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Land Use in a Single Township in the Glaciated 
Plains of the Prairie Pothole Region
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Sheridan County Montana
 > 12,000 wetlands
 1,100 oil wells
 2,520 wetlands within 500m of an oil well



80 wetlands within 50 
meters of an oil well









Pitless drilling possiblePitless drilling possible

Required in Alaska, Alberta, Required in Alaska, Alberta, 
Saskatchewan Saskatchewan 

Several companies use Several companies use 
pitless drilling exclusivelypitless drilling exclusively



Flow lines and produced water Flow lines and produced water 
lines lines 

Contaminant Pathways in the Contaminant Pathways in the 
Williston BasinWilliston Basin



Reserve Pits (Measure 150 ft x 60 ft x10 ft)

Each pit contains an estimated 52,000 to 1,000,000 gallons of 
drilling wastes, and 250 tons of NaCl salts

Pits were unlined until the late 1970s, and trenching occurred 
until the 1990s

Constituents of Concern:

 Saline produced waters (oil, trace elements, radionuclides, salt)

 Drilling fluid additives (barium sulfate, iron oxide, aluminum bisulfate, zinc carbonate, 
zinc chromate)

 Salt or oil based muds (250,000 ppm NaCl, diesel fuel, crude oil, fatty and organic 
acids and a variety of stabilizing agents)

 Drilling additives (iron lignosufonates, acrylic polymers, surfactants, organic amines, 
chlorophenols, formaldehydes)



Produced Water Contamination IndexProduced Water Contamination Index
SC µs/cm:Cl mg/L >0.034 Produced water impacts

Surface water samples collected from 80 wetlands and lakes

50 % revealed impacts from produced water

WPA/NWR Site SC µs/cm Cl mg/L CI

Parry PAR1 4902 53 0.0108

Parry PAR1E 4680 53 0.0113

Parry PAR2 55185 1547 0.0280

Parry PAR3 4351 61 0.0140

Parry PAR3 5928 84 0.0142

Parry PAR4 2669 27 0.0101

Parry PAR4 3396 30.5 0.0090

Rabenberg RABE1 22480 8362 0.3720

Rabenberg RABE2A 4130 953 0.2308

Rabenberg RABE2 5150 1485 0.2883

Rabenberg RABE3 4011 908 0.2264

Rabenberg RABE3A 2731 650 0.2380

Rabenberg RABE4 8658 3145 0.3632

Rabenberg RABE5 7509 2420 0.3223

Rabenberg RABE5 8126 2690 0.3310

Rabenberg RABE5+ 8437 2908 0.3447

Rabenberg RABE6 8812 2614 0.2966



Soil Conductivity SurveysSoil Conductivity Surveys

••Conducted using an EMConducted using an EM--31 and a 31 and a 
Trimble GeoXT Trimble GeoXT 

••Completed on 30 sites, on or near Completed on 30 sites, on or near 
Service owned landService owned land

••Plumes delineated at all but one Plumes delineated at all but one 
survey locationsurvey location

NaCl Salts 

NaSo4 Salts

3-6 meters



Beaver Lake Waterfowl 
Production Area, ND

Kevin Johnson, USFWS Bismark ND
Bruce Smith, USGS Denver, CO
Ryan Tompkins, USGS Lincoln, NE

EM31 Operations February 2008EM31 Operations February 2008



Objectives:Objectives:
1.1.Evaluate the spatial extent and potential risk Evaluate the spatial extent and potential risk 

to natural resources of past and ongoing to natural resources of past and ongoing 
energy development using GIS analysesenergy development using GIS analyses

2.2.Reassess brine contamination movement in Reassess brine contamination movement in 
previously studied areas  (also SPP)previously studied areas  (also SPP)

3.3.Conduct a user needs analysis and design a Conduct a user needs analysis and design a 
prototype decision support systemprototype decision support system

4.4.Establish an Interagency Energy Establish an Interagency Energy 
Contamination Science TeamContamination Science Team



  





Oil and Gas Wells in North Dakota
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Salt Water Disposal Wells North Dakota
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The 20 HLR categories are sequential; thus, the closer the HLR 
numbers, the more similar the characteristics between those HLRs 
(e.g., HLRs 7 to 9 are more similar than HLRs 4 to 16).  Similarly, the 
color scheme depicted is graduated; therefore, similar colors represent 
more similar HLRs.



Precip – Potential Evapotranspiration Percent sand

Aquifer permeability Topography

Factors used to define hydrologic landscape regions (HLRs)



North American Soil Geochemical Landscapes Project

A spatially balanced 
array of 13,215 

sample sites

Canada   6,183

USA         5,813

Mexico    1,216





EM31 Beaver Lake WPA, Burke Co., ND



Ohm-mapper Resistivity

Light blue is low resistivity or high 
conductivity showing general 
extent of plume with depth

5m









VegetativeVegetative
CommunityCommunity

Near 
Surface 

Stratigraphy

Geohydrologic
Landscape
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Type of Bayesian Belief 
Network to be adapted for 
our Decision Support System 
Prototype



Establish Interagency Energy 
Contamination Science Team

 Led By All Five USGS Center Directors
 Includes FWS Project Leaders and Regional Office Representatives
 Invites Other Federal, Tribal, and State Agencies
 Geographic Focus Is Northern Great Plains and Rockies



FY2009 Budget

CICT 8932 MWSC 8620 NPWRC 8330 NOROCK 8348 TOTAL

PI Salary 6 15 2.5 2.5 26

PI Pay Periods 6 6 6 3

Other Salary 5 10 15 30

Other Expenses 20 13 20 16 69

Total Direct Costs 26 33 32.5 33.5 125

Gross Assessment Rate 0.1561 0.29076 0.15 0.12567

Indirect Costs 4 10 5 4

Total FY Costs 30 43 37 38 148

FY2009 FUND SOURCES

CRISP 30 28 30 31 119

NCA Flexible Funds 7 7 7 21

MWSC 8 8

FUND SOURCE TOTALS 30 43 37 38 148



We wish to point out that in this research effort, like many, the 
corresponding contribution of  PI salary from base Center 

funds often exceeds those received from other sources.  That 
is not to downplay the need for the “outside” funding, it is 

meant to demonstrate the commitment of the Center Directors 
to such programs of interdisciplinary science.



Expertise Needed By Our Team to Further Develop Our 
Interdisciplinary Science Beyond Current Capabilities

 Glacial geomorphology linking nearGlacial geomorphology linking near--surface stratigraphy and surface stratigraphy and 
hydrologyhydrology

 Decision analysis and resource economicsDecision analysis and resource economics
 Effects of oil brine contamination on biota:  aquatic vegetation, Effects of oil brine contamination on biota:  aquatic vegetation, 

invertebrates, waterfowl, and shorebirdsinvertebrates, waterfowl, and shorebirds
 Application of remote sensing and modelling to detect surface Application of remote sensing and modelling to detect surface 

chemistry change  (chemistry change  (hyperspectralhyperspectral data?)data?)
 Additional electromagnetic inductance equipment to conduct  Additional electromagnetic inductance equipment to conduct  

surveys over greater areassurveys over greater areas
 Development of hydrologic landscape unit models at local scales; Development of hydrologic landscape unit models at local scales; 

explore applicability of LIDARexplore applicability of LIDAR
 Geochemistry of wetlands  at a landscape scaleGeochemistry of wetlands  at a landscape scale



For further information, please contact:For further information, please contact:

Robert A. Gleason (Biology) Robert A. Gleason (Biology) –– rgleason@usgs.govrgleason@usgs.gov

Bruce D. Smith (Geology) Bruce D. Smith (Geology) –– bsmith@usgs.govbsmith@usgs.gov

Richard S. Sojda (Biology) Richard S. Sojda (Biology) –– sojda@usgs.govsojda@usgs.gov

Joanna N. Thamke (Water) Joanna N. Thamke (Water) –– jothamke@usgs.govjothamke@usgs.gov


