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ûDefinition of Risk 
ûProbabilistic Approach
ûBasic Probability
ûWater Quality Specifications
ûWater Quality Standards
ûEffluent Standards 
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Chapter 1: Risk Identification 



û The first step in engineering risk and reliability
analysis is to identify different situations in which
uncertainties can generate risk of failure.

û Risk identification is essential to address a problem
involving uncertainties.

û Different types of uncertainties should first be 
investigated, as related to various processes such as 
coastal euthrophication, and seawater intrusion 
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General Introduction 



û Seawater intrusion lead to different environmental
consequences:

¡ Increase cl
¡ Drop in ground water level
¡ Increase soil salinity
¡ Increase in health problem
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General Introduction 

Uncertainty with 
these processes 



û Risk identification and uncertainty analysis are thus
necessary to quantify risks, so that adverse
consequences may be managed properly.

û Risk definition depends on the methodology and the
criteria used for measuring the occurrence of
adverse effects such as :

û the stochastic approach, in which risk is defined as
the probability of failure
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General Introduction 



ûWater pollution may be detected by means of a 
characteristic variable expressing the existing 
state of water quality. This should reflect the 
quality of the water body, such as river, lake, 
coastal area or a groundwater aquifer, in terms of 
concentration of a specific polluting substance.

û Consider the case of a submarine outfall 
discharging wastewater to a coastal area (Fischer 
et al., 1979; Ganoulis, 1991d). As shown in Fig. 
(2.1),
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1. Definition of Risk 
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Two dimemional pollution concentration 
field at the sea surface from a submarine 
outfall.

Nitrates, phosphates or
coliform bacteria, found in
variable concentration in
municipal wastewaters with or
without preliminary treatment

Cm is specific pollutant which
indicate the adverse effects in
the water environment
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• Environmental quality standards specify
the maximum allowable pollutant
concentration in seawater Co.
• This concentration should be considered
as the capacity of the marine ecosystem to
sustain pollution.

Cm is specific pollutant which indicate the
adverse effects in the water environment

Co

Cm

FAILURE or POLLUTION Cm > Co

SAFETY or RELIABILITYCm ≤ Co
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a variable reflecting the behaviour of the 
system under certain external conditions of 
stress or loading.

A variable describing the capacity of the 
system to overcome an external load or 
system variable resistance

L

r

In environmental engineering we should study the consequence 
of Failure or the safety of the system 
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let examine the safety of an earth dam

The question is how to determine safety the height of the dam, 
when the level of water in the reservoir fluctuates according to 
the local hydrologic conditions?

rHeight of the dam 
(H)L

The height of the 
water  in the 
reservoir (h)
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Examples of ''loads'' and "resistances" in Water Resources 
Engineering.
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Examples of ''loads'' and "resistances" in Water Resources 
Engineering.
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ØWhat is important, as for example for the earth dam is to take into 
account the consequences of an incident or failure.

ØThe consequences of failure together with the opinion of risks by the 
public are considered in the management of risks.

Ø In a typical problem of failure under uncertainty conditions, we  
usually face three main questions which are addressed in three  
successive steps:

L > r

L and r  are                   
non-deterministic  or 

unsteady or time 
dependent  risk 

If time is constant then it 
is static risk 
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In a probabilistic framework, L and r are taken as 
random or stochastic variables.

q In probabilistic terms, the chance of having a failure or the 
likelihood of failure are generally defined as risk.

q For example, in the case o the dam,



û In the disposal of effluents and pollutant
substances in the water environment, the risk of
water contamination is subject to several types
of uncertainties.

û These are caused by the high variability in space
and time of the hydrodynamic, chemical and
biological processes involved.

û uncertainties are due to our lack of knowledge
about the structure of various physical and
biochemical processes and also to the limited
amount of data available.
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2. Uncertainties in Water Pollution Problems 



ûUncertainties due to natural randomness or 
aleatory uncertainties may be taken into 
account by using the stochastic to quantify the 
uncertainty.  

û Can not be reduced or eliminated 

û Examples are Rainfall with time, Water Level in a 
River,. 
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Aleatory Uncertainties or Randomness



(a) data uncertainties, due to sampling methods 
(statistical characteristics), measurement errors and 
methods of analysing the data

(b) modelling uncertainties, due to the inadequate 
mathematical models in use and to errors in 
parameter estimation, and 

(c) operational uncertainties, which are related 
generally with the construction, maintenance and 
operation of engineering works

Can be reduced by collecting more information and 
improving models 
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Epistemic or Man-induced Uncertainties



û the fate of pollutants in a water receiving body, such 
as a river, is influenced by the combination of three 
mechanisms: 

1. advection by currents 
2. turbulent diffusion and 
3. chemical, biological or other interactions

Bothe natural randomness and man made 
uncertainties are included 
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Data collected are:
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Failure since DO 
is less than 5 mg/l 

Failure since flow 
rate is greater than 

125 



1) Different types of uncertainties are identified and 
different scenarios are set (risk identification), 

2) Conditions involving incidents or failures are 
identified, i.e. is C smaller or larger than Co and l 
against r?

3) Risk is quantified under different scenarios, and
4) Risk is compared to water quality standards and 

the reliability of the system is evaluate.
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Risk analysis of water pollution may proceed 
in the following steps:



û By considering the system variables as random, 
uncertainties can be quantified on a probabilistic 
framework. 

û Loads l and resistances r previously defined are 
taken as random variables L and R,  having the 
following probability distribution and probability 
density distribution functions
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2.3.2 Probabilistic Risk and Reliability



û This is the probability of failure PF of one component, 
in a steady state system. Risk is given by the following 
relation
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2.3.2 Probabilistic Risk and Reliability
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û So, the mortality risk, i.e. the probability for
somebody to suffer electrocution is, following the
result obtained above, equal to 70 per million of
the population.
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-The quantity PF is obtained in terms of the joint probability density 
function:

of random variables R and L.
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û This is a general expression for quantifying risk in a 
probabilistic framework. 

û However,  Eq. (2.41) seems to be rather difficult to 
use, because most of the time the joint density 
probability function is unknown.

û Simplifications include the assumption of:
1. independence between load and resistance, 
2. or the case when one of the two variables is 
deterministic.



û There are ecological and public health considerations for 
preserving a satisfactory level of quality in fresh and 
coastal waters, taking into account the risk from pollution 
of such waters to organisms, species and ecosystems. 

û These risks affect also humans, through the use of water 
(e.g. drinking, bathing) and water products (e.g. feeding 
on fishes). 

û The problem may be formulated in terms of the "maximum 
receiving capacity" of the water body to a specific 
pollutant (e.g. urban sewage).

û Therefore, regulations are generally formulated as series 
of standards concerning "drinking," "bathing" and "shellfish 
farming" expressed in values of maximum allowable levels 
of pollutants.
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2.5 Water Quality Specifications



û The distinction between environmental and human risks 
from different water uses leads to standards, expressed 
as the maximum receiving capacity of the water for 
specific categories of pollutants most frequently 
discharged into the water environment.

ûWater quality standards for the protection of freshwater 
and marine environment have been developed in several 
countries. 

û It is evident that schemes for wastewater disposal into 
the water environment should be designed primarily to 
protect the beneficial uses in the area affected by the 
discharge. 
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2.5.1 Water Quality Standards 



û Therefore, water quality criteria derived from these uses
are the principal parameters in the design of sanitary
engineering structures (e.g. a wastewater treatment
plant or a submarine outfall).

ûWater Quality Criteria Characteristics:
¡ The criteria have to be expressed in terms of parameters and 

values which may be incorporated directly into the design.
¡ Criteria and parameters should be relevant to the beneficial uses 

in the water body. 
¡ Criteria should be attainable by normal technical procedures and 

should take into account the natural base-line concentrations in 
regional waters.

¡ Although for the design only average values are mainly used, in 
order to take into account the natural variability and changes in 
environmental parameters, water quality criteria should be 
defined in a statistical form.
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2.5.1 Water Quality Standards 
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-Recommended Freshwater Water Quality Criteria for Fisheries 
Protection. (EC Directive 18/7/78- 78/659/CEE-JO 14/8/78))
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Recommended Bathing Water Quality Criteria for Design Purposes 
(UNEP, 1985; 1994).
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Normal Effluent Standards for Coastal Disposal (UNEP, 1994).

2.5.2 Effluent Standards
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What is the Difference between Risk, Hazard, 
Reliability, vulnerability

Hazard: the potential source of harm,

Risk: the possible of adverse effect like loss 
and injury, pollution caused by hazard 

Reliability: the probability of the system 
being able to perform under given hazard
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Assignment 2: 

1. How can you define the water pollution risk? 
2. What is the difference between the aleatory and epistemic 

uncertainties? And how it can be reduced?
3. Why do wastewater effluent standards differ from the 

water quality standards of the receiving water body?
4. What are the wastewater effluent standards for agricultural 

reuse and aquifer recharge?  
5. In the past 200 years four USA Presidents of the USA have 

been killed.
a) What is the annual capita per 100 000 of population of 
being killed even as President of the USA?
b) Compare this risk to the annual accidental mortality per 
capita risk of an airline pilot, which is estimated as 10 per 
100 000 inhabitants or 10-4 ?     


