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Oil and gas related drilling in
Sheridan, Roosevelt, Richland, Dawson, Wibaux, and Fallon counties °
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Eastern Monlana aquifers

Groundwater is the primary source of domestic
and stock water for most of eastern Montana.
Major aquifers in eastern Montana include:

® Near-surface, unconsolidated aquifers
deposited by rivers and glacial processes,

® The Fort Union Formation, specifically the
sandstone-rich Tongue River Member, and

® 'The Fox-Hills/Hell Creek Formation
sandstones

Potential sources of contamination
from oil and gas activities

Alluvial and glacial till aquifers can be impacted
by surface activities including unintentional re-
leases during storage or transport of hydraulic
fracturing solutions and produced brines.

Potential impacts to the Fort Union and Fox
Hills/Hell Creck aquifers (generally 100 to 400
but can exceed 1,000 feet below land surface)
include contamination from oil-well or injection-
well casing or cement failure.

Around 5,000 to 8,000 feet of rock, including
thick sequences of Cretaceous shale, prevent di-
rect groundwater movement between oil and gas
targets and eastern Montana aquifers.
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Oil and gas production in

eastern Montana has been
ongoing since the early 20th
century.

e Production is cyclical and
driven by economics and
technology.

(data from the Montana Board of Oil

and Gas online database, through
October 2015)

2020

FORMATION

west

ALLUVIUM, COLLUVIUM. EOLIAK DEPOSITS

GLACIAL DRIFT (TILL, OUTWASH. ICE-CONTACT DEPOSITS)

PRE-GLACIAL ALLUVIUM AND TERRACE DEPOSITS

FORT

FLAXVILLE FORMATION.

ENTINEL BUTTE MBR.
TONGUE RIVER MEMBER

UNION
FORMATION

LEB0 MBR. S
TULLOCK MBR, | -UDLOW MBR.

HELL CREEK FORMATION

FOX HILLS SANDSTONE

BEARPAW SHALE

JUDITH RIVER FORMATION

CLAGGET SHALE

EAGLE GAMMON SHALE

PIERRE
SHALE

NIOBRARA SHALE

CARLILE SHALE

GREENHORN FORMATION

COLORADO

BELLE FOURCHE SHALE

MOWRY SHALE

MUDDY-NEWCASTLE SANDSTONE

GROUP

SKULL CREEK SHALE

BASAL COLORADO SS. FALL RIVERSE, "DAKOTA"

KOOTENAI FORMATION

FUSON SHALE
KOTA SS.

MORRISON FORMATION

SWIFT FORMATION

RIERDON FORMATION

PIPER FORMATION

NESSON FORMATION

SPEARFISH FORMATION

KIBBEY FORMATION

FORMATION

BIG SNOWY
GROUP

CHARLES FORMATION

MISSION CANYON LIMESTONE
LODGEPOLE LIMESTONE

MADISON
GROUP

BAKKEN FORMATION

B8IRD BEAR—NISKU FORMATION

DUPEROW FORMATION

SQURIS RIVER FORMATION

DAWSON BAY FORMATION

WINNIPEG—ELK

INTERLAKE FORMATION

POINT GROUPS

sampled aquifers

1994 000°8 - 000°S

major
Williston Basin
petroleum targets

Stratigraphic column illustrating the relative position of aquifers
compared to oil and gas targets (from Donovan, 1988)



PAGE 3

Groundwater Hydrocarbon-Testing Results

Low levels of hydrocarbons can oc-
cur naturally in some Montana aqui-
fers, especially those, like the Fort
Union Formation, that contain coal.
The natural variability of these con-
stituents in Montana aquifers is not
well understood. With this in mind,
organic analytes were chosen that, in
combination, may identify ground-
water contamination from hydraulic
fracturing and oil and gas produc-
tion. Samples were analyzed for one
or more of the following organic
constituents:

e Gasoline range organics (GRO)

e Total purgeable hydrocarbons
(TPH) - includes gasoline range, ben-
zene, toluene, xylene, naphthalene, and
light aliphatics and aromatics.

¢ Diesel range organics (DRO)

e Total extractable hydrocarbons
(TEH) - includes diesel range, and
heavy dliphatics and aromatics.

e Methane, ethane, ethene
e Radiochemical
e Isotopes of methane (10 sam-

ples)

Of the 237 samples, 51 had low, but |

detectable hydrocarbons; 15 detec-
tions were in groundwater from the
Fort Union Formation and 2 from
the Fox Hills Formation.

TPH and TEH results in the
Medicine Lake area, Sheridan
County. The major Quaternary

aquifers are outlined. Values

generally fall below DEQ’s

required action level.

Most detections were in alluvial and
glacial till aquifers (34 of 50) be-
cause of a focus on unconsolidated
aquifers near Medicine Lake Wild-
life Refuge, Sheridan County. Some
samples were collected from known
contaminated sites.

Concentraions are generally low.
Of the 34 alluvial aquifer samples
with detectable TEH, 8 exceeded
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the Montana DEQ) action level of
greater than 1 mg/L; 3 of these
were from sites with known con-
tamination. Outside of known con-
taminated sites, the source of these
organic constituents has not been
determined. Further investigation is
required to determine sources and
define the hydrocarbon concentra-
tions that exceed natural variability.




Methane Isotope Results
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The 10 groundwater samples with the highest methane concentrations were ana-
lyzed for isotopes of methane. Results indicate this methane is generated locally
(biogenic) and did not migrate from oil and gas sources (thermocatalytic).

Additional Information

All groundwater testing results are available on the GWIC database under the project group “Energy Development Baseline
Sampling”: http://mbmggwic.mtech.edu/; a full discussion of all results will be available from the MBMG in 2017.
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