 23780 | 0.579 13770 7987 2915 405 3320 1.0 3320 498 664 3486 43829
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Sundarapola SLMEND AO—EV TR

Apenndix10

The results of scoping at Sundarapola disposal site

During After
Impacts of EPC Construction Constructi
on
Natural Environment
1. Air pollution
- Dust C D
- Exhaust gas C D
- Concentration of exhaust gas C D
2. Water pollution
- - Groundwater pollution B P
- Surface water pollution C P
3. Soil pollution
- - Soil pollution by leachate D P
- Soil pollution by hazardous waste D D
4. Solid Waste
- Excavated soil disposal D P
- Construction waste D D
- Municipal waste D D
5. Noise and vibration
- - by heavy construction equipment C D
- by Garbage trucks D D
6. Ground subsidence
* - Inconformity subsidence D D
- Large-scale subsidence D D
7. Offensive odor
- from leachate/ water pollution C P
- from solid waste D D
8. Geographical features
- - Flooding by the change of storm water route D D
- Land slip D P
9. Bottom sediment
: - Erosion of riverbed D D
- Inflow of soil into the river D D
10. Fauna and flora
- Flora D D
- Birds D D
- Animals D D
| - Fish D p
11. Water usage
- Surface water pollution C P
- Groundwater pollution B P
- Movement of groundwater D D
12. Accidents
- Increase of traffic accidents C D
- Accidents of equipment (construction equipment, garbage C D
collection trucks, compost machines, etc.)

12
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During After
Impacts of EPC Construction Constructi
on
13. Global warming
| - Increase of CO, D D
- Increase of methane gas C D
Social Environment
Impacts During After
Construction Constructi
on
1. Involuntary resettlement
_ - Condemnation of land property D D
2. _Local economy such as employment and livelihood etc.
- - Job opportunities by construction P D
- Job opportunities by the operation of the facility P P
| - Impacts by the facility to the economy nearby P P
3. Land use and utilization of local resources
- Impacts on agriculture activity nearby D P
| - Lost of forest D P
4. Social institutions such as social infrastructure and local decision-making institutions
- Impacts of communities P P
5. Existing social infrastructures and services
- Impacts to roads C D
| - Impacts to electricity C D
- - Impacts to water supply and wells B P
6. The poor, indigenous and ethnic people
| - Impacts on poor people D P
_ - Impacts on social minorities D P
7. _Misdistribution of benefit and damage
. - Loss-benefit Imbalance D D
- Uneven distribution of loss and benefit D D
8. _Local conflict of interests
- Magnitude of local conflict of interests D D
9. Gender
- Deterioration of living condition of female by loss of D D
income.
10. Children’s right
- Existence of schools nearby D P
11.  Cultural heritage
- Existence of cultural heritage nearby D P
12.  HIV/AIDS etc. epidemics
| - By inflow of construction workers U U
Rating:

A : Very serious impact is expected,
C : Little impact is expected

U : Impacts are unknown

10-2

B : Serious impact is expected.
D : Impact is negligibly small/ no impact

P : Positive impacts are expected



The result of Scoping at Galapitiyagayaya

Appendix 11

During After
Impacts of EPC Construction | Construction
Natural Environment
1._Air pollution
- Dust C D
| - Exhaust gas C D
_ - Concentration of exhaust gas C D
2. Water pollution
- Groundwater pollution D D
- Surface water pollution D D
3._Soil pollution
- Soil pollution by leachate D P
- Soil pollution by hazardous waste D P
4. Solid Waste
- - Excavated soil disposal C D
_ - Construction waste D D
- Municipal waste D D
5. Noise and vibration
| - by heavy construction equipment C D
- by Garbage trucks D C
6. Ground subsidence
| - Inconformity subsidence D C
- Large-scale subsidence D C
7. Offensive odor
- from leachate/ water pollution D D
- from solid waste D D
8. Geographical features
- Flooding by the change of storm water route D D
- Land slip D D
9. Bottom sediment
- - Erosion of riverbed D D
- Inflow of soil into the river D D
1( Fauna and flora
- Flora D P
- Birds D P
- Animals B P
- Fishes D D
11 Water usage
- Surface water pollution D D
- Groundwater pollution D D
- Movement of groundwater D D
12 Accidents
- Increase of traffic accidents C D
- Accidents of equipment (construction equipment, garbage D
collection trucks, compost machines, etc.)
1: Global warming
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During After
Impacts of EPC Construction | Construction
- - Increase of CO» D D
- Increase of methane gas D D
Social Environment
Impacts ~ During After
1. Involuntary resettlement
| - Condemnation of land property | D | D
2. Local economy such as employment and livelihood etc.
- Job opportunities by construction P D
- Job opportunities by the operation of the facility P P
- Impacts by the facility to the economy nearby P P
3. Land use and utilization of local resources
- Impacts on agriculture activity nearby D D
- Lost of forest C D

4. Social institutions such as social infrastructure and local decision-making institutions
- Impacts of communities 5 P P

5. | Existing social infrastructures and services
- Impacts to roads : C :

- Impacts to electricity C C
- Impacts to water supply and wells | D

6. The poor, indigenous and ethnic people

- - Impacts on poor people D P
| - Impacts on social minorities | D | P
7. Misdistribution of benefit and damage
- Loss-benefit Imbalance _ D _ D
. - Uneven distribution of loss and benefit D D
8.  Local conflict of interests
- Magnitude of local conflict of interests D D
9. Gender _ _
- Deterioration of living condition of female by loss of income. : D D
10. Children’s right _ _
- Existence of schools nearby D P
11. Cultural heritage _ _
- Existence of cultural heritage nearby D P
12. HIV/AIDS etc. epidemics _ _
| - By inflow of construction workers U U
Rating:
A : Very serious impact is expected B : Serious impact is expected.
C : Little impact is expected D : Impact is negligibly small/ no impact
U : Impacts are unknown, P : Positive impacts are expected
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Approval letter of Kurunegala MC
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Approval letter of Katharagama PS




Appendix18

CONSTRUCTION OF PERMEABLE REACTIVE
BARRIER AND ASSOCIATED FACILITIES
AT SUNDARAPOLA DISPOSAL SITE

IN KURUNEGALA MUNICIPAL COUNCIL

AS BUILT DRAWING OF PRB

CONTRACTOR:

T N CONSTRUCTIONS
NO: 41,

SANJEEWA BUILDING,LIYANAGEMULLA,
W

Description Unit Symbole value Description Unit Symbole value
PRB Material m? 2.53 PRB Material m 2.55
Earth filling nw | == | 110 Earth filling ] 1.10
Top layer Earth filling m* 155 Top layer Earth filling m 155

2 0
126.00 126.0 T
N
125.50 L L
GEOTEXTILE GEOTEXTILE
124.50 124.50
v o~ o~
AR AACACACACAL AR ACACACALS
A AL AL A A ACACAES
AR AL ACACAC A ACACACALS
A LA AL A A ACAE
At <o ] ECACACACACACAEAS
E A A A
AR CACACACACACY SCARACACACACACAS
A AL ACAE AR A ACACAES
AR AL A ACACACALS
A AL AL AR A AT
AR AL A ACACACALS
A AL AL AR A AT
AR AL A ACACACALS
AL AL A A ACACAES
AR LA A A A ACACACALS
AL AL AR A AT
ARG ECACACACACACAEALS
A At 122.18 Bt A A
12220 CACACACACACACAENE 22. FACACACAEACAERENE?
122.00 122.00
DATUM 123.0 DATUM 123.0
=) = =) =) =) = =) =)
OFFSET =3 = S S OFFSET S S =1 S
= ] I - 3 = i -
Chanage : 0+006 Chanage : 0+003
EMPLOYER: CONTRACTOR: PROJECT : TITLE . Hor. - 1:25
TN CONSTRUCTIONS SCALE- & 150
EX RESEARCH INSTITUTE LTD LIYANAGEMULLA SEEDUWA. CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB — — — -
BARRIER AND ASSOCIA” CILITIES SECTION - 04003 DRAWN BY APPROVED BY:| DATE
CONSULTANT: - 3 AGENCY: AT SUNDARAPOLA DISPOSAL SITE o INDIKA PRANEETH 2018.08.10
FUNDING AGENCY: N R AL St SECTION : 0+006
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGENCY DRAWING NO: PRB 001
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Description Unit Symbole value Description Unit Symbole value
PRB Material m 1.96 PRB Material m’ 2.53
Earth filling m’ = 1.10 Earth filling m’ 1.10
Top layer Earth filling m’ 1.55 Top layer Earth filling m’ 1.55

0
126.00 e e T e T T T T T T T T T T = T T TE= T T 126.0 e T T T T T = T T T T T = T T T T TE=T T TE
125.50
GEOTEXTILE GEOTEXTILE
124.50 124.50
A A Attt Attt
A A
AT CAS A
A A
AT A
A A
AT A
A A
AT A
i i A
R A
A A
AT A
A A
At A
12272 A
. A
A
122.25 A
122.00 122.00
DATUM 123.0 DATUM 123.0
S = ) =) =) =) S )
OFFSET 8 =4 = 2 OFFSET 3 =1 = =4
S = o - S P i »
Chanage : 0+0012 Chanage : 04009
EMPLOYER: CONTRACTOR: PROJECT : TITLE : . Hor. - 1:25
TN CONSTRUCTIONS SCALE- y 0 150
EX RESEARCH INSTITUTE LTD T ot aseaoa ™ OLIYANAGEMULLASEEDUWA. CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB v . .
FAX: 0112250012 BARRIER AND ASSOCIATED FACILITIES SECTION - 04009 DRAWNBY: | APPROVED BY:| DATE
CONSULTANT: FUNDING AGENCY: AT SUNDARAPOLA DISPOSAL SITE X INDIKA PRANEETH 2018.08.10
IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+012
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGENCY DRAWING NO: PRB 002
Description Unit Symbole value Description Unit Symbole value

PRB Material m? 1.97 PRB Material m 1.96
Earth filling nw | == | 110 Earth filling L 110
= =

Top layer Earth filling m 1.55 Top layer Earth filling m 155
2 0
126.00 S e e e e e e N e e e N e N s I N TR 126.0 S e e L e e N e e e s N =N
125.50
GEOTEXTILE GEOTEXTILE
124.50 124.50
A A Attt oov v o v~
A A
AT AR A
A A
AT AR
A EA A
AT AR
A A
AT ARG
S Sa Attt
v < v v v~ < |
A A
AT AR A
A A
At Moo o~~~
122.71 122.73
122.00 122.00
DATUM 123.0 DATUM 123.0
. S = =) =) =) = =) S
OFFSET 5 8 S 5 OFFSET g 8 S g
= ] I - = = i e
Chanage : 0+018 Chanage : 0+015
EMPLOYER: CONTRACTOR: PROJECT : TITLE . Hor. - 1:25
TN CONSTRUCTIONS SCALE- o 1150
EX RESEARCH INSTITUTE LTD TELEPHONE o1 taoiaang - VANACEMULLASEEDUWA CONSTURCTION OF PERMEABLE REACTIVE |  AS BUILT DRAWING OF PRB ” —— -
FAX- 0112250012 BARRIER AND ASSOCIATED FACILITIES SECTION - 01015 DRAWNBY: | APPROVED BY:| DATE
CONSULTANT. 3 AGENCY: AT SUNDARAPOLA DISPOSAL SITE SE 5 INDIKA PRANEETH 2018.08.10
! FUNDING AGENCY IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+018
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGENCY DRAWING NO: PRB 003
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Description Unit Symbole value Description Unit Symbole value
PRB Material m 1.94 PRB Material m’ 1.97
Earth filling w | EESSSS| 110 Earth filling m* 1.10
Top layer Earth filling m’ 1.55 Top layer Earth filling m’ 1.55

26.00

126.00 =] =] =] =] 126.0 e e [ e [T e [ e [ e e el [ T [ [T [

125.50
GEOTEXTILE
124.50 — 124.50
A A A
A
A
S
A
A
AT
A
AT
A
AT
A
AT
A
AT
122.74 122.72
122.00 122.00
DATUM 123.0
o ) ) B =) S =) S =
OFFSET g g < S g 8 2 g
S — ol o =] —_ i £
Chanage : 0+024 Chanage : 0+021
T - CONTRACTOR: CT - g 2.
EM PROJECT : TITLE : - Hor. - 1:25
iR [ v v
A & TELEFHONE 01 gy ACFHULLASEERUWA CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB — ——
FAX: 0112250012 BARRIER AND ASSOCIATED FACILITIES SECTION : 04021 DRAWN BY APPROVED BY:| DATE
CO LT 3 . AT SUNDARAPOLA DISPOSAL SITE 3 002 INDIKA PRANEETH 2018.08.10
NSNSTANANT FUNDING AGENCY: IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+024
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGENCY DRAWING NO: PRB 004
escription Ini Symbole value escription ni Symbole value

Descripti Unit Symbol I Descripti Unit Symbol 1

PRB Material m? 1.94 PRB Material m 1.97

Earth filling nw | == | 110 Earth filling | = 110

Top layer Earth filling m? 1.55 Top layer Earth filling m 1.55
2 0
126.00 126.0 e e e e L e e e e N e N s s N =N
125.50
GEOTEXTILE GEOTEXTILE
124.50 124.50
A A Attt oov v o v~
VVVVVVVvVVVVVVV ~ VVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVV ~ VVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVV ~ VVVVVVVVVVVVVVVVV
VVVVVVVVVVVVVVV ~ VVVVVVVVVVVVVVVVV
S A
v < v ARG
VVVVVVVVVVVVVVVVV e VVVV Vs VV ~ <
A A
At Moo o~~~
122.75 122.71
122.00 122.00
DATUM 123.0 DATUM 123.0
; 8 g B 8 ; g g g g
OFFSET =3 = S S OFFSET S S =1 S
= = o - S = i e
Chanage : 0+027 Chanage : 0+030
EMPLOYER: CONTRACTOR: PROJECT : TITLE g Hor-125
ONS SCALE- ver - 150
EX RESEARCH INSTITUTE LTD JINGLIYANAGEMULLASEEDUWA CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB - — . 5
BARRIER AND ASSOCIATED FACILITIES DRAWN BY APPROVED BY:| DATE
CONSULTANT: 3 AGENCY: AT SUNDARAPOLA DISPOSAL SITE SECTION : 0+027 INDIKA PRANEETH 2018.08.10
! FUNDING AGENCY: IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+030
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGE 5 ? DRAWING NO: PRB 005
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Description Unit Symbole value Description Unit Symbole value
PRB Material m 2.19 PRB Material m’ 2.12
Earth filling m’ 1.10 Earth filling m’ 1.10
Top layer Earth filling m’ 1.55 Top layer Earth filling m’ 1.55

26.00

126.00 =] =] =] =] 126.0 e e [ e [T e [ e [ e e el [ T [ [T [

125.50
GEOTEXTILE
124.50 124.50
o v v v v~
A
AR
kAt at At ACACAE
AN
AL
AN
AL
A
AL
A
AL
A
A
ACACACACACACAEH
AL
12251 EMCMCACACACACAC 12258
122.00 122.00
DATUM 123.0
'SET g = e 8 g g 8
OFFSET 8 5 2 2 5 3 g
= = - 3 = i -
Chanage : 0+036 Chanage : 0+033
EMPLOYE] CONTRACTOR: PROJECT : TITLE : g Hor. - 1:25
TN CONSTRUCTIONS SCALE- y 0 150
EX RESEARCH INSTITUTE LTD TELEPHONE ot apgaaae. Y ANAGEMULLA.SEEDUWA. CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB — ——
FAX: 0112259012 BARRIER AND ASSOCIATED FACILITIES DRAWN BY APPROVED BY:| DATE
CONSULTANT FUNDING AGENCY: AT SUNDARAPOLA DISPOSAL SITE SECTION : 0+033 INDIKA PRANEETH 2018.08.10
~ IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+036
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGENCY DRAWING NO: PRB 006
Description Unit Symbole value Description Unit Symbole value

ial m? 222 PRB Material m 2.19

PRB Mat
Earth filling nw | == | 110 Earth filling ] 110

Top layer Earth filling m? 1.55 Top layer Earth filling m? 1.55
126.00 126.00
125.50 125.50
GEOTEXTILE GEOTEXTILE
124.50 124.50
Fe v~ v~>vv> b o vw v v v v
SR AAAACACAL EAAAAAACC
AEAACACACACACAE ACACACACACACACAL
EA AL A
A SO
AR AN ANAE A
AN ACCACACACACACAL
A A
ACAACACACACACAC ACACACACACACACAL
AL i v v v v N
GG AL
AL SACCACACMACC
ACAACACACACACACH M
S AL
A AL
A AL 122,51 EAAAACACACC!
2248 ACACACACACACACACS 22. CACACAH
2. EACACACACACACAEONE
122.00 122.00
DATUM 123.0 DATUM 123.0
. =) = ) =) =) ) S S
OFFSET E g E g OFFSET 3 E = S
= = o - S = i P
Chanage : 0+042 Chanage : 0+039
EMPLOYER: CONTRACTOR: PROJECT : TITLE scaLg. Hor-1:25
I ONS ' h "7 Ver.- 1:50
EX RESEARCH INSTITUTE LTD NG LIVANAGEMULLASEEDUWA CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB - — - 5
BARRIER AND ASSOCIATED FACILITIES . DRAWN BY APPROVED BY:| DATE
CONSULTANT: FUNDING AGENCY: AT SUNDARAPOLA DISPOSAL SITE SECTION : 0+039 INDIKA PRANEETH 2018.08.10
! : IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+042
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGE! DRAWING NO: PRB 007
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Description Unit Symbole value Description Unit Symbole value
PRB Material m 222 PRB Material m’ 2.22
Earth filling w | EESSSS| 110 Earth filling m* 1.10
Top layer Earth filling m 1.55 Top layer Earth filling m’ 1.55

26.00

126.00 126.0 e e [ e = e [ e [ e e el [ [ [ [T I T

125.50 125.50

GEOTEXTILE
124.50 124.50
Fo v o v~ vv>
P AAAAACACAL
ACAACACAACACAES
AL
AEACACACACACAES
AR AN ANAE
AN
R AR
b i
AL
GG
AL
GG
AL
GG
AL
122.49 ACASACACACACACACH
22. EACACACACACACIONE 122.47
122.00 122.00
DATUM 123.0
SET g s g g g s g g
OFFSET S =] = S 3 S = 3
= = o B S P i P
Chanage : 0+048 Chanage : 0+045
EMPLOYE CONTRACTOR: PROJECT : TITLE : g Hor. - 1:25
TN CONSTRUCTIONS SCALE- y . 150
EX RESEARCH INSTITUTE LTD TELEPHONE ot apgaaae. Y ANAGEMULLA.SEEDUWA. CONSTURCTION OF PERMEABLE REACTIVE | AS BUILT DRAWING OF PRB — ——
FAX: 0112259012 BARRIER AND ASSOCIATED FACILITIES DRAWN BY APPROVED BY:| DATE
CONSULTANT: FUNDING AGENCY: AT SUNDARAPOLA DISPOSAL SITE SECTION : 0+045 INDIKA PRANEETH 2018.08.10
B : IN KURUNEGALA MUNICIPAL COUNCIL SECTION : 0+048
WASTE TO ENERGY TECHNOLOGIES LIMITED JAPAN INTERNATIONAL COOPERATION AGENCY DRAWING NO: PRB 008

Description Unit Symbole value
PRB Material m 225
Earth filling | s 1.10
Top layer Earth filling m? 1.55

126.00

124.50

GEOTEXTILE

122.00

DATUM 123.0

OFFSET

0.000

1.000

2.100
3.000

Chanage : 0+051

EMPLOYER:

EX RESEARCH INSTITUTE LTD

CONTRACTOR:

ONS
DING LIYANAGEMULLA SEEDUWA.

PROJECT :

CONSTURCTION OF PERMEABLE REACTIVE
BARRIER AND ASSOCIATED FACILITIES

CONSULTANT:
WASTE TO ENERGY TECHNOLOGIES LIMITED

FUNDING AGENCY:

JAPAN INTERNATIONAL COOPERATION AGE!

AT SUNDARAPOLA DISPOSAL SITE
IN KURUNEGALA MUNICIPAL COUNCIL

TITLE

Hor. - 1:25
Ver. - 1:50

SCALE -

AS BUILT DRAWING OF PRB
SECTION : 0+051

DRAWN BY:
INDIKA

APPROVED BY
PRANEETH

DATE
2018.08.10

DRAWING NO: PRB 009
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2 o' of 160mm - Fype 600 PVC

NotEs

EX RESEARCH INSTITUTE LTD

TELEPHONE - 0114962324
FAX: 0112259012

CONSULTANT:
WASTE TO ENERGY TECHNOLOGIES LIMITED

FUNDING AGENCY:
JAPAN INTERNATIONAL COOPERATION AGENCY

BARRIER AND ASSOCIATED FACILITIES
AT SUNDARAPOLA DISPOSAL SITE
IN KURUNEGALA MUNICIPAL COUNCIL

SECTION X-X SECTION _Y-Y.
CONTRACTOR: . .
EMPLOYER: PROJECT : TITLE :
TN CONSTRUCTIONS SCALE - NOT TO SCALE
NO:41.SANJEEWA BUILDING.LIYANAGEMULLASEEDUNA. CONSTURCTION OF PERMEABLE REACTIVE | LEACHATE COLLECTION
APPROVED BY:| DATE:

AND DELIVERY SYSTEM

2018.08.10

PRANEETH

DRAWING NO: PRB 009

TIE MEASUREMENT OF PRB
SCALE 1:200
CONTRACTOR: . .
EMPLOYER: PROJECT : TITLE : S
TN CONSTRUCTIONS SCALE 1:1000
EX RESEARCH INSTITUTE LTD N EPHONE 0 Liogatay HVANAGEMULLASEEDUWA CONSTURCTION OF PERMEABLE REACTIVE | PRB LOCATIONS -
BARRIER AND ASSOCIATED FACILITIES DRAWNBY: | APPROVED BY:| DATE;
INDIKA PRANEETH 2018.08.10

FAX: 0112259012

AT SUNDARAPOLA DISPOSAL SITE

CONSULTANT:
‘WASTE TO ENERGY TECHNOLOGIES LIMITED

FUNDING AGENCY:
JAPAN INTERNATIONAL COOPERATION AGENCY

IN KURUNEGALA MUNICIPAL COUNCIL

DRAWING NO: PRB 011
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Appendix 20

LIST OFDRAWINGS
NOS Description DRAWING NO
1 | SITE LAYOUT 001
2 | WIRE FEBCE 002
3 | DRIVEWAY GATE 003
4 | CAUSEWAY 004
5 | ACCESS ROAD 005
6 | RAMDOM RUBBLE MASONRY DRAINS AND EARTH DRAIN 006
7 | LAND FILL — 1 007A
8 | LAND FILL — 2 007B
9 | LEACHATE COLLECTION PIPE 008
10 | LEACHATE TREATMENT PLANT - 1 009A
11 | LEACHATE YREATMENT PLANT — 2 009B
12 | WET LAND 0010
13 | NIGHT SOIL TREATMENT PLANT 0011
14 | WEIGHT BRIDGE 0012

EARTH DRAIN

ELEPHANT FENCE

VENT PIPE
\mﬂ\
NANHOLE /

LEACHATE

COLLECTING TANK- X /
20 M WDE RCC. \//
DRAN /

LEACHATE
TREATNENT PLNT

EARTH
ENBANKNENT

LEACHATE
COLLECTION PPE
NETWORK

, > e
’ 2

SECURITY HUT

@J LAYOUT PLAN
SCALE- 1:100

Employer Engineer

AS BUILT DRAWING
LAYOUT PLAN

PROPOSED REHABILITATION GALPITAGALYAYA DISPOSAL SITE| EX Research institute Ltd. Dakshina Cost Consutiant,
104, Denzil Kobbakaduwa Mawatha.| No,8/2, Nawinna Road,

PRADESHIYA SABAHA Battaramulla. Kahaduwatta,

AT KATARAGAMA.

Galle.

Contractor

DRAWN B Ramjan Fernando

21ST CENTARY PROPERTY DEVOLPMENT (PVT.) LTD.
Building Construction,Management Designers & CHECKED
Maintenance Contractors.

- SCALE A INDICATED
Office Tel: 0115927077
519, 1st Floor, DATE 20/09/2018
Elvitigola Mawatho, Fax: 0115927079
Narahenpita E.Moil: 21centurygroup.com DRG. NO. 001

20=1
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TYPICAL CORNER POST

INSTALLATION
SCALE- 1:40

I»ww[ NESH

500<300x300mm TYPICAL GONCRETE
FOOTING FOR ALL BRACES

TYPICAL CONCRETE FOOTING FOR ALL
END, CORNER AND LINE POST

A

II;
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Operation and Maintenance of Permeable
Reactive Barrier (PRB) and Leachate
Treatment Facility in Kurunegala MC

Under the project of Pollution Control and Reduction of
Environmental Burden in Solid Waste Management (ReEB Waste)
by CEA with support of JICA

(Ver. 14th September2018)

. Layout of PRB and Leachate Treatment Facility

. Operation & Maintenance of PRB, Leachate

. Required resource for Operation & Maintenance

. Monitoring system

Contents

Treatment Facility and Landfill Site

1. Layout of PRB, Leachate Treatment Facility
and Gentle Slope Landfill Site

Sundarapora municipal solid waste disposal site

2. Operation & Maintenance

2.1 Operation & Maintenance of PRB
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2.1 Operation & Maintenance of PRB

* No regular operation and maintenance is required

¢ Regular underground water analysis at designated
wells are required

* In case that heavy metals are detected at existing
wells of households, PRB material should be
replaced immediately.

2.1 Operation and Maintenance of PRB

(1) Structure of PRB
The PRB, one of in-situ methods for treating i gr isan of
reactive media in the subsurface designed to intercept a contaminated plume, provide a flow path
through the reactive media, and transform the i into envir

forms to attain remediation concentration goals down-gradient of the barrier.
8

2.1 Operation and Maintenance of PRB
(2) Designated existing wells for underground water analysis

5 (+monitoring well)

Existing well No4 @

Existing well No.5

2.1 Operation and Maintenance of PRB
(3) Baseline data of underground water analysis at designated existing wells

Baseline data of under ground water quality

Exising well No.1

Existing well No.2
Existing well No.3
Existing well No 4

Exising well No 5

In case that heavy metals are detected at existing wells
of households,PRB should be replaced immediately.

10

(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

[ No. | _Material | p

W Claybricks  i. Made out of soil having > 90£5% of particles less than 2.00 mm through dry sieving
ii. Common clay bricks hand or machine molded
iii.  Burnt n kiln at 600 °C to 900 °C for minimum of 3 hours
iv. Dimensions L= 2103 mm; D=72+3; W=140+3

v. Maximum allowable water content is 4% by weight

vi. Allow to use broken/shattered clay bricks, if appropriate qualities are achieved and
appropriate quantities are supplied in accordance with clauses 1-iv.
Coconut i.  Made out of coconut shell burnt at 400 °C to 600 °C for minimum of 0.5 hours
shell ii. Free from unburnt coconut shell particles (maximum allowable unburnt particles = 5%
charcoal by dry weight)
particles iii. Free from soil, sand or any other inert particles (maximum allowable unburnt particles

= 2% by dry weight)
iv. Maximum allowable water content is 10% by weight
Bangadeniya i.  Soil having > 100% of particles less than 2.00 mm through sieving
soil ii. Soil having at least 40% clay by dry weight
iii. Maximum available field water content of 30% by weight
iv. Maximum allowable organic matter content of 2% by weight
V... Sourced from clay mines of Allyyial deposits (Entisol) in Bangadeniya

Table 0-1 Mixing ratio and longevity of PRB materials

Bangadeniya Soil (25%) + Bangadeniya Soil (12.5%) +
Charcoal powder (25%) + Charcoal powder (12.5%) +
Brick particles (50%) Brick particles (75%)
Degree of % Dr=75 Dr=80 Dr=90 Dr=75 Dr= 80 Dr=90
compaction

Hydraulic cm/s 2.00E-03 7.00E-04 3.30E-05 2.50E-03 2.40E-03 9.80E-04
conductivity

Heavy metal mg/year 3.10E+05 1.10E+05 5.30E+03 3.90E+05 3.80E+05 1.50E+05
adsorption

Dry bulk density g/em3 0.93 1.06 1.19 0.92 1.05 1.20
Heavy metal mg/m3  2.10E+06 2.40E+06 2.70E+06 2.40E+06 2.80E+06 3.20E+06
removal

Expected lifetime Years/m?® 6.90 22.00 523.00 6.20 7.30 20.50

after Saito et al., [2016] and Kawamoto et al., [2016]




Appendix22

3.2 Pilot project at Sundarapora municipal solid waste disposal site
(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

Bangadeniya Soil (12.5%) Coconut shell charcoal
particles(12.5%)

l

Crushed bricks(75.0%)

Weight
RPB Material (Weight base %)

3.2 Pilot project at Sundarapora municipal solid waste disposal site
(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

——

3.2 Pilot project at Sundarapora municipal solid waste disposal site

(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate
Excavation of PRB trench

3.2 Pilot project at Sundarapora municipal solid waste disposal site
(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate
W=1.10 m, D=3.4m
below GL125.5m level where bottom of trench is
at GL122.1m level)
Observations:
v/ GL125.5 to GL124.6m (~ 0.9m) of backfill soil

v GL124.6 to GL123.7m (~1.1m) of natural soil with cla
(seepage layer)

v/ GL123.7 to GL122.1m (~1.5m) of hard impermeable
dense clay (low permeable clay layer)

(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

* PRB:W=1.0m, L=60m, D=3.0~4.0m

Installation of PRB material Compaction of PRB material

Structure of PRB ”

(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

Filling the excavated trench with PRB
mixture (~ 3.5 m of length)

Taking core samples from first compacted layer (~0.5m
from bottom). Core sample (S1) was taken from extended
arm core sampling device. Observed small quantity of
wat8r seepage from either side of the trench.
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(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate (1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

Filling the second layer on top of first PRB Core sample (S2) was taken from

layer (~0.5m and compaction by excavator second compacted layer.

bucket). PRB filling on third layer (~0.5m) Taking core sample from third compacted layer (S3).
19 20

(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate (1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

Filling the forth layer (0.5m). After filling up to final height (124.5m) that

Tamping by steel tamper (~ 10kg) for Core sampling on the finished layer (S4, S5,
is 1.0m below the 125.5m surface level. compaction and smooth finishing. $6). The finished section was having a width
21 2 of 1.10m and length of 1.5m.

(1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate (1) Permeable Reactive Barrie (PRB): Under ground water control effected by leachate

Laboratory testing of bulk density and water content

Sample Wt of wet soil Dry weight of = Water content = Water content Core Wet Bulk Dry Bulk
(8) soil (g) (%) (Wb) (%)(Db) | volume | density | densi

(em’) (kg/m’) (kg/m’)
1 166.0 123.0 25.9) 35.0 98.8 1.680, 1.245
2 126.0 110.0 127, 14.5) 98.2| 1.283 1.120
3 125.0 110.0 12.0 13.6 98.2| 1.273 1.120
4 118.0 104.0 11.9 13.5 98.6) 1.197, 1.055
5 126.0 110.0 127 14.5) 98.2| 1.283 1.120
56 123.0 107.0 13.0 15.0 98.2| 1.253 1.090

« The bottom layer (51) has slightly over compacted. However all other layers has achieved
required level of compaction 1.0-1.1 kg/m3)

* Except the bottom layer (S1), water content is also within the acceptable limit below 27%.

* The higher compaction at the bottom layer might have caused by additional compaction effort.
Thus care shall be taken when the deep layers are compacted by excavator.

Laying the i ile before illi After illing by clay soil. Filling is only halfway
with excavated clay soil. for demonstration purpose. The clay soil layer has
23 not compacted to surface level (125.5m) yet to
avoid collapsing.
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(DReceiving ®outlet
Tank
Drying, Effluent
nea
T T T T
Valve 2 3 4
€] S s2 S
Receiving | | S s =
2.2 Operation & Maintenance of o . )
Firstly,collcted wastewater is (OF Tanks Tanks_Sloutiel  Treated water can
AT o e s
" o the vl g o.M " . Uoa for Sompost ok okl
Leachate Treatment Facility i stume memne  (Sedimentation
filled is :7.5 Gully loads / day Tanks @Treatment Tanks
22,5001/ do Drying area
e, (N YRS, ... .
e et :
gy € 0000000 i
@valve
Yalv Sedi ik it Ne ly
‘ limentation tanks precipitate sludge in the waste water. Normally
maerence s ot ool However i b g bt G l
e b i s ] AT
e
BRemoving he sudge Tled withstngs o ocomut e
1 Poke and check the thickness of the sludge with a stick. Treatment process takes about 14 days.
i et e roseree N o i emere e eretos| [Eraa iAot e
fEhea i Eoreer i st
N e et e e T i
Open hll of e valveafer flng
DD UG i ot o s, ot nfso fsome s e O sz
e recaivn fank end ischarge i Vs o Caas
oot ;
sl o e sednetaln 35\ o ki o i o o
Don' discharge quickly. Genlle 5 After drying sludge can be used to e@h compost.
et pete e e ‘The sludge should be dried_for about one week.

3.3 Making gentle slope and turffing
(Design is supported by ReEB Waste project team)

2. 3 Operation & Maintenance
for

Making Gentle Slope

Image (1): making gentle slope and turffing Image(2): making gentle slope and turffing
(Before rehabilitation) (making gentle slope)
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Image(3): making gentle slope and turffing
(making gentle slope and covering soil)

Image (4): making gentle slope and turffing
(making gentle slope, covering soil and turffing)

Image (5): making gentle slope and turffing
(turffing)

Image (6): making gentle slope and turffing

(completion)

3. Required resource for Operation & Maintenance

3.1 Landfill site

W Engineer and/or Technical Officer

B Site manager:1

B Woker:1

[ | Security' daytime 1, night time 2
JCB, Lorry

l—

General management of landfill site

Instruction of discharge place for collection vehicle
Regular covering soil

Cleaning the site

Security

Maintain the electric fence

Maintain the drainage

Maintain the slope (turffing)

Maintain the access road

© ® N DU AW N e

Maintain the leachate treatment facility

Regularly

Every day
Once a week
Every day
24hrs

Every day
Once a week
Regularly
Regularly
Regularly

Engineer and/or Technical
Officer

Site manager

JCB:1 Lorry or tractor:1
Worker: 1

Daytime:1, Night time:2
Worker:1

Woker:1

Worker

Worker

Worker
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3.2 Compost plant

B Site manager

B Workers:

B Drivers:

B Operator of weight bridge:1

W Security: daytime 1, night time 2 . .
m ICB, Lorry 4. Monitoring system

0 General management of compost plant Regularly Technical Officer
1 Instruction of compost plant operation Every day Site manager
2 Regular composting work Every day Workers
3 Operation of weight bridge Every day Operator
4 Cleaning the site Every day Worker:
5 Security 24hrs Daytime/ Night time
6 Maintain the facility inc. gully suck treatment Regularly Worker
facility
17
4.1 Establishment of Monitoring Committee
The objectives of the monitoring
1. Empowerment
To continuously ensure the good landfill and compost
site operation.
2. Accountability
To prove the good landfill and compost plant operation
to other peoples.
4.1 Establishment of Monitoring Committee 4.2 Execution of Monitoring
Monitoring Committee member WThe committee members shall jointly monitor and evaluate the landfill
operation based on the check list.
The monitoring committee consisting of: WThe monitoring report shall be publicized.
. Chief Priest of the ####ii## Village Temple. (1) Frequency of monitoring in accordance with the check list (Category A, B)
Chairman: Chairman- KPS N
Period Frequency
Health Committee Chairmen - KPS «  First six month after start operation of landfill every month
: PS Secretory- KPS + Second six month after start operation of landfill every two month

. Medical Officer of Health- District office
. Chief Public Health Inspector/ Public Health Inspector- District office

. Health Supervisor - NEMC (2) Frequency of environmental survey (underground water quality)
. A officer from Wildlife Department

Period Frequency
: District Forest Officer *  First year after start operation of landfill every 6 months
. Environment Officer- CEA
* From second year after start operation of landfill Once a yare

. Grama Niladari (GS)- Moon plains
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4.Monitoring system
4.2 Execution of Monitoring
Check List of Monitoring

Check list of Monitoring consists of Category A, B and
Environmental survey.

* Category A: Environmental effect
* Category B:Function of facili
* Environmental survey: Underground water

ies

4.Monitoring system

4.2 Execution of Monitoring
Check List (Cat:

Check
for the Galaj

nitoring Committe
iyagalayaya Landfi

vironmental effect (Before and after construction)

Items Acceptable Medium  Terrible  Score  Notes
n Fire & Smoking 0 1 2
[REEA offensive dour 0 1 2
S waste water control 0 1 2
m Withering of trees caused by discharged waste 0 1 2
Waste scattering o 1 2
“ Animals (Wild elephants, Dogs, monkeys etc.) 0 1 2
Vermin (Flies etc.) 0 1 2
N view 0 1 2
T - o 2

4.2 Execution of Monitoring

Check List (Category B)

Category B : Function of fa

s (After finishing of construction)
Items Functioning  Medium g0 NSning  Score  Notes

Landfill site

Drainage system

B1-1Rip pap o 1 2
[ B1-2.Earth drain 0 1 2
Leachate collection & treatment system 0 1 2
[EED Gas ventilation system 0 1 2
BEZEN Fence o 1 2
[ B4-1.Hanging type electric fence
B4-2.Normal fence
Access road
[ B5-L.in Landfill site 0 1
[ B5-2. Cause way 0 1 2
Security facilities
B8-1.Gate o 1 2
B8-2.Security house 0 1 2
Waste scattering prevention net fence 0 1 2
0 1 2

Night soil treatment facility
Wizl Weight bridge
Total of Category B

4.Monitoring system
4.2 Execution of Monitoring
Environmental survey: Underground water
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Operation and Maintenance of Landfill site
and Compost plant
in Kataragama

Under the project of Pollution Control and Reduction of
Environmental Burden in Solid Waste Management (ReEB Waste)
by CEA with support of JICA

(Ver. 11t September2018)

Contents

1. Layout of Landfill Site

2. Operation & Maintenance of landfill site and
compost plant

3. Required resource for Operation & Maintenance

4. Monitoring system

1. Layout of Landfill Site

1.1 Galapitagalayaya municipal solid waste disposal site

o

8. Access road

1.Engineered disposal site with expansive clay
Bottom liner

7. Hanging type electric
fence and normal fence

2. Leachate collection pipe &

Gas removal pipe
6. Drainage

overing |\ N T

pile yard e
~ 5. Security hut and

3. Leachate -7 main gate
treatment facility S~ P R
4. Wetland N0~ = P
S = .
0__1om - 50m 6

[ )

2. Operation & Maintenance of landfill site and
compost plant

2.1 Discharging residue and covering soil

1) Discharging residue

2) Compaction

Sequence of
dischargig and S
covering sGil -

3) Covering soil
Cross Section of discharging
_~° residue and lifting up

o\~
0_om 50m
[ . 6
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2.2 Bottom liner system

W Role: To create a barrier between the waste and the environment, and to
collect the leachate for treatment at facility. This is done to prevent the
uncontrolled release of leachate into the environment.

W O&M: The residue should be discharged softly on the bottom liner to avoid the
damage of it. In case that some part of bottom liner is damaged, the bottom
liner material mixing the expansive clay (90%) , bentonite (10%) and some
amount of small pieces coco-nut fiber is used for repairing.

Leachate
Treatment,_Pipe Works
Facilty

Gas Venting Pipe Gas Venting Pipe:

PumpingPit

Gasventig e

‘ Empty Drum

Leachate Collection Pipe D=600

Compacted Cray Liner t=600mm |3

2.3 Leachate pipe

Role: Ducting placed at the bottom of landfill sites for leachate collection. It
comprises of trunk and branch pipes that are installed at a gradient to enable natural
flow potential.

O&M: Heavy machinery should not pass or cross on the leachate pipes to avoid
damage. In case that the pipe is damaged, it must be replaced immediately.

-3

2.4 Vertical leachate pipe and Gas removal facility

Role: Leachate collection pipes placed vertically to collect leachate in the landfill site.
O&M: The heights of the pipes will be extended vertically as landfilling continues. The
bottom ends of the vertical pipes are connected with the bottom pipes. It can also
serve as gas vent like the inclined pipes.

2.5 Leachate treatment facility

Role: To treat collected leachate with local available material.

o&Mm:

(Coco-nut fiber treatment system)

* To Cover mesh on the treatment tank to avoid leaves and scattered waste
* To remove sludge from manhole and treatment tank

« To replace the coco-nut fiver every 5-7 years

(Vegetation Purification Process-wetland)

* Maintain the plant and remove the scattered waste

(Coco-nut fiber treatment system and manhole) _(Vegetation Purification Process-wetland

2.6 Storm water riprap drain and earth drain

Role:

To minimize the leachate generation amount by intercepting runoff water into the site.
To avoid runoff water into discharge cell

To maintain the access road

0&M:

« To remove the leaves and sand to avoid the clogging

« To fix the damaged part to properly divert the storm water

———

(Storm water riprap drain) (Earth drain)

2.7 Main gate, security house and Access road

Role:

(Main gate and security house)

To control of illegal dumping and wild animals

To instruct the proper discharge place

(Access road)

To sustain the proper waste transportation to discharge place
O&M:

(Main gate and security house)

« To open the gate when the designated vehicles come to the site
* To record the number of designated vehicles

(Access road)

« To check and fix the damage part regularly.

(Main gate and security house) (Access road)

2.9 Turffing

2.10 Taking care of slope inside of the landfill site

23-2
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2.8 Night soil treatment facility and weight bridge at compost plant

Role:

( Night soil treatment facility)

To treat night soil with local available material.

(Weight bridge)

Weigh bridge systems provide sufficient gate management and recording actual
weight data of the waste to be loaded to the site.

o&M:

(Night soil treatment system)

* To Cover mesh on the treatment tank to avoid leaves and scattered waste
« To remove sludge from manhole and treatment tank

« To replace the coco-nut fiver every 5-7 years

(Weight bridge )

* To weight and record all in coming waste and residue for disposal site.

(Night soil treatment facility) (Weight bridge)

3. Required resource for Operation & Maintenance

3.1 Landfill site

B Engineer and/or Technical Officer
B Site manager:1

B Woker:1

B Security: daytime 1, night time 2
W JCB, Lorry

0  General management of landfill site Regularly Engineer and/or Technical
Officer

1 Instruction of discharge place for collection vehicle Every day Site manager

2 Regular covering soil Once aweek JCB:1 Lorry or tractor:1

3 Cleaning the site Every day Worker: 1

4 Security 24hrs Daytime:1, Night time:2

5 Maintain the electric fence Every day Worker:1

6  Maintain the drainage Once aweek Woker:1

7  Maintain the slope (turffing) Regularly Worker

8  Maintain the access road Regularly Worker

9 Maintain the leachate treatment facility Regularly Worker

3.2 Compost plant

B Site manager

Workers:

Drivers:

Operator of weight bridge:1
Security: daytime 1, night time 2
JCB, Lorry

[Tonesionanswamenree e |

0 General management of compost plant Regularly Technical Officer

1 Instruction of compost plant operation Every day Site manager
2 Regular composting work Every day Workers
3 Operation of weight bridge Every day Operator
4 Cleaning the site Every day Worker:
5 Security 24hrs Daytime/ Night time
6 Maintain the facility inc. gully suck treatment Regularly Worker
facility

4. Monitoring system
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4.Monitoring system
4.1 Establishment of Monitoring Committee

The objectives of the monitoring

1. Empowerment
To continuously ensure the good landfill and compost
site operation.

2. Accountability
To prove the good landfill and compost plant operation
to other peoples.

4.Monitoring system

4.1 Establishment of Monitoring Committee

Monitoring Committee member

The monitoring committee consisting of:
. Chief Priest of the ####### Village Temple.

Chairman: Chairman- KPS

Health Committee Chairmen - KPS

. PS Secretory- KPS

. Medical Officer of Health- District office
. Chief Public Health Inspector/ Public Health Inspector- District office

. Health Supervisor - NEMC

. A officer from Wildlife Department

. District Forest Officer
. Environment Officer- CEA

. Grama Niladari (GS)- Moon plains

4.Monitoring system
4.2 Execution of Monitoring

MThe committee members shall jointly monitor and evaluate the landfill
operation based on the check list.

MThe monitoring report shall be publicized.

(1) Frequency of monitoring in accordance with the check list (Category A, B)

Period Frequency

*  First six month after start operation of landfill every month

* Second six month after start operation of landfill every two month

(2) Frequency of environmental survey (underground water quality)

Period Frequency

« First year after start operation of landfill every 6 months

* From second year after start operation of landfill Once a yare

4.Monitoring system
4.2 Execution of Monitoring

Check List of Monitoring

Check list of Monitoring consists of Category A, B and

Environmental survey.

« Category A: Environmental effect

« Category B: Function of facilities

* Environmental survey: Underground water

4.Monitoring system
4.2 Execution of Monitoring

Check List (Category A)

Check list Monitoring Committee
for the Galapitiyagalayaya Landfill Site

Environmental effect (Before and after construction)

Items Acceptable  Medium  Terrible Score Notes

re & Smoking

[T offensive dour
R waste water control

“ Withering of trees caused by discharged waste

m Waste scattering

“ Animals (Wild elephants, Dogs, monkeys etc.)

Vermin (Flies etc.)
N

Entry of scavenger .
n (if n& scavenger is the site : select “0” ) ® 2

Total of Category A

© o oo oo o o
PR R R R R R R
NNN N NN NN
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4.2 Execution of Monitoring

Check List (Category B)

nction of facilities (After finishing of construction)

Functioning  Medium gy NOning  Score  Notes

inage system
1-1.Rip pap
1-2.Earth drain
n Leachate collection & treatment system
Gas ventilation system
LI Fence

[0 Ba-1.Hanging type electric fence
4-2.Normal fence

ecurity facilities
8-1.Gate
8-2.Security house
n Waste scattering prevention net fence
urffing
Compost plant
m Night soil treatment facility
Weight

3
Total of Category B
GMMEnt;
Name & |nature

oo o oo

o

o o oo

SN

(NN

[

[N IRV

NN

NN NN




4.2 Execution of Monitoring

Environmental survey: Underground water

Total Suspended
Solid
[N o1

Biochemical
Oxygen Demand

Temperature

Chemical Oxygen
Demand
I Ec (us/cm)
[ As (me/)
I3 cd (me/)
EN Cr (me/t)
[ETH Pb (mg/L)
EEH Fe (mg/L)

Total Coliforms

[ Fecl Coiforms

No

70
16

68

049

<0.001
<001
<001
<001
172

16000

5400

73
54

0
9200

_
— Tolerance
31 1988

<50 e/l

6085
<30me/l

Shall no exceed

40.0Cinany

section of the

stream within 15 m

downstream from

the effluent outlet.
<250 mg/I

<0.2 g/l
<0.1 g/l
<05 g/l
<01 mg/l
<3.0mg/l
MPN/100m1

<40 MPN/100mI

.No 2
0 _om som
- .
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The result of WACS at Katharagama PS
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