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Table 1. Hydrochemical information of the Ali Spring, north (Momtaz) well, and south (Alaeen) well ﬁ m Y
Source Year Month Ca Mg Na HCO, SO, Cl pH EC TDI 20 M
(meg/l) (meqg/l) (meqg/l) (meg/l) (meg/l) (meg/l) (micromohs/cm) (meag/l) .u; w) M

North Well 2006 May 2.17 1.64 3.68 1.83 34 1.99 7.68 745.2 14.71 M)/ w/ I,.
North Well 2010 July 2.32 1.47 4.85 2.99 3.38 2.24 7.9 878.9 17.25 6 m %
North Well 2012 May 2.43 2.36 3.34 3 214 2.8 8.22 767 16.07 MJ w
North Well 2013 May 4.46 3.47 3.93 6.48 214 3.06 8.06 1134 23.54 — w q,
Ali Spring 2006 May 2.74 15 9.62 4.28 6.31 2.57 7.68 1404.9 27.02 Mw w M
Ali Spring 2010 July 541 4.2 6.13 5.65 6.21 4.34 7.9 1583.55 31.94 39 IM_./
Ali Spring 2012 May 5.86 1.46 6.38 5.5 3.73 4.5 8.22 1384 27.43 uj w w
Ali Spring 2013 May 5.08 3.71 7.39 5.39 8.73 2.86 8.06 1618 33.16 9 2 @
South Well 2006 May 5.55 4.01 8.68 7.93 5.82 3.71 7.68 1962 35.7 h& w IM
South Well 2010 July 8.84 4.59 6.94 7.42 5.7 6.46 7.9 2057 39.95 ) .
South Well 2012 May 7.8 2.8 6.43 4.28 531 7 8.22 1668 33.62 /Mu |w.u I\W
South Well 2013 May 7.18 3.02 9.93 4.8 8.31 6.11 8.06 1976 39.35 ! % \w
4] —

BN M

. ‘ S
gy it b g3 (R) S angy 3 (HIOUHL) 8 T slaaigy 4 0T 3485 (yl500 Sledlol Y Jgoz M“ IM (w“
Table 2. TML6 zones information and the volume of groundwater inflows into each tunnel zone n& Ww W
3

Tunnel Metro Line 6 >:m_<ﬁ._om_ Methods & w" “@

Q (lit/sec/zone) . L A

Zone Length Depth to bedrock Distance from surface Hydrualic head K Goodman  Freeze &Cherry Lei E Tani-1 Karlsrud Awrage IM" I,ﬂ u.u
(m) (m) (m) (m) (mv/s) 1965 1979 1999 1999 2001 N D D

H-1 505 60 10 0 1.14x107 0 0 0 0 0 0 \,w &e »
H-2 128 30 16 4 4.15x107 459 2.41 4.89 0.48 1.47 2.8 AR 4,
H-3 138 30 20 13 1.20x10° 8.78 7.81 9.08 7.44 7.44 8.2 ,w, ..ﬁ L)
R 1115 0 25 12 5.69x107 33.16 28.95 33.46 27.36 27.37 30.1 K] ,\.ﬂ 3,
H-4 348 20 10 10 7.41x10°® 133.49 110.06 13379 10158 10167  116.2 ,w M) w
H-5 220 60 10 14 1.40x107 1.67 1.51 1.97 1.44 1.44 1.7 .IW w a
H-6 258 110 20 20 7x107 11.12 10.51 11.42 10.28 10.28 10.8 ) 2
H-7 382 140 20 24 7.74x107 19.84 19.01 20.14 18.72 18.72 19.3 Mu |wu W)
H-8 540 160 18 25 1.77x10° 65.6 63.04 65.9 62.12 62.12 63.8 g Y
H-9 250 180 16 4 3.54x107 7.64 4.01 794 08 245 46 3 5 3
H-10 2597 200 20 0 3.55x107 0 0 0 0 0 0 .m, n“u =
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Fig. 1. Location maps indicating The Tehran Metro Line 6 and Ali karstic spring Shahr-e Rey, Tehran Province
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Fig. 3. Gibbs chart of water resources in the study area, including a) Momtaz well, b) Ali Spring of Shahr-e-
Rey, and c) Alaeen well
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Fig. 3. Gibbs chart of water resources in the study area, including a) Momtaz well, b) Ali Spring of Shahr-e-
Rey, and c) Alaeen well
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Abstract

The development of underground transportation activities in cities, such as tunnel boring, may
exert short-term or long-term effects on the groundwater and springs of such areas. The
construction of the tunnel of Tehran Metro Line 6 (TML6) through alluvium and carbonate rocks
of Ali Spring has aroused concern due to the caused fluctuations in discharge and temporary
dryness of the spring. The hydrochemical properties of the groundwater and catchment area were
investigated to find a connection between the aquifers around the spring and determine the major
aquifer feeding it. The estimated volume of water penetrated to the tunnel and the most greatly
affected area by the water leakage into the tunnel was determined using analytical methods of
water leakage into the tunnel and the DHI method. The statistics for precipitation with the changes
in the discharge of the spring before and after the excavation of the metro tunnel were compared
to evaluate the changes in the discharge of the spring with the precipitation in the area. The results
showed that the metro tunnel excavation has dramatically affected the hydrological system of the
area and discharge of the Ali Spring. Moreover, continuing the extraction may produce adverse
effects on the discharge of other springs and wells and alter the flow system of the area

temporarily or forever.
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Introduction
The underground human activities, such as excavation of tunnels and galleries in urban areas, can
affect the hydrogeological and hydrochemical conditions of groundwater in such areas in the short or
long term (Dassargues 1997; Marinos and Kavvadas 1997; Merrick and Jewell 2003; Bonomi and
Bellini 2003; Ricci et al. 2007; Chae et al. 2008; Deveughéle et al. 2010; Font-Capo et al. 2011;
Pujades et al. 2012; Butscher 2012; Yoo et al. 2012; Boukhemacha et al. 2015; Attard et al. 2016;
Colombo et al. 2017; Serrano-Juan et al. 2018; Fiorillo et al. 2019). Consequently, the changes in the
groundwater can exert effects on the quality and quantity of surface water, as well as the water of
flow wells, springs, and ganats (Vincenzo et al. 2009). Furthermore, the presence of water can be
considered a serious challenge in the construction of underground structures concerning civil or
mining engineering (Gisbert et al. 2009). Investigating the interactions of underground structures and
groundwater resources from various aspects is of crucial importance in planning for the construction

of underground structures. The Tehran Metro Line 6 (TMLS6) is one of the lines of Tehran urban and

suburban railway, which is under construction. Given its transportation capacity of 1019000
passengers per day, the construction and operation of this line can significantly reduce the traffic of
the northern and southern transportation routes of Tehran and facilitate the access to its north and
south. The TML6 tunnel, with a length of 35 km, will have 30 stations after completion of
construction and become the longest underground metro line of the Middle East (RCE 2018). Around
the tunnel excavation path of TMLS6, is one of the most important natural assets of Iran, namely Ali
Spring of Shahr-e-Rey, located in UTM coordinates of X=540302 and Y= 3940487. When there
was no running water in Tehran, a portion of the water of this karstic spring was allocated to drinking.
Over time, the provision of running water obviated the need for consumption of its water in drinking.
Nevertheless, the Ali Spring still plays its influential role as a vital artery of southeast Tehran in the
cul