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1-Introduction
Taleghan Water Transfer Project is one of the water supply and development projects for drinking water
needed for the provinces of Tehran and Alborz. The Taleghan water transfer tunnel is designed as a part of
this project and is in the initial stages of implementation. The present study is focused on the eastern section
of this tunnel, which is 15.9 km long. Predicting the hydrogeological impacts in the mechanized tunneling
such as water inflow into the tunnel and its impact on the springs’ discharge rate are essential tasks to
perform before the design and construction of a tunnel. Therefore, the current study aim is to evaluate the
hydrogeological impact of this Tunnel excavation (the eastern section with 15.9 km long) on the discharge

of springs. So, 23 main and selected springs along the tunnel route have been investigated.
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Fig. 1. Springs and boreholes of the study area
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2-Material and methods
There are a few methods for evaluating the risk of decreasing the springs’ discharge rate including the
Drawdown Hazard Index or DHI (Demattis et al., 2001) and Tunneling Impacts on Springs or TIS
(Hassanpour et al., 2021).

2-1- DHI method

In the first method (DHI), parameters such as fracture frequency (FF), main faults intersection (IF), plastic
zones (PZ), distance from tunnel (DT), spring type (ST), overburden thickness (OV), and permeability
(MK) is used to evaluate the effect of tunnel excavation on springs. The weighting of these parameters is
described in the following equation (Eql). The results obtained in this method are classified into four
categories (Table 1).

DHI=(41*FF+22*MK+17*0V+20*PZ)*(IF+1)*(ST+1)*(DT+1) Equation 1

Table 1. The relationship between DHI index and springs discharge variation

DHI Value <0.2 0.2-0.6 0.6-0.7 > 0.7
Descripti Very low reduction in Partial reduction in Considerable reduction in ~ Complete drying
escription o N L .
spring discharge spring discharge spring discharge of spring

In the second method (TIS), the model was developed based on four important parameters such as the
volume of water inflow toward the tunnel (TW), the distance between spring and tunnel (HD), hydraulic
connectivity (HC), and aquifer recharge potential (AR). The weighting of these parameters and their
overlap is described in the following equation (Eq 2). The results obtained in this method are classified into

six categories (Table 2).

TIS:04 RTWKIKq+O'15RHD+0'4 RHC+O'05RAR Equation 2

Table 2. The relationship between TIS index and springs discharge variation

TIS <4 4-5 5-6 6-7 7-8 >8
Class numer T-1 T-2 T-3 T-4 T-5 T-6
Hazard of
red:pcrtilr?g in Very low Low Moderate High Very high Ext. high
discharge
No Pfg;k\),lsr?,m Re(i)l:)ﬁ:]c;n n Reduction in Considerable Complete
Spring reduction serious discharge spring discharge, rgduct_ion in drying of
behavior X may be spring discharge .
reduction spring

considerable

3-Results and discussions

Based on DHI, the probability of drying up of springs, it seems that about half of the springs are in the
range of partial reduction in spring discharge, and very low reduction in spring discharge will occur in three
water resources (Sp6, Sp17, and Sp18). On the other hand, complete drying and considerable reduction in
spring discharge may occur in 7 and 2 springs, respectively (Fig 2).

In the TIS model, more stable conditions are observed in terms of underground water resources affected
by tunnel excavation. The results show that about half of the springs are in the range of possibility of
Reduction in spring discharge (moderate risk) and only four springs (Sp6, Sp13, Sp17, and Sp18) will face
the possibility of conditions no reduction of spring discharge. On the other hand, no water source will face
complete drying conditions in this index, and a considerable reduction in spring discharge may occur in 4
springs (Fig 3).
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Fig. 2. Distribution map of DHI index in the study area
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Fig. 3. Distribution map of TIS index in the study area

4-Conclusion

The results of this study show that the probability of the decrease in the spring discharge in the region due
to tunnel excavation in both methods is largely the same, although the DHI method expresses more critical
conditions. The use of DHI and TIS parametric methods to investigate possible future conditions of
groundwater resources caused by the excavation of water transfer tunnels and other similar structures will
help to predict social risks during the project.
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Table 1. Lithological description of the study area
Geological - Geological .
Row Unit Lithology Row Unit Lithology
. . Green-yellow tuffite, conglomerate with
1 Qal Recent alluvium and flood plains 13 E6tc intercalations of limestone
2 Q1t Old terraces 14 E6ta Porphyritic trachyandesite-trachybasalt
3 Qsc Scree 15 E6sc Sandstone, conglomerate, shale
4 om Moraine 16 E6s Grey-brown shale, siltstone and
sandstone
5 Eatal Trachyandesmgrtgc’irizchytlc lava and 17 E5ts Greenish tuff and tuffaceous siltstone
Cream Nummulitic sandy tuffaceous Hyalotrachyandesite, trachyte-dacite, tuff
6 Eals2 limestone 18 EStd breccia
White Nummulitic bearing, oolithic Green tuff, tuff breccia, tuffite with
! Ealsl limestone 19 E5tb intercalations of tuffaceous siltstone
8 Eabr Turbidites (braccia, tuff and tuffite) 20 E5sh Shale with intercalations of tuffite and
tuffaceous sandstone
9 Eat5 Green as'h wff, wfite, tuffaceous 21 E4sc Sandstone, conglomerate, green tuff
siltstone and shale
Silty and laminated tuff, shale and Shale with intercalations of tuffaceous
10 Eat4 siltstone 22 E3sh sandstone and siltstone
. . Tuffaceous sandstone,
11 East Shale, laminated tuff, siltstone and 23 E3sc microconglomerate with intercalation of
tuffaceous sandstone tuffite
12 E6ts Tuffaceous sandstone, yellowish platy 24 cm Medium-thin bedded limestone with

tuffite, shale

intercalations of shale
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Table 2. Springs characteristics of the study area

Row  Spring UTMy UTMx  Formation
1 Spl 3978015 505792 E5ts
2 Sp2 3978041 505799 E5ts
3 Sp3 3977627 507487 E5ts
4 Sp4 3978326 506113 E5ts
5 Sp5 3978279 506185 E5ts
6 Sp6 3982848 502551 Q1t
7 Sp7 3979121 495906 E5ts
8 Sp8 3980344 496537 Eat5
9 Sp9 3980944 497021 Eabr
10  Spl0 3980966 497038 Eabr
11 Spll 3980311 496475 Eat5
12 Spl2 3980387 496555 Eat5
13 Spl3 3983934 496865 Qit
14  Spl4 3981609 495312 Qal
15  Spl5 3981632 495576 Qal
16  Spl6 3981674 495203 Qal
17 Spl7 3984201 493458 Eat4
18 Spl8 3984320 493455 Eat4
19  Spl9 3981789 491497 Qal
20  Sp20 3981800 491492 Qal
21 Sp21 3981798 491495 Qal
22 Sp22 3981784 491478 Qal
23 Sp23 3981777 491523 Qal

Avg. Discharge (lit/sec) Area
1.40
1.50
1.20
2.60
3.20
2.50
0.15
1.20
1.00
1.60
1.30
1.50
0.02
0.70
1.00
0.60
2.20
0.02
1.00
1.00
0.30
0.50
0.20
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Table 3. Propertoes of boreholes in the eastern part of Taleghan tunnel

Row Borehole UTMx UTMy Diameter(m) Number of Water
Depth(m) Leugeon test depth (m)
1 BH-E4 507179 3978252 3 170 7 68
2 BH-E1 495378 3982115 4 192 12 42
3 BH-E2 500085 3980576 4 340 11 204
4 BH-M11 492518 3983062 4 36 0 28

S59s59,08 Sbyg) 58 (Sls i colaw) Koo (Bg5 UL (s g 515) H polie 551 -F Jgao
Table 4. Estimating the values of H (piezometric level at the top of the tunnel) and K (hydraulic conductivity) in
hydrogeological zones

Zone H.Z. H(m) Water K (m/sec) Zone H.Z. H(m) Water K (m/sec)
Hz-1 251 76 1701 43E-08 Hz-45 177 260 1885 2.0E-08
Hz-2 319 80 1705 3.5E-08 Hz-46 5 280 1905 8.0E-07
Hz-3 35 104 1729 1.5E-06 Hz-47 404 224 1849 2.0E-07
Hz-4 505 136 1761 8.7E-09  Hz-48 18 192 1817 2.0E-06
Hz-5 58 152 1777 1.5E-06 Hz-49 138 197 1822 8.0E-08
Hz-6 152 208 1833 43E-08 Hz-50 5 202 1827 1.0E-06
Hz-7 96 160 1785 1.5E-06 Hz-51 120 204 1829 2.0E-08
Hz-8 192 172 1797 6.1E-08 Hz-52 10 205 1830 2.5E-06
Hz-9 24 170 1795 1.5E-06 Hz-53 7 224 1849 1.1E-06
Hz-10 382 168 1793 1.7E-08 Hz-54 93 228 1853 2.0E-07
Hz-11 14 160 1785 1.7E-07 Hz-55 299 236 1861 1.5E-07
Hz-12 678 155 1780 43E-08 Hz-56 190 240 1865 1.0E-07
Hz-13 16 135 1760 2.0E-07 Hz-57 279 240 1865 1.0E-07
Hz-14 732 120 1745 7.0E-08 Hz-58 8 160 1785 6.0E-07
Hz-15 683 110 1735 2.6E-08 Hz-59 257 140 1765 3.0E-08
Hz-16 14 108 1733 1.5E-06 Hz-60 169 100 1725 5.0E-08
Hz-17 189 125 1750 8.7E-08 Hz-61 382 79 1704 8.0E-08
Hz-18 17 149 1774 3.5E-07 Hz-62 68 64 1689 1.2E-06
Hz-19 168 169 1794 1.7E-08 Hz-63 304 72 1697 8.0E-08
Hz-20 242 200 1825 2.6E-08 Hz-64 50 80 1705 5.0E-07
Hz-21 859 268 1893 2.6E-08 Hz-65 92 88 1713 2.0E-08
Hz-22 28 308 1933 2.5E-06 Hz-66 22 96 1721 3.0E-07
Hz-23 756 320 1945 8.7E-09 Hz-67 90 144 1769 1.5E-07
Hz-24 12 360 1985 8.0E-07 Hz-68 56 160 1785 2.0E-06
Hz-25 996 348 1973 8.7E-09 Hz-69 241 200 1825 2.0E-07
Hz-26 5 340 1965 1.5E-07 Hz-70 18 232 1857 1.2E-06
Hz-27 80 280 1905 2.5E-07 Hz-71 335 260 1885 1.0E-07
Hz-28 8 231 1856 3.0E-07 Hz-72 18 216 1841 1.3E-06
Hz-29 103 212 1837 1.0E-07 Hz-73 324 180 1805 2.0E-07
Hz-30 5 125 1750 7.0E-08 Hz-74 19 148 1773 1.1E-06
Hz-31 63 117 1742 2.6E-08 Hz-75 187 132 1757 7.0E-07
Hz-32 768 112 1737 2.6E-08 Hz-76 47 120 1745 2.2E-06
Hz-33 184 172 1797 7.86-08 Hz-77 82 104 1729 3.0E-07
Hz-34 10 181 1806 1.0E-07 Hz-78 13 96 1721 1.5E-07
Hz-35 516 188 1813 1.0E-08 Hz-79 142 96 1721 3.0E-08
Hz-36 9 192 1817 1.2E-06  Hz-80 36 144 1769 2.5E-06
Hz-37 430 190 1815 3.0E-08 Hz-81 215 240 1865 9.0E-08
Hz-38 25 189 1814 9.0E-07 Hz-82 32 200 1825 1.2E-06
Hz-39 303 187 1812 8.0E-08 Hz-83 165 184 1809 5.0E-07
Hz-40 8 208 1833 15E-06 Hz-84 16 208 1833 9.0E-08
Hz-41 155 181 1806 2.0E-07 Hz-85 135 240 1865 6.0E-08
Hz-42 9 200 1825 1.5E-06 Hz-86 11 108 1733 6.0E-07
Hz-43 64 204 1829 3.0E-07 Hz-87 495 72 1697 5.0E-08
Hz-44 6 240 1865 1.5E-06

H(m): Hydraulic Head above the tunnel; Tunnel Elevation: 1625 m.a.s.|
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Table 5. Scoring parameters affecting DHI: distance from tunnel (DT), spring type (ST), overburden thickness (OV) and

permeability (MK)
. < 100-  200- 400-  600- . L .
Distance (m) 100 200 400 600 800 800 Spring type  Superficial intermediate Deep
DT index 1 0.8 0.4 0.2 0.1 0 ST index 0 0.5 1
Overburden > 100- 50- - . .
thickness 200 200 100 < 50  Permeability = Very Low Low Medium High
OV index 01 025 0.5 0.9 MK index 0 0.33 0.66 1
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Table 6. The relationship between DHI index and springs discharge variation

DHI Value <0.2 0.2-0.6 0.6-0.7 > 0.7
Descrioti Very low reduction in Partial reduction in Considerable reduction in Complete drying
escription o N L .
spring discharge spring discharge spring discharge of spring

Table 7. TIS method suggestions for extracting Kq and Kl values

TWIQs Kq
<0.1 0.5
0.25 0.6
0.5 0.75
0.75 0.9
>0.1 1

Lt/HD Kl
<0.1 0.5
0.25 0.6
0.5 0.75
0.75 0.9
>0.1 1
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Table 8. Scores of different classes in TIS method: distance of the spring to the tunnel, hydraulic connection between the
tunnel and the spring, and the sensitivity and ability to recharge the aquifer.
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Table 9. The relationship between TIS index and springs discharge variation
TIS <4 4-5 5-6 6-7 7-8 >8
Class numer T-1 T-2 T-3 T-4 T-5 T-6
Hazard of
reductionin  Very low Low Moderate High Very high Ext. high
spring
discharge
Possible bt~ Reduction in -
No not very spring Reduction in Considerable Complete
Spring reduction serious discharge  spring discharge, reduction in drvi b f
behavior reduction may be spring discharge rsylr?r? ;
considerable pring
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Table 10. Rock quality designation (RQD) values in the tunnel path
Tunnel path parts Tunnel path parts Tunnel path parts
(m) RQD % (m) RQD % (m) RQD %

From To From To From To
0 50 70 4880 4980 100 11430 11630 50
50 80 30 4980 5400 100 11630 11770 80
80 100 10 5400 5830 100 11770 11820 90
100 430 90 5830 6210 80 11820 11905 100
430 800 75 6210 6470 70 11905 12150 100
800 1820 100 6470 7670 40 12150 12170 100
1820 1890 65 7670 8440 40 12170 12340 60
1890 2050 80 8440 8440 60 12340 13230 100
2050 3050 50 8440 8830 60 13230 13330 60
3050 3300 60 8830 10010 75 13330 13530 80
3300 3450 80 10010 10540 60 13530 15640 100
3450 4520 100 10540 11290 60 15640 15810 80
4520 4880 50 11290 11430 80 15810 15900 50
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Fig. 6. Distribution map of DHI index in the study area
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Table 11. The results of parameters related to water inflow in the TIS index
Spring HD Qs TW Lt(m) Q(I/s/100m) Rrw Lt/Hd Ki TW/Qs Kq
Spl 65 14 30 96 31 20 015 05 21 1.0
Sp2 629 15 30 96 31 20 015 05 20 1.0
Sp3 285 12 8 35 23 20 012 05 7 1.0
Sp4d 261 26 8 24 33 20 0.09 05 3 1.0
Sp5 283 32 8 24 33 20 0.08 05 3 1.0
Sp6 2930 25 3 966 0 0 033 0.6 1 1.0
Sp7 2678 015 1 5 20 20 0.00 05 7 1.0
Spg 1319 12 1 5 20 20 0.00 05 1 0.9
Sp9 599 1 1 8 13 13 0.01 05 1 1.0
Sp10 573 16 1 8 13 13 001 05 1 0.8
Sp11 1370 13 1 5 20 20 0.00 05 1 0.9
Sp12 1273 15 1 5 20 20 0.00 05 1 0.9
Sp13 2195 002 7 80 9 9 004 05 350 1.0
Sp14 498 07 8 68 12 12 014 05 11 1.0
Sp1s 394 1 8 68 12 12 017 05 8 1.0
Spi6 470 06 8 68 12 12 014 05 13 1.0
Spl7 1389 22 2 135 0.10 05 1 1.0
Sp1s 1502 0.02 2 135 009 05 100 1.0
Sp19 1645 1 15 11 14 14 001 05 2 1.0
Sp20 1640 1 15 11 14 14 0.01 05 2 1.0
Sp21 1639 03 15 11 14 14 0.01 05 5 1.0
Sp22 1661 05 15 11 14 14 0.01 05 3 1.0
Sp23 1637 02 15 11 14 14 0.01 05 8 1.0
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