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Abstract

This research, based on the belief that modern aquaculture
technologies in the form of intensive and super-intensive
aquaculture methods can use water resources of low quality for
utilizing in other sectors, aims to focus on saving freshwater
resources in arid and semi-arid areas. By introducing an
intelligent algorithm, this study tries to find the potential of
non-allocated water for agriculture, industry, and drinking.
The study area includes Karun, Dez, Karkheh, Maroon-Jarahi
and Hendijan basins/plains located in Khuzestan province, for
which the areas suitable for allocating water to aquaculture
were identified and mapped in GIS. Using the IRWQIsc
method, water quality was firstly evaluated in terms of
ecological health and general use and then based on the criteria
of water quality for drinking, agriculture and industrial use the
potential areas were investigated. The results showed that
except Dez River, up to 35% of the available water in other
Khuzestan rivers can be allocated to the aquaculture sector on
average. The suitable parts of the four Karun, Karkheh,
Maroon-Jarahi and Zohre-Hendijan Rivers are generally
located in the lower parts of the basins. The achievements of
the research allow decision-makers to redistribute the dense
aquaculture farms, mostly located in the upper and middle
parts of the rivers, and to reduce the high pressure on those
parts of the rivers, especially on Karun River. Regarding both
factors of quality and critical condition of the water table, just
3 out of 23 aquifers of the Khuzestan province were
recommended for aquaculture development. The proposed
algorithm and the assumptions used in its development,
presented for the first time, have the capability of being
generalized for use in any other catchment and provide the
necessary tools for large-scale negotiation to obtain optimum
aquaculture allocation.
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Table 2- Classifying of water resources in IRWQIsc
using WQI (Hashemi et al., 2012)

P WQI yaslis wle! ‘_;fi &0 (gwaib -Y Jou
(Hashemi et al., 2012) IRWQIsC (g,

Class Index value
Very bad <15
Bad 15-29.9
Fairly bad 30-44.9
Medium 45-55
Fairly good 55.1-70
Good 70.1-85
Very good >85
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Table 3- Parameters used for evaluating the quality of surface and groundwater resources
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Table 4- Classifying of water in the region regarding agricultural and aquaculture activities based on Wilcox

diagram
bl 2 (390108 Molio (gl (551 120 e 25 Jaaiiliy 9 (555918 (52, JIS 51 aiaia (slol gtz —F Joua
oS8k ol 5>
Class for agriculture  very good good acceptable bad
Rank for agriculture 1 2 3 4
Index C1S1 C1S2,C2S2,C2S1 (C1S3, C2S3, C3S1,C3S2, C3S3  C4S4, C4S3, C4S2
class for aquaculture bad bad bad very good
Rank for this study 4 4 4 1

Table 5- Limits of quality elements (mg/lit) and classes of potable water in the Schoeller diagram
P 81,55 13 0w O G5 5 (3 53 0.5 oo) (oS 510 lono 033000 —0 Jga

Parameter Good Acceptable Tolerable Unsuitable Potable in critical condition Nonpotable
pH 7.3 7.8 9 10 11 >11
Ca 0-100  100-200 200-300 300-600 600-1000 >1000
Mg 0-70 70-120 120-200 200-400 400-800 >800
Na 0-100  100-220 220-470 470-920 920-1900 >1900
TDS 0-500 500-1000 1000-2000 2000-4000 4000-8100 >8100
TH 0-250  250-500 500-1000 1000-2000 2000-4000 >4000
Cl 0-190  190-380 380-800  800-1500 1500-3000 >3000
S04 0-150  150-300 300-600  600-1200 1200-2200 >2200
CO3 0-200  200-300 300-600  600-1000 1000-2000 >2000

Table 6- Classifying of water in the region for drinking and aquaculture activities based on Schoeller

diagram
P10 bl 2 (55951532 olio (11 (515,520 et 098U Jaunsilly 9 2 (5 1)5 3 51 allaio (Sloal (aady -5 Jgua
Ay
Class for drinking Good Acceptable Tolerable Unsuitable Potable in critical condition  Nonpotable
Rank for drinking 1 2 3 4 5 6
class for aquaculture  bad bad bad bad good Very good
Rank for this study 4 4 4 4 2 1
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Fig. 4- Quality map of the Khouzestan Province rivers via IRWQIsc
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Table 7- Evaluating the quality of the Karoun River for using in agriculture and aquaculture
S3928 57 93 Ol 1098 (513,20 580 9 (55,9LiS JLS 51 39290 (S SUARI] 3 (49,5 Sl oS 25,1 -V S

. Station EC uality for Rank for Rank for
No Station SAR Class Q ity .
Code (mmbhos/cm) agriculture agriculture aquaculture
1 Karoun- Sousan 21-108 8.53 8674.44 C2-S1  Alittle salty-Yes 2 4
,  Talouk-Bibi 21122 215 929.3 C3-S1  Salty- Yes 3 4
Tarkhoun
3 Karoun- Gotvand 21-243 3.77 1337.35 C3-S1 Salty- Yes 3 4
4 Gargar- 21251  4.07 1603.04 C3-S1 Salty- Yes 3 4
Shoushtar
5 Gargar- Valiabad 21-254 7/96 3578.44 C4-S3 Very salty- No 4 1
6 Karoun- 21-307 491 2124.49 C3-S2 Salty- Yes 3 4
Molasani
7 Karoun- Ahwaz 21-309 491 2124.49 C3-S2 Salty- Yes 3 4
Karoun-
8 Darkhowein 21-311 6.74 2835.77 C4-S2 Very salty- No 4 1
9 Karoun- 21-313 742 3238.39 C4-52  Verysalty- No 4 1
Salmanieh
Karoun- Abfa
10 Khoramshahr 21-317 9.19 3888.64 C4-S3 Very salty- No 4 1
Bahmanshir-
11 Tareh bokha 21-321 7.57 3083.66 C4-S2 Very salty- No 4 1
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Fig. 5- Classifying Karoun River water for a) agriculture and b) locating suitable zones for aquaculture
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Table 8- Values of Schoeller diagram parameters for some quality stations of Karoun River (mg/lit except
for TH)

(Mg/lit w52 TH 32xy p23lo dod (g112) (19, A SUA K] (5152 Jgu @1 51> (51 Jhel )y p2dlie —A Jo>

No Station Stationcode TH HCO3 SO4 Cl T.D.S Na Mg Ca
1 Karoun- Sousan 21-108 2146 1802 4549 1122 421 63.02 168  56.3
2 Talouk- Bibi Tarkhoun 21-122 276.7 222.66  74.62 13460 594 8241 2186 7427
3 Karoun- Gotvand 21-243 3049 17174 17181 256.93 83542 159.22 19.19 102.91
4 Gargar- Shoushtar 21-251 118 17756 235.02 300.46 803.2 189.79 20.48 130.18
5 Gargar- Valiabad 21-254 429 19593 601.97 749.24 21195 503.11 7248 181.13
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Fig. 6- Weights of the parameters in the Schoeller
diagram for AHP method
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Table 9- Weights and Scores for Schoeller diagram parameters and layers for potable water classification
Ol Slw¥ S350 2595 et 812 g 01,513 Sl yiol )l & bg2po SBaY & 0l 03> Oljlital 5 (ol - S

S
Index weight ~ Limits ~ Score Layer Weight
Parameter : .
(Fig. 6) (Table 5) (Index weight*Score)

0-470 9 2.61
470-920 5 1.45

Na 0.29
920-1900 3 0.87
>1900 1 0.29
0-800 9 2.07
800-1500 5 115

Cl 0.23
1500-3000 3 0.69
>3000 1 0.33
0-600 9 1.26
600-1200 5 0.7
S04 0.14 1200-2200 3 0.42
>2200 1 0.14
0-2000 9 0.99
2000-4000 5 0.55
DS 0.11 4000-8100 3 0.33
>8100 1 0.11
0-1000 9 0.585
™ 0.065 1000-2000 5 0.325
2000-4000 3 0.195
>4000 1 0.065
0-300 9 0.585
Ca 0.065 300-600 5 0.325
600-1000 3 0.195
>1000 1 0.065
0-200 9 0.45
200-400 5 0.25

Mg 0.05
400-800 3 0.15
>800 1 0.05
0-600 9 0.45
HCO3 0.05 600-1000 5 0.25
1000-2000 3 0.15
>2000 1 0.05

Table 10- Guidance for defining the spatial pattern of the allocable water for drinking and aquaculture
Sranspl 9 ops O Blp panads Codgl G @598 lp 4l Mg glowdl; -V Jgaa

1-2.99 3-4.99 5-6.99 7-9 Score for allocating water for drinking
4) @) 0] @) (rank)
Nonpotable  Unacceptable Unsuitable Good Class for potable water
1 2 3 3 Rank for allocating water for aquaculture
Good Unsuitable Bad Bad Class for aquaculture
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Table 11- Karoun surface water quality for industrial consumption
xwo Bylao Ja 51 49,5 adgs b LU Curdg -V Joso

. Station  Alkalinity C Ca PHs-  Quality for
Station " pHs pH .
Code (Ca0) (Coefficient)  (mg/l) PH industry
Karoun-Sousan 21-108 995.49 11.35 591.55 56  7.66 -2.06 Deposit
Talouk- Bi Bi Tarkhoun 21-122 83.88 113 74.27 75 7.69 -0.19 Deposit
Karoun- Shahid 21-849 33.67 11.28 62.38 8 774 026 Corrosive
Abbaspour Dam
Morghab- Jeloagir 21-945 517.46 11.33 19685 63 788 -158 Deposit
Morghab
Shour Karoun- Andika- ) g ¢ 4430.89 11.37 550.77 5 765 -2.65 Deposit
Tange Doulab
Karoun- Spring of 21-997 28.89 11.28 64.58 8 772 028 Corrosive
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Hydroclimatology Modeling of Water Level of
Urmia Lake
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Abstract

The main purpose of this study is to explore the factors
affecting Urmia Lake water level variations. Urmia Lake water
level, rainfall, temperature, river discharge, and groundwater
level data were used to study the relationship between the
Urmia Lake water level variations and climatic and hydrologic
parameters. Urmia Lake water level data for 48 years (1965 to
2013) from 27 synoptic meteorology stations of Tabriz, Urmia,
and Saqez were used for the rainfall and temperature variables.
Also, for adjusting the groundwater level data, of the 1054
wells, 123 wells with complete data in the studied period were
selected. The non-parametric run test was used to determine
the homogeneity and randomness of the data and the
probability of any trend in time series. The randomness of the
variables was examined at an error probability of 0.05 and their
homogeneity was assured. The Mann-Kendall test was used to
study trends, leaps, and changes in the independent variables
including precipitation, temperature, river discharge, and water
table of wells. A review of the Mann-Kendall curves showed
that the average annual temperature changes during the study
period do not follow a meaningful trend. The Urmia Lake
Basin Annual Precipitation Curve showed a decreasing trend
in the 48 years. The review of the discharge rate variations
showed that the discharge variations from 1965 to 2013 had a
significant and downward trend with a leap from the beginning
of the statistical period. The water table variations of
observation wells followed a significant downward trend in
2006. The results of Pearson correlation test showed that there
is a relatively strong correlation between the independent
variables (temperature, precipitation, river discharge, and
water table) and lake water level variations (p<0.05),
indicating the validity and the robustness of the linear
relationship between the water level and the extent to which
this variable is affected by the independent variables.

Keywords: Water Levels Variations, Water Flow, Modeling,
Water Level, Urmia Lake.
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Fig. 1- Geographical location of Lake Urmia
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