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Lessons learned decades after an oil spill 

faded from headlines
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The story begins on August 20, 1979 when 
Line 3 ruptured

Buried line:

500 psi

34-inch 

Spill: 

441,000 gallons 

light crude oil 

Cause: 

Bad weld

Setting: 

Sandy sediments

Water table 1 – 36 

feet below land 

surface

2

Photo credit: USGS Bemidji project archives

Delin et al., 1998; Natural Resources Engineering Company, 1998)



3
Bemidji Pioneer, August 21, 1979



PINEWOOD, Minn., Aug. 21 (AP) —34‐inch pipeline 

burst near here yesterday, dumping 210,000 gallons of 
crude oil onto several acres of brushland, the Minnesota 
Pollution Control Agency said.

“The oil is contained within several acres and did not 
reach any waterway,” said George Marks, manager of 
rights of way and claims for the Lakehead Pipeline 
Company of Superior, Wis., which operates the line.

The spill occurred on uninhabited brush land owned by 
Beltrami County, a mile and a half from this 
northwestern Minnesota town. Ralph Kaus, Lakehead 
district clerk in Bemidji, said the broken line was shut 
down immediately at Edmonton, Alberta, in Canada. 
The line carries crude oil from Edmonton to Superior, 
where it branches into two smaller lines carrying oil to 
the upper Middle West.

Mr. Marks said three Lakehead crews, a total of 18 men, 
were dispatched to the scene and began pumping the oil 
remaining in the line into transport trucks.

https://www.nytimes.com/1979/08/22/archives/210000-gallons-of-crude-oil-spill-in-

minnesota-field-from-pipeline.html 4
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Bemidji Pioneer, August 1979



Remediation included: excavation, 

pumping, and burning
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Bemidji Pioneer, August 21, 1979

Bemidji Pioneer, August 1979



A few decades later…
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The story has changed…

https://www.startribune.com/in-bemidji-a-research-site-reveals-secrets-of-an-oil-spill/263118021/

https://www.mprnews.org/story/2014/06/03/bemidji-oil-spill-site-research

https://wtop.com/news/2014/06/minnesota-oil-spill-of-1979-still-aids-in-research/
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Sometimes the headlines miss 
important things

There is widespread petroleum contamination left 
in place that isn’t from pipelines…

• Over 550,000 Leaking Underground 
Storage Tanks releases nationwide 
(USEPA, 2021)

• Risk-Based Corrective Action for 
cleanup

• In Minnesota 8,360 (~44%) sites are 
marked as having contaminant 
remaining* (MPCA, 2021)

*based on the best readily available information, may 

represent a minimum. 
Photo credit: https://www.nachi.org/underground-fuel-

storage-tank-hazards-inspection.htm 10
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Outline of Bemidji Research Talk

• Introduction to USGS 
research and site 

• Description of 
biodegradation 
processes

• Long term changes

–Crude oil source zone

–Groundwater plumes
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Bemidji Site Research

• Began in 1983

• Part of the USGS Toxic Substances 
Hydrology Program 

• Goals

– Study the fate, transport, and 
natural attenuation of crude oil and 
refined petroleum fuels in the 
subsurface

– Provide results to industry, 
consultants, regulatory, educational, 
and research institutions
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The site: an underground observatory comprising 300+ water, 

oil, and vapor observation wells used to study the spray zone, 
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North Pool Well Transect

100 m

Excellent groundwater 
sampling coverage

http://mn.water.usgs.gov/projects/bemidji/spatial/Current/xsection.pdf
14

http://mn.water.usgs.gov/projects/bemidji/spatial/Current/xsection.pdf


Processes by which components of the oil move 
away from the spill site  

Groundwater flow

Vadose 

zone

Oil Body

Not drawn to scale
Adapted from Ng et al., 2015, DOI: 10.1002/2015WR016964 
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Biodegradation occurs on these components
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Bacteria transfer electrons in Redox

reactions to get energy

Oxidized 

carbon

Reduced carbon 
(excess electrons)

Anaerobic

Iron Carbon 

dioxide
Aerobic

Electrons

SulfateNitrateOxygen SulfateNitrateOxygen
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Conceptual model of site processes

CH4 + O2 → CO2 + 2H2O 

CO2 efflux

Groundwater flow

Vadose 

zone

Oil Body
Direct 
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Methanotrophic 

zone

Not drawn to scale
Adapted from Ng et al., 2015, DOI: 10.1002/2015WR016964 
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Conceptual model of site processes
CO2 efflux (~92 % of C)

Groundwater flow
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Groundwater flow
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Not drawn to scale
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The crude oil source
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Groundwater changes reflect oil composition
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Oil Source Longevity

22

• Oil mass loss can be calculated by using 
conservative compound concentration 
changes in oil through time (Douglas et al., 
1996)

• Baedecker et al. (2018) estimated 23.4 –
36.7% mass loss at the north oil pool after 31 
years.   

• Better conservative compounds have been 
identified and indicate a higher mass loss 
(Bekins et al., in prep)



Groundwater flow
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A nonvolatile organic carbon (NVDOC) plume grew by 
about 1m/year and has a refractory component
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The electron acceptor Fe3+ is a 
coating of iron oxyhydroxide 

on the clean aquifer sediments 
It is depleted as it is used by 

the bacteria

7 years 14 years 28 years

Ng et al. , 2015, DOI: 10.1002/2015WR016964 
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NVDOC plume and sampling locations for bioeffects 
screening
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NVDOC methods (containing partial transformation 
products) contain a higher mass of carbon than more 

“selective” routine measurements

27

Bekins et al. 2020

Methods commonly 

used at petroleum 

spill sites
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Bioeffects screening (Attagene assays)

• Human liver cells (HepG2) are used as a model of liver 

metabolism

• To accommodate a changing environment, cells alter their 

gene expression (to metabolize chemicals, for example).  

• Signaling pathways communicate with DNA by using 

transcription factors

• Quantifying transcription factor activities helps us understand 

cellular responses to complex mixtures of chemicals.  

• Activities are reported as the ratio of induction values to 

unexposed cells. 

• For example , a “ 5-fold induction” means a sample caused a 

5-fold increase in transcription factor activity compared to a 

control 

http://www.attagene.com/technology.php 28
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Bioeffects responses vary by fraction and 
concentration of dissolved organic carbon

29Bekins et al. 2020



The long-term crude oil study shows…

Oil Source 

– In 2010 still contained about 40% of the original benzene

– In 2010 an estimated 30% of the oil was degraded (but 
improvements are underway toward this estimate)

Groundwater Plume

– benzene plume is stable at ~150 m

– partial transformation products of oil dominate the DOC

– DOC plume is expanding as Fe3+ (iron oxy-hydroxide) is 
depleted by anaerobic biodegradation

– The partial transformation products activate a known 
hydrocarbon detoxification pathway in human liver cells

30Citations for the data  leading to these conclusions are on previous slides



Jared Trost

Bemidji Site Coordinator

jtrost@usgs.gov

Bemidji field site, October 2012

http://mn.water.usgs.gov/projects/bemidji/index.html

Photo credit: Jared Trost, USGS
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