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Abstract

The U.S. Geological Survey began a research project at the site of a crude oil spill near Bemidji, Minnesota in 1983.
The project is part of the U.S. Geological Survey's Toxic Substances Hydrology Program. The objectives of research
at this site are to obtain an understanding of the mobilization, transport, and fate of petroleum derivatives in the shallow
subsurface and to use this understanding to develop predictive models of contaminant behavior. This report presents
location and altitude data for selected features at the research site, water and oil level records from observation wells
collected from 1983 through 1991, geologic logs from 45 observation wells and test holes, particle-size distribution data
from 45 observation wells and test holes, and precipitation records from 1948 through 1991.

Introduction

In 1983 the U.S. Geological Survey (USGS) Toxic
Substances Hydrology Program began an
interdisciplinary research project focused on the
mobilization, transport, and fate of petroleum derivatives
in the shallow subsurface at the site of a crude-oil spill
near Bemidji, Minnesota. This report contains selected
hydrogeologic and location data collected at the research
site from 1983 through 1991. The data in this report, and
additional data collected after 1991, are available in
‘digital format from the Minnesota District of the U.S.
Geological Survey.

Description of Research Site

On August 20, 1979 approximately 16 km northwest of
Bemidji, Minnesota, the land surface and shallow
subsurface were contaminated when a crude-oil pipeline
burst, spilling 1,700,000 L of crude oil onto a glacial
outwash aquifer (fig. 1, in the back of the report). After
cleanup efforts were completed, 400,000 L of crude oil
remained (Hult, 1984b). The research site is located in a
remote area of Beltrami County where neither human-
related hydraulic stresses nor other contamination has
occurred.

The spill occurred in the recharge area of a local flow
system that discharges to a small lake about 400 m
downgradient from the pipeline. The land surface
consists of pitted and dissected glacial outwash. The
glacial outwash is about 8 m thick and is underlain by
other stratified glacial deposits ranging from coarse sand
and gravel to silty sand and clay. A regionally persistent
and uniform till underlies the glacial deposits at a depth of
about25 m. The water table ranges from near land surface
to about 11 m below the land surface.

Crude oil has infiltrated the unsaturated zone and
percolated to the water table. Since the spill occurred,
crude oil floating on the water table has moved about 30
m downgradient, A plume of dissolved petroleum
derivatives within the shallow ground water extends at
least 200 m downgradient from the pipeline break. Crude

oil overlying the water table has become increasingly
more viscous and dense since the spill occurred because
soluble organic constituents and intermediate
degradation products have dissolved and moved with the
ground-water, and volatile constituents have diffused
through the unsaturated zone as vapors (Hult, 1991).

Research Objectives and History

Research objectives are to improve understanding of
the mobilization, transport, and fate of petroleum
derivatives in the shallow subsurface, and to use this
understanding to develop predictive models of
contaminant behavior. Research is conducted by a
coordinated effort of researchers from the National
Research Program (NRP), Districts of the Water
Resources Division (WRD), and Geologic Division (GD)
of the USGS, and several academic institutions. Results
of the project have been published as proceedings of
conferences (Franks, 1987; Hult, 1984a; Mallard and
Aronson, 1991; Mallard and Ragone, 1989; and Ragone,
1988) and as articles in scientific journals. The initial
emphasis of the project was to characterize the
hydrogeochemical environment, and identify the
controlling geochemical reactions.

Approach and Methods

Two hundred and forty-six wells and test holes have
been installed at the Bemidji Research site. Crude oil,
water, soil, and vapor samples have been collected and
analyzed. One hundred and seventy-three observation
wells were installed for water-level measurements,
Thirty-six observation wells were installed for both
water- and oil-level measurements where crude oil was
present at or near the water table. Seventeen observation
wells were installed for measurement of soil gases and
volatile organic compounds (VOCs) in the unsaturated
zone. Twenty test holes were drilled primarily to obtain
information about geology and extent of crude-oil
migration. Particle-size distribution was determined
from core samples collected at 45 of these wells and test
holes. Land-surface coordinates (X and Y, horizontal



values) and land-surface altitude (Z, vertical values) for
wells, test holes, bench marks, and staff gages; and well
construction information for wells are listed in table 1, in
the back of the report. Figures 2 through 5, in the back of
the report, are successive inset maps that identify
locations of these wells and test holes.

Selected wells at the research site were instatled in
clusters. Observation wells installed in clusters are within
one to four meters of each other and identified by a letter
added to the well number (table 1). For example, wells
310A, 310B, and 310C are included in the 310 well
cluster. Wells in a cluster were installed at different
depths to provide information about the piezometric head
and water-quality distribution throughout the aquifer.
Only the general well cluster number (for example, well
310) is identified on figures 2-5.

The research use code column in table 1 identifies the
site type. Observation wells installed for water-level
measurements are labeled w. Observation wells instatled
for sampling of soil gas are identified as v. The soil gas
observation wells were constructed of several lengths of
2.1 or4.2 mm (millimeter) inside-diameter stainless steel
tubing installed to different depths witha 5 cm
(centimeter) screen at the bottom. Wells in which oil was
present are labeled o. Test holes are labeled t. Bench
marks (BM) are labeled b and staff gages are labeled s.

The X and Y site coordinates listed in table 1 are shown
on figures 3-5. The orthogonal grid system was
established for location of geophysical research points
and observation wells. The origin of the grid system,
(0,0, is located at BM1. The X axis is parallel to the
railroad tracks (fig. 3). BM1, a spike in concrete at the
land surface, was installed in 1985. The altitude of BM1
was determined from a bench mark, established in 1979
by the pipeline company, located on a railroad tie. BM2
is the measuring point (MP) of well 317. Bench marks 3-
6, installed in 1991, are 4 foot fence posts installed about
3 feet into the ground and anchored with concrete. The
MP altitude on bench marks 3-6 is the top of the post.
Bench marks 3-6 were established to provide localized X
and Y coordinates and land- surface altitudes for locating
new wells or landmarks at the research site. The altitude
of the staff gages were determined relative to land-surface
datum by establishing an MP at a nail located on the gage
scale (table 1). The altitude of each site was determined
with respect to BM1 and is reported with reference to
land-surface datum.

Surveying information is listed in table 1 under the
heading survey source code. This information was
formatted to show both horizontal and vertical surveys
(horizontal/vertical). Each survey designation consists of
two parts, a letter designating survey source followed by

the year the surveying was done. For example, D-91/0-
88 indicates that horizontal surveying was done by the
Minnesota Districtin 1991 and the vertical surveying was
done by Okerman Surveying in 1988. Surveying at the
research site was conducted by three different survey
crews using laser theodolites. The crews were from the
Geologic Division (G) and the Minnesota District of the
USGS (D), and Okerman Surveying (O)! (a contractor to
the Minnesota District). A fourth source category (F)
identifies wells where the X, Y, or Z values were
calculated from field measurements, GPS (global
positioning system) measurements, or from topographic
maps. The Survey source designation G with no year
shown was surveyed in either January 1986 or March
1987 (Jeff Lucias, Geologic Division, U.S. Geological
Survey, written commun.). Surveyed points are reported
to 0.1 m for horizontal measurements and 0.01 m for
vertical measurements. Non-surveyed points (F) are
reported to the nearest meter for horizontal valves and to
the nearest tenth of a meter for vertical values.

Observation well construction information is listed in
table 1. Measured well depth was determined by
measuring the distance from the measuring point to the
bottom of the well using a weighted steel tape. All
observation well depths were measured in 1991,
Observation well screens are 10 or 12 slot, wire-wound
and composed of stainless steel. Missing well
construction information was estimated by using
documented well construction information from wells
that were installed at the same time. Estimated values are
denoted by an ¢ following the number.

The available log code column lists the type of well log
that was obtained for the site. The log types include:
drillers log (D), core log (C), well construction
information (W), particle-size distribution analyses (P),
and none (N). The casing material code column lists the
casing material used for each well. The material types are
5.1 cm inside diameter galvanized steel (GV), 5.1 cm
inside diameter polyvinyl chloride (PVC),2.1 or4.2 mm
inside-diameter stainless steel tubing for vapor wells
(55), and 10.2 cm inside diameter black steel (BS); there
was no casing installed (N) in test holes.

Figure 2 is an inset from figure 1 that shows the
locations of lakes, Grant Creek, pipelines, observation
wells, BM4, and the lake gage. The wells were installed
to determine the local configuration of the water table. X
and Y coordinates of wells shown in this figure were
determined using a GPS satellite positioning instrument

in March 1992 (the lake gage and BM4 were surveyed).

T'Use of trade names in this report is for identification
purposes only and does not constitute an endorsement by the
U.S. Geological Survey.



Duplicate points measured by GPS in the field varied by
as much as 50 m. The latitude and longitude of wells
obtained by GPS were added to a base map created in a
geographic information system (GIS) (ARC/INFO) from
the digitized USGS 1:24,000, 7-1/2 minute topographic
map (Wilton quadrangle, 1972). Altitudes for the wells
on figure 2 were estimated using the topographic map and
are accurate to within 1.5 m.

Figure 3 shows additional wells and the locations of
map insets for figures 4 and 5. The locations of the
surveyed horizontal well coordinates were superimposed
on the base map using ARC/INFO. This was done by
aligning surveyed and GIS points on the railroad tracks,
the edges of lakes and wetlands, and by using locations
scaled from field measurements of the distances between
the railroad tracks and BM1. Figures 4 and 5 show
observation wells, bench marks, the wetland gage, and
cultural features.

Well cluster 501 was completed in sediments under the
lake (fig. 3). The well casings extend up through the lake,
and a wooden platform has been constructed around the
wells. A line of wells heading northeastward from well
310 (fig. 3) to well 955 (fig. 5) crosses over a pool of oil
that overlies the water table near the pipelines and the
railroad tracks. Water levels from these wells provide
information about ground-water movement along a flow
path that crosses a major oil pool. A second line of wells
begins at the northeastern edge of the wetland at well 313
and continues northeastward over another oil pool to well
981 (fig. 4).

The X and Y coordinates and land-surface altitudes of
surveyed land- surface points at the research site are
shown in table 2, in the back of the report. The survey data
was obtained by either Geologic Division (G) or
Minnesota District (D) survey crews. The surveyed
coordinates and land-surface altitudes at the wells have
beenused to create a topographic map of the research site.
Grid point refers to temporary reference points placed in
the field to locate GPR (ground penetrating radar) survey
lines run by Geologic Division researchers, The grid .
points were located on a 20 x 20 m grid on the central
portion of the research site. In 1991 the 20 x 20 m grid
was refined to 10 x 10 m in some areas.

Water levels measured in observation wells during
1983 through 1991 are listed in table 3, in the back of the
report. Measurements were made by using either a steel
tape or an electronic water-level meter.

Water and oil levels measured in observation wells
during 1983 through 1991 are listed in table 4, in the back
of the report. An electric meter was used to measure the
water and oil levels. The instrument emits a tone when the

probe contacts the oil surface and emits a different tone
when the probe contacts the water surface.

Monthly and annual precipitation data collected at the
NOAA (National Oceanic and Atmospheric
Administration) weather station located at the Bemidji
airport (fig. 1) from 1948 to 1991 are listed in table 5, in
the back of the report.

Particle-size distribution by sieve analysis, in weight
percent, from 45 project wells are listed in table 6, in the
back of the report. Table 7, in the back of the report,
continues the particle-size distribution analyses by
hydrometer analysis for the finer sediments contained in
some of the samples. Cores and split spoon samples were
collected at successive depths during drilling, Individual
analyses at different depths from well clusters were
combined in the table. The size designation, phi class
retained (PC), was used for these analyses. PC is related
to sieve screen size as follows:

; Numerical
Screen size . ohi el
(in millimeters) equivalent i class
(in millimeters)

4 22 D)

2 21 _1

1 20 0

5 2~l 1

25 2~2 2

125 2~3 3
0625 2~4 4

In table 7 the PC heading is listed directly above the
weight percent (WP) values for each depth range because
the PC categories change for most samples. Cores and
split spoon samples were collected at successive depths
during drilling. Individual analyses at different depths
from well clusters were combined in the table. The
hydrometer analyses are accurate 10 +/- 5 percent, which
explains the negative values for weight percent in several
of the samples in table 7 (David Franzi, SUNY-
Plattsburgh State University of New York, personal
communication).

Geologic logs of wells and test holes collected during
drilling are shown in table 8, in the back of the report. The
surficial material is a glacial driftconsisting mostly of fine
to coarse sand, with lenses of finer grained silts and clays.



The glacial drift is bounded below by a regionally
persistent till at a depth of 20 to 30 m.
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Base digitized from U.S. Geological Survey
Wilton 124,000, 1972

Albers Equal-Area Conic Projection
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Figure 5.--Inset from figure 3 showing observation wells,
bench marks, and cultural features.
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