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1. Site Description 
 
This report presents some of the results of a screening level assessment of the vapor intrusion 
exposure pathway for hydrocarbon contaminants in the subsurface in Mandan, North Dakota.    
A large pool of free diesel product exists as a light nonaqueous phase liquid (LNAPL) under a 
portion of the downtown Mandan area.  The LNAPL has been estimated to contain between 1.5 
and 3 million gallons of diesel fuel.  The thickness of free product is reported to be as much as 
6.88 feet in some locations with an area of approximately 657,000 square feet. 
 
The presence of diesel fuel in the subsurface has also resulted in contamination of groundwater 
in the vicinity of the spill. Groundwater is present at a depth of approximately 20 feet below 
ground surface, and the flow is generally toward the southeast.  The depth to groundwater and 
the direction of groundwater flow change seasonally in response to river stages in the nearby 
Heart River and precipitation.  Recorded fluctuations in the water levels for wells within the 
study area ranged from 5 to 10 feet between 1990 and 2000.   
 
The horizontal extent of the LNAPL is reported to vary with fluctuations in the water table, 
resulting in a “smear zone” of contaminated soil around the perimeter of the LNAPL.  
Groundwater flow has resulted in the transport of contaminants outside the area of the LNAPL. 
 
A detailed geochemical evaluation of the LNAPL at Mandan was previously completed by the 
U.S. Geological Survey in 2001.  This study included the analysis of samples from the LNAPL 
for a wide variety of compounds.  Diesel-related compounds detected in the LNAPL included 
alkyl benzenes, alkanes, polynuclear aromatic hydrocarbons (PAHs), and other compounds 
associated with diesel fuel.  Target analytes detected in the volatile fraction included benzene, 
toluene, ethylbenzene, m&p-xylene, o-xylene, isopropybenzene, n-propylbenzene, 1,3,5-
trimethylbenzene, 2-ethylbenzene, 1,2,4-trimethylbenzene, sec-butylbenzene, p-
isopropyltoluene, 1,2,3-trimethylbenzene, n-butylbenzene, 1,2,3,5-tetramethylbenzene, 1,2,3,4-
tetramethylbenzene, and naphthalene. 
 
Because of their volatile nature, these compounds have the potential to evaporate from the 
LNAPL, soil and groundwater; migrate through the soil gas; and enter nearby buildings through 
cracks and other penetrations in the foundations as well as to enter utilities such as manholes, 
sanitary sewers and storm sewers. Some of these compounds can increase the risk of cancer in 
exposed individuals.  Others are not considered to be carcinogens but can cause non-cancer 
health effects, depending on the level of exposure.   
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This project was conducted in order to perform a screening level evaluation of the vapor 
intrusion pathway.  It included the collection of soil samples, groundwater samples, free product 
samples, soil gas samples, indoor air samples, and outdoor air samples.  The results were 
evaluated in accordance with guidelines and regulations developed by the EPA, OSHA, and 
other agencies. 
 
 
2. Building Information 
 
A number of businesses and residences are located above the areas of known diesel 
contamination in Mandan.  Occupants of these buildings are potentially exposed to diesel-related 
contaminants via the vapor intrusion pathway.  This study was a screening-level evaluation that 
included sampling in and near a small number of commercial and residential buildings above and 
near the LNAPL.  The buildings includes an apartment building, law office, vacuum repair shop, 
furniture store, financial services office, bank, law enforcement center, and a library 
 
In general, the buildings were older one- to two-story structures with basements.  Most of the 
basements contained a poured slab, although a few contained small areas with dirt floors.  Some 
of the buildings are interconnected with old steam tunnels.  All contained natural gas heating 
systems. 
 
Outdoor sources of petroleum-related compounds included vehicle traffic in the vicinity, a 
nearby railroad refueling facility, and a refinery.  An active soil vapor extraction system was shut 
down approximately one week prior to conducting the sampling.  Potential indoor sources 
included paint, petroleum products, cleaning chemicals, and similar materials.  To the extent 
possible, sampling was conducted in locations where these materials were not being actively 
used. 
  
Soil borings were conducted for the purposes of collecting samples for geotechnical testing and 
analysis of diesel-related contaminants.  The lithology encountered in the soil boring locations 
generally consisted of medium- to dark-brown silty sands and fine to very course grained clayey 
sands to a depth of about 2 to 3 feet.  This layer was underlain by medium-brown low to high 
plasticity sandy clays with tan /white/rust mottling to a depth of 11 to 17 feet.  Poorly graded 
fine-grained sands were observed below the sandy clay interval.  
 
 
3. Sampling and Analysis Methods 
 
A Sampling and Analysis Plan (SAP) and Quality Assurance Project Plan (QAPP) were 
developed for this project prior to conducting field activities. The sampling and analytical 
methods used for this study are summarized in Table 1 below.  
 
Soil samples were collected during the installation of soil gas monitoring wells.  A shallow soil 
sample was collected at approximately basement level (8 feet below ground surface).  A deep 
soil sample was collected just above the capillary fringe or about 16 feet below ground surface.  
The borings were completed as soil gas monitoring wells using 1/8-inch stainless steel tubing 



                
Environmental Scientists and Engineers, LLC 

 
c:\documents and settings\jcowart\my documents\prof development\vaporintrusion_sandiego_2004\mandan site\mandan summary.doc.07.15.09  3 
 

 

connected to a stainless steel mesh filter equipped with a 1/8-inch vapor inlet opening.  
Monitoring points were installed at two different depths in each location. 
 
 

Table 1.  Methodology 
 
Analysis 
 

Soil Groundwater Soil Gas Indoor/Outdoor Air 

Volatile Organic 
Compounds (VOCs) 

EPA 8260B EPA 8260B EPA TO-15 EPA TO-15 

Semivolatile Organic 
Compounds 
(SVOCs) 

EPA 8270C EPA 8270C EPA TO-131 EPA TO-131 

Diesel Range 
Organics (DRO) 

EPA 8015M EPA 8015M EPA TO-13 Mod. EPA TO-13 Mod. 

C2 to C10 
Hydrocarbons 

NA NA EPA TO-3 EPA TO-3 

Fixed Gases2 NA NA ASTM D1946 ASTM D1946 
1Includes only the polynuclear aromatic hydrocarbons (PAHs) 
2Methane, nitrogen, oxygen, carbon dioxide, carbon monoxide 
 
Approximately two weeks after installation of the soil gas monitoring wells, soil gas samples 
were collected.   Sampling was conducted at depths of approximately 8 and 16 feet below ground 
surface.  Prior to sampling, the tubing and well annulus was purged by removing 1.5 to 2 
volumes of air with a battery-operated personal air sampling pump.  Field readings were then 
obtained with a photoionization detector (PID) and combustible gas indicator (CGI).  These 
readings were collected to ensure that soil gas was being sampled rather than  short-circuiting to 
the atmosphere.  Soil gas samples for EPA method TO-15 were collected over 1 to 2 hour 
intervals using evacuated SUMMA canisters equipped with a 1-hour flow regulator.  These 
canisters were also analyzed for C2 to C10 hydrocarbons using EPA method TO-3 and for fixed 
gases (methane, nitrogen, oxygen, carbon dioxide, carbon monoxide) using ASTM D1946.  
Samples for Polynuclear Aromatic Hydrocarbons were collected in accordance with EPA 
Method TO-13 using a personal air sampling pump to draw soil gas through a PUF/XAD-2 
cartridge. 
  
Groundwater samples were collected using a low-flow purge technique.  Standing water in the 
wells was purged with a bladder-type pump.  The pH, temperature, conductance, and dissolved 
oxygen were monitored.  When the parameters stabilized, samples were collected for analysis of 
VOCs, SVOCs, and other parameters.  Where present, free product was sampled using 
disposable plastic bailers.   Depth to groundwater (or free product) ranged from 18.25 to 19.32 
feet below ground surface. 
 
Indoor air samples were collected using SUMMA canisters for TO-15, TO-3, and ASTM D1946.  
PUF/XAD-2 cartridges were used in conjunction with personal air sampling pumps to collect 
PAHs and diesel-range organics.    Sampling duration was approximately 24 hours.  Building 
owners were interviewed at the time of indoor air sample collection, and each sample location 
was inspected by the sampling team.  A questionnaire/inspection form was completed for each 
location.  Outdoor air samples were collected in three locations.  An indoor sample from a 
building outside the area of known contamination was also collected. 
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QA/QC protocols included the collection of field duplicates and field blanks.  All analytical data 
was reviewed by an independent chemist analytical data was validated by following CLP 
guidelines. 
 
 
4. Alpha Information 
 
Attenuation factors were calculated for the vapor intrusion pathway and are summarized in Table 
2 below.   One set of factors was calculated from the data for sampling locations above the 
LNAPL.  A second set of factors was calculated for locations outside the LNAPL but with the 
area of known contamination (the so-called “smear zone”).   Soil vapor concentrations above the 
LNAPL are expected to be controlled by the vapor pressure of the components of the LNAPL.  
The soil vapor concentrations in the “smear zone” are expected to be controlled by volatilization 
of contaminants absorbed onto the soil matrix.  The data used to calculate the attenuation factors 
is summarized in Tables 3 and 4.  No attempt was made to correct the data for “background.” 
 
The results were also compared to the screening levels published in the EPA Draft Vapor 
Intrusion Guidance.  Several compounds were detected at concentrations above the screening 
levels in the various media sampled.  The results are summarized in Table 5. 
 

Table 2.  Attenuation Factors 
 
Compound Locations Above LNAPL Locations Outside LNAPL But Above 

Contaminated Soil 
LNAPL to 

Deep Soil Gas 
Deep Soil Gas 

to Shallow 
Soil Gas 

Shallow Soil 
Gas to Indoor 

Air 

Deep Soil to 
Deep Soil Gas 

Deep Soil Gas 
to Shallow 
Soil Gas 

Shallow Soil 
Gas to Indoor 

Air 
1,2,4-Trimethylbenzene 0.0127 0.0077 0.0026 8.34 0.0270 0.0026 
1,3,5-Trimethylbenzene 0.0194 0.0153 0.0023 7.24 0.0338 0.0013 
4-Isopropyltoluene NA 0.1000 0.0044 4.49 0.0879 0.0018 
Benzene NA 0.0186 0.0231 157 0.0022 0.4789 
Ethylbenzene 0.0631 0.0031 0.0130 51.0 0.0077 0.0139 
Isopropylbenzene 0.0281 0.0155 0.0070 22.6 0.0407 0.0052 
Naphthalene 0.0033 0.0609 0.0020 4.12 0.0480 0.0018 
n-Butylbenzene NA 0.0333 0.0015 6.64 0.0421 0.0018 
n-Propylbenzene 0.0242 0.0057 0.0045 17.6 0.0224 0.0043 
sec-Butylbenzene 0.0132 0.0564 0.0015 3.02 0.0662 0.0048 
Toluene NA 0.0206 0.4256 NA 0.0762 0.6791 
Xylenes (total) 0.0572 0.0045 0.0103 59.7 0.0150 0.0085 
1,2,3-Trimethylbenzene NA 0.0194 0.0023 NA 0.0279 0.0022 
2-Ethyltoluene NA 0.0720 0.0004 NA 0.0317 0.0015 
4-Ethyltoluene NA 0.0094 0.0019 NA 0.0274 0.0022 
Methane NA 0.0870 0.0018 NA 0.0512 0.0068 
       
Average 0.0276 0.0331 0.0315 31.1 0.0379 0.0761 
Minimum 0.0033 0.0031 0.0004 3.02 0.0022 0.0013 
Maximum 0.0631 0.1000 0.4256 157 0.0879 0.6791 
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Table 3.  Monitoring Results for Locations Above LNAPL 
 
Compound Average 

LNAPL ug/L 
 

Deep Soil 
ug/kg 

Shallow Soil 
ug/kg 

Deep Soil Gas 
ug/m3 

Shallow Soil 
Gas ug/m3 

Average 
Indoor Air 

ug/m3 

Average 
Outdoor Air 

ug/m3 

"Background" 
Indoor Air 

ug/m3 

n=2 n=1 n=1 n=1 n=1 n=6 n=3 n=1 
1,2,4-Trimethylbenzene 7,500,000 21000 19 95,000 730 1.9 0.51 2.8 
1,3,5-Trimethylbenzene 1,545,000 6700 27 30,000 460 1.0 <2 0.71 
4-Isopropyltoluene NA 1800 13 2,600 260 1.1 <2.2 2.2 
Benzene <200,000 1000 6.6 8,600 160 3.7 2.7 2.7 
Ethylbenzene 666,000 1400 6.6 42,000 130 1.7 0.57 1.3 
Isopropylbenzene 228,000 460 1.2 6,400 99 0.69 <2 0.76 
Naphthalene 2,655,000 9100 4.9 8,700 530 1.0 <2.6 <2.6 
n-Butylbenzene NA 4100 12 12,000 400 0.59 <2.2 0.78 
n-Propylbenzene 952,000 2000 6.6 23,000 130 0.58 0.28 1.2 
sec-Butylbenzene 296,000 1300 12 3,900 220 0.33 <2.2 0.56 
Toluene <200,000 1000 6.6 6,300 130 55.3 8.6 79 
Xylenes (total) 2,780,000 6800 7.4 159,000 720 7.4 2.4 5.1 
1,2,3-Trimethylbenzene NA NA NA 36,000 700 1.6 <2 1.9 
2-Ethyltoluene NA NA NA 25,000 1,800 0.76 0.18 0.9 
4-Ethyltoluene NA NA NA 89,000 840 1.6 0.53 2 
         
Methane NA NA NA 23% 2.00% 0.0036% 0.0056% 0.0003% 
 
Averages exclude non-detects 
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Table 4.  Monitoring Data for Locations Outside LNAPL, Above Soil Contamination 

 
Compound Average 

Groundwater 
ug/L 

Average Deep 
Soil ug/kg 

Average 
Shallow Soil 

ug/kg 

Average Deep 
Soil Gas ug/m3 

Average 
Shallow Soil 
Gas ug/m3 

Average Inside 
Air ug/m3 

Average 
Outside Air 

ug/m3 

"Background" 
Indoor Air 

ug/m3 

n=3 n=3 n=3 n=3 n=3 n=6 n=3 n=1 
1,2,4-Trimethylbenzene 43 12033 1.4 100,333 2,707 7.1 1.0 2.8 
1,3,5-Trimethylbenzene <10 4100 <6.7 29,667 1,003 1.3 2.0 0.71 
4-Isopropyltoluene NA 735 <6.7 3,300 290 0.53 2.2 2.2 
Benzene 98 100 <6.7 15,700 34 16.3 2.7 2.7 
Ethylbenzene 76 1203 <6.7 61,333 473 6.6 0.57 1.3 
Isopropylbenzene 18 327 <6.7 7,367 300 1.5 2.0 0.76 
Naphthalene 392 5333 1.7 22,000 1,055 1.9 2.4 <2.6 
n-Butylbenzene NA 2333 <6.7 15,500 652 1.2 2.2 0.78 
n-Propylbenzene 28 1400 <6.7 24,667 551 2.4 0.85 1.2 
sec-Butylbenzene <10 1500 <6.7 4,533 300 1.4 2.2 0.56 
Toluene <10 <1300 <6.7 773 59 40.0 8.6 79 
Xylenes (total) 25 1167 <6.7 69,687 1,047 8.9 2.4 5.1 
1,2,3-Trimethylbenzene NA NA NA 41,333 1,153 2.5 2.0 1.9 
2-Ethyltoluene NA NA NA 25,333 802 1.2 0.79 0.9 
4-Ethyltoluene NA NA NA 45,667 1,253 2.8 1.0 2 
         
Methane NA NA NA 17% 0.85% 0.0058% 0.0056% 0.0003% 
 
Averages exclude non-detects 
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Table 5.  Detection of Diesel-Related Compounds in Various Media 
 

Compound Soil* Groundwater Deep Soil 
Gas 

Shallow 
Soil Gas 

Indoor Air Background 
Indoor Air 

Outdoor 
Air 

Benzene X X X X X X X 
Toluene X X X X X X X 
Ethylbenzene X X X X X X X 
Xylenes (total) X X X X X X X 
1,2,3-Trimethylbenzene NA NA X X X X  
1,2,4-Trimethylbenzene X X X X X X X 
1,3,5-Trimethylbenzene X X X X X X  
n-Propylbenzene X X X X X X X 
Isopropylbenzene X X X X X X  
2-Ethyltoluene NA NA X X X X X 
4-Ethyltoluene NA NA X X X X X 
n-Butylbenzene X  X X X X  
Sec-butylbenzene X X X X X X  
p-Isopropyltoluene X X X X X X  
Naphthalene X X X X X   
2-Methylnaphthalene X X NA NA NA NA NA 
Acenaphthene X X X X    
Fluorene X X      
Phenanthrene X X      
Anthracene X       

        
X = Compound detected in one or more samples from this medium 
Highlighting indicates one or more samples exceeds EPA screening level 
NA = Compound not included in analyte list 
*Screening levels not available for soil samples 
 
 
5. Conclusions 
 
The observed attenuation factors of diesel-related compounds for deep soil gas to shallow soil 
gas averaged about 0.03 to 0.04.  For shallow soil gas to indoor air, the attenuation factors were 
0.03 to 0.08.  Attenuation factors for individual compounds varied by an order of magnitude or 
more.   
 
Methane was found in potentially explosive concentrations in the subsurface at this site.  
Methane has the potential to accumulate to hazardous concentrations in underground structures 
such as sewers and utility vaults. 
 
The concentrations of diesel-related compounds in indoor air were relatively low, although 
several compounds exceeded the screening level established in the EPA vapor intrusion 
guidance. 
 
Further evaluation of the site is recommended to more fully evaluate the impacts of subsurface 
diesel contamination on indoor air.  
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