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ADVANCED DOWNHOLE DYNAMIC RESPONSE 
MODELING 

Understanding the dynamic 
shock loading response of the 
completion and perforating 
gun strings during detonation 
is crucial to the development 
of better completion systems 
and optimal job designs with 
maximum reliability.  
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THE CHALLENGE 

 To predict the survivability of the interval control valve (ICV) to high 
levels of shock 

 The benefit: 
 Allows the completion and guns to be run together 
 Reduces costs resulting from  

multiple RIH/POOH trips  
normally associated with  
perforating, well cleaning, and  
landing of the final completion  
string  

 Minimizes formation damage  
 Reduces well control risks  
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WELL CONSTRUCTION 
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MODELING APPROACH 
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 Split the string into two models bounded by the packers. 
 Surface testing 

 Perform surface testing to confirm survivability of the ICVs to high levels 
of gun shock. 

 A perforating evaluation tool was used to capture data from the test.  
This was used to calibrate and validate the simulation models. 

 Shock simulation  finite element analysis  (FEA) modeling 
 Model the surface tests using a shock simulation software and calibrate 

the model using the data from the perforation evaluation tool. 
 Use the calibrated model to create the larger full-string models. 



PERFORATING EVALUATION TOOL 

Developed to collect data anywhere in the string. 
Each channel provides 100,000 data samples per second: 
 
 Mechanical strain/stress 
 Bending 
 Dynamic wellbore pressure 
 Pressure/temperature/mechanical states 
 Acceleration 
 Handled like a loaded gun 
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SHOCK SIMULATION SOFTWARE 

 Proprietary tool database and model generator enables the following: 
 Definition of bottomhole assembly (BHA) geometry and wellbore fluids. 
 End users without previous FEA analysis experience can set up complex models 

quickly and reliably. 
 Commercial solver used to run the dynamic analysis. 
 Results include the following: 

 Dynamic pressure and loads during the perforating event. 
 Interaction of pressure and structural waves within the BHA and wellbore. 
 Three-dimensional (3D) visualization of loads and pressures. 
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SURFACE TEST MODEL: LOWER STRING 

 The purpose of the test was to provide calibration data for the modeling 
effort. It was designed to enable the measurement of stresses in the vicinity 
of the valve through the use of a perforation evaluation tool. 

 Three physical tests were performed with varying lengths of 4 5/8-in.  
12-spf guns. 
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DOWNHOLE MODELS: LOWER STRING 

 The downhole model of this string section contains guns and is anchored using 
a packer. 

 These models were based on the calibrated surface models. 
 The models were run to show the sensitivity of string length and energy input 

in relation to the stresses on the ICV. 
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SURFACE TEST MODEL: UPPER STRING 

 The purpose of the test was to provide calibration data for the modeling effort. It was 
designed to enable the measurement of stresses in the vicinity of the valve through a 
perforation evaluation tool. 

 Three physical tests were performed with varying lengths of 2 ½-in. 6-spf guns. 
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SURFACE TEST MODEL: UPPER STRING 

 To optimize the simulation work, the upper string was modeled as 
axisymmetric. 

 To validate the simplification in geometry, a fully 3D side-mounted gun 
model was created for the purpose of comparing results.   

 This comparison was performed for the surface string model and 
provided confidence to the approach. 
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DOWNHOLE MODEL: UPPER STRING 

 The downhole model of this string section contains guns and is anchored 
at both ends using a packer. 

 These models were based on the calibrated surface models. 
 The models were run to show the sensitivity of string length and energy 

input in relation to the stresses on the ICV. 
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DOWNHOLE MODEL 
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VALVE RESPONSE 
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RESULTS OF FORCES ON THE VALVE: LOWER STRING 
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RESULTS OF FORCES ON THE VALVE: UPPER STRING 

Upper completion string in 
initialized state and detail of valve 
body model indicating stress 
evaluation points (A, B, and C) 
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RESULTS OF FORCES ON THE VALVE: UPPER STRING 

This graph shows the average 
stress amplitudes across a section 
of Point A, as well as the minimum 
and maximum stress across the 
section. This provides an indication 
of the bending stresses present in 
the various parts of the valve body. 
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DISCUSSION AND CONCLUSIONS 

 The testing and simulation results show the expected stresses in the valves are within 
acceptable limits. 
 

 The surface tests are matched qualitatively by the surface simulations. 
 

 The modeling results show the stresses were below that of the physical testing, so it 
can be concluded that the valves would also survive in these environments. 
 

 Placing the valve in closer proximity to the perforating event introduces higher 
stresses, which rapidly reduce as they move farther from the guns. There are, however, 
certain stresses that preferentially transmit through the string and are evident in the 
simulations. 
 

 The testing and simulation work has shown that the risk of gun shock damaging the 
valves could be minimized by keeping the guns at least 150 ft from the ICV. 
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