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Abstract  

The historic supply overhang caused by the global pandemic has created unprecedented oil prices and 

forced many US operators to shut in thousands of wells across many prolific unconventional basins. The 

subsurface mystery on how these profitable wells will be producing when coming back online after a 

long shut-in period can be solved using an integrated workflow based on reservoir simulation. This 

workflow was developed based on collecting and experimenting with industry feedbacks on subsurface 

phenomena such as crossflow, fracture damage, stress cycling and choking issues. The method was 

successfully blind tested with actual field shut-in results in Midland Basin. 

Introduction  

Until today, the long-term impact of shutting in shale wells on economic Reserves is still unknown 
Some operators believe Reserves are lost while others do not. Reservoir simulation can predict well 

performance caused by the following concerns.  

Being exposed to thousands of feet of thin reservoir, horizontal wells are exposed to reservoir 

heterogeneity, leading to an issue known as “crossflow”. Fluids from higher-pressure regions move to 

lower pressure regions. Mixing of gas, oil and water during equilibrium state may impact long-term 

recovery. Without the proper physical proof, it is hard to justify the advantages and disadvantage of 

these processes. Potentially, the proppant pack can be placed under more stress than it can handle after 

years of production; therefore, it will experience conductivity damage which may lead to significant 

Reserves lost.  

The risks for the newest wells in overpressured formations are to experience larger in-situ stress due to 

never being produced. This may cause damage to the proppant and decrease conductivity when these 

wells are producing. Another concern is that aggressive choking strategy couple with a sudden pressure 

change could ‘hammer’ the propped fracture. 

Other fundamental shut-in related issues are fast back and slow back strategies. Many operators use 

open choke strategies, or fast back to allow horizontal wells to flow unconstrained to maximize initial 

production. Other companies use more conservative approaches, known as slow back, to prevent the 

fractures from collapsing and to maintain higher conductivity during flowback. How these two strategies 



2 
 

impact ultimate recovery during long shut-in periods even with severe conductivity deprivation will also 

be discussed in this paper.  

In addition, proppant conductivity is especially important to consider, especially when lower crush 

strength sands being applied. The long-term cycle stress impact on these sands are currently not well 

understood. This paper quantifies how changes in conductivity aka. “fracture pinching off” will affect 

total production after a long period of shut-in.  

Background  

Reservoir simulation has become an industry-standard method for predicting well performance, especially 
in offshore environments and in technically complex projects, such as enhanced oil recovery (EOR). 
However, reservoir simulation is an unfamiliar technology for many oil and gas shale players. They have 
been applying data analytics and empirical methods for over a decade to determine the estimated 
ultimate recovery (EUR) and to address well spacing and infill-drilling related issues.  
 
Under certain conditions, reservoir simulation has been found to be a reliable technology to establish the 
EUR in a reservoir (Jones, et al. 2015). However, most shale players have stepped away from simulation 
due to its complexity, high cost, complex infrastructure, intensive data requirements, and most 
importantly, its unknown validity and accuracy for predicting unconventional reservoir performance. In 
addition, the reservoir simulation community has been overwhelmed with scientific studies and projects. 
Simulation engineers may have lost sight of how critical it is for the industry to estimate Reserves and 
derive appropriate type wells for daily financial and operational decisions in non-conventional reservoirs. 
Simulation experts have developed an efficient and effective tool to forecast production in ultra-low 
permeability resource plays, but they have not invested their time in applying this tool on a widespread 
and routine basis. 
 
USI has developed a practical tool for forecasting production in resource plays using a novel approach for 
reservoir simulation. Our tool, which we call the Science-Based Forecaster (SBF), combines a decade of 
hydraulic fracture modeling development and the speed of cloud processing. Our integrated technology 
can generate hundreds or thousands of type wells at a fast pace. It incorporates important variables into 
the analysis, including fracture interference, vertical stacking, lateral spacing, drawdown strategies, 
existing nearby depletion, reservoir, and completion parameters. Our approach to reservoir simulation is 
simple, low cost, and straight-forward, and it requires minimal data to obtain a history match.  
 
SBF is a physics-based approach to forecasting. It provides insight into the drainage area for vertical 
stacking, lateral spacing, and operating factors such as pressure drawdown and gas oil ratio (GOR) 
behavior. Using full field reservoir simulation, the SBF database has grown to hundreds of thousands of 
simulation cases with varying reservoir, fluid, well completion, pressure drawdown, SRV, and fracture-
driven interaction properties. This extensive database, which is ever expanding, allows SBF to produce a 
multitude of decline curves for virtually any condition that a well may experience in an unconventional 
reservoir. Furthermore, SBF utilizes the production and the pressure data of a given well as inputs. SBF 
can determine EUR degradation caused by the timing of parent-child interactions in a time-efficient and 
physics-based (as opposed to empirical) manner. 
 
Inputting reservoir, rock, fluid, well completion, and SRV parameters related to the well allows for 
refinement, thus identifying typical well production profiles (“type wells””) that best match the 
production data. If a quality match is not found, the closest case can be further modified to obtain optimal 
results. SBF then allows us to find traditional decline curve parameters to fit a multi-segment Arps’ decline 
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model which matches the actual production and simulated data. This procedure provides insight into 
reasonable values for the b-factor, initial decline rate, and terminal decline rate. The output from SBF can 
be imported into commercial decline and economic software, for economic analyses.  
 

Methodology 
 
Shutting in wells for any reasons has a risk of long-term Reserves lost after the wells are put back onto 
production. There are many factors that contribute to subsurface changes following long shut-in periods. 
These changes do reflect a big limitation in the popular empirical or analytical methods, which are heavily 
dependent on historical data to predict long term behaviors for horizontal shale wells. For the first time 
ever, the U.S. shale sector is being forced to shut in thousands of wells across many prolific unconventional 
basins. In this uncharted territory of new technical challenges, reservoir simulation becomes a powerful 
tool to obtain critical insights on how to maximize production and Reserves followings long shut-in 
periods. 
 
Our methodology on how to evaluate the impact in the subsurface due to extended shut-in periods 
presented below: 

1. History match well data using reservoir and completion parameters, daily production data and 
bottomhole pressure within Spotfire 

2. Record pressure maps within each critical timestep and make observations 
3. Run Sensitivity on different shut-in periods: 1 year, 2 year, 3 years 
4. Compare cumulative production pre and post shut-in 

Plot reservoir pressure vs. distance to well 
We provide a multitude of pre-built simulation cases allowing reservoir engineers to quickly implement 
this methodology and get bottom-line answers in a timely manner. The conclusions from this study can 
potentially add significant value to field operation depending on each circumstance. 

 
History matching is rarely used by operators for the analysis of their unconventional fields. SBF provides 
a prebuilt reservoir simulation database, allowing reservoir engineers to quickly input their production 
and pressure data, and obtain a history match and the SRV parameters, as shown in Figure 1. 
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Fig. 1-History match a horizontal well in minutes  

 
After identifying the simulation cases that best represent the wells of interest, reservoir engineers can 
now run shut-in sensitivity analysis in the simulator by using the selected base models. Figure 2 shows 
an example of current reservoir pressure map at time of shut-in. 
 

 
Fig. 2-Pressure map at time of shut-in 
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In Figure 3, we present a sensitivity analysis on the shut-in time, set at one, two, and three years, in the 
models presented. The wells are set to restore at original bottomhole pressure before shut-in, as shown 
in Figure 4.  
 
 

 
Fig. 3- Comparing four scenarios: producing as is, shut in for one year, two years, and three years 

 

 
Fig. 4- Bottomhole pressure build up with various shut-in scenarios 

 
The horizontal wells we have used for this analysis are in Midland Basin. They are experiencing an 
increasing GOR after being shut-in for several months. This phenomenon is well reflected in our reservoir 
models and is shown in Figure 5.  
 

 
Fig. 5- GOR impact with various shut in durations 
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The real advantage of detailed reservoir modeling is that we can observe and compare pressure transient 
flow around the wellbore before and after shut-in periods, as shown in Figure 6. 
 

 
Fig. 6- Pressure vs. distance from wellbore at different production timing 

 
 

Industry Concerns and Solutions 
Industry experts have raised many concerns and potential issues related to shutting in shale wells. Some 
are based on previous experience while others are based on speculations. Waiting on the actual field 
results takes a long time and at that time, the decision would have been made and some Reserves would 
have been impacted. The focus of this section of the paper aims to help shale operators minimize shut-in 
impacts and maximize long term recovery. The example presented below uses data from a horizontal well 
which was recently shut-in for a period of approximately 23 days and was then put back onto production. 
Every well and landing zone have a unique set of reservoir and completion parameters meaning that we 
expect different behaviors for each well. 
 

Example #1 
During the shut-in period, will water absorb back into the matrix and the hydraulic fractures and stop the 
oil from flowing when wells are brought back onto production? How do relative permeability curves affect 
the well behavior? 

 
Proposed Solution 
After history match process, relative permeability tables were obtained by using Genetic Algorithm 
approach. During production, Sw decreases and Sg increases in the reservoir as shown in Figure 7 and 
Figure 8.  
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Fig. 7- Midland Basin relative permeability curve krw and krow vs. Sw 

 
Fig. 8- Midland Basin relative permeability curve krg and krog vs. Sl 

 
Based on the relative permeability curves, water flowed more favorably than oil, while liquid was much 
more favorable to flow than gas during pre-shut-in period. This explains why the total produced GOR of 
the different shut-in scenarios is less than the no shut-in scenario as shown in Figure 5. 
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During shut-in, we see from our results that Sw increases and Sg decreases. When wells are back online, 
kro is getting higher than krw very quickly and this allows oil to flow more favorably than water. As a 
result, the remaining oil Reserves are not impacted by longer shut-in periods. However, Figure 3 shows 
that it takes up to 10 years for the well to catch up with delayed production which might have an impact 
on well economics. 
 
Example #2 
When wells are shut-in, fluid tend to crossflow. The crossflow effect is difficult to monitor but is almost 
guaranteed to occur. As dictated by the third law of thermodynamics, fluids from higher-pressure fracture 
stages will migrate into lower pressure stages until a state of equilibrium is achieved. How much of an 
impact does crossflow have on the wells’ EURs? 
 

Proposed Solution 
In a reservoir simulator, the keywords “model shut on/off” were used to reflect crossflow and pressure 
equilibrium after one year of shut in. Figure 9 shows that the impact was minimal on long term EURs. In 
addition, the keyword “DRSDT FREEGAS” was also used to maximize the solution gas at equilibrium. 
Whether gas stays in solution during the shut-in period or not, we do not observe a significant impact to 
the well in long-term performance. 
 

 
Fig. 9 – The differences in well EUR on crossflow and solution gas at pressure equilibrium 

 
Example #3 
After wells are back online, the stress on propped fractures are different and this increases the potential 
for damage to fracture conductivity. As pressure builds up, the depleted fracture’s proppant pack may 
also be under more stress than it can handle after years of production. The opportunity for damage is 
extremely high. How does 50% damage to fracture-conductivity impact a horizontal well’s EUR? 
 

Proposed Solution 
With the established history match simulation model discussed in this paper, we were able to quickly alter 
the compaction table and modify the permeability multipliers to reflect the EUR changes. Figure 10 below 
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shows how conductivity damage can impact EUR at a certain pressure drawdown when the well was 
brought back online after a short shut-in period. 

 

 
Fig. 10- Example of conductivity damage to EUR at a certain bottomhole pressure drawdown. 

 
Example #4 
To promote initial production rates, many unconventional operators use open-choke strategies or “fast 
back” to allow horizontal wells to flow unconstrained during their first few weeks of life. Other companies 
have, over the years, adopted data-driven choke management strategies, known as “slow back”. These 
conservative approaches are often done to prevent hydraulic fractures from being compressed and to 
keep the proppant inside them during the flowback. If the stress is high enough, then the fracture will 
“pinch off,” blocking a large portion from ever producing into the wellbore again. Which strategy is better 
to restore production after a long shut-in period? And how do we maximize future production given the 
risks of proppant damage? 
 

Proposed Solution 
We performed a sensitivity analysis using different drawdown, choke management, and fracture 
conductivity damage scenarios to understand how these factors impact the EUR results. Figure 11 shows 
the EUR degradation as a function of fracture damage percentage and drawdown scenarios. The fast back 
strategy has proven to be a more effective way to maximize Reserves. 
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Fig. 11- Example of EUR changes as a function of conductivity damage and various BHP post shut-in 

 
 
 
Example #5  
How do we confirm that the model predictions for post shut-in periods are accurate and that the results 
are reliable? 
 

Proposed Solution 
Wells that were history matched in this paper have recently experienced a shut-in period of 23 days due 
to facility constraint. We applied various conductivity multipliers to blind test the post shut-in production. 
The results in Figure 12 show that proppant conductivity of 100% was the best match scenario. 
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Fig. 12- Successful blind test post shut-in period showing 100% conductivity was favorable  

 
This result confirmed that with higher crush strength proppant and an aggressive drawdown strategy, 
production can be returned at an expected level after a certain shut-in period. 
 

 
Conclusions 
The two-week turnaround time of these results has proved the practicality of the new approach using 
reservoir simulation. Although the results are only applicable to one landing zone in the Midland Basin, 
and every well behaves differently, the workflow can be replicated to provide valuable insights for any 
unconventional play. Below are some preliminary conclusions from this work: 

• Relative permeability plays a key role in how shale wells return to their production following long 
shut-in periods. As pressure builds up, solution gas will get dissolved back into the oil and reduce 
the long term GORs as wells are turned back online. Depending on the calculated bubble point 
pressure from the history match, we can look at a pressure map and estimate the distance at 
which the reservoir will become undersaturated.  

• If shale wells can be brought back online with similar drawdown strategies before shutting-in, 
they will experience minimal Reserves impact given good proppant quality (above 7,000 psi crush 
strength). However, it will take a long period of time for wells to catch up on delayed production. 
Depending on the economics, this may or may not impact Reserves. 

• As shown in this modeling work for one landing zone, crossflow and additional solution gas 
presence at pressure equilibrium have minimal impact on long term EURs.  
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• Depending on conditions horizontal shale wells might experience, proppant damage may or may 
not happen after certain shut-in periods. It is critical for us to ‘fast back’ wells to a similar level 
before shutting in to maximize recoverable Reserves. 
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