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Abstract

Large and complex infrastructural projects, especially water and wastewater projects are always exposed

to various internal and external risks. Given the increasing volume and complexity of rural water and
wastewater projects, the constraints on funding and resources require their success in identifying,
assessing, prioritizing and managing these risks. In this research, using research literature, checklist,
experts, and expert opinions, the risks in rural areas and rural sewage projects in Gilan were identified
based on the 10 areas of the project management knowledge standard. The ranking indexes in this study
include two parts of the primary and secondary indices: 16 effective risk factors among 60 risks, using the
initial indicators based on the probability of occurrence and the degree of risk impact on the initial
indexes of the project (time, cost, quality, performance) determined. In the next step, based on additional
indicators, the amount of exposure to risk, the level of manageability, the proximity of the occurrence of
risk, the socio-economic effects and the environmental impacts (which are proportional to the climate and
geographical area studied), are used by two methods of fuzzy topsization and hierarchical analysis. Fuzzy
has been evaluated for project risks. Finally, by integrating the results with simple averaging, the final
ranking of the risks is specified. The result of the research showed that the risk of insufficient funding at
the due time was chosen as the most important risk. In addition, the risk of non-payment of time claims of
contractors and work force with a mean score of 2 and the risk of not using feedback results in quality
control and implementation with a mean score of 3.5 were the next priorities. The results of the research
show that the Rural Water and Wastewater Company of Guilan should adopt special measures for the
required budget in order to manage the identified risks, and to conduct more detailed studies of validation
in various projects in the preparatory phases. It should also pledge to pay in due time claims and analysis
in control and quality and implementation.
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Tablel. Project risks based on previous research

Main groups

Subgroups

References

Risk of design

Operational risks (excutive)

Risks of human resources

Risk from storage centers

Risk of water supply

Management risk

Economic risks

Contract risk

The risk of political factors

Risk of design and implementation defects
Changes in design and range of tasks

Inadequate profile

Worrn design

Complexity of the project in terms of implementation
Strikes and riots

Lack of timely manpower

Sudden increase in population

Earthquake

Temperature

Floodwater

Equipment and equipment for quick repair of lines
Environmental risk

Drain the sewage into the water

Lack of timely approval of plans at the time of project

implementation
Change project managers related

Use of consulting engineers with inadequate experience

in project monitoring

Lack of adequate knowledge of the team of employer

and designer

Market conditions and price fluctuations
Inconsistent economic situation
Contractor bankruptcy

The risk of raising interest rates
Contract type

Change in Liability and Claims
Defective financial documents

Unpredictable political events

The risk of government policy support from the project

Scams

(Hemati and Bahoo, 2018)
(Hemati and Bahoo, 2018)
(Turner Ii, 2010)
(Rezaeenour et al., 2018)
(Fattahi and Fayyaz, 2010)

(Zegordi et al., 2014)

(Rezaeenour et al., 2018)
(Babayan et al., 2005)
(Babayan et al., 2005)

(Rezaeenour et al., 2018)

(Rezaeenour et al., 2018)

(Turner Ii, 2010)

(Rezaeenour et al., 2018)

(Fattahi and Fayyaz, 2010)

(Rezaeenour et al., 2018)
(Rezaeenour et al., 2018)
(Fattahi and Fayyaz, 2010)
(Hemati and Bahoo, 2018)
(Zegordi et al., 2014)
(Zegordi et al., 2014)
(Hemati and Bahoo, 2018)
(Hemati and Bahoo, 2018)
(Hemati and Bahoo, 2018)
( Zegordi et al., 2014)
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Table 2. Identified risks at the ABFAR Company Guilan

Risk code Risk heading-first part
RA1 Failure to properly select the contractor and their inadequate qualifications
RA2 Lack of sufficient knowledge in the employer and designer group
RA3 The existence of human errors
RA4 Inappropriate allocation of manpower
Human RAS Contractor bankruptcy .
R RA6 Absence of indicators of human resource performance evaluation
esource . e
Management RA7 Financial inability of the contractor
RA8 Lack of specialized training for contractors and employees
RA9 Long time to contract with the contractor
RA10 Labor productivity
RAI11 Corruption in human resources
RA12 Lack of timely manpower
RA13 Lack of adequate funding and lack of timely provision
C RA14 Non-payment in due time of claims of contractors and related personnel
ost RA1S Taxes and duties
Management b s : : :
RA16 Sudden rise in the price of materials and equipment
RA17 Unpredictable costs
RA18 Failure to complete the project at a specified time
RA19 Delay in contracts
RA20 Late payment of the contractor
Time RA21 Failure to determine sequence of activities ) )
Management RA22 No formal holiday forecast for all factors involved in the project
RA23 Failure to monitor compliance with project scheduling by employer or consultant
RA24 Risk due to change in peak season population
RA25 Failure to provide a solution to compensate for the time lag for project implementation by the
consultant and employer
RA26 Failure to provide timely materials and equipment
Procurement RA27 Failure to provide accurate project requirements
Management RA28 Existence of sanctions in providing some resources ; o
RA29 Failure to meet the quality standards of the goods at the time of supply of goods and logistics
RA30 Absence of inventory control system for supplying goods and equipment in accordance with requests
RA31 Lack of proper communication between executive agents
RA32 Lack of a mechanized system for providing goods and services
RA33 Failure to determine the scope of the contractor's authority, in order to correct shortcomings during
Communication the work
Management RA34 Identify unexplained executive problems in project implementation by experts
RA35 Failure to report accurate and timely performance
RA36 Directives and Instructions
RA37 The problem with the relationship between the employer's structure and the licensors
RA38 Determine the exact scope of the project
Scope RA39 Problems arising from an increase in the contract in exploiting the project
Management RA40 Applying changes to the scope of the project by the employer
RA41 Changes in the design of water transmission lines
RA42 Failure to use feedback results in quality control and implementation
Quality RA43 Failure to periodically supervise the employer and the QC in a timely manner
Management RA44 Failure to comply with performance standards by the contractor
RA45 Network Burnout
RA46 Failure to supervise quality control inspectors
Integration RA47 Lack of coordination with organizations in project implementation
Management RA48 Failure to identify the reservation to avoid stopping the project and use the contractor's
maximum power
Risk code Risk heading-second part
RA49 Lack of coordination and integrity of the various units of the organization in the correct
implementation of programs
Risk RAS50 Unpleasant atmospheric conditions
Management RAS1 The phenomenon of soil subsidence
RAS2 Lack of knowledge management in the employer and consultant group
RAS3 Failure to predict executive solutions for potential risks in project implementation
RAS4 Lack of prediction and corrective actions to reduce the problems caused by atmospheric factors
RAS55 Terms of the HSE governing the location of the project workshop (both for the community and for
the contractors)
RA56 The risk is 100% state-owned
ﬁgﬁglglgiggs RAS7 Lack of evaluation of contractors and managers
RAS8 Social problems in determining the pipeline location
RA59 Lack of local contractors in place
RA60 The lake of awareness of the benefits of project implementation for them
Journal of Water and Wastewater ML 5 of dime O
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Risk identification in rural
water and sewage projects
in Guilan

v

Internet search, library Interview with experts Set up checklists

v v v

Determine the risk fracture structure based on the identified risk and classification based on the
PMBOK ten domains + Determine primary indicators

Preparation of the first questionnaire to assess 60 identified risks based on the basic indices and the
validity and reliability of the questionnaire

v

Determining the importance of primary indicators by Analytical Hierarchy Process (FAHP) and
aggregation of expert opinions

v

Calculating the aggregate index for each risk using the
relationship toR;=p; X4, [(w; x Q;;)]

v
Definition of aggregate risk index using relationship to method:D; =

v

Determine effective risks (D; > 0.3)
v

Provide additional indicators (exposure to risk, manageability,
time and risk approach, socio-economic impacts and
environmental impacts) to cover the initial indicators

v

Provide a second questionnaire
to evaluate the impact of risk

v

Weight determination of the importance of complementary
indices by Fuzzy Hierarchy Process (FAHP)

v

Ranking by the Fuzzy Analytical Hierarchy
Process (FAHP)

v v

Fuzzy Topsis Method Rating Ranking by Fuzzy Analytical Hierarchy
(FTOPSIS) Process (FAHP)

| I
v

The final ranking of hydroelectric potential risks by
means of two averagely ranked methods

a+2b+c
4

Fig. 1. Research steps
ook Jle ) JS4
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Table 3. Likelihood and risk effectiveness on the project index bassed on standard PMBOK

PMBOK standard

Five spectrum

Language variable

Probability
of
occurrence

Cost

Time

Performance

Quality

Less than 5%

Between 6% and 25%

Between 26% and 50%

Between 51% and 70%

More than 71%

Increased marginal cost

Increase the cost of less than 10% of the contract resources
Increase the cost from 10 to 20% of the contract resources
Increase the cost from 20 to 40% of the contract resources
Increase the cost of more than 40% of resources

Slight delay

Latency less than 5% of the duration of the contract
Delay from 5% to 10% of the duration of the contract
Delay from 10% to 20% of the duration of the contract
Delay more than 20% of the duration of the treaty
Decreased subtle performance

Low yield reduction

Reduced performance requires approval by the employer
Unacceptable Employer Performance

Unusable function

Decrease quality subtleties

Low quality reduction

Quality requires approval by the employer
Unacceptable quality of the employer
Quality unusable

Very low (VL)
Low (L)
Medium (M)
High (H)

Very high (VH)
Very low (VL)
Low (L)
Medium (M)
High (H)

Very high (VH)
Very low (VL)
Low (L)
Medium (M)
High (H)

Very high (VH)
Very low (VL)
Low (L)
Medium (M)
High (H)

Very high (VH)
Very low (VL)
Low (L)
Medium (M)
High (H)

Very high (VH)

(0,0.1, 0.3)
(0.1,0.3,0.5)
(0.3,0.5,0.7)
(0.5,0.7,0.9)
(0.7,0.9, 1)
(0,0.1, 0.3)
(0.1,0.3,0.5)
(0.3,0.5,0.7)
(0.5,0.7,0.9)
(0.7,0.9, 1)
(0,0.1, 0.3)
(0.1,0.3,0.5)
(0.3,0.5,0.7)
(0.5,0.7,0.9)
(0.7,0.9, 1)
(0,0.1, 0.3)
(0.1,0.3,0.5)
(0.3,0.5,0.7)
(0.5,0.7,0.9)
(0.7,0.9,1)
(0,0.1, 0.3)
(0.1,0.3,0.5)
(0.3,0.5,0.7)
(0.5,0.7,0.9)
(0.7,0.9,1)
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Table 4. Fuzzy numbers of preferences in a pairwise
comparsion

Languages variables Triangular fuzzy numbers

Equal 1,1,1)
Low (1’ 2’ 4)
Less than medium (1,3,5)
Medium (3,57
More than meduim (5,7,9)
High (6, 8, 10)
Very high (7,9, 11)
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Table 5. Fuzzy Decision Matrix

Criterion Cnvironmental Social-economic Manageability Exposure to  The proximity of the time of
risk code effects impacts level risk occurrence of the risk
RA1 (0,0.1,0.3) (0.3,0.56,0.9) (0.3,0.5,0.7) (0, 0.18, 0.5) (0.3,0.5,0.7)
RA7 (0,0.1,0.3) (0.5,0.7,0.9) (0.1,0.39,0.5) (0.3,0.5,0.7) (0.3,0.5,0.7)
RA41 (0.3,0.5,0.7) (0.1,0.3,0.5) (0,0.19,0.5) (0.1,0.3,0.5) (0.1,0.3,0.5)
RA13 (0.5,0.7,0.9) (0.5,0.7,0.9) (0.5,0.7,0.9) (0,0.1,0.3) (0.5,0.7,0.9)
RA14 (0,0.1,0.3) (0.5,0.7,0.9) (0,0.15,0.5) (0.5,0.7,0.9) (0.3,0.5,0.7)
RAI16 (0.1,0.3,0.5) (0.1,0.3,0.5) (0.3,0.65,0.9) (0.1,0.3,0.5) (0.3, 0.58,0.9)
RA42 (0,0.1,0.3) (0,0.1,0.3) (0.3,0.66,0.9) (0.5,0.76, 1) (0,0.1,0.3)
RAI18 (0.1,0.3 ,0.5) (0.3,0.5,0.7) (0.1,0.3,0.5) (0.5,0.7,0.9) (0.3,0.5,0.7)
RAI19 (0,0.1,0.3) (0.5,0.86, 1) (0.3,0.64,0.9) (0.3,0.5,0.7) (0,0.37,0.5)
RA31 (0.3, 0.65, 0.9) (0.5,0.7,0.9) (0.5,0.7,0.9) (0.1,0.3,0.5) (0.1,0.3,0.5)
RAS59 (0,0.1,0.3) (0.1,0.3,0.5) (0,0.1,0.3) (0.3,0.5,0.7) (0,0.32,0.5)
RAS57 (0,0.1,0.3) (0.3, 0.46, 0.7) (0.1,0.3,0.5) (0.3,0.58,0.7) (0.5,0.7,0.9)
RA39 (0,0.1,0.3) (0.1,0.3,0.5) (0,0.15,0.3) (0.1,0.3,0.5) (0.1,0.3,0.5)
RAI16 (0.5,0.7,0.9) (0.1,0.3,0.5) (0,0.1,0.3) (0.3,0.59, 0.7) (0.3,0.5,0.7)
RA49 (0,0.1,0.3) (0,0.1,0.3) (0,0.1,0.3) (0.3,0.5,0.7) (0.3,0.5,0.7)
RAS1 (0,0.1,0.3) (0.3, 0.56,0.7) (0.1,03,0.5) (0.1,0.3,0.5) (0.1,0.3,0.5)
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Table 6. Primary index importance weight

Weights W1 W2 W3 W4

Amounts 0.34 0.31 0.18 0.17
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Table 7. The matrix of pairwise comparison of indexes in a fuzzy environment (FAHP)

Time of

Benchmark Exposure to occurrence of Manageability Socio-economic  Environmental
comparison risk risk level impacts effects
Exposure to risk (1, 1,1) (2,4, 6) (1,2,4) 3,5,7) (5,7,9)
E;rﬁzk"f oceurrence g 167, 0.25, 0.5) (1,1, 1) (0.2,0.334,1)  (0.143,0.2,0.334 (0.125,0.167, 0.2)
Manageability (0.25,0.5.1) (1.3.5) (L1.1) (3.5.7) (3.5.7)
Socio-economic
impacts (0.143, 0.2, 0.334) (3,5,7) (0.143, 0.2, 0.334) (1,1, 1) (1,2,4)
ff‘gft(s’nmemal (0.125,0.167,0.25)  (4,6,8)  (0.143,0.2,0.334)  (0.25,0.5,1) (1,1, 1)
oSS slo a3 lE 055 -A s
Table 8. Weight of Additional Indexes
Additional Environmental SOClal_, Manageability  Exposure to . The proximity of the
. economic . time of occurrence of the
indexes effects . level risk .
impacts risk
Fuzzy 0.102 0.178 0.242 0.104 0374
numbers
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Table 9. Final Risk Rating

Risk score

Risk l‘ating Average

Risk heading A

code FAHP FTOPSIS FAHP FTOPSIS

The final

ratings rank

(Merg)

Failure to properly select

the contractor and their = RAl 0.027 0.0635
inadequate qualifications

Financial inability of the RA7 0.079 0.0706
contractor

Changes in the design of RA41
water transmission lines

Lack of  adequate

funding and lack of RAI3 0.185 0.0726
timely provision
Non-payment in due
time of claims of
contractors and related
personnel

Fallurp to prov1d§ timely RAL6 0.088 0.0680
materials and equipment

Failure to use feedback

results in quality control RA42 0.099 0.0707
and implementation

Failure to complete the pA1g 116 0.0680
project in due time

Delay in contracts RA19 0.056 0.0676

Lack of proper
communication between RA31 0.016 0.0512
executive agents

Lack of local contractors
in place

Lack of evaluation of
contractors and RAS57 0.026 0.0522
managers

Problems arising from an

increase in the contract RA39  0.0161 0.0517
in exploiting the project

Sudden rise in the price

of materials and RAI16 0.056 0.0670
equipment

Lack of coordination and

integrity of the various

units of the organization RA49 0037 0.0610
in the correct
implementation of
programs

The ’phenomenon of soil RAS1
subsidence

0.038 0.0674

RA14 0.129 0.0719

RAS59 0.023 0.0521

0.009 0.0455

12 10 10.5 10

14 15 14.5 15

12 13 12.5 13

11 12 11.5 12

13 14 13.5 14

10 11 10.5 10

15 16 15.5 16
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