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DISCLAIMER 
 
“This report was prepared as an account of work sponsored by an agency of the United States 

Government.  Neither the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, expressed or implied, or assumes any legal liability or 

responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 

product, or process disclosed, or represents that its use would not infringe privately owned rights.  

Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 

recommendation, or favouring by the United States Government or any agency thereof.  The 

views and opinions of the authors expressed herein do not necessarily state or reflect those of the 

United States Government or any agency thereof.” 
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ABSTRACT 
 
In 2000 Chevron began a project to learn how to characterize the natural gas hydrate deposits in the deep 

water portion of the Gulf of Mexico (GOM).  Chevron is an active explorer and operator in the Gulf of 

Mexico and is aware that natural gas hydrates need to be understood to operate safely in deep water.  In 

August 2000 Chevron worked closely with the National Energy Technology Laboratory (NETL) of the 

United States Department of Energy (DOE) and held a workshop in Houston, Texas to define issues 

concerning the characterization of natural gas hydrate deposits.  Specifically, the workshop was meant to 

clearly show where research, the development of new technologies, and new information sources would 

be of benefit to the DOE and to the oil and gas industry in defining issues and solving gas hydrate 

problems in deep water. 

 

Following this workshop, Chevron formed a Joint Industry Project (JIP) in 2001 to write a proposal to 

conduct research concerning natural gas hydrate deposits in the deep water portion of the Gulf of Mexico.  

That proposal was selected for award by the DOE, and Chevron was awarded a cooperative agreement for 

research based on the proposal (DOE Award: DE-FC26-01NT41330).  The title of the project is 

“Characterizing Natural Gas Hydrates in the Deep Water Gulf of Mexico: Applications for Safe 

Exploration and Production Activities”. 

 

Since 2001 the JIP has engaged in a multiyear effort to develop technology and collect data to assist in the 

characterization of gas hydrates in the deep water Gulf of Mexico. Other JIP members include 

ConocoPhillips, Schlumberger, Halliburton, Japan Oil Gas and Metals National Corporation, U.S. 

BOEM, Total, Reliance Industries Ltd., Korean National Oil Company, and Statoil.  

 

During the project’s first phase (Phase I), the JIP performed technical investigations into the occurrence, 

nature, and implications of gas hydrate in the Gulf of Mexico.  Results included the development of 

seismic modelling and interpretation methods to identify and characterize hydrate deposits in deep water 

environments, a series of laboratory investigations to determine the impact of gas hydrate occurrence on 

sediment physical properties, identification of geohazards and well bore stability issues, and development 

of drilling and coring methods through hydrate intervals.  Several workshops and conferences were held 

to share the results and to plan the subsequent phases of the project.  

 

In next phase (Phase II) the JIP completed the project’s first offshore drilling expedition in 2005 (Leg I) 

consisting of drilling, logging, and coring operations in fine-grained sediments at five locations in two 

GOM areas (Atwater Valley 13/14 and Keathley Canyon 151). The program collected an outstanding 

suite of well-logs and borehole seismic through the hydrate stability zone and collected over 200 meters 
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of core.  Leg I demonstrated the viability of pre-drill techniques and technologies used for hydrate 

identification and characterization, and it demonstrated the ability to safely drill and operate in areas of 

hydrate occurrence.  

 

Following on the success of Phase II the project moved to Phase III, which included a second offshore 

drilling expedition (Leg II).  During this expedition extensive Logging While Drilling (LWD) data were 

acquired from additional GOM locations in order to further evaluate hydrate drilling hazards, to provide 

information on gas hydrate resource potential, and to develop plans for a third offshore expedition (Leg 

III) that focused on hydrate coring.  Planning for Leg II began in 2005 with the evaluation of numerous 

sites prospective for the occurrence of gas hydrate at high saturations.  Three sites were ultimately 

selected, and the Leg II drilling program was completed in 2009.  Given program budgets, Leg II focused 

on LWD collection to confirm gas hydrate occurrence – with coring deferred to a later Leg.   The Leg II 

operation obtained extensive LWD data from seven drilling locations at three GOM areas (Green Canyon 

955, Walker Ridge 313 and Alaminos Canyon 21).   

 

The scientific and operational objectives of the Leg II expedition were achieved, and the program was 

executed on budget and without any safety incidents.  The logging program used an advanced set of LWD 

tools that obtained multi-azimuth images of the hydrate bearing sediments.  Logs were successfully 

acquired at all locations.  The string of tools provided shear and compressional wave slowness, resistivity, 

porosity, density, and gamma ray.  The pre-cruise hydrate estimates were in agreement with the LWD 

data obtained in six of the seven wells drilled.  High concentrations of hydrates were found in the sand 

bodies in four wells.  The expedition proved that the methods employed by the JIP to locate and predict 

hydrates were accurate.  As in Leg I, pre-drill seismic analysis was used to develop pseudo well logs (for 

Walker Ridge 313 and Green Canyon 955 drilling locations) which were compared to the actual field logs 

obtained during drilling.  The predictions from this data proved to be accurate based on comparison to the 

actual results. Leg II successfully demonstrated the occurrence of gas hydrates at medium to high 

saturations in reservoir-quality sands in the GOM. The hydrate deposits were found in close accordance 

with pre-drill predictions, demonstrating the validity of the hydrate exploration and appraisal tools and 

techniques used in finding, delineating, and characterizing targeted accumulations. 

 

Encouraged with Leg II results, the JIP planned to continue the drilling and coring program in a follow-up 

Phase (Phase IIIB) to obtain pressurized cores and to characterize hydrates at as close to in-situ conditions 

as possible. The plan for Phase IIIB included a Leg III offshore expedition to twin some of the previous 

wells drilled in order to collect extensive continuous pressure cores, wireline logs, wireline pressure 

profiles and fluid samples from gas hydrate bearing sand horizons. These pressure cores would be cut 

with a customized core barrel to retain in-situ pressure during the acquisition, retrieval, and transportation 
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operation. Early versions of pressure coring tools were developed by industry prior to Phase III, but the 

JIP placed a focus on further development and testing of a pressure coring system in Phase III.  Extensive 

work on the pressure coring system ramped-up in 2010 when Aumann & Associates (AAI) proposed the 

development of a High Pressure Temperature Corer (HPTC) for the JIP.  A design and manufacturing 

contract for HPTC was awarded to AAI by the JIP in 2011.  Following field testing of a related AAI 

prototype Pressure Coring System in Japan in July 2012, the design of the JIP system was changed to a 

Hybrid Pressure Core System (Hybrid PCS) and AAI was awarded a contract to design and manufacture 

the Hybrid PCS.  Early in November 2013, the Hybrid PCS was tested for functionality at an onshore test 

at the Catoosa Test Facility in Hallett, Oklahoma.  Several performance issues were observed during the 

Catoosa test. A technical review was subsequently conducted and the root causes of performance issues 

were identified. AAI has since upgraded the Hybrid PCS to rectify the performance issues observed at 

Catoosa, but the revised system has not undergone field-based testing. 

 

In addition to further development of pressure coring tools, work was also conducted in Phase III to 

further develop the measurement systems that could be used to analyse the pressure cores under in-situ 

pressure conditions.  This work was conducted by two collaborating research teams of scientists over 

many years: the USGS and the Georgia Institute of Technology.  These teams have successfully 

developed the Instrumented Pressure Test Cell (IPTC) and the Pressure Core Characterization Tool 

(PCCT) systems.  These systems have the capability to perform a number of analyses of hydrate core 

properties under in-situ pressure conditions. Early designs were tested in 2005 during the Leg I 

expedition.  More recent field testing of the systems has been successful on pressured cores collected 

offshore Japan in January 2013. 

 

Phase III also included the planning of a Leg III drilling expedition to collect hydrate pressure cores in 

offshore GOM.  Preliminary planning work was completed by several project science teams in early 

2010.  However, after the Macondo well incident in GOM in 2010, a team of Chevron scientists and the 

Chevron Deepwater Drilling Operations Group completed a detailed assessment of drilling plans, well 

designs, and safety considerations.  It was determined by this group that GOM deep water drilling 

operations by Chevron would require the use of a sixth generation deep water drillship.  Largely because 

of the cost for this type of drilling program the Leg III expedition was not pursued in this project.  

 

The project was concluded in May 2014.  Final delivery of equipment and reports was completed by the 

end of the 90 day close-out period, which concluded in August 2014.  
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EXECUTIVE SUMMARY 
 

In 2001 Chevron formed a Joint Industry Project (JIP) group to conduct research concerning natural gas 

hydrate deposits in the deep water portion of the Gulf of Mexico (GOM).  Chevron generated a research 

proposal which was submitted to DOE in April 2001 under a competitive DOE funding opportunity 

announcement (FOA).  That application was selected for award by DOE under the FOA and Chevron was 

awarded a cooperative agreement for research based on the proposal.  The title of the project is 

“Characterizing Natural Gas Hydrates in the Deep Water Gulf of Mexico: Applications for Safe 

Exploration and Production Activities”.  The project was funded and started in October 2001.  At the 

project completion in May of 2014 total project funding was approximately $50MM ($35MM from the 

DOE and $15MM from the JIP).  Over a period of 12 years the project completed a wide scope of hydrate 

scientific research, technology development, and technology testing / application.  The project included 

drilling, logging, coring, acquisition and analysis of hydrate data and samples, development of analytical 

methods, and construction, testing and delivery of coring equipment and tools.  The project included 10 

JIP member companies and 20 subcontractors, including Universities, Oil and Gas Industry Service 

companies, Suppliers, Manufacturers, and Government Agencies.  Data obtained by the project enabled  

over 180 technical reports / publications and over 120 technical presentations at industry forums.  Thirty 

five University or College students contributed directly to the project and received educational funding.  

The project was concluded in May 2014.  This report is the high level summary of the entire project. 

Background 

The project was set up to develop technology and collect data to assist in the characterization of gas 

hydrates in the deep water GOM.  The efforts undertaken in Phases I and II of the project reflected 

industry’s desire to more fully understand the safety issues related to conventional oil and gas operations 

in areas prone to hydrate occurrence.  These goals necessitated the utilization of advanced seismic 

processing and interpretation methods, the collection of samples to validate assumptions that drive 

seismic interpretations, the determination of hydrate impacts on wellbore stability, and the development 

of field sampling methods. 

The focus of activities under Phase III of the project was on the characterization of concentrated, 

reservoir-relevant, gas hydrate occurrence in coarse-grained intervals. This work helped to quantify the 

seismic and geologic hydrate prediction methods that were developed in project, while also providing 

valuable insight into the behaviour of concentrated hydrate occurrence. This activity also helped to 

advance a major program goal to assess the hazard and energy resource implications of marine gas 

hydrates.  
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Impacts 

Results from this project have several key impacts: 

• Increased the understanding of risks and appropriate operational procedures for conducting traditional 

oil/gas activities in areas of gas hydrate occurrence. 

• Provided advanced techniques and technologies used to analyse and interpret gas hydrates in field and 

laboratory settings. 

• Contributed to the scientific understanding of the role of gas hydrate in the global climate. 

• Characterized gas hydrate occurrence in the deep water GOM. 

• Served as a vital step in determining the commercial viability of offshore gas hydrate accumulations. 

Key Accomplishments in Phases I and II: 

• Completed an extensive array of laboratory studies on the physical and mechanical properties of fine-

grained, hydrate-bearing sediments. 

• Developed and applied seismic interpretation methods to identify and characterize hydrate deposits. 

• Identified and characterized geohazards associated with drilling through hydrates during development 

of deeper conventional hydrocarbon resources. 

• In May 2005, conducted the first dedicated hydrate drilling, logging, and coring expedition in the 

GOM (Leg I).   Results include: 
o Drilled five wells at two distinct GOM locations (AV13/14, KC151) 
o Collected an outstanding suite of well-logs and borehole seismic through the hydrate stability 

zone. 
o Collected over 200 meters of core and conducted the first deployment of pressure core 

analyses devices. 
o Identified a 60 meter thick interval with hydrate saturation. 
o Demonstrated the viability of pre-drill techniques and technologies used for hydrate 

identification and characterization. 
o Demonstrated the ability to safely drill / operate in areas of typical GOM gas hydrate 

occurrence. 

• Developed and field tested new tools to enable ship-based handling and analyses of field samples 

from marine hydrate expeditions.  

• Furthered the development of pressure core capabilities by supporting the analysis of pressure cores 

taken during the Indian government's summer 2006 expedition. 

• Conducted a series of workshops to set the criteria for selection and recommend possible sites for 

future Leg II and Leg III drilling expeditions in GOM. 
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Key Accomplishments in Phase III: 

• Completed the design and construction of a new pressure coring tool and updated the pressure core 

analysis and transfer system. 

• Completed the design and construction of enhanced pressure core manipulation and testing devices 

and several pressure core sub-sample analysis tools including the Instrumented Pressure Test Cell 

(IPTC) and Pressure Core Characterization Tool (PCCT). 

• Completed modifications and testing of the IPTC and PCCT. 

• In collaboration with federal partners, completed a detailed site evaluation and selection for the Leg II 

drilling and logging expedition, which resulted in defining drilling targets within GOM lease blocks 

AC818, WR313, GC955, AC21/65, EB990/992, and GC781/825.   

• Successfully completed the Leg II drilling and logging expedition program.  Results included: 
o Drilled and logged seven wells. 
o Demonstrated the occurrence of gas hydrates at high saturations in reservoir quality sands in 

four of the wells. 
o Found hydrate deposits in close accordance with pre-drill predictions in six of the seven 

wells, demonstrating the validity of the hydrate exploration and appraisal tools and 

techniques. 
o Logging featured the use of an advanced suite of logging-while-drilling tools that provided 

unprecedented 3D images of the hydrate-bearing sediments. 
o Wells drilled at WR313 represent the deepest gas hydrate research wells drilled in the world 

to date. 
o Discovered some of the most promising marine hydrate accumulations in the world. 

• Public release of initial Leg II scientific results via the NETL website in March 2010. 

• Completed modifications to the design of the Hybrid Pressure Coring System (PCS). A total of fifteen 

modification improvements over the previous design were incorporated into the design. The design 

improvements are based on knowledge derived from data gathered from the JOGMEC pressure 

coring operation offshore Japan in 2012. 

• Field tests of the Instrumented Pressure Test Cell (IPTC) and Pressure Core Characterization Tool 

(PCCT) core analysis systems were successfully conducted (in collaboration with the Japanese 

Hydrate Program) in Japan in January 2013 through analyses of core collected during 2012. 

• Presented project activity, status, and results to date at the 7th International Conference on Gas 

Hydrates in Edinburgh, Scotland. 

• Completed the initial selection of a Leg III offshore expedition science staff and the definition of 

scientific targets and objectives. 

• After the Macondo well incident in the GOM, Chevron completed a Leg III operational and drilling 

safety assessment.  This evaluation mandated a Leg III operational plan with very specific safety 
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requirements and the use of a sixth generation offshore drill ship.  The operational plan and the 

estimated cost of the Leg III program resulted in a decision to eliminate plans for the Leg III 

expedition from this project.  

• Aumann & Associates Incorporated (AAI) completed the construction of the Hybrid PCS.  Factory 

acceptance tests were conducted in September 2013 at AAI’s facility in Salt Lake City. 

• Chevron engineers developed the plan and executed some portions of the drilling/coring functionality 

test of the Hybrid PCS at the Catoosa Test Facility in Hallett, Oklahoma.  Issues with the system 

necessitated further analysis and changes to the system. 

• Completed root cause analysis for issues discovered during the drilling / coring functionality testing 

of the Hybrid PCS at Catoosa. 

• Completed modifications to the Hybrid PCS based on the issues found during drilling / coring 

functionality testing at Catoosa. 

• Completed final project reporting and delivery of coring tools and associated equipment to the DOE. 
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1. INTRODUCTION 
 
In 2000 Chevron began to frame a project to characterize the natural gas hydrate deposits in the deep 

water Gulf of Mexico (GOM).  Chevron is an active explorer and operator in the Gulf of Mexico and was 

aware that natural gas hydrates needed to be better understood in order to operate safely in deep water.  In 

August 2000 Chevron worked with the National Energy Technology Laboratory (NETL) of the United 

States Department of Energy (DOE) to conduct a workshop in Houston, Texas that identified and 

discussed the key issues concerning the characterization of natural gas hydrate deposits.  Specifically, the 

workshop was meant to show where research, the development of new technologies, and new data 

collection and analysis would be beneficial to the DOE and to the oil and gas industry in defining issues 

and solving natural gas hydrate problems in deep water.  

 

In 2001 Chevron formed a Joint Industry Project (JIP) group to write a proposal and to conduct research 

concerning natural gas hydrate deposits in the deep water GOM.  Chevron generated a research proposal 

which was submitted to the DOE in April 2001 under a competitive DOE funding opportunity 

announcement (FOA).  That application was selected for an award by the DOE under the FOA, and 

Chevron was awarded a cooperative agreement for research based on the proposal.  The title of the 

project is “Characterizing Natural Gas Hydrates in the Deep Water Gulf of Mexico: Applications for Safe 

Exploration and Production Activities”.  The project was funded in October 2001, and in December 2001 

additional workshops were held to identify the project sub-teams and to develop the high level project 

phases and tasks (Figure 1). A high level, illustrative summary of the overall project objectives is 

available on the DOE-NETL Methane Hydrates Web Site.  This summary is titled “Gulf of Mexico Joint 

Industry Project” [1].  

 

Since 2001, the JIP has engaged in a multiyear effort to develop technology and collect data to assist in 

the characterization of gas hydrates in the deep water GOM.  The JIP members include ConocoPhillips, 

Schlumberger, Halliburton, Japan Oil Gas and Metals National Corporation (JOGMEC), U.S. Bureau of 

Ocean Energy Management (BOEM), Total, Reliance Industries Ltd., Korean National Oil Company 

(KNOC), and Statoil.  Since its initiation the JIP project work has continued over three main phases: 

 

Phase I: During the first phase, the JIP performed technical investigations into the occurrence, nature, and 

implications of natural gas hydrates in the GOM.  Planning for an offshore expedition to collect hydrate 

data was also conducted. During the period March - May 2002 a series of technical workshops were held 

to define the detailed project scope, key tasks, work plan, and schedule.  The project governance and 

technical teams responsible for completing the work were also established [2,3].  These workshops 

included: 
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• Data Collection Workshop – March 2002 

• Drilling, Coring and Core Analysis Workshop – May 2002 

• Modeling, Measurement and Sensors Workshop – May 2002 

 

The results of these project planning workshops are described in the Topical Report 41330R03 [4].  

Subsequent workshops were held to identify the project subcontractors and to initiate plans for drilling 

site selection and drilling operations.   

 

Phase II:  During the second phase, the JIP completed the first offshore expedition in 2005.  This Leg I 

expedition consisted of drilling, logging and coring operations in fine-grained sediments at five drilling 

locations in two GOM areas (Atwater Valley 13/14 and Keathley Canyon 151). The expedition collected 

an excellent suite of well-logs and borehole seismic through the hydrate stability zone.  Over 200 meters 

of core was recovered and a 60 meter thick, gas-hydrate-bearing interval was identified.  The data 

obtained from Phase I and Phase II activities, including the Leg I offshore expedition,  demonstrated the 

potential for gas hydrate characterization using industry-standard seismic data, and it demonstrated the 

ability to safely drill and operate in areas where modest to low saturations of gas hydrate might occur in 

the fine-grained sediments that typify the  GOM.  

 

Phase III:  The third phase was contingent upon success with the first two project phases.  It was 

determined to hold continued value and was therefore included in the project.  Phase III was established 

as two distinct sub-phases: 

 

• Phase IIIA – Activities under this sub-phase included a second offshore expedition (Leg II) to 

obtain extensive Logging While Drilling (LWD) data from additional locations in the GOM with 

a focus on areas anticipated to have higher saturation hydrate occurrence in coarse grained 

sediments.  Planning began in 2005 and the Leg II expedition was completed in 2009. The Leg II 

expedition obtained extensive LWD data from seven drilling locations at three GOM areas 

(Green Canyon 955, Walker Ridge 313 and Alaminos Canyon 21).  Leg II successfully 

demonstrated the occurrence of gas hydrates at medium to high saturations in reservoir-quality 

sands in the GOM. The hydrate deposits were found in close accordance with pre-drill 

predictions, demonstrating the validity of the hydrate exploration and appraisal tools and 

techniques used in finding, delineating, and characterizing targeted accumulations. Also in this 

phase, systems for handling and analyzing pressured cores were further developed. 
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• Phase IIIB - The Phase IIIB activities included the technology development of pressure coring 

equipment suitable for characterizing and evaluating hydrates at in-situ conditions in the GOM.  

Design alternatives for a functioning pressure coring device were developed, and a prototype 

pressure coring tool was built and tested. The systems for handling and analyzing pressured cores 

were continued to be refined.  These systems were successfully tested on pressured, hydrate-

containing cores obtained by JOGMEC (a JIP member) in 2012 during an expedition offshore 

Japan. A preliminary planning study for a potential marine pressure coring acquisition expedition 

in the GOM (Leg III) was also competed in order to determine the drilling requirements and cost. 

Throughout all project phases regular project reporting included Semi-Annual Reports and Topical 

Reports.   These reports are listed in Table 1 and are all available on the DOE-NETL Methane Hydrates 

Website.  This Final Project Report is intended to provide a summary level description of the key 

activities undertaken during the project (all Phases I-III), and it includes a high level description of the 

methods used, the types of data that resulted, and critical insights and conclusions resulting from the 

project.  References to specific project reports (such as Semi-Annual Reports or Topical Reports) and 

associated scientific reports that utilize JIP data (such as scientific publications) are provided for full 

technical detail. A comprehensive listing of all professional publications, technical papers and 

presentations are provided in Appendix A.  The listing of all students funded under the project by the 

Recipient, all subcontractors as a result of project activities, and the members of the JIP are provided in 

the Acknowledgement section. 
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Figure 1: Project Phases and Key Activities 
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Table-1: Listing of Semi-Annual and Topical Reports. 
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Table-1: Listing of Semi-Annual and Topical Reports 
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Table-1: Listing of Semi-Annual and Topical Reports
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2. PHASE I  
 
Phase I was initiated in the fourth quarter of 2001. The objectives of Phase I involved data collection and 

analyses of existing information on hydrates and the development of protocol for an offshore expedition 

to collect field data. Work in Phase I consisted of a number of key tasks: 

• Research Management Plan and Project Management 

• Data Collection and Organization 

• Development of New Gas Hydrate Sensors 

• Develop Well Bore Stability Model 

• Seismic Modeling and Analysis 

• Kinetics and Thermodynamics Analysis 

• Determine Data Requirements for Geo-Models 

• Develop Drilling and Coring Test Plans 

• Core Handling and Core Tests 

• Review Data and Select Locations of 3 Field Test Sites 

• Hold conference to solicit input from industry, academic, government and other qualified 

professionals on the planned field testing  

The organizational structure and participants in the JIP and the Phase I high level work plan are 

summarized in the report “Gulf of Mexico Joint Industry Project” and in the first Semi-Annual Report 

#41330R01 [2] for the period October 2001 – March 2002. All the Phase I tasks were completed 

successfully by the end of the third quarter of 2003, and the results were reported in the Semi-Annual 

Report #41330R04 [5].  Protocols for seismic data acquisition and processing to characterize natural gas 

hydrate deposit in deep water were developed. The protocols were reported in the Topical Report 

#41330R05 [6].  Work on geo-modeling and analysis for gas hydrate quantification in the Gulf of Mexico 

was conducted by Schlumberger Reservoir Services Group.  The results were provided in the 

Schlumberger technical report “Theoretical Modeling and Analysis for Gas Hydrate Quantification from 

Prestack Seismic Data in the Northern Deepwater Gulf of Mexico” (2003) [7]. Work on hydrate related 

geohazards were reported in Topical Report #41330R07 (2002) [8].  

 

The above referenced reports provide details of the activities and results.  The key results are summarized 

as follows: 

• The Phase I project sub-teams and governance structure was established.  Key teams included: 

Executive Board, Hydrates Characterization Team, Drilling and Coring Team, and the Seafloor 

Stability Team.  Activities and results from these teams are detailed in the Phase I Semi-Annual 

and Topical Reports. 
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• Developed the GOM Hydrates database. 

• Investigated and reported on the feasibility of developing MWD (measurement while drilling) 

sensors for gas hydrates during drilling operations. 

• Contracted with Georgia Tech to run laboratory tests on synthetic cores containing gas hydrates.  

These tests evaluated the physical property changes during formation and dissociation of gas 

hydrate, which corresponds to pressure and/or temperature cycling.  Additionally, properties of 

sediment/hydrate mixtures were characterized, and the effects of coring/sampling on properties of 

gas hydrates were investigated. 

• Negotiated with Scripps Oceanographic Institute to be a key science provider for Phase II and to 

help prepare the plans and protocols for Phase II of the project. 

• Negotiated with the Joint Oceanographic Institute to help write the drilling, coring, and core 

handling protocols and procedures that would be required for Phase II of the project. 

• WesternGeco completed the evaluation of six potential sites for Phase II drilling expedition.  

Follow-up meetings with the JIP resulted in the selection of two sites for more detailed review.  

During this exercise, methods to acquire, process, and interpret seismic data for gas hydrates were 

investigated.  WesternGeco used its scientific information, processing and interpretation expertise 

to develop methods that enable the study of shallow formations in the deep water GOM so that 

hydrates can be located and imaged. 

• Schlumberger completed the feasibility study of developing a well bore stability model for 

shallow holes drilled through soft formations containing natural gas hydrates.  On the basis of this 

study the development of a prototype well bore stability model was pursued. 

• Negotiated with Fugro to provide the drill ship for the Leg I drilling expedition in Phase II of the 

project. 

 

A DOE Research and Development Conference and a JIP Workshop on Hydrates were held at the end of 

September 2003.  The purpose of the conference and workshop was to review research and development 

results from various DOE projects, to review the research results from Phase I of the JIP project, and to 

critique plans for Phase II of the JIP project. The combined meeting generated significant interest in the 

gas hydrates technical community.  The results of the conference and workshop are documented in the 

Topical Report #41330R06 (2003) [9]. 
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3. PHASE II  
 

Phase II began in the fourth quarter of 2003. The focus of Phase II was on the selection of specific sites 

for field programs, the execution of field programs at those sites, and analysis and reporting of the data to 

be collected.   The work in this phase consisted of the following key tasks: 

• Research Management Plan and Project Management 

• Validation of New Gas Hydrate Sensors to be used in field tests 

• Validation of Wellbore Stability Model to be used in drilling for hydrates in deep water  GOM 

• Core and Well Log Data Collection in deep water GOM 

• Analysis of Field Data 

• Development of Field Sampling Device 

• Hold technical conference to share the results  

A drilling expedition (Leg I) was conducted offshore in 2005. The goal of the expedition was to collect 

sediment data for scientific analysis and to compare it to the pre-expedition seismic analysis predictions.  

The Leg I drilling expedition was successful in collecting core and well log data while validating the 

technical work and methodology developed in Phase I. 

 

Site Selection and  Drilling 

  

A key objective of the site selection process for the Leg I expedition was to locate hydrates for drilling 

that were expected to be typical of the hydrates most commonly encountered by deep water operators.  

Initial candidate sites were identified based on seismic data interpretation, largely based on methods 

developed in Phase 1.  Another critical part of the site selection activity was to perform a hazard analysis 

of the locations being considered.  The hazard analysis removed some of the most promising locations 

and restricted drilling in other areas because of potential problems.   

 

The Leg I drilling site selection began in Phase I by overlaying geographic areas of interpreted and known 

surface and subsurface hydrate occurrences with offshore blocks that were either unleased or leased by a 

JIP member company.  Another consideration was an operational one to insure permission to operate.  

After a number of potential locations were identified, the JIP invited interested parties to a workshop to 

discuss the merits of each location and to propose alternate locations.  Six possible target locations, Green 

Canyon 184 and185, Atwater Valley 14, Alaminos Canyon 856, Mississippi Canyon 802, and Keathely 

Canyon 195, were identified.  Additional seismic analysis was conducted and the final two locations 

(AT14 and KC195) were then selected for more detailed seismic analysis.  These two locations were 

selected because of their different geologic characteristics [5,6].   
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The Atwater valley location is in the eastern GOM and is associated with a hydrate mound.  Hydrates 

were expected to be located near the surface, and the mound area looked promising to recover hydrate 

cores. The Keathley Canyon location is in the western GOM.  Potential hydrates there were expected to 

be located about 300-400 meters below the mud line.  The two locations were selected because they 

provided a range of possible hydrate settings in the GOM.     

 

The Leg I drilling expedition was completed in 2005. Wells were drilled using conventional oil field 

equipment and practices without a casing or a riser.   Drilling was completed safely and on time and on 

budget using a dynamically-positioned drill ship.  Drilling muds were used when required and care was 

taken to use drilling muds that were hydrate-compatible when hydrate zones were being drilled.  The 

open hole wells had some hole stability problems that were likely due to the amount of time required to 

log and core.  Other drilling related problems were overcome by the experienced drilling crew, and these 

problems were typical of GOM drilling.   

 

The Leg I expedition consisted of a 35 day drilling cruise in Atwater Valley Blocks 13 and 14 and also in 

Keathley Canyon Block 151. Three holes and two near surface cores were drilled in Atwater Valley and 

two holes were drilled in Keathley Canyon [10,11]. 

 

The Atwater Valley locations were in approximately 1300 meters water depth in the eastern GOM.  The 

three holes were drilled to a depth of 246.3 meters, 199.9 meters, and 286.6 meters.  One hole did not 

reach its target depth and wireline logs were not collected due to borehole stability problems.  The two 

cores collected directly at the mound were about 30 meters in length.  A total of 144 meters of core and 

two surface push cores were collected.  LWD data was also obtained.  The description of the log and core 

data are presented in detail in the 2005 Semi Annual Report #41330R09 and the “Cruise Logging Report: 

GOM Gas Hydrate JIP Drilling Program Downhole Logging Program Report (2005), both available on 

the DOE-NETL Methane Hydrates Website [12,13]. 

 

The Keathley Canyon locations were in approximately 1320 meters water depth in the western GOM.  

The two holes were drilled to a depth of 459.8 meters and 441.4 meters.  The second hole was stopped 

short of its target depth due to water flow.  A total of 228 meters of core and 1 push core were collected.  

LWD, wireline, and VSP data was also obtained.  The description of the log and core data are presented 

in detail in the 2005 Semi Annual Report #41330R09 and the “Cruise Logging Report: GOM Gas 

Hydrate JIP Drilling Program Downhole Logging Program Report (2005), both available on the DOE-

NETL Methane Hydrates Website [12,13]. 
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Logging and Coring 

 

Logging and coring was conducted in the Leg I drilling expedition. The goal of the logging activity was 

to collect sediment data for scientific analysis and then compare the results to the pre-expedition seismic 

analysis predictions.  Conventional oil field logging tools were used.  The tools selected were optimized 

to provide data relevant to hydrate detection.  Measurements were taken on board the ship on the cores 

that were collected.  The cores underwent further analysis when returned to shore. 

 

Logging consisted of both LWD and wireline tools.  The LWD tools proved to be the most useful due to 

hole re-entry problems to deploy the wireline tools.  The LWD tool string provided necessary data for 

drilling operations as well as data on the sediments and hydrate occurrence.   

 

Log data was of high quality and consisted of resistivity, borehole imaging, gamma ray, density, neutron 

porosity, and magnetic resonance logs.  Dipole sonic logs and a VSP were also collected for the Keathley 

Canyon #3 hole. 

 

Both unpressurized and pressurized cores were collected in the Leg I drilling expedition.  The 

unpressurized cores were used to obtain general sediment and fluid data.  Pressurized cores were used to 

attempt to measure hydrate concentrations.  A total of over 200 meters of core were collected on the 

cruise.  Eighteen pressure cores were attempted with five cores recovered under pressure. 

 

Well Bore Stability Model 

 

The JIP developed and delivered a well bore stability model for use in hydrate drilling.  The model 

incorporated data from the JIP’s lab work as well as data from conventional drilling in the GOM.  The 

well bore stability model utilized MWD data from the drilling operation to compare and update the 

model. The model was used to predict the effects that drilling would have on the sediments [14,15]. The 

predictions allowed the drilling operations to minimize gas hydrate destabilization and borehole washout 

while maintaining required drilling performance.  After each phase of drilling, the model was compared 

to MWD data and improved for future drilling.  A runtime version of the model was provided to the DOE 

for public use. 
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Lab Data on Fine-grained Sediments 

 

Lab data was largely collected by Georgia Tech using synthetic samples containing tetrahydrofuran  

(THF) hydrate.  The JIP selected this option over conducting experiments on synthetic methane-hydrate 

samples because of the time and expense required for data analysis on methane hydrates and the inability 

to create methane-hydrate samples over a wide range of grain sizes.  Additionally, there was the view that 

THF hydrate samples may more accurately mimic geomechanical properties of in-situ occurrences than 

lab-synthesized CH4-hydrate samples.  This approach allowed the JIP to obtain a large dataset across a 

range of hydrate concentrations, pressures, and sediments [16].  These data were also used in the well 

bore stability and seismic modelling efforts.  

 
Seismic velocities and mechanical and electric properties were obtained on the tetrahydrofuran hydrates 

by conducting small‐strain mechanical properties experiments of hydrate‐bearing sediments measured 

under laboratory conditions.  These data provided reference values for calibrating the logging and seismic 

data results in the hydrate‐bearing formations. The data set included compressional (P) and shear (S) 

velocities of sand, silts, and clay with and without hydrate and subject to vertical effective stresses of 0.01 

to 2 MPa.  

The results demonstrate that laboratory hydrate formation controls the pattern of P and S velocity.  The 

value of the properties changes with increasing hydrate saturation and that hydrate‐bearing sediments are 

governed by effective stress and sediment specific surface [8]. 

Seismic Modelling 

 

Seismic modelling for both Phases I and II was completed by WesternGeco (a subsidiary of JIP member 

Schlumberger).  One of the key project objectives was to determine if standard oil field seismic data and 

modelling would be suitable for hydrate interpretation, or if improvements would be required for hydrate 

analysis.  It was determined that standard processed seismic data (for oil field exploration) typically lacks 

the information most useful for hydrate analysis because it has been filtered out during processing (in 

favour of the signals required to better image the deeper sediments and deeper exploration prospects).  

Because of this filtering the JIP found it necessary to revert the seismic signals back to its base data (this 

is commonly referred to as pre-stack data).  The pre-stack data is most suitable for hydrate analysis. 

 

A five-step seismic analysis process was developed by the JIP [6,8].  The key steps in this process 

include: seismic data reprocessing (highest resolution); stratigraphic evaluation and geologic 

interpretation, seismic attribute analysis, full wave form pre-stack inversion of rock properties, and 

quantitative analysis to obtain estimates of hydrate saturation.   
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The seismic analysis was also used to develop pseudo well logs to compare to the field logs obtained 

during drilling.  The model was improved after the Leg I drilling.  The analysis illustrated the need for 

improved sediment properties as well as the need to use long offset seismic data. 

 

Hydrate Sensors and Tool Development 

 

The JIP continued to investigate technologies for detecting hydrates using tools and sensors.  A core 

measurement vessel / tool was developed to conduct measurements on pressurized core on-board a drill 

ship [17].  In order to install the core into this measurement vessel from a pressure core, a transfer vessel 

also was developed.  These two devices when combined with a pressure coring device allowed for the 

first measurement of core strength, acoustic, and electrical properties on a hydrate core that has never 

been depressurized [18].  The tools were available for use during the Leg I drilling, one sample was 

successfully tested with the tool, but because very few pressure cores were recovered the tools were not 

used extensively on the Leg I expedition. However, the JIP enabled further testing of the tools in the fall 

of 2006 during an expedition led by the Indian Government’s Natural Gas Hydrate Program in 

collaboration with the USGS. 

 

Workshops 

 

The JIP conducted a number of workshops during the execution of Phase II.  These workshops were used 

to inform interested parties of progress and planning. The workshops also provided excellent venues to 

share results and to obtain input from as a wide range of researchers on the areas needed for hydrate 

research.   
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4. PHASE IIIA  
 
As a follow-up to the successful Leg I offshore drilling expedition in Phase II, the Phase IIIA activities 

focused on the characterization and evaluation of hydrate occurrence within coarse grained horizons in 

the GOM.  These could pose additional drilling hazards as well as be potential reservoir quality hydrate 

deposits.  Work included preparation for another offshore drilling expedition (Leg II), additional 

technology development to identify and characterize hydrates, execution of the drilling program, data 

analysis, and reporting.  The scientific investigations in this phase included: 

 

• Revised Research Management Plan and Project Management 

• Detailed geological and geophysical review of potential drilling locations 

• Drilling hazard reviews 

• Operational planning 

• Field program – drilling  and logging of multiple boreholes in selected OCS blocks in GOM 

• Data analysis of new field data including laboratory analysis and geological modeling of hydrate 

drilling locations 

• Development of prototype coring equipment for improved hydrate recovery, detection, and 

measurement  

• Improvement to the well bore stability model 

• Collection and testing of lab samples necessary to improve well bore and reservoir models 

Site Selection and Drilling 

 

Phase IIIA site selection for Leg II drilling focused on locations identified by sites previously noted in 

industry drilling (Blocks AC818 and EB922),  in industry GOM shallow hazard surveys (Blocks WR313, 

GC955, and GC781), and in an ongoing regional gas hydrate assessment being conducted by the BOEM 

(Block AC21) [17].  Block AC818 was the only site with hydrate-bearing sand occurrence confirmed by 

prior drilling, however the site posed substantial operational difficulties and was removed from 

consideration.   Blocks WR313, AC21, GC781, and GC955 were selected for drilling; however, Block 

GC781 could not be considered due to ongoing industry operations in the area. Pre-drill seismic 

interpretations were conducted for the Block WR313 and GC955 sites. 

 

The site selection committee developed the drilling locations.  The committee included personnel from 

the JIP, BOEM, DOE, USGS, NRL, and Rice University.  The committee conducted multiple conference 

calls and face-to-face meetings to review data and discuss the possible locations.  These meetings are 

documented in Semi-Annual Report #41330R13 [17]. 
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The site selection committee performed an analysis of all potential drilling locations that included drilling 

hazards, hydrate estimates, scientific value, and sediment description.  The analysis was used to rank the 

drilling locations.  Drilling permits were obtained for the high ranked locations.  Permits were obtained 

for 20 potential locations with a flexible plan to modify the targets based on ongoing drilling results.  The 

drilling locations and the technical analysis to support then are provided in “Gulf of Mexico Gas Hydrate 

Joint Industry Project Leg II: Operational Summary” [18] and the Semi-Annual Report #41330R16 [19].  

There are also predrill and site selection reports and post expedition summary reports for Leg III available 

on the NETL website. 

 

The Leg II drilling expedition was conducted in 2009.  The scientific and operational objectives were 

met, and the program was executed on budget and without any safety incidents.  The expedition consisted 

of a 21 day cruise to Walker Ridge Block 313, Green Canyon Block 955 and Alaminos Canyon Block 21.  

A total of seven holes were drilled and logged.  In accordance with project plans, only logging was 

conducted on this cruise (no coring). 

 

Two holes were drilled in Alaminos Canyon at a water depth of approximately 1490 meters.  The holes 

were drilled to a depth of 536.4 meters and 340.2 meters. Three holes were drilled in Green Canyon at a 

water depth ranging from approximately 1986 to 2063 meters.  Hole depths were 460 meters, 589 meters, 

and 672 meters. Two holes were drilled in Walker Ridge at water depth of approximately 1990 meters.  

Holes depths were 996 meters, and 1093 meters.  The detailed results of Leg II are provided in the “Gulf 

of Mexico Gas Hydrate Joint Industry Project Leg II: Operational Summary” [18], and in the Semi-

Annual Report #41330R17 [20].  The high-level results are summarized below. 

 
Logging  
 
The objective of the logging program was to collect sediment data for scientific analysis and to compare 

the results to the pre-expedition predictions (seismic analysis predictions, hydrate concentration 

predictions, and well bore stability predictions).  An advanced, research-level LWD suite was employed, 

including several experimental devices.  

 

The LWD data were successfully collected on all holes drilled at the selected sites. These data provided a 

comprehensive set of logs for analysis.  The logging program used an advanced set of LWD tools that 

obtained multi-azimuth images of the hydrate bearing sediments.  The string of tools provided shear and 

compressional wave slowness, resistivity, porosity, density, and gamma ray.   
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Seismic Modelling 

 

As in Phase II, pre-drill seismic analysis was used to develop pseudo well logs (for WR313 and GC955 

drilling locations) which were compared to the actual field logs obtained during drilling.  Seismic 

modeling was used to generate the pseudo well log data by reprocessing long offset seismic data and 

using that data to calculate hydrate concentrations in the areas selected by the site selection activity.  The 

predictions from this data proved to be accurate based on comparison to the actual LWD data results in 

six of the seven wells [20]. These pseudo well logs were also determined to be valuable to the drilling 

planning because they allowed for more accurate pre-drill prediction of the interval to be drilled. 

 

Tool Development 

  

The JIP started the development of a new pressure coring tool based on the design that was used 

successfully during Japan’s 2004 hydrate drilling in the Nankai Trough.  The design of this new tool 

includes adaptors that allow it to connect to the pressure core transfer and measurement tools, which were 

also designed and/or enhanced as part of the JIP effort.  The development of this new coring tool, the  

High Pressure Temperature Corer (HPTC) by Aumann & Associates is described in Semi-Annual Report 

#41330R15 [21]. This pressure coring tool is designed to collect longer cores and to withstand higher 

pressures in the GOM vs. other pressure coring tools that were tested successfully in Japan. 
 
Technology and Information Transfer 
 
 
As in the previous phases, the JIP conducted a number of workshops during the execution of the project.  

These workshops were used to inform interested parties of progress and also to obtain input from as a 

wide range of researchers on the areas needed for hydrate research. The cumulative scientific results of 

the work related to the Leg II expedition in Phase IIIA were published in a compendium of papers edited 

by Collett and Boswell [22]. The original and fully processed GOM JIP Leg II well log database was 

loaded onto the Lamont-Doherty Earth Observatory web site: http://brg.ldeo.columbia.edu/ghp/. The web 

site includes original and processed data, in the same formats as GOM JIP Leg I.  
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5. PHASE IIIB 
 

Phase IIIB activities were originally focused on the planning of offshore expedition Leg III to collect 

hydrate pressure cores at a number of selected locations in the GOM that were previously drilled and 

logged in Phase IIIA (Leg II). The activities also included work focused on technology development and 

testing of prototype pressurized coring equipment suitable for characterization and evaluation of hydrate 

occurrence within coarse grained sediments in the GOM.  The tasks completed in this phases were: 

 

• Revised Research Management Plan and Project Management 

• Refinement and Testing of Prototype Pressure Core Handling / Analysis Equipment 
• Prototype Pressure Coring Equipment Design Update, Development and Testing  
• Planning Study of a Potential Marine Pressure Coring Expedition   

 

Prototype Pressure Core Handling / Analysis Equipment  

The development and/or enhancement of prototype Pressure Core Handling / Analysis equipment was 

initiated and completed by two teams of scientists from the United States Geological Survey and Georgia 

Institute of Technology. Two systems to analyse the pressure cores under in-situ conditions have been 

successfully developed: the Instrumented Pressure Test Cell (IPTC) (enhanced from the IPTC version 

originally created during Phase II of the project) and the Pressure Core Characterization Tool (PCCT). 

The systems have the capability to perform a number of analyses on the pressured hydrate cores under in-

situ pressure conditions. A field test of these tools was successfully accomplished at the AIST national 

hydrate laboratory in Sapporo, Japan, in January 2013.   The scientific results of this work are 

documented in Semi Annual Reports #41330R24 and #41330R25 and in Topical Report #41330R27 

which is the Topical Report that describes the Phase III activities in detail [23,24,25].  This Topical 

Report includes a section titled “Development of Instrumented Pressure Test Cell (IPTC) and the Pressure 

Core Characterization Tool (PCCT)”. 

 

The IPTC and PCCT equipment have been turned over to DOE and subsequently the title was transferred 

to USGS Woods Hole (IPTC) and Georgia Institute of Technology (PCCT) where these equipment 

systems now reside. 

 

Prototype Pressure Coring Equipment Design, Development and Testing 

  

The work on an updated pressure coring system was initiated by the JIP in Phase III, and in 2011 the JIP 

funded Aumann and Associates, Inc. (AAI) to development a High Pressure Temperature Corer (HPTC) 
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for the JIP.  The HPTC specifications included a longer core barrel allowing for more efficient coring 

operations and increased core diameter to enable improved device robustness and reliability. 

  

Subsequent to the 2011 contract award to AAI, the Deepwater Drilling Department in Chevron reviewed 

deep water drilling protocols and determined (among other things) that the large diameter of the HPTC 

design was not compatible with the drill pipes employed by Chevron deep water drill rigs. While it would 

be possible to make modifications to the HPTC design and the drill pipes, these changes would be 

complex and difficult. In June 2012, JOGMEC was successful in the acquisition of hydrate pressure cores 

offshore Japan using a pressure core system built by AAI for JOGMEC employing a smaller core barrel.  

In April, 2013, AAI was funded by the JIP to build a Hybrid Pressure Core System (Hybrid PCS) based 

on the Japanese pressure core barrel with additional refinements from lessons learned from JOGMEC 

coring experiences. The manufacturing of the Hybrid PCS was completed and was factory acceptance 

tested in September 2013 [23,24]. A Heavy Van and Service Van were also constructed at this time.  

These vans serve as transport and on-site servicing containers for the Hybrid PCS. 

 

In November 2013 the Hybrid PCS was field tested for functionality at Catoosa Test Facility in Hallett, 

Oklahoma.  A number of performance issues were observed during the Catoosa test.  A technical review 

was subsequently conducted and the root causes of performance issues were identified.  AAI has since 

upgraded the Hybrid PCS to rectify the performance issues observed at Catoosa but the system with these 

modifications has not been field tested.  The Phase IIIB Topical Report [25] provides a detailed 

description of the Hybrid PCS, the onshore test at Catoosa, the results and recommendations made by the 

post-test Technical Review Team, and the description of modifications made to the Hybrid PCS following 

the field test. 

 

The Hybrid PCS, Service Van, Heavy Van and associated drilling and coring equipment have been 

delivered to the DOE storage facility in Morgantown, West Virginia. 

 

Preliminary Planning Study of a Potential Marine Pressure Coring Expedition   

 

The preliminary planning and design of a Leg III drilling expedition to collect pressure cores of hydrates 

offshore GOM was initiated in late 2009.  A Leg III Science Field Organization Team was established 

and the kick-off meeting was held in January 2010.  Additional teams and contractors (such as Geotek 

and Aumann and Associates) were also very involved in the expedition planning.  Issues with 

compatibility of the drill pipe and the HPTC pressure corer were identified and discussed.  A series of 

planning meetings were held in first half of 2010 to address this issue, as well as to develop the technical 
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scope and scientific objectives of the Leg III expedition.  These are documented in Semi-Annual Reports 

#41330R18 and #41330R19 [26,27].    

 

The Phase IIIB work was significantly impacted by the GOM Drilling Moratorium that was announced in 

May 2010 as a result of the Macondo well incident [27].  Prior to the moratorium the project team had 

been ramping up preparations for the planned 2011 Leg III coring expedition.  Shortly after the 

moratorium was announced the Leg III preparations were put on hold to wait for lifting of the moratorium 

and to get post-moratorium clarification and assessment of regulatory, legislative, permitting, operational, 

and commercial changes in GOM drilling. 

 

Following the GOM Macondo well incident, a team of Chevron scientists and the Chevron Deepwater 

Drilling Operations Group completed a detailed evaluation of new drilling and safety requirements for 

deep water drilling and coring [28]. The study included a scoping study, a front end engineering study 

(FEED), a drilling and coring safety review, and a detailed time and cost estimate of an offshore operation 

to obtain hydrate pressure cores. The main conclusions of the study were: 

 

1) Offshore drilling and pressure coring of hydrates carry inherent considerable safety risks as 

hydrate accumulations are considered drilling hazards. The study showed that there are many risk 

factors in a pressure coring operation with an experimental prototype pressure coring tool. To 

provide adequate safeguards, a sixth generation deep water drill ship should be deployed for Leg 

III pressure coring operation. 

 
2) Time and cost estimate of the Leg III pressure coring operation using a sixth generation deep 

water drillship would be expensive as the operational cost would exceed $1MM/day. The total 

cost of a nominal three well program would exceed $40MM. 

Due to the high cost of this potential offshore operation decision was made to not pursue the Leg III 

expedition.  Instead, the Hybrid PCS was field tested at the onshore facility at Catoosa.  
 

A Separate DOE Topical Report, the Phase IIIB Topical Report, has been prepared in order to fully 

document the tasks completed in Phase IIIB and to provide technical details of the results [25].   
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6. SUMMARY AND CONCLUSIONS 
 
The work of the JIP to develop technology and collect data to assist in the characterization of gas hydrates 

in the deep water Gulf of Mexico spread over twelve plus years since 2001. The JIP has developed new 

tools and techniques to measure hydrate properties.  A large body of technical knowledge on hydrates 

characterization has been developed, together with a very large number of technical and operational 

insights captured, including: 
 

1. Hydrates are a readily-managed shallow drilling hazard.  Hazard mitigation can be accomplished 

via existing protocols including close monitoring of drilling fluid temperatures.   

2. Field data have indicated the occurrence of high-saturation hydrate accumulations in the Gulf of 

Mexico. 

3. Methods employed by the JIP and its federal partners to locate and predict hydrates were 

effective and accurate. The use of high quality long offset seismic data are valuable for detecting 

hydrates.  Estimates of hydrate concentration from seismic data and rock properties were in 

agreement with the log data at four of five sites, and high concentrations of hydrates were found 

in sand bodies at two of three sites.  Estimates of hydrate concentrations ranged up to 80% of 

pore space.   

4. Promising prototype tools and methods to collect hydrate pressure cores and analyze them under 

in-situ conditions have been developed. These pressure core data provide important information 

on properties of hydrates at in-situ conditions which are critical for technology development of 

natural gas production from hydrates.  

The scientific results of the JIP have been extensively published.  Refer to Appendix A for a complete list 

of publications. These accomplishments would not have been successful without the collaboration of a 

large number of scientists from academic institutions, government organizations and industry as well as 

the support of the Department of Energy and the participant companies in the JIP, all who are recognized 

in the Acknowledgements.   
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