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Groundwater Assessment for Petroleum Hydrocarbon 
Compounds Associated with Fuels Area C, Ellsworth Air 
Force Base, South Dakota, 2014–18

By David A. Bender, Joel M. Galloway, and Colton J. Medler

Abstract
In 2013, the U.S. Geological Survey began a study in 

cooperation with the Defense Logistics Agency and the U.S. 
Air Force to estimate groundwater-flow direction, install 
groundwater monitoring wells, and collect soil and groundwa-
ter samples for petroleum hydrocarbon compounds to identify 
the presence of hydrocarbon contamination at Ellsworth Air 
Force Base, South Dakota, specifically around Fuels Area C. 
Several fuel spills of diesel fuel, jet fuel, and other petroleum 
products were documented on or near Fuels Area C and sev-
eral studies have been done to determine the extent of petro-
leum hydrocarbon contamination in the subsurface.

Two-dimensional electrical resistivity tomography 
surveys were completed at Fuels Area C in 2014 to character-
ize subsurface materials and determine the depth to bedrock 
along survey lines. The depth to the top of the Pierre Shale 
from land surface along the four electrical resistivity tomogra-
phy survey lines in Fuels area C ranged from about 5.4 to 8.7 
meters. Resistivity lines and lithologic logs in wells in the area 
indicated mostly clay material with minor occurrences of sand 
and gravel.

Discrete groundwater levels were collected between 
November 2014 and June 2018 at 14 monitoring wells for use 
in generating a potentiometric surface in the study area around 
Fuels Area C. The potentiometric contours indicated that 
groundwater flow was from the west to east or southwest to 
southeast around Fuels Area C.

Soil and groundwater samples were collected at selected 
locations from 2014 to 2018 to better understand the pres-
ence and movement of petroleum hydrocarbons in the study 
area around Fuels Area C. Soil samples were collected at 
eight wells during installation in 2014 and three wells dur-
ing installation in 2016. Groundwater samples were collected 
from 14 wells and a recovery sump around Fuels Area C from 
2014 to 2018.

Several petroleum hydrocarbon compounds were 
detected, but below action levels, in soil samples collected 
in 2014 and 2016. Benzene and toluene were not detected 
in any of the soil samples from the 11 monitoring well sites. 
Ethylbenzene and total xylenes were detected at sites 1 and 

7. Naphthalene was detected in samples from five sites (sites 
1, 5, 7, 8, and 9), but concentrations were less than the Tier 1 
action level of 25 milligrams per kilogram.

Gasoline-range organic compounds were detected in all 
soil samples collected during the installation of 11 groundwa-
ter monitoring wells within or near Fuels Area C in 2014 and 
2016. Diesel-range organic compounds were detected in 9 out 
of the 11 soil samples collected at the 11 monitoring wells. 
Gasoline-range organic compound concentrations exceeded 
the Tier 2 assessment level for total petroleum hydrocarbons 
in soil samples from site 1 (5,200 milligrams per kilogram), 
site 5 (580 milligrams per kilogram), and site 9 (1,800 mil-
ligrams per kilogram); the remaining sites had concentrations 
below the Tier 2 assessment level for total petroleum hydro-
carbons. The highest concentrations of diesel-range organic 
compounds in soil samples were from site 1 (3,600 milligrams 
per kilogram), site 5 (440 milligrams per kilogram), and site 
14 (330 milligrams per kilogram), and only the sample from 
site 1 exceeded the Tier 2 assessment level for total petroleum 
hydrocarbons.

Petroleum hydrocarbon concentrations were measured 
in samples collected from 14 groundwater monitoring wells 
and 1 recovery sump between 2014 and 2018 in the study 
area around Fuels Area C. Benzene, toluene, ethylbenzene, 
and xylene (BTEX) compounds were detected in at least one 
sample collected from 10 of the 15 sites sampled in the study 
area from 2014 to 2018. Samples from monitoring well sites 2, 
3, 6, 8, and 9 did not have any quantifiable concentrations of 
BTEX compounds. Multiple BTEX compounds were detected 
consistently in samples collected from sites 10 and 11. Few 
BTEX compounds were detected at sites outside of and 
downgradient from Fuels Area C (sites 12–14). Naphthalene 
was detected in 8 of the 15 sites sampled in the study area in 
2014–18. Measurable concentrations of naphthalene generally 
were less than 5 micrograms per liter in wells sampled in the 
study area in 2014–18 except for samples collected at sites 5, 
7, and 11.

The variability of the presence of BTEX compounds 
and naphthalene in wells sampled in the study area during 
2014–18 likely is caused by the variability in the subsurface 
material, local groundwater flow, operational fueling activities, 
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and historical spills and releases in the area. The spatial and 
temporal variability in the BTEX compounds and naphthalene 
concentrations from samples collected from 2014 to 2018 do 
not indicate a consistent pattern of subsurface flow or contami-
nate movement that would be expected if a contaminant plume 
migrated with the flow and movement of groundwater.

Gasoline-range organic and diesel-range organic com-
pounds were detected in most of the groundwater samples 
collected in the study area around Fuels Area C in 2014–18; 
however, concentrations were often less than the laboratory 
reporting level. Median gasoline-range organic compound 
concentrations were greater than the laboratory reporting 
level at sites 1, 5, 9, 10, and 11. The highest concentrations of 
gasoline-range organic and diesel-range organic compounds 
generally were observed in samples collected from sites 10 
and 11. Gasoline-range organic compound concentrations 
ranged from 1,500 to 9,700 micrograms per liter at site 10 and 
from less than 100 to 13,000 micrograms per liter at site 11. 
Diesel-range organic compound concentrations ranged from 
9,600 to 55,000 micrograms per liter at site 10 and from 560 
to 7,300 micrograms per liter at site 11.

Introduction
Ellsworth Air Force Base (EAFB) is approximately 10 

kilometers (6 miles) northeast of Rapid City, South Dakota. 
The base includes about 20 square kilometers (about 5,000 
acres) of land in Meade and Pennington Counties. The base 
supports a runway, airfield operations, maintenance com-
plexes, industrial areas, housing, and recreational facilities. 
In 2013, the base hosted a population of about 9,000 people 
including military, family members, and civilian employees 
(Powers, 2013).

The base operates and maintains equipment, facili-
ties, and infrastructure to store and transport aviation fuels, 
gasoline, and diesel fuels for aircraft, vehicle, and other energy 
needs. Some of the storage areas were constructed in the 
1950s and present the base with several maintenance and envi-
ronmental challenges (U.S. Air Force, 2012). Aboveground 
and underground movement and storage of large volumes of 
fuels, fuel spills, seepage from underground-storage tanks, and 
unintentional leaks from former aboveground storage tanks 
within Fuels Area C are potential point-sources for contamina-
tion of the groundwater in the area.

Several fuel spills of diesel fuel, jet fuel (jet propellant-4 
[JP-4], jet propellant-8 [JP-8], and Jet A), and other petroleum 
products were documented on or near Fuels Area C (South 
Dakota Department of Environment and Natural Resources, 
2020), and several studies have been done to determine 
the extent of petroleum hydrocarbon contamination in the 
subsurface (Tetra Tech Incorporated, 2008, 2012). Findings 
from previous soil samples and groundwater samples within 
Fuels Area C indicated that leakage of JP-8 and other fuels 
was associated with two existing underground storage tanks 

(USTs) (Tetra Tech Incorporated, 2008). Jet fuel, such as JP-8, 
is a complex mixture of petroleum hydrocarbons and hun-
dreds of additional compounds that may vary in composition 
(Custance and others, 1992). Compounds in JP-8 that are con-
cerns to human health include benzene, toluene, ethylbenzene, 
and xylene (BTEX), naphthalene, and other total petroleum 
hydrocarbons (TPHs) such as gasoline and diesel. The study 
described in this report was done to further understand hydro-
carbon movement and occurrence in the groundwater around 
Fuels Area C.

In 2013, the U.S. Geological Survey (USGS) began 
a study in cooperation with the Defense Logistics Agency 
(DLA) and the U.S. Air Force to estimate groundwater-flow 
direction, install groundwater monitoring wells, and collect 
soil and groundwater samples for petroleum hydrocarbon 
compounds to identify the presence of the hydrocarbon con-
tamination at EAFB, specifically around Fuels Area C. Fuels 
Area C is near the south boundary of EAFB west of Ellsworth 
Street (fig. 1). Since construction, Fuels Area C has stored 
several types of aviation fuel including JP-4, JP-8, and Jet-A. 
Also, diesel fuel and deicing fluids were stored in smaller 
quantities at aboveground tanks, although the aboveground 
tanks have been removed from the site (fig. 1).

Purpose and Scope

The purpose of this report is to describe the methods used 
to collect data for assessing petroleum hydrocarbon conditions 
in the groundwater around Fuels Area C from 2014 to 2018 
and the results of the assessment. Two-dimensional electri-
cal resistivity tomography (ERT) surveys were conducted at 
Fuels Area C in 2014 to characterize subsurface materials and 
determine the depth to bedrock along survey lines. Discrete 
water-level data were collected between November 2014 
and June 2018 to estimate the potentiometric surface and 
groundwater-flow direction in the study area. Soil-quality data 
were collected during the installation of 11 monitoring wells, 
and groundwater-quality samples were collected from 14 mon-
itoring wells and a recovery sump between November 2014 
and June 2018. Soil and groundwater samples were analyzed 
for BTEX compounds, m- and p-xylene, o-xylene, naphtha-
lene, gasoline-range organic (GRO) compounds, and diesel-
range organic (DRO) compounds.

Study Area Description

Fuels Area C (fig. 1) was constructed in about 1953 and 
has operated nearly continuously since construction (Tetra 
Tech Incorporated, 2008). The area is west of Ellsworth Street 
and covers about 0.3 square kilometer (79 acres; fig. 1). A 
small unnamed ephemeral stream is east of Fuels Area C, and 
Gateway Lake (not shown on figure) is northeast of the area. 
Prairie Ridge Golf Course is about 265 meters (m; 870 feet 
[ft]) east of Fuels Area C.



Introduction    3

0 50 100 150 METERS

0 50 100 150 FEET

!

!

3

3

Fuels Area C

Recovery sump and map identification 
number (see table 2)

Groundwater monitoring well and map 
identification number (see table 2)

EXPLANATION

44°07'55”

44°07'50”

103°04'50" 103°04'40"

Base modified from U.S. Department of Agriculture 
National Agricultural Imagery Program, South Dakota, 2018
Universal Transverse Mercator projection, zone 13 North
North American Datum of 1983

SOUTH DAKOTASOUTH DAKOTA
Pierre

Rapid
City

Sioux Falls

Pierre

Rapid
City

Sioux Falls
Study areaStudy area

EL
LS

W
OR

TH
 S

TR
EE

T

Fuels Area C

Truck Loading
Pad

Refueling stand

13

12

15
7

9

6

4

10

5

11

213B 13A

Underground storage tanks

1

Building
1707

Building
1709

3

4

8

14

Praire Ridge Golf Course

Figure 1.  Study area including Fuels Area C and groundwater-monitoring wells around Fuels Area C on Ellsworth Air Force 
Base, South Dakota.



4    Groundwater Assessment for Petroleum Hydrocarbon Compounds, Ellsworth Air Force Base, South Dakota, 2014–18

Jet fuel and diesel fuel were delivered to Fuels Area C by 
tanker truck and rail-line tankers in the past; however, Jet-A 
fuel currently (2020) is delivered to the USTs in Fuels Area 
C by pipeline (Jens Christensen, Environmental Restoration 
Program Manager, Ellsworth Air Force Base, oral commun., 
2019). Fuels Area C has been used to store and transfer jet 
fuels, diesel fuel, aviation gasoline, and vehicle gasoline (Tetra 
Tech Incorporated, 2008) using aboveground storage tanks 
and USTs. Aboveground storage tanks were in the northwest 
and center parts of Fuels Area C but were demolished in 
June 2001 (Tetra Tech Incorporated, 2008). However, two 3.2 
million-liter (840,000-gallon) USTs remain operational and in 
use in Fuels Area C (fig. 1). As of 2020, the two USTs store 
aviation turbine fuel Jet A (Jens Christensen, Environmental 
Restoration Program Manager, Ellsworth Air Force Base, oral 
commun., 2019).

Several petroleum releases have been documented, 
including diesel fuel, jet fuel (JP-4, JP-8, and Jet A), and other 
petroleum products on or near Fuels Area C (table 1). On 
June 3, 2015, approximately 3,400 liters (900 gallons) of Jet A 
were released to the subsurface from UST 13B (fig. 1, table 1). 
Petroleum product from the June 2015 spill migrated to a 
collection system under USTs 13A and 13B (BERS-Weston 
Services JVA, LLC, 2016). The collection system was con-
nected to a storm drain that discharged near the Prairie Ridge 
Golf Course to the southeast of Fuels Area C (fig. 1). A recov-
ery sump was installed in the storm drain in November 2015 
to capture the water and fuel from the collection system and 
pump it to a treatment facility (BERS-Weston Services JVA, 
LLC, 2016).

Table 1.  Summary of the petroleum hydrocarbon spills and releases in the study area around Fuels Area C from 1992 to 2016, Ellsworth 
Air Force Base, South Dakota.

[MM, month; DD, day; YYYY, year; --, no information available; JP, jet propulsion, BTEX, benzene, toluene, ethylbenzene, xylene; TPH, total petroleum 
hydrocarbons; mg/kg, milligram per kilogram; UST, underground storage tank]

Date 
(MM/DD/

YYYY)
Type of spill Location Description

Spill  
identification 

number1

11/12/1992 227 liters (60 gallons) of 
diesel fuel

Refueling stand located in 
Fuels Area C

-- 92.383

03/15/1993 1,893 liters (500 gallons) 
of JP-4

Building 1707 located in  
Fuels Area C

Free liquid was recovered and the soil was  
excavated along the spill route. In 
June 1995, 15 direct push soil borings 
were installed at the site to determine the 
extent of the 1993 JP-4 fuel release. BTEX 
and TPH exceedance concentrations were 
observed in several locations.

93.055

09/19/1994 30 liters (8 gallons) of 
diesel fuel

Truck loading pad with  
Fuels Area C

TPH concentrations were detected in all the 
1-foot sample intervals ranging in concen-
tration from 2.7 to 172.3 mg/kg. This case 
was closed on April 28, 2000.

94.349

03/25/2003 Evidence of petroleum 
release

Oil/water separator at  
Building 1709

Two soil samples were collected during the 
removal of the oil/water separator for TPH 
analysis; concentrations for the two samples 
were 77 and 640 mg/kg. The oil/water sepa-
rator tanks were removed on June 22, 2001.

2003.029

06/03/2015 3,407 liters (900 gallons) 
of jet fuel (Jet A)

Release to the subsurface 
from west UST (UST 13B) 
located at Fuels Area C

Several investigative activities were conducted 
to determine the extent of the effects related 
to the release of fuel from the UST, includ-
ing direct push sampling of subsurface 
soils and groundwater, and soil and surface 
water sampling to assess the spill effects. A 
long-term recovery sump was installed in 
the storm drain to capture the drainage from 
the underground drainage system beneath 
the USTs.

2015.096

1South Dakota Department of Environment and Natural Resources, 2020.
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Subsurface lithology can affect the movement of con-
taminants in groundwater in the study area. The geology 
around EAFB consists of about 260 m (860 ft) of Cretaceous-
age Pierre Shale (bedrock) overlain by surficial deposits that 
are predominately alluvium (McGregor and Cattermole, 1973; 
Rahn and Glick, 2000). The alluvium consists of sand, silt, 
clay, and gravel that range in depth from about 3 to 12 m (10 
to 40 ft; Tetra Tech Incorporated, 2008). Based on descriptions 
of soil borings from previous studies, the alluvial textures 
are highly variable in the area of Fuels Area C (Tetra Tech 
Incorporated, 2008).

Groundwater wells were used in the study area to moni-
tor the extent and movement of petroleum hydrocarbons 
in the subsurface, including existing wells and wells that 
were installed as part of the study described in this report. 
Monitoring well sites 10 and 11 were used in studies from 
2008 and 2011 (fig. 1; table 2; Tetra Tech Incorporated, 2008, 
2012). Nine additional monitoring wells were installed in 
November 2014 (sites 1–9; fig. 1; table 2) and another three 
wells were installed in December 2016 (sites 12–14; fig. 1; 
table 2).

Methods
This section describes the methods used for an ERT 

geophysical survey, collection of groundwater-level informa-
tion and development of a generalized potentiometric surface, 
and the collection of soil and groundwater-quality samples. 
The methods include geophysical survey procedures, monitor-
ing well installation and site selection, potentiometric surface 
mapping processes, and water-quality sample collection 
procedures. The study results provide improved understanding 
of groundwater conditions in the study area around Fuels Area 
C and the migration and presence of petroleum hydrocarbons 
in the subsurface.

Electrical Resistivity Geophysical Survey

Two-dimensional ERT surveys were conducted at Fuels 
Area C in 2014 to characterize subsurface materials and 
determine the depth to bedrock along survey lines. The ERT 
methods measure horizontal or vertical changes in resistiv-
ity of the subsurface that typically correspond to changes 
in lithology, chemistry of pore fluids, and water content of 
subsurface materials (Sheets, 2002). Two-dimensional ERT 
surveys commonly are accomplished using several electrodes 
equally spaced along a straight line (Loke, 2000, 2004). The 
spacing of electrodes along a survey line affects the depth of 
investigation and the measurement resolution—greater elec-
trode spacing corresponds to greater depth of investigation but 
less measurement resolution and shorter electrode spacing cor-
responds to lesser depth of investigation but greater measure-
ment resolution (Loke, 2000, 2004). Electrodes are connected 
to a console that automatically selects four electrodes for each 

measurement. Measurements consist of two current electrodes 
and two potential electrodes; electrical current is transmitted 
into the subsurface through current electrodes and the result-
ing voltage is measured at the potential electrodes (Loke, 
2000, 2004). Electrode groupings and the sequence of mea-
surements are controlled by the type of array specified for the 
survey. Commonly used arrays include Wenner, dipole-dipole, 
and Schlumberger (Loke, 2000, 2004). The ERT data are 
downloaded from the console after the survey is complete and 
modeled using inversion software to obtain two-dimensional 
cross-sections of the subsurface resistivity distribution.

Electrical resistivity data were collected in the study 
area between July 24 and 25, 2014, using an 8-channel, 
56-electrode SuperSting R8 (Advanced Geosciences 
Incorporated, 2020a). Stainless steel electrodes were con-
nected to stainless steel stakes placed along predetermined 
survey lines and were evenly spaced by 2 to 3.5 m. The 
electrodes were then connected to the SuperSting R8 con-
sole that automatically collected resistivity data by toggling 
electrical pulses between programmed combinations of current 
and potential electrode pairs based on the dipole-dipole array 
configuration. The dipole-dipole array was selected because of 
its high resolution and multichannel capability that provides 
a detailed image of the subsurface (Loke, 2000). Survey lines 
RL1 and RL3 required the “roll-along” technique to extend 
the horizontal area covered by the survey. The “roll-along” 
technique involved moving the electrode cable at the front 
of the survey to the end of the survey line while the end line 
was still in place. The roll-along technique was repeated until 
the desired length of survey line was achieved. Survey lines 
lengths ranged from about 80 to 172.5 m.

Real-time kinematic (RTK) surveying methods with 
global navigation satellite system (GNSS) equipment were 
used to survey the position and elevation of each ERT elec-
trode using Level IV processes and methods described in 
Rydlund and Densmore (2012) and general techniques 
described in Bender and Rowe (2015). The RTK surveying 
was used because it provides higher elevation and position 
accuracy than hand-held global positioning system units. 
Elevation accuracy is important for ERT surveys so that the 
resistivity depth profiles are correlated to a precise land-
surface elevation and position. The latitude and longitude 
data were used to plot the survey lines on a geologic map for 
interpretation of the bedrock surface. Land-surface elevation 
data were used with inversion software to provide an accurate 
representation of the survey area and estimated subsurface 
depths. Water service lines, electrical boxes, and fuel pipelines 
also were surveyed with the RTK to identify objects that may 
interfere with the resistivity survey and areas to avoid during 
site selection for monitoring wells. The ERT data collected at 
Fuels Area C are available in a USGS data release (Medler and 
others, 2021).

Two of the survey lines (RL2 and RL3) were affected by 
an equipment error that caused some electrodes to erroneously 
transmit and receive electrical signals. Data from the elec-
trodes with errors were removed from the survey line dataset, 
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Table 2.  Site information for 14 monitoring wells and a recovery sump sampled in the study area around Fuels Area C, 2014–18.

[ID, identification; USGS, U.S. Geological Survey; NAVD 88, North American Vertical Datum of 1988; --, not applicable or available]

Map ID 
(fig. 1)

USGS site ID USGS name Site name
Latitude 
(decimal 
degrees)

Longitude 
(decimal 
degrees)

Year of 
installation

Altitude 
of land 

surface, 
in meters 

above 
NAVD 88

Well 
depth, in 
meters 
below 
land 

surface

Screened 
interval, in 

meters below 
land surface

Well completion reports1

1 440754103045401 2N9E18CAAD1 MW14-01 44.13183 −103.08183 2014 964.47 10.67 3.05–10.67 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070887.pdf

2 440754103045001 2N9E18DBBC1 MW14-02 44.13187 −103.08065 2014 963.42 13.72 4.57–13.72 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070885.pdf

3 440753103045501 2N9E18CAAD2 MW14-03 44.13141 −103.08202 2014 965.44 6.10 3.05–6.10 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070886.pdf

4 440753103045201 2N9E18CAAD3 MW14-04 44.13160 −103.08121 2014 963.54 10.67 3.05–10.67 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070884.pdf

5 440751103045301 2N9E18CADA1 MW14-05 44.13090 −103.08152 2014 964.73 4.57 1.52–4.57 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070883.pdf

6 440753103045202 2N9E18CAAD4 MW14-06 44.13140 −103.08113 2014 963.72 10.67 3.05–10.67 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070882.pdf

7 440753103045001 2N9E18DBBC2 MW14-07 44.13142 −103.08069 2014 962.41 12.19 4.57–12.19 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070881.pdf

8 440751103045101 2N9E18CADA2 MW14-08 44.13091 −103.08106 2014 964.27 4.57 1.22–4.27 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070880.pdf

9 440752103045001 2N9E18DBBC3 MW14-09 44.13133 −103.08073 2014 962.49 9.14 4.57–9.14 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00070879.pdf

10 440753103045301 2N9E18CAAD5 MW08C01 44.13151 −103.08149 2008 964.09 6.28 -- --
11 440754103045101 2N9E18CAAD6 MW11C02 44.13170 −103.08089 2011 964.26 9.27 -- --
12 440754103044801 2N9E18DBBC4 MW2016-01 44.13168 −103.08007 2016 963.96 13.72 6.10–13.72 https://denr.sd.gov/​wrimage/​

We​llCompleti​onReports/​
images75k/​00072882.pdf

https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070887.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070887.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070887.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070885.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070885.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070885.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070886.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070886.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070886.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070884.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070884.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070884.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070883.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070883.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070883.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070882.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070882.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070882.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070881.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070881.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070881.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070880.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070880.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070880.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070879.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070879.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00070879.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072882.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072882.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072882.pdf
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Table 2.  Site information for 14 monitoring wells and a recovery sump sampled in the study area around Fuels Area C, 2014–18.—Continued

[ID, identification; USGS, U.S. Geological Survey; NAVD 88, North American Vertical Datum of 1988; --, not applicable or available]

Map ID 
(fig. 1)

USGS site ID USGS name Site name
Latitude 
(decimal 
degrees)

Longitude 
(decimal 
degrees)

Year of 
installation

Altitude 
of land 

surface, 
in meters 

above 
NAVD 88

Well 
depth, in 
meters 
below 
land 

surface

Screened 
interval, in 

meters below 
land surface

Well completion reports1

13 440752103044801 2N9E18DBBC5 MW2016-02 44.13134 −103.08013 2016 963.77 12.19 6.10–12.19 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00072883.pdf

14 440747103043801 2N9E18DBDC MW2016-03 44.12995 −103.07713 2016 950.57 7.62 3.05–7.62 https://denr.sd.gov/​wrimage/​
We​llCompleti​onReports/​
images75k/​00072884.pdf

15 440752103045002 2N9E18DBBC4 
EAFB FAC 
Sump

Recovery 
Sump

44.13133 −103.08069 2015 962.36 -- -- --

1South Dakota Department of Environment and Natural Resources (2019).

https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072883.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072883.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072883.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072884.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072884.pdf
https://denr.sd.gov/wrimage/WellCompletionReports/images75k/00072884.pdf
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which resulted in areas without data to analyze and blank areas 
in the resistivity profile. Survey lines with electrode errors 
were clipped into shorter sections before inversion to prevent 
model convergence errors that would complicate interpreta-
tion of the ERT inversion results. Clipping the survey lines 
affected by electrode errors reduced the lengths of survey 
lines RL2 and RL3 from 94.5 to 80.5 m and 144.9 to 113.4 m, 
respectively.

Two-dimensional ERT models were constructed for 
each survey line using the EarthImager2D inversion software 
(Advanced Geosciences Incorporated, 2020b). Land-surface 
elevation data were assigned to each electrode before inver-
sion to minimize errors from topographic changes. The ERT 
data were modeled using least-squares smooth-model inver-
sion (Constable and others, 1987; Farquharson and Oldenburg, 
1998) because the area surveyed was best approximated as 
a simple layered model with two or three layers. Smooth-
model inversion reduces differences between measured data 
from surveys and predicted values from a simple starting 
model using an iterative process, where successive iterations 
attempt to reduce the difference between measured data and 
predicted values by calculating the root mean square (RMS) 
error. Smooth-model inversion reduces the RMS error until a 
desired error tolerance is achieved; it does not minimize RMS 
error because minimizing RMS error increases model rough-
ness and unacceptably departs from the simple starting model 
(Constable and others, 1987). The maximum number of itera-
tions was set to eight and the final model was chosen based on 
its representation of the lithology and its relatively low succes-
sive RMS improvement. The model derived from the first or 
second iteration was selected for all four ERT survey lines and 
each had RMS errors under 5 percent.

Monitoring Well Installation and Site Selection

The locations of groundwater monitoring wells in the 
study area around Fuels Area C were based on a variety of 
factors including historical groundwater-flow characteristics, 
results of the ERT survey, proximity to historical spills related 
to petroleum hydrocarbons, and results of previously col-
lected soil and groundwater samples (Tetra Tech Incorporated, 
2008, 2012; Bender and Rowe, 2015). Fourteen groundwater 
monitoring wells and one recovery sump were used for water-
quality sample collection in 2014–18 (table 2). Two existing 
monitoring wells in Fuels Area C, sites 10 and 11 located near 
the two USTs (13A and 13B; fig. 1), were selected for sam-
pling because of their proximity to previous spills and their 
use in previous studies (Tetra Tech Incorporated, 2008, 2012).

In November 2014, nine monitoring wells (sites 1–9) 
were installed in the study area and in December 2016 three 
additional wells were installed downgradient from Fuels Area 
C (sites 12–14) using the methods described in Bender and 
Rowe (2015; fig. 1). Well sites 12 and 13 were installed just 
east of Fuels Area C, and well site 14 was installed farther 
downgradient just inside the boundary of Prairie Ridge Golf 

Course (fig. 1). Monitoring well sites 12, 13, and 14 were used 
to provide information on plume migration outside of Fuel 
Area C and downgradient from a jet fuel spill in June 2015 
from UST 13B (BERS-Weston Services JVA, LLC, 2016; 
fig. 1). Monitoring wells were installed using 2-inch diam-
eter polyvinyl chloride (PVC) pipe. Generally, wells were 
completed to the approximate depth of the top of the Pierre 
Shale at each location and well depths varied from 4.57 m 
(sites 5 and 8) to 13.72 m below land surface (sites 2 and 12; 
table 2). The wells were screened from approximately the 
bottom depth of the well to about 3.0 to 9.1 m above the bot-
tom of the well, depending on the total well depth (table 2). 
In November 2015, a recovery sump was installed (BERS-
Weston Services JVA, LLC, 2016) and also was sampled after 
installation to provide information on the underdrain water 
from both USTs.

Generalized Potentiometric-Surface and 
Groundwater-Flow Determination

Discrete groundwater levels were collected concur-
rently with water-quality sampling from November 2014 to 
June 2018 at the 14 monitoring wells (fig. 1, table 1.1) for 
use in generating a potentiometric surface in the study area. 
Groundwater-level measurements were made following USGS 
protocols described in Cunningham and Schalk (2011) using a 
calibrated electric tape. After each water-level measurement, 
the electric tape was disinfected and rinsed using proce-
dures described in U.S. Geological Survey (variously dated). 
Groundwater-level data collected for this study are avail-
able in the USGS National Water Information System (U.S. 
Geological Survey, 2020) by using the USGS site identifica-
tion numbers in table 2.

A potentiometric surface represents the hydraulic head 
of groundwater, which is the water-table elevation in an 
unconfined aquifer (Carter and others, 2002). Groundwater 
levels were converted to hydraulic head values by subtract-
ing the water-level measurements from surveyed elevations 
of the measuring point from the land surface. Elevations were 
reported in meters above the North American Vertical Datum 
of 1988. Potentiometric surfaces can change over time, so to 
generalize the surface for the period of groundwater monitor-
ing, a mean hydraulic head was computed for each well from 
the 6 to 11 measurements collected during the sampling period 
(2014–18).

Potentiometric contours were generated using geographic 
information system software ArcMap (Esri, 2016) to inter-
polate the mean hydraulic head values collected in 2014–18. 
Mean hydraulic head values were interpolated using the “Topo 
to Raster” tool in ArcMap to generate the potentiometric 
surface. The Topo to Raster tool creates elevation surfaces 
using an iterative finite-difference interpolation method that 
combines the efficiency of local interpolation methods with 
the surface continuity of global interpolation methods (Esri, 
2016). Mean hydraulic head values were contoured using a 
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1-m contour interval. Contour lines were manually edited 
to correct for extremes in high and low water-level eleva-
tions and in regions of sparse data within the study area. 
Potentiometric contours from the potentiometric surface 
map were used to determine groundwater-flow direction, 
which was assumed to be perpendicular to the potentiometric 
contours.

Soil Sample Collection

During the drilling of the nine monitoring wells installed 
in November 2014 (sites 1–9) and the three monitoring wells 
installed in December 2016 (sites 12–14; fig. 1), soil samples 
were collected as described in Bender and Rowe (2015). 
Although samples were collected from all nine wells installed 
in November 2014, the sample collected from site 2 (fig. 1) 
was damaged during shipment to the laboratory, resulting in 
11 total soil samples collected for the study. During drilling, 
split core intervals were retrieved from each well borehole 
and visually assessed in a clean area near the drilling site. 
The assessment included sediment descriptions that were 
recorded in a lithologic log for each well that were stored and 
are accessible in South Dakota Department of Environment 
and Natural Resources (2019). Each retrieved soil core inter-
val was visually inspected, geologically characterized and 
documented, and field analyzed for hydrocarbons with a RAE 
Systems MiniRAE 3000 Photoionization Detector (PID) with 
a 10.6 eV lamp (Bender and Rowe, 2015). The PID was used 
to determine what intervals of soil cores to sample by measur-
ing the presence of volatile organic compounds (VOCs). Soil 
samples from each core were collected at the section with 
the most contamination based on relative PID measurements 
recorded along the length of the core interval using procedures 
described in South Dakota Department of Environment and 
Natural Resources (2003). The soil samples from each well 
site were taken from the split barrel sampler with stainless 
steel spoons and immediately placed in 4-ounce glass jars, 
chilled, and shipped to the laboratory.

Soil and groundwater samples were analyzed for BTEX 
compounds, m- and p-xylene, o-xylene, naphthalene, GRO 
compounds, and DRO compounds by RTI Laboratories, 
Incorporated in Livonia, Michigan, using methods described 
in U.S. Environmental Protection Agency (2003, 2006; 
table 3). GRO compounds are petroleum hydrocarbons in 
the C6 to C10 (6 to 10 hydrocarbon chains) range, includ-
ing BTEX and naphthalene. DRO compounds can include 
all extractable organics in the C10 to C28 (10 to 28 hydro-
carbon chains) range, including components of diesel fuel, 
jet fuel, mineral spirits, kerosene, and polar nonhydrocarbon 
compounds (Zemo and others, 2017). Concentrations were 
sometimes reported to be below the laboratory reporting level 
(LRL) noted as “less than” values or “nondetections.” The 
LRL is a level set above the method detection level by the 
laboratory to minimize the risk of reporting a false positive 
(Oblinger-Childress and others, 1999). Some concentrations 

were reported as “estimated.” Estimated concentrations are 
concentrations that were greater than the method detection 
level but below the LRL. In other words, the compound was 
detected, but there is less certainty of the actual value of the 
concentration. LRLs for individual constituent samples can 
be variable because of matrix interferences in the sample. 
Multiple LRLs were reported for the samples collected for this 
report and are shown in table 3. For statistical summaries and 
discussion, the values were recensored to a single level, gener-
ally the highest censoring level in the dataset for each con-
stituent (table 3). In a few samples, there was a substantially 
high LRL reported, and that value was not used in statistical 
summaries and figures. All soil sample data were stored and 
are accessible from the USGS National Water Information 
System database (U.S. Geological Survey, 2020) by using the 
USGS site identification numbers in table 2.

Groundwater-Quality Sample Collection

Discrete groundwater-quality samples in the study area 
were collected from November 2014 to June 2018 at 14 
monitoring wells and a recovery sump (fig. 1). Collection and 
processing of groundwater samples followed USGS protocols 
described in U.S. Geological Survey (variously dated). Each 
well was pumped to purge three well-casing volumes of water 
before groundwater-quality sampling. If a sufficient volume of 
water remained in the well after purging, then samples were 
collected using a portable submersible pump with polytetraflu-
oroethylene (PTFE) tubing. In wells with insufficient volumes 
of water remaining, defined as less than 1-liter of water, a 
dedicated PTFE bailer or a PVC bailer for 1-inch diameter 
well casings were used to collect samples. Each sample was 
labeled, double bagged, and shipped to RTI Laboratories, 
Incorporated for chemical analysis. Field measurements also 
were collected with each sample and included water tempera-
ture, specific conductance, dissolved oxygen, pH, and turbid-
ity. Field measurements were recorded during purging using a 
flow-through chamber and water-quality instrumentation when 
using a submersible pump during well purging. Aliquots of 
raw water collected from bailers were used for field measure-
ments when groundwater volumes in wells were too low for 
pumping and bailer samplers were used (U.S. Geological 
Survey, variously dated). All equipment was cleaned between 
sampling sites according to protocols described in U.S. 
Geological Survey (variously dated). Groundwater-quality 
samples were analyzed for BTEX compounds, m- and 
p-xylene, o-xylene, naphthalene, GRO compounds, and DRO 
compounds by RTI Laboratories, Incorporated (Livonia, 
Michigan), using methods described in U.S. Environmental 
Protection Agency (2003, 2006) (table 3). All groundwater-
quality sample data were stored and are accessible from the 
USGS National Water Information System database (U.S. 
Geological Survey, 2020) by using the USGS site identifica-
tion numbers in table 2.
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Table 3.  Constituents selected for analyses of soil and groundwater samples collected in the study area around Fuels Area C, 2014–18.

[mg/kg, milligram per kilogram; µg/L, microgram per liter; SD, South Dakota; EPA, U.S. Environmental Agency; MCL, maximum contaminant level; --, not 
applicable]

Laboratory method Compound

Laboratory 
reporting 

levels in soil 
data,  

(mg/kg)

SD Tier 
1 action 

level,1 soils  
(mg/kg)

Reporting levels 
in groundwater 

data  
(μg/L)

Recensored 
reporting level 

used for ground-
water data  

(μg/L)

EPA MCL,2 
drinking 

water  
(μg/L)

8260C3 Benzene 0.036–0.094 0.2 0.17, 1.0 1.0 5
8260C3 Toluene 0.060–0.094 15 0.25, 1.0, 50 1.0 1,000
8260C3 Ethylbenzene 0.060–0.094 10 0.22, 1.0, 5.0 1.0 700
8260C3 Xylene, total 0.18–0.28 300 0.22, 3.0, 15.0 3.0 10,000
8260C3 m- and p-Xylene 0.12–0.19 -- 2.0 2.0 --
8260C3 o-Xylene 0.060–0.094 -- 1.0, 5.0 1.0 --
8260C3 Naphthalene 0.072–0.094 25 1.0 1.0 --
8015B4, 8015D4 Gasoline-range organics 3.8 -- 100 100 --
8015B4, 8015D4 Diesel-range organics 2.3–2.4 -- 200, 210, 700 210 --

1State of South Dakota (1996).
2U.S. Environmental Protection Agency (2012).
3U.S. Environmental Protection Agency (2006).
4U.S. Environmental Protection Agency (2003).

Quality Assurance and Quality Control

Quality-control samples were collected to determine if 
contamination, matrix effects, and measurement variability 
affected the chemical analyses of the samples. Field blank, trip 
blank, and sequential replicate samples were collected during 
sampling to ensure that data quality acceptability limits were 
met. Quality-assurance standards were met by using standard 
procedures for water-quality sample collection described in 
U.S. Geological Survey (variously dated).

Field blank samples were collected using certified 
organic-free blank water with the same processing procedures 
and equipment used for the collection of the environmental 
samples. Field blank samples were used to check that field 
cleaning protocols were effective in removing contamina-
tion from the equipment. Ten field blanks were collected 
at monitoring well site 6 and one field blank was collected 
at monitoring well site 9 (fig. 1) from November 2014 to 
June 2018, which was one blank per sampling trip (table 4). 
The field blank collected on October 28, 2015, contained 
quantifiable concentrations of naphthalene at 3.4 micrograms 
per liter (µg/L). The groundwater sample collected immedi-
ately after the field blank on October 28, 2015, at site 6 did 
not have detectable concentrations of naphthalene (table 2.1), 
so the detection of naphthalene in the field blank did not seem 
to affect the results of the environmental sample. The ground-
water sample collected just before the field blank sample on 
October 28, 2015, at site 5 had a somewhat high concentra-
tion of naphthalene (29 µg/L, table 2.1), and residual from 

the sample may have not been adequately remove from the 
equipment before the collection of the field blank. GROs 
were detected in all field blank samples, but concentrations 
were below the LRL. DROs were detected in 5 of the 10 
blanks, but concentrations also were below the LRL (table 4). 
Groundwater samples collected with the field blanks also had 
GRO and DRO concentrations similar to concentrations in the 
field blanks near or below the LRL. The presence of GROs 
and DROs in both the field blanks and samples below LRL 
concentrations indicated that sampling equipment may contain 
GROs and DROs, but in concentrations that were too low to 
affect the chemical analysis and concentration values mea-
sured in the environmental samples that were above the LRL.

Trip blank samples contained certified organic-free blank 
water and were shipped to the laboratory along with the envi-
ronmental samples. Trip blank samples were used to check 
for contamination during the storage and shipping of samples. 
Samples can become contaminated by diffusion of volatile 
organics through the sample container septum during shipment 
and storage. Twenty-six trip blank samples were included 
with the environmental samples collected and shipped 
from November 2014 to June 2018 (table 4). The trip blank 
sample collected from site 11 (fig. 1) on October 29, 2015, 
had benzene and naphthalene detections at concentrations of 
0.4 (estimated) and 1.1 µg/L, respectively. No other samples 
had detectable concentrations of BTEX compounds, m- and 
p-xylene, o-xylene, or naphthalene (table 4). Trip blanks were 
not analyzed for DRO or GRO compounds. The presence of 
benzene and naphthalene at measurable concentration in the 
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Table 4.  Results of field blank and trip blank samples collected at sites in the study area around Fuels Area C, 2014–18.

[ID, identification; USGS, U.S. Geological Survey; MM, month; DD, day; YYYY, year; <, less than laboratory reporting level; E, compound present but concentration estimated less than the laboratory report-
ing level; --, no data]

Map 
ID 

(fig. 1)
USGS site ID Site name

Sample date 
(MM/DD/YYYY)

Sample 
time

Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Total 

xylenes
m- and 

p-Xylene
o-Xylene Naphthalene

Gasoline-
range 

organic 
compounds

Diesel-
range 

organic 
compounds

Field blank samples

9 440752103045001 MW14-09 11/21/2014 1040 <1 <1 <1 <3 <2 <1 <1 E45 <220
6 440753103045202 MW14-06 06/16/2015 1235 <1.0 E0.2 E0.3 E1.5 E1.5 <1.0 <1.0 E39 E54
6 440753103045202 MW14-06 10/28/2015 0945 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 3.4 E21 E50
6 440753103045202 MW14-06 03/22/2016 0902 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 E27 E26
6 440753103045202 MW14-06 06/08/2016 0920 <1.0 < 1.0 <1.0 <3.0 < 2.0 < 1.0 <1.0 E21 E35
6 440753103045202 MW14-06 04/13/2017 0905 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 E51 <200
6 440753103045202 MW14-06 06/28/2017 1105 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 E82 <200
6 440753103045202 MW14-06 09/13/2017 1405 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 E91 E100
6 440753103045202 MW14-06 12/13/2017 1105 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 E83 <200
6 440753103045202 MW14-06 04/10/2018 1005 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 E86 <200
6 440753103045202 MW14-06 06/22/2018 1105 <0.2 <0.2 <0.2 <0.2 -- -- <1.0 E26 <200

Trip blank samples

7 440753103045001 MW14-07 11/21/2014 1200 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
7 440753103045001 MW14-07 06/17/2015 0952 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
10 440753103045301 MW08C01 06/18/2015 1102 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 10/27/2015 1535 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
10 440753103045301 MW08C01 10/28/2015 1435 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
11 440754103045101 MW11C02 10/29/2015 1305 E0.4 <1.0 <1.0 <3.0 <2.0 <1.0 1.1 -- --
10 440753103045301 MW08C01 03/22/2016 1305 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 03/23/2016 0902 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
7 440753103045001 MW14-07 06/07/2016 1402 <1.0 < 1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
10 440753103045301 MW08C01 06/09/2016 1102 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 04/12/2017 1205 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
11 440754103045101 MW11C02 04/13/2017 1405 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
14 440747103043801 MW2016-03 04/17/2017 1535 <1.0 <1.0 < 1.0 <3.0 <2.0 <1.0 <1.0 -- --
7 440753103045001 MW14-07 06/27/2017 1335 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 06/29/2017 1200 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
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Table 4.  Results of field blank and trip blank samples collected at sites in the study area around Fuels Area C, 2014–18.—Continued

[ID, identification; USGS, U.S. Geological Survey; MM, month; DD, day; YYYY, year; <, less than laboratory reporting level; E, compound present but concentration estimated less than the laboratory report-
ing level; --, no data]

Map 
ID 

(fig. 1)
USGS site ID Site name

Sample date 
(MM/DD/YYYY)

Sample 
time

Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Total 

xylenes
m- and 

p-Xylene
o-Xylene Naphthalene

Gasoline-
range 

organic 
compounds

Diesel-
range 

organic 
compounds

Trip blank samples—Continued

11 440754103045101 MW11C02 06/29/2017 1605 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
14 440747103043801 MW2016-03 06/30/2017 1005 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 09/14/2017 1205 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
14 440747103043801 MW2016-03 09/20/2017 0930 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
11 440754103045101 MW11C02 12/11/2017 1435 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 12/12/2017 1405 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
7 440753103045001 MW14-07 04/09/2018 1400 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 04/10/2018 1235 <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 -- --
2 440754103045001 MW14-02 06/21/2018 1305 <0.2 <0.2 <0.2 <0.2 -- -- <1.0 -- --
10 440753103045301 MW08C01 06/25/2018 1235 <0.2 <0.2 <0.2 <0.2 -- -- <1.0 -- --
14 440747103043801 MW2016-03 06/28/2018 1300 <0.2 <0.2 <0.2 <0.2 -- -- <1.0 -- --
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samples from October 29, 2015, likely did not affect the results 
of the environmental samples because the associated samples 
that were shipped with the trip blank either had no detections of 
benzene and naphthalene or concentrations were much higher 
than those found in the trip blank.

Replicate samples provide information on the variability 
in the sample collection, processing, shipment, and analysis 
of the samples. Eleven replicate samples were collected from 
2014 to 2018 at site 1 (table 2.1). The relative percent differ-
ence (RPD) provides a measure of the precision of the chemi-
cal analyses between two samples. The RPD was calculated as 
the absolute difference in concentration from the sample pairs 
divided by mean concentration multiplied by 100 for the envi-
ronmental and replicate pairs with detections in both samples 
(table 5). Replicate samples for benzene, toluene, m- and 
p-xylene, and naphthalene had no detectable concentrations; 
therefore, the RPDs were not calculated for those 11 sample 
pairs. Several replicate paired samples for the other constitu-
ents also did not have detectable concentrations and the relative 
percent difference also was not calculated for those samples. 
One replicate collected on November 21, 2014, had substantial 
differences in concentrations for all constituents by up to an 
order of magnitude difference, indicating that the sample may 
have been mislabeled or that the results were transposed with 
samples from another site (table 2.1). Because of the discrep-
ancy, the sample was removed from the mean RPD calculation 
(table 5). The mean RPD for ethylbenzene (2 samples), total 
xylenes (1 sample), naphthalene (1 sample), GRO compounds 
(9 samples), and DRO compounds (10 samples) were 23.1, 
19, 5.1, 9.3, and 37.3 percent, respectively (table 5). Ideally, 
RPD values should be less than 20 percent, indicating that the 
variability in ethylbenzene and DRO concentrations were not 
as well reproducible as the other constituents either in the col-
lection, processing, or laboratory analysis of the samples.

Hydrogeologic Assessment of Fuels 
Area C

Understanding the hydrogeology of the study area around 
Fuels Area C is important for understanding the presence and 
movement of petroleum hydrocarbons in the subsurface of 
the area. Four ERT surveys were used to estimate the depth 
to the Pierre Shale (bedrock) in the study area. The depth to 
bedrock data provides information on potential pathways for 
groundwater flow. Additionally, a groundwater potentiometric 
surface map was created with groundwater levels collected 
between November 2014 and June 2018. The potentiometric 
map is useful for estimating groundwater-flow directions in 
the study area.

Subsurface Characterization

The subsurface study area around Fuels Area C was 
characterized using ERT inversion results from four ERT 
survey lines and nearby wells that provided an estimated depth 
to the underlying Pierre Shale (fig. 2). Determining the depth 
to the top of the Pierre Shale was important because variations 
in the bedrock surface may affect groundwater-flow paths. 
Erosion from surface exposure and former drainage areas may 
have created topographically low areas in the Pierre Shale that 
facilitate groundwater flow. The topographically low areas in 
the Pierre Shale may not correspond to topographically low 
areas in the land surface, which explains groundwater-flow 
paths that do not correspond with surface water drainages 
or the topography of the land surface. Understanding the 
flow path dynamics of alluvial materials overlying the Pierre 
Shale could assist with predicting groundwater-flow direc-
tions and contamination movement in the subsurface around 
Fuels Area C.

Table 5.  Relative percent differences of concentrations between replicate and environmental sample pairs for samples collected at 
monitoring well site 1 within Fuels Area C, 2014–18.

[Calculation of relative percent difference is |(x1−x2 )/(x1+x2 )/2|*100, where x1 is the concentration in the environmental sample and x2 is the concentration in the 
sequential replicate sample; --, no data]

Constituent
Total number of sample pairs (number used 

in calculation)1 Mean relative percent difference

Benzene 11 (0) --
Toluene 11 (0) --
Ethylbenzene 11 (2) 23.1
Total xylenes 11 (1) 19
m- & p-Xylene 11 (0) --
Naphthalene 11 (1) 5.1
Gasoline-range organic compounds 11 (9) 9.3
Diesel-range organic compounds 11 (10) 37.3

1Only samples with measurable concentrations were used in the calculation of percent difference.
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The depth to the top of the Pierre Shale from the land 
surface along the four ERT survey lines ranged from about 5.4 
to 8.7 m (17.8 to 28.5 ft). The depth to the Pierre Shale for RL1 
(fig. 2A) ranged from about 5.9 to 8.7 m (19.3 to 28.5 ft). The 
three wells proximal to RL1 (fig. 2) were used with ERT inver-
sion results to delineate the top of the Pierre Shale (fig. 2A). 
A topographically low area in the Pierre Shale was observed 
between 80 and 120 m along RL1, which also was the lowest 
Pierre Shale elevation observed among all four ERT survey 
lines; the topographically low area in the Pierre Shale did not 
correlate with a low area in the topography of the land surface. 
The land surface along RL1 varied by about 1.5 m (5 ft) and 
decreased in elevation from southwest to northeast (fig. 2A). 
The resistivity of unconsolidated materials overlying the Pierre 
Shale for RL1 ranged from about 0 to 26 ohm-meters, which 
was expected because lithologic logs from proximal wells 
reported geologic materials that were mostly clay with minor 
amounts of sand and gravel. The Pierre Shale was differentiated 
from the clay deposits by its generally consistent resistivity 
with values between 5 and 10 ohm-meters.

The depth to the Pierre Shale for RL2 (fig. 2B) ranged 
from about 5.6 to 7.3 m (18.3 to 23.9 ft). The top of the Pierre 
Shale was delineated for RL2 using only ERT inversion results 
(fig. 2B) because no wells were near the survey line. The Pierre 
Shale along RL2 was somewhat flat and without discernable 
topographically high or low areas. The land surface along RL2 
varied by only about 0.84 m (2.8 ft) and decreased in elevation 
from west to east. The resistivity of unconsolidated materi-
als overlying the Pierre Shale for RL2 ranged from about 5 to 
26 ohm-meters. No wells with lithologic logs were near RL2, 
but the range of resistivity values was similar to RL1, which 
indicated unconsolidated geologic materials along RL2 also 
were mostly clay with minor amounts of sand and gravel.

The depth to the Pierre Shale for RL3 (fig. 2C) ranged 
from about 5.4 to 6.6 m (17.8 to 21.5 ft). A single well proxi-
mal to RL3 was used with ERT inversion results to delineate 
the top of the Pierre Shale (fig. 2C). The Pierre Shale showed a 
slight topographic low between 57 and 65 m for RL3 but was 
otherwise nearly flat (fig. 2C). The slight topographic low in the 
Pierre Shale did not correlate with a low area in the topography 
of the land surface. The land surface along RL3 varied by only 
about 0.74 m (2.4 ft) and increased in elevation from southeast 
to northwest (fig. 2C). The estimated elevation of the top of 
the Pierre Shale at the intersection of survey lines RL1 and 
RL3 was nearly the same and differed by only 0.2 m (0.66 ft) 
(figs. 2A and 2C). The resistivity of unconsolidated materi-
als overlying the Pierre Shale for RL3 ranged from about 6 to 
27 ohm-meters. The lithologic log of the single well along RL3 
reported mostly clay with minor amounts of sand and gravel.

The depth to the Pierre Shale for RL4 (fig. 2D) ranged 
from about 5.6 to 7.3 m (18.3 to 23.9 ft). The top of the Pierre 
Shale was delineated for RL4 using only ERT inversion results 
(fig. 2D) because no wells were near the survey line. The 
elevation of the top of the Pierre Shale along RL4 decreased 
from southwest to northeast and followed land-surface topog-
raphy (fig. 2D). The land surface along RL4 varied by about 

2.2 m (7.2 ft) and decreased in elevation from southwest to 
northeast (fig. 2D). The elevation difference of the Pierre Shale 
was about 0.2 m (0.66 ft) at the intersection of RL4 with RL3 
and RL1 (fig. 2). The resistivity of unconsolidated materials 
overlying the Pierre Shale for RL4 ranged from about 4.5 to 
41 ohm-meters. The range of resistivity values along RL4 was 
the greatest among all four ERT survey lines, which indicated 
unconsolidated materials along RL4 also were mostly clay 
but could have greater sand and gravel content than materials 
underlying the other ERT survey lines.

Groundwater Flow

A generalized potentiometric-surface map was used to 
characterize groundwater-flow directions in the study area 
(fig. 3). Groundwater-flow directions were assumed to be 
perpendicular to the potentiometric contours (fig. 3); however, 
that assumption is invalid if the anisotropic permeability of 
the alluvial aquifer varies considerably (Redden and DeWitt, 
2009). The potentiometric contours indicate that groundwater 
flows from west to east or southwest to southeast in the area 
near Fuels Area C (fig. 3). The groundwater-flow pattern is 
similar to the flow directions mapped by previous investiga-
tions, which concluded that the groundwater in the study area 
originates from recharge sources in the alluvial aquifer at higher 
elevations of EAFB, initially flows southeast, and then flows 
to the east (Tetra Tech Incorporated, 2008, 2012). The general-
ized potentiometric-surface map constructed for this report was 
compared to a potentiometric-surface map of the alluvial aquifer 
by Tetra Tech Incorporated (2008, 2012). A visual comparison 
indicated that although potentiometric contours and flow direc-
tions were generally similar, there were slight differences in 
some areas, likely because more water-level data at more sites 
were available for construction of the potentiometric surface 
for this report (table 6) than were available for the Tetra Tech 
Incorporated report (2008, 2012).

The groundwater data and data interpretation used to 
construct the generalized potentiometric-surface map have 
limitations because the potentiometric surface is a numerical 
representation of a natural system over time. The data used to 
construct the map included multiple water-level measurements 
recorded just before water-quality sampling. Some water-level 
values could be biased low because levels in the wells may not 
have fully recovered from previous well purging and sampling. 
Additionally, water-level measurements were from different 
years (2014–18), and different times of the year; therefore, 
the potentiometric surface is general and not specific. In some 
cases, inferred potentiometric contours may pass through unsat-
urated zones of the alluvial aquifer because of interpolation or 
data gaps (Anderson and others, 2019). Data interpretation also 
had limitations primarily because potentiometric contours are 
nonunique numeric approximations of a dynamic and complex 
system, and contour interpretations are affected by the avail-
ability and location of groundwater-level measurements and 
the interpolation method.
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Table 6.  Mean water-level and hydraulic head data used to construct a generalized potentiometric-surface map of the alluvial aquifer 
in the study area around Fuels Area C, 2014–18.

[All water-level data for these sites are available from the U.S. Geological Survey National Water Information System database (U.S. Geological Survey, 2020); 
ID, identification; USGS, U.S. Geological Survey; NAVD 88, North American Vertical Datum of 1988]

Map ID  
(fig. 1)

USGS site ID Site name

Land-surface 
elevation, in 
meters above 

NAVD 88

Number of 
water-level 

measurements 
used for mean 

water level

Period of record 
for multiple 
water-level  

measurements

Mean 
water-level 
depth below 
land surface 

(meters)

Mean 
hydraulic-head 

elevation, in 
meters above 

NAVD 88

1 440754103045401 MW14-01 964.47 11 Nov. 2014–
June 2018

4.61 959.86

2 440754103045001 MW14-02 963.42 11 Nov. 2014–
June 2018

6.55 956.87

3 440753103045501 MW14-03 965.44 11 Nov. 2014–
June 2018

5.30 960.13

4 440753103045201 MW14-04 963.54 11 Nov. 2014–
June 2018

4.38 959.16

5 440751103045301 MW14-05 964.73 10 Nov. 201–
June 2018

3.30 961.43

6 440753103045202 MW14-06 963.72 11 Nov. 2014–
June 2018

4.60 959.12

7 440753103045001 MW14-07 962.41 11 Nov. 2014–
June 2018

5.98 956.43

8 440751103045101 MW14-08 964.27 7 Nov. 2014–
June 2018

4.21 960.06

9 440752103045001 MW14-09 962.49 11 Nov. 2014–
June 2018

3.70 958.79

10 440753103045301 MW08C01 964.09 10 June 2015–
June 2018

4.57 959.52

11 440754103045101 MW11C02 964.26 10 June 2015–
June 2018

5.06 959.21

12 440754103044801 MW2016-01 963.96 6 April 2017–
June 2018

7.31 956.65

13 440752103044801 MW2016-02 963.77 6 April 2017–
June 2018

7.27 956.50

14 440747103043801 MW2016-03 950.57 6 April 2017–
June 2018

3.06 947.51



18    Groundwater Assessment for Petroleum Hydrocarbon Compounds, Ellsworth Air Force Base, South Dakota, 2014–18

Assessment of Petroleum 
Hydrocarbons within and near Fuels 
Area C

Soil and groundwater samples were collected at selected 
locations from 2014 to 2018 to better understand the pres-
ence and movement of petroleum hydrocarbons in the study 
area around Fuels Area C. Soil samples were collected at 
eight wells during installation in 2014 and three wells dur-
ing installation in 2016. Groundwater samples were collected 
from 14 wells and a recovery sump in the study area from 
2014 to 2018.

Petroleum Hydrocarbons in Soils

Several petroleum hydrocarbon compounds were 
detected, but at concentrations below action levels, in the 
soil samples collected in 2014 and 2016 (table 7). Petroleum 
hydrocarbon concentrations measured in the soil were com-
pared against Tier 1 action levels established by the State of 
South Dakota for petroleum contaminated soils (State of South 
Dakota, 1996; table 3). Tier 1 action levels apply only to soils 
and are defined as concentrations for that constituent present 
in the soil where leaching to the groundwater may pose a risk 
to human health and the environment. Benzene and toluene 
were not detected in any of the soil samples from the 11 moni-
toring well sites (table 7). Ethylbenzene was detected at well 
sites 1 and 7 with concentrations of 3.0 and 0.28 milligram per 
kilogram (mg/kg), respectively; both were below the Tier 1 
action level of 10 mg/kg. Total xylenes, m- and p-xylenes, and 
o-xylenes also were detected at sites 1 and 7. Total xylenes at 
sites 1 and 7 had concentrations of 1.1 and 0.18 (estimated) 
mg/kg, respectively, and both were two orders of magnitude 
below the Tier 1 action level of 300 mg/kg (tables 3 and 7). 
Naphthalene was detected in samples from five well sites 
(sites 1, 5, 7, 8, and, 9), but concentrations also were less than 
the Tier 1 action level of 25 mg/kg (tables 3 and 7).

GRO compounds were detected in all soil samples 
collected during the installation of 11 groundwater monitor-
ing wells in 2014 and 2016 (table 7). DRO compounds were 
detected in 9 out of the 11 soil samples collected at the 11 
monitoring wells. South Dakota has not established Tier 1 
action levels for GROs and DROs, but a Tier 2 assessment 
level of 500 mg/kg for total petroleum hydrocarbons (TPHs) 
is used in this report as a reference (State of South Dakota, 
2004). GRO and DRO measure components of TPHs. GRO 
compound concentrations exceeded the Tier 2 assessment 
level for TPHs in soil samples from site 1 (5,200 mg/kg), 
site 5 (580 mg/kg), and site 9 (1,800 mg/kg); the remaining 
sites had concentrations below the Tier 2 assessment level 
for TPHs. The highest concentrations of DRO compounds in 
soil samples were from site 1 (3,600 mg/kg), site 5 (440 mg/
kg), and site 14 (330 mg/kg), and only the sample from site 1 
exceeded the Tier 2 assessment level for TPH (table 7).

Petroleum Hydrocarbons in Groundwater

Petroleum hydrocarbon concentrations were measured in 
groundwater samples collected from 14 groundwater monitor-
ing wells and 1 recovery sump between 2014 and 2018 in the 
study area around Fuels Area C (table 8). Eleven total samples 
were collected during the period at most of the wells installed 
during or before 2014 (sites 1, 2, 4, 6, 7, 9, and 10), and a 
total of six samples were collected at wells installed in 2016 
(sites 12–14; table 8). Sites 3, 5, and 8 had fewer samples 
because the wells did not contain sufficient volumes of water 
at the time of sample collection (table 2.1). Only one sample 
was collected at site 8 because either the well was dry or had 
insufficient water for sampling during 2014–18. Samples were 
analyzed for petroleum hydrocarbon compounds including 
BTEX compounds, naphthalene, GRO compounds, and DRO 
compounds.

Benzene, Toluene, Ethylbenzene, Xylene, and 
Naphthalene

Benzene, toluene, ethylbenzene, and xylene (BTEX) and 
naphthalene are VOCs that typically are present in petroleum 
products such as diesel fuel and gasoline. BTEX compounds 
are light, volatile, mobile, and water soluble (Mitra and Roy, 
2011). When exposed to oxygen and sunlight, most BTEX 
compounds break down quickly. Organic compounds like 
BTEX tend to be more persistent in groundwater than in 
surface water and readily partition into equilibrium between 
water and soil (Mitra and Roy, 2011). Exposures to high 
levels of BTEX compounds can be associated with central 
nervous system depression, skin and sensory irritation, and 
negative effects on the respiratory system. These compounds 
also could harm kidney, liver, and blood systems (U.S. 
Environmental Protection Agency, 2013). Benzene is known 
to cause cancer, based on evidence in people and laboratory 
animals (U.S. Environmental Protection Agency, 2016). The 
U.S. Environmental Protection Agency (EPA) has established 
drinking water maximum contaminant levels (MCLs) for 
BTEX (U.S. Environmental Protection Agency, 2012; table 3).

BTEX compounds were detected in at least one sample 
collected from 10 of the 15 sites sampled in the study area 
from 2014 to 2018 (table 8). Samples from monitoring well 
sites 2, 3, 6, 8, and 9 did not have any quantifiable concentra-
tions of BTEX compounds (table 8, fig. 4). Multiple BTEX 
compounds were detected consistently in samples collected 
from sites 10 and 11 (fig. 4). Benzene was detected consis-
tently in samples from site 5 (9 out of 10 samples) although 
no other BTEX compounds were detected at the site (fig. 4A). 
Site 1 had detections of ethylbenzene and total xylenes only 
in samples collected in 2014 and 2015 but none in samples 
collected at the site in subsequent years (table 2.1). At sites 4 
and 7, various BTEX compounds were detected only in one 
sample collected in November 2014 and none in subsequent 
samples (table 2.1). Few BTEX compounds were detected at 
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Table 7.  Summary of petroleum hydrocarbon compound concentrations in soil samples collected at 11 sites in 2014 and 2016 in the study area around Fuels Area C.

[ID, identification; MM, month; DD, day; YYYY, year; GRO, gasoline-range organic; DRO, diesel-range organic; NA, not applicable; >, greater than; <, less than laboratory reporting level; E, compound pres-
ent but concentration estimated less than the laboratory reporting level]

Map 
ID 

(fig. 1)
Site name

Sample date 
(MM/DD/

YYYY)

Sample 
time

Depth of 
sample 
(meters 

below land 
surface)

Moisture 
content, 
soil, dry 
weight 

(percent)

Photo-
ionization 
detector  
reading  

(parts per 
million)

Concentration, in milligrams per kilogram

Benzene Toluene
Ethyl-

benzene
Total 

xylenes
m- and 

p-xylene
o-xylene

Naph-
thalene

GRO  
com-

pounds

DRO 
com-

pounds

1 MW14-01 11/06/2014 1000 5.73–5.88 11 370 <0.036 <0.060 3.00 1.10 0.92 0.160 2.10 5,200 3,600
3 MW14-03 11/04/2014 0930 5.94–6.1 26 0.0 <0.052 <0.087 <0.087 <0.26 <0.17 <0.087 <0.43 44 E1.8
4 MW14-04 11/06/2014 1450 7.41–7.53 22 0.0 <0.047 <0.079 <0.079 <0.24 <0.16 <0.079 <0.40 26 E1.7
5 MW14-05 11/04/2014 1110 4.24–4.36 27 >15,000 <0.054 <0.091 <0.091 <0.27 <0.18 <0.091 7.60 580 440
6 MW14-06 11/07/2014 1040 7.16–7.28 20 0.10 <0.047 <0.078 <0.078 <0.23 <0.16 <0.078 <0.39 20 E1.4
7 MW14-07 11/05/2014 1130 6.43–6.64 17 260 <0.043 <0.071 0.280 E0.18 0.15 E0.026 E0.05 370 14.6
8 MW14-08 11/04/2014 1230 2.41–2.56 18 23.0 <0.044 <0.074 <0.074 <0.22 <0.15 <0.074 E0.14 68 5.7
9 MW14-09 11/04/2014 1600 5.67–5.79 26 1,100 <0.055 <0.092 <0.092 <0.28 <0.18 <0.092 E0.03 1,800 3.2
12 MW2016-01 12/20/2016 1130 9.63–9.72 31 0 <0.094 <0.094 <0.094 <0.28 <0.19 <0.094 <0.47 E2.7 <2.4
13 MW2016-02 12/21/2016 0830 7.07–7.19 30 0 <0.093 <0.093 <0.093 <0.28 <0.19 <0.093 <0.46 E2.7 <2.3
14 MW2016-03 12/21/2016 1130 1.37–1.52 18 18 <0.072 <0.072 <0.072 <0.22 <0.14 <0.072 <0.36 28 330
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Table 8.  Summary of petroleum hydrocarbon compound concentrations in groundwater samples collected from 14 monitoring wells and a recovery sump in the study area 
around Fuels Area C, 2014–18.

[ID, identification; USGS, U.S. Geological Survey; GRO, gasoline-range organic; DRO, diesel-range organic; <, less than laboratory reporting level; E, compound present but concentration estimated less than 
the laboratory reporting level]

Map ID 
(fig. 1)

Site name Statistic
Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Total 

xylenes
m- and 

p-Xylene
o-Xylene Naphthalene

GRO  
compounds

DRO  
compounds

1 MW14-01 Number of 
samples

11 11 11 11 10 10 11 11 11

Number of 
detections1

0 0 3 2 2 1 1 11 11

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 240 310
Maximum <1.0 <1.0 6.8 <3.0 2.3 <1.0 4.0 1,200 1,400

2 MW14-02 Number of 
samples

11 11 11 11 10 10 11 11 11

Number of 
detections

0 0 0 0 0 0 1 10 7

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 120 <210

3 MW14-03 Number of 
samples

10 10 10 10 9 9 10 10 10

Number of 
detections

0 0 0 0 0 0 0 9 9

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 390
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 790

4 MW14-04 Number of 
samples

11 11 11 11 10 10 11 11 11

Number of 
detections

0 1 0 0 0 0 0 11 10

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 260 630
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Table 8.  Summary of petroleum hydrocarbon compound concentrations in groundwater samples collected from 14 monitoring wells and a recovery sump in the study area 
around Fuels Area C, 2014–18.—Continued

[ID, identification; USGS, U.S. Geological Survey; GRO, gasoline-range organic; DRO, diesel-range organic; <, less than laboratory reporting level; E, compound present but concentration estimated less than 
the laboratory reporting level]

Map ID 
(fig. 1)

Site name Statistic
Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Total 

xylenes
m- and 

p-Xylene
o-Xylene Naphthalene

GRO  
compounds

DRO  
compounds

5 MW14-05 Number of 
samples

9 9 9 9 8 8 9 9 9

Number of 
detections

8 0 0 0 0 0 3 9 9

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 150 610
Maximum 1.1 <1.0 <1.0 <3.0 <2.0 <1.0 29 400 1,300

6 MW14-06 Number of 
samples

11 11 11 11 9 9 11 11 11

Number of 
detections

0 0 0 0 0 0 0 10 10

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 430

7 MW14-07 Number of 
samples

11 11 11 11 10 10 11 11 11

Number of 
detections

0 0 1 1 1 1 1 9 8

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Maximum <1.0 <1.0 64 30 27 E2.0 33 2,600 2,400

8 MW14-08 Number of 
samples

1 1 1 1 0 0 1 1 1

Number of 
detections

0 0 0 0 0 0 0 1 1

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 1,100
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 1,100
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 1,100
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Table 8.  Summary of petroleum hydrocarbon compound concentrations in groundwater samples collected from 14 monitoring wells and a recovery sump in the study area 
around Fuels Area C, 2014–18.—Continued

[ID, identification; USGS, U.S. Geological Survey; GRO, gasoline-range organic; DRO, diesel-range organic; <, less than laboratory reporting level; E, compound present but concentration estimated less than 
the laboratory reporting level]

Map ID 
(fig. 1)

Site name Statistic
Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Total 

xylenes
m- and 

p-Xylene
o-Xylene Naphthalene

GRO  
compounds

DRO  
compounds

9 MW14-09 Number of 
samples

11 11 11 11 9 9 11 11 11

Number of 
detections

0 0 0 0 0 0 2 10 11

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 110 480
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 750 1,700

10 MW08C01 Number of 
samples

10 10 10 10 9 9 10 10 10

Number of 
detections1

10 0 10 9 8 8 4 10 10

Minimum 119 <1.0 10 <3.0 <2.0 <1.0 <1.0 1,500 9,600
Median 155 <1.0 17 7.7 5.6 2.1 <1.0 2,450 28,000
Maximum1 190 <1.0 43 57 55 7.0 24.5 9,700 55,000

11 MW11C02 Number of 
samples

10 10 10 10 9 9 10 10 10

Number of 
detections1

9 4 9 8 9 6 9 10 10

Minimum1 <1.0 <1.0 <1.0 <3.0 E5.2 2.3 <1.0 <100 560
Median 1,280 <1.0 69 330 320 14 44 4,300 1,950
Maximum 2,900 6.6 160 880 870 21 94 13,000 7,300

12 MW2016-01 Number of 
samples

6 6 6 6 5 5 6 6 6

Number of 
detections

0 1 1 0 0 0 0 5 6

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 220
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 210 1,100
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Table 8.  Summary of petroleum hydrocarbon compound concentrations in groundwater samples collected from 14 monitoring wells and a recovery sump in the study area 
around Fuels Area C, 2014–18.—Continued

[ID, identification; USGS, U.S. Geological Survey; GRO, gasoline-range organic; DRO, diesel-range organic; <, less than laboratory reporting level; E, compound present but concentration estimated less than 
the laboratory reporting level]

Map ID 
(fig. 1)

Site name Statistic
Concentration, in micrograms per liter

Benzene Toluene Ethylbenzene
Total 

xylenes
m- and 

p-Xylene
o-Xylene Naphthalene

GRO  
compounds

DRO  
compounds

13 MW2016-02 Number of 
samples

6 6 6 6 5 5 6 6 6

Number of 
detections

1 0 0 0 1 0 0 4 6

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 350
Maximum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 140 6,100

14 MW2016-03 Number of 
samples

6 6 6 6 5 5 6 6 6

Number of 
detections

1 0 0 0 0 0 0 5 5

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 <210
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 230
Maximum 2.4 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 120 430

15 Recovery 
Sump

Number of 
samples

5 5 5 5 4 4 5 5 5

Number of 
detections

1 0 0 0 0 0 1 3 5

Minimum <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 220
Median <1.0 <1.0 <1.0 <3.0 <2.0 <1.0 <1.0 <100 540
Maximum 1.2 <1.0 <1.0 <3.0 <2.0 <1.0 1.3 380 7,700

1Much higher laboratory reporting levels were used for several samples and were not included in the statistics in this table.
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Figure 4.  Number and location of detections for BTEX compounds in samples collected at sites in the study area around Fuels Area C, 2014–18. A, Benzene. B, Toluene. C, 
Ethylbenzene. D, Total xylene.
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sites outside of and downgradient from Fuels Area C (sites 
12–14, fig. 4). Benzene was only detected in samples col-
lected in June 2017 at sites 13 and 14. Toluene and ethylben-
zene were detected in one sample from site 12, but not in any 
samples from sites 13 and 14 (figs. 4B and 4C). Total xylenes 
were only detected at sites within Fuels Area C (sites 7, 10, 
and 11; fig. 4D), but m- and p- xylene was detected in one 
sample collected in April 2017 from site 13 outside of Fuels 
Area C (table 8).

Measurable BTEX compound concentrations in most of 
the wells sampled in 2014–18 in the study area were either 
below the LRL or slightly greater than the LRL, except for 
samples collected at sites 7, 10, and 11. At site 7, one sample 
collected in November 2014 had concentrations of ethylben-
zene, total xylenes, m- and p-xylene, and o-xylene of 64, 30, 
27, and 2.0 (estimated) μg/L, respectively (table 8). All other 
samples from site 7 did not have detectable concentrations 
of BTEX compounds. Concentrations measured at site 10 
varied with individual BTEX compounds. Benzene concentra-
tions were detected in all 10 samples and ranged from 119 to 
190 μg/L at site 10. All concentrations were greater than the 
EPA MCL of 5 μg/L (tables 3 and 8). Toluene was not detected 
at concentrations above the LRL in any of the samples. 
Ethylbenzene had measurable concentrations above the LRL 
in all 10 samples from site 10, ranging from 10 to 43 μg/L, 
all below the EPA MCL of 700 μg/L (tables 3 and 8). Xylene 
compounds (total xylene, m- and p- xylene, and o-xylene) 
were detected in 9 out of 10 samples collected at site 10. Most 
concentrations were less than 10 μg/L except for samples 
collected in June 2015 and April 2017, which had total xylene 
concentrations of 57 and 25 μg/L, respectively, and m- and 
p-xylene concentrations of 55 and 17 μg/L, respectively 
(table 2.1).

BTEX compound concentrations generally were the 
highest and most variable at site 11 compared to the other 
sites sampled in the study area from 2014 to 2018 (table 8). 
Benzene concentrations were detected in 10 of 11 samples and 
measurable concentrations ranged from 15 to 2,900 μg/L. All 
measurable concentrations were greater than the EPA MCL 
of 5 μg/L (tables 8 and 3). Toluene was detected above the 
LRL in one sample collected in June 2016 with a concentra-
tion of 6.6 μg/L (table 2.1). Toluene also was detected in three 
other samples from site 11, but the concentrations were all 
below the LRL. Two samples collected in December 2017 and 
April 2018 had toluene concentrations below the LRL, but 
the LRL was set to a higher value (50 μg/L) by the laboratory 
for those samples (table 2.1). If there are interferences in the 
sample matrix, a laboratory often uses a higher LRL because 
of higher uncertainty in the quantification of concentration. 
Ethylbenzene had measurable concentrations above the LRL 
in 8 of 10 samples from site 11 with measurable concentra-
tions ranging from 16 to 160 μg/L, which were all below 
the EPA MCL of 700 μg/L (tables 3 and 8). Ethylbenzene 
was detected in one other sample, but the concentration was 
below the LRL that was set to a higher value of 5.0 μg/L by 
the laboratory. Total xylenes were detected in 8 of 10 samples 

at site 11 with measurable concentrations ranging from 50 to 
880 μg/L, which were well below the EPA MCL of 10,000 
μg/L. Concentrations of m- and p-xylene ranged from 5.2 
(estimated) to 870 μg/L and o-xylene had concentrations 
ranging from 2.3 to 21 μg/L (table 8). Site 11 had two samples 
collected in December 2017 and April 2018 with o-xylene 
concentrations considered not detected, but the LRL was set to 
a higher value (50 μg/L) by the laboratory for those samples 
possibly because of matrix interference affecting the labora-
tory analysis in those samples (table 2.1).

Naphthalene was detected in 8 of the 15 sites sampled 
in the study area in 2014–18 (fig. 5, table 8). The number of 
naphthalene detections was highest on the east side of Fuel 
Area C with the most detections at site 11 southeast of UST 
13A (fig. 5). Detections of measurable naphthalene concen-
trations were in 2014 and 2015 at site 1 (1 out of 3 samples), 
site 2 (1 out of 3 samples), site 5 (both samples), site 7 (1 
out of 3 samples), and site 9 (2 out of 3 samples); detected 
concentrations for site 9 were all below the LRL. Naphthalene 
was detected in 9 of 10 samples collected from site 11 and 
4 out of 10 samples collected at site 10. One sample col-
lected in September 2017 from the recovery sump (site 15) 
had a detectable concentration slightly greater than the LRL, 
but naphthalene was not detected in other samples collected 
from the site (table 2.1). Naphthalene was not detected in any 
samples from the sites outside and east of Fuels Area C (sites 
12–14; fig. 5).

Measurable concentrations of naphthalene generally were 
less than 5 μg/L in wells sampled in the study area in 2014–18 
except for samples collected at sites 5, 7, and 11 (table 8). 
Samples from site 5 collected in June and October 2015 had 
concentrations of 21 and 29 μg/L, respectively, with subse-
quent samples less than the LRL (table 2.1). Site 7 had one 
sample with a detectable concentration of 33 μg/L collected 
in November 2014. Site 11 had the highest and most variable 
concentrations of naphthalene among the sites ranging from 
less than 1.0 to 94 μg/L (table 8). Only 1 out of the 10 total 
samples collected at site 11 had a concentration below the 
LRL; however, the EPA does not have an established MCL for 
naphthalene for comparison.

The variability of the presence of BTEX compounds 
and naphthalene in wells sampled in the study area during 
2014–18 likely is caused by the variability in the subsurface 
material, local groundwater flow, operational fueling activities, 
and historical spills and releases in the area. Information from 
soil borings and the electrical resistivity surveys indicate vari-
able subsurface material ranging from more transmissive and 
coarser material (sand and gravels) to finer and less transmis-
sive materials (silts and clays). Although the potentiometric 
surface indicates an eastward groundwater-flow direction in 
the study area, variations in subsurface geologic materials 
could create highly variable flow paths on a smaller scale in 
the study area. The potentiometric surface map also shows a 
very low gradient in the potentiometric surface at Fuels Area 
C, indicating that groundwater movement is somewhat slow. 
The spatial and temporal variability in the BTEX compounds 
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Figure 5.  Number and location of detections of naphthalene in samples collected in the study area around Fuels Area C, 2014–18.
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and naphthalene concentration from samples collected from 
2014 to 2018 do not indicate a consistent pattern of subsur-
face flow or contaminant movement that would be expected 
if a contaminant plume migrated with the flow and movement 
of groundwater. Many wells had detectable concentrations 
of petroleum products only in a few samples and mostly 
in samples collected in 2014 and 2015. This observation 
indicates that contaminant migration could be affected by 
other hydrogeological characteristics of the area other than 
groundwater-flow paths, such as possible migration of petro-
leum compounds from surface activities to the subsurface 
following rainfall events.

Several spills were documented in the study area (table 1) 
and the largest volume spill was in June 2015. In June 2015, a 
spill event was recorded of 3,400 liters (900 gallons) of Jet A 
fuel leaked to the subsurface from UST 13B (fig. 1, table 1). 
Samples collected in the study area from 2014 to 2018 con-
tained reportable concentrations of BTEX compounds and 
naphthalene in only a few samples, which did not indicate 
persistent or widespread contamination from the spill in the 
subsurface. Samples from well sites 10 and 11 contained high 
concentrations of BTEX in many of the samples collected 
from 2014 to 2018. However, samples collected for studies 
before 2015 also contained elevated concentrations of BTEX 
at sites 10 and 11 (Tetra Tech Incorporated, 2008). The high 
concentrations of BTEX before and after the June 2015 spill 
indicate that the petroleum hydrocarbons are probably from 
other sources, previous releases, or other spills. Site 10 is 
upgradient from UST 13B (fig. 1) and spills and seepage from 
the USTs likely would not reach this well. Petroleum prod-
ucts from a spill in March 1993 at Building 1707, west and 
upgradient from site 10 (fig. 1; table 1), could be the source 
of petroleum product detected at site 10. Additionally, spills 
were documented at the refueling stand in November 1992 
and the truck loading pad in September 1994 (fig. 1; table 1). 
The groundwater-flow direction (fig. 3) is east of the refueling 
stand and the truck loading pad and may indicate those previ-
ous spills have affected hydrocarbon concentrations at sites 10 
and 11, which are downgradient from those sites.

Gasoline-Range and Diesel-Range Organics
GROs and DROs were detected in most of the samples 

collected in the study area around Fuels Area C in 2014–18; 
however, concentrations often were less than the LRL 
(table 8). Median GRO concentrations were greater than the 
LRL at sites 1, 5, 9, 10, and 11 (fig. 6). Median DRO con-
centrations were greater than the LRL at most sites except 
sites 2, 4, 6, and 7. The highest concentrations of GROs and 
DROs generally were observed in samples collected from 
sites 10 and 11 (table 8; fig. 6). GRO concentrations ranged 
from 1,500 to 9,700 μg/L at site 10 and from less than 100 to 
13,000 μg/L at site 11. DRO concentrations ranged from 9,600 
to 55,000 μg/L at site 10 and from 560 to 7,300 μg/L at site 11.

Many of the sites had detectable concentrations of GROs 
and DROs but had no detectable concentrations of BTEX 
compounds, except sites 10 and 11 (table 8, figs. 4–6). Studies 
at other fuel release sites have determined that GRO com-
pound concentrations can remain stable during long periods of 
time, and DRO analyses can contain polar compounds that can 
be nonfuel related in groundwater and are typically oxygen-
containing metabolites of hydrocarbon biodegradation at fuel 
release sites (Zemo and others, 2017). In other words, rem-
nants of past spills in the form of nonfuel polar compounds 
may still be detected in the analysis of DROs, although BTEX 
compounds are no longer detected at the sites. The presence 
of GRO and DRO concentrations and absence of BTEX in 
samples in the study area indicate that previous fuel spills 
and releases in the area may still be affecting the groundwater 
chemistry in the area, but do not seem to indicate widespread 
petroleum hydrocarbon plume migration at the sampling sites. 
Given the variability in the detections and concentrations of 
petroleum hydrocarbons at sites in the study area, continued 
monitoring over the range of hydrologic conditions would 
prove helpful in better understanding the processes that affect 
the presence, concentration, and movement of hydrocarbons in 
the area.
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Summary

In 2013, the U.S. Geological Survey began a study in 
cooperation with the Defense Logistics Agency and the U.S. 
Air Force to estimate groundwater-flow direction, install 
groundwater monitoring wells, and collect soil and groundwa-
ter samples for petroleum hydrocarbon compounds to identify 
the presence of the hydrocarbon contamination at Ellsworth 
Air Force Base, South Dakota, specifically around Fuels 
Area C. Several fuel spills of diesel fuel, jet fuel, and other 

petroleum products, were documented on or near Fuels Area C 
and several studies have been done to determine the extent of 
petroleum hydrocarbon contamination in the subsurface.

Two-dimensional electrical resistivity tomography sur-
veys were conducted at Fuels Area C in 2014 to characterize 
subsurface materials and determine the depth to bedrock along 
survey lines. Determining the depth to the top of the Pierre 
Shale was important because variations in the bedrock surface 
may affect groundwater-flow paths. The depth to the top of the 
Pierre Shale from land surface along the four electrical resis-
tivity tomography survey lines in Fuels area C ranged from 
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about 5.4 to 8.7 meters. Resistivity lines and lithologic logs 
in wells in the area indicated mostly clay material with minor 
occurrences of sand and gravel.

Discrete groundwater levels were collected concur-
rently with water-quality sampling between November 2014 
and June 2018 at 14 monitoring wells for use in generating a 
potentiometric surface in the study area around Fuels Area C. 
Potentiometric contours were used to determine groundwater-
flow direction, which was assumed to be perpendicular to the 
contours. The potentiometric contours indicated that ground-
water flow was from the west to east or southwest to southeast 
around Fuels Area C.

Soil and groundwater samples were collected at selected 
locations from 2014 to 2018 to better understand the presence 
and movement of petroleum hydrocarbons in the study area 
around Fuels Area C. Soil samples were collected at eight 
wells during installation in 2014 and three wells during instal-
lation in 2016. Groundwater samples were collected from 14 
wells and a recovery sump within or near Fuels Area C from 
2014 to 2018.

Several petroleum hydrocarbon compounds were 
detected, but below action levels, in soil samples collected 
in 2014 and 2016. Benzene and toluene were not detected 
in any of the soil samples from the 11 monitoring well sites. 
Ethylbenzene was detected at sites 1 and 7 with concentrations 
of 3.00 and 0.28 milligram per kilogram, respectively. Total 
xylenes at site 1 and 7 had concentrations of 1.1 and 0.18 (esti-
mated) milligram per kilogram, respectively, and both were 
two orders of magnitude below the Tier 1 action level of 300 
milligrams per kilogram. Naphthalene was detected in samples 
from five sites (sites 1, 5, 7, 8, and, 9), but concentrations were 
less than the Tier 1 action level of 25 milligrams per kilogram.

Gasoline-range organic compounds were detected in all 
soil samples collected during the installation of 11 groundwa-
ter monitoring wells within or near Fuels Area C in 2014 and 
2016. Diesel-range organic compounds were detected in 9 out 
of the 11 soil samples collected at the 11 monitoring wells. 
Gasoline-range organic compound concentrations exceeded 
the Tier 2 assessment level for total petroleum hydrocarbons 
in soil samples from site 1 (5,200 milligrams per kilogram), 
site 5 (580 milligrams per kilogram), and site 9 (1,800 mil-
ligrams per kilogram); the remaining sites had concentrations 
below the Tier 2 assessment level for total petroleum hydro-
carbons. The highest concentrations of diesel-range organic 
compounds in soil samples from site 1 (3,600 milligrams per 
kilogram), site 5 (440 milligrams per kilogram), and site 14 
(330 milligrams per kilogram), and only the sample from site 
1 exceeded the Tier 2 assessment level for total petroleum 
hydrocarbons.

Petroleum hydrocarbon concentrations were measured 
in samples collected from 14 groundwater monitoring wells 
and 1 recovery sump between 2014 and 2018 in the study 
area around Fuels Area C. Benzene, toluene, ethylbenzene, 

total xylene (BTEX) compounds were detected in at least one 
sample collected from 10 of the 15 sites sampled in the study 
area from 2014 to 2018. Samples from monitoring well sites 2, 
3, 6, 8, and 9 did not have any quantifiable concentrations of 
BTEX compounds. Multiple BTEX compounds were detected 
consistently in samples collected from sites 10 and 11. Few 
BTEX compounds were detected at sites outside of and down-
gradient from Fuels Area C (sites 12–14).

Measurable BTEX compound concentrations in most of 
the wells sampled in 2014–18 in the study area were either 
below the laboratory reporting level or slightly greater than the 
laboratory reporting level, except for samples collected at sites 
7, 10, and 11. BTEX compound concentrations generally were 
the highest and most variable at site 11 compared to all the 
other sites sampled in the study area from 2014 to 2018.

Naphthalene was detected in 8 of the 15 groundwater 
sites sampled in the study area in 2014–18. Detections of 
measurable naphthalene concentrations were in 2014 and 2015 
at site 1 (1 out of 3 samples), site 2 (1 out of 3 samples), site 5 
(both samples), site 7 (1 out of 3 samples), and site 9 (2 out of 
3 samples); detected concentrations for site 9 were all below 
the laboratory reporting level. Measurable concentrations of 
naphthalene generally were less than 5 micrograms per liter in 
wells sampled in the study area in 2014–18 except for samples 
collected at sites 5, 7, and 11.

The variability of the presence of BTEX compounds 
and naphthalene in wells sampled in the study area during 
2014–18 likely is caused by the variability in the subsurface 
material, local groundwater flow, operational fueling activities, 
and historical spills and releases in the area. The spatial and 
temporal variability in the BTEX compounds and naphthalene 
concentration from samples collected from 2014 to 2018 do 
not indicate a consistent pattern of subsurface flow or contami-
nant movement that would be expected if a contaminant plume 
migrated with the flow and movement of groundwater.

Gasoline-range organic and diesel-range organic com-
pounds were detected in most of the groundwater samples 
collected in the study area around Fuels Area C in 2014–18; 
however, concentrations were often less than the laboratory 
reporting level. Median gasoline-range organic compound 
concentrations were greater than the laboratory reporting level 
at sites 1, 5, 9, 10, and 11. Median diesel-range organic com-
pound concentrations were greater than the laboratory report-
ing level at most sites except sites 2, 4, 6, and 7. The highest 
concentrations of gasoline-range organic and diesel-range 
organic compounds generally were observed in samples col-
lected from sites 10 and 11. Gasoline-range organic compound 
concentrations ranged from 1,500 to 9,700 micrograms per 
liter at site 10 and from less than 100 to 13,000 micrograms 
per liter at site 11. Diesel-range organic compound concentra-
tions ranged from 9,600 to 55,000 micrograms per liter at site 
10 and from 560 to 7,300 micrograms per liter at site 11.
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Table 1.1.  Water-level data measured at 14 monitoring wells in the study area around Fuels Area C, 2014–18.

[All water-level data for these sites are available from the U.S. Geological Survey National Water Information System database (U.S. Geological Survey, 2020); 
ID, identification; USGS, U.S. Geological Survey; MM, month; DD, day; YYYY, year; --, not available; >, greater than; elevation refers to the distance above the 
land-surface datum, North American Vertical Datum of 1988]

Map ID 
(fig. 1)

USGS site ID Site name
Sample date 

(MM/DD/YYYY)
Sample 

time

Land-surface 
elevation,  
in meters

Water-level 
depth below 
land surface,  

in meters

Hydraulic-head 
elevation,  
in meters

Depth of 
sample 

collection, 
meters 
below 

measuring 
point

1 440754103045401 MW14-01 11/21/2014 1230 964.47 4.18 960.30 7.62
1 440754103045401 MW14-01 06/17/2015 1230 964.47 4.02 960.45 7.62
1 440754103045401 MW14-01 10/29/2015 1100 964.47 4.17 960.31 10.06
1 440754103045401 MW14-01 03/23/2016 1200 964.47 4.65 959.82 10.06
1 440754103045401 MW14-01 06/09/2016 0930 964.47 4.42 960.05 10.06
1 440754103045401 MW14-01 04/13/2017 1200 964.47 4.79 959.68 10.06
1 440754103045401 MW14-01 06/28/2017 1430 964.47 4.75 959.72 10.67
1 440754103045401 MW14-01 9/12/2017 1030 964.47 5.00 959.48 10.36
1 440754103045401 MW14-01 12/13/2017 1500 964.47 5.08 959.39 10.36
1 440754103045401 MW14-01 04/10/2018 1600 964.47 5.23 959.24 10.36
1 440754103045401 MW14-01 06/26/2018 1100 964.47 4.47 960.00 10.36
2 440754103045001 MW14-02 11/19/2014 1000 963.42 6.42 957.00 12.19
2 440754103045001 MW14-02 06/16/2015 1010 963.42 5.50 957.93 12.19
2 440754103045001 MW14-02 10/27/2015 1530 963.42 6.25 957.17 12.50
2 440754103045001 MW14-02 03/22/2016 1500 963.42 7.10 956.33 12.50
2 440754103045001 MW14-02 06/08/2016 1510 963.42 6.52 956.90 12.50
2 440754103045001 MW14-02 04/12/2017 1230 963.42 6.22 957.21 12.50
2 440754103045001 MW14-02 06/29/2017 1100 963.42 6.12 957.30 13.11
2 440754103045001 MW14-02 09/14/2017 1300 963.42 6.93 956.49 13.72
2 440754103045001 MW14-02 12/12/2017 1600 963.42 7.29 956.13 13.72
2 440754103045001 MW14-02 04/10/2018 1330 963.42 7.56 955.86 13.72
2 440754103045001 MW14-02 06/21/2018 1130 963.42 6.18 957.25 13.72
3 440753103045501 MW14-03 11/20/2014 1150 965.44 4.72 960.71 6.00
3 440753103045501 MW14-03 06/15/2015 1030 965.44 4.29 961.14 6.00
3 440753103045501 MW14-03 10/29/2015 0900 965.44 4.70 960.73 5.49
3 440753103045501 MW14-03 03/21/2016 0900 965.44 5.27 960.16 5.49
3 440753103045501 MW14-03 06/07/2016 0900 965.44 5.04 960.39 5.49
3 440753103045501 MW14-03 04/11/2017 0950 965.44 5.59 959.85 5.79
3 440753103045501 MW14-03 06/26/2017 0945 965.44 5.50 959.94 5.80
3 440753103045501 MW14-03 09/11/2017 1600 965.44 5.75 959.68 6.10
3 440753103045501 MW14-03 12/11/2017 1100 965.44 5.85 959.59 6.10
3 440753103045501 MW14-03 04/09/2018 0930 965.44 6.06 959.38 6.10
3 440753103045501 MW14-03 06/25/2018 0930 965.44 5.54 959.90 6.10
4 440753103045201 MW14-04 11/19/2014 1440 963.54 4.02 959.52 10.67
4 440753103045201 MW14-04 06/16/2015 1500 963.54 3.96 959.59 10.67
4 440753103045201 MW14-04 10/28/2015 1300 963.54 3.96 959.59 10.06
4 440753103045201 MW14-04 03/22/2016 1200 963.54 4.33 959.21 10.06
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Table 1.1.  Water-level data measured at 14 monitoring wells in the study area around Fuels Area C, 2014–18.—Continued

[All water-level data for these sites are available from the U.S. Geological Survey National Water Information System database (U.S. Geological Survey, 2020); 
ID, identification; USGS, U.S. Geological Survey; MM, month; DD, day; YYYY, year; --, not available; >, greater than; elevation refers to the distance above the 
land-surface datum, North American Vertical Datum of 1988]

Map ID 
(fig. 1)

USGS site ID Site name
Sample date 

(MM/DD/YYYY)
Sample 

time

Land-surface 
elevation, in 

meters

Water-level 
depth below 
land surface, 

in meters

Hydraulic-head 
elevation,  
in meters

Depth of 
sample 

collection, 
meters 
below 

measuring 
point

4 440753103045201 MW14-04 06/08/2016 1245 963.54 4.21 959.33 10.06
4 440753103045201 MW14-04 04/12/2017 1430 963.54 4.47 959.07 10.06
4 440753103045201 MW14-04 06/27/2017 1330 963.54 4.37 959.18 10.36
4 440753103045201 MW14-04 09/13/2017 1330 963.54 4.68 958.86 10.36
4 440753103045201 MW14-04 12/13/2017 1300 963.54 4.77 958.78 10.36
4 440753103045201 MW14-04 04/10/2018 0915 963.54 4.95 958.60 10.36
4 440753103045201 MW14-04 06/22/2018 1030 963.54 4.49 959.06 10.36
5 440751103045301 MW14-05 11/20/2014 1300 964.73 -- -- --
5 440751103045301 MW14-05 06/15/2015 1230 964.73 2.75 961.99 4.42
5 440751103045301 MW14-05 10/28/2015 0830 964.73 2.92 961.81 3.66
5 440751103045301 MW14-05 03/21/2016 1000 964.73 3.22 961.51 3.66
5 440751103045301 MW14-05 06/07/2016 1000 964.73 2.87 961.86 3.66
5 440751103045301 MW14-05 04/11/2017 1100 964.73 3.88 960.85 3.66
5 440751103045301 MW14-05 06/26/2017 1030 964.73 3.08 961.66 3.66
5 440751103045301 MW14-05 09/18/2017 1000 964.73 3.42 961.31 3.66
5 440751103045301 MW14-05 12/11/2017 1200 964.73 4.05 960.68 3.66
5 440751103045301 MW14-05 04/09/2018 1000 964.73 4.41 960.32 3.66
5 440751103045301 MW14-05 06/25/2018 1000 964.73 2.44 962.29 3.66
6 440753103045202 MW14-06 11/20/2014 1000 963.72 4.20 959.52 10.67
6 440753103045202 MW14-06 06/16/2015 1230 963.72 4.15 959.57 10.67
6 440753103045202 MW14-06 10/28/2015 1100 963.72 4.13 959.59 10.06
6 440753103045202 MW14-06 03/22/2016 1000 963.72 4.51 959.21 10.06
6 440753103045202 MW14-06 06/08/2016 1050 963.72 4.39 959.33 10.06
6 440753103045202 MW14-06 04/13/2017 1015 963.72 4.72 959.00 10.36
6 440753103045202 MW14-06 06/28/2017 1230 963.72 4.66 959.06 10.67
6 440753103045202 MW14-06 09/13/2017 1600 963.72 4.89 958.83 10.36
6 440753103045202 MW14-06 12/13/2017 1030 963.72 4.99 958.73 10.36
6 440753103045202 MW14-06 04/10/2018 1130 963.72 5.19 958.53 10.36
6 440753103045202 MW14-06 06/22/2018 1300 963.72 4.72 959.00 10.36
7 440753103045001 MW14-07 11/19/2014 1230 962.41 5.94 956.47 10.67
7 440753103045001 MW14-07 06/17/2015 0950 962.41 5.39 957.02 10.67
7 440753103045001 MW14-07 10/27/2015 1330 962.41 5.66 956.75 10.67
7 440753103045001 MW14-07 03/21/2016 1430 962.41 6.27 956.13 10.67
7 440753103045001 MW14-07 06/07/2016 1400 962.41 5.88 956.53 10.67
7 440753103045001 MW14-07 04/12/2017 1000 962.41 6.10 956.30 10.67
7 440753103045001 MW14-07 06/27/2017 1100 962.41 5.66 956.74 10.67
7 440753103045001 MW14-07 09/11/2017 1400 962.41 6.29 956.11 11.58
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Table 1.1.  Water-level data measured at 14 monitoring wells in the study area around Fuels Area C, 2014–18.—Continued

[All water-level data for these sites are available from the U.S. Geological Survey National Water Information System database (U.S. Geological Survey, 2020); 
ID, identification; USGS, U.S. Geological Survey; MM, month; DD, day; YYYY, year; --, not available; >, greater than; elevation refers to the distance above the 
land-surface datum, North American Vertical Datum of 1988]

Map ID 
(fig. 1)

USGS site ID Site name
Sample date 

(MM/DD/YYYY)
Sample 

time

Land-surface 
elevation, in 

meters

Water-level 
depth below 
land surface, 

in meters

Hydraulic-head 
elevation,  
in meters

Depth of 
sample 

collection, 
meters 
below 

measuring 
point

7 440753103045001 MW14-07 12/12/2017 1300 962.41 6.55 955.86 11.58
7 440753103045001 MW14-07 04/09/2018 1530 962.41 6.65 955.75 11.58
7 440753103045001 MW14-07 06/21/2018 1430 962.41 5.36 957.05 11.58
8 440751103045101 MW14-08 11/20/2014 1300 964.27 >4.57 -- --
8 440751103045101 MW14-08 06/15/2015 1300 964.27 >4.57 -- --
8 440751103045101 MW14-08 10/27/2015 1630 964.27 >4.57 -- --
8 440751103045101 MW14-08 03/21/2016 1030 964.27 >4.57 -- --
8 440751103045101 MW14-08 06/07/2016 1100 964.27 3.60 960.67 4.57
8 440751103045101 MW14-08 04/11/2017 1200 964.27 4.15 960.12 4.57
8 440751103045101 MW14-08 06/26/2017 1115 964.27 4.27 960.00 4.57
8 440751103045101 MW14-08 09/13/2017 1630 964.27 4.40 959.88 4.57
8 440751103045101 MW14-08 12/11/2017 1300 964.27 4.45 959.82 4.57
8 440751103045101 MW14-08 04/09/2018 1030 964.27 4.46 959.81 4.46
8 440751103045101 MW14-08 06/25/2018 1030 964.27 4.16 960.11 4.27
9 440752103045001 MW14-09 11/21/2014 0940 962.49 3.32 959.18 7.92
9 440752103045001 MW14-09 06/15/2015 1420 962.49 3.32 959.18 7.92
9 440752103045001 MW14-09 10/27/2015 1100 962.49 3.22 959.27 8.84
9 440752103045001 MW14-09 03/21/2016 1200 962.49 3.57 958.92 8.84
9 440752103045001 MW14-09 06/07/2016 1200 962.49 3.47 959.02 8.84
9 440752103045001 MW14-09 04/11/2017 1445 962.49 3.87 958.62 8.84
9 440752103045001 MW14-09 06/26/2017 1500 962.49 3.85 958.64 10.67
9 440752103045001 MW14-09 09/14/2017 0930 962.49 4.00 958.49 9.14
9 440752103045001 MW14-09 12/12/2017 1100 962.49 4.08 958.42 9.14
9 440752103045001 MW14-09 04/09/2018 1230 962.49 4.27 958.22 9.14
9 440752103045001 MW14-09 06/26/2018 1430 962.49 3.78 958.71 8.84
10 440753103045301 MW08C01 06/18/2015 1100 964.09 3.76 960.33 6.10
10 440753103045301 MW08C01 10/28/2015 1430 964.09 4.04 960.05 6.10
10 440753103045301 MW08C01 03/22/2016 1300 964.09 4.47 959.61 6.10
10 440753103045301 MW08C01 06/09/2016 1100 964.09 4.33 959.76 6.10
10 440753103045301 MW08C01 04/12/2017 1530 964.09 4.72 959.37 6.10
10 440753103045301 MW08C01 06/30/2017 1100 964.09 4.74 959.35 6.10
10 440753103045301 MW08C01 09/12/2017 1300 964.09 4.86 959.23 6.10
10 440753103045301 MW08C01 12/15/2017 0930 964.09 5.00 959.09 6.10
10 440753103045301 MW08C01 04/11/2018 1100 964.09 5.14 958.95 6.10
10 440753103045301 MW08C01 06/25/2018 1230 964.09 4.60 959.49 6.10
11 440754103045101 MW11C02 06/18/2015 0930 964.26 3.93 960.34 9.14
11 440754103045101 MW11C02 10/29/2015 1300 964.26 4.11 960.15 6.00
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Table 1.1.  Water-level data measured at 14 monitoring wells in the study area around Fuels Area C, 2014–18.—Continued

[All water-level data for these sites are available from the U.S. Geological Survey National Water Information System database (U.S. Geological Survey, 2020); 
ID, identification; USGS, U.S. Geological Survey; MM, month; DD, day; YYYY, year; --, not available; >, greater than; elevation refers to the distance above the 
land-surface datum, North American Vertical Datum of 1988]

Map ID 
(fig. 1)

USGS site ID Site name
Sample date 

(MM/DD/YYYY)
Sample 

time

Land-surface 
elevation, in 

meters

Water-level 
depth below 
land surface, 

in meters

Hydraulic-head 
elevation,  
in meters

Depth of 
sample 

collection, 
meters 
below 

measuring 
point

11 440754103045101 MW11C02 03/23/2016 1300 964.26 7.07 957.19 7.62
11 440754103045101 MW11C02 06/09/2016 1200 964.26 4.94 959.32 6.00
11 440754103045101 MW11C02 04/13/2017 1400 964.26 5.40 958.86 6.89
11 440754103045101 MW11C02 06/29/2017 1600 964.26 5.75 958.52 9.14
11 440754103045101 MW11C02 09/15/2017 1015 964.26 4.33 959.93 9.14
11 440754103045101 MW11C02 12/11/2017 1430 964.26 6.93 957.33 9.14
11 440754103045101 MW11C02 04/11/2018 1330 964.26 5.78 958.48 9.14
11 440754103045101 MW11C02 06/25/2018 1330 964.26 2.31 961.95 9.14
12 440754103044801 MW2016-01 04/17/2017 1030 963.96 7.38 956.58 12.80
12 440754103044801 MW2016-01 06/29/2017 1430 963.96 6.83 957.13 13.11
12 440754103044801 MW2016-01 09/14/2017 1600 963.96 7.16 956.80 13.72
12 440754103044801 MW2016-01 12/14/2017 1330 963.96 7.52 956.45 13.72
12 440754103044801 MW2016-01 04/12/2018 1045 963.96 7.77 956.19 13.72
12 440754103044801 MW2016-01 06/27/2018 1430 963.96 7.20 956.77 13.41
13 440752103044801 MW2016-02 04/17/2017 1300 963.77 7.34 956.43 11.89
13 440752103044801 MW2016-02 06/30/2017 1300 963.77 7.00 956.77 11.89
13 440752103044801 MW2016-02 09/18/2017 1300 963.77 7.25 956.52 11.89
13 440752103044801 MW2016-02 12/15/2017 1200 963.77 7.45 956.32 11.89
13 440752103044801 MW2016-02 04/12/2018 1330 963.77 7.62 956.15 11.89
13 440752103044801 MW2016-02 06/27/2018 1100 963.77 6.93 956.83 11.89
14 440747103043801 MW2016-03 04/17/2017 1530 950.57 3.02 947.55 7.32
14 440747103043801 MW2016-03 06/30/2017 0930 950.57 3.15 947.42 7.32
14 440747103043801 MW2016-03 09/18/2017 1600 950.57 3.15 947.41 7.32
14 440747103043801 MW2016-03 12/14/2017 1000 950.57 3.03 947.54 7.32
14 440747103043801 MW2016-03 04/11/2018 0915 950.57 3.05 947.51 7.32
14 440747103043801 MW2016-03 06/28/2018 1200 950.57 2.97 947.60 7.32
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Appendix 2.  Water-Quality Data around Fuels Area C, 2014–18
Water-quality data around Fuels Area C, 2014–18, are 

shown in table 2.1 (available for download at https://doi.org/​
10.3133/sir20215060).

https://doi.org/10.3133/sir20215060
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