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Early Studies of Oilfield Contamination

by
United States Geological Survey

&

Fort Peck Tribes — Office of Environmental Protection




Interpreted location of saline water plumes in the East Poplar oil field study area 1991-1992
From USGS Ground EM-34 Survey
(Thamke and Craigg, 1997)
]

Type 2 (moderately contaminated)
D Possible plums
[ Confirmad plume
Type 3 (considerably contaminated)
[ Possible plume
B Confimed plume
— Boundary of geophysical survey, 1961-82

Type 1—Uncomaminated
Type 2--Moderaiely contaminated

@ Type 3-Consklerably contaminated
® Type 4--Brine {from oil production)
@ Unsampled
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Re-interpretation of Ground EM 34 Survey (Apparent Conductivity)

48715
SlL.BF

Boundary of 2004 Helicopter Electromagnetic Survey

Bruce Smith
USGS

milli-Siemens/meter
3 20m loop separation

P

WL BF

City of Popla?



Summary of Petroleum Production of East Poplar Field
First oil discovered in 1951 by Murphy Oil Corp.

Production primarily from the Mississippian Madison Group - Charles
Limestone at = 5,300’ depth.

Cumulative Production > 47 MM/bbls

Current Annual Production = 66 M/bbls

Common Produced Water Handling Practices

SWD’s
Cretaceous Judith River Formation = 1,000 depth

Cretaceous Dakota SS = 3,300’ depth

Devonian Nisku Formation = 7,300’ depth (1 well)

Shallow open unlined pits at surface




An investigation by PNR in late
1999 - 2000 confirmed that the well
was leaking from around 1,000 feet
below the surface into the shallow
Aquifer.

Pioneer was notified by the EPA in
late 1999, following several local
landowner complaints about “salty
water in their wells, that a well
previously owned and operated by
Mesa Petroleum, the Mesa Biere
#1-22, and plugged in 1986 was
believed to be improperly plugged
and leaking brine into the shallow
aquifer




Regulatory Agencies Involved

USEPA - Denver Region

Fort Peck Tribes — Office of Environmental Protection — Poplar Mt.
Christa Tyrrell, Director of Water Protection Division

USGS - Joanna Thamke - Helena, Montana
Bruce Smith — Denver, Colorado

Montana Department of Environmental Quality — Helena, MT

Montana Department of Natural Resources & Conservation — Helena, MT
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PNR Work Conducted from Late
1999 to Mid-2006

(and continuing to present)

& Biere #1-22 Wellbore Monitoring — Conduct Bi-Annual pressure & temperature surveys
in the three Mesa Biere #1-22 relief wells from 1,000 feet to surface
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Development of Site-Specific Geological & Hydrogeological Conceptual Model
(Pioneer - Midland ED)
0 Detailed Regional & Site Specific Geological, Hydrogeological & Geochemical
Mapping
Structure Maps
X-Sections
Isopach Maps
Constituent Plume Maps
Construction of Lithologic and Well Completion Logs

Aquifer Testing including additional Well Completions (Pioneer — Midland ED & HKM
Engineering)

Q Drilling of three additional wells ( two 5” pumping wells and one observation well
O Three Aquifer Tests

v Test#1 - “Ground - Zero” Main Plume Area

v Test #2 - Wiota Gravel “Choke Point” Area

v Test#3 — Upgradient Gravel Channel
0 Conducted 15 Slug Tests

Groundwater Flow and Contaminant Transport Model — Visual MODFLOW
(Pioneer — Midland ED & Daniel B. Stephens & Associates, Albuquerque, NM)
O Build Model including input of Geological, Hydrogeological and Hydraulic Data
(aquifer pump & slug test data - initial head data - lithological and well completion data)
0 Perform Capture Zone Analysis
0 Perform Total Pumping Rate Analysis
O Determine Location of Pumping Wells & Number or Wells Needed




- Construct Geochemical Contaminant Plume Maps - 6 . years (26 quarters) of

geochemical water analyses data
Chlorides
Crude Oil Thickness/LNAPL
Dissolved Phase BTEX/Benzene — Dissolved Phase

- Perform Detailed Geological Mapping (164 Wells)

& Create and Standardize Lithological and Well Completion Logs — 164 wells

& Bedrock Structure Map —
Cretaceous Bearpaw Shale

Geological Isopach Maps —
Biere Upper Bench Gravel/Lower Alluvial Aquifer — Thickness Isopach

Construct Geological Cross Sections




- Conduct Geophysical Surveys

A Re-interpretation of 1,094 linear miles of Helicopter-Borne Electromagnetic
Data — Conductivity Depth Sections

Downhole Geophysics (Gamma Ray, Induction Logs) — 20 wells

> 16 linear miles of Surface EM-34 Geophysical Conductivity




Geological History of Biere Site
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Quaternary deposits of Pleistocene age and younger cover more
than 90% of the study area

All of the aquifers in this study area are found in sands and gravels that are
mainly

UEarly to middle Pleistocene pre-glacial and interglacial
dMiddle to late Pleistocene glacial outwash,

OLate Pleistocene ice-contact deposits,

Holocene, post-glacial alluvium and

Holocene alluvium-colluvium
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Conceptualized Drawing of “Illinoin” Glaciation & Pleistocene Geological History

Mike Jacobs




Conceptualized Drawing of "Wisconsin” Glaciation

OLDER "ILLINOIN" GRAVELS AND TILLS
DEPOSITED ON UPPER BIERE BENCH

Mike Jacobs
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_ Structure Map — Top of Bearpaw Shale
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Hard compact “Fat Clay” of the overlying
Sprole Till and inter-channel clay
deposits

Loose, coarse-grained gravel of the
Wiota Gravel - Aquifer




Geological Cross Sections




FEESEESETEs R4 ¢ &

memGRy 3515
2083

MEMGRY-85-22A

IGRW-35-18
)
2034

g2 Mog 1l

bl mBMGRYa519A
s
2028 030

f Biere #1-22 Study Area

ell

20000



Pioneer Matural Resources
303 West Wall 5t., Suite 101
Midland, Texas 78701

Project: East Poplar Groundwater Shudy
Lecation: Poplar, Montana

Cross-Section W-E 1
Vertical Exaggeration: 20

Northern Plume Area
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Pioneer Matural Resources
303 West Wall 5t., Suite 101
Midland, Texas 78701

Project: East Poplar Groundwater Study

Locaton: Poplar, Moniana
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Pioneer Natural Resources Project: East Poplar Groundwater Stedy
303 West Wall 5t., Suite 101 Lecation: Poplar, BMontana
Midland, Texas TETO1

Cross-Section W-E3
Vertical Exaggeration: 20
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Pioneer Natural Resources

303 West Wall St., Suite
Midland, Texas 79701

Location: Paplar. Montana

Project: East Poplar Groundwater
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Contaminant Plume Mapping
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C.l. = 2,000 mg/L
Min. Contour = 250 mg/L
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PLUME STATISTICS

Aerial extent of Plume > 10,000 mg/L
= 426 acres

Average Aquifer Thickness = 19’

Average Porosity = 25%

One Pore Volume
= 2,021 Acre Feet Water:
= 659 MM/Gallons/15.7 MM/bbls

Biere PNR-WD1 Disposal Rate
6,000 bbis/day;252,000 gallons/day
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U R A PIDAL EENS BZAEREF ORI (OO
: 2 2004 USGS Helloopter Eleotro Magneﬂo Survey

1 High Resistivity Zone
S Correlates with Low Hydraulic Cunduc’tiirif:-,r Zone of Clays that

Separate the Upper Biere#1.22 Aquifer and the Lower Alluvial
ﬂquer

Mike Jacobhs 721108

Apparent Resistivity Map — 1800 Hz Coplanar
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(Pioneer — Midland ED & HKM Engineering)

> Drilled three new wells - two 5” pumping wells and one observation well

» Conducted Three Aquifer Pump Tests

Test #1 - Northern Main Plume Area — 18 hour pump test
Test #2 — Southern Plume Area — 18 hour pump test
Test#3 — Upgradient Gravel Channel — 8 hour pump test

» Conducted Slug Tests on 14 wells




Hydraulic gradient

Groundwater velocity
\V2

Porosity
Z

Effective porosity
96

Storage coefficient
S

Specific yield

Sy

Ease with which water can move through a formation and influences the rate at

Which groundwater can be pumped for treatment. Influences the total flow rate of the
system.

Influences the direction of contaminant movement based upon the elevation and pressure
differences.

Influences the rate at which groundwater can be pumped and, thus, influences the total flow
rate of the system.

Influences the direction and velocity of dissolved contaminant movement - important when
designing a containment system.

Pores store water and contaminants. Influences the hydraulic conductivity and impacts
the fate of the contaminants due to various physical, chemical, and biological processes that
take place in the saturated zone.

Has an impact on the groundwater velocity.

Influences the quantity of groundwater that can be obtained by pumping

Fraction of total pore volume released as water by gravity drainage during pumping of an
unconfined aquifer and influences the quantity of groundwater that can be obtained by
pumping.




Pump/'Fést Locations




Pumping well AQ-1 (New Well)
potentiometric surface
before pumping

\ potentiometric surface
after pumping

aquifer
T..S ..5'».' . K;K|

Observation well AQ-2
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Observation well USGS 93-3

Modified from AQTESOLYV Users Guide dqulic l|{|ii'




DISTANCE
(feet)

PUMPING RATE
(gpm) hh:mm:ss

MAXIMUM
DRAWDOWN (feet)

PNR-30-06
Pumping Well

0.0

29 gpm for 19:17:12

1.96

USGS-93-3A

USGS-93-3

PNR-5

PNR-14

WELL

DISTANCE
(feet)

PUMPING RATE
(gpm) (hh:mm:ss)

MAXIMUM
DRAWDOWN (feet)

PNR-31-06
Pumping Well

0.0

80 gpm for 00:12:46
60 gpm for 00:56:35
53 gpm for 18:30:47

16.22

PNR-21

PNR-32-06

Avg. K = 285 ft/day

Avg. K = 205 ft/day




MoC-3

NR-36-07
24
0.098 42
40
38
36
43 T | 34
Pump Test #3 - 8hr/Constant Rate |
0.30 ga A 32
0.0026 ft/da —30
Biere # o =151 ft/da — 28
= -26
J Pump Test #1 - 18hr/Constant Rate‘ — 24
[ 30
’ . sK= ftiday ~22
0.00 aa - 20
3 Ng-22 - 18
0.024 aa : K 16
2Rw1 o 14
W2 12
§° NR-RW3 g 10
y 4 /205 ft/day ™ 8
Pump Test #2 - 18hr/Constant Rate ‘ 6
PNR33-06
.e(e 1‘8 4
8 N 2
@® PUMP TEST
()
da »

Groundwater Flow Pitp/
Mike Jacobs 7/31/

2000

4000 6000 8000



Hard compact “Fat Clay” of the overlying
Sprole Till and inter-channel clay
deposits

Loose, coarse-grained gravel of the
Wiota Gravel - Aquifer




Slug Test Evaluation (-2s°F)







Groundwater Flow and Contaminant Transport Model
— Visual MODFLOW

1. Build Model
= |nput of Hydrogeological & Hydraulic Data
=
=

2. Perform Capture Zone Analysis

3. Perform Total Pumping Rate Analysis

4. Determine Location of Pumping Wells & Number or Wells Needed
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Hydraulic Conductivity Distribution

] | f H 2001 Wl

@ Moc4 | 16 | L
= / e384 7 o STmoc3 /
{ ~ 043
F oED | Haosa iz PNR-36-07
I 9.26
1 o 601 | / =
5. Ry AR v - ) L4
MOC-208 fa
Zone 5 439 MOC-20A PNR-12 ) S
Calibrated Ki= 45 fi'd e ~, J0.003 HStskin )
Gravel P (=) gy 131 (pump test) ¢
g = PNR-13 I‘
s Zone 2 i 0.31
| Calibrated K= 0.03 Tt/ Y
-~ Ps . :
) ~ PNR-30-06 e
ey PNR-16 3258 PNR-18
Hik 0.004 PNR-2 > 05
e o2 -
y PNR-22
?;5'35'07 16.15
valGravel it = { ] PNR-31 -DB
O = | Catibrated Kn= 7 fi/d ded
LAW-M03
J8.05 PNR-34-07
. 6 66
W LAW-MO4
4853
Zone 1 i

Calibrated K,= 150 to 300 fu/d

Zone 6
Calibrated Ky= 120 ft/d

Zone 4
Calibrated K= 1.5 to 4 ft/id

USGS93-4A
4 165
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N jodel Boundary Horizontal Hydraulic Conductivity (Kr) Zones

N Hydraulic Conductivity (ft/day) Zone 1
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Zone & FIONEER BIERE WELL BRINE PLUME
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Advantages of EM34 surveys are:

v'The equipment is relatively lightweight and portable

Receiving Coil . .
Transmitter Coil

Receiver
Transmitter

v'"Measurements can be collected rapidly with a minimum number of field personnel, 2 to 3.

v'Is accurate and good for groundwater investigations up to 180’ in depth




The electromagnetic (EM) geophysical method determines electrical properties of
earth materials by inducing electromagnetic currents in the ground and measuring the
secondary magnetic field produced by these currents.

An alternating current is generated in a wire loop or coil above the ground's surface.
Both the primary magnetic field (produced by the transmitter coil in the instrument)
and the secondary field (produced by currents in the earth) induce a corresponding
alternating current in the receiver coll of the instrument.

The coils are kept at a fixed distance and orientation relative to the ground to simplify
data analysis. The spacing and orientation of the EM field determines the effective
depth of the investigation with good results up to depths of as much as 60 meters
(180 feet) at the 40-meter spacing.

40 meter — Vertical Dipole 20 Meter — Horizontal Dipole

Survey Station Survey Station




Ground Electromagnetic EM-34 (Conductivity) Survey

Survey Stats— i

237 Stations

300 & 400 foot grid
2.7 km? (1.03 mi?)
> 16 linear miles




x x x

135

130

125

120

-115

—110

~105

100

-95

@ Extraction Well Locations

X EM Station

0 1000 2000 3000 4000



Groundwater Conductivity (left)
Vs

=-Interpreted Conductivity from EM-34
Conductivity from Groundwater Geochemistry Survey (below)

Conductivity from EM

Mike Jacobs 7/31/08




Natural Gamma/Conductivity
20 Wells




Designing and Constructing the

Biere Aquifer Restoration System

A Picture Story




PNR — Biere #1-22 Crude Oil
Recovery Project




MEASURED THICKNESS OF CRUDE OIL IN WELLS







Cummeni Trankmesaon L=

Wew Transmizsion Lme 5 Product Recovery Well
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Tresching foe Lines (10'ke manlsdd)




Trenching Electrical Line Laying Electrical Line
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Jeff Rees — VP, Domestic Law

(good but very costly!!!!)

Ed Hance — Former Operations Services Manager, Current
Manager of Operations - Tunisia

Recovery Rate = 2.5 bbl/day
90 gallons/day
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Northern Crude Oil & Brine Gathering Station

Main Brine Gathering & Injection Facility

|

@ PNR™- WD Injection Well




Some Logistics of Biere Aquifer Restoration System

Flowlines
>15,000 ft of SDR-7, 2-inch poly flowline
>5,000 ft of SDR-7, 4-inch poly flowline

Main Brine Collection Facility

1 - 7,500 ft USEPA Class V Injection Well

8 - Brine Extraction Wells (with either a 5hp or a 3/4hp Stainless Steel Grundfos pump)
5 — 500 bbl Brine Storage Tanks

1 - 250 hp Tri-Plex Injection Pump

2 — Electrical Transfer Pumps

Meter Shed with flow meters and conductivity meters

Northern Crude Oil/Brine Recovery System

3 — Crude Oll Extraction Wells

2 — Dual Crude/Brine Extraction Wells (1, 5hp Grundfos pump and 1, 3/4hp pump)
2 — Xi-Tech Product Recovery Pumps

2 — 250 bbl Crude and Brine Storage Tanks

1- Electrical Transfer Pump
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PNR-1WD - 7,600’ T.D in Devonian Nisku Fm.
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Brine Storage Tanks

Injection Pump Shed

Injection Pump







System Kick off Ceremony




Pioneer Senior Management
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2008 Recipient

From left to right: Mr. Willie Taylor; Chief of Division of Environment Compliance, DOI; Ms. Lynne Scarlett, Deputy Secretary
of the DOI; Ms. Joanna Thamke, Hydrogeologist, USGS; Mr. Nathan Wiser, USEPA, Region 8; Mr. Mike Jacobs, Sr.
Environmental Specialist, Pioneer Natural Resources; Mr. Victor Labson, Acting Chief Geologist, USGS, Washington, D.C.
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- Questions??7?7?7?
' E_IGHER LEVEL OF CONFUSION

e._._fha'r T have not succeeded in answering

‘“rg;problems some of
vere ._olems“ To sum it

L |
Pondering the geology of the Grand Canyon - Circa 1976






