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Background for Study:
U S G l i l S h d t d l t i l h i lU.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: 

• Perched ground water setting – BrookhavenPerched ground water setting – Brookhaven 
MS – impacts on water supply

• Semi Arid vadose zone - OK Osage study area 
research study arearesearch study area

• Semi Arid vadose and ground water in Powder 
River Basin – disposal and use of CBNG 
waterwater

Described in this talkDescribed in this talk

• Glacial terrain ground water controlled by Glacial terrain ground water controlled by 
l h ll h l Ft P k MTFt P k MT i ti tgravel channelsgravel channels-- Ft. Peck MT Ft. Peck MT –– impact impact 

city water supplycity water supply

•• Prairie Pot Hole wet lands Williston Basin Prairie Pot Hole wet lands Williston Basin ––
i t ildlif ( d t d )i t ildlif ( d t d )–– impact on wildlife areas (under study)impact on wildlife areas (under study)



Physical Basis of Electrical Physical Basis of Electrical 
Geophysical Subsurface ImagingGeophysical Subsurface Imaging
•• Electrical properties of fluidsElectrical properties of fluidsElectrical properties of fluidsElectrical properties of fluids
•• Properties of matrix (porosity, Properties of matrix (porosity, 

permeability, and conductivity) permeability, and conductivity) permeability, and conductivity) permeability, and conductivity) 
•• RockRock--Water Interactions (redoxWater Interactions (redox--

natural potentials)natural potentials)natural potentials)natural potentials)
•• Conductive (saline) plumes both below Conductive (saline) plumes both below 

water table (water table (saturatedsaturated zone) and zone) and water table (water table (saturatedsaturated zone) and zone) and 
above (above (vadosevadose zone)zone)



Osage
Skiatook

Petroleum
Environmental 

ResearchResearch
Site 

(OSPERS)

Drill Hole AA02

Confined Water table
Comparison of borehole 
log and core extract 
geochemistrygeochemistry

Water = 12,000 mg/l TDS
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USGS – Ft. Peck 
Hi t  f ti itHistory of activity

Joanna Thamke (USGS MT)

Crista Tyrell (Ft Peck Tribe)

Mike Jacobs (Pioneer Natural Resources)

• 1980s, first documented contamination
• 1990s, mapped contamination 

G d h ll d ti it fili– 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
• 2006 Pioneer Natural Resources begins remediation program southern part of field (pump and inject > 

$2 il)$2mil)
• 2008 As a result of USGS nomination, DOI Environmental Awareness 

Award made to project in recognition of excellence in environmental 
work



East Poplar Oil Field General Geology

Poplar River
Sands and  
gravels100 ft

Geophysical Challenges
clays in glacial 100 ftclays in  glacial 

sediments
Bearpaw Shale
salinization from 

Saline water plume

Shale1,000 ft

agriculture
power and pipe lines

Sandstone
100 ft

Brine injection to 
Dakota Sandstone 
1/2 mile deep

Oil production from 
Mississippian units 
1 mile deep



Ft Peck Poplar Oil Field Plume



Ft Peck Poplar Oil Field Plume Zoom

Dotted line is approximate max resolution



Poplar Oil Field Lessons Learned
• I t ti  f  ll d t  iti l i  ti  f  b f    • Integration of  all data critical in separation of  subsurface sources  
high electrical conductivity

• Conductivity depth images (CDI) created from earth electrical 
d l  iti l i  ti  f  models critical in separation of  sources

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

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

• Possible application for identification of  areas of  salinization  from 
other sources such as agricultural 
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Effects of Energy Development on DOI 
Lands in the Northern Great Plains: Salt 

Brine Pollution in North Dakota and 
MontanaMontana

North Central Area Integrated Science Team
Robert Gleason  USGS Northern Prairie Wildlife Research Robert Gleason, USGS-Northern Prairie Wildlife Research 

Center
Richard Sodja, USGS-Northern Rocky Mountain Science 

Center
Joanna Thamke, USGS-Montana Water Science Center,

Bruce Smith, USGS-Geology Crustal Imaging and 
Characterization Team





In The PPRIn The PPR

24 064 WPA Wetland24 064 WPA Wetland24,064 WPA Wetland 
Easements

2,050 WPA Grassland 
Easements

856 Other Easements

24,064 WPA Wetland 
Easements

2,050 WPA Grassland 
Easements

856 Other Easements

USFWS WPA Fee
d E t L d
USFWS WPA Fee
d E t L d

2,903 Fee WPAs
42 Fee NWRs
2,903 Fee WPAs
42 Fee NWRs

and Easement Landsand Easement Lands

Montana
North
Dakota

South
Dakota

Minnesota

IowaIowa





MT MT -- Impacts of  Oil Exploration and Production to the Impacts of  Oil Exploration and Production to the 
U.S. Fish and Wildlife Service’sU.S. Fish and Wildlife Service’s

Northeast Montana Wetland Management DistrictNortheast Montana Wetland Management District

Karen J. Nelson, USFWS, Helena MT, Jon C. Reiten, MBMG, Billings MT, and 
Mike Rabenberg, USFWS,  Medicine Lake, MT



Natural geochemical diversity created by:
Groundwater flow path,

aquifer mineralogy, evaporation rates….



Assessment MethodsAssessment Methods

Produced water contamination indexProduced water contamination indexProduced water contamination indexProduced water contamination index
NORM surveys (not discussed here)NORM surveys (not discussed here)
EMEM 31 Soil Conductivity Surveys31 Soil Conductivity SurveysEMEM--31 Soil Conductivity Surveys31 Soil Conductivity Surveys
Groundwater sampling in identified plumesGroundwater sampling in identified plumes
H d b  li  d l  d li tiH d b  li  d l  d li tiHydrocarbon sampling and plume delineationHydrocarbon sampling and plume delineation
Toxicity Testing (not discussed here)Toxicity Testing (not discussed here)
I t b t  li  d id tifi tiI t b t  li  d id tifi tiInvertebrate sampling and identificationInvertebrate sampling and identification

(not discussed here)(not discussed here)



Contaminant Pathways in the Williston Basin
Infiltration pits for produced water disposal 
Produced waters sampled at reinjection sites contained barium, Produced waters sampled at reinjection sites contained barium, 
cadmium, chromium, lead, selenium, silver, and zinc

July 1974 Infiltration pit location 2004July 1967 July, 1974 Infiltration pit location 2004July, 1967



Produced 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



NaSo4 Salts

NaCl Salts 

EC 
mapping 3-
6 meters

Soil Conductivity Surveys

•Conducted using an EM-31 and a 
Trimble GeoXT 

•Completed on 30 sites, on or near 
S i  d l dService owned land

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



•Trimble files containing EM-31 data 
were used to create plume maps utilizing 
Kreiging 
•Monitoring well locations selected based •Monitoring well locations selected based 
on plume maps



Installation of Monitoring wells

Monitoring Well

•33 wells established on 6 WPAs 
and 2 ML NWR locations

•Sampled for major ions, traceSampled for major ions, trace 
element, and TPH
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Beaver Lake Waterfowl Protection Beaver Lake Waterfowl Protection 
Area, NDArea, ND,,

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

EM31 Operations February 2008EM31 Operations February 2008



Areas of Interest
Abandoned and Active areas

Beaver Lake

USFWS Lands
Sites of 
Interest



EM31 Beaver Lake WPA, Burke Co., NDEM31 Beaver Lake WPA, Burke Co., ND



Ohm-mapper Resistivity

5m

Light blue is low resistivity or g y
high conductivity showing 
general extent of plume with 
depthdepth



ConclusionsConclusionsConclusionsConclusions

Electrical conductivity ground and airborne Electrical conductivity ground and airborne Electrical conductivity ground and airborne Electrical conductivity ground and airborne 
geophysical methods are effective in the geophysical methods are effective in the 
wetland setting of the prairie pot holes of wetland setting of the prairie pot holes of 
Williston Basin Williston Basin –– physical property contrast physical property contrast 
existsexists
Shallow EM31 profiling method effective but Shallow EM31 profiling method effective but 
depth limited depth limited –– attenuated by lakesattenuated by lakes

C d h i i  d d f  l  C d h i i  d d f  l  EC depth imaging needed for complete EC depth imaging needed for complete 
plume delineation in addition to drillingplume delineation in addition to drilling
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North Dakota Department of  Health
N th D k t  I d t i l C i iNorth Dakota Industrial Commission
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EM31 CONDUCTIVITY



Poplar Oil Field Lessons LearnedPoplar Oil Field Lessons Learned
• I t ti  f  ll d t  iti l i  ti  f  b f    • Integration of  all data critical in separation of  subsurface sources  
high electrical conductivity

• Conductivity depth images (CDI) created from earth electrical 
d l  iti l i  ti  f  models critical in separation of  sources

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

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

• Possible application for identification of  areas of  salinization  from 
other sources


