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Keywords  Abstract 

Sand production from unconsolidated sandstone reservoirs is one of the 

fundamental challenges in the oil industry, leading to equipment erosion, 

reduced productivity, and increased operational costs. Hydraulic fracturing, 

although primarily performed to enhance permeability and stimulate the 

reservoir, can affect wellbore stability and the phenomenon of sand 

production. However, a quantitative understanding of how the geometric characteristics of hydraulic 

fractures (such as density and length of cracks) influence sand production rates, especially in moderately 

cemented reservoirs, remains limited. In this study, a two-dimensional model based on the Discrete Element 

Method (DEM) has been developed in the PFC2D software to integrally simulate the hydraulic fracture 

propagation process and the subsequent sand production in three different sections of a real well in the 

Azadegan oil field. The model was calibrated using triaxial laboratory data, and the relative error in 

predicting the uniaxial compressive strength was about 10.5%. After applying realistic boundary conditions 

including in-situ stresses, reservoir pressure, and production pressure, the model was run for three sections 

with different fracturing histories. Quantitative results showed that in Section 1, which had the highest 

fracture density and length, the cumulative sand production after two days was significantly lower than in 

Section 3, which had the least fracturing. The key finding indicates that, under the studied geomechanical 

conditions, the presence of extensive and dense hydraulic fracturing is associated with reduced sand 

production. This phenomenon can be attributed to the formation of stable stress arches behind the fractured 

zones, which counteract the fluid drag force and prevent particle detachment. This integrated simulation 

approach provides a powerful tool for petroleum engineers to simultaneously optimize hydraulic fracturing 

design and manage sand production. 
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1. Introduction 

Sand production is one of the most costly and 

technically challenging geomechanical problems 

in the oil and gas industry, particularly in 

sandstone reservoirs [1, 2]. It occurs when the 

fluid drag force exceeds the cohesive and 

frictional forces between grains, leading to 

particle detachment and entrainment into the 

produced fluid [3, 4]. The consequences include 

erosion of downhole equipment, blockage of 

production lines, reduced well performance, and, 

in severe cases, complete well loss [5]. 

Worldwide, about 70% of hydrocarbon reserves 

are in formations susceptible to sand production 

[6], making its accurate prediction and control a 

critical technical and economic necessity. 

Hydraulic fracturing, on the other hand, is a 

widely used stimulation technique to enhance 

productivity by creating a network of fractures 

around the wellbore [7, 8]. While extensive 

research has been devoted separately to modelling 

sand production and hydraulic fracturing using 

various numerical methods—such as finite 

element, extended finite element (XFEM), and 
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discrete element method (DEM) [9–12]—there is 

a notable gap in understanding the coupled 

interaction between these two phenomena. In 

particular, the question of whether hydraulic 

fracturing exacerbates or mitigates sand 

production in moderately cemented formations 

has not been adequately addressed. 

Previous studies have suggested that, under 

specific geomechanical conditions, hydraulic 

fractures may promote the formation of stable 

stress arches that reduce sand production [13]. 

However, most of these investigations have been 

limited to simplified geometries and have not been 

validated with field data from actual wells. In this 

study, we aim to fill this gap by developing a 

calibrated DEM model that sequentially simulates 

hydraulic fracturing and subsequent sand 

production in three different sections of a real well 

in the Azadegan field. The novelty of our work 

lies in: (1) using an integrated and calibrated 

model with full operational data; (2) 

quantitatively comparing three sections with 

different fracture intensities; and (3) validating the 

simulation results with available field reports 

(mud loss and solids production). This paper is 

organised as follows: after this introduction, 

Section 2 presents the geomechanical 

characteristics of the studied formation, Section 3 

describes the numerical methodology and 

calibration, Section 4 presents the results and 

discussion, and Section 5 gives the conclusions 

and recommendations. 

2. Methodology 
2.1. Discrete Element Method and Parallel Bond 

Model 

The numerical simulations were performed 

using the distinct element method (DEM) as 

implemented in the PFC2D code [14]. In this 

approach, the rock is discretised as an assembly of 

circular particles (disks) connected by elastic-

brittle bonds at their contacts. The parallel bond 

model [15] was employed to simulate the 

cemented nature of the sandstone. The bonds can 

transmit both forces and moments; they break 

when the maximum tensile or shear stress exceeds 

the corresponding bond strength, thus allowing 

the initiation and propagation of fractures. 

The equations of motion for each particle are 

solved explicitly using a time-stepping scheme. 

The critical time step was set to 0.1 times the 

stability limit to ensure numerical stability. Fluid 

flow was modelled by assigning a pore pressure 

gradient and applying a drag force on the particles. 

The calibration of the micro-mechanical 

parameters (Table 1) was performed by matching 

the macro-mechanical behaviour (uniaxial 

compressive strength, Young’s modulus, and 

Poisson’s ratio) obtained from the numerical 

model with laboratory test data from the reference 

sandstone [16]. The calibrated model gave a 

uniaxial compressive strength of 48.8 MPa, a 

Young’s modulus of 14.3 GPa, and a Poisson’s 

ratio of 0.36, which agree well with the 

experimental values (49 MPa, 14 GPa, and 0.36, 

respectively), with a relative error of about 10.5% 

for the compressive strength. 

2.2. Model Setup and Boundary Conditions 

Three sections (Section 1, Section 2, and 

Section 3) of a production well in the Azadegan 

field were selected, corresponding to different 

hydraulic fracturing histories (highest, medium, 

and lowest fracture intensity, respectively). For 

each section, a two-dimensional numerical model 

with a radius of 3 m was constructed, comprising 

approximately 150,000 disks with a non-uniform 

size distribution (maximum-to-minimum radius 

ratio of 1.66). The in-situ stresses and reservoir 

properties were taken from field data. Boundary 

conditions were applied as follows: reservoir 

pressure and far-field stresses at the outer 

boundary, and completion pressure and 

production pressure at the wellbore wall. The 

hydraulic fracturing process was first simulated 

by injecting fluid at a prescribed pressure until 

fracture propagation ceased, and then the sand 

production test was performed on the fractured 

model for a duration of two days. 

3. Results and Conclusions 
The numerical simulations revealed a clear 

relationship between the extent of hydraulic 

fracturing and the amount of sand produced. 

Section 1, which had the highest fracture density 

and total fracture length, produced the least 

cumulative sand after two days. In contrast, 

Section 3, with the fewest fractures, exhibited the 

highest sand production. Section 2 showed an 

intermediate behaviour. This trend was consistent 

across all three sections and was confirmed by the 

observed reduction in sand production rate after 

the initial period, indicating that the system 

approached a steady state. 

The mechanism behind this counter-intuitive 

result is the formation of stable stress arches 

behind the fractured zones. As the hydraulic 

fractures propagate, they redistribute the local 

stresses and create a network of inter-particle 
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contacts that effectively transfer the fluid drag 

force to the surrounding rock matrix, thereby 

preventing particle detachment. This arching 

effect is more pronounced when the fracture 

network is dense and extensive, which explains 

why Section 1, despite having more fractures, 

showed lower sand production. 

The simulation results were found to be in good 

agreement with available field observations, 

including mud-loss data and the reported 

production of solid particles. This validation 

confirms the reliability of the integrated DEM 

approach for predicting sand production in wells 

with pre-existing fractures. 

From a practical standpoint, our study provides a 

powerful analytical framework for the 

simultaneous optimisation of hydraulic fracturing 

design and sand-production management in 

moderately cemented sandstone reservoirs. 

Engineers can use this approach to assess different 

stimulation scenarios prior to field execution, 

thereby reducing the risk of sanding. 

Future work should extend this analysis to include 

the effects of fracture orientation, production rate, 

fluid properties, and proppant placement, using 

coupled CFD-DEM models. Moreover, the 

influence of chemical degradation (e.g., CO₂-

induced acidification) on bond strength and sand 

production should be investigated, as this could 

further improve the predictive capability of the 

model. 
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