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

« 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.

57



58

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 pg/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, I&APs)
adjust EMP measures (e.g., increase buffer to 80 m) within 30 days.

« 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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Social: 5-10 annual disease cases (e.g., cholera) among learners, 80% community
dissatisfaction.

Economic: N$O0 initial cost, but N$200,000/year in health costs.

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

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

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

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

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)

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.

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

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

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

9.3.3. Membrane Bioreactor (MBR)

Description: 80 m*/day system with 0.1 ym membranes, achieving 98% TSS removal
on the 35-hectare site.

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

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

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
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9.5. Alternative Mitigation Strategies

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
m3®/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 ISO 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 <60 m from oshana),
increasing effluent nitrogen load (>10 mg/L) and oshana eutrophication risk.

10.2.2. Construction Risks

o 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 pug/m?® from earthworks,
exposing 1,500-2,000 residents to respiratory hazards (WHO limit: 50 ug/m?).

« 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.

o 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 Kills.

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?3/day treatment.

Sludge Overflow: Accumulation of 15-20 m*/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.
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10.4. Emergency Preparedness Plan
10.4.1. General Preparedness Framework

o 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 m*/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.

e 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 mulch.

« Erosion Control: Install 0.8 m silt fences with geotextile lining (permeability 1077 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.

« 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.

« 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.

« 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.

o 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 67809.

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 (lAIA) 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 mJ/cm?) using hydraulic shears and cranes, targeting 100% removal within 3 months.
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).

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).

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

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.

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.

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).

.3.  Rehabilitation Strategy

11.3.1. Site Regrading and Stabilization

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 107 m/s)
and 25 m?* sediment traps, applying 10-15 ¢cm 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

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.

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.

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).

.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.

o 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

« 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 pug/m?, with weekly compliance audits.

o 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 m3/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



