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ABSTRACT

Looking its high energy demand, Pakistan is planning to import natural gas through pipelines from neighboring countries. For fully utilizing the imported gas, providing it to end customers, the infrastructure of gas pipeline is being developed. Therefore a huge investment is being carried out in this sector. During the last 10 years the network of main and distribution gas pipeline has been expanded by 85% [6].  But the geological and geographical conditions of Pakistan are tough for the construction. On one side there are glaciers and high mountains, on the other side there is desert and plan of river Indus with extensive network of wide rivers and canals. There is always risk of earthquake, landslides and floods. Instable Government policies, high rate of inflation, rapid change in material prices are also important risk factors. Looking the current geopolitics situation there is a persistent threat of war and terrorism in the country. All these factors make the situation very complex in quantifying the risk factors especially when the project is gas pipeline in which the impact factor of risk exponentially rise in case of risk occurrence. Moreover, due to the absence of modern project or risk management techniques and methodologies the projects are usually not completed in their planned time or budget. Effort has been made to quantify the associated risks of gas pipeline project on the basis of historical data. The research will be helpful to separate the most important risks from the trivial many for the construction of any sort of pipeline project in the northern areas of Pakistan
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INTRODUCTION 

At present time oil and gas sector is acting as back bone of the country. Growth in industrialization, agriculture, transportation and even domestic utilization of the energy depends on oil and gas sector of Pakistan. Oil and gas sector is directly influencing on the national economy as industrial and agriculture sector are dependent on them which are major contributor of GDP. The gas is significantly replaced by oil in all sectors i.e. power generation, domestic and transportation due to price hike in oil prices globally and cheaper availability of natural gas. During the last five years the oil import has reduced by 8 % [1]  The other reason for that may be the availability of cheaper, safe and durable mode of gas transportation system (main and distribution network of pipeline), which is continuously expending. At present Pakistan has total 9, 000 km of main and 70,000 km of distribution gas pipelines which is managed, controlled and operated by SNGPL and SSGPL.[6,7,15].  In 2002 the total contribution of gas in over all energy requirement was 39% which was increased upto 50,4% in the year 2007 (ref. table 1-a & b). Industrial growth is demanding to find extra sources of energy which are cheaper and reliable. Therefore natural gas is being planned to be imported through pipeline from neighboring countries. Option of Turkmenistan, Iran and Qatar are available for gas import but Iran being at the top due to many geo-political and socio-economic factors. (figure 1). For this project, Pakistan is not only going to invest 7 billions dollars (2007) on the project but also expending infrastructure for fully utilizing the imported gas. Therefore a huge construction is being carried out in this sector in Pakistan. During the last 10 years the network of main and distribution gas pipeline was expanded by 85% [6]. Project Rawat-Muree gas pipeline, which is the latest project carried out in Pakistan for gas distribution to Muree and suburb was selected as the case study (completed in Nov. 2006). It was the first time in the history of construction in Pakistan when the pipeline was laid in difficult regions w.r.t construction point of view i.e. construction of pipeline at the height of 7000 feet.[6] The project was analyzed for potential threat during its construction and operation phase. The results and recommendation can further be used in the construction of pipeline projects in Pakistan and especially in Northern and western Areas.
	Source of Energy
	Share (%)

	Natural Gas
	50,4

	Oil
	29.40

	Coal
	7,60

	Hydropower
	11,00

	Nuclear Power
	1,3

	LPG and others
	0,4


Table 1(a) and (b) Showing Natural resources reserves in Pakistan and their usage (%)
	Energy Sources
	Reserves & Production

	Proved oil reserves
	290,65 mln barrels

	Oil production
	65385 bpd

	Oil use
	361400 bpd

	Proved gas reserves
	32,928 TCF

	Gas exploitation
	3826 MMCF/year

	Proved Coal reserves
	3362 mln Ton


The discussion shows that, huge investment is expected in the field of oil and gas pipeline construction domestic and cross boarders. Pakistan, not rich in experience of pipeline construction is looking for a technical and strategic partner for the pipeline construction, just after the final settlement of Iran-Pakistan-India pipeline project is done expectedly in June, 2007. 
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                  Figure 1. The routes of future  pipeline projects in the region.
Geological and geographical conditions of Pakistan are very complex for the construction of oil or gas pipeline projects. Almost 50 % of the total area of Pakistan is mountainous. The northern areas are having different chains of mountains coming from china and India (Himalaya, Korakurram) which meet with the mountain chains coming from Iran and Afghanistan (Koh Salman, Hindukush) in the northern areas of Pakistan [8]. There is also an extensive net work of wide rivers and canals in Pakistan. As the intensity of crossing and obstacles in the linear part of pipeline, the over all cost of the pipelines and associated risks to complete project in planed framework also 
Table-3 Future pipelines projects in Pakistan.

	Name of pipeline
	Diameter
	Capacity
	Length
	Estimated Cost

	Iran-Pakistan-India Gas Pipeline
	48” (1220 мм)
	3,0  MMCF per day
	2775 km
	$ 7.0 billion (2007)

	Central Asia Oil Pipeline
	42”(1050 мм)
	1,0  MMCF per day
	1674 km
	$ 2.5 billion (2000)

	"Centgas" Central Asia Gas  Pipeline
	48” (1220 мм)
	2,0  MMCF per day
	1400 km to Pakistani city Multan and 644 km to India
	$ 3,5 billion (2003)

	Qatar-Pakistan Gas Pipeline
	44”(1120 мм)
	2,7 MMCF per day 
	1620 km including 1500 km sub sea pipeline
	$ 3,0 billion (2002)


increases. the risk can also be associated with the type of topography of region. Figure 2 shows the GIS map of Pakistan showing topography and other important features of the region. The two continental plates i.e. Indian and Eurasian meet in Pakistan which highly effect the geodynamics of the region, due to that frequently earthquake of high intensity occurs in the regions. In summer temperature ranges between 45-50oC due to that glaciers melt and melted water goes to the Indus water system.[8] The monsoon rains which occurs during June to August raise the river flows to high extend and ultimately floods occurs. The statistics shows that big floods in the history occurred in summer. Considering geopolitics of the regions there is a persistent threat of terrorism and war. Probability of was and its effects are rising as the tension between America and Iran is increasing. The economic instability has added the problem due to that there is frequent change in economic parameters. All these are in fact potential risks for any construction project especially oil and gas pipelines in which risk are multiplied many fold and there is exponential rise in damage in case of occurrence of one or more risks resulting huge human and environmental losses.
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Figure 2.GIS map of Pakistan showing important geological and geographical features of the country

FORMULATION OF RISK MANAGEMENT MODEL FOR CONSTRUCTION PROCESS OF OIL AND GAS PIPELINES 
The main objective of model development here is to reduce or compensate losses, or damage due to the occurrence of the unwanted events or risks. At the same time it is also required to develop different mechanisms and strategies (risk transfer, risk reduction, risk distribution, avoidance, risk enhancement), which are most appropriate with the situation and environment of the project (system).[14] The following aspects are associated directly or indirectly to the risk management of a project.
1. Scope management

2. Financial management;

3. Resource (material, machine and manpower) management;

4. Time Management;

5. Quality management;

6. Communication and information management.
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Risk management process (figure 3) starts with the planning of risk management as shown in the table 2. For that meetings are conducted and it is mainly internal organizational effort for planning a course of action for forth coming risk management plan. In that context, it is necessary to identify, categorize, analyze, and manage risks in projects. 
Figure 3. Risk Management Model for construction process of oil and gas pipelines

	Input
	Process
	Out put

	Organizational environmental factor 
	Planning meeting and analysis

Planning course of action
	Risk Management Plan

	Organizational process of assets 
	
	

	Project scope management  
	
	

	Project management plan
	
	


Table 2 Process showing Risk Management Planning

Risks may be classified in a number of ways.[13,14]Identified risks to a project may be governed by internal and external organizational factors. The environment (media), in which this process is carried out and the relationship of internal and external organizational environmental factor also play an important role. The construction process is a temporary /contractual partnership of many parties and the stakeholder working for common object. This makes process complex and uncertain. The uncertainties with negative impacts in a project are called as risks. The types of risk are also depending upon the type of contractual relationship between the owner and constructing firm. In different types of contract (BOT, TK, LC, MC, Fix plus % contract and Lump sump contracts) between the owner and constructing body   the level and intensity of risk differs. Risk identification is the most important thing following by the probability and impact calculations in whole risk analysis process.

The identification, frequency of occurrence and impact of occurrence of risk vary significantly from country to country and region to regions as they are most the function of external environment of construction system of a project. Even the risks characterists are different in different part of same country,  in which the project is being executed. After identification for the safe of simplicity we can make  Risk Breakdown structure (RBS) (figure 4), which help to visualize the whole scenario of risk management process. The process adopted for risk identification process is shown in table 3. Considering project life cycle of gas pipeline project in Pakistan we can mainly categorize risk in two ways.
	Input
	Process
	Out put

	 Organizational environmental factor 
	Information collection
	Risk Register

	Organizational process of assets 
	Documentation review 
	

	Project scope management  
	Assumption analysis
	

	Project management plan
	Checklist analysis
	

	Risk Management plan
	
	


Table 3 Process showing Risk Identification
· Risks during Construction
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                            Figure 4. Risk Breakdown Structure (RBS) of potential
RBS (figure 4) make things simpler in visualizing the process of risk assessment or analysis. Once risks have been identified, they must then be assessed as to their potential severity of loss and to the probability of occurrence. Risk assessment/analysis is primarily a systematic and comprehensive methodology to evaluate risks associated with a complex engineered technological entity. Risk assessment is defined as a feasible detrimental outcome of an activity or action. Risk assessment process required two items 

a. The magnitude (Impact) of the possible adverse consequence (risk), and 

b. The likelihood (probability) of occurrence of each consequence. 

Consequences are expressed numerically and their likelihoods of occurrence are expressed as probabilities or frequencies (i.e., the number of occurrences or the probability of occurrence per unit time). The total risk is the sum of the products of the consequences multiplied by their probabilities. The fundamental difficulty in risk assessment is determining the rate of occurrence since statistical information is not available on all kinds of past incidents. Furthermore, evaluating the severity of the consequences (impact) is often quite difficult for immaterial assets. The whole process is called the quantitative risk analysis. The process is shown in table 5. Asset valuation is another question that needs to be addressed. Thus, best educated opinions and available statistics are the primary sources of information. Nevertheless, risk assessment should produce such information for the management of the organization that the primary risks are easy to understand and that the risk management decisions may be prioritized. Thus, there have been several theories and attempt to quantify risks. Numerous different risk formulae exist, but perhaps the most widely accepted formula for risk quantification is: Rate of Occurrence multiplied by the Impact of event equal to Risk Score The frequency of occurrence (probability) and impact factor of an event given by PMI (table 4) can be utilized for risk analyses but they are more generalized and need expert judgment to utilize them. They can produce misleading results for the risk analysis process, which have probability of occurrence very closer to each other. i.e difficult to chose value of probability 45-60% . In that way we can supersede some risks to the other. They can be used safely when the risks identified are lesser and risk management is not one of the first priorities. Risk impact factor defined by PMI are 0,1 to 0,9 depending upon the type and impact of event  to the project. For risk modeling we need more precise value to risk. Therefore we need to pick independent event and required to gather historical data regarding that risk. This historical data can be processed to obtain some information in the form of probability and impact of risk. Project Management Institute (PMI) defines Probability (rate of occurrence) and Impact of event are shown in Table 1: For more accurate and authentic results it is required to calculate the possibility and impact based on the historical data rather than to use standard PMI P and I values. For statistical processing of historical data, it is required first to get historical data regarding each risk and then to transform it in graphical form, showing the type and characteristics of curve with trend. A lot of techniques are available for finding the probabilities of risk e.g. exponential distribution, linear distribution, normal distribution, Gamma, Beta distribution, Pareto etc. but for accurate results we have to pick a method which suits the type of data. 

Table 4: Standard values of frequency of occurrence and Impact factors [12]

	Possibility of occurrence 
	Probability (P)
	Type and level of risk Impact 
	Impact Factor (I)

	Very high chance
	90 %
	When maximum impact on scope, time and cost
	0,9

	High chance
	75%
	High impact on scope, medium impact on time 
	0,6

	Greater chance
	60%
	and lesser impact on cost
	

	Possible
	45%
	High impact on time, medium impact on scope 
	0,3

	Likely
	30%
	and lesser impact on cost
	

	Unlikely
	15%
	When high impact on cost of the project, medium 
	0,1

	
	
	impact on time and lesser impact on scope.
	


After doing the qualitative risk analysis quantitative risk analysis is made. For quantitative risk analysis simulation and modeling technique is used. Sensitivity risk analysis, decision tree diagram and EMV are calculated according to requirement and circumstances. The complete process of quantitative risk analysis is shown in Table 6.  Monte Carlo technique is usually used for modeling and simulation. It is a technique which calculates the most probable value or risk considering the historic data. Besides, Statistica 7 and SPSS computer programs are also used for this purpose in modern risk analysis procedure. Monte Carlo simulation also helps to separate more critical risks from minor one. after simulation and modeling, the project contract is reviewed once again and the project acceptability is check looking organizational strength and risk values of the project. Once the project is selected for execution the critical risks are highlighted and strategy is set by the organization to eliminate, mitigate distribute or transfer risk to another party.  the course of action of the any organization or participant (consultant, contractor, client or owner) participating in the construction process of oil and gas pipeline can adopt one or combination of course of action given below, depending upon the type of project, location and circumstances. 
1. 
 Distribution of risk between participants of the project;

2. 
 Risk Transfer;

3. 
 Contingency Budget;

4. 
 Risk reduction;

5.    Risk avoidance
Table 5 Process showing Qualitative risk analysis

	Input
	Process
	Out put

	Organizational process of assets 
	Risk probability and impact assessment 
	Risk Register

	Project scope management  
	Probability and Impact matrix
	(updates)

	Project management plan
	Risk data quality assessment
	

	Risk Management plan
	Risk categorization
	

	Risk Register
	
	


Strategy adopted by the organization to handle risk is periodically monitored and checked. The policy of risk management may be revised by the action taken by the management. After the project is completed the history is saved in company’s data bank for further use in same project type to avoid duplication of efforts.

Table 6 Process showing Quantitative risk analysis

	Input
	Process
	Out put

	Organizational process of assets 
	Quantitative risk analysis and modeling 
	Risk Register

	Project scope management  
	( Sensitivity analysis, Decision  Tree
	(updates)

	Project management plan
	Modeling and Simulation, Expected
	

	Risk Management plan
	Monetary Value, EMV)
	

	Risk Regiter
	
	


FORMULATION OF RISK REGISTER
Using the statistical data obtained from relevant organizations in Pakistan, possibility “P” and “I” has been calculated and risk register is made.(Figure 6). The different statistical approaches has been used to transform the statistical data to the possibility. e.g. for probability calculation of earthquake occurrence the data from Mangla seismology station, which shows that the lesser is the intensity of earth quake more is the frequency of occurrence or vice versa. For such type of data the logarithmic frequency distribution suits the best, as shown in the figure below (figure 5). For gas pipeline construction we are interested to know the possibility of earthquake occurrence in northern areas more than 4 rector scale (RS) intensity. 4 RS has been chosen because of the reason that at this intensity there may be not physical failure or rupture in the structures or pipelines but that vibration may cause a residual stress or strain in the pipeline or this may cause other incidents like Landslides. With the help of EXCEL we developed an equation for the historical data of earthquake in Pakistan, which can be expressed as;

y =106,2 e -1.1085 x X
Where y is the probability of occurrence of earth quake of x Rector Scale. We are interested in 4 RS* therefore we calculate the possibility at x=4. 
                                                           y = 1,26 %.
 In that way depending upon the character of the data desired entities is calculated. However, the standard value of PMI Impact factors has been used i.e.0.9, 0.6, 0.3, 0.1. In case where data is not available expert opinion has been used. The strategy to transfer, avoid or mitigate risk w.r.t. each risk is also shown in figure 6.
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             Figure 5. Graph showing earthquake intensity v/s frequency of occurrence



Figure 6. Risk Register 

USE OF COMPUTER PROGRAM (Risky Project 1.3.1) FOR RISK ANALYSIS AND MODELING OF MUREE-RAWAT GAS PIPELINE PROJECT 
Besides doing qualitative and quantitative risk analysis of Muree pipeline project manually, by making risk register and finding the most critical risk we will be using computer software RiskyProject 1.3.3 a product of Intivar Institute, USA. Looking its functions and applicability of this program into our project, this programme was chosen for further monte carlo risk analysis of the project.  To make this program to work for producing results the procedure is similar as shown above in model (figure 3) till the stage of calculation of probabilities of risk and its impact. for this purpose we need to find the probabilities of or potential risk which can be occurred in Muree-Rawat gas pipe line project. We start with the Socio-political risk and looking the current political situation we identify the risks as unstable government policy, undue government influence in projects, delay due to the govt. regularization and licensing authority, strikes lockouts and etc. the probability is calculated but using historical data and put in the programme. Similarly, the Socio-Eoconomic risks are identified. As the project is being executed in Northern area therefore there may be risk of unavailability of labor, changing in economic policy, price change of material, inflation  etc.  this risk is very important looking the current construction sector market situation. there is growth in the market and prices of raw material are significantly raised for example, the price of construction steel per ton is raised from Rs 18000 in 2000 year to Rs 30,000 in year 2005 which is further increased to Rs 40,000 per ton in year 2007. Similarly, cement the other important ingredient of construction industry and the price has been fluctuating significantly. The risks related to organizational relationships may appear to be unnecessary but are quite real. Strained relationships may develop between various organizations involved in the design/construct process. When problems occur, discussions often center on responsibilities rather than project needs at a time when the focus should be on solving the problems. Cooperation and communication between the parties are discouraged for fear of the effects of impending litigation. This barrier to communication results from the ill-conceived notion that uncertainties resulting from technological problems can be eliminated by appropriate contract terms. The net result has been an increase in the costs of constructed facilities. As the pipeline is being constructed in the hilly area, therefore there is risk of meeting “tough site” for construction. In construction terminology, tough site is said to be site where unexpected circumstances may occur due to that design or the project can be changed or there may be some rework involve in the construction process. The risks related to technological problems are familiar to the design/construct professions which have some degree of control over this category. However, because of rapid advances in new technologies which present new problems to designers and constructors, technological risk has become greater in many instances. Certain design assumptions which have served the professions well in the past may become obsolete in dealing with new types of facilities which may have greater complexity or scale or both. Site conditions, particularly subsurface conditions which always present some degree of uncertainty, can create an even greater degree of uncertainty for facilities with heretofore unknown characteristics during operation. For analyzing security risks, It is required to study the previous terrorist attacks on the pipelines in that particular region. In the northern and east northern part the intensity of terrorism on pipelines are lesser than the west and south west region. (province of Balouchistan). Balouchistan has borders with Iran and Afghanistan. History prevails that in last five years the total attacks made on the pipelines were 113. Only in the year 2005-06 the total no of attacks were 58. As major gas resources are located at Sui town in Balouchistan meeting almost 75 percent of gas demand in Pakistan therefore major transmission pipelines are running from Sui. Due to the internal political situation in this province gas exploitation or pipeline construction will always be in risk in this region. Unfortunately all the future mega pipeline projects are either running through this province or ending in this province at the newly developed city of Gawader. The trend of suicidal bombing is also increasing in Pakistan and so far 23 incidents have been taken place in the country. The natural risk factors are earthquake, flood, land slides and northern areas is of Pakistan is characterized in occurrence of these risks. This factor is very important for pipeline construction and exploitation in the northern region due to some dominant floods occurrence in the regions in the past few years. Typical topography, steep slopes, high rainfall in a specific period (June-August) and high temperature are the dominating factors for intensifying the affects of floods. The environmental protection movement in Pakistan has contributed to the uncertainty for construction because of the inability to know what will be required and how long it will take to obtain approval from the regulatory agencies. This delay in approval practically influence on total costs of the project. Public safety regulations have similar effects, which have been most noticeable in the oil and gas pipelines. Putting all relevant data in the software, the following analysis will be made for the project Muree Gas pipeline
1. Sensitivity analysis

2. Success rate of completion

3. Critical risks affecting cost

4. Critical risks affecting duration of project

5. Critical activities.

6. Most probable duration

7. Most probable cost of the project

8. Most probable date of completion of project.
The Monte Carlo simulation on 30,000 iterations was done on Muree Gas pipeline data and results are enclosed in Annexure I. 
RESULTS AND RECOMMENDATION

1. Three most critical tasks calculated by Risky Project are Excavation, Transportation of Material and Stringing of pipelines. The most critical risks come out to be change in economic parameters, delay in approval from regulatory body, internal and external communication, earthquake and terrorism during construction and operation of gas pipelines. 

2. Considering all risks the probable value to project completion calculated by Risky project is 460 days however the base project duration is 390 days. Similarly the project cost with out risks is 350,00,000 however, with risks it is 391,00,000. On the basis of that contingency budget of project can be formulated to cater the risk.  

3. The secondary risks like change in material prices, construction not finished in time or budget and design not in time can be reduced or transferred to the other party or organization by contract. However SNGPL is designing, constructing and operating gas pipelines so risk can be eliminated by strengthening the internal organizational capacity for design, construction and operation.
4. Organizational or technological risk like insufficient resource planning or project management, change in scope etc can be eliminated by improving the process or application of new technologies available in this field. New state of the art technologies are helpful in managing change at any stage of the project.

5. Probability of risk occurrence P comes out to be the function of project duration “T” both during construction and operation phase. However Intensity of destruction or Impact is a function of enterprise environment. 

6. Historical data of river flows shows that the flood has probability of 95% of occurrence between June to August. This risk can be minimized during construction phase by rearranging the construction schedule. Other risks like landslides are associated with floods, rain fall or earthquakes. 
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	List of Abbreviations 

	BOT
	Built-Operate and Transfer Contract

	bps
	Barrels per day

	LC
	Labour Contract

	LPG
	Liquid petroleum gas

	MMCF
	Million Cubic Feet

	MM
	Milimeter

	RS
	Risk Score = P*I

	Rs
	Pakistani Rupees

	SNGPL
	Sui Northern Gas Pipeline Company 

	SSGC
	Sui Southern Gas Company, Pakistan

	TCF
	Trillion Cubic Feet

	TK
	Turnkey Contract

	“
	Inches

	w.r.t
	With respect to
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Risk Identification�
Risk Register�
�
�
Risk Analysis�
Strategy for negative risks�
Decision�
�
 Cat. Risk�
 Risk�
Possibility 


(P)�
Impact (I)  �
Risk Score (RS)�
Avoid�
Transfer�
Mitigate �
 Passive�
Active�
�
�
�
�
�
�
�
�
�
�
 1�
 2�
3 �
�
7�
Earthquake�
1,26%�
 0,9�
1,134%�
 �
 �
(�
 �
 �
 �
 �
�
7�
Floods�
4,44%�
 0,9�
3,99%�
 �
 �
(�
 �
 �
 �
  �
�
7�
Landslides�
 6,1 %�
 0,3�
1,83%�
 �
 �
(�
 �
 �
 �
 �
�
7�
Unexpected weather conditions�
5,72%�
0,6�
3,432%�
 �
 �
(�
 �
 �
 �
 �
�
3�
Change in scope of project�
 11,9 %�
 0,6�
 7,14 %�
 �
 �
(�
 �
 �
 �
 �
�
3�
Insufficient technology�
 15%�
 0,3 �
 4,5%�
 �
(�
 �
 �
 �
 �
 �
�
3�
Construction not finished in time�
9,65%�
 0,3�
9,09 % �
 �
(�
 �
 �
 �
 �
 �
�
3�
Ineffective resource planning�
8,1%�
0,3�
2,43 %�
 �
(�
 �
 �
 �
 �
 �
�
3�
Project not finishing within budget�
13,12%�
0,6�
7,87 %�
 �
(�
�
�
�
�
�
�
5�
Design not in time�
7,8 %�
0,3�
2,43 %�
 �
(�
�
�
�
�
�
�
5�
Unexpected obstacles on site dewatering, rocks�
13,8 %�
0,3�
4,14 %�
 �
 �
(�
�
�
�
�
�
5�
Communication risks �
5,9%�
0,5�
3,54%�
�
�
�
�
�
�
�
�
4�
Delay in availability of Finances�
6.1 %�
0,9�
5,49%�
�
�
( �
 �
 �
 �
 �
�
4�
Disinvestment in market in the pipelines�
    4,4%�
0,6�
2,64%�
�
(�
�
 �
 �
 �
 �
�
4�
Loss of partnership �
3,01%�
0,6�
1,8%�
�
(�
�
�
�
�
�
�
4�
Change in credit policies�
5,1�
0,3�
1,53%�
�
(�
�
�
�
�
�
�
1�
Delay in approval of Regulatory bodies�
10,15%�
0,3�
3,04%�
�
(�
 �
 �
 �
 �
 �
�
1�
Unstable Govt.  policies�
14,9 %�
0,6�
8,94 %�
�
 �
(�
 �
 �
 �
 �
�
1�
Change in economic parameter(inflation, interest rate)�
8,1%�
0,9�
7,29%�
 �
 �
(�
 �
 �
 �
 �
�
1�
Change public safety regulation �
3,1 %�
0,9�
2,79%�
 �
 �
(�
�
 �
 �
�
�
1�
Change in labor policy�
4,9%�
0,6�
2,94%�
�
�
(�
�
�
�
�
�
1�
Change in petroleum policy�
5%�
0,6�
3,0%�
�
�
(�
�
�
�
�
�
1�
Political instability, strikes, lockouts �
6%�
0,9�
5,4%�
�
(�
�
�
�
�
�
�
2�
Change in material price�
12,63%�
0,3�
3,89%�
 �
(�
�
�
�
�
�
�
2�
Timely unavailability of labor�
6,8%�
0,3�
2,04%�
�
(�
�
�
�
�
�
�
6�
War�
01 %�
0,9�
0,9%�
(�
 �
�
�
�
�
�
�
6�
Terrorism�
4,2%�
0,9�
3,78%�
 �
(�
�
�
�
�
�
�
6�
Accident or pipe blast �
2 %�
0,9�
1,8%�
�
(�
�
�
�
�
�
�
6�
Loss of asset of human life�
4,9%�
0,9�
4,41%�
�
�
�
�
�
�
�
�
7�
Damage to Environment and wild life�
5,75%�
0,6�
3,45 %�
 �
(�
�
�
�
�
�
�
7�
Damage to natural resources �
8%�
0,3�
2,4 %�
 �
(�
�
�
�
�
�
�
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Sheet1

																				Risk Breakdown Structure

		Socio-Political Risk						Socio-Economical Risk						Organizaltional Risk						Investment         Risk						Technological Risk						Security Risk						Natural Disasters						Ecological   Risks

		(Category-1)						(Category-2)						(Category-3)						(Category-4)						(Category-5)						(Category-6)						(Category-7)						(Category-8)

		Change in Government Policies						Economic instability						Contractactual relationship						Credit availabity						Design not in time						War						Earthquake						Deterioration to natural resources

		Public safety and security						 Change in economic policy						Unrealistic resource planning						Fluctuation in currency						Complicated site conditions						Terrorism						Flood						Loss of  precious animal and plant species

		Undue Political influence						Change in material prices						Change in scope						Financial and commercial						Conventional Construction methods						Accident on site						Landslides						Stabilazation or recultivation

																																строительстве

		Strickes, Lokout						High inflation rate						Unavailability of labor resources						Deinvestment in the market						Conventional Design methods						Loss or damage to machine resources						Unexpected weather condition						Damage to water resources

								Market recession						Project not completed in time						Loss of Financial Partnership						Communication						Loss of human resourc						Horrican, wind stroms






