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l. Introduction

A curriculum's design and execution are guided by a set of beliefs, values, and principles known as a
curriculum philosophy. It guides the selection of content, the methods of instruction, and the types of
assessment used to evaluate learning outcomes. A knowledge of how learning happens and what it means
to be educated is also reflected in the curriculum philosophy. It is informed by theories of learning, social
and cultural contexts, and the needs and goals of learners.

The beliefs and experiences of those engaged in the creation and implementation of the curriculum can
have an impact on the philosophy of the curriculum, whether it is explicit or implicit. A curriculum
philosophy is an important aspect of curriculum design, as it shapes the overall approach to teaching and
learning and provides a foundation for decision-making throughout the curriculum development process.

In addition, a curriculum is a central guide for trainers on which their practices should be based toward
developing targeted skills and set of knowledge in a specific domain. It is structured and organized to
enhance trainees’ learning and to facilitate instructions.

This curriculum is specifically designed to train the staff of the Community Support Organizations (CSOs)
in Lebanon by building their capacity to engage in water sanitation and conservation. It provides a
framework for trainers to properly plan instructions for the trainees aiming at introducing them to the
latest challenges and opportunities, as well as to the new practices related to this sector.

This curriculum includes a combination of goals, methods, instructional practices, learning experiences,
and materials that are designed to evaluate the target learning outcomes of the Lebanese CSOs, to inspire
them to become advocates for sustainable water management and positively impact their community.
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1. Goals of the curriculum

Simply defined as the expectations for teaching and learning, the goals within a curriculum are explicitly
the end towards which an effort is directed. The goals must also include the breadth and depth to which
a trainee is expected to learn.

This curriculum aims at building the capacity of the CSOs staff, so they can become fully aware about the
administration, finance, management, and implementation of sustainable development projects in the water
sector.

The curriculum is designed over ten major goals:

I. Provide a thorough understanding of the technical aspects of water management, including the principles
of water treatment and distribution, wastewater collection and treatment, and Non-Revenue Water
(NRW) management.

2. Explore innovative technologies in Water and Wastewater Management (WWM), including water
reuse, desalination, and smart irrigation systems, and their potential application in Lebanon.

3. Develop skills in the evaluation and management of water and wastewater treatment systems, including
the design, operation, and maintenance of treatment plants and distribution systems.

4. Introduce the principles and practices of Wastewater Treatment and Reuse (WWTR) and their
potential for addressing water scarcity and reducing water pollution in Lebanon.

5. Develop an understanding of the importance of NRW management and strategies for reducing water
loss in distribution systems.

6. Discover the regulatory frameworks and policies related to WWM in Lebanon.

7. Equip CSOs with the knowledge and skills needed to design and implement sustainable WWM practices.
8. Promote awareness of the importance of water conservation and the need for sustainable water use
practices in Lebanon.

9. Foster collaboration among CSOs, government agencies, and other stakeholders to address water-
related challenges in Lebanon.

10. Contribute to the development of a more sustainable and resilient water system in Lebanon through
the adoption of innovative and sustainable water management practices.

These goals are divided into 4 outcome areas:

Water and Wastewater Management: |12 hours

Overview of the water especially in Lebanon (2 hours)

- Introduction to water resources, water bodies and water cycle
- Overview about the consuming sectors and the water distribution system and storage
- Tips about water sustainability and future challenges

Wastewater testing parameters (2 hours)

- Examine the chemistry and microbiology of water (parameters)
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- Guidance for water and wastewater quality assessment
Monitoring and sampling processes of water & wastewater (2 hours)

- Understand the water quality monitoring program
- Develop a water monitoring plan

Water Services (2 hours)

- Understand how urban water services are delivered and the relationship between users and resources
- Explain why we currently (and historically) don't have enough, safe, regular water at our tap in Lebanon

Policy (1 hour)
- Conceptualize the legal framework governing the water sector and its current state of development
Institutions (2 hours)

- Understand the roles and responsibilities of mandated authorities, such as the MoEWV and WEs, as well
as their challenges
- Identify relevant stakeholders and possible synergies with mandated authorities and the private sector

Economic Uses (I hour)

- Compare the value of water across different value chains and differentiate its use value and exchange
values

Wastewater Treatment & Reuse: |12 hours

Wastewater collection technologies & Treatment technologies (3 hours)

- Identification of wastewater collection systems

- Understand the wastewater treatment processing

- Characterization of the main biological treatment processes

- Decision making factor about the method of treatment to be chosen

WWTR applications (3 hours)

- Identify different sector of treated water reusing
- Highlight new water treatment technologies
- Identify consideration to be taken while reusing water

Methods to increase Stakeholders’ acceptance (2 hours)

- Understand concerned stakeholders and their perceptions
- Understand credibility of water reuse organizations and community trust.
- Understand the importance of establishing effective communication with water reuse organizations
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Introduction to reuse/sanitation safety planning and governance system Module (I hour)

- Describe historical background of the existing sanitation paradigm
- List characteristics of the new sanitation paradigm
- Describe the elements of the sanitation safety plan

Sanitation Safety Plan (2 hours)

- Understand priority areas, purpose, scope, boundaries, and leadership for sanitation safety plan.
- Create a multidisciplinary team representing the sanitation chain for development and implementation
of the sanitation safety plan

Describe the existing sanitation system (| hour)

- Understand how to map the system

- Define and characterize waste fractions

- Identify potential exposure groups

- Gather compliance and contextual information
- Validate system description

Identify hazards & assess existing control measures (| hour)

- Identify hazards and hazardous events

- Refine exposure groups and exposure routes
- Identify and assess existing control measures
- Assess and prioritize the exposure risk

Monitor Control Measures (| hour)

- Define and implement operational monitoring
- Verify system performance and monitoring plan
- Audit the system (Independent assessment)

Non-Revenue Water: 12 hours

Distribution Systems (| hour)

- Visualize the components and bottlenecks of (urban) water distribution systems with an emphasis on
Lebanon

Vicious Cycle (1 hour)

- Describe how the level of service and cost recovery are intertwined and the downward spiral that results
from/in failure

Water Balance (2 hours)
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- Estimate the NRW burden of a system and understand physical and commercial losses and benchmarks
Intermittent Supply (2 hours)

- Discuss the dialectic and quantify the impact of non-continuous water supply and NRW

Managing Water Flow (I hour)

- Determine suitable approaches/technologies for flow measurement and management

Managing Water Pressure (| hour)

- Determine suitable approaches/technologies for pressure measurement and management

Managing Water Losses (| hour)

- Determine suitable approaches/technologies for leak, tapping, and unauthorized use detection and
management

Beneath the Asphalt (3 hours)
- Reconcile theory and visualization with actual on-field realities of infrastructure and institutions

Innovative Technologies in Irrigation: 12 hours

Understand the importance of water saving in irrigation (4 hours)

- Define water saving

- Understand the importance of water saving based on French and United Kingdom current water crisis.
- Recognize the need for water efficient tools, focusing on tools used to save water

- Discuss the different examples of water saving in irrigation (e.g.: Drip irrigation versus flood irrigation).
- Discuss concept of deficit irrigation and Hydroponics

Recognize the different tools available for water saving in irrigation (2 hours)

- Discuss some innovative methodologies that help farmers on the field (e.g.: mobile applications, drones,
sensors, hydrogel, etc.).

Build a functional water irrigation system (6 hours)

- Butt Welding Machine

- Electro Fusion Machine

- Preparing Detailed BOQ

- Drip system Drawing and sizing

- Demo system installation

- Different crops water requirement calculation
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I1l. Methods

Methods are defined as the broader techniques used to help the trainees achieve learning outcomes. They
relate to the general principles and management strategies used for instruction.

These choices support the facilitation of learning experiences to promote participant's ability understand
and apply content and skills. Methods are differentiated to meet trainees’ needs and interests, task
demands, and learning environments. They are adjusted based on ongoing review of trainees’ progress
towards meeting the goals.

The pedagogical approach for this curriculum is a combination of different teaching methods, including
interactive exercises, case studies, socio-cognitive debates, and problem tree analysis. The curriculum also
includes theoretical and practical components to facilitate the learning process. There is a strong emphasis
on active learning, where participants are encouraged to engage in problem-solving and critical thinking to
identify representations and obstacles related to professional integration and water management. The
curriculum also includes sessions that provide guidance and hands-on training in various aspects of water
management, such as wastewater treatment and monitoring, distribution systems, and sanitation safety
planning. The overall pedagogical approach aims to foster a deeper understanding of water and wastewater
management concepts and their practical applications through an interactive and participatory learning
process.

This curriculum is designed based on different learning theories described in the following paragraphs:

- The Cognitive learning theory that focuses on helping the participants to learn how to maximize their
brain’s potential can be applied via a socio-cognitive debate, problem tree analysis, brainstorming, etc. as
it helps to connect new information with existing ideas hence deepening memory and retention capacity.

- The Behaviorism learning theory focuses on the idea that all behaviors are learned through interaction
with the environment, role plays align with this theory by incorporating the participants in a new
environment.

- The Constructivism theory focuses on the construction of knowledge by the trainees rather than just
passively taking in information. As participants experience the world and reflect upon experiences via
video analysis, problem situations, etc., they build their own representations and incorporate new
information into their pre-existing knowledge.

- The Humanism learning theory claims that humans are not able to learn if their environment is not
favorable or if they are in a bad psychological state. And finally, social learning theory suggests that social
behavior is learned by observing and imitating the behavior of others, that’s why throughout the training,
the participants will learn by recalling the methods the trainers themselves use.

- The Connectivism theory emphasizes the role of technology and networks in learning. Connectivists

believe that learning is a process of creating connections and that technology can enhance and support
learning by facilitating connections between learners, resources, and ideas.
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These theories are applied through the execution phases of the curriculum that are divided into five
phases:

I. The first phase aims at identifying the representations and the obstacles of the participants related to
their understanding and knowledge of water related issues in Lebanon. During this training session,
interactive exercises, and the methodology of “problem tree analysis” approach as well as a socio-cognitive
debate are used to diagnose the representations and obstacles of professional integration of the
participants. The problem-situations and case studies discussed are derived from the Lebanese context
taking into consideration all the complexity and the diversity of the Lebanese society.

2. The second phase provides Lebanese CSOs with a comprehensive understanding of water-related
issues in the country. Through a series of modules, the curriculum covers various aspects of the water
sector, including an overview of water resources, consuming sectors, and the water distribution system,
with a focus on sustainability and future challenges. Participants will also learn about wastewater testing
parameters and monitoring and sampling processes for water and wastewater, as well as gain an
understanding of the roles and responsibilities of mandated authorities and relevant stakeholders in the
water sector. Additionally, the curriculum covers policy and economic uses of water, enabling participants
to develop a deeper understanding of the legal framework governing the water sector and the value of
water across different value chains. Overall, this phase aims to equip CSOs with the necessary knowledge
and skills to address water-related challenges and promote sustainable water management practices in
Lebanon.

3. The third phase covers various aspects related to WWM and WWTR. The first part of this phase
focuses on the identification of wastewater collection systems and understanding the wastewater
treatment process. Participants will also learn about the decision-making factors for selecting the
appropriate treatment method. The second part of this phase covers WWTR applications, highlighting
different sectors of treated water reuse and considering important factors to be considered while reusing
water. In the third part of this phase, participants will learn methods to increase stakeholders' acceptance
of WWR, including understanding stakeholder perceptions and the importance of effective
communication. The fourth part of this phase introduces the concept of sanitation safety planning and
governance systems, including its historical background, characteristics of the new sanitation paradigm,
and the elements of a sanitation safety plan. The fifth part covers the development and implementation of
a sanitation safety plan, including understanding priority areas, creating a multidisciplinary team, and
defining the existing sanitation system. The final part of this phase involves identifying hazards and assessing
existing control measures, as well as monitoring and verifying system performance.

4. The fourth phase focuses on various aspects of water distribution systems. Firstly, participants will learn
about the components and bottlenecks of urban water distribution systems, with a specific focus on
Lebanon. The concept of the vicious cycle, which explains how the level of service and cost recovery are
intertwined, will also be discussed. Participants will gain an understanding of the physical and commercial
losses of water systems and how to estimate NRW burdens and benchmarks. The impact of non-
continuous water supply and NRW will be quantified. Approaches and technologies for managing water
flow, pressure, and losses will be explored. Finally, participants will reconcile theory and visualization with
actual on-field realities of infrastructure and institutions through a module called "Beneath the Asphalt.
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5. In the fifth phase, trainees will explore the importance of water saving in irrigation. They will start by
defining what water saving is and understanding its significance in light of current water crises in France
and the United Kingdom. They will also recognize the need for water-efficient tools, including the different
examples of water-saving irrigation methods, such as drip irrigation and flood irrigation, and the concept
of deficit irrigation and hydroponics. Additionally, trainees will identify different tools available for water
saving in irrigation, such as innovative methodologies that help farmers on the field, including mobile
applications, drones, sensors, and hydrogel, among others. Finally, in the last part of this, trainees will build
a functional water irrigation system, which involves several steps, such as preparing a detailed Bill of
Quantity (BOQ), drip system drawing and sizing, and demo system installation, among others. They will
also learn how to calculate different crops' water requirement and use specific equipment such as the
Butt-Welding Machine and Electro Fusion Machine.
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Materials are the tools selected to implement methods and achieve the goals of the curriculum. They are

intentionally chosen to support a participant's learning and to reflect his interest, cultural diversity, world

perspectives, and address all types of diverse learners.

Some potential tools that could be used to implement the methods and achieve the goals of the curriculum

include interactive exercises, case studies, problem tree analysis approach, socio-cognitive debates,

guidance documents, water quality monitoring equipment, flow and pressure measurement devices, leak

detection technologies, as well as visualization tools such as diagrams and maps.

Additionally, relevant policies and legal frameworks may be referenced and analyzed as part of the

curriculum. The selection of tools would be guided by the desired learning outcomes and the most

effective ways to convey the information to the participants.

The table below resumes the themes developed and delivered by the trainers for 48 hours:

Water and
Wastewater
Management

Overview of the
water Especially in
Lebanon

Wastewater testing
parameters

Monitoring and
sampling processes of
Woater & wastewater

Water Services

Policy

Institutions

Economic Uses
Woastewater
collection
technologies &
Treatment
technologies
Woastewater reuse
applications

Jules Hatem

Jules Hatem

Jules Hatem

Jules Hatem

Jawad Taher
Jawad Taher
Jawad Taher
Jules Hatem

Jules Hatem

N — N —

Questions & Competition

Video + Quiz + Discussion +
Google Earth

Presentation Sticky notes +
Mentimeter

Presentation + Case study

Discussion than a presentation

Case study + Presentation

Brainstorming + Video +
Discussion

Problem tree analysis

Flipped Pedagogy

Role play + Debate

Think Pair Share

Presentation, group work

Case study
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Wastewater
Treatment &

Reuse

Non-Revenue
Water

Innovative

technologies in
irrigation

Methods to increase
Stakeholders’
acceptance
Introduction to
reuse/sanitation
safety planning and
governance system
Sanitation Safety Plan
Describe the existing
sanitation system
Identify hazards &

assess existing
control measures
Monitor Control
Measures

Distribution Systems
Vicious Cycle

Water Balance
Intermittent Supply
Managing Flow
Managing Pressure
Managing Losses
Beneath the Asphalt
Understand the
importance of water
saving in irrigation

Recognize the
different tools
available for water
saving in irrigation
Build a functional
water irrigation
system

Jules Hatem

Jules Hatem

Jules Hatem
Jules Hatem

Jules Hatem

Jules Hatem

Jawad Taher
Jawad Taher
Jawad Taher
Jawad Taher
Jawad Taher
Jawad Taher
Jawad Taher
Jawad Taher
Woadih Skaff

Woadih Skaff

Ziad Farhat

AW —— =N = =
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Case elaboration and
presentation

Video and Discussion

Brainstorming + Group work
Presentation + Examples

Documents  sharing  than
summarizing

Elaboration of a real
monitoring plan and control
measures

Conceptual Mapping

Future Wheel

Functional Jigsaw

Pass the Bucket

Video + Discussion

Video + Discussion

Game
Site Visit
Flipped pedagogy +
Presentation + Videos +

Debate

Presentation + case study +
practical exercice

Presentation + discussion +
live demo sensor installation

Direct Application
Direct and practival application

Practical exercises
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V. Assessment

Assessment in a curriculum is an ongoing process of evaluating the knowledge, skills, and understanding
that trainees have acquired through their learning experiences. It involves measuring learning outcomes
and determining whether trainees have achieved the desired goals and objectives of the curriculum, which
can be documented in various ways such as tests, exams, assignments, projects, presentations, and other
forms of evaluation.

Feedback from assessments is used to make decisions about instructional approaches, teaching materials,
and academic supports to enhance opportunities for trainees and guide future instruction.

The purpose of assessment is to provide feedback on the effectiveness of the teaching and learning
process, identify areas for improvement, and help trainees identify their strengths and weaknesses. This
allows for opportunities for remediation and further learning.

The curriculum and its implementation are evaluated as follows:

I. A satisfactory assessment for each training session via a questionnaire to assess the following:
a. The quality of the material delivered

b. Trainee’s satisfaction on the trainers

c. The level to which the training was to their expectations

d. The level to which the training covered the learning outcomes

2. The acquired skills are evaluated via the practical simulations and monitoring during coaching provided
for the preparation of training programs by the trainers (experts). — Pre/post tests to be included after
approval.

3. A workshop on a new type of research called « participative research » will be implemented. This type
of research enables trainees to build their own development and knowledge. The trainings by the means
of research are one of the latest trends in terms of training design. Participatory research consists of
focusing on reflection and action done by the participants. In other words, participants will be trained
through an active and innovative method by guiding them to build their own knowledge through research.
The trainees will be assigned to research on water legislations after this workshop. The results of this
research will be shared in a practice sharing forum (PSF).

4. The PSF will allow trainees to share their findings in front of experts in the field of water. This will serve
as a double purpose as it's a networking opportunity for the CSO and it's a chance to assess the trainees’
acquired skills and how they can apply on ground what they have learned. During these forums,
professionals in the fields of water resources as well as representatives from relevant entities related to
water in the area will be invited to talk about their expertise and knowledge about the topic. These PSFs
promote collaboration and knowledge-sharing among participants, providing a space to discuss topics
related to the work they done, and exchange ideas to improve overall performance and outcomes in the
field.
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5. The trainees will elaborate the town hall meetings (THMs) with coaches. Their acquired knowledge
and skills during the training program will be evaluated through the organization and the implementation
of the THMs. Coaches will be available to ensure the successful implementation of the THMs. These
meetings are usually open to the public and allow attendees to ask questions, voice their opinions, and
receive updates on current and upcoming initiatives. Town hall meetings are often used as a means of
promoting transparency and community engagement.

6. The trainees will then be assigned to write a full project proposal to remediate to issues related to
water sanitation and conservation in their region
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Annex | - Water and Wastewater Management

.1 — Overview of Water and Wastewater Management

5/31/2023
Chapter |
Overview of water & wastewater
management
Water and Wastewater
Management module |
1
Learning Qutcome
= Recognize the latest water global statistics and the need for water
management
* Get familiar with different kinds of water supply infrastructure
* Have an overview about the water status in Lebanon
* Get to know about the future water sector challenges and ways for
making it sustainable
2
1
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5/31/2023

Outline

I. Introduction

Number Speaks (statistics)

Water cycle

Water Supply Infrastructure

Main source of water in Lebanon
Sustainability of water sector in Lebanon
Future challenges in drinking water sector

Climate Change

e RS B S A

Impact of climate change on water resources

iy o s e

I-Introduction (1/3)

* Do you know how much we need to produce a/an ?

€1

500 L for | orange

5000 L for | kg o;:ice

50 L for | newspaper

iear IR sae
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|-Introduction (2/3)

Water as a solvent

* Universal solvent

|-Introduction (3/3)

carbon dioxide
and other

Inorganic matter

5/31/2023
Domestic
sewage
Industrial waste
Microorganisms
3
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5/31/2023
2-Numbers speak (statistics) (1/6)
WaterNews | All the Water in the World M
* Water distribution over water bodies
2-Numbers speak (statistics) (2/6)
fiHas]
o VLIMJ. ' 1 l;,ﬁ I —
H Europe R
- E::M::. i
4000 ‘—=:-" —
(B gtz
3000 (—=—- = —]—
2,000 + // /4_,..__ =
1,000 / :
/
?eoo 1940 1950 1960 1970 1080 1990 1995 2000 2010 2025
* Global water consumption | 900-2025 (by region, in billions m3 per year)
4
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Slide 7

JH45

Slide 8

http://www.unwater.org/statistics.html
lules Hatem, 3/13/2023

JH45

http://www.unwater.org/statistics.ntml
lules Hatem, 3/13/20.23
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2-Numbers speak (statistics) (3/6)

o
m

* Water consumption in different sectors

2-Numbers speak (statistics) (4/6)

o

Water wincemenl 23 3 percentag o total avaisle water
B rovness [ e 0NLYS
_rmuso2y [ este 0N

* Water withdrawal as percentage of total available water

10
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5/31/2023
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Slide 9

JH45  http://www.unwater.org/statistics.html
lules Hatem, 3/13/2023

Slide 10

JH45  http://www.unwater.org/statistics.html|
lules Hatem, 3/13/20.23
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5/31/2023

2-Numbers speak (statistics) (5/6)

i

Iras,

* Example of water withdrawal (Aral sea)

v

11

2-Numbers speak (statistics) (6/6)

z

w ?
P 0
( A
\ »

* Global water availability

e 19oTmeas e
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Slide 11

JH45  http://www.unwater.org/statistics.html
lules Hatem, 3/13/2023

Slide 12

JH45  http://www.unwater.org/statistics.html|
lules Hatem, 3/13/20.23
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3-Water cycle
Prag

13

4-Water supply infrastructure

14
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5/31/2023

Page 23376



Page 24 of 376

Slide 13

JH46  https://wwav.australianenvironmentaleducation.com.au/education-resources/the-natural-
lules Hatem, 3/13/2023

Slide 14

JH48  https//aquamain.com/why-is-water-infrastructure-so-important/
lules Hatem, 3/13/2023
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4-Water supply infrastructure
4, |-Water treatment plant

15
4-Water supply infrastructure
4.2-Storage tanks
@ - 0 :
AL ki T A LD e
16.. ...........
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Slide 15

JH47  https.//mwaw.livestrong.com/article/128483-steps-water-purification/

lules Hatem, 3/13/2023
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4-Water supply infrastructure
4.3-Water dstribution systems (1 /4)

Water can be dismibuted by following these
methods:

-Gravity
-Pump
-Pump And reservoir

General characteristics of water distribution
system are:

-Able 1o supply dean water suffigently
-Effective distfbution system

-Piping system iz able to supply water
continuotisly with minimum malntenance

Material Used (n distribution pipe sheuld be
durable and do not give long term side effect
1o consumers

Distribution system should be economical, in
terms of its design. layout and construction

17

4-Water supply infrastructure
4.3-Water distribution systems — Gravity system (2/4)

e .

T eae e

18
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Slide 17

JH49  https.//mwav.emergency-wash.org/water/en/technologies/technology/community-distribi

lules Hatem, 3/13/2023
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4-Water supply infrastructure
4.3-Water distribution systems — Pump system (3/4)

19

4-Water supply infrastructure
4.3-Water distribution systems — Pump and Reservoir (4/4)

20
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5/31/2023

10
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5-Main source of water in Lebanon

| * More than 2,000 sarings @ust all ovor Lebanon with varying fows around the yoar
* Total yisid excends 1200 MOM in 20 Svamge yane, with [a5s than 200 MOV avaitabie ous

g the dey summar months

* Existog surface water resources (speings) are baing curcontly exploited te a
could bo chieved by aroand 1% par year for the coming 10years

rge extent by WEs. Usmited optimiratian

| a Qut the Country with potable wate:. Tot# vohume ued (n 1009

ound 550 govern il wels supply WES thig
moce than 270 MOM

= Mare than 43,000 privane we's are used for potabie water prd agricultu'e. Totaf volumie Used i 2008 5 leaced o be
her than &40 MOM. Uniike other sources, private welis irve only 8 portion of the population
* Although steict polices for groundwater extractions have been initated, 20 major reductions in extractions are planned
bafore 2015, planned date 101 the toming on baard of tustanabia altornathves. Between 2015 ana 2024, prvate
BrOUndwater eRLCUIONS are 1 be caduced Rraduatly 3% 3 rate of S%POF year Wth INcreasing 160ice on pubiic wels.

Groundwater

| * Untimatesy, withdrawals from agufers should not excaed Anturs replenishment rate. Le. S00 MOy

* Surface storage 5 mainly concentrated In 2 dams with a total cGapacty of 235 MCM
* Garaoun Dam: 220 MEM static 8 160 MCM (up 10 180 MCM) dyraimic
+ Chabrovh Dam: & MCM st 15 MO dynam
* Currently, only 45 MOM ave used for WS and irrigation, the rest for bydropowes

Surface Storage

tic and up ©

* Tho sverage rate of wastewnter treatment reached 4% in 2009 — Virtunly n reuse is being currently practiced

N

on €oLES "
ational LaTitod SesEEnaLon 5 e by Drivate SCtor {4 SMEM) and EDL (5.5 MO}

Water

d for lack of clarty 0n availabie

* Additional flows ace expected from nom coaventional sou
ana

s, bt harve ot baers mod

Ser R 2

6-Sustainability of water sector in Lebanon

rornct

22

Page 30 of 376

5/31/2023

11
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Slide 21

JH50  Source: MoEW, WEs, MoA

lules Hatem, 3/13/2023
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facilities

Sustainable water supply and treat

7-Future challenges in drinking water sector

mited water resource

Other environmental changes
Public interests and participation

Climate challenge unknown

23

8-Climate change

Changes
generated
i natural
cuses

Climate change

* Change in the state of climate
that can be identified (e.g. using
statistical tests) trough changes
in the mean value andfor
variability of its properties, and
that persists over an extended
f)eriod, typically decades or
onger period (at least 30
years)

Climate change may be due to
internal  natural  processes,
external forcing or persistent
anthropogenic changes in the
composition of the atmosphere
or land use,

Climate changes occurred over
the last 150 years on our
planet are mainly of
anthropogenic origin that is,
resulting from the action of
man.

24
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9-Impact of climate change on water resources
JH51

* Increased evaporation of surface water sources
* Reduced snow cover. earlier snowmelt seasonal water regimes

* Reduced river flows and increased strain on limited groundwater
sources, limiting fresh water supply

= Salt water intrusion/salinization of coastal aquifers: destruction of
coastal water infrastructure.

25

Thank you!

26
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JH51  https://mww.ggdigitalpublishing.com/publication/?i=578087&article_id=3346565&view=
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1.2 - Wastewater Testing Parameters and Pollutants Types

5/31/2023
Chapter 2
Wastewater testing parameters
and pollutants types
Water and Wastewater
Management module |
1
Learning Outcome
* Examine the chemistry and microbiology of water (parameters)
* Guidance for water and wastewater quality assessment
IH2
2
1
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JH1 Three Counties Water. (No Year) Microbiological &
Chemistry Sampling. [Online] [Accssed on 11 March 2023 ]
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WO N B AW

Qutline

Introduction

Human Activity contaminating water
Water pollution

Categories of water pollution
Source of water contaminants
Effects of water pollution

Water quality

Water quality parameters

Water quality requirements

Vs AR on ek

-

|- Introduction

+ The human factor is maost critical in aggrading this problem by wasting
water, polluting water resources, and/or inappropriately managing water

+ Total wastewater discharged globally in tens of millions of m3/day

80 -90% of all wastewater in developing countries is discharged directly
into surface bodies

reamncomame
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Slide 4

JH3 Shirin Ali. (2022). About half of US water "too polluted’ for swimming, fishing or drinking,
report finds
lules Hatem, 3/11/2023

JH4 https://thehill.com/changing-america/sustainability/environment/600070-about-half-of-u

lules Hatem, 3/11/2023
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2-Human Activity contaminating water

Domestic use Yes
Livestock watering Yes
Irrigation Yes
Aquaculture Yes
Commercial fisheries Yes
Food processing Yes
Mining Yes
Water uanspertation Yes
Hydroelectric power Yes
generation

Nuclear power generation Yes

3-Water Pollution

* Water pollution
occurs when harmful
substances
contaminate a body
of water; degrading
water quality and
rendering it toxic to
humans or the
environment
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JHS https://phys.org/news/2016-08-millions-paollution.html

lules Hatem, 3/11/2023

Page 40| 376



moe

4- Categories of water pollution (1/2)

acTiace

4- Categories of water pollution (2/2)

POINT SOURCE PFOLLUTION
VERSUS
NONPOINT SOURCE POLLUTION

&

P e
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JH7 https://socratic.org/questions/what-is-the-difference-between-point-source-and-nonpoir
lules Hatem, 3/11/2023

Slide 8

JH6 https.//pediaa.com/difference-between-point-source-and-nonpoint-source-pollution/
lules Hatem, 3/11/2023
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5- Source of water contaminants

5- Source of water contaminants
5.1- Domestic water or sewage

Average
Daily WEter Use

It sae v

Domestic  wastewarter
(Sewage): Bathrooms
kitchens, Laundries and
toilets

It includes human waste,
paper; soap. detergent
residues, food scraps:
effecuve treatment and
management of this
wastewater |s necessary
to protect public health
and the environment

10
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JH8 https.//sisu.ut.ee/waste/book/11-definition-and-classification-waste
Jules Hatem, 3/11/2023

Slide 10

JH9 https://droughtresources.unl.edu/household-water-use
lules Hatem, 3/11/2023
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Wz

5- Source of water contaminants
5.2- Industrial vastewater

+ Industrial wastewater: H10
These wastes my resule w
from any process or
activity - of  indusery,
manufacture, oade or
business, from the
development  of  any
natural resource, or from
animal operation

+ Industrial wastewacer is
the aqueous discard thac
results from substances
having been dissolved or
suspended In water

OGS WK

11
5- Source of water contaminants
5.3- Commercial wastevater
- H11
* Waste from premises used mainly for the general purposes of a
business or trade or for the purpese of recreation, education,
car washing, sport or entertainment
12
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JH10  https://enwikipedia.org/wiki/Industrial_wastewater_treatment
lules Hatem, 3/11/2023

Slide 12

JH11  https//wwav.sulzer.com/en/shared/applications/commercial-wastewater-without-toilet-w.
lules Hatem, 3/11/2023
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5- Source of water contaminants

5.4- Surface runoff water

* Rain and snow flow over
streets, parking lots, and
roofs collecting excess
nutrients and pollutants
before entering into a
storm drain or water body

13

-

5- Source of water contaminants
5.5- Radio Active contarvinants

I}
. * Radioactive substances: it's
generated by  uranium
mining nuclear pewer plants
the production and
testing of military weapons

* Radioactive waste can
ersist in the environment
r thousands of years
making disposal a major
challenge

reamncomame

14
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Slide 13

JH1Z  https://wwav.facebook.com/SWCDINDIANAHancock/photos/a.755320454504294/345887!

lules Hatem, 3/11/2023

Slide 14

JH13  https//wwav.youtube.com/watch?v=02BgQqguZYA

lules Hatem, 3/11/2023
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5- Source of water contaminants
5.6- Oil spills

= Qil and gasoline that drips from millions cars and truck every day,

* Land-Based sources such as factories, farms and cities

Tanker spills accounts for about 10% of the oil in waters around the
world

Regular operations of the shipping industry contribute about 30%

15

5- Source of water contaminants
5.7-Agriculture

* Agriculture is the leading cause of water degradation

+ Every time it rains, fertilizers, pesticides and animal waste from farms and
livestock operations, wash nutrients and pathogens — such bacteria and
viruses into waterways

16
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Slide 15

JH14  https//wwav.deccanherald.com/content/630253/impact-oil-spills-marine-life.html
lules Hatem, 3/11/2023

Slide 16

JH15  https/flores.unu.edu/en/news/news/safe-use-of-wastewater-in-agriculture-in-practice ht
lules Hatem, 3/11/2023
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6- Effects of water pollution

Sickness

of | BfY

3

Human Health Environment

17

7- Water quality

* “Water quality” express the suitability of water to sustain various uses

19oTmsas e

18
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JH16  https://mwav.awwa.org/Resources-Tools/Resource-Topics/Water-Quality
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8-Water quality parameters (1/2)

Water
quality
parameters

Biological

19

8-Water quality parameters (2/2)

* Temperature
Color, Odor, Taste

Physical [
* Salids

* BOD.COD

Chemical [-S—
« Acidity, Alkalinity

« Bacteria
* Viruses
* Protozoa

+ Algae

Biological

20

10
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8-Water quality parameters

8.[-Water physical characteristics

@ @ oo ‘ &
Taste

Turbidity Color Solids Odor

AN AN AN AN I\

* The physical characteristics help in assessing the conditions of domestic
wastewater whether fresh for septic and its earlier incarnations, for
example ground water and/or industrial wastewaters mixed with
domestic wastewater

+ Temperature, turbidity, taste, color, solids, Odor

21
8-Water quality parameters
8.1-Water physical characteristics
8.1 1-Turbidity (NTU)
r]
Turbidity (NTU)
¢ Water Sompies:
| | “I
30 100 50 k.l; : 0
+ Cloudiness of water, caused suspended material
Low turbidity water is clear, while high turbidity water is cloudy or murky
22
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JH17  https://civilmint.com/turbidity-test-of-water/
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8-Water quality parameters

8.1-Wiater physical characteristics
8.1.2-Temperature (°C)

* Viscosity, solubility, odors and chemical
reactions are influenced by temperature

* Chemical and biological reaction RATEs
increase with increasing temperature

* Reaction rates usually assumed to double for
an increase in temperature

23

8-Water quality parameters

8.1-Water physical characteristics
8.1.3- Color (PCU)

* Colored water indicate the presence of organic substances

+ Color is graded on scale of 0 (clear) to 70 color units

* Pure water is colorless, which equivalent to O color unit

1aTm eae e

24
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8-Water quality parameters
8.1-Water physical characteristics
8.1.4- Odar and Taste (TON or TTN)

* Organic material discharged directly
to water are sources of tastes and
odor producing compounds
released during biodegradation

* TON or TTN -= (A + B) / A (where
TON is the threshold odor number
and TTN is the thersold taste
number

Page 57 of 376

5/31/2023

8-Water quality parameters

8.1-Water physical characteristics
8.1.5- Solids (mgll or ppm)

-

* Residue remaining after evaporation of the water and drying the residue
+ Total solid (TS) = Total dissolved solid (TDS) + Total suspended solid (TSS)

* How does TDS affect the quality of the water? VWhen the amount of TDS is
low the Water is fresh (attached a table of salinity) ..... high TDS so its
saline or briny

et AT eae e

connected to
vacuum pump

Total suspended solids
(TSS)

Total dissolved solids
(TDS)

26
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Slide 25

JH18  httpsi//wwav.researchgate.net/figure/Taste-and-odor-wheel-for-the-drinking-water-indus
lules Hatem, 3/11/2023

Slide 26

JH19  https//tappwater.mt/blogs/news/why-tds-fails-to-be-a-good-way-to-measure-water-qu:

lules Hatem, 3/11/2023

JH20  https://datastream.org/en/guide/total-suspended-solids-and-total-dissolved-salids

lules Hatem, 3/11/2023
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8-Water quality parameters

8.2- Water chemical characteristics

27
8-Water quality parameters
8.2- Water chemical characteristics
82 1-pH
5818,
% ®
$ %
‘v <) Q’
> =,
g “& @ 3
o pH scale @@= ®
* Measure of electrical charged particles in a substance. It indicates how
acidic or alkaline (basic) that substance is.
* The pH scale range fram 0 to 14
+ Acidic pH < 6.5, Alkaline > 8.5, Drinking water pH = 6.5 - 8.8
28
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JH21 https://blog.havells.com/water-purifier/right-ph-level-in-drinking-water-how-essential/
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8-Water quality parameters

8.2-Water chemical characteristics

8.2.2- Alkalinity

Alkalinity (mg/L CaCO;)

Acid-neutrali'zinf capacity
compromised of total of all titribale
bases.

Allalinity is caused by the gresence
of (OH"). (HCO,‘) and (CO*) ora
mixture of two of these ions in the
water

OH + HCO; , CO.* H,0

Alkalinity is determined by titration

with a standard add solution (H,SO,
of 0.02 N) using selective indicators
(methyl orange or phenolphthalein)
29
8-Water quality parameters
8.2-Water chemical characteristics
82.3- Conductivty (S/m)
= Seawater
/5 S8/m.
= e Drinking
[C— water 0.005
\ = 0,05 S/m

/

Ultra pure water
55X 106 S/m

* It is a measure of the ability of a solution to carry or conduct an

electrical current

It sae v
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JH22  https://blog.orendatech.com/total-alkalinity-role-water-chemistry
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8-Water quality parameters

8.2- Water chemical characteristics

8.2.4-Acidry (g/L)
[,"H'a * A measure of acids in a

solution,
wery acidic

Acids can influence many
processes such as corrosion,
chemical reaction and
biological activities

alightly ackiic

nautral

The level of acidity is
determined y titration with
standard sodium hydroxide
{0.02 N) using
phenolphthalein as indicator

stightly alkatine

Acidity indicates the
corrosiveness of acidic
M water on steel, concrete and
other matenal

G - A R S W e

e R OB I

31
8-Water quality parameters
8.2-Water chemical characteritics
8.2.5- Hardness (ppm or mghl) (1/2)
. E;q:pmss the properties of highly mineraized waters, calcium (Ca*) and Magnesium
(Mg™)
* There are two types of hardness:
~ Temporary hardness which is due to carbonates and bicarbonate can be
removed by boiling
= Permanent hardness which is remaining after boiling is caused mainly by
sulfates and chlorides
Soft
E | Pem
1o |
=
Hard
ai00 Hard water
32
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JH23  httpsi//wwav.kent.co.in/blog/ph-level-in-drinking-water-why-do-you-need-to-concerned,
lules Hatem, 3/11/2023

Slide 32

JH24  https://byjus.com/jee/hardness-of-water-types-and-removal/

lules Hatem, 3/11/2023
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8-Water quality parameters

8.2-Water chemical characteristics
8.2.5- Hardness (ppm or mgh) (212)

* Without Lab. Equipment how can we tell the water is hard ?

Total handnews concentration as mg/L as Ca00,
) mgflas (300,
- 190 g/l wCall),
150-X0 mg/L s CaC0)y
2300 myL s CaC0,
33
8-Water quality parameters
8.2-Water chemical characteristics
8.2.6- Dissolved Oxygen — DO (mg/l or ppm)
Dissolved Oxygen (mg/L) I 3
40 6.5 i
el
Few fish | Most fish
can live can live
.
atera | T @S¢
wap |08
* Refers to the level of free. non-compound oxygen (O,) dissolved in water
or other liquids
+ DO influence on the organisms living whiten a body of water. Each time
the DO increases the water quality increases also
34
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JH26  https://datastream.org/en/guide/dissolved-oxygen

lules Hatem, 3/11/2023

Page 66376



8-Water quality parameters

8.2-Water chemical characteristics
8.2.7- Biochemical oxygen Demand — BOD (ppm or mgll} (1/2)

WHAT IS BIOCHEMICAL OXYGEN DEMAND (BOD)? D is the measure of the

e el 0 veeter

POD: thearmourt o quantity of oxygen used by
aerobic in the oxidation of
organic matter presentin a
given water sample of

certain temperature over a

specific time period.

Indicator of the degree of
organic pollution of water

35

8-Vater quality parameters

8.2-Water chemical characteristics

8.2.7- Biochemicol oxygen Demand — BOD (ppm or mgll) (2(2)

HOW IS BIOCHEMICAL OXYGEN DEMAND (BOD) MEASURED?

+ BOD: = (Dy— D;)/D;

+ if you take ample of water
from a river and you dilute
it 11100, you test DO at l
sampling time to be equal

\
to 8.7 mgfl and after 5 days @ 'ml;b:i:"dfor 1
of incubation it is 6.3 mg/i ‘ I
i

Water samplés | BOD Lweis(ng/) | Wator Mesith Qualty
arecollected | i

1-2 VERY CLEAN: Seutthy witer. high
uhod ccrae (DX ik

3.5 MODERATELY CLEAN lif chean
3

waner, Sl kowar DO lewely

6-9 POORNgh I, of sk muten

& bartarla decomposng Be wiste
] s VERY POCK: vory high leves
.... Calculate BODy ! 10 pser i et
:(;:;’g? 100+ DOREMELY YO sevgeoves: |

of angmic waste

36
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JH27  httpsi//blog.iceslicer.com/how-do-deicers-affect-biochemical-oxygen-demand
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Slide 36

JH28  https//blog.iceslicer.com/how-do-deicers-affect-biochemical-oxygen-demand
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8-Water quality parameters
8.2-Water chemical characteristics
8.2.8- Chemical oxygen demand — COD (ppm ar mgl)

[fﬁwmlm + Digestion of samples = Sumple for COD analysis ]
f?;!
’\/%f ; / \ s gns

ﬁz S i
.. y

r™ KiCriOn Stand with test tubes
+ r
e | D]

* COD measures all the biodegradable and the non-biodegradable
substances

37
8-Water quality parameters
8.2-Water chemical characteristics
82.9- BOD v/s COD
38
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JH29  http://www.enviroterm.com/2021/04/09/74160/
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Slide 38

JH30  https//wwav.google.com/search?q=BOD-+versus+COD&tbm=isch8ived=2ahUKEwjjmeek-
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8-Water quality parameters
8.2- Water chemical characteristics
82. 10 Nitrogen ppm or mgh)

NITROGEN CYCLE @evus iJH_3i§

39
8-Water quality parameters
8.2- Water chemicd characteristics
82.11- Phosphorus (ppm or mgh)
Phosphorus Cycle
40
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JH31  https://byjus.com/biology/nitrogen-cycle/
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Slide 40

JH32  https//wwav.sciencefacts.net/phosphorus-cycle.html
lules Hatem, 3/11/2023
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8-Water quality parameters
8.3-Water biologicol characteristics

iy oI s

* Some organisms can be
used as an indication for the

|
MICROORGARISMS IN A DROP OF POND WATER LLIr S et pollutants

based on their known
tolerance for a specified
pollutant.

* Microorganisms exists
everywhere in nature

* Human bodies maintain a
normal population of
microbes in the intestinal
tract. a big portion of which
is made up of coliform
bacteria.

* Although there are millions
of microbes per milliliter in
wastewater, most of them
are harmless

41

8-Water quality parameters
8.3-Water biological characteristics
8.3.1- Colfform

all microbial %athogens has been
acteria.

Their ease of enumeration, crude
relationship and disease
occurrence, and the lack of better
indicator led to the adoption of
celiform counts international
standards documents

Exercise; Laboratery results show
that the number of £ coli is 15
counts, and the numbe- of
coliform iz 20, caleulate the total
coliform count

iear AT s e

* The uaditonal Indicator group for ‘

42
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JH33  httpsi//rsscience.com/microscopic-organisms-pond-water/
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JH34  https://albertawater.com/get-the-scoop-on-fecal-coliforms/
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9-Water quality requirements (1/2)

Based on the source and proposed
usage of water, treatment
processes and water quality
requirements differ

Water unsuitable for one use may
be quite satisfactory for another
and water may be considered
acceptable for a particular use if
water of better quality is not
available

Water quality requirements should
be agreed with the water quality
standards

43

9-Water quality requirements (2/2)

Microbiological Limits for Quality of

Drinking Water

Supplies

(for Microbiological

requirement and classification of non-chlorinated piped

water supplies)
Class of Piped Coliform count per E. Coli (faecal
Water/Type 100 ml Coliform)
of Test Count at31°c Count per 100 ml at
44°C
Excellent 0 0
Satisfactory 1-3 0
Suspicious 4-10 0
Unsatisfactory More than 1 0 1
2 or more

It eae v

'
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Thank you!
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1.3 = Monitoring and Sampling Processes of Water and Wastewater

5/31/2023
Chapter 3
Monitoring and sampling processes
of Water & wastewater
Water and Wastewater
Management module |
1
Learning Outcome
* Understanding the water quality monitoring program
* Develop a water monitoring plan
' =,
» \
: r oy
2
1
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OOESND RON S S ) ),

Qutline

Introduction

The need for monitoring

Elements of water quality monitoring
Minimum requirements

Integrity of sampling

Steps of monitoring process
Summary

Quality Control

| -Introduction

Having a good knowledge in water testing parameters is enough for the
water quality monitoring

.

The relisble assessment of water quality through water quality monitoring
programs (WQMPs) is erucial in order for decision-makers to understand,
interpret and use this information in information in support of their
management activities aiming at protecting the resource.
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e

2-The need for monitoring (1/2)

Both sharing
knowledge  and

scientific
advanced

—— technologies and building human

me—— 5
Head land
so'ke =Y Qotrases

Wb fmscd w”
] —
ntem

Water quably somin g i le

= ncoo ure

UH37 and seientific/zechnical capacities

are needed to improve water
quality menitering.

Innovative  technologies  will
produce  reliable, accurate,
continuous and systematic data
on the quality of water
resources

Effort in raising awareness since
every citizen can be part of the
improvement of environment
conditions, water quality
management and decisions,

2-The need for monitoring (2/2)

Yoxke =Y Qudsawe o g

Web- sod «” -
stgen bsin

e e

i
||~.r-nﬁ -y 6 *-=p [N

Monitoring are fundamentals tools in

the mansgement of freshwater
resources
‘Infermaton  characterming  the

physical, chemiczl andlor biclogical
status of  water  rescurces,
determimng trends énd changes over
time, and identifying emerging water
quality issues

Identify policies and measures  to
enhance  water  quality  znd
wastewater, reduce and control
water pollution  from  specific
sources, ewluste the efficacy of
pollution  confrel &nd  regukation
policies and their implementation
and deal with wacter qualicy
emergenies
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Slide 5

JH37

Slide 6

https://www.mdpi.com/2073-4441/12/3/681

lules Hatem, 3/11/2023

JH37

https://wwav.mdpi.com/2073-4441/12/3/681

lules Hatem, 3/11/2023
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3-Elements of water quality monitoring

. Reportirg

.Evaluaﬁon of the
anafytical results

.Sampla collection

and analysis

@ onsite
mEasursments z
* Purpose: gather sufficient dam to
assess spatial andfor temporal
variations in quality

4-Minimum requirements

Required number Collect data.

analyze and check Publication of test
compliance with results
set standards

of samples and
tests on quality of
wastewater
effluents
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S-Integrity of sampling (1/2)

+ Samples need to be
representative of the body
from which they were taken

if the sample integrity is
altered, the information
gained from analysis could
be misleading and ultimately
results in mismanagement of
water andfor
polluting of the resource

resources

The main processes that
have the potential to affect
the integrity of a sample are:
Contamination, Physical
changes, Chemical changes
and biological processes

5-Integrity of sampling (2/2)

£ A Chemical Biological
Contamination Physical changes 8
changes process

= Foreign = Temperature « Predipitation « Affect physical
substances « Sorption « Oxidation and chemical
+ Costly + Degassing characteristics

10
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Slide 9

JH38  https://mww.wastageproducts.com/services/other-services/
lules Hatem, 3/11/2023
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6-Steps of monitoring process

|-Develop a monioring plan: why what. who, when 1

2.Prepare for sampling: review logutel lsues

3:Record sice condiclons & Filed Testing

4-Decortaminate Equipment

S-Coflect Samples for laboratory analysis

L ——— I
ER

ELpLpp R p R

11

6-Steps of monitoring process
6.1-Delevering a monitoring plan

* A monitoring plan is the document that details the actions, responsibilities
and timeframes.

Logisticat

Monitoring Variability of Spatial Precision/ Cont
objective process and oxtent of accuracy and OHSEW
receiving impacts required Issues
environment

. : i i i .

Monitoring plan

Duration of Sampling TFrequency Analytes/ Method of Responsible
sampling points and patterns parameters sampling (eg persons

12
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6-Steps of monitoring process

6. 1-Delevering a monitoring plan
6.1, 1-Menitering objective

* The first step in developing a monitoring plan is to clearly identify the

objectives of the monitoring

* Water and wastewater monitoring can be undertaken to meet many
objectives from gaining an understanding of an aquatic ecosystem

13
6-Steps of monitoring process

6. 1-Delevering a monitoring plan

6.1.2-Variability Consideration

Industrial process Environment

variability variability
variation

14
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6-Steps of monitoring process
6. 1-Delevering 0 maonitoring plon
6.1.3-Presicion

* The amount and frequency of sampling in sufficient to provide

confidence in the interpretation of results

AT I

15
6-Steps of monitoring process
6. {-Delevering a monitoring plan
. { L-Elements of o manitoring blan
Duration Sampling Sampling Sampling
of sampling locations frequency Froalyres procedures
16
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6-Steps of monitoring process
6.2-Prepare for sampling (1/3)

*Review the
monaring plan
slrform owner
“Scheduke the
oniaring event
*Check of
cquipmert

17

6-Steps of monitoring process
6.2-Prepare for sampling (2/3)

Analyte l(mwl 7"““:".,[ Filling technique

Filtration and

J.......m

preservation

physical and aggregate samples
acidity and plastic or %00 il container rofrigecate 24 hours
atkatinity glass completely to

exclude air
colour - true plastic or 500 L container refrigerate and store in 2 days

wass compietely to the dark

exciude air
conductivity (st plastic or 100 1 container none required 24 hours
2% °C) glass compietely to

oxclude alr
oxygen, dissolved | glass fix oxygen in the field and| 24 hours

$toce in the dark (as per
method of analysts used)
o plastic or 100 retrigerate 6 hours
wtass ©

sotids (dusotved | plastic or 500 Sissotved: il refrigerate 24 hours
o suspended) elass container

compietely to

b o o

18
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6-Steps of monitoring process
6.2-Prepare for sampling (3/3)

Equipment list Check Equipment list Check

Documentation Quality control samples

Monitoring plan including site plan Fletd blanks

APPropriate area maps Tramport /equipment blanks

Sample storage and

Fieid notebook/record sheets
transport

Chain of Custody Eskies and ice

Pens and textas Packing material

Sampling equipment oo packs/blocks

Sampling rod Packing tape

Depth sampler Address Labels

Field meters Courter information

DOisposable gloves Safety equipment

Sample containers (Including
containers for duplicates and
blanks )

First-aid kit

Labels for samples Sumcreen/sunglasses

Decontamination Drinking water

Cloan work area, eg plastic MODIE DHONE 7 COMMUNICALIon
groundiheet equipment

19

6-Steps of monitoring process
6,3-Record site condition & Filed testing (1/2)

Filed Observation

* Weather: Temperature ,Wind and direction,
Cloud cover/Rain

= Water:Tide / Depth
* Other:Surface film, algae, phytoplankton

Filed Measurement
« DO
* Temperature
« pH
= Conductivi
Turbidity

20

Page 90 of 376

5/31/2023

10

Page 90| 376



6-Steps of monitoring process
6.3-Record site condition & Filed testing (2/2)

Analyte Result/s

Instrument

Temperature

Dissolved oxygen

Turbidity

Conductivity

pH

Chiorine

21

6-Steps of monitoring process
6.4-Decontamination

22
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Slide 22

JH40  https//wwav.deltalab.es/en/producto/bottles-for-sterilization/

lules Hatem, 3/11/2023

JH41  https//wwav.mesaustralia.com.au/blogs/news/can-you-autoclave-empty-glassware-and-y
Jules Hatem, 3/11/2023
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6-Steps of monitoring process

6.5-Collection of samples

= Surface Sampling vs depth sampling

[y
/| \ Sancieg
il oevin

st e

bl | 1| B e »
- - - - -
5 x5 2 s <k
23
6-Steps of monitoring process
6.6-Labeling
- JHA
SAMPLE
DATE
SOURCE
TIME
SAMPLER
. GRAB____ ,COMPOSITE
Labeling
ANALYZE FOR:
LM-V110052

24

5/31/2023
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Slide 24

JH42  httpsi//mww.labelmaster.com/shop/sample-label-Im--v110052

lules Hatem, 3/11/2023

Page 94376



6-Steps of monitoring process
6,7-Transport & Storage (1/2)

Transport
& Storage

25
6-Steps of monitoring process
6.7-Transport & Storage- Chain of custody (2/2)
IHad

CHAIN OF CUSTODY FORM

= e Ty T

D

26
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Slide 26

JH43  https.//studylib.net/doc/11091735/chain-of -custody-form

lules Hatem, 3/11/2023
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6-Steps of monitoring process
6.8-Laboratory Analysis
* The averall sample precision by using the Formula:

RPD: {(RI —=R2) / (Rl + R2)/2}* 100
Rl:result of Sample
R2: result of duplicate sample

27
6-Steps of monitoring process
6.9-Reporting (143)
* When submitting a monitoring report. the data must be reviewed and
accompanied by appropriate supporting information
Report section Requirements
Condlusions and proposed . on meeting monitoting obj p with
actions assessment critenia and impact on environment
. major assumptions or uncertainties
. about eff of the plan and overview of
any proposed changes 1o monitoring plan (if required)
+ proposed actions 1o address non-compliance
28
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6-Steps of monitoring process
6.9-Reporting (213)

Tdemiliy of Teai paramaier Yotal number | Numberof | Numboroftests | Causeof | MAigaten
Sample Location (namberof | of samples | tests incompliance | non- Jcorrective action
pl plasned daa with takea ( + indicate
yoar) yoar aquarterofa |standardlimits | e timo frame 1o
yoar completion)

reum Vs AR on ek o

29
6-Steps of monitoring process
6.9-Reporting (343)
Parametexr Limit Test Method
BODs5 at 20 °C 30 mg/L EMDCI1 1173: Part 3 % Five-day BOD
Method
COD 60 mg/L EMDCI1 1173: Part 4 £ Dichromate
Di FRsiescy Y
Color 300 TCU ISO 7887: 1994, Water quality *
i d ination of color *
Section 3: Determination of true color
using optical instr
pH range 6.5-8.5 1 1173: Part 2 % Electrometric
Method
Temp range 20-35C See Annex A
Total Suspended 100 mg/L EMDCI1 1173: Part 1 * Gravimetric
Solids Method
30
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7-Summary

Understand,
protect, restore
our waters

iy e e st

(2]
o
o
B
(]
~

31

8-Quality Control

~MonRoring Step ¢ protocols Purpose
Various, including contred sites, multiple sample locations, Ensure sample collected is representative
Develop motoring | duplicate samples, sampling time
plan Review of monitoring plan by EPA To ensure that moaitoring plan is in compliance with
and meets ng objective
filling and pe Minimize changes to sample (physical and chemical)
Sample coliectian [ Sample blanks— field, transport. equipment Quantify contamination of sampies during sampling
and contalner process
ion of sampling equip Minimue contamination
| Filtration procedures . Minimise physical and chemical changes to sample
Sample Filtrating Filtration blanks Quantify physical changes and contamination in filtration
Field Test Equpment calbration Minimize and quantty bias and error in fleld equipment
Transport Appropriate preservation techniques Minimize changes to sample (physical and chemical)
Analysis Duplcate samples Check vatiability in lab analysis
Peer review validation Validate that sampling is undertaken a5 per monitoring
- ‘ planandin xmtm.wuhmﬂu e lines
oo s eas e u
32
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Slide 31

JH44  https.//acwi.gov/monitoring/about_the_framework html

lules Hatem, 3/11/2023
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Thank you!

33
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1.4 — Water Services, Laws, Institutions, and Economic Uses

5/25/23

&Uusaip

Module |
Water and Wastewater Management

Water, Sanitation, and Conservation (WSC)
Chair of Fondation Diane (CEEDD)
Saint Joseph University (US))

~ Water Services
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Problem tree
e o
water!?
* Whatis the main problem!
* What are the direct causes’
* What are the causes of those
?

QELOBS: The main problem:
* What are the immediate

effects?
* What are the consequences of

those effects?
* Where do you think you can

intervene/help?
What does a water service system consist of?
* Sources * Infrastructure * People

[Insert menti.com details and QR
Code here]
2
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Journey of a Water Droplet
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What does the legal framework look like?

» Different countries, different approaches (centralization, privatization)
* History:Traditional > Colonial > Modern > Contemporary

+ State of transition; paradigm shift

Select excerpts from legislative and strategic texts

* Excerpt | * Excerpt2 *+ Excerpt3

Law 221: NWVSS 2012: Water Law (192):
* Excerpt 4 * Excerpt5 * Excerpté
Capital Investment INWSS 2020: Recovery Plan;
Program:
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~ Institutions

9
Development of a subregional masterplan
Resources Stakeholders: Challenges
* | Spring * 3 Mumapalities » Competing demand
« | Aquifer * | Water * Aquifer pollution
« 5Wells ErabAvunhnt «» Control of spring
* 2 Farmer
* $10 million & ainet * |nformation access
Associations
* | week * Ministry of Energy » Cost recovery
&Water (Trainer)
10
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Integrated Water Resource Management

IWRM is a process which promotes the coordinated development and
management of water; land and related resources in order to maximise
economic and social welfare in an equitable manner without compromising the
sustainability of vital ecosystems and the environment.

CROSS-SECTORAL INTEGRATION

Enabling
environment ‘WATER

FOR

Institutional NATURE

roles

Management
instruments

11

Integrated VWater Resource Management
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Water-Energy-Food(-Ecosystem?) Nexus

The warter-energy-
food nexus refers
to the
interconnected
relationship
between water,
energy, and food ;
systems. 13 : Akt
recogrnizes that:  demwen .
water, energy, and . E
food are essential
resources that are
interconnected and
dependent  on
each other for
their sustainable
management  and
provision,

ety gant
WATER
SECURITY,

manaerent
and invesiment
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13

Water-Energy-Food(-Ecosystem?) Nexus

14
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Debating Partnership Arrangements

Public-Public Delegation
Agreement (PPDA)

Public-Private Partmership (PPP)

One side for, one against

One side for, one against

Side for: Private Water

* Side for: Municipality Company

» Side against Water + Side against Civil Society
Establishment Organization

* Reference: Excerpt from * Reference: Excerpt from Civic
NAHNOO Proposition Influence Hub Proposition (Blue
(HawkaMaa) Gold)

15

~ Economic Uses

16
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What is the value of water?

* List 5 water uses other than piped domestic water and irrigation
* Compare with the person next to you, discuss and pick | to focus on

* Try to develop a value chain of that choice, from resource to waste
S B B IR B2
W e oam W @

Jawad Taher
Water & Developmant

Advisoe & Consultnt

waterandbased.com

©usAaD

18
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1.5 - WWM Recovery Plan

11/04/2023

AFD
* REF_RM - iy

£R

EU-AFD TECHNICAL ASSISTANCE PROGRAMME TO SUPPORT
REFORMS IN THE WATER AND WASTEWATER SECTORS

IN LEBANON
M| O
Parvied by e p-siliiodyapey
Eurwenn Uses

ROADMAP TO RECOVERY OF THE WATER SECTOR IN LEBANON

April 14" 2022
DISCLAIMER
This roadmap was prepared with the help of the EU-AFD Water Reform Programme upon request of the Ministry of
Energy and Water.
1
% REF RM :
headd by
Cacas trien

AGENDA

1. INTRODUCTION/OBJECTIVES

2. MAIN CHALLENGES FACING THE WATER SECTOR
COMMERCIAL CHALLENGES

FINANCIAL CHALLENGES

TECHNICAL CHALLENGES

HUMAN RESOURCES & ORGANIZATIONAL CHALLENGES
CONTRACTUAL & PROCUREMENT CHALLENGES

LEGAL & INSTITUTIONAL CHALLENGES

3. AXIS OF THE PROPOSED PLAN
1. DETAILS OF THE AXIS 1: IMMEDIATE & PROGRESSIVE FINANCIAL MEASURES
2 DETAILS OF THE AXIS 2: PERFORMANCE OPTIMIZATION FOR COST RECOVERY
3 DETAILS OF THE AXIS 3: LEGAL & INSTITUTIONAL RECOVERY
4. DETAILS OF THE AXIS 4: POLITICAL SUPPORT

4. SUCCESS FACTORS

pwa e~
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# Rer Ru B Osp
1. INTRODUCTION / OBJECTIVES

Objectives:

- Maintaining the continuity of water & wastewater services

- Working towards a better structured, more resilient and
performing sector

This plan shall bridge the gap between the emergency
actions needed to maintain the services & the longer term
improvements in parallel with the reforms

e AFD
% REF RM - o A

Fundwd iy e L
Earapean Urkon

Drafted upon _

Data from the EU-AFD TA
OPEX Cost Recovery
Simulations

Discussions with MoEW &
WEs
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# aet o H O»

|
Showcasing the

commitments and decisions
of the Gol and the Ministry

This plan will highlight the
needed approach to address
each challenge to recover the

+
S Engagement of the WEs
Helping donors identify
and target their support
2. MAIN CHALLENGES FACING THE WATER SECTOR

Commercial

Financial

Technical

Human resources and
organizational

Contractual and procurement

Legal and institutional

Page 113376
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WATER
é REFORM

2.1 COMMERCIAL CHALLENGES

2.1.1 Insufficient cost recovery leading to a negative financial balance

INPUT DATA ADOPTED (AS PER MoEW ASSUMPTIONS)

Funcdas by b Implersonted by AFD.
Eurapman Urkn

Exchange rate 1500L8PS 20000L8P% (Sayale)  Average tariff of 320,000 LBB/m3/yr (as was
Diesel cost 850 LBP/liter 19 700 LBP/liter the case in 2021 and earlier years)
Gasoine 25000L8P20Ners 375000 L8P0 s “
= % S R0LED) SR IEEN Operational Expenditures (OPEX) incurred on
‘ ¥ i e’ i each water establishment
Salary mulipher 1 2 |
EDL tariff for 1 KWh* 170LBP (0M3USD)  4200LBP(0.21 USD) The sector would still accumulate an additional
Consumet Price Index (CP1) 15 700 total deficit of 120 Million USD in 2022
Induding 11 WWTPs o be readily No Yes
handed-over by the COR to the WES
7
4 WATER AFD
- REF_'RM - ==
wndnd by Ingierrared by AFD
Earapman Urton
AVERAGE NATIONAL OPEX DISTRIBUTION FOR THE 4 WEs
2019 Average OPEX Distribution =i 2022 Average Simulated OPEX
= Power Distribution
m Consumablies
= Maintenance
= Administrative
8
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: O
REF_RM
T implecsaniod b7 AFD
BASELINE FIGURES OF 2019 PROJECTED IN 2022 AT SAYRAFA RATE
NLWE BMLWE SLWE BWE Total
Annual tariff (2019) 290 000 LBP 366 000 LBP 308 000 LBP 296 000 LBP
Collection rate (2019) 51 % 60 % 54 % 46 %
Revenue water (2019)
(Billed / Produced Volume) o % 3% 2% Ak
Subscription rate (2019) 50% 60% 60% 37%
Cash FLow (2019) 16 608 M LBP 100 261 M LBP 26 956 M LBP 10200 M LBP 154 025 M LBP
OPEX (2019) 32687 M LBP 89425 M LBP 59 866 M LBP 23150 M LBP 205 128 M LBP
OPEX Cost Recovery
(2019) 51 % 2% 45 % 4%
OPEX (2022) 362 494 M LBP 976 571 M LBP 877 836 MLBP 334081 MLBP 2551882 MLBP
OPEX Cost Recovery in
2022 (unchanged 2019 tarft) i e % 2%
-239785TM
Projected Balance in 2022  -345 886 MLBP  -876 310MLEP -850880MLBP  -324 781 M LBP LBP
{unchanged 2019 tariff) (-17.3M USD) (-438MUSD)  (-425MUSD) (162MUSD) | 110 5o'm USD)
Breakeven tariff (2022) 6 090 000 LBP 3400 000 LBP 9430000LBP 8080000 LBP
* Considering no effort Is made to improve subscription ond collection rutes os well as to redute Non Bevenue Water,
9
O
REF RM Fundnd by P .|
2.1.2 Insufficient collection & subscription rates

water.

The number of subscribers to the water services

low in the four WEs, especially in the North and the Bekaa

Collection rate (2018)
Subscription rate (2019)

51%
50%

Low Collection rates =» Many users do not pay the annual tariff but are still having access to

with respect to the resident population is

69 %
60%

46 %

60% 37%

10

Page I15]376



Page 116 of 376

11/04/2023

# REF RM

2.2 FINANCIAL CHALLENGES

.

2.3 TECHNICAL CHALLENGES

2.4 HUMAN RESOURCES & ORGANIZATIONAL CHALLENGES

.

O A

Fusds br b Implersonted by AFD
Euragman Urien

Arrears due to the operators of WWTPs and incapability to fund WW OPEX
Lack of money for investments to improve the service

Inability to calculate the cost of delivered cubic meter
High share of Non-Revenue Water and aging infrastructure

Lack of many key expertise and capacities, especially for wastewater management and supervision
Demotivation / Loss of staff

Inability to hire and fire staff despite autonomous status

Qutdated organigrams

11

# REF RM - OAFP

2.4 CONTRACTUAL & PROCUREMENT CHALLENGES

Handing over the wastewater treatments plants to the water establishments
Lack of adequate contractual modalities between the public and the private sector

2.5 LEGAL & INSTITUTIONAL CHALLENGES

A non-operational water law
Insufficient autonomy of WEs to assume the role of commercial utilities
Absence of political support
Ambiguity in the role of municipalities and the public-public partnership

F s byt Ingiersaied by AFD
Earapman Urian

12
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#& WATER
é REFORM

help and support of the donors’ community.

AXIS 1:

IMMEDIATE &
PROGRESSIVE
FINANCIAL
MEASURES

3. AXIS OF THE PROPOSED PLAN

The plan shall start first and foremost with credible decisions and commitments of the Government of Lebanon. Surely,
many accompanying measures are crucial to enable commercial, technical, institutional and financial improvements with the

AXIS 2:

PERFORMANCE
OPTIMIZATION
FOR COST
RECOVERY

AXIS 3:

LEGAL &
INSTITUTIONAL
REFORM

13

WATER
\%REF °RM

MEASURES (1/2)

2022 up to 3 MLBP in 2026.

rotes

adapt the onnual taniff accordingly. This increase shall be acc

ied with an imp

3.1. DETAILS OF AXIS 1: IMMEDIATE & PROGRESSIVE FINANCIAL

TARIFF INCREASE:

* Increase in revenues of the WEs through a gradual yearly raise in tariff starting around 1 MLBP in

These numbers shall be updated frequently and reported yearly to accommodate changes in the exchange rate and therefore

ADJUSTMENT OF SALARIES OF PUBLIC SERVANTS

1

nt of the collection and subscription

Fundwd iy e L
Earapean Urkon

14
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. WATER AFD
# REF RM PR

Fusds br b Implersonted by AFD

3.1. DETAILS OF THE AXIS 1: IMMEDIATE & PROGRESSIVE FINANCIAL
MEASURES (2/2)

* The government of Lebanon commits to:
= cover part of the gap/deficit on selected expenses (such as power or a share of power) for a
period of 5 years
* engages the discussions with the donors to cover part of the remaining expenses (such as
part of the maintenance including spare parts and also consumables)
= paying the arrears to the private operators of the wastewater treatment plants as well as
the fees covering the remaining of 2022.

* The water establishments commit to cover other expenses (such as HR and part of the
maintenance and a share of the power) during a period of 5 years

15

% rer ru B O

Fundwd iy Inglarsaniad by AFD
Earapman Urien

3.2. DETAILS OF THE AXIS 2: PERFORMANCE OPTIMIZATION FOR
COST RECOVERY (1/3)

TECHNICAL IMPROVEMENTS THROUGH STRATEGIC KEY INVESTMENTS:

* Optimization of operational expenditures by reducing power usage through:
*  Increasing the power generated from solar PV by an overall of 20% over 2 years (2023 and 2024)
. Favoring pumping from shallow underground sources and the use of surface water where feasible
*  Prioritizing rehabilitation of energy inefficient or low-efficiency systems over new investments (such
as replacement of equipment}
+  Assessing hydropower potential of existing systems and implement where feasible

* Reduction of NRW by 15 % in 2026 through:

* Prioritizing investments in reduction of leakages from networks and installation of district metering
* Reducing illegal connections

*+ Management of water production through:

+ Prioritizing investments in installation of metering at water sources 16

16

Page 118]376



Page 119 of 376

11/04/2023

WATER AFD
# REF RM ! g

3.2. DETAILS OF THE AXIS 2: PERFORMANCE OPTIMIZATION FOR
COST RECOVERY (2/3)

TECHNICAL IMPROVEMENTS THROUGH STRATEGIC KEY INVESTMENTS:

* Implementation of a data center at the MoEW where information are centralized, treated and
made public

+ Engagement and deployment of a national approach to sludge treatment and usage

+ Ensuring continuous monitoring of water guality by prioritizing treatment through the financing
of the consumables and rehabilitation works where necessary for the continuity of the
operations

* Prioritizing the rehabilitation of existing infrastructure and the completion of small to medium
unfinished systems with high impact on service continuity

« Engagement in modernization / digitalization of the WEs operations and management

17

% rer ru B O

3.2. DETAILS OF THE AXIS 2: PERFORMANCE OPTIMIZATION FOR
COST RECOVERY (3/3)

COMMERCIAL IMPROVEMENTS:

+ Increasing collection rate to reach 80% by 2026 (progressive yearly increase), with a series of
measures:
* Communication campaigns with the help of donors
+ Political support to the water establishments to encourage payments
« Engage with municipalities within a public-public partnership

* Increasing subscription rate to reach 70% by 2026 (progressive yearly increase), with a series of
measures:

* Communication campaigns
+ Political support for the removal of illegal connections

18
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WATER AFD
# REF RM ey
NATIONAL PATH TO COST RECOVERY
o 7% e
g BS A%
4. - o B £ix D w &2
F % & 53
g™ o 55
§ o A149 400 E 2
o3 d TS
g 30 300 E g
g e 2 8
% 2 I l 200
== Annual Tariff (K LEP) —~Consolidated Subscription rate (%)
Consolidated Collection rate (%) —Consolidated Deficit (MUSD) T
19
WATER AFD
# ReF RM ..-m. — <
Earapman Urton
3.3. DETAILS OF THE AXIS 3: LEGAL & INSTITUTIONAL REFORM (1/3)
ORGANIZATIONAL STRUCTURE AT WEs:
» Assessment of the pertinence of the present organization charts and adopt new
structure in light of today's challenges, WE strategy and the orientations of the
new water law.
* Implementation of targeted capacity building for the administrative and technical
staff
= Hiring of specialized technical staff at the WEs based on the needs identified in
the newly adopted structure (such as wastewater management staff) while
assessing the possibility of redeployment of public servants
* Elaboration of a transparent recruitment policy based on skills and qualifications.
20
20

10
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WATER AFD
# REF RM - T

3.3. DETAILS OF THE AXIS 3: LEGAL & INSTITUTIONAL REFORM (2/3)

LEGAL & INSTITUTIONAL:

* Appointment of a monitoring committee for the follow up of drafting and
approval of application decrees and bylaws

* Adoption of the application decrees and provisions of the new water law
192/2020

» Adoption of a public-public partnership model between municipalities and WEs
customized on a case by case with clear distribution of roles and responsibilities
on both water and wastewater systems at financial and technical levels

» Adoption of a public-private partnership model between the private sector and
WEs based on clear performance obligations

21
NATER AFD
LTEE B O
Earapman Urton
3.3. DETAILS OF THE AXIS 3: LEGAL & INSTITUTIONAL REFORM (2/3)
LEGAL & INSTITUTIONAL:
* Improvement of the management of the HR in the WE and separation from the
public service council
* Renewal of the board of directors of the WEs based solely on skills and
qualifications.
* Empowerment of the WEs to reach effective administrative and financial
autonomy as per their legal mandate
* Improvement of the monitoring framework of the WEs at central level
(performance monitoring of the WEs through KPIs, etc.)
* Establishment and adoption of regional strategies and business plans at WEs level
in line with the national strategy and the recovery plan
22

11

Page 121376



Page 122 of 376

11/04/2023

3.4. DETAILS OF THE AXIS 4: POLITICAL SUPPORT

WATER AFD
£ rer ru m— e

No matter the attempts to reform the sector and empower its service providers, no
achievement can be made without consistent, coherent and persistent political will. It
is therefore crucial that the government of Lebanon and the political parties provide
palitical support to this action plan and allow the water establishments to fulfill their
full mandate to the satisfaction of users.

23

should
be committed to reach their
performance targets within the
proposed timeline;

should be covered over
the upcoming 5 years to bridge
the cost-revenue gap and
ensure proper

4. SUCCESS FACTORS

support and security support
on the ground should be given
by all political parties and the
Council of Ministers to achieve
the mandatory improvements;

should imperatively be
recruited at the WEs mainly for
the wastewater sector;

Arrears and budget gaps
should be paid by the
ina
timely manner;

should be engaged in
supporting clear financial
measures and the optimization
of performance to achieve cost
recovery.
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3 WATER AND IRRIGATION

3.1 Introduction

In the 1970s, nearly 100% of the Lebanese population had access to public water services. This has
changed drastically since the civil unrest period. The mobilized water resources and capacities of the
networks were no more adequate to meet the demands. The Government of Lebanon launched since
the 1990s a long-overdue rehabilitation and upgrading of the existing water infrastructure networks;
reservoirs and pump stations have been rehabilitated, additional storage reservoirs have been
constructed, transmission lines have been either replaced or rehabilitated, and networks have been
extended or replaced in areas that were experiencing substantial losses. Yet, limited additional water
resources were mobilized and increase in demand and shortages were growing at a faster rate than
the rehabilitation and expansion works.

3.2 Background and Current Conditions

The rehabilitation programme implemented to date has not secured yet an adequate water resources
management system. Water supply is still being rationed due to shortages of water resources, power
failures and excessive power bills for the operation of the pump stations; adequate additional water
resources have not been mobilized to date, and surface and ground water resources are heavily
polluted due to current wastewater discharge practices. These conditions were intensified due to the
additional resources required to meet the demands of and treat the wastewater generated by the 1.5
million displaced Syrians. The UNICEF — WHO, 2016 report revealed that only 36% of the total
population are benefitting from safely managed drinking water services.

The Ministry of Energy and Water issued in 2010 the National Water Sector Strategy (NWSS), putting
on track the surface water resources management plan, specifically the construction of the dams to
meet water shortages, which entailes a concurrent scheme for the protection of the mobilized water
resources from illegal and polluting wastewater discharge practices.

The NWSS of 2010 included assessment of the domestic, industrial, and irrigation water demands and
projected the demands for 5 years intervals up to the year 2035. The 2010 demands were estimated at
1,473 MCM of which 505 MCM are domestic, 810 MCM are irrigation, 152 MCM are industrial, and
6 MCM are touristic demands. The available public resources provide only 60% of the total demand.
The intention was, in addition to increasing the resources, to reduce the losses and un-accounted for
water by 10-15% In the first 10 years. Since then old networks are being replaced but at a slower rate
than planned; however no records are available to report the improvements and the Syrian crisis
necessitated diverting the efforts towards meeting additional demands estimated at 61 MCM/year.

The four Water Establishments (WEs), North Lebanon, Beirut and Mount Lebanon, Bekaa, and South
LLebanon, are responsible for the operation and maintenance of the water and wastewater systems. The
development of the water resources, i.e, the dams for the mobilisation and development of surface
water resources, is the responsibility of the Ministry of Energy and Water (MoEW). The WEs require
capacity buildings to be able to properly manage, supervise and take over the upgraded and expanded
networks as well as their operation and maintenance.

3.3 Impact of the Syrian Crisis on the Water and Irrigation Sector

The Syrian Crisis has resulted in the displacement of 1.5 million (LCRP 2015) Syrians into Lebanon,
the Country whose population is estimated at about 4.5 million (NWSS 2010, number including
displaced Syrians at the time). In other words, within a couple of years only, the population on the
Lebanese territory increased by 25-30%, unevenly distributed over the various regions, with the highest
concentrations in North of Lebanon and the Bekaa, close to the Lebanese-Syrian borders.
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Such unanticipated multiplication of the population would have entailed significant impacts on countries
with developed infrastructure and water sector; the impacts on Lebanon who is already suffering from
a shortage in almost all its infrastructure sectors have evidently been much more severe, and
specifically on the water/wastewater sectors. The water supply demands and the generated wastewater
flows have been accentuated at the time the government did not have adequate resources to timely
and adequately plan and implement considerable improvement on the relevant infrastructure.

Based on the official LCRP 2015 figures of the displaced Syrian population in Lebanon, and the water
demand values adopted by the MOEW, the increase in domestic water demand due to the displaced
Syrians in Lebanon is estimated at 61 MCM per year. This is accompanied with an increase in
wastewater generation by about 50 MCM per vyear, leading to a total of untreated wastewater of 280
MCM per year at the national level. The Syrian crisis has as such double impact on the sector: it has
significantly increased the shortage in supply, and at the same time aggravated the wastewater
problem, which constitutes a major contamination problem to the surface and ground water resources
used for potable, agriculture and industry.

3.4 Existing Programme and Strategies

The National Water Sector Strategy (NWSS) 2010 prepared by the Ministry of Energy and Water
(MoEW), stresses among others, on two main goals:

1-  Optimizing the exploitation of the surface water resources to become the main source for water
supply and irrigation.

2- Institutional improvement to ensure a better management of the sector to maintain a balance
between the demands and the available resources.

The exploitation of the available resources involves the following main components that need to be
tackled to achieve the sector’s goals:

« Production: the majority of the current water resources production relies on the groundwater
which is being extensively extracted and leading to a continuous drop in the water table as the
yearly consumption exceeds the recharge. The NWSS calls for a migration as much as possible
to the mobilization of the surface water sources that are renewable; hoping to conserve the
groundwater as a strategic reserve.

« Transmission and distribution networks should be maintained in good condition to prevent
losses and assure continuous supply.

« Conservation and protection of water sources against pollution and specifically biological
contamination resulting from shortage in wastewater networks and treatment plants that affects
both the surface and ground water sources is essential. Industrial discharges should also be
controlled to prevent chemical contamination.

To mobilize the surface water sources, the NWSS identified a list of 40 dams and hill lakes that can
store significant volumes of water ranging between 0.3 and 120 MCM and achieving a total static
volume of about 670MCM a year that can supply domestic and irrigation demands.

Few of the proposed dams have already been launched (Bogaata, Mseilha, Janneh, Kaysamani, Balaa,
El Manzoul ,\Yammouneh, Kouashra), Brissa's construction is completed except for lining its reservoir
area, Bisri's funding is under preparation, others are considered priority projects but require funding,
such as Bared, Qarqaf, Younine and Assi. It is also of utmost importance to initiate the necessary
wastewater schemes for the protection of these resources.

Institutional capacity building is essentially required for setting an effective and suslainable
management of the Sector, including operation, maintenance, management and conservation of the
water resources and infrastructure assets, the reduction/limitation of the losses, and the continuity of
the service.

The water sector, which was severely affected by the civil war and its consequences, has been subject
to continuous rehabilitation, improvement and expansion. However, the efforts were always unable to
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cover the shortage in the water supply. The National Water Sector Strategy (NWSS) 2010, estimated
the water supply deficit at about 40% of the total demands.

The efforts of the Ministry of Energy and Water in improving the water sector and reducing the shortage
in supply are incessant.

Table 3-1 presents the budget spent by the ministry on upgrading and expansion of water networks
during the last five years (2012-2016).

Table 3-1: Ministry’s Expenditure on Water Networks

Region J Stsa:)
North Lebanon 70
Mount Lebanon 50
South Lebanon 24
Bekaa 18
Total 162

Table 3-2 lists the major on-going and recently completed projects divided into two categories A and B
as follows:

A- Expansion and Improvement of Supply

B-

Project

Development of resources.

Table 3-2: List of Major on-Going Water Projects

A - Expansion and Improvement of Supply

Greater Beirut:

Greater Beirut Water Supply Project (Awwaly conveyance project) - Phase 1 - Tunnel
and Transmission lines.

Upgrade of water systems in Greater Beirut to enable supply from Awwali project.
Rehabilitation of water supply systems in Greater Beirut.

Construction of Wardaniye Water Treatment Plant to serve Awwali project.
Expansion of Dbaye Water Treatment Plant to increase supply.

Rehabilitation works and construction of new works for Ain el Delbe including pump
stations and networks

Budget
(Musd)

Jbeil: Improvement of water supply system in the caza of Jbeil and construction of waste water
networks for the coastal area of Jbeil and associated treatment plant

Chouf: Rehabilitation and diversion of transmission line between Safa and Beiteddine, projects
for increasing the water sources in Iglim el Kharroub, and Isolation of Barouk spring

Akkar: Water supply projects in the villages of south Akkar from Hrar and Qabiit reservoirs
(drilling and equipping of water wells, pumping stations, reservoirs, transmission lines and

distribution lines) specifically in the villages of Meshmesh, Wata Meshmesh, Bazzal, Danbo, Beit

Ayoub, Beit Younes, Qrayat, Bajaa, Shan, Houwaish, Qaiteea, and Continuation of the water

supply project for the villages of Borghosh-Hrar region, Kaf et Tineh, and Qabiit and water supply

systems consisting of groundwater wells, reservoirs and distribution networks that are under

preparation. In addition to improvement of water systems in the villages of Fneideq, Tekrit, Beit
Miat, Bireh, Jouma, and Khirbet Daoud. - B |
Minieh & Dannieh: Continuation of the water supply project for the villages of Minieh region - Part 17.9
1. and rehabilitation an continuation of water systems in Dannieh (Package 1 - Part 1)

L17023-0100D-RPT-PM-01 REV 7

Page 42 of 123

Page 126|376



Page 127 of 376

Capital Investment Programme

v Budget
Project (Musd)
Tripoli: Water supply projects in Qalamoun, Ras-masga, Anfeh, and Koura regions. 6.3
Zgharta/Ehden: Water supply project in Ehden region and Maydan, and continuation of water 20.2
networks in Fouwar within Northern Lebanon Water Establishment.

Bcharre: Rehabilitation of water supply networks in Beharre region. [ 1
Koura & Batroun: Rehabilitation of water supply systems in Chekka, Anfeh, Koura coast, and 105
Batroun and Equipping well and construction of potable water pump station for Chebtine village.
Baalbeck-Hermel: Water supply project for the villages of the caza of Hermel, and additional | 296

water supply works in the city of Baalbek and the next villages - 2nd package, additional water
sources in Baalback-Hermel, rehabilitation of water treatment plant in Falawi to serve 18 villages
from Yamoune spring, and Isolation of Daher el Aalwi spring in Ainata.

Zahle & West Bekaa: Rehabilitation of water supply systems in West Bekaa and the villages east 51.2
of Zahle - packages 1, 2 and 3, rehabilitation/improvement of water supply systems in Qoblias,

and construction of water supply systems for Dhour Zahle, Twayli, Maalaka, karak, Qaa el Rim,

Hzarta and the industrial city.

Rachaiya & West Bekaa: Rehabilitation of water supply systems in the villages of Rachaiya - part 15.8
2 - package 3, transmission line from Arab reservoir to Aarayesh, and Various water supply works
in Bkifa, Beit Lahya, Aaiha, El-Haoush.

Hasbaya: Water Supply Project for Jebel Amel Water Establishment-Phase 3 (construction of 30
reservoirs, transmission and distribution lines from wazzani), Complementary works for the water

supply systems of Hebbariye-Hasbaya, drilling and equipping of groundwater well and

continuation of water supply network in Chebaa.

Marjaayoun & Bint Jbeil: Water Supply Project -Phase 3 (construction of reservoirs, 51.2
transmission and distribution lines from Taybe treatment plant, wazzani water, and ground water

wells in the region). Additional water works in Jebel Amel - caza of Bint Jbeil.

Nabatiye & Sour: Complementary Water Works project for Southem Lebanon water 15.8
establishment (Kfaroua, mejdel selm, Debaal, Safad el Batikh, Touline, Chagra, Borj rahal,

Kfardounine, Qraye), and additional water works for Kfarremane/Nabatiye.

IRRIGATION - Marjaayoun & Bint-Jbeil: Litani conveyor 800 - main and secondary lines. | 3574

B - Development of Resources

e Mseilha hill lake: Construction of Mseilha dam and hill lake (12 MCM) for water supply 59.4
and irrigation
« Balaa hill lake: Construction of Balaa dam and hill lake (2.2 MCM) for water supply 37.3
Greater Beirut and Mount Lebanon:
« Jbeil - Janneh Dam: Construction of Janneh Dam (80 MCM) for water supply and 340
irrigation.
« Bisri Dam: Greater Beirut Water Supply Project - Phase 2 - Conslruction of Bisri Dam 580
(120MCM) including hyropower plant and waste water systems
¢ Baabda - Kaysamani Dam: Construction of Kaysamani Dam (1MCM) for water supply 25
e Metn - Bogaata Dam: Construction of Begaata dam and hill lake (12 MCM) for water 63.1
supply
« Metn - Al Manzoul Hill lake: Construction of dam and hill lake (0.4MCM) including 15.3
water treatment plant and transmission line from the lake to reservoirs of Zaarour and
Aintoura.
IRRIGATION - Baalbeck - Yamoune hill lake: Construction of Yamoune dam and hill lake (1.5 14.6
MCM) for irrigation
IRRIGATION - Akkar —
¢ Kouachra hill lake: Construction of dam and hill lake (0.35 MCM) for irrigation 3.2
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3.5 Development Vision

The target of the Ministry of Energy and Water and the Water Establishments includes mobilization of
additional water resources to meet the current deficit as well as the initiation of an efficient and
appropriately Development Plan to meet the projected future demands.

The Syrian crisis and its consequences call for the consideration of a fast/immediate programme within
the Development Plan to attenuate on the short term, the severe impacts of the shortage in water supply
on both the vulnerable Lebanese families and displaced Syrians (increased risk of waterborne diseases
in addition to intensive contamination of the ground and surface water). This immediate phase will also
contribute to meeting the expected increased water demands on the long term.

With the additional domestic water demand of 61 MCM resulting from the Syrian crisis (LCRP 2015
statistics/MoEW demands), the shortage in supply would increase to about 50%.

The climate change, reducing the total annual precipitations, the rainy season and rainfall days, is a
major challenge to mobilize the necessary resources to meet the projected demands.

The Capital Investment Programme is divided into 2 categories:

« Category A: this category comprises the projects for extending the Supply through expansion
and improvement of the existing systems to increase capacities and coverages to meet the
increasing demands. This Category responds in its ultimate phase to the projected future
demands but also contributes in its early phases to the short term demands.

e Category B: it consists in providing additional water sources relying mainly on renewable
surface sources through construction of dams and hill lakes. This Category targets the
projected future demands but will help as well alleviating the short-term demands through the
early implementation of projects.

A separate Category includes the projects identified under Lebanese Crisis Response Plan (LCRP)
which was launched a couple of years ago to mitigate to the exponential increase of demands induced
by the displaced Syrians. It includes expansion of networks and mobilization of additional resources
relying on ground water (on temporary basis) to attenuate the urgent additional shortage. However,
since limited funds were secured, the projects were earmarked for funding.

The selection and prioritization of the water projects proposed to contribute in developing the sector
have been done through the following criteria

« The scale of served population. giving priority to the projects serving larger population number
in order to maximize the social and hygienic benefits of the investments

« Thedensity of the displaced Syrians, in an effort to attenuate the impact of the massive increase
in population and hence on water demands and hygienic conditions in the hosting areas

¢« Enhancing the benefit from the CAPEX already invested in the construction of headworks,
treatment plants and collection networks.

s The readiness for construction and availability of studies (Feasibility, EIA, Tender Documents).
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3.6 Lebanon Crisis Response Plan

Based on the above considerations, a Development Plan is proposed comprising two categories of
projects to achieve the following:

Category A: Expansion and Improvement of the existing water supply system:
This Category can be divided into two parts:

« Part 1: this part includes the conveyance systems associated to ongoing or completed dams to
enable the exploitation of these dams and hence are considered as complementary investments;
they include among others, water treatment facilities, hydropower system, transmission lines,
reservoirs and pumping stations.

Four projects are selected for the first construction cycle to mobilize additional water resources in
the North and Mount Lebanon serving directly a population of about 750,000, but affecting a larger
population of about 1.5 million.

One project for the distribution of irrigation water is also selected in this category as the main
conveyor of the Litani irrigation Scheme is near completion. This project will irrigate an area of about
14,000 ha, provide large job opportunities, and improve food security, wellbeing and stability.

» Part 2: this part includes the expansion, upgrage and rehabilitation of distribution networks to
enhance the water supply and provide access to water sevices to the growing population. Many of
these projects fall within the goals of the LCRP, however funds from LCRP were not secured and
hence they were reintegrated into the CIP plan. In the regions of North, Bekaa and South, elaborate
water master plans are available and include proposals for massive improvement works in the water
sector which are required to reach an acceptable level of service. The major part of these works is
needed as a first priority, planned for the 2020 to 22 horizon. These projects are also within the
LCRP goals; however their costs exceed the LCRP budgets.. Furthermore, as most of the LCRP
funds were not secured, they have been listed as cycle 1 CIP projects, and grouped under the
relevant Water Establishment.

The mentioned master plans include also continuations and expansions of the first priority projects
proposed for later stages; these have been listed as cycles 2 and 3 projects.

Category B: Mobilizing additional water sources:

As previously mentioned, this category relates to the mobilization of additional surface water sources
through the construction of dams and hill lakes.

In addition to El Bared Dam in Akkar, serving a population of about 590,000, two projects (Azounieh
Dam, Maaser Chouf Dam) are pricritized for mobilizing additional water resources in Mount Lebanon
to serve a population of about 300,000, 1 project in Baalback-Hermel which is the continuation of Assi
Phase 1 dam, and 1 project in Bekaa/Zahle (Barhashah Dam) due to the significant shortage in the
region.

Remaining expropriations for Chabrouh and Besri Dams are also listed in first priority since Chabrouh
is completed and Besri about to be launched.

Two projects are selected for the 27 cycle (Assi Phase 2 Dam, Ibl es Saqi Dam) and 12 others for the
31 cycle until their construction documents are prepared.

Table 3-3 lists the proposed projects, their description, the estimated investment cost, their readiness
for construction and their priorities.

Figure 3-1 shows the geographic distribution of the proposed dams as well as the ongoing or completed
ones.
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3.7 Municipalities and Governorates Requirements

The Lebanese Government has invited all the Mohafazat and Municipalities to raise their needs in the
various sectors including the Water Sector in order to be taken into consideration in the Development
Vision. Extensive lists have been received from the municipalities all over the Country including a wide
range of requests extending from a minor water connection to the construction of dams. The received
lists have been compiled and depending on the type, size, and necessity, the projects have been
categorized as follows:

i. Proposed under CIP or covered by other projects proposed under CIP (additional water
sources, tfransmission lines and new distribution networks, regional reservoirs, etc..)

ii. Short and medium term municipal needs (minor storage tanks, collection ponds, irrigation
canals, cleaning of water courses, water quality monitoring, minor water connections and
rehabilitations, pumps, generators, etc..). These local demands or small-scale projects are
categorized as Category “C”; they will be allocated a budget of 200MUSD under proposed
CIP project W55 (Short and Medium term municipal needs).

Most of the requests do not refer to a specific project but to the provision or increase of water supply in
the regions; the extents and the components of the requested projects are not described and thus
correlation has been made in such cases between the goals of the requests/projects and those of CIP
projects. The lists include many requests for drilling and equipment of water wells, and others for
construction or rehabilitation of local storage tanks. These also have been considered as covered by
CIP projects since the latters include similar components and aim to ameliorate the whole water supply
systems based on overall master plans.

It is worth noting also that some of the requests are specific for particular municipalities or villages, but
others are general at the level of a caza or a union of municipalities. Some others fall within ongoing or
under preparation projecls as indicated in the tables.

Furthermore, only few projects include cost estimate.

Table 3-5 hereafter summarizes the proposed investments by Cycle and by Governorate. The
investments related to Irrigation are given separately.
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Excerpt 2
NWSS 2012:
[PDF External, Strategic Roadmap]

Excerpt 4
Capital Investment Program:
[PDF External, CIP]

Excerpt 5
NWSS 2020:
[PDF External, NWSS 2020]

Excerpt 6
Recovery Plan:
[PDF External, Recovery Plan]
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Excerpt 3
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Annex 2
Stakeholder Profiles

Ras el Jabal Municipality

Ras el Jabal is a mountain village of 300 houses, and all its residents are from one family. Its economy is
based on stone quarries, and some farmers have large apple orchards. The local spring is diverted to the
orchards most of the year, and only allowed to run downstream to Kfar Roma and Wadi el Batata in Autumn
and Winter. The spring used to supply all houses with water all year round, but in the last 5 years the flow
has gone down to the point that residents need to buy water from apple farmers in the Summer. Sewage is
disposed of in septic pits, and once a year desludged to a pond between the spring and Kfar Roma.

The municipality manages the spring water supply to houses and farms, but the farmers “own" the water
through their property deeds. The municipality has tried several times to drill wells, but failed. An expert has
told the municipality they do not have a suitable aquifer for a well, and they need to find another solution. The
municipality is asking the MoEW to invest $10million in a wastewater treatment system that recycles sewage
for irrigation to cover the gap. Ras el Jabal residents and farmers do not want to pay anything for water
services, since they believe the spring has been theirs for 200 years.

Wadi el Batata Municipality

Wadi el Batata is a village in the valley below Ras el Jabal and next to Kfar Roma. Its 1,000 households are
almost all farmers or agrofood producers, including 200 refugee families. Due to the water scarcity they face,
they have drilled 10 wells to supply houses and farms with water all year round. However, due to electricity
cuts, diesel generators have to be operated to pump water out, which is very expensive. The municipality
built a hill lake above the village to collect water from the Ras el Jabal spring in the few months they are
allowed to use it, but it ended up being heavily contaminated with sewage.

The municipality has allowed the West Lebanon Water Establishment to take over 3 wells and manage
domestic water services since it cannot afford to pay for energy anymore. Households are happy to pay for
water services, but constantly struggle to afford it since their businesses are failing. Businesses in the town
are struggling due to the cost of water, which drives up the cost of their produce, as well as the reputation
their farms now have since the sewage contamination poisoned 150 wedding attendees at Kfar Roma.

Kfar Roma Municipality

Kfar Roma is a village of just 100 permanent households and 700 houses, most of which are rented out
seasonally (summer) to tourists. Tourists are attracted to the town's moderate, dry climate and panoramic
view of Lebanon’s largest wetland. The village's economy is entirely based on tourism, and there are two
wedding venues and 7 restaurants that employ at least one member of each family. Since the poisoning
incident, their tourism has suffered. An expert has also studied the wetland recently, and rumors are that the
spring diversion and wells drilled in neighboring villages are slowly drying up the wetland earlier and earlier
in the year.

The West Lebanon Water Establishment manages the town's only well, which is very productive and powered
by a solar generator the local businesses paid for collectively. The municipality is panicking, and needs to
find a way to secure the survival of the wetland. They are asking the Water Establishment to provide a diesel
generator and fuel in order to pump water into the wetland in the summer. They hope this will slow down the
drying up and save their village.
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Batata Farmer’s Cooperative

The Batata Farmer's Cooperative counts 100 farmers which produce potatoes almost all year round. They
are desperate to secure enough water for their farms through the 7 wells they've drilled, but can no longer
afford the diesel required to run the generators that power them. They had a lot of hope for a hill lake the
municipality had built, but it was contaminated by sewage from Ras el Jabal. Last year, at a wedding
ceremony in neighboring Kfar Roma, many attendees were poisoned. The wedding organizers accused the
cooperative of supplying them with contaminated potato, and Kfar Roma businesses refuse to buy their
produce anymore.

The cooperative is furious at the municipality for not taking action against Ras el Jabal. Farmers have
threatened to attack Ras el Jabal and drive its residents away if sewage continues to reach their irrigation
water. They are also demanding that the West Lebanon Water Establishment gives them back 3 wells they
took control of recently to supply households, since these are the deepest, safest, and most productive wells
in the village.

Jabal Apple Association

The Jabal Apple Association is an NGO created by a millionaire in Ras el Jabal. His nephews, who are apple
farmers, are members and elect him as president of the association and mayor of the town every year. The
president is the largest quarry operator, and uses the association to get funding from international donors for
the rehabilitation of quarry sites he no longer needs. After the rehabilitation, farmers plant apple orchards on
the sites and use spring water to irrigate them.

The association is the biggest donor to the municipality and has built the municipal office building, agricultural
roads, and a garden. The association is trying to secure donor money to drill a well and install a solar
generator to pump water to residents, since their study found that spring water is increasingly contaminated
with dynamite residue from the quarries.

West Lebanon Water Establishment

The Water Establishment recently rehabilitated and equipped 3 wells in Wadi el Batata and serves its 1,000
households all year round. Although residents generally pay their tariffs, the cost of diesel has become so
high that the establishment is starting to limit the supply hours through the generator. The municipality has
told the establishment that, unless supply goes back up, residents might stop paying for the service and
farmers will ask to take over the wells (which they had drilled years ago but could not afford to equip).

The Water Establishment also serves Kfar Roma's residents, although they are very few (100) except in
summer, when thousands of tourists flock into the village. A local well with solar power supplies the town,
and residents and businesses pay their tariffs most of the time. The municipality wants the water
establishment to install a diesel generator and supply more water to meet the increasing demand.

The Water Establishment asked an expert from the Ministry of Energy and Water to study the three villages
and propose solutions to the water problem. In Ras el Jabal, which the establishment does not serve, there
is a bountiful spring that is diverted for agricultural use. However, the expert found that the spring is
contaminated with dynamite residue from the quarry and is not suitable for potable water. She also
determined that drilling wells in Ras el Jabal would not be successful due to geological formations.
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Annex 3
PPDA Description

Public-public delegation agreements (PPDAs) refer to arrangements between water utilites and
municipalities, where the former delegates the management of local water systems to the latter. This
delegation allows municipalities to take responsibility for the management and delivery of water services in
their jurisdiction, while the utility retains an oversight role.

PPDAs can have several benefits, such as improving the efficiency of water service delivery, promoting local
accountability and decision-making, and fostering collaboration between the utility and the municipality. By
delegating the management of local water systems, the utility can focus on its core functions, such as
infrastructure development, strategic planning, and regulatory oversight, while the municipality can focus on
the day-to-day management of water services.

PPDAs can also enhance the participation of local communities in decision-making processes, as
municipalities are generally more responsive to the needs and concerns of their constituents. By delegating
authority to the municipality, the utility can foster greater engagement and trust with local communities,
leading to more sustainable and equitable water systems.

However, PPDAs can also present challenges, such as the potential for conflicts of interest or lack of capacity
on the part of the municipality. To address these challenges, it is essential to ensure that the delegation
process is transparent and that the responsibilities and accountabilities of both parties are clearly defined. It
is also important to provide training and support to the municipality to build its capacity to manage water
systems effectively.

Civil society representatives can play an important role in ensuring that PPDAs benefit all stakeholders. They
can advocate for transparency and accountability in the delegation process, and provide feedback on the
effectiveness and impact of the partnership. Civil society can also represent the interests of marginalized
groups and ensure that their needs are taken into account in decision-making processes.

In conclusion, PPDAs can be an effective way to improve the management and delivery of local water
services. By delegating authority to municipalities, utilities can foster greater collaboration and engagement
with local communities, leading to more sustainable and equitable water systems. However, it is essential to
address potential challenges and involve civil society representatives in the delegation process to ensure that
the interests of all stakeholders are taken into account.
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PPP Description

Public-Private Partnerships (PPPs) in the water sector refer to collaborations between public entities, such
as governments or municipalities, and private companies in the provision of water and sanitation services.
These partnerships aim to leverage the strengths of both sectors to improve access to safe and affordable
water services for communities.

PPPs in the water sector can take different forms, depending on the specific context, but they generally
involve the private sector investing in the construction, operation, or maintenance of water infrastructure,
while the public sector provides regulatory oversight and ensures that the water services are accessible
and affordable for all. The private sector may also bring technical expertise, innovation, and financial
resources to the partnership, while the public sector provides the legitimacy and accountability needed to
ensure that the services are delivered in the public interest.

One of the key benefits of PPPs in the water sector is that they can increase access to safe water and
sanitation services for underserved communities. Private sector involvement can lead to increased
investment in infrastructure and technology, which can improve the quality and reliability of water services.
PPPs can also create new job opportunities and stimulate economic development in the region.

However, PPPs in the water sector are not without challenges. One concern is that private companies may
prioritize profit over social and environmental goals, which can lead to the exclusion of low-income or
marginalized communities. Another concem is that PPPs can lead to increased water tariffs, which may be
unaffordable for some households.

To ensure that PPPs in the water sector benefit all stakeholders, it is essential to involve civil society
representatives in the planning, implementation, and monitoring of these partnerships. Civil society
organizations can represent the interests of marginalized groups and ensure that their needs are taken into
account. They can also provide valuable feedback on the effectiveness and impact of the partnership, and
hold both public and private partners accountable for their commitments.

In conclusion, PPPs in the water sector have the potential to improve access to safe and affordable water
services for communities. However, to ensure that these partnerships benefit all stakeholders, it is essential
to involve civil society representatives in the planning, implementation, and monitoring of these
partnerships. By working together, public and private partners can create sustainable and equitable water
systems that benefit everyone.
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1.7 - WWM Strategic Roadmap

Infrastructure — Initiative Summary (2/6)
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Infrastructure — Initiative Summary (3/6)

* Water Supply Transmission

— Replacement of existing over-aged transmission systems and
associsted equipment and bulk meters

~ Leakage and partial of
damaged middle-aged systems and associated equipment

- Expansion of transmission systems to meet growing demand

including district metering

Rehabilitation/replacement of existing storage tanks including

hydrautic equipment and flow meters

Construction of new storage tanks to meet growing demand

and achieve 0,5 and 1 day retention time for BML and other

WE's respectively including and flow

'

Construction of Awall - Belrut and Canal 800 (WS share only)
conveyors and related transmission systems and equipment

2011-201:
Full/partial
replacement of
2,550 km of pipes
and additional
156,000 m3 of
storage in 465
tanks

2016-2020:
Replacement of
250 km of pipes

and additional

35,000 m3 of

storage in 96
tanks

Implementation time & CAPEX

u 12 [i§

Ty

Loans/
Grants
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Infrastructure - Initiative Summary (4/6)

Implementation time & CAPEX
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Financing

* Water Supply Distribution

Replacement of existing over-aged distribution networks
including house connections

Rehabilitation and partial replacement of damaged middle-
aged networks, supported by leakage detection campaigns
Expansion of distribution networks to cover new geographic
areas and meet growing demand including house connections
Installation of customer water meters. Metering targets by
2015 in BML 95%, in North/South 85% and Bekaa 75%

2011-2015:
Full/partial
replacement of
6,900 km of pipes
with house
connections and
installation of
640,000 meters

2016-2020:
Full/partial
replacement of
2,700 km of pipes
with house
connections and
installation of
365,000 meters

|
'

Loans/
Grants

Infrastructure - Initiative Summary (5/6)

Area (ha)

Implementation time & CAPEX
—

11 12

anancln;

* Irrigation
~ Rehabilitation/replacement of existing over-aged irrigation
systems and networks
~ Implementation of additional 15,000 ha of irrigation schemes
until 2015 and 15,000 ha between 2016-2020

As detailed below

North 5,750 ! ]
= Noura El Tahta Scheme 5,000
* ElBared Scheme 750 oo
' meo | 1
= AssiScheme 5,400 - P
* Younine Scheme 1,550 m
« South Bekaa Phase 2 (Left Bank) 6,700 .
South 14,700 P
* South Lebanon Conveyor 800 14,700 ' '

Loans/
Grants
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Infrastructure - Initiative Summary (4/6)

Implementation time & CAPEX
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Financing

* Water Supply Distribution

Replacement of existing over-aged distribution networks
including house connections

Rehabilitation and partial replacement of damaged middle-
aged networks, supported by leakage detection campaigns
Expansion of distribution networks to cover new geographic
areas and meet growing demand including house connections
Installation of customer water meters. Metering targets by
2015 in BML 95%, in North/South 85% and Bekaa 75%

2011-2015:
Full/partial
replacement of
6,900 km of pipes
with house
connections and
installation of
640,000 meters

2016-2020:
Full/partial
replacement of
2,700 km of pipes
with house
connections and
installation of
365,000 meters

|
'

Loans/
Grants

Infrastructure - Initiative Summary (5/6)

Area (ha)

Implementation time & CAPEX
—

11 12

anancln;

* Irrigation
~ Rehabilitation/replacement of existing over-aged irrigation
systems and networks
~ Implementation of additional 15,000 ha of irrigation schemes
until 2015 and 15,000 ha between 2016-2020

As detailed below

North 5,750 ! ]
= Noura El Tahta Scheme 5,000
* ElBared Scheme 750 oo
' meo | 1
= AssiScheme 5,400 - P
* Younine Scheme 1,550 m
« South Bekaa Phase 2 (Left Bank) 6,700 .
South 14,700 P
* South Lebanon Conveyor 800 14,700 ' '

Loans/
Grants
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Infrastructure - Initiative Summary (6/6)

Implementation time & CAPEX

[T e P

- Callection and 1t to at least preli y level of 80% by 2010 and 95% by HE
2020 I
— Pre-treatment of all industrial wastewater by 2020
- Reuse of 20% of treated wastewater by 2015, and 50% by 2020
— Secondary treatment and reuse of all inland wastewater by 2020 and secondary
treatment by 2020 of coastal wastewater where reuse is economically justified
1. Integrated and prioritized immediate investment:
a. Funded networks for the seven completed and two operational WWTPs along
the coast
b. Completion of already funded projects
€. Networks for already completed projects (23 inland and 11 coastal plants)
2. Preparation of regional master plans
3. Integrated national investment program 2013-2020
a. Preparation and implementation
b. MEW responsibility for budget execution and project implementation with staff
recruitment and capacity building
4. Economic reuse of treated wastewater and sludge (studies and investment|
5. Capacity building and pilots for wastewater sub-sector

Gol

Loans/
Grants

* Long term (wastewater)
— Continuation of the integrated national investment program
— Updating pre-tr plants to dary and ion of Jbeil plant
- Investments for reuse of treated wastewater for irrigation

Baseline

Demand/Supply Forecasts
Sector Enabling Environment
Investment Plan

I Strategic Roadmap

I. Infrastructure Initiatives

II. Sector Management Initiatives
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Management - Initiative Summary (1/9)

1.1, Perform all priority actions ired to the restr ing of WEs and
address potential limitations, mainly:
— Development of revised and improved organization structures for WEs
based on roles and responsibilities
~ Drafting revised WE ion bylaws, sup ingin the app | process
and follewing up on their enactment
~ Implementation of the restructuring of WEs
~ Evaluate the potential for outsourcing of certain non-core functions

— Providing needed support for WEs to gradually reach full admini: ive and
financial autonomy
p on the operating model b WEs and MEW, through:

- Ensuring an integrated management of water resources

~ Ensuring the involvement of WEs in project planning and implementation

for water supply, irrigation and wastewater

Improvement in coordination

Ensuring operational and financial empowerment of WEs together with

proper mechanisms for performance management

1.3. Improve on the performance efficiency of WEs to reflect:

— More focus on irrigation and wastewater responsibilities, in addition to
current water supply activities

— Most suitable organization for technical functions

- |Improvements to support functions e.g., Strategic Planning and Business
Planning, Water Demand Management, performance management, more
facus on IT, Fixed Asset Management, Supply Chain Management, Customer
Service, Contral and Audit functions

Implementation time & Budget

o ||| 1e20 |
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Technical
Assistance
Grants

GOL

Management — Initiative Summary (2/9)

1.4. MEW's in line with the requirements of laws 221 and
247 to reflect mare its water governance role, with main focus on pelicy making,
planning and regulatory roles:

= Development of revised organization structures for MEW

~ Drafting a revised organization law, supportingin the approval process and
following up on its enactment

— Implementation of the restructuring of MEW

1.5. Develop the process for the per ing and of WEs,
including:

- Monitoring bedy
- Performance indicators
~ Tools and procedures

16-20

Technical
Assistance
Grants

GOL

1.6. Provide the required manpower |evels and capabilities to ensure an
ppropri P and of assets and the delivery of water at
optimal service levels, through the:

— Reduction of current vacancies (over 81% at MEW and 67% in WEs) to
reguired manpower levels according to recommended organization
structures

~ Continuous development of staff through proper training

Technical
Assistance
Grants

GOL
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Management - Initiative Summary (3/9)

Implementation time & Budget She
ancing
el [ ] ] 1620 |
1.7. Enforce planning and capital di ibilities and among :
various players in the water sector with a clear delineation of authorities,
where: |

- MEW is responsible for setting policies, strategies and national planning

~ CDR s in charge of planning and securing foreign financing of capital
projects based on national plans

— WEs, LRA and other national entities develop their specific business plans
and master plans according to policies and guldelines of the national plan

1.1
Cont'd

1.8. Involve stakeholder participation in the design and management of irrigation
proj ing to best practices, through:
~ Creation of formal Water Users Associations (WUAs) to replace the different
organizations currently in charge of D&M of irrigation schemes Technical
~ Definition of roles and responsibilities with respect to water management Assistance
(including water quality) of the WUAs and other partners, in close 8M$ Grants
cooperation with the intended beneficiaries
= Providing wel--focused training related to the establishment and
management of WUAs to all involved parties

GOL

Management — Initiative Summary (4/9)

16-20

1.9. Imp water
ility of through:
- Adjustment of irrigation water tarlffs to cover O&M costs at a first stage, and
periodically review and adjust water tariffs to reflect actual costs

and cost recovery, and

= Basing water charges on volume of water used rather than area. Where

metering is not feasible at this time, base water charges on a combination of
ont'd a fixed charge to cover the basic servicas, and other charges which can be

used as a proxy for the volume of water used, such as crop grown and/or
hourly use of water

= Carrying out periodic public awareness campaigns to inform policy makers
and farmers of water shortages that could be faced in the next thirty years,
and the need for water conservation for irrigation

2.1. Water Supply Tariff

. anew based tariff which includes fixed and variable
(volumetric) charges for connections equipped with customer water meters,
where:

Technical
= Current lump-sum tariff should be P ily mai i far Assistance

— New tariff should be based on a proper cost analysis to cover, at a coL
minimum, O&M cost as a first stage

— No tariff increase wauld be introduced before concrete Improvements are
brought to the water sector
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Annex 2 - Water and Wastewater Treatment & Reuse

2.1 - Water and Wastewater Norms and Standards & Adapted Treatment Technologies
5/30/2023

e UsAID

Chapter 4

Water & VWastewater norms and
standards & adapted Treatment
technologies

Wastewater reuse module 2

Learning Outcome (1/2)

* Get familiar with potable water norms and standards (Libnor)

* Understanding the water treatment processing

Water Treatment Process

)
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Slide 2

JH45  https.//chem.libretexts.org/Courses/Furman_University/CHM101%3A_Chemistry_and_Glo!

lules Hatem, 3/11/2023
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5/30/2023

.

Learning Qutcome (2/2)

Identification of wastewater collection systems
Understanding the wastewater treatment processing
Characterization of the main biological treatment processes

Decision making factor about the method of treatment to be chosen

= ncoo ure

sewen

Outline

Patable water norms & stancards

Y¥ater treatment processing

The sewage management strategy approach

Sewage collection systems

WWastewater oreacment

Quality of Entry Influent VS Effluent purpose of Use
Characteristics of wascewater

Norms and standards related to ai, wastewater and wastewater treatment plants
Wastewster treatment low scheme

WWaste water trestment process

Y¥ascewater treatment systems

Selecting umt operations znd processes

Criteri and indicatars used to assess the sustainability of trestment technelogies

e e
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Slide 3

JH45  https://evreka.co/blog/how-to-handle-wastewater-treatment-and-disposal/

lules Hatem, 3/11/2023
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|-Potable water norms & standards (1/3)

:/o & . >
Z. < o
'//{,’_’ = .q

Drinking water standard standards have been selected for lysis of physio-chemical and
bacteriological indicators of pollution which will be used for describing the baseline status of

water environment

nooes R OB I

| -Potable water norms & standards (2/3)

AR liial gally pulhall dasa i oo
wseesees LIBNOR--oeeeee NL 161 (A}
1CS: 13.060.20

O g L Aaleall 550 d08 S Adle Ausa A pia) = AU il y il A e
Lty La ety Al ) i pally popdiall mom g Lo " i 15T 1982 5505 23 A8 pla
! gl s ppfial) Aainall 4 5 e . iy

om0 g R G i 5 paliaia A8 B Ll g 5y iy lhad ) pm

indy e 3 Sty Sl — )Y S e — e il iy il 0
A el st iy dgigad hleall S gnl g ANy JlaTly smadll § iy Al g Sdasiai A o8
o Rl St D S e g e Rt T ) L D A il sl asla®
Y1 A Al i pally il e Y e e g s s KLl ) Bad Rl
B s st et R

(150 e Aol Al s e i e A i el Al
S5l Aiady (AIDMO) caiah 5 Ao 2easd A o Al g (CEN) ol A 1531 2l
ACODEX Alimentarins) A=Y

=1007 O T GO Wit .
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|-Potable water norms & standards (3/3)

Sy Al g Sl By 012010 B e d® S ) ol e e
Jaslie) fe Ay gl A A it pall il S e A TN TC 147 sl 33 " Al
Ll Aaliie Wl B A e A S0 A gl a3 el b A0 Kl Sudely
e e St g Al
- Guidelines for Drinking-Water Quality - Foarth Edition — World Health Organization 2011
- National Primary Drinking Water Regulations (NPDWRS) - Table of contaminants - US
Environmental Protection Agency (EPA)

NL 1011999 A5 A0 40ilid dacal pall Apudall il gl s Al
01082 A lgeliia) b Aol ol a0 e Ll Rl il
J016/10/28 4 Aniiiat bl gl ol Al 330 dae
A le g Aiad gall s da ) Asde Yl Cliald ) s LS e

2-Water treatment processing

[ﬂglgég

19oTmeas e
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Slide 8

JH73  https.//mwawv.sciencedirect.com/topics/engineering/drinking-water- treatment

lules Hatem, 5/27 /2023
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3-The sewage management strategy approach

Pollution Treat and Dispose (Self
Prevention Re-Use Purification)

9
4- Sewage collection systems (Sewers)
Collection
System
Simplified
collection
10
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5/30/2023
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Slide 10

JH46  https://www.thewatertreatments.com/wastewater-sewage-treatment/computer-applicatic
lules Hatem, 3/11/2023
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4- Sewage collection systems (Sewage)

4.1- Conventional Collection System (1/2)

Advantages Disadvantages

Convenient systems and no attention is High investment costs
needed by households or users

Abundant experience in such systems exist Minimum velocity is required to flush

in the region salids. Accordingly, minimum slope should
be provided to maintain the minimum
velocity

System is mostly in line with existing Leakages may pose high risk for

national codes and standards contamination as compared to other
systems

Requires less maintenance as compared to
other gravity systems

11

4- Sewage collection systems (Sewage)

4.1- Conventional Collection System (2/2)

12
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4- Sewage collection systems (Sewage)
4.2- Solid-Free Collection System (1/2)

Cost savings might be 30 to 50% as Space has to be provided for the interceptor
compared to conventional sewer system tank at each household. Additionally. access
to the interceptor must also be provided

No need for continuous downward slope Regular de-sludgingis crucial for the a well

and accordingly the pipes might be installed operated system

at shallow depths

Inspection manholes are not required Needs high public awareness as public are
involved in the operation and maintenance of
the system

Less environmental risks in case of leaks In many cases in the region, codes and
standards still need to be developed for such
systems

Reduction on the treatment costs since Lack of regional experience in such systems

‘solids are removed upstream

13

4- Sewage collection systems (Sewage)
4.2- Solid-Free Collection System (2/2)

0w

14
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Slide 14

JHA7  https.//sswm.info/factsheet/solids-free-sewer

lules Hatem, 3/12/2023
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4- Sewage collection systems (Sewage)
4.3- Simplified Collection System (1/2)

Shallow depth and flatter gradients as Toilets need to be flushed with sufficient

compared to conventional systems. amount of water to provide flushing for
the system

Pipes are smaller and cheaper as compared Grease and grit traps need to be installed

to conventional sewer system at  each household and regularly
maintained.  Accordingly,  community
involvement is crucial

Higher maintenance requirements as
compared to conventional system

No sufficient experience exists so far in
the region regarding such systems

15

4- Sewage collection systems (Sewage)
4.3- Simplified Collection Systermn (2/2)
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Slide 16

JH50  https://sswm.info/taxonomy/term/3792 /simplified-sewer

lules Hatem, 3/12/2023
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5-Waste Water treatment

* Water treatment is any process that makes water more suitable for a
specific end use — in our case the process of converting wastewater
into water that can be discharged back into the environment and/or
reused

17

6-Quality of Entry Influent VS Effluent purpose of
Use

Effluent
Characteristics

Influent
Characteristics

It sae v

18
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Slide 17

JH51  https://wwawv.erg.com/project/evaluating-residuals-management-drinking -water-treatmer

lules Hatem, 3/12/2023
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7-Caracteristic of wastewater (1/2)

Temperature:

+ Temperature of sewage Is higher than the ordinary
water
* The temperature changes when seveage becomes
septic
w temperacure indicates the entrance of ground

Color:

+ Fresh sewage I3 yellowish grey eo light brown
* Whi that of the scptic is black or dark due to
axidation of organic matcer

Odor:
+ Smell of the fresh sewage is oily or 10apy
- Sepric seveage develops an objectionable

Sewage contains both organic and
inorganic chemicals in addition to various

ike H.S, CO,, CH,and NH: etc

19

7-Caracteristic of wastewater (2/2)

pH:

the pH of sewage is initially high and
drops when the sewage becomes
septic but becomes increases again
with the treatment processes

Toxic chemicals:

these compounds include
insecticides, pesticid
detergent, and disinf

DO:

* the solubility of oxygen in
freshwater ranges from 14.6 m
0°C to about 0.7 mg/l at 35°C
atm pressure

20

10
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8-Norms and standards related to air, wastewater
and wastewater treatment plants - Decision nb.8/1 -
date 30.01.2001 — ELVs (1/2)
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8-Norms and standards related to air, wastewater
and wastewater treatment plants - Decision nb.8/1 -
date 30.01.2001 (2/2)
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9-Wastewater treatment flow scheme
23
| 0-VWastewater treatment process
10.1- Preliminary treatment — Screening
24
12
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Slide 23

JHS2  https://wwav.britannica.com/technology/wastewater-treatment/Primary-treatment
lules Hatem, 3/12/2023

Slide 24

JH53  https://engineeringcivil.org/articles/environmental-engineering/wastewater-screening-cle
lules Hatem, 3/12/2023
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|0-Wastewater treatment process
10.2- Preliminary treatment — Grit removal

St o Wk

10-VVastewater treatment process
10.3-Primary Treatment

A Wastewater niet

B. Floating scum scraper
€ Seum tough

D. Sudge scraper

E. Sudge outiet

The purpose is to remove readily setdeable solids and floating
materials. Efficiently designed and operated primary sedimentation tank
removes 50-70% of TSS and 24-40% of the BOD.

The tank can be rectangular or circular and equipped with scrapers at
the bottom to remove collect sludge at the sludge hopper. The clarifier
is also equipped with scum removal mechanism.

26
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Slide 25

JHS54  https.//wwav.kwsmfg.com/resources/problem-solvers/grit-removal-system-wwtp/
lules Hatem, 3/12/2023

JH55  https://cqi.tu-harburg.de/~awwweb/wbt/emwater/lessons/lesson_c1/Im_pg_1436.html

Jules Hatem, 3/12/2023

Slide 26

JH56  httpsi//missrifka.com/utility-system/waste-water-treatment-plant/primary-treatment-of-v
lules Hatem, 3/12/2023
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| 0-VVastewater treatment process
10.4- Secondary treatment — Aerobic Biological Processes

+ Suspended growth

o R OB I

+ Attached growth

27

| | -VWastewater treatment systems
I'1.1-Activated sludge

THE ACTIVATED SLUDGE PROCESS

Agration basin Secondary clarifier

. \ -
S5 Y sudgerecyeing
- @

Waste sludge

=100, TOOTR 06 Witk

28
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Slide 27

JHS7  httpsi//wateqcanada.com/municipal-wastewater/packaged-plants/fixed-bed-biofilm-reac
lules Hatem, 3/12/2023

Slide 28

JH58  https)//wwav.shutterstock.com/search/activated-sludge

lules Hatem, 3/12/2023
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| I-Wastewater treatment systems
1 1.2-Tinkling filter

29
| [-Wastewater treatment systems
I 1.3- Rotating biclogical contactors
DRIMASY TREATVENT SECONDARY CLANWIER TH61
30
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Slide 29

JHS9  https://wwav.netsolwater.com/biological-trickling-filters-for-municipal-waste-water-treatn
lules Hatem, 3/12/2023

JH60  https://civildigital.com/design-trickling-filters-common-operational -issues/
Jules Hatem, 3/12/2023

Slide 30

JH61T  https://link springer.com/chapter/10.1007/978-1-60327-156-1_10

lules Hatem, 3/12/2023

JHG62  httpsi//sswm.info/water-nutrient-cycle/wastewater-treatment/hardwares/semi-centralisec
lules Hatem, 3/12/2023
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| I-Wastewater treatment systems
I 1.4- Anaerobic treatment — Up Flow anaerobic sludge blanket

Up Fow Anaerobic Sludge Blantzt (UASS) Reactor TE

31

| [-Wastewater treatment systems
I 1.5- Anaerobic baffled reactor (ABR)

32
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Slide 31

JHG3  https://wwav.sketchbubble.com/en/presentation-up-flow-anaerobic-sludge-blanket-react
lules Hatem, 3/12/2023

Slide 32

JH64  https//sswm.info/taxonomy/term/3931/anaerobic-baffled-reactor-%28abr%:29

lules Hatem, 3/12/20.23
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| |-Wastewater treatment systems
! 1.6- Septic Tank

33

I |-Wastewater treatment systems
1 1.7- Natyral Systems —Waste Stabilization Ponds

68

o reamncomame

34
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Slide 33

JHGES5  https://anaerobic-digestion.com/septic-tanks-anaerobic-digestors/
lules Hatem, 3/12/2023

JHE7  https://www.southportconcreteco.com/6-advantages-of-concrete-septic-tanks
Jules Hatem, 3/12/2023

Slide 34

JHEE  https//wwav.netsolwater.com/flow-chart-for-mechanism-of-purification-in-stabilization-p
lules Hatem, 3/12/2023

JHE9  https://wwav.aboutcivil.org/types-of-wastewater-treatment-ponds.html
lules Hatem, 3/12/2023
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| |-Wastewater treatment systems

! 1.8- Constructed Wetlands

35

I2-Selecting unit operations and processes (1/3)

I. Process applicability

2. Applicable flow range

3. Influent wastewater characteristics

4. Climatic conditions

Past experience, data from full
scale plants, published data and

from pilot plant studies. If new
conditions are encountered, pilot
plant studies are essential.

Example: stabilization ponds are not
suitable for excremely large flow rates
in highly populated areas,

Affect the type of the process to be
used.The presence of inhibiting
constituents may limic the application
of biological treatment systems.

Temperature affects the rate of
reaction for most biological and
chemical processes.

36
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Slide 35

JH70  httpsi//www.enviropro.co.uk/entry/136414/ARM-Ltd/Water-treatment-with-reed-bed-sys

lules Hatem, 3/12/2023

JH71  https//armreedbeds.co.uk/projects/horizontal-flow/

Jules Hatem, 3/12/2023

JH72  https://armreedbeds.co.uk/

lules Hatem, 3/12/2023
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SS ST

6, Performance

7. Sludge production and processing

8. Environmental constraints

| 2-Selecting unit operations and processes (2/3)

Reactor sizing is based on the
governing reaction k nd kinetic

coefficients, Data on kinetics

S 3 E kinetics

but can be obtained from pilot studies.

Needed effluent quality isimportant in
determining the required treatment
system.

Are there constraints that would make
sludge processing and disposal
infeasible or expensive,

Environmental conditions such as
prevailing wind direction and proximity
to residential areas may restrict the
application of some processes.
Proximity to water bodies may require
removal of some consttuents such as

nutrients,

37
|2-Selecting unit operations and processes (3/3)

9. Chemical requirements or any | What effects might the addition

other resources requirements. of chemicals have on the
characteristics of sludge and what
is the cost of the chemicals.

10, Energy requirements Energy requirements and future
energy cost must be known for cost
effective treatment systems.

|'l. Personnel requirements How many do need for operating the
systems and do they have the skills.

12, Flexibility Can the unit operation be modified
when needed to meet future
requirements.

38

19
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| 3-Criteria and indicators used to assess the
sustainability of treatment technologies (1/2)

“riterin Indicatory Short description

Technical Effects Compli with discharg, dard:

aspects Removal efficiency Removal of pollutants (when not in standards, or beyond them
Reliability Robustness. vulnerability and risks associated with errors,
System manageability  disasters

Operation and personnel req

Environmental Conservation Protection of the ecosystem and conservation of biodiversity

aspects External inputs Need of materials, equipment, electricity, fossil fuels, self-
Land use and impact  sufficiency
Emissions Footprint (arca accupied), impact on the landsc:

Sut 1 d nto the env Lluts

Reduce. reuse, recycle P p
Sludge. biogas. treated water for irrigation. nutrients

nooes R OB I

39

| 3-Criteria and indicators used to assess the
sustainability of treatment technologies (2/2)

Criteria Indicators Short d iption

Social aspeets  Institutions and Basic institutions. awareness of policy makers/pubic about
policies sanitation
M capacity G | and private proficiency to manage sanitation
Commumity systems
participation and
mvolvement

Change of routines Changes by practitioners to adopt sanitation technologies,
Social acceptability lobbies
Scientific support Cultural aspects, user’s adaptation, poverty alleviation,
Regulatory framework  minorities

The role of universitics and rescarch centers (monitoring,

mnovation)
Local legisiation that promotes or hinders the use of different
options
E i I costs C ion costs, equip quired, land cost
aspects Running costs Operation and mai parati availability of spare
Life time parts
externalitics Lifetime of construction items and electromechanical
equipment

Changes in natural capital, excavations. social disruptions

=190, 1007 06 Witk

20
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Thank you!

41
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2.2 — Wastewater Reuse Applications
5/30/2023

Chapter 5

Wastewater reuse applications

Wastewater reuse module 2

Learning Outcome

Categories the different water reuse sectors

Have an overview about the latest technologies affecting the water
reuse

Get familiar with the evolution of water reuse norms in Lebanon
comparing the existing international norms

Case study on treated waste water used for crops irrigation in Ablah —
Lebanon

182 | 376



Page 183 of 376

5/30/2023
Outline
|, Identify the need for water reuse
2, Categories of wastewater reuse
3. Reusing considerations
4. Advanced technology
5. Water reuse standards at Lebanon
6, Case study Presentation:impact of irrigating vegetable crops from
Ablah WWTP
7, Conclusion
I -Introduction
+ Woastewater reuse can be adopted
[H73|to meet the water demand in
different fields and contribute to
the conservation of freshwater
resources,

+ Practices of wastewatet reuse vary
among  countries, as  target
applications and technology options
differ significantly depending on
socio-economic circumstances,
industrial structure, climate, culture.
religious preference, as well as
policy readiness.

2
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Slide 4

JH73  https.//mwawv.evoqua.com/en/markets/applications/industrial -water-recycle-reuse/
lules Hatem, 3/12/2023
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2-Categories of wastewater reuse (|/3)
Urban Use
and other non-conta it recreational actvites
creation netural wetland enfancemaent, se
2-Categories of wastewater reuse (2/3)
Groundwater rech
Groundwater replenishment for potable water, saltwater
intrusion conurol, subsidence control
Industrial reuse
Cuoling system wat cess water, boiler feed water
laundry, construction h-down water, air conditionin
Residential use
Cleaning, laundry, woilet, air conditioning
i Porable Reuse
i Blending with municipal water supply, pipe to pipe supply
3
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2-Categories of wastewater reuse (3/3)

* An important determinant of the potential applications and treatment
requirements for water reuse is the quality of water resulting from
various municipal uses.

As the quality of treated water approaches that of unpolluted natural
water, the practical benefits of water reclamation and reuse become
evident. The levels of treatment and the resultant water quality endow
the water with economic value as a water resource.

SrTe s

2-Grey Water V/S Black Water
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2-Grey Water treatment and reuse
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what level of treatment

is necessary and
satisfactory  for  a
specific  water reuse
application?

* Reclaimed water quality

requirements  depend
not only on the
relevant regulations and
guidelines, but also on
specific applications for
which reclaimed water
is to be used.

10
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Slide 10

JH75  httpsi//wwav.researchgate.net/figure/National-standards-and-international-guidelines-for
Jules Hatem, 3/12/2023
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4-Advanced technology

Today, technically proven
water reclamation or water
purification processes exist to
provide water of almost any
quality  desired, including
ultrapure water for precision
industries and medical uses.

With advancements in water
reclamation technologies, it is
technically possible to
produce reclaimed water of
virtually any quality.

11

4-Advanced technology

* Technologies that follow secondary treatment which are
suitable for most water reuse applications

12
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Slide 11

JH74  https.//mwaw.water-technology.net/projects/bundamba-treatment/

lules Hatem, 3/12/2023
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4-Advanced technology
4, |-Membranes Technologies

* Membranes represent the most
significant development as several new
products are now available for a
number of water and wastewater
treatment and water reuse
applications.

Treatment trains that inco:gome
membrane filtration are capable of
producing several grades of product
water that can serve a range of water
reuse applications.

Further, the cost of producing high-
quality redaimed water has decreased
considerably, largely due to the
development of low-pressure
membranes and the entrance of a
number of suppliers in the competitive
marketplace.

nooes R OB I

13

4-Advanced technology
4.2-Disinfection Technologies

+ Chlorination remains as the
most widely used disinfection
technology and its effectiveness
is vastly improved by improved
reclaimed water quality.

“ Increased removal of particulate
matter and the development of
ultraviolet disinfection
technology also improve the
applicability of reclaimed water
for many more applications.

=1007 O T GO Wit "
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Slide 13

JH76  https://wwav.climate-policy-watcher.org/wastewater-treatment/membrane-processes-for-
lules Hatem, 3/12/2023

Slide 14

JH77  https//wwav.techquintal. com/advantages-and-disadvantages-of-chlorination-of-water/
lules Hatem, 3/12/2023

JH78  https://wwaw.alfaauv.com/blog/all-about-uv-disinfection-systems-for-water-treatment/
lules Hatem, 3/12/2023
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5-Water reuse standards at Lebanon
5.1-History of water quality regulations in Lebanon:

ironmental Umit e e
effluents 2010: FAO project proposes

ra-use standards

2019: LIENOR
£ ret

formed a

Future steps:revise FAD
2019 2021:150 guidelines and adopt

guidelines (n

15
5-Water reuse standards at Lebanon
5.2-Core elements of Regulation/Standard for water reuse in agricufture (1/2)
bh7)
hartameters
euticals Sodium adsorption ratio
Physico-clhwmic BOD. CBOD.. and COD
Arameters
16
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Slide 16

JH79  Shoustarian et al. 2020

lules Hatem, 5/28/2023
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5-Water reuse standards at Lebanon
5.2-Core elements of Regulation/Standard for water reuse in agriculture (2/2)

|-List of parameters and threshold values

-Different categories of water with different target applications (categories of edible or
non-edible plants (I-5 categories depending on countries) with recommendations of
treatment technologies

-Complete restrictions on crops and use of irrigation systems

2-Monitoring protocol
-Frequency and performance of testing

3-Recommended best practices for safety

-On-farm 15 t (safety es for carrying irrigation agronomic practices to
reduce risks and improve productivity)

-Handling of treatment technologies and reuse systems to increase safety

4-Governance framework
-Distribution of roles and responsibilities of each administration/stakeholder (if not
stated in other regulations)

17
5-Water reuse standards at Lebanon
5.3-The main regulatory approaches and recent policy recommendations and trends
Californian Model
approach
* Zero risk. Best * Level of stringency * Paradigm shift from
quality water should be fixed standards
(pathogens close to proportional to related to water
* Advanced, high cost capacity of quality to health
trestment enforcement based standards
ies » Higher thresholds achigvable
* High number of for pathogs ghout tha
parameters, lower * Less sophisticated reuse chain
limit values and costly
treatment
technologies
Standards need to be adapted to local contexts and take into consideration
financial, technological and institutional capacities of the country
18
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5-Water reuse standards at Lebanon
5.4-WHO 2006 paradigm shift
Option I: Wastewater Consimer
Eliminate hazards from generation
water
One barrier:
Water Reclamation Wastewater Safe
treatment procucs
Option 2: : ' I
Lower the hazards Wostevater 5 Farmers | | Tadew | | irestood S
generation : Producer + | Retallers kitchens X
Multiple barrier: ! | Awareness |
Risk management along | : Rt H ! | :::."::;.JI oo
the sanitation-food chain i | o |l | pacion [ | |onpition | Finperon
[\ el L} ] 4 ] 5 ess - =
19
5-Water reuse standards at Lebanon
5.5-Regulatory approach for pathogen control
F]
. |ooooo
‘ HRREY
® Number of reuse categorles @ Permission to nrnga'leaops caten raw
sLebanon adopts three categories like WHO-FAO, Syfia, Morocco,
Jordan
+Fixed standards approach as per WHO 1989 (as opposed to risk
management as per WHO 2006)
20
10
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5-Water reuse standards at Lebanon
5.6-Pathogen threshold and restrictions on crops and irrigation systems
» Bacterial thresholds for food
crop irrigation lower than
WHO 1989
» Lebanon does not allow crops
to be eaten raw while most )
international guidelines do so. :
TENA countries are divided §: ¥
» Lobanon completely fobids = ., ° ° St
the use of sprinkler on food  * ....||
crops(except frui trees) while 3 T 2
WHO (1989) afiows . IS
) R“t'“bns on c'ws and - o 1 veewtaliey v ater Low
irrigation systems will be hard
fo be enforced as all potential
areas are planted with a
mixture of crops including
vegetables fo be eafen raw,
and use of sprinkler is
_ widespread =
5-Water reuse standards at Lebanon
5.7-General number of parameters and threshold values
T T B I Ol R i S ™
e = ] x “ iy + 2 e
20 .
150 = 5 1006 5%z 10 [ Nore
LR X (%
WHO
Egypt - x gt s 0E @D q St v labie Mt avedee’
Jordan a
0 130 Nasecias2 10 100 Ecold (%]
i AR SR IE =R K N
[Syna an 3 x x 1000ctsaly t * =
11
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5-Water reuse standards at Lebanon

5.8-Governance framework (112)
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5-Water reuse standards at Lebanon
5.8-Governance framework (2/2)

» The responsibilities of each administration are not stated in the standard

» More largely, a governance fra K On reuse syst fs missing in Leb.
who does the operation of water reuse system? Who decides whens water should
be distributed?

» In the existi Ja tio ponsibilities overfap or conflict . no monttoring
agency Jordan dlstmgmshes between festing by operator and testing by
monitoring agency

24
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5-Water reuse standards at Lebanon
5.9-Lack of mention of directfindirect Reuse

: » Some regulations aliow for

indirect water reuse ie,
mixing the treated effiuents
£ with freshwater in rivers to
| supply  existing irrigation
‘ infrastructure  (Egypt  Nile
drainage system, Jordan dams

and reservoirs).

‘ ¥» In Lebanon, reguiating indirect
needs to be considered
| because water /s needed in

exising  reuse  schemes
‘ Zahleh . Aitanit , Chouf at
many locations)

5-Water reuse standards at Lebanon
5.1 0-Recommendation

» The FAO proposed guidelines for Lebanon in 2010 are generally strct
relatively to other international guidelines and MENA countries , especially
with regards to pathogen threshold and crop restrictiveness

» Crop and irrigation systems restriction are expected lo be hard to be
enforced in practice

» Enforcing the standards require establishing a clear govemarnce
framework for management and monitoring of reuse systems . This could
be added fo the Standards under revision or be designed an independent
regulation

» The approach for pathogen control folfows the ' fixed standards’ approach.
We recommend adopting aspects of the WHO nisk management approach
which can decrease the cost of investment on treatment technologies and
adaress the informal reuse (outside of WWTPs) WWTPs), but this require
strong institutional coordinafion and should be accompanied by an
integrated pian for the wastewater management

19oTmeas e

26
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6-Case study Presentation: impact of irrigating vegetable
crops from Ablah WWTP (1/2)

From ReWater MENA project: MENA: More and safer water reuse in the Middie
East and North Africa
Background

| Total Suspended  Crops satvn
B :: "" Foecal| oo tode egsnd | SelidsTSS uncookedis  Code of practics
Yo allawed

| | | g
wHO . U . < | I Ves
LEBANON e | “ | 90 No

sz

Proposition for wastew ates rewse gubdelines in Lebanen

6-Case study Presentation: impact of irrigating vegetable
crops from Ablah WWTP (2/2)

From ReWater MENA project:  MENA: More and safer water reuse in the Middie
East and North Africa

WO O | , @
WML ECT RN M T W
L O IO

I p,l! TR §
1111 i1 T Wi i
[ i
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e

IR ] OO
%mmm@mm
C1 i,

28

14

Page 200|376



Page 201 of 376

5/30/2023

7-Conclusion

* As a result of the developments and improvements in treatment
technology, many of the economic and environmental barriers to
water reuse have been reduced significantly and several new
opportunities for water reuse applications are possible.

Health and environmental concerns associated with the use of
treated wastewater effluent can be mitigated significantly, thus
improving the acceptability (public acceptance) of reclaimed water
for defined uses such as landscape irrigation and groundwater
recharge.

29

Thank you!

30
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Chapter 6

Water security assessment

Wastewater reuse module 2

Learning Outcome

* Get to know the water security assessment concept
* Have an overview about different water security indicators

* Get familiar with the indicator’s conceptual framework using sub-
indicators and indices
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Qutline

I. Introduction

2. Water security indices, sub-indicators & indicators

vamy o v e

| -Introduction

* The water security assessment (WSA) in this study adopts an inter-sectoral and integrative approach
to water security, founded upon the three pillars of sustainability; economic, sodal, and envirenmental,
Indeed, the framework aims to hamess the productve potential of water, minimize its damaging
impacts while ensuring sodal equity through a holistic view of water management challenges

0w 90T sa e
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Slide 4

JH52  Conceptual Framework of the Water Security Assessment

lules Hatem, 5/28/2023
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2-Water security indices, sub-indicators & indicators
2.1-Household Water Security Indicator

+ This dimension aims to evaluate the access to water , in terms of water
availability, affordability and level of access in households. It also tackles
the sanitation and safety aspect of water; by evaluating the community’s
access to sanitation, as well as the incidence of water borne diseases in
the region, which stem from the exposure to contaminated water
resources. Indeed, an optimal state of water security means that every
individual has access to safe drinking water and improved sanitation, at
an affordable cost, while being protected from water-related diseases.

2-Water security indices, sub-indicators & indicators
2.2-Househoid Water Security conceptual framework
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2-Water security indices, sub-indicators & indicators
2.3-Environmental Water Security Indicator

* This dimension seeks to assess the status of and risks to water-related
ecosystems, in terms of quality and quantity, focusing primarily on
major rivers, peripheral springs, as well as public wells. This dimension
also evaluates hydro-climatic and anthropogenic factors, which affect
water availability and quality, primarily rainfall variability and pollution
caused by untreated wastewater. The rationale for this dimension is
that in a water secure world, the intrinsic value of water and water-
related ecosystems is respected, and environmental protection is
enhanced.

R OB I

2-Water security indices, sub-indicators & indicators

2.4-Enviromental Water Security conceptual framework

Groundwater Surfece Water Wistowsise Salely
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2-Water security indices, sub-indicators & indicators
2.5-Economic Water Security Indicator
* This dimension assesses the productive use of water resources to
sustain economic growth in the agriculwural, industrial and energy
sector. The rationale is that water security is achieved in part by
conaributing to food and energy security in a cost-effective and cost-
efficient fashion. In turn, the enhanced efficiency and productivity of
water use in these respective sectors will ensure that the economic
potentials of these sectors are achieved with minimal pressure on
WarLer resources.
9
2-Water security indices, sub-indicators & indicators
2.6-Econornic Water Security conceptual framework
Agricubure Index duatry Encegy iadex
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2-Water security indices, sub-indicators & indicators
2.7-Hazard and risk assessment Indicator

* This dimension evaluates prominent risks emanating from droughts and
floods, and the impacts they might have, the economic sectors, and the
community. This dimension accordingly assesses these risks by
evaluating hazards, vulnerabilities, and coping capacities. Indeed, water
security means that every individual is protected from water-related
disasters, including but not limited to the ones mentioned..

1

2-Water security indices, sub-indicators & indicators
2.8-Hazard and risk assessment conceptual framework
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Hasare Pra—— Cmptopity] | e [ arerainy Conma Camvety
[lonesl aimans eeicaer v
1 Cacumen
01 romsenen oS o ¥
| |ome| eS| || (TR (e
| @ waaue
P o e om ey o Strucaen and
L Codetar L
etacogim y
: v
v
Seermg el
-
Bocueg et
v o
Drccapt indn scars (15
e 018 :
2 > Lo DY
3
Hazar and sk

Asszsement Soore (1-5)

12

Page 208|376



Page 209 of 376

5/30/2023

2-Water security indices, sub-indicators & indicators
2.9-Water infrastructure Indicator

» This dimension seeks to assess the current status of water-related
infrastructure in terms of network coverage, storage capacity, and
network conditions, in terms of aging and losses. A well-designed and
functioning water system ensures a complete and efficient coverage of
water-services, warranting equal access to water and sanitation and
enabling the water establishment to have an appropriate infrastructure
to meet all water-related needs, thus enhancing overall water security..

R OB I

13

2-Water security indices, sub-indicators & indicators
2. 10-Water infrastructure concepuual framework

Water Water Network
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2-Water security indices, sub-indicators & indicators
2.1 I-Water governance Indicator

* The ability of a government or institution to properly manage its
interaction with water resources can be a defining factor in achieving
water security. From over extraction to equitable access, the
governance of water resources has a direct effect on the ecosystem
and society. A country rich in water resources may still be far from
water security, it is the quality of water governance that will determine
the level in which communities can utilize as well as protect this
valuable resource. This dimension also includes the financial
sustainability of water supply services given the importance of this
aspect in making available water resources to the above-mentioned
productive sectors.

wme R OB I

15

2-Water security indices, sub-indicators & indicators

2. 12-Water governance conceptual framework
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2.4 - Reuse Sanitation Safety Planning & Governance System
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Chapter 7
Reuse Sanitation safety planning

& governance system

Wastewater reuse module 2

Learning Outcome

* Understand the historical background of the existing sanitation
management paradigm

* Understand the characteristics of the new sanitation paradigm

* Understand the elements of the sanitation safety plan
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Outline
I, Introduction
2. The Conventional paradigm
3. Background
4. Characteristics of the conventional system
5. Motivation for change
6. Sanitation paradigm shift
7. Old Paradigm VS New Paradigm
8. Water chain
9. Elements of sanitation safety plan SSP

10, Steps for the SSP implementation

1. Chain of the wastewater

| -Introduction

Water Responses to

water scarcity

scarcity

Integrated water
resources management
(including wastewater)
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2-The conventional paradigm

THE URBAN WATER CYCLE

sl
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2-Background
NOTICH. o2

PREVENTIVES OF
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* Cholera, influenza, and other outbreaks were responsible for |0s of
thousands mortalities in very short period of time.

« “All smell is disease” and miasma is the main cause of death (Edwin
Chadwick, commissioner of the Board of Health created in 1849).
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Slide 5

JH81 https.//stock.adobe.com/bg/images/the-urban-water-cycle/443479679

lules Hatem, 3/13/2023

Slide 6

JH83  https//wwav.nytimes.com/2008/04/15/science/15¢chol. html

lules Hatem, 3/13/2023
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3-Characteristics of the conventional system

Established when very little was know about water biochemistry, chemistry and
physics and is not the zenith of sdentific achievement

Uses fresh water to flush excreta!
Operated by the public sector

Comfortable and invisible (practically resulting in less than 10% of sewage
collected worldwide)

Slow implementation and high networks investments (40% global coverage)

4-Motivation for change

Limited
water

Very higt
Sy tel resources

energy
CosL

I

Sustainable sanitation
(resource recovery)
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Slide 7

JH82  https://mwav.google.com/search?q=old+sewage+networks+8&tbm=isch&ved=2ahUKEwj(

lules Hatem, 3/13/2023
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5-Sanitation paradigm shift
5.1-Laws and regulations, institutions

¥

| | STANDARDS | |
(.77
Xy

Existing Policies
technical

standards Fianning

Management

5-Sanitation paradigm shift
5.2-Technological advances

Fresh water to New
transport technologies
excreta
minimized

10
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5-Sanitation paradigm shift
5.3-Business model
Technological
developments
Business
Resource
recovery
11
6-Old Paradigm VS New Paradigm
Old paradigm ’ New paradigm
Slow implementation Rapid implementation
Prescriptive technologes Adaptive solutions
One water quality type fits all Provision of water quality based on
use
Low priority on energy efficiency High priority for encrgy effidency
“Siloed” health, economic, Integrated systems appraoch
engineering
Financing via taxes, subsidies, tariffs  Innovative financing and business
models
Less priority on resources High priority on resource
conservation conservation
12
6
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7-Water Chain

WHO 1989

=+ 151t only reclaimed water «

Wastewater
o treatment plant

>

* Water is ingested while reclaimed water is not.The idea is the quality
of produce that is ingested

13

8-Elements of sanitation safety plan SSP

S5P

Management
plan,
documentation

&
communication

System
assessment

Operational
monitoring

14
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9-Steps for the SSP implementation

15

|0-Chain of the wastewater

Farm practices Transportation

Consumers

16
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2.5 - Sanitation Safety Plan
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Chapter 8
Sanitation Safety Plan
Wastewater reuse module 2
1
Learning Outcome
* Understand priority areas, purpose, scope, boundaries and leadership
for SSP
* Create a multidisciplinary team representing the sanitation chain for
development and implementation of the SSP
2
1

223 | 376



Page 224 of 376

5/30/2023

Qutline

1. Main Aspects
I.I Establish priority area of activity
1.2 Set the specific objectives of the SSP
1.3 Define the system boundary and lead organization
1.4 Assemble the team

2. Initiate the role play

| -Main Aspects

Establish
priority
area of
activity

Set
Obijectives

Define the
system
boundary

Assemble
the team
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I-Main Aspects
1. 1-Establish prienty area of activity (1/2)

* ldentify a certain
geographic (e.g
catchment area) through
a steering committee

area

You may decide to focus
SSP on a certain activity
that might pose a major
health risk (eg fecal
sludge management, post
harvest activities, etc.)

I-Main Aspects
1. -Establish prionty area of activity (2/2)

Agree on priority area(s) of SSP

Agree on the lead agency and
getits commitment

Take the lead in
SSP and oversight
the whole process

Secure resources including
financial and human

Initiate policy discourse to
create the demanded enabling
environment
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Slide 5

JH79  https://mmwaw.youtube.com/watch?v=eAf3VjQTV44

lules Hatem, 3/12/2023

Page 226|376



[-Main Aspects
1.2-Set the specific objectives of the S5P

Ensure safe use of
manure in
agricult
production

Ensuring that

[-Main Aspects

1.3-Define the system boundary and lead organization

* Boundary should reflect the
specific objective chosen earlier.

* Most relevant authorities shall
be assigned to lead the
development of SSP

salepunod
1e21sAud

Social
Boundaries /
____________ -
N
{ Scopefor | § &
i : 128
{ Action i35 3
§ i e
‘ )
L —— ———
',’ Political S~
Boundaries
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|-Main Aspects
I.4-Assemble the team

Select the team based on the
stakeholder analysis:

A mix of health and technical skills
should be included

Assign a team leader

\ Define roles and responsibilities for
y each team member

Ensure management of financial and
other resources.

o R OB I

2-Initiate the role play (1/2)
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2-Initiate the role play (2/2)

Secondary stakeholders Interests/Roles

11

Thank you!

12
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2.5 — Describe the Existing Sanitation System

5/30/2023

Chapter 9
Describe the existing sanitation

system

Wastewater reuse module 2

Learning Outcome

* Understand how to map the system

* Define and characterize waste fractions

* ldentify potential exposure groups

* Gather compliance and contextual information

* Validate system description
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Qutline

System mapping
Characterize waste fractions and identify hazards

Gather compliance and contextual information

S

Validate the system description

| -System Mapping (1/3)

Conduct filed
visits

Geta

geographical
Describe the map in case the
whole chain SSP covers a
({flow chart can catchment area

be used)

Characterize
waste fractions
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|-System Mapping (2/3)
Local community
— °
0o~ "0 =5
"
= P
C T T '
oo — 1 o | NP
= s “2 o é
= | = 0 | |
O weter © o © s ewmmets © o * Flow diagram example
Sased en S3F exgeriences i Portugel
[-System Mapping (3/3)
Composting windows Packaging
PR -
Collection of
raw organics
o . .
Collmction of raw wastewater by S— " g
1ankers from public tollets sy Co
W)
3
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Slide 6

JH81  Asimplified system mapping (WHO, 2015)
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2-Characterize waste fractions and identify hazards

2-Characterize waste fractions and identify hazards
2.1-Potential health hazards (example)

Ligwd medn b osns
Casted vnsots oman o1 pmen
Ui O o wrwmat
Dommt waite e

how wae
Vet st masrmee Tacs 1) L} [}
Bebd woits Mactam

Frecsl vege
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Copara: eurveens sty

e st somenc war
st was v et
Gadwing s

Arrsl vasswany

Mool wen

Irduate ol waste. L L} L]
Taagrn voase wems o L} [} L} L] L]

[ et (]

[
ve Duangase ot o,
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2-Characterize waste fractions and identify hazards
2.2-Identify potential exposure groups

Exposure group categories

SYMBOL  SHORT NAME SHORT DESCRIPTION
A porson who is for 0. cloaning, or emptying the
O  Worers sanitation techaology.
o | A parson who Is using the products (e.g. untreated, partislly or fully treated
wastewater, biosolids, faecal skudge).
Anyona who is lving noar 1o, or from, the or farm
° Local community o0 which the material is used, and may be passively atfected

Anyone who consumes or uses products (e.g. crops, fish or compost) that are

° Consumecs produced using sanitation products.

* Categorize people that may be exposed to a particular hazard to
enable:
| Prioritize control measures

2. Define potential exposure groups in the risk assessment

vamt T v

3-Gather compliance and contextual information

o It sae v

10
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4-Validate the system description

Focus Key
group informant
discussions interviews

Samples
collections

Filed or and testing
other
investigation

Sanitary
inspections

Thank you!

12
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2.6 - Identify Hazards & Assess Existing Control Measures

5/31/2023

Chapter 10
Identify hazards & assess

existing control measures

Wastewater reuse module 2

Learning Outcome

* ldentify hazards and hazardous events
* Refine exposure groups and exposure routes
* ldentify and assess existing control measures

* Assess and prioritize the exposure risk
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Qutline

|. Hazards V/S Hazardous events
2. Typical hazards type in sanitation systeims

3. Refine exposure groups and exposure routes for each hazardous
event

4. Identify and assess existing control measures
5. Control measures (example)

6. Descriptive risk assessment

|-Hazards V/S Hazardous events

PEOPLE GROUR EXPOSED 1O THE
"

DOUS EVENT
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2-Typical hazards type in sanitation systems (1/2)

HAZARD TYPE EXAMPLES

Microbial pathogens  Bacteria, parasitic protozoa and viruses in wastewater
from faecal sources le.g. Vibrio cholera, Giardia intestinalis,
Coxsackievirus, Hepatitis £).
Helminths (e.g. Ascaris lumbricoid: 1
Vector-borne pathogens {e.g. dengue virus, Schistosoma
spp.).
Chemicals Heavy metals in sludge or biosolids from industrial sources
(e.g. arsenic, cadmium, marcury).
Herbicides and pesticides.
In spacific situations compounds ralate to crop productivity
(0.9 boron)
Physical Sharps (0.g. needles).
Odours,
Physical injury to workers from equipment.
Skin irritants (these are a mixture of microbial and chemical
hazards).
Note: Algal toxins may also occur. Cyanobacteria (also known as blue-green algae)
occur widaly in lakes, reservoirs, ponds and slow-flowing rivers. Many species are
known to produce toxins, & number of which have potential health concerns.

2-Typical hazards type in sanitation systems (2/2)

Lot womste acsases
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3-Refine exposure groups and exposure routes for
each hazardous event (1/2)

auEsTION OESCRPTION OF QUESTION XA
Expans grovp D Give & rebarusce - wg W, C1L 11 L1 (Lot cammunity yroap N 1)
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3-Refine exposure groups and exposure routes for
each hazardous event (2/2)

EXPOSURE AND THANSMISSION ROUTE DESCRIPTION
Ingestion aftar contact with wastewster/ Transter of excreta lunne and/or taeces) throwgh ditoct contact to tha mouth from the b
oxcruta ingestion of contaminated soil via contact with hands (0.9, farmers or children).

Ingesvion of conamenated groundwater/ Ingestion of water, drawn from a ground or & surface source, which is contaminated fro

surface water ingestion of wators by
Consumption of contaminated produce Consumption of plants (e.g. leftuce) that have been grown on land irrigated or lertilized
(vogutables)

Dermal contact with excrets and wastewater  Infoction whers a pathogen (e g hookworms| enters through the skin via the feet or oth
wastewator, excreta, open defecation, contents of leaking santtaton technologies or du

It sae v
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4-ldentify and assess existing control measures
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5-Control measures (example)
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6-Descriptive risk assessment

RISK DESCRIPTOR

Itis possible that the avent
results in injuries, acute and/
High priority or chronic iliness or loss of life
Actions need to be taken 10
minimize the risk

Itis possible that the event

results in moderate health effects

le.g. tever, headache, diarrhoes,
Medi small injuries) or unease (e.g.

PRy noise, malodours), Once the

high priority risks are controlled,

actions need to be taken to

minimize the risk

No health affects anticipated.
No action is naeded at this time

Low priorty The risk should be revisited in
the future as part of the review
procass

Further data is needed to
categorize the risk. Some action
should be taken to reduce risk
while more data is gathered.

Unknown priority

11

12
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2.7 - Monitor Control Measures

5/31/2023

Chapter |1

Monitor Control Measures

Wastewater reuse module 2

Learning Outcome

* Define and implement operational monitoring
* Verify system performance and monitoring plan

* Audit the system (Independent assessment)
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Qutline

I. Introduction
Operational monitoring
Operational monitoring template

System verification

el e LT A )

Typical verification data

YO0 ek

| -Introduction

*+ Monitoring points shall give simple and rapid feedback on the performance
of key control measures

* It is essential to define limits that lead to the safe agricultural use, Limits
don't necessarily mean concentration of hazard but might ne a certain
practice (as mentioned in the previous module)

. |dentify the
. action
rsndoil?:oﬁng taken when
crical limit
ethod,
@ D.et_mnyng ?‘equency‘ is exceeded
aitical limit o4
monitoring
®Select agency
monitoring
points

RRTEE e
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2-Operational monitoring

* It might also use some sampling and testing

3-Operational monitoring template

OPERATIONAL MONITORING PLAN IN COMPOST PLANT
Operavessl meatenng ples for.

CONTROL MEASURE SHORT QESCRIPTION.

o

Wit s manttored?

WWhat actian is 1o be takea?
Fiww it is masitorsd?
Where 1 1 monitored W takes the actisa’
Whs mesitens i When itis taken?

Who nesds 3 be islormed of the
Whan t s mosiored? actian?

Nota: 8 the neadtoring n oaaade thes Gl e cortrol measars o dearned 10 be 0t tunctoning me infarided
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4-System verification

Parameters

to be Specify the
monitored critical limit
monitoring and actions

Key points More

along the complicated

sanitation monitoring
chain should form is
be selected conducted

frequency.

method &

responsible
agency

5-Typical verification data

Satisfaction
and
perception

survays of
various
scalkeholders

Microbial testing of
corps at exposure
points

Page 247|376
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2.8 — Methods to Increase Stakeholders Acceptance

5/31/2023
Chapter 12
Methods to increase
Stakeholders’ acceptance
Wastewater reuse module 2
1
Learning Outcome
* To understand concerned stakeholders and their perceptions
* To understand credibility of water re-use organizations and community
trust
* To understand the importance of establishing effective communication
with water re-use organizations
2
1
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Outline

Introducticn

2. Who are our stakeholders

3. Understanding the Perceptions of Stakeholders

4. ImportantAspects for Understanding the Perceptions of
Stakeholders

5. Communication of YWater Reuse Organizations with Stakeholders

6. Identifying key messages to stakeholders

7. key messages for the promotion of water reuse activities

8. Conclusion

(e

| -Introduction

Public involvement
implementation of
programs

In order to achieve public involvement, thete is
a need to establish an Effective communicadon
channel

A growing number of water reuse projects
around the world have failedas a direct result
of a lack of community confidence and trusc

Commu nication Is 2 complex process that
takes place berween two or more parties
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2-Who are our stakeholders

e

¥ o (e

3-Understanding the Perceptions of Stakeholders

* Research show that the general public’s
knowledge on water resources is poor

* The general public show a strong acceptance
of non-contact and non-potable reclaimi
water reuse, but their is not high acceptan

of the three major water reuse types: F "

I-River water supplement —
=
&

2-Parlc water supplement ' ‘ ‘ . T

3-Agriculture irrigation

It is essential that the knowledge,
attitudes and perceptions of stakeholders
to be understood, acdknowledged and
addressed
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Hom

4-Important Aspects for Understanding the
Perceptions of Stakeholders

Issues that may influence community

response to water reuse are likely T

to include those associated with:

* Public health

* Environmental health
+ Economy and finance
+ Available technology

+ Emotional factors

+ Culture and Religion

5-Communication of Water Reuse Organizations
with Stakeholders
5.1-Defining and identifying successful communication

* The degree to which a communication effort has been successiul must
be judged according to its objectives

* The objective of a more complex communication strategy is to provide
stakeholders with sufficient knowledge and creation of common
understanding

— Perception

— Religion and cultural beliefs

+ Stakeholders will be able to see both the decision-making process as
being transparent and fair

eoxnces e
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5-Communication of Water Reuse Organizations
with Stakeholders

5.2-Early and continuous communication

*+ The timing of communication activities can be of equal importance to
their substance

» Community confidence and trust can only be built over time

* Delays in passing on information may give rise to rumors

5-Communication of YVater Reuse Organizations
with Stakeholders
5.3-Listening and seeking clarification
* It is important for communication to be established as a two-way flow

between the rause organization and the engagement of all stakeholders

* Two crucial characteristics of effective communication are listening and
seeking clarification

TOOTR 06 Witk

10
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5-Communication of Water Reuse Organizations
with Stakeholders
5.4-Risk communication
* How to align the community’s perception of risk

+ «The willingness of all stakeholder groups to respect the views of
others and for all concerns to be included in the decision making
process

11

6-ldentifying key messages to stakeholders

Engaging stakeholders in any
decision-making process to enable
them to make informed judgments

Positive key messages about water
reuse

Let stakeholders know that there
is a serious;, long-term water
shortage problem that is in urgent
need of being addressed

Stakeholders must be assured that
the problem will be addressed

12
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7-Key messages for the promotion of water reuse
activities

7.1-Water reuse organizations earn their good reputation
» The ¢ommunity will need
to place its trust in the
water reuse organization
to protect public health
and the environment
* |t is important for water
reuse organizations to
communicate good
reasons why it s
worthy of a community’s
trust
13
7-key messages for the promotion of water reuse
activities
7.2-The reuse project has a critical need and clear purpose

* The burden would lie on
the water reuse
organization to make an
effective case for clear
need for the project.

* Raising and  maintaining
community awareness of
the importance of the
underlying issues should
rernain a high
communication priority

14
7
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7-key messages for the promotion of water reuse
activities
7.3-Reuse water is safe for its intended uses

+ Safety: Highlight an excellent or unblemished safety record for water
reuse

* Emphasize that the health-related aspects of an operation are closely
regulated and overseen by appropriate authorities

reum Vs AR on ek

15

7-key messages for the promotion of water reuse
activities
7.4-Water reuse helps conserve drinking water supplies

+ Water Is in short supply in many parts of the world

* The role of a water reuse scheme in conserving drinking water supplies
may not be obvious to the community

-

reamncomame

16
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7-key messages for the promotion of water reuse
activities
7.5-Water reuse may have significant positive economic impacts

* Economic implications of a water reuse scheme are important to

stakeholders
* Water reuse can protect public and private

* Its use for approved applications may substantially reduce the overall
water expenses for many households

e R OB I

17

7-key messages for the promotion of water reuse
activities
7.6-Water reuse is preferable to akernative options
* There are two major water management issues to be addressed
* One is to overcome impending shortages of supply

* The other is to limit the environmental implications of continuing to
dump volumes of treated sewage into the world's rivers and oceans

* Only water reuse can meet these challenges simultaneously

1) opTIONZ

L e
0PTION3  OPTION4

2100 TOOTR 06 Witk

18
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8-Conclusion

* |tis crucial to understand concerned stakeholders and their
perceptions

* Effective communication builds trust between organizations and
stakeholders

* Effective two-directional communication enables water reuse
organizations to develop an understanding of their stakeholders

19

Thank you!

20
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Annex 3 — Non-Revenue Water

5/31/2023

Module 3
Non-Revenue Water

Water, Sanitation, and Conservation
(WSC)

Chair of Fondation Diane (CEEDD)
Saint Joseph University (US))

~ Distribution Systems
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Mapping the system

Why do we have water towers?
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~ Vicious Cycle

Future Wheel —What happens when things fail?
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Converging into a Cycle

~ Water Balance
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Accounting

IWA Water balance

| Bilted matorod

|
Billed authorised | “OSUmPNOn

consumption | Billed unmotered
| consumption

R Unbilled metered

Unbilled consumption
consumption | Urbiled unmetured
consumption

Unauthorised
consumption

Total System
Input Volume Metering Inaccuracies

uicifi3 8

~ Intermittent Supply

10
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Pass the bucket
* What is the effect of the water delivery system being invisible?
* What is the most effective delivery system?
* What are the most impactful measures to improve efficiency?

Managing Flow
12
6
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How is flow managed?

Figure 82 Typical layoutl of DMAs, based on [22]

Singls jalal DMA === Bousdary ) DML bulk meter
Multiplo Iniet cMA — O B30 B
Cascaging OMA P4 Cizsot doustary valvs

13

How is flow managed?

How Do
Ultrasonic
Water
Meters
Work?

Spincte comnecred 1o
conmten

— Mutatieg disc

pyr—

Ssaring chames
ehare

14
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~ Managing Pressure

15

How is pressure managed?

i
iz
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~ Managing Losses

2 7 4

Another game: Where’s the water?

* Isita Leak?

* s ita connection?

* How do we find it?

|
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~ Beneath the Asphalt

Jawad Taher
Water & Development

Adwsor & Consukant

waterandbased.com
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3.1 — Water Losses Management

Water Losses
Management

a practical approach to
increase efficiency and
improve feasibility

f\_
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OVERVIEW

let's get it straight: Water resources
~ management is a complicated process. In
many cases, things can easily go wrong. The
cost would be overwhelming for both the
environment and the community. Manual

Utilities can start operations complicate matters by

consuming a lot of time and effort, producing

mlnlm’ZIng their inaccurate results, and causing delay in
necessary actions.
expenses, and

Water loss is a problem that many water

imprOVing water utilities suffer from. While smart technology

provides a great support, utilities still do not

efficiency through always get the desired outcome. Often

hindered by limited financial and technical

affordable Simple capacity, they don't know where or how to

start.
yet effective Even if your utility lacks fundamental
technological and financial capacity, you
meaqasures can still deploy smart technology to help you

better manage your network and improve
system operations. In this white paper, we
lead you provide a unique approach to make
the solution more affordable through agile
deployment and adaptive planning. We lead

| you through a process to identify your needs
and provide customized solutions for the
context.

l Reducing Water Losses | 2
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O 2 Overview
Losses reduction strategy

05 Introduction

The guest for network efficiency

06 Whatis NRW?

Water losses components and impacts

09 Water Balance

Tracking water flow

i ‘| Real Water Losses

The beast under the ground

I 4 Apparent Water Losses

Tilting with windmills

i 6 Navigating the Solutions Landscape

Water losses reduction 101

i 8 Data Collection

Boots on the ground and eyes in the sky

2 O Step Testing

One step at a time

2 5 Artificial Intelligence Analytics

Pipes with brains

2 7 Digital Twins
The world in o matchbox

2 9 Affordable & Handy Solutions

The genie of the lamp

ﬂ Reducing Water Losses | 3
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Water Losses
Reduction:
The Roadmap

O '| Identify the problem

- assess the context
« identify the gaps

O Assess the needs
- define targets
- set priorities

To learn on the roadmap and how to
apply it go to page 16

------

| The AGILE

Page 272 of 376

Approach

O Take actions
« start small
*» medasure results

Scale it up!
O + expand outcomes
» track progress
« [terate!

Reducing Water Losses | 4

www.flowless.co
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INTRODUCTION

Water losses is an indicator of water
distribution efficiency. Conventional
operations are inefficient, and
ad-hoc solutions fail to satisfy
utilities targets. The results are
compromised feasibility and low
quality of service. This should be the
trigger for initiating an active
leakage control program.

However, a leak-free network is not
an achievable objective. Low level of
water losses cannot be technically
and economically avoided even in
the best-operated and maintained
systems where water utilities invest
heavily in water loss control.

So what should water networks
operators aim for? The focus should
be on reducing water losses through
a practical approach, where utilities
aim for the low hanging fruit. This
can be achieved by prioritizing leak
detection and losses management
activities to achieve the maximum
gains, utilizing the limited resources
to maximize feasibility.

With the increasing trend towards
sustainability, the problem of water
losses is of major interest worldwide.
We know one thing for sure: water is
precious and we should readlize its
value.
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What is NRW?

NRW = Non-Revenue Water

Water flow through the

distribution network that
Is not.invoiced, and so
does not generate
revenue for the utility
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Water Losses
Components

We can better understand water loss
by breaking it down into two types:

O '| Real water losses

O 2 Appqrent’ losses

Water Losses
Reduction

To tackle these challenges, we follow
the following steps:

O -l Water Balance
Calculations

. O 2 Active Monitoring &
\ Data Collection

O 3 Educated Actions,
Applied Gradually

Reducing Water Losses | 7

www .flowless.co
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SHORTCOMINGS
& IMPACT

Why do we aim to reduce
water losses?

Economic Impacts:

Utilities spend capital on exploiting, treating, and
transporting water. These expenses are
considered losses when part of the water is lost
on its way to the customer without generating
any revenue for the water utility. Pipe bursts and
leaks call for expensive repair works and may
also cause considerable damage to nearby
infrastructure.

Technical Impacts:

Leakage leads to reduced coverage of the
existing water service, causing disturbance in
water supply continuity. Leak detection helps in
enhancing the water system operations
efficiency, thus improving water quality and
filling the demand gap.

Social Impacts:

Water losses result in adverse effects on the
community: low pressure, service interruptions,
and unequal supply. Also, health risks may result
from the infiltration of sewage and other
pollutants into pipes under low pressure or
intermittent supply.

Ecological impacts:

Compensating water losses by further
increasing water extraction adds additional
stress on water resources and requires
additional energy, thus increasing carbon
dioxide emissions that could have been avoided.

Page 276 of 376
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WATER BALANCE

All water balance calculations are
approximate to some degree

It is possible to work with
Non-Revenue Water in a more

structured and effective way by
breaking down water supply into
smaller components.

because of the difficulty of assessing
all the components with complete
accuracy.

Water losses management best The water balance should include:
pecios. vbee : Bgonr Wdisr « A thorough accounting of all water
balance calculations. These

calculations quantify volumes of total
water supply into the system, then it
breaks it down into authorized
consumption (billed and unbilled,
metered and unmetered), and water
losses (apparent and real).

fi

a8

into and out of a utility system,
including inspection of system records

« An ongoing meter testing and
calibration program

- Due allowance for the time lags
between production meter reading
and customer meter reading

Filter (period) Date Filter 1March 22
:.'— Monitoring > Autborzed flllad Consumpton = 24LIEm'
@ Reports >
Ansthcaltec Bied Consung fon Revenue Water
= Jesm* — 24138 mt
Authorized Consumption
=24128 m*

Total System Inllow

=38am

]
3
:
:

ApporurTiasses * MM
Jgt=ng ratonasie
ST Non-Revenue Watsr
=262 m'

Urettorund Temsumpice
somm

Total Losses
=282 m'

WoTe ek
s

Reducing Water Losses | 9

o - =3

www flowless.co

Page 277|376



Page 278 of 376

DIVING INTO
WATER LOSSES

The two types of water losses
and their components:

‘ » Real water losses
« Apparent water losses

Already familiar with the types of water losses?
move to the next section to explore more on
how to deal with these losses through the
agile & adaptable approach
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REAL LOSSES

Real losses are water volumes lost
within a given period through all
types of leaks, bursts, and overflows.
They can be classified according to
their location within the system and
their size and runtime.

1. Location

Leakage from the transmission and
distribution mains may occur at
pipes (bursts due to extraneous
causes or  corrosion),  joints
(disconnection, damaged gaskets),
and valves  (operational  or
maintenance failure) and usually
have medium to high flow rates and

s
=

Leakage from service connections
up to the point of the customer
meter: service connections’ joints
and fittings often have high failure
rates. These are difficult to detect
due to their comparatively low flow
rates and thus often have long
runtime.

Leakage and overflows from storage
tanks are caused by deficient or
damaged level controls. In addition,
seepage may occur from masonry
or concrete walls that are not
watertight. While they are easy to
detect, their repair is usually
elaborate and expensive.
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REAL LOSSES

2. Size and runtime

Visible leaks primarily result from
sudden bursts or ruptures in mains
or distribution pipes. Leaking water
will appear at the surface quickly
depending on water pressure, leak
size as well as on surface
characteristics. Special equipment
is not required to locate the leak.

Hidden leaks: The presence of
hidden leaks can be identified by
analyzing trends in water
consumption behavior within a
defined water supply zone. A wide
range instruments is used to detect
hidden leaks.

Background leakage: these small
leaks (seeping or dripping water
from joints, valves, or fittings) cannot
be detected using acoustic leak
detection methods. Therefore it is
often not economically feasible to
reduce these leaks.

Many water utilities have yet to
implement sustainable water loss
management strategies despite the
obvious benefits. Here we
summarize practical and effective
techniques to deal with real water
losses.
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Reducing Redl
Losses

Various methods are developed and
economically available for utilities to detect real
water losses. Nevertheless, many water utilities
have yet to implement sustainable water loss
management strategies despite the obvious
benefits. Here we summarize practical and

The key for effective techniques to deal with real water

losses.

effective losses Pressure management: managing  system

pressures to the optimum levels of service while

reducl'lon IS ensuring sufficient and efficient supply for
X consumers. High water pressure causes pipe
CUStomlzed breaks and bursts. Also, leak flow rates increase

. . as pressure increases, which means that
solutions to fit the pressure management can potentially reduce all

three components of real water losses:

context and background leakage, reported and unreported
. leakage.
OCtI Vel y address Active leakage control is vital to cost-effective

and efficient leakage management. This involves
monitoring flows into zones, or district meter
areas (DMAs), to reduce the search area and to
determine where leak detection activities should
be carried out. The quicker the operator can
analyze DMA flow data, the quicker bursts or
leaks can be located. This, together with speedy
repair, limits the total volume of water lost.

‘ Reducing Water Losses | 13
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Apparent Losses

Apparent losses are losses that are
not caused by physical leaks in the
network but are caused by other
factors. Apparent losses can be
grouped based on their origin:

« Meter inaccuracies due to broken
or inaccurate customer and bulk
water meters.

Summarizing the above, apparent
losses comprise all water that is
successfully delivered to the
customer but which is not metered
or recorded accurately and thus
causes an error in the amount of
customer consumption.

In water supply networks without

) consequent, system-wide metering
* Data handling errors: those are  gnd with numerous illegal connections,

collection or accounting.

« Unauthorized consumption due to
water theft and illegal connections.

significant amounts of water. Apparent
losses are creating production costs
without generating revenue for the

utility.
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- X3
ot ¢ \’\’411\';:' Loss@s

I -T.
A

q ai
4 K PR -

Page 282376



Page 283 of 376

Reducing
Apparent Losses

Meter inaccuracies

Metering losses are frequently the most common
form of apparent losses. To reduce meters
inaccuracies, it is vital to wisely select customer
water meters that have high accuracy and
adequate measurement mechanism. Also,

Effective GUditing, Utilities should carry out regular checkups on

customer meters and replace aging and broken
regular check Uups, meters
: Data handling errors
and active ) S |
Utility staff carrying out meters data collection

regulations are are prone to making meter-reading errors.

Unmetered consumption (e.g. supplies for fire

attainable fighting, street cleaning, etc.) should be reduced
for more accurate water accounting. To avoid
meaqasures to data errors, utilities should build structured

procedures where field data goes through

reduce apparent multiple stages of screening and auditing to

detect these errors and phase them out.

water losses Unauthorized consumption

Unauthorized water extraction represents a
considerable source of losses in contexts. To
effectively detect and reduce unauthorized
consumption, utilities should perform regular
field campaigns and utilize law enforcement
through fines and other measures.

‘ Reducing Water Losses | 15
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NAVIGATING
THE SOLUTIONS
LANDSCAPE

Practical steps to kick-off your

leak detection activities and
start generating returns

through water savings

 Data collection

« Step testing

« Al-aided analytics
« Digital Twins
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Water Losses
Reduction 101

How to tackle water losses
and where to start?

Enhancing water supply efficiency is directly
related to water losses, and reducing these
losses is always challenging. Limited financial
and technical capacity is always a burden
when it comes to deploying smart monitoring
systems, not to mention the Ilengthy
mundane procurement processes!

Nevertheless, the process of introducing
smart leak detection technology can get
smoother and more affordable than it
appears! To start with, utilities need to break it
down into stages:

Problem Identification:

Start by identifying your current challenges.
What are the problems you face in your water
system? What are the most intimidating
challenges? What are your priorities and how
have they connected to your organization’s
goals and strategy?

Needs Assessment:

What holds you back from solving these
problems? What are the causes? Which of
these problems is the easiest to start with?
Which problem, if solved, could drive more
impact?

Implementation:

Heard of “agility”? start small, do what you
can do NOW. Refer to the priorities

Scale it Up!

Page 285 of 376
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Data Collection

Data collection is essential for utilities to understand the context
and prioritize interventions for their needs. Based on initial data
collection, utilities can start setting plans to deploy and improve
water losses reduction programs.

Utilities can start with affordable and manageable interventions.
Relatively simple activities like pressure management and step
testing have great potential to reduce water losses in some
contexts. Water loss management is a huge and often intimidating
task. It is essential for utilities to start prioritizing their interventions
toward water loss management.

To achieve this, utilities need data!l Thus it is essential to
continuously collect data from the water system to take educated
actions based on field data.
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Real-time data
collection and
analytics are

ESSENTIAL

for active leak
detection
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step lesting

After collecting essential data on water supply and consumption
tracking, water utilities can start utilizing this data to take actionable
steps and reduce water losses. The goal here is to gradually reduce
search radius, that is the area within which water utilities search for
leaks.

A simple yet powerful way to reduce the search area is step testing:
a method where gate valves are controlled to cut water supply to
selected parts of the network, then real-time water flow data is
monitored to spot changes in water supply patterns. If water supply
flow drops after closing a certain valve, then this would indicate the
existence of water losses through pipelines downstream of the
closed valve.

Repeating this simple process of closing valves and monitoring
changes in water supply flow eventually helps the utility in spotting
potential sources of water leaks.

ReducingGIertossas 20

wwwiiiowless.co
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A simple, affordable,
yet powerful process

STEP TESTING

helps utilities to
identify sources of
water leaks
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Continuous Monitoring

Lack of precise and continuous field data poses challenges to
efficient operation and active decision-making. Appropriate data
collection frequency is vital to get accurate interpretations and
detect faults as soon as possible.

Manual handling and analysis of the collected data. This introduces
an additional load on human resources, which can be invested
more wisely if the analysis is carried out automatically.

Water systems monitoring is a continuous process. Problems and
issues always emerge in water system. The best practice is to deal
with these issues as soon as they emerge. This cannot be achieved
without active monitoring through a smart data collection system.

Reducing Water\Llosses || 22
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Technology Scale Up

Start small, measure outcomes, learn as you go, and then scale it
up!

For most utilities, introducing smart technology for leak detection
and managing water networks is an intimidating process. The key
here is to start: network operators can easily manage to carry out
simple steps demonstrated earlier in this white paper, including
step-testing.

What happens next? You would start getting materialized benefits
from these simple interventions and will have a better
understanding of the context and assessment of your needs. This
would help you scale-up these small interventions.

Need help throughout this process? We're here to help! Flowless
supports utilities by guiding you through the process of identifying
your needs, finding tailored solutions to fit your requirements, and
following up with you to ensure continuous improvement.
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Al-Aided Analytics

Can we get REAL benefits from applying artificial intelligence in
water systems? Are the costs affordable? Sounds intimidating,
right? Let's simplify it! After collecting real-time data from the field
on water flow and pressure, water utilities can utilize this data to
detect abnormal events in the network and take educated actions
to fix issues as soon as they emerge

Flowless takes this to the next step! Flowless platform utilizes
Al-aided analysis to detect leaks in water networks. A smart
algorithm is used to analyze collected data, automatically detect
leaks, and provides alerts.

Leaks are represented in Flowless web platform through maps
where leak locations are highlighted on the water network map.
Graphs and data tables are provided through customized reports.

Map Overview
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Better management of
water networks using

Artificial Intelligence analysis

to identify accurate
leak locations and
predict potential issues
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Digital Twins

How can digital twins help water systems operators run their
systems efficiently, minimizing losses and improving services for
communities?

Water utilities are increasingly counting on digitization in their
pursuit to overcome emerging challenges in the water and

wastewater sector. Digital Twins provides a full package of services
that supports an accurate assessment and active interventions for
improved operations and assets life cycle management.

You can think of it as fledged dashboard for monitoring and control
of your water network, including real-time assessment, operations
control, and process automation. Smart analytics, continuous
monitoring, and predictive assessment enable municipalities to be
one step ahead of emerging issues by predicting them and
automating interventions based on operational scenarios.

Dashboard

Received Signals Today’s Flow Volume Water Losses Yesterday
) ® ey -
Active: 15, Totor 15 o
4]} control center > "
e 00 765 m? 272 m? €
[E) reports >
@ Alerts - .
Digital Twin

<7 Charts
B Pressure A \
£ Flow Meters p i

:f Zones

&= Instruments

; Monitoring

= Policies

edlcing Water Losses | 27

b8 i WWWIOWIESS CO_my

Page 295|376



Page 296 of 376

Combining powerful tools
with real-time data to

build predictive models

to simulate events and
produce mitigations
scenarios
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Affordable &
Handy Solutions

The capital investment needed for deploying
technology solutions can be intimidating,
especially for small-scale water utilities. The key
here is to make these technologies more

TeChnOIogy affordable  through  innovative  financing
. mechanisms.

adoptlon can be So how can utilities meet their most demanding

more attainable | 9°°?

Do utilities really care about fancy technology?

through Ogl/e OR do you want a solution that really works, o
solution that generates high impact FAST!

deployment and

" . Utilizing alternative payment modalities like

InnOVC]tlve performance-based contracts and lease

contracts distributes the costs over a long period

ﬁnOnCing, Let us of time while ensuring a more positive impact
and feasible operations.
help you through We've simplified the process: You have a

the prOCQSS.’ problem, we have thg solution. Let us know how
we can help you navigate the process of smart

networks management!

Interested? Reach out to book a demo and get
hands-on advice.

‘ Reducing Water Losses | 29
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Sustainable Water
wiess @ 1€CHNOlOQGY

Reach out for more details on
smart water management
and losses reduction
technology

info@flowless.co
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3.2 - Active Leakage Control (ALC)

6.5 Active leakage control (ALC)

651 Definition and purpose of active leakage control

Active leakage concrol is an intervention method o counteract real water losses in which a
water utility deploys funds, personnel and rechnical equipment ro acrively detect and repair
leaks that arc currendy running undetected into the ground. 771 The main purpose of
ALC is o reduce the runtime of hidden leaks in order to minimise real water losses. Frowre
.19 shows how regular surveys influence the awareness time for new leaks in a distribution
network or DMA.

Figure 619 Effect of the number of surveys on awareness time for new leaks [58]

Byurage runtine bafsre awaransss [dags]
a

80 "
-
a0
40 -~
20 ‘ .3
a | ‘ | | | |
0 ! ? 3 ¢ 5 [ 7 § 1 i " 12

Nusber ol surveysd pwar

The process of ALC can be divided into three major steps:

1A < 1 itoring and analysis of flows is ial to gain
of new leaks ar an early stage. DMAs and PMAs provide a good opportunity to monitor dis-
crete areas of the water distribution network and facilitare early awareness of even small leaks.

2. Leak detection: this is the process of narrowing down leaks 1o a certain area of the net-
work or to a cerrain pipe section. Oprions include subdividing DMAs by remporarily closing
valves (step testing), using leak noise loggers or conducting sounding surveys.

3. Leak location: various acoustic and non-acoustic methods are available for pinpoint-
ing leaks: listening sticks, ground microphones, leak noise correlarors, ground radar and gas
injections, to name a few. Thorough leak detection is a precondition for efficient leak loca-
tion cfforts.

172 Mathods and instruments for reduting reai waler lossss
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Figure 620  Example of three-stage active leak control: awareness, leak detection and leak location

Step 1: awareness
by flow manitoring i

-®

Step 2: leak detection
by leak noise logging

Step 3: leak location @
by leak noise correlation

—p inflow O Leak noise loggers @ Bulk meter ® Leak noise corratators * Leakage
-—~ Range of noise logger 0 = Quantity t=Time = Frequency
Methods and instruments for redueing real water osses 173
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To implement efficient leak detection and location efforts, it is important to ensure that leak
detection workers are equipped with accurate and up-to-date maps of the system and its com-
ponents. Most acoustic leak location technologies depend on the availability of precise informa-
tion about pipe material, diameter and length. Poor input information leads 1o incorrect leak
location which results in combersome and needless excavarion works, known as dry holes.

6.5.2 Awaranes

ethods
Three main methods are available to gain early awareness of new leaks and reduce runtimes
clfectively: flow monitoring, pressure monitoring and noise monitoring,

Flow monitoring

in the flow rate, which can be

Pipe breaks and bursts cause a more or less abrupt
derected by constantly monitoring inflow into an open nerwork or DMA. Ta this end,
inflow should be monitored continuously or for at least one hour during minimum night
flow conditions and should be compared tw a previously measured reference value. I the
increased flow rare remains stable for more than three days, the change is probably cansed
by a leakage and not by exceptional customer usage. Kober and Gangl describe a new
approach of setting up an early warning system based on ultrasonic flow meters installed ar
hydraulically relevant positions in an open network. Flows can thus be monirored

without having previously implemented a DMA.

Pressure monitoring

Head losses in the necwork will also be ar a minimum during the period of lowest consump-
tion, and the overall pressure may almost reach the hydrostaric level in low leakage systems.
High leakage flow rates will cause increased flow velocities and thus reduce pressure. Moni-
toring pressure in a nerwork can only detect major leaks because small leakage flow rares will
not significantly reduce pressure. Information from pressure monitoring may be used to
prioritise work: it is advisable to commence leak detection works at the point where the
maximum drop in pressure was measured.

Nois¢ monitoring

The discharge of water from a leakage produces acoustic waves or oscillations. These acous-
tic waves propagate in the water column in cither dircction of the leakage, and can be
derecred by leak noise loggers which are usually installed on valves or hydrants. The acous-
tic waves only travel a limited range, depending on pipe material, diamerer, wall thickness,
pressure, surrounding ground and other factors. Therefore, a relatively dense grid of noise

174 Methods and instruments far redu
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loggers has to be temporarily or permanently put in place. The advantage of noise monitor-
ing is that it can be implemented and managed with few personnel because installation is
simple and dara can be read by a vehicle driving past the location. One disadvantage is that
the intensity of noise is not directly connected to the leak flow rate, making it impossible to
distinguish major breaks from less imporcant minor leaks.

653 eak detection methods
Three methods are at a warer utility's disposal to narrow down leaks to a certain area of the
network or to a specific pipe section: step testing, leak noise loggers and sounding surveys,

Step testing

Once a new leak has been identified within a DMA or open network by means of the aware-
ness methads outlined above, the zone can be rempararily subdivided into smaller areas.
Flow meters have to be installed at the inlet points of each subdivision to monitor inflow.
Each subdivision can now be systematically reduced by closing off valves. A large drop in
the flow rate indicares a leak in the scction thar just has been closed. | 77| Night work is
required because step testing should be exceuted during minimum night flow conditions.
Furthermare, it usually involves service disruprion for customers.

Lt:ak noise lll!.'.l_"(.'r!-

Once a new leak has been idenrified, the leak derection ream may place leak noise loggers
at the strategic points of the network to determine the leak’s approximate location. Leak
noise loggers are compact units consisting of an acoustic sensor (acceleromerer) and a pro-
grammable data logger. |75 When assigning the loggers, it has to be considered that sound
wave propagation is significantly influenced by the predominant pipe materials used in a
water distribution network (see / 6.2 on the next page). The range berween two leak
noise loggers may be up to 200 m in predominantly metallic networks, while the range may

decrease to 80 m in networks with large amounts of PE and PVC pipes. Internal concrete
lining may also weaken the qualiry and propagation of acoustic waves. |33

Noisc loggers can be broken down into two groups: (1) noise sensors which usually bave
a magneric base 1o facilitate their inscallation on valves, hydrancs or firtings and (2) hydro-
phones, which are microphones inserted into the pipes in order te have direct conract with
the water and to take advantage of better acoustic waves propagation in the water column.

Noise loggers can be programmed to monitor system noise between 2 and 4 am when
interfering ambient or consumption sounds are at a minimum. 77| The leak will be clos-
est to the noise logger where the highest intensity of noise has been recorded.

Methods and instruments for reducing real water (osses 175
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Figure 621  Relationship between material and propagation of acoustic waves, based on [33]
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Sounding surveys

Sounding surveys involve lisl:ning for leak noises directly at valves, hydrants and stop-
raps of service connections or at the surface above the pipe alignment. [22] Sounding is
usually exccured with listening sticks (simple mechanical sticks or clectronically amplificd
sticks with a microphone and a headset) or ground microphones. The sounding survey is
an effecrive, bur rime-consuming merhod because practically every valve has o be
accessed. Stop-taps, in particular, should be sounded because a good portion of lcakage
occurs from service connections. The shorter the distance between single soundings, the
better the chances of receiving even weak acoustic waves from a leakage. The success of
acoustic surveys often depends on the experience and the skilled cars of leak detection
workers. [33]

176 Methods and instruments for reducing rzal water lasses
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654 Leak location methods
Once the approximate area of a leak has been determined, leak location methods should
be used ro find the exacr location (+ 1 m) in order to reduce excavation efforts. Several
acoustic methods can be performed, for example listening sticks, ground micro-
phaones, and leak noise correlation. If acoustic merhods are unsuccessful, sev-
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Supplementary

eral non-acoustic methods are also available. matoriale 4

. s . - Loak detoction
Listening sticks and ground microphones IR

Water flowing out of a leak under high pressure causes vibrations in the pipe

and the surrounding soil. This vibration is transmitted along the pipe as struc-
ture-borne noise and in the surrounding underground as ground-borne noise.
Making direct contact between a listening stick and the pipe at valves or hydrants allows
structure-borne noise to be heard, provided that icis loud enough and distinguishable from
background noise. Amplifying the noise with an electro-acoustic microphone allows leak
noise to even be detected in PE and PVC networks with unfavourable acoustic propagation
characteristics. Having identified the pipe section between two valves where the leak is
locared, the pipe alignment should be surveyed for ground-borne noise by means of a
ground microphone. For this purpose, the microphone, which is protected against traffic
noise and wind by an isolated housing, is placed above the pipe on the surface at intervals
of onc or two merers until the exact position of the leak has been identified. |5

Leak noise correlation
Correlation is a mathemaric method for calculating the time delay between two signals
emitted from the same source. In practice, two microphones are actached to a valve or a
hydrant at both ends of a pipe section. The microphones are equipped with transmitters 1o
transfer measured results to the correlator. Acoustic waves (signals) emitted from a leakage
(source) on this section of the pipe travel along the pipe and reach the microphones after a
certain amount of time. The signal will first reach the microphone located closer to the leak.
Tll: C()N’Clﬂtﬂl’ analys:s ll’lc structure UF l'hC noisc leld measures ll\: til’llc dc]ay At ull[il a
noise of the same strucrure is recorded ar the second microphone. The use of correlation is
thus impossible if the signal is too weak to reach both microphones.

The correlaror is able to calenlare the exacr position of the leakage by means of £y
(1 ont the next page considering the time delay /1 berween the two microphones, the length
of the pipe scction as well as pipe diameter and macerial.

Methods and instruments for reducing real water (osses 177
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Figure 522  Schematic illustration of the functionality of leak noise correlators
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Where:
= d Im]  Distance from the leak 0
° L —cisc Af microphone 1
‘.g a’ = 2 L [m]  Length of pipe section
B Ac g Time delay
- v [m/s]  Acoustic wave propagation
velocity

Precise input information about the pipe material, diameter and length, e.g. from the
nerwork register, are essential for producing correct results for the leak noise correlator.

Nﬂll'&lk'ﬂuili( "lflh()d.\

The merhods described above can detecr leaks which produce a certain amount of noise.
Other methods have to be applicd if the emitting water does not gencrate an audible sound,
or if acoustic waves are absorbed by the pipe marerial.

= Tracer gas: the pipc scction to be surveyed has to be taken out of service and
isolated by closing off valves. Helium or hydrogen gas is then injected into the
isolated pipe section. Gas escaping through the leaks permeates to the surface
and can be detected by using gas detectors. |7

178 Methods and instruments for reducing rsal water |asses
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> Ground penetrating radar (GPR): GPR is a reflection technique which uses
high frequency electromagnetic waves to acquire subsurface information. The
radar waves are reflected by changes in the subsurface material or conditions.
Leakage can thus be identified by either finding underground voids created by
the emission of water or by derecting anomalous changes in the properries of
the surrounding marerial due to water saturation. |19

Non-acoustic leak location methods like rracer gas usnally require especially skilled person-
nel and also involve great effort. Nevertheless, they may be a viable alternative to acoustic
methods in networks with very low pressure, intermittent supply or for locating hard-
to-find background leakage.

179
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3.4 - Meter Data

Code

&

O N O W

11
12

13
14
15

16

17
18
19
20

21
22
23
24
25

26
27

28
29
30

Item
Source Meter
North DMA Meter
Overflow
South DMA Meter
Leak
Nadia Abi Khalil
Theft
Rami Moussa
Church
AyaKhoury
Samir Kanaan
Leak
Nada Kassar
Ali Hassan
Lara Chahine
Tarek Haddad
Leak
Mariam El Khoury
Josephine Saliba
Omar Farhat
Maya Fakhoury
Theft
Jad Zeidan
Dania Abou Rizk
Elias Haddad
Inaccuracy
Sarah Khalifeh
Lebanese Army
Hassan Saadeh
Nabil Daher
Rami Moussa
Antoine Maalouf
Theft
Rania Sarkis
Pierre Semaan
Maya Harb
Michel Chidiac
LinaAbouJaoudeh
Leak
Georges Sader
Ahmed Khalil
Leak
FatimaAli
Mohammad Hassan
Aisha Ahmad

Monday Wednesday

199,841
150,953

48,888

7,228
3,543
3,404
5,036
4,351
7,161
7,013
8,295
2,857
9,691
9,224
6,024
3,454
8,836
3,784
4,182
8,298

31,731
1,259
6,752
3,543
2,624

3,060
5,731
8,120
5,306
9,590
2,264
4,272
6,681
3,562
2,965

199841

Friday
200,049 200,143
151,058 151,131
80 81
48,911 48,931
2 1
7,228 7,233
6 10
3,546 3,547
3,406 3,408
5,036 5,038
4,351 4,352
3 :
7,164 7,164
7,014 7,016
8,296 8,297
2,859 2,864
3 1
9,691 9,694
9,226 9,231
6,024 6,027
3,455 3,460
8 5
8,838 8,839
3,786 3,790
4,183 4,184
‘ & 1
8,299 8,303
31,774 31,789
1,259 1,260
6,753 6,757
3,546 3,547
2,627 2,632
17 6
3,061 3,066
5,734 5,738
8,120 8,125
5,309 5,314
9,590 9,595
2 1
2,264 2,269
4,275 4,280
2 2
6,682 6,682
3,564 3,567
2,965 2,966

189966.5 200060.5

Subscription

Volumetric

Volumetric
Unbilled
Unbilled
Volumetric

Volumetric
Volumetric
Volumetric
Volumetric

Volumetric
Flat

Volumetric
Volumetric

Volumetric
Volumetric
Volumetric

Volumetric
Unbilled

Volumetric
Volumetric
Volumetric
Volumetric

Volumetric
Flat
Volumetric
Flat
Volumetric

Volumetric
Volumetric

Unbilled
Flat
Volumetric
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Revenue

LBP

LBP
LBP
LBP
LBP

LBP
LBP
LBP
LBP

LBP
LBP
LBP
LBP

LBP
LBP
LBP

LBP
LBP
LBP
LBP
LBP
LBP

LBP
LBP
LBP
LBP
LBP

LBP
LBP

LBP
LBP
LBP

50,000
40,000

10,000

30,000
30,000
20,000
70,000

30,000
50,000
30,000
60,000

30,000
60,000
20,000

50,000
10,000
50,000
40,000
80,000

60,000
100,000
50,000
200,000
50,000

50,000
80,000

100,000
10,000

LBP 1,460,000
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Annex 4 - Innovative Technologies in Irrigation

5/25/23

©usaD

Innovative Techniques in
Irrigation

Ziad Farhat

Water Need Per Crop/ Irrigation
Schedule

* Many Factors Influence Irriganon
+ Soil Type.

* Weather Conditions.

+ Culdvated Crop and variety .

+ Crop Stage.

+ lrrigation Method.
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Relation between irrigation and Soil Type

Relation Between irrigation and Soil Type

* Light Soil;
= Increase Emitters Number.
= Use of Low How Rate Emitters.

= Decrease time of Irrigation with Short Irrigation Interval.
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Relation Between Irrigation and Weather Conditions
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Relation Between Irrigation and Weather Conditions

Crop Water Need Weather
Conditions

Low High

Cloudy Sunny SunWaves
Cold Hot Temperature

Humid Dry Humidity
Low High Wind Speed
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Relation Between Irrigation and Crop type and Crop Stage
Water use per week (inches|
05
o VE Ve viz Silk Mitk Dent Mature
Corn Growth Stage
Relation Between Irrigation and Crop type and Crop Stage
4
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Crop Water requirement related to Evapotranspiration

* Itis very necessary to determine water requirement for the cultvated

crop in order to know how much water must be delivered per day.

* Water requirement is calculated by using the following formula

» ETc= Kc*ETO

Crop Water requirement related to Evapotranspiration

* Etcis the crop water need expressed in mmv/day.

* Ke: crop factor, it depends on crop type, growth stage of the crop (there is 4 stage
for each crop: inital stage, arop covers 10% from ground — development stage, crop
covers 70 to 80% from ground — mid season stage, starts from the end of crop
development stage and ends at maturity — late season stage starts at the end of mid
season stage and lasts until the last day of harvesting), and climate..

ETO:is the reference evapotranspiration. Usually this coefficient is available at the
metrology station of the area The ETO can be taken from the cropwat software

belonging to FAO.

10
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Practical example considered as reference

Crop: Maize.

Total growing period: 150 day as average.

:\‘?prommatg duration for each stage: initial = 25 day —crop development =
day —mid season = 50 day — late season = 35 day / total = |50 day.

Ke values for maize at the various stage: initial = 0.4 — development = 0.8 —mid

season = |.15 —late season = 0.7 (those numbers are given by the literature).

Planting date (referring to farmers on paragraph 6-2): |5 February.

ETO (according to cropwat) are: February = 4.09 mm/day - March = 5.18 mm/day -

April =5.36 nm/day - May = 5.95 mnm/day - June = 6.82 mmi/day - July = 6.59

mm/day.

11

Practical example considered as reference

Esumated dates to each stage according to data listed above:

Initial stage = 25 day estimated date will be: |5 February —9
March.

Development stage = 40 day esumated date will be: 10 March — |9
April.

Mid season stage = 50 day  estimated date will be: 20 April — Sjune.
Late stage = 35 day estimated date will be: | Ojune — | 4july.

12
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Practical example considered as reference

: e ke =
o gt Ke s oo e cn monhly s 3000 our examgle we an et Mrch fus 9 dys oe aKC of i stage = 04 and ¢

Thea March's Kc wil be (93070 4% (2130408 =0 11 + 0.5% = 148

Now by spphyng tha 1ame cakculazon for all monh, Kz on monthly bacs will ba 2 fallowang

+  February Ke=0.4

March Ke= 068
Agrd Ko =092
May Ke= 115
Juna ke =084

July ke = OF

© Dhowselp adoliete gopmais ool o nesih Loy,
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13

Practical example considered as reference

ETe = Ke #ETO

February: ETc = 0.4 # 4.09 * 30 = 49 mm/month
March: ETc = 0.68 *5.18 * 30 = |06mm/month
April: ETc= 0.92 * 5,36 ¥30 = | 486mm/month
May:ETc = |.15 * 5,95 * 30 = 205 mm/month
June:ETc = 0.84 * 6,82 * 30 = 172 mm/month
July: ETC = 0.7 659 *30 = |39 mm/month

+ Itis assumed that all months have 30 days.

14
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Practical example considered as reference

the highest ETC is for May with Etc = 205 mm/month.

So the highest amount of water for maize per day is at May for Etc =
6.8333 mm/day.

This means 68333 liter/day/Ha.

With drip irrigation then efficiency will be 90 % and quantity of water
will be:68333/0.9 = 75925 liter/day/Ha.

15

Practical example considered as reference

» After we determine:

- water availability per day.

- Area to be irrigated

- Then we can set the irrigation schedule and the interval between each

shift of irrigation

16
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Practical example Apple

* Crop:Apple.

+ Total growing period: 220 day as average.

* Approximate duration for each growth stage: initial = 30 day — arop
development = 50 day —mid season = | |0 day — late season = 30 day /
total = 220 day.

* Kc values for Apple at the various smg]e: initial = 0.45 — development = 0.7
-mid season = 0.95 — late season = 0.7 (those numbers are given by the
literature).

* Blooming: | April.

* ETO for April is 6.3.

17
Practical example Apple
+ Estimated dates to each stage according to data listed above:
» Inital stage = 30 day: estmated date will be: | April = | May.
* Developmentstage = 50 day: estimated date will be: | May —20 June.
* Mid season stage = |30 day: esumated date will be: 21 June — [ 0 October.
* Late stage = 30 day: estimated date will be: || October — |1 Nov.
18
9
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Practical example Apple

+ o note that Kc has m be calcufated on monthly base.
+  ThenApril's Ke = Fabruary Ke = 0.4

+ My Ke=07

¢ June Ke = (20'30%0.7)+( 10/ 30°0.95)

+ plyKe=095

+ Augustie = 055

+ Septemberkc = 0.0.95

+ October KC= (10/30%0.95:H20/30°0.7)

+  November KC= 07

19

Practical example Apple

* Efc=Kc*ETO

= Pped: ETc = 045 *63 * 310 = €5.05 mmvimonth

+ 85,05 mmimonsh = ES050 I/ dunum / month

= Itisassumed that o monds have 30 days.

= With dnp irm) then affici il be 90 % and wty of il be: 8505009 = 94600
e S S

*  NE Same cladaoon wil be apphed for other months by using ETO of each month.
= imganon duraton will be adusted accarding to flow racehour used per ree or per durum

20

10
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Practical example Apple

= After we determine:
- water availability per day.
- Area to be irrigated

- Than we can set the irrigation schedule and the interval
between each shift of irrigation

21

Practical example Eggplant

» Crop: Eggplant.
Towl growing period: |40 day as average.

Approximate duration for each growth stage: initial = 30 day — crop development =
45 day — mid season = 40 day —late season = 25 day / towl = |40 day.

Kc values for ant at the various stage: initial = 0.6 — development = 0.8 -mid
season = |.05 —late season = 0.9 (those numbers are given by the literature).

Planting date : |5 March.
ETO March = 5.8 mm/day

22

11
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Practical example Eggplant

» Estimated dates to each stage according to data listed above:
* Initial stage = 30 day esomated date will be: | 5 March — 1 5 April.

* Development stage = 45 day estimated date will be: 16 April — 30 May.
» Mid season stage = 45 day estimated date will be: | June — | 5 July.
* Late stage =25 day estimated date will be: | 6 July — | 0 August.

23

Practical example Eggplant

+  Tencte that K has 10 be calculazed on monthly base.

*  Then March’s Kcwilibo = 04

*  Apnl Ko = (1520%0.6)+¢150M.56)" 0.7,

+ Mg Ke=908

« jnaKe=l08

o by Ke = (1530F|05)%( 15/30°09)= 0975,

© Aupstkc=09

- Nosowe sncdedzps e coonnater aeed oa monchis o,

24

12
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Practical example Eggplant

* Ele=Kc*ETD
= MachETc=06*S8% 30 = 1044 m'month

* With deip irrigaion then efficiency will be 90 % and quantity of wame wil be: 104400109 =
1160001 uﬁwm Arny

* NE Same cil adaton will be agplied for other months by using ETO of each menth
= lrgation duration wil be adusted accarding to fow ramhiour used per tree or per duum.

*  ltis assumed d‘ulﬂmﬂnhﬂ]ﬂd‘qx

25

Practical example Eggplant

+ After we determine;
- water availability per day.
- Area to be irrigated

- Than we can set the irrigation schedule and the interval
between each shift of irrigation

26

13
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Practical example Apricot

» Crop: Apricot
+ Total growing period 120 day as average.

. oximate duration for each growth stage: inigal = 20 day — crop development =
day — mid season = 50 day — late season = 20 day / total = 120 day.

* Ke values for Apricot at the various stage: initial = 0.45 — development = 0.7 ~mid
season = 0.9 —late season = 0.65 (those numbers are given by the literature).

* Blooming | April.
+ ETO forApril is 6.3.

27

Practical example Apricot

= Estimated dates to each stage according to data listed above:

* Initial stage = 20 day: estimated date will be: | April — 20 April.

» Development stage = 30 day: estimated date will be: 21 April — 21 May.
* Mid season stage = 50 day: estimated date will be:22 May — 10 july.

* Late stage =20 day: estimated date will be: | | July = 30 July.

28

14
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Practical example Apricot

+ Tonote that Kc has to be calculated on monthly base.

+ Then April's Ke = (20130%0.45)+(10/30%0.7)= 0.53

« May Ke = (20/30%0.7)+(8/30%0.9)

* June Ke=0.9

* July Ke= (10/30%0.9)+(20/30%0.65)

+ Now we can calculate the crop water need on monthly basis:

29
Practical example Apricot
* ETc=Kc*ETO
= April ETc = 053 % 6.3 * 30 = 100.17 mmymenth
= 100.17 mmfmenth = 100170 lo / dunum / month
« Itis assumed that all months have 30 days.
= With drip irrigation then effici ill be 90 % and of
will ba‘:*&l)l ug|= Ielri300cizr o th/Du. R SeEs
. g"s:ma calculation will be applied for other months by using ETO of
= Irrigation duration will be adusted according o flow rate/hour used
per tee or per dunum,
30
15
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Practical example Apricot

+ After we determine:
- water availability per day.
- Area to be irrigated

- Than we can set the irrigaton schedule and the interval
between each shift of irrigation

31

Irrigation Methods

* Furrow Irrigation
« Sprinklers
Drip Irrigation

32

16
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Relation Between Irrigation Method and its Efficiency
* Drip Irrigation : 90%
+ Sprinklers : 75%
« Furrow Irrigation : 60%
33
34
17
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Sprinklers

35

Sprinklers

36

18
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Sprinklers - Gun

37

Sprinklers - Gun

38

19
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Plastic Sprinklers

39

Mini Sprinkler

40

20
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Mini Sprinkler
41
One of the solution for
water scarcity and climatic
=/
42
21
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Advantage of Drip Irrigation

* Higher Efficiency

* Save around 50% of Water

* Decrease irrigation cost and fertilizers cost

* Decrease in fuel cost due to low working pressure
* Less diseases due to low humidity

* Less weeds

43

Advantage of Drip Irrigation

* Better distribution for fertilizers, and higher efficiency (Spoon Feed).

* Avoid a high amount of water
® Decrease irrigation interval (less stress)
* There is any effect of wind.

* Agricultural techniques can be applied any time

44

22
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Advantage of Drip Irrigation
Yield Increase and Homogeneous Products.
45
Disadvantage of Drip Irrigation
* High Cost for the System
* Yearly Maintenance
* Installation of Adequate Filters
! 2l | X
46
23

Page 332|376



Page 333 of 376

5/25/23

Drip Irrigation

47

Technical Info  Polyethylene (PE)

QHigh-Density Polyethylene (HDPE)

= PEBO & PE100,PE100 : Carbon and
Hydrogen are linked with closer Chain
which make them more rigid.

= Made from Oil.

QLow-density polyethylene (LDPE :
= Made From Petroleum.
= More Flexible than HDPE.

48

24
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Standard Dimension Ratio(SDR)

* SDR = Diameter/Thickness .

* SDRII = means Outside Diameter is | | Time its
thickness.

+ Higher SDR , Lower Pressure.
+ Lower SDR, Higher Pressure,
+ Ex.SDRI| Hold Higher Pressure Than SDRI7.

49

Technical Pipes Info

50

25
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Standard PE Pipe Dimensions

* |6 and 20 mm = 0.5 inch.
* 25 mm = 0.75 inch.

* 32 mm = | inch.

* 40 mm = |.25 inch.

* 50 mm = [.5 inch.

* 63 mm = 2 inch,

* 75 mm = 2.5 inch.

51

Standard PE Pipe Dimensions

* 90 mm = 3 inch.

* |10 mm = 4inch.

* 125, 140 mm = 5 inch.
* 160, |80 mm = 6 inch.
» 200,225,250 mm etc...

52

26
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GR Specs

* GR [6-4-40.
= |6 = outside Diameter in mm.
* 4 = flow rate liter per hour.

= 40 = spacing between drippers (center to center)

QCan u explain GR 20-2-60?

53

Tape and GR

&
Jaln Turbo Sim
v

54

27
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Pressure Loss
* Design of Drip Irrigation System must provide the lowest pressure |oss.
* Difference of flow rate between closest dripper and farthest dripper
must be less than |0%.
55
Fittings and Accessories
56
28
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Fittings and Accessories

ra-ecé-l.
. % =
& « §

57

Fittings and Accessories
=

@?‘W

58

29
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Fittings and Accessories

59

Drip Irrigation scheme

60

30
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Practical Exercise

» Plotareais 50 dunum = 500%|00 mtr.

* Crop is apple 4¥4 mtr.

* Available water between 55000 and 60000 lu/h.
» Water source is a well on the plot corner

+ 2 laterals will be installed, 4 drippers 8 |tr/h/tree.
* Design — BOQ - Irrigation Intervals.

61

Practical Exercise

* Area = 500%| 00 = 50000 sqm

* Spacing between trees is 44 = |6 mt.

* Trees nb = 50000/16 = 3125 tree.

+ Emitters nb = 3125%4=2500 dripper.

+ Total water qtt= |2500%8It/h = 100000 ltr/h.

* This plot can be irrigated over two shift = qtt of total needed
water / qtt of available water.

62

31
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Practical Exercise

* Nb of watering shifc = 100000/55000 = |.81,s0 2 shift.

» NB:itis possible that each shift contain many valves.

63

Practical Exercise

* Available water is 55000 tr/h, so main line must be |10 mm (refer to
annex).

* 8 sub main 63 mm each (12500 ltr/h in each sub main, laterals are 16
mm.

* 2 irrigation shift means each 4 valve 2 inch will be opened together.

32
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Practical Exercise

100
bt 28

5500
=125

]

PE pipe 110 mm

PE pige 63 mm

65

Practical Exercise - BOQ

+ PEpipe |10 mm 470 mur. B +|“|
* PEpipe 63 mm 800 mtr, by
* PEpipe |6 mm 12500 mu.

* Dnppers 8 [w/h 12500 pes. ’__mﬂ
+ Saddle | 10%2 = 8. R
* Nipple 292 =8. e
* Valvel inch = 8. T
* Male Adapror 6392 = 8

+ Terminal Adaptor 63 mm = 8.

P1 pive 110 mem

P pipe 63 men

+ Terminal Adaptor |10 mm = |

66

33
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Practical Exercise - BOQ
+ Double saddle 6340.75 = 200. L EeY
« Swrter [6%0.75 = 200, mmm
+ Terminal eight shape |6m = 400. —+—H
« Coupling 63%63 = 4. ens
« Coupling 110%[10 = 4. -
+ Barbed connector 16*16 = 50.
« Valve 4inch = | __sppesiomm
* Male adaptor | 10%4 = 2. ELe T
* Fert.Tank, filters, pressure gauge etc ... -
67
=
\S/
Drip Irrigation — increasing wet area
68
34
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Adyvantage of increased wet area
69
Advantage of increased wet area
S e |
A TR T
Q\
\&/ i
70
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71

72

36
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Fruit Trees

Prediction:

Anti frost
sprinklers

73

Fruit Trees — Anti Frost

74

37
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75
Irrigation and technology
* Those tips and ideas will increase water efficiency
* and help in saving water
76
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Specific Accessories Needed for drip Irrigation

Double effect air release valve.
Adequate Filters.

Pressure Gauge.

Pressure release valve.
Chedk Valve.
Pressure reducing valve.

Fertlizers Tank.
Tensiometers

Volumeter and Flowmetar
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77
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Air release valve

*Ventilators:
1% 11/2% 2"

78
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Practical Info on Air release valve

* Air inside pipes block the water

* Water Hammer effect

* Vacuum effect

* Pipes can be damaged because of high pressure.

= Volumeters will not work properly.

* Air release valve size is related to pipe size and water flow.

79

Installation of air release valve

* Atleast each 40 meter.

*+ At each elevation.

* On the opposite way of the check valve.
* On the beginning of the sloap

* At the end of the main line.

* Directy on the water source opening in case of sloap.

80
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Filters
One of the most important factors to identify
filters is:
* Water Source
81
Water Source
82
41
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Water Source

83

Hydro cyclones filters:

84
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Iron hydro cyclone filter:
r 1625 m'h »i
-4 2035 m'h wi
¥ nan's »u
C Msom'h £ 10
v HSneh “i
L %0 wu
| o 0-NS A L1
b 105 180 mN el
[ 140 160m'N et
L 160 200 m' 100U
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&
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Semi or full self flushing filters
87
Famt |
A/
Gravel Filters (Sand Media Filters)
Mushroom moss gravel filter:
*Used for filtering algae
formations in the water.
*For waters acquired from lakes,
channels and rivers.
*Working pressure: up to 8bar.
*Basalt is needed (2-4mm of -’,-,?
size). Py w 7 smh
¥y w 5 amis
r t ) Sima
v w n “m'h
i w n Mok
88
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Parallel Sand Media Filters
Example of set of 3 gravel filters:
89
-
\aw/
Pressure Gauge and Pressure release
valve
=
Pressure relief
valve 2 Pressure gauge
with/without glycerin
90
45
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Uses and Installation or pressure reducing valve

93

Uses and Installation or pressure reducing valve

47
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Uses and Installation or pressure
reducing valve

95

Venturi Fertilizer Injector
!E_)_,l'lﬂ\ LA

96
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97
(Dosing Pump)
98
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Fertilizers tanks

99

Fertilizers Tank

100
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Tensiometers

101

Reading Tensiometers

* 0to |0 centibar : saturated seil.
*+ |0 to 30 centibar; accepted humidity.
* 30 to 60 centibar: we must irrigate.

* 60 to 100 centibar : we must irrigate in heavy sail.

* Above |00 centibar: dry soil will affect negatively the yield.
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Drip irrigation example

103

famt,

Butt Welding

Technical Info

104
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Pipes Butt Welding
105
Pipes Butt WWelding
106
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Pipes Butt VVelding
107
Welding of end cups and tees
108
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Electro Fusion
. o ’ ., 'y
109
Clean and Scrub The Pipe
v ; - ‘ - :
110
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111

Insert the pipe into the Fitting

112
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Fix The Clamp

113

114
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Unplug the clamp after the running of
cooling time
115
Useful Information
* Written information on each fitting (Fusion time,
voltage, cooling time)
116
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117

Useful Information

* PN Standard for fitting, doesn't matter SDR or PN of the pipe.
* Can weld pipes with different SDR.

* Requested for underground.

+ Can solve fitting problem for high diameter’s pipe.

* Pipe welded with EF will be fix,can not remove fittings.

118
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Hydroponics or NFT System

119

120
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Reduce Water consumption, Fertilisers and Pesticides.
Eliminate the Risc of soil born Diseases and Nematodes.

121

Reduce 90% of
water
consumption in
the closed
Systems

122
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NFT

123

References

* Robinson Agri
* Ziad Farhat

* Automat

* Jain

* Elysee

124

Page 371 of 376

5/25/23

62

Page 371|376



Thank you!
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Annex 5 - Training Evaluation form
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Annex 6 — Active Methods Used

Below is a description of the active methods used:

Active methods Description

Brainstorming Brainstorming is a method of generating ideas and
sharing knowledge to solve a particular problem,
in which participants are encouraged to think
without interruption. Brainstorming is a group
activity where each participant shares their ideas
as soon as they come to mind.
Situational analysis Situation analysis is basically the process of
critically evaluating the internal and external
conditions that affect an organization, which is
done prior to a new initiative or project. It
provides the knowledge to identify the current
opportunities and challenges to your organization
Conceptual change Conceptual change is a particularly profound kind
of learning—it goes beyond revising one's specific
beliefs and involves restructuring the very
concepts used to formulate those beliefs.
Explaining how this kind of learning occurs is
central to understanding the tremendous power
and creativity of human thought.
Conceptual map A concept map is a diagram or graphical tool that
visually represents relationships between concepts
and ideas. Most concept maps depict ideas as
boxes or circles (also called nodes), which are
structured hierarchically and connected with lines
or arrows (also called arcs).
“Future wheel” or “Problem tree analysis” Problem tree analysis (also called Situational
analysis or just Problem analysis) helps to find
solutions by mapping out the anatomy of cause and
effect around an issue.
Focus group A focus group is a research method that brings
together a small group of people to answer
questions in a moderated setting.
Flipped pedagogy Flipped classroom is a “pedagogical approach in
which direct instruction moves from the group
learning space to the individual learning space, and
the resulting group space is transformed into a
dynamic, interactive learning environment where
the educator guides students as they apply
concepts and engage creatively in the subject
matter.

Videos + discussion

Interactive presentation
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Role play

Role-playing takes place between two or more
people, who act out roles to explore a particular
scenario.
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