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EXECUTIVE SUMMARY

Background information

The Government of Rwanda (GoR) has made significant progress in extending water supply and
sanitation services in two past decades, however, preserving these gains and best practices from the
national water and sanitation programmes, while strengthening decentralized implementation
capacities, remains a challenge. In this context, the Government of Rwanda (GoR) prepared a project
whose objective is to provide the GoR with long-term 25-year Master Plans including 10-year
investment plans for Water Supply and Sanitation for the entire country that will allow the
identification and implementation of effective water supply and sanitation projects. Capacity
building activities will also be undertaken under the project. Accordingly, a grant Agreement worth
of €1,950,894 was signed on 17t February 2017 between the African Development Bank (AfDB)
and the Government of Rwanda (GoR) for the development of National Integrated Water Supply
and Sanitation Master Plans (NIWSSMP), which will include, among others, the Feasibility Study
and Detailed Design for Nyaruguru, Huye and Gisagara Water Supply System (WSS). The WSS
intends to produce 24,000 m3/day from Akanyaru River to serve around 1,200,000 people living in
those 3 districts.

The present ESIA report is developed as one of the environmental and social safeguard instruments
required by the African Development Bank’s Integrated Safeguards System (AfDB’s ISS) for the
development of Nyaruguru-Huye-Gisagara WSS Project, which is part of the structural actions
established by the National Integrated Water Supply and Sanitation Master Plans (NIWSSMPs) of

Rwanda.

Objectives of the project

The main objective is to ensure 100% access to clean water in parts of Huye and Nyaruguru districts
and in all Gisagara district. The proposed project will contribute to enhanced hygiene and sanitation
by reducing water borne diseases. This will also contribute towards reduction of poverty within the

study area.

Objective of the study



The objective of this Environmental and Social Impacts Assessment (ESIA) study is to identify,
predict, evaluate project’s environmental and social impacts through a comprehensive assessment

and propose respective mitigation measures.

Scope

It covers the 7 components of a Water Supply System (WSS) which are (1) water intake from
Akanyaru river; (2) Water Treatment Plant (WTP) of a total capacity of treating 24,000 m3/day; (3)
transmission pipeline of a total of 207 km (111 km and 96 km to be constructed under phase 1 and
2, respectively) crossing the districts of Nyaruguru, Huye and Gisagara and serving the 26 sectors
of the project area; (4) 10 water tanks whose respective volumes range from 200 to 6,500 m3; (5)
water distribution network of a total length of 1,481km to be constructed in 3 phases of respectively

236 km, 520 km, and 725 km; (6) collection and valve chambers; lifting pumping stations.

Methodological approach

Its methodological approach consisted in desk work reviewing national environmental protection
legislations and African Development Bank’s (AfDB) Integrated Safeguard System (ISS) and its
Operational Standards (OSs). Biological, physical, and social economic investigations through
literature review, field surveys, observations, mapping, stakeholder consultation, interview and
questionnaires. Based on findings and considering adverse environmental and social impacts
expected from the project, the construction of Nyaruguru-Huye-Gisagara WSS was classified under
AfDB’s risk category 1 of Bank operations that are likely to cause significant environmental and

social impacts.

Policy, Legal and Institutional Considerations

Policies and strategies that are relevant to this project are Rwanda Vision 2050, National
Environment and Climate Change Policy 2019, National Land Policy 2019, National Health Policy
2016, National sanitation policy 2016, National Policy for water resources management 2011,
National Biodiversity Strategy and Action Plan 2016, Rwanda Biodiversity Policy 2011, National
Poverty Reduction Strategy 2018- 2024, National Strategy for transformation (NST1, 2017-2024),
National Occupational Safety and Health Strategy 2019, Environment Health Policy 2008, and
National Strategy for Climate Change and Low Carbon Development 2011.
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National legal framework applicable to the proposed project include the Constitution of the Republic
of Rwanda 2003 as revised in 2015, the law on environment 2018, law governing land 2021,
Rwandan law N° 58/2018 of 13/08/2018 on mining and quarrying operations, law relating to
expropriation in the public interests 2015, law regulating labor in Rwanda 2018, law N°70/2013 of
02/09/2013 Governing Biodiversity in Rwanda, etc. Give that African Development Bank is the
financial donor, its Integrated Safeguards System (ISS) will also apply to the project, and all 5

Operational Standards (OSs) of the Bank were found to be relevant to the proposed project.

Considering international conventions, Rwanda is signatory to different convention but the most
relevant include the following; United Nations Convention on the Law of the Non-Navigational Uses
of International Watercourses (1997) which deals with the management, utilization, and protection
of transboundary watercourses. CITES (Convention on International Trade in Endangered Species
of Wild Fauna and Flora), and United Nations Framework Convention on Climate Change
(UNFCCC, 1992).

Description of the project

The Nyaruguru, Huye and Gisagara Water Supply Project is part of the structural actions established
by the National Integrated Water Supply and Sanitation Master Plans of Rwanda.

The main objective is to ensure 100% access to clean water in parts of Huye and Nyaruguru districts
and in all of Gisagara district. The proposed project will contribute to enhanced hygiene and
sanitation by reducing water borne diseases. This will also contribute towards reduction of poverty

within the study area through the improvement of socio-economic activities.

The Project is designed for the year 2050 and shall serve 26 sectors (7 in Nyaruguru district, 6 in

Huye district and 13 in Gisagara district) all located in the Southern Province.
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Figure 1: Map indication the location of the project

The estimate total cost of the proposed project is 220,360,890 USD, to be invested in 3 phases as
following;

- Phase 1 (2024-2030): investment cost of 97,362,342 USD
- Phase 2 (2031-2040): investment cost of 59,858,855 USD
- Phase 3 (2041-2050): investment cost of 63,139,693 USD

Projectimpacts

The project will generate environmental and social positive and negative impacts which have been
listed in this report according to the project phases (preparatory, construction, operational and

decommissioning phase).

The predicted positive impacts include the following: employment and knowledge transfer
opportunities, business opportunities, increase to public revenues/taxes for both central and local
authorities from construction materials, drinking water quality improved for beneficiaries. Potential

negative impacts shall include the following:
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Pre-construction phase:

Bio-physical adverse impacts

>

Loss of biodiversity and damage to ecosystem habitat while establishing the project camp
sites

Environmental pollution of water bodies due to human excreta and other wastes
generated by the project workers during establishment of the campsite.

Soil erosion (excavated soil) while establishing the project campsite.

Increased nuisance (noise, dusts and vibration) levels due to use of heavy machinery and

earth moving equipment while establishing the project camp sites.

Socio-economic adverse impacts

>

>
>
>

Loss of assets and crops by the local population while acquiring the land for the project,
Potential risk of insecurity due to influx of job seekers.

Conflicts among workers who temporally settle with the local community and residents.
Risk of spread of HIV/AIDS, STDs, and other communicable diseases due to people

moving to the project area without their families

Construction phase:

Bio-physical adverse impacts

>
>

>

Loss of biodiversity due to land and vegetation clearing,

Preparation of trenches, laying of pipes and construction of reservoirs and pumping and
treatment stations may cause Brutal spreading of materials in waterways and lowlands,
and concrete laitance.

Loss of land for quarry, borrow, and disposal spoil materials.

Risk of increased greenhouse gas (GHG) emissions and amplified vulnerability to climate
change.

Generation of wastes from construction works and activities in the camp site.

Socio-economic adverse impacts

>
>
>

Impacts related to nuisances (dust, noise, bad smell etc,),
Impacts related to the community safety and workers health and safety.
Risk of occupational injuries and/or accidents and deterioration of workers' health
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Operation and maintenance phase:

Bio-physical adverse impacts

>
>

Change of current environmental flow,

Risks associated with water abstraction (withdrawal) such as water quantity and quality,
hydrological pattern of Akanyaru river, potential conflicts from different users of
Akanyaru river water.

Foul smelling from toilets installed at the site and sludge from water treatment processes.
Risk of increased greenhouse gas (GHG) emissions and amplified vulnerability to climate
change.

Socio-economic adverse impacts

>

>

>

Risks associated with water abstraction (withdrawal) such as water quantity and quality,
hydrological pattern of Akanyaru river, potential conflicts from different users of
Akanyaru river water
Impacts related to the abstraction of transboundary water resources that might affect
neighboring countries

Risk of occupational injuries and/or accidents and deterioration of workers' health.

Decommissioning phases:

>

Y

YV V V V

Generation of wastes including hazardous waste from demolition

Risk of increased greenhouse gas (GHG) emissions and amplified vulnerability to climate
change.

Biodiversity loss and habitat deterioration during decommissioning activities

Loss of jobs and all business opportunities related to the project

Degradation of water quality in Akanyaru river
Soil erosion (excavated soil during decommissioning of the project)

Socio-economic adverse impacts

>
>

Damage to crops while removing pipes and other equipment
Loss of public revenues/taxes for both central and local authorities



Stakeholder consultations

Public consultation meetings were held in all the villages visited and located in the project's direct

area of influence as well as at District level where key project stakeholders were invited.

At village level, with support from chiefs of villages, meetings were hold at cell offices bringing
together people from concerned villages. Consultations started from 06/09/2022 and ended on
23/09/2022.

At district level, in collaboration with District one stop centers, the consultation meetings were
organized on 19 and 20th October 2022. Districts invited all stakeholders in water and sanitation
including Water, Sanitation and Hygiene board (District WASH Boards), private rural WSS
operators, representative of WASAC at district & provincial level, development partners like World

Vision.

In general, the project was appreciated by all interested stakeholders as it will contribute to the
national target of covering the whole country with access to clean water and thanked the
Government of Rwanda for promoting modern households in their villages. However, the
following concerns were raised and noted:

» The quality of water considering the existence of a hydropower plant located upstream
of the proposed intake location.

» WASAC should request water permit to ensure the water allocation is effective and
efficient.

» Owners of assets and crops to be affected by the project expressed their concern in
regards to possible delay in payment of the compensation and requested that works
should start after paying all affected people. There should be compensation for the land
used for the pipeline, because when you want to construct on that land, it become a long
process to relocate the pipe. They also suggested that the calculation of the compensation
should be based on the maximum rate provided by the law

» District officials raised the concern about the location of the water treatment plant
considering the topography of the area (steep slope)

» Project beneficiaries suggested that project should provide public water taps for people

who don’t have means to get water connected to their home.



» There was a concern in regards to some people who don’t have land title at the moment
but which is being processed in the land centers.

Environmental and Social Management Plan

An ESMP spanning over preparation, construction and operational phase was developed. Given that
construction activities shall be conducted in 3 phases dated 2024-2030, 2031-2040, and 2041-2050,
the proposed Environmental and Social Management Plan (ESMP) will be suggestive for eachphase,
however, the contractor shall have the obligation of developing and updated Contractor’s
Environmental and Social Management Plan (CESMP) for each phase just before the
commencement of construction works. This will help the client, WASAC, to cater for environmental

and social safeguard costs for each phase.
The following are summery of the proposed mitigation measures:

» Develop aresettlement action plan (RAP)

> Ensure that all affected persons received fair and just compensation as per the national
law and AfDB Integrated Safeguards System.

> Biodiversity and ecosystem restoration by protecting some ecosystem where applicable,
planting indigenous plant in the reserved green space.

> Ensure appropriate consultations (including water users from the neighboring country)
are conducted and water extraction permit is issued before construction work starts.

» Ensure that all workers have adequate accommodation facilities (lodging, food,
sanitation, sport and other entertainment,). The contractor shall develop specific workers
accommodation plan.

» Provide Personal Protective Equipment (PPEs) toall workers (e.g., helmets, dust masks,
gloves, safety glasses, boots, and high visibility jackets) and ensure they know how to
use them.

» Conduct regular health and safety trainings & awareness (health and safety induction
training, quarterly trainings and daily H&S morning briefing). The contractor shall
develop a training program which shall include health and safety, HIV/AIDS, conflict

and grievance resolution training sessions.
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» Avall first aid kit on-site (1kit/km), train some people on techniques of handling injured
people. Checking daily if the materials are in good conditions before starting the
activities.

» Avail tout-risque chantier insurance covering the entire construction site (during
construction & demolition) and facility insurance for the WTP (during operational
phase).

» Ensure that all workers have an employment contracts and medical insurance.

» Ensure that the minimum age for admission to employment is sixteen (16) years as
recommended by the Rwanda labor law

» Fence the construction site where possible to avoid unauthorized entries and sensitize the
workers to avoid conflicts.

» The consultant suggests considering only renewable energy where applicable in the
project and encourages the use of machinery and equipment with low emissions of GHG.

> Establish grievance resolution mechanism.

» Ensure that all wastes are sorted from source and send for reuse, recycle or disposal.

» The contractor shall develop plans to eliminate or minimize nuisances; by scheduling
works between 7 am and 5 pm, use of well-maintained vehicles and machinery, spread
water on soil to minimize dusts.

» The excavated soil should be transported to approved dumping site but meanwhile, they
shall be protected against erosion.

» The WTP shall be equipped with fire extinguishing facilities and a team of fire marshals
shall be trained on fire fighting.

In the proposed ESMP, the approximative cost for implementing environmental and social safeguard
measures is 22,400,000 Rwf and 46,800,000 Rwf, respectively for the preparation and construction
phase. The cost of implementing ESMP during the operational phase shall be cateredfor by WASAC
through its ordinary budget. The cost for the implementation of the environmental and social
monitoring plan (ESMonP) shall be covered the contractor and the supervising firm through their

respective contractual budget.

ESMP implementation arrangements
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As the project proponent, WASAC shall play the overall coordination role for the project, it
include coordination and monitoring of performance of implementation of the project, risk
management, monitoring & evaluation, and disclosure of information, developing and managing
performance agreements. Other entities which have responsibilities in the implementation of the
project include the following:
¢ Rwanda Development Board (RDB): RDB shall review and approve the ESIA Reports
and issue ESIA certificate.
e Rwanda Environment Management Authority (REMA): to monitor implementation of
environmental and social management plan (ESMP).
e Supervising firm/ consultant: ensure effective implementation of ESMP and provision of
monthly report.
e Contractor: Development and implementation of contractor environmental and social
management plan (C-ESMP).
e Local community shall support by participating and providing information in regards to
any environmental, social issue, initiative and activity.

On both sides (contractor and supervising firm) shall ensure that qualifying staffs (3);
Environmental Safeguard Specialist, Health and Safety Specialist and Social safeguard specialist
are hired.
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CHAP I: GENERAL INTRODUCTIONS AND STUDY
BACKGROUND

1.1. Origin of the project

The Government of Rwanda (GoR) has made good progress in extending water supply and sanitation
coverage during the past few years, under clear political commitment to three complementary sets
of targets: the Economic Development and Poverty Reduction Strategy (2012), Millennium
Development Goals (2015 and Vision 2020). However, preserving these gains and best practices
from the national water and sanitation programmes, while strengthening decentralized
implementation capacities, remains a challenge. Private operators working in rural areas are often
not yet fully professionalized. District staff may have appropriate levels of education but are short
of specific Public Private Partnership (PPP) and Water Supply and Sanitation (WSS) field
experience. This situation calls for a comprehensive capacity-building programme that targets both
districts and private operators’ staff. Additionally, although the Water and Sanitation Corporation
(WASAC) and its predecessors have made significant efforts towards developing water supply and
sanitation master plans for various parts of the country with varying degrees of detail to guide the
achievement of universal accesstowater supply, national comprehensive water supply and sanitation
plans still do not exist. It is against this background that the Government of Rwanda (GoR), through
WASAC, has applied to African Development Bank (AfDB) for funding to support the development
of water supply and sanitation master plans. The AfDB proposes to support the GoR in developing
national masterplans that will guide the development of water and sanitation projects going forward
(AWF, 2016).

The GoR has received funds from AfDB to finance the “Rwanda National Integrated Water Supply
and Sanitation Master Plans Project (RNIWSSMP)”. The WASAC is the Implementing Agency.
The project will be jointly financed by African Development Bank and the Government of Rwanda.
The overall objective of the project is to provide the GoR with long-term 25-year Master Plans
including 10-year investment plans for Water Supply and Sanitation for the entire country that will
allow the identification and implementation of effective water supply and sanitation projects.

Capacity building activities will also be undertaken under the project.



From the 24 May 2022 to the 09 June 2022, WASAC disseminated the provisions of NIWSSMP to
showcase the various water supply and sanitation's projects that will be implemented in various
provinces. The dissemination was conducted at provincial level through meetings with various
stakeholders that include the Governors, Mayors, Vice mayors, district water engineers, Sector
executives, Governor and WASAC Branch managers in the respective provinces. All the participants
in these consultative meetings gave their inputs on the master plans for consideration (WASAC,
2022).

The main objective of these NIWSSMP is to provide the Government of Rwanda with long term
Master plans up to 2050 and 10 years’ investment plans for water supply and sanitation that will
allow the identification and implementation of effective development of water supply and sanitation
infrastructure and services. The project contains two main project outputs which are the National
Comprehensive Water Supply and Sanitation Master Plans including an approved list of prioritized
and integrated water supply and sanitation investment projects agreed by all stakeholders, and the
second one will be Training to stakeholders in relevant areas to improve their capacity to sustainably
manage and implement water supply and sanitation projects and systems (WASAC, 2022)
(WASAC, 2022).

The project was sponsored by the AfDB through a Grant Agreement worth € 1,950,894 signed
between the Bank and the Government of Rwanda on 17t February 2017. The money will be used
for the development of National Integrated Water Supply and Sanitation Master Plans and the
Feasibility studies identified under Master Plans which include, among others, the Feasibility Study
and Detailed Design for Nyaruguru, Huye and Gisagara Water Supply System (WSS), which aims
to produce 78,000 m3/day from Akanyaru River to serve around 1,200,000 people (WASAC, 2022).

The study was awarded to JV STUDI INTERNATIONAL/IDEA CONSULT/LANDMARK as an
addendum to the contract to develop National Integrated Water Supply and Sanitation Master Plan,
which subcontracted Eric MURERA (EIA Lead Expert) and Emile HABIMANA (EIA Lead Expert)

to conduct Environmental and Social Impact Assessment (ESIA) as integral part of the assignment.

1.2. Project overview



The Nyaruguru, Huye and Gisagara Water Supply project is part of the structural actions established
by the National Integrated Water Supply and Sanitation Master Plans of Rwanda, and its main
objective is to ensure 100% access to clean water in parts of Huye and Nyaruguru districts and in all
Gisagara district. The proposed project will contribute to enhanced hygiene and sanitation by
reducing water borne diseases. This will also contribute towards reduction of poverty within the
study area through the improvement of socio-economic  activites (JV  STUDI
INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022).

The Feasibility Study and Detailed Design of Nyaruguru, Huye and Gisagara WSS demonstrated
that the proposed WSS will extend through 26 sectors (7 sectors in Nyaruguru district, 6 sectors in
Huye district, and 13 sectors of Gisagara district), as presented in the following table (JV STUDI
INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022):

Table 1: Sectors located in project area

District Number of sectors | Sectors
Nyaruguru |7 Cyahinda
Kibeho
Munini
Ngera
Ngoma
Nyagisozi
Rusenge
Huye 6 Gishamvu
Huye
Karama
Mukura
Ngoma
Tumba
Gisagara 13 Gikonko
Gishubi
Kansi
Kibilizi
Kigembe
Mamba
Muganza
Mugombwa
Mukingo
Musha
Ndora
Nyanza




| | | Save

1.3. Project justification

The development of Nyaruguru-Huye-Gisagara WSS is justified by the water supply deficit in all 3
districts as described in following sections.

1.3.1. Status of WSS in Nyaruguru district

Nyaruguru district is poor in terms of spring water. Most of the springs are drying up and do not
allow for a reliable future exploitation to meet the water demand. In terms of surface water,
Nyaruguru district is bordered by a large river called Akanyaru. This river has the potential to supply

part of Nyaruguru district.

By 2050, the water deficit, in Nyaruguru district, will be 27,399 m3/day (1,142 m3/h). The table

below presents the water balance in Nyaruguru district.

Table 2: Water balance in Nyaruguru district

Rural WSS 1,756 1,756 1,756 1,756 1,756 1,756 1,756
(Springs)

Total water supply capacity 1,756 1,756 1,756 1,756 1,756 1,756
(m3/day)

Total water demand (m3/day) 18445 | 14,563 17228 |20521 |24,386 | 29,155
Water Balance (m3/day) -16,689 | -12,807 |-15472 |-18,765 | -22,630 | -27,399
Water Balance (m?/h) -695 -534 -645 -782 -943 -1,142

In addition, potential dams have been identified by Rwandan Water Board in Nyaruguru district.

These dams could be used for water supply. The water supply master plan envisaged:

- The exploitation of the Akanyaru river to provide water to Cyahinda, Kibeho, Munini, Ngera,
Ngoma, Nyagisozi and Rusenge sectors.

- Taking benefit from the potential dam identified in the Ruheru sector to supply the Busanze,
Nyabimata and Ruheru sectors.

- Exploiting the potential dam identified in the Kivu sector to supply the Mata, Muganza,

Ruramba and Kivu sectors.



1.3.2. Status of WSS in Huye district

By 2050, the water deficit, in Huye district, will be 36,157 m3/day (1,507 m3/h). The table below

presents the water balance in Huye district:

Table 3: Water balance in Huye district

Water Supply System Discharge (m?/day) | 2025 | 2030 | 2035 | 2040 2045 2050

Systems (urban and rural springs) 8,964 | 8,964 | 8,964 | 8,964| 8,964| 8,964 | 8,964
Kadahokwa (Kadahokwa Dam) 8,500| 8,500 8,500 8,500 8,500 8,500 8,500
Mpanga System (Bishya Dam) 350 350 350 650 650 650 650
Total Water Supply Capacity (m3/day) 17,814 17,814 | 18,114 | 18,114| 18,114 | 18,114
Total Water Demand (m3/day) 23,878 | 22,408 | 27 828 | 34,576 | 43,098 | 54,271
Water Balance (m3/day) -6,064 | -4,594 | -9,714 | -16,462 | -24,984 | -36,157
Water Balance (m3/h) -253| -191| -405 -686| -1041| -1507

It must be noted that the water supply system in Mbazi sector is characterized by a surplus until the year 2050.

To fill the water gap by 2050, three water resources have been identified that can be mobilized to reinforce

the existing water systems and supply the areas not covered by the network. The table below presents the

identified water resources and areas to be supplied:

Table 4: Potential water resources for water supply in Huye district

Water Ressources Lolcatl.on Areas To be supplied
(District)
Bishya Dam Nyanza Kinazi — Rusatira — part of Rwaniro
Myogo river Nyamagabe | Simbi — Kigoma - Maraba
Akanyaru river Nyaruguru | Karama — Gishamvu — Mukura — Huye — Ngoma — Tumba — Mbagzi

It is planned to implement the following facilities:

Myogo Water Supply System:

- Raw water intake and pumping station, on the Myogo river, with a capacity of 5500 m3/day.

- Water Treatment Plant with a capacity of 5,500 m3/day.

- Treated water pumping station with a capacity of 5500 m3/day.

- Transmission pipe with a diameter of 200 mm.

- Main storage tank with a capacity of 2,400 m3.

- Distribution facilities (storage tanks, networks, public taps, private connections).

Bishya Water Supply System:




Raw water intake and pumping station, on the reservoir of Bushya Dam, with a capacity of
3,500 m3/day.

Water Treatment Plant with a capacity of 3,500 m3/day.

Treated water pumping station with a capacity of 3,500 m3/day

Transmission pipe with a diameter of 200 mm.

Main storage tank with a capacity of 1,500 m3.

Distribution facilities (storage tanks, networks, public taps, private connections).

Akanyaru Water Supply System:

Raw water intake and pumping station, on the Akanyaru river, with a capacity of 28,000
m3/day.

Water Treatment Plant with a capacity of 28,000 m3/day.

- Treated water pumping station with a total capacity of 28,000 m3/day.

- Transmission pipe with a diameter of 500 mm.

- Main storage tank with a capacity of 12,000 m3.

Distribution facilities (storage tanks, networks, public taps, private connections).

It should be noted that rural water systems will not be abandoned and will continue to serve the rural

population.

1.3.3. Status of WSS in Gisagara district

By 2050, the water deficit, in Gisagara district, will be 27,856 m3/day (1,161 m3/h). The table below presents
the water balance in Gisagara district:

Table 5: Water Balance in Gisagara district

Water Supply System | Current Discharge (m3/day) | 2025 2030 2035 2040 2045 2050
Rural WSS (Springs) 3,652 3,652 3,652 3,652 3,652 3,652 3,652
Total Water Supply Capacity (m3/day) 3,652| 3,652| 3,652| 3,652| 3,652| 3,652
Total Water Demand (m3/day) 20,035 | 15,828 | 18,718 | 22,238 | 26,382 | 31,508
Water Balance (m3/day) -16,383 | -12,175 | -15,066 | -18,586 | -22,730 | -27,856
Water Balance (m3/h) -683 -507 -628 -774 -947 | -1161

Gisagara district is poor in terms of spring water. Most of the springs are drying up and do not allow

for a reliable future exploitation to meet the water demand. In terms of surface water, Gisagara



district is bordered by a large river called Akanyaru. This river has the potential for future water
mobilization for the water supply of Gisagara district.

Itis planned to implement the following facilities:

- Raw water intake and pumping station, on the Akanyaru river, with a capacity of 28,500 m3/day.
- Water Treatment Plant with a total capacity of 28,500 m3/day.

- Treated water pumping station with a total capacity of 28,500 m3/day.

- Transmission pipe with a nominal diameter of 500 mm.

- Main storage tank with a total capacity of 12,000 m3.

- Distribution facilities (tanks, networks, public taps, private connections).

It should be noted that rural water systems will not be abandoned and will continue to serve the rural

population.



CHAP II: ESIA METHODOLOGY AND APPROACH
2.1. ESIA Objective

The main objective of this study is to carry out a comprehensive environmental impact assessment
for the proposed infrastructure development activities and proposed respective mitigation measures.
The specific objectives include:
o Establishment of the project's potential environmental and social impacts and propose
measures to mitigate them;
e Assessment of the impacts of alternatives and advise the design consultant accordingly; and
e Determine the actions required by WASAC, beneficiary districts (Nyaruguru, Huye and
Gisagara) and other stakeholders to satisfactorily address the environmental and social
impacts that might arise as a result of project implementation.
e Comply with national standardized process for development authorization.
e To protect specific natural environment from potentially significant and avoidable impacts
caused by development projects.
e To invoke environmental consciousness and responsibility for all development activities in
Rwanda.
e To facilitate efficient and modern development activities whilst considering the needs of

present and future generations.

2.3. Scope of thework

The present ESIA report will identify potential adverse environmental and social impacts that may
arise from the development and construction of Nyaruguru-Huye-Gisagara WSS and will propose
appropriate mitigation measures that align with the Rwanda environmental legislation as well as the
AfDB Group’s Integrated Safeguards System (ISS) and its 5 Operational Safeguards (OSs).

In fact, environmental and social assessment shall include the project’s area of influence (both
upstream and downstream), a comprehensive scoping of the project’s components (water
resources/intake structures, water treatment plants, transmission mains, water tanks, water
supply/distribution networks, water pipes/mains, and collection and valve chambers (L. Tuhov¢aka,
2014), consideration of alternatives, and assessment of cumulative impacts, where relevant, as
recommended by AfDB’s ISS (AfDB, 2013).



2.4. Environmental and social assessment in line with national legislation

The development of the present report followed the Environmental Impacts Assessment (EIA)

process in Rwanda, which consists of the following 5 steps (REMA, 2006):

1) Project brief preparation: the purpose of a project brief is to provide information on the

proposed activity to establish whether the project will have possible and significant impact
on the environment and on human welfare, and thus determine the level of EIA necessary in
accordance with national laws and regulations. A project brief was prepared and submitted
to Rwanda Development Board (RDB) for report clearance and issuance of certificate.

2) Screening: is a process of determining Impact Level (IL) of proposed project in respect of
general guidelines and procedure for environmental impact assessment in Rwanda, which
then determines whether an EIA is required or not. Screening enables
classification/categorization of proposed projects according to their IL as follows:

> 1L 1: Projects not requiring further environmental assessment. Projects in this
category are believed to have minimal adverse impacts, which can easily be identified
through a project brief, and mitigation measures can be integrated in the design of the
project without necessarily requiring a detailed EIA.
» IL 2: Projects not requiring a full EIA but necessitate further level of assessment
(some assessment needed): projects in this category are believed to have adverse and
reversible environmental impacts and mitigation and management measures can be
incorporated into the project. The EIA process for these projects is like that of IL3
projects.
» IL 3: Projects requiring a full EIA. This category involves projects for which it is
evident that there will be significant and adverse environmental impacts whose
mitigation measures cannot readily be prescribed, and consequently, must undergo a
complete EIA process.
The proposed project of constructing Nyaruguru-Huye-Gisagara WSS falls under IL 3, thus
requiring developing a full EIA.

3) Scoping and consideration of alternatives is intended to establish important issues to be

addressed in the study and eliminate the irrelevant ones. It is the responsibility of the project



developer and/or EIA expert in consultation with key stakeholders. Project alternatives are

discussed under chapter 8.

4) Baseline data collection & analysis of initial state: baseline data describes status of existing
environment at a location before intervention of the proposed project. Site-specific primary
data on and around project site should be collected by Environmental Assessment (EA)
expert conducting the environmental impact study to form a basis for future environmental
monitoring. Baseline conditions are discussed under chapter 6 of this report.

5) Impact prediction & analysis of alternatives: impact prediction is a way of forecasting the

environmental consequences of a project and its alternatives. For every project, possible
alternatives should be identified by the EA expert, and they should cover both project
location and process technologies. Alternatives should then be ranked for selection of the
most optimum environmental and socio-economic benefits to the community. For the
selected alternative/option, a mitigation plan should be drawn up and supplemented with an
Environmental Management Plan (EMP) to guide the developer in environmental
conservation. While alternatives are discussed under chapter 8, potential project’s impacts
are identified in chapter 9, mitigation measures proposed under chapter 10, their management

plan under chapter 11, and the monitoring plan discussed under chapter 12.

2.5. Screening outcome in respect of national EIA guidelines

Environmental screening of development projects in Rwanda is done in respect of the Ministerial
Order No 001/ 2019 of 15/04/2019 establishing the list of projects that must undergo environmental
impact assessment, instructions, requirements, and procedures to conduct environmental impact
assessment (Government of Rwanda, 2019). The annex 1 to this ministerial decree lists industry
activities for which a full EIA should be developed before project implementation. The annex 2,
provides a list of works, activities and projects that must undergo a partial EIA.

Though the ministerial order doesn’t list WSS projects among those that should undergo either a full
or a partial EIA, the annex 5 of the Biodiversity Inclusive Guidelines for EIA for water resources
management projects in Rwanda lists water resource management (WRM) projects that may be
considered for EIA. They include dams, rivers, and water resources projects that might consist in

rivers diversions and water transfer between catchments, surface and groundwater abstraction,
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drilling and motorized water pumping, construction and operating gravity water schemes,

construction of water reservoirs, drainage canals and conveyance pipe laying, etc (REMA, 2021).

Given that the proposed project shall comprise (1) water transfer between catchments, (2) surface
water abstraction, (3) motorized pumping, (4) gravity water scheme operations, (5) construction of
water reservoirs, among other, the EA team recommended developing a full EIA for the proposed

project of construction of Nyaruguru-Huye-Gisagara WSS.
2.6. Screening outcome in respect of AfDB’s ISS and OSs

The construction of Nyaruguru-Huye-Gisagara WSS shall be financed by the AfDB through AWF.
Therefore, AfDB’s ISS and applicable OSs shall be triggered by this project.

At project level, borrowers or clients are responsible for conducting the environmental and social
assessment (Strategic Environmental and Social Assessment, or SESA, or Environmental and Social
Impact Assessment, or ESIA) and for developing, as an integral part of project documentation, an
appropriate plan for managing possible impacts. AfDB’s environmental and social staff in operations
support the due diligence process and ensure that borrowers and clients are fully aware of Bank
policies and procedures, while the Bank’s Compliance and Safeguards function ensures that
deliverables and the compliance process are properly conducted to ensure good quality. During the
screening, AfDB’s operations staff and the borrower (or client) shall screen the project for
environmental and social impacts—including climate change impacts, potential adaptation and
mitigation measures, and the vulnerability of populations and their livelihoods—to determine the
specific type and level of environmental and social assessment. The screening is carried out in
accordance with the Bank’s Environmental and Social Assessment Procedures (ESAPs) (AfDB,
2013).

During the scoping, the process considers the size, processes, site design, construction and expansion
sequencing and any new infrastructure for transportation, energy, communications, and public
health, including drinking water; wastewater collection, treatment, and disposal; waste management;
raw materials used; sources and means of access; releases to the environment; and any plans for
pollution control and minimization. During the scoping phase, the assessment determines the range

of likely potential risks and impacts and determines whether specific requirements of the Bank’s
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OSs apply. The assessment covers, in an integrated way, all relevant direct and indirect
environmental and social risks and impacts, including those specifically covered in OSs 2-5.
Potential impacts include physical (e.g., geology and soils, surface and groundwater resources, air
resources and climate, noise and vibration, prominent vista and aesthetic features), biological (e.g.,
flora, resident and migratory fauna, ecosystems, endangered and threatened species and their habitats
and protected areas, poaching), socioeconomic and cultural (e.g., livelihood, resettlement,
community social structure, gender, vulnerable groups, health, safety, cultural property, ecosystem
services), and transboundary and global impacts, including greenhouse gas emissions and
vulnerability to climate change effects. It discusses potential adaptation and mitigation measures
(AfDB, 2013).

The EA team screened the project in respect of the 5 OSs of the Bank. The 5 OSs of the Bank are:
- OS1: Environmental and social assessment.
- 0OS2: Involuntary Resettlement: Land Acquisition, Population Displacement and
Compensation.
- OS3: Biodiversity and Ecosystem Services.
- OS4: Pollution Prevention and Control, Greenhouse Gases, Hazardous Materials and
Resource Efficiency.

- 0OS5: Labor Conditions, Health, and Safety.

OSI1 sets out the Bank’s overarching requirements for borrowers or clients to identify, assess, and
manage the potential environmental and social risks and impacts of a project, including climate
change issues; while OSs 2-5 support the implementation of OS1 and set out specific requirements
relating to different environmental and social issues, including gender and vulnerability issues, that
are triggered if the assessment process reveals that the project may present certain risks (AfDB,
2013).

Project risks categorization follows the principle of using the appropriate type and level of
environmental and social assessment for the type of operation. The proposed project of construction
of Nyaruguru-Huye-Gisagara WSS was classified under Category lof Bank operations likely to
cause significant environmental and social impacts. This is meanly because the project shall induce

significant and/or irreversible adverse environmental and/or social impacts and will requiring a Full
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Resettlement Action Plan (FRAP) under the
resettlement (AfDB, 2013).

2.7. Field visit at the projectsite

Field visit of the EA team took place on different dates; 10,11, 24 and 25 September 2022 in

Nyaruguru, Huye, and Gisagara districts.

provisions of the Bank’s policy on involuntary

2.8. Tasks and approach to develop the ESIA

Table 3 describes tasks, approaches and deliverables as carried out during conducting this ESIA

study.

Table 6: Tasks and activities carried during the ESIA study

Task 1: Project site reconnaissance

Field work, observation, and mapping.

Task 2: Set the methodological approach

Desk work to prepare the methodological
approaches of the ESIA development
assignment.

Task 3: ESIA Scoping

Desk work, field surveys, interviews to

identify key issues for the ESIA preparation.

Task 4: Review of policies,
framework applicable to the project

regulatory

Desk work to review national environmental
legislation, AfDB’s ISS and OSs, international
treaties, conventions, and agreements related
to this project.

Task 5: Analysis of the project components
and activities

Field surveys, interviews to local population
and project affected people (PAPS).

Task 6: Collection of the biophysical and
social economic and cultural baseline
information

Biophysical, biological, and social economic
investigations (literature review, field surveys,
observations, mapping, interview,
questionnaires,) to identify the background
environment.

Task 7: Impact identification, impact analysis
and impact significance and occupational
Safety & Health concerns

Desk work, identifying, analysis and mapping
the project impacts and their significance to the
communities and environment.

Task 8: Analysis of mitigation measures

Desk work to identify and analysis of the

project mitigation measures.
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Task 9: Analysis of alternatives (sites,

Desk work, field surveys to analyze the project

material, construction technology, waste | alternatives in terms of project sites,

management techniques). construction technologies or management of
wastes and work schedule.

Task 10: Environmental and Social | Desk work compiling expected impacts from

Management Plan (ESMP) and Environmental
and Social Monitoring Plan (ESMonP)

proposed activities, anticipated mitigation
measures, management and monitoring
indicators, responsibility, frequency, and cost.
The ESMP will also detail the management for
the storm water, waste, topsoil, dumping areas,
quarry, campsites and borrow sites.

Task 11 Preparation and presentation of the
Draft Report

Desk work compiling the ESIA report and its
disclosure to the client (WASAC), AfDB, and
other key project stakeholders.

Task 12: Preparation and presentation of final
report

Desk work, revising the draft report according
to the input from the client and key project
stakeholders.

Task 13: Submission of final report and
issuance of certificate of approval by the
Rwanda Development Board

Submission of the Final ESIA Report to RDB
for final review and approval and issuance of
the Clearance Certificate.

3.6. Primary data collection

Data was collected from primary and secondary sources. Primary data collection involved site
assessment surveys with appropriate survey tools such as camera, GPS, observation to qualify and
quantify perceived impacts of the project on population, existing infrastructures, land use, and
prevailing sensitive environmental receptors including surface and ground waters; animal breeding
sites, feeding grounds. This was carried out with specific focus on biophysical environment (flora,
fauna, topography and soil, climate and rainfall, geology, etc.), socio-economic and cultural
environment (population, land use, sources of income, employment, goods and services, cultural/

historical sites).

3.7. Secondary data collection

Secondary data collection involved review of relevant policies, strategies and regulations related to
buildings, infrastructures, national socio-economic surveys, education, and environmental impact

assessment.
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Policies, laws, and regulations that are relevant to the project are reviewed under chapter 5 of the
present report. Reviewed documents include AfDB’s ISS and OSs, and other applicable national

legislations.
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CHAP IV: PROJECT DESCRIPTION

4.1. Background of the project

The Nyaruguru-Huye-Gisagara WSS Project is part of the structural actions established by the
National Integrated Water Supply and Sanitation Master Plans (NIWSSMPs) of Rwanda. The main
objective is to ensure 100% access to clean water in parts of Huye and Nyaruguru districts and in all
Gisagara district. The proposed project will contribute to enhanced hygiene and sanitation by
reducing water borne diseases. This will also contribute towards reduction of poverty within the
study area through the improvement of socio-economic  activites (JV  STUDI
INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022).

In this  perspective = WASAC has attributed to the  Consultant  STUDI
INTERNATIONAL/LANDMARK/IDEA CONSULT, as part of a complementary study to the
NIWSSMP and its addendum of the feasibility study and detailed design of Nyaruguru-Huye-
Gisagara WSS. The total investment cost for the development of Nyaruguru-Huye-Gisagara WSS is
about 220,360,890 USD as detailed in the table below (JV STUDI INTERNATIONAL/IDEA
CONSULT/LANDMARK, 2022):

Table 7: Estimated cost of the proposed project per phase

Estimated cost per phase (in USD)

Facility 2024 -2030 2031 -2040 2041-2050
Water Intake 840 000 840 000 840 000
Water TreatmentPlant 6 000 000 6 000 000 6 000 000
Pumping Stations 10 935 033 943 538 730 603
Tanks 2115 000 4960 000 4 845 000
Transmission Pipes 42 650 808 8 357 542 0
Distribution Pipes 11 763 748 26 003 021 36 268 572
Private connections 2352 750 4550 887 6 219 905
Junction Structures 444 581 384 988 0
Access Track 7 000 000 0 0
Land acquisition 560 986 11 202 0

Total | 84662906 52051178 54904081

Miscellaneous (15%) | 12699 436 7807677 8235612
Total [ 97 362342 59 858 855 63139693

The project will be in the Southern Province and concerns 26 sectors (7 in Nyaruguru district, 6 in

Huye district and 13 in Gisagara district) as presented in the following table:
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Table 8: Location of the project

District Number of sectors Sectors
Cyahinda
Kibeho
Munini
Nyaruguru 7 Ngera
Ngoma
Nyagisozi
Rusenge
Gishamwvu
Huye

6 Karama
Mukura
Ngoma
Tumba
Gikonko
Gishubi
Kansi
Kibirizi
Kigembe
Mamba
Gisagara 13 Muganza
Mugombwa
Mukingo
Musha
Ndora
Nyanza
Save

Huye

4.2. \Water resources/intake structure

4.2.1. One Water Intake on Akanyaru river

A single transmission pipeline shall cross Nyaruguru, Huye and Gisagara districts and shall serve
the 26 sectors forming the project area. This transmission pipe will conduct water from an intake
located on the Akanyaru Upper between the Ntaruka Hydropower Plant and the Akanyaru
multipurpose dam. It will be laid on the left bank of the river. The pipeline section between the intake
and Huye will be a discharge system with three intermediate discharge tanks installed at high points
to supply the areas of Munini, Cyahinda, Nyagizosi, Ngoma, Ngera, Rusenge, Kibeho, Kigembe and
Nyanza. The total volume to be supplied is about 8,100 m3/day by 2030 and 18,000 m?3/day by 2050.
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At Mont of Huye, a new discharge tank will be implemented. It will ensure the water supply of the
existing distribution tanks in Huye city and will supply the transmission line that continues towards
Gisagara (JV STUDI INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022).

Table 9: Conceptual scheme of water intake at Akanyaru river
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The transmission pipe between Huye and Gisagara will transfer, by 2050, a flow of 21,370 m3/day
and will be equipped with two connection points at Kibirizi and Ndora. They will be used to supply
the planned discharge tanks at Cyarwa and Ndora. The end point of the transmission system will be
a discharge tank that will be used to control the water supply in the sectors of Muganza, Mugombwa
and Mukingo (JV STUDI INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022).

4.2.2. Rawwater intake structure

The raw water intake will be located on the Akanyaru Upper between the Ntaruka Hydropower Plant
and the Akanayaru multipurpose dam. It will be on the left bank of the river. The table below,

presents the coordinates of the water intake:
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Table 10: Coordinates of the raw water intake

Facility X [m) Y (m) Z [m)
Water Intake F85596.00 m E 9691252.00m S 1,698

The intake structure will consist of a submerged weir that will raise the water level in the Akanyaru
river and subsequently ensure a gravity flow into the grit chamber. The grit chamber is equipped
with mechanical coarse screens at the inlet and fine screens at the outlet. Also, a mobile scraper

bridge will be installed to ensure the cleaning of the sludge in the chamber.

W ;
Figure 2: Example of s

éFz;pperbride

The water is discharged into the suction basin and then delivered to the treatment plant by pumping.
The water loss consists of water leakage from various facilities from the intake point through the
water treatment plant, process water consumed during water treatment, sludge, evaporation etc. and
its volume differs depending on the condition of respective facilities, the method of water treatment
etc. During the period of high turbidity of the river, the water intake must have a capacity larger than

the peak day flow by aratio of 1.25. The capacity of the water intake is 87,620 m3/day by 2050.

4.2.3. Rawwater pumping station
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A vertical axis pump in wet pit is the type of pumping station recommended by the feasibility study
for raw water pumping. The main parameters that differentiate various available vertical axis pumps
are the design features of the bow! and the impeller, and the method of lubrication incorporated in
the pump design-oil-lubricated ones are preferred while the water to be pumped contains fine sand
particles. When the water is meant for drinking purposes, it is desirable to use water-lubricated
pumps as the oil-lubricated ones loose some oil into the water that is being pumped. However, in
cases where the pump is expected to remain idle frequently, it is desirable to use an oil-lubricated
pump because the rubber bearings of water-lubricated pumps can get out of shape and damaged. So
far as the bowls are concerned, one looks for the efficiency guaranteed by the manufacture far over
the concerned range of pumping heads and specified discharge (JV  STUDI
INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022).

The type of the pump shall be in conformity with the following (JV STUDI
INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022):

- It shall satisfy the design discharge and the total lift and exert high efficiency within the
operational range.

- No cavitation shall occur at the design suction head.

- The pump shall be determined examining the method of operation, and merits and demerits

related to maintenance, dismantling and servicing etc. of the pump.
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Figure 4: Different arrangements of vertical axis pump

4.3. Water Treatment Plantand Quality of Treated Water

4.3.1. Water Treatment Plant (WTP)

The adopted treatment process will consist of a classic Coagulation - Flocculation — Decantation
-Filtration - Disinfection process. The different stages and components of the treatment process

are:

- A pre-chlorination at the level of the water intake on the river.

- A headworks to receive the raw water.

- Upstream of the decanters, we plan a coagulation-flocculation stage, which aims at
optimizing the decantation by the constitution and the consolidation of the flocs. This
treatment will be carried out by injection of coagulant in a fast-mixing structure, possibly
completed according to the quality of water by the injection of polymer type flocculant with
a slow agitation.

- The sludge extracted from the decanters will be sent by gravity or by pumping to a thickener
then to a drying bed.

- The pH correction by lime injection will be implemented as needed at the raw water inlet.

- A lamella decantation stage optimized by the implementation of a sludge recirculation
according to the needs.

- An oxidation, if necessary, of manganese with air or chlorine in the clarified water at the

outlet of decanters.

The final capacity of the proposed WTP will be 72,000 m3/day of treated water, with an average
daily flow of 3,000 m3/h. The implementation of the WTP will be carried out in several phases
according to the water demand. For operation and maintenance convenience, the configuration of
the plant phase 1, will be organized in two independent lines for the inlet, flocculation and
decantation works. The raw water intake structures and the pipe between the intake and the WTP
can be sized for the final phase. The nominal capacity of the new treatment plant is fixed to 24,000
m3/day of produced drinking water, expandable to 72,000 md/day in several stages. Thus, the

following phasing is proposed:
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- First phase: 24,000 m3/day in 2 lines of 12,000 m3/day each.
- Second phase: 24,000 m?/day in one line.
- Third phase: 24,000 m3/day in one line.

The operating regime of the plant during the day should preferably be at steady flow. The actual loss
rate will depend on the quality of the raw water, the maximum losses rate must be less than 2 %. The
volume of treated water is counted excluding filter backwashing water and plant service water. The
plant will be able to accept a hydraulic overload of 25 % when the turbidity of the raw water is at
most equal to 100 NTU (JV STUDI INTERNATIONAL/IDEA CONSULT/LANDMARK, 2022).

Figure5: Layoutofthe proposed WTP

4.3.2. Quality of Treated Water

Water from the intake shall be treated to meet the standards of potable water in terms of

physicochemical characteristics, inorganic and organic contaminants, and microbiological
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requirements of the EAS  12:20218 (JV  STUDI  INTERNATIONAL/IDEA
CONSULT/LANDMARK, 2022).

Potable water shall comply with the physicochemical characteristics given in the table below:

Table 11: Physicochemical requirementsaccording to the EAS 12:2018

Parameter Treated potable water limit Natural potable water limit
Colour, TCU*,max. 15 50
Turbidity, NTU,max. 5 25
pH 6.5-85 5.5-95
Conductivity, pS/cm, max. 1500 2500
Suspended matter, mg/| Not detectable Not detectable
Totaldissolved solids, mg/l,max. 1000 1500
Total hardness, as CaCO3,mg/|, max. 300 600
Aluminium, (Al),mg/l,max. 0.2 0.2
Chloride, (Cl),mg/l,max. 250 250
Total Iron (Fe),mg/l,max. 03 0.3
Sodium, (Na),mg/l,max. 200 200
Sulphate (SO4),mg/],max. 400 400
Zinc (Zn),mg/l,max. 5 5
Magnesium, (Mg), mg/l, max. 100 100
Calcium, as (Ca),mg/l,max. 150 150
Potassium(K), mg/l,max. 50 50

Potable water shall comply with the limits of inorganic contaminants given in table below:

24



Table 12: Limits for inorganic contaminantsaccording to EAS 12:2018

Contaminant

Treated potable water limit (mg/l)

Natural potable water limit (mg/l)

Arsenic ( As) 0.01 0.01
Cadmium (Cd) 0.003 0.003
Lead (Pb) 0.01 0.01
Copper (Cu) 1.000 1.000
Mercury (total as Hg) 0.001 0.001
Manganese (Mn) 0.1 0.1
Selenium (Se) 0.01 0.01
Ammonia (NH3) 0.5 0.5
Total Chromium (as Cr) 0.05 0.05
Nickel (Ni) 0.02 0.02
Cyanide (CN) 0.01 0.01
Barium (Ba) 0.7 0.7
Nitrate (NOs.) 45 45
Boron (Boric acid) 2.4 2.4
Fluoride (F) 1.5 1.5
Bromate (BrOs) 0.01 0.01
Nitrite (NOZ -N) 0.9 0.9
Molybdenum (Mo) 0.07 0.07
Phosphates (PO,*) 2.2 2.2
Free residual Chlorine 0.2-0.5* Absent
Uranium 0.03 0.03

Under conditions of epidemic diseases, it may be necessary to increase the residual chlorine temporarily.

Potable water shall comply with the limits of organic contaminants given in table below:
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Table 13: Limits for organic contaminantsaccording to EAS 12:2018

Contaminants Limit (pug/lmax.)
Aromatics
Benzene 10
Toluene 700
Xylene 500
Polynucleararomatichydrocarbons 0.7
Chlorinated Alkanes and Alkenes
Carbon tetrachloride 2
1,2-Dichloroethane 30
1,1-Dichloroethylene 0.3
1,1-Dichloroethene 30
Tetrachloroethene 40
Phenols 2
2,4,6-Trichlorophenol 200
Tri halomethanes
Chloroform 30
Pesticides
Aldrin/Dieldrin 0.03
Chlordane(total) 0.3
2,4- Dichlorophenoxy acetic acid 30
DDT(total) 1
Heptachlor and Hepta chlor Epoxide 0.03
Hexa chloro benzene 1
Lindane BHC 2
Methoxychlor 20
Surfactants (reacting with methylene Blue) 200
Organic matter 3

Potable water shall comply with the microbiological limits given in table below:

Table 14: Microbiological limits according to EAS 12:2018

Type of micro-organism Limit

Total viable counts at 22 2C, CFU/ml, max. 100

Total viable counts at 37 2C, CFU/ml, max. 50

Total coliforms, CFU/100ml Not detectable
Escherichia coli, CFU/100ml Not detectable
Staphylococcus aureus, CFU/100ml Not detectable
Sulphite reducing anaerobes, CFU/100ml Not detectable
Pseudo monasaeruginosa fluorescence, CFU/100ml Not detectable
Streptococcus faecalis, CFU/100ml Not detectable
Shigella, per100ml Not detectable
Salmonella, per100ml Not detectable
Giardia, per100ml Not detectable
Cryptosporidium per 100ml Not detectable
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4.4, \Water treatment process

4.4.1 General design principles

General design principles of the WTP considered designing a WTP for continuous 24-hour
operations. All major process units (chemical feeders, mixing basins, flocculation tanks,
sedimentation tanks and filters) which require frequent servicing or cleaning should be provided at
least in duplicate. Sedimentation tanks and filters should preferably be provided in triplicate, in order

to limit the temporary overloading when one unit is being serviced or cleaned to 50%.
4.4.2. Aeration

The treatment process will also comprise aeration, which is the process whereby water is brought
into intimate contact with air for the following purposes:
— Increasing the oxygen content of the water.
— Reducing the carbon dioxide content of the water.
— Removing hydrogen sulphide, methane, and other volatile organic compounds responsible
for imparting tastes and odours.

— Removing iron and manganese responsible for imparting tastes and discoloration.

Generally, there is no need for special provisions to be made for the aeration of surface water with
the aim of reducing high contents of iron and/or manganese. The contents of iron and manganese as
found in the surface waters in Rwanda are usually in a form that can easily be removed by
coagulation, flocculation, sedimentation and filtration. However, aeration may be required to

increase the oxygen content of waters abstracted from large storage reservoirs.

4.4.3. Coagulation

Coagulation canbe considered to be the first stage in the formation of precipitates of finely divided,
suspended and colloidal matter in water, induced by the addition of special chemicals called
“coagulants”. The commonest coagulant in Rwanda is aluminum sulphate, commonly called alum.
Coagulant chemicals are in two main types including primary coagulants and coagulant aids.
Primary coagulants neutralize the electrical charges of particles in the water which causes the

particles to clump together well as coagulant aids add density to slow-settling flocs and add
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toughness to the flocs so that they do not break up during the mixing and settling processes. Primary
coagulants are always used in the coagulation/flocculation process while coagulant aids, in contrast,

are not always required and are generally used to reduce flocculation time.

Chemically, coagulant chemicals are either metallic salts (such as alum) or polymers. Polymers are
manmade organic compounds made up of a long chain of smaller molecules. Polymers can be
cationic (positively charged), anionic (negatively charged) or nonionic (neutrally charged). The
Table below, shows some of the common coagulant chemicals and lists whether they are used as

primary coagulants or as coagulant aids.
Table 15: Types of coagulants

Chemical Name Chemical Formula Primary Cnagulant Coagulant Aids

Alunmunum sulfate (Alum) AL(SOy), 14 H,0

Ferrous sulfate FeSO,  7TH,0 X

Ferric sulfate Fe, (SO, -9H,0 X

Ferric chloride FeCl, - 6 H,O X

Cationic polymer Various X X
Calcium hydroxide (Lime) Ca(OH), X X
Calcium oxide (Quicklime) CaO X X
Sodium aluminate Na,ALO, X X
Bentonite Clay X
Calcium carbonate CaCo, X
Sodmum silicate Na,S10, X
Nomonic polymer Various X

The table, below, presents the advantages and the disadvantages of some coagulants
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Table 16: Advantages and disadvantages of some coagulants

AlX(50,); 18H;0

betweenpH 6.5 and 7.5

Name Advantages Disadvantages

Aluminum Easy to handle and apply; most Adds dissolved solids (salts) to wa-
Sulfate commonly used; produces less ter: effective over a limited pH
(Alvem) sludge than lime; most effective range

Sodium Effective in hard waters; small dos- | Often used with alum: high cost;
Aluminate ages usually needed ineffective in soft waters
N-‘I:AI;G;

Polyalumunum Chlonds (PAC)

Al (OH)2g( 50y}, Cly:

In some a