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Abstract

A redlistic understandi ng of aquifer vulnerability to seawater intrusion is one of the important

prerequisitesfor coastal aquifer management. The GALDIT method is a proper tool that, despite
considering the qualitative, hydrogeological, and geological characteristics of the aquifer, has
not considered the role of aquifer surface recharge. The Qom-Kahak study areais a part of the
salt lake catchment, which is located in the arid and desert part of central Iran. Due to the
shortage of surface and groundwater resources in the region, some of the drinking and industrial
needs of Qom city are met from water outside the study area. This study, by adding the aquifer
surface recharge parameter introduces the GALDITR model to evaluate the Qom aquifer
vulnerability to saltwater intrusion from the Salt Lake. Then, the analytical hierarchy process
method is used to review the weight of GALDITR model parameters according to the
characteristics of the studied aquifer. Based on the obtained results, the high rank of the aquifer
surface recharge parameter in a large part of the aguifer led to an increase in the area of
moderate vulnerability of the GALDITR model compared to the GALDIT method. In the
GALDITR-AHP model, the parameters of distance from the shore, groundwater level above the
lake, and the impact of seawater intrusion gained more weight than other parameters,
respectively. With increasing the low vulnerability area in the GALDITR-AHP model, the
aquifer vulnerability near Qom city decreased. The vulnerability index of GALDITR-AHP,
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GALDITR, and GALDIT models showed the highest correlation with chloride ion values at
observation points, respectively. The results showed that areas with high and moderate
vulnerability in the eastern part of Qom aquifer covering about 14 % of the total aquifer areaare
more prepared for seawater intrusion and can be considered as the expansion of seawater wedge
for monitoring and optimal management of coastal aquifer.

Keywords: Saltwater Intrusion, Vulnerability Mapping, GALDIT, Aquifer Surface Recharge,
AHP, Qom Aquifer.
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Impact of present seawater intrusion: TDS (g/L) 1 <1 1-3 3-10 >10
Aquifer thickness (m) 2 <5 5-75 7.5-10 >10
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Table 2. Weights and ratings for the indicators of GALDITR model

Indicators Weights Ratings
25 5 7.5 10
Groundwater occurrence 1 Bounded Leaky Unconfined Confined
Hydraulic conductivity (m/day) 3 <5 5-10 10-40 >40
Groundwater level above Salt lake (m) 4 >2 15-2 1-15 <1
Distance from shore (m) 4 >1000 750-1000 500-750 <500
Impact of present seawater intrusion: TDS (g/L) 1 <1 1-3 3-10 >10
Aquifer thickness (m) 2 <5 5-75 7.5-10 >10
Surface recharge (cm/year) 1 >254  17.78-254 10.16-17.78 <10.16
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Fig. 1. Geographical location of Qom aquifer and
Salt (Namak) lake
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Table 3. Groundwater balance of aluvial aquifer Qom-Kahak study areafor 2006 in million cubic meters

) Inflows Outflows

3

3 Eg (., egc| & B8 = @
T 5 y— — - %)

B2 3 65| 28(532859 2% 2 [ 8c || BB8 | By Sy 2| 8
8 = &g 95 2852/ g5 8| 59 88| wg<a g8 cl | & | L8| =
OB | T LR | =2 03'80.) E = 28 |25 %‘Ua) ?;E 55| & = <
8E| Z | o2 | 8¢ =ofc Sg £ | 38 |8& 8L 588 =g £ 5 o
82| © 82| =p cSpw|lT9 w | 85 |SE5| == [BEsg Ec| ® | ° )
2|8 |58 2 (582|258 | 58 28| &8 235 52|58 | 8| 2
87| % |85 5g 8ES® 55| 8| 28|28 258 [ 5° g= 5

o [ E'c D:'D:8 E ;8»8/ L|>J

437 | 37 | 106 | 411 9.4 104 | 109 | 120.4 | 5.3 6.3 0 0 0 | 132 | -235

Fig. 2. Rating of parameter G (aquifer type) in the
GALDIT model for Qom aquifer
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Fig. 5. Rating of parameter L (groundwater level above
sealevel) inthe GALDIT model for Qom aquifer
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Fig. 6. Rating of parameter D (distance from shore) in
the GALDIT model for Qom aquifer
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Fig. 3. Rating of parameter A (aquifer hydraulic
conductivity) in the GALDIT model for Qom aquifer
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Fig. 4. Groundwater level of Qom aquifer in meters
for 2006
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Fig. 7. Rating of parameter | (impact of the existing
status of seawater intrusion) in the GALDIT model for
Qom aquifer
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Fig. 8. Rating of parameter T (thickness of the
aquifer) in the GALDIT model for Qom aquifer
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Fig. 10. Vulnerability map of Qom aquifer using
GALDIT model
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Table 4. Percentage of vulnerability zones by GALDIT

model
Area
Vulnerability area
d % Km?
High 1.1 475
Medium 575 251.25
Low 41.5 181.25
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Fig. 9. Rating of parameter R (aquifer recharge) in the
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Fig. 11. Vulnerability map of Qom aquifer using
GALDITR model
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Table 5. Percentage of vulnerability zonesby GALDITR

model
Vulner ability Area
area % K m?
High 25 11
Medium 64.3 281.25
Low 33.2 145
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Table 6. Pairwise comparison between the parameters of GALDITR-AHP

Indicators G A L D I T R
Groundwater occurrence (G) 1 12 15 19 16 12 2
Hydraulic conductivity (A) 2 1 14 19 14 2 3
Groundwater Ie\(/fl) above Salt lake 5 4 1 12 4 7
Distance from shore (D) 9 9 2 1 9 6

I mpact of pr@ent( Is)eawater intrusion 6 4 12 14 5 5
Aquifer thickness (T) 2 12 14 19 15 1 4
Surface recharge (R) 12 13 17 16 15 14 1

Fig. 12. Histogram of weight of GALDITR indicators using AHP method in Qom aquifer
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Fig. 13. Vulnerability map of Qom aguifer using
AHP method in GALDITR model
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Table 7. Percentage of vulnerability zones by
GALDITR-AHP model

Vulnerability Area
area % K m?
High 11 4.75
Medium 12.5 54,75
Low 86.4 377.75
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