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Introduction

The geological structural uncertainty plays an important
role especially when the model is used outside the
calibration base.

The geological model is associated with various types of 
uncertainties, including uncertainty in the geological 
structures, the effective model parameters.

Groundwater models are important in the development 
and management of groundwater resources, and in 
predicting the effects on land subsidence.



Groundwater model

Groundwater flow models have been used: 

(1) as interpretative tools for investigating groundwater system dynamics and 

understanding the flow patterns; 

(2) as simulation tools for analyzing responses of the groundwater system to stresses; 

(3) as assessment tools for evaluating recharge, discharge and aquifer storage 

processes, and for quantifying sustainable yield; 

(4) as predictive tools for predicting future conditions or impacts of human activities; 

(5) as supporting tools for planning field data collection and designing practical 

solutions; 

(6) as screening tools for evaluating groundwater development scenarios; 

(7) as management tools for assessing alternative polices; and 

(8) as visualization tools for communicating key messages to public and decision-

makers. (Zhou, 2011)

Groundwater flow model



Motivation

The engineering 
geological model do 
need for all projects



• Lelliott, 2009 also indicated that the real situation is usually unknown

in the geological context and the quality of the information used on

the model largely affected the predicted performances. The factors

that one of the contribute to the overall uncertainty of the geological

model is data density (the density of boreholes used to construct the

model).

• Gong, 2020 indicated that a geological model can dramatically

influence the predicted result of the hydrogeological system,

however, only a limited number of boreholes are undertaken. Along

with an insufficient number of boreholes, leading to uncertainty in

the interpreted geological model and it would turn to the uncertainty

in the predicted results of the hydrogeological system.

Motivation

Geological complexity and simulated age

distribution. In a simple (upper), in an

intermediary (middle), and in a complex

hydrogeological conceptual model (lower).
From Troldborg (2000).



Workflow

Methodology



• Groundwater flow and land subsidence were

simulated by GMS (groundwater modeling system).

• MODFLOW is a simulation system that models

groundwater flow and transport processes using

modular 3D finite difference groundwater model

MODFLOW 96 of the USGS.

• Land subsidence was simulated using the SUB-Package

(SUB) for GMS.

Numerical  s imulation of 
groundwater f low 

and land subsidence 

3d Grid in MODFLOW



The model consisted of 8 hydro-

stratigraphic units of varying

thicknesses and each model layer

represented a hydro-stratigraphic

unit.

Upstream

Geological synthetic  model

Geological  model  

Downstream
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Material  properties

Lithology

hydraulic 

conductivity 

(m/d)

Specific 

storage (1/m)
Specific yield Porosity

Unconsolida

ted 

layers

Clay 0.0001 0.0001 0.21 0.4

Sand 35 0.0001 0.07 0.3

Gravel 100 0.0001 0.23 0.3

sedimentary 10 0.0001 0.21 0.3

Consolidated 

layers

Ssand Stone  I 0.1 0.0001 0.27 0.1

Sand Stone/Shale 0.001 0.0001 0.25 0.05

Sand Stone  II 0.01 0.0001 0.27 0.05

Shale 0.0001 0.0001 0.26 0.1



• The model used transient state condition with 50 stress

periods represent for 4500 days. The stress periods of

the land subsidence model were the same as those for

the groundwater flow model.

• The pumping begins at 2nd period, the pumping wells

are set up for the whole area with the total quantity

equal to 4500m3/day.

• The initial heads for cells equal to top layer elevation.

The initial compaction of all cells was set to zero for the

subsidence model.

Init ial  condit ions



Reconstruct  the geological  model  with the different 
number of  borehole 

Horizon IDs method

Original model

Increasing and decreasing
the number of wells to
build the other models
then we can do the
uncertainty analysis

Upstream

Downstream



Groundwater f low of the original  synthetic  model

Groundwater flow

Results and discussion

Upstream

Downstream



Vertical displacement Clay thickness

Vertical 
displacement (m)

Vert ica l  d isp lacement  of  the  
or ig ina l  synthet ic  model

Upstream

Downstream



Clay thickness



Clay thickness – 1 wells simulation

Clay thickness – original model

Cross-section – 5 wells simulation



Clay thickness – 5 wells simulation

Clay thickness – original model

Cross-section – 5 wells simulation



Clay thickness – 9 wells simulation

Clay thickness – original model

Cross-section – 9 wells simulation



Clay thickness – 13 wells simulation

Clay thickness – original model

Cross-section – 13 wells simulation



Clay thickness – 17 wells simulation

Clay thickness – original model

Cross-section – 17 wells simulation



Original model 1 well simulation 5 wells simulation

9 wells simulation 13 wells simulation 17 wells simulation

Groundwater f low results



Original model 1 well simulation 5 wells simulation

9 wells simulation 13 wells simulation 17 wells simulation

Vertical  displacement results



Ro o t  m e a n  s q u a r e  e r r o r  ( R M S E )  a n d  c o e f f i c i e nt  o f  d e te r m i n a t i o n  ( R 2 )  
o f  t h e  l a n d  s u b s i d e n c e

Using random.sample

module in python which generates

numbers with nearly uniform

distribution to take out 150 points

from the data set which are used to

calculate the Root-mean-square Error

(RMSE) and Coefficient of

determination (R-Square).

High correlation of the land
subsidence at 8.5mm suggested by
Zeng, 2017. Masoud (2015) confirmed
the accuracy of the model with RMSE
was 11.5mm. Besides, model
performance was regarded as
acceptable when R2 ≥ 0.6 (Zhang et
al., 2010)



This approach shows that using a geologist’s cross-section along with

appropriate conventional borehole data for the simulations can reduce

appreciable uncertainty from geological model simulations.

This will allow stakeholders in engineering geology projects to make

more informed decisions regarding the characterization and

management of uncertainty in the projects.

The error calculation showed the minimize amount of borehole data

should be used to get reasonably accurate in the prediction of the

simulations

Conclusions
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