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Overview 

 
Texas A&M University - Corpus Christi held the 11th International Workshop on Methane 

Hydrate Research and Development, in Corpus Christi TX during December 6-8, 2017. The 1st 

International Workshop on Methane Hydrate R&D was held in March 2001 in Honolulu, 

Hawaii. Subsequent workshops have been held, on average, every 1.5 years in different countries 

including the U.S., Chile, Canada, U.K., Norway, New Zealand, Japan, and India. This workshop 

was created so hydrate researchers and stakeholders could freely exchange information and 

identify research priorities in an effort to promote collaboration field and laboratory international 

collaborations. 

The main focuses of this workshop were: 

1) Gas Hydrate Energy: exploration, production, and economics; 

2) Methane and Climate Change: Arctic, Antarctic and regions in between; 

3) Natural and anthropogenic warming contributions to coastal and industrial platform stability; 

4) Carbon dioxide injection for methane acquisition and sequestration. 

Plenary lectures, oral presentations and posters, and breakout sessions were held during the 

workshop. 

The past ten workshops have been co-organized by Professors Bjørn Kvamme (University of 

Bergen), Tsutomu Uchida (Hokkaido University), Stephen Masutani (University of Hawaii), Dr. 

Norio Tenma, (AIST) and Richard Coffin (TAMU-CC). Participant countries at the conference, in 

addition to the U.S., typically includes Canada, the United Kingdom, Norway, New Zealand, 

Japan, India and Chile, among twenty others. Previous workshops have been held in the US, 

Japan, India, Canada, Chile, New Zealand, Scotland, and Norway. With this strong international 

focus topics addressed include new energy, climate change, and coastal and industrial platform 

stability.  With this workshop held in Texas there is special interest because of the deposits of 

frozen methane under the Gulf of Mexico that have potential to increase the world’s energy 

supply and contribute to long-term energy security. It is estimated that there are 7,000 trillion 

cubic feet of methane in the Gulf of Mexico in reservoirs near the seafloor. 
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Workshop Agenda 

 

Tuesday, 5 December Registration and Mix and Mingle 

OMNI 2nd Floor 4:00PM-8:00PM 

Wednesday, 6 December 
TIME  

7:30AM-8:15AM 

Nueces B 
Breakfast  

 SESSION SPEAKERS 

 

 

 

 

 

 

 

 

8:15AM-10:00AM 

Nueces A 

Introductions 

& 

Key Note Speakers 

 

Chair: Prof. Bjørn 

Kvamme 

•  8:15 – 8:30, Overview:  

Prof. Richard Coffin, TAMU-CC  

 

• 8:30 – 8:40, Welcome to TAMU-CC:  

President Kelly M. Quintanilla, TAMU-CC 

 

• 8:40 – 8:50, College of Science and Engineering: 

Dean Frank Pezold, CSE TAMU-CC 

 

• 8:50 – 9:00, 10th IMHRD Overview:  

Prof. Stephen Masutani 

University of Hawaii, HNEI 

 

• 9:00 – 10:00, Key Note Speaker:  

Dr. Marianne Walck 

VP Emeritus Sandia National Laboratory 

“Energy Research and Development:  View from the 

DOE National Laboratories” 

10:00AM-10:20AM 

Foyer 
Coffee Break 

 

 

 

10:20PM-12:20PM 

Nueces A 

National Reviews 

 

Chair: Prof. Tsutomu 

Uchida 

 

 

• 10:20 – 11:05, United States:  

Mr. Jared Ciferno, US Department of Energy – National 

Energy Technology Laboratory, “An Overview of US 

DOE Gas Hydrate Research and Development” 

 

• 11:05 – 12:20, China:  

Dr. Zhou Shouwei and Dr. Li Qingping – China 

National Offshore Oil Corporation –  “Achievement 

Report of solid-state  fluidization production test of 

Deep-sea Natural Gas Hydrate in China” 

 

Prof. Wang Guorong, Southwest Petroleum University – 

“Non Diagenesis Nature Gas Hydrate Production by 

Solid Fluidization” 
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1:20PM – 3:10PM 

Nueces A 

 

Research Presentations 

 

 

 

 

 

 

 

Chair:  

Prof. Richard Coffin 

 

 

• 1:20 – 1:50 

Prof. Bjørn Kvamme, University of Bergen – “Modeling 

CH4/CO2 exchange on reservoir scale” 

 

• 1:50 – 2:10 

Dr. Kelly Rose, NETL Albany, DOE – “A Methodology 

for Evaluating Offshore Carbon Storage Potential” 

 

• 2:10 – 2:30 

Assoc. Prof. Geir Ersland, University of Bergen – “Pore-

to-Core Imaging of Hydrate Formation and Dissociation 

Patterns” 

 

• 2:30 – 2:50  

Prof. Yoshihiro Konno, University of Tokyo – 

“Enhancement of Gas Hydrate Reservoir Performance by 

Deep Depressurization below the Quadruple Point” 

 

• 2:50 – 3:10 

Mr. Zhenyuan Yin, National University of Singapore – 

“Calibration and validation of a numerical model against 

experimental data of methane hydrate formation and 

dissociation in a sandy porous medium” 

 

3:10PM-4:10PM 

Foyer 
Poster Session and Coffee Break 

BREAKOUT SESSIONS 

 

 

4:10PM-5:40PM 

Nueces A 

 

Chair:  

Prof. Bjørn Kvamme 

 

Rapporteur:  

Prof. Na Wei 

 

 

Laboratory Experimentation: 

1) Limitations on experimentation relative to the 

environment. 

 

2) Mineral/hydrate/ 

Fluid interactions focus on porous non steady stat 

conditions 

 

 

4:10PM-5:40PM 

Laguna Madre 

 

 

Chair:  

Prof. Joo Yong Lee 

 

Rapporteur:  

Mr. Zhenyuan Yin 

 

 

 

Gas Hydrate Related Modelling: Load Predictions, 

Coastal - Platform Stability, Environmental Safety  

 

6:30PM Bus to Aquarium 

 

7:00PM 

 

Corpus Christi Aquarium Cocktails and Dinner   

 

  



8 

 

Thursday, 7 December 

TIME 

 

 

 

SESSION CHAIR 

 

7:30AM-8:15AM 

Nueces B 
Breakfast 

 

 

8:15AM-9:45AM 

Nueces A 

National Reviews • 8:15 – 9:00, Japan: 

Dr. Norio Tenma 

AIST, Tokyo, Japan 

“Recent Status of Methane Hydrate R&D Program in 

Japan” 

 

• 9:00 – 9:45, Korea:  

Dr. Joo Yong Lee 

KIGAM, South Korea 

“The National Report on Gas Hydrate R&D Program in 

Korea” 

 

 

 

 

 

 

 

 

9:45AM-10:55AM 

Nueces A 

 

Research Presentations 

 

 

 

 

Chair:  

Dr. Norio Tenma 

 

 

• 9:45 – 10:15 

Prof. Jurgen Mienert, University of Tromsø – “4D 

Seismics and Ocean Observatories in Arctic Gas Hydrate 

Research”  

 

• 10:15 – 10:35 

Dr. Xin Lu, China National Offshore Oil Corporation – 

“Experimental study on the effective thermal 

conductivity of pressure-tight sampling corer natural gas 

hydrate samples of South China Sea”  CANCELLED 

 

• 10:35 – 10:55 

Prof. Na Wei, Southwest Petroleum University –  

“The first solid fluidization exploitation experimental 

system of marine natural gas hydrate in the world” 

10:55AM-11:10AM 

Foyer 

Coffee 
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11:10AM-12:30PM 

Nueces A 

 

 

Research Presentations 

 

 

 

 

Chair:  

Prof. Stephen Masutani 

• 11:10 – 11:30 

Prof. Bjørn Kvamme, University of Bergen – ” Natural 

gas hydrates - a substantial non-equilibrium 

challenge” 

 

• 11:30 – 11:50 
Prof. Subbarao Yelisetti – Texas A&M University 

Kingsville – “Gas hydrate role in coastal slope failure” 

 

• 11:50 – 12:10 

Prof. Lin Zhong, Southwest Petroleum University 

“Technology Status of Mining Guide Device of Natural 

Gas Hydrate in Seabed Shallow Layer” 

 

• 12:10 – 12:30 

Prof. Yang Tang, Southwest Petroleum University 

“Feasibility Research on a Purification Technology of 

Natural Gas-hydrate Slurry by Sand Removal based on 

Hydrocyclone Separation” 

12:30PM – 1:30 PM 

Nueces B 

Lunch 

 

 

 

 

 

 

 

1:30PM-3:10PM 

Nueces A 

  

Research Presentations 

 

 

 

 

 

 

 

 

 

 

Chair:  

Prof. Stephen Masutani 

 

• 1:30 – 1:50 

Prof. Richard Coffin, Texas A&M University – Corpus 

Christi – “Geochemical Assessment of Coastal Gas 

Hydrate Loading off the Coast of New Zealand” 

 

• 1:50 – 2:10 

Prof. Brandi Reese, Texas A&M University – Corpus 

Christi – “Organic matter mineralization pathways in 

Baltic Sea Basin sediments revealed through DNA and 

RNA sequencing” 

 

• 2:10 – 2:30 

Prof. Joseph Smith, US Naval Academy – “Factors 

Influencing Spatial Variability in Late Summer Methane 

Fluxes from the North Slope of Alaska”  
 

• 2:30 – 2:50 

Prof. Lin Zhang, Texas A&M University – Corpus 

Christi – “Examining the relationship between trophic 

status and methane production pathways in Alaskan 

peatlands using stable isotopes and molecular 

techniques” 

 

• 2:50 – 3:10 

Prof. Hussain Abdulla, Texas A&M University – Corpus 

Christi – “Accumulation of deaminated peptides in 

anoxic sediment of Santa Barbara Basin” 

3:10PM-4:10PM 

Foyer 

Poster Session and Coffee Coffee 

BREAKOUT SESSIONS 
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4:10PM-5:40PM 

Nueces A 

Chair:  

Prof. Subbarao Yelisetti 

 

Rapporteur:  

Ms. Hao Yu 

 

 

 

Gas Hydrate Deep Drilling: Technology, Recent Data 

 

 

4:10PM-5:40PM 

Laguna Madre 

Chair:  

Dr. Kelly Rose 

 

Rapporteur:  

Dr. Xin Lu 

 

 

 

 

Carbon Sequestration Related to Gas Hydrate Mining: 

Platform Stability, Environmental Safety vs. Impact, CO2 

Residence Time 

 

6:40PM 

 
Bus to TAMU-CC 

 

7:00PM 

 

TAMU-CC Cocktails and Dinner 
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Friday, 8 December 
TIME  

7:30AM-8:30AM 

Nueces B 
Breakfast 

 BREAKOUT SESSIONS 

 

 

8:30AM-10:00AM 

Nueces A 

Chair:  

Prof. Richard Coffin 

 

Rapporteur:  

Mr. Sajjad 

Abdullajintakam 

 

Initial Site Assessment: Seismic and Geochemical 

Evaluation, Recent Data (Positive and Negative), 

Additional Approaches.   

 

 

 

8:30AM-10:00AM 

Laguna Madre 

Chair:  

Prof. Brandi Reese 

 

Rapporteur:  

Prof. Joseph Smith 

 

 

Biogeochemical Assessments of Gas Hydrate Loading 

and Monitoring Environmental Health 

10:00AM–11:00AM 

Foyer 
Coffee Break 

 

 

11:00AM-12:00PM 

Nueces A 

Chair:  

Prof. Tsutomu Uchida 

 

Rapporteur:  

Ms. Jenna Cooper 

Summary of Sessions 

 

 

12:00PM-1:00PM 

Nueces A 

Chair:  

Prof. Richard Coffin 

 

Rapporteur:  

Prof. Bjørn Kvamme 

 

Closing Remarks 
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KEYNOTE SPEAKER 

 

 

 

 

 

 

 

 

 

 
 

Energy Research and Development:  View from the National Laboratories 
 

Marianne C Walck, PhD 

Vice President Emeritus 

Sandia National Laboratories Energy and Climate Programs 

 

The United States consistently delivers a reliable supply of abundant, inexpensive energy to 

consumers, and while carbon-intensity has declined over time, many challenges remain.  More 

than 80% of US energy is still derived from carbon-based subsurface sources:  oil, gas, and coal.  

Recent advances in producing hydrocarbons directly from shale have dramatically reduced natural 

gas prices, resulting in a marked increase of natural gas usage in electricity production, and a 

corresponding decrease in coal use.  Renewable energy sources for electricity generation and 

transportation are increasing, but remain a small part of the overall energy equation.  Low-carbon 

electricity from nuclear power faces an uncertain future due to low natural gas prices, high capital 

costs, and the need for a clear path for nuclear waste storage and disposal.  The changing climate 

and challenges in water supply and quality provide additional complexity for the future energy 

system. 

 

The presentation discusses numerous challenges that face the future of electric power and 

transportation in the nation, and how collaborative research and development conducted in the US 

Department of Energy national laboratory system provides technologies for efficient and effective 

energy generation, use, and storage. Specific examples include carbon sequestration, 

nanotechnologies, batteries, combustion modeling, earth system simulation, biomass 

deconstruction, wave energy conversion, and solar receivers. 
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Methane Hydrates as a Potential Natural Gas Energy Resource: DOE’s Research and 

Development Strategy for Success 

 

Jared Ciferno (National Energy Technology Laboratory; jared.ciferno@netl.doe.gov) 

 

Summary/Conclusions 

A portfolio of research projects is delivering new findings focused on developing a better 

understanding of the nature and occurrence of gas hydrates within the United States, the 

technologies that can achieve production of natural gas from gas hydrates and the role of gas 

hydrates in environmental and safety-related dynamics. The Department of Energy’s (DOE) 

National Energy Technology Laboratory (NETL) Gas Hydrates R&D Program includes recently 

completed and ongoing research projects. These projects are building on a history of important 

research efforts that have helped to more accurately quantify the global gas hydrate resource, test 

practical methods for identifying hydrate in the subsurface, understand the physical processes at 

work during hydrate formation and dissociation, and model gas production from gas hydrate 

accumulations in arctic and deepwater marine shelf environments.  

Background 

Methane hydrate represents a potentially vast natural gas resource for the United States and the 

world. Once thought to be rare in nature, gas hydrates are now known to occur in great abundance 

in association with arctic permafrost and in the shallow sediments of the deep-water continental 

shelves. The most recent estimates of gas hydrate abundance suggest that they contain more organic 

carbon than all of the world’s oil, gas, and coal combined. 

In 1982, the United States launched a national R&D program dedicated to the study of naturally 

occurring methane hydrate. During the first phase of this program, from 1982-1992, the United 

States carried out research on the physical and chemical properties of methane hydrate, and the 

United States Geological Survey (USGS) focused on characterizing sub-permafrost hydrate trends 

on the North Slope of Alaska. 

Renewed interest in methane hydrate as a potential energy source resulted in the DOE Methane 

Hydrates R&D Program, a reinvigorated national program in the U.S. that was launched in 1998 

and continues to the present day. Since 2009, more than 50 different projects under have received 

funding under this program of roughly $160 million, including both government and non-

government costs. The bulk of the funding supports field and laboratory programs conducted 

through partnerships with industry and academia and supported by work conducted with DOE’s 

national laboratories and collaborating federal agencies. 

Aims 

The mission of the NETL-managed DOE Methane Hydrates R&D Program is to collaborate 

nationally and internationally to advance the scientific understanding of naturally occurring gas 

hydrates. This discussion will review the technical, economic, and environmental challenges 

associated with natural gas production via methane hydrates and DOE’s role in addressing these 

challenges. 

Methods 

DOE’s research program relies on partnerships among national labs, federal agencies such as the 

USGS, academic research universities, technology providers, and natural gas producers to 

implement cost shared projects to address research needs identified by consensus. Primary R&D 

needs in recent years have been (1) to provide an accurate assessment of the nature and occurrence 

of gas hydrates within the United States; (2) to identify, refine, and demonstrate technologies that 

can achieve production of natural gas from gas hydrates in an economically-viable and 

environmentally-responsible manner; and (3) to determine and effectively communicate the role of 

gas hydrates in environmental and safety-related dynamics, chiefly in the natural sequestration and 

mailto:jared.ciferno@netl.doe.gov
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cycling of carbon over a range of time scales, including potential short-term responses to global 

climate change, and in natural and operational geohazards. 

Over the past fifteen or so years, the DOE Methane Hydrates R&D Program has been based on 

near-term (2020) and longer-term (2025–2030) goals for these three focus areas. Near-term goals 

representing intermediate steps toward the long-term goals are discussed in the following sections. 

Specific efforts currently underway to answer the identified science and technology questions 

include (1) development of tools for reliable marine gas hydrate sampling and analysis; (2) 

integrated geologic/geophysical characterization methodologies to enable pre-drill assessments of 

natural gas hydrate systems; (3) development of exploration technologies; (4) development of 

production technologies; (5) determination of gas hydrate’s implications for long-term global 

carbon cycling and potential near-term feedbacks to ongoing climate change; and (6) development 

and demonstration of effective numerical simulation tools to enable the effective design and 

interpretation of field data related to both production and environmental implications.  

Selected Results (to date, research is ongoing) 

Key accomplishments of the research program to date include: 

• Characterization of potential testing sites on the Alaska North Slope, including drilling and 

evaluation at the Ignik Sikumi test site in 2011, and a three-month production trial of CO2–

CH4 exchange technology in early 2012. 

• Confirmation of the ability to reliably detect and characterize gas hydrate accumulations 

prior to drilling. 

• Confirmation of the occurrence of resource-quality gas hydrate accumulations in the Gulf 

of Mexico. 

• Acquisition of data in Alaska that enabled the first quantification of technically-recoverable 

resource volumes from gas hydrates. 

• Development of new tools for measuring physical properties of gas hydrate-bearing 

sediment samples in the field. 

• Expansion of numerical modeling capability to enable the first simulations of field-scale 

production, geomechanical stability of hydrate-bearing sediment, and gas hydrate-climate 

interaction. 

During fiscal year (FY) 2016, six new R&D projects were awarded. University partners in these 6 

projects are currently working with DOE to: 

• Advance understanding of the environmental implications that methane leaking from 

dissociating gas hydrates could have on the ocean-atmosphere system.  

• Conducting a laboratory investigation of the dynamic petrophysical attributes of gas 

hydrate-bearing sands in response to pressure reduction at the macro- and micro-scale. 

• Conducting a laboratory evaluation of the migration of fine-grained particles during gas 

production from hydrate-bearing sediments. 

• Studying the fate of methane in water columns where hydrate shells form around methane 

bubbles in a process called hydrate bubble armoring, helping to clarify hydrate’s role in the 

global natural environment.  

• Assessing controlled source electromagnetic (CSEM) technologies for locating marine 

hydrate deposits. 

• Advancing the capabilities of a leading integrated model for hydrate system behavior, 

improving simulation capabilities useful in assessing and predicting production-related 

performance of hydrate deposits.  
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Recent Status of Methane Hydrate R&D Program in Japan 
 

Dr. Norio Tenma – AIST, Tokyo, Japan 

 

Methane Hydrate (MH) exists as a solid in permafrost or marine sediment in the condition of high 

pressure and low temperatures. As MH dissociates a gas and water by depressurization or heating, 

new natural gas resources are expected. As MH exists around offshore Japan, “Research 

Consortium for Methane Hydrate Resources in Japan” (also known as MH21) was established in 

FY2001, “Japan’s Methane Hydrate R&D Program” have been conducted from FY2001(1).  

 

The 2nd off-shore production test (Gas production test) was conducted in Daini-Atsumi Knoll, the 

eastern Nankai Trough from April to July, 2017 (2).   

The purpose of this test were 1) aiming to solve a problem caused by sand production and 

gas/water separation at the first off-shore production test, and 2) to confirm the increase in gas 

production rates during the production test. In the test, two production wells were used to apply 

two type of sand management device. And, total amount of gas production from first well was 

about 40,850 m3 in 12 days, and second production well was 222,587 m3 in 24 days (3). Data 

analysis and evaluation are in progress by MH21 Research Consortium. 

 

Also, MH21 started an assessment of the Shallow type MH in 2010. Especially for 3 years during 

2013 through 2015, we conducted an intensive exploration of Shallow type MH in Japan Sea. 

Based on the data from these surveys, amount of shallow methane hydrate resources at one 

specific mound in Joetsu was estimated (4). 
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The National Report on Gas Hydrate R&D Program in Korea 

 

Joo Yong Lee1 

 
1Korea Institute of Geoscience and Mineral Resources, Korea 
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Abstract 
The research on gas hydrates in Korea mainly focuses the hydrates as new energy resources. The Korean 

government has launched Gas Hydrate Development program in 2005, and studies on gas hydrates in various 

research areas have been performed ever since. The Korean National Gas Hydrate R&D Program is managed 

by the Korea Gas Hydrate R&D Organization and funded by the Ministry of Trade, Industry, and Energy.  

The program is conducted by a consortium of Korea Institute of Geoscience and Mineral Resources, the 

Korea National Oil Corporation, and the Korea Gas Corporation. 

 

The research includes assessing the distribution of hydrates in the Ulleung Basin, developing resource 

assessment technique for both pore-filling hydrate-bearing sand deposits and grain-displacing hydrate-

bearing mud deposits, establishing geologic models for hydrate reservoirs, characterizing physical properties 

of hydrate-bearing sediments, developing production technology, and designing production system. During 

the phase 1 (2005~2007), detailed 2D and 3D seismic survey are continued and identified specific target 

area for comprehensive explorations including drilling expeditions, focusing on BSR, seismic chimney 

structures, acoustic blanking zones, enhanced reflection, and gas seepage area. The first deep drilling 

expedition, UBGH01 was performed in 2007. During the phase 2(2008~2011), The second deep drilling 

expedition was performed in 2010, aiming locating potential field test sites in the Ulleung Basin. In the phase 

3 (2012~2019), the main goal is establishing optimal design of test production by expanding filed 

applicability of gas hydrate production technique. Also, studies on grain-displacing hydrate-bearing deposits 

have been initiated, including classification and mapping of chimney structures in the Ulleung Basin.  

 

 
  



45 

 

    
 

   
 

   
 

   
 



46 

 

   
 

    
 

  
 

   
 



47 

 

    
 

   
 

   
 

  



48 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

RESEARCH PRESENTATIONS 



49 

 

Natural gas hydrates - a substantial non-equilibrium challenge   

 

 

Dr. Bjørn Kvamme Department of Physics and Technology, University of Bergen, Norway  

 Bjorn.kvamme@uib.no  

 

 ABSTRACT 

  

 The amount of natural gas trapped in the form of hydrate is huge and might exceed all known 

conventional sources of fossil fuels by a factor of two. Most of these hydrate structure were formed from 

biogenic hydrocarbon sources and as such almost pure methane hydrate. There are several possible ways to 

produce these hydrates. Pressure reduction and various ways of thermal stimulation has dominated the 

research focus. A fundamental challenge related to any strategy for hydrate utilization is that these 

hydrates in porous media can never reach thermodynamic equilibrium. This is a consequence of the 

number of active phases compared to the number of active components that contribute to hydrate phase 

transitions. Even in the simplest case of only methane and water it is well known that only one 

independent thermodynamic property can be defined for the system to reach equilibrium. Adding more 

hydrocarbons, or other hydrate formers, to the system does not make it easier to reach equilibrium since a 

variation of hydrates can be formed. The combined first and second laws of thermodynamics will control 

the system so that the most stable hydrate will form first, under constraints of mass and heat transport. 

Subsequently a theoretically infinite number of hydrate phases of varying composition will form. Since 

both temperature and pressure always is locally defined in a sediment structure containing hydrate the 

system is over determined in mathematical language. Practically this implies that various phase transitions 

that leads to hydrate dissociation will compete with other phase transitions that leads to hydrate formation. 

This is a multi-scale problem that ranges from quantum mechanics related to mineral/fluid interactions, 

and corresponding structures and associate thermodynamic properties, all the way up to reservoir scale. 

Average atom partial charges on mineral surface are complex Quantum mechanics problem which depends 

on the surrounding fluids. There are two reasons that these mineral/fluid interactions are important for 

hydrate. Water structure towards most mineral surfaces shows extreme density features. As example there 

is theoretical and experimental evidence that density of the first water layer may be as much as three times 

liquid water density. The corresponding low water chemical potential makes it impossible for hydrate to 

directly attach to the mineral surfaces. But the water structures might trap molecules like methane and such 

lead to favorable hydrate nucleation. Hydrate phase transitions are nano-scale phenomena happening 

across a thin interface of roughly 1 – 1.5 nm. The mass transport process is diffusion. As such these phase 

transitions are within the volumetric scale that can be reached by molecular dynamics (MD) simulations 

although time scales are challenging. Speeding up the simulations by doing Monte Carlo (MC) potentially 

steps overrides the natural entropy development of the system. Another challenge is that the mass transport 

of the phase transition is related to a large reservoir outside which is controlled by hydrodynamics. And 

finally the whole fluid flow in sediment is described by Darcy’s law. Similar applies to associate heat 

transport on all levels. A multi-scale modeling strategy is described and various examples on different are 

used to illustrate various aspects of the non-equilibrium nature of hydrates in porous medium. Hydrate in 

porous media is a truly multi-disciplinary challenge that needs international collaboration across scientific 

disciplines.  
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A Methodology for Evaluation Offshore Carbon Storage Potential  

 

Dr. Kelly Rose, NETL Albany, DOE, Kelly.Rose@NETL.DOE.GOV 

 

Offshore carbon storage in geological reservoirs is one important option for storing carbon 

dioxide that would otherwise be emitted to the atmosphere as a result of anthropogenic activities. 

Effective carbon storage requires both safety and permanence.  One attractive National storage 

option includes subsurface geologic storage in offshore formations, similar to those that hold oil, 

gas, or brine. The major advantage of offshore storage is that it decreases the risk of leakage into 

fresh groundwater resources and minimizes the effects on human population centers. However, as 

with onshore storage options, there are many uncertainties surrounding offshore storage.  These 

include issues related to both safety and permanence. In this paper, we conduct a literature review 

of the current storage methodologies for onshore carbon storage in saline formations, and contrast 

the offshore and onshore characteristics of reservoirs that allow us to make recommendations 

about future work to support offshore storage estimates and research. We conclude with the 

suggestion that despite important differences between onshore and offshore systems, carbon can 

be stored safely and permanently in offshore saline geologic formations.  Furthermore, we 

propose development of a similar storage resource calculation for onshore and offshore systems.  

For our efforts we focus on the US-DOE-NETL advised methodology for calculating carbon 

storage resource estimates in saline formations. 
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Pore-to-Core Imaging of Hydrate formation and dissociation patterns 
 
Geir Ersland*, Stian Almenningen, Martin Fernø and Arne Graue 
 
Department of Physics and Technology, University of Bergen, Bergen, Norway 
 
*e-mail: Geir.Ersland@uib.no<mailto:Geir.Ersland@uib.no> 
 
We report on visualization of CO2 and CH4 gas hydrate formation and dissociation patterns within porous 
sandstone using MRI and micromodels with sandstone pore shapes and sizes. The effect of salinity and 
saturation is identified on both scales. Direct observations of hydrate phase transition patterns in pores 
using micromodels at reservoir conditions provides an improved understanding of sedimentary gas 
hydrate and how such system respond to pressure depletion and thermal stimulation. 
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Enhancement of Gas Hydrate Reservoir Performance by Deep Depressurization below the  

Quadruple Point  

 

Yoshihiro Konno1, Yusuke Jin2, Koya Akamine3, Motoyoshi Naiki3, and Norio Tenma2  

 
1The University of Tokyo  

 
2National Institute of Advanced Industrial Science and Technology (AIST)  

 
3Japan Oil Engineering Co., Ltd.  

  

Depressurization is a promising gas production method for sandy gas hydrate reservoirs; however, 

recovery factor is considered to be plateaued after the sensible heat of reservoir is exhausted. Heat supply 

is the only way to continue gas production from such low-temperature reservoirs. Although injection of 

heat carrier such as steam and hot water is effective, the energy profit ratio generally decreases due to the 

process of heat production.  To overcome these problems, we propose a new heat supply concept using the 

latent heat of ice formation. In this method, the bottom hole pressure is deeply depressurized below the 

quadruple point to form ice intentionally during hydrate dissociation. The latent heat of ice is expected to 

be used for hydrate dissociation and enhance gas recovery.  As a part of a Japanese national hydrate 

research program (MH21, funded by the Ministry of Economy, Trade, and Industry), we conducted 

laboratory experiments and numerical simulations to evaluate the effect of ice formation on gas 

productivity. It was found that depressurization-induced gas production can be accelerated by ice 

formation during hydrate dissociation at a pressure below the quadruple point.1 Laboratory experiments 

using a large scale vessel revealed that the recovery factor when applying this method was 65% which is a  

comparable level of conventional natural gas production.2 Based on these results, we conducted numerical 

simulations for hypothetical low-temperature reservoirs commonly observed in the arctic region to 

evaluate the applicability of this method in real fields. The simulation predicted that the acceleration of gas 

production can be achieved during 1 year production. It indicates that this method is a promising enhanced 

recovery for sandy gas hydrate reservoirs.  

  

References:  

1. Konno, Y., Uchiumi, T., Oyama, H., Jin, Y., Nagao, J., Masuda, Y., and Ouchi, H. (2012). Dissociation 

behavior of methane hydrate in sandy porous media below the quadruple  

point. Energy & Fuels, 26(7), 4310-4320.  

 

2. Konno, Y., Jin, Y., Shinjou, K., and Nagao, J. (2014). Experimental evaluation of the gas recovery 

factor of methane hydrate in sandy sediment. RSC Advances, 4(93), 51666 
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* Corresponding author.  
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Abstract 

Methane hydrates (MH) are known to trap enormous amounts of CH4 in oceanic and permafrost-

associated deposits, and are being considered as a potential future energy source.  

Several powerful numerical simulators were developed to describe the behavior of natural hydrate-

bearing sediments (HBS). The complexity and strong nonlinearities in HBS do not allow analytical 

solutions for code validation. The only reliable method to develop confidence in these models is 

through comparisons to laboratory and/or field experiments.   

 

The objective of this study is to reproduce numerically the results from earlier experiments of MH 

formation and depressurization (and the corresponding fluid production) in 1.0L reactor involving 

unconsolidated sand, thus validating and calibrating the TOUGH+Hydrate v1.5 simulator. We 

faithfully describe the reactor geometry and the experimental process that involves both hydrate 

formation and dissociation. We demonstrate that the laboratory experiments can only be captured 

by a kinetic hydration model. There is an excellent agreement between observations and predictions 

(a) of the cumulative gas depletion (during formation) and production (during dissociation) and (b) 

of pressure over time.  The temperature agreement is less satisfactory, and the deviations are 

attributed to the fixed locations of the limited number of sensors that cannot fully capture the 

hydrate heterogeneity.  We also predict the spatial distributions over time of the various phase (gas, 

aqueous and hydrate) saturations.  Thus, hydrates form preferentially along the outer boundary of 

the sand core, and the hydrate front moves inward leaving a significant portion of the sand at the 

center hydrate-free.  During depressurization, dissociation advances again inward from the reactor 

boundary to the center of the reactor. As expected, methane gas accumulates initially at the locations 

of most intense dissociation, and then gradually migrates to the upper section of the reactor because 

of buoyancy and of the pressure gradient caused by the pressure outlet.  Sensitivity analysis 

indicates that the composite thermal conductivity of the HBS and the kinetic parameters of the 

mailto:gjmoridis@lbl.gov
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hydration reaction are the dominant factors. The absolute permeability of the sand does not play a 

significant role in this small reactor.  
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4D Seismics and Ocean Observatories in Arctic Gas Hydrate Research Jurgen Mienert  

  

Centre for Arctic Gas Hydrate, Environment and Climate (CAGE) University of Tromso - The Arctic 

University of Norway  

We do apply high-resolution time lapse seismic studies that are integrated with seafloor observations to 

image and detect major changes in subseabed fluid migration and seabed-fluid release. Our 3D P-cable 

seismic system enables us to achieve high-resolution imaging of the sub seafloor while K-lander 

observatories detect and image gas releases from the seafloor. The big questions for such a study are: What 

monitoring is important to evaluate the development of pathways for fluids that may lead to gas blowouts 

from gas hydrate reservoirs? What monitoring is important to understand the evolution of benthic life in 

newly created cold seep environments of the Arctic? Seismic time-lapse monitoring has demonstrated 

already its great potential and societal relevance in the hydrocarbon industry. Here it is used to determine 

for example where the injected greenhouse gas CO2 is moving to within a CO2 storage site.  We study the 

vast amounts of the natural methane gas (CH4) stored under the Arctic Ocean floor often occurring as ice-

like, crystalline compounds called hydrates. These hydrates can consist of both hydrocarbon gases 

originating from thermogenic sources of hydrocarbon reservoirs deep below the ocean floor and/or from 

biogenic shallow sources. The Arctic holds vast undiscovered reserves of hydrates with mixtures of 

thermogenic and biogenic methane.   

  

Our comprehensive time-lapse (4D) seismic studies have the aim: to track fracture network developments 

and gas plume migration with the gas hydrate stability zone, and to demonstrate instabilities within the gas 

hydrate reservoir.  

  

Such a study can provide quantitative information to better understand detailed gas migration pathways, 

which may control the development of   gas chimneys and/or plumes in the reservoir and episodic gas 

release from the seabed into the ocean. 

 

 

  



80 

 

   
 

   
 

   
 

   
 

   
 



81 

 

   
 

   
 

   
 

   
 

   
 



82 

 

   
 

   
 

   
 

 
 

 
 



83 

 

   
 

   
 

   
 

   
 



84 

 

   
 

 

Dr. Xin Lu – China National Offshore Oil Corporation 

Experimental study on the effective thermal conductivity of pressure-tight sampling 

corer Natural gas hydrate samples of South China Sea 

 

Prof. Xin Lu 

CNOOC 

 

 
Gas hydrates are considered as a potential strategic energy source for sustainable 

development. Thermal properties of gas hydrate-bearing sediments directly govern the heat 

transfer process during hydrate decomposition which couples with phase transitions and 

multiphase flows. The effective thermal conductivity of a multiphase system represents the 

composite capacity to conduct heat. In May 2017, CNOOC relied on the Deepwater Engineering 

Survey vessel "HYSY 708" at the station of Liwan in the northern part of the South China Sea. 

Using fully self-developed technology, process and equipment, at the depth of 1310m and the 

depth of hydrate ore body was 117~196m, the world's first successful implementation of shallow 

non diagenetic hydrate solid fluidization well testing and production in ocean water, marking 

China's has made a historic breakthrough in the key technology of natural gas hydrate exploration 

and development with independent intellectual property rights. Basing on  the above condition 

and the sample of core by operation，here we report on point heat source measurements of the 

effective thermal conductivity of methane hydrate-bearing sediments through a thermistor-based 

method combining with X-ray CT observations. Methane hydrates were formed at different 

saturations, with various initial water contents, and in porous matrices simulated by grains with 

differing thermal conductivities. It is indicated that the effective thermal conductivity of 

sediments negatively correlated with the hydrate saturation, while an increase of initial water 

contents and thermal conductivity of grains has a positive impact on the elevation of the effective 

thermal conductivity. Moreover, the effective thermal conductivity was found to slightly increase 

with the proceeding of hydrate decomposition. Typical effective medium models were evaluated 

with the mea-surements of this study, and a hybrid fitting model combining three forms of self-

consistent models was proposed, with the optimal weighting parameters determined via the 

genetic algorithm. The effective prediction of the measurements in this work and results in 

literatures corroborates the feasibility of the model. This study could help in understanding the 

evolutions of sediment thermal properties during gas production and their effects on large-scale 

hydrate decomposition when expanded to field scale tests. 
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The first solid fluidization exploitation experimental system of marine natural gas hydrate in the world 

Abstract: The reserves of marine natural gas hydrate, one of the most potential unconventional energy sources 

after shale gas, coal seam gas and tight gas, are about 100 times as much as that of terrestrial frozen soil. In 

marine environment, most of the veins, bulk hydrates and hydrates in fine-grained sediments belong to non-

diagenetic natural gas hydrate, and there is no stable entrapment structure like conventional oil and gas fields and 

sandstone hydrate reservoirs. According to the physical characteristics and reservoir characteristics of marine 

non-diagenetic hydrate, Southwest Petroleum University innovatively proposes solid fluidization exploitation 

method, and establishes the first solid fluidization exploitation laboratory of marine natural gas hydrate in the 

world. The lab’s position is “fully automated white-collar laboratory”. The experimental system consists of rapid 

preparation and fragmentation of large samples, efficient pipe transportation, efficient separation and rapid 

detection modules and so on. The main functions of laboratory are rating of efficient rock breaking capacity, 

evaluation of rock carrying capacity in fluidization pilot exploitation of marine natural gas hydrate, evaluation of 

hydrate non-equilibrium decomposition and dynamic change laws of flow patterns, safe transportation of under 

different mining rates, and simulation of well control safety. The key technical indicators of laboratory are 12 

MPa pressure, 65 m horizontal pipe, 30 m vertical pipe, and 1 decimeter pipe diameter. The laboratory can 

simulate the whole process of solid fluidization exploitation with 1200 m water depth, which is a landmark 

laboratory of Southwest Petroleum University with original innovation, independent design, independent 

research and development. The establishment of this laboratory is of great significance to the development of 

global gas hydrate research. 

 
IN PLACE OF THE ORAL PRESENTATION A THOROUGH DESCRIPTION HAS BEEN 

INCLUDED 

 

The first solid fluidization exploitation experimental 

system of marine natural gas hydrate in the world 
Wei Na1  Zhou Shouwei1   Zhao Jinzhou1  Wu Kaisong1  Guo Ping1  Li Qingping3  Fu Qiang2  Gao Hang4   

1 State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation of Southwest Petroleum University, Sichuan, 

China;  

2 China National Offshore Oil Corporation, Beijing, China;  

3 CNOOC Research Institute, Beijing, China;  

4 Honghua Group, Sichuan, China. 

Abstract: The reserves of marine natural gas hydrate, one of the most potential unconventional energy sources after shale 

gas, coal seam gas and tight gas, are about 100 times as much as that of terrestrial frozen soil. In marine environment, most of 

the veins, bulk hydrates and hydrates in fine-grained sediments belong to non-diagenetic natural gas hydrate, and there is no 

stable entrapment structure like conventional oil and gas fields and sandstone hydrate reservoirs. According to the physical 

characteristics and reservoir characteristics of marine non-diagenetic hydrate, Southwest Petroleum University innovatively 

proposes solid fluidization exploitation method, and establishes the first solid fluidization exploitation laboratory of marine 

natural gas hydrate in the world. The lab’s position is “fully automated white-collar laboratory”. The experimental system 

consists of rapid preparation and fragmentation of large samples, efficient pipe transportation, efficient separation and rapid 

detection modules and so on. The main functions of laboratory are rating of efficient rock breaking capacity, evaluation of 

rock carrying capacity in fluidization pilot exploitation of marine natural gas hydrate, evaluation of hydrate non-equilibrium 

decomposition and dynamic change laws of flow patterns, safe transportation of under different mining rates, and simulation 

of well control safety. The key technical indicators of laboratory are 12 MPa pressure, 65 m horizontal pipe, 30 m vertical 

pipe, and 1 decimeter pipe diameter. The laboratory can simulate the whole process of solid fluidization exploitation with 

1200 m water depth, which is a landmark laboratory of Southwest Petroleum University with original innovation, 

independent design, independent research and development. The establishment of this laboratory is of great significance to 

the development of global gas hydrate research. 
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Introduction 

Natural gas hydrate, commonly known as “combustible ice”, is a kind of crystalloid “clathrate compound” 

formed by the interaction of methane and other hydrocarbon gases or volatile liquids with water, and it’s one of 

the most potential unconventional energy sources after shale gas, coal seam gas and tight gas [1,2]. Generally, we can 

obtain 164 m3 methane and 0.8 m3 water from the decomposition of natural gas hydrate per volume unit [3]. 

Natural gas hydrate is mainly distributed in terrestrial permafrost area and deep sea environment (referred to the 

definition of United States Geological Survey which is in short of USGS as water depth more than 1000 m in 

2008), the total amount of which reached 7.6×1018 m3, and the carbon content is 2 times as much as that of the 

proved fossil fuels [4] (including coal, oil and conventional natural gas etc.), of which the marine natural gas 

hydrate reserves are about 100 times as much as that of the land frozen soil [5], as shown in Figure 1 [6]. 

Therefore, the safe and efficient exploitation of natural gas hydrate, especially of natural gas hydrate in deep 

sea, is the frontier field of innovational technology in the world [7-10]. The United States, Canada, Germany 

and our neighbors such as Japan, India, South Korea and other countries have made long-term research program 

of natural gas hydrate [11]. Japan, Canada and the United States etc. conducted a short-term test of natural gas 

hydrate in the permafrost region of MARLIK, Canada in 2002 and 2008 and in the permafrost region of Alaska, 

USA in 2012. In March 2013, Japan successfully carried out the pilot exploitation of natural gas hydrate in its 

offshore waters. And China successfully tested the pilot exploitation of natural gas hydrate in Shenhu sea area, 

South China Sea in 2017 [12-17]. 

 
Figure 1. Distribution of natural gas hydrate resources in the world 

Existing forms of natural gas hydrate are mainly as follows [18-21]: ①sandstone reservoir, distributed in 

the rock intergranular pores of polar permafrost; ②sandstone reservoir, distributed in rock intergranular pores 

of seabed formation; ③Non sandstone reservoirs, filled with fractures in rock formations; ④Vein and bulk 

hydrate, accompanied by a small amount of sediment; ⑤hydrate, dispersed in a fine-grained sediment with 

pellets. According to the existing drilling core data and exploration geological data, different forms of hydrate 

are shown in Figure 2. 

 
Figure 2. Different forms of natural gas hydrate 

In marine environment, most of the veins, bulk hydrates and hydrates in fine-grained sediments belong to 

non-diagenetic natural gas hydrate, and there is no stable entrapment structure like conventional oil and gas 

fields and sandstone hydrate reservoirs. Moreover, there is no rock structure as a reservoir skeleton, the hydrate 

itself is the skeleton instead. Reservoir is unstable, the hydrate layer is easily decomposed by external 

influences, and the reservoir is easy to collapse and the decomposition of hydrate is hard to control. At the same 
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time, the decomposition of natural gas hydrate in the shallow sea will lead to instability of the seabed structure 

foundation, will cause the submarine slip and other potential engineering geological disasters, and will result in 

greenhouse effect and other environmental safety issues, as shown in Figure 3. Therefore, catastrophic 

accidents, potential geological hazards, ecological damage, environmental greenhouse effect, production 

control, equipment risks and safety risks caused by insensible exploitation of non-diagenetic weak cemented 

natural gas hydrates of shallow strata of deep sea have always been the focus of hydrate exploitation, and we 

must adopt a safe and effective method of scientific and technological innovation to carry out green exploitation 

of such hydrate resources. 

 
Figure 3. Environmental risks, equipment risks and production control risks 

1 Technical ideas of solid fluidization exploitation of marine non-diagenetic gas hydrate 

Nowadays, all the pilot exploitations in the world have been carried out in the ore body of diagenetic gas 

hydrate, and the exploitation techniques and methods of marine non-diagenetic gas hydrate are still blank, in 

which situation solid fluidization exploitation method is expected to be the frontier of science and technology 

innovation and one of the revolutionary technology to exploit non-diagenetic natural gas hydrates properly in 

the shallow layer of the world’s ocean. The basic principle is as follows: use mining equipment to exploit 

natural gas hydrate orebody under relatively stable temperature and pressure at the bottom of the sea, crush the 

sediment containing the gas hydrate into fine particles and then mix with seawater, transport the mixer to 

offshore platform using closed pipes, and then develop post-processing in the offshore platform, the process 

flow is shown in Figure 4. The advantages are as follows: ①The entire mining process is carried out in the 

submarine natural gas hydrate zone, without changing the original temperature and pressure conditions of 

natural gas hydrates, it’s similar to the construction of an artificial enclosed area consisting of submarine pipes 

and pumping systems, functioning as the sealing effect of the cap rock of conventional oil and gas reservoirs to 

transform the unenclosed natural gas hydrate orebody into a decomposing-controlled artificial closed orebody in 

a closed system. Thus, marine natural gas hydrates won’t decompose in large quantities, which makes the situ 

development come true and can avoid engineering geological disasters and greenhouse effect resulting from the 

decomposition of natural gas hydrates; ②Meanwhile, this method takes advantage of natural changes in 

temperature and pressure of natural gas hydrate during transmission, realizing orderly-controlled decomposition 

in the scope of airtight transmission line. 

 
Figure 4. The solid fluidization exploitation process of marine non-diagenetic natural gas hydrate  
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2 Solid fluidization exploitation laboratory of marine non-diagenetic natural gas hydrate 

Based on this industrial background, the world’s first “marine non-diagenetic natural gas hydrate solid 

fluidization exploitation laboratory” was established at Southwest Petroleum University on April 28, 2015, in 

order to verify and carry out scientific research on the technology of solid fluidization, as shown in Figure 5. 

The lab is positioned as a “fully automated white-collar laboratory”, the experimental system consists of rapid 

preparation and fragmentation of large samples, efficient pipe transportation, efficient separation and rapid 

detection modules and so on. The main functions of laboratory are rating of efficient rock breaking capacity, 

evaluation of rock carrying capacity in the pilot exploitation of marine natural gas hydrate fluidization, 

evaluation of hydrate non-equilibrium decomposition and dynamic change laws of flow patterns, safe 

transportation of under different mining rates, and simulation of well control safety. The key technical 

indicators of laboratory are 12 MPa pressure, 65 m horizontal pipe, 30 m vertical pipe, and 1 decimeter in-pipe 

diameter. The laboratory can simulate the whole process of solid fluidization exploitation with 1200 m water 

depth, which is a landmark laboratory of Southwest Petroleum University with original innovation, independent 

design, independent research and development. 

 
Figure 5. The first solid fluidization exploitation laboratory of marine non-diagenetic natural gas hydrate in the world 

2.1 Main functions of the laboratory 

According to the technical idea of marine non-diagenetic natural gas hydrate solid fluidization exploitation, 

the laboratory has the following main functions: 

①Rapid preparation of large samples of 1 m3 and high performance of rock-breaking capacity; 

②Safety transportation of hydrate under different mining rate; 

③Evaluation of the non-equilibrium decomposition of hydrate and the law of dynamic change of fluid 

state; 

④Simulation of the law of well control safety. 

2.2 Process of marine non-diagenetic natural gas hydrate solid fluidization exploitation experimental 

system 

In combination with the marine non-diagenetic natural gas hydrate solid fluidization exploitation and the 

main functions of the laboratory, the experimental design ideas and concepts are as follows: 

①Similar prototype: hydrate reservoir depth of 1200 m, pipeline diameter of 0.380~0.508 m, pipeline 

length of 1,200~4,500 m. It can’t be completed just through one similar experiment in the existing conditions 

due to the fact that length diameter ratio of the line is too large, therefore, we choose to complete pipe flow 

simulation in the whole process combining each experimental data through multiple cycles, multiple pressure 

(high pressure to low pressure), and multiple heat exchange and heating, and we magnify experimental flow 

parameters as much as possible to ensure safe and efficient transportation in condition that well control safety is 

meet. 

②Simulate to prefabricate natural gas hydrate (sand included) sample according to the component of 

marine natural gas hydrate, and then add pre-prepared sea water to form hydrate slurry while breaking the 

sample,; 

③Then the slurry is transferred to the circulation piping system, to simulate the multiphase pipeline 

transportation flow of gas hydrate slurry in the actual process of the exploitation; 

④The horizontal and vertical wellbore can work independently in the experiment: horizontal section is 

focused on solving the problem of solid phase migration, and the vertical pipe section is focused on the 
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prediction, measurement, pressure evolution and regulation of multi-phase flow characteristic parameters in the 

condition of hydrate phase change; 

⑤The separation system is used to process and measure the decomposition of hydrate and decomposed 

products after the pipeline transportation is finished; 

⑥Make it come true to control the operation and collet the testing data and image in the process of 

multiphase transportation, and have the capacity to monitor, process, analyze, display and store in real time; 

⑦Through experimental research, the theoretical model of multiphase flow in solid fluidization 

exploitation is formed, perfected and enriched. 

According to the experimental design ideas and concepts, the flow of solid fluidization exploitation 

experimental system of marine natural gas hydrate is divided into the following 5 functional modules (the 

specific experimental system flow is shown in Figure 6: 

①Marine natural gas hydrate sample preparation module; 

②Marine natural gas hydrate fragmentation and fidelity migration module; 

③Experimental module of pipe transportation characteristics of marine natural gas hydrate slurry; 

④Marine natural gas hydrate output separation module; 

⑤Dynamic image capture, data acquisition and safety control module. 

 
Figure 6. The process of marine natural gas hydrate solid fluidization exploitation experimental system 

2.3 Key equipment of marine non-diagenetic natural gas hydrate solid fluidization exploitation 

experimental system 

1) Preparing and breaking system of the hydrate 

The device is mainly used to simulate hydrate deposits within 1200 m water depth at different temperatures 

and pressures. The system can rapidly generate natural gas hydrate of 1.062 m3 within 24 hours through 

bubbling, spraying, mixing and other links, and break it into hydrate clastic in specified size and then output in 

accordance with the experimental requirements, in order to meet the needs of solid fluidization exploitation and 

pipeline transportation and experimental separation, as shown in Figure 7. The main performance indexes are as 

follows: 

①Design pressure: 16 MPa; 

②Design temperature: -10 ~ 60 ℃; 

③Size of pot body: Phi 950 mm×1500 mm; 

④Total volume of cavity: 1062 L; 

⑤Medium: quartz sand, sea water, methane, chemical reagents and so on. 
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Figure 7. Preparing and breaking system of the hydrate 

2）Slurry circulating pump 

The power unit of complex medium fluid flow process of solid fluidization exploitation is the key 

equipment which is expected to adapt to the requirements of gas-liquid-solid (natural gas, sand, solid of the 

hydrate, and seawater) multiphase pipeline transportation. Southwest Petroleum University worked out a set of 

single-screw slurry circulating pump through its own design, research and development, and commission. The 

device is an essential power device for the purpose of ensuring the transmission and pipeline transportation 

characteristics of hydrates, as shown in Figure 8, and the main performance indexes are as follows: 

①Displacement: 24 L/s; 

②Design pressure: 16 MPa; 

③Volume fraction of solid: less than 30%; 

④Inlet and outlet pipe diameter: 3 inches; 

⑤Lift: more than 100 m. 

 
Figure 8. Slurry circulating pump 

3）Dynamic pressure regulator 

The method of solid fluidization exploitation is to transport the solid ore from water of 1200 m depth to the 

platform, and the pipeline pressure is from 12 MPa to atmospheric pressure. The pipeline loop of “marine 

natural gas hydrate solid fluidization exploitation experimental system” is a closed cycle system, but the fluid 

pressure of which can’t be reduced or be adjusted dynamically in a closed environment. Based on this objective 

and physical reality, Southwest Petroleum University has creatively designed and developed a dynamic pressure 

regulator. The device can dynamically adjust the pressure(from 12 MPa to 1 MPa) of the pipeline flow in the 

condition of material balance, according to the pressure reduction to cycle the gas-liquid-solid mixing phase of 

30 m water depth, as shown in Figure 9. The main performance indexes are as follows: 

①Working pressure: 12 MPa; 

②Design pressure: 16 MPa; 

③Working temperature: -10 ~ 60 ℃; 

④Design temperature: 60 ℃; 

⑤Size of working chamber: 1.15 m3; 

⑥The working medium: sea water, methane. 
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Figure 9. Dynamic pressure regulator 

4）Efficient three-phase separator 

The efficient three-phase separator consists of three-phase separator, storage tank, water storage tank, 

methane gas tank, gas flow meter and ball valve. Its main function is to separate and measure the quality of 

solid phase, gas and sea phase after the cycling experiment. The main performance indexes are as follows: 

①Displacement: 0~24 L/s; 

②Design pressure: 16 MPa; 

③The design temperature is between -10 ℃ and 60 ℃; 

④Inlet and outlet pipe diameter: 76.2 mm; 

⑤The solid particle size: less than 10 mm. 

 
Figure 10. Efficient three-phase separator 

5）Real-time phase content monitoring sampler 

The pipeline loop of “marine natural gas hydrates solid fluidization exploitation experimental system” is 

designed to realize the physical process in a closed circulatory system by constant depressurization and heating 

up. Therefore, the solid phase of natural gas hydrate in the pipeline is continuously gasified into free gas during 

the process of depressurization and heating, causing the dynamic change of the proportion of gas, liquid, and 

solid phase in the pipeline transportation system. Therefore, the sampler was used to analyze and measure the 

proportion of gas, liquid, and solid phase by using the method of physical settlement, taking advantage of the 
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density difference among gas, liquid, and solid. The instantaneous component ratio of the slurry in each 30 m 

cycle was analyzed by the device to evaluate the decomposition efficiency of the hydrate solid phase and the 

migration efficiency of the sea sand. The “real-time phase content monitoring sampler” is mainly composed of 

sampling and measuring device, mass flowmeter and quick opening switch. The main performance indexes are 

as follows: 

①Design pressure: 16 MPa; 

②Working pressure: 12 MPa; 

③Design temperature: -10 ~ 60 ℃; 

④Length of kettle body: 200 mm; 

⑤Diameter: Phi 25 mm; 

⑥Width of the visual window: 14 mm; 

⑦Length of the visual window: 100 mm. 

 
Figure 11. Real-time phase content monitoring sampler 

6）Pipeline temperature control system 

The pipeline temperature control system is mainly used to simulate the temperature rise of the hydrate 

slurry in the rising flow of every 30 m pipeline in the sea. Therefore, thermal compensation to the vertical pipe 

is used to simulate the thermal exchange from the sea environment to the sea pipe by using the method of the 

electric heating and artificially forced heat transformation, as shown in Figure 12. The main performance 

indexes are as follows: 

①Heating length: 30 m; 

②Maximum heating power: 4 kW; 

③Highest heating temperature: 60 ℃; 

④Working temperature: 0~40 ℃; 

⑤Heating mode: electric heating, temperature control. 
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Figure 12. Pipeline temperature control system 

7）Automatic monitoring system 

The automatic monitoring system can automatically collect and control the key parameters of the whole 

experimental system, as shown in Figure 13. The main performance indexes are as follows: 

①Opening, closing and monitoring of automatic valve; 

②Control and monitoring of temperature compensation; 

③Control and monitoring of the dynamic regulation of pressure; 

④Control and monitoring of the temperature and pressure of the kettle; 

⑤Control and monitoring of the speed and stroke of crushing device; 

⑥Monitoring of the temperature and pressure in pipeline; 

⑦Monitoring of the image in high speed pipeline complex medium multiphase flow. 

 
Figure 13. Automatic monitoring system 

3 Conclusion 

1）The “solid fluidization exploitation” adopts mechanical crushing to start pipeline transportation, and then 

develop in advantage of automatic decomposition, precipitation and lifting of the hydrate, to turn the 

uncontrollable into controllable and realize safe and green drilling. The pilot exploitation and development of 

non-diagenetic hydrate are still blank, and solid fluidization exploitation method is expected to be the frontier of 

science and technology innovation and one of the revolutionary technology to develop non-diagenetic natural gas 

hydrates properly in the shallow layer of the world’s ocean. 

2）Solid fluidization exploitation laboratory of marine natural gas hydrate is positioned as a “fully 
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automated white-collar laboratory”. The main functions of laboratory are rating of efficient rock breaking 

capacity, evaluation of rock carrying capacity in marine natural gas hydrate fluidization pilot exploitation, 

evaluation of hydrate non-equilibrium decomposition and flow patterns dynamic change laws, safe transportation 

under different mining rates, and simulation of well control safety. The key technical indicators of laboratory are 

12 MPa pressure, 65 m horizontal pipe, and 30 m vertical pipe. The laboratory can simulate the whole process of 

solid fluidization exploitation with 1200 m water depth. 

3）The establishment of the first solid fluidization exploitation experimental system of marine natural gas 

hydrate in the world has a positive and far-reaching significance in promoting the development of natural gas 

hydrate research worldwide. 
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ABSTRACT  

    

Hydrates in sediments will never be able to reach equilibrium. The reason is that there are too many phases 

that are active in terms of significance for hydrate thermodynamics. Solid mineral surfaces are active 

because they structure water to densities far beyond liquid water densities. As example maximum density 

of first adsorbed layer of water on Calcite is by experiments found to be in the order of 2.4 times liquid 

water density. The corresponding chemical potential of water in this adsorbed layer is far lower that liquid 

water chemical potential and out of reach for any hydrate water chemical potential. While this 

characteristic property of mineral surfaces as being thermodynamic inhibitor and thus exclude any real 

“cementing” of hydrate in porous media there is also another side of these mineral surfaces. Some hydrate 

formers like CO2 and H2S can adsorb directly on some mineral surface while other hydrate formers like 

for instance CH4 can be trapped in adsorbed water structures. In either case this primary or secondary 

adsorption leads to up-concentration of hydrate formers in structured water. This gives a beneficial 

situation for primary nucleation of hydrate. Hydrate crystal surfaces by itself serve as adsorption sites for 

water and hydrate formers from various phases (gas, liquid, mineral adsorbed). In summary this leads to 

many phases of significance for hydrate phase transitions which have to be accounted for in a balance 

between number of variables and conservation laws plus equilibrium conditions. It is easy to verify that 

even the simplest system of methane, liquid water and hydrate is highly thermodynamically over specified 

with pressure and temperature defined locally in a pore in a sediment. It does not change the situation of 

more hydrate formers are added to the system since the first and second laws of thermodynamics will 

dictate the hydrate formation towards the most stable hydrate first, under constraints of mass and heat 

transport. With respect to the latter it is important to keep in mind that hydrate formation on the gas/liquid 

interface is subject to mass availability which differ from average “bulk” gas since it is the adsorbed gas 

phase on the liquid water interface can be substantially different from the gas phase composition. In 

summary a number of different hydrates can form since the chemical potential of hydrate formers in 

various phase are not the same. As example hydrate formed from liquid water and gas will give a different 

hydrate composition that hydrate formed from adsorbed hydrate formers. And the associated free energies 

of each hydrate phase will be different, and by definition each of these hydrate phases are unique phases. 

Hydrates in sediments can therefore not even be considered as being in quasi equilibrium since many slow 

processes have substantial impact over long time scales and are parts of methane fluxes from natural gas 

hydrate reservoirs worldwide, as in some cases also development of geo mechanical instabilities. During 

hydrate production slow kinetic processes under stationary conditions developed during geological time 

scales can become highly significant when fluid flow in the sediments changes. Implementation of true 

non-equilibrium analysis, and corresponding thermodynamic and kinetic models is a necessity in 

development of future generations of hydrate reservoir simulators. In this work we discuss a specific 

approach of using a reactive transport simulator as basis for treating various hydrate phase transitions as 

pseudo mineral reactions. Parameterization of other reservoir simulator variables like permeability versus 

hydrate saturation is also discussed. All the topics is well suited for international collaboration which could 

benefit the whole hydrate community, ranging from dynamics of methane fluxes over to hydrate 

production. 
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Abstract  

Recent multibeam bathymetric and ocean bottom seismic studies from the northern Cascadia margin 

indicated several slope failure features associated with frontal accreted ridges near the foot of the 

continental slope. The combined volume estimate based on multibeam data of these slides (>1 km3) is 

approaching the mass failure volume for other slides that have generated large tsunamis-for example 1–3 

km3 for a 1998 Papua New Guinea slide. The reason for these slope failure features is not clear although 

several lines of evidence indicate that there is some connection between the presence of hydrates and slope 

failure features on this margin. Vertical incidence and ocean bottom seismic data collected over the 

Slipstream slide indicate the presence of a bottom simulating reflector (BSR) at a depth of ~265-275 

meters below the seafloor (mbsf). Tomographic velocity analyses of P- and S-waves indicate shallow high 

velocities at a depth of ~100 mbsf. The top of this high velocity layer coincides with the depth of the glide 

plane for this slide. On an adjacent frontal ridge, the depth of the glide plane associated with the Orca 

slide, matches with the depth of the BSR. In both these cases, the contrast in sediment strength between the 

hydrate saturated sediments and non-hydrated sediments could be providing the glide plane for failure. 

Shear stress distribution models for Slipstream slide indicate that the glide plane is more likely associated 

with the shallow high-velocity gas hydrate layer. These models further indicate that the sliding process 

starts from the top of the slope and then progressively retreats to the place of current headwall in a series of 

triangular blocks or wedges. 
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Abstract The new method with solid fluidization exploitation of natural gas hydrate (NGH) and the new technology with jet flow 

mining crushing provide new ideas for the potential commercial exploitation of non-diagenetic NGH in seabed shallow layer, and 

the key point in commercial exploitation is to increase the mining efficiency, and furthermore the mining device guide is the 

essential technology, which determine the NGH commercial exploitation efficiency. For rotary steering, soft-bodied robots and 

continuous mechanical arm technology, the relevant guide technology applied to applicability evaluation of NGH mining are 

carried out, which demonstrates the feasibility of the guide tool of continuous tube with ultra-short radius and the technology of 

near-bit guidance robots with hydraulic jet mining. Based on this, the scientific problems of existing guidance technology applied 

to the mining guidance of seabed shallow NGH are proposed, which contain the stability of formation and borehole wall, 

equipment dimensions restricted by well diameter, the diversion of high curvature, in-situ real-time detection, the map 

construction of mining regional NGH reservoir and path planning of the unexploited area. Furthermore, the future potential 

development directions of research on the light weight, small size, high flexibility , high strength of mining guide devices and the 

real-time monitoring and evaluation of NGH reservoir location are put forward. 

Key word: NGH in seabed shallow layer; Mining guide device; Scientific problems; Future development; Applicability evaluation 

of guide device; Feasibility demonstration of mining guide technology 
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Abstract: Downhole real time separation technology is indispensable for solid fluidization and green 

exploitation of submarine shallow gas-hydrate. It is necessary to carry out research, because it can reduce 

energy consumption, increase mining efficiency and prevented gas-hydrate storage from collapse and 

leakage. Therefore, firstly anew exploitation and separation process was presented by our research group. 

And a hydrocyclone used for submarine gas-hydrate slurry was designed based on the properties of seabed 

gas-hydrate and the multiphase flow theory. Then separation efficiency of the hydrocyclone was analyzed, 

including particle sizes, inlet velocity, and sediment volume concentration, in gas-hydrate slurry by 

simulation method of Computational Fluid Dynamics (CFD). The simulation analysis results show that the 

separation efficiency of sand and gas-hydrate is more than 60%with the hydrocyclone in the conventional 

condition. For sand separation, when only the particle sizes was increased, the separation efficiency 

increased first and then decreased, and it reached the peak valuethatis98.63% at 30 um; when only the inlet 

velocity was increased, the separation efficiency first increased and then decreased, and reaches the peak 

value that is 98.63% at 12m/s; when only the sediment volume concentration was increased in gas-hydrate 

slurry, the separation efficiency always decreased, and it reached at 10%when thepeak value is 

98.72%.Forgas-hydrate, increasingtheparticlesizes,the separation efficiency decreases, and reaches the 

peak at 10um, the peak value is 96.36%; Increasing inlet velocity, the separation efficiency first increases 

and then decrease, and reaches the peak at 12m/s, the peak value is 80.80%; Increasing sediment volume 

concentration in gas-hydrate slurry, the separation efficiency decreases, and reaches the peak at 10%, the 

peak value is 96.00%. According to this study, it is revealed that the hydrocyclone equipped with 

reasonable parameters has high separation efficiency and large amount of treatment for gas hydrate, and it 

will have a high feasibility and great application prospecting gas-hydrate exploitation. Keywords: Natural 

gas-hydrate; Hydrocyclone Separation; Sand-removal; CFD; Simulation analysis . 
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Geochemical Assessment of Coastal Gas Hydrate Loading off the Coast of New Zealand 

 

Dr. Richard Coffin – Texas A&M University – Corpus Christi, richard.coffin@tamucc.edu  

 

Across world coastal oceans there have been extensive surveys with the application of seismic data to 

predict deep sediment gas hydrate loading. Over the past 10 years comparisons of seismic data and 

geochemistry show there is a need to combine these data for a more thorough understanding of the deep 

sediment gas hydrate loading.  Initial observations in predicting hydrate presence with integration of 

seismic and geochemistry data off the mid Chilean margin suggested gas hydrate loading could be greater 

at a location where seismic data showed moderate gas blanking.  On the Atwater Valley in the Gulf of 

Mexico geochemical assessment showed a region with a strong vertical rise in the BSR  

to be a site where gas hydrate are likely not stable as a result of salt diapir intrusions creating gas 

hydrate instability and higher vertical methane advection.  Here we present a series of data along 

the eastern coast of New Zealand that include seismic profiles, geochemistry, controlled source 

electromagnetics, and heatflow to assess gas hydrate loading.  This comparison of locations 

shows remarkable inconsistencies in the data sets applied to gas hydrate predictions. Through 

these locations comparisons include:  

 

The Porangahau Ridge in the Hikurangi Margin where geochemical profiles focusing anaerobic 

methane oxidation display moderate vertical gas migration in a region that strong seismic, active 

heat flow, and controlled source electromagnetic data suggest deep gas hydrate loading and active 

fluid and gas advection.  A carbon isotope mass balance shows the highest methane contribution 

to the location at a point where these instruments indicate strong advection.  It is interesting these 

data do suggest moderate vertical methane migration relative to work done in the Gulf of Mexico 

and off the mid-Chilean margin.   

 

Mahia Peninsula, located north from the Porangahau Ridge display strong similarity in 

geochemical and seismic data for assessment vertical methane fluxes in two different transects. 

However, porewater geochemical data from these transects compared to a “control” location 

where seismic data indicates no gas hydrate loading are similar.  These data do confirm the 

realization that while gas hydrate loading assessment requires use of seismic data in the 

assessment there are likely extensive areas not identified.  There is a need for future development 

of a better assessment of coastal gas hydrate loading.  

 

Chatham Rise, a region where published seismic data was believed to contain gas hydrate loading 

was found to have a total absence of vertical methane migration. Thorough sediment porewater 

analysis at through this region showed no vertical methane fluxes to be present.  In this location, 

radiocarbon data of shallow sediment carbonate and organic carbon suggest a potential for carbon 

dioxide migration.  This observation has resulted in plans for a paleo-geochemical study to 

understand vertical carbon dioxide migration over climate cycles. 
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The Baltic Sea Basin has a dynamic climatic history. The Scandinavian ice sheet advanced and 

retreated numerous times throughout the Pleistocene and Holocene, affecting sediment 

deposition. Sediments deposited during warmer marine-brackish conditions tended to be rich in 

organic matter (over 5% of total sediment dry weight in some sediment) and methanogenic, 

indicating microbially-driven organic remineralization. Sediments deposited during glacial 

periods tended to be organic-poor and contained little to no methane. The microbial biomass and 

metabolic diversity in Baltic Sea sediments reflected these differences (Andren et al, 2015, 

Marshall et al., 2017), and it was hypothesized that microbial fermentation pathways differed 

between sediment types and depths. Here, we used metagenomics and metatranscriptomics to 

determine the types of organic matter catabolic pathways present in these sediments. We 

examined fermentation, carbohydrate active enzyme, and protease encoding genes in Baltic Sea 

sediments from four sites ranging between 20 cm to 80 meters below seafloor. Sediment 

microbial communities contained more carbohydrate active enzymes in the more organic rich, 

marine influenced sediments. Presence of fermentative pathways differed between sites and 

depths, with greater relative proportions of fermentation genes involved in pyruvate fermentation. 

Metatranscriptomics from three of these samples revealed that these pathways were not only 

present, but were transcribed. This is an important step in understanding the types of organic 

matter remineralization in marine sediments, and how microbial communities conserve energy 

through burial. 
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Factors Influencing Spatial Variability in Late Summer Methane Fluxes from the 

North Slope of Alaska  

J. P. Smith1*, R. B. Coffin2,3, and P. S. Rose2,3  

1Oceanography Department, U. S. Naval Academy, 572C Holloway Road, 9D, Annapolis, MD 

21402-1363 USA. 

2Marine Biogeochemistry (Code 6114), U. S. Naval Research Laboratory, Washington, DC 20375 

USA. 

3Department of Physical and Environmental Sciences, Texas A&M University - Corpus Christi, 

Corpus Christi, TX 78412, USA. 

4U.S. Army ERDC- Cold Regions Research and Engineering Laboratory, Mail: P.O. Box 35170 

Fort Wainwright, AK 99703-0170 USA. 

 

Regional climate change in the Arctic can change the timing, duration, and intensity of the 

spring-summer thaw cycle leading to alteration of high-Arctic coastal landscapes, changes in 

sediment dynamics, changes in heat flux and the export of tundra-sourced organic matter (OM) to 

the coastal shelf, and changes in the flux of methane (CH4) to the atmosphere. To better 

understand these potential changes, it is important to understand the scale of spatial variability in 

current OM accumulation and CH4 flux and the geochemical and geophysical factors controlling 

this variability.  In August 2013, soil cores were collected and gas traps were deployed at 9 

locations spread across a study area of ~1800 km2 on the North Slope of Alaska near Prudhoe Bay 

to measure soil parameters, CH4 concentrations, and atmospheric CH4 flux.  Results showed 

significant differences in CH4 concentrations with depth through the active layer (AL) of tundra 

wetland soils and variability in estimated daily CH4 flux over a relatively small spatial area.  

Variations in biogeochemical, geophysical parameters such as soil composition, OM 

concentrations, water content, and AL depth from site-to-site play a large role in controlling the 

CH4 flux regime as does the geological setting.  Results of this study can be reviewed in the 

context of previous research and research conducted by others in order to try and better 

understand primary factors controlling spatial variability in CH4 flux on the North Slope of 

Alaska.  This enhanced understanding can be used to inform future research efforts to better 

constrain the scale at which future studies should be conducted to better quantify OM cycling on 

and CH4 flux from the North Slope through the entire freeze-thaw cycle to enable better 

predictions of annual CH4 flux under future Artic climate change scenarios.   
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Methanogenic pathways in Alaskan peatlands at different trophic levels with evidence from stable 

isotope ratios and metagenomics 

 

Lin Zhang, Xiao Liu, Lauren Langford, Jeff Chanton, Spencer Roth, Jeffra Schaefer, Tamar 

Barkay Mark E Hines 

 

To better constrain the large uncertainties in emission fluxes, it is necessary to improve the 

understanding of methanogenic pathways in northern peatlands with heterogeneous surface 

vegetation and pH. Surface vegetation is an excellent indicator of porewater pH, which heavily 

influences the microbial communities in peatlands. Stable C isotope ratios (13C) have been used 

as a robust tool to distinguish methanogenic pathways, especially in conjunction with 

metagenomic analysis of the microbial communities.  To link surface vegetation species 

compositions, pH, microbial communities, and methanogenic pathways, 15 peatland sites were 

studied in Fairbanks and Anchorage, Alaska in the summer of 2014.  These sites were ordinated 

using multiple factor analysis into 3 clusters based on pH, temp, CH4 and volatile fatty acid 

production rates, 13C values, and surface vegetation composition.  In the ombrotrophic group 

(pH~3.3), various Sphagna species dominanted, but included shrubs Ledum decumbens and 

Eriophorum vaginatum. Primary fermentation rates were slow with no CH4 detected.  The fen 

cluster (pH~5.3) was dominated by various Carex species, and CH4 production rates were lower 

than those in the intermediate cluster but more enriched in 13C (-49‰). Methanosaeta and 

Methanosarcina were the dominant methanogens. In the intermediate trophic level (pH~4.7), 

Sphagnum squarrosum and Carex aquatilis were abundant. The same methanogens as in fen 

cluster also dominated this group, but with higher abundances, which, in part, lead to the higher 

CH4 production rates in this cluster.  The syntrophs Syntrophobacter and Pelobacter were also 

more abundant than the fen sites, which may explain the 13CH4 values that were the lighetest 

among the three clusters (-54‰).  The high methanogenic potential in the intermediate trophic 

sites warrant further study since they are not only present in large areas currently, but also 

represent the transient stage during the evolution from bog to fen in projected climate change 

scenarios.   
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Accumulation of Deaminated Peptides in Anoxic Sediments of Santa Barbara 

Basin 
 

Hussain A. Abdullaa*, David J. Burdigeb, Tomoko Komadac 

 
a. Department of Physical and Environmental Sciences, Texas A&M University-Corpus Christi, 6300 Ocean 

Drive, Corpus Christi, TX 78412, USA. 

b. Department of Ocean, Earth and Atmospheric Sciences, Old Dominion University, 4600 Elkhorn Ave., 

Norfolk, VA 23529, USA. 

c. Romberg Tiburon Center, San Francisco State University, 3150 Paradise Drive, Tiburon CA 94920, USA. 

 

Proteins represent the most abundant class of biomolecules in marine sinking particles and 

microbial biomass, yet their cycling in marine sediments is not fully understood. To investigate 

whether some portion of hydrolyzed proteins escapes complete remineralization and accumulate 

in the pore waters, we analyzed dissolved organic matter from the anoxic sediments of Santa 

Barbara Basin, California, by Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 

(FTICR-MS). The results showed an increase in the molecular diversity and abundance of 

dissolved organic nitrogen (DON) formulas with depth. A comparison of the detected DON 

formulas to a database of small peptides (2-4 amino acid sequences) returned 119 matches, and 

these formulas were most abundant near the sediment surface. When we compared our detected 

formulas to all possible structures that would result from deamination of peptides in the database, 

we found 680 formula matches. However, these molecular formulas can represent hundreds of 

different structural isomers (in the present case as many as 3,257 different deaminated peptide 

structures), which cannot be distinguished by the FTICR-MS settings that were used. Analysis of 

amino acid sequences suggests that these deaminated peptides may be the products of selective 

degradation of source proteins in marine sediments. We hypothesize that these deaminated 

peptides accumulate in the pore waters due to extracellular proteinases being inhibited from 

completely hydrolyzing specific peptides to free amino acids. We suggest that anaerobic microbes 

deaminate peptides largely to produce H2, which is ultimately used as a reducing agent by other 

sediment microbes (e.g. CO2 reduction by methanogens). Simple calculations suggest that 

deaminated peptides may represent ~ 25-45% of DOC accumulating in these sediment pore 

waters. Unlike rapid remineralization of free amino acids, peptide deamination leaves behind the 

peptide carbon skeleton. Molecular structures of these remnant carbon skeletons may hold 

important clues about specific microbial processes influencing organic matter remineralization 

and accumulation.  
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Objective 

 

This 3 day workshop was attended by 55 scientists from 12 countries.  The text through this 

document is an overview of the presentations and discussions during the workshop. Following 

this summary key note speaker presentations, summaries of research discussions, and posters are 

presented.  The key issues addressed during the workshop included the following: 

 

1. Future Arctic Ocean research plans need to be developed with a long term field and 

laboratory research and monitoring plan.  As a result of the discussions an international 

workshop to focus on development of an international Arctic Ocean methane hydrate 

research program will be planned for the fall of 2008.  Topics that will be addressed in the 

workshop will include an overview of the current Arctic Ocean data, new seismic and 

pressure core sampling protocol, application of general ocean circulation models coupled 

with methane data and applied to the Arctic Ocean, and determination of the methane 

assimilation in the water column relative to the flux into the atmosphere. 

2. Methane hydrate drilling needs a more thorough evaluation of well production rates that are 

coupled with production models.  There is also a need for exploration protocol and models. 

3. Higher resolution seismic profiling needs to be developed and applied.  The seismic data 

need to be coupled with CSEM, shallow sediment porewater geochemistry profiles, and 

heatflow data for a more thorough evaluation of deep sediment hydrate deposits.  Coupling 

these parameters is intended to provide pre-drilling site evaluation. 

4. Laboratory and pilot scale experiments need to focus on geologic accumulation of hydrates, 

production testing, geomechanic sediment properties, biogeochemical influence on hydrate 

formation and stability, and sediment thermodynamics. 

5. Theoretical modeling needs further development in rock physics flow simulations, 

geomechanical sediment properties, and environmental system cycling. 

6. Production testing needs small scale evaluation to address, environmental impact 

assessment and regulation, efficiency of hydrate dissociation protocols in terms of pressure 

and temperature, and flow assurance. 

 

The following is a review of the discussion sessions, as presented by the session chairs and 

rapporteurs.   

 
 

Chair:  

Prof. Bjørn Kvamme 

 

Rapporteur:  

Prof. Na Wei 

 

 

Laboratory Experimentation: 

1) Limitations on experimentation relative to the environment. 

 

2) Mineral/hydrate/ 

Fluid interactions focus on porous non steady stat conditions 

 
Recorded by Kevin Supak 

 

Microbiology and Hydrates 

• We don’t know much about the individual microbial cell methane consumption. 

• Not all species behave the same and need to understand the genes that control processes 

• Understand the cell behavior of methane production and consumption 

• Comment:  In-Situ monitoring is gaining attention because labs cannot adequately grow 

the proper organisms.  Another comment from Brandi Reese:  Start with model organisms 
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to better understand the processes before looking at the field.  Temperature affects the 

metabolism of these organisms. 

• We don’t have experiments with joint CH4 consumption/production.   

Multiscale Modeling 

• Verify modeling of how mineral surfaces work 

• Between the reservoir surface and the mudline we know there is a thermogenic layer but 

we don’t know much between the thermogenic layer and the reservoir in BSR formations 

(ethane/propane hydrocarbon layer?) 

• Many different technical disciplines required to model/understand these different surfaces 

• Requires state-of-the-art microbiology modeling to assist in the effort 

• There is a need to simulate the cold conditions bacteria?   

• There are competing phase transitions that are not well understood. 

Non-Equilibrium Systems 

• Water leaking in or gas from other structures 

• Gas hydrate generation and distribution throughout the world – they all act differently 

• Pressure and temperature changes affect the formation differently 

Basic question:  What is the age of the gas hydrate in the different regions of the world? 

 

CO2 / Methane Exchange 

• Solid state mechanism is too slow 

It was suggested to go around the room and share their biggest experimental challenges. 

Questions from around the room: 

• Understand gas seep methane releases to climate – what is the sedimentary record (bio 

markers or chemical)? 

• Scientists around the world use different standards for measuring sediment solutions and it 

is difficult to compare results 

o Comment from audience – not easy to make laboratory samples standardized; but 

care should be taken in how to make and care for samples. 

o The same happens when you take a core sample – you effectively shut off the flow 

and reservoir effects 

• Is there a uniform way to form hydrate bearing sediments to standardize the way we study 

them (shear rates, dissociation processes, etc.) 

• Too little funding is spent in benchmarking reservoir simulators 

• How can we improve the speed of forming hydrate bearing sediments in static 

experiments to get more experiment frequency. 

o Comment – have a circulation rate of fluid to enhance homogeneity 

o Comment – homogeneity is a relative term 

• Can we incorporate field production data (engineering data) to develop feedback to 

laboratory experiment?  Too much time is spent on controlling the experiment and they 

aren’t controlled perfectly.  

o Comment – not enough field data, never got into an actual production mode, 

mineral and mineral distribution in the field is not the same as the laboratory 

mineral simulants 

• Question from the industry:  Further investigate practical applications and industrial 

collaboration.   
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o Comment – what is the true energy potential of these hydrates reserves?   What is 

the value of producing this for industry? 

• What engineering is needed in drilling technology to recover from hydrate reserves? 

• Better understanding phase change properties/kinetics is still challenging for hydrate 

simulations.  This could be the reason there is a difference between the model and 

experiment. 

 

 

Chair:  

Prof. Joo Yong Lee 

 

Rapporteur:  

Mr. Zhenyuan Yin 

 

 

 

Gas Hydrate Related Modelling: Load Predictions, Coastal - Platform 

Stability, Environmental Safety  

 

Topic of the session: Gas hydrate related modelling: Load Predications, Coastal - Platform 

Stability, Environmental Safety 

Session Chair:  

Lee Joo Yong 

Rapporteur: 

Yin Zhenyuan 

1.1 Reservoir Stability 

o Fluids from reservoir, rate and property 

o Stability of reservoir and related Geomechanics 

o Leakages of fluids 

o Reservoir deformation 

o Rock mechanics should be included 

1.2 Wellbore stability 

o Cementing and Casing 

o Platform stability   

o Sliding upon methane hydrate bearing sediment dissociation 

o Subsidence 

o Devise optimum Completion technology 

 

1.3 Geomechanics code on methane hydrate 

  

o The effect of depressurization effect should be fully understood 

o Coupling between reservoir modeling and geomechnics modelling codes 

o Validation between experimental data and simulation results are strongly needed 

o Geomechanics code depended on constitutional relationships, linear elasticity model 

o Very complicated process due to the two-way coupling of the flow and geomechincs 

processes  

o Develop implicate geomechanics code to take account of the quick phase transition 

behavior happened during MH dissociation 

 

1.4 Seismic aspects of MH 

 

o The identification of BSR and its week indication of hydrate bearing layer 

o Slow failure due to hydrate dissociation with pore pressure increase 
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o Contrast in strain due to slide plane 

o Step-wise depressurization rather than sudden depressurization 

 

After the short discussion, the group merged with the other group discussing on the laboratory 

experiments. 

 

Chair:  

Prof. Subbarao Yelisetti 

 

Rapporteur:  

Ms. Hao Yu 

 

 

 

Gas Hydrate Deep Drilling: Technology, Recent Data 

 

• How many of you are involved with drilling studies? And how many with hydrate drilling? 

 

A: 11 members joined the discussion. Four of us are involved with drilling studies and two with 

hydrate drilling. 

 

• Many drilling studies around the world in the past two decades (northern Cascadia, 

southern Cascadia, US east coast (Blake Ridge), offshore India, Korea, South China Sea, 

Nankai margin off Japan, Chile, Peru, Costa Rica, Gulf of Mexico, and Borneo). What 

have we learned from these? What are the main technological problems for methane 

hydrate production? and how can we overcome these? 

 

A: The most challenging issues are drilling under pressure and storing core samples. There are 

some methods to maintain pressure. For example, UT Austin uses new pressure coring tool. 

New development of technologies: 

1) Geotech (whole system); 2) Georgia Tech; 3) AIST; 4) UT Austin’s new pressure coring tool.  

All systems are supported by Geotech. However, maintaining pressure in transportation is still a 

big challenge. Also, time is a big factor- samples need to be studied immediately 

 

• What about the status of hydrate funding in various countries? For example Canada 

reduced funding for hydrate research…but we ask funding for studying 

geohazards/climatic effects and some how relate those to hydrate studies.  

A: Japan currently has funding.  

 

Korea’s funding primarily comes from the government. US plans to spend 20 million dollars on 

this for next 5 years, 70% from government.  

IODP offers funding for drilling proposals. 

US DoE – is funding UT led hydrate drilling efforts in the GoM, ~$40 million 

Developing artificial sand pack hydrate deposits in laboratory and comparing the mechanical, 

physical, geochemical, and petrophysical properties with drilling samples from the GoM. 

 

 

• Many production methods discussed (for example, depressurization, Hot water circulation, 

solid fluidization, thermal stimulation and gas swapping). What is the most economically 

feasible production method? 
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A: It is uncertain, and depends on the depth and characteristics of the system. For example, 

methane hydrates exploited in South China Sea are in the shallow shelf of about 20 mbsf, while 

methane hydrates off Indian and Japan are in deep waters. Hence the production methods are 

different. 

 

• Previous production tests were carried out only for few days (1-3 weeks). Is it possible to 

establish a technological base that can produce gas for the long-term?  

A: Cost is the most important problem in deciding the production test period. Environmental 

factors also prevents this. For example, it is difficult to get access to Mallik gas hydrate drilling 

site in Canada.  

US plans to drill North Slope of Alaska in this or next year.  

Japan doesn’t have fixed plan in production tests, because the methane hydrate storage area has 

many holders, which needs coordination. 

 

 

• We have seen sand entering production wells from drilling in Canada, Japan and Korea. 

How can we prevent this? 

A: It is hard. Filtering techniques maybe helpful. China is developing a method to separate sand 

from methane gas in South China Sea using cyclone separator. 

 

 

• What are the environmental risk factors associated with hydrate drilling? Gas pipe 

blowouts? Effect of natural hazards on drilling platforms? Earthquakes, typhoons? Does 

gas production from methane hydrate induce a large-scale seafloor slide or earthquake? 

A: Environmental risks include landslides and seafloor subsidence. Landslides reported earlier at 

the IODP drilling off New Zealand. Seafloor subsidence has been discussed in some conference 

held in Japan. In deep waters, platform is relatively safe. At present short term production tests 

doesn’t worry too much about earthquakes.  

 

 

• What about international collaboration for deep-sea drilling?  

A: India, US and Japan successfully collaborated in drilling in the Bay of Bengal. 

USGS is trying to collaborate with India now. 

These are good cases. Political factors and funding prevent this.  

We need to find better ways to have more such collaborations at the international level involving 

many countries. 

 

• Does commercial gas production from methane hydrate appears feasible in the near future? 

A: Japan: 2027, China: 2030 

 

• Where does your research fall interns of deep-sea hydrate drilling? What are your thoughts 

about the future of hydrate drilling? 

A: Cheap drilling technology is much needed. Currently the technology primarily comes from the 

oil and gas exploitation.  

Island offshore company provides cheap drilling facilities 

 

 

New drilling proposals: 
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Proposal to drill over chatham rise off New Zealand looking for geochemical profiles to interpret 

vertical fluid and gas migration-Richard Coffin and Ingo Pecher+others? 

Proposal to drill in the hikurangi margin hydrate system -Richard Coffin and Ingo Pecher+others? 

Proposal to drill in the Rio Grande fan off the coast of southern Brazil 

Proposal to drill in the northwest Atlantic  

 

Chair:  

Dr. Kelly Rose 

 

Rapporteur:  

Dr. Xin Lu 

 

 

 

 

Carbon Sequestration Related to Gas Hydrate Mining: Platform Stability, Environmental Safety vs. Impact, CO2 Residence Time 

 

 

There was a general discussion on can you do CO2/CH4 exchange to CCS?  Offshore shallow 

water EOR with CO2 is likely leading the charge.  Kelly indicated that this is likely a risky move 

due to shelf stability and high sands permeability. 

 

Steve asked a bold question regarding CCS:  “Are we past the tipping point?”  He indicated that 

his personal opinion is yes and maybe we should focus research on adaptation strategies rather 

than CCS.   

 

Rick said land based studies should be the place to start CO2 storage/EOR because it’s 

easier/cheaper.   

 

Bjorn indicated that GasNova funds big gas storage projects.  Bjorn said that Europe has 

mandated that CO2 injection into deepwater water-flooded wells is the CCS solution and Norway 

is following suit – and not encouraging CO2/CH4 hydrate exchange.   

 

Kelly inquired to the Integrity of hydrate seals/layers and how that might work for CO2 

sequestration.  Can you make a hydrate cement with CO2?  Bjorn says thermodynamically 

probably not.   

 

Is there a difference between shallow versus deepwater CO2 water columns being able to handle 

the acidification? 

 

Will the ocean be a toxic soup by adding a lot of CO2 whether in hydrates or as free gas? 

Kevin asked the question has there been any large-scale test to verify sedimentary stability with 

CH4/CO2 exchange?  There doesn’t seem to be. 

 

Rick asked if there is value in injection N2 and CO2 together? 

 

How do you make this attractive in deepwater GoM or arctic – especially for the 

operators/services companies, DOE, etc.? 
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Chair:  

Prof. Richard Coffin 

 

Rapporteur:  

Mr. Sajjad Abdullajintakam 

 

Initial Site Assessment: Seismic and Geochemical Evaluation, Recent 

Data (Positive and Negative), Additional Approaches.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary of Discussion: Site Assessment

Perspective:

• Instrumentation

• Sampling

• Seismic Data

Seismic Data Perspective:

• Limitations: 
• Resolution is limited

• BSR can not necessarily indicate GH; GH may/may not have BSR 

• Control Source Electromagnetics – in compliment with BSR – Provides 
higher resolution

• For shallow GH system, fishery echo-sounding data is useful –offer 
potential collaborations with fisheries research

Sampling Perspective

• Sample collection to lab – changes the thermodynamics

• Problems with assessment of in-situ methane concentration

• Isotope mass balance offers back calculations

• ONBOARD/in-situ data is more effective

• Gather data from different proxies/methods used world wide 
margins and compare more/most effective methods

• International attempt to share data/protocols for this initiative 

Collaborative Perspective

Need to reach out to oil and gas sectors – mutual benefits
• Are these GH system approach of any value for oil industry? E.g. the presence of biogenic 

methane in system..?

• Isotope mass balance – useful for subsurface Carbon reservoir estimate

Alignment with CO2 sequestration goal:

• Similar approaches – assessment of fractures, phase velocities..

Needs:

• High resolution data sets on seismics

• Estimate fracture system – to back calculate reservoir – include in 
modelling parameters

• Inversion of seismics in elasticity and geo-mechanics

Instrumentation perspective:

• Pressure cores – excellent but expensive

Economically feasible approaches..?

• Calibration of methane and pressure cores with sulfate-DIC prediction

• Alternate/developing techniques - Raman spectroscopy

Geochemistry Perspective:

• Elements other than C and O.. Non traditional geochemical proxies

• How sulfate profiles are used for back-calculation by different groups?

• Redefine carbon budgets with methane-carbon energy included
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Next IMHRD

• Compile work groups and science focus by different participants and then 
establish an comprehensive effort

• Advertise to all participating countries in advance

• Next workshop – focus on better arranging breakup groups  

• Need a survey/questionnaire before the workshop to set better breakup 
groups

Modelling Perspective:

• Initial site assessment data needs to be going into modelling

• Next generation reservoir simulations – need collaboration between 
modelling community

• Estimate fracture system – to back calculate reservoir – include in 
modelling parameters

• Inversion of seismics in elasticity and geo-mechanics

Practical Strategies to Make this a Reality

• Next generation reservoir simulations – need collaboration between 
modelling community

• International participation is necessary

• International funding base for this educational source – seed funding for 
many prospectus endeavors

• Teaching/Educational aspect is fundamental

• Establish an international school – community
• need to profile it in an appropriate manner (diplomatic issues)

• Expand to next generation scientists

• Expand/bridge with non-GH systems – e.g oil and gas.. multidisciplinary approach

• Two future  international proposals – NSF, EU, DOE, Horizon 2020, other..
• i) for education

• ii) for a cruise  - black sea
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Chair:  

Prof. Brandi Reese 

 

Rapporteur:  

Prof. Joseph Smith 

 

 

Biogeochemical Assessments of Gas Hydrate Loading and Monitoring 

Environmental Health 
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