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Extended abstract

Introduction

Generally, groundwater studies in the design and construction of tunnels have
focused on methods for control of groundwater inflows during excavation
and for keeping the completed structure free of water. On the one hand, High
groundwater flow into hard rock tunnels and in the other hand the negative
hydrogeological impacts of resulting from tunnel drainage over groundwater
can be a serious threat. So, identifying the impacts tunnel drainage over
groundwater environment before tunnel construction is one of the duties of
tunnel hydrogeologists to adopt appropriate countermeasures to minimize the
negative influences. The Kerman water conveyance tunnel with an
approximate length of 38 km is designed to supply drinking water to the city
of Kerman. There are about 242 springs on the tunnel route. So, the main
purpose of this study is to investigate the impact of this tunnel excavation on
the groundwater resources around it. In this regard, DHI as an applicable
method among multiple methods to investigate the effect of the water
entering the tunnel on the level of the aquifer and the water sources around
the tunnel, each of which has advantages and disadvantages, was used.

Materials And Methods

The studied area is a part of the Cenozoic magmatic arc of Kerman with
north-west-south-east strike in which its blocks are separated from each other
by faults whose activity has continued until the present era
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In the study area, 242 springs and aqueducts, which the average height of the
springs is 2555 meters above sea level, and the average long-term flow of the
springs is about 0.473 liters per second, have been identified. In order to assess the
impacts caused by Kerman tunnel excavation on groundwater environment,
indicators that closely related to reducing the groundwater discharge should be
firstly taken into consideration. Based on Dematteis et al. (2001), factors such as
fractures frequency (FF), the permeability of the rock mass (MK), the tunnel
overburden (OV), the plastic zone around the tunnel (PZ), the distance of the
springs from the tunnel (DT), the existence of faults (IF), and the type of
groundwater resources (ST) were evaluated. The value of the effective parameters
in the changes of the springs discharge as a result of tunnel excavation is presented
at Table 1.Table 1. Determining The Value of The Effective Parameters in The
Changes of The Spring Discharge As A Result of Tunnel Excavation.
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Fig 1. Determining the value of the effective parameters in the changes of the
springs discharge as a result of tunnel excavation.

Based on the factors provided by Dematis etal. (2001), a criterion called the
drought risk index (DHI) is defined, which is calculated based on the following
formula:

"DHI=(41*FF+22*MK+17*QV+20*PZ) * (IF+1) * (ST+1) * (DT+1) "

Based on the DHI obtained and according to Table 2, the probability of drying up
of each spring can be estimated.

Table 2. The Relationship Between The DHI Index and Discharge Changes in
Groundwater Resources.

DHI <0.2 0.2-0.6 0.6-0.7 >0.7
. Null to minimal Partial Partial to Complete
Description complete
drawdown drawdown drawdown
drawdown

Results And Discussion

The results of the quantification of the parameters involved in the drying up of
springs caused by tunnel excavation are as follows:

FF: The density of fractures is determined in terms of number per square meter
from the Rock Quality Designation (RQD). Results shows that RQD of the tunnel
rock mass is desirable and only in some parts of the tunnel due to the existence of



many faults, it has a lower and weaker quality. The results show the stronger effect
of this factor in the southern part of the tunnel.

MK: Based on the 17 geotechnical boreholes in the tunnel route, Lugeon values
are recorded less than one in more than 80% of the drilled boreholes.

OV: The minimum and maximum height of the springs in the study area are 2356
and 3234 meters above sea level, respectively. The level of the tunnel is 2370
meters above sea level.

PZ: Phase2 software was used to determine and analyze the plastic zone in
different kilometers of the tunnel route.

IF: The results show that the study area is tectonically very active as more than
80% of the springs are in the position of encountering the fault zone.

ST: According to Meinzer (1923), most of the springs in the study area are in
grades 5 to 8 of this classification, and the flow regimes are diffuse.

DT: The results show that the springs in the southern part of the tunnel route are at
closer distances to its axis and the possibility of their drying up is higher.

The results of DHI calculations show that out of the total water resources around
the tunnel, 52 % with Partial drawdown will face. In general, springs in the
southern part of the tunnel face more acute drying conditions.

Conclusion

Hydrogeological studying of Kerman water transfer shows that the zones of water
invasion to tunnels, or in other words, the springs' discharge zones are areas where
tectonic has had a greater effect. The results of this study show that the likelihood
of a decrease in water discharge in the area is significantly due to the tunnel
excavation, and one -third of the water resources are likely to experience complete
drawdown.
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Table 1. The Relationship Between The DHI Index and Discharge Changes in Groundwater Resources

DHI <0.2 0.2-0.6

0.6-0.7 >0.7

Description ~ Null to minimal drawdown  Partial drawdown

Partial to complete drawdown  Complete drawdown
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Fig. 6. Determining The Value of The Effective Parameters in The Changes of The Springs Discharge As
A Result of Tunnel Excavation

Db o RQD g5 5l solal oyl 51 (S5 a5 el
Condy RQD Jake 1 0aiiS (pees 5 ol Lolse ;|
slasi 5 ggh alex I (SuuSl 5 o)y lapiuns
S 0395 ol T3 5 (S3slse jlade fizmen g ooy
039 wytlas 9> ;5 bigh laSin 0358 CodS il s
oS sezg Jdoa by slogidn (0 kS g
DBl 0,55 (SRS 5 Fiml et ) saie
slajlyie o 1) Saw ooy (&S (a2 polie ¥ Jgox

203 ooy Lid Jigh e il

(MK) S 0093 (6 294394
il b Suigdgiio e el el
3 Yl g5 e 3 (S slaaxly 2ol Gl
oiales] s 5 (S gloasly sl laie
crl 5o eaell Gligh slotlel o 5 2lme
oaiiolal sl Lialol 1 e e ]yl boasls
b llae il ol5e) (abejl adlate (Sow slavaly 5o
4 «(Houlsby, 1977) sila lwg ool &Iyl Jgas
VB o (Ko gloosly @bl Oliee &5 (J)90
dgly o8 Sl a0 o1 Slgly cuas sl LU
LU Y+ b Ye oo ol o5 dib o LU Y- Y o
G lglys a0 LU Yo Sl iy s Il iaes atl 5o
WleS 4l VY (b5 jae 0 2355 o0 518 ol Jlons
(SES )

5 e (bl Slasl L

ol puiles by, oyl (B 4 a4y L
A g a8 S 15 bl oyse Bigh e sloasiz
P SIS e g (S S Jelse IS
Foass bl ot B e sbrdeia
iz o gly DHE el e 285 0550
Jlis! coaslcasoss DHIE ol 5 cols [0 5 dwle
L Djgodr g odd gl dedz a (Sab Sis
Cawloadools jislad

(FF) b (SnSe lgl 3

slobize )3 goge LS o)lyen oSSl (ST
Mibse loig J3o 4 6899 o] s jo (S
SOlgr 038 o0 dmmlne @parie p Slaal sy g
L3S ol s 0 "(RQD) Ko 005 oS ol
9 Pyl oopl poodle (He et al., 2021) cé 5 LS
Slge) (Sl Geizred 9 o KieSl 5 Woj,o (b yinS
2 Slgiee Woyyd ul G3gr 5eed by (FlS 5 (o)
Cewsdy sl a8l HIS 50 e Sl Gl ol
sy s Lo S slaws ayly b SraSs JEa 30,0
Vo (Ssls JBa b bl 4 5 00,5 asin
SPLS slarly ol plaidl i ca e
olitul plgiee oSSt J&s ool 28 ln

! Rock Quality Designation



Sap (83 g pas g plo [aiaie gl e ]y glo)s O Jlil g jis @l ooy

Cawloads &SLIY Jga 0 lagy] Slasie a5 (V JS5) Cusloads ya>  So5edg855, 000

Fig o 30 RQD sy ¥ Jou
Table 2. RQD Value in The Tunnel Route
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Fig. 5. The Location of The Boreholes Along The Project Route (in The Two Study Areas of Raber and
Qariyat Al-Arab)
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Table 3. Specifications of Tunnel Boreholes
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Fig. 8. The Spring Level of The Tunnel Route Relative to The Level of Tunnel Axis
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Table 4. Determining The Plastic Zone Radius Using Phase 2 Software
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Fig. 9. The Location of Fractures and Faults Measured in Field Studies around the Tunnel Axis and the
Location of Groundwater Resources
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Table 5. Meinzer's Classification (Meinzer, 1923) for Springs
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Fig 10. Classification of Springs in The Region Based on The Meinzer's Classification

6000
L J
L J
' 5000 : B ..
3 1000 © g o
= ® - ° -
% 3000 & . .
Tl & 2° . " 4
3 oo L) ﬁ
e AN e
1000 ° .. o° o @ '. ‘» .‘.
B °% o ..: t
0. &% ° o qM’Q.
- k)
FEEE Y =) a
}' 3, 7 i ,} Sy 5 9 LS cagisdans
3 |33
3

Fo ye0 3l ‘537 Lo alold )Y Sl
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Fig 12. Results of The DHI Index for Groundwater Resources of The Study Area
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