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Background for Study:

U.S. Geological Survey has conducted electrical geophysical surveys
over the last 20 years to map and characterize subsurface produced
waters in a number of different hydrogeologic environments including:

Described in this talk

Glacial terrain ground water controlled by
gravel channels- Ft. Peck MT —impact
city water supply

Prairie Pot Hole wet lands Williston Basin —
— impact on wildlife areas (under study)




Physical Basis of Electrical

Geophysical Subsurfacé lmaging
*» Electrical properties of fluids

®* Properties of matrix (porosity,
permeability, and conductivity)

®* Rock-Water Interactions (redox-
natural potentials)

®* Conductive (éaline) plumes both below
water table (saturated zone) and
above (vadose zone) |




Comparison of borehole
log and core extract
geochemistry

Water = 12,000 mg/l TDS

Osage-Skiatook Petroleum Environmental Research Project
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USGS - Ft. Peck
History of activity

. 1980s, first documented contamination

. 1990s, mapped contamination
—  Ground shallow conductivity profiling
— Identified source areas (much larger than suspected)
— Borehole logging (93)
. 2004 Helicopter EM survey summer
. 2005 Ground-water studies and borehole logging continue

. %OOGI)Pioneer Natural Resources begins remediation program southern part of field (pump and inject >
2mi

« 2008 As aresult of USGS nomination, DOI Environmental Awareness
Award made to project in recognition of excellence in environmental
work
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Ft Peck Poplar Oil Field Plume
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Ft Peck Poplar Oil Field Plume Zoom




Integration of all data critical in separation of subsurface sources
high electrical conductivity

Conductivity depth images (CDI) created from earth electrical
models critical in separation of sources

Areas can be prioritized for remediation in terms of ground-water
resource management i

Use of CDI for modeling ground-water flow and bedrock
topography

5 Possible application for identification of areas of salinization from
' other sources such as agricultural

o .
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North Central Area Ihtegrate’d Science Team

Robert Gleason USGS-Northern Prairie WI|d|lfe Research
Center

Rlchard Sodja USGS- Northern'Rocky Mountain Science
! Center'

Joanna Thamke USGS-Montana Water Science Center

Bruce Smith, USGS-Geology Crustal Imaging and
Characterlzatlon Team |
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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

L‘rsin.g 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.

Introduction

The U.S. Geological Survey (USGS) completed an assess-
ment of the undiscovered oil 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 1s 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
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Figure 1.
Bakken-Lodgepole Total Petroleum System (TPS) (in blue), and major
structural features in Montana, North Dakota, and South Dakota.

Map showing Williston Basin Province boundary (in red),




USFWS WPA Fee
and Easement Lands

In The PPR

» 24,064 WPA Wetland
Easements

» 2,050 WPA Grassland
Easements

»856 Other Easements

»2,903 Fee WPAS

»42 Fee NWRs

Mational Wildlife Refuge
Waterfow! Production Area
Grassland Easement
Wetland Easement

FmHA Easement
Refuge Easement

Flowage Easement




Chemistry of Produced Waters
in the United States
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RECHARGE RECHARGE

; WETLAND  FLOW-THROUGH
WeTLAND  FLOWTHROUGH  biscHance WETLAND

WETLAND

EXPLANATION

——==— Direction of ground-water  =----- Average water table
flow

DISCHARGE
WETLAND
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* Produced water contamination index
= NORM surveys (not discussed here)
= EM-31 Soil Conductivity Surveys

= Groundwater sampling in identified plumes

" Hydrocarbon sampling and plume delineation
& Toxicity Testing (not discussed here)

: = Invertebrate sampling and identification
" (not discussed here)

—




Produced waters sampled at reinjection sites contained barium,
cadmium, chromium, Iead selenlum silver, and zmc
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WPA/NWR

SRl

Site

SC ps/cm

Surface water samples collected from 80 wetlands and

50 % revealed impacts from produced water

Clmg/L
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Cl

Parry

PAR1

4902

53

0.0108

Parry PARLE 4680 53
Parry PAR2 55185 1547
Parry PAR3 4351 61
Parry PAR3 5928 84
Parry PAR4 2669 27
Parry PAR4 3396 30.5
Rabenberg RABE1 22480 8362
Rabenberg RABE2A 4130 953
Rabenberg RABE2 5150 1485
Rabenberg RABE3 4011 908
Rabenberg RABE3A 2731 650
Rabenberg RABE4 8658 3145
Rabenberg RABE5 7509 2420
Rabenberg RABE5 8126 2690
Rabenberg RABE5+ 8437 2908
Rabenberg RABEG6 8812 2614




NaSo, Salts

*High EC (Plumes) delineated at all
but one survey location







Installation of Monitoring wells

*33 wells established on 6 WPAS

= and 2 ML NWR locations

«Sampled for major ions, trace
element, and TPH




A-2 MW (TDS 33,664 )

A-IMW (TDS 704) A-14 MW (TDS 69,840)

1=0.51 C1=0.823
C1=0.510 CI1=0.005
m Ca (mgl/l) m Ca (mg/l)
@ Ca (mg/l)
m Na (mg/l) ® Na (mg/l)
m Na (mg/l) 504 (mall)
S04 /l O mg
. (mafh 0 S04 (mg/l)
o Cl (mg/l)
o cl(mg/) o Cl (mg/l)
A-3 MW (TDS 75,162
( ) CI=0.767 A-15 MW (TDS 38,806)
Ca (mall _ C1=0.007 _
B camel @ Ca (mg/l)
m Na (mg/l)
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O Cl (mg/l)
A-4 MW (TDS 11,429)
CI=0.362
@ Ca (mg/l)
m Na (mg/l)
0 S04 (mg/l)
o Cl (mgll)
A-8 MW (TDS 11,872)
A-10 MW (TDS 38,806)
A-5MW (TDS 7,917)
Cl=0.355 CI=0.006
C1=0.337 @ Ca (mgfl) @ Ca (mg/l)
@ Ca (mg/l) @ Na (mg/) @ Na (mg/l)
m Na (mg/l) 0 S04 (mgfl) 0504 (mgll)
o Cl (mg/l)
0 S04 (mg/l) o Cl (mg/l)
O Cl (mg/l)




Beaver Lake\ Waterfowl Protection
e ﬁrea ND

it

Kevin Jhnson USFW Bismark ND
Bruce Smith, USGS Denver
Ryan Tompkins, USGS Nebraska




Areas of Interest
Abandoned and Active areas

Beaver Lake
USFWS Lands

Sites of
Interest




EM31 Beaver Lake WPA, Burke Co., ND
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Ohm-mapper Resistivity

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




Conclusions
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EM31 CONDUCTIVITY
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Poplar Oil Field Lessons Learned
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