International Journal of Scientific & Engineering Research Volume 8, Issue 6, June-2017

ISSN 2229-5518

1073

Risk Analysis Facing potable and Waste Water
Projects in Egypt (Owner View)

Elsanabary, Mohamed H. Nema, Amira S, Tolba, Ehab R.3 and Hassan, Hassan M.

Abstract— Egyptian Government has increased its intention to support potable and waste water projects. One of the challenges facing
these projects in Egypt is how to assess risks that affecting this kind of projects. Risks cause an increase in cost, time delays and lack of
project quality. The purpose of this paper is to identify risk factors that affect waste water projects in Egypt and assess the impacts of such
factors in waste water project's cost and time. The research study area was taken in Damietta, Egypt through five years' time frame from
2011 to 2015. Eight major risk factors were identified to study their impact on the cost and time of waste water projects. The study claims
that cost and time related risks are most likely to occur and have the major influence on replacement and renovation of waste water
projects. at the bottom of this column. Don't use all caps for research paper title.

Index Terms— risk analysis, potable water, waste water, principal component analysis, risk in water project, risk facing owner, potable and

waste water in Egypt

INTRODUCTION

otable and Waste water service measures the social and
healthy progress of urban/rural communities. On a global
level, problems of these type of projects are the largest source
of pollution. Such problems could include: population growth,
lack of waste water capacity estimate and inaccurate planning
especially in the developing countries. According to the Unit-
ed Nations” Human Development Report, there is a remarka-
bly absence of effective national policies especially in waste
water services more than potable water. Also, there is a strong
relationship between poor access to drinking water and waste
water service and health aspects.

Egypt is one of the early countries that constructed waste
water projects in the Middle East. In 1914, sewage main de-
partment has been established. The sewage sector was ma-
naged by many authorities, but the lack of coordination be-
tween authorities caused lots of problems to appear. In 2004,
the holding company for potable and waste water was estab-
lished as an independent entity affiliated to the Ministry of
Housing. The holding company is responsible for potable wa-
ter and waste water sectors. Currently, this vital sector is fac-
ing many challenges. The most important challenges are in-
creasing in population and industrial and agricultural activi-
ties. Potable and Waste water projects can be extremely com-
plex and full with uncertainty. Potable and Waste water
projects can be categorized into two main categories; First,
new construction projects which include: Establishing new
networks and Create new treatment or purifications plants.
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In year 2006/2007, the total number of replacement and re-
novation projects, which listed according to the Egyptian gov-
ernment five year plan, is 222 projects as the year target all
over the country. Only 4 projects were completed with 3.8% of
the target and 25 projects have been completed, partially,
through 2006/2007 then delivered in 2007/2008. It was found
that other projects about 193 projects are delayed in the im-
plementation more than one year and some of them delayed to
2011/2012. Risks in waste water projects affect cost and project
time. Consequently, that leads to delay benefit of the projects
and therefor the unsafe disposal of wastes, increasing pollu-
tion and disease. The large construction companies that
granted the implementation of potable and waste water
projects might hire some subcontractors. In many cases the
subcontractors are eligible to work in those major projects
which need physical potential and human experience. Accor-
dingly, that would lead to wasting a lot of money and time
without any use. The most critical risk is the lack of clear vi-
sion of the project from the beginning which causes modifica-
tion of project drawings and maps, in addition to other mod-
ifications that appear during the work in the field of the
project.

Risks come from many sources as incorrect design, project
team, site problems, etc. Moreover, the size and complexity of
waste water projects increases the risks. Risk and uncertainty
cause potential damage consequences to the construction of
waste water projects. Cohen et al. (2004) defined risk as the
potential for complications and problems with respect to the
completion of a project and the achievement of project goals.
The Uncertain future event or condition, with occurrence rate
greater than 0% but less than 100%, has an effect on, at least,
one of the project objectives, schedule, cost and quality. Fur-
thermore, the impact or consequences of this future event
must be unexpected or unplanned. It is well accepted that risk
can be, effectively, managed to mitigate its adverse impacts on
project objectives even if it is inevitable in all project stages. It
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is important to face these uncertain risks by assessing their
impacts on the project objectives.

Managing risks involves identifying, analyzing and priori-
tizing risks. This will occur by monitoring, controlling, and
applying managerial resources with coordinated and econom-
ical effort. Managing risks minimizes the probability and/or
impact of unfortunate events and maximizes the realization of
project objectives (Hubbard, 2009). Effective risk management
may lead the project manager to several benefits such as iden-
tification of favorable alternative course of actions, increased
confidence in achieving project objectives, improved chances
of success, reduced surprises, more precise estimates (through
reduced uncertainty) and reduced duplication of -effort
(through team awareness of risk control actions). Risk analy-
sis and management continue to be a major feature of the
project management. Risk analysis is dealing effectively with
uncertainty and unexpected events to achieve project success.
The main objectives of this research are:

I. Defining potable and waste water projects in Egypt

II. Explaining potable and waste water projects types

III. Identifying risks that facing this type of projects

IV. Analysing the risk impacts as time increase and cost

overrun in waste water projects.

2. DATA DESCRIPTION

There are different types of risks associated with the construc-
tion activities. These risks might be physical, environmental,
design, logistics, financial, legal, political, construction and
management risks. The study area was taken in Damietta,
Egypt through five years' time frame from 2011 to 2015. By
studying and reviewing all the archived documents of the 222
projects, Table 1 shows that there are 33 types of risk factors
affecting potable and waste water projects through 2011 to
2015 which causing delay in project time and cost overrun.
Risk can be repeated in the same project more than one time
during the various stages of implementation. Most of these
risks are depending on each other and affecting on each other.
For example, incorrect design risk could lead to inaccurate
quantities in the project and mean more project cost and time
due to both risks incorrect design and inaccurate quantities.

Potable and Waste water projects are one of the infrastructure
projects. The life cycle of potable and waste water projects
from the origin started by construction then followed by oper-
ation and maintenance, replacement and renovation, opera-
tion and maintenance then finally demolition. Table 2 shows
that replacement and renovation of waste water projects has
the largest annually share more than new construction. New
construction is more complex and need more detailed studies.
Also, new construction should provide land spaces to estab-
lish treatment plants and networks. In 2013, waste water
projects were 100 projects with new construction projects
present 2% of waste water projects while replacement and
renovation present 98% of waste water projects.
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Studying risk effect in potable and waste water projects re-
quires assessment of risk facing these types of projects. From
the archived documents of Damietta holding company for
potable and waste water from 2011 to 2015, the average num-
ber of implemented projects was about 155 projects annually.
The average number of projects exposed to risk during the
same period was about 105 projects annually. Through the 5-
years study period, waste water project had 440 projects with
replacement and renovation of waste water projects
represented 429 projects and new construction projects
represented 11 projects. About 68% of projects were exposed
to risk. Waste water project have the most shares in the hold-
ing company projects. The number of risky projects was 275
projects i.e. 55 projects exposed to risk annually and most of
them were replacement and renovation projects.

Risk facing waste water projects can be divided into two main
categories:

o Technical risks: affecting the project site and depends
on design and drawings, they can present in defec-
tive design, gaps between implementation and speci-
fication, design change and not coordinated design

Managerial risks: depend on the factors that affect the
projects from the company side, such as company policies,
communication between individuals and the relation between
the company and other authorities. Managerial risk is
representing in Poor communication between involved par-
ties, Changes in management style, Lack of data and difficulty
to get permits.

3. METHODOLOGY

Because if the dependency of risk factors which represented in
Table 1, to overcome this issue a statistical technique called the
principal component analysis (PCA) is used to classify the risk
factors into categories. PCA is a statistical technique which
used to analyze the inter-relationships among a large number
of variables and explain these variables in terms of a smaller
number of variables (Elsanabary and Gan, 2014). Principal
component analysis (PCA) is a multivariate technique that
analyzes a data table in which observations are described by
several inter-correlated quantitative dependent variable (Abdi,
2010). PCA is useful for finding clusters of related variables
and thus ideal for reducing a large number of variables into a
more easily understood framework (Badu, 2009).The goals of
PCA are, (Abdji, 2010):
e Extract the most important information from the data
o Compress the size of the data set by keeping only this
important information.
Simplify the description of the data set.
Analyze the structure of the observations and the va-
riables.
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Tablel ement | Changes in management ways R31
Classifications of risk factors that affect THE POTABLE AND risk Information unavailability R32
WASTE WATER PROJECTS WITH THE CODE OF EACH FACTOR Resource management R33
Risk . Co-
Class Risk Factor de Table 2
- — Total annually NUMBER OF PROJECTS AND NUMBER OF POTABLE
Defective design (incorrect) R1
. WATER PROJECTS (NEW CONSTRUCTION AND RENOVATION) IN
Rush design R2
DAMIETTA HOLDING COMPANY FROM 2010 TO 2015
Awarding the design to unqualified design- | R3
ers Potable
i N - | Repl t
]?es1gn Not coordinated design (structural, mechani- | R4 Total water ew con cplacemen
risk Year K struction and renova-
cal and electrical) number | projects projects tion
Lack of consistency between bill of quanti- R5
ties, drawings and specifications
I o 2010/ 150 70 1 69
naccurate quantities R6 2011
Envi- Difficulty to access the site R7
ron- e 2011/ 50
Adverse weather conditions RS 110 2 48
mental 2012
. Acts of God R9
risk
Supplying invalid materials R10 igg/ 180 80 2 78
Change the productive capacity of labor and | R11
Physic- | machinery 2013/ |, 80 3 7
-al risk | Unavailable labor, materials and equipment | R12 2014
Occurrence of accidents because of poor safe- | R13
2014/ 50
ty procedures 2015 120 1 69
Inaccurate project program R14
Logis- | Poor communications between the home and | R15 Table 3
ti.—cs field offices Total annually number of projects and number of waste water
risk High competition in bids R16 | projects (new CONSTRUCTION AND RENOVATION) IN DAMIETTA
Undefined scope of working R17 HOLDING COMPANY FROM 2010 TO 2015
Delayed payments on contract R18
- Financial failure of the contractor R19 Total Waste New con- | Replacement
.me;n- Exchange rate fluctuation affecting material | R20 Year ° ; water struction | and renova-
(r:;i and equipment price famber projects projects tion
Monopolizing of materials due to closure R21
and other unexpected political conditions 2010/ 150 80 1 79
Difficulty to get permits R22 2011
Legal disputes during the construction phase | R23 2011/
L.eﬁal among the parties of the contract 2012 110 60 2 58
ris
Delayed disputes resolutions R24
Ambiguity of work legislations R25 2012/ 180 100 ) 98
Gaps between the Implementation and the R26 2013
specifications due to misunderstanding of 2013/
drawin d ificati 210 130 3 127
Constr- gs and specifications 2014
-uction | Undocumented change orders R27
risk Design changes R28 2014/ 120 70 3 67
Actual quantities different from the contract | R29 2015
quantities
Ma- Poor communication between involved par- | R30
nag- ties
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Figurel: scatter plot for component 1 and component 2 re-
sulted from PCA

There are 8 major risks resulted from PCA as shown in Table
1. These risks are sorted in a descending order with respect to
their effectiveness:

o Defective design (incorrect),

o Not coordinated design (structural, mechanical and

electrical),

o Difficulty to get permits as roads or traffic permits,

o Gaps between the Implementation and the specifica-
tions due to misunderstanding of drawings and spe-
cifications,

Design changes,

Poor communication between involved parties,
Changes in management ways,

Information unavailability.

4. RESULT DISCUSSION

From the PCA results, the 8 major risk factors that affect in
potable and waste water projects with high percentage from
2010 to 2015 are shown in Table 1. Studying effect of the 8 ma-
jor risk factors in waste water projects. Table 3 shows that
“defective design” risk factor was affecting , in average, 49%
of the total waste water projects annually, started with 68% in
2010 and ended with 36% in 2015. The “Not coordinated de-
sign” risk factor affected was affecting, in average, 22% of the
total waste water projects annually, started with 23% in 2010
and ended with 9% in 2015. The affected ratio decreased from
2011 to 2015, but the total number of risky projects sill high
and hampered the utilization of the project.

The total number of waste water projects in 2010 is close to
that of 2015. In 2011, the total number of waste water projects
was 80 projects with 55 projects affected by the risks. In 2015,
the total number of waste water projects was 70 projects with
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40 projects affected by the risks. The percentage decreased but
the risk still affecting the projects with high percentage.

Table 3
Approximate occurrence percentage
of each of the 8 risk factor in waste water projects (2010 - 2015)
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Major risks caused cost overrun and delaying time in waste
water projects are shown in Table 4. For example, defective
design affected 54 projects of 80 projects in 2010/2011; it
caused 1.2 million Egyptian Pounds (LE) cost overrun and 4.8
years delaying time. In 2012/2013 gaps between the imple-
mentation and specifications affected 35 projects out of 100
projects; it caused 1.5 million LE cost overrun and 2.4 years
delaying time. From Table.3, “Defective design” risk is the
most effective risk of major risks; it affected between 25 and 54
of waste water projects annually from 2010 to 2015. “Defective
design” risk caused cost overruns about 1.14 million LE an-
nually and 4 years delaying time in average. “Defective de-
sign” risk is depending on the efficiency of design team or the
consultant.
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Table 4
Cost overrun and delaying time caused by major risks through
study years (2010 - 2015)
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4.1 Risk Impact on Project Cost

To improve controlling of cost variation for constructing waste
water projects in Egypt; one must identify and recognize the
influence of the main factors affecting it (Aziz, 2013). By col-
lecting data from the company document archive, the rate of
increasing cost in waste water projects due to the 8 major risk
factors is about 3.5 million LE, in average, annually, as shown
in Figure2. The rate of cost overrun was varying irregularly
through the study years. The highest cost overrun due to risk
factors was 4.77million LE during 2012 /2013, about 60% of
waste water projects were affected by risk. In 2014 / 2015 the
percentage of projects that were affected by risk was 57%,
which caused cost overrun of about 2.34 million LE. During
2012 / 2013 an increase in risky projects percentage was no-
ticed, by 3% difference, from 2014 / 2015 which is quite small
difference while the cost overrun increased by 2.43 million LE
more than that of 2014 / 2015. The cost overrun does not de-
pend on the number of projects only, but also depends on the
cost of the projects and the degree of risk affecting. Projects
with expensive budget are exposed to more cost overruns due
to more risk exposure.
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It is noticed from Table 5 that the technical risks, such as
“defective design” risk, have a high impact on the project's
cost. Through the study period, “Defective design”, “Gaps
between the implementation and specification” and “Design
changes” risks caused cost overrun of about 1.14, 0.84 and 0.78
million LE annually, respectively. However, managerial risks
as “Poor communication between parties” risk increased cost
overrun by 0.26 million LE annually and considered the
largest cost overrun due to managerial risks. Therefore,
technical risks cause more cost overrun than the managerial
risks in waste water projects.

Table 5
Total cost overruns as an impact of each risk factor from
2010 to 2015
Risk factors Total increase in cost
(million LE)
Defective design 5.7
Gaps between the Imple- 42
mentation and specifica-
tions
Design changes 3.9
Poor communication be- 1.32
tween involved parties
Information unavailability 0.93
Changes in management 0.49
ways
Difficulty to get permits 0.48
Not coordinated design 0.45

4.2 Risk Impact on Project Time
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Table 6
Total delayed time as an impact of each risk factor from 2010
to 2015
Risk factors Total delay in
time (Years)
Defective design 19.8
Not coordinated design 13.8
Gaps between Implementation and 12
specifications
Difficulty to get permits 8.4
Design changes 7.2
Poor communication between in- 6
volved parties
Changes in management styles 4.2
Data unavailability 3.3
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Figure 3. Time delay due to the 8 risk factors from 2010 to 2015

The rate of delaying time of waste water projects annually due
to the 8 major risk factors is about 15 years as shown in Figure
3. The rate of delaying time is changing irregularly through
the study period. The longest delayed time due to the risk fac-
tors was 17.4 years in 2010 /2011 where about 69% of waste
water projects were affected by risk. During 2011 / 2012 the
delayed time due to the risk factors was 12.9 years where
about 83% of waste water projects were affected by risk. Year
2011 / 2012 increased in risky projects percentage from 2010
/2011 with 14% increase, but still 2010 / 2011 has the largest
time delaying in waste water projects due to risk factors. The
time delaying is not depending on the number of projects only
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but also depending on the number of risks affecting on the
project.

Through the study period, “Not coordinated design”, “Gaps
between the implementation and specification” and “Design
changes” risks caused delaying time by 13.8, 12 and 7.2 years,
respectively. However, managerial risks as “Difficulty to get
permits” risk caused delaying time by 8.4 years from 2010 to
2015 and considered the highest time delaying due to mana-
gerial risks. Therefore, managerial risks cause more time de-
laying than the technical risks in waste water projects.

5. CONCLUSIONS AND SUMMARY

Potable and Waste water projects are more sensitive to risk
during the implementation stage more than other types of
projects. Replacement and renovation type of waste water
projects is more affected by risk than the new construction
type. The replacement and renovation is used to increase the
capacity of the network or the station. The risk impact in
waste water projects appears in cost overrun and the project
time delay.

The study area was taken in Damietta, Egypt through five
years' time frame from 2011 to 2015. By studying and review-
ing all the archived documents of the 222 projects. Out of 33
risk factors, 8 major risks factors were identified based on the
principal component analysis. “Defective design” risk has the
highest effect between the 8 major risk factors in cost and
projects time. “Defective design” risk caused costs overrun of
about 1.14 million LE yearly and 4 years delaying time in
waste water projects. “Defective design” risk is depending on
the design team or the consultant. “Defective design” risk
doesn't depend on any external factor as; site nature, envi-
ronment condition and management system. The company
should study the risk factor and find solution to decrease its
occurrence.

The 8 major risk factors classified to technical risks and mana-
gerial risks. Technical risks have major impact on both project
time and cost, while managerial risks have more impact on the
project time than project cost. Risk impact, not only depend on
the number of projects affected by the risk but also depend on
several factors such as projects priority, project cost and the
degree of risk affecting the project. Risk affects differently in
two projects with same condition, budget and time. Projects
with high priority and expensive budget are exposed to more
impact due to risk.

Technical risks are depending on site problems, such as design
and drawing misunderstanding. Technical risks are impact
both the cost and project time. Decision maker in the company
should give more attention to the design team or choose re-
sponsible consultant for the design and site works. Managerial
risks are depending on the company strategy in management
as the way of giving and receiving orders between projects
parties and changing management way. Managerial risks are
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also depending on relationship between company and other
governmental authorities. Managerial risks have major impact
on project time. The decision maker in Damietta holding com-
pany should review the management way, providing facilities
to decrease the effect of managerial risks on both cost and
time.

Finally, the Egyptian government should give more attention
to potable and waste water projects and increase the approved
budget for them. Government should prepare effective plans
to cover the rural areas with waste water service. The re-
placement and renovation of waste water projects are consi-
dered the most frequently projects between the company
projects. There are some studies must be done to avoid the
risk impacts in replacement and renovation type including:
e Cadastral and contour maps to determine the size of
the required served area
o Detailed maps of the diameters and depths of the ex-
isting network
o Identifying regression lines and expulsion lines.
o Identifying the obstructions such as gas pipes or elec-
trical cables.
o Considering the expected population growth in the
future to determine the expansion in stations and
network.
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