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Figure 1. Williston Basin Study Area, with initial detailed study area outlined with dashed white line.
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USGS

science for a changing world

National Assessment of 0il and Gas Fact Sheet

Assessment of Undiscovered Oil Resources in the Devonian-Mississippian
Bakken Formation, Williston Basin Province, Montana and North Dakota, 2008
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Using a geology-based assessment methodology, the U.S.
Geological Survey estimated mean undiscovered volumes

of 3.65 billion barrels of oil, 1.85 trillion cubic feet of
associated/dissolved natural gas, and 148 million barrels of
natural gas liquids in the Bakken Formation of the Williston
Basin Province, Montana and North Dakota.
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Introduction

The U.S. Geological Survey (USGS) completed an assess-
ment of the undiscovered o1l and associated gas resources of
the Upper Devonian—Lower Mississippian Bakken Formation
in the U.S. portion of the Williston Basin of Montana and North
Dakota and within the Williston Basin Province (fig. 1). The
assessment is based on geologic elements of a total petroleum
system (TPS) that include (1) source-rock distribution, thick-
ness, organic richness, maturation, petroleum generation, and
migration; (2) reservoir-rock type (conventional or continuous), |
distribution, and quality; and (3) character of traps and time
of formation with respect to petroleum generation and migra-
tion. Detailed framework studies in stratigraphy and structural
geology and the modeling of petroleum geochemistry, combined
with historical exploration and production analyses, were used

L

Figure 1. Map showing Williston Basin Province boundary (in red),
Bakken-Lodgepole Total Petroleum System (TPS) (in blue), and major
structural features in Montana, North Dakota, and South Dakota.
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Impacts of Oil Exploration and Production to
the U.S. Fish and Wildlife Service’s
Northeast Montana Wetland Management

Jon C. Reiten, MBMG, Billings MT
Mike Rabenberg, USFWS, Medicine Lake, MT
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Land Use in a Single Township in the Glaciated
Plains of the Prairie Pothole Region

Grassland
Cropland
Wetlands

Post-CRP
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Dr. Jeff Kershner
USGS Northern Ro
Roam 229 AJM Johnson Hall
Bozeman, MT 59717

eky Mountain Science Center

Dear Dr. Kershner,
vice {Service} would like 1o express
od Science Program entifled “Brine

of the U.S. Fish and Wildlife Ser
the Williston Rasin.” The project

The Montans Field Office
support for 2 pmpnsal submitted 1@ the Central Region Integrate
Contamination 1 Prairie Potholes from Energy Development in
area includes Medicine Lake National wildlife Refuge (NWR), as well as the Noriheast Montana
Wetland Management District (WMD) (both areas jpcated in the northeastern corper of Montana)-
These properties include over 31 000 acres of NWR lands, 44 waterfow! production areas {WPAS)
{otaling 12,507 acres: an additional 8,573 acres of wetlands prole:ted under pﬁmetua\ wetland

d easements protecting 10,968 acres of gy:\ssland.
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A project funded by the Service ipitiated in 2004 sampled §1 wetland
Medicine Lake NWR. Water chemistry results indicated that a ppmximarely
wetlands were impacted by produced waters. The pmpused project would assist
aviding risk assessment tools that may allow the Service 1© protect sensitive b

abitats in the future.
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Oil well location data was obtained from the
Montana Board of Oil and Gas. USFWS land
ownership Information was developed by the -
Region 6 HAPET Office. - S S S R s
This map was produced by the Region 6

HAPET Office, Bismarck, ND, April, 2003.
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| USFWS Refuge System Fee-Title Lands and Oil
Exploration Sites in Sheridan County, Montana
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Five Bin Histogram - Distance From Qil Wells to Wetlands
Brush Lake HUC, Sheridan County, Montana
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Pitless drilling possible

Required in Alaska, Alberta,
Saskatchewan

Several companies use
pitless drilling exclusively




Contaminant Pathways in the
Williston Basin

Flow lines and produced water
lines
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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

A Constltuents of Concern

e [ \‘rl

= Saline produeé‘eLWaters (0|I trace ele"".‘énts, radlonuclld' s, salt)

= Drilling fluid additives (barium sulfate, iron oxide, aluminum blsulfate zinc carbonate
zinc chromate) - ‘

. Salt or oil based muds (250,000 ppm NacCl, dlesel fuel, crude oil, fatty and organlc
acids and a variety of stabilizing agents) —r

= Drilling additives (iron Ilgnosufonates, acryllc polymers, surfactants organic amines,
chlorophenols, formaldehydes)
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Produced Water Contamination Index

SC ps/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 ps/cm Clmg/L | CI

Parry PARI 4902 53 0.0108

Parry PARIE 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 Eas
Rabenberg RABEI 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 RABES 7509 2420 0.3223 !_
Rabenberg RABES 8126 2690 0.3310 !_
Rabenberg RABE5+ 8437 2908 0.3447 !_

Rabenberg RABEG6 8812 2614 0.2966 !_
2USGS
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Soil Conductivity Surveys

eConducted using an EM-31 and a
Trimble GeoXT

eCompleted on 30 sites, on or near
Service owned land

*Plumes delineated at all but one
survey location
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Kevin Johnson, USFWS Bismark ND
Bruce Smith, USGS Denver, CO
Ryan Tompkins, USGS Lincoln, NE
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Objectives:
1 Evaluate the spatial extent and potential risk
to natural resources of past and ongoing
§ ‘ energy development sing GIS analyses
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Oil and Gas Wells in North Dakota

[ Number per year
mmmm Cumulative total

Number of Wells Established Per Year
Cumulative Number of Wells

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
YEAR

Salt Water Disposal Wells North Dakota

Number of Wells Established Per Year
Cumulative Number of Wells

M, el

1950 1960 1970 1980 1990 2000 2010

Year




Hydrologic landscape region (HLR) number &
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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.

2USGS



Factors used to define hydrologic landscape regions (HLRS)

Precip — Potential Evapotranspiration Percent sand
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Servicio Geoldgico Mexicano

science for a changing world

2 USGS

A spatially balanced
array of 13,215
sample sites

Canada 6,183
USA 5,813
Mexico 1,216



Hydrologic Landscapes / Soil Na
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EM31 Beaver Lake WPA, Burke Co., ND




Inverted Resistivity Secti
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s m-s7 L2=0.70 Elecirode Spacg = 2.51 m

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













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

Surface
Inputs

Water Level
Pattern

Drought
Pattern

Groundwater
Hydraulic
Gradient

Near
Surface

Stratigraphy Successional

Geohydrologic
Landscape

Vegetative
Community
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= 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

2USGS
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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.
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Expertise Needed By Our Te
Interdisciplinary Science Be

[ Istry AR gf A R AN .‘.
d:;; nakelecty Q’uagneuc ind
\ urv r er greater areas |

evelopment of hydrologic Ian Cape unit moc tlocal
explore applic@®ility of LIDAR B} I )
R & Gthemiﬂof wetlands at a\ Iandscape sc e oot
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For further information, please contact:

Robert A. Gleason (Biology) — rgleason@usgs.gov
Bruce D. Smith (Geology) — bsmith@usgs.gov
Richard S. Sojda (Biology) — sojda@usgs.gov

Joanna N. Thamke (Water) — jothamke@usgs.gov



