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Multidisciplinary Investigation of Field
Sites Impacted by Petroleum Production

. Conduct to Investigate the
and of contaminants

released as a result of petroleum production.

. Include salts, trace metals,

hydrocarbons and Naturally occurring
radioactive material (NORMS).

o cover those affecting soll, surface
and ground waters and the local ecosystem.



Distribution of
Petroleum wells in

Oklahoma, Osage
County, & the
study Area

EXPLANATION
Cray = 1 - 8 o wid ks fadi euars mia
Elack = § - 32 ol wals per souan =ik
Rt = 33 ~ 178 off ol Ff £l ki imika ¥ - ]
Waliors = 129 - = 365 ol wals por souand mia [ Xt
Ol ks o 453, 300 Louara Mg on man
Totad o wilks in O kahomsa — 450, 000

| 155 Mabional Assasom ant of United Stmes 00 and G
Pl oo s e

. o
Hﬁi

SKIATOOK
LAKE

v B” SITE



USGS-WRD
— Yousif Kharaka and staff- inorganic & organic agueous geochemistry
— Bill Herkelrath and staff- hydrology and modeling
— Mike Godsy (Ean Warren)- microbial ecology, microbiogeochemistry
— Tom Yanosky- tree ring geochemistry
— Fran Hostetler- organic geochemistry
— Marvin Abbott- site manager, GPS, GIS
USGS-GD
— Jim Otton- geology and project management
— Bob Zielinksi- inorganic solid geochemistry, biogeochemistry
— Cyndi Rice- inorganic solid geochemistry, CEC
— Jim Cathcart- soil and bedrock mineralogy
— Bruce Smith and others- geophysics
USGS-BRD
— Bob Keeland-oak-tree ecology and tree-ring chronology
OoSsuU
— Joe Bidwell- lacustrine invertebrate ecology and toxicology
USEPA- Ada Research Lab
— Don Kampbell and contractors- site characterization/reclamation,
— (Geoprobe support



Topics Discussed

1- & ‘B’ sites, Osage County, OK.

2- Chemical & isotopic compositions of source &
ground waters at OSPER ‘A’ & ‘B’ sites.

3-
4-

5- Processes--Mixing (brine, prec. & GW), ET &
water-rock-bacterial interactions.

O-

USGS




Oil production (100,000 bbl) from shallow.
Pennsylvanian sandstones started in 1912,
mostly completed by 1937.

No site activity for 65-70 years.
No waterflooding at this site

All the produced water (~1million bbl)
released to ground surface; petroleum initially
collected at oll pit.

Deep erosion of northern part of the site

a USGS

a changing world
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> esteeper slope

eprominent salt scar (~2 m deep)
esalt (& gypsum) at surface

Asphaltic pits

 highly weathered oll

 one pit contains relatively fresh
tank sludge(?)

Upper area (south)

e gentle slope

>  tree kills from early(?) salt
releases

* revegetated with grasses
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Geophysical logs
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Sandstone: weathered,
oxidized porous

Shale: weathered, sandy
towards base

Sandstone: weathered,
variably indurated
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sandy dolomite layers
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Sampling Trips to the Sites

March 2001--- Source fluids from oil wells, GW, and
Skiatook Reservoir. Surface pools at both sites.

February 2002 --- ~60 Geoprobe, auger and rotary wells
drilled, cored, completed and sampled at and two sites.

June 2002 --- Water level, conductance, and T measurements,
followed by collection of ~40 water and a few oil samples.

November 02 --- Drilling with geoprobe and sampling.

March-April 03 ---Drilling (EPA auger) and sampling.

January 2004 --- (9) deep wells (WRD air) at “A”, and
sampling.

May 2004 --- (4) deep (EPA auger) wells at “B”; sampling.

February 2005 --- Water levels and sampling at both sites.

September 2005 --- Welir discharges.
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OSPER
"A" Site

O New wells (1/04)
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Altitude, in meters above sea level
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Organics Iin Produced Water

(mg/L)

DOC Mean
Produced Water | 5-1000
Surface Water 7
Ground Water 0.7

ACETATE & OTHER ACID
ANIONS

BTEX
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*Uniform sandstone formation ~ 30 meters thick
«Sandstone hydraulic conductivity = 1 cm/day
«Sandstone porosity = 0.10

*Recharge is steady at 1 cm/year

\Water table parallel to sloping ground surface at a
depth of 5 meters

eLateral head gradient is ~ 0.035 m/m

L_ongitudinal dispersion = 1.0 m, lateral dispersion
10.0 cm
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Summary and Conclusions

At OSPER ‘A’ site:
1) GW plume (3,000-30,000 mg/l TDS) extends beyond the
salt scarred area & Intersects Skiatook Lake; 3-D limits??
2) The extent of inorganic and organic GW plumes are
different.

Future Plans
Natural attenuation; solute transport (overland &GW);,
remediation.

*** Environmental Geosciences, 2005, v. 12, No. 2 ***
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*Model used — STOMP (Subsurface Transport
Over Multiple Phases) by White and Oostrom,
Pacific Northwest National Lab

*Modeled flow and transport along a two-
dimensional vertical slice running parallel to
the stream (A-A’ transect).



Primitive model assumptions —
Boundary conditions

During oll productions, (1912-1937) brine
Infiltrated beneath the pits at 0.33 meter/year.

*Brine TDS concentration 60,000 mg/L

OIl production stopped in 1937, recharge
conditions returned to ~ 1 cm/year.

«Skiatook Lake was filled in 1987, which
raised the water table on the down slope end of
the domain about 10 meters.



Summary and Conclusions

e Large amounts of produced water and associated oil have, and at
‘B’, will continue to be released to ground surface.

At OSPER ‘A’ site:
1) GW plume (3,000-30,000 mg/l TDS) extends beyond the salt
scarred area & intersects Skiatook Lake; 3-D limits??
2) Salt & organics from produced water releases still remain in soils
and aquifers after 65+ years of natural attenuation

At OSPER ‘B’ site:

1) Three GW plumes ( up to 20,000 mg/l TDS), but minor organics
extend from brine pits & intersect Skiatook.
2)

Natural attenuation; solute transport (overland &GW); remediation.

*** Environmental Geosciences, 2005, v. 12, No. 2 ****
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State of Oil Degradation
Godsy et al., 2003

Osage - Progressive Degradation States of Aliphatic Hydrocarbons

Production Qil 7~ A-22701

Site A

(A)

Results: % Increasing

Degradation Biodegradation
State of Oils

- Off-site
production oils

| Artificial fill,
asphaltic,
weathered,

and fresh oil
% 2 cores, n=5




The microbial populations are quite
different at Sites A and B

A B
Aerobes Aerobes
Methanogens Fermenters Methanogens Fermenters
Sulfate Denitrifiers Sulfate Denitrifiers
Reducers Reducers

Iron Reducers Iron Reducers
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Continuous production from
shallow Pennsylvanian sandstones since ~1937.
Waterflooded in mid-1950s.

Aerial photos show site was reconfigured prior to Skiatook
flooding in 1987, and a few pits were flooded offshore.

Old brine pit removed—New pit installed in early 1990s.
Soil & hay added to (3) salt scarred areas in 2000.



OSPER "B" Site - Traverse D-D'
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