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Appendix1: Technical Specifications 
 

Technical Specifications for the “Production forecasting method for Shale oil 
and gas through combining with physics based analysis and statistics based 

analysis from *JFY2020 through JFY 2022” 
 

Oil & Gas Upstream Business Unit 
Japan Oil, Gas and Metals National Corporation (JOGMEC) 

 
1. Collaborative Research Project: Scope of Work 
- Phase 1 (2020FY):  
(1) Imaging technology method of microseismic data  
The precise determination of the origin time and hypocenter of seismic source is 
challenging in seismic world. Seismologists try to minimize the difference between 
observed and theoretical arrival times of P and/or S wave from seismic stations. 
Although both algorithms and computer power are developed, location of seismic 
source is still heavily relied on phase-picking methods. The main drawback of phase 
picking method is misidentified of phase and inconsistency of arrival picks. In order 
to overcome the above issues, Kao and Shan (2004) developed Source Scanning 
Algorithm (SSA) to calculate the brightness and image of the distribution of seismic 
source in both time and space without phase picking. Gajewski and Tessmer (2005) 
used time-reversal imaging method to show new potential. Those of migration 
based techniques solve the human-oriented error while imaging artifacts become 
another issue (Figure 1). Another known problem of migration technique is high 
computational cost. We would like to request a potential Research Collaborator to 
propose a novel microseismic imaging technique with low computational cost. In 
order to develop and reliability of novel microseismic imaging technology, synthetic 
data is used to apply numerical simulation. Then, actual data is used and validate 
the effectiveness. 

 
Fig.1: Image of conventional time reversal imaging  
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(2) Imaging technology method of ambient noise data  

The most challenging task for microseismic data processing is how to use and 
deal with continuous noise data. In reality, those data are not able to utilize. In 
general, the volume of such noise data is more than 99 percent of total data. 
Figure 2 for example shows so-called “area of undetected events” due to the 
signal-to-noise ratio and sensor sensitivity. If the technology can identify and 
extract the information from those 90 percent of non-utilized data, this will be 
the game changer of hydraulic fracturing map. We would like to request a 
potential Research Collaborator to propose a new technique and see the 
complete hydraulic fracturing map. 
 

 
Fig 2. Distance vs Magnitude plot. Green elliptical shape represents area of 
undetected events (Rutledge et al., 2004) 
.  

(3) Microseismic Detection method with machine learning 
Conventional event detection method (STA/LTA or template matching) is very 
useful for large microseismic events while a large number of very small signals 
can be tracked. Therefore, machine learning (i.e. Convolutional neural network) 
is used to transform waveform segmentation so that tiny microseismic is able to 
detect through attribute humans never find. For example, Machine learning 
techniques (i.e. Perol, et al., 2018 and Shan et al 2019) might be able to solve 
these problems. Therefore, we would like to request a potential Research 
Collaborator to implement machine learning capability.   
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(4) Velocity model optimization with geophysical inversion and machine 

learning 
The location uncertainty of microseismic controls several factors such as arrival-

time reading accuracy and velocity models etc. The issue of arrival-time reading will 
be mitigated by Project (1). Now, we tackle down the velocity model as well.  
Initial microseismic was located with 2-D layered anisotropy models. Even though, 

velocity model is optimized based on known locations, real velocity structure is 
complex. A problem we have is that the 2D optimized velocity model does not work 
fine for all microseismic events. This leads to be wrong interpretation and stimulated 
reservoir volume (SRV). In order to mitigate the issues, establishment of high 
resolution velocity model are one of candidates. High resolution velocity model using 
Full Waveform Inversion (FWI) is used for this research and development while 
missing low-frequency information due to the inherent cycle skip is hugely effected 
on accuracy of velocity model for FWI. Machine learning (i.e. Convolutional neural 
network) might be able to extrapolate missing low frequency information 
automatically. Moreover, we will consider new trial whether machine learning (i.e. 
Generative Adversarial Network) is able to optimize the velocity model or not. 

We would like to request a potential Research Collaborator to conduct the 
feasibility test for the following two topics.  
 Velocity model optimization through Full-waveform inversion (update the 

anisotropy parameter if required)  
 Trial of Deep learning driven velocity model building 
 Trial of Generative Adversarial Network driven velocity model 

optimization 
 
- Phase 2 (2021FY):  
In the first step, machine learning analysis (e.g., Regression Analysis) is applied 
to the production data and the estimated fractured area by applying the new 
imaging technique to continuous microseismic data. Regression Analysis will be 
helpful to find correlation and establish the prediction model. In the second step, 
we expect to understand what causes to increase or decrease productivity through 
combination of factors with adding numerous parameters (i.e. geological drilling 
information). Development of new algorithm which enables us to automatically find 
several regularities with parameter for big data and also automatically choose 
regularity based on data pattern is considered. 
 
- Phase 3 (2022FY):  
In phases 1 and 2, all analyses and results would be accessible and usable by only 
experts, and it is very difficult to handle for non-experts. Therefore, we plan to 
develop software (i.e. real-time processing of microseismic with the novel method 
and optimization of regression model) not only user-friendly interface but also 
intuitive to use anyone with digitalized technology. 
Established model needs to be high versatility and we will plan to use future 
unconventional project data to refine the models through transfer learning.   
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2. Information of Data for the Project 
Hydraulic fracturing stimulation from four horizontal wells was conducted (Figure 
3). Each well was drilled in the same stratigraphic interval. Both outside wells (Well 
A and D) were stimulated first (First pair) in a zipper manner before inside wells 
(Well B and C) is started (Second pair). Microseismic is monitored during hydraulic 
fracturing with 3 different positions of geophone array configuration. Half of the first 
pair is monitored through two sets of horizontal array while latter half is mixed with 
horizontal and vertical array in Well C. Second pair is all monitored through vertical 
array in Well D. Well C has a permanently installed fiber optic cable, which monitored 
the completion while cluster spacing and cluster count were cemented behind the 
casing. Due to the configuration of array setting, toe stages from four wells in this 
project are out of microseismic detection range. Therefore, the number of 
microseismic is low and location accuracy is questionable. The map is incomplete 
so that we are looking for research collaborator to fill in the gap. 
The information will be disclosed after the contract is signed due to the highly 
confidential data. 
 
List of Data availability 

 Microseismic 
 Geophone array : (2TB) 
 Distributed Acoustic Sensing (DAS) : (120 TB)  

 Target stages:  JOGMEC and potential Research Collaborator will 
discuss with target stages after the contact is done. 

 Data format  
 Geophone is SEG-D 
 DAS is SEGY 
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Figure 3. Geometry of four horizontal well (map view). 
3. Deliverable 

The following items are specified as deliverables. Submission with electronic 
media is allowed. 

3.1. Presentation 
Research Collaborator shall give a mid and final presentation of results to 
JOGMEC in every phase. Both mid and final presentation will be held via web 
meeting due to the COVID-19 situation in 2020FY. JOGMEC will organize the 1 
(one) day meeting for both presentations. The final presentation shall set 
beginning of the last month of the contract. The presentation materials of the 
meeting shall be submitted to JOGMEC at least one week before the presentation 
meeting.  
 

3.2. Report 
 
(1) Presentation materials used by each meeting 
(2) Progress reports in every three month (work report):*phase 2 and later. 
(3) Final report 

The final report shall be submitted no later than the end of the contract. 
The final report will be finalized after the final presentation and JOGMEC 
review/feedback. 

-   Digital file: 2 copies of CD (s) or DVD (s) 
(4) The digital data generated from the Project (location of microseismic data, 

velocity model, etc.) 
(5) Software, code, or algorithm 

Any software, code, or algorithm established from this report will be 
submitted to JOGMEC. Research Collaborator shall help to install and run it. 

 Other information including brief summary of emails or word docments will 
submit to JOGMEC at any time when nessary. 
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