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ENTRUSTED RESEARCH PROJECT ENTITLED 

“PHYSICAL MECHANISM BASED NUMERICAL SIIMULATION OF CRACK 

PROPAGATION IN ROCK” (2020－2022) 
 

SPECIFICATION 

 

27, April, 2020 

Technology Department, Oil & Gas Upstream Technology Unit 

Japan Oil, Gas and Metals National Corporation (JOGMEC) 

 

 

1. Background and Objectives 

 

Crack propagation in rock is of great importance in applications such as geological waste disposal 

or energy storage, geothermal resources, CCUS (Carbon Capture, Utilization and Storage) and 

unconventional resources development. JOGMEC have been carrying out investigations on the 

physical mechanisms to understand crack propagation in rock through collaborative studies with 

industrial as well as academic research partners. One of the significant findings from our studies is 

that crack propagation takes place in very complex pathways depending on the presence of defects 

(e.g. natural fractures or bedding layers), the heterogeneity, or the loading condition. Given the 

recent advancements through such efforts, JOGMEC would wish to expand the study scope to 

development of a numerical simulator as theoretical bases still lack in our predictive capabilities in 

order to provide effective development plans in practice.  

For the numerical simulation of complex crack propagation in rock formations, numerous 

approaches have been proposed including extended/general finite element methods, peridynamics, or 

phase-field models. These physics based simulation methods are appealing since they can provide 

structural explanations of the physical mechanism when cracks are propagating in rock.  

According to the above mentioned backgrounds, JOGMEC invites 3-year (FY2020－2022) 

research proposals for physical mechanism based numerical simulation of crack propagation in rock. 

The main objectives of this research are to consider the effectiveness of the simulation method on 

the prediction of laboratory experiments and field scale observation, and accelerate the activities and 

ensure the safety of geological resource development.  
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2. Scope of Work 

 

2.1. Introduction of a simulator 

Introduce a simulator based on the physical mechanism for theoretically simulating the hydraulic 

fracturing and assess the effectiveness of simulator with JOGMEC. JOGMEC will individually 

prepare a computer for this research.  

・ Propose a simulator which should be introduced in this research. 

・ Present the required computer resources and estimated computation time. 

・ Present the applicability of simulator for complex crack propagation in tight rock formation. 

 

2.2.  Consideration of crack propagation by fluid force 

Using the introduced simulator, consider crack propagation in rock by hydraulic force. JOGMEC 

will provide datasets of the laboratory experiments using rock specimen (Figure 1 show one example.) 

which include acoustic emission.  

・ Present how to consider the actual phenomena of three dimensional crack propagation by injecting 

water into rock. 

・ Present how to consider the action and reaction between crack propagation by water pressure and 

heterogeneity of the rock properties (e.g. mineral, bedding layer, natural fracture etc.).  

・ Present how to generate the acoustic emission during the hydraulic fracturing in the numerical 

simulation. 

・ Present how to upscale the numerical simulation from laboratory to real field scale. 

・ Show the 3-year research schedule which satisfies the four research issues above.  

 

3. Annual Report, Presentation and Deliverables 

 

3.1. Annual Presentation 

An annual presentation will be held privately for JOGMEC. (Tentatively Marchs of 2021, 2022 

and 2023. Date and place to be discussed with JOGMEC.)  

 

3.2. Installation of the developed simulator into the computer of JOGMEC. 

 

3.3. Deliverables 

・ Annual report: two bookbinding versions and a set of digital files 

(Document File shall be formatted by Microsoft Word, Excel or PowerPoint. It is written in 

English.) 

・ Abstract of annual report: two printed versions and a set of digital files 
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(Document File shall be formatted by Microsoft Word, written in English, and basically four 

pages.) 

・ Presentation materials: a set of digital files 

(Presentation File shall be formatted by Microsoft PowerPoint, and written in English.) 

・ Digital files shall be submitted by CD or DVD. 

 

4. Required qualification for participation 

 

4.1 Basic requirements 

・ Your organization shall not fall under “Article 3 – Non-qualified person or entity for bidding” of 

“The Public Announcement on the qualifications for participating in the tendering procedures” 

by JOGMEC. 

・ Your organization shall not currently be under suspension of nomination as a contractor by 

JOGMEC. 

・ If your organization is registered in Japan, your organization must have governmental 

qualification; A, B or C rank in “Service” of Reiwa 01・02・03FY (FY2019, 2020 and 2021) 

“Zenshocho Toitsu Shikaku”. 

 

4.2 Technical requirements 

・ Research representative shall be the first author of one or more published papers and have two 

or more published papers including co-author cases. Moreover, these papers shall be 

corresponding to this research theme. 

・ Full-time person shall be assigned to this research and must hold a degree of bachelor of science 

or engineering or higher. 

 

5. Term 

 

From the date of contract (Tentative schedule is in June or July, 2020.) to 31 March, 2023. 

 

6. Budget 

 

Total budget of the first fiscal year (FY2020) for the research is below JPY 10,000,000. Budget of 

second and third fiscal years (FY2021 and 2022) will be decided based on the research proposal for 

each year and the research result of previous year. All costs of the Research, business trip and taxes 

are included to the budget. (The total budget shows the upper limit. The proposed cost is considered 

for evaluation.) 
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Figure 1: Schematic illustration of rock specimen (one example). Diameter and height of the 

specimen are approximately 60 mm and 120 mm respectively. (a) Cylindrical rock specimen is 

prepared with a cylindrical hole at the center with the diameter of approximately 5 mm, (b) the 

middle section of the rock specimen with cracks induced by hydraulic force in the experiment of 

hydraulic, and (c) a thin section of the rock specimen in which rock minerals and crack are visible.  

 

 

― End of File － 


