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Department of Natural Resources,
Division of Oil, Gas, and Mining
Issue Overview:
The purpose of this section is to provide information and boilerplate language that will help to provide a basic understanding of the issue by factually describing the issue, its scope, and dimensions.
Oil and gas (petroleum) are the remains of organic material that has been thermally altered, possibly migrated, and preserved in layered rocks in the earth’s crust.  Gas was first produced in Utah in 1886, and peak production came in 2001; oil was first produced in 1907, and peak production occurred in 1975.  Extraction of oil and gas, or petroleum, in Utah is conducted mainly to provide fuel for transportation, home heating, and commercial and industrial uses. Utah’s growing population requires an ever-growing need for energy for local transportation, home heating, and local industrial use.  Since Utah’s production of both oil and gas have peaked, ensuring future supplies of affordable fuel is critical to maintaining the present quality of life for Utah’s residents. The need for local fuel supplies, and the associated development disturbances, must be balanced against increasing demands for lands to be set aside for the protection of other resource values such as wildlife, open space, and watersheds.   

During 2003, oil and gas were produced from 5,211 wells operating in over 148 fields in nine Utah counties (Carbon, Daggett, Duchesne, Emery, Garfield, Grand, San Juan, Summit, and Uintah Counties). Petroleum is produced primarily from the Paradox Basin, Uinta Basin, and Overthrust region of Utah.  Most petroleum is produced from reservoirs less than 15,000 feet deep.  Within the next 25 years, future petroleum production is expected to continue to come predominantly from the eastern Utah oil and gas fields. 

Some local entities seek adequate information and background on the minerals, coal, and oil and gas development potential in their jurisdictions and how existing regulatory processes affect the development of each commodity.  

Coal.  Using the Utah Statute at 40-10-1, et seq., coal is regulated by the Division of Oil, Gas, and Mining (DOGM) under a primacy program for the U.S. Office of Surface Mining (OSM), Department of Interior.  Coal development on Federal land is similarly regulated under the same program and is addressed in a cooperative agreement between the state and OSM.  The majority of the monies for coal regulation are from Federal sources.


Non-coal Solid minerals.  Minerals, except for most sand, gravel, and rock aggregate are regulated by DOGM using U.C.A 40-8-1, et seq. to assure that development and reclamation occurs responsibly and in accordance with the law.  All laws used in this regulatory scheme are State-based and activities are funded by State funds and permit fees.

Oil, Gas, and related water injection.  Oil and Gas Conservation is enforced by DOGM using the Utah Code at Section 40-6-1, et seq.  Not only are the environmental effects of oil and gas development and certain aspects of seismic exploration addressed by this DOGM program, the conservation of oil and gas is assured as well.  The program prevents the drilling of unnecessary wells, assures that the correlative rights of mineral owners are protected and that all who are eligible to share in proceeds of production do so proportionately to their ownership interest.  A subset of the Oil and Gas Conservation Program is the wastewater pits and ponds regulation and the Underground Injection Control Program (UIC) which addresses water injection for class II water injection wells (for oil and gas wells).  A portion of the UIC Program is paid for by Federal funds.   Most of the money for the Oil and Gas Conservation Program is provided by industry through the payment of a Conservation Fee on production @ .2% of the value of the oil or gas at the well head.

Options & Trade-Offs

What kind of questions will help a county think of the things that should be considered regarding their coal resources?

Potential for Conflict

Besides the obvious traditional conflict of development versus non-development, there is the question of how consistently counties or other local entities currently regulate the sand and gravel industry and whether these same entities should do more in the process of regulation.  Currently, the number of sand gravel and rock aggregate operations that are regulated by DOGM is estimated to be less than 10% of operations statewide.  This regulatory picture is because of how DOGM became legislatively charged with addressing regulatory requirements for sand gravel and rock aggregate operations.  That is, the DOGM regulates only where sand, gravel, or rock aggregate are extracted from a consolidated rock formation.  However, all operations are still currently subject to local planning and zoning requirements.

The current status of statewide regulation will remain as it currently exists unless there is a significant effort to change the existing regulatory process.  Without a significant effort to move for a change, the status quo in regulation of coal, minerals, sand and gravel, or oil and gas conservation will prevail.

Range of Alternatives

Are there management options / alternatives that can help define a county’s desired management preference?
Existing Condition

The purpose of this section is to provide information and boilerplate language that will help to describe the existing condition.
Petroleum (oil and gas) has been produced from 206 named fields (and various unnamed wildcat fields) in Utah that underlie parts of 13 of the 29 counties (see figure).  Petroleum is found in a variety of reservoir strata ranging in age from Paleozoic through early Cenozoic.  Major petroleum producing regions include the Paradox Basin, Uinta Basin, and Overthrust region of eastern Utah. Western Utah has more complex geology that has not yielded successful discoveries of economic petroleum deposits.  Petroleum development is often constrained by access to pipelines or the proximity to markets within trucking distance. 

As mentioned above, present petroleum production comes from only a small number of Utah counties, and only those counties are likely to have petroleum development activity in the next 25 years (2005-2029). The present petroleum-producing counties are Carbon, Daggett, Duchesne, Emery, Garfield, Grand, San Juan, Summit, and Uintah Counties.  Table 1, modified from the Utah Division of Oil, Gas and Mining’s December 2003 Production Book, lists the annual and cumulative petroleum production for the 13 Utah counties with any historical production.  In addition to the 13 counties listed in table 1, four additional counties have active wells that have not had any production through 2003; those counties are Cache, Millard, Utah, and Wayne. It should be noted that the petroleum in all of Utah’s counties is not the same quality, but varies in terms of heat content (Btu/lb), as well as sulfur and wax contents.  Further, some of the petroleum resource in Utah is also restricted from development because of land-use decisions where the lands have been set aside for wildlife considerations, water resource protection, wilderness and roadless areas, and national monuments to name some of the land-use conflicts.

Table 1. Utah petroleum production by county through 2003 (modified from Utah Division of Oil, Gas and Mining; gas in millions of cubic feet [mmcf] and oil in barrels [bbl]).

 County
 2003 Gas
  2003 Oil
Cumulative
   Cumulative

   Name   
Production
Production    Gas Production
 Oil Production          

Box Elder
           0
              0
              0
               2,665

Carbon

  85,198
       1,885
   555,505
           143,852

Daggett
    1,341
       1,644
   174,719
           359,806

Duchesne
  11,999
4,342,139
   539,252
    284,281,980

Emery

  17,212
       6,351
   110,344
           680,387

Garfield
           6
   203,309
            40
      26,723,509

Grand

    5,628
     99,133
   338,103
        7,304,772

Rich

           0
              0
       5,498
                      0     

San Juan
  20,636
4,556,264
1,309,579
    535,578,665

Sanpete
           0
              0
       3,027
                  405

Summit
  33,962
   801,824
3,122,276
    178,165,164

Uintah

111,175
3,065,517
1,667,910
    225,942,296

Washington
           0
              0
            66
               4,774

TOTAL
287,157         11,004,121
7,826,320
 1,259,188,275

Information on petroleum reserves on a county-by-county basis is not publicly available, but those counties that have had the greatest historical production are likely to have the greatest remaining reserves as well. According to the Department of Energy’s Energy Information Administration, oil and gas reserves for the state of Utah were 1,357 million barrels of crude oil, 1,164 million barrels of natural gas liquids, and 8,780 billion cubic feet of gas as of December 31, 2001. 

The federal, state, and local governments all have laws and rules regarding the exploration and development of petroleum resources in Utah. Most of these regulations and rules concern protection of other resource values and returning the land after petroleum extraction to the approximate original pre-extraction conditions.  State and federal laws do not pertain to county-owned or private lands.
Data Review

Information on petroleum resources of Utah can be found on these Internet sites:

http://www.blm.gov/utah/minerals/fluids.html 

http://geology.utah.gov/utahgeo/energy/index.htm 

http://www.energy.utah.gov/edis.htm#Petroleum 

Databases:

The Utah Geological Survey (UGS) maintains various databases on oil and gas resources of Utah.  These include the Integral database on wells drilled for oil and gas in the state and another database on gas reservoirs.  The UGS also maintains a Core Research Center with a collection of oil produced from various reservoirs throughout the state, as wells as cuttings and cores from representative petroleum reservoirs drilled.  Contact the UGS for more information about these databases.

Available Publications, Maps, and Other Information:

The UGS is the lead agency in Utah state government regarding petroleum resource information.  The UGS has produced various publications on the petroleum resource of Utah.  These include reports and maps that show where economically attractive petroleum deposits occur.  These products are typically used as a first step to performing more detailed field evaluations of areas likely to contain petroleum resources.  As needed, the UGS could produce, at a countywide scale, digital GIS maps of petroleum resource potential.  Additional information on petroleum resources may be obtained from the UGS petroleum personnel, listed in the “Resources to Assist” section.  Also listed at the end of that section are specific UGS publications on petroleum resources in Utah.

It should be noted that the U.S. Geological Survey has also conducted numerous investigations over the years on the petroleum resources in Utah.  Reports resulting from those investigations are not compiled here, but more information can be found at the U.S. Geological Survey internet site.
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Items to Consider

In describing the Existing Condition, the author should address:

· The nature of specific petroleum reservoirs, their age, thickness, porosity, permeability, petroleum saturation, and vertical and lateral continuity, to assess economic value. 

· The nature of the source of petroleum, timing of generation, migration pathways, and seals for specific petroleum reservoirs

· The location of pipelines, refineries, and other important infrastructure

· The current state of petroleum development and markets in the region 

· Environmental or other land-use factors that may restrict or preclude petroleum development.

The Division seeks to regulate uniformly within the State to accomplish several goals:

A. Keep the competition playing field level for all companies in a specific industry,

B. Allow taxes to be assessed relatively evenly across the state,

C. Provide economy of scale in the regulatory process so that one agency basically may do the regulatory task statewide,

D. Concentrate regulatory expertise in one agency to assure the best technical and politically based decision-making, and 

E. Allow operators to be learned in the general regulatory routine for statewide application once permitting is performed successfully.

F. Ensure consistency of inspection and enforcement activities.

One possible future concern to counties may be whether additional local regulation of sand gravel, or rock aggregate operations is needed. Should counties do more to regulate sand, gravel, and rock aggregate operations through their county zoning powers or should there be a future granting of authority to the counties by the Utah Legislature?  To date, because of  the traditional benefits of items “A” through “F” above the “county option” has not been seriously considered for sand, gravel, and rock aggregate.

In 2003, the Utah Legislature examined sand, gravel and rock aggregate in an interim Task Force co-chaired by Senator Knudson and Representative Ferry and determined that no action in changing regulatory responsibility was necessary due to the constant efforts of actively extracting companies in outreach attempts to local government.  See sand gravel, and rock aggregate issue.

The location of minerals and oil and gas operations is available electronically to local entities from the DOGM at http://dogm.nr.state.ut.us/.  Specific county maps may require downloading help from DOGM staff but generally, all digital map information will be available on line at the above internet address.

Boilerplate Language

Desired Future Condition:

The purpose of this section is to provide information and boilerplate language that will help to describe the improvements and changes that need to be made to the existing condition in order to achieve the desired future condition. It also provides the basis for the development of policy statements that support the desired future condition.
In describing the Desired Future Condition, the author should address:

· The desire to allow or preclude access (road closure, road building) to important petroleum deposits in the county.
· The desire to allow or preclude new or continued development of petroleum resources in the area.

· The conflicts that may exist between petroleum extraction and other uses of the land.

Range of Alternatives

Are there alternative perspectives on resource conditions?

Boilerplate Language

We need to link this to the “items to consider” list.
Policy and Position Statements

The purpose of this section is to provide boilerplate policy statement language that will support the desired future conditions.  A range of possible conditions is provided here.
Recognizing that Utah contains a wealth of petroleum resources, the current State (Utah Geological Survey code) position is one of promoting the prudent and sustainable development of critical petroleum resources to provide low-cost energy for transportation, home heating, and industrial needs in Utah, and preserving adequate access to explore and develop those petroleum resources.  

Boilerplate Language
State Involvement:  DOGM’s statutes assign it the lead state role State role in permitting all coal, minerals, and oil and gas extraction operations.  The Division will also take an active role in contributing to the planning process for these operations when Federal land resource management plans are formed.  Depending on the project and on the action to be taken, the State will also, whenever possible, assume cooperating agency status for environmental analysis with the sponsoring federal agency.  

Collaboration:  Currently DOGM is in a formal and regularly-scheduled collaborative role within the Southeast Utah and Uintah Basin local governments.  On an as-needed basis, DOGM communicates and cooperates with the Utah Association of Counties, specific counties, and special interests such as local water districts. 

Goals, Objectives, and/or Action Items

The purpose of this section is to provide boilerplate examples of the types of improvements or changes that typically would be needed to reach the desired future condition.  “Goal” is the desired condition.  “Objectives” are improvements or changes that need to be made to reach the goal.  “Action Items” are specific actions that can be taken in order to achieve the objective.
See example from forestry plan:

Goal:

Maintain productive capacity of forest ecosystems

Objective:
Implement restoration treatments identified in planning processes within historic ranges of variability.

Objective:
Ensure realistic targets are established and outputs are sustainable over the long-term.

Action Item:
State and local agencies will participate in planning processes and assist with identifying areas where restoration treatments are needed on federal land.

Action Item:
County government will consider adopting timber harvesting ordinances similar to those adopted by Carbon and Emery counties.  Ordinances will include adherence to Utah’s FWQGs.

Action Item:
Provide for an identifiable and sustainable supply of forest products that approach net annual growth (growth minus mortality) for local community and industry needs.
Monitoring Methods and Mechanisms 

The purpose of this section is to provide suggested techniques and methods for monitoring progress towards the desired condition.
Who does this well?  Are there estimates on costs? 

Sources and Resources to Assist
This section is intended to be a reference guide to help locate any sources of assistance.

Resources to Assist/Personal Contacts for More Information:

STATE:

Utah Geological Survey

Receptionist:


(801) 537-3300

1594 W. North Temple, Suite 3110
Oil & Gas:  Thomas Chidsey 
(810) 537-3364


P.O. Box 146100


                   Craig Morgan
(801) 537-3370

Salt Lake City, UT 84114-6100
Core Research Center

(801) 537-3359






Fax: 



(801) 537-3400

Utah School & Institutional Trust Lands Administration

Main Office:
675 East 500 South, Suite 500
Salt Lake City, UT 84102
Phone: (801) 538-5100
Fax:     (801) 355-0922

Internet: http://www.utahtrustlands.com/contact_us/
Division of Oil, Gas and Mining

1594 W. North Temple, Suite 1210

P.O. Box 145801

Salt Lake City, UT 84114-5801

Phone: (801) 538-5340

Fax:     (801) 359-3940

Internet: http://www.ogm.utah.gov 

Utah Energy Office

1594 West North Temple, Suite 3610
P.O. Box 146480
Salt Lake City, UT 84114-6480
Phone: (801) 538-5428

Fax:     (801) 538-4795

http://www.energy.utah.gov 

FEDERAL:

U.S. Bureau of Land Management


Utah State Office



P.O. Box 45155 




Salt Lake City, Utah 84145-0155


Phone: (801) 539-4001
Fax:     (801) 539-4013

Internet: http://blm.ut.gov
Note: BLM Field Offices throughout Utah may have additional information


U.S. Geological Survey

Box 25046, MS 939 

Denver Federal Center 

Denver, CO 80225 


Vito Nuccio,

Acting Chief Scientist

Energy Resources Team 

Phone: (303) 236-1647 
Email: vnuccio@usgs.gov
Internet: http://energy.cr.usgs.gov/oilgas/index.htm 

OTHER ORGANIZATIONS:

Utah Petroleum Association

275 S. Temple, Suite 150

Salt Lake City, UT 84111

Phone: (801) 364-1510

Fax:     (801) 457-5458

Internet: http://www.utahpetroleum.org
Specific Utah Geological Survey and Utah Geological Association publications on petroleum resources in Utah:
Utah Geological survey Publications

Bulletins

Pruitt, R.G., Jr., 1961, The mineral resources of Uintah County: Utah Geological and Mineralogical Survey Bulletin 71, 101 p.

Pratt, A.R., and Callaghan, E., 1970, Land and mineral resources of Sanpete County: Utah Geological and Mineralogical Survey Bulletin 85, 69 p., 2 pl.

Doelling, H.H., 1975, Geology and mineral resources of Garfield County: Utah Geological and Mineral Survey Bulletin 107, 175 p., 1 pl., 1:250,000.

Doelling, H.H., 1980, Geology and mineral resources of Box Elder County: Utah Geological and Mineral Survey Bulletin 115, 251 p., 3 pl., 1:125,000

Clem, K.M., and Brown, K.W., 1984, Petroleum resources of the Paradox Basin, 1984: Utah Geological and Mineral Survey Bulletin 119, 162 p, 4 pl., 1:50,000.

Doelling, H.H., and Davis, F.D., 1989, The geology of Kane County, Utah; geology, mineral resources, geologic hazards, by with sections on petroleum and carbon dioxide by C.J. Brandt, Utah Geological and Mineral Survey Bulleting 124, 192 p., 10 pl., 1:100,000. 

Sprinkel, D.A., 1999, Digital geologic Resources Atlas of Utah: Utah Geological Survey Bulletin 129-DF, 1 CD-ROM.

Gloyn, R.W., Tabet, D.E., Tripp, B.T., Bishop, C.E., Morgan, C.D., Gwynn, J.W., and Blackett, R.E., 2003, Energy, mineral, and ground-water resources of Carbon and Emery Counties, Utah: Utah Geological Survey Bulletin 132, 162 p., 14 pl. 

Special Studies 

Gloyn, R.W., Morgan, C.D., Tabet, D.E., Blackett, R.E., Tripp, B.T., and Lowe, M., Mineral, energy, and ground-water resources of San Juan County, Utah: Utah Geological Survey Special Study 86, 39 p. 

Circulars 

Chidsey, T.C., Jr., and Laine, M.D., 1991, Summary of oil and gas drilling in Utah, 1989: Utah Geological Survey Circular 83, 31 p. 

Morgan, C.D., Yonkee, W.A., and Tripp, B.T., 1991, Geological considerations for oil and gas drilling on State potash leases at Cane Creek anticline, Grand and San Juan Counties, Utah: Utah Geological Survey Circular 84, 24 p.

Chidsey, T.C., Jr., Morgan, C.D., and Laine, M.D., 1994, Oil and gas drilling in Utah: Utah Geological Survey Circular 86, 30 p. 

Gwynn, J.W., 1995, Resistivities and chemical analyses of selected oil and gas field, water well, and spring waters, Utah: Utah Geological Survey Circular 87, 142 p. 

Morgan, C.D., Sprinkel, D.A., and Waite, K.A., 1999, Bluebell field drill-hole database, Duchesne and Uintah Counties, Utah: Utah Geological Survey Circular 90DF, 23 p., 1 diskette. 

Allison, M.L., compiler, 1997, A preliminary assessment of energy and mineral resources within the Grand Staircase - Escalante National Monument: Utah Geological Survey Circular 93, 36 p.

Reports of Investigation 

Blackett, R.E., Brandt, C.J., Chidsey, T.C., Jr., and Bishop, C.E., 1992, Mineral and energy resources in Kane County, Utah and their occurrence with respect to Wilderness Study Areas: Utah Geological Survey Report of Investigation 221, 42 p.

Gwynn, J.W., 1998, Potential mineral precipitation and water compatibilities related to the Drunkards Wash project, Carbon County, Utah: Utah Geological Survey Report of Investigation 241, 22 p.

Maps 

F.D. Davis, F.D., 1985, Mineral resources of the central Wasatch Front (Petroleum potential by J.A. Campbell): Utah Geological and Mineral Survey Map 54D, 24 p., 2 pl., 1:100,000. 

F.D. Davis, F.D., 1988 Mineral resources of the southern Wasatch Front, Utah, with a section on petroleum by F.C. Moulton and R.L. Kerns Jr.: Utah Geological and Mineral Survey Map 55D, 17 p., 2 pl., 1:100,000. 

UGMS Staff, 1983, Energy resources map of Utah: Utah Geological and Mineral Survey Map 68, 1 pl., scale 1:500,000.

Chidsey, T.C., Jr., Wakefield, S.A., Hill, B.G., and Hebertson, M., 2003, Oil and gas field of Utah: Utah Geological Survey Map 203 DM.

Oil and Gas Field Studies

Morgan, C.D., 1994, Oil and gas production maps of the Bluebell field, Duchesne and Uintah Counties, Utah: Utah Geological Survey Oil and Gas Field Study 15, 5 p., 8 pl., 1" = 0.8 mile. 

Morgan, C.D., 1997, Duchesne oil field, T. 4 S., R 4 and 5 W., UBM, Duchesne County, Utah: Utah Geological Survey Oil and Gas Field Study 16, 2 sheets.

Morgan, C.D., 1997, Bridgeland and South Myton Bench oil fields, T. 4 S., R 2 and 3 W., UBM, Duchesne County, Utah: Utah Geological Survey Oil and Gas Field Study 17, 2 sheets.

Morgan, C.D., 1997, Humpback secondary-recovery (water-flood) unit, T. 8 S., R 17 E., Salt Lake Base Line, Uintah County, Utah: Utah Geological Survey Oil and Gas Field Study 18, 2 sheets. 

Morgan, C.D., 1999, Petroleum geology of the Cisco Dome area, Grand County, Utah: Utah Geological Survey Oil and Gas Field Study 19, 4 pl.

Morgan, C.D., 1999, Gas fields in the PR Springs area, Grand County, Utah: Utah Geological Survey Oil and Gas Field Study 20, 2 pl.

Bon, R.L., 1999,Petroleum geology of the Harley Dome field, Grand County, Utah: Utah Geological Survey Oil and Gas Field Study 21, 2 pl. 

Morgan, C.D., 1999, Petroleum geology of the Cisco Townsite and Cisco Wash areas, Grand County, Utah: Utah Geological Survey Oil and Gas Field Study 22, 2 pl.

Morgan, C.D., 2001, Petroleum geology of the Agate, Danish Wash, Sage, and Seiber Nose Reservoirs in the Greater Cisco Field, Grand County, Utah: Utah Geological Survey Oil and Gas Field Study 23, 2 pl.
Miscellaneous Publications 

Chan, M.A., Newman, S.L., and May, F.E., 1991, Deltaic and shelf deposits in the Cretaceous Blackhawk Formation and Mancos Shale, Grand County, Utah: Utah Geological Survey Miscellaneous Publication 91-6, 83 p., 2 pl., 1" = 4950'.

Garner, A., and Morris, T.H., 1996, Outcrop study of the lower Green River Formation for reservoir characterization and hydrocarbon production enhancement in the Altamont-Bluebell field, Uinta Basin, Utah: Utah Geological Survey Miscellaneous Publication 96-2, 61 p.

Cole, R.D., Young, R.G., and Willis, G.C., 1997, The Prairie Canyon Member, a new unit of the Upper Cretaceous Mancos Shale, west-central Colorado and east-central Utah: Utah Geological Survey Miscellaneous Publication 97-4, 23 p. 

Bereskin, S.R., Morgan, C.D., and McClure, K.P., 2004, Descriptions, petrology, photographs, and photomicrographs of core from the Green River Formation, south-central Uinta Basin, Utah: Utah Geological Survey Miscellaneous Publication 04-2, CD-ROM (102 p.).

Public Information Series 

Chidsey, T.C., Jr. and Anderson, P.B., compilers, 1994, Oil and gas pipeline map of Utah: Utah Geological Survey Public Information Series 22, 1 pl., 1:1,000,000.

Bon, R.L., compiler, 1995, Oil and gas in Summit County, Utah: Utah Geological Survey Public Information Series 31, brochure. 

UGS Staff, 2001, Utah! 100 years of exploration...and still the place to find oil and gas: Utah Geological Survey Public Information Series 71, 20 p. 


Open-File Reports 

Tripp, C.N., 1989, A short course in petroleum geology, with examples from Utah's petroleum provinces; Volume 1 - Short course, 186 p., Volume 2 - Student manual, 208 p., Volume 3 - Teacher manual, 61 p., Volume 4 - Wildcat simulation game, 66 p.:  Utah Geological and Mineral Survey Open File Report 150.

Merrell, H. W., 1989, Oil development and potential of Mississippian and older formations in San Juan County, Utah: Utah Geological and Mineral Survey Open File Report 156, 26 p., 6 pl. 

Tripp, C.N., 1989, A hydrocarbon exploration model for the Cretaceous Ferron Sandstone Member of the Mancos Shale, and the Dakota Group in the Wasatch Plateau and Castle Valley of east-central Utah, with emphasis on post-1980 subsurface data: Utah Geological and Mineral Survey Open File Report 160, 81 p., 15 pl., 1:250,000. 

Keith, A.C., Hand, J.S., and Smith, A.D., 1990, Coal bed methane resource map, Castlegate A bed, Book Cliffs coal field, Utah: Utah Geological Survey Open File Report 176A, 1 pl., 1:100,000.

Keith, A.C., Hand, J.S., and Smith, A.D., 1990, Coal bed methane resource map, Castlegate B bed, Book Cliffs coal field, Utah: Utah Geological Survey Open File Report 176B, 1 pl., 1:100,000.
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