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ØWater Pollution and Risk Analysis
ØUncertainties in Water Resources Management
ØEnvironmental Risk Assessment and 

Management Aims 
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Chapter 1: INTRODUCTION



û Technical projects aiming to improve water
quality, such as wastewater treatment plants,
management of waste disposal and remediation
of contaminated sites raise various
environmental hazards and risks.

û To face real situations of water uses, the
efficient application of an environmental impact
assessment including data acquisition, risk
analysis and examination of institutional aspects
is of crucial importance
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General Introduction 



û Engineering risk and reliability analysis provides a 
general methodology for the assessment of the 
safety of engineering projects.

û In water pollution problems risk is related to 
various uncertainties in the fate of pollutants. 

û Thus, risk and reliability assessment of water 
pollution is a useful tool to quantify these 
uncertainties and evaluate their consequences on 
water resources.
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General Introduction 



û Environmental water pollution could lead to:
1. Public health hazards (health risk),
2. eterioration of water quality and damage of 
ecosystems (environmental risk) or 
3.may cause economic consequences (economic 
risk).

Our Concern in This Course is Environmental Risk 
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General Introduction 



û Risk and reliability have different meanings and are 
applied differently in various disciplines such as 
engineering, statistics, economics, medicine and 
social sciences.

û Engineering risk analysis: is mainly based on the 
quantification of various uncertainties which may 
occur in the evolution of physical processes.

û because engineering projects are based on 
predictions of how processes might develop under 
uncertainty in the future, probabilistic approaches 
are more appropriate for this purpose than 
deterministic method.
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1.1 Role of Engineering Risk Analysis in Water 
Pollution Problems
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Direct and indirect uses of water resources 

ØAs demands for water by different uses increase and pollution
deteriorates the water quality, economic development is put
under stress and conflicts result between different "direct" and
"indirect" users.
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Water Resources System 

-The water resources as a system can be defined: apart from 
the natural water subsystem which should include the man-
made water subsystem (channels, distribution systems, 
artificial lakes, etc.) as well as the administrative system.
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Importance of Water Quality  

-In water resources management water quality plays an
increasingly important role, now equal to water quantity.

A-biotic and Biotic water system elements.
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in coastal regions, the most serious environmental 
problems in order of priority are
1. Decrease of water transparency because of high concentrations 

of organic elements, suspended matter and nutrients.
2. Oxygen depletion, due to excessive demand of oxygen from 
organic matter, nitrogen and phosphorus. As oxygen is used by 
predatory and non-predatory organisms, insufficient oxygen 
concentration is dangerous for marine life.

3. Bacteriological contamination, posing a threat not only to water 
but also to shellfish and oysters. It represents a major danger to 
public health. 

4. loss of habitat and invasions of tropical species. In the 
Mediterranean, appearance of new species of algae is attributed to 
excessive pollution.

5.Eutrophication phenomena because of the increase of nutrients, 
such as nitrogen and phosphorus

What is the Case in Gaza Strip????
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Environmental Water Pollution

q In the case of groundwater contamination we should 
have the most critical among various types of pollution 
that can occur in the water cycle. 

qThis is a consequence of the large time scales of the 
phenomena and the irreversible character of the damage 
caused. 

q Groundwater Resources
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Environmental Water Pollution

o the land input may arise in the form of
1. large amounts of sediments, resulting from increased 
soil erosion due to the substantial deforestation in 
historical times, especially in Mediterranean countries;

2. inorganic and organic pollutants, mainly as nitric or 
phosphoric fertilisers, pesticides or herbicides used in 
farming. 

3. organic, microbial or toxic man-made pollutants such 
as heavy metals discharged from sewers.

For Surface water resources
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o Biochemical Oxygen Demand (BOD).

oDissolved Oxygen content (DO)

oconcentrations of nutrients (ammonia, nitrates, 
phosphates, inorganic nitrogen or phosphorus)

oColifom bacteria concentration (FC)

-In the practice of surface water resources engineering of 
particular interest are the concentrations of : 
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Management of Water Quantity and Quality

Water resources management.

The main objective of the 
effective management of 
water resources is to 
satisfy the demand, given 
the possibilities and 
limitations of water supply 
and considering both the 
quality and quantity. 
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Management of Water Quantity and Quality

Modeling and decision making processes in water resources management
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-Some time water resources
engineering which may be considered
as deterministic (uncertainties are low).

-For example, the water supply from a
reservoir by operating a gate, there is a
deterministic relation between the flow
rate and the water height in the
reservoir.

-In such cases there is no reason to use
risk and reliability techniques, because
the situation is predictable.

Deterministic approach 

Give More Examples of Deterministic Approach???
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Stochastic Approach 

Give More Examples of Stochastic Approach???

ØWhen the reservoir is filled by an
inflow which varies in time,
uncertainties in the variation of water
height in the reservoir produce an
output which is not deterministic.

Stochastic variation of the 
water level in a reservoir.

ØWhen uncertainties are important and
influence the output of the water system,
risk analysis becomes more appropriate
to use
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Water resources engineering risk and reliability 
Classification 

(1) Structural reliability (dams, flood levees and other hydraulic 
structures)

(2) Water supply reliability (water quantity problems)

(3) Water pollution risk (water quality problems)

q In all three areas, uncertainties are mainly due to the spatial and 
temporal variability associated with hydrological variables. 

qIn this course it will be coped with Third Type.
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Uncertainties in Water Resources Management

(1) Hydrologic Uncertainty.
This refers to the various hydrological events such as 
precipitation, river flow, coastal currents, water quality, etc.

(2) Hydraulic Uncertainty.
These are uncertainties related to hydraulic design and hydraulic 
engineering structures.

(3) Economic Uncertainty.
All fluctuations in prices, costs, investments which may affect the 
design and optimisation processes.

(4) Structural Uncertainty.
This means all deviations due to material tolerances and other 
possible technical causes of structural failure
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1.2 Environmental Risk Assessment and Management

Risk assessment and risk management as elements of 
environmental risk analysis
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1.2 Environmental Risk Assessment and Management

Risk Assessment

Step 1 : Risk or hazard 
identification

Step 2 : Assessment of loads and 
resistances

Step 3 : Uncertainty Analysis

Step 4 : Risk Quantification

Step 1 : Identification of 
alternatives and associated risks

Step 2 : Assessment of costs in 
various risk levels 

Step 3 : Technical feasibility of 
alternative solutions

Step 4 : Selection of acceptable 
options according to the public 
perception of risk, government 
policy and social factors

Step 5 : Implementation of the 
optimal choice

Risk Management



-٢٢

1.2 Environmental Risk Assessment and Management

You must distinguish between: 

(a) design or planning problems, and
(b) operation problems.

Ø Environmental Risk Assessment and management is arranged along 
two main paths: 

The first comprises the main elements of risk analysis, which rank from 
the simpler to the more advanced as:
(1) identification of hazards
(2) ) risk quantification, and
(3) risk management.

The second path follows the traditional engineering approach, i.e.
(1) Analysis of inputs
(2) Modeling, and
(3) Evaluation of outputs.
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Assignment 1 

1. Identify the ongoing and planned projects in Gaza Strip that could 
have high risk in terms of water quality?

2. Write and prioritized the most pollutions indicators in Gaza Strip 
Environment ?

3. Describe the administrative structure of water sector in Gaza Strip 

4. Give examples of deterministic and stochastic models? 


