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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, express 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 
favoring by the United States Government or any agency thereof.  The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Abstract 

Natural-gas hydrates have been encountered beneath the permafrost and 
considered a nuisance by the oil and gas industry for years.  Engineers working in 
Russia, Canada and the USA have documented numerous drilling problems, including 
kicks and uncontrolled gas releases, in arctic regions.  Information has been generated 
in laboratory studies pertaining to the extent, volume, chemistry and phase behavior of 
gas hydrates.  Scientists studying hydrate potential agree that the potential is great – on 
the North Slope of Alaska alone, it has been estimated at 590 TCF.  However, little 
information has been obtained on physical samples taken from actual rock containing 
hydrates. 

This gas-hydrate project is in the final stages of a cost shared partnership between 
Maurer Technology, Noble Corporation, Anadarko Petroleum, and the U.S. Department 
of Energy’s Methane Hydrate R&D program.  The purpose of the project is to build on 
previous and ongoing R&D in the area of onshore hydrate deposition to identify, 
quantify and predict production potential for hydrates located on the North Slope of 
Alaska.   

The work scope drilled and cored a well The HOT ICE #1 on Anadarko leases 
beginning in FY 2003 and completed in 2004.  An on-site core analysis laboratory was 
built and utilized for determining the physical characteristics of the hydrates and 
surrounding rock.  The well was drilled from a new Anadarko Arctic Platform that has a 
minimal footprint and environmental impact.  The final efforts of the project are to 
correlate geology, geophysics, logs, and drilling and production data and provide this 
information to scientists developing reservoir models.  No gas hydrates were 
encountered in this well; however, a wealth of information was generated and is 
contained in this report.   
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1. Introduction 

The purpose of this project is to plan, design and implement a program that will 
safely and economically drill/core and produce natural gas from arctic hydrates.  This 
project documents planning, operations and lessons learned to assist in future hydrate 
research and field operations to make an objective technical and economic assessment 
of this promising natural gas reservoir potential. 

On February 7, 2004 the well reached its planned depth of 2300 ft, about 300 ft 
below the zone where temperature and pressure conditions would theoretically permit 
hydrates to exist.  Although significant gas shows were encountered in highly porous 
sandstones, no methane hydrates were found.  The continuous coring rig used in the 
project proved to be a safe and efficient drilling system, with 93% of the core recovered.  

This project used a special purpose on-site laboratory to help analyze hydrate 
cores.  Live data and images were transmitted from the rig over the internet, which 
reduced the number of engineers and scientists required to oversee the project.  
Additionally, the well was drilled from a special purpose-built arctic platform.  A massive 
3D VSP seismic survey was also conducted to investigate lateral variations of the 
potential hydrate reservoir. 
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2. Executive Summary 

Objectives and Scope of Work 

The objectives of this gas-hydrate project are to analyze existing geological and 
geophysical data and obtain new field data required to predict hydrate occurrences; to 
test the best methods and tools for drilling and recovering hydrates; and to plan, design, 
and implement a program to safely and economically drill and produce gas from 
hydrates in Alaska. 

The overall Scope of Work is to:  

1. Evaluate geological and geophysical data that aid in delineation of hydrate 
prospects 

2. Evaluate existing best technology to drill, complete and produce gas hydrates 

3. Develop a plan to drill, core, test and instrument gas-hydrate wells in Northern 
Alaska 

4. Characterize the resource through geophysics, logging, engineering and 
geological core and fluids analysis 

5. Test and then monitor gas production from hydrate wells for one year 

6. Quantify models/simulators with data for estimating ultimate recovery 
potential 

7. Learn how to identify favorable stratigraphic intervals that enhance methane 
production 

8. Assess commercial viability of developing this resource and ultimately 
develop a long-term production plan 

9. Provide real hydrate core samples for laboratory testing 

10. Develop and test physical and chemical methods to stabilize hydrate 
wellbores and improve core recovery 

11. Step outside the well-known Prudhoe Bay/Kuparuk River area to further 
delineate hydrate deposits in Alaska 

12. Report results to the DOE and transfer technology to the Industry 

Well planning, site selection and equipment construction and field operations have 
been completed.   
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Phase II Participants:  

Maurer Technology Inc. – Performs project coordination, project management 
and DRC testing. 

Anadarko Petroleum Corporation – Overall project management for the design, 
construction, and operation of the Arctic Drilling Platform, mobile core lab, and field 
coring operations. 

Noble Engineering and Development – Provides personnel and real-time data 
collection and transmitted digital data and video to project participants located offsite 
and wellsite drilling personnel. 

University of Alaska – Supports studies on geology, tundra, and produced water 
disposal. 

Lawrence Berkley National Lab (LBNL) – Performs reservoir modeling used for 
well test planning and onsite portable X-ray scanner with wellsite operator. 

Sandia National Lab – Provides downhole mud pressure and temperature 
recording tool. 

Pacific National Lab (PNL) – Provides portable infrared scanner. 

United States Geological Survey (USGS) – Provides synthetic core for drilling 
tests, phase behavior model for hydrates, pressure vessels for hydrate core storage and 
technical advice.  Models hydrate preservation and dissociation.  Provides personnel for 
coal core and analysis.  

Schlumberger Oilfield Services – Provides CMR equipment used in mobile core 
lab and two onsite analysts; and well-logging services.  

Paulsson Geophysical Services – Performs vertical seismic profiling. 

Advisory Board – Craig Woolard, University of Alaska, Anchorage; Steve Bartz, 
Schlumberger; Steve Kirby, USGS; Tim Collette, USGS; Theresa  Imm, Arctic Slope 
Regional Commission; C. Sondergeld, University of Oklahoma; Richard Miller, 
University of Kansas; and David Young, Baker Hughes Inteq. 

Accomplishments 

• Design and construction of Anadarko’s Mobile Core Laboratory completed in 
August 2002.  This lab permits cores to be maintained and analyzed at a 
reduced temperature and in close proximity to the drill site. 



DE-FC26-01NT41331 -4- Maurer Technology Inc. 

• Operational and logistics planning, geology and geophysics analysis, and site 
selection completed and environmental and operations permits obtained by 
the end of December 2002. 

• Anadarko’s Arctic Platform was installed on site in February 2003.  
Technology being tested here could help to achieve three goals independent 
of this project: 

o allow operators to work outside the present operations season 

o provide access to remote areas where water to build ice roads is 
scarce and steep grades make it difficult to set or supply a drilling rig 

o reduce the environmental impact of a well location on the tundra 

o met expectations through a summer season 

o was successfully removed with no adverse environmental impact 

• Arctic Platform topside facilities were set during March 2003. 

• Hot Ice #1 Well was spudded on March 31, 2003. 

• Well cored, logged and cased to the base of the permafrost during April 2003. 

• Drilling operations resumed on January 30, 2004. 

• Well successfully cored to 2300 ft with 93% core recovery  

• Well was logged and a massive VSP survey conducted  

• Geological models have been calibrated  

• Final report is in progress 

The Hot Ice No. 1 well is located approximately 20 miles south of the Kuparuk 
River oil field center and about 40 miles southwest of Prudhoe Bay.  Based on evidence 
from nearby offsets in the Cirque and Tarn gas hydrate accumulations, hydrates are 
expected to be found in sands near the base of the permafrost.  The well was spudded 
on March 31, 2003, and was continuously cored from a depth of 107 feet to 1400 feet 
(RKB) with core recovery of 93%.  The base of the permafrost was crossed at about 
1250 ft.  Open-hole logs were acquired and 7-inch casing set in a shale zone between 
the Ugnu and West Sak formations.  
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Status and Remaining Tasks 

Operations on the Hot Ice well were suspended after the first drilling season on 
April 21, 2003 pending the return of cold weather (Figure 1).  Drilling operations were 
resumed during the current quarter on January 30, 2004 at the opening of the 
conventional operations season.  An ice road was constructed from an existing road to 
the west of the well location (see Figure 2). 

 
Figure 1.  Arctic Platform during Summer 
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The Hot Ice No. 1 well was cored with a wireline retrievable coring system using 
drilling mud that had been chilled to 23°F (-5°C) to preserve the 3.3-inch (8.5-cm) core 
and to prevent any hydrate from dissociating during core recovery.  The mobile core 
laboratory was employed to immediately perform measurements on both whole core 
and 1-inch plugs taken from the whole core, while maintaining that temperature.  Whole 
core measurements included: core gamma log, infrared temperature, velocity 
measurement, geologic description and white light photographs, high resolution CT 
scan (equipment from LBNL), and a nuclear magnetic resonance measurement (with 
CMR tool from Schlumberger) on a portion of each section of core.  Plug measurements 
included: bulk volume, grain density, helium porosity and permeability at confining 
stress, P and S wave velocity, resistivity, and thermal conductivity.  For hydrate 
samples, the NMR system (Schlumberger CMR Tool) is used to determine the fluid 
volume in the sample at various steps in the dissociation process, while released gas 
volumes and composition are also recorded. 

After the well was suspended on April 21, 2003 due to unseasonably warm 
conditions that prevented transport of heavy loads over the tundra, the mobile core lab 
and collected core were moved to Deadhorse, Alaska, to permit continuation of core 
analysis.  The lab was shipped to Tulsa, Oklahoma where repairs and upgrades were 
made by the University of Oklahoma.  The lab was shipped back to the location in 
January, 2004.  Following the demobilization, the core was provided to the University of 
Alaska and the mobile lab was sent to the University of Oklahoma, where it is now 
available for other research projects.  

As mentioned, drilling operations were resumed during January 2004, and the well 
was successfully cored to 2300 ft with 93% core recovery on February 7, 2004.  The 
well was logged and a massive VSP survey conducted.  Casing was set directly above 
the West Sak formation.  Gas-bearing sands were encountered in highly porous 
sandstones that were situated within the hydrate stability zone.  The sands were areally 
extensive and stratigraphically equivalent to sand units in offset wells.  Total depth was 
reached at 2300 ft, which was approximately 300 ft below the gas-hydrate-stability 
zone.  A localized temperature model was developed for predicting the base of the 
hydrate-stability zone.  This model was verified by the well results and used to 
determine the TD of the well.  The well was logged, VSP was run and, because no 
hydrates were encountered, the planned completion and testing program was not 
implemented. 

A complete set of core, well log, production and downhole pressure and 
temperature data has been provided for use in evaluating the hydrate reservoir’s quality 
and to determine potential for production from arctic hydrate intervals.  The data are 
now available for incorporating into hydrate reservoir models to test possible scenarios 
for producing methane from hydrates in similar settings. 

Several officials from the State of Alaska, U.S. Department of the Interior and 
Department of Energy visited the site.  DOE NETL has also established a special web 
page for references to their support of gas-hydrate development.  At their site 
(http://www.netl.doe.gov/scng/hydrate/) are posted updates describing the Hot Ice 
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project as well as “Fire in the Ice,” the National Energy Technology Laboratory Methane 
Hydrate Newsletter.   

Drilling operations at the Hot Ice No. 1 well marked the first test of Anadarko’s 
Arctic Platform.  The primary platform consists of 16 lightweight aluminum modules 
fitted together and mounted on steel legs 12 ft above ground.  The platform is large 
enough to contain a coring rig, auxiliary equipment, mud tanks, and the mobile core 
analysis laboratory.  Another five modules form an adjacent platform with living quarters 
for up to 40 people.  An IADC/SPE paper (SPE 87140 “Onshore Mobile Platform: A 
modular Platform for Drilling and Production Operations in Remote and Environmentally 
Sensitive Areas,”) was presented to the industry on March 2, 2004 by Ali Kadaster of 
Anadarko. 

The Final Report for Phase II is currently being compiled.  The report will include a 
number of topical reports on planning operations and characterization of the reservoir. 
Presentations on operations, geology, and geophysics are going to be presented at the 
AAPG Hedberg Research Conference, “Natural Gas Hydrates: Energy Resource 
Potential and Associated Geologic Hazards,” on September 12-16, 2004, Vancouver, 
BC, Canada. 
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3. Experimental 

3.1 BACKGROUND 

Natural-gas hydrates (Figure 3) beneath the permafrost have 
been encountered by the oil and gas industry for years.  Numerous 
drilling problems, including gas kicks and uncontrolled gas 
releases, have been well documented in the arctic regions by 
Russian, USA and Canadian engineers.  There has been a 
significant volume of scientific information generated in laboratory 
studies over the past decade as to the extent, volume, chemistry 
and phase behavior of gas hydrates.  However, virtually all of this 
information was obtained on hydrate samples created in the 
laboratory, not samples from the field. 

Discovery of large accumulations around the world (Figure 4) 
has confirmed that gas hydrates may represent a significant energy 
source.  Publications (Makogon and others) on the Messoyakhi 
gas-hydrate production in Siberia (which has produced since 1965), 
document that the potential for gas-hydrate production exists.  
Several studies have also addressed the potential for gas hydrates 
in the permafrost regions of North America.  The results from the Mallik Hydrate, 
Mackenzie Delta Northwest Territories, Canada wells (hereafter, the "Mallik wells") 
drilled by JAPEX, JNOC and GSC, provide a significant amount of useful background 
information.  The USGS made sizeable contributions to the Mallik project, as well as 
many other investigations on gas hydrates in the USA (especially Alaska), and has a 
tremendous amount of basic 
information on the presence and 
behavior of hydrates. 

This knowledge is being 
applied around the world for  
environmentally sound develop-
ment of this resource.  This project 
work represents the first attempt to 
drill, core and monitor hydrate wells 
in the USA.  The specific objective 
of this effort is to obtain the field 
data required to verify geological, 
geophysical and geochemical 
models of hydrates and to plan, design and implement a program to safely and 
economically drill and produce gas from arctic hydrates.   

Figure 3. 
Methane Hydrate 

Figure 4.  Methane Hydrate Deposits (USGS) 
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North America's emphasis on utilizing clean-burning natural gas for power 
generation has increased demand for gas and resulted in higher gas prices.  A number 
of forecasts, including the NPC Study on Natural Gas (2000), indicate higher demand 
with prices in the range of $4 to $8/mcf.  This is sufficiently high to allow investments in 
sources previously deemed uneconomic.  The projected US demand for natural gas 
may grow to nearly 30 TCF by the end of the decade.  This demand, particularly on the 
West Coast of the US, strongly suggests that a proposed Alaska Natural Gas Pipeline 
may now be economically feasible.  This pending pipeline should provide a commercial 
market for natural gas, thereby allowing the necessary investments in new technology 
to develop and market the hydrate resource. 

Anadarko is the one of the largest independent oil and gas exploration and 
production companies in the world, with  proved reserves of  7.7 TCF of gas and 1.2 
BBO of crude oil, condensate and NGL's (approximately 2.5 BBOE).  Domestically, it 
has operations in Texas, Louisiana, the Mid-Continent and Rocky Mountains, Alaska 
and the Gulf of Mexico.  Anadarko, one of the most active drillers in North America, is 
balancing its current exploration and production programs by investing in developing 
new gas resources in North America, including areas where the risks and potential 
rewards are high with the application of advanced technology.  It is now one of the 
largest leaseholders in Alaska, with an ongoing program of exploratory drilling and 
seismic studies.  Anadarko's Alaska holdings number about 2 million net acres; some of 
which may hold potential for commercial production from hydrates.  Anadarko also has 
extensive holdings in the Mackenzie Delta region of the Northwest Territories of 
Canada, which also may have potential for hydrates.  Thus, Anadarko is very interested 
in seeing this resource become commercially viable. 

With the amount of information on hydrates now available and the potential of 
developing this huge resource, this project makes good economic sense at this time.  
The best resources and ideas from around the world will be used to implement the 
technology in the field.  Thorough planning of the test wells should allow avoiding some 
of the problems encountered in previous gas-hydrate wells. 

This project will provide valuable information to the DOE, industry, and research 
community to identify key barriers and problems related to gas-hydrate exploration and 
production.  This information will be highly useful in developing innovative, cost-effective 
methods to overcome these barriers.  An Advisory Board was used for the planning of 
the well operations that included Teresa Imm, Arctic Slope Regional Corp., Craig 
Woolard, University of Alaska Anchorage, Steve Kirby, USGS, Steve Bartz, 
Schlumberger, Timothy Colette, USGS, David Young, Baker Hughes Inteq, Rick Miller, 
Kansas Geological Survey,  and Carl Sondergeld, University of Oklahoma.   
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3.2 OBJECTIVES 

The objectives of this gas-hydrate project are to: 

1. Analyze existing geological and geophysical data and obtain new field 
data required to predict hydrate occurrences 

2. Test the best methods and tools for drilling and recovering hydrates 

3. Plan, design, and implement a program to safely and economically drill 
and produce gas from hydrates.  

3.3 SCOPE OF WORK 

The overall scope of the work for this Alaskan Hydrates project is to:  

1. Evaluate geological and geophysical data that aid in delineation of 
hydrate prospects 

2. Evaluate existing best technology to drill, complete and produce gas 
hydrates 

3. Develop a plan to drill, core, test and instrument a gas-hydrate well in 
Northern Alaska 

4. Characterize the resource through geophysics, logging, engineering and 
geological core and fluids analysis 

5. Test and then monitor gas production from the hydrate wells for an 
extended period of time. 

6. Quantify models/simulators with data for estimating ultimate recovery 
potential 

7. Learn how to identify favorable stratigraphic intervals that enhance 
methane production 

8. Assess commercial viability of developing this resource and ultimately 
develop a long-term production plan 

9. Provide real hydrate core samples for laboratory testing 

10. Develop and test physical and chemical methods to stabilize hydrate 
wellbores and improve core recovery 
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11. Step outside the well-known Prudhoe Bay/Kuparuk River area to further 
delineate hydrate deposits in Alaska 

12. Report results to the DOE and transfer technology to the Industry 
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4. Results and Discussion 

4.1 DELIVERABLES 

During Phase I, an effective plan was developed for drilling new hydrate wells in 
Alaska.  This included geological and geophysical assessment, site selection, and 
developing well plans. 

In separate reports the project team provided DOE with the following Phase I 
Deliverables:  

• Digital map of well locations 

• Well log correlation sections 

• Seismic maps and sections showing stratigraphic and lithologic units within 
gas hydrate stability zone 

• Reservoir modeling report 

• Well data for control wells used for site selection 

• Site selection plan 

• Testing and analytical procedures (Topical Report) 

• Well plan 

• Permit application 

• NEPA requirements 

Additional Phase I achievements beyond the original contract obligations were also 
delivered.  These include: 

• Topical reports from University of Oklahoma and the Drilling Research 
Center on hydrate core apparatus and testing 

• Support of other DOE hydrate projects including the Westport Core 
Handling Manual 

• Three reports from the University of Alaska Anchorage: 

1. Geological Research of Well Records 
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2. Water Generated during Production of Gas Hydrates 

3. Permafrost Foundations/Suitability of Tundra Platform Legs 

• USGS report on dissociation of hydrates at elevated pressures 

• LBNL report on hydrate preservation in cores 

• Arctic platform video 

• National Press Release and Conference in Washington, DC 

• First-ever North Slope coal cores provided to the USGS for coalbed 
methane study 

• New equipment for measuring hydrates 

Phase II encompassed drilling/coring a new hydrate well.   

• The well was cored to 2300 ft with 93% of core recovered successfully. 

• A geologic model was developed and quantified to predict the potential 
hydrate-bearing strata. 

• The continuous coring rig proved to be a safe and efficient drilling system. 

• The ability to characterize whole core on site was demonstrated using a 
mobile core lab.  Tools developed for making hydrate-specific measure-
ments were tested on gas-bearing sands and permafrost. 

• Petrophysical measurements were quickly performed on site. 

• A state-of-the-sate CT scanner from Lawrence Berkley was used to analyze 
whole cores on site.  

• The USGS collected and analyzed coal cores in real time.  

• A massive 3D VSP was designed and conducted.  The data are being 
processed and will be included in the Final Report. 

• Viability of the concept of extending the drilling season on the North Slope 
of Alaska by using a low impact platform was demonstrated.  

• Live data feed from the North Slope to Houston and other areas was 
demonstrated during the project.    
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4.2 TEAM ORGANIZATION 

Team organization is shown in Figure 5. 

Figure 5.  Project Team Structure 
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4.3 ACCOMPLISHMENTS 

PHASE I 

Phase I is now complete.  Tasks 1-7 were completed. 

Phase I Task Activities that Continued into Phase II 

A “lessons learned” workshop was held at Anadarko’s office in the Woodlands on 
June 12-17, 2003.  Each activity and task were reviewed and a budget revision was 
completed.  Cost of the unanticipated demobilization and stand-by fees have 
significantly increased the cost of the project. 

Subtask 4.2 – Permitting 

Permitting was completed; however revisions for re-mobilization prior to the normal 
drilling season (due to freezing of the permafrost) are on-going.  Permitting the VSP is 
currently an issue.  The platform has not moved due to thawing this summer and It is 
anticipated Anadarko will be allowed on the well early.  Three wells were initially 
permitted, named Hot Ice #1, #2 and #3 (HOT ICE = High Output Technology 
Innovatively Chasing Energy).  Following the Anadarko Geological and Geophysical 
assessment and the Site Selection task, the best location was selected in November 
and final permitting activity has focused on this location for HOT ICE #1.  With the 
addition of the Arctic Platform, new permitting activities and costs have been required.  
Meetings with and inspections by State and Federal regulators have continued.  A 
number of positive reports complimentary of the operation have resulted. 

The permit application was provided to the DOE. 

A recent map showing the location of the site is presented in Figure 6. 
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Task 7.0 – Posting Data on Existing Web Sites  

Maurer constructed an Internet web site (http://www.maurertechnology.com/index-
hydrates.html) for hydrate project updates.  It is linked to the NETL hydrate web site and 
displays presentations, progress highlights and photos.  This site will continue to be 
updated to make results available to the R&D community.  Special information is 
available to the project team (including DOE) through a password-protected page.  
Information about our project is being exchanged with other hydrate research 
organizations and meetings.  Press releases have been issued, and the energy press 
has contacted Maurer and Anadarko for progress updates and information about the 
project.  A number articles and papers have appeared in Petroleum New Alaska, Hart’s 
E&P, World Oil, IADC/SPE and others.  These articles and publications are shown in 
the attached project bibliography.  

PHASE II 

The overall objective of Phase II is to test exploitation techniques developed in 
Phase I by drilling/coring and completing the well, and then performing a battery of well 
tests and logs.  Because no gas hydrates were encountered the completing and testing 
tasks of the well were not conducted. Tasks to accomplish these objectives are 
described below.   

The schedule for Phase II is shown in Figure 7 and Table 1. 
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Table 1.  Hot Ice No. 1 – Time Line 
ID Task Name Duration Start Finish Predecessors 
1 Tundra Opening (Actual) 0 days 1/9/2004 1/9/2004   
2 Open Deadhorse w/ key Personnel 4 days 1/7/2004 1/11/2004   
3 Hot Ice Project Resumption 67 days 1/12/2004 3/19/2004   
4   Mobilization 10 days 1/12/2004 1/22/2004   
5     Build 4-mile Ice Road From Meltwater 10 days 1/12/2004 1/22/2004   
6     Deadhorse Office Officially Open 0 days 1/12/2004 1/12/2004   
7     Prep Hot Ice Camp 4 days 1/18/2004 1/22/2004  
8     MOB Crews to Deadhorse 0 day 1/20/2004 1/20/2004  
9   Training & Pre-Spud Mtg in Deadhorse 3 days 1/18/2004 1/21/2004  
10   Rig Up & Preparation for Spud 12 days 1/18/2004 1/30/2004  
11     RU Electrical 6 days 1/18/2004 1/24/2004  
12     RU Plumbing 2 days 1/19/2004 1/21/2004  
13     RU Communications 1 day 1/22/2004 1/23/2004  
14     Haul Fuel and Fluids 5 days 1/21/2004 1/26/2004  
15     RU Rig and Support Equipment 5 days 1/21/2004 1/26/2004  
16     Set up & RU Lab 3 days 1/23/2004 1/26/2004  
17     RU Instrumentation 6 days 1/24/2004 1/30/2004  
18     Test BOP 1 day 1/28/2004 1/29/2004  
19   Drilling & Coring Operations 17 days 1/29/2004 2/15/2004  
20     RIH w/BHA, DO Ice Plugs & Displace Hole 1 day 1/29/2004 1/30/2004  
21     Test Casing, DO Shoe & 20', FIT/LOT 1 day 1/30/2004 1/31/2004  
22     Core 1425' to 2300' 7 days 1/31/2004 2/7/2004  
23     TOH, Test BOP, TIH, C&C 1 days 2/6/2004 2/7/2004  
24     C&C, TOH & RU Loggers 1 day 2/7/2004 2/8/2004  
25     OH Log 1 day 2/8/2004 2/9/2004  
26     Wiper Trip 1 day 2/9/2004 2/10/2004  
27     VSP 5 days 2/10/2004 2/15/2004  
28   Abandonment & Demobilization 25 days 2/15/2004 3/11/2004  
29   Test BOP 1 day 2/15/2004 2/16/2004  
30     P&A/ L/D CHD 134 & Set Packer & Plugs 1 day 2/16/2004 2/17/2004  
31     Rig Down & Demob. Rig Topside 10 days 2/17/2004 2/27/2004  
32     Rig Down & Demob. Rig Platform 2 days 2/27/2004 2/29/2004  
33     Remove Rig Platform Legs 3 days 2/29/2004 3/3/2004  
34     Rig Down Camp 2 days 3/3/2004 3/5/2004  
35     Remove Camp Platform & Legs 2 days 3/5/2004 3/7/2004  
36     Remediate Site 4 days 3/7/2004 3/11/2004  
37     Wrap up at Deadhorse 19 days 2/29/2004 3/19/2004  
38     Wash Bay Operations 12 days 2/29/2004 3/12/2004  
39     Long-term Storage 7 days 3/7/2004 3/14/2004  
40     Inventory 17 days 3/2/2004 3/19/2004  
41   Hot Ice Project Complete 0 days 3/19/2004 3/19/2004  
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Task 8.0 – Preparation and Mobilization 

Subtask 8.1  Arctic Training 

The required training will be conducted for personnel who will be working on the 
North Slope overnight in support of this project.  Training courses included: First 
Aid, Respiratory, FIT Test, H2S Training, NSTC Training, Hazcom/Hazwoper, PPE, 
Alaska Safety Handbook, Arctic Survival, Bear Awareness, NPRA Training, and 
Fire Extinguisher Training.  Refresher training and updated certifications were 
provided for the 2004 drilling season.  

Subtask 8.2  Pad/Platform Preparation, Mobilization, and Construction 

Permits were issued, and the arctic platform was installed at the well location in 
February 2003.  The recipient mobilized the drill platform equipment to the well 
location, using an existing gravel road and a staging area at the end of the road.  
The permits allowed the platform to remain during the summer months.  An ice 
road was permitted and utilized for access during operations in 2004. 

Phase 2 of the drilling operation will incorporate an ice road (Table 2 and Figure 
2) instead of making use of Rolligons. 

 

Table 2.  Hot Ice Location Winter Access Alignment 
Point Name Lat (WGS 84) Long (WGS 84) Comments 
001 70.10992 150.38774 Road Alignment 
002 70.11032 150.38779 Road Alignment 
003 70.10943 150.38774 Road Alignment 
HI Start 70.10991 150.38741 Beginning of Ice Road Alignment off road 
PL-X-1 70.10997 150.38255 Pipeline crossing 
004 70.10959 150.37146  
005 70.11026 150.37123 Power line alignment 
HI PI-03-1 70.10712 150.34009 Point of Intercept 
HI X-03-1 70.10763 150.33920 Steam Crossing 1 
HI X-03-2 70.11195 150.27660 Stream Crossing 2 
HI-1 70.10836 150.21756 Hot Ice #1 Platform location (West Side) 

 

The three pipelines at the single pipeline crossing are protected by casings and 7 ft 
of coarse gravel.  The gravel ramp on each side is shown in Figure 8. 
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Figure 8.  Gravel Ramp for Pipeline Crossing 

The sites for Stream Crossings 1 and 2 are shown in Figure 9. 
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Figure 9.  Stream Crossing 1 (upper) and 2 (lower) for Ice Road 

Subtask 8.3  Personnel Mobilization 

The recipient shall transport all project personnel to and from the well site.  This 
task shall include transport of camp crew, catering staff, maintenance crew, rig 
crew, lab crew, logging crew, cementing crew, mud crew, and supervisory 
personnel. 

 

Task 9.0 – Drilling and Coring 

The recipient winterized the drill rig and mobilized it to Deadhorse and then to the 
well location.  The recipient drilled and cored the HOT ICE #1 well from the arctic 
platform. 

Subtask 9.1  Environmental Health and Safety 

The recipient monitored and responded to environmental health and safety 
concerns, including monitoring and manifesting waste, in order to ensure 
compliance with regulations specified in permits.  
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Subtask 9.2  Drilling and Coring 

The recipient drilled the HOT ICE #1 well from the arctic platform constructed in 
Subtask 8.2. The recipient used chilled drilling fluids and monitored the downhole 
temperature and inclination using a tool provided by Sandia National Lab. The 
recipient used the Noble Engineering and Development Drill Smart System to 
allow engineers to monitor and view drilling operations live from Houston.  Owing 
to unseasonably warm weather, the recipient was unable to complete the drilling 
program as originally scheduled during the Spring of 2003.  The recipient  
resumed and completed drilling operations during the Winter 2004 drilling season. 

Subtask 9.3  Maintain Camp Facilities  

The recipient provided camp facilities to house and feed the crews rotating on a 
12/12 shift schedule.  

Subtask 9.4  Transportation of Drilling Supplies 

The recipient transported by trucks and Rolligons personnel, equipment, and 
supplies that were used in the drilling operations, including drilling fluids and 
drilling mud.  The recipient constructed a new ice road during the Winter 2004 
season, to facilitate the mobilization of equipment, supplies, and personnel to the 
Hot Ice #1 Site to complete the drilling and coring operations.  

Subtask 9.5  Arctic Platform  

The Anadarko Arctic Platform was constructed and tested in Houston, Texas.  The 
structure is made of lightweight aluminum.  It was mobilized to the base camp in 
January 2003, and inspected prior to mobilization to the well location in February 
(Figure 10).  The legs were tested and put on location as soon as the freeze 
period began in January.  A video of the transportation and construction was 
provided to the DOE.  Legs were installed into the tundra permafrost and frozen 
into place.  The platform can be mobilized by either helicopter and/or Rolligon from 
the base camp and assembled at the well location.  Environmental monitoring 
equipment was also installed. 
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Figure 10.  Arctic Platform at Hot Ice #1 

The platform drilling area is 100 x 100 ft, and the base camp is 62.5 x 50 ft on an 
adjacent platform.  The rig, equipment and base camp were installed on the 
platform by Rolligon and two cranes.  After completion of drilling and completion 
operations, the equipment was demobilized and there was no adverse 
environmental impact at the drill site (Figure 11).  The entire platform was 
demobilized to Dead Horse.  The platform was thoroughly inspected by a third 
party and a post-analysis study was conducted with recommendations on future 
operations.  A thorough report will be provided after completion of this subtask. 

 
Figure 11.  Final Stage of Platform Removal and Site Remediation 
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Task 10.0 – Well Logging 

The recipient ran a suite of logs in the well(s) to characterize gas hydrate-bearing 
intervals, including the following: 1) electrical resistivity (dual induction), 2) spontaneous 
potential, 3) caliper, 4) acoustic transit-time, 5) neutron porosity, 6) density, and 7) 
nuclear magnetic resonance.  Core data will be used to calibrate and quantify log 
information.  A report on NMR log measurements of core taken during the 2003 drilling 
season was presented in the previous quarterly report.   

Task 11.0 – On-Site Core and Fluids Analysis 

The recipient analyzed core and fluids using a specially constructed mobile core 
laboratory, staffed by trained laboratory technicians.  Core was received in the cold 
module, where it was photographed and assessed for the presence of hydrate. One-
inch plugs were removed from the core, and these plugs were measured for porosity, 
permeability, compressional and shear wave velocity, resistivity, thermal conductivity, 
and NMR with specialized equipment specifically designed for making these hydrate 
core measurements, including a Schlumberger CMR tool.  All of these measurements 
were made under controlled pressure and temperature.  Because no hydrates were 
encountered no hydrate dissociation testing was conducted, although the procedures 
and equipment  will be included in the final report.  Laboratory technicians assisted in 
preparing core for additional testing at other locations.  Laboratory equipment is shown 
in Figure 11.  Results of core and fluids handling procedures were provided for the 
DOE-funded Westport Hydrate Core Handling Manual.  The results of the analysis will 
be incorporated in Tasks 17, 18, 19 and 20. 

Subtask 11.1  Mobile Lab Repair and Upgrade 

The recipient repaired and upgraded the mobile core lab in Tulsa during the 
summer and fall of 2003;  specifically to: 1) redesign the pressure and cooling 
system for the NMR spectrometer, in order to achieve significantly lower 
temperature capability required for analysis of hydrate samples; 2) improve 
insulation for the velocity-thermal conductivity-resistivity measurement system; 3) 
configure the NMR and VCR systems with capability to allow positive pore 
pressures of methane for hydrate stability; and 4) develop a central database for 
managing and storing all data measured in the mobile core lab. 

Regarding the use of the LBNL CT on site:  

1. We partitioned one end of a 20-ft Conex with a separate door to the outside 
for the X-ray room 

2. There is a heater located in the room or an electrical outlet to add a portable 
heater 

3. The x-ray room is adjacent to the station where the core will be cut to 3-ft 
lengths 
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4. Core sections were taken outside and then into the x-ray room 

5. The x-ray machine can be started in a temperature-controlled environment 

6. During shipment, the machine will be subjected to ambient temperatures as 
low as -40°F, (unless special measures are taken) 

The x-ray scanner is certified to be "cabinet safe."  This means that any personnel 
can be near it for normal operation, and the user does not need to be fitted with a 
dosimeter.  Only a certified "system maintainer" can use tools to perform 
maintenance and has the ability to modify or override interlock safety features.  
This authority is granted from our EH&S department, and Victor will be the system 
maintainer.  He will bring his own badge. 

Regarding operation – the machine will need to be "tuned" to the samples that are 
collected.  This means that adjustments must be made to both x-ray voltage and 
current depending on the density and composition of the samples.  There could 
also be adjustments to the camera behind the image intensifier.  It is hard to 
predict how often and when this task will need to be performed.  Since we will be 
performing dual-energy scanning, both our hard and soft x-ray energies will need 
to be periodically readjusted depending on the collected core density and 
composition. 

LBNL modified the machine so that it will hold a 3-ft piece of core.  Four-ft long 
core holders were constructed since the extra space at the top of the core holder 
will be empty, preventing concern about core length.  The quick scan will be 
performed in about two to three minutes from the time the sample in the sample 
holder is placed in the x-ray unit, to when it can be removed from the x-ray unit.  A 
more detailed full 3-D CT characterization will take about 12 minutes for the entire 
3-ft length.  A shorter interval (i.e., 4 inches) can be scanned in full 3-D mode in 
about 2 minutes.  We will have three to five core holders so that one can be 
loaded, while another one is being cleaned or prepped and a third can be in the 
scanner. 

Task 12.0 – Shallow Seismic Survey(s) 

After the well was logged, a 3D vertical seismic profile (VSP) was conducted to  
calibrate the shallow geologic section with seismic data and to investigate techniques to 
better resolve lateral subsurface variations of hydrate-bearing strata.  Paulsson 
Geophysical Services, Inc. deployed their 80 level 3C clamped borehole seismic 
receiver array in the wellbore to record samples every 25 ft.  The surface vibrators 
successively occupied 800 different offset positions arranged around the wellbore.  This 
technique generated a 3D image of the subsurface.  Correlations of these seismic data 
with cores, logging, and other well data was generated.  This task shall include 
additional fabrication of receiver cables, rental of field vibrators and recording 
equipment and associated personnel.  This work will be summarized in a Topical 
Report. 
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Task 13.0 – Well Completion 

Because no gas hydrates were encountered, the project team was not able to  
complete the well.  Completion methods were developed based on the results of drilling, 
coring, and logging and will be included in the Final Report. 

Task 14.0 – Well Instrumenting 

Because no hydrates were encountered, the pressure and temperature gauge and 
a surface sensor to provide monitoring capabilities were not installed. 

Task 15.0 – Well Testing 

There was no well testing, although a comprehensive well testing plan was 
developed by the recipient.  Water and gas samples were collected to determine their 
composition.  The well was plugged and abandoned according to State regulations. 

Task 16.0 – Data Collection and Transmission 

The project team performed lab work on fluids captured during operations.   

Task 17.0 – Reservoir Characterization of the Core 

The recipient characterized the reservoir, based on analyses of fluids, geology, 
engineering, logs, geophysics, and rock physics.  All these data have been included in a 
report and provided to Lawrence Berkeley Lab for incorporation into the well simulator.  

Task 18.0 – Reservoir Modeling 

The team will use information developed in reservoir characterization efforts to 
quantify Lawrence Berkeley National Laboratory’s hydrate simulator.  LBL’s advanced 
simulator system is based on EOSHYDR2, a new module for the TOUGH2 general-
purpose simulator for multi-component, multiphase fluid and heat flow and transport in 
the subsurface environment.  Reservoir simulation during this phase of the project will 
focus on considering production schemes, both short and long term, for hydrate 
production on the North Slope based on all the reservoir characterization data obtained.  
Depressurization, injection and thermal methods are some of the production processes 
to be considered with the simulation. 

Task 19.0 – Quantify the Model 

This task is conducted in parallel with Tasks 17 and 18.  The reservoir model used 
will need to be continuously refined as well test data are acquired.  This effort is 
required for making projections.  Models will be enhanced iteratively to incorporate 
dynamic production data during the well test period. 
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Task 20.0 – Economic Projections and Production Options 

The recipient will provide in the report economic projections and production 
options.  The recipient shall present the results of the program to the DOE.  Information 
from other gas-hydrate projects shall be reviewed and included in our 
recommendations.  Model-based estimates and production options will then be 
developed.  If it is determined that a significant volume of gas production from hydrates 
is technically possible, an economic analysis will be conducted.  

Task 21.0 – Post Well Analysis 

This task will include a lessons-learned report based on past operations, and is 
designed for planning to conduct operations on other areas of the North Slope of 
Alaska.  A report will include a budget for an additional well and an extended well test 
based on the information generated from the Phase II activities (including lessons 
learned).  It will be determined if an additional well and/or extended production test is 
warranted, and recommendations will be presented to the DOE in sufficient time for FY 
2005 budget planning.  The production test plan will help determine the producibility of 
hydrate deposits.  These plans will be valuable for future hydrate operations, even if this 
project is not extended into Phase III. 

Task 22.0 – Information Acquisition and Technology Transfer 

The recipient shall communicate and exchange information with experts in the field 
of hydrate well drilling, coring, and testing, including Advisory Board members, to stay 
abreast of the latest technology and preferred methodologies.  The recipient shall also 
document results of the field tests and transfer this technology to the industry.   

Subtask 22.1  Information Acquisition  

The recipient shall identify and network with other experts in the field of hydrate 
well drilling, coring, testing, and analysis to gain insights into the latest 
methodologies and technologies. The recipient shall follow the latest 
developments related to hydrate wells by meeting with experts in the scientific and 
drilling communities.  

Subtask 22.2  Technology Transfer 

The recipient shall document project results and transfer the new information and 
technology to the industry, via web site postings, meetings, workshops, and at 
least one technical paper. Abstracts were accepted at the AAPG Hedberg 
Conference in September , 2004. The recipient used the NED Smart Drill system 
to allow well activities to be viewed by scientists, engineers, and DOE project 
managers who are not present at the well site.  
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DELIVERABLES 

The periodic, topical, and final reports shall be submitted in accordance with the 
attached Reporting Requirements Checklist and the instructions accompanying the 
checklist.  In addition, the Recipient shall submit the following: 

Phase I 

1. Digital Map of all well locations in and adjacent to project  area (Task 2.1) 

2. Well log correlation sections showing lithologic and stratigraphic units that fall 
within the gas hydrate stability zone in and adjacent to the project area 
(Task 2.1) 

3. Seismic maps and sections showing extent of stratigraphic and lithologic units 
that fall within the gas hydrate stability zone in and adjacent to the project 
lease area (Task 2.2) 

4. Reservoir modeling report for proposed site (Task 3.0) 

5. Well Data for individual control wells used for site selection (Tasks 2.1 & 4.1) 

6. Site Selection Plan (Task 4.1) 

7. Testing and analytical procedures report (Task 5.0) 

8. Well plan(s) (Task 6.0) 

Phase II 

1. Drilling and Coring Report (Task 9.2) 

2. Well Logging Report (Task 10.0) 

3. Core and Fluid Analysis Report (Task 11.0) 

4. Bibliography of Publications by Project Personnel (see Section 6) 

5. Seismic Survey Report (Task 12.0) 

6. Well Completion Report (Task 13.0) 

7. Well Testing Report (Task 15.0) 

8. Hydrate Reservoir Characterization and Modeling Report (Tasks 17, 18, &19) 

9. Economic Projections (if production volumes dictate) and a Production 
Options Report (Task 20.0) 
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10. Plan for Future Hydrate Well on the North Slope (Task 21.0) 

11. Technical Publications Summarizing Project Findings (All Tasks) 

12. Final Report Summarizing Project Findings (All Tasks) 

In addition to the required reports, the recipient shall submit informal status reports 
directly to the COR.  These are preferred monthly with short descriptions of successes, 
problems, advances or other general project status information.  The report should not 
exceed one page in length and shall be submitted via e-mail. 

The Contractor will also provide the following to DOE: a copy of all non-proprietary 
data, models, protocols, maps and other information generated under the cooperative 
agreement, when requested by DOE, in a format mutually agreed upon by DOE and the 
participant.  A number of maps, well logs and charts were provided to the DOE COR.   

A four-day internal workshop was conducted prior to the project review meeting 
with the DOE, where a briefing of the program results was presented at the Anadarko 
facility in the Woodlands, Texas on May 13, 2004.    
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5. Conclusions 

The conclusions to date are best summed up in the DOE Techline issued on 
March 1, 2004: 

“Alaska Well Targets Gas Hydrates, Produces Wealth of Information” 

Deadhorse, AK - Reflecting on his invention of the incandescent bulb, Thomas 
Edison claimed to have first discovered "a thousand ways not to make a light bulb," with 
each effort yielding valuable information that contributed to his eventual success. 
Scientists and engineers today are having a similar experience as they work to unravel 
the secrets and potential of methane hydrate. Their latest project, the "Hot Ice No. 1" 
well recently drilled in Alaska, did not encounter methane hydrate as expected, but it did 
produce information that should help to overcome the substantial technical obstacles to 
the eventual commercial production of this abundant energy resource. 

Methane hydrate is a compound of water and methane (the major component of 
natural gas) that forms under pressure at cold temperatures. The amount of natural gas 
in methane hydrate is estimated to be far greater than all the world's conventional 
natural gas resources. It could potentially become a significant source of natural gas. 
Methane hydrate exists beneath large portions of the world's arctic permafrost, as well 
as within deep-sea sediments. On Alaska's North Slope, the volume of hydrate-based 
natural gas has been estimated at several times the volume believed to exist there in 
conventional gas-bearing formations. 

The Hot Ice No. 1 well was drilled as part of a two-year cost-shared partnership 
between the U.S. Department of Energy's Office of Fossil Energy, Anadarko Petroleum 
Corp., Maurer Technology Inc., and Noble Engineering and Development. The project is 
part of the Energy Department's Methane Hydrates R&D Program, and supports the 
President's National Energy Policy, which calls for increasing domestic energy supplies, 
including more speculative "frontier" resources such as methane hydrate, to enhance 
national security. 

"We're just beginning to understand the nature of methane hydrate distribution in 
the subsurface," said Brad Tomer, of the Energy Department's National Energy 
Technology Laboratory, which oversees the methane hydrate research program. "Each 
time we are able to successfully gather high-quality scientific data from the subsurface - 
as we did with the Hot Ice No. 1 well - we add significantly to our understanding of how 
hydrate forms, how it can be located, and what its resource potential might eventually 
be." The well also provided an opportunity to showcase several unique and previously 
untested Arctic drilling technologies that can be expected to play a role in future Alaskan 
drilling operations. 

Hot Ice No. 1, located just south of the Kuparuk River field, 60 miles west of 
Deadhorse, Alaska, is the first dedicated hydrate well in Alaska. Spudded on March 31, 
2003, drilling operations at the well were suspended because of warming weather and 
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resumed in January 2004. On February 7, the well reached its planned total depth of 
2,300 feet, about 300 feet below the zone where temperature and pressure conditions 
would theoretically permit gas hydrates to exist. Although significant gas shows were 
encountered, no methane hydrate was found. 

"The absence of hydrate at the site is in itself a significant scientific finding," said 
Tom Williams, Vice President with Maurer Technology Inc. and a member of the team 
drilling the well. "Based on detailed evaluation of log data from adjacent offset wells, the 
Hot Ice No. 1 well was expected to encounter a significant thickness of reservoir quality 
sands in the Upper West Sak unit. The sands were there just as expected but we found 
free gas and water rather than hydrate in the hydrate stability zone. Figuring out why will 
require a thorough post-mortem analysis of the core, log, and seismic data from the 
well." 

Although disappointed by the missed opportunity to evaluate a hydrate-filled 
formation, the researchers believe that a tremendous amount of knowledge will be 
gained for future hydrate exploration through analysis of the unique suite of collected 
data. "Clearly, the model for distribution of methane hydrate on the North Slope may be 
more complex than we previously thought," added Williams. 

The Hot Ice #1 well successfully demonstrated for the first time a number of 
innovative technologies, including the Arctic Drilling Platform, a mobile hydrate core 
analysis laboratory, and a new application of a continuous coring rig. 

Anadarko's Arctic Platform consists of 16 lightweight aluminum modules fitted 
together and mounted on steel legs to create a platform large enough to contain a rig, 
auxiliary equipment, and a mobile laboratory. Another five modules form an adjacent 
platform with living quarters for 40 people. The Arctic Platform design permits light and 
air to reach the tundra grass at a drill site during the summer months, and the relatively 
small and shallow holes created by the legs can be filled when drilling is completed. The 
system eliminates the need to build drilling pads of ice or gravel that have more impact 
on the tundra landscape. 

Leaving the modular platform in place during the summer appears to have had no 
adverse impact on the environment or wildlife, lending support to the idea that such a 
system could be used to safely extend the drilling season on the North Slope by several 
months. 

The mobile core lab, developed by engineers and scientists at the University of 
Oklahoma, makes it possible to analyze cores at a reduced temperature and in close 
proximity to the drill site. This is critical to the accurate characterization of hydrate in 
cores because methane hydrate quickly separates into methane gas and water when 
warmed. At Hot Ice #1, the mobile lab was successfully employed to immediately 
perform measurements on both the whole core retrieved from the well and on one-inch 
plugs taken from the full-sized core. 
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The well also provided an Arctic test of a state-of-the-art CAT scan tool developed 
by Lawrence Berkeley Laboratory specifically for pinpointing methane hydrate 
concentrations within cores immediately upon retrieval. 

The continuous coring rig used to drill the Hot Ice #1 well proved to be a safe and 
efficient system for drilling and coring relatively shallow wells through permafrost 
intervals. In this first attempt at continuously coring permafrost to detect methane 
hydrate, the well was cored from a depth of 82 feet to 2,300 feet, with 93 percent of the 
core successfully recovered. 

The well also produced a high resolution, three-dimensional vertical seismic profile 
(VSP) survey that should help to delineate the stratigraphy and structure that control the 
occurrence of hydrate in the area. The VSP recorded shallow seismic data using a 
dense spacing of receivers and vibrators that allows geophysicists to interpret lateral 
variations in potential hydrate reservoirs. 

"The entire drilling system-including all the well control safeguards, the Noble 
DrillSmart system, and the chilled drilling fluid system, which are not normally 
associated with this type of rig-performed exceptionally well," added Williams. "This has 
been well documented, so it can be replicated to save future drilling programs a lot of 
time, and provide a safe and very efficient way to explore for hydrate in the future." 

"Although we did not find the hydrate we expected, we were able to advance a 
whole suite of technologies that could ultimately make exploration for and production of 
the Arctic methane hydrate resource economically feasible," added Tomer. "These new 
technologies can be taken to future hydrate research sites where they will ultimately aid 
in building a better characterization of this potentially important frontier resource." In 
addition, the geologic knowledge gained from an ongoing comprehensive analysis of 
the core, log, and seismic data from the well will improve models for the genesis and 
distribution of hydrate accumulations on the North Slope. 
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Appendix A:  Hot Ice #1 Site/Rig Photos 

   
 Figure A-1.  Hot Ice Well #2 Site Figure A-2.  Base Camp 

   
 Figure A-3.  Setting the First Platform Module Figure A-4.  Assembling the Platform 

   
Figure A-5.  Complete Camp Ready for Drilling Figure A-6.  Team Members on the Rig Floor 
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Appendix B.  Recalculation of Base of Hydrate Stability Zone 

Information from the Hot Ice well and an analysis of the local geothermal gradient 
provided a new estimate for the base of the hydrate stability zone (BHSZ).  This re-
analysis places the BHSZ at 2210 ft below the surface at the Hot Ice location.  This is 
400 ft shallower than the estimate based on regional maps from Collett et al. (1988). 

Both core and log data show the well entering into unfrozen material at 1240 ft 
below the surface at the Hot Ice location.  The base of frozen material occurs in a thick 
sand interval.  Because of this, 1240 ft is the base of permafrost.  The BHSZ then 
depends on temperature at this depth, thermal gradient, and the methane hydrate 
stability curve.  Collett et al. find the average temperature at base of permafrost to be 
28°F.  The BHSZ only weakly depends on the exact temperature chosen within the 
possible range of values.  The most important variable is the thermal gradient.  

Newsham (Internal Anadarko Report) examined logs from West Sak 20 Cirque 2 
and Ruby State 1.  Using the log-identified base of permafrost, corrected bottom hole 
temperatures, and a temperature at base of permafrost of 28°F, he finds a local thermal 
gradient of 2.22°F per 100 ft.  The most critical part of this calculation is the correction to 
the log-recorded bottom hole temperature.  Newsham corrected the bottom hole 
temperature data using the diffusion model documented by Lachenbruch et. al. (1982).  
This local gradient is somewhat larger than the regional gradient of 1.65°F per 100 ft 
given in Collett et al. (1988).  The figure below shows the BHSZ determination using 
both gradients and two possible temperatures at the base of permafrost.  

 



 

DE-FC26-01NT41331 B-2 Maurer Technology Inc. 

References (for Appendix B): 

Collett, T. S., 1993, “Natural Gas Hydrates of the Prudhoe Bay and Kuparuk River 
Area, North Slope, Alaska,” AAPG Bull., v. 77, no. 5, p.793-812.  

Collett, T.S., Bird, K. J., Kvenvolden, K. A., and Magoon, L. B., 1988, “Geologic 
Interrelations Relative to Gas Hydrates Within the North Slope of Alaska,” USGS Open-
file Report 88-389, 150 p. 

Lachenbruch, A. H., et al., 1982, “Temperature and Depth of Permafrost on the 
Arctic Slope of Alaska,” USGS Professional Paper 1399, p. 645-657.  



 

DE-FC26-01NT41331 C-1 Maurer Technology Inc. 

Appendix C.  Geological Exhibits – HOT ICE #1  

 

The following are being developed following the completion of the well:    

Base Map with Structural Contours: 

This exhibit will be the primary reference map for Anadarko Petroleum Corporation’s 
geological investigation for gas hydrates on the North Slope of Alaska with the following 
information:  

• Anadarko’s acreage position with the prospective Hot Ice locations spotted. 
• Well control displayed on the map are those with available shallow log data that could be 

utilized for this study.  
• Color coding on well control depicts the presence of free gas as red, gas hydrates in 

green or the presence of neither as blue based on data presented in USGS open file 
reports or from our own investigations. The text indicates the presence of free gas, gas 
hydrates or both by Z-zonation and alphabetically designated units based on USGS 
cross-section presented in this report as cross-section A-A’ and USGS open file reports.  

• Cross-section lines A-A’ (USGS cross-section), B-B’, C-C’ and D-D’ and NW – SW 
lithologic section annotated. 

• Revised structure map on Top of the West Sak sequence (basal Ugnu shale) at a 
contour interval of 200’. Structural strike is generally north and south with monoclinal 
east dip. Structural contours and faults are a digitized and slightly edited version of maps 
for the Milne Point and West Sak units that are exhibits of public record available from 
the AOGCC. The maps will probably include both seismic and subsurface controlled and 
generated by the operator Conoco/Phillips. The horizon mapped by the operator to 
match picks for the Top of the West Sak interval.   

Gas Hydrate Potential Map: 

A transparency designed to overlay the base map to illustrate the potential areal extent of 
gas hydrates and concomitant free gas accumulations that may exist as delineated by 
investigations conducted by the USGS and Anadarko Petroleum in this general area. The 
western and eastern boundaries of the potential gas hydrate accumulation in the 
Tarn/Cirque/Meltwater roughly defined as the entry and exit point of the West Sak and Ugnu 
interval in the HSZ. The southern boundary established by the absence of any indications of 
free gas or gas hydrates in wells of that area. To the north, the potential undefined. The USGS 
has documented the presence of gas hydrates in some of the wells situated to the north of the 
dashed line that indicates a loosely defined border in that direction.   

A Post drill assessment will reduce the areal extent of the Probable Gas Hydrate 
realm.  


