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Background
• Marafiq established in terms of Royal Decree M/29

of 18 October 2000 (22 Rajab 1421 Hijra) as a joint-
stock company. Marafiq is owned by its four major
shareholders:

• Marafiq and Saur O&M JV Company (MaSa) is the
first private water organization in Saudi Arabia
based in Jubail and Yanbu founded in 2012. It serves
among the largest Petro-Chemical industrial cities in
the world. MaSa’s role is to operate and maintain
Marafiq’s utilities in Jubail and Yanbu, these include:
• Potable Water Facilities
• Sea Water Cooling Facilities
• Reclaimed Water Facilities
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Scope and Objective of the Study

 Community area in Jubail industrial city including: 
Deffi, Fanateer, East Corridor, Jalmudah and 
Southern part of Mutrafiah.

 Quantity of PW Pipes Segments = 29,658 

 Network Length = 928.25 km

 Pipes Built Years = 1980 to 2017

 Annual Renew Target = 1.7% (AWWA;2017)

 Life Cycle = 59 years

 Total Count of PW Pipe Breaks (Jan. 2012 to April. 
2018) = 1,053

 Study Aim: Identifying the most critical pipe 
segments (8.5% of the total network) that needs to 
be replaced during the next 5 years. Total length of 
78.9km.
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Process of Calculating Pipes Risk

Identify Criticality of Residential Zones

Prepare Data Requirements

Identify Influence Threat Factors

Logistic Regression Analysis

Prioritization of Critical Pipes
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Identify Criticality of Residential Zones
Rate: No. of Pipe Breaks / KM of Pipes for each District (2012 to 2018)
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Influence Threat Asset Factors

• Pipes Material

39%

61%

L E N G T H  /  A G E  O F  P OTA B L E  WAT E R  P I P E S

Age Group 1: 1 to 29 years
Age Group 2: 30 to 38 years

363 km
565 km

1.65 PB/km

0.31 PB/km

• Age of Pipes (Years)
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Influence Threat Asset Factors

 Diameter Size
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Influence Threat Hydraulic Factors

 Velocity

 Lack of complete hydraulic model

 Velocity for the main lines only

 20% of the total network length (187.2 km). 

 202 pipe break events (23.8%) occurred on 
these main lines 
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Influence Threat Hydraulic Factors

• Field data loggers = 23
• Processed logs = 6,543,563
• Thiessen polygons

 Pressure
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Data Sources Parameters

P
W

 P
ip

e 
B

re
ak

 E
ve

n
t Pipe Age (Years)

Pipe Diameter 
(mm)

Pipe Material

Velocity (m/s)

Pressure (kPa)

Requirements for the Logistic Regression Statistical Analysis

Dependent Variable Independent Variables
General Information

Pipe ID
Pipe 

Length

District 
Boundary

30

1

8

1

3

43 Total Independent 
Variables

Continuous Variables

Categorical Variables
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Research Question

• Failure predictions to reduce the predicted
costs.

• Analysis of existing asset and failure data.

• Statistical logistic regression analysis.

• Get the prediction equation based on the
explanatory variables.

• The research question is: 

What is the impact of age, diameter,
material, velocity and pressure on the
probability of pipe breaks?
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Statistical Analysis

 Using ANOVA and Logistic Regression to identify strength and significance of the predictors

Overall Likelihood index of Failure

= f (age, diameter, material, velocity, pressure)

• 43 Independent Variables
• Coefficients of 2 predictors could not be defined by the model due to singularities.

• First Logistic Regression Analysis:
• Only 7 independent variables were statistically significant
• Negative Coefficients: Small diameter  pipes
• Positive Coefficients: Age (years) and Pressure (mean)

• Analysis of Variance (ANOVA):
• Compare each coefficient against full model sequentially to explore the possibility of an 

‘interaction effect’ among levels of independent variables on the dependent variable.
• ANOVA showed that the probability of seeing a difference in Resid. Dev “Pr(>Chi)” indicated 

possible improvement in the model fit upon adding some variables is greater than what is expected 
by chance alone.

• Additional 15 significant independent variables (Diameters, Materials and Maximum Pressure).
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Final Logistic Regression Analysis Result

• Direct logistic regression was performed 
again to assess the impact of significant 
factors after performing ANOVA on the 
initial logistic regression model as these 
additional factors showed possible 
improvement in the model fit on the 
likelihood that pipe break will occur. 

• The low p-value out of the final logistic 
regression model indicated that the 
model fit improved and the significant 
predictors increased from 7 to 16 
independent variables which are 
statistically significant suggesting a strong 
association between them with the 
probability of pipe break event. 
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Final Logistic Regression Analysis Result

Significant 
Independent 

Variables

Negative Coefficients 

Intercept

Small diameter pipes 
(25, 32, 40, 50, 63, 65, 

90, 150 and 160)

Pipe Material (DI)

Positive Coefficients 

Pipe Material (PVC 
and GRP)

Medium diameter 
pipes (250 and 300)

Age (Years)

Pressure Mean

9
Less likely to have
pipe breaks

1

1

2

1

1

2 More vulnerable to 
pipe breaks

Note: AC material variable along 
with the other diameters, 
maximum pressure and velocity 
variables showed high p-values 
in the logistic regression model 
fitting results which indicate 
that all remaining variables are 
not statistically significant.
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Calculate Probability of Failure Prediction

The equation of the final prediction model (Variable 
Pipe_Breaks) is:

Pred (Pipe_Breaks = 1) = exp(z) / [1 + exp(z)]

Where;

z = b0 + b1x1 + b2x2 + …… + bnxn

b0 = the intercept constant

bn = the regression coefficient of the n variables

Then;
z =   -5.8679067 + 0.0894120 X  Age_Years + -2.9881975 X DIA_25 + -
2.4958960 X DIA_32 + -3.2727430 X DIA_40 + -2.5612037 X DIA_50 + -
2.1198955 X DIA_63 + -1.6706617 X DIA_65 + -1.8579021 X DIA_90 + -
2.0850377 X DIA_150 + -0.7561222 X DIA_160 + 0.3030320 X DIA_250 
+ 0.7815801 X DIA_300 + 0.4424478 X M_PVC + -1.1501682 X M_DI + 
1.0838486 X M_GRP + 0.0048819 X P_Mean

The final prediction model was tested on 
N = 837 pipes with previous real failure 
history where the mean of 0.047756 was 
used as decision boundary. 

The results showed that 74.3% of the pipe 
breaks were predicted correctly. 
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Prioritization of Critical Pipes

Run the developed model equation on the 
29,658 records of pipe segments to get the 
Pipe Break Probability.

Probability prediction can be recalculated 
using simulation after changing/updating any 
parameters such as Age, Pressure, etc.
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Conclusion
 Out of 43 independent variables, 16 predictors showed to have impact.

 Age, some diameter classes (250mm and 300mm), some material types 
(PVC and GRP) and the pressure mean showed positive correlation. 

 Some variables showed tendency to decrease pipe breaks such as smaller 
diameter sizes and pipes made from DI material. 

 The result of final model of this paper gave more detailed answer to the 
initial analysis of critical areas and provided higher resolution plan.

 The use of GIS tool as a master repository for all key analysis information 
was very useful and efficient.

 The study can be advanced in the future by improving some of the current 
parameters (such as velocity) and adding more explanatory variables.

 Additional parameters could  include water temperature, ground water, 
improper bedding, low stiffness, corrosion issues, operating condition, 
roots from trees, leakage and water loss, history of water quality 
complaints and bad joining. 
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Any 
questions?


