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Table 1. Priority crisp and fuzzy value for pair-wise comparison of hazards, component, consequence and

vulnerability assessment criteria.
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(numerical value)

(Triangular fuzzy preferences)

P

(8.9,9) 9
(6,7.8) 7
4,5.,6) 5
(2.3,4) 3
(1,1,2) 1
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Figure 1. General structure of irrigation network.
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Table 2. Identified treating hazards for agriculture water conveyance system (according to findings of this study).
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(Hazards)

s o _/Ja?
(Component) (Hazards)

b
(component)

et Cias o b

(Poorly design of canal reaches)

ae

(Seepage)

Slledsl Cigas | |

(Poorly execution of canal reaches)

Chns (641345 Olles

(Poor maintenance activities)

S22 u]
(Water theft)
s Bk 5l iU sy Jdsa b b RS

(Filling the canal capacity by sand storm and
wind erosion)

Sy S22
(Equipment aging)
i |l 5 b
(Poorly designed and execute)
Chns (51345 Olles

(Poor maintenance)

sk
(External loads)

S g5l (5515 0 g Sl LSl
(bl Jigy o)

(Failure of Automatic Operation in
Automatic Operation)

(s Sl e 53) 225 oS DS S5, sl
(Untrained or inexperienced operators error
in Manual Operation)

Chas (6,134 Olles
(Poor maintenance activities)
Gy snhad
(Power Outage)

Chas (5 1S

(Poor maintenance)

St JLS O3l

Cind (5,138 5 jpan

(poor maintenance)

SISl
(vandalism)

Qlwl Jis
(Main Canal) U e S
(Failure of communication systems)
Br b shdost) G5 (el s
(Failure of power supply)
Slosss swail rs
(Poor Inspection)
Joe 03 K= 5 6550
(On-site vandalism)
ol ”j‘J)J “-i_)’-‘;;'s)lsdﬁj?" LSU‘?.
(Untrained operators error)
Wl s
(Pipes and et G 5 LIS
Appurtenance) (Inaccurate calibration and poor

maintenance)

S 5 g0

(Vandalism/theft of onsite equipment)

Pl s CSS
(Failure of communication systems)

(G b sty s) 65 el sl

(Off-line
Reservoirs)

(Poor Installation and Maintenance)

LW&)"&JY@

(Poor Installation and Maintenance)

Hleay oSy S

(Pump station) (Vandalism)

(Failure of power supply)

LW&)"&JY@

Sk

(Hydraulic
regulator)

Sobe sl slassla

(Automatic
structure)

6LA¢)‘L.~
S

(0 5 505 )
(Hydraulic
structure)

e
Sz sST
(Acoustic flow
meter)
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(Nyrpic module)
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. - el Inaccurate calibration
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Equipment agin . . .
(Equip ging) 42508 S (S5 sllat ol e WG
(Untrained operators error) (Operation
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Cins (5,054 Slhes cans (e Slles
(Poor maintenance) (Poor maintenance)
(Poorly designed and executed structures) S o3l (Inaccurate calibration)
\_,i»lﬂ s g s 3 5 (Drop structure) a oS S (55 slat
(Poor Operation of the Stilling Basin) (Untrained operators error) o>
bl ol s Rt CHO
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“'jﬂ_):-‘ C,‘le e 6).3& B
(unexpected event) (Poor Installation and
unexp v Maintenance)
Jusl s 5l G20 S8 S e
(Waterlogging due to failure of Trash Rack) bl slaosle (Flood)
S e -, (Intersection structure) . -
a5 1 Slles P Qe
(Poor maintenance activities) (Drought) (Reservoir)
I J R O Sl xS 4
Poorly designed and executed structures) (Poor performance)
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SIS 5 000 N
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_ (Hydro mechanical .
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(Poor maintenance activities) (Flood)
G3sL Ol S Slses
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Chnnd (6,365 5 ppons Slaa IR TR L RCIR &
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a256S Sl (g5, glat (S (Well)

(Untrained or inexperienced operators error) ~ (Operation able Gates)
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(Poor maintenance)
(Failure of power supply (Outage or solar
cell malfunction))
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Table 3. Fuzzy numbers of linguistic variables are used in this study.
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(Very low) (Low) (Medium) (High) (Very high) (linguistic variables)
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(Fuzzy number)
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. -
0.8
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0.4
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Figure 2. Fuzzy membership function related to linguistic variables.
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Table 4. Risk calculation order in hierarchical structure.
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Table 5. Fuzzy numbers of linguistic variables with 10% increase in overlap area.
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Table 6. Fuzzy numbers of linguistic variables with 10% decrease in overlap area.
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Figure 3. Location of Qazvin irrigation network in Iran.
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Figure 7. Weight of consequence and vulnerability criteria.
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Table 12. Risk of conveyance element’s.
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Abstract

Background and Objectives: Making an appropriate decision and providing solutions to improve the
performance of irrigation networks require being aware of abilities and weakness of its components. This
study initially identifies the upcoming treats, including natural, human-caused and operational hazards
against the main water conveyance system in irrigation networks then presents a systematic framework
assess the risk of irrigation network. Risk assessment method is widely used in the similar system such as
urban water-supply system or wastewater collection, but so far it is not used in irrigation networks. This
study at the first part has developed an integrated hierarchical such a way that it’s applicable for all of the
irrigation districts considering different levels of operation and diversity of conveyance, regulation and
delivery structures. At the second part assesses the risk of identified hazards.

Materials and Methods: By doing library research, field study and interview with experts, treating
hazards of each component are identified. Likelihood, consequences of treating hazards and vulnerability
of component against the hazards are determined by using questionnaires and the risk of the component is
calculated. To deal with the uncertainty of expert’s opinion, the calculation is based on triangular fuzzy
numbers and finally, in order to make the results of the model tangible, fuzzy numbers transform to crisp
numbers. To obtain the weight of the component, treating hazards, consequence criteria and vulnerability
criteria method of the fuzzy analytic hierarchical process was employed and to aggregate, the result of
risk assessment the method of simple order weighted was conducted.

Results: The result of risk assessment revealed that at hazards level, the five riskiest hazard are: poor
maintenance in the main canal with risk of 1.758, vandalism in Nyrpic module with risk of 1.6, poor
maintenance in intersection structures with risk of 1.618, untrained operators’ error and inaccurate
calibration in operation able gates with the risk of 1.54 and 1.4. The result of risk aggregation according
to hierarchical structure showed that in conveyance system among conveyance, regulation and delivery
structures, the third one is the most critical structure with the risk of 1.966. Between two source of water
supply, reservoir and well, the risk was obtained 1.274 and 0.99 respectively and indicated the criticality
on the reservoir in compare with well. In the systems level conveyance system with the risk of 1.937 has
the most risk. The result of model sensitivity analyses indicated that the change of overlap area in fuzzy
membership, used in scoring stage, changed caused 1.2% and 2.12% change in decrease and increase
mode respectively and the prioritization of the component and the riskiest hazards have no changes.
Conclusion: According to the founding of this research and determined risk value, hazards prioritization
revealed that pain part of risky hazards generally categorized in hazards group which is related to the
operation so concentration to an operation method and risk reduction of this threatening can bost the
Reliability of system performance. Considering capability of the proposed model in determining the
probability of hazard occurrence, multidimensional consequence and assessing the vulnerability of
component against the hazards and also rectifying shortcomings of other conventional assessment
methods applying the proposed model as a decision support method during management process and
making decision recommended.
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