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Technical Status

• Background

• Field experiment

• Lab experiment

• Numerical modeling
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Project Overview
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Harmonic Pulse Testing (HPT)
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• Has been used for reservoir characterization since 1960s

• Hypothesis: pulse testing as a leakage detection technology for CCS

• Expected advantages over other pressure-based methods
– An active monitoring method: enhanced signal-to-noise ratio, thus mitigating 

reservoir noise interference
– No net injection rate change: little interruptions to nominal reservoir 

operations

Coded 
injection 
pattern gives 
more 
information



How Does It Work?
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Task 2: Theoretical Development
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Ω = Resistance of leaky well to 
vertical flow

Amplitude responseProblem setting

Established the validity and feasibility of pulse testing

Sun et al., WRR, 2015



Task 5: Field Experiments
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Detailed Area of Study @ Cranfield, MS, January 19-31,2015

Validate the concept of pulse testing at field settings



Baseline Experiment I
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Base Experiment II
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Leak Experiment Setup
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90-min, Leak Experiment
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150-min, Leak Experiment
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Frequency Domain Anomaly Detection

Each experiment yields one data point on the plot

Amplitude vs. Frequency



Frequency Domain Anomaly Detection
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Lower CI

150min
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Sun et al., IJGGC, 2016



Task 4. 3D Modeling
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• Can site-scale 
model reproduce 
the DAS pulse 
testing 
experiments?
– Updated the 

existing model by 
including more 
wells

– History matching
– Refined mesh 

around DAS

UT IPARS (Integrated Parallel 
Accurate Reservoir Simulator) 
Simulation

By Baehyun Min 



150-min Baseline Simulation
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150-min Leak Simulation
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Task 3. Lab Experiments
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1-m diameter, 0.75 m tall



Experimental Results
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In-zone sensorSingle phase



Experimental Results
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Above zone sensor



Frequency Domain Diagram
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Sun et al., JoH, 2017



Task 6 Result Dissemination

• Developed web-
based tool

• Documented results 
from each task in 
peer-reviewed journal 
papers
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Accomplishments to Date

• Task 2: Theoretical and numerical analyses
• Year 1: Established theoretical basis and validated the concept of pulse-

testing-based leakage detection numerically

• Task 5: Field experiments
• Year 2: Demonstrated viability of the pulse testing leakage detection 

technique in the field 

• Task 3: Laboratory experiments
• Year 1: Device manufacturing, experimental design, and single-phase 

experiments
• Year 2&3: Additional validation experiments

• Task 4: Data assimilation algorithms
• Year 2&3: Developing and testing algorithms

• Task 6: Result dissemination 24



Lessons Learned
– Performing pulse testing under controlled conditions is more 

challenging than it sounds to be
– Wellbore flow may require coupling with special well flow 

modules
– Data-driven models may be easier to apply 
– Make sense to optimize frequency and rate of pulse testing
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Synergy Opportunities

– Any injection history may be considered
– Web-based toolbox for scoping analysis

26



Project Summary

– Leaks will modify the system frequency response function and 
can be detected if an appropriate pulsing period is used

– Longer HPT pulsing periods increase coverage area
– Lower reservoir permeability or, equivalently, higher upper 

aquifer permeability, favors detection of leakage, if all other 
parameters are fixed

– The amplitude and phase of frequency response function 
provide independent information regarding the current system 
status and can be combined to locate leaky well locations
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Appendix
– These slides will not be discussed during the presentation, but 

are mandatory.
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Benefit to the Program 

• Carbon program goal being addressed
Develop and validate technologies to ensure 99 percent storage permanence

• Project benefits
– The PIDAS project develops and demonstrates a pressure-based, pulse 

testing technology for leakage detection in carbon storage reservoirs. 
– Active monitoring strategy for improving signal-to-noise ratio for 

injection zone monitoring
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Project Overview  
Goals and Objectives

• Demonstrate the utility of pulse testing for leakage detection

• Develop relevant data analyses and inversion methodologies

• Provide an experimental design tool for CCS operators to apply 
the technology
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Organization Chart
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