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Section 1: Introduction to Workshop

1.1. Background

Government of the Punjab, with the technical and financial assistance from the World Bank, is
implementing Punjab Cities Program (PCP). This project is being implemented by the
Municipal Committees/Corporations of 16 MCs that includes Daska, Hafizabad, Jhelum, Kamoke,
Muridke, Wazirabad, Gojra, Jaranwala, Jhang, Kamalia, Okara, Bahawalnagar, Burewala,
Khanewal, Kot Addu, and Vehari. Under PCP, Environmental and Social Management
Framework (ESMF) is prepared by the PMDFC to ensure the development subprojects
implemented by the MCs are environmentally sound and socially acceptable in order to minimize
the potential environmental and social impacts that may emerge during development projects/sub
projects of MCs. The ESMF also aims to ensure that MCs adopt and pursue sound environmental

and social policies and procedures during their routine practices.

1.2. Introduction

ESMF implementation will require comprehensive trainings and demonstrations for long-term
sustainability. The environmental & social aspects identifications and mitigations integrated with
the PCP trainings will equip the program facilitators for a keen sight of program component related

environmental issues and their solutions.

To ensure the successful implementation of ESMF and compliance of the environmental and
social mitigation measures, strengthening of relevant technical staff and MCs’ competencies is
essential. These training/capacity enhancement programs will lay the foundation of a self-

sustainable program.

The PMDFC being responsible for capacity building activities under the project has designed
various training workshops for implementation of ESMF.

Present two days training workshop on “Environmental and Social Consideration in
Wastewater Reuse and Treatment” was designed to provide the information on wastewater
treatment and reuse processes. This training aimed to equip participants with the knowledge and

skills necessary to address the growing challenges of wastewater management and its impact on

the environment and society. The agenda of the workshop is attached as Annexure A.

ESM wing -PCP, PMDFC Page | 1
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1.3. Objectives of Workshop

The major objectives of Two Days Training on Environmental & Social Considerations in

Wastewater Reuse and Treatment Options/Technologies were:

¢ Awareness about upcoming water scarcity issues, promoting sustainable practices, and
o Developing the necessary expertise to address the challenges and opportunities

associated with wastewater reuse and treatment.

Followings were the participants of the 02 days training workshop:

Participants of Training (July 17-18"™", 2023)

1. Consultants (MMP, ASIAN, NESPAK)!

e Environmental specialist

e Social Safeguards Specialist/Resettlement Specialist
¢ WWTP Design Engineers

2. 16 Municipals Committees

e Chief Officers

e Municipal Officer (I&S)

e Municipal Officer (Planning)

3. PMDFC

o ESM Team (Head Office & Regional offices)
¢ Regional Program Coordinators

e Program Officers-Infrastructure Development

Detailed list of participants who attended the workshop is attached as Annexure B.

1. PMDFC being the technical lead of Local Government & Community Development Department, is
building the capacity of consultancy firms and municipal committees in compliance of environment and
social safeguards

ESM wing -PCP, PMDFC Page | 2
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SECTION 2: Proceedings of the 15t Day of Workshop (July 17,2023)

Training workshop for implementation of ESMF under the .
theme “Environmental and Social Considerations in | Day 1: Forty-Four (44)
wastewater treatment and its reuse” was held at PCOM, = [ZETaoToE Tl MR 1 1

Lahore on July 17, 2023. Training workshop proceeded workshop on January 17, 2023

according to the agenda of the workshop. Agenda of |

workshop is attached as Annexure A.

2.1. Introductory Session

15t day of training session was a technical and theoretical session at PCOM, Lahore on 17 July
2023, and introductory session was comprised of recitation of Holy Quran, round of introduction,

opening remarks and welcome address.

2.1.1. Recitation of Holy Quran & Round of Introduction

Ms. Tehmina Kiran (PO ESM) performed as stage secretary of training. She on the behalf of
PMDFC invited Mr. Hafiz Shuaib MOP Jehlum for recitation from the Holy Quran and the
participants introduced themselves.

Figure 1: MOP Jhelum during recitation of Holy
Secretary) Quran

Figure 2: Tehmina Kiran PO ESM (Stage

Figure 3: Participants during round of Introduction

ESM wing -PCP, PMDFC Page | 3
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2.1.2. Welcome Remarks

Mr. Pervaiz Igbal Chairman PMDFC gave opening
remarks. He welcomed the participants and described

the significance of the training session on Environmental

and Social Considerations in Wastewater Reuse and

participants to participate in open dialogue and ensure

their active participation in sharing their ideas and
Figure 4: Charmain PMDFC during Opening

experiences during the training session. Remarks

Mr. Syed Zahid MD, PMDFC gave welcome remarks and thanked to participants to attend the
training. He emphasized the importance of environment & social safeguards of PCP. He added

that these training will be useful to cope up the challenges face during execution of projects.

Figure 5: MD- PMDFC during Welcome Address

2.1.3. Introduction to Workshop

Ms. Rizwana Anjum SPO ESM- PCP briefly described
the workshop agenda.

2.1.4. Pre-Training Evaluation Form

Pre-training evaluation form was developed by ESM team to evaluate the knowledge of
participants before training session and it was shared online to all the participants and they
submitted their response before the initiation of technical session of training. Online analysis of

pre-training evaluation is given in Section 04.
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2.2. Technical Session

Technical session of training workshop was consisted upon 04 lectures based upon Power Point

presentations, interactive discussions and question answer sessions and 01 Group Activity for

active learning of the participants.

2.2.1. 1st Presentation on “Options for Urban Drainage & Flooding”

1st presentation was on Options for “Urban
Drainage & Flooding” presented by MD
PMDFC Syed Zahid Aziz. In his
presentation he described the conventional
methods for rainwater management.
Further he described the concept of
infiltration Vs Storage. He presented global
practices and worldwide examples of
Underground Rain Water Storage. He also

BOX 1-Contents of Presentation

Conventional Methods of Rain Water Storage
Infiltration VS Storage

Under Ground Reservoir for Rain Water
Storage Facility
Use of Stored Water for Horticulture

Construction of rain water storage tanks (in

progress)

presented real time example of Lahore underwater tank Storage at Lawrence Garden, managed

by WASA Lahore. At the end, way forward was given with reference to PCP cities. He further

added that in PCP participating 16 MCs, PMDFC is going to adopt rainwater storage tanks and in

this regard, MCs should actively participate to accomplish the subproject successfully.

Detail presentation is attached as Annexure C.

Figure 7: MD PMDFC during his 1st
presentation

ESM wing -PCP, PMDFC

Figure 6: Participants during training
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2.2.2.
2" lectures were on a briefed presentations on
“Water Supply in Punjab (Challenges and Way
Forward)” by MD PMDFC Syed Zahid Aziz.
(Topics discussed in his presentation are
mentioned in Box 2). The session was very
interactive. All participants enjoyed the session

and chairman PMDFC put some queries.

Detail Presentation is attached as Annexure
D.

2"4 Presentation on “Water Supply in Punjab (Challenges and Way Forward)”

BOX 2-Contents of Presentation
Overall Water Scenario

Ground Water Situation in Punjab
Water Supply in Lahore and Rawalpindi

(best and worst cases)

Water Quality Data of Punjab
Interventions and Constraints in Water

Supply Sector in Punjab

Figure 8: MD PMDFC during his 2nd presentation

Questions & Answers Session

During presentation following questions were asked from participants and answered accordingly:

Question: Chairman PMDFC asked a question that what is main cause of water scarcity in

different cities of Punjab?

Answer by MD PMDFC: Main Reason of Water scarcity is increase in population as increase in
population is in direct proportion to the per capita consumption.

Question: How can we monitor ground water level, and how it will be helpful to determine the

water availability in coming years?

Answer: Complete procedure of monitoring of ground water was discussed by MD PMDFC and
he suggested to all MCs that they should install this system in their cities.

ESM wing -PCP, PMDFC
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2.2.3. 3rd Presentation on “E &S Considerations in WWTP at Design, Construction &

Operation Phase

3" presentation was on “E&S Considerations in WWTP
design, construction & Operation Phase presented by |
Ms. Rizwana Anjum SPO ESM. The presentation on
"Environmental & Social Considerations in WWTP
(Wastewater Treatment Plant) Design, Construction &
Operation Phase" discussed the crucial factors that ¢
need to be taken into account during the entire lifecycle

of a wastewater treatment plant. It emphasizes the

importance of considering both environmental and ) ' _ _
Figure 9: SPO ESM during her presentation

social aspects to ensure sustainable and responsible
BOX 3

Environmental Considerations in

management of wastewater This was a detailed and

interactive session. Overall, it was an interactive part
of session. Topics covered in this presentation are  VVastewater Treatment Plants-At Planning

given in BOX 3 and presentation is attached as & Design Phase

Annexure E. Social Considerations in Wastewater

_ _ Treatment Plants-At Planning & Design
Questions and Answers Session
During presentation following questions were asked ~Phase

from participants and answered accordingly: Design Parameters of WWTP

Question: What social factors are considered while
planning and designing WWTP?

Answer: Accessibility to local community and [SSSEKEUNICEENINEIREIN ViR ES

population, public acceptance, land acquisition and  Efif§| compliance of ESMMP
displacement related social concerns, impacts on

livelihoods, damage to properties and land worth are
important. All other social factors are discussed in
detail and importance of their consideration is also discussed. All that factors are part of
presentation attached as annexure E.

E&S Considerations at Operation Phase

Question: What should be minimum distance of WWTP from community?

Answer: WWTP should be at least 500 meters away from the local population. It should be at
least 15 meters from any building. It should be at least 100 meters from a water supply (e.g., well
or borehole). No access roads, driveways or paved areas should be located within the area.

ESM wing -PCP, PMDFC Page | 7
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Question: What are the major factors for site selection of WWTP?

Answer: All problems related site selections were discussed. Some factors that are most
important during site selection was briefed like settlements, land acquisition, impacts on
livelihoods, land use (agriculture, forest, orchids, commercial etc.), biodiversity of the area, local
community’s concerns and acceptance etc.

Question: How composite sampling is different from grab sampling and why composite sampling
is more suitable for analysis of wastewater in WWTP project?

Answer: Grab samples are usually taken when we want to take information specific to a particular
sampling location, time or distinct areas within a sampling location i.e. from a lake while
Composite samples are usually taken when we want an average representation of a sampling
location or time. Composite sampling of wastewater is ensured to determine the overall
characteristics of wastewater particularly BOD in case of municipal sewage treatment plants
design.

Question: How water pollution is associated with climate change?

Answer: climate change causes more floods and droughts which we are experiencing
globally. Water quality is also affected by climate change, as higher water temperatures and more
frequent floods and droughts are projected to exacerbate many forms of water pollution.

Question: How we can reuse treated effluent?

Answer: All wastewater reuse options were discussed in accordance with the PEQs, WHO and
US EPA Guidelines.

ESM wing -PCP, PMDFC Page | 8
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Figure 10: Pictorial evidences during 4th Presentation

2.2.4. 4" Presentation on “Wastewater Treatment & Its Reuse”

4" lecture was “Wastewater Treatment & Its Reuse” presented by Muhammad Hafeez (Individual
Consultant). All WWT Technologies & its reuse were discussed by the reference of different
developing and developed countries. All participants enjoyed a lot because of new and informative
content. Over all this session was very informative. Main points discussed in this session is given

in BOX 04 and presentation is attached as Annexure F.
BOX 04
Wastewater Characteristics

Woastewater Treatment Process

Largest and Successful WSPs in overall the World (advantages & disadvantages)

Wastewater Reuse (Conditions & Guidelines)

ESM wing -PCP, PMDFC Page | 9
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During presentation following questions were asked from participants and answered accordingly:

Question: What is meant by 1:10 dilution factor?

Answer: Dilution factor is relationship between wastewater and surface water body in which
wastewater is to be discharged. 1:10 is ratio is ration between wastewater and surface water body
respectively. By this action wastewater become diluted and become less harmful for environment

and ecosystem.

|

Figure 11:Pictorial evidences during 5th Presentation

2.3.  Group Activity

To assess the knowledge of Environmental & Social Considerations of participants, a group

activity was carried out among the participants.

ESM wing -PCP, PMDFC Page | 10
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2.3.1. Group Activity

A case study of WWTP site of Jaranwala was presented to participants. They were asked to

determine the following components:
e Category of Project
e E&S Instruments to be developed
e ESMMP- Outline

All participants actively responded in the group activity and presented their outcomes. At the end

of activity representative from each group presented the findings of activity.

Figure 12:Pictorial evidences during group activity

2.3.2.  Post Training Evaluation Form

3. An online post-training evaluation form was shared with the participants and they submitted

their response. Analysis of post-training evaluation is given in section 04.

ESM wing -PCP, PMDFC Page | 11
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SECTION 3: PROCEEDINGS OF THE SECOND DAY OF WORKSHOP
(July 18", 2023)

On 2" day of Training workshop “Study Visit of | :
Wastewater and Surface Water Treatment Plant in Day 02 Thiy-Four (34)§
Faisalabad” was arranged by PMDFC on 18™ July 2023. Participants attended the workshop
Agenda of field study is attached as Annexure A. on 18" July, 2023

3.1.Site # 1 Domestic Sewage Treatment Plant Chokera, Faisalabad

Mr. Hammad Fazal Deputy Director DC-II/0&M WASA briefed about the Wastewater Treatment
Plant. The sewage treatment plant was established at 1998. The main objective of sewage

treatment plant is:

e To avoid contamination of surface and sub soil water;

¢ To improve environmental conditions in downstream areas of Maduana Drain

Half of the Faisalabad City is being disposed off into Ravi River through Madhuana Drain without
treatment. It is causing severe environmental pollution from Faisalabad to River Ravi (above 100
km). Seepage from the drain is causing contamination of sub soil water and pollutes fresh water

of River Ravi.

The design of sewage treatment plant is comprised of:

Sludge Drying ponds /lagoons 04NOs 5 Hectares
Anerobic Ponds (2.5m deep) 06 Nos. 25 Hectares
Facultative Ponds (1.5m deep) 06 Nos. 125 Hectares
Influent Pump Station 180 Cfs

Design parameters

Capacity 20 MGD
Influent BOD 380 mg/I
Effluent BOD 40 mg/l

Retention Time 19 days

ESM wing -PCP, PMDFC Page | 12
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There are 4 sludge drying ponds of 5 hectares area. 06 anerobic ponds on 25 hectares area. The
depth of anerobic pond is 2.5 m deep. 06 facultative ponds 1.5 meter deep on 125 hectares. As
an experiment WASA-F introduced of floating wetlands in anerobic sections with the help of
NIBGE.

_\“m
T
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21230 |
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Figure 13: Field Visit of Chokers Site
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3.2. Site # 2 Jhal Surface Wastewater Treatment Plant

Mr. Rohaan Javaid Director Water Resources, WASA Briefed about the Surface Water Treatment
Plant.

The project comprises the Operation and Management of the new Jhal 10 MGD Water Treatment
Plants constructed under a French Government Loan located near Novelty Bridge as plan:-

10 MGD is run into a Raw Water tank under gravity from the Rakh Branch Canal through an
automatic screen to prevent debris from entering the tank. 3 No 1000 Cum/Hr pumps then force
the incoming canal water into the Distribution Chamber of the plant which is elevated
approximately 5m above canal water level. Then the water splits into two parallel treatment lines.
Solutions of Aluminium Sulphate, Sodium Hydroxide (Lime) and Anionic Polymer is added to the
raw water in the Coagulation Tanks and mixed in the Flocculation Tanks from where it passes to
the Lamella filter tanks. Here suspended solids settle to the bottom of the tank. The water partially
cleaned passes to two banks of rapid sand filters each bank comprises four tanks. After passing
through the rapid sand filters the water passes through a chlorine contact tank for disinfection
before passing to a water storage tank and then to the outlet pumping station. In the outlet
pumping station 3No 1000 cum/hr pumps send the water into WASA'’s existing Arterial Main on
Sammundri Road. The whole process in managed by a SCADA system which is automatic. A
1000Kva Standby Generator is included. The chemicals are stored dry in a Reagent Building and
introduced into 4 mixing tanks with mechanical stirrers and potable water then pumped to the
Coagulation Section under control of dosing pumps managed by the SCADA system. Chlorine
Gas cylinders are located in the Chlorine Building and the gas is mixed with potable water as
supervised by the SCADA system and pumped to the Contact Tank located directly under the
Rapid Sand Filters. There is an automatic chlorine recovery system in case of any leaks in the
Chlorine Building where the escaped gas is drawn through a Neutralisation Tower filled with
Sodium Hydroxide (Caustic Soda) to render it harmless. The rapid sand filters are automatically
washed with high pressure air and water as they become progressively blocked with suspended
particles managed by the SCADA system. The sludge from the base of the lamella filters and the
rapid sand filters released during washing is collected in a recovery tank where it is pumped into
a settlement tank whereby the thickened sludge is pumped to one of eight sludge drying beds
and the water released is pumped by to the distribution chamber to mix with the incoming canal
water. There is a Collection Pit where all overflow water is collected and pumped back into to the

Canal. Water quality of the incoming water, temperature, pH, turbidity is automatically monitored
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at various points in the treatment process as is the potable water leaving the plant. There is an
Administration Block which also houses the outlet pumping station in a basement, the main
electrical switch rooms, transformer on the public supply and the generator. Additionally it houses
the plant laboratory where manual tests may be performed in addition to the automated water

guality sensors.

Water Lagoon There are water lagoons (capacity 32 MGD) for the storage of Raw water during
the scheduled / unscheduled canal closure. Its proper functioning / operation will also be the prime
responsibility of the operator.

Non-Revenue Water (NRW) The city has been zoned hydraulically into 16 District Meter Zones
(DMZ) and further sub-divided into a total of 90 District Meter Areas (DMA) by fitting valves for
zoning so that each zone can be hydraulically isolated as required. The 6 zones are completely
connected & monitored through SCADA whereas the rest are partially monitored. The water flow
into each zone is measured with bulk meters and pressures controlled by Pressure Regulating
Valves (PRV). Pressure is also monitored. The data for pressure and discharge is then
transmitted to a central SCADA system located in the new Jhal Water Treatment Plant. The
operator is responsible for operation & maintenance of all the installed equipment’s under the

NRW component of the project, in the water network of the city.

£
5

Figure 14: Jhal Water Treatment Plant - 1)
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Figure 15:Field Visit of Surface Water Treatment
Site
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3.3. Site # 3 Floating Wetlands NIBGE

Dr Afzal Dr. M. Afzal, Deputy Chief Scientist, Soil and Environmental Biotechnology Division,
NIBGE, Jang Road Faisalabad briefed about the floating wetlands. He explained that Floating

Treatment Wetlands are Only practical approach in Pakistan due to following aspects:

e Indigenous
e Sustainable
A

Design, operate,
maintenance

e Feasible
e Low cost

¢ No operational cost e i
¢ No maintenance cost Floating ‘
e No Chemical use e Wetlands

Water treatment

¢ No electricity use

Figure 16: Field Visit of Surface water Treatment Site
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3.4. CLOSING REMARKS

During closing session, Ms. Rizwana Anjum (SPO ESM) acknowledged the value of the training

workshop. He admired the efforts of all resource
persons who briefed the project details during visit.
She expressed her heartfelt gratitude for active
participation and engagement throughout the

sessions.

further she described that over the 02 days, we
have investigated into various aspects of

wastewater  management, exploring  the

challenges, opportunities, and best practices in

Figure 17: Closing remarks by SPO ESM on 2nd
Day of training

treating and reusing liquid waste responsibly. We believe that the knowledge and insights gained

during this workshop will contribute significantly to the collective efforts in promoting sustainable

and environmentally friendly wastewater solutions.

Throughout this journey, we have emphasized the importance of environmental protection, water

conservation, and public health in wastewater management. We have discussed the significance

of compliance with regulations, stakeholder engagement, and the incorporation of innovative

technologies to address the complexities of this critical field.

3.5. Certificate Distribution

Certificated were distributed among the participants and Group photo was taken after closing

remarks

Figure 18: Certificate Distribution

ESM wing -PCP, PMDFC
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Figure 20: Group Photo at NIBGE Figure 19: Surface Water treatment Plan
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SECTION 4: PRE-TRAINING & POST TRAINING AND FEEDBACK

1. Knowledge increased upto level
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For precise feedback evaluation of this training workshop, two assessments were carried out. One was
pre-training assessment to gain insight of participant’s knowledge about the subject, other was post-
training assessment which give apprehension of participants after training workshop. According to

response Average score of Pre-training is 16.11 out of 24. Average score of post-training is 21.53.

Average Median Range Average Median Range
1611/ 24 points 16/ 24 paints 4-24 points 2153/ 24 points 2 24 points 12- 24 points

Total points distribution Total points distribution

# of respondents
& of respondents

0 2 4 ] 8 n 12 W 1% ¥ W 2 Hu
Points scored Paints scored

Figure 22: Pre-Training Assessment Figure 21: Post Training Assessment
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At the end of the training session various questions were asked in order to evaluate the success of

training workshop. Region wise feedback evaluation is given below:

3.1. Training Evaluation

2. Knowledge regarding environmental and social considerations in wastewater reuse and
treatment technologies is improved by this training workshop

On the response of this question 73.9% participants respond that this training workshop was useful
for their professional knowledge regarding environmental and social considerations in wastewater reuse

and treatment technologies.

Rate the usefullness of this training for your professinla knowledge.
23 responses

@ Excellent
@ Very Good
® Good

@ Poor

3. What part of the training workshop did you find most valuable?

Which part of the training did you find most valuable for you?
23 responses

@ Technical Presentations
@ Group Activity

® Field Visit

@ Above All

Over all participants mentioned that all training activities including technical presentations, Group
activity and field visit as most valuable part of the training. While 17.4% participants emphasized that
field visit was the most valuable part of the training as they observed the technical procedure and
discussion with the technical staff in the field enhanced their understanding.
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4. Do you think that such trainings on E & S should be conducted in future as well?

DO you think that such trainings on E&S should be conducted in future as well.
23 responses

® Yes
® No

On the response of this question 95.7% participants of three regions respond yes, that training

workshop on E & S should be conducted in future because it was informative.

5. What do you think the training material provided to you was?

How would you rate the training material provided to you was
23 responses

@ Excellent
@ Very Good
® Good

@ Poor

According to response 47.8% of participants said training material was excellent, while 30.4%
participants considered that this was very good. 21.7% participants mentioned that it was good.
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6. Overall, how would you rate the training?

Overall, how would you rate the training. Please choose one
23 responses

@ Excellent
@® Good

@ Average

@ satisfactory
@ Poor

According to 69.6% participants rated the training Excellent. 30.4% participants rated training Good.

3.2.General Remarks

At the end of feedback form participants gave their general remark about training and these

are presented below:

e Training was very informative.

e Staff was very cooperative and memorable training

e Trainer was excellent learnt a lot regarding Environmental & social considerations in
wastewater reuse and training.

e Such trainings should be arranged regularly.
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SECTION 5: ANNEXURES

Annexure A Attendance Sheet

17 July 2023 Day 01
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18" July 2023
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Annexure B: Agenda of Workshop

Agenda

Two Days Training Session on E&S Considerations in Wastewater Reuse and

Treatment Options/Technologies

Schedule
Date: 17t July,2023 (Monday)
Time: 10:00 hrs to 05:00 hrs

Venue: PCOM, Lahore

Agenda:
# | Activity Time Moderator/Speaker
Day 01 (17t July 2023)
1. Registration of Participants and Filling | 010:00hrs ESM Team of PCP
of pre-training Evaluation Form
2. | Recitation from Holy Quran 10:00hrs to 10:05 hrs | ESM Team of PCP
3. | Introduction of Participants 10:05hrs to 10:10hrs | Participants
4. | Guest Remarks 10:10hrs to 10:15hrs | Chairman PMDFC
5. | Welcome Address 10:15hrs to 10:20hrs | MD-PMDFC
6. | Introduction to workshop 10:20hrs to 10:25hrs | SPO ESM
7. | Options for Urban Drainage & 10:25hrs to 10:55hrs | MD-PMDFC
Flooding
8. Group Photo & Tea (10:55 hrs to 11:10 hrs)
9. | Water Supply in Punjab (Challenges | 11:10 hrs to 11:50 MD PMDFC
& Way forward) hrs
10. | E&S Considerations in WWTP 11:50hrs to 01:15hrs | SPO ESM
11. Namaz Break & Lunch (01:15 hrs to 02:00 hrs)
12. | WWTP Technologies 02:00hrs to 03:30hrs | M. Hafeez -Consultant
13. | Group Activity 03:30hrs to 04:00hrs | SPO-ESM (PCP)
14. | Case study of WWTP-Gojra 04:00hrs to 04:30hrs | Ghulam Shabbir PO ID
Ghaffar Naveed-Consultant
15. | Closing Remarks 04:30hrs to 04:45hrs | MD -PMDFC

ESM wing -PCP, PMDFC

Page | 29




Training Progress Report

“E&S Considerations in Wastewater Reuse and Treatment Options/Technologies” 17-18" July 2023

16.

Certificate Distribution 04:45hrs to 05:00hrs | Chairman PMDFC
ESM Team of PCP

Agenda

Visit of Wastewater and Surface Water Treatment Plant in Faisalabad
Schedule

Date: 18" July,2023 (Tuesday)
Time: 08:00 hrs to 02:00 hrs

No. of Participants: (Chief Officers & Municipal Officers of Municipal Committees,
representatives of PMDFC and E&S and design Consultants of PMDFC)

# | Activity Time
1. | Departure from PMDFC 08:00 am
2. | Arrival at Chokera WWTP Faisalabad | 11:00 am
3. | Briefing by WASA Faisalabad 11:00 am- 11:30 am
4. | Visit of Surface Water Treatment | 11:30 am-12:30 pm
Plant Faisalabad and Briefing by
WASA Faisalabad
5. | Arrival at NIBGE 01:00 pm
6. | Briefing and Visit by NIBGE 01:00 pm- 02:00 pm
7. | Lunch 02:00 pm
8. | Back to Lahore
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Annexure C:Presentation 1 Water Supply in Punjab Challenges and Way
Forward

Presentation Includes

* Overall Water Scenario
* Historical Annual Water Availability in Pakistan

Water Supply in Punjab

Challenges and Way Forward

| * Groundwater situation in Punjab
b . ' M

PW\@ N ; WaterSuppnyn Lahore .(be.st case scenario) |

R i * Water Supply in Rawalpindi (worst case scenario)
o + Water quality data of Punjab
By: Syed Zahid A * Interventions in Punjab in Water Supply Sector
Chairman Pakistan Water Operators Network + Constraints
MD, Punjab Municipal Development Fund Company
CEQ Punjab Aab-e-Pak Authority * Way forward

21-6-2023

HISTORICAL WATER AVAILABILITY AND PROJECTIO

WATER STRESSBY
COUNTRY

meters per capita

10
20004

Cubic

0 T T T T
1960 1970 1980  19%0 2000

w Historical annual waler ==

fesource

Sources: GoP 2017 and author calculations.

&AthUC~I @\‘-\VR[I\TWH RCES INSTITUTE
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Groundwater Depths in Punjab

Table 1.3 Average Annual Water Withdrawal and
Consumption Volumes, Pakistan
billion cubic meters

Average Annual Water Withdrawal and Consumption

volumes, Pakistan

(anals 122 Imigation 80
Groundwater 62 Livestock 1
Total 184 Municipal 1
Double counting 48 Industrial <1
Net withdrawal 13¢  Total 82
Sources: Amir and Habib 2015; FAO 2011; IFPRI CGE-W baseline
model; Laghari, Vanhamm, and Rauch 2012.

WATER SUPPY IN LAHORE ATER CONSUMPTION IN LAHORE

v Water supply of Lahore is based on ground water extraction.

e

v Water supply network of WASA, Lahore is fed by 596 tubewells Jaara

Phoon e
e

v Length of water distribution system is 5626 KM

* Water quality af all tubewells is within National Standards for Drinking Water Quality thats |
sont
(NSDIVQ) ‘“ X
s |
v Total water yield of tubewells is above 1000 cusec K Lompur _

Chengdu
v Water supply to citizens is 70 GPCD (315 LPCD) which is highest in the region (Now ok ———
changed to 50 GPCD) Hog g _

Seonl |

(Singapore 143 LPCD, Paris150 LPCD, New Delhi 130 LPCD) G
.|

v Average static water level of Lahore is 1601t osaha:_
Lehore |
v Water level decline / year is above 01 meter ; 5 - - - - - -

Viater Consumption (LPCD)

v Water supply hours are 12/day
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Ground Water Level in Lahore

WDEEMEER MN

a
T e

\WASA SUBDIVISION BOUNDARIES

A

(Ground Water Elevation (m)  Bxisting Stuation of Ground Water Elevation (m)
I <160170 S

J o0
7w
J s
J
[ ik

A
3460000 3480000
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Ground Water Level in Lahore

MIN. & MAX. WATER LEVELS IN DECEMBER (1580-2022)

cm
=

WATER SUPPY IN RAWALPINDL

v Water supply of Rawalpindi is based on ground water extraction (Tubewell) & Surface
Water Treatment (Rawal Dam + Khanpur Dam)

v Water supply network of WASA, Rawalpindiis fed by 480 tubewells
v Length of water distribution system s 1000 KM

v Watar quality at all tubewells is within National Standards for Drinking Water Quality
(NSDWQ)

v Totalwater yield of tubewells and Dam s about (35 + 16.= 51 NGD)
v Water supply to cifizens is 40 GPCD (152 LPCD)
(Singapore 143 LPCD, Parist50 LPCD, New Delhi 130 LPCD)
v Average static water level of Rawalpindi s 2301t
v Water level decline/ year is ahove 04 meter

v Water supply hoursare just 2/day
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Percentage of TDS Contamination
Punjab Province

Percentage of Arsenic Contamination
Punjab Province

Water Quality Data of Punjab Water Quality Data of Punjab
g i

H
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Water Quality Data of Punjab

Percentage of Flouride Contamination
Punjab Province
{S.No__|District
1 |Amod 1
1 |Bahamalrager 3
3 |Bahawalpur 2
T B
$  |Chakwal ]
e s
7 __|0Gkhan 18
& |Fasalabed 5
9 |Gujrenwala 5
0 |6 ]
11 |Hairgad L]
12 [lehbem 0o
B |heg 2
14 |Kasw o
(harewal
(rishab
Lshare
Layyah
Lodhran
Marwal
Mutan 5
B |Madugah u
2 |Narkina 1]
5 [Narowsl 1
% |otars 1
T |Pakpatan [
5 bt s
B |Rajangur 1
D |Rawalpiedi 3
A [Sabiwal 1]
0 Jagoda B \
B[k 3 Raien Yor Khm
¥ [Siadkot 3 @j \ /
e 0 .
% i .
° 25 125

==

25
K

¥xkx¥

Interventions in Punjab
in Water Supply Sector
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Water Quality Data of Punjz

Percentage of Nitrate Contamination
Punjab Province

S0 Joswia

Y o 1 1 51 5 [ 5 ) P g
£
s
E

&

o o 2 o s o2 s [eg o

i

RS ™1 5 Y
2

+ Qverlapping legislations regarding control and administration of ground
water

+ [ DA Act, 1975;Development of Cities Act 1976, Easements Act,
1882; WAPDA Act, 1958; Canal and Drainage Act; Punjab Water Act,
2019; Punjab Aab-e-Pak Authority Act, 2019, PLG Act 2022

+ Depletion of ground water
+ Discharge of raw sewage in water bodies

+ No independent Governing Body to focus on water utilities issues

- (Governing Bodies of Development Authorities have their own priorities 4

other than water issues)
+ Over the surface infrastructure projects prevail over water infrastructure
projects
+ Lack of regulatory and monitoring framework

+ Non-revision of water tariff since decades (finally being revised)
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Let us Work to Change the Scenario

+ Pakistan well endowed with water
 Only 16 countries have more water than Pakistan
1 But Pakistan is world's 6% most populous country
v Water availability per capitais low

v Fewer than 10% of global population has lesser water

per capita than Pakistan
v 32 countries have less water per capita than Pakistan

v Only {all African) out of 32 are poorer than Pakistan
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Let us Work to Change the Scenario

v Therefore, water security can be achieved by:
+ Population control

v Rapid development and management of water resources

v Efficient use of water THANKS

v Efficient irrigation with value crops
+ Distribution network improvement
v Strategic planning

v Clarity of legal | requlatory framework

v Public Awareness
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Annexure D:Presentation 2 Rain Water Management

Rain Water Management
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Sewage Pumping Road Side Drains
b e e et deet et
onvention:
Methods
Water Bodies (Riveretc.) letgpr:i';:emge
Generally away from the Huge ivestment and time required
ponding areas
— g
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Sewage Pumping Road Side Drains
Stations TR
o e
nvention;
Methods
Water Bodies (Riveretc.) Plpedlgaﬁ;f:wage
Generally away from the Huge investment and time required
ponding areas
T—— -~

Infiltration Vs Storage
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Purpose
Required Major Design Elements ) :
I (Purpose) * To prevent the inundation

+ Soils must have a minimum infiliration |
rate of 0.52 inches (1.32 centimeter) I 1. Reduce runoff volume
per hour to be suitable for infiltration. |

by reduction in the peak
runoff flow rate when the

: I 2 Recharge ground water capacity of drain exceeds
¢ The design shall be located a Y S
minmum of 100 feet from water | 3. High re_movalefﬁclenmesl * To reuse & recycle the
supply wels | forsedment rain water

+ The bottom shall be minimum of 2 :
feet above the seasonal high water |
tables. I

« It mustnot be sited on fil material. |

+ Infiltration rate of Lahore is (0.40 fo |
0.80 centimeter) per hour I
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* 24fect dia 100 feet decp
* 27 miles long tunnel

* Costing US $27B

They are constructing it to
avoid water Ponding during
rains in Washington DC.
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Rainfall Graph (June-Sep) From 2015 to 2021
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500
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o —12017
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100 —2018
0 :

. e 2019
td33d3ssyieigeis
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cgE88, 0 3F 858033 =M
€333 :8820032:80¢5¢%
3°5280c¢fqfEQIS e
T “§7egdga idsig
§ § 3°0E § 3 T

¢ r§g3 : 2
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o 2s8
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ACHEVENENTS
UNDERGROUND WATER TANK AT
LANRENCE ROAD, LAHORE

+ Calchment area = 30-Acres

+ Ponding area = 03-Aeres
/G water fank capacity = 1.4 MG
+ Tero ponding during recent mansoon
+ Gontrol on Urban Flooding
+ Rain-water used for horfeulture purpose
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Sr .. . | Timeline for| Budget | Remarks
Name Date of Initiation| . g
No. completion | (M)
Rain Water management-
Deainage arrangement for L
1 b point 18.06.21 9 months 197610 Work in progress
(Gate, Lahore
Rain Water management-
Deainage arrangment for .
2 ore poat o Kashmi R, 180621 9 months 199200 Work in progress
Lahore
NOC from
Rain Water Management - Principally  approved PunjabSports
| ;3 Drinage Armangementfor o0 ML, cost Lyeat Gy Boatd, POSIR
| Sore Point at Qaddafi learance and  AA . and irrigation
Stadiom, Lahore (GoPb. ~ awaited Department
me-a] awaited
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SN LI RO SN

1 Lawrence Road (1.4M6)

2 Sheranwala Gate (1.5MG)

3 Kashmir Road (1.5MG)

4 Qaddaf tadium (appoved) (4.0MG)
5 Karim Park Ravi Road (1.8MG)

6 Rasool Park (Shama Road) (1.5M6)
1 Raifway Station Park (1.8M6)

8

9

Frit and Vegetable Marke (AT 1.546)

Waris Road (1.5M6)
10 Cooper Road(15M6)
11 Tajpura B-Block (3.26H)

" PRECTCISTAR 23 BLUION _
" s 21 MLLI GALLON o wr

Thanks
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Annexure E:Presentation 1 Environmental & Social Considerations in WWTP
Design, Construction and Operation

Environment & Social Considerations in
WWTP Design, Construction and Operation

PUNJAB CITIES PROGRAM

ESM wing -PCP, PMDFC

1, Introduction
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1, Introduction

Social Inclusion

and Heah

1. Environmental Considerations in Wastewater
Treatment Plants-At Planning & Design Phase

sensiive ecological areas, residenfial areas, and other
environmentally sensitve locafions

Site  Selection Congiderafions should include n
prosimty to water bodies, Topography, soil conditon,

2, Environmental Considerations in Wastewater
Treatment Plants-At Planning & Design Phase

Odor and Noise Control: Planning for effective odor

conirol measures, such as enclosing process areas, Eﬂlﬂ?
mplementing proper ventiation systems, and ufizing
odor-neutralizin technologies, is important.

3. Social Considerations in Wastewater Treatment
Plants-At Planning & Design Phase

Stakeholder Engagement: Conducing public consuifations, mestings, and
01 nformafion sessions can help ensure that the communiy's perspectives and
needs are taken info account during te planning and design process.

Health and Safety: Designing the facily to minimize potential hazards, such as
proper containment systems, safety barriers, and emergency response plans, is
essenial.

Visual Impact and Aesthetics: Design elements such as landscaping,
architectiral feafures, and appropriate site integration can help mifigate the visual
~ Impactand create a more aesthefically pleasing faciify. —

Community Integration: Considerafions may include: incorporating community
spaces, providng educational opportuniies, or integrating the faclfty into the
overall urban or rurallandscape.

ESM wing -PCP, PMDFC
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3. Social Considerations in Wastewater Treatment
Plants-At Planning & Design Phase

Cultural and Heritage Preservation: This involves understanding and respecting
05 any cultural hertage or archaeological arifacts that may be present, and
incomoraing appropriate measures fo profect and preserve them during

annntriabine and annratinn

Econormic Opportunities: During the planning and design phase, consideration
0 6 should be given to maximizing local job creation, supporting local businesses, and
promofinghe use of local resources and services.

Community Benefits: dentifyng and communicafing the benefts that the
wastewater treafment plant will bring fo the communtty is crucial. This may include

~ improved water qualty, profection of public health, enhanced envionmental
condiions, and pofential resource recovery.

Land Acquisition: Preferably state land, cases where land acquisttion may impact

08 [ocal communies, it 15 important fo engage in meaningful consuftation and
dialogue. Providing information about the project, addressing concems, and
incorporafing community feecback can help build trust and minimize social conflicts
related fo land acquistion.

4, Considerations of Site Alternatives

Environmental Real Infrastructure

Impact. Factors Conpliie: Te Availabity: The ~ Comm

. lie opogapty sol " o pere avalablty of Pubi
: condions, o IECESSE Percepfion.

of the sie fo the fo onng I

o hydrology, and te esictons g TPSTUATe sch Publc  opinion

Geog
Considerations

and

SOUce :
Wasteiater, mnr ise poices, and 35 PIUEY supply, |and commundy
such a enionmenial ey suply and facceptance:pley

ol =l Rl W el
or  inoustiel " shod be qoveming "elorks, - ko :

0065, ISCTUil considered Vastewater De considered. Sl

{reament faciies.
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Overall Environmental & Social Aspects

Sorial Apects A——

+ Land Entitlement v (uttingoftrees

v Resettlement o Water Resources

v Displacement v Natural Hazards

+ Structures losses o Buffer Zone for tree plantation and
v Livelihoods impact avaidance of odor

+ Type of land and existinguses + Environmental Approvals and Regulations
v Dataverification of ownership of land + Ecological Sensitivity

+ Communiy AcceptanceandEngagement ¢ Hydrogeoogy

+ Cultural and Historicel Considerations + Soil Conditions

+ Economic Opportunities + Ecologyand Biodiversity

+ Closeness to Residential reas

v Aecessibilityand Infrastructure
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5. World Bank Guidelines for Construction of WWTP
under PCP

+ (3] Conflctfree land and should he owned by MCs or the proingal government (further transferre

avallable at technicaly feasible location preferably near the discharge point/pumping stations of the drain.

o (o] Simplest wastewater treatment technology with least operationl cost should be selected after altemative anaiyses, for
example, OPs or WSPs.

+ {c) ESIA should be done as per the requirements of PEPA 2012, and accordingy, NOC should be obtained from PEPA before

execution of project.

+(d) Capacity of wastewater treatment of 50,000 m3/day has been established based on present and projected population of
cities for the next 20 years, average water consumption per person per day, wastewater discharges per day, and pollution load
of wastewater

*(e) Efuent from wastewater treatment should comply with the PEQS established under PEPA 2012 and WHO/FAO guidelines for

feuse.

6. Design Aspects of WWTP

1. Gravitational Flow

7. Policy and Regulatory Framework

2. Baseline of design (Flow, BOD, Tempersture, Water Teble, Geo Investigations)
3. Water Reuse Considerations

4. Monitoring laboratory for sustainability of project

F ey Somege o
5. Emergency Disaster Management Considerations 1 Wkt gy st el s g e e Osess U
Ay i o v v 0 il
6. Considerztions for Natural Hezards (flood, earthquake et 1 Wt e o S
3 Conie ot Trater
1. Downstream Impacts i T

8. D&M Cost-Econamic Viability
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8. Necessary Approvals 9, E&S Considerations During Construction Phase
+ Ste clearing and * Soi + Demarcation of routes for movement of
1 Preparation  of prepeton. Rellg o on et
ESIA and operation of + Stripping and placing sols when dry, and
heawy  machinery * Sol not whenwel,
Before start Environmental tangotietices contaminationthroughspilland leaks |+ Preperation of qideines and procedures
i ! . ’ for immediate clean-up actions following
of civil work Approval ~ from . |Jf‘.ibcuhage.an:is handling +  Soil contamination throughspills and leaks anyslsgesofl, elrchemicds,
f chemical
Mdto Punpab EFA v Storage areas for ol fuel and chemicals to
obtain + Storage, handing and be surounded by bunds or other
Clearance  from . containment devices to prevent any spilled
necessar}' 03 World Bank ::rfstﬁlcﬁnnm stenf of, fuel or chemicals from contaminating
approvals solls water or groundiwater.
+ Generation of v Adequate sanitary faciltes, i.e. toilets and
sanftary effvent showers, wil be provided forthe
constructionworkforce.
+ Septic tank and soak pit will be provided to

9,E&S Considerations During Construction Phase
9.£6S Considerations During Construction Phase

Operation of heavy * Exhaust Emissions Regularly maintain all desel-powered equipment and reduce
machinery and transport ding time to avoid emissions of NOx, PM10nd 802,

. ¢ Dt
Vehs + During constructon, the aporoach road wil be reguary Influx of construction | Community Health andSafety |+ Barrers wil be provided to prevent ngress of persons
v (8D waste management maintained to kesp i cean, fee from mud and sy, The workers into the construcion ste and also to protect the publi
approach road wil be properly shaped and compacted by Road transportation from exposwre fo hazards associated with the
roling fo an even and uniform suiface to receive pavement. construction activiies; Screening, survellance and
Totally enclose any skips for meteril ransport with impenvious treatment of workers, through the provision of medica
heeting; and falities and, where ~requied, ~immunization

programmed; Undertaking health  awareness and
educationinitativesamong workers;
+ hvoiding collecion of stagnant water;

* Road safety awareness building for residentsliving along
1 abor vill e working i the hazerd prone areas, then the the trnsportationoute
contractorneedsto ensure proper outfit and PPEs,

Nowste il be bumt on or around the Projectsite.
General  construction |+ Health and  safety of |» Personel Protective Equipment (PPE] shal be worn &t altimes
actvities construction workforce ontheSite.

Before starting work all the appropriate safety equipment and
the first2id it wil be assembled and checked s being in
working order;
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9,E6S Considerations During Operational Phase

9,E&S Considerations During Operational Phase

Re-useand Ecologicaland |4y facilty shall ensure BOD, temperature, flow and other parameters monitoring at
dischargeof  health

Treatedwater | hazards

entry point (influent] to the [ast exit (effluent] after treatment through anaerabic ponds,

into surf facultative ponds and through bioremediation by introducing loating wetlands.
:a::b;m ) ) v Monitoring * Labanalysisofal |+ Aspecializedlab will hways onboard for the analysis of treated water
! * - Sludgecr bedswil beused topregarethe compostforfurthersllng o thelce famers of overll | parmeters parametersand to ensureits availzbility to reuse or mixing with water
which will be a source of revenue generation or the MC. peforman* Allinletandoutlets | channelwill be safe

o o . flow data There willbe the hiring of a skilled team for the management of WWTP
After disinfection and chlorination and helminths and pathogens removal, treated water e o menagement throughoutthe sub-prectworkingsgan.

Ll Datamanagement of |+ Management ofallrelated data of WWTP plant working efficiency; flow
the reuseof treated |  rate and characteristics ofinlet and flow rate and characteristic of
waterbycommunity | - outlets, speciesof plants used for the floating wetland purpose willbe
away from the WWTP. peoplearound assured.

For discharge of treated water into surface water body, PEQSs shall be strictly followed There il e propermaintenznceof al mecinery and eguipmert’
used duringthe operation phase.

Regular analysis report of the structure of WWTP will be made to assure

will be reused for irrigation purposes and during mansoon or no irrigation usage seasons,

treated water shell be pumped through watercourse to the nearest canal which is 4-5km

(Attached as Annexure B

s Pakistan has no Guidelines/Standrds for treated water re-use, so WHO, FAD and USERA that compatibilty of structure and toavoid any accident ke seepzge or
any other contact of highly contaminated water present in ponds with

m e

R . . g 1 I 'I
10, PEQs Municipal and Liquid Industrial Efflunts 11.U5 2 (2012)sggeste reguatry qidelnes for
o irigation Wastewater reuse
XTI OGN LI -k o 0 L Water Quality
AT ... T
P Cond b v e g e o Unrestricted £3 ; viee
ERA o Tutidiy2ATU Tutdtyconiuos fd’l"f'““’“’“"'m“’"“"""
g rermrnspirg Ruse [ FecloolfomO/t0nL  Fecelolforndly s
Disinfection (Ol residual LOmg/L (min) ~ Cl,residual continuous
o (1 J oH60-90 phwesky
*"Ov_-_-mw,ﬂ_ LR LU Secondary 80D, 30 mglL. 80D, weekly 90 mfrom potablewatersugply
[olomees® - Ut TS5 3mgll Tsdaly wels
o] CETCR Disinfection Fecal coliform200/100mL.  Fecal oliform daily 30 mtopublicaccess areas
(Ol residual L0mg/L (min) Cl,residual continuous
T D e
+ vee
Agriculture TSBngl T rh;dily R 15 mfrom potablewater supply
foodops | Feclolfom0/0nL  Feolcofomdaly =
(Clyresidual 1.0mg/L min) ~ Cl,residual continuous
oH60-90 phwesky
BOD, 30 mglL B0D; weekly % mfrom potable water supply
15530 mglL 155 daily wels
Fecalcoliform 200/100mL.  Fecal coliformdaily 30 mtopublicaccess area:

(lresidual L0mg/L min]

(Clresidual continuous
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THANKYOU
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Annexure F:Presentation 3 Wastewater Treatment and Its reuse

WASTEWATER TREATMENT
AND ITS REUSE

Wastewater Treatment processes

Treatment Processes mostly
adopted:

+ Wep

+ Aerated Lagoons

« Conventional activated sludge
+ Trickling fiters

Activated sludge variants

+ Oxidation ditches

+ Extended Aeration

+ Sequential Batch reactors(SBR)

+ (MBBR) Moving Bed Biofim
Reactor (Dual Process)

+ Integrated fired film acfivated
sludge (IFAS)

ESM wing -PCP, PMDFC

Additional Technologies used
for reuse of wastewater

Main Technologies

+ (MBR) Membrane Biofiim Reactor
+ Reverse Osmosis(RO)

+ Uttraviolet (UV) Disinfection

+ Additional Technologies
(according to the constituents in
wastewater)

+ Activated carbon filration
+ Sand fitration

+ QOzonation

+ Coagulation/Floceulation

Main constituents of wastewater

Wastewater by weight - is 99.9% water
- it s the 0.1% that we have to remove

1, Organic matter
| Carbon based compounds from humans, animals
ana piants)

That 0.1% | 2, Microorganisms (a few of which
contains | are pathogenic)

3. Inorganic compounds

+ The most important key player in Wastewater Treatment are
Microbes which are the prime movers in the biogeochemical cycles
of oxygen, carbon and nitrogen. ..
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TYPICAL FLOWSHEET OF AWWTP

TREATED

WASTWATER

RAW WASTEWATER

Grit sand Recirculated Excess
sudge sudge shdge

’ TERTARY
PRELIMINARY PRIMARY SECONDARY TREATENT

TREATNENT TREATNENT TREATMENT
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The main effluent quality standards

WASTE
STABILIZATION

Parameter |~ PEQS(mg/l]  IndianStandards 1] USEPA
v | % | um PONDS
80D ] ) 5 Simgl
L} - ] 20 ]
s m 2 ] <30 mg/ITSS
g/ - '] 15
e - -

+ Entirely natural processes involving both algae and bacteria.

+ Since these processes are unaided by wastewater reatment engineers the

rate of oxidation is slower, and s a result hydraulic retention times are longer.
PEQS: Assuming minimum dilution of 1:10 on discharge. Lower ratio
would attract progressively stringent standards to be determined by the
Environmental Protection Agency

+ Three types: Anaerobic ponds, Facultative ponds and Maturation ponds
+ Anaerobic and facultative ponds are designed for BOD removal,

+ while maturation ponds are designed for pathogen removal.

Anaerobic pond
(No oxygen involved)

They are 2=5 m deep and contain
no dissolved oxygen and no algae

sludge layer
same groups of anaerobic bacteria involved as in septic
tanks and anaerobic digesters — require same
environmental conditions (eg, pH >6.5)

B “i”' Facultative ponds

+ Algaeuse carbon dioxidein the presence of sunlight.
+ Oxygenreleasedas a byproduct of photosynthesis is

I#W K| used by the bacteriathatstabilze the suspended organic
materialin wastewater.
+ They function much ike open septic tanks, and their primary functionis BOD wumaooJ LN«G&
+ BOD; removal is achieved by sedimentation of solids, and subsequent anaerobic q Mkﬂfdmwhwwﬂ&aﬂ
digestion of the resulting sludge. WWMW“&M
+ Ashort retention time (1.0 day)is commonly used. - 1 )
+ The overall process can be described by the chemical reaction, where organic m&mﬂ:‘;{: -l
material such as glucose is biochemically digested into carbon dioxide (CO2) and with availablef ‘ ‘ Wt
methane (CH4) by the anaerobic microorganisms. =
Depths are usually in the

C6H1206 - 3C02+3CH4

“Domestic Wastewoter Tretment in Develaping Countries * 2003 by Duncon Maro

ESM wing -PCP, PMDFC

range 1-18 m, with 1.5 m
being the most commonly
used.

Refention time in pond
series: depends on climate
(temperature), but in general
~5-50 days

e D% ED e T e

MM,M is a lower depth
areawith no available free oxygen.
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Maturation Ponds

H'*

Advantages and Disadvantages of WSP

ADVANTAGES DISADVANTAGES

Reduced construction and operation
cost

High land requirement

Nomechanical equipment required  Difficultyin satisfying restrictive discharge
therefore no energy requirement standards

Variable performance with dlimatic

SatisfactoryBOD removal efficiency "
* Main objective toremave FC. L
+ The UV portion of sunlight directly damages pathogen genomes. miﬁzzzimmm opeaionand Possible insect growth
+ In order to ensure the sunlight penetration in maturation ponds these are kept Satsfacioryresitanceto oad Passibleneed forremoving algaefrom
about 1 deep. variations effluent to complywith stringent discharge
+ Most bacterial pathogens are vulnerable to high pH. At peak algae activity, the standards

pH of water can rise to ahove 9, leading to Fecal Coliform (FC) inactivation and

. . I . Yo Spering: iokagca wosewoter estment i worm ciaieregors. 0 thupte-4
promoting ammonia volatiization(ammonia gas).

WSP maintenance s
mistakenly interpreted

+ The simplicity of routine WSP maintenanceis :
sometimes mistakenly interpreted as “low
maintenance equals no maintenance”,

Once Largest WSP plants converted to =
Activated Sludge process

As-Samra WWTP Jordan:

Previously 2 largest WSP is now completely
converted to Acfivated Sludge Plant

mipsy e suenwaterhandbook com/../As-Sa

Western Treatment Plant Werribee Melbourne
+ Previously largest WSP was Werribee Westem Treatment

* Asaresult, routine preventive maintenance s
oftennot done, or not done correctly, and the
WSPs are "maintained” only when a serious
problem has developed - for example,

* odour, mosquito breeding,

* excessive sludge accumulationin anaerobic and Aeratedlagoon process.
ponds, + Anzerobic ponds are now used as primary treatment and
Facultative ponds converted to aeratedagoons.

* orexcessive vegetation growth n facultative
pondsand maturation ponds

Weter Tutrare art

As a rough guide one full-time operator is required at WSPs receiving wastewater v = e M
flows up to about 1,000 m3/d(0.4 Cusec), two operators for wastewaters flows e [ | L e
up to about 2,500 m3/d(1.0 cusec) and prorata for higher flows (Arthur, 1983). | s
Duncan lara W s P e
Source:_hipsify melboumesasr oom ay Ewm
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CURRENTLY KNOWN LARGEST WSP : -
PLANTS IN THE WORLD Indian scenario of wastewater treatment

Name FlowMGD  Land [acres] Acres/MGD Remarks

irobi In operation
Dandoa Nt 741 il Land availablefor phasa Il
totalwill be 33 if extended).
Faisalabad 2 B In (?perallcn but poor
maintenance

WSP INEUROPE:
+ The European countries like Germany has more than 2000 operational

systems and France about 2500 plants.

+ Spain has more than 10 operational plants and in Denmark there are 50 n &

pondsfor tertiary treatment. Total Capacity of Activated sludge plus its variantsis=63%
+ A survey found that WSP are particularly appropriate for full treatment Total Capacity of WSP plus oxidation pondsis=3%

from small communities (less than 5000 population equivalent) (about 0.5 4951 MGD with 783 As and its variants

cusec with our water conSUMPHON, e ocefioy uieyaniid 1747 257.6 MGD with 97 WSP or OP (average capacity 2.6MGD)

Maximum Capacity Of WSPin Nearing Indian AERATED LAGOONS

States Having Similar Climate Like Pakistan

+ Itissimilar to a facultative pond but mechanical aerators are used.

+ Detentiontimeis 5-10 days

+ The aerators more frequentlyused for aerated lagoons are the mechanical
Punjab 14000m3/day (36D i vertical- shaft high-speed floating aerators.
RAJASTAN 24000m3/day (5.3MGD) 11 plants * Requiresfrequent desludging
up 18000m3/day (4MGD) 13 plants

So overall no WSP is bigger than 5.3MGD (10 cusec) capacity

Soure: Centralpoltion Control Board 2021
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Advantages & Disadvantages of AL

Advantages

+ Lowerland requirements than WSP

+ Satisfactory resistance to load variations
+ Reduced possibilities of bad odours
Disadvantages:

+ Landrequirements still high
+ Relatively high energy requirements
+ Low coliform removal efficiency

+ Need for periodic (some years interval) removal of sludge from aerated pond

Van Spering: Bioksgicn! wastewater trestment in worm climate regions. 205

[nithe aeratlon‘tanl\ .
Mixed liquor suspehded soli

Flocculation

A'process of contact and
adhesion whereby the
particles of a dispersion
form larger-size clusters.

ESM wing -PCP, PMDFC

Conventional activated sludge Process

——i el
s va*

AW

Microorganisms consume organic matter from the
wastewater, using oxygen for respiration

Biological ~Reactor:
The biochemical reactions
associated with the removal
of the organic matter take
place in the biological
reactor or aeration tank).

PARTS OF CONVENTIONAL AS PROCESS

+ Clarification of Solids (biomass):The settling
of the solids (biomass), which lead to a clarified
final effluent, occurs in the secondary
sedimentationtank.

* Return sludge: A part of the solids that settlein
the bottom of the secondary sedimentation tankis
recirculated to the reactor (return sludge), to
maintain a large biomass concentration in the
reactor, which is responsible for the high
efficiencyof the system.

+ Excess or waste sludge: Excess sludge is
called "surplus activated sludge” or "waste
activated sludge" and is removed from the
treatment process to keep "food to
biomass” (F/M) ratio in balance (where
biomass refers to the activated sludge).

Von Spering: Biologica wastewotertrestment in worm cimate regions 2005
Metcoff and Eddy Wostewoter Engineering trestment and reuse rth edtion
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Fundamental control
factors of AS process

Breakdown of % WWTP energy

SRT/MCRT(Mean Cell Residence Time): ) Advantages and )
+ The average time suspended solids remain Disadvantages of conventional
in the actiated sludge system. Typical ASP . e
sludge age are: . oty
Food to microorganisms ratio(F/M) ; o
* F/M is a measurement of the organic G N -
matter(food for the microorganisms) Biological Reactor
microorganisms{bacteria) in the aeration i .
tanks. Low/and requirements High construction and operation costs
* F/M ratio for CAS= 0.25-0.5 By maintaining ! High BOD removaleffiency - High energy consumption, dueto
this ratio through retum activated sludge g a8 soptisiaed petaiciiented
bacteria will consume high percentage of w"f{“"m'“f“ andPs | High mechanizationlevel
thefood ﬁ :d A S o
:r!raulk retention time[HRT). Typical 6-8 e mmﬁd:mm e
urs
ST S I
+ The average amount of time that liquid and soluble 2 v o e
compounds stay in a reactor or tank. It is calculated by FlM: issupenvised
dividing the volume of a reactor (e.g. m3) by the Operationd flexibility Relativelysensitive to toxic discharges
influent flow rate (e.t. m3/day).
Von Sperfing “Activoted shudge and oerobic biofim reoctors™ Von Speriing” Biological wastewater treatment in warm cimate regions”
2005 chapter-1
betzs/ 0 2 idiown-of oergy h WITP-7 figl 264895673
Clarifiers
Oxidation Ditch
CONTINUQUS NITIFICATION & DENITRIFICATION
Return Activated Sludg
Sl Aotted e Anoxic-No Free Oxygen Nitrification (Presence of free oxygen(Oxic)
(Sombined Caygem SteplL: NHA# +3/20,5 NO%-+ 2H'+ B0
C+NO,) —CO2+ N, LIS E00 0 ?
Step 2: NO*+1/20,> NO*
+ An oxidation ditch s a modified activated sludge biological treatment process A carbon source
that utilizes long solids retention times (SRTs) to remove biodegradable organics. is required for
* No primary clarifier requiredin it . N
PRIy g ' to occur. It may SR
* Requires more aeration energy than conventional CAS options; be  wastewater |
+ Applicable in plants that require nitrification because the basins can be sized with - sufficient _7 2

using an appropriate SRTto achieve nitrification at the mixed liquor. carbon source.
* it requires more land than conventional treatment plants.

* oxidation ditches achieve BOD, suspended solids, and ammonia nitrogen removal
of greaterthan 90 percent.

US EPA “wastewoter Technology Foct Sheet Oxidation Ditches™
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TRICKLING FILTERS

+ Anattached growth process. Thenfluent wastewateris
distributed/sprinkled over the rock or plastic filter and
then trickles down the packing material,

* microorganisms already in the water gradually attach
themselves to the mediasurface and form a

biofilm{approximately0.1to 0.2 mm thick).

* Thesewage is oxidized by the bacteria producing effluentin
the form of water, gases and new cells.

" Trickling Filter
T ¥

Metcalf ond Eddy Wostewater Engineering treotment and reuse drth edition

ESM wing -PCP, PMDFC

FLOW PROCESS OF TF

% Thefilter media (75 to 100 mm rock material or plastic packing),

% the underdrain system, which collects the wastewater that has passed through the
filterand provide an open area for the movement of air.

* Hydraulically driven rotary distributors use pneumatically-controlled gates that either
open or close distributororifices that adjust with varying pumped flows to maintain a
constant preset rotational speed (left). Electricallydriven rotary distributorsare also used.
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Moving Bed Biofilm Reactor (MBER)

It combines the best of
Conventional ~ Activated  Sludge

Advantages and Disadvantages of Trickling Filters

Advantages Disadvantages (CAS) and biofiter processes,
Simple & easy tooperateas Difficultyin accomplishing biological "Takmg il Sl.lspended
comparedtoactivatedsudge nitrogen & phosahorus remoral biomass and attached biomass.
+ This system requires less space
Lessenergyrequired duetonatural  Flies, worms and snails& odor can be
o i than CAS.
ventilation nuisance _
Appropriateforsmal-tomedium- _ Addiionalteatment may e eeded ~THi: NEER. SIS T o ot
sized communities. to meet morestringent discharge activated sludge aeration system
standards. where the sludge is collected on
LessO&M Clogeingifoverloaded recycled plastic carriers. These
Possible energy productionfrom  Notas efficient as CAS carriers have an intemal large
sludge digeston surface for optimal contact water,
air and bacteria.
LS EP4 “Technology Foct Sheet Tricking fters” )
hetps/ e Jenntech comyprocesses bl bim

The Moving Bed Biofiim Reactor Advantages/Disadvantages of MBBR

7 Goodforhighoganicloadingaplcatos.

~ Typical performance characteristcs are~BODin

Smaller foot prints. 1/4 the tank volume than AS.

The meda are made fom high densiy polyethylene or polypropylene wih @ s J
diameter of 13 - 25mm, and therefore have a large surface area which helps the

biomass to grow inside the surface and are in constant mofion due to the compressed | Energyconsumption0.17-0.27 kiWh/m3 for »
air that s blown from under the tan _ domesticsevwage). J
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INTERGRATED FIXED FILM ACTIVATED Sequencing Batch Reactor
SLUDGE(IFAC)

SEQUENCING BATCH REACTOR
Intergration of both suspended growth and attached growth process for< 10
mgll BOD (after clarification). S LD

| Internal ’WI_L ‘
iryraliny

+ SBR are a special form of activated sludge treatment in which all
- - of the treatment process takes place in the reactor tank and
Lo BOD Reduction  Nitrification | C]ariﬁers are not feqUiI'Ed

+ This process treats the wastewater in batch mode.

Retum Sludge
* Flow is neither entgring_ nor leaving the reactor i.e. flow enters, is
Small foot print. Quick process for BOD, Nitrogen and treated, and then is discharged and the cycle repeats
Phosphorus removal. Retum sludge involved

Membrane Bioreactor; MBR .
Membrane Bioreactor

" . (a) Activated Sludge Treatment (AST) Process

+ Membrane is integrated with a biological [ e : : | el
process. Vacuum-driven membranes -
may be immersed directly into the
activated sludge reactor or in a separate
membrane separation tank.

+ To clean the exterior of the membranes,

air is introduced below the - R NE ge> o o s e

membranes. > E— ( SES
+ While the CAS process uses a = (o

secondary clarifier for  solid/liquid

separation, an MBR uses a membrane

for this function. Aeration plus membrane energy
+ The idea behind this technology is to get consumptionis 76 %

extremely good quality effluent .=

Vacuum Driven Micro membranes

"Metcalf & Eddy | AECOM: Water Reuse Issues, Technologies, and Appiications 2007.
Chapter-7-3
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The best available process

- REUSE OF TREATED
+ Select the process that is suitable to your requirement W ASTEW ATER

+ Select the process that is suitable to your available land or
require less land

+ Select the process that has less life cycle cost year Location Reuse application
4 Solockiths Drocess that has less O&M cost 1929 City of Panama Irrigation of Lawn and Gardens
1960 City of Colorado springs Golf courses
* Institutional manageability. Appropriate technical and 192 Los Angles County Ground water recharge
managerial expertise. Extensive education and training. =  Monterey CA | Imgationof food rops
1984 Tokyo Providing reclaimed water to 19 high-
rise buildings in Shinjuku
2003 Singapore Portable water
Major types of reuse of treated From toilet to tap: NEWater Singapore
wastewater ~ (Reclaimed water use up to 115 MGD, 30% of total demand)
Two major types of reuse have been developed and practiced throughout w W ’\ W /l\ ho /l\ w /’) m".
the world:
(1) POTABLE USES
+ Direct, use of reclaimed water to augment drinking water supply + The most difficult challenge for Singapore to overcome
following high levels of treatment was persuading people to drink treated wastewater.
+ Indirect after passing through the natural environment & A\ lodicstid comimiications toan condociad a s
(2) NON-POTABLE USES public education campaign which included a TV
+ irrigated agriculture documentary.
+ use for irrigating parks, public places of forestry (fastest reuse  Psychologically, this extra step was vital in helping the

application in Europe: Irrigation of golf courses) people of Singapore accept NEWater as drinkable water.
+ use for aquaculture i o § '
» aquifer recharge (indirect reuse)

 oruses in industry and urban settlements &

ESM wing -PCP, PMDFC Page | 64




Training Progress Report

“E&S Considerations in Wastewater Reuse and Treatment Options/Technologies” 17-18™" July 2023

INDIRECT POTABLE REUSE

D ) 33

How Namibia turns sewage into drinking water. 9 MGD plant?

Conventional treatment + Powdered activated carbon + Pre-
ozonation + Coagulation/Flocculation + DAF + Rapid sand
filtration + Ozonation + activated carbon filtration + Ultrafiltration

+Chlorination
b et o cycing inking water winchoek oo

Technologies at WWTP of Surat(Gujrat) Municipal
Corporation: Planned to add tertiary treatment at al plants by 2030

S == — —

plnt
| Mmm ¥ ConeuivaAbeiniSeFS Gy R wecing
1 Ben D (netoditeeiSieBSO)  Agoiuese
1 Baw % CoveoiodAteidSidesSR  Gareaig Roadwasting
§ G 31 ConeotodlAdiatdSudesFAS  Gardening Rosd washing
5 Sgmee 3 CovenioolkcvaiedShoe s SS  Gaenig oad wecing
§ Bk M “fﬂm;’fmﬂm st Gardeing
T NEER b o
8 Gad 55 MBR
S OP n ook R el
10 Dindoli 145 Conventional Activated Sludge Industrizl & Gardening use
1 Gavier n SR

Grand Total 1383

Integrated fixed fim activated siudge (IFAS)

ESM wing -PCP, PMDFC

INDUSTRIAL REUSE IN INDIA

* Agra 60 cusec MBBR plant+Membranes+ Chlorination and
distribution

* BOD;less than 2mg/] TSS 0.5mg/1 and Turbidity less than 0.5 mg/l

30 cusec Direct reuse in Bamroli,2019

UASB+ Extended Aeration
Sand Filtration,
Ultra-fltration (UF),
Reverse Osmosis (RO),
Activated Carbon Filter,
BOD less than 5

‘\\ AWWAIndia

1.Industrial reuseage in large cities-Mumbai, Chennai, Surat, Delhi

activated  sludge
process for  Nitrogen and
phosphorus removal.

Itis done through Oxidation Ditches

‘\\ AWWAIndia

| NSEgeeskdeptld
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From toilet to tap: NEWater Singapore
(Reclaimed water use up to 115 MGD, 30% of total demand)

IR Y Y Y
- AL b %0 ¥ w /rlﬁ’illl’

% The most difficult challenge for Singapore to overcome
was persuading people to drink treated wastewater.

* A dedicated communications team conducted a massive
public education campaign which included a TV [F=.
documentary.

% Psychologically, this extra step was vital in helping the
people of Singapore accept NEWater as drinkable water..

176 MGD capacity Singapore Changi
reclamation Plant Micro/Uf, RO, UV

——— / | R A

| i
HWWDIIUIWE
e L L L
U e S ST
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Recycling of wastewater in Singapore :MBR

Wastewater Treatment NEWater

Production
=P Ep A ED EDE]
A b y v
a v

Frinary Sedimentzion
s

| Conventional process ) MBR process:

‘Schemefic of e conventional vs MBR prooess for water rciamation. The MBR process offers smalle fookorint, adusiness, befer filate quaity less R)
el i 0 .

Incorporating a more compact aeration tank and space-efficient inclined
lamella primary settling tank and eliminating the need for an additional
sedimentation tank. Low sludge production

WASTEWATER REUSE FOR
IRRIGATION
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ISTANBUL. No membrane used

— /A

Effiuent used at green belts

Final effiuent ready
for imgation of plants

International quidelines and quality criteria
for agricultural reuse of wastewater

* Manual of wastewater reuse (USEPA, 2012).

* The WHO Guidelines for the Safe Use of
Wastewater, Excreta and Greywater 2006.

Volume 1, Policy and regulatory aspects;
Volume II, Wastewater use in agriculture;

Volume Ill, Wastewater and excreta use in aquaculfure;
Volume IV, Excreta and grey water use in agriculture.

%150 Guidelines for treated wastewater use for
irrigation projects (1S0-16075-2,2020), EU adopted the
same standards

“%In Pakistan no specific standards exist for
wastewater reuse.

ESM wing -PCP, PMDFC
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Chandigarh,India wastewater reuse for
irmigating all parks
3 WWTP plants in Chandigarhhaving
SupBae  Bogs

following technology for  secondary
treatment: %

1. MBBR -
2 AS ’
3. UASB s

+ All plants are producing effluent BOD —
below40mgll.

« buttheir effluent standards are very
stringent now(10mgll) therefore, they have
started upgradion with tertiary treatment
(Sand filtration or UF and disinfection).

« WSP are incapable to meet with effluent
standards

Health and environmental risks considered for
agricultural irrigation:(WHO)

Ingestion of irrigated crops by consumers.

Ingestion of droplets {produced by sprinkler irrigation)
by workers, bystanders and residents in nearby
communities.

Inhalation of aerosols (produced by sprinkler
irrigation) by workers, bystanders and residents in
nearby communities.

Dermal exposure by workers, bystanders and residents
in nearby communities.

Ingestion of soil particles by workers, bystanders and
residents in nearby communities.

Ingestion of pastures and fodder by milk- or meat-
producing animals (human and animal health).
Contamination of drinking water sources.

s

Drip Irrigation
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Types of crops WHO :Unrestricted & Restricted Irrigation

* Types of crops: (WHO, USEPA, 2012; 150-2020). Untesticted Irigaton:

+ Use of high quality effluents, instead of freshwater, to irigate any crop on

* Food crops consumed raw: crops, which are
any type of soil, which means without limitations.

intended for human consumption to be eaten
raw or Uan'OCGSSEd. + Contact and even accidental drinking do not pose healthrisks.
+ Cropswithout any restriction include also vegetables eatenraw.
* Processed food crops: crops, which are
intended for human consumption not to be
eaten raw but after a treatment process i..

cooked, industrially processed).

Restricted Irrigation:
+ Use of low quality effluents in limited areas and for specific crops only

* Restrictions are imposed based on the type of soil, irrigation method, crop
harvesting technique, and fertilizer application rate

* Non-food crops: crops, which are not intended

for human consumption (e.g. pastures, forage,
fiber, ornamental, seed, energy and turf crops).

* Imposed crop limitation must be enforcedand controlled.

+ Farmers must be trained to handle the low-guality effluent

Microbiological parameters for WHO microbiological qualty quidelines for
monitoring wastewater use in agriculture

+ Biochemical Oxygen Demand (BOD.J: BOD; appears in the USEPA guidelines for
agricultural irrigation, as well as in other guidelines 150 16075, 2020). Some states

: e o - e Intestinal Fecal coliforms
include BOD; in their water reuse legislations for agricultural irrigation (Cyprus, Greece Category  Reuse conditions Exposedgroup  nematodesnoof  (geometric mean
and Italy). egzs perlitrer) no per 100 ML)
+ Total suspended solids (TSS): TSS is included in the USEPA guidelines for monitoring of
processed food crops and non-food crops irrigation (USEPA, 2012), The ISO guidelines Inigation ofropslikelyto
. . . . . A beeatenuncooked, sports Workers, ) 1 <1000
* Turbidity: Turbidity appears in the USEPA guidelines for food crops eaten raw and aquifer fekds,public parksd consumers, publi
recharge, similarly to the IS0 guidelines. —
Imigation of cereal crops, Nostandard
+ Bacteria: [E. coli the most suitable indicator of fecal contamination. Appears in all B industislcrops,fodder Workers 4 recommended
guidelines ke WHO,USEPA ISOetc. LT
Localizedirmigationof
Log Reduction Reduction Factor Percent Reduced cropsincategory Bif _ )
; " po= C exposureafworlersand None Not applicable Not applicable
the public does nat ocour
1 100 9%
3 1,000 9.9%
1 10,000 99 9%
5 100,000 99.99%
[ 1,000,000 99.9999%

ESM wing -PCP, PMDFC Page | 68



Training Progress Report

“E&S Considerations in Wastewater Reuse and Treatment Options/Technologies” 17-18™" July 2023

WHO water quality guidelines for imigation

Parameter value Unit Degree of restriction
Sight to
None severe
S mg/l <550 450-2000 >2000
S8 mg/l <50 50-100 >100

Salinity ECWa <07 0730 3

Quality guidelines/standards for irrigation according
to EPA, WHO,ISO, FAO UN and India

Sodium(Nas)  Sprinider imigation 3 >3

Sodium(Na#)  Surfaceimigation <3 34 »8

Chloride Sprinider imigation <3 >3

4 |&|a/2 @ 8|8 |E &

Chloide ~ Sarfaceirigaion H >10
Chlorine Total residual <l 15 5
Boron(B) <1 0730 >3
Iron(Fe) Drpirigation <01 (1555 >15
Mangnanese  Dripiigation <1 0445 »15
Total Nitrogen mg/l <5 530 >30
oH 858 854

[ ECOUchu/100m] <1000 <10,000
e 4 .

ESM wing -PCP, PMDFC

EPA WHO IS0 FAOUN India
Processed  Un-  restricte Nen Un- .
PARAMETERS  Non food Food  restict 4 food food Food : . l:l!
= e [ =n d
BOD5
<10 <0 €10 <20 <10 <30 W 20
(mef)
<2NU
< < i
755 [mgll iy A B <0 <N NN
E-COU No <4 <00 y
< ¢ ¢ <
duft0iml €200 <1000 <10,000 <100 1000 NP ME Nil 230
: < <1
[egzs/100 - <a 4a 4a <
cm3)
USEPA USEPA WHO EU
Parameter - . Slghttomoderate  Slight tomoderate
restrition No rstriction L —
OS{mg/l) <450 1 450-2000 525
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Treatment process for reuse for irrigation

Primary Treatment

Secondary Treatment Process:

+ Any secondary treafment process including WSP, ASP or
TF or any other process like OD.

» Treated effluent will be as per PEQS.

* Disinfection of treated effuent If chiorination is used residual

chlorine should be < 1 mg/L just before mixing into water body.
Fecal coliform should be less than 10,000/100mL of treated water.

* Minimum 1:10 Dilution in a water body

+ In most of the cases US,EU,INDIA use membrane technology
even for irrigation of Public parks, Golf Courses etc due to
stringent quality standards.

ESM wing -PCP, PMDFC
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How to meet irrigation standards in Pakistan

BOD REQUIREMENTAS PER PEQS:

+ I effiuent of a WWTP meet the NEQ standards (BOD of 80mg/L), and a 10:1 dilution
to the water body (River, Irrigation canal) is also available, then this would meet the
levels required forirrigation water use (OD of mg/L).

+ For directuse of treated wastewater effluent quality of BOD may be of 8 mgiL
WHO E-COLI CFU/100ML LIMIT IS <1000 FOR UNRESTRICTED IRRIGATION.

+ Currently there are no standards for fecal colform limit in PEQS however we can
follow WHO.

o If the WWTP effluent meets a fecal coliform fimit of 10,000M00mL, with a 10:1
dilution, then this would meet the levels required by WHO for irrigation water
use (fecal coliforms of 10001100mL) for unrestricted irrigation.

+ Chlorination is necessary in any case after treatment by restricting residual level to<
1 mglL in case the effluent is diluted in a canal because many downstream residents use
canal water for drinking purpose and they may raise any issue any time

+ In case of direct use of treated effluent for irrigation the safe disinfection is UV eradication
if one can bears the cost because keeping the residual chlorine less tha Img/l will be a
criticaltask.
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