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Chapter 1: Foundations of Environmental
Engineering

1.1 Introduction and Scope

Environmental engineering balances public health protection with ecological sustainability. It applies
engineering principles to control air, water, and soil systems.

1.2 Material Balance Principles
The foundation relies heavily on conservation laws. For a steady-state or transient control volume:
Accumulation Equation: Accumulation = Input - Output + Generation - Consumption

1.3 Systems Ecology

Engineers model anthropogenic loops intersecting natural biogeochemical paths including carbon, nitrogen,
and phosphorus cycles.
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Chapter 2: Water Chemistry and Stoichiometry

2.1 Chemical Equilibria

Chemical parameters dictate aquatic safety. The carbonate system governs natural pH buffering, driven by
dissolution equations:

Dissociation Matrix: CO2 + H20 <-> H2CO3 <-> HCO3- + H+ <-> CO32- + 2H+

2.2 Solubility Products

Precipitation mechanics rely on solubility constants Ksp. Controlling metal toxicity depends on balancing ionic
saturation indices.

2.3 Kinetics: Reaction rates determine tank size. First-order decay reactions follow standard decay
patterns: C(t) = CO * exp(-k * t).
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Chapter 3: Fluid Mechanics in Environmental
Systems

3.1 Hydraulics of Flow

Conduit design balances velocity against shear forces. Gravity-driven open channels use the Manning
equation:

Manning Formulation: V = (1/n) * R™(2/3) * S*(1/2)

3.2 Pressurised Pipe Systems

Pumping raw water through networks demands friction assessments via the Darcy-Weisbach equation to
calculate total head loss.

3.3 Mixing Dynamics

Complete-mix reactors (CSTR) and plug-flow reactors (PFR) model mass movement inside hydraulic holding
units.
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Chapter 4: Water Quality Parameters and Standards

4.1 Physical and Chemical Matrix: Key assessments track Total Dissolved Solids (TDS), turbidity, heavy
metals, synthetic organics, and pH indexes.

4.2 Biochemical Indicators

Dissolved oxygen (DO) indicates aquatic life health. Biochemical Oxygen Demand (BOD) calculations measure
degradation requirements:

BOD Kinetics: BOD(t) = BOD_ultimate * (1 - exp(-k * t))

4.3 Pathogen Monitoring

Indicator organisms like Escherichia coli help detect enteric pathogens and quantify bio-contamination vectors.
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Chapter 5: Municipal Water Treatment Unit
Operations

5.1 Coagulation and Flocculation

Destabilising colloidal systems requires adding alum or ferric chloride to alter particle surface charges.

5.2 Sedimentation Mechanics

Settling tanks isolate suspended solids based on particle velocities defined by Stokes' Law:

Stokes formulation: Vs = (g * (rho_p - rho_f) * d*2) / (18 * mu)

5.3 Granular Media Filtration

Rapid sand filters capture remaining flocs via physical straining, interception, and adsorption mechanisms.
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Chapter 6: Advanced Water Purification Processes

6.1 Membrane Systems

High-purity processing uses Microfiltration (MF), Ultrafiltration (UF), Nanofiltration (NF), and Reverse Osmosis
(RO).

RO Flux Equation: Jw = A * (delta_P - delta_pi)

6.2 Advanced Oxidation Processes (AOPSs)

Targeting recalcitrant organic chemicals uses hydroxyl radicals (OH*) generated via UV/H202 or ozone
systems.

6.3 Adsorption Mechanics

Granular Activated Carbon (GAC) fixed beds capture micropollutants based on Langmuir and Freundlich
isotherm characteristics.
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Chapter 7: Wastewater Characterisation and
Kinetics

7.1 Domestic and Industrial Streams

Influent vectors are quantified by Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), and total
nitrogen numbers.

7.2 Microbial Growth Monod Model

Substrate consumption inside bioreactors depends on substrate-limiting growth kinetics:
Monod Kinetics: mu = (mu_max * S) / (Ks + S)

7.3 Biomass Yield

Heterotrophic conversions convert substrate chemical energy into new microbial cells, yielding cellular waste
outputs.
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Chapter 8: Primary and Secondary Wastewater
Treatment

8.1 Headworks Operations

Coarse screening units, comminutors, and aerated grit channels protect downstream processing systems.

8.2 Primary Clarification

Gravity settling units isolate volatile suspended solids, reducing carbon loads on down-stream biological paths.

8.3 Secondary Clarifiers

Solid-liquid separation processes isolate purified water from biological masses, recycling active microbes back
to aeration chambers.
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Chapter 9: Aerobic Bio-oxidation Mechanics

9.1 Activated Sludge Systems

Suspended growth setups mix microbial communities with oxygen to consume dissolved organic metrics.
Mass Balance Formula: FX_0 + V(r_x) = FX + V(dX/dt)

9.2 Fixed-Film Bioreactors

Trickling filters and Biological Aerated Filters (BAF) pass wastewater over solid media covered in microbial
slimes.

9.3 Biological Nutrient Removal

Anoxic and anaerobic selectors encourage nitrification and denitrification steps alongside enhanced biological
phosphorus removal.
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Chapter 10: Anaerobic Digestion and Bioenergy

10.1 Biochemical Pathways

Consuming organic matter without oxygen involves hydrolysis, acidogenesis, acetogenesis, and
methanogenesis stages.

10.2 Biogas Production Dynamics
Methanogenic microbes convert volatile fatty acids into methane and carbon dioxide fuels:
Methane yield: CH4 production = 0.35 m3/kg COD consumed

10.3 High-Rate Anaerobic Reactors

Upflow Anaerobic Sludge Blanket (UASB) systems process concentrated industrial wastewater streams
efficiently.
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Chapter 11: Sludge Management and Biosolids
Processing

11.1 Thickening Vectors

Gravity belt thickenings and dissolved air flotation units increase solids concentration in unstable sludge
streams.

11.2 Stabilization Paradigms

Aerobic or anaerobic digestion reduces vector attraction and volatile solids, lowering pathogen densities.

11.3 Dewatering Processes

Belt filter presses, centrifuges, and drying beds increase solids to over 20%, preparing material for land
application or incineration.
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Chapter 12: Air Pollution Chemistry and Dispersion

12.1 Atmospheric Typology

Primary pollutants (SOx, NOx, CO) react in solar radiation to form secondary photochemical smogs and ozone
matrices.

12.2 Gaussian Plume Dispersion Model: Downwind concentration mapping under crosswind conditions
follows Gaussian distribution profiles:

Gaussian Dispersion: C(x,y,z) = [Q/ (2 * pi * u * sig_y * sig_z)] * exp(-y*2/(2*sig_y"2)) *
[exp(-(z-H)"2/(2*sig_z"2)) + exp(-(z+H)"2/(2*sig_z"2))]

12.3 Boundary Layer Physics

Thermal inversions trap pollutants by preventing vertical air mixing within municipal zones.
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Chapter 13: Particulate Matter Control
Technologies

13.1 Gravity Settling and Cyclones

Pre-cleaner cyclones apply centrifugal force to separate large dust fractions (>10 micrometers) from exhaust
flows.

13.2 Fabric Filters (Baghouses)

Woven fabrics trap sub-micron soot particles using interception, inertial impaction, and diffusion paths.

13.3 Electrostatic Precipitators (ESP)

High-voltage wires charge passing particles, pulling them onto grounded collection plates for removal.
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Chapter 14: Gaseous Emission Control Systems

14.1 Absorption Scrubber Systems

Packed towers transfer acid gases like SO2 from exhaust streams into alkaline water slurries.

14.2 Flue Gas Desulfurization

Limestone scrubbing reactions turn sulfur gases into industrial gypsum solid products.

14.3 NOx Abatement Systems

Selective Catalytic Reduction (SCR) injection systems add ammonia over catalysts to convert nitrogen oxides
into safe nitrogen gas.
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Chapter 15: Municipal Solid Waste System
Architectures

15.1 Generation and Source Separation

Effective collection strategies require separating organic waste, recyclables, and residual fractions at the
source.

15.2 Material Recovery Facilities (MRF)

Mechanical sorting lines isolate paper, plastics, glass, and metals using eddy currents, optical sorters, and
magnets.

15.3 Sanitary Landfill Design

Engineering modern landfills requires composite clay liners, geomembranes, and gas extraction networks.

Written by Belltes Khoza Page 17 of 22



Belltes Academy | Environmental Engineering

Chapter 16: Hazardous Waste Treatment and
Remediation

16.1 Regulatory Criteria

Wastes are classified as hazardous based on ignitability, corrosivity, reactivity, or toxic leaching traits.

16.2 Physicochemical Treatment

Stabilisation processes use cement binders to lock heavy metals in place, preventing subsurface migration.

16.3 In-Situ Soil Remediation

Soil vapor extraction and pump-and-treat systems remove volatile organic contaminants from groundwater
plumes.
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Chapter 17: Environmental Hydrology and
Subsurface Transport

17.1 Groundwater Aquifer Hydraulics

Contaminant transport speeds through porous soils follow Darcy's law gradients:
Darcy Formulation: v = -K * (dh/dl)

17.2 Advection-Dispersion Equation: Solute plumes migrate down-gradient through combined advective
transport and hydrodynamic dispersion processes.

17.3 Attenuation Mechanics

Natural adsorption onto soil organic matter slows plume migration relative to pure water velocities.
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Chapter 18: Integrated Environmental Impact
Assessment (EIA)

18.1 Legal Frameworks

Infrastructure planning requires analyzing potential project impacts on air, water, and regional community
ecosystems.

18.2 Leopold Matrix Architectures: Evaluation matrices cross-reference specific development actions
against sensitive local environmental factors.

18.3 Mitigation Frameworks

The mitigation hierarchy prioritizes avoiding impacts first, followed by minimizing damage, and offsetting
residual effects.
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Chapter 19: Climate Mitigation Frameworks &
Carbon Accounting

19.1 Greenhouse Gas Inventories

Tracking corporate emissions requires categorizing sources into Scope 1 (direct), Scope 2 (power), and Scope
3 (supply chain).

19.2 Carbon Sequestration Systems

Industrial systems capture CO2 from point sources, compressing the gas for deep geological storage.

19.3 Decarbonisation Frameworks

Transitioning industrial processes toward electricity and green hydrogen reduces lifecycle greenhouse gas
emissions.
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Chapter 20: Circular Economy Paradigm &
Sustainable Design

20.1 Life Cycle Assessment (LCA)

LCA workflows quantify resource consumption and emissions from raw extraction through to end-of-life
disposal.

20.2 Industrial Symbiosis

Designing co-located industrial parks allows one facility's waste heat or materials to serve as another's input
feedstock.

20.3 Regenerative Architecture

Modern design prioritizes selecting non-toxic, recyclable building materials to minimize future waste extraction
needs.
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