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Abstract 

In groundwater flow modeling, as in any modeling problem, a certain amount of error is inevitable. 

Recharge or discharge wells, acting as point sources or sinks, play a key role in modeling accuracy, 

and the way they are treated can either reduce or increase errors. In this study, two approaches were 

investigated: first, transferring the well to the nearest node in its neighborhood, and second, 

distributing the pumping rate of the well among the closest nodes. A hypothetical aquifer was 

examined under two conditions-unconfined and confined-and using both triangular and square 

meshes. The results indicated that simplifying the model by moving the pumping well to the nearest 

node is justified only for unconfined aquifers with triangular meshes. For other cases-including 

unconfined aquifers with square meshes and confined aquifers with either mesh-the second approach 

is recommended, as it significantly reduces errors in groundwater flow modeling. These findings can 

also be generalized to real aquifer studies. Quantitative results show that Approach 2 consistently 

reduces modeling errors: for unconfined aquifers, MAE values are below 0.03 for both mesh types, 

whereas confined aquifers exhibit larger reductions, particularly with triangular meshes, where MAE 

reaches 0.38 and maximum errors up to 1.17. These results highlight the robustness of Approach 2 

across different mesh configurations and aquifer conditions, providing an effective and reliable 

numerical tool for groundwater modeling. 

Keywords: Pumping Rate Separation, Pumping Well Location, Rectangular mesh, Transfer, 

Triangular mesh. 

   

1. Introd uction 

Groundwater is one of the most important 

sources of freshwater across the world and the 

lives of many people depend on it. Because 

these resources are located underneath the 

Earthôs top crust, therefore, are poorly 

monitored and managed. It can be said that 

these resources are more difficult to investigate 

and manage than surface waters. but, 

Groundwater flow modeling helps us to better 

understand the behavior of groundwater flow 

and the fate of pollutants in groundwater. 

A well-constructed groundwater model 

provides benefits to multiple stakeholders. 

Modelers benefit from an accurate and 

validated computational framework that 

allows them to test hypotheses and explore 

system behavior. Hydrogeologists gain 

insights into aquifer dynamics, recharge and 

discharge patterns, and flow paths. 

Remediation engineers can use the model to 

design and optimize groundwater remediation 

strategies, predict contaminant transport, and 

evaluate the effectiveness of intervention 

measures. In summary, a reliable groundwater 

model supports decision-making across 

modeling, hydrogeology, and remediation 

applications. 
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A well-developed groundwater flow model 

offers substantial benefits to a wide range of 

stakeholders. For modelers, it provides a 

robust computational framework for testing 

conceptual models, conducting sensitivity 

analyses, and exploring system behavior under 

various boundary conditions and stress 

scenarios. Hydrogeologists use groundwater 

models to gain insight into aquifer properties, 

hydraulic connectivity, recharge mechanisms, 

and groundwater flow paths. Furthermore, 

environmental and remediation engineers rely 

on these models to design and optimize 

remediation strategies, assess contaminant 

plume migration, and evaluate the 

effectiveness of management and intervention 

measures. Consequently, reliable groundwater 

modeling supports informed decision-making 

in water resource management, environmental 

protection, and engineering applications 

(Reilly and Harbaugh, 2004). 

Despite their wide applicability, numerical 

groundwater flow models are inherently 

subject to uncertainties and errors. These 

errors may arise from incomplete 

conceptualization of the aquifer system, 

uncertainty in hydraulic parameters, 

simplifications in boundary conditions, or 

numerical discretization. Among the various 

sources of modeling error, the representation 

of pumping and recharge wells plays a 

particularly important role. Wells are typically 

treated as point sources or sinks within the 

numerical domain, and the manner in which 

their locations and pumping rates are 

incorporated into the model can significantly 

influence simulation accuracy (Koch et al., 

2020). 

In many groundwater modeling studies, 

wells are assigned to the nearest computational 

node or cell to simplify model implementation. 

While this approach may be computationally 

convenient, it can introduce significant 

numerical errors, especially when the well 

location does not coincide with the mesh 

geometry or when coarse discretization is 

used. Alternatively, distributing the pumping 

rate of a well among multiple neighboring 

nodes or cells has been proposed as a means of 

better representing the physical influence of 

the well on the surrounding groundwater flow 

field. However, the effectiveness of these 

approaches depends on factors such as aquifer 

type, mesh structure, and model discretization 

(Lozano Hernández et al., 2024). 

Given the importance of accurately 

representing pumping wells in groundwater 

flow models, a systematic evaluation of 

different well-treatment approaches is 

essential. 

The numerical methods such as finite 

difference method (FDM) and finite element 

method (FEM) and meshfree are more 

commonly used by researchers for 

groundwater flow modeling, contaminant 

transport, and groundwater remediation. Many 

researchers have used numerical methods for 

groundwater modeling (Akbarpour et al., 

2020), contaminant transport (Zeynali et al., 

2022), and groundwater remediation (Zeynali 

et al, 2022, Zeynali et al., 2024, Zeynali et al., 

2024). Jafarzadeh et al. (2023) investigated the 

effects of scheme type, time step, and error 

threshold on the stability of numerical 

simulations in groundwater modeling. Their 

results demonstrated that the finite element 

(FE) model is capable of accurately simulating 

groundwater fluctuations, even in real-world 

problems with higher levels of complexity. In 

a real-world application, Singh and Pathania 

(2025) implemented the GFDM model for a 

large unconfined aquifer in the Middle Ganga 

Plain, Bihar, India, covering an area of 11,470 

km². The aquifer boundaries include three 

rivers and a hill, and extensive groundwater 

withdrawals are represented by 2,262 pumping 

wells assigned to all field nodes.  

The hydraulic head solutions obtained using 

the GFDM model closely matched the 

MODFLOW results, indicating that the 

proposed approach can reliably simulate 

complex aquifer systems under realistic 

conditions. Vellando et al. (2020) developed a 

nonlinear MATLAB-based finite-element 

model, FLUMP, to simulate flow in 

unconfined, saturated, heterogeneous, and 

anisotropic porous media, incorporating tools 

to evaluate free-surface flow through the 

conservation of mass. The study compared 

FLUMP with the widely used finite-difference 

software MODFLOW, using Wangôs 

benchmark problem of a lowering reservoir for 

validation and subsequently applying both 

models to the Barces Watershed, a real-world 

case extensively monitored over the last 

decade. Their findings highlighted the 
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strengths and limitations of FEM versus FDM 

in simulating groundwater flow through 

porous media. While FLUMP is not intended 

to replace MODFLOW as a de facto standard, 

the comparison demonstrated the benefits of 

the finite-element approach, particularly in 

handling complex heterogeneous and 

anisotropic aquifers, and emphasized how 

FEM and FDM can complement each other in 

hydrogeological modeling. 

To illustrate how numerical methods 

operate, several studies analyze both 

hypothetical and real aquifers. Some 

researchers investigate hypothetical aquifers 

(Kumar et al., 2015, Mategaonkar et al., 2018, 

Guneshwor et al., 2018) while others examine 

real aquifers (Mohtashami et al., 2017) and 

some have studied both types of aquifers in 

their research (Eldho and Swathi, 2018, 

Ghafouri and Darabi, 2007). Also, in 

optimization problems where the optimal 

location of pumping wells in the Pump-and-

Treat (PAT) system is important, the location 

of the pumping wells is only placed on the 

nodes (Sharief et al., 2012). 

To our best acknowledge, it can be explain 

that in groundwater flow modeling in 

hypothetical aquifers, pumping wells are 

always considered to covered by the nodes. 

Also, in real aquifers, after using the regular 

distribution of nodes in finite difference or 

finite element methods, the wells (as a 

recharge or discharge) are transferred to the 

nearest node. Also, if several pumping wells 

are located on one node, the pumping flow 

rates of these wells are summed together. 

Given that there is always a percentage of error 

in groundwater flow modeling, this approach 

can also add to this error. Besides, suppose an 

aquifer is represented by a square grid with 

four corner nodes, each side measuring 500 m, 

and a well-placed exactly at the squareôs 

center; in this case, the well position can be 

mapped to any of the four neighboring nodes, 

which implies a displacement of 354 m. 

Clearly, transferring the well from one point to 

another can increase modeling error.  

Moreover, using a denser grid raises 

computational cost, and it is not feasible to 

guarantee that the desired well coincides with 

a grid node. This issue is also raised in the 

discussion of contaminant transport modeling 

and determining the location of pumping wells 

for PAT system. This means that pumping 

wells must be covered by nodes, while 

pumping wells in another location may be 

more efficient in pumping pollution. 

Therefore, in the present study, a different 

approach is adopted in dealing with the method 

of determining the location of pumping wells, 

which will reduce the amount of modeling 

error. 

 

2. Materials and Methods 

2.1. Case Study 

In this study, a hypothetical auifer with 

length of the 1500 and its width equal to 1000 

m is considered (Fig. 1). The hydrogeologic 

parameters for the aquifer are presented in 

Table 1. There is a lake with rate of seepage of 

0.009 m/d in Zone A. Also, top of Zones A and 

bottom of Zone C are considered to be 

recharged and discharsed at a rate of 0.2 and 

0.01 m/d, respectively (Fig. 1). The flow 

model has constant head conditions on its left 

and right boundaries with 100 and 98 m, 

respectively and the other boundares are the 

no-flow boundary. There are four pumping 

wells and one recharge well in this 

hypothetical auifer. 

Four pumping wells are located on 

(400,770), (700,650), (1250,350) and 

(1230,725) coordinate with the rate of 

pumping of 600, 500, 400 and 300 m3/day 

respectively and the recharge well is located on 

(200,200) coordinate with the rate of recharge 

of 500 m3/day. 

Three different hydraulic conductivities can 

be observed in the hypothetical aquifer 

domain. Therefore, the model domain must be 

discretized such that the element boundaries 

coincide with the interfaces between the zones. 

This issue is well illustrated in Fig. 2 (Istok, 

1989). 

 

 
Fig. 1. Hypothetical aquifer configuration  
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Table 1. Hydrogeologic data used for flow model. 

Properties 
Zone 

A 

Zone 

B 

Zone 

C 

Hydrolic Conductivity (Kx)  5 4 3 

Hydrolic Conductivity (Kx) 8 5 2 

Specific Yield 0.15 0.15 0.15 

Aquifer Thickness 100 100 100 

Transmissivity (Tx) 500 400 300 

Transmissivity (Ty) 800 500 200 

Storage Coefficient 0.15 0.15 0.15 

 

 
a) Incorrect mesh 

 
b) Correct mesh 

Fig. 2. Model domain mesh 

Considering this issue, the gridding was 

done in such a way that nodes 1 to 55 were 

placed in Zone A, nodes 56 to 121 in Zone B, 

and nodes 122 to 176 in Zone 3. Also, 

considering this type of gridding, the lake 

boundary located in Zone A corresponds to 

nodes 27 to 30, 38 to 41, 49 to 52, and 60 to 

63. Fig. 3 and Fig. 4 show the triangular and 

rectangular (square) gridding of the model 

domain. As can be seen in these figures, one of 

the wells is located exactly on node number 25, 

but the other wells are not exactly aligned on 

the nodes . 

Also, the inflow to the aquifer occurs from 

the boundary of Zone A and from nodes 22, 33, 

44, 55, and 66, and the outflow from the 

aquifer occurs from the boundary of Zone C 

and from nodes 122, 133, 144, and 155. The 

inflow and outflow rates are 0.2 and 0.01 

m/day, respectively . 

The numerical simulations were performed 

using MATLAB. A time discretization scheme 

was employed, and a convergence tolerance of 

0.01 was used to ensure accurate solution of 

the model. The model domain was discretized 

using triangular and square elements, and 

pumping wells were treated according to the 

proposed approaches. 

 

 
Fig. 3. Triangular mesh of the model domain 

 


