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Mashhad Water Supply until 2070)

K. Davari!", A. Ghandahari?, B. Ghahraman?®
and H. Omranian Khorasani*

Abstract

Supplying water for various uses is one of the most
fundamental challenges facing planners in Iran and many parts
of the world. To address these challenges, along with the non-
structural management measures, huge proportion of national
funds and budget is being allocated to supply of water from
different locations using different techniques. Despite the
diversity of risk assessment methods, they were not yet applied
in executive projects in an effective way. In this paper a
consistent framework for assessing the risk of different water
supply projects are presented. Then, the challenges and
opportunities of each water supply option for Mashhad City
with the initial investment of 3.75 billion dollar are introduced.
In this regard, the possible hazards of each option were
determined by Brainstorming. Furthermore, the risk of each
hazard is calculated based on Fuzzy logic and the probability
of occurrence for each hazard. The results showed that the
wastewater transfer option faces less possible risk compared to
other options. The risks of water supply options for Mashhad
city were assessed by the Markowitz’s portfolio theory. The
results had the maximum of %55 confidence level. The theory
of possibility and fuzzy logic are two basic components of the
proposed framework, which are completely in accordance with
the data collection methods based on expert opinion. Thus, the
proposed framework can be used as a simple path in other
water supply projects which despite their vast capital
investments represent no clear perspective regarding their
future risks.
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Table 1- Brief description of the possible options for water supply of Mashhad
o S ool Joimo gty 35 51 (g puatite g pad ) 9o

Obtions Description/ status Annual supply volume Scheduled
P (MCM) utilization time
o Aquifers in Mashhad study area are
Harvesting critically banned Under exploitation
. 300
groundwater ¢ Requires a reduced harvest to restore
the aquifer
Doosti Dam . Havmg_polltlcal conflict with 150 Under exploitation
Afghanistan
* A large percentage of wastewater in Currently 34% of urban  Under exploitation
Mashhad is still neither collected/ nor . : (graduall
Wastewater . consumption (depending -9 Yy
refined increases until
treatment « Dart of the treated wastewater i on urban development,
part ot tne treated wastewater 1S can increase up to 70%) 2040)
released into the river now
o Use of available surface waters and/or
Water transfer K
from Hezar- arst resources
. . . . . 40-30 2030
Masjed e The possibility of increasing conflicts
Mountains with Turkmenistan and locals
Water transfer e long-distance transmission
from Sea of e many challenges Due to the magnitude 157-220 2050
Oman of project
o reduces the political power of Iran in
Water transfer the region in terms of dependence on
from Tajikistan cross-border waters including the 300-400 2030-2050

(Different routes)

transfer of water from Afghanistan,
Tajikistan or Turkmenistan
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Table 2- Uncertainty sources based on PEST- ICDF
PEST-ICDF Jaw (wlw! p Comlad sas 599 &ole -V Jgan

Description

Type of risk
1 International
Relations
2 Financial

3 Climate change

Transfer

Social

6 Development

7  Environmental

8 Political

Type of relationship with the state(s) located in the water conveyance line will affect
the volume (even on having or not having) of flow to Iran. So, only border and cross-
border options are exposed to this risk.

Risks due to the lack of financial supply (temporal/ quantitative) will disrupt Mashhad
water supply. Whether the source of financing is private or public sector, delay or
reduce in the required resources will jeopardize the objectives of project.

Climate change can be a source of risk for Mashhad water supply in most options
(except for wastewater treatment and transfer from Sea of Oman).

The long path itself is a source of water hazards such as construction difficulty, high
cost, operation and maintenance complexity etc. the transmission cutoff is also possible
due to technical, natural (earthquakes, etc.) and human causes.

Ethnic and regional conflicts with regard to the transfer of water from an outside source
can be the source of risks and negative impacts on Mashhad water supply.

Future developments in the origin or transmission path can disrupt Mashhad water
supply in the future as the final destination of transmission line.

Environmental constraints and challenges in the origin or transmission path can run
options into serious/unsolvable difficulties and therefore impair Mashhad water
supply.

Political competition between the various decision-making bodies (metropolitan,
provincial and national) can lead to lack of coordination among them and thus slow or
stop the enforcement of options (governors, provincial managers and parliamentarians,
etc.)
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Table 3- Triangular fuzzy numbers for each of the linguistic variables
Sbj S e 51 S o a4y (o (55 slasl Y Jour

Linguistic variable Symbol Fuzzy numbers
Very Low VL (0.1,0.1,0.3)
Low L (0.1,0.1,0.3)
Medium to Low ML (0.2,0.3,0.4)
Medium M (0.3,0.4,0.5)
Medium to high MH (0.4,0.5, 0.6)
High H (0.6,0.7,0.8)
Very high VH (0.7,0.9, 1)
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Fig. 3- The ranking Index of project risks based on fuzzy numbers
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Fig. 5- Portfolio of Mashhad water supply program based on Markowitz model
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Table 5- Risk categories
WS ) (G dlwrd -0 g

risk Risk title Descriptions
- . - - Many cases, such as the proximity to the borders can cause
Hi The possibility of insecurity in the origin failure of Mashhad water supply.
The po_ss!blllty of sabotage m_the Factors such as failure in maintenance and operation can
H: transmission path or at the facility
. - cause Mashhad water supply system face troubles.
(terrorism / Passive Defense)
Hs The p053|t_)|llty of apposition from Environmentalists could hinder the projects.
environmental NGOs
H The possibility of inadequate funding by ~ Lack of procurement of funds is usually a function of the
4 program magnitude of the project and the capital requirements
The possibility of reduced water supply
Hs for Mashhad due to upstream To develop the country of origin or in the path of transfer
developments
. . economic boosters inside Afghanistan, the involvement of
Hs International relations :
other countries, mutual balance
. . . Climate change is likely to lead to reduced Mashhad water
Climate change (hydrological regime . . . . - .
Hy change in Syr-Darya / Amu-Darya) supply, in particular in 50 years; the Himalayan glaciers
will be significantly reduced.
H Increased water allocation by setting Increased water rights, regardless of the natural water
8 fixed water rights regime, climatic fluctuations and development scenarios
H Social problems in opposition to Social problems caused by distrust to authorities or
’ Mashhad water supply competition of cities with Mashhad over water
Haio Environmental impacts or pollution of Trespassing over protected areas and legal restrictions
water resources
Hi Rejectlgn of treated Wasteyvater Exclusively for the wastewater option
alternative due to cultural issues
Ha. The complexity of working with karst Exclusively for the Hezar-masjed option
resources
Political competition in transfer route
Hais resulted in a decline of the share
Mashhad
Hi4 Possible technical .problem_s In transfer Pump failure, earthquake, power failure, tsunami, etc.
route and installations
social costs related to satisfaction of
His . . - Management and control of some damages are expenses
residents in the origin and path
Table 6- The linguistic variables from pessimistic to optimistic for each project
295 12 &lp b (n 5 Alumisd U ailipa jI (Sbj sl paie -5 g
. Hazard Categories
Opt Level
Pron ' "W H, H, W, Hs  H,  H My My Fio Hy Hy Hs Hi Hs
Wastewate  optimistic - - VL VL - - - VL VL VL VL VL - VL VL
r transfer probable - L L - - - L L L VL L VL L
pessimistic - - L MH - - - H VH ML L MH - L ML
AHAZ?;; optimistic VL VL VL VL VL VL VL - VL VL - VL VL VL VL
o probable L VL L L VL L VL - VL VL VL L VL VL
pessimisic ' ML VH H MH VL MH L - VL VL VH H VH VL
optimisic =~ VL VL VL M L - - L VL - VL VL VL
Sea of probable L L VL ML MH - - - H VL - L ML H
Oman
pessimisic = M VH L VH VH - - - VH VL - VH VH VH
optimisic =~ VL VL VL VL VL VL VL - VL VL - VL VL VH
Tajikistan probable L L VL VL ML L L - VL VL - L L VH
pessimisic = VH VH VL VL MH VH M - ML VL - VH VH VH
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Table 7. Matrix of quantitative fuzzy decisions made by experts for pessimistic, probable and optimistic
modes.

Sl o Failumdsh U ailiows 51 o pé 51 ool G Sile -Vidgaa

P Hazard Categories Distrib
-%_ level ution
© Hl H2 H3 H4 H5 H6 H7 HB H9 HlO Hil H12 H13 H14 H15 Values
- Op“(g‘)'s“c 0 0 6 121 0 0 0 5 65 9 9 1 0 110 3.97
& propanl

gz e g 0 0 2 0 0 0 25 25 5 24 27 0 5 30 13.07
g5 ©®

= Pess('g;'s“c 0 0 10 64 0 0 0o 70 81 49 30 64 0 2 49 29.93
B Optlg)lstlc 8 675 9 112 3 3 3 0 5 10 0 3 1 2 2542 602
(%]

©

2 P“’(?Sb'e 25 9 2% 30 9 25 9 0 9 15 0 9 30 15 2542 1569
©

g N

£ Pess('g;'s"c % 8 63 56 9 64 25 0 9 15 0 72 63 81 2542 3996
g Opt'(';'s“c 1 126 1 202 25 0 0o o 175 1 0 0 1275 21 3 1027
E

S P“’(L;f)‘b'e 5 20 9 4 5 0o o ©0 6 9 0 0 25 3 70 2373
= N

3 Pess('g;'s"c 50 72 3% 8 72 0 o 0o 72 10 0 0 8l 8 8l 42.33
- Optlg)lstlc 6 9 2 4 23 16 6 0 18 1 0 0 16 25 49 12.33
[

2 P“’(L;f)‘b'e % 32 5 9 49 498 25 0 20 5 0 0 3% 3 63 2359
= N

F Pess('g;'s“c 8 72 9 40 62 8 4 0 42 9 0 0 2 72 81 4467

Table 8- Matrix of quantitative fuzzy decisions on the execution phase which was made by the experts for
pessimistic, probable and optimistic modes.
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Table 9- Fuzzy numbers dedicated to each option for Mashhad water supply
i 1 ol (g9, b a0 (5518 Slael -4 Jgun

Water transfer options Trapezoidal fuzzy numbers LA RA Kj index
Wastewater transfer (0.49, 0.73, 0.79, 1.29) 0.61 1.04 0.532
Wastewater treatment (0.72, 0.88, 0.96, 1.39) 0.8 1.17 0.224
Hezar-Masjed mountain (0.59¢ 0.83¢0.81¢ 1.42) 0.71 1.42 0.175
Tajikistan (57.0, 88.0, 95.0, 44.1) 0.725  1.195 -0.2
Table 10- Priorities of water supply options for Mashhad
Sedio O ool gy 35 (auCuglyl -V Joa
Cost Water
s supply ; ..
_ million : Risk X N
Row Options (dollar) capacity (K.) Coefficient = Q Priorities
C (MCM) j (©) CxK;
(+) Q)
1 Sea of Oman 94567 200 0.175 1.7 0.02 3
p  Wastewater 461 45 0.235 0.8 0.332 1
transfer
Hezar-Masjed 9700 35 0.224 17 0.027 2
mountain
4 Tajikistan 33150 300 -0.2 1.7 -0.076 4
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Table 11- Degrees of possibility and risk for each water supply option
1 ol glojar Sy G2 422 9 S0l 42,3 VY g

) A o Lo o [Te) o n o n o n o n o
Row descripton & 8 & S 3 3 S S 8 8 8 8 S
N N N N N (9] (9] N N N N N N
1 p Wastwater 5 4, 4 1 11 1 1 1011 1
= transfer
o)
o p  Hemr 0o 0 o0 11 1 1 1 101 1 1
S masjed
3 S Omansa 0 0O 0 0 0 09 1 1 1 101 1 1
()
4 &  Tejikistan 0 0 0 0 o o 0 04 09 1 1 1 1
5 Wastewater 5 o 976 073 07 063 057 054 05 048 045 043
transfer ) ’ ) ’ ’ ’ ) ’ ’ ’
6 & Hezar- 0 0 0 0 065 063 056 051 048 045 043 04 039
= masjed
B
[«5)
7 £ Omasa 0 0 O 0 0 073 076 07 065 061 057 054 052
[<5)
o
8 Tajikistan 0 0 0 0 0 0 0 028 065 071 067 063 06
9 Totalrisk 0 O O 076 069 071 065 06 06 057 054 051 048
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Fig. 6- Failure risk for different water supply options until 2060
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Fig. 7- Reliability level of Mashhad Water supply portfolio in different time periods based on fuzzy
Markowitz model
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