2

PAGE  
3

1. INTRODUCTION
1.1 Overview 

The Man Made River Project (MRP) is a water supply project located in the North African state of Libya. It was constructed to extract and convey high quality ground water from deep aquifers in the Sahara Desert to the northern coastal strip where over 90% of the population lives. Pre-stressed Concrete Cylinder Pipes (PCCP) with various diameters, ranging from 1.6 to 4.0 meter, were used in the construction of the pipelines. [1]
To date, three phases (I, II and III) of the project have been completed and currently under operation. The layout of these phases as well as the future phases is shown in Figure 2.1. Brief descriptions for all phases are given in the following paragraphs. [1]
Phase I conveyance system, the “Sarir-Sirt/Tazerbo-Benghazi (SS/TB) system”, is a 1926 kilometers long of two parallel pipelines. It consists of 247,320 of mainly 4.0 meter diameter PCCP that convey 2 million cubic meters of water per day from 134 production wells at Sarir and 100 production wells at Tazerbo to end reservoirs at Sirt and Benghazi. 
Phase II conveyance system, the “Hasouna/Jefara system”, is a 1732 kilometers long pipeline. It consists of 191,120 of mainly 4.0 meter diameter PCCP that convey 2 million cubic meters of water per day from 287 production wells at East Jabal Hasouna and 153 production wells at North East Jabal Hasouna to Tarhouna and Tripoli.

Phase III conveyance system, which called the “Gardabiya/Sedada system”, acts as a link between Phases I and II and allowing the flow of water from both directions. The total length of PCCP used is 189 kilometers of 4.0 meter diameter, which represent 25,000 pipes.
Future phases of the project are: [1]
• The “Gedames/Aizawia conveyance system”, which will convey an estimate of 90 million cubic meters of water per year produced from 144 wells located in Gedames. 
• The “Kufra/Tazerbo conveyance system”, which will convey an estimate of 1.68 million cubic meters of water per day produced from 285 wells located in Kufra. This phase will be linked with Phase I, which will allow the water to be added to it, as shown in Figure 1.1. 
• The “Jaghboub/Tobruk conveyance system”, which will convey an estimate of 50 million cubic meters of water per year produced from 40 wells located in Jaghboub.
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Fig. 1.1 Layout of GMRP phases [1]


1.2 Pre-stressed Concrete Cylinder Pipe (PCCP) 
Two PCCP plants have been constructed to produce the pipes required for the implementation of the MRP. Brega plant is located at Brega region on the coastal strip, and Sarir plant is located at Sarir region deep in the Sahara Desert. The Brega plant has two production lines with a total capacity of 80 pipes per day, while Sarir plant has three production lines with a total capacity of 120 pipes per day. [1]
The PCC pipes are designed and manufactured in various diameters (1.6 m, 1.8 m, 2.0 m, 2.2 m, 2.4 m, 2.8 m, 3.6 m and 4.0 m) and various types (ST = Standard Pipes, SP = Special Pipes, and FT = Fitting Pipes). These pipes are manufactured in several stages starting by welding sheets of steel for each pipe to form a cylinder followed by pouring two layers of concrete (inner and outer). The outer layer is wrapped by a pre-stressed steel wire followed by a layer of mortar. According to design specification requirements, pipes may be subjected to a second wire wrap. In addition, pipes installed in aggressive soil environment are usually coated with Ameron (black pipes). A cross section of the 4.0 meter diameter pipe is shown in Figure 1.2. [1]
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Fig. 1.2 Cross section of the 4.0 m diameter pipe [1]
1.3 Acousting Monitoring Technique
For the MRA project, Pure Technologies Ltd. has created a monitoring system that consists of three stations for each logger. The three stations are installed in consecutive chambers along the pipeline. The stations typically are separated by distances between 300m to 600m each station consists of a hydrophone inserted into the water line through the valve assembly inside the chamber. Using special cable that is buried under the surface of the ground, the hydrophones are connected to the logger unit. The loggers are placed at the middle station in each group. [2]
When a wire breaks in the pipe, the sound travels both upstream and downstream inside the water line. As the sound reaches each hydrophone it transmits this acoustic signal through the cable to the logger. The computer inside the logger records the signal from each hydrophone simultaneously and stores this acoustic information as a digital data file. The files are analyzed daily using Pure Technologies SoundPrint analyst software. Weekly reports of the results will be generated and submitted to the appropriate MRA personnel. Copies of the data will be sent to Pure Technologies in Canada through the internet or on CDs for secondary analysis and archiving. [2]
The SoundPrint Analyst Program is designed to analyze the digital data files from the logger units. The software program utilizes many signal analysis techniques to determine the cause of the acoustic event and its origin between the hydrophones. If an acoustic event originates outside the space between the hydrophones, we may record the event, but have no method of accurately identifying the origin. A manual calculation can be performed to estimate the approximate location of any acoustic events outside the hydrophone spaces. This can only be done after a database of acoustic events has been established. [2]
1.4 Pipe Failure 

In August 1999, The Man Made River Authority (MRA), the authority entrusted with the implementation and operation of the project, experienced its first pipe failure in the Sarir-Sirt line of the SS/TB conveyance. This was followed a month later by a second failure on the parallel Tazerbo-Benghazi line of the SS/TB conveyance. Three more failures occurred between September 1999 and April 2001. [1]
Investigations determined that the failures were caused by chloride-induced corrosion of the pre-stressing wire. The authority undertook an extensive survey of the conveyance using, at the beginning, traditional techniques such as sounding (bonging), close interval potential surveys, potential mapping. Subsequently, in the year 2000, electromagnetic inspection and acoustic monitoring techniques were introduced. The extent of the problem was then assessed and it was found that only some of the uncoated pipes in the conveyance were affected. The SS/TB conveyance consists of 60% uncoated pipes and 40% coated pipes. These were coated with coal tar epoxy and used in areas originally deemed as corrosive. [1]
These inspection and monitoring techniques are used to detect the number of wire breaks, if any, that occur in a pipe (distressed pipe). This number is used as a measure of the level of deterioration of a distressed pipe. As acoustic monitoring is used to detect the number of wire breaks as they occur in real time, the rate of wire breaks in a distressed pipe can be estimated. The distressed pipes have different characteristics related to the design, manufacturing, environmental, and operational conditions. These characteristics may have an effect on the degree of distress the pipe might have. [2]
1.5 Objective and Outline

The objective of this work is to study the effect of some variables one the number of wire breaks in the PCC pipes. A one-way ANOVA and nonparametric approaches will be implemented to analyze the collected data using Minitab statistical software. 
Some basic fundamentals of ANOVA and nonparametric techniques are discussed in chapter two. Data collection and analysis of results are presented in chapter three. Finally, conclusions and possible recommendations are presented in chapter four.
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