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Investigation on Urban Groundwater Flow and
Construction of Subsurface Concrete Cutoff
Walls Interaction Using a Numerical Modeling
Approach (Case Study: Karbala City, Iraq)
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Abstract

In urban development projects, it is important the interaction
of groundwater-flow and subsurface-structures, including
cutoff-walls. Using a modeling approach to investigate these
interactions can be helpful in planning to implement and
strategies to reduce the adverse-effects. In this study, the
numerical-code MODFLOW has been used with HFB package
to simulate the three-dimensional groundwater-system of an
urban area in Iraq, taking into account the geological layering
and heterogeneity and the constructed cutoff-walls. These 40-
meter-deep concrete cutoff-walls have been constructed with
the aim of locally groundwater-level reduction to provide an
ability to build the designed constructions under ground-level.
For calibration and validation of model, the measured data of
groundwater-level in 28 observation wells from February 2016
to September 2018 have been used. The aim is to investigate
the interaction between the construction of subsurface concrete
cutoff-walls and groundwater-system based on development
plans. The results show that in the development of considered
phases, an increase or decrease in groundwater-level can occur
up to more than one-meter compared to pre-development
conditions next to cutoff-walls. For example, under the
constructed phase condition, the groundwater level changes
are between -0.55 (maximum drop) to 0.44 meters (maximum
increase) while with the completion of all phases, these
changes are between -0.06 (maximum drop) to 0.14 meters
(maximum increase), respectively. Preventing the water
entering to the lower parts of constructions and maintaining the
stability of adjacent structures are some of the issues, which
should be observed considering the technical and managerial
solutions suggested in this study.
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Table 1- Summary of the studies of groundwater and subsurface structures interaction
b 55 gBoil g oy 5 SR o IS, Slallhae asds - Jo

Study area ; ; : ] Groundwater
Referenses y Method Slmulcfmon t_ools Slmplatlon level Subsurface
Location Area and dimentions time measurement struture
Dassargues (1997) Liege 1.7km*>  FDM? MODFLOW-2D Unsteady No Tunnel
(Belgium)
Merrick and Sydney 2 3 . }
Jewell (2003) (Australia) 12 km FEM Numerical code-2D  Steady state No Tunnel
Bonomi and Florence 2 MODFLOW-2D High speed train
Bellini (2003) (Italy) 6km®  FEM HFB Unsteady No tunnel
Jiao et al. (2006) chg%iﬁg)ng 1.4 km? FDM Numerical code-2D Unsteady Yes Deep foundation
. : 2 FDM Visual-3D :
Ricci et al. (2007) Turin (Italy) 18 km TRANSIN Steady state No Metero line
Epting et al. Basel 5 MODFLOW-3D Tunnel and
(2008) (Switzerland) K™ FDM MODPATH Unsteady Yes highway
Deveughele et al. 85 m? d |
(2010) - 5m FDM MODFLOW-2D Steady state No Tunnel
Ducommun Neuchatel 0.22
(2010) (Switzerland) Km?2 FEM FEFLOW-2D Steady state No Deep structures
Font-Capo et al. Barcelona 5 Visual-3D .
(2011) (Spain) 1 km FEM TRANSIN Unsteady Yes Metero line
Pujades et al. Barcelona 2 Visual-2D Tunnel and train
(2012) (Spain) ~ 200m°  FEM TRANSIN Steady state Yes station
Urban train
Boukhemacha et Bucharest 2 MODFLOW-2D tunnels/water
al. (2015) (Romania) 9 km FDM HFB Steady state No collection
networks
Lab-scale 0.4 m? Laboratory model,
Sun et al. (2019) and FDM FEFLOW and Steady state No Cutoff walls
model 5 -
0.6m numerical code-2D
Cutoff walls,
Chang et al. Lab-scale 2 Laboratory model Subsurface dam,
(2019) model 0.24m FDM and SEAWAT-2D Unsteady No Semi-pervious
subsurface barrier
Lab-scale
model 1.54 m? Laboratory model
Shen et al. (2020) Large-scale 616 m? FEM SUTRA-2D Unsteady No Cutoff walls
model

bl 03 rudge Cygo 4 (gikd a0 S Oy il s
Wle (sl @lye 3 29290 Clialin b b (egee
Sy Jloss 5 Jlowd Caoww jl 9 35l caisllae Al-Khateeb (2001)

S5l 3,594, Y=Y

05525 2 s (335 (g jlwdnl VY=Y

s Harbaugh lawgs AAAY Jls )b el 5l MODFLOW
w3 ilwJde (gl ol s 33 g A5 000y dxwss McDonald

& 0 i eaS adss g s Jeles Sloj g Sl Cunbge
e (silwands ;3 SleMbl pl 5l gySo s 35 9 OT Oy S
Ol e 650l s cpl > gweip; Ol i
LS 8 s edgioe o Jlialie ol YA 3 Suejp;
5 bgio yoboay dmoly ul 53 (ooj 5 ol 515 s (6 S0l
0l £gyi VWAD olod 9,8 i o g,So5lil ol 5 00l ploxl ol jo
WAY ol o I olite & pg0 4 VY45 oladly > 5 4 (TCE, 2017)
Ly smojpy ol 5y pdaw lpsd awyp o ol 4isls aobl
b o, u;‘.\.:bl.um slrol> ;3 ond cud SleMb| 1 S0
099 bawgie Cygody oins o Gl Cap g e il
it by cas ol ond oaly i ¥ SE 5 6 pSejll

VAR bl oF olowd (o3 3l Jlw oyl ! of Kb Oliydsd
Volume 16, No. 2, Summer 2020 (IR-WRR)



Fig. 1- Location of the study area and the contructed phase
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Fig. 2- Groundwater level map and groundwater direction (based on mean of measurement data
from 2016 to 2018)
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Fig. 3- Modeling area with layering and geological heterogeneity of the media
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Table 2- Summary of numerical model characteristics
& Jo sansuin 1 slaods -Y Joas

Characteristics Description
Simulation setup
Groundwater flow modeling MODFLOW (Harbaugh, 2005)
Barrier modeling HFB
Dimension Three dimensional
Porous media Heterogeneous media (Layered)
Simulation mode Steady-state and transient flow
Stress period 1 month (For transient flow)
Transient simulation time 5 years
Hydraulic conductance of barriers 108 day?!
Model characteristics
FLow package LPF (Layer Property Flow)
Interblock transmissivity Harmonic Mean
Maximum number of outer iterations 100
Number of inner iterations 50
Matrix preconditioning method Modified incomplete Cholesky
Head change criterion for convergence 0.001
Residual criterion for convergence 0.001
Relaxation parameter 1
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Fig. 4- Model boundary condition area and the contructed phase
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Table 3- Minimum and maximum values of the hydraulic conductivity and the calibrated value for the
model under steady state condition
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Depth from Hydraulic conductivity (m/day)
Layer S0i Layer
oil type . the ground . . i
number thickness (m) = o) (m)  Minimum Maximum Calibrated value
1 Filler 0.24t0 3.7 0.0t0 3.7 4.0 8.0 491
2 Sand 0.221t05.0 0.24t05.5 4.0 11.0 7.41
3 Sand-silt 0.51t04.0 0.78t07.5 3.0 11.0 11.0
4 Fine sand-clay 0.5t06.0 1.8t010 15 7.0 1.59
5 Fine dense sand 6.5t013.6 3.0t022.0 0.3 4.0 0.31
6 Cemented sand 0.3t06.5 13.6t0 23.8 0.1 1.0 0.11
7 Silt-sand 3.6t0145 14.1t0335 3.0 7.0 4.93
8 Coarse sand-clay 0.5t06.6 19.0t038.5 3.0 7.0 6.86
9 Coarse dense sand 05t0154 22.0to43.1 0.3 4.0 1.01
10 Hard clay 0.5t04.7 35.0t043.6 0.0001 0.01 0.004
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Zone number

Calibrated value (mm/day)

1,2,3.4.5,6,7 2.0
8,10, 15, 19, 20, 23, 27, 41 1.24
9:11..17.29:33..50 0.38
32,25,24,22,16 0.0007
12, 14, 35, 39, 40, 43, 45, 63 0.0001
13,.18,26,.31,36 177
21,2830 1:95
34,49, 51,61 0.0097
37,38:53, 58 0.0061
52, 54, 56, 59, 60, 62 1.03
42,44, 46.47.48. 57 2.79
55 0.98
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Fig. 5- Recharge zones to implement the net recharge rate and the calibrated values for the model under
steady state condition
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Taible 4- Minimum and maximum ranges and the calibrated values of storage coefficient
S 085 oo b 0w (Priwwly p3lie g ST 9 Jolas 250 —F Joo

Layer number Soil type Minimum Maximum Calibrated storage coefficient (-)
1 Filler 0.01 0.15 0.02
2 Sand 0.01 0.15 0.03
3 Sand-silt 0.01 0.15 0.035
4 Fine sand-clay 0.001 0.01 0.05
5 Fine dense sand 0.001 0.01 0.02
6 Cemented sand 0.0001 0.01 0.001
7 Silt-sand 0.01 0.1 0.02
8 Coarse sand-clay 0.01 0.1 0.025
9 Coarse dense sand 0.001 0.01 0.006
10 Hard clay 0.0001 0.001 0.0001
Table 5- Scenarios
g2 U -0 Jg
Scenario number Content Description

The effect of cutoff wall in Phase 1
The effect of cutoff wall in Phases 1 and 2
The effect of cutoff wall in Phases 1, 2, and 3

a b~ wnN e

counstructed phase

The effect of cutoff wall in Phases 1, 2, 3, and 4

The effect of concrete permeability of cutoff wall in the

The effect of cutoff wall in the counstructed phase

Investigation on the effect of constructing cutoff walls on
the groundwater level and the direction of flow in
comparison with the pre-development condition

Investigation on the effect of the variation of the concrete
permeability of cutoff walls on the groundwater condition
in the study area
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Mean Error (ME) : -0.003 m

Mean Absolute Error (MAE) : 0.201 m

Root Mean Squared Error (RMSE) : 0.28 m

Normalized Root Mean Squared Error (NRMSE) : 6.6%
R? - 0.907
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Fig. 6- Comparison of observed and simulated groundwater level values for the model under
steady state condition
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Fig. 8- The groundwater level changes (m) map compared to the pre-development condition
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Table 6- Summary of the results
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The Holy Shrine of Imam Hussain (AS)

(1)
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phase @)

2
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Not to scale

(6)

The Holy Shrine of Hazrat Abolfazl (AS)

Scenario . Groundwater level value (m)
D t
number eseription D @ B @ 6 6
- The simulated groundwater level for the steady state model 46.87 47.18 46.34 47.26 47.44 47.76
1 The effect of cutoff wall in the counstructed phase 46.98 4748 4584 4760 47.64 47.78
2 The effect of cutoff wall in Phase 1 - - 4552 4774 4773 47.80
3 The effect of cutoff wall in Phases 1 and 2 - - 4542 48.12 48.12 47.93
4 The effect of cutoff wall in Phases 1, 2, and 3 - - 45.35 - - 47.70
5 The effect of cutoff wall in Phases 1, 2, 3, and 4 - - 45.34 - - -
6 The effect of concrete permeability of cutoff wall in 4701 4756 4588 4766 4771 47.85
the counstructed phase
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