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Groundwater inflow is one of the most important problems in Constructing a
conveyance tunnel. Increasing pressure on the tunnel wall and reducing its stability, the
related issues of drainage and pumping, destructive impacts on the mechanical and
geological condition of the tunnel surrounding environment, loss of life, increased
costs, and advance delays are among the most important challenges that can be existed
during excavation. Therefore, it is crucial to evaluate the amount of water inflow and
predict the required measures previously. Conventional techniques for estimating the
water inflow are analytical-experimental techniques whose efficiency in complex
heterogeneous and anisotropic aquifers is always tainted. Accordingly, this study
intends to investigate the effectiveness of the Meshfree (Mfree) numerical method for
simulating the groundwater level in the environment surrounding the Safarood water
transfer tunnel in Kerman. Also, considering the uncertainty analysis, uncertainty of
parameters (hydraulic conductivity), input data, and structure of numerical modeling
were addressed using DiffeRential Evolution Adaptive Metropolis (DREAM)
algorithm. Hence, an open-source framework based on a Mfree numerical method and
DREAM algorithm was proposed for the simulation-optimization process of
groundwater level prediction in the environment surrounding the tunnel, and finally, the
water inflow discharge was estimated. The results of uncertainty analysis indicated that
hydraulic conductivity parameters may be ranged between 0.0002 to 0.2 m/day in
different homogeneous zones. Also, the study of thin sections samples collected from
field observation shows that hydrothermal conditions have influenced directly the
alteration of rocks and minerals in some zones and likely it is the main factor in
increasing permeability in these areas. The results showed that the recorded input data
has a four percent underestimation. The uncertainty of the parameters involved with the
structure of numerical modeling also proved that to obtain an adequate accuracy, the
size of the local domain must be about 0.85, and the support domain should be
considered at least three nodes to estimate the weight function. The simulation results
of groundwater level fluctuations using the derived true values of parameters showed
that there is a good accuracy between the observed and simulated values (the RMSE
index was estimated to be about 2.531 meters). In addition, the assessment of numerical
simulation of groundwater inflow into tunnel indicated that inflow rate in the north and
south parts is respectively 72.43 and 09.45 I/s.
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Table 1. Prior ranges of used parameters in DREAM algorithm

Conductivity parameters for homogenous zones

Parameter Unit Range Parameter Unit Range
K1 m/d 0.0035-0.0043 K10 m/d 0.0058-0.0071
K2 m/d 0.0058-0.0071 K11 m/d 0.0054-0.0067
K3 m/d 0.0194-0.2160 K12 m/d 0.0047-0.0057
K4 m/d 0.0023-0.0029 K13 m/d 0.0047-0.0057
K5 m/d 0.0156-0.1728 K14 m/d 0.0039-0.0048
K6 m/d 0.1555-0.1901 K15 m/d 0.0039-0.0048
K7 m/d 0.0062-0.0076 K16 m/d 0.0039-0.0048
K8 m/d 0.0002-0.0003 K17 m/d 0.0039-0.0048
K9 m/d 0.0272-0.3024 K18 m/d 0.0066-0.0081
Input parameters for rainfall and abstraction rate
Parameter Unit Range
A, % -15% - +15%
Structure parameters of numerical modeling
Parameter Unit Range Parameter Unit Range
a, - 0-1 a, - 1.5-35
a, 0.5-2.5
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Table 2. Optimal values of used parameters in DREAM algorithm

Parameter  Unit Range Inferred true values Parameter  Unit Range Inferred true values
K1 m/d 0.0035-0.0043 0.0038 K10 m/d 0.0058-0.0071 0.0071
K2 m/d 0.0058-0.0071 0.0071 K11 m/d 0.0054-0.0067 0.0058
K3 m/d 0.0194-0.2160 0.1988 K12 m/d 0.0047-0.0057 0.0052
K4 m/d 0.0023-0.0029 0.0028 K13 m/d 0.0047-0.0057 0.0052
K5 m/d 0.0156-0.1728 0.0981 K14 m/d 0.0039-0.0048 0.0046
K6 m/d 0.1555-0.1901 0.1660 K15 m/d 0.0039-0.0048 0.0047
K7 m/d 0.0062-0.0076 0.0064 K16 m/d 0.0039-0.0048 0.0044
K8 m/d 0.0002-0.0003 0.0002 K17 m/d 0.0039-0.0048 0.0039
K9 m/d 0.0272-0.3024 0.0287 K18 m/d 0.0066-0.0081 0.0071
Ac % -15% - +15% +4.0234 a. - 0-1 0.8516

a, - 0.5-2.5 0.84976 ag - 1.5-35 2.8531
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Figure 9. Evolution of the Gelman and Rubin scale- Figure 10. Posterior distribution of DREAM
reduction factor for used parameters algorithm for used parameters
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Figure 11. Photomicrographs of thin sections, alteration, and porosity in the homogenous zone of 9
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Table 3. Error prediction for the Mffree models in the borehole wells

Borehole Observed head (m) Estimated head (m) Error prediction (m)
BH4 2801.200 2801.150 0.05
BHS 2943.030 2938.749 -4.28116
BH6 2941.990 2939.769 -2.22094
BH7 2839.990 2839.841 -0.14890
BHS 2738.730 2736.635 -2.09537
BH9 2721.600 2721.580 -0.012

BHO.1 2680.620 2683.215 2.59548

BH10 2668.110 2671.371 3.26125

BHI1 2665.780 2662.980 -2.80014

BHI2 2555.980 2559.587 3.60684

BHI13 2514.160 2511.526 -2.63355
Total RMSE(m) 2.5731
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Table 4. Simulated and observed groundwater inflows during excavation advance in the north and south parts

Excavation length ~ Water overburden  Estimated inflow rate ~ Observed inflow rate

Part Beginning End (m) (m) (Us) (Us)
North tunnel ~ 7662.27  7683/09 20.82 172.6 72.43 72.6
South tunnel ~ 3368.61 3394/22 25.61 166.29 45.09 46.7
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Figure 12. Representation of cross-section of the Kerman tunnel route showing (a) tunnel route, ground
elevation, and hydraulic conductivity, (b) tunnel route, ground elevation, estimated water overburden,
measured inflow rate and borehole wells location
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