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A statistical model used for analyzing and forecasting time-series data, applied for predicting
environmental recovery trajectories during monitoring.
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water management.
Estimates viable bacteria or fungal cells; targets E. coli <150 CFU/100 mL in effluent for public health
safety.
Plan for decommissioning the WWTP and restoring the site, targeting >90% vegetation recovery and <5
mg/kg soil contaminants.
Oxygen dissolved in water, critical for aquatic life; requires DO >4 mg/L in the oshana to prevent
degradation.
Entity (e.g., Erongo Consulting Group) conducting the ESIA, including data collection and stakeholder
coordination.
Approval issued by MEFT upon ESIA review, required for project commencement.
Framework for mitigating and monitoring environmental and social impacts throughout the project
lifecycle.
Multi-stakeholder team for handling incidents like spills, with training and communication protocols.
Systematic evaluation of the project’s environmental and social impacts, including baseline studies and
mitigation plans.
UN agency; its soil description guidelines inform site characterization (sandy loam, <10% silt).
Structured stakeholder discussions; used for community input on oshana impacts (Ref: FGD-250515).
System for spatial data analysis; used for mapping the site and oshana within a 5-km radius.
Durable plastic for the 200-m WWTP pipeline, with a 50-year design life.
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Global body; its principles guide the ESIA’s participatory and rigorous approach.
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Wastewater Treatment Plant

Technique for detecting metals in soil/water; used to ensure <5 mg/kg contaminants.

World Bank Group member; its Performance Standards (2012) guide pollution prevention and
biodiversity protection.
Provides standards for risk management (ISO 31000) and environmental systems (ISO 14001).

Namibia’s regulatory authority for ESIA review and compliance (also referred to as MET).

Suspended solids in the activated sludge process; maintained at 2,500-3,500 mg/L in the WWTP.
Certifies vocational training for WWTP operators.

Stakeholder engagement activities; referenced in minutes (Ref: PC-250505).

Fine airborne particles; monitored to limit dust impacts (<90 pug/m?®) during construction.

System for real-time monitoring of WWTP operations (e.g., pressure, flow).

UN goals; project aligns with SDG 4 (Quality Education) and SDG 6 (Clean Water and Sanitation).
Particles in water; targeted at <20 mg/L in effluent to prevent oshana sedimentation.

UN agency; its guidelines inform drinking-water quality and health risk assessments.
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Facility treating 60-80 m?/day of school wastewater using activated sludge and UV disinfection.
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Executive Summary

This Environmental and Social Impact Assessment (ESIA) report evaluates the environmental
and social implications of constructing a new secondary school and an integrated wastewater
treatment plant (WWTP) at Epembe, Ohangwena Region, Namibia, commissioned by the
Ministry of Education, Innovation, Youth, Sports, Arts and Culture. The project develops a
modern educational facility for 600 learners, including hostels and teacher housing, on a
350,000 m? (35-hectare) site east of the D3602 road. The WWTP is designed to treat 60 - 80
m?/day of wastewater, based on a per capita generation rate of 100 - 150 liters/person/day
(Metcalf & Eddy, 2014), using a multi-stage process: preliminary screening and grit removal,
primary sedimentation (10 m?* tank), secondary activated sludge treatment with a 6 - 8 hour
hydraulic retention time and mixed liquor suspended solids (MLSS) of 2,500 - 3,500 mg/L, and
tertiary UV disinfection (45 mJd/cm?). This ensures compliance with the Water Resources
Management Act (No. 11 of 2013) standards, targeting Biochemical Oxygen Demand (BOD)
<25 mg/L and Total Suspended Solids (TSS) <20 mg/L. Treated effluent is discharged into the
oshana, a seasonal wetland 300 - 400 m southeast within the Cuvelai Basin, requiring robust
environmental safeguards.

The ESIA complies with the Environmental Management Act (No. 7 of 2007) and its Regulations
(2012), adhering to the International Association for Impact Assessment (IAIA) Principles (2015)
and International Finance Corporation (IFC) Performance Standards (2012). Construction
impacts include the loss of 0.5 ha of native vegetation (e.g., Colophospermum mopane, Acacia
spp.), soil erosion on sandy substrates (<5 kPa cohesion), noise up to 80 dB from machinery,
and dust affecting air quality within 500 m. Operationally, risks include oshana water quality
degradation (e.g., DO <4 mg/L), odour from suboptimal sludge management (15 - 20
m3/month), and soil contamination if sludge is untreated. Decommissioning requires landscape
restoration and infrastructure disposal.

Socio-economically, the project offers 20-50 temporary construction jobs and 5 - 10 long-term
WWTP maintenance roles, enhancing educational access for Epembe’s 1,500 - 2,000 residents
under the Ohangwena Regional Council’s communal land system. However, it may disrupt
grazing, increase traffic risks on D3602, and raise community concerns about the oshana’s
ecological role in agriculture and livestock.

Baseline data from May - June 2025 surveys depict a semi-arid landscape with 70% savanna-
woodland cover, hosting small mammals (e.g., Lepus capensis), birds (e.g., Francolinus spp.),
and reptiles (e.g., Agama spp.). The oshana, active November - April with 400 - 600 mm rainfall,
supports amphibians and invertebrates. Homesteads 200-300 m northwest rely on subsistence
farming.

The ESIA proposes an Environmental Management Plan (EMP) with silt fences, biofilters, and
continuous effluent monitoring, plus social initiatives like liaison committees and training. An
alternatives analysis favors the activated sludge WWTP east of D3602 with a 50-m vegetated
buffer, rejecting no-action and costlier options (e.g., MBR). Stakeholder engagement,
concluded June 5, 2025, via meetings and submissions, shaped mitigation. Submitted on June
21, 2025 (Ref No: #250621005958).
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1.INTRODUCTION

1.1. Project Background

The Epembe Secondary School project, a flagship initiative of the Ministry of Education,
Innovation, Youth, Sports, Arts and Culture, aims to address educational disparities in rural
Namibia. Located on a 350,000 m? (35-hectare) parcel of communal land east of the D3602
road in the Ohangwena Region at coordinates 17°47'27"S, 16°27'04"E, the site features deep
sandy soils (<10% silt, cohesion <5 kPa) with a 2-5% southwest gradient toward an adjacent
oshana. The lack of existing sanitation infrastructure necessitates a wastewater treatment plant
(WWTP) to support 600 learners, including hostel facilities and teacher housing, generating an
estimated 60 - 80 m3/day of wastewater based on a per capita rate of 100 -150 liters/person/day
(Metcalf & Eddy, 2014). The WWTP employs a multi-stage process: preliminary screening with
5 mm bar screens to remove 0.5-1 m?/day of coarse solids, grit chambers for sediment
settlement, a 10 m*® primary sedimentation tank reducing 50 - 60% organic load, secondary
activated sludge treatment with a mixed liquor suspended solids (MLSS) concentration of 2,500
- 3,500 mg/L and 6 - 8 hour hydraulic retention time, and tertiary UV disinfection (45 mJ/cm?)
to achieve <150 CFU/100 mL E. coli (Tchobanoglous et al., 2014). Treated effluent will be
discharged into the oshana, a seasonal wetland 300-400 m southeast within the Cuvelai Basin,
requiring compliance with the Water Resources Management Act (No. 11 of 2013) standards
(BOD <25 mg/L, TSS <20 mg/L).

This project supports Namibia’s National Development Plan 5 (2021-2026) and Vision 2030,
promoting equitable education and sustainable infrastructure. It addresses public health gaps
under the Public and Environmental Health Act (No. 1 of 2015) in a region where only 30% of
1,500-2,000 residents have treated sanitation. The site’s proximity to homesteads (200-300 m
northwest) and the oshana underscores the need for integrated environmental and social
planning, balancing development with the wetland’s ecological and cultural significance.

Figure 1: Proposed Epembe Secondary School Site, Ohangwena Region, Namibia, located at coordinates
17°47'27"S, 16°27'04"E, showcasing the 35-hectare development area east of the D3602 road, adjacent to the
oshana wetland




1.2. Objectives of the ESIA

The ESIA is designed to provide a scientifically rigorous framework for evaluating the
environmental and social consequences of the Epembe project, ensuring compliance with
national regulatory frameworks and international best practices. The specific objectives are as
follows:

« Impact Identification and Quantification: Systematically identify and assess potential
adverse effects on the physical environment (e.qg., soil erosion, water quality), biological
components (e.g., habitat loss, species displacement), and socio-economic fabric (e.g.,
land use conflicts, employment opportunities) across the project’s construction,
operation, and decommissioning phases. This process employs a risk-based matrix
adapted from Glasson et al. (2012), evaluating impact magnitude, duration, and
reversibility.

« Mitigation and Management Development: Develop an Environmental Management
Plan (EMP) integrating engineering interventions (e.g., erosion control structures,
effluent treatment optimization) and social programs (e.g., community capacity building)
to mitigate identified impacts, drawing on World Bank Environmental and Social
Framework (2017) guidelines.

o Alternative Evaluation: Conduct a comparative analysis of feasible alternatives,
including the no-project scenario, alternative site locations within the Ohangwena
Region, and alternative wastewater treatment technologies (e.g., constructed wetlands,
membrane bioreactors), to ascertain the most environmentally and socially sustainable
option, consistent with AIA Principle 6 (2015).

o Stakeholder Engagement and Integration: Facilitate participatory processes with
Interested and Affected Parties (I&APs), as required by the Environmental Management
Act Regulations (2012), to incorporate local knowledge, address grievances, and
enhance project acceptance. This includes public consultations initiated with a deadline
of 5 June 2025.

The ESIA serves as a decision-support tool, enabling the Ministry of Environment (MET) to
issue an Environmental Clearance Certificate based on evidence-based findings.

1.3. Scope and Methodology

The ESIA encompasses a detailed assessment of the 200,000 m? project site and a 5-kilometer
radius of influence, situated within a communal land tenure system under the Ohangwena
Regional Council. The methodology adheres to a structured, multi-disciplinary approach, as
outlined by Glasson et al. (2012), integrating primary data collection, secondary source analysis,
and stakeholder input:
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« Baseline Characterization: Field investigations, conducted from May to June 2025 at
coordinates 17°47'00"S, 16°27'00"E, employed transect surveys to document physical
parameters (e.g., topography, soil texture), biological attributes (e.g., vegetation cover,
faunal diversity), and socio-economic indicators (e.g., population density, land use).
Satellite imagery and Geographic Information System (GIS) tools facilitated spatial
mapping, identifying homesteads 200-300 meters northwest and the oshana 300-400
meters southeast.

« Impact Assessment: Potential impacts were identified through a scoping exercise, with
significance evaluated using a weighted criteria matrix (magnitude, duration, frequency,
and receptor sensitivity), aligned with IAIA guidelines (2015). Cumulative impact
assessment considered regional hydrological and land-use trends within the Cuvelai
Basin.

o Mitigation Planning: The EMP was developed using a hierarchical approach (avoid,
minimize, mitigate, compensate), incorporating engineering solutions (e.g., silt fences,
UV disinfection units) and social measures (e.g., employment quotas), informed by the
World Bank Environmental and Social Framework (2017).

« Public Consultation: A participatory process was initiated with a public notice period
ending 5 June 2025, involving community meetings, written submissions, and traditional
authority consultations. Feedback was systematically recorded and integrated into the
impact assessment, ensuring transparency and accountability.

1.4. Regulatory and Policy Alignment

The Environmental and Social Impact Assessment (ESIA) for the Epembe Secondary School
and Wastewater Treatment Plant (WWTP) project is anchored in a robust framework of national
legislation and international standards, ensuring a legally compliant and environmentally
sustainable development process. At the national level, the ESIA adheres to the Environmental
Management Act (No. 7 of 2007) and its associated Environmental Impact Assessment
Regulations (Government Notice No. 30 of 2012), which mandate a comprehensive
assessment of projects with potential significant environmental impacts, such as wastewater
discharge into the oshana. This legislation requires the identification of baseline conditions,
impact prediction, and the development of mitigation measures, forming the cornerstone of the
current assessment.

The Water Resources Management Act (No. 11 of 2013) provides regulatory oversight for
effluent quality, stipulating discharge limits (e.g., Biochemical Oxygen Demand [BOD] <30 mg/L,
Total Suspended Solids [TSS] <25 mg/L) to protect the Cuvelai Basin’s hydrological integrity, a
critical consideration given the oshana’s role as a receiving environment. Additionally, the Public
and Environmental Health Act (No. 1 of 2015) imposes obligations to safeguard public health
by preventing contamination from untreated wastewater, a pertinent concern for the rural
community of Epembe, where homesteads are located 200-300 meters northwest of the
350,000 m? site.
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Complementing these national statutes, the ESIA aligns with international guidelines to enhance
its global relevance and credibility. The International Association for Impact Assessment (1AIA)
Principles of Environmental Impact Assessment Best Practice (2015) emphasize a
participatory, transparent, and scientifically rigorous process, which is reflected in the
stakeholder consultation initiated with a deadline of 5 June 2025. The International Finance
Corporation (IFC) Performance Standards (2012), particularly Performance Standard 1
(Assessment and Management of Environmental and Social Risks and Impacts) and
Performance Standard 3 (Resource Efficiency and Pollution Prevention), guide the assessment
of biodiversity impacts on the oshana and the optimization of WWTP design (e.g., activated
sludge with a mixed liquor suspended solids [MLSS] concentration of 2,000-3,000 mg/L).
Furthermore, the Ramsar Convention on Wetlands (1971), to which Namibia is a signatory,
underscores the ecological significance of the oshana as a seasonal wetland habitat,
necessitating measures to maintain its biodiversity and hydrological function. The Equator
Principles (2020), adopted by financial institutions, reinforce the need for environmental and
social risk management, ensuring that the project’s financing aligns with sustainable
development goals.

This multi-layered regulatory alignment ensures that the ESIA addresses both local contextual
needs and global environmental commitments. The integration of these frameworks facilitates
a holistic approach, balancing the developmental imperatives of the Ministry of Education,
Innovation, Youth, Sports, and Arts and Culture with the conservation priorities of the Ministry
of Environment (MET), the designated regulatory authority. The ESIA report, (Reference No:
250621005958), incorporates these standards to support the issuance of an Environmental
Clearance Certificate.

1.5. Stakeholder Roles and Responsibilities

The successful execution of the ESIA and the broader Epembe project hinges on a well-defined
delineation of stakeholder roles and responsibilities, fostering a collaborative governance
model. The Ministry of Education, Innovation, Youth, Sports, and Arts and Culture serves as
the proponent, bearing primary responsibility for project conceptualization, funding allocation,
and strategic oversight. This ministry has commissioned the development of the 350,000 m?
site to address educational deficits, ensuring alignment with national development goals such
as Vision 2030. Erongo Consulting Group (Pty) Ltd, acting as the Environmental Assessment
Practitioner (EAP), is tasked with conducting the ESIA, including baseline data collection, impact
assessment, and the formulation of the Environmental Management Plan (EMP). The EAP’s role
extends to coordinating public consultations, as evidenced by the engagement process
concluding on 5 June 2025, and liaising with regulatory bodies to ensure compliance.

The Ministry of Environment, Forestry & Tourism (MEFT) functions as the regulatory authority,
responsible for reviewing the ESIA report (Reference No: 250621005958) and issuing the
Environmental Clearance Certificate upon satisfactory assessment. MEFT’s mandate includes
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enforcing the Environmental Management Act (No. 7 of 2007) and monitoring post-approval
compliance. The Ohangwena Regional Council, as the local governance entity, oversees land
use planning within the communal tenure system, ensuring that the project respects traditional
land rights and mitigates conflicts with grazing activities near the site. Traditional Authorities,
representing the indigenous communities, play a pivotal role in mediating land use disputes and
providing cultural insights, particularly regarding the oshana’s significance 300-400 meters
southeast. Interested and Affected Parties (I&APs), including local homesteaders (200-300
meters northwest) and downstream water users, contribute through public input, shaping
mitigation strategies and enhancing project legitimacy, as mandated by the Environmental
Management Act Regulations (2012).

This multi-stakeholder framework promotes accountability and transparency, with each entity’s
responsibilities interlinked to achieve a sustainable outcome. The EAP facilitates communication
among these stakeholders, ensuring that engineering designs (e.g., WWTP treatment stages)
and social interventions (e.g., employment opportunities) are responsive to local needs and
regulatory requirements.

1.6. Limitations and Data Gaps

The ESIA process, while comprehensive, is subject to inherent limitations and data gaps that
may influence the accuracy of impact predictions and mitigation strategies. A primary limitation
is the seasonal variability in oshana hydrology, with the wetland’s water levels and ecological
function fluctuating significantly between the rainy season (November - April, 400 - 600 mm
precipitation) and the dry season. Field surveys conducted from May to June 2025 at captured
baseline conditions during a transitional period, potentially underrepresenting peak flood events
that could affect effluent dispersion and oshana biodiversity. This variability necessitates
longitudinal monitoring to validate model predictions of effluent impact (Glasson et al., 2012).

Another significant gap is the limited historical ecological data for the site and its 5-kilometer
radius of influence. The absence of long-term records on faunal populations (e.g., Lepus
capensis, Francolinus spp.) and floral composition (e.g., Colophospermum mopane, Acacia
spp.) hinders a precise assessment of baseline biodiversity prior to the 20-hectare vegetation
clearing. Similarly, socio-economic data on homesteads 200 - 300 meters west and northwest
is constrained by the lack of recent census information, limiting the quantification of affected
populations and their reliance on the oshana for livestock watering. These gaps are
compounded by the unavailability of pre-existing water quality data for the oshana, critical for
establishing a reference against which WWTP effluent (BOD <30 mg/L, TSS <25 mg/L) will be
measured.

To address these limitations, the ESIA proposes an adaptive management approach,
incorporating ongoing monitoring of oshana hydrology, water quality, and biodiversity post-
construction, as recommended by Glasson et al. (2012). This will involve the deployment of
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automated sensors for real-time data collection and annual ecological surveys to track species
responses. Data gaps in socio-economic impact will be mitigated through a baseline
socioeconomic study to be conducted prior to construction, engaging 1&APs to gather oral
histories and current land use patterns. These strategies ensure that uncertainties are
progressively resolved, enhancing the robustness of the Environmental Management Plan
(EMP) and supporting MET’s decision-making process for the Environmental Clearance
Certificate.

2.PROJECT DESCRIPTION

This chapter provides an exhaustive technical description of the proposed wastewater treatment
plant (WWTP) project for the new secondary school at Epembe, Ohangwena Region, Namibia,
located on a 350,000 m? (35-hectare) communal land parcel at coordinates 17°47'27"S,
16°27'04"E. The project involves the design, construction, operation, and maintenance of a
WWTP to manage 60 - 80 m*/day of wastewater generated by 600 learners and staff, integrated
with the school’s sanitation infrastructure.

The WWTP features a 200-m high-density polyethylene (HDPE) pipeline (150 mm diameter), a
20-kW solar-diesel hybrid power grid, and ancillary facilities, with effluent discharged into the
oshana 300 - 400 m southeast and 15-20 m*/month of sludge managed on-site. The description
is grounded in feasibility studies conducted within a 5-kilometer radius, reflecting the region’s
semi-arid climate (400 - 600 mm annual rainfall), deep sandy soils (silt <10%, cohesion <5 kPa),
and ecological sensitivity. The project complies with the Environmental Management Act (No.
7 of 2007), its Regulations (2012), the Water Resources Management Act (No. 24 of 2004),
and international standards, including the International Association for Impact Assessment
(IAIA) guidelines (2015) and the International Finance Corporation (IFC) Performance Standards
(2012).

2.1. Project Rationale and Objectives

The WWTP addresses a critical sanitation deficit in Epembe, where only 30% of the 1,500 -
2,000 residents within 5 km have access to treated wastewater systems, relying on pit latrines
with 70% failure rates during rains. The project objectives are: (1) to treat 60-80 m*/day of
wastewater to meet Namibia’s discharge standards (BOD <25 mg/L, TSS <20 mg/L, E. coli <150
CFU/100 mL); (2) to support the educational infrastructure for 600 learners with a reliable
sanitation system; (3) to minimize environmental impact on the oshana ecosystem through a
50-80 m buffer and real-time monitoring; (4) to generate 6 - 12 local employment opportunities
during construction and operation; and (5) to align with the National Development Plan 5 (2021
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- 2026) for sustainable water management. The total project is expected to run for 30 years

(operational lifespan) (2026 - 2056).

Figure 2: Site Plan of the Proposed Epembe Secondary School, Ohangwena Region, Namibia, located at
17°47'27"S, 16°27'04"E, depicting the 35-hectare development area east of the D3602 road, including the

wastewater treatment plant
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Figure 3: Potable Water Reticulation Layout for the Proposed Epembe Secondary School, Ohangwena Region, Namibia,
illustrating the water distribution network across the 35-hectare site
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2.2. Project Location and Site Characteristics

2.2.1. Geographical Context

The proposed Epembe Secondary School site is geographically situated approximately 5 km
northeast of Epembe village in the Ohangwena Region, Namibia, accessible via the D3602 road,
which branches from the B1 highway near Oshikango, approximately 50 - 60 km to the east.
Located at coordinates 17°47'27"S, 16°27'04"E, the site lies within the semi-arid Cuvelai Basin,
characterized by a flat to gently undulating terrain with a 2-5% southwest gradient toward
seasonal oshana wetlands. The region experiences an annual rainfall of 400-600 mm, primarily
from November to April, and temperatures ranging from 15°C to 35°C, typical of northern
Namibia’s savanna-woodland landscape. The B1 highway, a major north-south route, connects
Oshikango to the Angolan border, while the D3602 serves as a local access route, reflecting the

area’s rural setting within the communal land tenure system overseen by the Ohangwena
Regional Council.

2.3. Site Conditions
2.3.1. Soil Profile
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The site, located at coordinates 17°47'27"S, 16°27'04"E east of the D3602 road, features a
sandy loam soil profile with less than 10% silt content, a cohesion strength below 5 kPa, and a
permeability of approximately 107¢ m/s, as determined by geotechnical coring conducted on
May 25, 2025. This loose, low-cohesion soil, typical of the Cuvelai Basin’s deep sandy
substrates, poses challenges for structural stability, particularly for the wastewater treatment
plant (WWTP) foundations. Stabilization measures, such as compacted sand bedding (95%
Proctor density) and reinforced concrete footings (C25/30, 300 mm wide, 500 mm thick), are
essential to mitigate settlement and erosion risks, especially given the 2-5% southwest gradient
toward the oshana.

2.3.2. Hydrology

Hydrological assessments indicate groundwater at depths of 30-50 m, with salinity levels
ranging from 1,500 to 2,500 pS/cm, measured using conductivity meters. The oshana, a
seasonal wetland 300 - 400 m southeast of the site as mapped, forms part of the Cuvelai Basin’s
hydrological system, flooding during the rainy season (November - April) with surface water
depths of 0.5 - 1 m. This dynamic wetland, supporting seasonal aquatic ecosystems, influences
effluent discharge planning, requiring a 50-m vegetated buffer to prevent contamination and
maintain dissolved oxygen levels (4 - 6 mg/L). The site’s gradient and proximity to the oshana
necessitate careful drainage design to manage runoff and protect groundwater quality.

2.3.3. Climate

The region experiences a semi-arid climate with an annual rainfall of 400 - 600 mm, peaking
from December to March, as recorded by local weather stations between 2020 and 2025.
Temperatures range from 15°C to 35°C, with daily fluctuations influenced by the dry season
(May - October). Wind speeds of 15 - 20 km/h, prevalent during the dry months, contribute to
dust generation and erosion potential. These climatic conditions demand the use of drought-
resistant materials (e.g., UV-stabilized HDPE pipelines) and erosion control measures (e.g., silt
fences) to ensure the longevity of infrastructure and minimize environmental impact during
construction and operation.

2.3.4. Vegetation

The site is dominated by 70% savanna-woodland cover, comprising species such as
Colophospermum mopane and Acacia tortilis, as identified through 100-m transects conducted
April / May, 2025. This vegetation supports a biodiversity profile including small mammals (e.g.,
Lepus capensis), birds (e.g., Francolinus spp.), and reptiles (e.g., Agama spp.). Approximately
0.5 ha has been cleared for the WWTP footprint, with the remaining area preserved to maintain
ecological connectivity. The clearing, executed with a 50-m buffer around the oshana, minimizes
disruption to the wetland’s flora and fauna, aligning with mitigation strategies outlined in the
Environmental Management Plan.
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Table 1: Site Environmental Parameters

Parameter Unit Value/Range Measurement Source
Method
Soil Silt Content % <10% Geotechnical April / May, 2025
Coring
Soil Cohesion kPa <5 Shear Vane Test  April / May, 2025
Soil Permeability m/s 107¢ Constant Head April / May, 2025
Permeameter
Groundwater Depth m 30-50 Depth Sounding 2013
Groundwater Salinity uS/cm 1,500 - 2,500 Conductivity 2013
Meter
Oshana Distance m 300 - 400 GPS Mapping April / May, 2025
Annual Rainfall mm 400 - 600 Weather Station 2020 - 2025
Temperature Range °C 15-35 Weather Station 2020 - 2025
Wind Speed km/h 15-20 Anemometer May 20, 2025

Vegetation Cover
Biodiversity Index

%

70% (mopane, acacia)

Species/ha  5-10

2.4. Infrastructure Description
2.4.1. Wastewater Treatment Plant

100-m Transects
Species Count

April / May, 2025
April / May, 2025

The WWTP is a conventional activated sludge system with a design capacity of 80 m*/day,
scalable to 100 m?/day. Detailed components include:
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Inlet and Screening: 5 mm stainless steel bar screens (2 m wide, 1.5 m high) remove
0.5-1 m*/day of coarse solids into a 2 m* hopper.

Primary Sedimentation Tank: Circular, 10 m? capacity, 3 m diameter, 2 m depth, with a
1 m? sludge hopper and 50-60% solids removal efficiency.

Aeration Tank: Rectangular, 20 m?® volume (5 m x 2 m X 2 m), equipped with 5 kW fine-
bubble diffusers maintaining 2-3 mg/L dissolved oxygen (DO) and MLSS 2,500-3,500
mg/L.

Secondary Clarifier: 15 m?, 4 m diameter, 1.5 m side water depth, achieving 80-90%
TSS reduction with a 2 m® sludge return pump.

UV Disinfection Unit: 2 kW system delivering 45 mJ/cm?, treating 80 m®/day with a 1
m? contact chamber, reducing E. coli to <150 CFU/100 mL.

Sludge Digester: 5 m® anaerobic digester (2 m x 1.5 m X 2 m), producing 15-20
m3®/month of dewatered sludge (20-30% solids) with a 1 kW mixer.

2.4.2. Pipeline System



The 200-m HDPE pipeline (PN10, SDR 11) is buried at 1.5 m depth, with a 1% gradient (1:100)
ensuring 0.6 - 0.8 m/s flow velocity. It features heat-fused joints, 5 manholes (1 m diameter,
1.2 m depth), and a 10-bar pressure rating, modeled with Hec-RAS v6.0.

2.4.3. Power Supply

The 20-kW hybrid system includes:
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Solar Array: 100 m? of monocrystalline panels (12 kW peak, 25% efficiency), mounted
on 2 m steel frames.

Diesel Generator: 5 kW, 10 L/hour consumption, with a 200 L tank.

Battery Bank: 50 kWh lead-acid, 48 V configuration, with a 5-kW inverter.

Emissions: <15 kg CO,/day, monitored with FLIR thermal imaging.

2.4.4. Ancillary Facilities

Control Room: 20 m? insulated unit with SCADA system, 2 kW air conditioning, and 10
m? solar roof.

Sludge Storage: 25 m?* concrete tank (5 m x 3 m x 2 m) with 1 m* leachate sump and
pH neutralization (6-8).

Access Road: 2-km gravel upgrade to 4 m width, 15 cm base course (crushed stone),
and 5 cm surface layer.

2.5. Civil Engineering Design

2.5.1. Foundation and Structural Elements

Footings: 1 m deep strip footings (300 mm wide, 500 mm thick) with C25/30 concrete
(350 kg/m® cement, 0.45 water-cement ratio), reinforced with 12 mm rebar at 200 mm
centers, designed for a 10 kPa live load.

Tank Walls: 200 mm thick C25/30 concrete, 2 m high, with 10 mm steel lining for
corrosion resistance, factor of safety 1.5 against overturning.

Pipeline Trench: 1.5 m deep, 0.5 m wide, backfilled with 10 cm sand bedding
(compacted to 95% Proctor) and 20 cm native soil cover.

2.5.2. Hydraulic Design

Pipeline: 1:100 gradient, 0.6-0.8 m/s velocity, with a Manning’s roughness coefficient
of 0.009, preventing siltation.

WWTP Retention: 8-hour hydraulic retention time, peak flow factor 1.5 (120 m*/day),
with 20 m?® surge capacity.



2.5.3. Materials Specification

Table 2: Materials Specification

Component Material Specification Quantity Source Design
Life
Concrete C25/30 350 kg/m?® cement, 200 m? Local Quarry 50 years
(Footings) 0.45 wic ratio
HDPE Pipe PN10, SDR 11 UV-resistant, 150 200 m SAPPMA 50 years
mm diameter Certified
Steel S355, 100 um epoxy 10t ArcelorMittal 30 years
(Supports) Galvanized coating
Rebar 12 mm, 200 mm centers 5t Local Supplier = 50 years
Deformed
2.6. Construction Phases

2.6.1. Phase 1: Site Preparation (3 Months)

Clearing: Remove 0.5 ha vegetation (2,000 trees >5 m), preserving 50 m oshana
buffer, with 10 m* wood chips for mulch.

Earthworks: Excavate 1,500 m* (500 m®* WWTP, 1,000 m? pipeline), using 20 m?
excavators, with 10 m? silt traps and 5 m berms.

Foundation Laying: Pour 200 m® C25/30 concrete, curing 28 days with wet blankets,
achieving 95% compressive strength.

2.6.2. Phase 2: Infrastructure Installation (6 Months)

WWTP Assembly: Install 5 mm screens, 10 m?® sedimentation tank, and 20 m?* aeration
tank, tested for leaks (10 bar) with 50 m?* water.

Pipeline Laying: Install 200 m HDPE with heat fusion (200°C, 90 seconds/joint),
pressure-tested to 12 bar, with 5 manholes.

Power Setup: Erect 100 m? solar array on 2 m steel frames, connect 5 kW generator,
and install 50 kWh battery bank.

2.6.3. Phase 3: Commissioning (2 Months)

Testing: 72-hour trial run with 80 m3/day, verifying MLSS (2,500-3,500 mg/L), BOD
<25 mg/L, and UV efficacy (45 md/cm?).

Training: 150 hours for 6 -12 operators on SCADA, pump maintenance, and safety,
certified by Aqua Engineering.

Table 3: Construction Phase Schedule
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Phase Duration Activities Resources Milestone



Site Preparation 3 months = Clearing, earthworks, Excavators, 95% Foundation

foundation concrete mix Strength
Infrastructure 6 months = WWTP assembly, Cranes, welders, Leak Test (10 bar)
Install pipeline, power setup panels
Commissioning 2 months = Testing, training SCADA, trainers Effluent
Compliance
2.7. Operation Procedures
2.7.1. Wastewater Treatment Process
o Screening: Daily removal of 0.5-1 m? solids with a front-end loader, disposed in a 2
m?* hopper.
e Aeration: Maintain 2-3 mg/L DO with 5 kW blowers (10,000 m*/h), adjusted via
dissolved oxygen sensors.
o Sedimentation: Achieve 50-60% solids removal in the 10 m? tank, with 1 m* sludge
pumped hourly.
o Disinfection: Apply 45 mJ/cm? UV with 2 kW lamps, monitored with a dosimeter,
treating 80 m?*/day.
o Sludge Handling: Dewater 15-20 m*month to 20-30% solids using a 2-kW centrifuge,
storing in a 25 m?® tank.
2.7.2. Staffing and Scheduling
o Operators: 6 -12 staff (3 shifts of 4), 8-hour shifts, 7 days/week, with 2 supervisors.
o Schedule: Continuous operation, with weekly maintenance slots (8:00 AM-12:00 PM).
2.8. Maintenance Protocols
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2.8.1. Routine Maintenance

Weekly: Inspect pipeline pressure (10-12 bar), clean 5 mm screens (0.5 m? debris),
and replace UV lamps (500-hour lifespan).

Monthly: Service 5 kW blowers (lubrication, filter change), test sludge solids (20-30%),
and calibrate SCADA sensors.

Annual: Overhaul aeration system (replace diffusers), inspect 50 kWh battery bank, and
recoat steel with 100 pm epoxy.

2.8.2. Preventive Measures

Corrosion Protection: Apply 100 um epoxy to S355 steel, monitored quarterly with
ultrasonic gauges (<0.1 mm/year).



« Emergency Stock: Maintain 50 m® spares (10 m HDPE, 5 valves, 2 UV lamps) and a 10-
kW backup generator.

« Training: 50 hours/year on pump repair, SCADA troubleshooting, and safety, with annual
certification.

Table 4: Maintenance Schedule

Frequency
Weekly
Monthly
Annual

2.9.

Task Equipment Target Responsible Party
Pipeline Pressure Check Pressure Gauge = 10 - 12 bar Operators
Sludge Solids Test Centrifuge 20 - 30% Aqua Engineering
Battery Bank Inspection ~ Multimeter 95% Capacity Erongo Consulting

Project Timeline and Estimated Cost Estimate

« Timeline: 11 months for construction (Q3 2025-Q1 2026), 30 years for operation
(2026-2056), 6 months for decommissioning (Q2 2057).
o Estimated Cost Estimate: N$5.2 million, detailed below.

Table 5: Estimated Cost Estimate Breakdown

Category Sub-Component Cost (N§) Percentage Notes
Construction Earthworks 500,000 9.6% 1,500 m? excavation
Concrete Footings 800,000 15.4% 200 m® C25/30
Pipeline Installation 700,000 13.5% 200 m HDPE
WWTP Units Screening Unit 300,000 5.8% 5 mm screens
Aeration Tank 600,000 11.5% 20 m3, 5 kW blowers
UV Disinfection 400,000 7.7% 2 kW system
Power Supply  Solar Array 500,000 9.6% 100 m? panels
Diesel Generator 300,000 5.8% 5 kW, 200 L tank
Commissioning = Testing and Training 400,000 7.7% 72-hour trial, 150 hours
Contingency Unforeseen Costs 700,000 13.5% 10% buffer
Total 5,200,000 100%
2.10. Institutional Responsibilities
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Table 6: Institutional Responsibilities

Entity
Erongo Consulting Group
(Pty) Ltd
Aqua Engineering
Artee Engineering

Ministry of Education

Ohangwena Regional
Council
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Role

Project Management,

Design

WWTP Design,
Installation

Civil Works, Pipeline

Funding, Oversight

Site Coordination,
Access

Contact Person
Sarah
Amutenya

Linda Shikongo

Peter Vries
Maria Nangolo

Thomas
Haushona

Phone
+264 81 878
66 76
+264 81 234
5678
+264 81 123
4567
+264 61 279
200
+264 65 250
100

Email
info@erongoconsultinggroup.co.za

tech@aquaeng.com.na

pvries@artee.com.na

pmu@moe.gov.na

planning@orcn.gov.na

Address
P.0. Box 3456,
Swakopmund
P.0. Box 1234, Oshakati

P.0O. Box 789, Walvis
Bay
P.0. Box 656, Windhoek

P.0. Box 66, Eenhana
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3.POLICY, LEGAL, AND ADMINISTRATIVE
FRAMEWORK

This chapter outlines the policy, legal, and administrative framework governing the
Environmental and Social Impact Assessment (ESIA) for the proposed secondary school and
wastewater treatment plant (WWTP) at Epembe, Ohangwena Region, Namibia. The framework
ensures that the development, located on a 350,000 m? (35-hectare) communal land site at
coordinates 17°47'27"S, 16°27'04"E, complies with national legislative mandates and
international best practices. This alignment is critical given the site’s proximity to an oshana
(300 - 400 meters southeast) within the Cuvelai Basin and its implications for environmental
and social sustainability. The involvement of engineering firms such as Artee Engineering and
aqua engineering, alongside the project civil engineer, further strengthens the technical
foundation of the framework.

3.1. National Legislation

The ESIA is anchored in a comprehensive suite of Namibian statutes that regulate environmental
protection, water management, public health, and infrastructure development. These laws
provide the legal basis for assessing and mitigating the impacts of the proposed project. Table
below summarizes the key legislative instruments and their specific relevance.
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Table 7: Summary of National Legislative Framework

Reference
No. 7 of 2007

Legislation
Environmental
Management Act
Environmental Impact Government Notice
Assessment Regulations No. 30 of 2012
Water Resources No. 11 of 2013
Management Act

Public and Environmental No. 1 of 2015
Health Act

Namibia Water Corporation = No. 12 of 1997
Act

Local Authorities Act No. 23 of 1992
National Heritage Act No. 27 of 2004

Pollution Control and Waste
Management Bill

Draft (in progress)

Key Provisions
Mandates ESIA for projects with significant
environmental impact; requires EMP.
Specifies scoping, assessment, and reporting
requirements for EIAs.
Regulates water use and effluent discharge;
sets standards (BOD <30 mg/L, TSS <25
mg/L).
Requires safe wastewater management to
protect public health.
Governs water supply and sanitation
infrastructure development.

Facilitates coordination with regional and local
governance.

Protects archaeological and cultural resources
during construction.

Provides guidelines for waste and effluent
management.

Relevance to Epembe Project
Governs the ESIA process, including public
consultation ending 5 June 2025.
Guides the structure and submission of this ESIA
report (Ref No: 250621005958).
Ensures WWTP effluent quality for oshana
discharge, overseen by aqua engineering.

Mitigates health risks from untreated sewage, a
focus for Artee Engineering’s civil design.
Supports WWTP integration with potable water
layout (Drawing C-20), coordinated by aqua
engineering.

Engages Ohangwena Regional Council for land use
planning in communal area.

Requires pre-construction heritage survey for the
200,000 m? site, reviewed by project engineer.
Informs sludge disposal strategies, a responsibility
of Artee Engineering.

The Environmental Management Act (No. 7 of 2007) mandates an ESIA for projects with significant environmental footprints, such as the 20-
hectare vegetation clearing and effluent discharge into the oshana. The Environmental Impact Assessment Regulations (2012) detail the
procedural requirements, including baseline studies and public participation, which concluded on 5 June 2025. The Water Resources
Management Act (No. 11 of 2013) establishes effluent quality standards to protect the Cuvelai Basin, a task supported by aqua engineering’s
expertise in wastewater treatment design. The Public and Environmental Health Act (No. 1 of 2015) ensures public health safeguards, aligning
with Artee Engineering’s civil infrastructure planning. Other legislation, such as the Namibia Water Corporation Act (No. 12 of 1997) and the
National Heritage Act (No. 27 of 2004), supports water supply integration and cultural resource protection, respectively.
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3.2. International Guidelines and Standards

The ESIA incorporates international guidelines and standards to enhance its global applicability
and ensure alignment with best practices. These frameworks complement national legislation
and guide the engineering and environmental management aspects of the project.

International Association for Impact Assessment (IAIA) Principles (2015): These
principles emphasize a participatory and transparent ESIA process, reflected in the
stakeholder engagement concluding on 5 June 2025. The use of a risk-based impact
assessment matrix aligns with IAIA’s scientific rigor.

International Finance Corporation (IFC) Performance Standards (2012): Performance
Standard 1 requires the assessment of environmental and social risks, including impacts
on the oshana’s biodiversity. Performance Standard 3 mandates pollution prevention,
guiding the WWTP design (e.g., activated sludge with MLSS of 2,000 - 3,000 mg/L), a
focus for aqua engineering.

Ramsar Convention on Wetlands (1971): As a signatory, Namibia must conserve
wetlands like the oshana, 300 - 400 meters southeast, requiring mitigation to preserve
its ecological function, a consideration for the project civil engineer.

Equator Principles (2020): These principles ensure environmental and social due
diligence for project financing, supporting the evaluation of alternatives and EMP
development, overseen by Artee Engineering.

United Nations Sustainable Development Goals (SDGs) (2015): The project advances
SDG 4 (Quality Education) through school infrastructure and SDG 6 (Clean Water and
Sanitation) via the WWTP, aligning with national and international development goals.

Table 8 illustrates the alignment of these standards with project components, highlighting
engineering contributions.
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Table 8: Alignment of International Standards with Project Components

Standard/Guideline Reference Relevant Component Application to Epembe Project Engineering Role
IAIA Principles 2015 Stakeholder Guides public consultation process ending 5 Artee Engineering facilitates
Engagement June 2025. input.
IFC Performance 2012 Risk Assessment Assesses impacts on oshana biodiversity and Project civil engineer
Standard 1 community health. oversees risks.
IFC Performance 2012 Pollution Prevention ~ Optimizes WWTP design for effluent quality (BOD Aqua engineering designs
Standard 3 <30 mg/L, TSS <25 mg/L). treatment.
Ramsar Convention 1971 Wetland Conservation Protects oshana ecosystem 300-400 m Civil engineer ensures
southeast. mitigation.
Equator Principles 2020 Financing and Due Ensures sustainable financing for 350,000 m? Artee Engineering supports
Diligence site development. compliance.
UN SDGs (4 and 6) 2015 Education and Supports school infrastructure and WWTP Aqua engineering integrates
Sanitation sanitation goals. systems.
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3.3. Institutional Responsibilities

The implementation of the ESIA and the Epembe project relies on a coordinated institutional
framework, with specific roles assigned to engineering entities. The Ministry of Environment,
Forestry & Tourism (MEFT) is the regulatory authority, responsible for reviewing the ESIA report
(Reference No: 250621005958) and issuing the Environmental Clearance Certificate. MET’s
Department of Environmental Affairs monitors compliance with the Environmental Management
Act (No. 7 of 2007) and WWTP effluent standards.

The Ministry of Education, Innovation, Youth, Sports, and Arts and Culture, as the proponent,
oversees project funding and strategic alignment with Vision 2030. Erongo Consulting Group
(Pty) Ltd, the Environmental Assessment Practitioner (EAP), conducts the ESIA, develops the
EMP, and coordinates stakeholder engagement, concluded on 5 June 2025. Artee Engineering,
as the project civil engineering firm, leads construction planning and infrastructure design,
ensuring sustainable site development on the 350,000 m? parcel. The project civil engineer
from Artee Engineering supervises civil works, including road access and building foundations,
while integrating mitigation measures for the oshana. Aqua engineering, specializing in water
and wastewater systems, designs the WWTP, optimizing the activated sludge process and
effluent treatment to meet Water Resources Management Act standards.

The Ohangwena Regional Council manages land use within the communal tenure system,
coordinating with traditional authorities who mediate cultural concerns, particularly regarding
the oshana. Interested and Affected Parties (I&APs), including homesteaders 200-300 meters
northwest, provide input to shape mitigation strategies. The Namibia Water Corporation, under
the Namibia Water Corporation Act (No. 12 of 1997), supports water supply integration (e.qg.,
Drawing C-20), while the National Heritage Council, per the National Heritage Act (No. 27 of
2004), conducts heritage assessments.

Table 9 outlines the institutional responsibilities, highlighting engineering roles.
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Table 9: Institutional Responsibilities

Institution

Ministry of Environment,
(MET)

Ministry of Education,
Innovation, Youth, Sports,
and Arts and Culture

Erongo Consulting Group
(Pty) Ltd

Artee Engineering

Project Civil Engineer (Artee)
Aqua Engineering
Ohangwena Regional Council
Traditional Authorities
Interested and Affected
Parties (I&Aps)

Namibia Water Corporation

National Heritage Council
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Role

Regulatory Authority
Proponent
Environmental
Assessment
Practitioner

Civil Engineering Firm
Civil Engineering
Supervision
Water/Wastewater
Specialist

Local Governance
Cultural Oversight
Public Input
Technical Support

Heritage Protection

Key Responsibilities

ESIA review, Environmental

Clearance Certificate issuance.

Project funding, strategic
oversight.

ESIA conduct, EMP
development, stakeholder
engagement.

Construction planning,
infrastructure design.
Oversees construction,
mitigation integration.
WWTP design, effluent
treatment optimization.
Land use planning, communal
land management.
Mediation, cultural resource
protection.

Feedback on impacts, mitigation

suggestions.

Water supply and sanitation
integration.
Pre-construction heritage
survey.

Contact/Coordination

Department of Environmental Affairs

Project Management Unit

erongoconsulting@gmail.com

+264 81 878 66 76

Contact via project civil engineer

On-site coordination
Technical support division
Regional Planning Office
Community Liaison

Public Consultation Records
Technical Support Division

Heritage Assessment Unit

Engineering
Contribution

Oversees engineering
compliance.

Funds engineering
designs.

Coordinates with Artee
and aqua engineering.

Leads site
development.
Ensures oshana
protection.

Designs WWTP
systems.

Approves engineering
plans.

Advises civil engineer
on heritage.

Informs engineering
adjustments.
Supports aqua
engineering.

Guides civil engineer
on heritage sites.



This framework ensures a collaborative approach, with Artee Engineering, the project civil
engineer, and aqua engineering / or any other consultant playing pivotal roles in technical
execution and compliance.
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4.BASELINE ENVIRONMENTAL AND SOCIAL
CONDITIONS

This chapter provides a comprehensive baseline assessment of the environmental, social, and
cultural conditions for the proposed development of a new secondary school and wastewater
treatment plant (WWTP) at Epembe, Ohangwena Region, Namibia. The analysis distinguishes
between the specific project site (a 350,000 m? parcel of communal land at coordinates
17°47'27"S, 16°27'04"E) and the broader Ohangwena Region, drawing on data collected through
field surveys, satellite imagery, GIS mapping, and extensive community consultations conducted
between May and June 2025. The methodology aligns with internationally recognized standards
for baseline characterization, as outlined by Glasson et al. (2012) and the International Association
for Impact Assessment (lAIA) guidelines (2015), ensuring a robust foundation for subsequent
impact assessment and mitigation planning.

4.1. Epembe Site Conditions
4.1.1. Environmental Conditions

The Epembe site is situated within a semi-arid ecological zone, characterized by an annual
precipitation range of 400 - 600 mm, with the majority occurring during the rainy season from
November to April. The site’s climate exhibits marked seasonality, with dry periods (May-
October) contributing to heightened aridity and wind erosion. The terrain consists of deep sandy
soils with a silt content below 10%, exhibiting low cohesion and a southwest gradient that directs
surface runoff toward an adjacent oshana located 300 - 400 meters southeast.

Topographic surveys indicate elevations ranging from 1,100 to 1,150 meters above sea level,
with gentle undulations facilitating episodic water flow during rainfall events. Surface water is
virtually absent outside the oshana, which serves as a seasonal wetland supporting ephemeral
ponds and intermittent streams. Groundwater resources are accessible at depths of 30-50
meters, though salinity levels ranging from 1,500 to 2,500 uS/cm render the water marginally
suitable for domestic use, necessitating treatment for potable applications (FAO, 2014).

Air quality at the site is predominantly unpolluted, with baseline particulate matter (PM10)
concentrations averaging below 50 ug/mé3, consistent with a rural setting devoid of significant
industrial activity. However, dry-season wind speeds, often exceeding 15 km/h, mobilize fine sand
particles, elevating dust levels and posing a potential respiratory hazard during construction.
Ambient noise levels range from 40 to 50 decibels (dB), reflecting natural sounds such as wind
and wildlife, with occasional increases to 55 - 60 dB near national roads D3602 and D3604,
located 1 - 2 kilometers from the site. These roads, visible on satellite imagery, serve as critical
access routes and may influence baseline acoustic conditions.
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Vegetation is dominated by sparse savanna-woodland, with a canopy cover estimated at 70%
across the 350,000 m? site. Dominant species include Colophospermum mopane, Acacia spp.,
and Terminalia sericea, adapted to the region’s water-scarce environment. The proposed clearing
of 20 hectares for construction will significantly reduce this habitat, impacting ecological
connectivity. Faunal diversity includes small mammals (e.g., Lepus capensis), avian species (e.g.,
Francolinus spp.), and reptiles (e.g., Agama spp.), with population densities constrained by
habitat fragmentation.

The oshana, a critical ecological feature, supports a richer biodiversity during the wet season,
hosting amphibians (e.g., Pyxicephalus adspersus), invertebrates, and migratory waterfowl (e.g.,
Anas undulata) from December to March. Preliminary water quality assessments of the oshana
reveal a pH range of 6.8 - 7.2 and dissolved oxygen levels of 4 - 6 mg/L, indicative of a moderately
productive aquatic ecosystem subject to seasonal fluctuations (Wetlands International, 2018).

Figure 4: Aerial view of Epembe site showing vegetation distribution and oshana layout

Table 10: Environmental Parameters at Epembe Site

Parameter Baseline Measurement Notes
Value/Description Method

Precipitation 400-600 mm/year Meteorological data Rainy season (Nov-Apr)

Soil Type Deep sandy (silt <10%) Soil sampling Southwest gradient to

oshana

Elevation 1,100-1,150 m ASL Topographic survey Gentle undulations

Groundwater 30-50 m Borehole logs Salinity 1,500-2,500

Depth uS/cm

Air Quality = <50 pg/m? Air quality monitoring Dry season dust concern

(PM10)

Noise Levels 40-50 dB (55-60 dB near Sound level meter Natural background
roads)
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Vegetation Cover  70%  (mopane, acacia, Transect surveys 20 ha to be cleared

terminalia)
Fauna Hares, birds, reptiles Camera traps, visual Oshana biodiversity peak
surveys Dec-Mar
Oshana Water pH 6.8-7.2, DO 4-6 mg/L Field testing Seasonal wetland

Quality
4.1.2. Socio-Economic Conditions

The Epembe site is embedded within a rural socio-economic context, with an estimated
population of 1,500 - 2,000 residing within a 5-kilometer radius, concentrated in homesteads
located 200-300 meters northwest. Livelihoods are predominantly subsistence-based, relying on
rain-fed agriculture (e.g., millet, sorghum) and pastoralism (e.qg., cattle, goats), with the oshana
serving as a vital water source for livestock and small-scale irrigation. The communal land tenure
system, administered by the Ohangwena Regional Council, supports traditional grazing practices,
though land use pressure is intensifying due to a population growth rate of 0.5-1% annually,
driven by natural increase and seasonal migration.

Educational infrastructure is severely limited, with the nearest secondary school situated 15
kilometers away, resulting in secondary enrollment rates of 40-50% and necessitating the
proposed 600-learner facility with hostel accommodations. Employment opportunities are scarce,
with households dependent on seasonal agricultural labor, informal trade, and remittances from
urban areas. Infrastructure is rudimentary, comprising unpaved access roads, shallow hand-dug
wells, and basic water points, with the absence of centralized sanitation exacerbating public health
risks and justifying the WWTP development.

Figure 5: Community homesteads near Epembe site depicting rural living conditions
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Figure 6: Homesteads in the Vicinity of Epembe Secondary School Site, Ohangwena Region, Namibia

Table 11: Socio-Economic Parameters at Epembe Site

Parameter

Population

Livelihood
Population
Growth

Education Access

Employment
Infrastructure

Baseline
Value/Description
1,500-2,000

Agriculture, pastoralism
0.5-1% annually

Nearest school 15 km
Seasonal labor, remittances

Unpaved roads, no
sanitation

Measurement
Method
Household surveys

Community interviews
Census data

GIS mapping

Economic surveys
Site inspection

4.1.3. Cultural and Historical (Heritage) Conditions

Notes

Homesteads 200-300 m
NW
Oshana water use

Increasing land  use
pressure

Justifies 600-learner
school

Limited opportunities
WWTP planned

The cultural and historical landscape of the Epembe site reflects a blend of tangible and intangible
heritage elements. Initial archaeological surveys conducted in April/May 2025 identified no
significant surface artifacts or cultural heritage features within the 350,000 m? site, though
subsurface investigations remain incomplete. The oshana, located 300 - 400 meters southeast,
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holds profound cultural significance as a site for water-related rituals, including rain-making
ceremonies and communal gatherings, as documented through consultations with traditional
authorities. Oral histories from local elders suggest the presence of unrecorded burial sites and
historical settlement remnants near homesteads, potentially dating to pre-colonial migration
periods. These findings underscore the need for a comprehensive pre-construction heritage
survey to comply with the National Heritage Act (No. 27 of 2004). The site’s proximity to traditional
grazing routes further highlights the importance of preserving intangible cultural practices, such
as seasonal cattle herding patterns, which may be disrupted by development activities.

4.2. Ohangwena Region Conditions
4.2.1. Environmental Conditions

The Ohangwena Region encompasses approximately 10,698 km? in northern Namibia, adjacent
to the Angola border, and is characterized by a semi-arid to arid climate with significant spatial
variability in precipitation. Annual rainfall averages 400 - 600 mm, with the majority occurring
between November and April, though inter-annual variability and localized droughts are common.
The region’s landscape consists of expansive sandy plains interspersed with seasonal wetlands,
notably the Cuvelai Basin’s oshana system, which supports episodic flooding. Soils are
predominantly sandy with low organic content and fertility, rendering them highly susceptible to
wind and water erosion during dry periods (May-October).

Surface water is scarce, with the region relying heavily on the Ohangwena Aquifer I, where over-
extraction has led to declining water tables and increased salinity levels of 1,500-3,000 uS/cm,
challenging agricultural and domestic use. Air quality remains relatively clean, with PM10
concentrations below 50 pg/m?, though frequent dust storms during the dry season pose
environmental and health risks. Ambient noise levels average 40-50 dB in rural areas, escalating
to 55-60 dB near settlements and major roads. Vegetation is dominated by savanna-woodland
species such as Colophospermum mopane and Acacia spp., alongside wetland grasses (e.g.,
Cyperus spp.), with tree cover estimated at 0.147 hectares in Epembe based on satellite data.
Faunal diversity includes small mammals, birds, and reptiles, with wetlands providing habitats for
migratory waterfowl, particularly during the wet season.

Figure 7: Regional landscape of Ohangwena showing sandy plains and wetland systems
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Figure 8: Expansive Sandy Plains of the Cuvelai Basin, with sparse vegetation including drought-resistant
grasses

Figure 9: Sparse Drought-Resistant Grasslands, where homesteads are constructed amidst sandy soils
and seasonal oshana wetlands
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Table 12: Environmental Parameters in Ohangwena Region

Parameter Baseline Measurement Notes
Value/Description Method
Precipitation 400 - 600 mm/year Meteorological data  Spatial variability, seasonal
Soil Type Sandy, low fertility Soil sampling Prone to erosion
Groundwater 1,500-3,000 pS/cm Water quality testing =~ Ohangwena Aquifer I
Salinity
Air Quality = <50 pg/m? Air quality monitoring = Dust storms common
(PM10)
Noise Levels 40-50 dB Sound level meter Increases near
settlements
Vegetation Cover =~ Savanna-woodland, wetland Satellite imagery, Low tree cover (0.147 ha
grasses surveys in Epembe)
Fauna Mammals, birds, reptiles Wildlife surveys Wetlands support
waterfowl

4.2.2. Socio-Economic Conditions

The Ohangwena Region supports a population of approximately 245,000, with an annual growth
rate of 0.5-1%, reflecting natural increase and seasonal migration from Angola. The Epembe
constituency, a rural settlement within the region, has a population of 14,837, characterized by
dispersed homesteads and limited urban centers. The economy is predominantly agrarian, with
subsistence farming of crops such as millet, maize, and sorghum, alongside livestock rearing
(e.g., cattle, goats, and poultry), constrained by water scarcity and poor soil fertility. High poverty
levels, estimated at over 30% of households, drive reliance on traditional water sources, including
shallow wells and boreholes, though recent infrastructure projects (e.g., 45 km pipelines costing
N$3.4 million and a 5-megalitre reservoir at Eenhana) have improved access.

Educational attainment remains low, with secondary school enroliment rates below 50% due to
the distance to facilities, a key driver for the Epembe school project. Unemployment is prevalent,
with income derived from seasonal agricultural labor, informal trade, and remittances from urban
migrants. Infrastructure is underdeveloped, featuring unpaved roads, shallow boreholes, and the
aforementioned reservoir, with sanitation coverage lagging, affecting public health outcomes.

Figure 10: Road infrastructure in Ohangwena,
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Table 13: Socio-Economic Parameters in Ohangwena Region

Parameter Baseline Value/Description | Measurement Notes
Method
Population ~245,000 Census data Growth 0.5-1% annually
Epembe 14,837 Household surveys | Rural settlement
Constituency
Livelihood Farming, livestock Community Water scarcity constraint
interviews
Poverty Level >30% of households Socio-economic Reliance on
surveys wells/boreholes
Education Access | <50% secondary enroliment Educational records | Regional  development
focus
Employment Seasonal labor, remittances Economic surveys High unemployment
Infrastructure Unpaved roads, boreholes, | Site inspection, | 5 ML at Eenhana, N$30
reservoir records million

4.2.3. Cultural and Historical (Heritage) Conditions

The Ohangwena Region’s cultural and historical heritage is a rich tapestry of tangible and
intangible elements, shaped by its proximity to the Angola border and its wetland resources.
Traditional practices are deeply intertwined with the oshana system, where water-related rituals,
including rain-making ceremonies and communal fishing, form a cornerstone of cultural identity.
Oral histories, preserved by local elders, narrate migration patterns from Angola during the pre-
colonial era, suggesting the presence of historical settlement sites and burial grounds scattered
across the region.

While no major archaeological sites are formally documented, anecdotal evidence from traditional
authorities indicates potential heritage assets, such as stone tools and settlement remnants,
particularly in areas near Epembe. The Ohangwena Regional Council, in partnership with
traditional authorities, actively preserves this heritage, integrating indigenous governance with
modern development planning. The region’s cross-border cultural exchanges with Angola add a
layer of complexity, influencing linguistic diversity (e.g., Oshiwambo dialects) and traditional
governance structures, necessitating a region-wide heritage management strategy.
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5.IMPACT ASSESSMENT AND MITIGATION MEASURES

This chapter provides a comprehensive and technically rigorous evaluation of the potential
environmental, social, and cultural impacts arising from the proposed development of a new
secondary school and wastewater treatment plant (WWTP) at Epembe, Ohangwena Region,
Namibia, situated on a 350,000 m? (35-hectare) communal land parcel at coordinates 17°47'27"S,
16°27'04"E. The assessment encompasses the construction, operation, and decommissioning
phases, employing a quantitative risk-based impact assessment matrix adapted from Glasson et
al. (2012) and calibrated to the International Finance Corporation (IFC) Performance Standards
(2012). Impacts are evaluated based on magnitude, duration, frequency, and receptor sensitivity,
with scores derived from a 25-point scale (1 = negligible, 25 = critical). Mitigation measures are
designed to align with the Environmental Management Act (No. 7 of 2007) and its Regulations
(2012), incorporating engineering solutions and adaptive management strategies informed by
baseline data collected between May and June 2025 across the site and a 5-kilometer radius of
influence.

5.1. Impact Identification and Assessment
5.1.1. Construction Phase Impacts

The construction phase, projected to span 12-18 months, involves site clearing, earthworks,
foundation laying, and infrastructure erection, impacting a 35-hectare footprint. Detailed impacts
are quantified as follows:

o Vegetation Loss and Habitat Fragmentation: The removal of 35 hectares of savanna-
woodland, representing 10% of the site’s 350,000 m? area, will eliminate approximately
14 hectares of canopy cover (70% baseline, dominated by Colophospermum mopane,
Acacia spp., and Terminalia sericea). This will disrupt habitats for small mammals (e.g.,
Lepus capensis, density 0.5 individuals/ha), avian species (e.g., Francolinus spp., 2-5
nests/ha), and reptiles (e.g., Agama spp., 1-2 individuals/ha), reducing local biodiversity
by an estimated 15-20%. The impact magnitude is high due to the permanent loss of
2,000-2,500 mature trees, with a moderate duration (1-2 years during construction and
initial recovery), occasional frequency, and high receptor sensitivity (endangered species
potential). Score: 12/25, classified as significant.

« Soil Erosion and Sedimentation: Earthworks on deep sandy soils (silt <10%, cohesion <5
kPa) with a 2-5% southwest gradient toward the oshana (300-400 m southeast) will
increase erosion rates by 20-30% during rainfall events (400-600 mm/year). Sediment
loads in runoff may exceed 50 mg/L, risking oshana siltation and aquatic habitat
degradation. The impact magnitude is moderate, with a short-term duration (1 year),
frequent occurrence during wet seasons, and moderate receptor sensitivity (oshana
ecosystem). Score: 8/25, classified as moderate.

« Air Quality Degradation: Construction activities, including excavation and vehicle
movement, will generate dust, with PM10 concentrations potentially rising to 100-150
pg/m® during dry periods (May-October, wind speeds 15-20 km/h). This poses a
moderate health risk to homesteads 200-300 m northwest (population 1,500-2,000),
exceeding WHO guidelines (50 yg/m?®). The impact magnitude is moderate, with a short-
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term duration (1 year), frequent occurrence, and moderate receptor sensitivity. Score:
7125, classified as moderate.

Noise and Vibration: Operation of heavy machinery (e.g., excavators, bulldozers) will
elevate noise levels to 70-85 dB(A) within 100 meters, exceeding the 55 dB(A) threshold
for residential areas (ISO 1996-1, 2016). Vibration from pile driving may reach 0.5-1.0
mm/s at 50 meters, potentially disturbing livestock. The impact magnitude is moderate,
with a short-term duration (1 year), frequent occurrence, and moderate receptor
sensitivity. Score: 6/25, classified as moderate.

Water Resource Demand: Construction will require 500-700 m?* of water for concrete and
dust suppression, drawing from groundwater (30-50 m depth, salinity 1,500-2,500
pS/cm). This may lower the water table by 0.1-0.2 m, affecting 5-10 local wells, with a
low magnitude, short-term duration, and low receptor sensitivity. Score: 4/25, classified
as low.

5.1.2. Operation Phase Impacts

The operation phase, spanning 20-30 years, will process 60-80 m?3/day of wastewater,
discharging treated effluent into the oshana. Detailed impacts include:
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Water Quality Alteration: Effluent discharge, designed to meet Water Resources
Management Act standards (BOD <30 mg/L, TSS <25 mg/L), may introduce nutrient loads
(e.g., nitrogen 10-15 mg/L, phosphorus 2-3 mg/L) into the oshana (baseline pH 6.8-7.2,
DO 4-6 mg/L). Without stringent monitoring, eutrophication could reduce dissolved
oxygen to <3 mg/L, impacting aquatic fauna. The impact magnitude is moderate, with a
long-term duration (20-30 years), continuous frequency, and high receptor sensitivity
(oshana biodiversity). Score: 10/25, classified as significant.

Biodiversity Impact: Altered water chemistry and flow regimes may affect oshana
species, including amphibians (e.g., Pyxicephalus adspersus, 50-100 individuals/season)
and waterfowl (e.g., Anas undulata, 20-30 pairs/season). Habitat loss within a 50-meter
buffer could reduce breeding success by 10-15%, with a moderate magnitude, long-term
duration, continuous frequency, and moderate receptor sensitivity. Score: 9/25,
classified as moderate.

Socio-Economic Benefits: The project will create 5-10 permanent jobs for WWTP
operators and improve sanitation for 600 learners, reducing waterborne disease incidence
by an estimated 20-30% (baseline 10-15 cases/year). The impact magnitude is high, with
a long-term duration, continuous frequency, and high receptor sensitivity. Score: 15/25,
classified as significant (positive).

Public Health Risks: Inadequate treatment (e.g., pathogen survival >10* CFU/100 mL)
could increase disease risk (e.g., cholera, diarrhea) in homesteads 200-300 m northwest,
with a moderate magnitude, long-term duration, occasional frequency, and high receptor
sensitivity. Score: 8/25, classified as moderate.

Energy Consumption: WWTP operation will require 50-70 kWh/day, sourced from diesel
generators, emitting 40-50 kg CO,/day, contributing to a minor greenhouse gas footprint
with low magnitude, long-term duration, and low receptor sensitivity. Score: 5/25,
classified as low.

5.1.3. Decommissioning Phase Impacts



Decommissioning, anticipated after 30 years, will involve WWTP dismantling, sludge removal,
and site restoration. Impacts include:

o Residual Contamination: Sludge disposal (10-15 m?®) may leave trace contaminants (e.g.,
heavy metals <5 mg/kg) if not fully removed, with a low magnitude, short-term duration,
rare frequency, and low receptor sensitivity. Score: 4/25, classified as low.

« Habitat Disturbance: Restoration activities may disturb 1-2 hectares of revegetated land,
with a low magnitude, short-term duration, rare frequency, and low receptor sensitivity.
Score: 4/25, classified as low.
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Table 14: Detailed Impact Assessment Matrix

Phase Impact Magnitude Duration Frequency Receptor Score Classification Mitigation Measures
Sensitivity (1-25)
Construction Vegetation Loss = High Moderate Occasional High 12 Significant Implement selective clearing to
and Habitat (1-2 years) preserve 50% of mature trees;
Fragmentation establish 10-ha reforestation zone
with native species (Colophospermum
mopane, Acacia spp.); monitor
biodiversity recovery for 3 years post-
construction.
Construction Soil Erosion and = Moderate Short-term | Frequent Moderate 8 Moderate Install silt fences and sediment traps
Sedimentation (1 year) along the 2-5% gradient; apply mulch
and hydroseeding on exposed soils;
conduct erosion monitoring during
wet seasons (400-600 mm/year).
Construction Air Quality Moderate Short-term | Frequent Moderate 7 Moderate Use water sprays for dust
Degradation (1 year) suppression (target PM10 <50
pg/m3); limit vehicle speeds to 20
km/h; schedule high-dust activities
during low-wind periods (wind <15
km/h).
Construction Noise and Moderate Short-term | Frequent Moderate 6 Moderate Restrict machinery operation to
Vibration (1 year) 08:00-17:00 (noise <55 dB(A) at 100
m); use vibration dampeners on pile
drivers; provide noise barriers near
homesteads.
Construction Water Resource | Low Short-term | Occasional Low 4 Low Source water from off-site suppliers;
Demand (1 year) install water-efficient concrete mix
designs; monitor groundwater levels
quarterly (target <0.1 m drawdown).
Operation Water Quality Moderate Long-term  Continuous  High 10 Significant Install tertiary treatment (e.g., UV
Alteration (20-30 disinfection) to reduce nutrients (N
years) <10 mg/L, P <2 mg/L); conduct
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>4 mg/L); establish 50-m vegetated
buffer along oshana.

Operation Biodiversity Moderate Long-term  Continuous  Moderate 9 Moderate Maintain flow regimes mimicking
Impact (20-30 natural oshana cycles; create artificial
years) breeding habitats for amphibians and

waterfowl; monitor species
populations annually.

Operation Socio-Economic | High Long-term  Continuous  High 15 Significant Provide vocational training for 5-10
Benefits (20-30 (Positive) operators; install sanitation facilities
years) for 600 learners; conduct health
impact assessments biannually.
Operation Public Health Moderate Long-term | Occasional High 8 Moderate Ensure WWTP effluent meets
Risks (20-30 pathogen limits (<10® CFU/100 mL);
years) provide community health education;
install warning signs near discharge
points.
Operation Energy Low Long-term | Continuous = Low 5 Low Transition to solar PV for 50% of 50—
Consumption (20-30 70 kWh/day demand; optimize pump
years) efficiency; offset 20-25 kg CO,/day
via carbon credits.
Decommissioning Residual Low Short-term = Rare Low 4 Low Remove all sludge (target <1 mg/kg
Contamination (<1 year) heavy metals); conduct soil sampling

post-removal; remediate if
contamination exceeds 5 mg/kg.
Decommissioning = Habitat Low Short-term | Rare Low 4 Low Limit restoration to 1 ha at a time;
Disturbance (<1 year) use native revegetation (e.g.,
Terminalia sericea); monitor habitat
recovery for 2 years.

Notes: Scores are derived using a 25-point scale (1 = negligible, 25 = critical) based on magnitude, duration, frequency, and receptor sensitivity, per Glasson

et al. (2012) and IFC Performance Standards (2012). Mitigation measures comply with the Environmental Management Act (No. 7 of 2007) and Regulations
(2012).
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6. ENVIRONMENTAL MANAGEMENT PLAN (EMP)

This chapter presents a comprehensive and robust Environmental Management Plan (EMP) for
the development of a new secondary school and its associated wastewater treatment plant
(WWTP) at Epembe, Ohangwena Region, Namibia, located on a 200,000 m? (20-hectare)
communal land parcel at coordinates 17°47'27"S, 16°27'04"E. The EMP addresses all identified
impacts with a specific focus on the WWTP infrastructure (e.g., treatment units, 200-m
underground pipeline, electrical grid connection, and integration with the school’s sanitation
system), its construction, and its operational environmental impacts (e.g., effluent discharge
into the oshana, energy consumption, sludge management) across the pre-construction,
construction, operation, and decommissioning phases.

The plan ensures compliance with the Environmental Management Act (No. 7 of 2007), its
Regulations (2012), the Water Resources Management Act (No. 24 of 2004), the National
Heritage Act (No. 27 of 2004), and international standards, including the International Finance
Corporation (IFC) Performance Standards (2012) and International Association for Impact
Assessment (IAIA) guidelines (2015). The framework is informed by extensive baseline data
collected between April, May and June 2025 within a 5-kilometer radius, incorporating semi-
arid climatic conditions (400-600 mm annual rainfall) and oshana proximity (300-400 m
southeast).

6.1. EMP Matrix
The following matrix provides an exhaustive and technically detailed framework for managing
each impact, ensuring a proactive and adaptive approach to environmental, social, and cultural

protection specific to the WWTP project.

Table 5.1: Environmental Management Plan Matrix
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Phase

Pre-Construction
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Impact Type

Vegetation
Loss (WWTP
Site Planning)

Soil Erosion
(WWTP Site
Preparation)

Cultural
Heritage Risk
(WWTP Route)

WWTP
Infrastructure
Planning

Management Action

Conduct detailed vegetation
survey using 100-m transects
and drone imagery (5 cm/pixel
resolution) to map 70% cover
(Colophospermum mopane,
Acacia spp., Terminalia
sericea), demarcate 10-m no-
go zones around trees >5 m
height, and design a 2-ha
offset area adjacent to the
WWTP site with soil
preparation for planting.
Perform geotechnical analysis
(silt <10%, cohesion <5 kPa,
shear strength 10-15 kPa),
design 1:3 graded slopes with
1 m berms for WWTP
foundation, pre-install silt fence
foundations (0.6 m depth), and
assess groundwater impact at
30-50 m depth.

Conduct comprehensive
archaeological survey per
National Heritage Act using
ground-penetrating radar (50
m grid) and oral history from
elders, focusing on WWTP
pipeline route and oshana ritual
sites 300-400 m SE.

Design WWTP layout (60-80
m?/day capacity with 3-stage
treatment: screening,
sedimentation, activated
sludge), 200-m HDPE pipeline

Responsible
Party

Erongo
Consulting,
Traditional
Authorities

Artee
Engineering,
Erongo
Consulting,
Namibia Water
Corporation

National
Heritage
Council,
Erongo
Consulting,
Traditional
Authorities

aqua
engineering,
Artee

Engineering,

Performance
Indicator

>95% vegetation
mapped with
GIS accuracy,
100% no-go
zones
established, soil
pH 6.5-7.5in
offset

Slope stability
>98%, silt fence
integrity 100%,
groundwater
drawdown <0.05
m

>98% site
coverage, 0
unrecorded
finds, 100%
ritual site buffer

100% design
approval,
pipeline gradient
1:100, power
load <25 kW

Monitoring Protocol

Weekly site
inspections, GIS data
validation, soil pH
testing (triplicate
samples)

Monthly soil core
sampling (0-50 cm),
inclinometer readings,
quarterly borehole logs

Biweekly radar scans,
elder interviews (audio-
recorded), buffer
demarcation

Hydraulic modeling
(Hec-RAS), electrical
load testing, buffer
survey

Contingency
Measure

Expand no-go
zoneto 15 m
and add 0.5 ha
offset if >10%
vegetation
unmapped

Install 1 m
drainage
channels if
stability <95%
or drawdown
>0.1m

Suspend work
75 m around
finds, 45-day
assessment
with MEFT

Redesign
pipeline if
gradient >1:50
or buffer <40
m

Timeline/Cost
Estimate
Q2 2025,
N$75,000

Q2 2025,
N$50,000

Q2-Q3 2025,
N$100,000

Q2 2025,
N$150,000



Construction
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Vegetation
Loss (WWTP
and Pipeline)

Soil Erosion
(WWTP and
Pipeline)

Air Quality
(WWTP
Construction)

Noise and
Vibration
(WWTP)

Water
Resource
Demand
(WWTP)

(150 mm diameter) to school,
20 kW power grid connection,
and 50-m oshana buffer, with
hydraulic and electrical load
analysis.

Clear 2 ha for WWTP and 0.5
ha for pipeline, plant 500 native
trees (250 trees/ha) in 2-ha
offset with drip irrigation,
repurpose 80% biomass for
school fencing, and monitor for
5 years with erosion control.
Install 0.6 m silt fences (50%
permeability) and 1:3 slopes
with 1.5 m berms, deploy 15
m? sediment traps along
WWTP and pipeline, apply 5-7
cm organic mulching, and
monitor during 400-600 mm
rainfall.

Apply 75-125 L/m?/day water
suppression with misting
cannons, halt machinery at >15
km/h winds, provide N95
masks and air quality training
for 50 workers.

Restrict WWTP work to 7:00
AM-6:00 PM, install 2.5-m
acoustic barriers (15-20 dB
reduction), limit pile driving to
<0.25 mm/s at 50 m, and notify
residents 200-300 m NW.

Use 800 m? borehole for
WWTP concrete and pipeline,
implement 30-40% reuse with
sedimentation tanks, monitor
salinity (1,500-2,500 pS/cm).

Namibia Water
Corporation

Artee
Engineering,
Erongo
Consulting,
Traditional
Authorities

Artee
Engineering,
aqua
engineering

Artee
Engineering,
Erongo
Consulting

Artee
Engineering,
Erongo
Consulting

Namibia Water
Corporation,
Artee
Engineering

>85% tree
survival, 75%
cover restored,
0% erosion in
offset

Runoff sediment
<15 mg/L,
erosion rate
<3%, trap
efficiency 90%

PM10 <70 pg/m?
at 200 m NW,
100% mask
compliance

Noise <50 dB(A)
at 100 m,
vibration <0.25
mm/s

Drawdown <0.08
m, 35% reuse,
salinity stable

Biannual transect
surveys (100 m),
survival counts,
erosion stakes

Biweekly sediment
sampling (gravimetric),
rainfall gauges, trap
inspections

Daily high-volume
sampler tests, wind
speed logs, compliance
audits

Weekly Type 1 sound
level meter, vibration
sensors, resident
feedback

Quarterly depth
soundings, flow
meters, conductivity
tests

Plant 250 trees
and add mulch
if <70%
survival

Increase traps
to 20 m® and
add coir mats
if >20 mg/L

Deploy
additional
misting and
respirators if
>90 pg/m?

Shift to 8:00
AM-4:00 PM
and add
barriers if >55
dB(A)

Source 300 m?
and treat if
drawdown
>0.12 m

Q3 2025-Q4
2026,
N$250,000

Q3 2025-Q4
2026,
N$200,000

Q3 2025-Q4
2026,
N$120,000

Q3 2025-Q4
2026,
N$150,000

Q3 2025-Q4
2026, N$90,000



Operation
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WWTP
Infrastructure
Installation

Water Quality
Alteration
(WWTP
Effluent)

Biodiversity
Impact (WWTP
Effluent)

Public Health
Risks (WWTP
Operation)

Socio-
Economic
Benefits
(WWTP Jobs)

Energy
Consumption
(WWTP)

Construct WWTP (5 mm

screens, 2.5-hr sedimentation,
MLSS 2,500-3,500 mg/L, UV
45 mJ/cm?), lay 200-m pipeline
with 1% gradient, connect to
school (600 learners), and

install 20 kW grid power.

Operate WWTP with automated

5 mm screening, 2.5-hr

sedimentation, activated sludge
(MLSS 2,500-3,500 mg/L), UV
disinfection (45 mJ/cm?), treat

60-80 m*/day, discharge to

oshana with 50-m buffer.

Maintain 50-m vegetated buffer

with 1,200 plants (e.g.,
Cyperus spp., Typha

domingensis) at 240 plants/ha,
monitor oshana species (e.g.,

Pyxicephalus adspersus).

Conduct bi-annual screenings
for 600 learners and 1,500-
2,000 residents, provide 6
training sessions/year (2.5

hours) on sanitation and
effluent safety.

Employ 6-12 WWTP operators
locally, provide 150 hours/year
training, build three 600 L

water points with solar pumps.

Operate 25 kW solar-diesel
hybrid (60% solar), reduce CO,
to 15-20 kg/day, conduct bi-
annual audits with efficiency

upgrades.

aqua
engineering,
Artee
Engineering

aqua
engineering,
Erongo
Consulting

Erongo
Consulting,
Traditional
Authorities

Ministry of
Education,
Erongo
Consulting,
Ohangwena
Regional
Council
Ohangwena
Regional
Council,
Erongo
Consulting
aqua
engineering,
Erongo
Consulting

100%
operational, 0
leaks, 99%
uptime

BOD <25 mglL,
TSS <20 mg/L,
E. coli <150
CFU/100 mL, pH
6.5-7.5

>92% species
diversity, >75%
cover, 0% fish
kill

<3 disease
cases/year, 85%
attendance, 0%
exposure

>85% local
employment,
>600 L/day use,
90% training
completion

15% annual
diesel reduction,
<20 kg CO,/day

Daily construction logs,
pressure tests (10
bar), power load
checks

Weekly oshana
sampling (DO >4 mg/L,
nutrients <8 mg/L N,
<1.5 mg/L P), lab
validation

Monthly 100-m
transect surveys,
population counts (50-
100
amphibians/season),
water quality

Bi-annual health
surveys, attendance
logs, effluent safety
audits

Quarterly 15%
household surveys,
usage meters, training
evaluations

Bi-annual energy
audits, CO, emission
logs, solar output
(kWh)

Repair leaks
within 24
hours, backup
generator if
<95% uptime

Deploy 150 m?
emergency
tank and
mobile unit if
>30 mg/L BOD

Expand to 80
m and add
aeration if
diversity <85%

Increase to 8
sessions and
add barriers if
>5 cases

Add water
point and
training if
<70%
employment
Install 10 kW
backup solar if
diesel >25
kg/day

Q3 2025-Q4
2026,
N$1,800,000

Q1 2027-Q1
2057,
N$600,000/year

Q1 2027-Q1
2057,
N$150,000/year

Q1 2027-Q1
2057,
N$80,000/year

Q1 2027-Q1
2057,
N$200,000/year

Q1 2027-Q1
2057,
N$120,000/year



Decommissioning
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WWTP
Infrastructure
Maintenance

Sludge
Management
(WWTP)

Residual
Contamination
(WWTP
Sludge)

Habitat
Disturbance
(WWTP Site)

WWTP
Infrastructure
Removal

Maintain WWTP pumps, 200-m
pipeline, school connection,
and power grid, inspect
quarterly with corrosion
checks.

Collect 10-15 m*/month
sludge, dewater to 20% solids,
transport to licensed facility,
monitor leachate.

Remove 15-20 m?
accumulated sludge,
decontaminate WWTP with pH-
neutral detergent (<3 mg/kg
metals), test soil to 1 m depth.
Regrade 2-3 ha WWTP area to
1:5 slope with 2 m berms,
plant 400 native trees/shrubs
(200 plants/ha), monitor 5
years with irrigation.

Dismantle WWTP units,
remove 200-m pipeline, recycle
60% materials (e.g., HDPE,
steel), backfill trenches with
native soil.

aqua
engineering,
Artee
Engineering

aqua
engineering,
Erongo
Consulting
aqua
engineering,
Erongo
Consulting

Artee
Engineering,
Erongo
Consulting

aqua
engineering,
Artee
Engineering

99% uptime, 0
leaks, 0
corrosion >0.1
mm

<5 mg/kg metals
in leachate,
100% disposal

Soil
contaminants <5
mg/kg, 100%
sludge removal

>90% survival,
>80% cover, 0%
erosion

100% removal,
60% recycled,
0% subsidence

Monthly pressure tests
(12 bar), corrosion
probes, power stability

Monthly sludge
sampling, leachate
analysis (pH, metals)

Bi-weekly soil sampling
(0-100 cm), metal
analysis

Quarterly surveys,
survival counts,
erosion pins

Post-decommissioning
audit, weight logs,
subsidence monitoring

Repair within
36 hours,
replace pipes if
>0.2 mm
corrosion
Store onsite in
20 m? tank if
facility
unavailable
Excavate 1 m
and add 10 cm
topsoil if >10
mg/kg

Plant 150 more
and add mulch
if <75%
survival

Store waste
onsite and
compact soil if
<50% recycled

Q1 2027-Q1
2057,

N$300,000/year

Q1 2027-Q1
2057,

N$100,000/year

Q2 2057-Q3
2057,
N$300,000

Q2 2057-Q3
2057,
N$250,000

Q2 2057-Q3
2057,
N$400,000



6.2. Supporting Details
6.2.1. Institutional Responsibilities

o Ministry of Environment (MEFT): Oversees compliance, issues Environmental
Clearance Certificate, reviews quarterly reports. Contact: Environmental Commissioner
Office, +264 (0) 81 952 8607 / +264 (0) 61 284 2700.

e Ministry of Education, Innovation, Youth, Sports, and Arts and Culture: Funds
project, coordinates school integration. Contact: Project Management Unit, +264 61
279 200.

o Erongo Consulting Group (Pty) Ltd: Develops EMP, conducts monitoring, facilitates
I&AP engagement. Contact: erongoconsulting@gmail.com /
info@erongoconsultinggroup.co.za, +264 (0) 81 878 66 76.

o Artee Engineering: Designs and constructs WWTP infrastructure, erosion controls.
Contact: Project Civil Engineer, +264 81 128 8488.

« Aqua Engineering: Designs, installs, and maintains WWTP systems, sludge
management. Contact: Technical Support Division (to be confirmed)

« Ohangwena Regional Council: Manages land use permits, mediates community
concerns. Contact: Regional Planning Office, +264 (0) 65 264300,
orcinfo@ohangwenarc.gov.na.

« Traditional Authorities: Oversees cultural heritage, oshana rituals. Contact: Erongo
Consulting Group / Community Liaison, +264 (0) 81 878 6676.

o Interested and Affected Parties (I&APs): Provides feedback via quarterly forums,
grievance redressal. Contact: Public Consultation Records, +264 (0) 81 878 6676.

« Namibia Water Corporation: Supplies water, monitors groundwater. Contact:
Technical Support Division, +264 61 (0) 71 3000.

« National Heritage Council: Conducts heritage assessments. Contact: Heritage
Assessment Unit, +264 (0) 61 252 800.

6.2.2. Reporting and Adaptive Management

Monthly reports to MEFT will include WWTP performance metrics, monitoring data, and non-
compliance incidents, with photographic evidence. A quarterly review by a multi-stakeholder
committee (MET, Erongo Consulting Group, 1&APs, Traditional Authorities) will adjust measures
(e.g., increase buffer to 80 m if oshana DO <3 mg/L) based on trends, per IAIA (2015).

6.2.3. Budget and Schedule (estimate)

o Total Budget: N$5.2 million, including N$1.8 million for WWTP operation, N$1.9 million
for construction (including infrastructure), N$0.9 million for decommissioning, and
N$0.6 million for monitoring.

o Schedule: Pre-construction (Q2 2025), construction (Q3 2025-Q4 2026), operation (Q1
2027-Q1 2057), decommissioning (Q2 2057-Q3 2057).
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7.STAKEHOLDER ENGAGEMENT AND CONSULTATION

This chapter outlines the stakeholder engagement and consultation process for the proposed
development of a new secondary school and its associated wastewater treatment plant (WWTP)
at Epembe, Ohangwena Region, Namibia, located on a 350,000 m? parcel at coordinates
17°47'27"S, 16°27'04"E. The process adheres to the requirements of the Environmental
Management Act (No. 7 of 2007), its Regulations (2012), and international best practices,
including the International Finance Corporation (IFC) Performance Standard 1 (2012) on social
and environmental assessment, and the International Association for Impact Assessment (lAIA)
guidelines (2015) on public participation. The engagement strategy ensures the inclusion of all
Interested and Affected Parties (I&APs), including local communities, traditional authorities, and
government entities, to address concerns related to the WWTP infrastructure (e.g., 200-m
pipeline, oshana discharge), school integration, and socio-economic impacts, based on baseline
data collected between April, May and June 2025 within a 5-kilometer radius.

7.1. Objectives and Principles

The primary objectives of the stakeholder engagement process are to: (1) inform 1&APs about
the project’s scope, including the WWTP’s 60-80 m?®/day capacity and its environmental
implications (e.qg., effluent discharge into the oshana 300-400 m southeast); (2) solicit feedback
on potential impacts (e.g., water quality, cultural heritage); (3) incorporate local knowledge (e.g.,
oshana rituals) into the Environmental Management Plan (EMP); and (4) establish a grievance
redressal mechanism. The process is guided by principles of transparency, inclusivity, and
responsiveness, ensuring equitable participation across within a 5-kilometer radius.

7.2 Stakeholder Identification and Analysis

Stakeholders were identified through a participatory mapping exercise conducted in May 2025,
categorizing them by influence and interest:

o Government Entities: Ministry of Environment (MET), Ministry of Education, Innovation,
Youth, Sports, and Arts and Culture, Ohangwena Regional Council, Namibia Water
Corporation, National Heritage Council.

e Local Communities: Homesteads 200-300 m northwest, peasant farmers reliant on
oshana water, 600 prospective learners and their families.

o Traditional Authorities: Elders overseeing oshana rituals and grazing routes.

o Private Sector: Erongo Consulting Group (Pty) Ltd, Artee Engineering, Aqua
Engineering.

o Interested and Affected Parties (I&APs): General public, non-governmental
organizations (e.g., Wetlands International), and media.

A stakeholder analysis assessed influence (high for MEFT, moderate for communities) and
interest (high for farmers, moderate for learners), guiding targeted engagement strategies.

7.3. Consultation Process and Methods
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The consultation process, initiated in April 2025 and concluded on June 5, 2025, employed a
multi-method approach:

Public Meetings: the EAP managed to directly engage with the identified stakeholders.
This is due to the marginalisation of the proposed development and its surrounding
areas. Topics included WWTP design, oshana impact, and job opportunities. reports
are archived (Ref: PC-250505).

Focus Group Discussions: Four sessions on May 15-18, 2025, with locals, addressing
oshana water quality and cultural heritage. Recordings available (Ref: FGD-250515).
Household Surveys: surveys (10% sample) conducted May, 2025, assessing water
access and health concerns. Data compiled (Ref: HS-250525).

Written Submissions: no submissions received by June 1, 2025, via email and post.
(Ref: WS-250601).

Media Outreach: Newspaper adverts in the Confidente, a well circulated national
newspapers, both print and online. The posters at the Regional Council,

Notification was provided through posters, and direct invitations, ensuring a 21-day comment
period per Regulation 21.

7.4. Key Issues and Responses

Key issues raised during consultations and the project team’s responses include:

Water Quality Concern: - fears of oshana pollution from WWTP effluent (60-80 m?®/day).
Response: Commitment to maintain BOD <25 mg/L and TSS <20 mg/L, with quarterly
monitoring (see EMP Chapter 6).

Noise Impact: Residents 200-300 m NW - concerns about construction noise (70-85
dB). Response: Implementation of 2.5-m acoustic barriers and 7:00 AM-6:00 PM
schedule (see EMP).

Cultural Heritage: - highlighted likely oshana ritual sites. Response: Pre-construction
archaeological survey and 50-m buffer (see EMP).

Employment Opportunities: Community (May 10 meeting) sought local jobs. Response:
Plan to employ 6-12 WWTP operators locally with 150 hours/year training.
Infrastructure Access: Surveys (May 30) noted limited water points. Response:
Construction of three 600 L water points.

All responses are documented in the Issues and Responses Log (Ref: IRL-250605), available
for MET review.

7.5. Ongoing Engagement and Grievance Mechanism

7.5.1. Ongoing Engagement

A continuous engagement plan will include:
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Annual Forums: Held each June (starting 2026) at Epembe Hall, targeting 200-300
I&APs, to review WWTP performance and oshana health.



o Quarterly Updates: Distributed via radio, SMS to 500 contacts, and posters, reporting
effluent quality and employment stats.

« Biannual Workshops: With farmers and elders to assess oshana biodiversity and
cultural impacts, scheduled for January and July.

7.5.2. Grievance Redressal Mechanism
A structured grievance process will be implemented:

o Submission: I&APs can submit complaints via a toll-free hotline (+264 (0) 81 878
6676), email (info@erongoconsultinggroup.co.za), or written forms at the Ohangwena
Regional Council office.

o Acknowledgment: Receipt confirmed within 48 hours, with a unique reference
number.

o Resolution: Investigation by Erongo Consulting within 14 days, with MEFT oversight if
unresolved.

o Feedback: Written response within 21 days, with escalation to a multi-stakeholder
panel if needed.

« Documentation: All grievances logged in a Grievance Register (Ref: GR-250601),
reviewed quarterly.

7.6. Integration into Project Design
Consultation outcomes have informed the EMP (Chapter 6), including:

o Enhanced oshana buffer (50 m) to protect water quality and rituals.

« Noise mitigation (barriers, schedule) for residential areas.

o Local employment targets (85% WWTP staff) to boost socio-economic benefits.
o Water point construction (three 600 L units) to address access gaps.

7.7. Monitoring and Reporting

o Engagement Effectiveness: Annual surveys of 10% I&APs (150 respondents) to
assess satisfaction (>80% positive feedback) and participation (>50% attendance).

« Grievance Tracking: Quarterly reports to MEFT on grievance volume (<5%
unresolved), resolution time (<21 days), and trends.

e Cultural Impact: Biannual assessments with Traditional Authorities to monitor ritual
site integrity (0% disturbance).

Reports will be submitted to MET annually, with public summaries available at the Ohangwena
Regional Council, per IAIA (2015).
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8.ENVIRONMENTAL AND SOCIAL MONITORING AND
EVALUATION

This chapter delineates the Environmental and Social Monitoring and Evaluation (ESME)
framework for the proposed development of a new secondary school and its associated
wastewater treatment plant (WWTP) at Epembe, Ohangwena Region, Namibia, situated on a
350,000 m? parcel at coordinates 17°47'27"S, 16°27'04"E. The ESME is designed to assess the
effectiveness of mitigation measures outlined in Chapter 5, with a specific focus on the WWTP
infrastructure (e.g., 200-m HDPE pipeline, 20 kW power grid connection, school integration for
600 learners) and its operational environmental impacts (e.g., effluent discharge into the oshana
300-400 m southeast, energy consumption, sludge management). The framework complies
with the Environmental Management Act (No. 7 of 2007), its Regulations (2012), the Water
Resources Management Act (No. 24 of 2004), and international standards, including the
International Finance Corporation (IFC) Performance Standard 6 (2012) on biodiversity
conservation and the International Association for Impact Assessment (IAIA) guidelines (2015)
on monitoring protocols. Data collection is based on baseline assessments conducted between
April, May and June 2025 within a 5-kilometer radius.

8.1. Objectives and Scope

The primary objectives of the ESME are to:

= quantify the environmental performance of the WWTP (e.g., effluent quality, oshana
ecosystem health);

= evaluate social outcomes (e.g., employment of 6-12 operators, health impacts on 600
learners);

= ensure regulatory compliance with discharge limits (BOD <25 mg/L, TSS <20 mg/L);
and

= facilitate adaptive management by identifying deviations from performance indicators.

The scope encompasses pre-construction, construction, operation, and decommissioning
phases, with a focus on semi-arid conditions (400-600 mm annual rainfall) and oshana
proximity.

8.2. Monitoring Program

The monitoring program is structured to address key environmental and social parameters,
with protocols tailored to the WWTP’s operational dynamics:

8.2.1. Pre-Construction Monitoring

o Vegetation Baseline: Conduct monthly transects (100 m intervals) to map 70%
savanna-woodland cover (Colophospermum mopane, Acacia spp.), using drone imagery
(5 cm/pixel) and ground-truthing.

« Soil Stability: Perform quarterly geotechnical assessments (silt <10%, cohesion <5 kPa)
with shear strength tests (10-15 kPa) and groundwater monitoring at 30-50 m depth.
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Cultural Heritage: Execute bi-weekly ground-penetrating radar surveys (50 m grid)
along the WWTP pipeline route, validated by oral history from Traditional Authorities.
WWTP Site Suitability: Assess soil permeability (<107® m/s) and topography (2-5%
gradient) monthly to optimize WWTP layout and pipeline alignment.

8.2.2. Construction Monitoring

Vegetation Loss: Bi-annual transect surveys (100 m) to track 2-ha offset reforestation
(500 trees, 250 trees/ha), measuring survival rates (>85%) and erosion (<5%).

Soil Erosion: Bi-weekly sediment sampling (gravimetric method) from 0.6 m silt fences
and 15 m? traps, targeting runoff <15 mg/L during 400-600 mm rainfall.

Air Quality: Daily high-volume sampler tests for PM10 (<70 pg/m?* at 200 m NW) and
wind speed logs (>15 km/h trigger), with weekly compliance audits.

Noise and Vibration: Weekly Type 1 sound level meter readings (<50 dB(A) at 100 m)
and vibration sensors (<0.25 mm/s at 50 m) near homesteads.

Water Resource Use: Quarterly borehole depth soundings (<0.08 m drawdown) and
flow meters (35% reuse) for 800 m* water use.

WWTP Infrastructure: Daily construction logs, pressure tests (10 bar) on 200-m
pipeline, and power load checks (<25 kW) during installation.

8.2.3. Operation Monitoring

Water Quality (WWTP Effluent): Weekly oshana sampling with portable
spectrophotometers for BOD (<25 mg/L), TSS (<20 mg/L), E. coli (<150 CFU/100 mL),
pH (6.5-7.5), dissolved oxygen (>4 mg/L), and nutrients (<8 mg/L N, <1.5 mg/L P), with
bi-annual laboratory validation.

Biodiversity (WWTP Impact): Monthly 100-m transect surveys to monitor >92% species
diversity (e.g., Pyxicephalus adspersus, 50-100/season), >75% vegetation cover, and
fish kill incidence (0%).

Public Health: Bi-annual health surveys for 600 learners and 1,500-2,000 residents,
tracking <3 disease cases/year (e.g., cholera), with effluent safety audits.
Socio-Economic Benefits: Quarterly 15% household surveys (225 respondents) to
assess >85% local employment, >600 L/day water point use, and 90% training
completion.

Energy Consumption (WWTP): Bi-annual audits of 25 kW solar-diesel hybrid, measuring
<15 kg CO,/day and 15% diesel reduction, with solar output (kWh) logs.

WWTP Infrastructure: Monthly pressure tests (12 bar) on pipeline, corrosion probes
(<0.1 mm), and power stability checks (99% uptime).

Sludge Management: Monthly sludge sampling (10-15 m?) for dewatering (20% solids)
and leachate analysis (<5 mg/kg metals, pH 6-8).

8.2.4. Decommissioning Monitoring
Residual Contamination: Bi-weekly soil sampling (0-100 cm) post-WWTP removal,

analyzing <5 mg/kg metals with inductively coupled plasma mass spectrometry (ICP-
MS).



Habitat Restoration: Quarterly surveys of 2-3 ha regraded area, tracking >90%
tree/shrub survival and >80% cover with erosion pins.

WWTP Infrastructure: Post-decommissioning audit of 200-m pipeline removal, verifying
60% material recycling and 0% subsidence with ground-penetrating radar.

8.3. Evaluation Methodology

Evaluation will employ a mixed quantitative and qualitative approach:
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Performance Metrics: Compare monitored data (e.g., BOD <25 mg/L) against EMP
targets using statistical analysis (t-tests, p<0.05 significance).

Trend Analysis: Assess long-term trends (e.g., oshana DO >4 mg/L) with time-series
models, identifying deviations >10%.

Stakeholder Feedback: Annual 10% I&AP surveys (150 respondents) to evaluate
satisfaction (>80%) and perceived impacts (e.g., noise <50 dB(A)).

Adaptive Triggers: Define thresholds (e.g., PM10 >90 ug/m?, diversity <85%) to initiate
EMP revisions, reviewed quarterly by a multi-stakeholder committee.

8.4. Reporting Framework

Frequency: Monthly progress reports during construction, quarterly during operation,
and bi-annual post-decommissioning, submitted to MEFT.

Content: Include raw data (e.g., PM10 levels), statistical summaries, trend graphs, non-
compliance incidents, and adaptive recommendations.

Public Disclosure: Annual summaries available at Ohangwena Regional Council and
online (www.erongoconsultinggroup.co.za/esia), per IAIA (2015).

Audit: Independent environmental audit every 3 years (starting 2028) by a certified
practitioner, assessing WWTP performance and oshana health.

8.5. Institutional Responsibilities

Erongo Consulting Group (Pty) Ltd: Implements monitoring, compiles reports. Contact:
info@erongoconsultinggroup.co.za, +264 81 878 66 76.

Aqua Engineering: Monitors WWTP effluent, sludge, and infrastructure. (to be advised)
Artee Engineering: Oversees construction and decommissioning monitoring. Contact:
Project Civil Engineer, +264 81 128 8488

Ministry of Environment, Forestry & Tourism (MEFT): Reviews reports, enforces
compliance. Contact: Department of Environmental Affairs, +264 61 284 2111.
Ohangwena Regional Council: Facilitates community data collection. Contact: Regional
Planning Office, +264 65 250 100.

Traditional Authorities: Monitors cultural and biodiversity impacts. Contact: Community
Liaison, +264 81 345 6789.

Namibia Water Corporation: Tracks water resource use. Contact: Technical Support
Division, +264 61 202 7000.

8.6. Adaptive Management



The ESME incorporates a dynamic adaptive management process:

o Threshold Exceedance: Triggers include PM10 >90 pg/m?, BOD >30 mg/L, or diversity
<85%, prompting immediate investigation.

« Revision Process: Quarterly committee reviews (MEFT, Erongo Consulting, 1&APs)
adjust EMP measures (e.g., increase buffer to 80 m) within 30 days.

o Documentation: Changes logged in an Adaptive Management Register (Ref: AMR-
250601), audited annually.

9.ALTERNATIVES ANALYSIS

This chapter evaluates alternatives to the proposed wastewater treatment plant (WWTP) for the
new secondary school at Epembe, Ohangwena Region, Namibia, located on a 350,000 m? (35-
hectare) site east of the D3602 road. The project addresses the sanitation needs of 600 learners,
treating 60-80 m?®/day of wastewater with a 200-m high-density polyethylene (HDPE) pipeline
and a 20-kW solar-diesel hybrid power grid, discharging effluent into the oshana approximately
300-400 m southeast. The analysis considers the “no-action” scenario, alternative treatment
technologies, site locations, and mitigation strategies, assessing their environmental, social,
economic, and technical feasibility. The evaluation is based on baseline data collected between
May and June 2025 and aligns with the Environmental Management Act (No. 7 of 2007), the
International Association for Impact Assessment (IAIA) guidelines (2015), and the International
Finance Corporation (IFC) Performance Standards (2012).

9.1. Methodology

The alternatives analysis employs a multi-criteria decision analysis (MCDA) framework, scoring
options on a scale of 1 (poor) to 5 (excellent) across four criteria: environmental impact, social
acceptability, economic cost, and technical feasibility. Data are drawn from baseline
assessments (e.g., oshana dissolved oxygen 4-6 mg/L), stakeholder input, and cost estimates.
Sensitivity analysis accounts for the region’s 400-600 mm annual rainfall and a population of
1,500-2,000 within 5 km.

9.2. No-Action Alternative
9.2.1. Description

Maintaining the current reliance on 70% pit latrines and 30% septic tanks without a WWTP on
the 35-hectare site.

9.2.2. Impacts

o Environmental: Groundwater contamination (salinity >2,500 uS/cm), oshana
eutrophication (>10 mg/L nitrogen).
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e Social: 5-10 annual disease cases (e.g., cholera) among learners, 80% community
dissatisfaction.

o Economic: N30 initial cost, but N$200,000/year in health costs.

o Technical: No treatment capacity, 0% infrastructure reliability.

9.2.3. Evaluation

Score: 1 (environmental), 1 (social), 5 (economic), 1 (technical). Total: 8/20. Rejected due to
significant health and environmental risks.

9.3. Alternative Treatment Technologies
9.3.1. Constructed Wetlands

o Description: A 1.5-ha wetland using Typha domingensis, treating 80 m*/day with a 5-
day retention time on the 35-hectare site.

o Impacts: 70-80% BOD removal, <5 kW energy use, but 0.5-ha land loss and potential
mosquito breeding.

o Cost: N$1.8 million (construction), N$60,000/year (maintenance).

o Evaluation: Score: 4 (environmental), 3 (social), 3 (economic), 2 (technical). Total:
12/20. Viable but land-intensive given the 35-hectare constraint.

9.3.2. Activated Sludge (Proposed)

o Description: 80 m*/day WWTP with a 20 m?*® aeration tank, MLSS 2,500-3,500 mg/L,
and UV disinfection (45 mJ/cm?) on the 35-hectare site.

o Impacts: 95% BOD removal, <15 kg CO,/day, 50-m oshana buffer, 6-12 jobs.

o Cost: N$5.2 million (construction), N$200,000/year (maintenance).

o Evaluation: Score: 3 (environmental), 4 (social), 2 (economic), 5 (technical). Total:
14/20. Preferred for efficiency and scalability.

9.3.3. Membrane Bioreactor (MBR)

o Description: 80 m?®/day system with 0.1 um membranes, achieving 98% TSS removal
on the 35-hectare site.

o Impacts: 50% water reuse potential, but 25 kW energy demand, >20 kg CO,/day.

o Cost: N$7.5 million (construction), N$300,000/year (maintenance).

o Evaluation: Score: 4 (environmental), 3 (social), 1 (economic), 4 (technical). Total:
12/20. Rejected due to high cost and energy use.

Table 15: Technology Alternatives Comparison

Alternative Environmental Social Economic Technical Total Recommendation
Score Score Score Score Score

No-Action 1 1 5 1 8 Rejected

Constructed Wetlands = 4 3 3 2 12 Viable

Activated Sludge 3 4 2 5 14 Preferred

Membrane Bioreactor 4 3 1 4 12 Rejected
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9.4. Alternative Site Locations

9.4.1. Site A (Current, East of D3602)

Description: 350,000 m?, 300-400 m from oshana, 2-5% gradient, accessible via
D3602.

Impacts: 0.5-ha disturbance, manageable erosion (<15 mg/L), 50-m buffer feasible.
Cost: N$5.2 million, with existing road access.

Evaluation: Score: 3 (environmental), 4 (social), 3 (economic), 4 (technical). Total:
14/20. Preferred for accessibility and proximity.

9.4.2. Site B (1 km West of D3602)

Description: 300,000 m? 800 m from oshana, 5-8% gradient, requiring new 1-km
access road.

Impacts: 0.3-ha disturbance, higher erosion (>20 mg/L), 100-m buffer needed.

Cost: N$5.8 million, including road construction.

Evaluation: Score: 4 (environmental), 2 (social), 1 (economic), 3 (technical). Total:
10/20. Rejected for cost and accessibility challenges.

Table 16: Site Location Alternatives

Site Environme Social Economic Technical Total Recommendation
ntal Score Score Score Score Score

Site A (East D3602) 3 4 3 4 14 Preferred

Site B (West D3602) 4 2 1 3 10 Rejected

9.5. Alternative Mitigation Strategies
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9.5.1. 50-m Vegetated Buffer (Proposed)

Description: 600 plants/ha (Cyperus papyrus), 50 m wide around the oshana on the 35-
hectare site.

Impacts: Reduces nitrogen load to <8 mg/L, 90% biodiversity retention, 0.2-ha land use.
Cost: N$50,000 (initial), N$10,000/year (maintenance).

Evaluation: Score: 4 (environmental), 3 (social), 3 (economic), 4 (technical). Total:
14/20. Preferred for ecological benefits.

9.5.2.100-m Concrete Barrier

Description: 1 m high, 100 m wide concrete wall around the oshana.

Impacts: 100% nitrogen retention, but 0.5-ha habitat loss, high visual impact.

Cost: N$200,000 (initial), N$20,000/year (maintenance).

Evaluation: Score: 2 (environmental), 2 (social), 1 (economic), 3 (technical). Total: 8/20.
Rejected for ecological and aesthetic drawbacks.



Table 17: Mitigation Alternatives

Strategy  Environmental Social Economic Technical Total Recommendation

Score Score Score Score Score

50-m 4 3 3 4 14 Preferred
Vegetated
Buffer
100-m 2 2 1 3 8 Rejected
Concrete
Barrier

9.6. Conclusion and Recommendation

The activated sludge WWTP at the site east of D3602, with a 50-m vegetated buffer, is the
preferred alternative, scoring 14/20 across criteria. The no-action scenario is rejected due to
health risks, while the MBR and Site B are dismissed for cost and accessibility issues. The
concrete barrier is unsuitable due to ecological impacts. This design, costing about N$5.2
million, optimizes technical efficiency, social benefits (6-12 jobs), and environmental protection
within the 35-hectare site, ensuring sustainable operation from 2026 to 2056.

10. RISK ASSESSMENT AND EMERGENCY
PREPAREDNESS

This chapter presents a comprehensive and technically rigorous risk assessment and
emergency preparedness framework for the proposed development of a new secondary school
and its associated wastewater treatment plant (WWTP) at Epembe, Ohangwena Region,
Namibia, located on a 350,000 m? (35-hectare) communal land parcel at coordinates
17°47'27"S, 16°27'04"E. The framework systematically evaluates potential environmental,
social, and infrastructural hazards linked to the WWTP system, including its 200-m high-density
polyethylene (HDPE) pipeline (150 mm diameter, 1% gradient), 20 kW solar-diesel hybrid power
grid, integration with the school’s sanitation network serving 600 learners, and operational
processes (e.g., 60-80 m*/day effluent discharge into the oshana 300-400 m southeast, 15-20
m?month sludge production).

The assessment spans pre-construction, construction, operation, and decommissioning
phases, adhering to the Environmental Management Act (No. 7 of 2007), its Regulations (2012),
the Water Resources Management Act (No. 24 of 2004), and international benchmarks,
including the International Finance Corporation (IFC) Performance Standard 1 (2012) on risk
identification and mitigation, and the International Association for Impact Assessment (lAIA)
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guidelines (2015) on hazard management. The analysis is grounded in extensive baseline data
collected between May and June 2025 within a 5-kilometer radius, accounting for the region’s
semi-arid climate (400-600 mm annual rainfall), deep sandy soils (silt <10%, cohesion <5 kPa),
and ecological sensitivity of the oshana ecosystem.

10.1.  Risk Assessment Methodology

The risk assessment employs a hybrid quantitative-qualitative methodology, integrating a
probabilistic risk matrix derived from 1SO 31000 (2018) with stochastic modeling to evaluate
hazard likelihood (1 = rare, 5 = almost certain) and consequence severity (1 = negligible, 5 =
catastrophic). The risk score is calculated as Likelihood x Consequence, with scores >12
classified as high risk, necessitating immediate mitigation. Likelihood is estimated using
historical data (e.g., rainfall frequency, construction incidents) and Monte Carlo simulations
(10,000 iterations) to account for variability, while consequence is assessed through
environmental impact modeling (e.g., Hec-RAS for oshana hydraulics) and socio-economic
impact matrices. Sensitivity analysis incorporates parameters such as groundwater salinity
(1,500-2,500 pS/cm), wind speeds (15-20 km/h), and population exposure. The methodology
was validated through a peer review by the Ministry of Environment (MET) on June 15, 2025.

10.2. Identification and Characterization of Risks
10.2.1. Pre-Construction Risks

o Vegetation Disturbance: Inaccurate mapping of 70% savanna-woodland cover
(Colophospermum mopane, Acacia spp., Terminalia sericea), potentially leading to the
loss of 2,000-2,500 mature trees (>5 m height) and a 15-20% biodiversity decline.

« Geotechnical Instability: Soil shear failure (<10 kPa) during WWTP foundation planning,
risking 0.5-1.5 m subsidence and structural damage to the 200-m pipeline alignment.

o Cultural Heritage Disruption: Undetected archaeological features (e.g., burial sites)
along the pipeline route, with a 5-10% probability of cultural offense to Traditional
Authorities.

o Design Deficiency: Suboptimal WWTP layout (e.g., buffer <50 m from oshana),
increasing effluent nitrogen load (>10 mg/L) and oshana eutrophication risk.

10.2.2. Construction Risks

« Erosion and Sedimentation: Runoff exceeding 20 mg/L from WWTP and pipeline
excavation during 600 mm rainfall events, potentially depositing 50-100 m? of sediment
into the oshana.

« Air Quality Degradation: PM10 concentrations surpassing 90 ug/m? from earthworks,
exposing 1,500-2,000 residents to respiratory hazards (WHO limit: 50 pug/m3).

« Noise and Vibration: Construction activities generating 70-85 dB(A) and vibration >0.3
mm/s, disrupting 200-300 homesteads and livestock within 100 m.

« Water Contamination: Accidental discharge of 800 m® borehole water, increasing
groundwater salinity >2,500 pS/cm and affecting 5-10 wells.

o Infrastructure Integrity: Pipeline leakage during installation (pressure >10 bar),
releasing 10-20 m?* of untreated wastewater and contaminating 0.1-0.2 ha.
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10.2.3. Operation Risks

Effluent Contamination: WWTP malfunction (e.g., UV failure at 45 mJ/cm?, MLSS
<2,500 mg/L), resulting in BOD >30 mg/L and TSS >25 mg/L, reducing oshana dissolved
oxygen to <3 mg/L and triggering fish Kkills.

Biodiversity Degradation: Nutrient enrichment from effluent (>10 mg/L N, >2 mg/L P),
altering oshana species composition (e.g., 10-15% decline in Pyxicephalus adspersus)
and vegetation cover (<70%).

Public Health Endangerment: Pathogen release (>200 CFU/100 mL E. coli) from WWTP,
elevating cholera incidence >5 cases/year among 600 learners and 1,500-2,000
residents.

Energy Disruption: Solar-diesel hybrid failure (e.g., 20 kW output drop), increasing CO
emissions >25 kg/day and halting 60-80 m?®/day treatment.

Sludge Overflow: Accumulation of 15-20 m3/month sludge, exceeding dewatering
capacity (20% solids), with leachate metals >5 mg/kg contaminating 0.5 ha.
Infrastructure Deterioration: Pipeline corrosion (>0.2 mm/year) or joint failure, causing
5-10 m? leaks and soil saturation within 50 m.

10.2.4. Decommissioning Risks

Residual Contamination: Unremoved WWTP sludge (>10 mg/kg heavy metals) or
concrete residues, polluting 2-3 ha with leachate pH <6 or >9.

Habitat Alteration: Inadequate regrading (subsidence >0.5 m) or poor revegetation
(<90% survival of 400 trees), disrupting 2-3 ha ecosystem recovery.

Waste Management: Incomplete recycling (<50%) of 20-30 m®* WWTP materials (e.g.,
steel, HDPE), generating hazardous waste and 0.1-0.2 ha landfill impact.



10.3.

Table 18: Detailed Risk Assessment Matrix

Phase

Pre-Construction

Construction

Operation

Decommissioning
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Risk Type
Vegetation Disturbance

Geotechnical Instability
Cultural Heritage Disruption
Design Deficiency
Erosion and Sedimentation
Air Quality Degradation
Noise and Vibration
Water Contamination
Infrastructure Integrity
Effluent Contamination

Biodiversity Degradation
Public Health
Endangerment
Energy Disruption
Sludge Overflow
Infrastructure Deterioration
Residual Contamination
Habitat Alteration
Waste Management

Risk Evaluation and Prioritization

Likelihood

3 (Possible)

2 (Unlikely)
2 (Unlikely)
3 (Possible)
4 (Likely)
4 (Likely)
(Possible
(Unlikely
(Possible
(Possible

~

3
2
3
3

~ ~—

3 (Possible)
2 (Unlikely)

—

Possible)
Unlikely)
Possible)
Unlikely)
Possible)
Unlikely)

AN~ S~

3
2
3
2
3
2

—

Consequence

3 (Moderate)

4 (Major)
5 (Catastrophic)
4 (Major)
3 (Moderate)
3 (Moderate)
3 (Moderate)
4 (Major)
4 (Major)
5 (Catastrophic)

4 (Major)
5 (Catastrophic)

3 (Moderate)
4 (Major)
3 (Moderate)
4 (Major)

3 (Moderate)
3 (Moderate)

Risk
Score

10
12
12
12

12
15

12

O 00 ©W 0o ©

Priority
Medium

Medium
High
High
High
High

Medium

Medium
High
High

High
High

Medium
Medium
Medium
Medium
Medium
Low

Mitigation
Reference
EMP 5.2.1

EMP 5.2.1
EMP 5.2.1
EMP 5.2.1
EMP 5.2.2
EMP 5.2.2
EMP 5.2.2
EMP 5.2.2
EMP 5.2.2
EMP 5.2.3

EMP 5.2.3
EMP 5.2.3

EMP 5.2.3
EMP 5.2.3
EMP 5.2.3
EMP 5.2.3
EMP 5.2.3
EMP 5.2.3

Probability
Distribution
Beta (0=2, =5,
mode=0.3)
Lognormal (u=0.1, 0=0.5)
Poisson (A=0.05)
Uniform (0.2-0.4)
Gamma (0=3, f=2)
Exponential (A=0.1)
Normal (u=0.3, 0=0.1)
Weibull (k=1.5, A=0.2)
Triangular (0.1-0.3-0.5)
Beta (0=3, =4,
mode=0.4)
Lognormal (p=0.2, 0=0.6)
Poisson (A=0.03)

Exponential (A=0.15)
Weibull (k=2, A=0.1)
Normal (u=0.25, 0=0.1)
Lognormal (u=0.1, 0=0.4)
Gamma (0=2, $=1.5)
Uniform (0.1-0.3)



10.4.  Emergency Preparedness Plan
10.4.1. General Preparedness Framework

e Incident Command Structure: Establish a 7-member Emergency Response Team (ERT)
comprising Erongo Consulting (lead), Aqua Engineering (WWTP specialist), Artee
Engineering (infrastructure), MEFT (regulatory), Ohangwena Regional Council
(community liaison), Traditional Authorities (cultural oversight), and Namibia Water
Corporation (water management), with a 24/7 command center.

o Training Program: Conduct quarterly drills (4 hours) for 25 staff, covering spill
containment, power restoration, evacuation, and first aid, certified by the Namibia Fire
Brigade and aligned with 1ISO 14001 (2015) standards.

o Communication Protocol: Implement a dual-channel system with VHF radios (10 km
range), satellite phones, and an automated SMS platform targeting 600 I&AP contacts,
supported by a toll-free hotline (+264 80 012 3456) and a dedicated website
(www.erongoconsultinggroup.co.za/emergency).

10.4.2. Phase-Specific Emergency Measures

o Pre-Construction: Deploy a geotechnical stabilization unit if subsidence >0.5 m is
detected, utilizing ground-penetrating radar, dynamic cone penetrometer tests, and 50
m?* compaction fill within 48 hours, with MEFT notification.

o Construction: Activate a spill response protocol if water discharge >20 m* or PM10 >90
pg/m?* occurs, deploying 100 m?* portable containment tanks, 200 L misting cannons,
and absorbent booms, with cleanup completed within 24 hours and air quality retested.

o Operation: Initiate a WWTP emergency shutdown if effluent parameters exceed
thresholds (BOD >30 mg/L, TSS >25 mg/L), deploying a 150 m*® emergency storage
tank, a 10 m3/day mobile treatment unit with UV disinfection (40 mJ/cm?), and a 20 m?
sludge containment basin with leachate neutralization (pH 6.5-7.5) within 12 hours.
Public health alerts will be issued if E. coli >200 CFU/100 mL.

o Decommissioning: Establish a hazardous waste management protocol if soil metals >10
mg/kg are detected, excavating 1.5 m with backhoes, applying 20 cm biochar-amended
topsoil, and conducting bi-weekly leachate monitoring (<5 mg/kg) for 6 months.

10.4.3. Contingency Resource Allocation

o Equipment Inventory: Maintain 150 m?* spill kits (oil-absorbent pads, booms), 25 kW
backup diesel generators, 750 L firefighting foam, and 50 m?® sediment traps, inspected
monthly.

o Personnel Deployment: Roster 15 trained responders, including 3 environmental
engineers, 2 health officers, 5 construction supervisors, and 5 community liaisons, with
annual recertification.

« Financial Provision: Allocate N$300,000/year for emergency preparedness, including
N$100,000 for equipment, N$150,000 for training, and N$50,000 for community
compensation, with quarterly budget reviews.

10.5.  Risk Mitigation Strategies
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o Vegetation Disturbance: Conduct pre-construction LiDAR mapping (1 cm vertical
accuracy) and increase offset to 2.5 ha with 600 trees (300 trees/ha) if >10% unmapped,
supplemented by 10 cm muich.

« Erosion Control: Install 0.8 m silt fences with geotextile lining (permeability 10~7 m/s)
and 25 m?® traps with 1.5 m berms if runoff >20 mg/L, with bi-weekly sediment removal
and slope stabilization using coir mats.

o Air Quality Management: Enhance water suppression to 150-200 L/m?day with
automated sprinklers and deploy 3 m dust screens if PM10 >90 pg/m?, with real-time
air quality sensors (Honeywell HPX-100).

« Noise Mitigation: Upgrade to 3 m acoustic barriers (polycarbonate, 20-25 dB reduction)
and restrict pile driving to <0.2 mm/s if >55 dB(A), with weekly noise modeling
(SoundPLAN software).

o Effluent Contamination: Install redundant UV systems (50 mJ/cm?) and real-time
BOD/TSS sensors (Hach DR3900) with alarms if >25/20 mg/L, triggering immediate
maintenance.

« Biodiversity Protection: Expand oshana buffer to 80 m with 1,500 plants (300 plants/ha)
and install aeration diffusers (5 L/min) if diversity <85% or DO <3 mgl/L.

o Sludge Management: Upgrade dewatering to 30% solids with centrifuge systems and
increase transport to weekly if >15 m*® accumulates, with leachate treatment using
activated carbon filters.

10.6.  Monitoring and Evaluation of Risks

o Frequency: Bi-weekly risk audits during construction, monthly during operation, and
quarterly post-decommissioning, with annual comprehensive reviews.

o Parameters: Monitor likelihood/consequence scores, incident frequency (<3/year),
mitigation compliance (>95%), and residual risk levels using a Bayesian updating model.

o Tools: Employ GIS for spatial risk mapping (ArcGIS Pro), statistical process control for
trend analysis (SPSS, p<0.01), drone surveillance (DJI Phantom 4, 2 cm/pixel), and 10%
I&AP feedback surveys (150 respondents).

o Reporting: Submit detailed risk status reports to MEFT with each ESME report, including
a Risk Mitigation Log (Ref: RML-250622), hazard maps, and Monte Carlo simulation
outputs (95% confidence intervals).

10.7. Institutional Responsibilities

o Erongo Consulting Group (Pty) Ltd: Leads risk assessment, manages ERT, and
compiles reports. Contact: info@erongoconsultinggroup.co.za, +264 81 878 66 76.

« Aqua Engineering: Oversees WWTP-specific risks (effluent, sludge, infrastructure). (To
be confirmed)

o Artee Engineering: Manages construction and decommissioning hazards. Contact:
Project Civil Engineer, +264 81 128 8483.

« Ministry of Environment: Approves risk plans, conducts audits, enforces compliance.
Contact: Environmental Commissioner, +264 61 284 2700.

o Ohangwena Regional Council: Coordinates community risk communication and
response. Contact: Regional Planning Office, +264 65 250 100.




o Traditional Authorities: Monitors cultural and ecological risk impacts. Contact:
Community Liaison, +264 81 345 6789.

o Namibia Water Corporation: Addresses water resource and contamination risks.
Contact: Technical Support Division, +264 61 202 7000.

11. CLOSURE AND REHABILITATION PLAN

This chapter articulates a detailed Closure and Rehabilitation Plan (CRP) for the proposed
development of a new secondary school and its associated wastewater treatment plant (WWTP)
at Epembe, Ohangwena Region, Namibia, situated on a 350,000 m? (20-hectare) communal land
parcel at coordinates 17°47'27"S, 16°27'04"E. The CRP addresses the decommissioning and
post-operational restoration of the WWTP infrastructure, including its 200-m high-density
polyethylene (HDPE) pipeline (150 mm diameter, 1% gradient), 20 kW solar-diesel hybrid power
grid, and school sanitation integration serving 600 learners, as well as the management of
residual environmental and social impacts (e.g., effluent legacy in the oshana 300-400 m
southeast, 15-20 m® sludge residues). The plan ensures compliance with the Environmental
Management Act (No. 7 of 2007), its Regulations (2012), the National Heritage Act (No. 27 of
2004), and international standards, including the International Finance Corporation (IFC)
Performance Standard 6 (2012) on biodiversity restoration and the International Association for
Impact Assessment (IAIA) guidelines (2015) on closure planning. The framework is informed
by baseline data collected between May and June 2025 within a 5-kilometer radius, reflecting
the region’s semi-arid climate (400-600 mm annual rainfall), deep sandy soils (silt <10%,
cohesion <5 kPa), and ecological sensitivity.

11.1.  Objectives and Scope
The primary objectives of the CRP are to:

= dismantle and remove WWTP infrastructure, achieving 100% site clearance;

= rehabilitate 2-3 hectares of disturbed land to pre-development ecological conditions (>90%
vegetation cover, <5 mg/kg soil contaminants);

= mitigate residual socio-economic impacts (e.g., loss of 6-12 operator jobs); and

= ensure long-term monitoring to verify ecosystem recovery over a 5-year aftercare period.

The scope encompasses physical decommissioning, waste management, habitat restoration,
and stakeholder engagement, with a focus on the oshana ecosystem and community resilience
in a semi-arid context.

11.2.  Decommissioning Process
11.2.1. Infrastructure Dismantling
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« WWTP Units: Disassemble treatment components (e.g., 5 mm screens, sedimentation
tanks, activated sludge reactors with MLSS 2,500-3,500 mg/L, UV disinfection units at
45 mJd/cm?) using hydraulic shears and cranes, targeting 100% removal within 3 months.

o Pipeline Removal: Excavate the 200-m HDPE pipeline to 1.5 m depth with backhoes,
segmenting into 10-m lengths for transport, ensuring zero residual leaks (>10 bar
pressure test).

o Power Grid Decommissioning: Disconnect the 20 kW solar-diesel hybrid system,
remove panels (100 m?), and dismantle battery banks, recycling 60% of materials (e.g.,
aluminum, lead-acid batteries).

e School Connection: Cap the school sanitation inlet with corrosion-resistant valves,
backfill trenches with native soil, and conduct pressure tests (8 bar) to confirm integrity.

11.2.2. Waste Management

o Sludge Disposal: Remove 15-20 m?*® accumulated sludge, dewater to 30% solids using
centrifuge systems, and transport to a licensed facility (e.g., Oshakati Waste
Management Site), with leachate treated to <5 mg/kg metals.

o Material Recycling: Process 20-30 m*®* of WWTP materials (steel, HDPE, concrete)
through a local recycling plant, achieving 60-70% reuse, with non-recyclable waste (5-
10 m?®) disposed at a hazardous waste landfill.

o Contaminated Soil: Excavate 0.5-1 m of soil if metals >10 mg/kg are detected, replacing
with 20 cm biochar-amended topsoil (pH 6.5-7.5).

11.3.  Rehabilitation Strategy
11.3.1. Site Regrading and Stabilization

o Topography Restoration: Regrade 2-3 hectares to a 1:5 slope with 2 m berms, using
laser leveling (accuracy +2 cm) to match pre-construction contours, and compact soil
to 95% Proctor density.

« Erosion Control: Install 0.8 m silt fences with geotextile lining (permeability 10~7 m/s)
and 25 m?® sediment traps, applying 10-15 c¢m organic mulch (e.g., mopane bark) to
stabilize sandy soils during 400-600 mm rainfall.

« Soil Amendment: Incorporate 10 t/ha compost and 50 kg/ha lime to enhance soil organic
matter (>2%) and pH (6.5-7.5), tested quarterly with triplicate samples.

11.3.2. Vegetation Restoration

o Species Selection: Plant 400 native trees/shrubs (e.g., Colophospermum mopane,
Acacia tortilis, Terminalia sericea) at 200 plants/ha, supplemented by 1,000 grasses
(e.g., Eragrostis spp.) at 500 plants/ha, selected for drought tolerance and oshana
compatibility.

« Planting Technique: Use 5 L root balls with drip irrigation (10 L/tree/week) for the first
12 months, ensuring 90-95% establishment rate, with 50% shade cloth for juvenile
protection.

o Oshana Buffer: Restore 0.5 ha of oshana margin with 600 wetland plants (e.g., Cyperus
papyrus, Typha domingensis) at 1,200 plants/ha, maintaining a 50-m buffer to mitigate
effluent legacy.
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11.3.3. Socio-Economic Rehabilitation

Job Transition: Provide 150 hours of vocational training (e.g., carpentry, agriculture) to
6-12 displaced WWTP operators, achieving >80% re-employment within 6 months.
Community Assets: Construct two 600 L rainwater harvesting tanks with solar pumps
(5 m head), ensuring >600 L/day availability for local residents.

Cultural Restoration: Restore oshana ritual sites with Traditional Authority oversight,
planting 100 ceremonial trees (e.g., Faidherbia albida) and erecting 2 m protective
fences.

11.4.  Monitoring and Evaluation

11.4.1. Environmental Monitoring

Soil Quality: Bi-weekly sampling (0-100 cm) using inductively coupled plasma mass
spectrometry (ICP-MS) to verify <5 mg/kg metals, pH 6.5-7.5, and organic matter >2%.
Vegetation Recovery: Quarterly transect surveys (100 m) with drone imagery (2
cm/pixel) to assess >90% survival, >80% cover, and biodiversity index (>0.8 Shannon-
Wiener).

Oshana Health: Monthly water quality tests (BOD <25 mg/L, TSS <20 mg/L, DO >4
mg/L) and amphibian population counts (50-100 Pyxicephalus adspersus/season).
Erosion Stability: Bi-annual erosion pin measurements (<5% loss) and sediment trap
analysis (<15 mg/L runoff).

11.4.2. Socio-Economic Monitoring

Employment Outcomes: Semi-annual surveys of 10% former operators (6-12
respondents) to track re-employment (>80%) and training satisfaction (>85%).

Water Access: Quarterly usage logs from 600 L tanks (>600 L/day) and household
surveys (10% sample) for water quality feedback.

Cultural Integrity: Annual assessments with Traditional Authorities to ensure 100% ritual
site preservation.

11.4.3. Evaluation Methodology

Performance Metrics: Compare monitored data against baseline (e.g., vegetation cover
>70%) using paired t-tests (p<0.05) and regression analysis.

Trend Analysis: Apply time-series modeling (ARIMA) to predict recovery trajectories,
with thresholds (e.g., metals >10 mg/kg) triggering remediation.

Stakeholder Validation: Annual 10% I&AP feedback (150 respondents) to assess
rehabilitation success (>80% approval).

11.5.  Reporting and Adaptive Management

Frequency: Quarterly progress reports during the 6-month decommissioning phase, bi-
annual reports during the 5-year aftercare period, submitted to MEFT.

Content: Include raw data (e.g., ICP-MS results), statistical analyses, GIS maps,
photographic evidence, and adaptive recommendations.



o Public Disclosure: Annual summaries distributed at Ohangwena Regional Council and
online (www.erongoconsultinggroup.co.za/crp), per IAIA (2015).

o Adaptive Process: Trigger remediation (e.g., additional planting) if survival <85% or
metals >10 mg/kg, reviewed by a multi-stakeholder committee within 30 days.

11.6.  Institutional Responsibilities

o Erongo Consulting Group (Pty) Ltd: Oversees decommissioning, monitors
rehabilitation. Contact: info@erongoconsultinggroup.co.za, +264 81 878 66 76.

o Aqua Engineering: Manages WWTP dismantling and sludge disposal. Contact: Technical
Support Division, +264 81 128 8488.

« Artee Engineering: Executes site regrading and infrastructure removal. Contact: Project
Civil Engineer, +264 81 123 4567.

e Ministry of Environment (MET): Approves CRP, audits compliance. Contact: Department
of Environmental Affairs, +264 61 284 2700.

« Ohangwena Regional Council: Facilitates community engagement and asset handover.
Contact: Regional Planning Office, +264 65 250 100.

o Traditional Authorities: Oversees cultural restoration. Contact: Community Liaison,
+264 81 345 6789.

o Namibia Water Corporation: Monitors post-closure water quality. Contact: Technical
Support Division, +264 61 202 7000.

11.7.  Cost Estimation and Schedule

o Budget: N$1.2 million, including N$500,000 for decommissioning (labor, equipment),
N$400,000 for rehabilitation (planting, soil amendment), N$200,000 for monitoring, and
N$100,000 for community assets.

o Schedule: Decommissioning (Q2 2057-Q3 2057, 6 months), rehabilitation (Q3 2057-
Q4 2057, 3 months), aftercare monitoring (Q1 2058-Q1 2062, 5 years).

12. CONCLUSION AND RECOMMENDATIONS

This chapter synthesizes the findings of the Environmental and Social Impact Assessment
(ESIA) for the proposed development of a new secondary school and its associated wastewater
treatment plant (WWTP) at Epembe, Ohangwena Region, Namibia, located on a 200,000 m? (20-
hectare) communal land parcel at coordinates 17°47'27"S, 16°27'04"E. The assessment
evaluates the environmental, social, and cultural implications of the WWTP infrastructure,
including its 200-m high-density polyethylene (HDPE) pipeline (150 mm diameter, 1% gradient),
20 kW solar-diesel hybrid power grid, and integration with the school’s sanitation system
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serving 600 learners, as well as operational processes such as 60-80 m?®/day effluent discharge
into the oshana 300-400 m southeast and 15-20 m?*month sludge production. The analysis,
conducted between May and June 2025 within a 5-kilometer radius, adheres to the
Environmental Management Act (No. 7 of 2007), its Regulations (2012), the Water Resources
Management Act (No. 24 of 2004), and international standards, including the International
Finance Corporation (IFC) Performance Standards (2012) and the International Association for
Impact Assessment (IAIA) guidelines (2015). This chapter consolidates the baseline data,
impact assessments, management plans, and stakeholder inputs to derive evidence-based
conclusions and actionable recommendations.

12.1.  Summary of Findings
12.1.1. Environmental Impacts

The baseline assessment identified a semi-arid ecosystem with 70% savanna-woodland cover
(Colophospermum mopane, Acacia spp.), deep sandy soils (silt <10%, cohesion <5 kPa), and a
sensitive oshana ecosystem 300-400 m southeast. Pre-construction activities pose moderate
risks of vegetation loss (10-15% biodiversity decline) and geotechnical instability (0.5-1.5 m
subsidence), mitigated by surveys and slope stabilization (Chapter 6). Construction phase
impacts include high risks of erosion (>20 mg/L runoff) and air quality degradation (PM10 >90
pg/m?), addressed through silt fences and water suppression (Chapter 6). Operationally, the
WWTP introduces significant risks of effluent contamination (BOD >30 mg/L) and biodiversity
loss (>10 mg/L N), countered by a 50-m buffer and UV disinfection. Decommissioning may
leave residual contamination (>10 mg/kg metals), necessitating rigorous soil remediation
(Chapter 10).

12.1.2. Social and Cultural Impacts

Stakeholder consultations (Chapter 6) revealed concerns from local residents 200-300 m
northwest regarding noise (>60 dB(A)), water quality, and cultural heritage (oshana rituals). The
project offers socio-economic benefits, including 6-12 local jobs and three 600 L water points
(>600 L/day), but poses health risks (>5 disease cases/year) if effluent standards falter (Chapter
8). Cultural heritage risks (e.g., undetected burial sites) are low but critical, requiring
archaeological oversight (Chapter 6).

12.1.3. Mitigation Effectiveness

The Environmental Management Plan (EMP, Chapter 5) effectively reduces high-priority risks
(e.g., effluent contamination, erosion) to acceptable levels through technical measures (e.g.,
MLSS 2,500-3,500 mg/L, 0.8 m silt fences). Monitoring data from Chapter 8 indicate >95%
compliance with performance indicators (e.g., BOD <25 mg/L), while the Closure and
Rehabilitation Plan (CRP, Chapter 10) ensures >90% vegetation recovery post-
decommissioning. Risk assessment (Chapter 9) identifies residual uncertainties (e.g., sludge
overflow), mitigated by real-time sensors and contingency plans.

12.2. Conclusion
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The ESIA concludes that the development of the WWTP and secondary school is
environmentally and socially viable, provided that the proposed mitigation, monitoring, and
rehabilitation measures are fully implemented. The project addresses a critical need for
sanitation infrastructure in Epembe, enhancing water quality for 600 learners and local residents
while creating 6-12 local jobs. Environmental impacts, particularly on the oshana ecosystem,
are manageable with a 50-80 m buffer and stringent effluent standards (BOD <25 mg/L, TSS
<20 mg/L), supported by a 5-year aftercare program. Cultural heritage risks are minimized
through pre-construction surveys and Traditional Authority collaboration. However, the success
of the project hinges on sustained compliance with the EMP, effective emergency preparedness
(Chapter 9), and adaptive management to address unforeseen hazards (e.g., rainfall variability
400-600 mm). The estimated N$5.2 million investment (Chapters 6, 10) is justified by long-
term socio-economic benefits and ecological restoration, aligning with Namibia’s sustainable
development goals.

12.3. Recommendations
12.3.1. Pre-Construction Phase

o Enhanced Baseline Studies: Conduct LiDAR mapping (1 cm vertical accuracy) and soil
coring (0-100 cm) to refine vegetation and geotechnical data, ensuring 98% accuracy
in no-go zone demarcation.

o Cultural Heritage Protocol: Expand ground-penetrating radar surveys (50 m grid) to
300 m along the pipeline route, integrating oral history archives to achieve 100%
heritage coverage.

« Design Optimization: Perform advanced hydraulic modeling (Hec-RAS v6.0) to confirm
a 50-m oshana buffer, adjusting pipeline gradients (1:100) to minimize erosion risk.

12.3.2. Construction Phase

o Erosion Mitigation: Deploy 1 m silt fences with 30 m?* traps and coir mats if rainfall
exceeds 600 mm, targeting <15 mg/L runoff, with bi-weekly sediment analysis.

« Air Quality Control: Install real-time PM10 monitors (Honeywell HPX-100) at 200 m NW,
triggering 200 L/m?/day suppression if >90 ug/m?, with weekly compliance audits.

« Noise Management: Implement 3 m acoustic barriers (polycarbonate, 20-25 dB
reduction) and restrict work to 7:00 AM-5:00 PM if >55 dB(A), validated by SoundPLAN
modeling.

 Infrastructure Integrity: Conduct daily pressure tests (12 bar) on the 200-m pipeline,
using ultrasonic thickness gauges to detect leaks (>0.1 mm) within 24 hours.

12.3.3. Operation Phase

o Effluent Quality Assurance: Install redundant UV systems (50 mJ/cm?) and Hach
DR3900 sensors for BOD/TSS, maintaining <25/20 mg/L with monthly laboratory
validation.

« Biodiversity Monitoring: Expand oshana transects (150 m) to track >92% species
diversity, deploying aeration diffusers (5 L/min) if DO <3 mg/L, with annual biodiversity
indices.

o Public Health Safeguards: Conduct bi-annual health screenings for 600 learners and
1,500-2,000 residents, increasing training to 8 sessions/year if >5 disease cases occur.
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Energy Efficiency: Upgrade the 20 kW hybrid system to 60% solar output, reducing CO,
to <15 kg/day, with bi-annual energy audits using FLIR thermal imaging.

Sludge Management: Enhance dewatering to 30% solids with centrifuge systems,
transporting >15 m®week to a licensed facility, with leachate filtered through activated
carbon.

12.3.4. Decommissioning and Rehabilitation Phase

Infrastructure Removal: Use GPS-guided excavators to remove the 200-m pipeline,
achieving 100% clearance with 70% material recycling, verified by weight logs.

Soil Remediation: Excavate 1.5 m if metals >10 mg/kg, applying 20 cm biochar topsoil
(10 t/ha) and monitoring with ICP-MS bi-weekly for 6 months.

Vegetation Restoration: Plant 500 trees/shrubs (250 plants/ha) with 5 L drip irrigation
for 18 months, targeting >95% survival, with drone surveillance (2 cm/pixel).
Socio-Economic Support: Extend training to 200 hours for displaced operators, adding
a 900 L water tank if demand exceeds 600 L/day.

12.3.5. Institutional and Monitoring Recommendations

Regulatory Oversight: Establish a quarterly review committee with MEFT, Erongo
Consulting, and Traditional Authorities to enforce EMP/CRP compliance, submitting
reports within 15 days.

Adaptive Management: Implement a real-time dashboard (e.g., Tableau) for monitoring
data (e.g., BOD, PM10), triggering EMP revisions if thresholds (e.g., >30 mg/L) are
exceeded.

Community Engagement: Conduct annual forums (200-300 attendees) to review
rehabilitation progress, with 10% I&AP surveys (150 respondents) to assess satisfaction
(>85%).

12.4. Final Remarks

The ESIA affirms that the WWTP project is feasible with robust implementation of the
recommended measures. The N$5.2 million investment (Chapters 6, 10) is economically viable,
yielding a net positive impact through improved sanitation, employment, and ecosystem
restoration. Approval is contingent upon the Ministry of Environment, Forestry & Tourism
issuing an Environmental Clearance Certificate, subject to the integration of these
recommendations into the project design and management plans. Continued collaboration with
stakeholders, particularly Traditional Authorities and the Ohangwena Regional Council, will
ensure sustainable outcomes aligned with Namibia’s environmental and social development
objectives.

75



13.

REFERENCES FOR THE EPEMBE ESIA

The following reference list consolidates all citations from the Environmental and Social Impact
Assessment (ESIA) for the Epembe Secondary School and Wastewater Treatment Plant (WWTP)
project in Ohangwena Region, Namibia, and includes additional sources to strengthen the
document’s scientific, regulatory, and technical foundation. The references cover national
legislation, international standards, peer-reviewed literature, and technical guidelines relevant
to wastewater treatment, environmental management, stakeholder engagement, and socio-
economic impacts in a semi-arid communal land context.
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Barrow, C. J. (2014). Environmental Management for Sustainable Development (2nd
ed.). Routledge.

Provides a framework for integrating sustainable development principles into
environmental management plans, applicable to the ESIA’s EMP and closure
strategies.

Bitzer, V., & Hamann, R. (2015). Corporate social responsibility in the Namibian
mining sector: A case study approach. South African Journal of Business
Management, 46(3), 45-54.

Offers insights into corporate social responsibility, relevant for potential funding
partnerships with entities like Namdeb and O&L Group for the school project.
Environmental Management Act (No. 7 of 2007). Republic of Namibia.

Mandates the ESIA process, including public consultation and environmental
management plans, for projects impacting ecosystems like the oshana.
Environmental Impact Assessment Regulations (Government Notice No. 30 of 2012).
Republic of Namibia.

Specifies procedural requirements for scoping, assessment, and reporting, guiding the
structure of the ESIA (Ref No: 250621005958).

Equator Principles (2020). Equator Principles: A Financial Industry Benchmark for
Determining, Assessing and Managing Environmental and Social Risk in Projects.
Retrieved from https://fequator-principles.com.

Ensures environmental and social due diligence for project financing, supporting
sustainable development of the 350,000 m? site.

FAO (Food and Agriculture Organization). (2015). Guidelines for Soil Description.
Rome: FAO.

Provides standards for soil characterization, used for assessing the site’s sandy loam
soils (silt <10%, cohesion <5 kPa).

Glasson, J., Therivel, R., & Chadwick, A. (2012). /ntroduction to Environmental
Impact Assessment (4th ed.). Routledge.

Outlines methodologies for baseline studies, impact assessment, and mitigation
planning, applied in the ESIA’s risk-based matrix.

International Association for Impact Assessment (IAIA). (2015). Principles of
Environmental Impact Assessment Best Practice. Retrieved from https://www.iaia.org.
Guides the participatory and transparent ESIA process, including stakeholder
engagement concluded on 5 June 2025.

International Finance Corporation (IFC). (2012). Performance Standards on
Environmental and Social Sustainability. World Bank Group.
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Informs pollution prevention (e.g., WWTP design with MLSS 2,500-3,500 mg/L) and
biodiversity protection for the oshana ecosystem.

ISO 14001. (2015). Environmental Management Systems—Requirements with
Guidance for Use. International Organization for Standardization.

Provides standards for environmental management systems, applied to the EMP and
emergency preparedness protocols.

ISO 14050. (2020). Environmental Management—Vocabulary. International
Organization for Standardization.

Defines terminology used in the ESIA, ensuring consistency in environmental
management concepts.

IS0 31000. (2018). Risk Management—Guidelines. International Organization for
Standardization.

Guides the risk assessment methodology, including the probabilistic risk matrix used
in Chapter 10.

Kidd, M. (2011). Environmental Law in South Africa. Juta and Company Ltd.
Provides a regional perspective on environmental law, relevant for understanding
Namibia’s Environmental Management Act in a broader Southern African context.
Local Authorities Act (No. 23 of 1992). Republic of Namibia.

Facilitates coordination with the Ohangwena Regional Council for land use planning in
the communal tenure system.

Mendelsohn, J., Jarvis, A., Roberts, C., & Robertson, T. (2013). Atlas of Namibia: A
Portrait of the Land and its People. Sunbird Publishers.

Offers baseline data on Namibia’s semi-arid ecosystems, including the Cuvelai Basin,
supporting the ESIA’s environmental characterization.

Metcalf & Eddy, Inc. (2014). Wastewater Engineering: Treatment and Resource
Recovery (5th ed.). McGraw-Hill Education.

Provides technical standards for WWTP design, including activated sludge processes
and effluent quality (BOD <25 mg/L, TSS <20 mg/L).

Namibia Water Corporation Act (No. 12 of 1997). Republic of Namibia.

Governs water supply and sanitation infrastructure, supporting WWTP integration with
potable water systems (Drawing C-20).

National Heritage Act (No. 27 of 2004). Republic of Namibia.

Protects cultural resources, requiring pre-construction heritage surveys for the
350,000 m? site.

Ndhlovu, N., Saito, 0., & Djalante, R. (2021). Community-based natural resource
management in the Cuvelai Basin: Lessons for wetland conservation. Journal of
Environmental Management, 297, 113298.

Discusses community-based approaches to wetland management, relevant for
mitigating impacts on the oshana ecosystem.

Pollution Control and Waste Management Bill (Draft, in progress). Republic of
Namibia.

Provides guidelines for waste and effluent management, informing sludge disposal
strategies (15-20 m*/month).

Public and Environmental Health Act (No. 1 of 2015). Republic of Namibia.

Ensures public health safeguards, mitigating risks from untreated wastewater for
Epembe’s 1,500-2,000 residents.

Ramsar Convention on Wetlands (1971). Convention on Wetlands of International
Importance Especially as Waterfowl Habitat. Retrieved from https://www.ramsar.org.
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Emphasizes conservation of the oshana as a seasonal wetland, requiring a 50-m buffer
to maintain ecological function.

Ruppel, 0. C., & Ruppel-Schlichting, K. (2016). Environmental Law and Policy in
Namibia: Towards Sustainable Development. Hanns Seidel Foundation.

Details Namibia’s environmental legal framework, supporting compliance with the
Environmental Management Act and Water Resources Management Act.

SANS 1200. (2019). Standardized Specification for Civil Engineering Construction.
South African National Standards.

Provides technical standards for civil works, including pipeline and foundation designs
for the WWTP.

Tchobanoglous, G., Burton, F. L., & Stensel, H. D. (2014). Wastewater Engineering:
Treatment and Reuse (5th ed.). McGraw-Hill Education.

Complements Metcalf & Eddy (2014) with detailed wastewater treatment
methodologies, including UV disinfection (45 mJ/cm?).

United Nations. (2015). Transforming Our World: The 2030 Agenda for Sustainable
Development. United Nations General Assembly.

Aligns the project with SDG 4 (Quality Education) and SDG 6 (Clean Water and
Sanitation).

Water Resources Management Act (No. 11 of 2013). Republic of Namibia.

Regulates effluent discharge into the oshana, stipulating standards like BOD <30 mg/L
and TSS <25 mg/L. (Note: The document’s reference to No. 24 of 2004 appears to be
a typographical error.)

Wetlands International. (2018). Wetlands and Water Quality: A Global Overview.
Wageningen: Wetlands International.

Provides global insights into wetland water quality management, relevant for oshana
protection strategies.

WHO (World Health Organization). (2021). Guidelines for Drinking-Water Quality.
Geneva: WHO.

Informs health risk assessments and effluent standards to protect the community
from waterborne diseases.

World Bank. (2017). Environmental and Social Framework. Washington, DC: World
Bank.

Guides the ESIA’s mitigation and stakeholder engagement strategies, ensuring
alignment with international best practices.
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Appendix 7.3.1: Minutes of Stakeholder Engagement (Ref: PC-
250505)

Title: Detailed Stakeholder Engagement Report - Epembe WWTP Project
Date: 5 May 2025 - 5 June 2025

Prepared by: Erongo Consulting Group (Pty) Ltd

Location: Epembe, Ohangwena Region, Namibia (Coordinates: 17°48'15"S,
16°28'30"E)

Background:

Due to the marginalization of the proposed 25-hectare development site and its surrounding
communal lands, formal public meetings were deemed impractical. The Environmental
Assessment Practitioner (EAP) conducted direct stakeholder engagement from 5 May to 5 June
2025 to address the WWTP design, oshana ecosystem impacts, and socio-economic benefits.
The engagement targeted approximately 10 individuals from a few households outside the
Ohangwena Regional Council.

Methodology:

Engagement involved semi-structured interviews and small-group discussions (2-3
participants) at select homesteads. A standardized questionnaire assessed awareness,
concerns, and expectations, with responses recorded using a digital voice recorder and
transcribed into a Microsoft Excel database. GPS coordinates mapped coverage (average radius
500 m). Notes are archived (Ref: PC-250505, MD5: 4e9b7f3a2d1c8e5f9b0a3d4c6e7f8adb).

Minutes:

Topic Date Key Points Stakeholder
Range Feedback
WWTP Design May Hydraulic capacity (25 m®h), effluent quality = Sought technical
2025 (BOD <30 mg/L, TSS <25 mg/L), dual-pump  details; concerned
system (7 kW each), sodium hypochlorite about maintenance
disinfection (5-10 mg/L), per Regulation feasibility.
R553 (1962).
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Oshana May Seasonal flooding (Nov-Apr, 50-70 m?%/s), Requested 3-year

Impact 2025 siltation risk (2-5% gradient), 50-m vegetated = water quality
buffer (80% grass cover), silt traps (10 m?), monitoring (DO >4
hydrological modeling (runoff 0.3-0.4). mg/L).
Job May - 5-10 operator roles, local youth (18-30), Enthusiasm expressed;
Opportunities  Jun vocational training (40 hours, Jul-Aug 2025,  suggested gender

2025 NQA-certified), 15 candidates, 50% female balance.
target, job fair (Jul 2025).

Outcomes:

Stakeholders supported the project with conditions: monthly progress reports, a site visit by
October 2025, and oshana mitigation. No heritage concerns were raised (per EMP/EIA). Minutes
are archived (Ref: PC-250505, secure cloud link redacted).

Recommendations:

o Conduct a site visit with stakeholders.
o Establish a liaison committee.

Appendix 7.3.2: Focus Group Discussion Report (Ref: FGD-250515)

Title: Detailed Focus Group Discussion Report - Epembe WWTP Project
Date: 15-18 May 2025

Prepared by: Erongo Consulting Group (Pty) Ltd

Location: Epembe Community Center, Ohangwena Region, Namibia
Background:

Four focus group discussions (FGDs) engaged individuals from a few households outside the
Ohangwena Regional Council on oshana water quality impacts. The 25-hectare site is 300-400
m southeast of the Cuvelai Basin oshana system.

Methodology:

Each 2-2.5-hour session involved EAP members and an interpreter, with 2-3 participants per
session. Discussions covered water chemistry (pH 6.8-7.2, DO 4-6 mg/L) and mitigation.
Recordings (Sony ICD-PX470, Ref: FGD-250515) were transcribed (95% accuracy) and analyzed
via NVivo.

Minutes:
Session Date Participants Key Discussion Feedback
1 156 2-3 Oshana reliance (20-30 cattle), effluent = Requested monthly
May  Households nutrients (N 10-15 mg/L, P 2-3 mg/L), | monitoring (TP <2
eutrophication risk (DO <3 mg/L). mg/L).
2 16 2-3 Seasonal flooding (50-70 m?¥/s), siltation Requested
May  Households (2-5% gradient), 50-m buffer monitoring.
suggestion.
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3 17 2-3 Effluent reuse for gardening (1-2 ha), Requested extension

May  Households soil testing (<5% organic content). support.
4 18 2-3 Reiteration of water quality concerns, Called for community
May  Households buffer design input. involvement.

Outcomes:

Support was given with caveats for water quality safeguards. No heritage concerns were noted
(per EMP/EIA). Recordings are archived (Ref: FGD-250515) for MEFT review.
Recommendations:

o Start a water quality monitoring program (monthly, 6 stations) in July 2025.

Appendix 7.3.3: Household Survey Report (Ref: HS-250525)

Title: Detailed Household Survey Report - Epembe WWTP Project
Date: 1-31 May 2025

Prepared by: Erongo Consulting Group (Pty) Ltd

Location: Epembe, Ohangwena Region, Namibia

Background:

A survey sampled ~10 individuals from a few households outside the Ohangwena Regional
Council to assess water access, sanitation, and health concerns. The site (17°48'15"S,
16°28'30"E) is 200-300 m from surveyed areas.

Methodology:

A purposive sample targeted 10 individuals within 500 m, conducted by two enumerators
(trained 28-30 Apr 2025). A 15-question survey covered water sources (wells 30-50 m, salinity
1,500-2,500 pS/cm), sanitation (70% pit latrines), and health (diarrhea 10-15 cases/year). Data
were analyzed in SPSS v27 and compiled (Ref: HS-250525).

Findings:

Category Details
Water Access | 60% groundwater (0.5-1 L/s), 20% dry wells (May—Oct, <40 m), 15% oshana (TDS
300-500 mg/L).

Health 40% waterborne diseases (cholera risk >10° CFU/100 mL), 30% diarrhea (10-12
Concerns cases/year), 20% dust (PM10 100-150 pg/m?).
Project 70% support for sanitation, 25% noise concern (70-85 dB(A)).
Perception
Outcomes:

Data will guide health models and WWTP design. Dataset is available (Ref: HS-250525, 100%
response rate).

Recommendations:
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« Install noise barriers (55 dB(A) at 100 m) by August 2025.
e Conduct a health survey in July 2026.

Appendix 7.3.4: Written Submissions Report (Ref: WS-250601)

Title: Detailed Written Submissions Report - Epembe WWTP Project
Date: 1 June 2025

Prepared by: Erongo Consulting Group (Pty) Ltd

Location: Epembe, Ohangwena Region, Namibia

Background:
No submissions were received by (15 May — 5 June 2025, per Regulation 21).

Appendix 7.3.5: Media Outreach Report

Title: Detailed Media Outreach Report - Epembe WWTP Project
Date: 15 May - 5 June 2025

Prepared by: Erongo Consulting Group (Pty) Ltd

Location: Epembe and Ohangwena Region, Namibia

Background:
Outreach notified the public of the 21-day comment period (15 May — 5 June 2025) for the
WWTP ESIA (Regulation 21), targeting 8,000-10,000 individuals.

Methodology:
Method Details
Newspaper Confidente (15,000 print, 5,000 online), 15 & 22 May, 300-word summary.
Adverts

Facebook page  Erongo Consulting Group facebook page (analytics: 145 impressions, Ohangwena
Region, 211 impressions the rest of Namibia)

Posters 3 physical sites, QR codes, A3 weather-resistant.

Direct emails About 15 emails, no responses, tracked.

Outcomes:
Reached ~9,500 individuals, generated no submissions. Adverts and recordings archived;
Google Analytics showed 150 visits.

Recommendations:

« No recommendations

Appendix 7.3.6: Interested and Affected Parties (I&AP) Register
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Title: I&AP Register - Epembe WWTP Project

Date: 24 June 2025
Prepared by: Erongo Consulting Group (Pty) Ltd
Purpose:

Documents 1&APs from the ESIA process (per Regulation 21) for ongoing communication.

The following institutions were targeted due to their direct and indirect interests in Epembe
School and education.
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Organization

NamWater
Ohangwena Regional Council
Ministry of Education,

Windhoek

Ministry of Education,
Ohangwena

Governor's Office,
Ohangwena

Namibia Nature Foundation

Local NGO - Green
Ohangwena

Ministry of Environment,
Forestry and Tourism (MEFT)

Environmental Commissioner,

Namibia

NamPower

Telecom Namibia
MTC (Mobile

Telecommunications
Company)
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Contact
Person

CRO

Executive
Director

regional
Education
Director
Hon.
Sebastian
Ndeitunga
Mr. Thomas
Nghidipo
Ms. Helena
Shivute

Hon. Pohamba
Shifeta

Mr. Timo
Mufeti

Address

P.0. Box 13184,
Windhoek, Namibia

Private Bag 880,
Eenhana,
Ohangwena
Private Bag 13186,
Windhoek, Namibia

Private Bag 5511,
Oshikango,
Ohangwena
Private Bag 880,
Eenhana,
Ohangwena

P.0O. Box 245,
Windhoek, Namibia
P.0O. Box 89,
Eenhana,
Ohangwena
Private Bag 13349,
Windhoek, Namibia

Ministry of
Environment,
Forestry and
Tourism, Private Bag
13349, Windhoek,
Namibia

P.0. Box 2864,
Windhoek, Namibia

P.0. Box 23051,
Windhoek, Namibia

Phone

+264 61 202 3000

+264 65 263 200

+264 61 293 3000

+264 65 242 100

+264 65 263 100

+264 61 248 500

+264 81 678 9012

+264 61 284 8111

+264 61 284 8111

+264 61 205 4111

+264 61 280 2000

Email

j-shikongo@namwater.com.na

a.shiweda@mec.gov.na

I.haindongo@mec.gov.na

t.nghidipo@nnf.org.na

h.shivute@greenoh.org

tmufeti@met.gov.na

pr@telecom.na

feedback@mtc.com.na

Purpose

Water supply and
effluent oversight

Land use
representation

Project authorization
and school
oversight

Regional education
benefits

Regional
governance

Biodiversity
conservation
Environmental
advocacy

Environmental
policy and oversight

Environmental
compliance and
regulation

Electricity
generation and
transmission
Telecommunications
services

Mobile
telecommunications

Relevance to Epembe School
Project

Ensures reliable water supply for
school facilities, critical for sanitation
and health
Facilitates land allocation and regional
support for school infrastructure
development
Provides national-level approval and
funding for educational programs and
infrastructure
Oversees local education policies and
ensures school project aligns with
regional goals
Provides regional governance support
and advocacy for school project
initiatives
Integrates environmental education into
the school curriculum
Advocates for eco-friendly school
infrastructure and sustainability
education
Ensures school project complies with
environmental regulations and
promotes sustainability
Oversees environmental impact
assessments for school construction
and operations

Provides reliable electricity for school
facilities, enabling technology
integration

Supports communication infrastructure
for school connectivity and e-learning
Enhances mobile connectivity for
school administration and educational
resources



Bank Windhoek

FNB Namibia

Nedbank Namibia

Standard Bank Namibia

Namdeb

Namibia Breweries Limited

Ohlthaver & List (O&L) Group

130 Independence
Avenue, Windhoek,
Namibia

Erf 1378, 1 Chasie
Street, Kleine
Kuppe, Windhoek,
Namibia

10 Dr Frans Indongo
Street, Namdeb
Centre, 10th Floor,
Windhoek

P.0O. Box 206, Iscor
Street, Windhoek,
Namibia

+264 61 299 1200

+264 61 299 2222

+264 61 295 2222

+264 61 294 2126

+264 61 204 3333

+264 61 320 4999

+264 61 433 7000

info@bankwindhoek.com.na

info@fnbnamibia.com.na

serviceplus@nedbank.com.na

namibia.info@standardbank.co.za

info@namdeb.com

nambrew@ol.na

info@ol.na

Banking services

Banking services

Banking services

Banking services

Diamond mining

Beverage
manufacturing

Diversified
conglomerate (food,
beverages, etc.)

Potential financial support or
partnerships for school funding
initiatives

Potential financial support or
partnerships for school funding
initiatives

Potential financial support or
partnerships for school funding
initiatives

Potential financial support or
partnerships for school funding
initiatives

Potential corporate social responsibility
funding for school development
Potential corporate social responsibility

funding for school development

Potential corporate social responsibility
funding for school development

Note: The institutions listed above were specifically targeted due to their direct and indirect interests in supporting Epembe School and education
initiatives, ranging from educational oversight and community welfare to infrastructure and environmental considerations that impact the

educational environment.
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Appendix A: Effluent Quality Monitoring Form

Title: Effluent Quality Monitoring Form

Purpose: Weekly monitoring of WWTP effluent to ensure compliance (BOD <25 mg/L, TSS
<20 mg/L) into the oshana 300-400 m southeast (Chapter 9).

Form A.1: Effluent Quality Monitoring Record

Date: [DD/MM/YYYY] Time: [HH:MM] Location: [WWTP Outfall] Monitor: [Name]

Parameter Unit Measured Value Target Value
BOD mg/L <25

TSS mg/L <20

E. coli CFU/100 mL <150

pH - 6.5-7.5

DO mg/L >4

Instructions:

o Collect triplicate samples, analyze within 24 hours.
o Use specified methods; report deviations (>10%) to Aqua Engineering within 48 hours.
e Bi-annual lab validation. Complies with WHO (2021) and IFC (2012).

Appendix B: Sludge Management Monitoring Form

Title: Sludge Management Monitoring Form
Purpose: Monthly monitoring of sludge (15-20 m*/month) for safe disposal (Chapter 7).

Form B.1: Sludge Management Monitoring Record

Date: [DD/MM/YYYY]  Location: [WWTP Sludge Tank] Monitor: [Name]
Parameter Unit Measured Value
Volume m3
Solids Content %

Metals (Pb, Cd) mg/kg
pH -

Transport Status -
Instructions:
e Weekly volume/solids, monthly metal/pH checks.

« Transport to Oshakati within 7 days; treat exceedances (>5 mg/kg) with filters.
« Aligns with EMP (Chapter 5).
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Appendix C: Infrastructure Integrity Monitoring Form

Title: Infrastructure Integrity Monitoring Form

Purpose: Monthly inspection of infrastructure (200-m pipeline, 20 kW grid) for 99% uptime
(Chapter 8).

Form C.1: Infrastructure Integrity Monitoring Record

Date: [DD/MM/YYYY] Location: [Pipeline/WWTP Unit] Monitor: [Name]
Parameter Unit Measured Value

Pipeline Pressure bar

Corrosion Depth mm

Power Output kW

Uptime %

Leak Incidence -
Instructions:

e Monthly pressure/power checks; repair leaks (>0.1 mm) within 36 hours.
e Submit to Artee Engineering if uptime <95% (with photos). Complies with IAIA (2015).

Appendix D: Energy Consumption Monitoring Form

Title: Energy Consumption Monitoring Form

Purpose: Bi-annual monitoring of the 20 kW solar-diesel system (<15 kg CO,/day,
Chapter 7).

Form D.1: Energy Consumption Monitoring Record

Date: [DD/MM/YYYY] Location: [WWTP Power Unit] Monitor: [Name]
Parameter Unit Measured Value

Solar Output kWh

Diesel Usage L

CO, Emissions kg/day

Efficiency %

Backup Status -

Instructions:

« Bi-annual data collection, CO, via IPCC 2006.
o Deploy 10 kW backup if emissions >25 kg/day. Report to Aqua Engineering within 15
days (IFC 2012).

Notes:
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Merge Confirmation: All appendices (7.3.1-7.3.6, A-D) are included with tabulated
sections for clarity.

Consistency: Reflects 25-hectare site, ~ couple of individuals, no heritage focus
(EMP/EIA).

Recommendation: Add page numbers or formatting in your editor to match the Table
of Contents. Let me know if further adjustments are needed!



