
 

URTeC: 2435484  
 

A Geomechanical Study of Refracturing based on Microseismic 
Observations ï Case Study of Haynesville and Eagle Ford Wells 
 
Alireza Agharazi*, Sudhendu Kashikar, MicroSeismic Inc. 
 
Copyright 2016, Unconventional Resources Technology Conference (URTeC) DOI 10.15530-urtec-2016-2435484 

This paper was prepared for presentation at the Unconventional Resources Technology Conference held in San Antonio, Texas, USA, 1-3 August 2016. 

The URTeC Technical Program Committee accepted this presentation on the basis of information contained in an abstract submitted by the author(s).   The contents of this paper 

have not been reviewed by URTeC and URTeC does not warrant the accuracy, reliability, or timeliness of any information herein.  All information is the responsibility of, and, is 

subject to corrections by the author(s).  Any person or entity that relies on any information obtained from this paper does so at their own risk.  The information herein does not 

necessarily reflect any position of URTeC.  Any reproduction, distribution, or storage of any part of this paper without the written consent of URTeC is prohibited.   

 

 
Summary  

 

Microseismic monitoring of refracturing of depleted horizontal wells frequently shows a concentration of 

microseismic activity at the heel area when no mechanical isolation is used. This observation suggests that a 

considerable length of the well toward the toe does not benefit from refracturing and remains unstimulated. Different 

completion techniques, ranging from injecting diverters to using mechanical intervention methods, are usually used 

to avoid the localized stimulation and to enhance the treatment effectiveness. However, often overlooked is the 

effect of the reservoir rockôs mechanical characteristics and how they contribute to the treatment results.  

 

In this study we investigated the potential contributing factors to the observed microseismic response: i) fluid 

pressure drop along the lateral, ii) diverter ineffectiveness, and iii) stimulation of pre-existing fractures versus 

developing fresh fractures from new perforations. Estimation of pressure losses along the well for the common 

casing diameters and fracturing fluids indicates that a high pressure gradient develops along the well during 

refracturing. It results in significantly higher injection pressures at the heel than at the toe, leading to higher 

discharge rates at the heel. If the added diverters fail to seal off the perforations at the heel area, this condition 

persists throughout the treatment and causes the localized stimulation of the rock, as is usually observed by 

microseismic monitoring.  

 

The numerical simulation of refracturing indicates that under a non-uniform treatment pressure profile and in the 

absence of effective diverters, the initiation and propagation of new hydraulic fractures is unlikely. The dominant 

stimulation mechanism is the shear failure of natural fractures, driven by the increase of fluid pressure by injection 

of fluid through the old perforations. This result is consistent with the observed long delay in microseismic response 

to refracturing and the increasing event counts as pumping continues.  

 

Based on these findings, we developed an alternative refracturing method that aims at increasing the reservoir 

effective complexity and enhancing the conductivity of the pre-existing hydraulic fractures uniformly along the well. 

The proposed method consists of a prolonged low-pressure and low-rate pad stage to pressurize the reservoir, 

followed by a high-pressure injection stage to stimulate the pressurized natural fractures and to place proppant in the 

new fractures. Critical to the success of this method is to avoid a high pressure contrast along the well. This can be 

achieved by proper selection of injection pressure and fluid viscosity with respect to the reservoir stresses and 

pressure, and the well characteristics. Numerical simulations indicate that the proposed method can considerably 

enhance the efficiency of refracturing, at no additional cost compared to the common refracturing methods. 

 

1. Introduction   

 

Refracturing of horizontal wells often provides a more economical alternative to drilling and completing of a new 

well for production uplift in a declining well. In a general sense, refracturing refers to the treatment of a previously 

stimulated well that has been under production for a while. The main objective of refracturing is to uplift production 
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in a declining well, which can be achieved either by contacting new rock or by improving the conductivity of pre-

existing fractures that have lost conductivity due to proppant embedment or poor initial stimulation (Vincent 2010, 

Nagel 2016).  

 

Refracturing of horizontal wells often offers an economically appealing alternative to drilling and completing a new 

well for production enhancement, in that it eliminates drilling costs and associated operational costs. However, the 

final economic profitability of refracturing is a matter of balance between the treatment costs and the added 

production value. Two important factors that can potentially cause economic failure of refracturing are bad 

candidate selection and poor treatment.  

 

Study of the refracturing design data in several recently treated horizontal wells shows that in most cases, the design 

parameters used for refracturing are very similar to the ones used for the initial stimulation of the same well or pad. 

This indicates that in most cases, the effect that initial stimulation and subsequent production have on the reservoirôs 

mechanical parameters are ignored. From a geomechanical perspective, the most important changes in the reservoir 

condition that must be taken into account in the design of refracturing are: 

¶ Altered reservoir stresses due to pressure depletion. This might be varied along the well. 

¶ Existence of the previously stimulated propped or un-propped fractures, which provide pathways to the injected 

fluid, even without breaking new rock. 

¶ Increased flow capacity of the formation due to previous stimulations. 

 

The lower instantaneous shut-in pressures (ISIPs) and fracture closure pressures reported by several authors 

(Diakhate et al. 2015, Lanzet et al. 2007, Kashikar and Jbeili 2015) and the delayed microseismic response to 

pumping are two field observations indicating these changes in the reservoir condition. Diakhate et al. (2015) 

reported a 1,000ï1,200 psi drop in ISIP for one refractured well and up to 3,000 psi reduction in the closure pressure 

for another refractured well.  

 

In most refracturing treatments of horizontal wells, no mechanical stage isolation is used. The fluid is bullheaded, 

relying on diverting agents to move refracturing down the lateral. The main disadvantage of this method is lack of 

control on where the diverters sit along the lateral and which part of the well is benefiting from refracturing. When 

new perforations are added, reservoir pressure and stress heterogeneity along the well have a significant effect on 

whether fresh fractures are created from newly added perforations or pre-existing fractures (connected to the old 

perforations) are injected into. Bypassing of the intact reservoir (between the old perforations) is likely if the added 

diverters fail to function as intended. Non-uniform stimulation of the well, as is usually observed by concentration of 

microseismic events at the heel area, is another problem that usually occurs due to failure of diverters (Sudhendu 

and Jbeili 2015). These factors can greatly impact the economic viability of refracturing.  

 

In this paper, we provide three case studies where microseismic monitoring shows the inefficiency of diverters and 

the localized stimulation toward the heel. We investigate the probable causes for the observed microseismic 

response by running numerical simulations of a generic refracturing model. The simulations show how the 

combined effect of pressure drop along the lateral and failure of diverters in plugging off the perforations leads to 

the observed microseismic response. We also studied the effect of stress and pressure changes on the reservoir 

response to refracturing treatments. By including all these factors, an alternative refracturing method is suggested 

that aims at adding effective complexity and improving the pre-existing fracturesô conductivity. The efficiency of 

the proposed method was examined by numerical simulations.  

 

2. Refracturing Case Studies ï Microseismic Observations 

 

The study of microseismic data from several re-fractured horizontal wells shows that the typical microseismic 

response in these wells includes: 

¶ The concentration of microseismic events toward the heel. 

¶ A time lag of several hours between the start of pumping and the onset of microseismic activity. 

 

We studied three re-fractured wells in the Haynesville and Eagle Ford formations (well A, well B, and well C). The 

total pumping times (excluding break times) were recorded as 34 hours for well A, 42 hours for well B, and 49 hours 
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for well C, with a pumping rate of 60ï70 bbl/min. In all three wells, new perforations were added between the old 

ones (initial stage spacing 250ï320 ft). Bio-balls were used to plug off the perforations and divert the slurry down 

the lateral after each pumping stage (no mechanical stage isolation was applied). 

 

 
Figure 1: Distribution of microseismic events for the three horizontal wells in Haynesville and Eagle Ford. Pumping times were 36 hours for well 

A, 40 hours for well B, and 49 hours for well C (excluding pumping break times). 

 

 

As shown in Figure 1, almost all microseismic events 

occurred at the first 20ï30% of the lateral length in all three 

wells, suggesting that a considerable length of the wells 

were left unstimulated. It should be noted that in all three 

wells, the microseismic events were acquired using surface 

geophone arrays; therefore, no bias toward the observation 

well is expected, as might be the case when downhole 

microseismic tools are used.  

 

Figure 2 shows the microseismic event counts versus 

cumulative injected slurry for the studied wells. In all 

cases, it took several hours of pumping (7ï18 hours) before 

any microseismicity was recorded. The volume of slurry 

injected during this microseismically ñsilentò period ranged 

from 13,000 to 40,000 bbl.  

 

 

 

 
Figure 2: Microseismic event counts versus cumulative 

injected fluid volume. The volume of slurry injected 

during the silent period, when no microseismic events are 

detected, is 13,000 bbl for well A, 20,000 bbl for well B, 

and 40,000 for well C.  
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Figure 3: Cumulative slurry versus time graphs, with microseismic event time sequence and magnitude for four consecutive fracturing stages in 

well 1. Average pumping rate is 65 bbl/min. 

 
Figure 4: Cumulative slurry versus treatment time graphs, with microseismic event time sequence and magnitudes for 16 stages of refracturing in 

well 2. Major microseismic events start after 7 hours of treatment and injection of about 20,000 barrels of slurry. Average pumping rate is 65 

bbl/min. 

 
In order to show the difference between the common microseismic response to refracturing with that of fracturing 

we selected two wells in two adjacent pads (well 1 and well 2). Both wells were stimulated simultaneously and were 

monitored using the same surface microseismic arrays. Well 1 was a new well and was treated by hydraulic 

fracturing using slickwater and the plug-and-perf method. Well 2 was a depleted well and was re-stimulated using 

slickwater and bio-balls. In both case an injection rate of 65 bbl/min was applied. Figure 3 shows the cumulative 

slurry and microseismic events versus time for four consecutive stages of the fracturing well (well 1). Figure 4 
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shows the same graph for all stages of the refracturing well (well 2). As the plots show, during fracturing, the 

microseismic response is almost instantaneous with the onset of pumping; whereas, in the case of refracturing, it 

takes several hours of pumping and several thousand barrels of slurry before any microseismicity is observed.  

 

Figure 2 and Figure 4 show a progressive increase in event count per pumping stage during the refracturing 

treatments. The last five pumping stages in Figure 4 show considerably more events than the middle stages. The 

difference in the microseismic response to fracturing and to refracturing indicates the different stimulation 

mechanisms that are mobilized during each treatment. This will be discussed further in Section 4: Geomechanics of 

Refracturing. 

 

3. Localized Stimulation at the Heel 

 

The two potential contributing factors to the observed concentration of microseismicity at the heel are:  

i. Pressure drop due to friction along the well 

ii.  Failure of diverters to seal off the perforations and move the fluid along the lateral after each pumping cycle 

 

In order to investigate the effect of these two factors, we numerically simulated a generic refracturing treatment 

using a 3D finite difference code. We studied two extreme cases, fully effective diverters and non-effective 

diverters. The microseismic response to treatment was captured by implementing an implicit discrete fracture 

network (DFN) and monitoring the shear failure on each fracture throughout the simulation. The pressure drop along 

the well was calculated on a real-time basis, and the well pressure profile was continuously updated.  

 

In the model representing the fully effective diverters, the diverters were modeled by closing the entry points 

(perforations) after each pumping stage. Two entry points were shut down after each stage, starting from the ones 

closer to the heel and moving down toward the toe. In the second model, which represents non-effective diverters, 

all perforations remained open throughout the simulation. A twelve-stage refracturing was simulated by this model. 

Each pumping stage consisted of 90 minutes of pumping at 60 bbl/min followed by a 20-minute pump break. 

 

3.1. Numerical Model Setup 

The numerical model represents a 6,400-ft lateral with 61 perforations, including 31 old perforations and 30 new 

perforations. Each new perforation was added between two consecutive old perforations, reducing the initial 

perforation spacing from 206 ft to 103 ft. 

 

 
Figure 5: Pore pressure contours and depleted zones around pre-existing hydraulic fractures. Reservoir pressure depletion follows 

a logarithmic function of distance with a maximum depletion ratio of 15% at the lateral. The lateral extends 6,400 ft and includes 

31 old perforations (206 ft apart) and 30 new perforations, added between the old ones, reducing the perforation distance to 103 ft 

for refracturing.  
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A normal faulting stress regime (Sv>SHmax> Shmin) was 

applied in the model, with the minimum horizontal 

stress (Shmin) direction parallel to the lateral. 

Gravitational stresses were initialized assuming a rock 

density of 2,600 kg/m
3
. An isotropic horizontal stress 

state was considered with the magnitude of horizontal 

stresses being SHmax= Shmin=0.8Sv. A hydrostatic pore 

pressure distribution was considered in the model. 

 

The effect of previous production on reservoir pressure 

and stresses was taken into account by applying a 

depletion pattern around the pre-existing bi-wing 

planar fractures implemented in the model. The 

maximum pressure depletion was assumed to be 15% 

(of the initial pressure) at the well location, which 

dropped quickly with distance from the well, following 

a logarithmic relationship, as depicted in Figure 5. The 

current state of stresses were obtained by running the 

model to equilibrium after applying the depleted 

pressures. The background DFN consisted of two sub-

vertical fracture sets, perpendicular to each other 

(Figure 6). 
 

3.2. Pressure Losses along Lateral  

The pressure drop at each segment along the well can be calculated using the Darcy-Weisbach Equation, as follows 

(Munson et al. 2012):  

Ўὴ  Ὢ  ὺ   (1)  

where: 

Ўὴ: pressure drop 

Ὢ: pipe friction coefficient 

ὒ: well length 

Ὀ: well diameter 

”: fluid density 

ὺ: flow velocity 

 

The pipe friction coefficient, Ὢ, is calculated from the following equations for laminar and turbulent flow, 

respectively: 

Ὢ       (2)   (For laminar flow) 

ςὰέὫ
Ȣ 

Ȣ
  (3)  (For turbulent flow) 

where Ὑ is the Reynolds number, and Ὡ is the roughness height of the casing in the unit of length. Equation 3 is 

known as the Colebrook-White Equation and applies when Ὑ τȟπππ. Considering the common casing sizes (4½ 

inch) and injection rates for refracturing (>50 bbl/min), the flow is always turbulent, suggesting Equation 3 applies 

in most cases. The casing friction coefficient can also be estimated from the Moody chart (Munson et al. 2012). The 

Reynolds number is calculated from the following equation: 

Ὑ     (4) 

where ” is fluid density, and ‘ is fluid dynamic viscosity. For a common casing diameter of 4½ inches, the pressure 

drop rate along the lateral can reach as high as 0.6ï0.9 psi/ft, depending upon the casing roughness (Ὡ π
πȢρ ÍÍ , at the flow rate of q = 60 bbl/min for a slick water treatment (‘ ςȢυ Ã0. This suggests that for the 

common lateral lengths of 5,000ï7,500 ft, the pressure contrast between the heel and the toe can theoretically reach 

 
Figure 6: Horizontal section at the well depth showing the 

background DFN in the numerical models. Set 1 (blue): 

90°/30°±5 (dip/dip direction) and Set 2 (green): 90°/120°±5 

(dip/dip direction). 
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as high as a few thousand psi. However, in a refracturing well, the pressure drop rate is not constant along the well 

but varies as a function of flow rate at each length interval of the well separated by two consecutive perforations 

(Figure 7).  

 
Figure 7: Schematic pressure profile along a horizontal well during refracturing. The pressure drop rate is not constant along the 

lateral due to discharge from perforations (qi). The actual flow rate between two consecutive perforations is calculated by 

considering the discharge from perforations. 

 

The pressure drop formulation was implemented in the simulations to calculate the correct pressure profile along the 

well at each time step of simulation. Figure 8 shows the evolution of the well pressure profile during the first 60 

minutes of the first pumping stage, obtained from the numerical simulation. As the flow rate rises, the pressure 

profile diverges from the initial flat line and gradually becomes steeper until the target flow rate of 60 bbl/min is 

reached. After this point, the slope of the pressure profile remains almost constant during the rest of the stage. In this 

case, an injection pressure contrast of about 1,600 psi forms between the heel and the toe. 

 
Figure 8: Evolution of pressure profile during the first 60 minutes of the first stage of the simulations. Pressure profile gradually 

becomes steeper as the flow rate increases, until the target flow rate is reached. A pressure contrast of about 1,600 psi is 

developed under the constant flow rate of 60 bbl/min. 

 

3.3. Diverter Efficiency 

Figure 9 shows the flow rate and bottomhole pressure plot for both the fully effective diverter and non-effective 

diverter models. The increasing trend of treatment pressure in Figure 9 is consistent with the field observations in 

most refracturing cases; the treatment pressure rises after each pumping cycle during the treatment. This trend is 

usually interpreted as an indication of diverter efficiency. However, as Figure 9 shows, the pressure can rise (though 

probably to a lesser extent) even when no diverters are applied. In this case, the increase of treatment pressure would 

be related to the gradual increase of reservoir pressure during the treatment, which results in the progressive 

reduction of pressure gradient between the well and the reservoir. Under this condition, the injection pressure must 

be constantly increased in order to reach and maintain the design flow rate. The amount of pressure increase depends 

on several factors, including previous stage pumping time, pump break time, reservoir permeability, reservoir 

isolation, fluid viscosity, and other factors. For the simulated cases, the pressure increase for the case with no 

diverter was about 700 psi after 12 pumping stages; while for the case with diverter, it was 2,700 psi. 
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Figure 9: Flow rate and bottomhole pressure plots for 12-stage refracturing simulations. 

 

 
Figure 10: Perforation discharge profile (old perforations) for the with-diverter model at four stages of the treatment. 

 
Figure 11: Perforation discharge profile (old perforations) for the no-diverter model at four stages of the treatment.  

 

The perforation discharge profiles along the lateral are shown in Figure 10 and 11 for four pumping stages. In both 

cases, the discharge rate is initially higher at the heel and diminishes toward the toe, which is consistent with the 

well pressure profile shown in Figure 8. In the first model (fully effective diverter) the discharge profile changes as 


