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Preface

Proceedings of 1995 Symposium on Remediation of
Diesel Fuel Contaminated Soil

October 24, 1995, University of Massachusetts, Amberst
Sponsored by the Jssociaiion of American Rairoads

Thi.s volume is the fifth in a series of books to be published from an annual
symposium on remediation of sites contaminated with diesel fuel and on other related
topics. T'he symposium is sponsored by the Association of American Railroads and is
hcl(.:l in conjunction with the Contaminated Soils Conference organized by the
University of Massachusetts each year. Both the symposium and this book series are a
response to the need for discussion and publication .of work on petroleum
hydrocarbons other than gasoline. With the publication of this volume, over 50 papers
addressing these issues have been published in this series, thereby substantially
expanding the knowledge base available to individuals concerned with the cost-
effective cleanup of property contaminated with diesel fuel and related issues. The shift
away from the strict focus on gasoline issues is part of a larger trend recognizing that
all petroleum hydrocarbons do not pose the same level of risk and should not
nec'essarily be treated in the same manner as gasoline. This awareness has fed to a
nationwide paradigm shift in the approach to establishing cleanup levels for petroleum
bydrocarbon contaminated sites. The annual conference and symposium have been an
important forum for discussion of this shift, and the railroad industry has been vitally
involved in encouraging this effort.

. As corporations with operations in many states and provinces in North America
railroads became cognizant of the varying cleanup requirements being demanded oi’:"
them at diesel fuel spill sites in various locales. Generally, this variability did not
reflect differences in risk, instead, it indicated the different, and sometimes arbitrary,
approaches to establishing cleanup goals employed by different agencies, and revealedi
the need for a consistent scientific basis for estimating risk from spilled petroleum
hydrocar'bons. Railroads, and others encountering these circumstances, are seeking a
more rational approach that takes into account both the characteristics of the spilled
‘materi.al and its impact on the environment. The result is a broad-based coalition
involving regulators and the regulated community, who are jointly developing a riskz
based approach to setting cleanup requirements. The objective of this effort is more
efficient allocation of cleanup resources to protect human and environmental health.
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To date, there is fimited experience with the new methodology, and several issucs
remain to be resolved before full advantage of this approach can be taken. The coming
years promise to be exciting ones in terms of the development and application of new,
more detailed, scientific data on weathered hydrocarbon composition, analysis of the
environmental mobility of hydrocarbons in soil, and demonstration of the efficacy of
setting cleanup goals using risk-based criteria at a variety of sites. Several of the chapters
in this volume deal with topics relevant to risk-based cleanup, including site risk
assessmicnt, appropriate site closure levels, and contaminant measurement techniques.

Development and acceptance of methods for establishing appropriate risk-based
cleanup levels are lmportant, but achieving these levels by the most cost-effective
treatment method is also necessary. Understanding the response of diesel fuel to
different remediation approaches under a variety of conditions is essential to planning
the most cost-effective approach at a particular site. A number of the papers in this
volume describe the site-specific conditions, as well as the rationale and effectiveness
of the method employed to contain, remove, o bioremediate the spilled hydrocarbon.
As this information accretes, 2 general picture emerges of the effectiveness and
economics of different approaches under different conditions. This provides the
environmental professional responsible for cleaning up diesel contaminated sites under
the wide, variety of conditions encountered in North America with a solid reference
base from which to seck firsthand knowledge about what worked, what did not, how

long it took, and how much it cost. These are all questions of vital interest to persons
responsible for planning, managing, and overseeing the cleanup of sites contaminated

with diesel fuel.

Christopher PL. Barkan

Senior Manager
Environmenta! and Hazardous Materials Research Program

Research and Test Department
Asgsociation of American Railroads
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Chapter 1

Integrated Risk Analysis of Residual
Diesel Concentrations in Soil Following
a Train Derailment

John W. Anthony
Hydrologic Consultants, Inc., Lakewood, CcoO

Robert J. Sterrett
Hydrologz'c Consultants, Inc., Lakewood, CO

Glenn C. Millner
Industrial Compliance, Little Rock, AR

Michael J. Grant
Southern Pacific Lines, San Francisco, CA

INTRODUCTION

During the early morning hours of March 19, 1991, a debris flow, that occurred as
a result of a heavy rainstorm in the coastal Santa Ynez mountains, washed out the fill
embankment spanning the Cafiada Agua Vina culvert, three miles southeast of Point
Arguello, California (Figures 1 and 2). At 4:15 a.m., an eastbound freight train of the
Southern Pacific Transportation Company (SPTCo), consisting of three locomotives
and 28 freight cars, reached the damaged structure. Two locomotives successfully
passed upright across the embankment. However, the rails then collapsed, resulting in
a general pileup of the remaining consist. A total of 24 of the 28 railcars, and two of
the three locomotives, were derailed. An estimated five thousand gallons of diesel fuel
were spilled from ruptured tanks on the locomotives, together with a large amount of
industrial-grade paraffin that leaked from three tank cars. Other spilled freight
included canned goods, feed corn, soda ash, shingles, and umber.

An emergency-response team was able to contain the spilled diesel fuel and paraffin
by constructing earthen berms around the spill site. Remediation of the soils that
contained diesel fuel constituents became the principal issue of concern, as diesel fuel
had infiltrated soils on the site by the time remedial activities commenced. Site
remediation, consisting of excavation and off-site disposal of the soils that contained
diesel fuel, was conducted from March 22 to April 5, 1991,
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Soil samples were collected from the excavations, at the conclusion of remedial
activities, to assess whether diescl fuel constituents were still present in soil in the spill
arca. The analytical results indicated that some fuel hydrocarbons did remain in soils
adjacent to the excavations. Accordingly, SPTCo contracted Hydrologic Consultants,
Inc. (HCI) to assess the possible vertical and lateral distribution, and quantities of fuel
tiydrocarbons, remaining in the subsurface, and to evaluate the potential risks to the
environment due to the presence of diesel fuel constituents in soil at the derailment
site. Dr. Glenn Millner, currently with the toxicology group of Industrial Compliance,
Inc., was also contracted, to assess the potential risks to human health, associated with
exposure to diesel fuel in soil.

The analysis was carried out by HCI and Industrial Comphlance, Inc., using
sampling data, including the results of geotechnical and chemical analyses, collected by
the remediation contractor during the spill remediation. A series of calculations was
conducted by HCI to predict the transport of diesel fuel constituents in the un-
saturated zone. The calculations were intended to assess whether diesel fuel
constituents originating in the spill area were likely to migrate to the water table
beneath the site, in concentrations that would adversely affect ground-water quality.
Potential exposurc pathways were then characterized, and a residual potential
contaminant exposure scenario for hypothetical human receptors (“risk assessment”)
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was developed .by Industrial Comphiance, Inc., using site-specific data. The risk
assessment was intended to estimate the risks to potential human receptors, that might
result from No. 2 diese] fuel remaining in soil.

This paper discusses the methods used to conduct the transport and exposure
analyses, and summarizes their results.
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BACKGROUND INFORMATION

Location and Description

Site Description

The deratlment site is located on the Sudden Flats of South Vandenburg Air Force
Base, approximately 14.5 miles southwest of the community of Lompoc in Santa
Barbara County, California (Figure 1). The spill area lies on the SPTCo rail right-of-
way between mile posts 313.83 and 314.5, within Vandenburg Air Force Base
boundaries, approximately 3 4 miles northwest of the Sudden rail siding, and will be
referred to as the “Sudden derailment site”.

The Sudden derailment site is adjacent to 2 perennial stream called Caiada Agua
Vina, and extends approximately 1,700 feet cast-southeast between the Cafiada Agua
Vina culvert and the Fast Creek channel {Figure 2). The Pacific Ocean lies 1/4-mile
to the south-southwest. The site is bounded on the north and south by Vandenburg
Air Force Base and on the northwest by the Point Arguello U.S. Naval Missile Facility.
The land immediately surrounding the site is undeveloped and consists of grass-
covered, open rangeland.

Physiography and Glimate

The Sudden Flats are located near the rocky coastline of the Pacific Qcean and
occupy the entire breadth of a gently sloping, alluviated coastal plain (Figure 2). The
plain lies on the tread surface (upper flat surface) of an elevated marine terrace that
extends from the bordering sea cliff inland to the foothills of the east-west-trending
Santa Ynez Mountains, immediately north of Sudden Flats. This plain ranges in
elevation from about 25 feet NGVD (National Geodetic Vertical Datum of 1929;
equivalent to mean sea level) near the sea cliff, to about 160 feet NGVD at the slope
break near the foothills.

The coastal plain and adjacent hill slopes have been dissected by perennial and
intermittent drainages that originate in the nearby mountains. The distal edges of
alluvial fans, associated with these drainages, bound the plain to the north (U.S.
Department of Agriculture, 1958; Dibblee, 1988). The Sudden derailment site itself
lies immediately east of a perennial stream (Cafiada Agua Vina) that has incised a deep
artoyo from north to south into the marine terrace (Figure 2). The SPTCo rail line
crosses the stream over an earthen embankment that is pierced by a culvert; at this
point, the elevation of the railroad grade is approximately 100 feet NGVD, and the
elevation of the streambed is approximately 80 feet NGVD. The land immediately
adjacent to the derailment site slopes gently up towards the north, and is vegetated
with grasses, chaparral, and sage.

The climatic conditions for the area are similar to those reported for the Central
Coast region of California over a 105-year period of record (National Qceanic and
Atmospheric Administration, 1991a; ibid., 1991b). While the climate of coastal
Californja is characterized by distinct annual wet and dry seasons, the area experiences

mild weather throughout the year.
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Archacclogical Features

The train derailment occurred within the boundaries of two recognized
archaeological sites that occupy the coastal plain, and adjacent slopes and ridgetops
fr.om the sea cliff inland towards the foothills of the Santa Ynez moun‘fainsg fo1l'3 a:
distance of 0.4 miles along Cafiada Agua Vina. The creek forms a common nor,th—to-
south boundary between the two archacological sites, while the SPTCo main line
traverses both sites from east to west (Figure 3). The two sites were previously occupicd
by the Chumash Indian community of Nocto, and consist of deep shell midgens
(refuse heaps) covering a total area of 125 acres. The combined size of the middens
together with their generally excellent state of preservation (Glassow ef ai. 1976?
Spa'nne' and Glassow, 1974), make this an archaeologically-important preilistori(’:
habitanor'l site of the California coastal mainland. The archacological deposits on the
SPTCo right-of-way are either deeply buried beneath the railroad grade and ballast, or
are heavily disturbed as a result of past railroad construction. ’
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Geology

The Sudden Flats are located in the western part of the Transverse Ranges
physiographic province, a broadly rectangular region characterized by east-west-
trending topographic and geologic Features that transect the predominantly northwest-
oriented structural grain of California {Norris and Webb, 1990).

The marine terrace that underlies Sudden Flats was cut into bedrock on a dip-slope
along the south side of the Santa Ynez Mountains, during a high stand of the Pacific
Ocean in late Pleistocene time {Dibblee, 1950; Evenson and Miller, 1963). The local
bedrock (Monterey Formation) comptiscs thin-bedded chert and poreellanous shale.
The terrace at the derailment site is covered with a relatively thin veneer of soils that
consist primarily of kitchen middens of paleo-Indians, that overlie shaly loam of
Arguello-series soils (U.S. Department of Agriculture, 195 8). The upper 0 - 19 feet of
material is generally a heterogeneous to pootly-stratified deposit, consisting of shell
and hone fragments, and some rock and clay material, together with lenses of ash and
shell (U.S. Department of Agriculture, 1958; Spanne and Glassow, 1974). These
anthropogenic deposits also include artifacts such as fire hearths, rock platforms, man-
made fiving terraces, chipped tools, and burials (Glassow ef &/, 1976; Spanne and
Glassow, 1974). The middens overlie a dark gray to brown silty, sandy loam with a little
clay, containing platy to angular fragments of Monterey shale, that was deposited in
alluvial fans along the south-facing front of the Santa Ynez Mountains. These soils,
where exposed in the walls of the Cafiada Agua Vina arroyo, and in excavations,
constructed during remedial activities, display 2 crude stratification defined by thin
fayers and discontinuous lenses of coarse-grained clasts (pebbles to boulders).

Field observations of outcrop exposures, together with information collected
during trench excavation, allowed us to assess the subsurface relationships among the
various consolidated and unconsolidated geologic units. Outcrops of Monterey shale
are visible several hundred feet up the hillslope north of the derailment site, and are
present in the sea cliff to the south. Consolidated Monterey shale bedrock was found
seven feet below land surface in the most casterly part of the site; the channel of
Cafiada Agua Vina appears to be incised into Monterey shale in the vicinity of the
railroad embankment crossing. The base of the channel is about 20 feet below the
terrace tread surface, suggesting that the combined thickness of the unconsolidated
deposits that overlic Monterey shale at the Sudden derailment site is 7 - 20 feet.

Hydrogeclogy

The ground-water system in the area comprises two distinct hydrogeologic units:
the consolidated rocks of Jurassic to Pliocene age, and the unconsolidated formations
of late Pliocene to Recent age (Evenson and Miller, 1963; Muir, 1964, ibid., 1968,
Upson and Thomasson, 1951). The consolidated rocks, where water-bearing, yield
water primarily from fractures (Upson and Thomasson, 1951), and the quantity of
water that these rocks produce 1s likely to be small {Evenson and Miller, 1963; Muir,
1964; Battelle Columbus Division, 1989). The younger unconsolidated deposits form
the principal water-bearing unit in the region (Evenson and Miller, 1963; Upson and
Thomasson, 1951). '
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The depth to ground water beneath the derailment site was not known; however,
the bed of Cafiada Agua Vina at the western edge of the site is approximat(’:ly 20 fcc;
below the elevation of the rails at the derailment site. The perennial base flow of
Cafada Agua Vina is probably fed by ground-water discharge, suggesting that the local
water table also occurs at a depth of about 20 feet below land surface.

‘ In ‘the area to the north of thie Santa Ynez mountains, ground water is used
ptimarily for irrigation (Berenbrock, 1988). However, the Sudden derailment site is
loclated within the boundaries of Vandenburg Air Force Base, so there is no nearb
remde.nt population. Furthermore, the small saturated thickness of the unconsolidatcc}:lf
d‘eposms (one to two feet) on the lower coastal plain, together with the low specific
yield of the consolidated rocks in the area (IEvenson and Miller, 1963; Muir, 1968;
Batelle Columbus Division, 1989), suggest that the potential for ,grounciéwatc;
development near the derailment site is small; additionally, the quality of shallow
ground water is known to decline with proximity to the coast (Berenbrock, 1988). The
shallow ground water, therefore, does not represent a potential drinking-water source.

Site Remediation

‘ Tlie area of the derailment lies almost entirely within the 80-foot wide SPTCo
r1ght?of—way, bordered on either side by Vandenburg Air Force Base property. Durin
the pileup, one of the locomotives slid along the tracks, and came to rest approximatelg
1,609 feet east of the stream crossing, resulting in two separate diesel spills within the
defallment site. Paraffin, soda ash, and diesel fuel were present in the western area
adjacent to Caflada Agua Vina, while only diesel fuel was spilled in the eastern area. ’

On the morning of March 19, 1991, immediately following the derailment
emergency-response personnel from the Air Force, and from SPTCo's remediatior;
contractor, mobilized to the site to remove the derailed equipment and begin cleanu
activities. Work then began on containment and removal of spilled diesel fuel ang
paraffin. The paraffin and diesel fuel were contained within hand-excavated berms b
8:00 a.m. on March 19. ’

. During initial remedial activities at the derailment site, soil that presented obvious
visual or olfactory evidence of diesel fuel was excavated from two locations in the
western derailment area. Remedial excavation activities continued through the week of
April 1, 1991; work was conducted under the supervision of representatives of the Air
Force and the Chumash tribal elders council. Careful ecxcavation practices were
followed to minimize disturbance of the archacological sites. Additional soil that
contained diesel fuel constituents was also removed from a third pit in the western spill
ared, while diesel fuel and soil from the eastern spill site were removed from a foulsth
pit, situated approximately 1,200 feet east along the tracks.

Soil that contained diesel fuel was excavated to depths between four and ten feet
below land surface, using a backhoe. Excavated soil was stockpiled on plastic sheetin
and later disposed at an off-site facility. Near the conclusion of remedial activitie%’
several shallow trenches were excavated and sampled, to assess the lateral distributior;

of diesel fuel in. soils around the spill arcas. Ground water was not encountered in any
of the excavations.
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Soils in each excavation were screened at frequent intervals using a photo-ionization
Jetector. Excavations were widened and deepened until visual evidence and/or
instrument readings suggested that no diese! fuel remained in soil in the walls and base
of the excavation, or until excavation activities had to be terminated because of proximity
to the railbed or other structures. Representative soil samples were then collected from
the sides and bottom of each excavation, and submitted for chemical analysis to asscss
whether fuel constituents remained in soil adjacent to the excavations. After samples had
been collected, each excavation was backfilled with clean soil; backfilling began as soon
as ficld-screening methods indicated that the fuel-affected soils had been removed, or the
excavation had been enlarged to the greatest extent practical.

EVALUATION OF REMEDIAL EFFECTIVENESS

Results of Remedial Activities

Volume of Diesel Fuel Removed

During remediation of soils that contained diesel fuel, approximately 1,440 tons of
soil material (equivalent to about 1,000 cubic yards) were excavated and disposed. The
waste profile suggested that the excavated material contained approximately one
percent diesel fuel by weight. Assuming that the waste profile concentration was
reptesentative of the concentration of diesel fuel in excavated soil, the results of volume
calculations indicated that about 4,500 gallons of diesel fuel — approximately 90
percent of the diesel fuel that wis reported to have been spilled —— was removed, along

with excavated soil.

Results of Closure Sampling

A number of soil samples were collected from the sides and bottoms of the four
excavations during remedial activities. These samples were analyzed for total fuel
hydrocarbons, quantitated against a diesel standard, so that residual concentrations of
Jiesel fuel in soil could be assessed {Table 1). Several soil samples were also analyzed
for the volatile fuel constituents benzene, toluene, ethylbenzene, and total xylenc
isomers (BTEX), using EPA Method 8020 (Table 2). -

Sixteen soil samples were collected from locations near the excavations and
analyzed for fuel hydrocarbons, to assess whether diesel fuel was present in soils outside
of the known spill areas. Thirteen soil samples were collected from locations near the
excavations and along the railbed in the spill area, and analyzed for representative
geotechnical properties (grain-size distribution, total porosity, moisture content,
Atterberg limits, and saturated hydraulic conductivity).

Laboratory analyses of soil samples collected during remedial excavation activities
confirmed the presence of fuel constituents in the bottom and sides of excavations at
several locations (Tables 1 and 2). The data also indicated that some fuel constituents
remained in soils, in restricted locations around the spill areas, where soil had not been
excavated because of engineering concerns regarding the proximity of the railbed or
other structures. The maximum. concentrations of BTEX that were detected in soil
samples (Table 2) were below levels of potential regulatory concern (California

Integrated Risk Analysis of Residual Diesel Concentration in Soil

Table 1 Concentrations of Fuel Hydrocarbons Detected in Soil Samples Collected

During Remediation Sudden Derailment Site

Depth Below Concentration of
Sample Number  Sample Location Land(iS::)lrf - I((‘:seflil;lzt:!ll)‘(zfna:;;:g;
10510-1 Excavation #1 ) 1,320
10510-2 Excavation #1 ) 62
10510-3 Excavation #1 ) 160
10510-4 Excavation #1 () 11
2-1 Excavation #2 (?) 4,800
2-2 Excavation #2 Q) 72
2-3 Excavation #2 () ND
2-4 Excavation #2 ® 9,500
2-5 Excavation #2 () 47
2-6 Excavation #2 & 26,000
2-7 Excavation #2 6 ND
2-8 Excavation #2 ) 1,800
2-9 Excavation #2 9] 140
2-10 Excavation #2 ® 550
2-15 Pothole 6 53
2-16 Pothole 6 180
2-17 Pothole 6 20
2-18 Pothole 6 190
2-19 Pothole 4 ND
2-10 Pothole 5 ND
2-21 Pothole 5 ND
2-22 Pothole 4 ND
2-23 Pothole 5 ND
2-24 Pothole 6 ND
2-25 Pothole 5 ND
2-26 Excavation #3 5 34,000
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Table 1 (continued)
| Depth Below Concentration of
Land Surface Fuel Hydrocarbons

Sample Number Sample Location (ft) {as diesel) (mg/kg)
2-27 Excavation #3 6.5 ND

2-28 Excavation #3 5 ND

2-29 Excavation #3 6 ND

2-30 Excavation #3 5 9,000

2-31 FExcavation #3 5 130

2-32 Excavation #3; Duplicate of 2-31 5 89

2-33 Excavation #3 6 20,000

2-34 Excavation #3 5 ND

2-35 Excavation #3 45 2,300

2-36 Excavation #3 6 910

2-37 (Background) (® (Not analyzed)
2-38 Excavation #4 3.5 ND

2-39 Excavation #4 6 ND

2-40 Fxcavation #4; Duplicate of 2-32 6 ND

2-41 ‘ Excavation #4 .95 4,900

2-42 Excavation #4 6.5 7,400

2-43 Excavation #4 7 11,000
2-44 Excavation #4 9.6 130

2-45 Excavation #4 5.5 34

2-46 Excavation #4 5.5 6,300

2-47 Excavation #4 7 10,000
2-48 Excavation #4 45 1,095

2-49 Excavation #4 5.5 ND

2-50 Excavation #4 3.5 869

2-51 Excavation #4 45 11

2-52 Excavation #4 7 ND

2-53 Excavation #4 8 ND

Integrated Risk- Analysi.;s of Residual Diesel Concentration in Soil 11
Table 1 (continued)
Depth Below Concentration of
Land Surface Fuel Hydrocarbons
Sample Number Sample Location (ft) (as diesel} (mg/kg)
2-54 Excavation #4 5.5 ND
2-56 Excavation #4 5 71
2-57 Fxcavation #4 6 18,000
2-58 Excavation #4 5 ND
2-59 Excavation #4 5 ND
2-60 Excavation #4 6 ND
2-61 (Background) 0 22
Arithmetic Mean of 58 Samples’ 2,903
Geometric Mean of 58 Samples’ | 23
RML Estimator of The Mean of 58 Samples® 2,333
Upper 95% Confidence Limit of The Mean of 58 Samples® 3,168

1 Soil samples were collected during the period March 21, 1991 through April 4, 1991,

2 Depth of sample is the depth in feet below a datum marked by the centerline of the rails.

3 Samples were analyzed for fuel hydrocarbons using the California DHS LUFT
method, quantitated against a diesel standard.

+“ND” indicates that the concentration of fuel hydrocarbons was below the detection
limit. The detection limit for fuel hydrocarbons in all samples was 10 mg/kg.

5 (?) indicates that the data are unavailable or unknown.

¢ One milligram per kilogram (mg/kg) equals 1 part per million.

7 Tabulated arithmetic and geometric means are for all samples, and assume that the
concentration in samples in which fuel hydrocarbons were not detected was one-half
the detection limit. ‘

& The restricted maximum likelihood {RML) estimator, and upper 95 percent confidence

estimator of the mean, were calculated using methods appropriate to censored data .

(Atwood er al, 1991; Gilliom and Helsel, 1986a; Haas and Scheff, 1990).
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Inplementation of Jury Model e
Thc “Tury model” (Jury ef al,, 1983) used to simulate the transport of iescl fue
constituents in the unsaturated zone is based on a number of simplifying assumptions:
+ Chemical transport occurs vertically through a uniform soil column, consisting
of a homogeneous porous medium, which is infinite in vertical extent.

« The chemical adsorption isotherm is linear and reversible.
« The equilibrium liquid-vapor partition is linear (Henry’s Law applies).

« At time t = 0, the chemical is initially incorporated into some soil layer (the
“incorporation layer”) at a uniform concentration C.

« The volatilization loss of chemical and the evaporative loss of water todthe
atmosphere are limited by gaseous diffusion through.a stagnal;ltuau bounl—1 ar?;
layer, above which the chemical has zero concentration and the atmosphe
relative humidity is at some fixed value. |

The conceptual structure of the model that was us:ed (o assess the trans.port'of diesel

zone at the derailment site is shown in Figure 4

Estimates of soil properties (Table 3) were obtained from the rezults.;)f gcc;ti::%?i
laboratory analyses of several soil samples co]lc(ftcd at th‘e Sudden t;ral ment s ! S:and

value used for the soil organic carbon content is a p.ubhshed value_lor a typlltca ane S);

loam {Jury ef al, 1984). Considering that the soils at the derailment site

fuel constituents in the unsaturated

EVAPORATION

} 5 2 i ’
LAND SURFAGE

W 1 "“"1 l i YRR
l 150TACPIC, HOMOGENEQUS 1

POROUS MEDIUM
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Bt -
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12t —
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166 —
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Figure 4 Conceptual One-Dimensional Soil Columa Used in Unsaturated-Zone
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Table 3 Physical Parameters Used to Calculate Infiltration of Fuel Constituents to
the Water Table Sudden Derailment Site

Parameter Value
Soil bulk density 1.8 g/em3!
Total soil porosity 044
Soil volumetric moistuge content 0.20°
Organic carbon content of soil 0.02?
Average temperature 15°C3
Average relative humidity - 0.60°
Average evaporation rate .6 mm/day*
Awverage infiltration recharge .5 mm/day*

Incorporation layer’ 4 to 6 ft below land surface®

Location of water table 20 ft below land surface’

! Results of laboratory analyses.

? Organic carbon content for a typical sandy loam (Jury e 4/, 1983).

# National Oceanic and Atmospheric Administration (1991b).

* Qutput results from HELP model using default climatological data for Santa Maria,
California (Schroeder ef al., 1984a; ibid., 1984b; ibid., 1990},

*The “incorporation Iayér” is the soil horizon that contains fuel constitucnts at a
specified concentration.

¢ Results of field sampling.

? Estimated from field observations.

primarily of midden material (refuse heaps) and are known to contain some proportion
of charcoal (Glassow e¢f o, 1976), the organic carbon content of the site soils could be
much greater than the value that was used (2 percent).

Climatological information for Santa Maria, California (National Oceanic and
Atmospheric Administration, 1991b), approximately 25 miles north of the derailment
site and in a similar climatic regime, was used to estimate the average temperature and
relative humidity. The rates of evaporation and percolation of infiltrating water at the
site (Table 3) were estimated with the Hydrologic Evaluation of Landfill Performance
(HELP) model, using climatological information for Santa Maria, California
{Schroeder e 4/, 1984a; ibid., 1984b; ibid., 1990).

The results of soil sampling and analysis indicated that the maximum residual
concentrations of diesel fuel constituents in soil occurred at depths of 4 to 6 feet below
land surface (Table 1). A single layer of uniform concentration at a depth of 4 to 6 feet
was, therefore, identified as the incorporation layer (lable 3). The water table,
identified as the point at which potential environmental impacts would occur, was
estimated on the basis of field observations to be about 20 feet below land surface.
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of toxicity, mutagenicity; teratogenicity,
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e environmental cffects, it was necessary to
el constituents that are regulated on the basis
or carcinogenicity. The chemical composition
ot C745; Griest et al., 1985) was therefore

Tn order to assess possible advers

of a typical dicsel fuel {Phillips Petroleum L
selected to represent the diesel spilled at the Sudden derailment site. A typical dicsel
fuel contains the volatile constituents benzene, toluene, ethylbenzene, and styrene in
relatively low concentrations {Table 4);. lene isomers and the polycyclic aromatic
hydrocarbons (PAHs) naphthalene,

fluorenc, and phenanthrene are present at
somewhat higher concentrations. Benzo(a)pyrene is present in low concentrations, and
may not occur at all in some diesel fu

els (Griest ¢ al.,, 1985). The concentrations of
regulated constituents in a typical diesel fuel are listed in Table 4.
The chemical properties of a fael constituent that influence its transport
characteristics in the unsaturated zone include (Jury ef al., 1983):

» solubility of the chemical in wates;

« chemical air-gas diffusion coefficient;

« chemical water-liquid diffusion coefficicat;

+ chemical organic-carbon partition cocfficient;
« Henry’s Law constant for the chemical; and

« rate constant for first-order chemical decay.

The values for these chemical properties were taken from tabulated rcferences or
were calculated, referenced to the mean annual temperature for Santa Maria. Values of
chemical properties that were used in the caleulation of unsaturated-zone transport of
the various diesel fuel constituents are listed in Table 4. ‘

"'he solution of the one-dimensional transport model is a description of the total
concentration of a single chemical species, as a fraction of the initial concentration, at
a given depth below land sutface after some period of time. Prior to carrying out the
transport calculations, it was necessary to estimate the concentrations of diesel fuel
constituents that were initially present in the incorporation layer. Some of the regulated
t occur in diesel fuel (BTEX constituents) were detected in soils at the
site; the actual maximum concentrations detected were used for those constituents
(Table 5). The other regulated constituents of diesel fuel (styrenc and PATHs) were not

detected at the site, but were suspected to be present in soils because of their near-

ubiquitous occurrence in diesel fuels (Table 4). The initial concentrations of these

constituents were then estimated by assuming that diesel fuel was present in the incor-
poration layer at 2 uniform concentration of 34,000 mg/kg {the maximum residual
£ diesel fuel that was detected), and that the constituents styrene,

naphthalene, fluorene, phenanthrene, and benzo(a)pyrene were present in the diesel
those in a typical diesel fuel (Table 4). The con-

fuel at concentrations corresponding to
centrations of diesel fuel constituents in soil, estimated for use in transport calculations,

are prescnted in Table 5.

constituents tha

concentration o
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Table 4 Chemical Properties of Regulated Constituents in a Typical Diesel Fuel

es

Chemical Prop

Molecular

First- Order

Diffusion Coeff.

Solubility  Diffusion Coeff.

Vapor Pressure

Henry’s Law
Constant{atm-m3/

Decay

(water - liquid)

(air - gas)

(g/cm3 @

(mm Hg @

Weicht

Concentration

Constant

{/day)
0.001(4)

o

(cm2/day @15°C) logK

{am2/day @ 15°C)

15°C)
1.78E-03(2)
5.06E-04(2)
1.40E-04(2)

15° C)
6.00E+01(2)
1.75E+01(2)
6.05E+00(2)
6.86E+00(2)

1ol @ 25°C)

(g/mol)

Constituent iu Diesel (ppm)!

1.96(2)
2.102)
2.2002)
2.31(2)

6.72E-01(3)

7.98E+03(3)

5.480E-03(2)

78.11(2)
92.14(2)
106.17(2)
106.17(2)

26

270

Benzene

0.001{f

5.94E-01(3)
5.37E-01(3)

7.08E+03(3)
6.53E+03(3)

6.740E-03(2)

Toluene

0.001(4)
0.002(4)

8.680E-03(2)

170
1,720

Ethylbenzene

5.37E-01(3)

6.A4E+03(3)

2.00E-04(2)

6.300E-03(2)

Total Xylenes
{para xylene)

Styrene

0.001(5)
0.200(6)
0.200(6)
0.040(6)
0.002(6)

2.87(2)
3.10(2)
3.70(2)
£36(2)
5.50(2)

5.54E-01(3)

6.51E+03(3)
5.99E+03(3)
5.08E+03(3)
4.90E+03(3)
414E-03(3)

2.80E-04(2)
2.56E-05(2)

4.25E+00(2)
3.75E-02(2)
5.00E-03(2)
2.10E-04(2)
5.00E-05(2)

2.610E-03(2)

104.15(2)
128.18(2)

< 40
1,300
1,300

5.21E-01(3)

4.800E-04(2)

Naphthalene

4.52E-01(3)

8.00E-07(2)
1.60E-06(2)
3.00E-09(2)

2.100E-04(2)

166.22(2}
178.24(2)
252.32(2)

Fluorene

437E-01(3)

2.560E-05(2)

400

.2,

Phenanthrene

3.69E-01(3)

2.400E-06(2)

! Composition of typical diesel fuel (Phillips Petroleurn Lot C745; Griest er 2/, 1985)

2 Mountgomery and Welkom {1950}

0.05

Benzo(a)pyrene

* Values estimated using Lyman ez 2/ {1990,

* Howard ez 22 (1991).

5 Value estimated from half-life data in Howard (1990).

6 Parle er al (1990).

17
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Table 5 Initial Concentrations of Chemicals Used to Calculate the Infiltration of
Fuel Constituents to the Water Table, Sudden Derailment Site

Constituent Assumed Initial Concentration
in Soil
(mg/kg)
Benzene ' 0.06% .
"Toluene 0.129
Ethylbenzene 0.093
Total Xylene Isomers 0.514
Styrenc ' 1.4
Naphthalene 44
Fluorene 44
Phenanthrene 82
Benzo(a)pyrene | 0.002

! Initial concentrations for the volatile constituents benzene, toluene, ethylbenzene,
and total xylene isomers are the maximum concentrations detected in soil samples
collected at the site. Initial concentrations for other constituents were estimated by
assuming that a typical diesel fuel is present in soil at a concentration of 34,000
mg/kg (the maximum concentration of dicsel fuel detected in soil), and using the

 concentration of each constituent in a typical diesel fucl (Table 4).

2 One milligram per kilogram (mg/kg) equals 1 part per million.

Results of Predictive Simulations of Unsaturated-Zone Transport

The results of predictive simulations (Table 6) indicated that with the exception of
toluene, the maximum concentrations of regulated diesel fuel constituents, reaching
the water table, will probahly not exceed current detection limits. Toluene may
eventually reach the water table, but the maximum concentrations of toluene,
caleulated to occur at the water table, would not exceed regulatory standards (Table 6).

Drinking-water standards were assumed to be the applicable regulatory standards
in the calculations that have been described. However, no ground-water wells could be
.dentified in the vicinity of the Sudden derailment site. Furthermore, the site lies
within the boundaries of Vandenburg Air Force Base (access is severely restricted), and
within a State archaeological reserve, so that ground water is unlikely to be used in the
foreseeable future. The demonstration that the concentrations of diesel fuel constitu-
ents originating in the spill area are not likely to exceed drinking-water standards at the
water table therefore represents a conservative approach. '

Il?tcgratcd Risk Analysis of Residual Diesel Concentration in Soil 19

Table 6 Maximum Concentrations of Constituents Calculated
to Infiltrat
Water Table, Sudden Derailment Site nfiltrate to the

Assumed Initial Calculated Maximum Regulatory
Concentration. Concentration at Standard in
in Seil the Water Table Ground Water

Constituent (mg/kg) (mg/L) (mg/L)
Benzene 0.069 ND? 0.001¢
Toluene 0.129 0.0005 1%
Ethylbenzene 0.093 ND 0.680*
Total Xylenes 0.514 ND 1.75%
Styrene 1.4 ND 0.001%
Naphthalene 44 ND 0.02¢
Fluorene 44 ND 0.026
Phenanthrene 82 ND 0.025
Benzo(a)pyrene 0.002 ND 0.00025

! Tl‘w concentrations of constituents infiltrating to the water table were calculated
using the Jury model.

% “WND” indicates that the calculated maximum constituent concentration at the water table
was below the detection limit. The detection limit for each constituent was assumed to
be the current method detection limit for the constituent in water (UU.S. EPA Method
8020 for volatile organic compounds; U.5. EPA Method 8310 for polycyclic aromatic
hydrocarbons). Detection limits in water were assumed to be as follows:

Method 8020 Method 8310

Benzene - 0.0005 mg/L Naphthalene - 0.002 mg/L
Ethylbenzene - 0.0005 mg/L Fluorene - 0.0002 mg/L
Toluene - 0.0005 mg/L Phenanthrene - 0.0006 mg/L

Xylenes - 0.0005 mg/L Benzo(a)pyrene ~ 0.00002 mg/T.
Styrene - 0.0005 mg/L

3 Qne milligram per kilogram (mg/kg) equals 1 part per million. One milligram per
liter (mg/L) equals 1 part per million.

4 Regulatory standard is State of California Maximum Contaminant Level for
constituent in drinking water.

5 R(?gulatory standard is U.S, EPA Maximum Contaminant Level for constituent in
drinking water.

§ Regulatory standard is State of California Applied Action Level for constituent in
drinking water,
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Analysis of the Potential for Human-Healch-Based Exposure Risk

An analysis of the risks related to potential human exposure to diesel fuel in 501}‘
ance, in order to assess the types and extent o

uld result from exposure to diesel fuel in soil,

f the U.S. EPA Carcinogen Assessment Group for risk
hold Tinearized multistage model) was applied to cancer
te for human exposure. A potential cxposure

veloped, and the amount of daily soil exposure 2 worker would
inhalation was calculated. After

uld experience, 2 quantitative
¢ was calculated.

The preferred model o

experience through skin contact, ingestion, and
estimating the amount of daily soil exposure 2 worker wo
additional lifetime cancer risk for a hypothetical human recepto

Exposure Pathway Analysis l . L0
' 1 ' d Public Health Evaluation NManua 5.
As described in the Superfund Pu O o of fou

Environmental Protection Agency, 1986), an exposure pathw:
necessary elements:

1. a source and mechanism of chemical release to the environment;

2. an environmental transpost medium for the released chemical;

3. a point of potential human contact with the contaminated medium (referred

to as the exposure point); and

. 4. a human exposure route at the exposure point.
complete when alt four elements are present, and
incomplete when elements are missing. lExposure estirnatcs‘ can _only be Cffllajul::}elc‘lv io:
complete exposure pathways: therefore, it was necessary to }dentlfy potcntj.th P SUddgn
for human exposure to diesel fuel constituents that might occur at the o
derailment site, before a human-health- based risk aSSCSSH‘.lent ‘could be came:th(')u .h
The Sudden derailment site is located in a State h1stf)r1c' prescrve, Wi C11111‘tlic
boundaries of a major U.S. Air Force base. Access to th.l‘.‘. site is restrz;ted,.an Ltb 1(;
human activity currently occurs, o is anticipated to occur in the future. Any reasona

st, therefore, acknowledge the probable short duration of

exposure SCenario Mmu ‘ . :
exposure. The following assumptions were made in developing the exposure pathway:

» T'he potential at-risk population consists of 2 worker conducting maintenance
or repairson a subsurface utility line, buried at a depth of appr0x1mately 3 feet,
along the railroad right-of-way.

aintenance or repair activites, and workers will

« Soil will be excavated during m ‘ : : '
be exposed to subsurface soil via the dermal, ingestion, and inhalation routes.

An exposure pathway is

« Workers will conduct maintenance or repair activities five days per yea,

through a 25-year period.

Tn light of the remoteness and relative 1naccessi :
i i 10 i mely conservative.
exposure frequency assumed for this scenario is extremely

bility of the derailment site, the
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Galculation of Potential Exposure to Diesel Fuel in Soil

In the exposure assessment, the magnitude, frequency, and duration of exposure
were quantified for the assumed exposure pathway. Exposure concentrations were
estimated first; then, pathway-specific exposures were determined, using soil intakes
calculated for each exposure route and the estimated concentrations of diesel fuel in soil.

The data included in Table 1 consist of measurements of fuel hydrocarbon
concentrations, a number of which could only be ascertained. to be less than a (pre-
determined) detection limit (“ND” in Table 1). These data are censored, because some
of the concentrations are unquantifiable — we know only that the concentrations in
measurements labelled “ND” are bounded by some value (the detection limit).
Methods appropriate to censored data sets were used to estimate the summary statistics
for diescl fuel concentrations remaining in soil at the derailment site. The RML
estimator for censored data sets (Haas and Scheff, 1990) was used to estimate the mean
concentration of diesel fuel in soil. Confidence limits about the mean were constructed
using the method of Gilliom and Helsel (1986a), assuming a detection limit of 10
mg/kg, 58 total samples considered, 23 results from the 58 samples below the detection
himit (40 percent censoring), and using a = 0.05 (upper 95 percent confidence interval).
Because the methods are rohust and theoretically well-grounded (Haas and Scheff,
1990; Gilliom and Helsel, 1986a; ibid., 1986b; Helsel, 1990; Atwood et ai., 1991}, the
RML mean (2,333 mg/kg; Table 1) and upper 95 percent confidence limit (3,168
mg/kg) were judged to be representative of fuel concentrations remaining in soil, and
were used in subsequent calculations of risk.

After summary statistics for the concentrations of diesel fuel remaining in soil had
been estimated, the potential risks to human health resulting from thosc
concentrations of diesel fuel in soil were evaluated, using the estimated amount of daily
soil exposure a worker would experience via the dermal, ingestion, and inhalation
routes. Exposure conditions resulting from contact with soils containing diesel fuel (in
concentrations calculated using the RML estimator of the mean residual concentration
of diesel fuel in soil and the uppet 95 percent confidence interval of the RML
estimator), were used to estimate the potential exposure to diesel fuel in soil at the site
for the exposure pathway outlined above. The daily maximum worker intake of diescl
fuel in soil, from all three exposure routes, was calculated to be 0.00022 milligrams of
diesel fuel per kilogram of body weight per day using the RML estimator, and was
calculated to be 0.0003 milligrams of diesel fuel per kilogram of body weight per day
using the upper 95 percent confidence interval of the RML estimator,

Galeulation of Potential Risks to Human Health

After the amount of daily exposure to diesel fuel in soil that a worker would
experience under the assumed exposure pathway conditions had been calculated, the
potential risks to human health posed by residual diesel fuel in soils at the site were
estimated. Risk estimates, assessing the potential additional lifetime cancer risks under
the assumed exposure pathway, were obtained by multiplying the chronic daily intake
by the slope factor derived for diesel fuel.

The calculated additional lifetime cancer risks resulting from exposure to diesel fuel
in soil at the site, via all three routes, under the assumed exposure scenario, were 2x107
using the RML estimator, and 3x107 using the upper 95 percent confidence interval of
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the RML estimator. While an “acceptable” level of risk has never been rigidly defined
by any Federal regulatory agency, the U.S. EPA has generally considered the range
between 1x10- and 1x107, for additional lifetime cancer risk, to be acceptable in
establishing regulations for potential carcinogens in drinking water and air {U.5.
Environmental Protection Agency, 1989). According to Proposition 65 of the
California Health and Safety Code (Cal. H85C §25249.5 et seq.) a sk level of 1x10°
represents “no significant risl”. :

Tt is unlikely that a worker would be continually exposed to the RML mean
estimated residual concentration of diesel fuel in soils, under the assumed exposure
pathway conditions, The calculated tisk levels, therefore, represcnt 2 conservative
estimate of the potential threats to human health posed by the concentrations of diesel
fuel detected in soils at the derailment site, indicating that the residual diesel fuel
presented no significant risk to human health (as defined by California Proposition
65), under the most plausible exposure conditions. A summary of the analysis of
potential human-health-based exposure risk is presented in Table 7.

CONCLUSIONS

Approximately five thousand gallons of diesel fucl were spilled from ruptured tanks
on two railroad locomotives during 2 1991 train derailment on the Sudden Flats, ncar
Point Arguello, California. Remediation of the soil that contained diesel fuel constituents
was the principal issue of concern, as dicsel fuel had infiltrated into soils on the site by
the time remedial activities commenced. Site remediation consisted of excavation and
off-site disposal of soils that contained diesel fuel; approximately 1,440 tons of material
was eventually removed from four excavations. Representative soil samples were collected
‘from the sides and bottom of each excavation, and the excavations were backfilled.

The results of subsequent chernical analyses indicated that some fuel hydrocarbons
cemained in soils adjacent to the excavations. Accordingly, a series of calculations was
completed, to predict the transport of diesel fuel constituents in the unsaturated zone,
and to assess whether diesel fuel constituents originating in the spill area could
adversely affect the quality of ground water beneath the site.

The calculations were conducted using a one-dimensional transport model, based
on a conceptual understanding of the soil ‘column beneath the site. Predictive
simulations were conducted using soil properties appropriate to the site, and chemical
properties and initial concentrations corresponding to each of the regulated
constituents in diesel fuel. The cesults of the calculations indicated that with the
exception of toluene, the maximum concentrations of regulated diese] fuel constituents
that would be transposted to the water table would probably not exceed current
detection limits. Toluene may eventually reach the water table, but will probably not
exceed the current regulatory standard for toluene in ground water.

A risk assessment was also conducted, to estimate the hazards to human health, i
any, resulting from exposufe to diesel fuel in soil, at the residual concentrations
detected at the site. The calculated risks were 25107 using the RML estimator of the
mean concentration of diesel fuel in soil, and 3x107 using the upper 95 percent
confidence interval of the RML estimator.
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‘Table 7 Summary of A p .
y of Analysis of Potential F - _ .
Sudden Derailment Site n uman-Health-Based Exposure Risk

Assumptions

Source of chemi i
ical Diesel fuel in soil at derailment site

Exposure pathwa i
y Dermal, ingestion, and inhalation routes of

maintenance worker (buried utility line)

Duration of exposure 5 days per year, 25 years

Residual concentration of dicsc!

Residual <o Restricted maximum likelihood (RML)

estimator: 2,333 mg/ke

Upper 95% confidence interval of RML
estimator: 3,168 mg/kg

Results

Additional lifetime cancer risk
calculated assuming concentration
of diesel fuel in soils of 2,333 mg/kg
{RML cstimator of mean residual
concentrations)

2 x 107

Additional lifetime cancer risk

calculated assuming concentration

of diesel fue! in soils of 3,168 mg/kg 3 7
(upper 95% confidence interval of "0
RML estimator of mean residual

concentrations)

dcrgll;se:tn tof tth% hfulffll—a]if;ctcd soils were successfully removed from the Sudden

1 site. The likelihood that diesel fuel constituent: ining in soil 1

o s ol oty s remaining in soil in the fuel

y migrate to the water table was d
extremely small, The calculated i e e
' . a potential threat to human health d tl i

concentrations of diesel fuel in soils at the site r ok the e

‘ epresented a risk that 30to 5

) ! S01L: was ti

11[?122;6:.52 tha.n the fle;/lcl of “no significant risk”, as defined by the State of Califo(r)nif
sideration of these factors, HCI and SPTC '

o consideration of these , H( o recommended that the Sudden

. closed, with no associated futur diati i

ing requirements, The Santa Barbara Coun F Health Services aceopted

‘ ty Department of Health Servi
the recommendation, and issued closure documentation in 1994 ervicesaccepted
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QUESTIONS AND ANSWERS

Q.Was there any subsequent testing of the groundwater or surface water?

None. A no-further-action recommendation was accepted, and no-further-action
meant no additional site investigation, as well.

Q. For the human health risk assessment, what were the surrogate compounds that
you used?
Tn fact, there are two different approaches that you can use. In one, all PAHs
normalize to benzopyrene to calculate the carcinogenic risk and all PAIls normalize to

pyrene to caleulate the toxic risk. We didnt use that approach. There are actually six
studies which used neat diesel fuel, and we used the results of those studies for diesel fuel.

Q. You actually found studies that were specific to diesel fnel?

Yes, I can cite thosc for you.

Q. My second question has to do with degradation rates. I've been involved in
similar work and there’s always alot of disagreement oves what degradation rates
to use in the unsaturated zone for hydrocarbons. Where did you come up with
your information on which degradation sates to use?

We used several published references listing degradation rates. We also used the
sesults of other site investigations that 1 and some of my colleagues have been involved
in. For example, a typical degradation rate for benzene is about 1 x 10-%/day.

Q. Did you find that was the most sensitive parameter?
T've done sensitivity analyses and in fact, the first order decay rate is the single
most-sensitive parameter. '

Q.1 had a guestion about your communications with the regulatory agencies, since
these often govern whether these kinds of solutions to problems are accepted. In
the case of the Santa Barbara local health agency, were they under the oversight
of the Department of Toxic Substance Control in California?

They are.

Q. Was there any input from a state agency?

There was no input from D.T.S.C. There was a small degree of oversight from the
regional board. Not very much. Ultimately for most fuel releases, the responsibility
rests with the county health department.

Q. Did they have any questions on the method, in terms of its appropriateness, O
did they recommend any other modifications or need ot want an explanation?

Affer we issued the closure documentation and report, they requested additional
verification information which we provided in letters. It was a matter of clarification,

rather than recommending 2 different approach.
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Q. So the model was entirely acceptable?

It was entirely a t : ) _
well recognich_Y cceptable. Bill Jury’s unsaturated transport model is pretty

i) -
QY?; vel -dofle the human risk assessment: you've chosen a maintenance worker
with a limited exposure risk. Did you consider that there may be an archeological

b 1
dl.g at some Polllt 1 tlllle ﬂ.]ld d d you ASSESS tlle llsk to ll“lllalls at tllﬂ.t P("]lt m

. We did not_. The_ results of the site investigation indicated that very little or none of
the archaeological site had been directly affected by diesel fuel. Most of the diesel fuel

. had been confined to the railroad right of way, which will not be an archaeological dig

site at any point in the fu.ture because railroad activities have significantly disrupted any
of the archacological artifacts that are still remaining.

Q. What about ecological risk assessment? Did you consider that at all?

Considering the fact that the diesel fuel constituents are four to six feet below land
§urface, .they are probably inaccessible to mammals and birds. They are certainl
inaccessible to fish and probably to most insects. We considered the tra);sfer of fuelntZ
the water table to be the primary ecological risk, because if fuel constituents arrive at
t.hc water tabl_e, there’s the potential that they’ll be transported to surface water. A‘tl t]:e
time they arrive at surface water, then you have to consider ecological risk t.o other
environmental receptors. That is forestalled by the finding that fuel constituents don’
even make it to the water table. wrivens font
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Chapter 2

Risk Assessment of Fuel-Contaminated
Soils Based on TPH Concentrations

John S. Stansbury
Woodward-Clyde, Inc., Omaha, NE

Cathy A, Forgét
U.S. Ariny Corps of Engineers, Omahba, NE

PURPOSE

The purpose of this chapter is to present a method developed to evaluate fuel-
contaminated sites using risk assessment, based on total petroleum hydrocarbon
(I'PH) analysis. The method expands on the surrogate approach ploposed by J.5
Heath, 5.5 Koblis and C. Day.!

Fuel-contaminated sites are a common environmental problem at many fauhtles.
Cleanup of fuel-contaminated sites using conservative TPH cleanup criteria (e.g., state
guidance) can result in costly remediation at sites that pose no significant risk to
human health or the environment. On the other hand, it is expensive to sample and
analyze the fuel-contaminated media (e.g., soil, groundwater) for the full suite of fuel
constituents to determine if they are present at concentrations that could pose a
significant risk. High fuel concentrations can also cause detection (reporting) limits to
be elevated (i.e., by matrix interferences of high levels of nontarget compounds),
making identification of individual fuel constituents (especially polycyclic aromatic
hydrocarbons [PAHs]) at risk-based concentrations extremely difficult if not
impossible. This chapter deseribes how to determine whether remediation is necessary
at fuel-contaminated sites to characterize potential human health risks, using TPH
concentrations. It is a conservative and cost-effective method for evaluating fuel-
contaminated sites because all potentially present fuel constituents can be evaluated,
thus avoiding problems commonly assoctated with chemical analysis specifically fuel
constituents registering as nondetect at elevated reporting limits.
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METHODOLOGY

Identification of Chemicals of Concern

Chemicals of concern (COCs) are chemicals that have been released at a site that
may contribute significantly to site risk.? At fuel sites, COCs include fuel-constituents
that have EPA toxicity criteria (Reference Doses [RfDs] for noncarcinogens and
cancer slope factors for carcinogens). If the site is lnown to be contaminated with only
fuel, COCs will only be fuel constituents, otherwise COCs may include other

chemicals which must be nccounted for by additional analyses.

Exposure Assessment

Estimation of Fxposure Point Concentrations of Presumed Chemicals of Concern in Fuel

To quantify risks from exposure to fuel-contaminated sites, the concentrations of
:ndividual fuel constituents of concern afe estimated based on the type of fuel present
(e.g., gasoline, P-4, or diesel), measured as TPH, and the percent composition of the
constituents of the fuel.

Two accepted analytical methods are available for total petroleum hydrocarbon
analysis: EPA rmethod 418.1 and method 8015. The advantages and drawbacks of cach
of these methods arc matters of current investigation. One advantage of method 8015 is
that it allows a distinction to be made between gasoline range organics (GRO) and total
chromatgraphable organics (TCO). This could be useful for fuel identification. In
addition, results of method 418.1 can :nclude natural hydrocarbons from decaying
vegetative matter, for example, which can artificially elevate the fuel-related TPH results.

Puhlished data are used to determine the estimated percent composition by weight
of known chemicals in the fuel. All fuel constituents that have toxicity factors are
evaluated as COCs in the quantitative risk assessment. When data from more than one
source were available to estimate the composition of chemicals with toxicity factors or
when the literature indicates a range of concentrations, the maximum percent
composition documented in the. literature is used as the estimated concentration of
each individual chemical. A

The only exception to using the maximum reported concentration is for
1,2-dibromoethane (ethylene dibromide). Ethylene dihromide (EDB) is not truly a
fuel constituent; however, it was formerly used as an additive in some leaded gasolines,
reported by Heath et al.! at coucentrations ranging from 0.00007- 0.0177 %. The use
of EDB was discontinued in 1984% and, EDB was not added to all gasoline, it may not
even be present in environmental samples. It it had been in the original fuels, a
significant fraction would have volatilized since use was discontinued. Therefore, the
tower reported additive concentration (0.00007 percent) is used to represent the
potential fraction of this constituent in the gasoline. ‘

To estimate exposure point concentrations of individual fuel constituents, the
percent compositions of the fuel constituents are multiphied by the reasonable
maximurn exposure (RME} concentration of TPH, This approach is very conservative
because the percent composition is based on fresh fuel, which generally contains 2
greater proportion of toxic volatile constituents than weathered fuel (the volatile and
soluble fraction of the fuel will tend to dissipate over time). In addition, the approach
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assumes th 1 ical i
o at every cllq.lown toxic chemical is present in the fuel at the maximum weight
Cre i i -
diSSipateg i };_f;’tc; in ';hil literature, Since the volatile fraction of the fuels tendsg to
\ ction of the nonvolatile consti i
. 1tuents will ac i : i
Therefore, this method may overestimate th ma'lly ToF volatlee amd
[ hercfore, this method may e t‘ e concentration of volatiles and
oo wsed Sonee ation of non-volatiles. Nevertheless, the conservative
used are likely to overestimate ¢ i ’ -
' Ooncentr: ] i
casumprions usec entrations of most fuel constituents in
A summary of 1 i l
N ry the chemicals of concern in cach of the fuels is presented in Table 1
posure Point Concentrations in Soil |

Exposure poi .
multixi) " ihPU(;I;E concentrations of fuel constituents of concern are estimated b
TPHIZ;YI g the 7 % upper confidence limit (95% UCL) of the mean of the m 31’
oncentrations times the constituent percent in the fuel easure

Exposure Point Concentrations in Air

Composz;ze( \efngés;;m;ngrom ‘so.ﬂs resultmg' fron% volatilization of volatile organic
compounds (VOCs) and farmssltfms o.f semivolatile organic compounds (SVOCs)
wsodated with Ps1on of respirable particulate matter (ic., dust less thar;
p : meter [PM 1) can be evaluated using conservative air emissi
spersion models.® o and

Exposure Point Concentrations in Groundwater

Concentrati i i
o omeent ago’r%sp;){f fuel constituents dissolved in groundwater can be estimated
e Lo
A ccl)]rilcen;ratlons in groundwater. Chemical concentrations in
ue to leaching from soils can be ests i
‘ . e estimated using appropri
transport modeling (e.g., vadose zone modeling). § sppropriste fae snd

Estimating Chemical Intakes

USlIlg tlle E‘,XPOSU.IC P()IIlt concentrations Of dleﬂuCalS Of co €I n 8011 air a[ld
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"The general equation for calculating intake in terms of mg/kg/day is:
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Intake = hemical conc. » confact rate * exposure frequency = exposure duration
body weight « averaging time
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Patlrway-specific intake f: i (
actors (th ivi
concentrations) are presented in Table(Z. ¢ fnmkes dvided by the exposure point

Toxicity Assessment

FPA- . ..

esﬁmaédezt}?bhsrhcld. toxicity fac‘to.rs are used to assess potential health risks from

Ry e Emmz} intales. Toxicity factors are expressed either as a reference dose

o) for nor can?.mogenshor as a slope factor (SF) for carcinogens. An RfD is the daily
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Table 1 Maximum Weight Percent of Fuel Constituents with EPA Toxicity Factors
able

Chemical Reference Carcinogen? Weight Percent”
em

Benzene 4 Y ‘,L3
Ethylbenzene 4 N 2.8
Toluene 4 N .5
Xylenes 4 N 6.
VBenzo(a)pyrene 1 Y 0.00028
Benzo{a)anthracene 4 Y 0.00022
Benzo(b)fluoranthene 4 :I (;z(())zig
1-Biphenyl 4 .
thysfnc ' 4 Y (.0002
Cumene 1 N 0.23
(eip-Tsopropyl benzenc)
1,2-Dichloroethane 1 Y 00(;((];17
2,4~Dimethy1phenol 4 N .
luoranthene 4 - N 0.00024
E‘Iuorene 4 N 0.00029
3- or 4-Methylphenol 2 N 0.0035
{m- or p—Crcsol)
Naphthalene 1 N 0.49 b
Ethylene dibromide 1 Y (.00007
(1,2-Dibromoethane)
n-Hexane 1 N 3.5
P-4
Lenzene 3 Y 0.5
Ethylbenzene 3 N 0.37
Toluene 3 N 1.33
Xylenes 3 N 2.32
Cumene 3 N 0.3
n-Hexane 3 N 221
Naphthalene 3 N 0.5
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Table 1 (continued)
Chemical Reference Carcinogen? Weight Percent®
" Diesel Fuel No. 2
Benzene 5 Y 0.00008
Ethylbenzene 5 N 0.00031
Toluene 5 N 0.00036
Xylenes 5 N 0.0013
Benzo(a)anthracene 5 Y 0.0001
Benzo(a)pyrene 5 Y 0.000084
1,1-Biphenyl 5 N 0.1
Chrysene 4 Y 0.017
2,4-Dimethylphenol 4 N 0.00084
Fluoranthene 5. N 0.004
Fluorene 5 N 0.15
2-Methylphenol 4 N 0.00055
“(0-Cresol)
3- and 4-Methylphenol 4 N 0.00035
{(m- and p-Cresol)
Naphthalene 5 N 0.57
Pyrene 4 N 0.02

*If a range was documented or chemical was found in more than one source, the
maximum value was used.

> Ethylene dibromide (EDB) was used as an additive for some gasolines at reported
concentrations of 0.00007 - 0.018 percent. Tts use was discontinued in 19843 Since
EDB was not used in all gasolines and is highly volatile (its soil concentration would
have decreased in ten years), the low end of the reported additive concentrations is used.

upperbound probability of an individual developing cancer as a result of exposure to a
potential carcinogen. The primary sources for toxicity factors are EPA’s TRIS data base
(EPA 1994) and Health Effects Assessment Summary Tables.!% " The RfDs and slope
factors for all chemicals of concern at the fuel sites are Jisted in Table 3.

Risk Characterization

_ Risk characterization is the final step of the risk assessment process. In this step,
the toxicity factors (RfDs and cancer slope factors) for the chemicals of concern are
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Table 2 Intake Factors
. Intake Factor

Exposure Route/Intake Route

Incidental Soil Ingestion (kg/ kg-day)

Noncarcinogenic 4,89 x 107
Carcinogenic 175 x 107
Inhalation of Volatile ot Particulate Emissions from Seil (m*/kg-d)
Noncarcinogenic 1.96 x 107
Carcinogenic 6.99 x 107
Dermal Contact with Soil (kg/kg-day)
Noncarcinogenic 1.93 x 10
Carcinogenic 1.05 x 10°
genic and

applied in cony unction with estimated chemical intakes to predict noncarcino

carcinogenic health risks to exposed individuals.
The potential for noncatcinogenic effects 1s characterized by comparing estimated

chemical intakes with chemical-specific RfDs. The resulting ratio is called a hazard
guotient. 1t is derived in the following manner:

Chemical Intake (mg / kg - day)
RfD (mg / kg - day) 2)

Use of the RfD assumes that there s a level of intake (the RfD) below which it is
unlikely that even sensitive individuals will experience adverse health effects over 2
lifetime of exposure. If the average daily intake exceeds the R{D (that is, if the hazard

potential non-cancer effects.

quotient exceeds 1.0), there may be cause for concern for
To assess exposures to multiple chemicals, the hazard quotients for each chemical

are totaled and called a hazard index (HI). If the total TILis less than or equal to 1.0,
cumulative exposure to the chermicals of concern at the site is judged unlikely to result
‘0 an adverse effect. If the sum is greater than 1.0, 2 more detailed and critical
evaluation of exposure concentrations, exposure conditions, and toxicity {including

specific target organs affected and mechanisms of toxic action of the chemicals of
concern) is required to ascertain whether the cumulative exposure wol

fikely to harm exposed individuals.
Potential carcinogenic effects are
probability of an individual developing cancer over
a potential carcinogen. Excess lifetime cancer fis
hemical intake by the cancer slope factor

average daily ¢
Risk = Ghemical Intake ( myg/kg/day) X SK (mg/kg/day)”

Noncancer Hazard Quotient =

1d, in fact, be

characterized in terms of the incremental
a lifetime as a result of exposure to
k is calculated by multiplying the
(SF) as follows:

(3)

Risk Assessment Based on TPH Concentrations

.Table 3 Reference Doses and Slope Fa&om for Chemicals of Concern

Carcinogen Class

Carcinogenicity
Slope Factor
(mg/kg-day)?

Chronic RfD
(mg/kg-day)

Toxicity

Subchronic RfD

Exposure

(mg/kg-day)

Route

Chemical
Benzene

< <

2.9E-02
2.9E-02

Inhalation
Oral

B2

6.1E-01

Inhalation

Benzo(a)anthracene!

B2

7.3E-01
6.1E+00

"Oral
Inhalation
Oral

B2
B2

7.3E+00

Benzo(a)pyrene'

Inhalation —
Oral 5E-02 5E-02

1,1-Biphenyl

B2

6.1E-01
7.3E-01

Inhalation

Benzo(b)luoranthene?

B2

Oral

B2
B2

6.1E-02
7.3E-02

Inhalation
Oral

Chrysene!

Inhalation

Cresol(p)*

5E-03
2.6E-03

SE-02

Oral
Inhalation

2.6E-02

Cumene

4E-01 AF-02

Oral
Inhalation
Oral

2.00E-02

2.00E-01

2,4-Dimethylphenol

35

B2

9.1E-02

Inhalation

1,2-Dichloroethane

B2

9.1E-02

Oral.
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"The risks of exposute to multiple carcinogens arc assumed to be additive. The total

cancer tisk is estimated by totaling the risks cstimated for each chemical of concern and L
for each pathway.

sl
CASE STUDIES o

Carcinogen Class

Case Descriptions

Two case studies arc presented to compare results of the constituent method with i
results obtained using standard site investigation methods. !

Study site A is a railroad fueling facility. The data presented from Site A are from L
subsurface soil where a leak from a diesel fuel underground storage tank (UST) system k
occurred (years prior to the investigation). Volatilization and non-fuel related
contamination are not expected to be significant factors at this site; however, perhaps
infiltration could have transported some of the soluble constituents such as VOC vertically.

Site B is a railroad fueling facility that had a release of diesel fuel to surface soils.
The data from this site are used to illustrate the potential reduction of concentrations

of VOCs due to volatilization and to illustrate potential complications due to nonfuel-
related contamination in the soil.

-1

Slope Factor

Carcinogenicity
(mg/kg-day)

Comparison of Measured and Estimated Constituent Concentrations

Site d

29E-01
1E-01
4E-02
AE-02

5.7E-02
6E-02
AE-02

1.1E-01
2E-01
2E+00

Chronic RfD
(mg/kg-day)

Study Site A is the location of a subsurface release of diescl fuel. Table 4 presents
the measured concentrations and estimated dicsel fuel constituent concentrations of
chemicals of concern at Study Site A. All chemicals that have EPA-established toxicity
factors and that were either detected at the site or that are known diesel fuel |
constituents are listed in Table 4. Table 4 shows that 1,1-biphenyl was not analyzed for |
in the site investigation. This represents a potential for underestimating site risks under
typical investigations because 1,1-biphenyl is not in the typical list (i.c., Appendix IX}
of target compounds that are analyzed for in most site investigations, site risks under
typical investigations can , thus, be underestimated. However, the constituent method
accounts for the potential presence of this compound. :

Table 4 shows that the constituent method predicted significantly higher
concentrations of naphthalenc than were detected at the site. This could be the result '
of overestimation in the literature of naphthalene concentrations in diesel fuel
However, overestimation of naphthalene concentrations will not likely affect the results
of the risk assessment significantly because naphthalene has a relatively low toxicity
and generally does not drive overall site risks (see Table 7).

Table 4 shows that the constituent method predicted significantly lower
concentrations of certain PAHs (acenaphthene and fluorene) in some samples. This !
could be the result of low estimates of constituent fractions in the literature, or it could \
be the result of non-fuel contamination at the site. Either possibility illustrates the s
need for refinement of literature concentrations, and the fact that the constituent !

method may underestimate concentrations (and risks) if non-fuel related N
contamination is present.

AST).

Toxicity
Integrated Risk Information System (IRIS). One-line database.

Subchronic RED

2.9E-01
1E+00
AE-01
4F-01

5.7E-02
6E-01
4E-02

5.7E-01
2E+00
AE+00

(mg/kg-day)

Exposure
Route
Inhalation
Ora
Tnhalation
Oral
Inhalation
Oral
Inhalation
QOral
Inhalation
Oral
Inhalation
QOral
Inhalation
QOral

EPA Health Effects Assessment Summary Tables (HE

TRIS,

12 .
1 Slope factor derived using toxicity equlecncy approach chronic and chronic oral REDs for cresol (m,o) are 5SE-01 and 5E-02, respectively.

2 Vahues listed are the most conservative available for cresol. Subchronic an

_— No EPA-derived toxicity value

Table 3 (continued)
Chemical
Ethylbenzene
Fluoranthene
Fluorene
n-Hexane
Naphthalene
Toluene

Xylenes {total)
Sources:
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42 Principles and Practices for Diesel Contaminated Soils, Vol V ‘ Risk Assessment Based on TPH Concentrations a
A primary benefit of the constituent method, illustrated in Table 4, is that in the ‘ 5:1
more contaminated parts of the site (i.c., SB4-7, SB-5-10, and SB6-6), the SVOCs
were reported as nondetect at elevated reporting limits. At these locations, most SVOC - S
concentrations (and associated risks) cannot be determined directly. However, in these i E é ,%: C 3 Q3 N MOUE 2y e U R TN
cases, and especially at sites that arc uniformly contaminated with high fuel g0 F < < < A2 s zZzzZS%g -8z 3388
concentrations, the constituent method can be used to estimate fuel constituent n
concentrations and associated risks. 7] 'g 4 @ .
Site B ga;gﬁ%%§§§§z§%§§%%z 3
i —
Study Site B is a surface release of diesel fuel. Table 5 presents the measured it .
concentrations and estimated (by the constituent method) diesel fuel constituent g S @ ‘
concentrations of chemicals of concern at Study Site B. All chemicals that have EPA- g é’ B § E Té S }'E]', g 9 9 3 S o 3oe g g
established toxicity factors and that were cither detected at the site or are known diesel 5§77 ] ¥ % = I, ]
fuel constituents are listed in Table 5. As was the case with Study Site A, 1,1-biphenyl ¥ - : J
was not analyzed for in the site investigation, increasing the possibility that site risks 1\ » 5 g ’é‘u A A A === 5 5 ‘
may be underestimated because 1,1-bipheny! is not in the typical list (i.e., Appendix i8® Z Z Z 1 @B B R = 2 2 212 2 8 8
IX) of target compounds analyzed for during site investigations. However, the = - T - “‘
constituent method accounts for the potential presence of this compound. , l. B
. Table 5 shows that the constituent method predicted significantly higler l E & % 8 2 8 4 N8 o0gseq 209 -
concentrations of naphthalene than were detected at the site. This could be the result ; jod s 5 o ¢ 5 < 4 Z 8 ¥ g Z 3 2 9
of overestimation in the literature of naphthalene concentrations in diesel fuel. ' - ©
However, overestimation of naphthalenc concentrations will not likely significantly = @ "g s 5 .
affect the results of the risk assessment because naphthalene has a relatively low toxicity B! & g % g 2888 o E E = 3 2 a > 2 naaA
and generally does not drive overall site risks (see Table 8). - = 4 8 8 8 N %88\~ < .
Table 5 shows that the constituent method predicted significantly lower & 5 !
concentrations of certain PAHSs in some samples. This could be the result of inaccurate ‘ g J- % S~ o I 8
estimates in the literature, or it could be evidence that contaminants other than diesel E Bew 3z 3 3 48z 2825 E “g M g = 8 |
fuel are present in soil at this site. Refinement of literature concentrations can address , gl v ST °
the first case. Diligent care to only use the constituent method at sites where the LE)' @ g
contamination is a known fuel is needed to address the second case. Alternatively, if the 3 % g ;:;: 223 2 2 @ 2 8 3 9 2 w A
contamination is suspected to be a mixture {e.g., diesel fuel and lube oil), a combination E = " A 8 B Z % z
‘ of constituents from each contaminant could be used. | rﬂ .
\ - Table 5 also shows that in the more contaminated parts of the site (ie., 5501, 55- g g s @
.L 4, 85-6,55-8, and $5-9), the SVOCs were reported as pondetect at elevated reporting & g LE.)’ B oo E A o 2 9 8 S 282183 8
| limits. At these locations, the SVOC concentrations {(and associated risks) canpot be g -3 ik N = = K
~ determined directly; however, these concentrations and associated risks can be 2 ] .
j estimated using the constituent method. g S4B ananan Do oo b 5 b !
!Tl Expo Assessment % f S é? AA A2 G g LLOp' g Z E % “mo‘ 2 % :% Z. “
i} Xposure 7 = 8 8 8 8 R 2 g
g To facititate comparisons at the study sites, worker exposures were assumed for each b
of the sites. EPA standard default exposure factors (SDEFs), were used to develop E . ~, . |
uppcrbound estimates of potential exposures and risks at the sites. Intake factors for % 4 : E E 8 % | ;
soil ingestion, deemal contact with soil, and inhalation are presented in Table 2. & . § st e 2 %: . f& 'i
Exposure point concentrations based on reasonable maximum exposure (RME) 3 g 'g g 2 8 '%‘\ iy 8o E 3 . il
it - : : v o B S N - N g N & = B H
conditions, were calculated for both measured chemical concentrations and for o S I SRORICORC Z 8 g 8 -g T E T3 B
concentrations predicted by the fuel constituent method. For the measured 5 R g\ § § 8 8§ 7 § O I3 k] ‘ :
a AmERalAdd s ES TS i
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46 _ Trinciples and Practices for Diescl Contaminated Seils, Vol V Risk Assessment Based on T'PH Concentrations 47
i
' concentrations, the 95% upper confidence limit (UCL) on mean soil concentrations for
i each COC were calculated using sample analytical results for each site. For the fucl
; constituent method, TUCIL, concentrations were calculated from 95% UCL
g ; @ SR ’ conccntratiot'ls of TPH in s.oil and the fuel. cons‘tituent percentages shown in Table 1
% 5 Wz A Z S . Eixposure point concentrations of COCs in soil for both methods are presented in
S I Tables 6 and 7.
i - i’ Screening-level air emissions and dispersion models recommended by EPA were
@ a . Do 2 nl g . used to estimate air concentrations of volatile organic compounds (VOCs) and
s S N5 e k emissions of semivolatile compounds associated with wind erosion of particulate
= ‘ l‘ , matter (dust) less than 10 microns in diameter (PM,)).* RME air concentrations were
g = i estimated using the RME soils concentrations for both methods. Air concentrations
E g % g 2 < ] g calculated using these methods are also presented in Tables 6 and 7.
L‘é)' ©2 i Potential transport of COCs to groundwater or other exposure pathways was not
2 ; considered. However, as discussed earlier, these pathways could be addressed either
@ "% ’ @ = D 2 a by sampling and analysis of appropriate media or by modeling {as was done for the
iS¥ B ¢ % B air pathway).
% ; Toxicity Assessment
g g ’.%); oo o glg | . E?A—established reference doses and slope factors were used in tlie risk assessment.
B 5 i Z Z 3| ¥ i Toxicity factors are presented in Table 3.
it S ] Risk Characterization
A a0 2 o D, l Noncarcinogenic hazard indexes and carcinogenic health risks to occupational
% g 'g \?\i E § § 5 r receptors were estimated for soil ingestion, dermal contact, and inhalation of volatile
s ©2 A e 8 and particulate emissions from soil for all COCs, using the approaches described
o . E i above. Potential risks due to dermal contact were estimated assuming 1.0% absorption
E E@ o o uw 28 & & w for VOCs and 10% absorption for SYOCs.? In accordance with EPA guidance,?
% §® 7 4 ZA =) IR 'ED ,% [ dermal risks were not assessed for carcinogenic PATs, The calculated hazard indexes
S = 2 g and cancer risks using measured concentrations and concentrations predicted by the
R E < ; constituent method are presented in Tables 6 and 7.
Rl = N A |
iSHEEREK ! g -2 Site A _
2. g B t Risk estimates for Site A are presented in Table 6. The noncarcinogenic hazard
g g g ‘1 index estimated for the constituent concentrations is higher than that for the measured
£ % e 9 9 Y| &) 8 8 l concentrations. This difference is primarily due to the higher estimate of the
S E ~ E. & | concentration of naphthalene by the constituent method.
- S . 8 i) ] Table 6 clearly illustrates how elevated reporting limits can result in
| 7 _E O g E“g underestimation of both site concentrations (se¢ Table 4} and risks, and how the
| s g -ﬁ e IR % . % constituent method overcomes the problem: because of elevated reporting limits, no
'.1 SUEE 5 A ¢ . 7 8 cancer risk would be predicted for this site based on standard sampling, analyses, and
i 2§49 risk assessment methods. On the other hand, the constituent method accounted for all
! 9 g5 % '.5 ;‘3:' of the fuel constituents and their associated risks, Nevertheless, the estimated risk was
h "'-g ~ . g" uEi.; % < not unacceptable at this site, even though significant diesel fuel contamination was i
i_iii .g :'.‘i £ @ M 3 24 g present. This illustrates the relatively low toxicity of diesel fuel, and why using current N
£ g —Ej :u’d I k 3 3 % TPH soil cleanup criteria can be too conservative. i
p RN ERCETY |
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52 Principles and Practices for Dicsel Contaminated Soils, Vol. V.

Site B

Risk estimates for measured concentrations and predicted constituent

concentrations at Site B are presented in Table 7. The differences in the risk estimates
are primarily duc to higher estimates of concentrations of BTEX, 1,1-biphenyl, and
and lower estimates of concentrations of some PAHs (especially
benzo(k)fluoranthene, and Indeno{123-
ese differences are likely due to volatilization
ated contaminants that were not accounted
seen from ‘Table 7, the constituent method
this method should only be used at
fuel and where non-fuel related
or in situations where these

naphthalene,
benzo(a)anthracene, benzo{a)pyrene,

cd)pyrene) by the constituent method. Th
of VOCs and the presence of non-fuel rel
for in the constituent method. As can be
underestimated risks at this site, demonstrates that
cites where the contamination is known to be

contamination is not present at significant concentrations,

constituents can be accounted for.
Table 8 presents the results of the constituent method at four areas of an NPL site

on an Air Force Base. The TPH was measured by method 8018 at these sites and was

reported as GRO.and TCO. This analytical method, in addition to site history,

n regarding the types of fuel (i.e., gasoline, diese! fuel, or JP-4) that

d at cach site. The constituent method was used at these sites

because repeated attempts' to characterize the sites had resulted in SVOCs being
reported as nondetect at elevated reporting limits. It was modified for use at these sites

by using analytical results for BTEX (benzene, toluene, ethylbenzenc, and xylenes) in
thod estimates of the remaining fuel constituents. The
results of the evaluations were accepted by federal and state agencies resulting, in No
Further Action decisions at the sites, Table 8 shows that although significant levels of
fuel are present in the soil, health risks are considered acceptable.

provided informatio
may have been release

conjunction with constituent me

RISK-BASED CLEANUP CONCENTRATIONS

based cleanup concentrations using the constituent method
dustrial soil. The cleanup concentrations are based on
soil ingestion, dermal contact with soil, and inhalation of air-borne emissions from soil,
calculated using the same occupational exposure assumptions ( Standard Default
Exposure Factors) used in the case studies. The cleanup concentrations do not factor
in potential transport to groundwater and risks associated with the groundwater
pathway. Therefore, actual cleanup concentrations would need to be modified to
account for this and any other pertinent pathway. The cleanup concentration calculated
in Table 9 demonstrates that typical TPH regulatory levels for soil (e.g., 100 mg/kg)
are lower than necessary to protect human health.

Table 10 presents risk-based cleanup concentrations for gasoline in industrial soil.
“ble 10 are based on the same assumptions used to

The cleanup concentrations in'T
caleulate the diesel fuel cleanup concentrations shown in Table 9. Table 10 shows that
line are driven by inhalation of

risk and the associated cleanup concentration for gaso!

benzene. While this may be the case for fresh fuel, much of the benzene in weathered
gasoline contaminated soil especiafly at the surface is likely to have volatilized;
therefore, using the maximum benzene concentrations reported in the fiterature for the

Table 9 presents risk-
for dicsel fuel- contaminated in

Table 8 Results of Constituent Method Used at an NPL Site on an Air Force Base

Estimated Cancer

Estimated Non-cancer

ation

Fuel Concentr:

Risk

1x10°
4x107%
6x10°

Hazard

as TPH (mg/kg)
2,200 (as GRO)
6,400 (as GRO)

11,300 (GRO + TCO)*

Fuel Type

Subsite

0.3

JP-4
Gasoline
Gasoline

Flightline Spill

BX

Risk Assessment Based on TPH Concentrations

0.7
1.0
0.3
to be conservative, gasoline was assumed to be the fuel present.

No carcinogens detected in soil

4,200 (as GRO)

JP-4

Fuel Hydrant

1 . .
Gasoline and diesel may have been released at this site;

Risks are based on industrial exposures.

Results are based on analysis of BTEX and constituent method estimates of other fuel constituents

GRO

Gasoline Range Organics

TCO = Total Chromatagraphable QOrganics
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56 Principles and Practices for Diesel Contaminated Soils, Yol. V Risk Assessment Based on TPH Concentrations o

constituent method is certainly a conservative approach that is likely to overestimate 11. United States Environmental Protection Agency {(I5PA). 1994 .
actual risks at the site. (HEAST)., OHEA ECAO-CIN-821, gency (LA, . Health Eﬁeﬂisﬁmmmmt Summary Thbles

. 12. United States Environmental Protecti
! 5 2 tion Agency (EPA). 1993, Provisional guid itative ri
i assessment of pelycyclic aromatic hydrocarbons. ECAO-CIN-842. Envimnmcngtal é:‘]:ti:-f; gﬁjﬂ:::;:};:ft

SUMMARY AND CONCLUSIONS | Off :

| fice, US Environmental Protection Agency.
A method was developed to perform risk assessments at fuel-contaminated sites i
based on TPH measurements. The method allows calculation of risks from soils cven :
when analytical interferences caused by heavy contamination prevent analysis of
individual contaminants. The method was used successfully to calculate risks at an
NPL site on a federal facility, The risk asscssment method showed that even though
soils had significant levels of fucl, they did not pose anunacceptable risk. T herefore, no

QUESTIONS AND ANSWERS : jl‘5

Q. Are your case studies published?

They will be. The case studies are actually parts of investigations that have been

remedial action was necessary to protect human health or the environment. The done on RCRA/CER i
. CL ; ;
assessment was accepted by state and federal agencies, resulting in a No Further Action public record, and the caseAs::gi‘es:r ‘SH' Iju e PE‘ID'ILF;th- in }:he sense that they are in the
? ¢ published in the proceedings.

decision at the site. This same method has also been used at several railroad sites |
] Q. What states or EPA regions have been receptive to this technique?

(results are undergoing regulatory review). !

Further research that might improve this procedure include refining estimates of ! We got this through Region 10 in Idaho. Wi i

the percentages of fuel constituents in fucls, developing analytical methods that can Defense site in Idaho. It gwas acce tf::;l1 101.1 ’ ?Cvaoped th{s for a Department of ‘

accurately characterize foel concentrations in soil and watet, improving ways to predict decision. We've also used it in Texas P dit’ y er; or a no-action, ﬂo‘f:ufthcr-action “

constituent concentrations in weathered fuels, and refining methods and models that are going to be favorable to it T}?(Ial ’ . mdt tf;lprocess thm_‘e. We believe that they

can be used to predict transport to groundwater or the air. completely finished. . They've said thcy would likely be, hut it is not .
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Chapter 3

Screening for PAHs at a Railroad Site with
a Passive Soil Gas Survey

Wayne M. Wells, I1
W. L. Gore &5 Associates, Inc., Elkton, MD

Stephen G. McMahon
Integrated Environmenial Solutions, Jacksonville, FI,

INTRODUCTION

Polyaromatic hydrocarbons (PAIs) and higher molecular weight hydrocarbons (C11
to C20) are common compounds of concern when assessing the environmental impact
of past operations at current and former railroad sites. Common sources of these
constituents are journal boxes, diesel fuel storage facilities, and maintenance yards.
Awailable options for testing for these compounds are limited and involve collecting
discrete soil and/or ground water samples followed by analysis using one {or possibly
more) standard methods. Discrete soil and ground water samples have the disadvantage
of being point samples only; offering little or no information about the matrix six feet or
even six inches away. In addition, the standard methods are usually compound-specific,
and tend to be fairly expensive when analyzing for multiple classes of compounds.

There has been only limited success with the use of traditional soil gas investigation
methods (i.e., active soil gas testing) as alternatives for delineating soil and/or
groundwater impact from PAHs and long-chain alkanes, mainly due to the vapor
pressures of these compounds (see Table 1).' Generally, as the molecular weight
increases, solubility in water and the volatility decrease, causing a tendency to adsorb
onto soil particles and sediments.» Therefore, only minute levels are generally available
in the soil gas at any given time. One solution to this problem is time-integrated
(passive) sampling.

PASSIVE SOIL GAS TECHNOLOGY

A unique passive soil-gas screening technology has been developed and validated
over the past two years by W. L. Gore & Associates, Inc. This technology is used in
screening for volatile and semi-volatile organic compounds and can be applied at sites
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Table 1 Vapor Pressures of Selected PAHs/SVOCs
Vapor Pressure, (Pa at 25 degrees cy

Compound Name
Undceane 52.2
Naphthalenc 10.4
2-Methylnaphthalenc | 9
2,6-Dimethylnaphthalenc” 1.4
Acenaphthylene 0.9
Acenaphthene 0.3
Fluorene 0.09
Phenanthrene 0.02
Fluoranthene 0.00123
Anthracene 0.001
Pyrene 0.0006
Benz(a)anthracene 2.80E-05
Benzo(a)pyrene 7.00E-07
Chrysene 5.70E-07
Benzo{k)fluoranthene 5.20E-08
Dibenz(a,h)anthracene” 3.70E-10

with low permeability and/or saturated soils. This technology features a patented soil
gas collector called the GORE-SORBER module, a thermal desorption/GC/MS
analysis of each module, and a final report of the results complete with data tables and
color contour maps showing relative distributions of the detected analytes.

The “sensing element” is constructed of a hollow insertion/retrieval cord made
completely of GORE-TEX membrane. An expanded polytetrafluoroethylene
(eP'TFE) GOR-TEX membrane, is a chemically inert, microporous, and hydrophobic
material. The node and fibril structure of ¢PTFE facilitates vapor transfer, while
simultaneously preventing liquid water and soil particles from impacting sample
integrity. Inside the insertion/retrieval cord are smaller, hollow ePTFE tubes filled
with sorbent material and sealed at both ends (sorbers). Tenax TA® is the sorbent most
commonly used, although alternative sorbents can be utilized for specialized
applications. Because the entire module is made of eP'TFE, vapor transfer can occur
across the entire surface area. The vapor-permeable, water-repellent GORE-TEX
membrane around the sorbent is well-suited for application in dry, wet, and saturated
soils. Modules are installed in narrow pilot holes created with simple hand tools, with
retrieval typically occurring after a two week exposure time.
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Table 2 Bench-Scale Experi i
xperimental Results, Natural Matrix Certified Ref
Material, Jar-Exposure Experiment T TR

Target Amount Reference
Compound Detected, ug Value, ppm
Naphthalene . 4,49 15.7
2-Methylnaphthalene 6.08 ©270
Acenaphthylene 2,14 16.7
Acenaphthene 65.80 640.5
Dibenzofuran 47.66 256.4
Fluorene 31.83 368.3
Carbazole 3.52 394
Pentachlorophenol 0.02 1202.6
Phenanthrene 51.30 1153.4
Anthracene 17.99 415.2
Fluoranthene 6.81 1409.8
Pyrene 4.40 1059.6
Benzo(a)anthracene 0.03 251.0
Chrysene 0.03 316.5
Benzo(b}luoranthene N.D. 99.8
Benzo(kMluoranthene N.D. 64.8
Benzo(a)pyrene N.D. 84.0
Indeno(1,2,3-c,d)pyrene N.D. 21.5
Dibenz(a,h)anthracenc “N.D. 10.9
Benzo{g,h,i)perylene N.D. 22,6

BENCH-SCALE EXPERIMENTS

In order to determine which PAHs can realistically be screened using passive soil
gas technology, bench scale experiments have been conducted using a nanliral matrix
refe%‘ence material purchased from Resource Technology Corporation containin
CeFtlﬁed concentrations of various PAHs and pesticides. One hundred grams of thig
soil were pla?ec‘l in a jar along with a GORE-S0RBER module. The jar vfas sealed ancsi
zﬂzr;zldto sit 1nta f;llxm;h(t)lod for approximately five weeks. The modules were then

using standard the i
conditions, Regsults are sumr;ar??zlcgiioﬁi?xgas chromatography/mass spectromety
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2 are in GC elution order, which closcly
rder, Compounds up to chrysene were
f sensitivity concerns, however, pyrenc is
its have also been obtained in other

The target compounds in Table
approximates decreasing vapor pressure o
detected in the exposed sorbers. Because o
probably 2 practical cut-off. Sirilar resu
experiments at two and threc week exposure times.

FIELD TRIAL

A major East Coast railroad ¢
at one of its rail yards. Apparently,

ompany had a closed journal box oil recycling plant
when the plant was in operation, poot housckeeping;

and containment procedures led to an appreciable loss of oil and petroleum products.
Visible soil staining was present at the sitc. Initial sampling in the arca detected the
presence of heavy-cnded diesel related contaminants containing high levels of lead.
The extent of the subsurface organic contamination had to be determined because
the area’s relatively small size (1.66 acres) made traditional sampling and analyses cost

~prohibitive. Less costly alternatives for determining the horizontal extent of soil
contamination werc therefore evaluated. A GORE SORBER Screening Survey was
selected to delineate the areal extent of subsurface contamination, Total lead and oil
and grease analyses were also petformed on soil samples obtained from across the site,
using EPA Methods 3050/6010A and 9071, respectively. The area to be investigated
was gridded in a 50 foot centered pattern. Thirty modules were installed to
approximately 2.5 feet below the surface and retrieved 25 days later. (Modules are not
usually exposed for such an extended period of time, but due to the semi-volatile nature
of the contaminants and their low vapor pressures, longer than normal exposure times
were thought necessary. Subsequent work has shown that a two-weck exposure would

have been sufficient).

The GORE-SORBER Screening Survey ma
of organic contamination. Gore did a preliminary analysis of 2 soil sample from the site
that was known to be contaminated with journal box oil; dim(;thylnaphthalenc was
found to be the best tracer compound for this purpose. (It should be noted that
dimethylnaphthalene is not typically on a target compound list, so its presence might
not be noted by many environmental testing laboratories).

Figures 1, 2, and 3 show the interpolation and mapping of the total lead,
dimethylnaphthalene, and oil and grease results. The dimethylnaphthalene results were
obtained using passive soil gas sampling. As lead can be associated with journal oil and-
is generally immobile, the three “hot spots” on the lead map are likely to be the original
source areas. The oil and greasc resuits seem to agree with only two of the three hot

spots and don't give much indication as to the extent of contaminant migration. The
slightly off from the lead

d direction of surface and ground water flow. The
¢ contaminant plume and its

de it possible to delineate the extent

dimethylnaphthalene map, however, has three hot spots set

hot spots in the expecte
dimethylnaphthalene map also clearly -indicates th
expected direction of migration.
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CONCLUSIONS

The survey outlined the contaminated areas and provided a focus for action, Use of
the GORE-SORBER Screening Survey made it possible to accurately determine the
extent of subsurface organic contamination without mobilizing costly soil boring
equipment and field personnel. In addition, a compound-specific visual representation
of the contamination was obtained. GORE-SORBER Screening Survey and GORE-
TEX are registered trademarks of W. L. Gore & Associates, Inc. Tenax TA is a
registered trademark of Enka Research Institute.
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QUESTIONS AND ANSWERS

Q. With the groundwater depth being four to five feet and the installation being three
feet, how does that work if we were to go down to a 17-foot depth, or something
ke that?

We've actually worked on sites with groundwater depths of a hundred or two
hundred feet with absolutely no problems whatsoever. Due to the fact that you're doing
passive sampling over about two weeks or so, that gives it plenty of time for those
molecules to reach the surface or, actually, three feet below the sutface. Not to mention
the fact that it's happening continuously, so there were some things from that depth
that were already at three feet when we did the initial installation. This is a continuous

process.
Q. The probe depth is still three feet?

Yes. Three feet is chosen to mitigate some of the surface effects. Biodegradation
and things like that.

Q. Does the amount of time of exposure matter? Are we waiting to reach equilibrium
with the soil vapor?

The answer is no. We're not waiting to reach an equilibrium. I believe the time does
matter, but seeing as what we're really doing is mapping relative concentrations from
one absorber to the next, time matters in that all the absorbers have to be in for the
same amount of time. That’s the approach that we've taken there and it works quite

effectively.

Q. What's the radius of capture of your units? P've heard some pretty fancy claims
lately (100 feet, 200 feet sometimes), and it’s hard to think that PAHSs would move
that far in a soil matrix. Could you expand on that a little bit?
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I can't say for certain whether we've been able to pick up PAHs at a hundred feet
or greater. I'm not real sure that some of our sites where we've done PAHs have tljet
dept.h to groundwater. I do know that PAHs interact quite readily with the s a'l
particles, which I believe is the reason that you can’t see past pyrene. P}\;[orc im| ortaczllt
than the vapor pressure is the actual interaction of the compounds with the S(l:il and
they become attached to the soil and are no longer available as soil gas. It is my l;el_ief

that anything that is in the soil gas in sufficient quantities will be detectable by my gas
mass spectrometer. e

Q. Do you sce this technique being valuable for defini
fi
just the soil matrix? d or defining the free product plume, or

Obviously, we would be able to detect free product quite readily with this
technology. It saturates out the detector. What we’re typically using the GORE-

S RB R for 1s to as tai P 3 i
( ) -l; k CC. |. the ume t}lat 18 \‘V}lefe POlllltantS haVe mlgfated since

(2. At th_lS sit C, di yOl.l dO ally b()' ings to ldellt
g .
d ]_fy tllc fICC Product plllme to see hOW it

My understanding is that they did not do any borings to determine where the
product actually is. Their main concern on this site was the lead. What we were tryin
to do was use an organic marker to try to show them where the journal box oil waz sg
they could go back and attribute that and do some testing for the lead itself o

They haven't finished remediating this site, by the way. .

Q. That graph that you showed, did you make any attempt to correlate any actual grab
samples that you took, to how much was diffused on the samplers?

No, we did not. Not at the site.
Q. You just talked about relative concentrations?
Relative distributions, exactly, We did no soil sampling for the PATIs themselves

Ql]izszgl stl;lrt;l: it would be possible to sample for PAH’s, given what their vapor

}}t would be; possib‘le. Part of the problem is that with the passive soil gas
te; r:ol.ogy, youTe not just determining what’s in the soil. You're also determining
what’s in the groundwater. So getting soil samples to correspond with soil gas samples

is actually very di'ﬁicult to do, because youre taking a complete picture of the
subsurface gas not just the soil itself, .

Q. What about an upper limit to the amount of material that can be sorbed onto the

detector? Would you see sort of an upper plateau, after which you wouldn't be able
to resolve differences in concentrations?

T ; . .
he upper plateau that we've seen so far is saturation of the detector, And to be

h()ﬂest ith you I ¢ 5€en u ards f 00 i
? bl 3 0]
; W V. PW (o] 4 () or 5 000 mlcrogfams onto the 8 fber Of
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Q. What would that relate to in soil?
It actively relates to free product.
Q. What about cost down the road for materials?

The screening survey involves installation and surveying, we provide the absorbtion
module. The consultant or yourself would do the installation, and we would do the
complete GC/MS laboratory analysis, the color contour mapping onto & customer-
supplied CAD map, as well as a final report that we provide. In addmon. to this,
throughout the entire process there’s consultation going on with our client. This survey,
this service, costs approximately $225.00 per point and we do the volatiles and the
semi-volatiles simultaneously with this. I've done as volatile as vinyl chloride and again
as semi-volatile as pyrene. And we can do these simultaneously.

Q. Does the $225.00 include installation?

We dor’t do the installation. The customer does the installation, so that would not
be iucluded in the cost,

=

Chapter 4 _ |

Use of No-Excavation Impermeable
Barrier to Control Subsurface
Hydrocarbon Migration

Jeffrey C. Brown
Radian Corporation, Milwaukee, WI

James A. Ewert
Atchison, Topeka and Santa Pe Raifway Gompany, Topeka, XS .

INTRODUCTION

Historic diesel fuel releases in railyards are an unfortunate fact of life for most
railroads. The storage and use of large quantities of diescl fuel, extensive underground
distribution systems, and rapid, high-volume fueling equipment have produced
uncontrolled releases in the past. Recovery and remediation of these releases are often
hindered by the presence of tracks and other equipment essential to operation,

Construction of rail lines in river valleys where grades are low creates conditions
where hydrocarbon releases are often adjacent to major water ways. In these
circumstances, direct discharge of petroleum products to surface water can occur. Such
releases create high visibility problems that often require expensive emergency
corrective action to satisfy regulatory agencies and the public.

Recently, a flexible system of intetlocking, high density polyethylene (HDPE)
panels that can be driven into place from the surface has become available. This system
provides a less expensive alternative to other hydrocarbon retention systems. This
HDPE system was used successfully at the Atchison, Topeka and Santa Fe (ATSF)
Railyard in Ft. Madison, Towa, This chapter presents a description of conditions which
resulted in its use and describes its installation,

SETTING

The ATSF Railyard at Ft. Madison, Iowa, occupies an area of 200 acres along the
north side of the Mississippi River (Figure 1). The yard, was once a major division
point with extensive engine and car shops, and employed as many as 2000 workers.
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Fueling of both passenger and freight trains was inc1u<.ied in yftrd activities. Cur\fntly-,
the yard is both a marshalling area for regional freight trains and a crew change
location. Engine fueling no longer occurs at the yard. . )
The yard is located on the Mississippi River flood plain about 10 feet ‘abovc tlse
normal river level. A navigation and flood control dam downstream controls river levels,
but considerable river level fluctuation occurs with attempts to control flow in lower
reaches of the river. Dry Creek, a local tributary, crosses thn? ATSF yard fr(?m north ti
south, and joins the river near the cast end of the yard (Figure 1), Flow in tl(lje cree
varies, but water is present in the channel year-round. At the mouth of .Dry ree]_.c, a
delta area of deposited stream sediments and extends about 450 feet into the river
channel. Pesiodic dredging has maintained the Dry Creek channel thr(_)ugh the center
of this deposit, separating the sediment into two triangular-shaped peninsular areas.

PROBLEM

In the past, two,30,000 gallon day tanks were located on thfa casteIn half of the Dry
Creek delta deposits, approximately 75 feet south of thc‘mamhne_ tracks.(FLgure 21;)
The tanks provided diesel fuel to two mainline fueling stations: one 1mmcd1a‘tely to the
north, and the other about 1200 feet to the west. The tanks were removed in the late
19505 when the west mainline fueling facility was closed.

g!’._,Eam CONTOUR INTERVAL,
"N 10 FEET
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During related site investigation activity, evidence of subswrface free-phase
hydrocarbon was discovered in the former day tank area. In 1992, investigations were
initiated to determine its extent. Results of this investigation are shown in Figures 2
and 3. Sediments in this area arc sands, silts, and clays typical of flood and stream
deposits of varying energies. Subsurface investigation indicates that sand and silty
sands extend to depths of at least 20 to 30 feet, becoming finer grained at greater
depths. The water table is convex in shape, with discharge occurring both to the river
on the east and southeast, and to Dry Creek to the west (Figure 3).

Free-phase hydrocarbon was present as a thin lens generally limited to the
immediate area of the day tank, tapering to a thin edge in down gradient directions.
While no hydrocarbon discharge to either the river or Dry Creek was evident, black
staining along the adjacent banks indicated that hydrocarhon had migrated as far as
each of these streams. Subsurface free-phase hydrocarbon is more widely distributed
along Dry Creck than along the river to the east.

Installation of a product recovery system was planned for 1993; however,
construction was delayed by severe flooding in the area during that summer. During
this time the entire yard, except for the mainline tracks, was under water. Effects of this
flooding on subsurface hydrocarbon distribution were not immediately apparent, and
recovery system installation was delayed until they could be determined. Hydrocarbon

Former Day Tank &

ocation Molntine  pw_qq
Fueling
rea

Area of Frea—Fhase
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RIVER
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£ § e oF cross-secrien e

Figure 2 Area of Interest, ATST Railyard, Ft. Madison, lowa
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product thickness that reached a maximum of three feet in well MW-9 before the flood
was less than 0.5 feet when flood waters receded. This change in thickness and the
general subsurface distribution of the product suggested that movement of flood waters
to the west may have moved the product in that direction (Figurf: 2).

An additional consequence of the flooding was the silting in of. the Dry Crec%c
channel. In early summer of 1994 the city dredged the channel3 placing dredge spoil
on land immediately adjacent to it. Much of the dredge spoil 'collectec'l from the
channel immediately south of the mainline tracks was petroleum—cor}tammatec.l, and
ATSF incurred considerable expense in the removal and disposal of this contaminated
spoil. To make matters worse, once channel dredging was complete, free-phase
hydrocarbon discharge into the creck started to occur.

CORRECTIVE ACTION

The discharge of free-phase hydrocarbons into Dry Crcek.pr(?mpted a request'for
action from the regulatory authorities. Preliminary cvaluation indicated that a vertical
barrier was needed to retain the free-phase hydrocarbon while recovery elforts were
implemented. However, the loose nature of the sedimen.ts and the high water table
presented problems for any method that required excavatloln, and such methf)ds were
likely to be expensive. Having just disposed of the con'tftmmated drec.lge spml,'ATSF
was not eager to invest resources in disposal of additional contaminated soil. The
cortective approach talken was influenced by these factors.
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Figure 3 Section Across Area of Interest, ATSF Railyard, Ft. Madison, Iowa
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Approach and Design
Given the nature of the source and existing site conditions and constraints, a set of
design objectives for the barrier system was developed. These objectives included:

» The barrier must be continuous and impermeable to free phase hydrocarbons,
but must not impede groundwater movement;

* The barrier must prevent hydrocarbon discharge to both the Mississippi River
and Dry Creek; '

* The volume of hydrocarbon contaminated soil excavated must be kept to a
minimum;

» The barrier system should be cost effective and generally maintenance-free.

Several Options using these objectives were evaluated; installation of an HDPE
curtain around the affected area appeared to be the most viable. Such a curtain is
impervious to most liquids, is flexible and continuous, and can be installed to
intermediate depths to contain free-phase hydrocarbon, yet still allow flow of
groundwater, In the past, installation of such curtains has required extensive excavation
and trench stabilization. Recently, however, a system has been developed that uses
individual locking panels driven from the surface using standard sheet pile driving
techniques. This installation method requires minimum equipment and eliminates the
need for excavation and soil disposal.

Site data indicated that a shallow lens of hydrocarbon was present on the water table
near monitoring well MW-9, extending to surface water bodies both to tlic east and
west. To contain this product, a linear barrier was designed to surround the down
gradient sides of the affected area and prevent further surface discharge. The barrier was
designed to be installed as close as possible to the edges of adjacent water bodies without
jeopardizing bank stability. A 10-foot depth was selected, which placed the barrier
bottom well below the historic water table elevation, but still permitted continued
groundwater movement through the coarser-grained near-surface sediments.

System Description

The system selected for this site was the Gundwall vertical barrier system
manufactured by Gundle Lining Systems of Houston, Texas. The system consists of 6-
foot wide, 80-mil thick HDPE panels installed adjacent to one another. Panels are
interlocking and each joint includes a hydrophilic rubber seal {Figure 4) which swells
when exposed to water. This interlocking feature creates a continuous impermeable
barrier that can be installed with varying degrees of curvature. Laboratory tests
performed on the HDPE and interlock seal have shown both to be resistant to
chemical degradation or changes in material properties when placed in prolonged
contact with hydrocarbon compounds. |

Seventy 6 x 10-ft panels fabricated with the interlock system were delivered to the
site within three weeks. Panel material and fabrication costs were about $6.00 per
square foot. A local contractor was retained for barrier installation.
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Installation

Mobilization to the site occurred in November, 1994, Equipment included a two-
drum 50-ton crane and a vibratory hammer system used for standard sheet pile
installation. The system included the hammer suspended from the crane and a power
pack Iocated on the ground nearby. The power pack provided hydraulics necessary to
operate the vibrating hammer,

Each TIDPE panel was constructed with a female part of the panel interlock
system bonded to one edge and the corresponding male part bonded to the other. A
reinforced “J” shaped channel was bonded to the bottom edge of each panel. To drive
a panel, the bottom edge of a 6 x 15-foot steel insertion plate was placed in the “T"
channel. The plate and panel were then positioned adjacent to the previously driven
panel, and the companion parts of the interlock connected. The insertion plate was
then driven using the vibratory hammer. As the pancl moved down, hydrophilic seal
material lubricated with a soap solution was fed into the joint, continuously filling the
interlock, Once the panel was in place, the insertion plate was pulled back, leaving the
HDPE panel in place. During the panel driving procedure, water was sprayed between
the panel and insertion plate, thus reducing friction and allowing the plate to be
withdrawn without binding on the HDPE panel. This driving process was then
repeated for each additional panel.

The entire 390-foot barrier was installed in 1.5 days. In general, installation was
smooth. However, during the driving process a few problems maintaining proper
alignment and plumb of the insertion plate during driving. If proper alignment and
plumb are not maintained the “J” channel can be sheared easily or the interlock can be
pulled apart. If this happens, the damaged panels have to be removed and discarded.

Figure 5 shows the layout of the completed barrier installation. The barrier was
placed within a few feet of the bank of Iry Creek, along the reach where evidence of
hydrocarbon discharge was present. The 6-foot panel width permitted a moderately

INTERLOCK
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HYDROPHILIC
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Figure 4 Detail of Panel System Interlock
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tight radius of curvature, and a “V” shaped layout was achieved. Near the east end of
the barricr, considerable buried concrete foundation material was encountered and
threatened to prevent successful installation in that area. However, a tractor-mounted
backhoe was used to locate the foundation pieces ahead of panel installation. The
sectional flexibility of the pancl made it possible to vary the line of installation to avoid
th‘?se obstructions without compromising the integrity of the linear barrier. Barrier end
points were dictated by overhead power and signal lines, which prevented equipment
access, Following barrier installation, a product recovery system was installed inside the
barrier and hydrocarbon recovery took place. Total cost for the material, installation

and contractor oversight was about $15 per square foot of pancl installed. ,

RESULTS AND CONCLUSIONS

. The barrier has been in place for nine months, and no evidence of hydrocarbon
dischiarge to adjacent surface water has been detected. Following barrier installation,
piczometer (PZ-1) was installed inside the barrier (Figure 5). Table 1 presents’ a
comparison of liquid levels in PZ-1 with those in well MW-21 located outside the
barricr. Product thickness in PZ-1 fluctuates in response to water level changes, but no
product has been detected in MW-21. The lack of evidence of product outside the
barrier indicates it has been effective in retaining the floating free-phase hydrocarbon.
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Figure 5 Position of Vertical Barrier, AT'SF Railyard, Ft. Madison, lowa




o i3

76 Principles and Practices for Diesel Contaminated Soils, Vol. V Use of No-Excavation Batrier 77
Results of this project demonstrate that use of the surfacc-driven HDPE panel
barrier is a cost-effective approach in preventing subsurface hydrocarbon migration.
Under proper conditions, installation is rapid and no disturbance or excavation of
‘g subsurface materials is necessary. The thin, sheet-like nature of the material permits
o~ . . . . . . . .
|E installation in narrow areas where installation of trenches and wider barriers is not
g ¢ 5 928 8 %3 38 possible. Once in place, the barrier prevents free-phase hydrocarbon discharge to
s H S - S o S ° o < nearby steams and other surface water bodies.
37d
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: £ I do’t know how one might verify that through its whole length. Probably the best
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7 We did investigate. We were concerned about the effect that fuel oil might have on
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8 of fuel oil on high density polyethylene. The results were that, in fact, there is some
< reported softening of the material that occurs, but there was no evidence that it affected
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Chapter 5

CASE STUDY: Emergency Response,
Site Characterization, Spill Containment
and Remediation at a Derailment Site

in Southern lllinois

John H. Smith
Hinois Central Railroad, Chicago, 11,

Jeffrey E. Rebenschied
ENSR Consuiting and Engineering, Westmount, 11,

Robert P. Cohorst
PM Environmenial, Inc., Lansing, MI

INTRODUCTION

At 2:15 a.m. Central Standard Time on August 12, 1994, two rail-tank cars
containing approximately 29,700 gallons of perchlorethylene (PCE), a dense, non-
aqueous phase liquid (DNAPL), derailed on the Illinois Central Railroad (ICRR) line
1.5 miles north of Thompsonville, Illinois, in southeastern Franklin County (Figure 1).
"The derailment occurred in a rural farming community near North Kegley, at a former
Steam Locomotive Station Shop. Approximately 22,000 gallons of PCE, were released
into the environment. The spill occurred near Milepost 68, and adjacent to an existing
intermittent stream channel that feeds into a designated wetland and Thompsonville
Lake, which is owned by the Tlfinois Central Railroad (ICRR). '

A substantial amount of the free product flowed into the intermittent stream
channel, meandering in a northeasterly direction away from the point of impact at the
railroad tracks. The railroad tracks run in an approximate north-south direction, The
railroad took immediate action to impede and remove the free product and impacted
groundwater within the intermittent steam channel, The railroad hired an ererpency
response contractor to build an earthen dam located approximately 1,700 feet
downstream of the derailment to impede the impacted surface water, and excavated
fourteen product removal sumps within the stream bed to remove free product,
impacted surface watet, and groundwater.
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ICRR notified the United States Environmental Protection Agency (USEPA), t.hc
Tilinois Environmental Protection Agency (IEPA), and other state and locafl agencies
of the release. The TEPA allowed TCRR to remediate the site under thP: Ilinois Pre-
Notice Sites Cleanup Program by constructing a groundwater 1:emcd1at1on system to
treat the free product and impacted groundwater and discharge t!'ae treated
groundwater on site. Also installed was 2 containment and cover system to impede the
horizontal migration of the contaminant within the soil and groundwater. The.I.EPA
assisted ICRR in expediting issuance of the proper air permit, wastewater prov1§1o'na1
variance request, and NPDES permit in order to perform the necessary remediation
efforts at the site. IEPA also approved a Site Sampling Plan that would allow I(?RR to
perform analysis of PCE-impacted soil and groundwater using an on-site gas
chromatograph (GC). '

The free product and impacted groundwater collected during thc‘ emergency
removal efforts was temporarily stored in 22,000-gallon storage tanks priox to heing
disposed of off-site. Impacted water with a PCE concentration less than 5.0 mg/l was
transferred (by tanker truck) to a nearby wastewater treatment plant for treatment. Free

product and impacted water with PCE concentrations greater than 5.0 mg/l were
transferred (by tanker truck) to a recycling facility for proper disposal. As of Scptember
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1995 approximately 1.1 million gallons of impacted water and 9,000 gallons of free
product have been removed from the site.

In order to determine the extent of the PCE plume, ICRR performed a soil gas
headspace survey within a matter of wecks after the spill occurred. A total of 72
subsurface borings were conducted along the intermittent stream bed. The PCE plume
extended approximately 1,500 feet downstream of the derailment site and stretched
over 100 feet across. In addition to the headspace survey, a ground-penetrating radar
study {(GPR) was performed in order to determine the depth to bedrock for
remediation purposes (Figure 2). -

GEOLOGICAL AND HYDROGEOLOGICAL INVESTIGATION

Geological Investigation

In order to further determine the lithology at the site, ICRR conducted a
subsurface geological investigation. Soil borings and bedrock corings were conducted
at 20 locations spaced at intervals of approximately 200 feet around the perimeter of
the site. The soil borings and bedrock corings were completed to provide information
on the bedrock and to determine the optimum locations for installation of groundwater
monitoring wells and piezometers around the site. The boring locations are shown in
Figure 3, and Figures 4 and 5 present the geologic cross-sections.

Site Geology

The glacial deposits at the site were from 0 to 15 feet thick, and were comprised of
brown sandy clay till with some gravel. The till was eroded along the intermittent
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strearn bed and became thicker away from the stream bed. Alluvial deposits comprised
of brown fine-grained sand were present at the southwest end of the site. Uhe saturated
) hydraulic conductivity of the glacial deposits at the site ranged from 1.2 x 107 cm/sec R
to 5.6 x 10 cm/sec, and the calculated porosity decreased from 42% to 38% with iy
respect to depth.

The shallow bedrock beneath the till consisted of fine-grained horizontally-layered
sandstone. The upper few feet of the sandstone was tan-to-orange-brown with iron il
staining. T'he sandstone was weathered in the upper (1-4 fect) zone and became harder
and less weathcred after five feet. It also showed a color change to gray and an increase ;
in grain size to a medium-grained sandstone with depth. Interbedded layers of sandstone i
and dark gray shale were also encountered at depths ranging from 78 to 117 feet.

The saturated hydraulic' conductivity of the sandstone ranged from 3.1 x 10
cm/sec within the upper heavily-weathered sandstone to 4.8 x 10 cm/sec within the
lower less weathered sandstone, and the caleulated porosity decreased from 45% to 26%
with respect to depth, Impacted soil and groundwater impacted with PCE and free
product was observed mostly within the soil and bedrock interface as well as within the
upper four feet of the bedrock.

The sandstone bedrock at the site appears to be the McWain Sandstone Member

of the lower Bond Formation, Pennsylvanian in age. The McWain Sandstone is
; i

Flgure 3 Bosng Locations

thickest where it fills in ancient stream channels that were cut into the underlying
O ~ - iz bedrock formations, This sandstone becomes as much as 80 feet thick in southwestern
Illinois. The McWain Sandstone is either underlain by the Shoal Creek Limestone
Member of the Bond Formation or the upper Modesto Members. The Modesto

Figure 3 Boring Locations
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Formation is similar to the Bond Formation and contains several principal coal seams
that are mined in the area.

ical Investigation
HY?;%:::OiOMtoring Erclls and seven piczometers were installed in the borchc?les
conducted during the geological investigation to assess t%lc 'groundwater at the site.
Additionally, twenty-eight piczometers were installed inside and .outs1de of. tl'le
hydrated bentonite containment wall, and seven recovery wells were 1nstal'led mth;ln
the heavily impacted area at the east side of the railroad tracfks.:.[‘he locations of the
monitoring wells, piezometers, and recovery we]l&? are shown in Figure '6.

The monitoring wells were installed to provide groundwater quality samplcs. fo:l“
fong-term groundwater monitoring. In addition, wgter level measurements obtaine
from the monitoring wells and piezometers are being used to evalu_ate. groundwater
flow direction within the impacted area. Prior to installing the monitoring wells and
piezometers, packer tests were performed in each borehole to determine the depth of
the screens and overall length of the screened interval. ' o

Eleven shallow and four deep monitoring wells were installed using a ‘2—1nc‘h inside-
diameter (1.D.), flush-threaded, Type 304 stainless steel well screen and riser pipe. Well
screens were five feet long with 0.020-inch slots. Screens for the shallow wells were set
at intervals ranging from 15 to 37 feet below grounc.l surface (BGS). The well screens
for all deep monitoring wells were placed at a depth 1nt.erval o.f 45 to 50 feet BGS. ;

The seven recovery wells were installed using 6—}nch .dlameter, ﬂush—thr(-:acle1 s
Type 304 stainless steel well screen and carbon steel riser pipe. Well screens were 10

"'::sw & Figure & Monitaring Well Piszometer, and Fecovery Well Location Map
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Figure 6 Monitoring Well Piezometer and Recovery Well Location Map
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feet long with 0.050-inch slots. The tops of the well screens were set from a depth of
approximately 15 to 20 feet BGS. Installation techniques were the same as those for
the monitoring wells.

The seven piezometers located around the impacted area were installed using 1-
inch LD, flush-threaded schedule 40 PVC well screen and riser pipe. The screens of
the piezometers located around the impacted area were placed at intervals of
approximately 30 to 35 feet BGS for piezometers PZ-2, PZ-5, PZ-8, and PZ-16, and
at intervals of 115 to 120 feet BGS for piezometers PZ-19, PZ-20, and PZ-21.

The twenty-eight piezometers placed around the hydrated bentonite wall were
installed using 2-inch LD, flush-threaded well screen and riser pipe. The piezometers
located on the outside wall were constructed out of schedule 40 PVC, and the
piezometers located on the inside of the wall were constructed out of Type 304 stainless
steel. All piezometer screens were five feet long with 0.010-inch slots, and set
approximately one to two feet above the bottom of the bentonite containment wall.

Groundwater Sampling and Analytical Results

Groundwater samples were collected from the 15 groundwater monitoring wells
located around the perimeter of the site. Each monitoring well is equipped with a
dedicated 3-foot stainless steel bailer for bailing and sampling purposes. Prior to
sampling, approximately one volume of groundwater was purged from each well in
order to remove the standing water and to ensure that representative formation water
was sampled. The groundwater monitoring wells have been sampled seven times since
January 20, 1995. Based on the most current analytical results performed in September
of 1995, none of the 15 monitoring wells around the perimeter of the site have shown
the existence of PCE within the groundwater.
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Site Groundwater

Groundwater is found within both the shallow and deep layers of the sandstone
bedrock and within the unconsolidated deposits in the northeast end of the
intermittent stream bed. The depth to the water table at the site decreases in a
northeasterly dircction away from the railroad tracks, and decreases approaching the
stream bed from either the north or south.

A groundwater contour map was drawn from the water table level data obtained on
April 18, 1995 (Figure 7). From the contour map, it was determined that the shallow
groundwater at the site flows inward toward the intermittent stream bed and in a
northeasterly direction along the former stream channel. The data obtained from the
shallow and deep cluster monitoring wells (MW-35 and MW-3D, MW-9S and MW-
9D, MW-155 and MW-15D, and MW-185 and MW-18D) revealed an upward
hydraufic gradient. This upward gradient, which was consistent in all water level
measurements, clearly indicated that there is an upward groundwater flow from the
lower sandstone bedrock along the intermittent stream. The depression shown in
Figure 7 is caused by on going groundwater pumping activities conducted at the site.

Regional Groundwater

The hydrogeology of southern Illinois consists of aquifers found in the sandstonc
bedrock, and in sand and gravel layers found in the unconsolidated glacial and alluvial
deposits which overlay the sandstone bedrock. In Franllin County, litle or no
groundwater is found within the unconsolidated deposits, except in areas impacted by
streams and rivers. ‘This is due to an absence of thick sand and gravel layers. Shallow
aquifers found within the sandstone hedrock tend to have poor water yields, due to fine
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silts .and clays which limit the hydraulic conductivity of the sandstone. Wells which
obtain water from depths of 100 to 200 feet BGS tend to have better groundwater yields.

INSTALLATTION OF RECOVERY TRENCHES AND
INTERCEPTION TRENCHES

Due to the geological and hydrogeological investigations conducted at the site,
shallow product recovery trenches and groundwater interception trenches were installed
within the impacted area to enhance recovery of free product and impacted
groundwater, and to control groundwater gradient across the hydrated bentonite wall. A
total of eleven recovery trenches and three interception trenches were installed within
the impacted area. The recovery trenches and interception trenches were installed
perpendicular to the intermittent stream channel using a mechanical trencher machine.

Engineering Design and Installation of Recovery Trenches and Interception Trenches

The first recovery trench (RT-1) was installed approximately 50 feet west of the
railroad tracks and the second recovery trench (RT-2) was installed approximately 100
feet east of the railroad tracks. The first and second recovery trenches were installed
within 100 feet of where the deraitment and spills occurred. The following six recovery
trenches (R1-3 through RT-8) were installed in sequence, moving eastward along the
strcam channel and spaced a distance of 100 feet apart from RT-2. The remaining
three recovery trenches (RT-9, RT-10, and RT-11) were installed at 200-foot intervals
east of RT-8. Two of the cleven recovery trenches (RT-12 and RI-13) were installed
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parallel to the former ditch line, due to visual evidence of outward migration of free
product during construction of the hydrated bentonite containment wall (Figure 8).

Threc interception trenches were installed at various locations within the impacted
arca. The first interception trench was installed near the headwall at the far eastern
side. The purpose of this interception trench (IT-1) was to collect the groundwater that
was mounding up against the headwall, thus eliminating possible off-site migration.
The sccond and third interception trenches (I'T-2 and TT-3) were installed along the
south side of the north bentonite containment wall to assist in reversing the natural
northeasterly groundwater flow.

Prior to the installation of the trenches, the overhurden soil was excavated in order
o uncover the bedrock surface. The tecovery trenches were then installed into the
bedrock by cutting a 30-foot-long by 18-inch-wide and 3-foot-deep trench, and the
interception trenches were installed in the bedrock by cutting a 100-foot-long by 18-
inch-wide and 5-foot-deep trench (Figure 9).

Once the recovery trenches were installed, a geosynthetic clay liner was placed on
the bottom of the trench to impede downward migration of the DNAPL. A silt fence
was then placed inside the trench to minimize any infiltration of sediment and silt from
the sidewalls. Once the silt fence was properly placed, a sump consisting of a 12-foot-
long by 15-inch-diameter, corrugated metal pipe (CMP) was installed in the middle of
the trench. A series of slots 1/4-inch wide and six inches long were cut horizontally on
the lower foot of the CMP to allow impacted water and free product to infiltrate. In
addition, a 17-inch square metal plate was welded on the bottom of the CMYP to
eliminate silt build-up. .

Interception trenches 1T-2 and I'T-3 were installed in a manner similar to the
recovery trenches, with the exception of interception trench (TT-1), located at the
headwall. Interception trench IT-1 was installed with two horizontal 6-inch-diameter,
0.05-inch screened infiltration pipes extending from both sides of a 24-inch-diameter
CMP The 24-inch CMP is also equipped with a 2-foot sump cavity at the bottom to

_ coliect groundwater.

Once the sump was installed, the trench was backfilled with washed pea gravel to
the bedrock surface. A silt fence was placed over the trench, to ensure that surrounding
silt and fine soil would not infiltrate and foul the trench. The overburden soil was then
replaced over the trench and brought to grade. '

HYDRAULIC CONTAINMENT AND TEMPORARY COVER SYSTEM

The hydraulic containment and temporary cover system Were designed to impede
horizontal and vertical migration of free product, impacted groundwater, and
surfacewater through the soil and bedrock. The hydraulic containment system consists
of a bentonite containment wall that extends 8-9 feet into the sandstone bedrock,
surrounding the entire 2.5-acre impacted area.

Prior to the installation of the hydraulic containment and temporary cover syste,
the impacted area was cleared of trees and vegetation to facilitate construction. A
permanent stormwater diversion system was also constructed to route off-site
stormwater around the impacted area, and to prevent stormwater from entering the
intermittent streamn channel.
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The hydraulic containment wall was constructed by removing the overburden soils
ar}d loose rock and sawing a trench in the exposed bedrock. The trench was then filled
w1th' bcgtonite and water to construct the barrier wall. To impede groundwater from
flowing into the impacted area through the soils, the hydraulic barrier was extended
from the bentonite wall to the ground surface using a geosynthetic clay liner. The
geosynthetic clay liner consisted of sodium bentonite incorporated in a geotextilé mat
The hydraulic conductivity of hoth the bentonite cutoff wall and GCL are much lowe;
than that of the adjacent soil and bedrock, thereby creating a subsurface containment
wall around the impacted area. ’

. U}llon completion of the product recovery and gradient control and stormwater
diversion systems, the impacted area was graded and capped with a reinforced lincar
Iow—c_lensity polyethylene cover. The entire site was then fenced in to provide site
security and to prevent deer and other large animals from damaging the cover systern.

Bentonite Moisture Content/Hydraulic Conductivity Study

.Pnor to beginning the bentonite containment wall (BCW) construction, a
moisture content hydraulic conductivity pilot study was conducted in order to establ,ish
an accc’:ptable moisture content range for placement of the hydrated bentonite. Bulk
bentomt.e material taken from a sack of the material to be used in construction .of the
test sections was used to prepare the test samples,

The . samples were prepared by moisture conditioning the bentonite and
compacting the sample in a mold for testing, The hydraulic conductivity of the samples
was tested in accordance with ASTM D-5084, Method C, Rising Tailwater Level. '?'hc
lowest water content providing a moldable sample was 63%; the upper limit was
261.4%. Additional samples werc prepared and tested at water contents of 119,8%
161.5%, and 183.7%. The hydraulic conductivity of the samples tested ranged f ’
7.4x 107 cm/sec. s

The maximum design hydraulic conductivity for the bentonite wall was established
at 1 x 10® cm/sec, exceeding most specified requirements for landfill liners and slurr
wall construction. The moisture content/hydraulic conductivity study indicated tha{
the. hydraulic conductivity of the material used to construct the BCW exceeded the
design ‘standard. Furthermore, the study indicated that the bentonite could be placed
z‘ta r?dl‘:sgji ;?eg; lisf_ moisture contents and still achieve acceptable in-situ hydraulic

The. ﬁrs‘t ?cction of the BCW was constructed primarily as a test section in order

to provide initial containment at the east end of the site and an assessment of the
proposed cons.truction procedures, Q.C. inspection procedutes, and in-situ conditions
The ﬂrs:t section was constructed at the far east end of the impacted area, using a
mechanical trencher machine with a maximum cutting depth of 6 feet. This s,ectiongof
the BCW was described as the “Old East Wall.” Three Shelby 'Tube samples were
Colle(?ted from the completed test section and analyzed using the same pfoccdures
described for the moisture content/hydraulic conductivity study. The hydraulic
coniuctivitly of the samples ranged from 3.0 x10” to 4.9 x 10" cm/sec.

~As exp oration of the site and construction of the wall pro

impacted area, [CRR decided to extend the BCW deeper into tlfl)e sizj::(?n: :')cl:}ll(: etal::
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end of the impacted area using the same mechanical trencher machine that was used
in constructing the north, south, and west sections of the BCW. The larger trencher j
had 2 maximum cutting depth of approximately 8-9 feet, allowing the contractor to !
extend the BCW deeper into the sandstone. A schematic cross-section of the BCW is 1‘
included in Figure 10. .

BCIV Construction and Monitoring Procedures

The BCW was constructed by excavating the overburden soil and loose rock to
create a benched cross-sectional area of construction. "The benched area had to be
approximately 20 feet wide to accommodate the mechanical trencher ; its dept varied
anywhere from 2-15 feet. The trencher, used to cut a trench approximately 8-9 feet
deep and 18 to 21 inches wide, was also fitted with a “crummer shoe” to scavenge the
loose material out of the bottom of the trench. (Figure 11).

Once a sufficient length of trench was cut and prepared, the trench was filled with
crushed and dried sodium bentonite, which was provided in large sacks weighing
approximately 2,500-4,000 pounds cach. The bentonite placement procedure involved
filling the trench with clean water from a tanker and then placing the bentonite into
the water to facilitate proper hydration. The sacks were fitted with a bottom discharge
to allow placement of a regulated flow of bentonite into the trench and then suspended
from the bucket of a hydraulic excavator. The water and bentonite were placed in lifts
until the trench was filled (Figure 12}.

PERIMETER DRAINAGE SWALE

REINFORGED VLDPE'
COVER

" 3" DIAMETER STONE BALLAST 3" DIAMETER STONE BALLAST
15" DIWWETER REGOVERY werl [

ANCHOR TRENCH

NWOYEN

ANCHOR TRENCH
MO ~
GEQTEXTILE

NONWOVEN
GEOTEXTILE

. RIEZOMETER =,

™

PIEZOMETER

\ - UNIAPACTED
\ S ACTED

1 ueeagTag
soi- g

BEDROCK /SOIL.
INTERFAGE

GRAVEL FILLED
RECOVERY TRENCH

/ IYDRATED BENTONITE

CONTAINMENT WALL

@
SR

TATACEErt

T T

m[\uu.

SANDSTONE GROUNDWATER FLOW
BEOROCK : o

GROUNDWATER FLOW

Figure 10 Bentonite Containment Wall Cross Section Figure 12 Installation of Bentonite Containment Wall (BCW)




92 Principles and Practices for Diesel Contaminated Soils, Vol V

The benching and trenching operations were monitored to assurc conformance
with the design requirements and procedures established during construction of the
test section. 'T'he excavation was checked for cleanliness and the presence of loose
material at the bottom of the trench; A backhoe fitted with a 12-inch bucket was used
to clean the trench of excessive amounts of loosc material prior to the bentonite
placement. The cuttings at the sides of the treuch left by the trencher were shoveled
away to prevent sloughing during bentonite placement.

The rate of placement and application of dry bentonite was monitored and controlled
to maintain the moisture content within the range established by the pilot study.

Laboratory Testing

Thin wall Shelby Tube samples were obtained from the completed BCW at
intervals of approximately 200 feet to document the in-situ hydraulic conductivity of
the BCW. The samples were obtained by hand augering a 4-inch borehole to the
desired sample depth interval and pushing a Shelby Tube into the bentonite with a
hydraulic excavator or backhoe. Samples were obtained at various depths to represent
conditions throughout the vertical section of the BCW, The tubes were extracted,
cleaned, and waxed to preserve the moisture content of the sample. Shelby Tube
samples were tested in accordance with ASTM D-5084, Method C, Rising Tailwater
Level. The hydraulic conductivity of the samples rauged from 5.9 x 107 cm/sec to
8.5 x 10° cm/sec.

Geosynthetic Clay Liner

A geosynthetic clay liner (GCL) was used to extend the hydraulic barrier from the
top of the BCW to the elevation of the perimeter ditch inverts of the temporary cover
system. A GCL was chosen as the hydraulic barrier because it could be,installed with
minimal preparation of the existing benched area adjacent to the BCW.

The GCL consists of a top and bottom layer of woven geotextile and a core of
granular sodium bentonite, supplied in rolls approximately 13.5 feet wide and 100 feet
long. Each roll is numbered to correspond with the manufacturer’s quality control
certification for the material. The GCL exhibits typical hydraulic conductivity values
on the order of 5 % 107 cm/sec when tested in accordance with ASTM D-5084.

GCI, Construction and Monitoring Procedures

The sides of the existing BCW excavation were prepared to provide a relatively
uniform surface for the placement of the GCL. In areas where the depth of the
overburden soils exceeded two or three feet, an anchor trench was constructed to
prevent slippage or movement of the panels during backfill operations.

The GCL was installed by suspending rolls of GCL from the bucket of a hydraulic
excavatot using a spreader bar and unrolling them to cover the subgrade and the BCW.
The GCL panels were then overlapped the full width of the BCW at the toe of each
panel. The panels were overlapped a minimum of 6 inches at each seam to provide a
hydraulic seal. Overlaps were oriented vertically at the slopes per manufacturer
recommendation (Figure 13), and extended past the bottom of the anclior trench.

A hydraulic excavator and small wide truck-bulldozer were used to backfill the
GCL with the silty clay native soils removed during excavation of the BCW. The
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anchor trench was backfilled prior to the placement of backfill at the slopes to prevent
movement of the panels. A sufficient depth of soil was placed over the GCL prior to
sI_:)readmg and compaction with the wide track bulldozer; in order to prevent
disturbance of the GCL. Backfill was placed in lifts and compacted with the bulldozer
until final elevations were reached; the final surface was then graded to provide a
drainage swale around the perimeter of the impacted area. ‘
‘ The condition of the subgrade and anchor trench was visually monitored and major
irregularities, large stones, and sharp objects were removed and/or repaired prior to the
placement of the GCL, Placement of the GCL was also monitored for conformance to
.manufacturer recommendations. The panel overlap was checked to ensure that a the 6-
inch minimum lap was maintained at all locations; horizontal seams were uot permitted
on slopes. Each GCL panel cut from the roll was assigned a panel identification
numE)er, which was then indexed to the toll numbers provided by the manufacturer.
The location and elevation of the GCL was surveyed to develop a record drawing
of the installation. The placement of backfill was monitored to prevent disturbance of
the GCL during backfill and compaction operations.

Temporary Cover System

Aft(?r comPlcﬁon of the BCW and GCL installation, the product recovery and
hydraulic gradient control system was installed and the impacted area was filled and

Figure 13 Layout of Geosyntehtic Clay Liner (GCL)}
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graded to provide surface drainage. A perimeter di.tcb was constructed to channel
surface drainage around the impacted area to the existing stream channel at the east
end of the site (Figure 14). Upon completion of the g{'admg, the surface of the
impacted area was covered with a 3-ply Lincar Low Density Po'lyethylt?nc (LLPI;E)
and nylon yarn laminate, a cover material used to prevent the infiltration of surface
water or contact of surface water with the impacted soil.

Materials

The temporary cover material consisted of a 3~ ply laminate: two layers of blac_:k
LLPDE, and 2 high strength non-woven nylon cord grid. The non-woven fzord grid
provides a uniform loading resistance of over 740 pounds per yard in all d1rect19ns. Tl‘le
material has a useable temperature range from -40°F to 170°F, and can be fabricated in

panels up to approximatcly one acre in size.

TGS Installation and Monitoring Procedures

The surface of the impacted area was graded to provide a relatively uniform surface,
with a crown in the center to provide drainage to the perimeter ditches. An anr:hor
trench was excavated around the perimeter of the covered area to secure the T'CS into
the soil and prevent sfippage or movement of the cover. o

Sixtecn panels were needed to cover the impacted area, .ranglng in size f.rom 7,650
square feet to 40,600 square feet. (A panel layout drawing is provided in Figure 15.)
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The panels were overlapped a minimum of three fect at the seams, which were sealed
with a double-sided seaming tape to provide a continuous weather-tight seal.

The perimeter anchor trench was backfilled after placement of the temporary cover.
The interior areas of the cover system were ballasted using sand hags constructed of the
cover material, rather than less expensive agricultural sand bags, because the less
expensive bags degrade in sunlight and will not last as long as the cover material. Sand
bags were placed in the 15-foot grid pattern recommended by the manufacturer.

Upon completion of the TCS installation, geotextile and 3-inch stone were placed
at the ditch inverts around the perimeter of the impacted area. The geotextile was
rolled out manually to prevent damage to the TCS. The 3-inch stonc was placed on
the filter fabric using a hydraulic excavator and spread manually to cover the fabric. The
final installation of the T'CS is shown in Figure 16.

Subgrade preparation and installation was monitored in order to remove any major
irregularities, large stones, and sharp objects, and ensure proper drainage.

Proper placement and seaming of panels was critical to assure proper cleaning and
adhesion. Material used to hackfill the anchor trench was monitored for the presence
of stones and sharp ohjects: objectionable materials were removed during backfill
placement. Sandbag placement was checked to assure a uniform 15-foot grid spacing.
Placement of the geotextile and stone was also monitored, both to prevent damage to
the cover material and to assure uniform coverage of the geotextile with the stone
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ballast. Upon completion of the TCS installation, the cover system was surveyed to
produce a record drawing of the installation.

GROUNDWATER REMEDIATTION SYSTEM

Tn order to separate frec product and treat impacted groundwater collected from the
recovery trenches and interception trenches, a groundwater remediation system was
installed at the site.

Groundwater Remediation System Design and Installation

Operational Ouerview

The groundwater remediation system consists of two vertical 10,000-gallon lined
carbon steel storage tanks with coned bottoms, one horizontal 3,500-gallon carbon
steel-lined free product and studge storage tank, two prefilter units, one 250-gallon
clean water holding tank, an air stripper unit, two 2,000-pound carbon units, stainless
steel valves and piping, and a series of centrifugal transfer pumps (Figure 17).

The 10,000-gallon storage tanks temporarily store the groundwater collected from
the recovery trenches and interception trenches. The holding tanks have an average
residence time of cight hours to allow for settling of silts, studges, and free product. Any
silt, sludges, or free product is decanted from the bottom of the storage tanks and
transferred to the 3,500-gallon frec product and sludge storage tank. The impacted water
within the two 10,000-gallon tanks is then transferred by centrifugal pump through a

Figure 16 Final Installation of Temporary Cover System
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sz‘md filter a.nd pumped into the air stripper. The PCE is stripped from the water and
discharged into the atmospherc. The remaining PCE within the impacted water is
turther removed by two 2,000-pound carbon vessels priot to being discharged on site.

NPDES Permit and Provisional Fariance Requirements

Prior to installing the groundwater remediation system, the railroad secured a
National Pollution Discharge Elimination System (NPDES) permit in order to
discharge the treated groundwater on site. '

Because of the emergency nature of the clean-up and the project approval by the
Ilinois Pre-Notice Sites Cleanup Program, the IEPA Water Pollution Control
Board assisted the railroad by issuing an NPDES permit in approximately 45 days.
In the interim, the IEPA Water Pollution Control Board allowed the railroad to treat
and discharge treated water on site under a provisional variance, until the NPDES
permit was issued.

In accordance with permit requirements, the railroad treatment operator at the site
passed the class K exam and is licensed to operate the groundwater remediation system.

A Spill Prevention Control Countermeasures (SPCC) Plan is currently being
prepared for the groundwater remediation system. The SPCC plan will include all
information required by 40 CFR Part 112.

3]
i WL
| 8 =1
LEGEND
e 00 oL SERMOKN falk b e, e R o & o oo
Talm 10000 GAL VEPAAATON B L3 SR AN, MY G
[ e —— SR & oz
2 Lm wenm N om e & o
g T R0 L HCH RRIGEURE RO LT E P @ o
v —— ® pnse
T 70 G CLEAR WARR BUPPORY TR ot SLE PO
g R b R Figura 17 Groundwater Remedlation System Layout

Figure 17 Groundwater Remediation System Layout




98 Principles and Practices for Diescl Contaminated Soils, Vol. V

Air Permits

T'he air permit issued by the IEPA, Division of Air Pollution Control Bc')ard withiln
two weeks after application allowed ICRR to discharge VOM (volatile organic
materials) emissions at a rate of 2.18 1b/hr in connection with operation of the air

stripper unit,

Groundwater Remediation System Treatment Efficiency

The efficiency of the groundwater remediation system is measured by the PCE
influent and effluent concentrations as well as the performance of the air stripper and
carbon absosption units. The air stripper unit consists of a Modular Rc'mediation
Systems RT'S-25-A five-tray air stripper, capable of pumping water at 2 maximum rate
of 25 gallons per minute {(GPM) at a maximum air flow rate of 800 cubic feet per
minute (CFM). Based on the average PCE influent concentration of 150 mg/L, the
removal efficiency for the air stripper has been around 96.3%. The VOM discharge
concentrations are within the limits set forth by the permit.

Carbon Adsorption Limits

The remaining PCE within the effluent is treated within two (primary and
secondary) 2,000-pound high pressure carbon vessels. The treated f:fﬂuent
concentrations on the average have been around 8 ug/L, with a removal efficiency of
96.5%. The effluent concentrations are within permitted limits.

In order to comply with the SPCC plan, a concrete containment wall was
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constructed around the groundwater remediation system. The 3-foot high concrete
containment wall constructed out of 8x8x16 concrete masonry units {CMUs). The
total holding capacity of the containment is approximately 11,500 gallons.

AUTOMATIC GROUNDWATER PUMPING SYSTEM

ICRR is currently designing and installing an automatic groundwater pumping
systemn within the impacted arca, which will consist of a series of submersible pumps
located within selected recovery and interception trenches. The submersible pumps will
be grouped into four separate remediation zones (Figure 18).

The groundwater from each zone will be pumped into a 3,500-gallon vertical
holding tank. Once the holding tank is full, the free product and impacted water will
be transferred through a double-walled distribution line to the groundwater
remediation system for treatment.

Groundwater Pumping System Design

Each selected recovery and interception trench will contain a non-explosion proof
electrical submersible pump capable of pumping groundwater from 5 to 15 GPM, and
a high/low float switch to control the pump. The sump pump will transfer the
impacted water and free product through a distribution line to a 3,500-gallon holding
tank Jocated within its remediation zone,

3,500-Gallon Holding Tank

Each 3,500-gallon vertical holding tank will consist of a carbon steel tank
measuring 8'6” in diameter and 10 feet high, fitted with a coned bottom to allow for
settlement of {ree-product and sediments. The holding tank is supported on four I-
beam support legs to raise the bottom 1.5 feet off of the ground surface. Each holding
tank will be equipped with an internal agitator and heater, insulated with polyurethane
foam to prevent freezing during the winter months,

Distribution Pumps

Each 3,500-gallon holding tank will be equipped with one distribution pump. The
distribution pumps are single-phase, electrical non-explosion-proof centrifugal pumps
capable of pumping at a flow rate of 15 to 25 GPM with a maximum pressure of 50
psi. The purpose of these distribution pumps is to transfer the impacted water from the
3,500-gallon tank to the groundwater remediation system through an underground
doubled-walled distribution force main.

Since each groundwater pump station is over 1,500 feet away from the groundwater
remediation system, ICRR has engineered the distribution pumps to feed into one
central holding tank (holding tank 1), prior to being pumped to the groundwater
remediation system. A description of the flow schematic for holding tanks 1, 2, 3, and
4 is as follows: Impacted water collected from holding tank 3 will be transferred to
holding tank 2, which will then transfer the impacted water to holding tank 1. Impacted
water collected from holding tank 4 will be transferred to holding tank 1. Holding tank
1 will then transfer the impacted water to the groundwater remediation system.
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Holding Tank Pad and Containment Area

A 23-foot-long by 14-foot-wide concrete pad was constructed at each of the four
holding tank locations. The 3,500-gallon holding tank will be surrounded by a four
foot containment wall constructed out of reinforced CMUs. The volume of the
containment capacity will comply to the SPCC plan being prepared for the sitc.

Pumyp House

A prefabricated 8-foot-wide by 8-foot-long by 9-foot-high metal building will house
all pumps, electrical supply panels, piping manifold system, and distribution piping
required to transfer the impacted water from the trenches to the on-site groundwater
remediation system. The pump houses will be insulated and seasonally heated.

Radio Receiver and Transmitter System

In order to automatically operate and control the groundwater pumping system, a
radio receiver and transmitter {transceiver) system will be installed at the groundwater
remediation system and at cach of the four holding tank areas.

Main Transceiver System

The main transceiver system will consist of a D620 programmable, special-purpose
controller (PSPC), capable of controlling all system components located at each
holding tank location. The PSPC will control and record all tank levels, transfer pump
flows and totalizers, running meters, pressure indicators, and system alarms. Location
of the PSPC system at the groundwater remediation system will allow the plant
operator to track the performarnce and failures of the entire system via computer screen

and printer.

Holding Tank Transceiver System

Each holding tank will also be equipped with 2 D620 radio transceiver system. The
transceiver will be enclosed in a NEMA (National Electric Manufacturers Association)
free-standing two-door enclosure for operation on a 230-Volt single-phase, three wire
service with battery backup. Each holding tank transceiver system will be able to control
the pumps, monitor the tank level, and sound alarms when required, as well as be able
to communicate with the other holding tanks and groundwater remediation system.

CONCLUSIONS

Since the August 12, 1994 derailment, ICRR has managed to collect and properly
dispose of approximately 9,000 gallons of PCE liquid collected from the site. ITCRR
estimates that approximately 2,100 gatlons of PCE liquid evaporated into the
atmosphere, leaving approximately 11,000 gallons of the 22,000-gallons of PCE that
impacted the environment on the ground.

After the installation of the bentonite containment wall (BCW), ICRR has been
evaluating the effectiveness of the hydrated containment and groundwater gradient by
collecting static water level measurements from the piczometers located around the
BCW in conjunction with the manual removal of free product and impacted water
from the interception and recovery trenches. Based on the results of the static water
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level mecasurements conducted from June through September of 1995 showing
groundwater flow toward the impacted area, hydraulic containment is being achieved.

ICRR anticipates that the groundwater remediation system and groundwater
pump-and-treat system will be on line and fully automated by the end of
November,1995.. Once the system is fully automated, operation and maintenance
activities are expected to be reduced from five days to two days a week.

ICRR is currently preparing a full risk assessment to determine the overall impact
of the release to the environment and plans to present these findings to the IEPA Pre-
Noticc Sites Cleanup Program in late December of1995. Operation of the
groundwater remediation system is expected to continue , with the covered PCE-
impacted soils left in place.
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QUESTIONS AND ANSWERS

Q. This looked like a fairly elaborate project. Do you have any idea of the total cost or
breakdown into subcontractor costs?

Yes. To date we've spent a little over six million dollars. Just to put this site in
perspective, back in 1982, we spilled about 10,000 gallons of perc into the environment
in Louisiana. The cost of that cleanup ran about $28,000,000. All things considered
we spilled 22,000 gallons in North Kegly. We've taken about ten months to address the
issues, and we've spent a little over $6,000,000. 1f we were to pro-rate that money, and

compare present value for what it cost to do the cleanup at Livingston, LA. I would say
we did a heck of a job.

Q. Did you consider using a soil/bentonite mixture instead of pure bentonite?

Well, we considered using a soil/bentonite mixture, but there are several reasons why
we chose to go with pure bentonite. The first one being we get a much lower
permeability, Soil/bentonite mixtures arc on the order of 1 1x107. We're seeing
permeabilities in the order of 5x10. Secondly, one of the drawbacks to soil/bentonite
mixtures is the actual task of mixing the material on-site, making sure that it’s properly
proportioned, and making sure that it’s properly installed. All those factors cause you 4
lot of trouble in maintaining your hydraulic conductivity values throughout the section.
Al.s?, when you do your test results, if you get pockets of soil, if you don't get adequate
mixing, you can run into construction problems. We found that the cost of the pure
bentonite when balanced against the cost of mixing bentonite in soil was really not that
much more expensive. In fact, by some estimates it could even be equal or less costly.
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Q.1 believe you mentioned early in the presentation that there was a rail car of
plasticizer, as well. Was that addressed in the cleanup program?

Yes, we cleaned that up. That was non-hazardous. We took that right to a landfill.
Q. Did you consider soil vapor extraction?

Due to the groundwater table being so high, soil vapor extraction wasn't an
alternative. We did look at it, but it was ruled out.

Chapter 6

Enhancing the Extraction of Petroleum
from Alluvial Sediments with Surfactants

Paul D, Kuhlmeier
Southern Pacific Lines, Boise, 1D

Michael J. Grant
Seuthern Pacific Lines, San Francisco, G4

INTRODUCTION

The mobilization of residual oil by contact with a flowing surfactant-rich solution
{microemulsion) is a complex process that is not well understood. Most of the
complexities arise because the trapped phase and the surfactant solution are not in
chemical equilibrium and there is a mass transfer from one phase to another. If the two
phases are in equilibrium, then the mechanism of mobilization appears to be
satisfactorily established. An oil globule is displaced when the interfacial tension is
reduced to an extent that the pressure pradient created by the motion of the continuous
phase is sufficient to overcome the capillary forces holding the globule in place. Several
early experimental studies performed with a focus on oil production enhancement have
applied the concept of critical capillary number (N} required to displace the oil'?

globule. N, may be calculated from microvisual cell tests as:
Ny = pu/dc ey

where U= ﬁscosity
u = flooding velocity (m/s)
¢ = porosity (unitless)

o = interfacial tension {dyne/cm).

Early enhanced oil recovery (EOR) studies performed by Hill e 4/,* concentrated
on displacing crude oil with a flooding medium and decreasing the “surface tension”
between the phases. The technique might work for a soil highly contaminated with a
hydrophobic hazardous waste similar to that found at Dunsmuir. As an example of
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tertiary EOR, Hill ef a/* described the development of an aqueous surfactant system
for recovering Far Springs crude oil in Benton, Illinois. Petroleum sulfonate was
selected as the surfactant because of the wide range of commercial types available and
their low cost. The addition of sodium chloride to the 3.1% active surfactant further
lowered the interfacial tension between the crude oil and the aqueous solution. A
sequestering agent, sodium tripolyphosphate, was included to further improve
compatibility with Benton reservoir water. Once the surfactant-oil emulsion slug was
injected, a higher viscosity water wash containing a soluble polymer (such as Dow
Pusher 520) was introduced to achieve a stable plug flow displacement. A final water
drive completed the recovery. The technique was considered successful at the time,
recovering approximately 65% of resident hydrocarbons. However, the remaining oil
mass was in excess of 5000 mg/kg,

A unique approach for in situ removal of oily wastes from soils is to employ micellar
solution flooding, another tertiary oil recovery technique. Micellar solution floeding is
a process in which a solution containing a surfactant-stabilized dispersion of water and
hydrocarbons is injected into the oil reservoir. The microemulsion is miscible with both
the crude oil and water. After injecting the micellar solution, a high viscosity mobility
buffer was injected to protect the emulsion from degradation by the drive water. The
composition of typical micellar material, {e.g., Richburg Micellar Solution) is as follows:

Water 68.03%
Diesel oil 17.97
Witco Sulfonate TRS 16 5.46
Witco Sulfonate TRS 406 5.51
Amyl alcohol 2.37

Butyl alcohol 0.66

Chou e a5 studied the effect of soluble salts and caustic soda on the solubility and
adsorption of hexachlorocyclopentadiene on soils. While increasing the concentrations
of brine, sodium chloride, and sodium hydroxide caused an increase in adsorption,
sodium hypochlorite caused a slight decrease. The salts causing the greatest depression
in solubility also caused the greatest increase in adsorption. No explanation was given
for the reduced adsorption caused by the sodium hypochlorite, but more intensive
study may be warranted.

Law Engineering Testing Company® completed an inventory of treatment
techniques applicable to gasoline-contaminated ground water for the American
Petroleum Institute, and proposed a number of treatment options for further study.
Texas Research Institute” completed several laboratory column and two-dimensional
modeling studies on the use of surfactants to enhance gasoline recovery from sand. The
results showed that a combination of commercial nonionic {Hyonic® PE-90) and
anionic (Richonate®-YLA) surfactants was effective in displacing gasoline from the
column sand packs. Up to 40% of the residual gasoline after initial flooding was
removed from the sand using this surfactant combination.

Enhancing Extraction of Peiroleum with Surfactants 105

Subsequently, Texas Research Institute® completed a study on surfactant-enhanced
gasoline recovery in a large-scale model aquifer. Three surfactant application
procedures were tested: a single application which percolated down through the sand
bed, multiple applications by percolation, and daily application into the water table.
The percentages of gasoline removed associated with each procedure were 6, 76, and
83, respectively.

SURFACTANT SELECTION

Alteration of drawdown pumping or placement of a drainage sink can cduse some
flow and recovery of resident NAPL in ground water. As previously discussed, simple
pumping cannot reduce NAPL partitioned in the capillary fringe much below residual
saturation. The forces which retain the NAPL and govern the volume in which it is
retained have been shown to be directly related to the interfacial tensions between
water and oil and water and air. From these considerations, an initial series of tests was
performed in the laboratory to determine the plausibility of surfactant use in ground
water at the SPTCo Dunsmuir Yard in Dunsmutr, California.

The basis for evaluating the effectiveness of surfactants in recovering three
representative petroleum compounds, pyrene, n-decane, and n-eicosane were:

+The surfactant, in aqueous solution, must markedly reduce the interfacial
tension between that solution and il in reasonably low concentrations,

» Surfactant solutions must be tolerant to polyvalent concentrations that may be
encountered,

* The surfactants must be sufficiently soluble or dispersable in water to he
entrained in ground water flow to the recovery well, and delivered to the actual
zone of oil contamination in concentrations high enough to be effective in
mobilizing bound containment.

« Surfactant should not adsorb onto the substrate to the point of ineffectiveness.

* The toxicity of the surfactant must be Jow enough that residual quantities will not
form a health or environmental hazard, should they enter the Sacramento River.

A variety of structural types of nonionic, anionic, amphoteric, and cationic
surfactants are available and have been applied to oil recovery. Interfacial tension
measurements on gasoline and diesel fuel are available from the respective
manufacturers. Values for several commercially available surfactants are provided in
Table 1. Two surfactants, the anionic Richonate-YLA and the nonionic Hyonic PE-
90, were used in concentrations of 0,1%, 1.0%, 2.0%, and 5.0%.

MATERIALS AND METHODS

Flushing columns were manufactured out of 12-inch sections of cast acrylic tubing
with a four-inch inner diameter in accordance with ASTM standard 1> 4874-89, End
plates were constructed of 8” x 8” pieces of 3/4-inch-thick polyvinyl chloride. A circular
groove was machined in each end plate to accommodate a gasket and four-inch
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column. A 3/8-inch stainless steel compression fitting was placed in the center of the
outside surface of each face plate. A 1/4-inch-thick, porous polyethylenc flow
distribution disk (70 microns nominal pore size) was placed inside the column at each
end. The end plates were attached to the cylinder by eight 1/4-inch threaded rods.
Pressure reservoirs contained the liquid feed and provided a pressure gradient for flow
through the packed columns. These pressure reservoirs were identical to the columns
described above, with the exception of the distribution disks.

Prior to the start of each flushing test, the moisture levels of the contaminated soils
were adjusted to target values by drying the soils in a dispatch oven or adding
uncontaminated ground water. The target moisture levels for the sand was 12%.

Before packing with contaminated soil, the column assemblies were cleaned with
an Alconox solution, rinsed with a 20% nitric acid solution, and triple rinsed with
deionized water. A vibrator was attached to the cylinders while the sand was being
added, to ensure maximum packing. When necessary, measured quantities of water
were added or removed from the cylinders to keep the water level above the sand.
When the cylinders were filled with saturated sand, the vibration was discontinued.

The discharge of the sand pack was situated over a graduated cylinder and the level
of the reservoir was adjusted so a desired difference in hydraulic head could be attained.
Permeability of the sand pack was determined by measuring the rate of water flow
through the test cylinders under constant head conditions. There was no appreciable
difference in flow-through between the test cylinders,

One pore volume of a given chemical was introduced into each of the reservoirs.
This quantity was sufficient to displace all but residual water, so that only the
hydrocarbon was flowing from the sand pack. The hydrocarbon addition was
immediately followed by more water to the reservoirs, to ensure that air was not
introduced to the sand pack.

The void volumes (VV) of the packed columns were calculated using the
relationship provided in the ASTM 4874-89 method descriptionas follows:

VV = Ve-[M/A{(1+w) x S x D)) (2)
where: VV = void volume in the column in cubic centimeters (cm3)
Ve = the volume of the of the empty column in cm?®
M = as-packed weight of the waste in gras

w = moisture content of the waste as g water per gram (g H,O/g) solids

S = specific gravity of the waste

D = density of the water in g/cm®

The effluent was monitored for composition, volume, and flow rate. In most cases,
displacement with water was discontinued when hydrocarbon was no longer present in
the effluent in a distinctly hydrocarbon phase. In general, 3 to 8.5 pore volumes of
water was sufficient to displace the hydrocarbon as a separate phase. Several runs were
performed to develop a reproducible sequence of observations.
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Table 1 Interfacial Tensions of Selected Surfactanats
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Surfactant, 0.1%

Interfacial Tension with Gasoline

{unless otherwise noted) at 25°C, dynes cm™
Deionized Water 11.5
Nonionics

Hyonic PE-90, Diamond Shamrock 0.12
Hyonic PE-100, Diamond Shamrock 0.72
Hyonic PE-120, Diamond Shamrock 1.2
Poly-"Tergent B-500, Olin 1.3
Alrosol O, Ciba-Geigy 1.9
Anionics
Duponol G, DuPont 1.0
Aerosol OT, Cyanamide 1.2
Alfonic 1412-8, Conoco 2.4
Richonate YLA, Richardson .01
C-550 Slurry, Conoco 1.2
Acrosol MA, Cyanamide 7.1
Satlkosyl NL, Ciba-Geigy 1.8
Fluorosurfactants
Zonyl FSN, (.05%, DuPont , 3.9
Zonyl FSA, 0.05%, DuPont 11.0
Lodyne 5-102, p.1%, Ciba-Geigy 2.3
Lodyne 5-102, 0.05%, Ciba-Geigy 3.2
Lodyne 5112, 0.05%, Ciba-Geigy 6.9

Flushings with surfactant were conducted in much the same manner as those with
water. Observations were made of the breakthrough volume, as well as composition of
the effluent and changes in flow rate when effects of surfactant were noticed. The
volume of surfactant solution introduced to the sand pack was approximately two pore
volumes. Surfactant flushing was followed by additional water to more accurately
simulate a real environment.

The dissolved hydrocarbon in the effluent was measured by gas chromatography
using a flame ionization detector. Multiple standards for each chemical were prepared
over a wide range of dilutions in water.

Ty eRls e
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DISCUSSION OF RESULT'S

Plots of volume eluted versus time were constructed for n-decane; the average of
two runs is shown in Figure 1, The Richonate-YLA did displace NAPL, but it quickly
bound up the sand (evidenced by a dramatically decreasing flow rate through the
cylinders). The plugging phenomena has been observed in both field and laboratory
studies, and it is commonly attributed to the formation of a viscous emulsion. Similar
plugging problems were not encountered with the anionic surfactant, Hyonic-90. A
threshold on surfactant concentration was noticed at approximately 2% in both n-
decane and n-eicosane columns. Higher concentrations did not demonstrate any
additional performance capabilitics. Results of n-decane treatment with a 2% selution
of Hyonic-90 is given in Figure 2. T'he first peal depicts the hydrocarbon, n-decane,
eluted by natural drainage and by water displacement after the residual hydrocarbon in
the pack was 0.25 pore volumes. The second peak reflects the addition of surfactant
which caused 25% of the residual decane to be released. It was observed that both n-
decanc and n-eicosanc can be present at a level of 5% in the surfactant solution and not
appear as a distinct separate phase. This, too, is not uncommon and is believed to be
due to the formation of 2 microemulsion consists of micelles of petroleum too small to
scatter light in a visible spectrum. Reintroduction of surfactant was performed after
every five pore volumes up to 30 pore volumes. Distincdy declining utility was
evidenced as decane concentrations approached 500 mg/l. Relative permeabilities were.
generated by division of two phase flow rates by the flow rate of water in clean sand.
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The effects on mass removal of the various surfactant additions to n-decane and n-
cicosane applied sands are summarized in Tables 2 and 3, respectively. The reduction
of flow rate after water flooding can bé interpreted as being caused by individual
droplets of hydrocarbon trapped in voids, making some flow paths inaccessible to
water. The general upward shift in permeability seen when anionic surfactant is
introduced is interpreted as cvidence for redisttibution of hydrocarbon droplets from
larger restrictions to smaller ones under the influence of reduced interfacial tensions,

Formation blockage by viscous emulsion is an effect taken into consideration in
tertiary oil recovery work. This scems to be the case with the Richonate-YLA observed
to reduce flow rates. It is known to be a good cmulsion stabilizer, and lab tests show
the emulsion it forms with pyrene and n-decane to be stable and viscous. Although not
attempted, combining the two surfactants may serve to elicit synergistic effects, which
could produce improved results over Hyonic PE-90 alone.

Two other observations are supportive of the mechanism of hydrocarbon being
retained and subsequently displaced as a non-wetting medium as the principle process
occurring in the displacement studies. The first of these is the abrupt transitions that
take place when hydrocarbon is being eluted and when it is not. The other is the shift
seen in flow rate when surfactant flows through hydrocarbon-contaminated sand.
There is either sufficient hydraulic potential to displace hydrocarbon, or the conditions
remain. static, giving further support to the notion of a critical capillary number. Any
shift in interfacial tension is capable of causing a redisposition of hydrocarbon in the
interparticle voids.
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Chapter 7

Remediation of a Former
Diesel Refueling Area

James T, Tallon
ENSR, Pittsburg, PA

Frank J. Myerski
ENSR, Pittshurg, PA

Sabina Strautman
Consolidated Rail Corporation, Philadelphia, PA

BACKGROUND

Description of Facility

The Consolidated Rail Corporation (Conrail) Meadville Yard is located in the
southern portion of Meadville, Pennsylvania. The northern portion of the yard, known
as the Diesel Shop, is the location of the subject groundwater product recovery system.
Figure 1 identifies the layout of the diescl yard, including roads and other related site
features, The Diesel Shop area was used as a staging point for Conrail’s regional
maintenance operations. In the past, the facility was used for equipment maintenance
and refueling operations. The area was used for locomotive fueling operations as far
back as the 1940s until fueling operations ceased in 1970.

As shown in Figure 1, French Creek forms the western boundary of the Diesel
Shop area, while Linden Street forms the eastetn boundary. A manufacturing facility
exists across Linden Street to the north, and the remainder of the portion of the rail
yard paraliels French Creek to the south. The Diesel Shop area contains a diesel shop,
approximately a half dozen active rail lines, a coal tower, and an earthen dike from a
former tank farm. Also present are two oil-water separators.

Abatement History

Past locomotive refueling and fuel storage operations resulted in the periodic
release of diesel oil into soil and groundwater. The Pennsylvania Department of
Environmental Protection (PADEP) initiated an investigation of oil released into
French Creek, adjacent to the Meadville Yard, in the early 1970s while the yard was
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being operated by the Erie-Lackawanna Railroad. The Erie-Lackawanna Railroad
took corrective action during this peried, installating an oil/water separator to treat
storm water runoff discharged into French Creek. Conrail began its investigation and
remedial activities in 1979 following the reappearance of an oil sheen in French Creek.
At the conclusion of hydrogeological investigations, Conrail installed an oil recovery
system in late 1982 and began operating the system in early 1983.The system operated
until 1989 when it was shut down, During this period, approximately 9,000 gallons of
product werc recovered.

The re-emergence of an oil sheen along French Creek in 1991 prompted Conrail
to re-evaluate the yard. Additional investigations were performed in December of 1991
and into 1992 to further characterize the area. Based on the results developed from the
investigrations, the groundwater recovery system was modified in late 1992 and early
1993, and in April of 1993, it was back in operation,

Present remedial activities involve the operation of the groundwater product
recovery system. Figure 1 identifies the locations of the recovery wells associated with
the system, along with rclated treatment tankage and piping. Recovery and monitoring
wells installed in the early 1980s as part of the original recovery system were used
during remediation. A series of both product and groundwater pumps have been
installed in recovery wells (i.e.,, RW-1 to RW-5) along the bank of French Creek to
provide a hydraulic barrier and collect free floating oil. The product recovery pumps are
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piped directly into a 500 gallon temporary storage tank. Recovered groundwater is then
piped to a scries of oil/water separators, and the treated cffluent is discharged into
French Creek, Conrail has been operating the groundwater product recovery system at
its Meadville Yard under the terms and conditions of a temporary authorization letter
issued by the PADEP. An NPDES permit application has been submitted for the
system and is currently being reviewed.

Unique Site Features

Several site-specific issues had to be considered while remedlatmg the free product
layer. The property heing remediated includes a section of an active railyard. French
Creek also borders the property to the east. As noted in Figure 1, the recovery wells are
within 40 feet of French Creek, and are separated by a narrow asphalt road. Seasonal
fluctuation in the level of the creek have resulted in corresponding variations of up to
10 feet in the levels of the recovery wells. making it difficult to maintain a conc of
depression needed to remove floating diesel.

Another important factor influencing site remediation is the presence of several
rare species of fish, only found in French Creek. For this reason, stringent discharge
limits were cstablished by the PADEP to cnsure protection of these fish. ‘This also
made it important to quickly contain visible seeps which initially produced a noticeable
sheen. Moreover, the PADEP Regional office is within a mile of the site, making it
casily accessible for visits,

As noted previously, the same monitoring wells utilized for the site restoration
activities conducted during the 1980s are being used for ongoing work. No additional
wells have been installed at the site. The existing recovery wells, projected to he capable
of recovering and containing the floating product layer, have been successful.

The monitoring wells installed previously have not been as beneficial. They have
generally not aided in identifying the potential location(s) of source area(s) that continue
to contribute to the floating product seeping in the direction of the creek. A total of 20
former monitoring wells have been staggered across the suspected source area
upgradient of the recovery wells. Three monitoring wells are also in place downgradient
of the recovery wells. Several of these monitoring wells go dry during low levels in the
creek, which contributes to the difficult assessing recovery of floating product.

Another complicating factor associated with product recovery activities is that
previous soil removal actions were not well documented, for example, the facility
records indicate that soil in the refuelling area was removed during a past response
action; however, the location, depth and volume of soil removed is not well
documented. Because suspected source areas Hike this were not well-defined, the
refuelling area cannot be ruled out as a potential source area.

In addition to managing groundwater, the separator system also manages the storm
water collected from in and around the diesel shop building (Figure 2). During storm
events, the increased volume can create a sudden surge on the separator, requiring
routine monitoring and removal of floating oil and settled solids.

The roof drains from the diesel shop also discharge to the separator. In the past,
diesel repairs introduced organic materials to the separator that contained problem
constituents such as benzene. These organics can linger in the piping as well as in the
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separators, The presence of these kinds of constituents lowers the overall quality of the
groundwater discharged, making system monitoring critical, The influence of organic - g
constituents from past facility operations is discussed later in this chapter. g‘
D; . - I
ischarge Requirements Bl 2| §
The discharge limits for the recovered groundwater are listed at the top of Table 1. HEYEE
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= The fact that the separator petiodically handles storm water was also not
E addressed by regulators. 4
h ~ The discharge limits arc presently being reviewed by the PADEP prior to final
il ; approval of the discharge plan. :
E % =3 ; GROUNDWATER PRODUCT RECOVERY SYSTEM CONFIGURATION !
_é g o - o = = oo g i The overall groundwater product recovery system consists of a series of recovery .:
E 8 o g W O e "Eb wells connccted to an oil/water separator system which eventually discharges into :
E o I French Creek (Figure 2). The groundwater pumps are connected to a piping network
% E ! that empties into a small oil/water separator. It should also be noted that the separator
@] Z] > bl i system receives an unquantified amount of storm water and diesel shop roof drainage.
g E T e NI = /E\ ; The groundwater then flows by gravity through an underground pipe into a larger
g = g 238 28288883 . "’Eﬂ : oil/water scparator adjacent to the formet tank farm. The effluent from the larger
S = S S TR % = separator is then discharged into a culvert {under the terms of a temporary NPDES
a B 2 : discharge permit), which then drains to French Creek.
g © 'g :j, : Recovery Wells
g A el ===~ RN The recovery system consists of five wells identified as RW-1 through RW-5.The
815 8333 8888885 TEL¢ Ils are 25 inches in diameter and approximately 25 feet d d
EE 2333 SSS3 IS ﬂ-’"g b | recovery wells are : inches in diameter and approximately 25 fect decp, screened over
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N & <§ ‘ wells are 100 feet apart, located parallel to French Creck. The groundwater recovery
o 0 § . wells are equipped with submersible pumps and operated to provide hydraulic control
- g £ g 2, of the product plume by establishing overlapping cones of depression within the
CANG z.\ B 5, P groundwater. The groundwater recovery pumps have 1/2 horsepower motors, and are
%; "g § = _c-t: IE capable of withdrawing up to 12 gallons per minute (gpm).
Elg o Qa9 22232 o2 3 o B Each well also contains a product recovery pump to remove floating oil contained
20 LW vovovo vy vy & g £ within the cone of depression. The product pumps arc designed to withdraw product
3 E 8% at a rate of up to 1 gpm. The product pumps are piped directly to a temporary storage
‘E = a g, % 9 tank for eventual recycling.
g E‘i . ..g_. & bl Initially, wells RW-1, RW-2, and RW-3 were used to recover the diesel oil. During
i C) ) g g 5 ;.o the fourth quarter of 1994, the system was expanded to include RW-4 and RW-5 in
Qu - =R 553233 o B & téﬂ ; removing an oil sheen ideutified in a northern hydrologically upgradient area bordering ,
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5 e o B 5 ) B settable solids and floating oil. The water is discharged to a manhole, and then pumped
& S B > S8 s with a high volume sump pump (i.c., 100 gpm) into a culvert draining into French Creek. i
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however, are being collected in the separators. Any oil sheen present in the separators
is removed manually with oil booms and adsorbent pads.

Control System

The operation of the recovery system is regulated by two control panels located in
an instrumentation shed adjacent to the recovery wells, Each groundwater and product
pump is controlled by a manual/automatic pump switch. Most of the time, it is in the
automatic mode. A flow meter is provided to measure the individual flow of the
groundwater pumps. The control panel containing indicators to monitor the
operational status of the pumps, also have tank-full shut-off circuitry connected to each
product pump to prevent the temporasy storage tank from overflowing, and built-in
circuit breakers to prevent damages from electrical surges.

Recovered Product Storage

Oil recovered from the groundwater product recovery system is stored in a 500-
gallon steel storage tank with an integral containment system, located near the system
control shed. This tank is used to temporarily store oil that is directly recovered from
the RW-1, RW-2, RW-3, RW-4 and RW-5 recovery wells. The 500 gallon tank is
emptied of recovered oil and sent to a recycler. The material being recovered is
approximately 65% oil and 35% groundwater. Typically, this tank is emptied every two
to threc months, depending upon the quantity of product recovered.

SYSTEM PERFORMANCE

Recovered Groundwater Volume

Since tlic groundwater system began operation in April of 1993, approximatcly 24
million gallons of groundwater have been recovered and sent through the oil/water
separator system. The average quarterly withdrawal rate for the past 26 months of
operation is listed in Table 2. As illustrated, the average flow rate has been 36 gpm for
the overall system since the five recovery wells were put into operation.

Recovered Product Volume

The volume of product recovered on a quarterly basis is identified in Table 3. As noted,
the volume of product recovered increased approximately threefold since the number of
recovery wells was increased from tbree to five. The total volume of product recovered
during the past 19 months of operation is approximately 1340 gallons. The system has
been shut down approximately 10 days per year for repairs and preventative maintenance.

Effluent Concentrations/Dischaxge Limits

As required by Conrail's temporary discharge permit, grab samples of the treated -

effluent have been taken twice a month since the system was put into operation in
April, 1993. A monthly summary of the effluent data gathered through June, 1995 is
summarized in Table 1. ( For comparison purposes, the NPDES effluent discharge
limnits are also presented in this table). As illustrated, the effluent parameters have been
consistently below the discharge limits for total BIEX and oil and grease. However,
the total average benzene concentration permit limit has been exceeded 14 times, while
the instantaneous concentration permit limit for benzene was exceeded only once.
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Table 2. Quarterly and Cumulative Summary of Groundwater Recovery Conrail’s
Meadville Yard Groundwater Product Recovery System

Average Gallons of Total Gallons of

Groundwater Groundwater Groundwater

Recovery Rate  Recovered in Recovered
Time Period (gpm) Time Period - To Date
1993 | '
April 30 (a) - September 30 (b) 704,950 704,950
October 1 - December 31 24 2,563,940 3,268,890
1994
January 1 - March 31 23 2,969,140 6,238,030
April 1 - June 30 22 2,810,750 9,048,780
July 1 - September 30 (c) 39 3,209,550 12,258,330
October 1 - December 31 39.5 4,494,550 16,752,380
1995
January 1 - March 31 34.7 3,525,210 20,278,090
April 1 - June 30 32.7 3,553,800 23,831,890

{a) System was placed on-line April 30, 1993.
(b} System startup period.
(c) Recovery wells RW-4 and RW-5 were brought on-linc on August 19, 1994,

Table 3 Quarterly and Cumulative Summary of Product Recovery Conrail’s
Meadville Yard Groundwater Product Recovery System

Gallons of Total Gallons of
Product Recovered in Product Recovered

Time Period Time Period To Date
1993 | :
December 9 - December 31 (a) 25 25

1994

January 1 - March 31 355 380

April 1 - June 30 35 415

July 1 - September 30 (b) 70 485
October 1 - December 31 275 760

1995

January 1 - March 31 310 1,070

April 1 - June 30 265 1,335

() Product pumps were installed in the three recovery wells on December 9 and
December 20, 1993 and January 6, 1994.
(b) Note the product pumps in RW-4 and RW-5 were brought on-line August 19, 1994.
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The higher levels have been attributed to the presence of other streams managed
through the separators and materials accumulated in the separators during previous
operation. As noted previously, the oil/water separator also manages storm water from
a portion of the railyard and diesel shop area, along with the groundwater from the
recovery system. As a result, during initial operation the separator basins were filled
with sediment and emulsified product, suspected to contribute to the elevated benzene
level noted in the discharge. To help improve the quality of the effluent and correct the
problem, both separator basins were cleaned and baffles were installed in the large
separator to reduce the surface area requiring skimming. Oil adsorbent booms werc
also installed in the baffled area to contain hydrocarbons. Since separators were cleaned
in October of 1994, the benzene level has been consistently below the discharge limits.

REMEDIATION ACTIVITIES

Ongoing activitics associated with the program include operation and maintenance
of the system, groundwater discharge sampling, off-site product recycling, reporting
and record keeping, and project management. The following section identifies the
requirements for each of these activities in further detail.

Operation and Maintenance

Several operation and maintenance (O&8M) requirements are associated with
keeping the system up and running and in compliance with regulatory requirements.
Annual Operation and Maintenance activities include the following:

» conducting NPDES effluent sampling (twice per month);

* measuring product and water levels in recovery wells twice a week and
monitoring wells twice a month;

+ removing recovered oil from the storage tank for off-sitc recycling (every other
month);

* maintaining/replacing oil booms and oil pads in separators and at the
groundwater discharge point to French Creek as needed;

+ monthly servicing of equipment, to include: operational testing of the
withdrawal pumps; cleaning of pump screens, pump floats, filters, and pipes as
needed; calibrating water level sensor and flow measurement devices; and
providing necessary materials and supplies for routine maintenance and repair.

Reporting and Recordkeeping

Documentation and reporting requirements associated with the subject systcm are
summarized below. They include internal and external correspondence, as well as data
collection and tracking. Specific reporting items include:

* maintaining a field log book to document day-to-day remediation activities
(including all field work and subcontractor activities);

« recording field log sheet information twice per weelk (i.e., flow totalizer readings,
free product volumes, pump readings, rainfall amounts, river gauge readings, etc.);
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* preparation and submittal of monthly discharge monitoring reports to
PADEP; '

* development of internal monthly progress reports;
* preparation and submittal of quarterly status reports to PADEP.

Project Management Support

The principal project management support requirements associated with the operation
and maintenance of the groundwater product recovery system include the following:

* ensuring that health, safety, and quality assurance requirements are adhered to
during all on-site activities;

* preparing and participating in internal quarterly review meetings;
* preparing and participating in meetings with the PADEP;

* providing overall technical management support including: coordination of
on-site technicians; procurement, management and cost tracking of
subcontractors, assistance in addressing concerns of regulatory authorities and
PADEP, and responding to system malfunctions/upsets.

RECOVERY SYSTEM - PROBLEMS & SOLUTIONS

During the 26 months the system has been online, there have been a variety of
recovery system equipment problems. The following section identifies these problems
and their solutions.

Recovery Well Equipment
Pumps

The Meadville system consists of a dual pump configuration in each well - a
groundwater pump and a product pump. The groundwater pump is positioned below the
oil/water interface and is operated to form a cone of depression to capture the floating
product. The groundwater pump achieves a maximum flow from the well without
pumping it dry. The product pumps are positioned at the oil/water interface to allow for
the removal of the floating product. The major challenges associated with operating this
type of pumping system include groundwater fluctuations and filter fouling,

Groundwater IFluctuations

Besides the seasonal fluctuation in the water table, the site is subject to a change
in groundwater elevation of a few feet or more during a single storm event. As
a result, the level of the product pumps must be adjusted to ensure that they are
positioned at the oil/water interface.

One type of product pump being utilized has a 3 foot teflon-type filter sleeve
which is saturated with diesel prior to positioning at the oil/water interface. If
the water level rises above the top of this filter, water can enter the pumping
chamber and be pumped into the temporary storage tank.
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If water enters the chamber, the filter needs to be removed and cleaned and
dried and resaturated with diesel; water must also he removed from the product
storage tank.

The second type of product pump being utilized has an approximately 2 inch
metal screen to capture the product. This pump is designed so that it will only
pump product, thus eliminating the possibility of pumping water into the
temporary storage tank, However, maintaining the position at the oil/water
interface has proven difficult. This type of pump requires less maintenance,
however, so it maybe more appropriate for pump and treat systems with a more
static groundwater table.

Fouling of Filters

Both the groundwater pumps and product puraps and filters tend to accumulate
: ron solids and bacteria. Each of the pump systems are consequently dismantled
and cleaned on a regular basis to keep them operating efficiently.

Lesson learned: The pumps are helpful and perform welil if they are serviced on
a regular schedule. In the case of this system, maintenance includes a minimum
of two checks per week on the position of the pumps in the well, and once-a-
month removal and cleaning.

Heat Tracing

The subject system, located in northern Pennsylvania, is subjected to temperatures
of (-20 degrees F) and lower during winter operation. Most of the groundwater and
product lines are buried three feet below the ground; however, the lines are exposed
inside the recovery wells and around the temporary storage tank. Experience has
proven that in addition to the groundwater lines, the product lines need to be heat-
traced {Le, electrically). These Jines froze regularly during the first year of operation.

Heating is also requised for the Signet meters, since LCD displays do not function
in extremely cold conditions (L., below 0 degrees F). Conversely, because the LCD
displays malfunction at high temnperatures, arrangements need to be made to keep the
meters below temperatures of 100 degrees I

Electrical Surge Protection

Electrical surges from lightning storms damaged control panels on two occasions.
As a result, both panels were returned to the vendor, who installed surge protectors into
the panels to increase the surge protection.

Tron Oxidation/Scale Removal

As previously discussed, monthly cleaning of the pumps is required to remove iron
deposits, which must also be addressed in the piping network between the recovery
wells. The lines are flushed at least once every three months to maintain the desired flow
rate. The paddle wheels used to measure the flow rates directly in the groundwater lines
are removed and cleaned on a monthly basis to ensure accurate flow measurements.
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Separator System Equipment :

The product line freezing and flow meter problems associated with operation of
recovery well equiptment during temperature extremes also occur in operating the
separator. There were also several equipment/maintenance problems.

Studge Accumulation

As noted, the large oil/water separator also serves as a settling chamber for
suspended solids. Experience has shown that the level of solids in the separator should
be maintained at low levels to help ensure oil/water and solids separation, In tbis case
it requires a total cleanout of the system approximately 18 to 24 months.

Ozl/Water Separation

The subject system was initially designed to receive both the groundwater and
product recovered from the five recovery wells. This necessitated use of oil skimming
devices in the large separator. During the initial startup of the system, a variety of oil
skimmers were evaluated in the baffled end of the large separator for removal of the
recovered dicsel. No skimming device was determined to fit the need, mainly because
the diesel material was emulsified once it reached the second separator. The most
efficient way determined to recover the oil was to pump it directly to a termporary
storage tank adjacent to the wells. This decision has prevented more than 99% of the
oil from entering the separators, and eliminated the need for an automated oil recovery
system, as well as the maintenance associated with this system. This method of
recovery also prevents any upsets that may occur when using an oil/water skimmer
which could discharge floating oil.

Maintenance

Since the majority of the oil is recovered at the well heads, little if any oil is
encountered in the separators. As a precaution, however, oil booms and absorbent pads
are maintained in both the separators. Experience has shown that if an upset occurs,
the separators will contain any hydrocarbon release until the material can be manually
removed from the separators. In most cases, the booms and pads have minimized the
iron solids and oil sheen that occasionally appear on top of the water in the separators.
The booms and pads are changed as needed, generally once per month.

OPERATIONAL REQUIREMENTS/COSTS

The overall system operational costs are summarized in Table 4. The cost
breakdown is based on an annual expenditure of approximately $100,000.
Approximately 50% of the cost is for the day-to-day operation and maintenance of the
system. On average, technicians visit the site two to three times per week for a total of
14 hours week. The cost breakdown includes 10% for NPDES required sampling and
analysis; 16% is attributed to PADEP and internal reporting, and 19 percent for
subcontracted management support. The latter may include agency correspondence,
attendance at meetings, permit negotiation/compliance, and the management of the
subcontractors at the facility.
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Table 4. Operational Costs Conrail’s Meadville Yard Groundwater Product Recovery
System

Average Annual
Manpower
Activity Cost (a)(b) Requirements (hrs)
Operation/Maintenance 47% 670
Product Disposal 3% (c)
Equipment Repair/Replacement 5% (c)
Sampling/Analysis 10% 50
Reporting 16% 200
Subcontracted Management Support 19% 170
TOTALS 100% 1,090 Hours

(a) Cost is based on $100K annual budget.
(b} Cost includes both labor and other direct costs (ODC).
() Included with O&M hours. :

CONCLUSION

This presentation outlines the inherent maintenance problems of a standard pump
and treat system that, on paper, are not obvious to persons not familiar with them. A
cautionary note to the reader, the overall cost to operate and maintain a pump and treat
system should be closely scrutinized and corsidered before choosing such a system.
When the overall costs of operating and maintaining a pump and treat system over the
fong term are compared to the higher costs of generally short-term remediation
alternatives (e.g., landfilling, incineration, thermal desorbtion, etc.), pump and treat
may not be as cost-cffective an alternative as it appears.

QUESTIONS AND ANSWERS

Q. Have you done any additional investigation to find out areas or sources that may be
more directly addressed?

T'm glad you raised this issue. One of the things that we looked at is we expected
the plume or the amount of product we were recovering to taper off, It didn’t. So we're
looking at other options right now. Presently, we're putting together an investigation
workplan to go out and look at the site and possibly other source areas, which will
involve trenching. From this, we're hoping that we can look at possibly some other
technologies to help speed along this remediation process, including other types of
recovery approaches, as well as in—place treatment.
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Q, Have you considered segregating the storm water from the recovery water?

Yes, my first thoughts on that were, wouldn't it be nice if we could just break this
out and take this portion of the system out? Unfortunately, the plumbing that we're
looking at goes through an active railyard. 1t’s buried. There’s several sources that we're
picking up from in and around the yard that just make it, at this time, look cost
prohibitive and impossible at this point, in some cases, for some of the sources.

Q. How much product has been recovered?

We've recovered in the past two years, about 1,600 gallons of diesel. They started
off in the 1980s picking up about 9,000 gallons, so were looking at about 10,500
gallons total since this system has been operated in the 1980s and into the 1990s. But
there was that break in between. '

Q. The original Conrail designed system was shut down in 1989. Do you know why
that was shut down? ~

It was shut down because the seepage that they were looking at disappeared from
French Creek, and the amount of product that they were collecting had also tapered off.

Q. How long will the system remain in service, and when do you plan to
decommission it?

Right now, we're hoping to wrap things up within five years. However, we're not sure
what the sources are at this point. We hope that this would be a good remedy for the site
just by pumping and recovering this free product layer. We're not seeing a sheen on the
creck. We thought we had it well maintained, but in late 1994 we saw a sheen coming
down from the top part of the yard. So we had to start up another pumping system.
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INTRODUCTION

Many technologies are currently available to remediate diesel fuel in soil. They
include: excavation and disposal, soil vapor extraction, soil venting, soil flushing,
vitrification, and bioremediation. Some of these techniques are prohibitively expensive
and/or are not a permanent solution. Due to the unique nature of every site, a
combination of two or more of these technologies is often the most effective way to
achieve closure. Since the various technologies require a wide range of expertise,
cooperation and coordination between the various engineering and scientiftc
disciplines is necessaty.

The objective of this project was to remediate a diesel fuel spill along an active
railroad track. The project evolved into a rational, cost-effective, and scientifically
sound remediation plan that can be applied to diesel fuel in railroad beds. The process
can also be modified to remediate a wide range of sites.

SITE HISTORY

A derailment occurred in October of 1990 when a truck collided with a train on a
single main line track, part of a high-volume rail corridor used by approximately 20
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trains per day. Commercial development adjacent to the right-of-way precluded the
construction of a rail detour around the accident.

The derailment ruptured locomotive fuel tanks, releasing approximately 5,_200
gallons of diesel fuel. Emergency response activities recovered ahout 95% of the spilled
fuel. After the free product and fuel-soaked soil were removed, approximately 500
gallons of diesel fuel remained in approximately 600 cubic yards of roadbed ballast,
subgrade material, and native soil bencath and adjacent to the tracks. ‘

The areal and vertical extent of the fuel oil residual in the ballast and soil was
delineated by soil borings. The soil borings also revealed that the groundwater was not
threatened, because the site is underlain by 30 feet of low permeability clay. Figure 1
shows the extent of the residual fuel oil.

REMEDIAL ACTTONS

Excavation, disposal, and site rtestoration was identified as the m..os.t ef:fectiv.c
remedy for roadside soils. After laboratory testing and a feasibility gnal){s1s, in situ soil
flushing followed by bioremediation was selected as the remedy for soil beneath and
directly adjacent to the track.

70" Track

” ”
LEQEND
o Utinty Pole o 0
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Figure 1 Extent of Impacted Area
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EXCAVATION AND DISPOSAL OF ADJACENT SOILS

The underlying clay effectively impeded vertical migration. Soil adjacent to the
tracks was excavated to a depth of six to twelve inches into the clay to remove the
hydrocarbens that may have leached into the clay. The excavation began at the toe of
the ballast and progressed at a slope not greater than 1:1 to prevent infringing the load
triangle of the railroad ties. Approximately 290 in-place cubic yards of soil were
excavated. An estimated 134 tons (100 cubic yards) of limestone aggregate was used to
backfill the trenches and support the ballast under the tracks. During the excavation,
perforated drainage pipe was laid adjacent to the tracks for use during soil flushing. A
cross section of the excavation area is detailed in Figure 2. The photographs in Figure 3
illustrate the excavation effort and show the extent of diesel fuel in freshly exposed soil.

Excavating impacted soil in areas adjacent to the tracks reduced the total mass of
residual petroleum at the site, and the risk of human and wildlife exposure to residual
diesel fuel. The extent of petroleum residuals in the soil was found to be limited to areas
below the tracks. Backfilling the trenches adjacent to the tracks with limestone
aggregate improved the hydraulic connection between the layers impacted beneath the
tracks and the collection system in the trenches. This hydraulic connection facilitated
water retention, established a moisture level favorable for biodegradation, and
improved the collection of flushed residuals in the sumps.

Post-excavation verification was performed by collecting and analyzing twelve
floor, wall, and background soil samples for polynuclear aromatic hydrocarbons

1 Raitroad Tracks{]

Figure 2 Impacted Soil to be Excavated and Drainage System Cross Section Layout
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(PAHSs). The analytical results confirmed the reduction of PAH levels in areas adjacent
to the tracks to below the State of Michigan Act 307 Type B Criteria, with residuals
limited to the area under the tracks. The Michigan Type B cleanup criteria for soil
(based on groundwater protection) are 20 times the health-based drinking water
cleanup criteria. The Michigan Department of Natural Resources (MDNR) adopted
risk-based soil and groundwater cleanup criteria for residential, commercial and
industrial sites in June, 1995.

SOIL FLUSHING

The soil/ballast flushing process involved the application of a surfactant solution at the
trackbed surface. The solution was allowed to infiltrate through the ballast and underlying
soils, with eventual collection in the perforated drainage pipe (Figure 4). Since the vertical
conductivity of the sand and gravel is likely orders of magnitude less than the horizontal
conductivity of the ballast, almost all of the flow was through the ballast.

A treatability study of site soils was conducted to determine the most effective
blend of surfactants for the flushing solution. Three surfactants (Biosolve, Tween 80,
and Emcol Cocobetaine) were chosen, based on their favorable comparison to the
following criteria: pre-water solubility, high hydrophobic-lipophilic balance (HLB),
biodegradability, and minimization of detergency. Since contact times were short, a
pre-water soluble surfactant was necessary to maximize contact between the surfactant
solution and the contaminants. The following criteria were also considered:

1, HLB should be high, enhancing the water solubility of hydrophobic
substances.

2. Surfactants should be biodegradable, to provide a éupplemental food source
for microorganisms,

3; Surfactant should maximize solubility to ensure that the residual
hydrocarbons dispersed during washing will be quickly solubilized, thus
preventing the transport of NAPLs to the soil below the site. :

All three of the surfactants used in the study compared favorably with these criteria.

A homogeneous soil sample was collected from the derailment site and used in the
treatability study. Soils were placed into containers and various surfactant solutions
were added. Once solutions were applied, samples were shaken and the solution was
decanted from the soils. The washed soil samples along with decanted solutions were
sent to an analytical laboratory for PAH analysis. The results are presented in Table 1.
Tt was concluded that a combination of Tween 80 (0.45%) and Emcol Cocobetaine
(0.51%) removed the largest amount of PATIs,

Application of the surfactant solution to the site was achieved by first excavating
trenches and then installing drainage tile and collection sumps. Approximately 12,500
gallons of flushing solution were applied to the soils and ballast. The flushing solution
was mixed in a polyethylene tank, pumped to the impacted areas, and dispersed
through irrigation sprinklers. The flusliing solution drained through the ballast and
underlying sandy soils, into the drain tile, into 550 gallon collection sumps. The
solution was pumped from the sumps to a 20,000 gallon Baker tank for storage before
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Table 1 Treatability Study for Soil Flushing. Concentration values are given in parts

per billion (ppb).

Sample ID Surfactant
B-1s Water
B-2s Biosolve (1.6%)
B-3s Emcol Cocobetaine (1.0%)
B-4s Biosolve (0.48%)

. Emcol Cocobetaine (0.48%)
B-5s Tween 80 (0.94%)
B-6s Biosolve (0.46%)

Tween 80 {0.81%)

B-7s Emcol Cocobetaine {0.51%})

Tween 80 {0.45%)

Treatability Study Results (ug/ke)

Back-
ground
Compound Sample  B-1s B-2s B-3s B4 B B5s DB6s DB-7s
Anthracene 3482 1604 1095 678 833 855 1563 1492 219
Figure 4a Remedial Activities Benzo{a)anthrecene 139104 44782 27140 26622 30340 15478 35409 28336 21853

Benzo(b)flouranthen 97123 26432 13948 15250 16239 8308 20822 19938 12913
Benzo{k)flouranthene 106844 35620 18131 20183 21212 10692 26815 21212 16933

Chrysene 47456 16048 9469 9359 10916 5496 12572 10353 7601
Flouranthene 250092 9459 67569 50938 64121 33560 8297 3501 1838
Flourene 6251 3290 1327 1601 2982 625 2611 2543 167
Naphthalene 5209 3082 802 1363 2052 3202 2950 33258 666
Phenanthrene 17700 6144 6359 4001 5226 859 5152 5103 3343
Pyrene 252940 . 82494 75069 54336 69533 35972 67522 61213 44745
Removal Percentages

Compound B-1s B-2s B-3s B-4s B B-5s B-6s B-7s
Anthracene 53.93 68.55 80.53 76.08 75.45 55.11 57.15 93.71

Benzo(a)anthracenc 67.81 80.49 80.86 7819 88,87 7454  79.63 84,29
Benzo(b)flouranthene  72.79 85.64 8430 8328 9145 7856 7947 86,70
Benzo(k)flouranthene 66,66 83.03 81.11 80.15 8999 7490 8015 8415

Chrysene 66.18 80.05 80.28 77.00 88.42 73.51 78.18 83.98

Flouranthene 96.22 72.98 79.63 74.39 86.58 96.68 98.60 99.27
" Flourene 47,37 46.78 74.39 52.30 90.00 5832 59.32 97.33

Naphthalene 40,83 84.60 73.83 60.61 38.53 43.37 36.17 87.21 i
Phenanthrene 65.29 64.07 7740 7047 9515  70.8%9 7117 81.11 : i

Pyrene 67.39 70.32 7852 7251 8578 7331  75.80 82.31 g

Figure 4b Excavation Activities
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disposal. A total of 5,500 gallons of flushing solution were recovered for disposal.
Figure 5 shows the flushing system.

The effectiveness of soil flushing was determined by post-flushing sampling and
analysis, 'The results revealed that soil flushing was successful in removing the majority
of the PAHs (Table 2). Some minor residuals remained above the MDNR Type B
Criteria. T'his necessitated a third cleanup technology in the form of bioremediation.

ASSESSMENT OF BIOREMEDIATION POTENTIAL

There is little precedence for successful application of a commercially available
bioaugmentation product to remediate PAHs in soil, and there are few documented
examples of successful bicaugmentation using non-indigenous microbes'. This
probably is due to the inability of imposted organisms to survive in environments
where they are not acclimated. It also follows that the existing microbe population
would possess the characteristics needed to survive in that particular environment. The
third phasc of site remediation focuses on the development of a rational, cost-effective,
and scientifically sound process based on the theory of augmenting the site with an
active, enriched PAH degrading bacteria consortium isolated from the site to be
remediated, The result will increase biodegradation rates, due to the density of PAH
specific degrading bacteria. 7

A preliminary assessment of sitc conditions and analysis of soil samples was
conducted to appraise the potential benefits of bicaugmentation. These analyses
included the determination of the levels of PAI, and other residuals such as BTEX

Soft Flushing Solution Application

ML

ro_‘ Raffrood Tracks 'jl

Drain To .S‘t..'rf"rp—‘l
LEGEND

* Ralativaly Large Amaunt Of Flow

= Rafothaly Smal Amotnt OF Flow

Figure 5 Diagram of Soil Flushing Flow Dynarmics
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criteria. The upper chart represents PAH concentrations prior to flushing, while the lower chart represents post-flushing results.

Table 2 Results of Soil Flushing. Concentrations are given in parts per billion (ppb). Asterics (*) denote levels above MDNR Type B

Axea

East

‘West Arca

SL-BR-5B-16 (0-2)

{Feb. 93)
6,200

SL-BR-GP-8 (0-2)

{Dec. 93)
520

SL-BR-SB-8 (2-4")

(Feb. 93)
810

Type B
Criteria

PAH Analysis
Anthracene

1.4E+5
1,800

3,900 *
880

2,000 *
1,300
<330
<330

3,100 *
<330
<330
790*

Benzo(a)anthracene

1,800

Benzo(b)flouranthene

1,300

18,000
330

Benzo(k)flouranthene

Chrysene

3,700 *
15,000
2,000
<330

19,000 *

17,000

17,000
17,000
1,800
5,000
500

Flouranthene
Flourene

580
13,000 *
1,300

3,700
<330
3,800
12,000 *
40,000 *

2,100
490
2,900
4,400 *
11,000 *

10,000

Indeno(1,2,3~cd)pyrene
Naphthalene
Phenanthrene

Pyrene

137
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and metals. Concentrations of critical nutrients were established to determine any
deficiencies. Soil pH and soil moisture content were also determined to establish if the
site was amenable to bioaugmentation. The analytical results are shown in Table 3.

&
|
5%% - INITIAL BACTERIA SCREEN
o Soil bacteria were enumerated to establish the presence. of significant microbial
& n(_?‘ _ diversity for future enrichments. It was important to determine the percentage of total
E - L - : bacteria (as determined by direct soil counts) that could be cultured in the lab, since it
has heen reported that the total number of plate count bacteria is usually 0.1 - 10% of
1 % the total obtained from direct counts?. The enumeration findings are shown in 'Table 4.
BEd 2.9 2,5%F0LY 3IF An initial screening method was developed to quickly assess a soil sample for the
UM S s G S S amin potential of indigenous microbial PAH degradation. Bacteria from the site were
= introduced into a microtiter plate containing a panel of PAH compounds, a buffered
5 é E R R R S nutrient mediurr'l, and the redox dye tetra.zolium ‘.riolet (Bi.olog_ MT Microplate™),
HORA| mhesnad@asaasdn The plates were incubated for a pre-determined period. In microtiter plate wells where
" PAHs are being mectabolized, the tetrazolium dye is reduced during bacterial
o H:E?-' o b s o ?R;% respiration, resulting in the appearance c.)f a color in the.welL Th%s method is a
BB 232 %, 83, d,82% modification of one developed to work with BTEX degrading organisms?, Negative
control microtiter plate wells lacked PAHSs; therefore, they did not confain a carbon
&l . source. The negative control allows evaluation of metabolism that is not caused by
é é (n-': % § & & 38 PATT oxidation.
0@ B5F5 ., 0 0l BR Following the assessment of the consortium, individual isolates were screened for
- ) PAH degrading ability. Over 60 colonies were isolated from six independent soil
o ?_?" g Y 5 samples and screened in microtiter plate wells containing a mixture of the 16 priority
?3 BEZl3IRe B, 8 58 84y pollutant PAH compounds (Figure 6). Positive reactions were observed from 18 of the
isolates, and these were assessed for their ability to degrade specific PAH compounds
‘ % . in a similar assay technique.
re o~ r% §o crnDrymaEanee % Due to suspected false-positive results from carry-over metabolism and the
BOR| hABTFEIR-FATASS presence of solvents to solubilize the PAHS, the initial findings were validated by a
method in which a mineral salts agar is coated with a solution of an individual PATI
% é % o o Cn 22 corn_pound“. The solvent contair'ling the? PAH was then evaPorated, 'leaving. a fine
FUA[AIKECEY  ASERIES coating of PAH crystals. After inoculating with isolated strains and incubating the
plates for one week, PAH degradation was indicated by either growth and/or clearing
u o o PAH crystals surrounding the colonies.
TE 2 82 =88 88cs 8
g1 = SR80
5 X2¥ERAEE8SS3238¢
ENRICHMENT OF PAH DEGRADING BACTERIA
Bacteria indigenous to the soil were enriched in the laboratory in selective media
~ Y y containing a limited carbon source and the 16 priority pollutant PAHs. Cultures were
S v Bk g E enriched for various time periods and then analyzed for their ability to biodegrade
E § L. B I %@g o PAHs. Enriched bacteria consortia were scoted positive if they were capable of
3 B ﬁ&i N —E ?; S & §:§ E g'h E g proliferation in media containing PAH compounds as the exclusive carbon source
DN 8 E@% % é%% E&“igg g %Eg o (Figute 7). Bacteria growth on phenanthrene coated mineral salts agar medium
= HEEEEE % 58§ H dé g4 g E (MM2) was also used as an indicator of successful enrichment (Figure 8). The
= SMEEEEEE EE I 0 F :
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Table 3 Chemical and physical analysis of contaminated soil. The values reportc_d are
from a composite made up from six exclusive samples. ppb = parts per billion
(ug/kg), ppm = parts per million (mg/kg), ND = not detected.

Chemical Analysis
Volitile Organics
Method 8260
Semi-volitile Organics
Method 8270

Metals
Method 7000

Nutrient Analysis

Physieal Parameters

Compound
Naphthalene

all other VOC in scan
Acenaphthene

Acenaphthylene
Anthracene
Benzo{a)anthracene
Benzo{a)pyrenc
Benzo(b)flouranthene
Benzo(g,h,i)perylene
Benzo{k)flouranthene
Chrysene
Dibenz(a,h)anthracene
Flouanthene

Flourene
Indeno(1,2,3-cd)pyrence
Naphthalene
Phenanthrene

Pyrene

Arsenic

Chromium

Copper

Tron

Lead

Ammonia Nitrogen
Total Nitrogen
Orthophosphate

"Total Organic Carbon
Soil pH

Soil Moisture Content

Concentration
467 ppb

ND

<330 ppb

339
811
403
<330
688
545
505
450
<330
683
507
538
367
<330
870
9.83 ppm

9.43
33.85
12700
46.33

1.8 ppm
11

0.21
82000

7.95
13.9%

Table 4 Microbiological analyses of contaminated soil. Enumerations were
performed on the soil composite prepared as described iu Table 3.

Micro-
biological

Analysis Method
Spread plates
Acridine orange direct counts
Percent culturable soil bacteria

Result

1.1+ 0.2x 107 CEFU/g (n=5)

1.2 ¥~ 0.2 x 10° CFU/g (n=6)
9.2%

r

Integrated Physical, Chemical, and Biological Technologies 141

effectiveness of the enrichment was observed as an increase in the percentage of
phenanthrene positive colonies when a random population was screened,

PAH DEGRADATION IN STANDARD SOIL

A soil consisting of sand coated with PAH compounds at concentrations similar to
those encountered at the site was treated with an enriched PAH degrading consortium
in laboratory microcosms. PAH losses in microcosms containing a viable consortium
were compared to losses in an abiotic control under the same nutrient conditions
(Figure 9). The initial chemical analysis revealed limiting amounts of both nitrogen and
phosphorus. These findings arc based on the carbon to nitrogen to phosphorous ratio
(C:N:P) of 100:10:1 reported in the literature. To achieve this ratio, additional nitrogen
and phosphorus are required, but care should be taken in this case to cover the TOC
load (82,000 ppm) with nitrogen or phosphorus salts to avoid a hypertonic environment
which would be detrimental to general bacterial metabolism?®.

Figure 6 Initial Screen for PAH Degraders. Using Biolog MT Microplates™ with
wells containing PAH compounds as the sole carbon source, a bacterial
consortium and isolated strains from the site were inoculated into plate
wells. Bacterial inocula were prepared as instructed by Biolog. The plates
were monitored visually for the development of a colored metabolic by-
product. A positive result is indicated by the appearance of color in the
well. Columns 1,2,3 and 7,3,9 (left to right) are negative control wells that
lack PAH compounds. Wells in the top row are positive controls containing

the naphthalene degrading bacteria Psuedomonas Putida Biotype B strain
(ATCC 17484).
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BENCH-SCALE. BIODEGRADATION STUDIES

A s0il composite from the derailment site was used to test the effectiveness of the
enriched bacterial consortium in biodegrading PAHS in a bench-scale study. Soil was
treated in microcosms in one of four ways:

1. Amending with nutrients only.
2. Amending with nutrients and augmenting with the enriched consortium.
3. No treatment.

4. Addition of a biocide. .
The last of these was to control for abiotic losses. The results of this study are
presented in Figure 10.

Figure 7 Enrichment of PAI Degrading Bacteria. Using soil from contaminated site,
extracts were prepared and used as inocula for entichment cultures.
Enrichment medium was nutrient-himited and contained the sixteen priority
pollutant PAHs. After a number of passes through this medium, the cultures
were evaluated for growth in a mineral salts medium {Bushnell Haas)
containing only PAHs as a carbon source. The culture on the left was
inoculated with bacteria enriched for PAH degradation, while the culture on
the right was inoculted with a non-enriched control.
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Figure 8a Example of Phenanthrene Degrader Enrichment. The percent of
* phenanthrene degrading bacteria in each enrichment passage was obtained
by spreading serial dilutions of the cultures onto R2A agar. Random
colonies were then analyzed on phenanthrene coated minimal medium
(MM2) plates. Colonies were scored positive for growth and compared to
duplicate platings on rich medium.

a = original soil extract plated on. rich medium, b = original soil extract
plated on phenanthrene coated MM2 medium, c = 7th enrichment pass
plated on rich medium, d = 7th enrichment pass plated on phenanthrene-

coated MM2 medium.
Number of Number of Percent
Culture Colonies Phenanthrene Phenanthrene
Passage Assayed Positive Colonies Positive Colonies
Soil Extract 45 17 37.7%
. 0
4th 45 23 51.1%
Tth 45 42 93.3%

Figure 8b Verification of Phenanthrene Degrader Enrichment. Colonies from
enrichment passes were replica plated onto a mineral salts medium and a rich
medium, both coated with phenanthrene. Growth was observed and compared after

four days of incubation.
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Since the results from the bench-scale bioaugmentation study indicated that the
PAH compounds were effectively degraded by the enriched consortinm, the next step
will be to apply copious amounts of the bacteria to the derailment site.

FIELD STUDY

The PAH concentrations at the site are less than the new MDNR Residential
Cleanup Criteria. However, the bacterial consortium will be added to the railbed to
confirm the results of the bench-scale tests. This will be accomplished by first using
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Figure 9 PAH Biodegradation in Standard Soil. Bacteria from an enrichment
culture were inoculated into microcosms containing a standard soil
contaminated with a mixture of the sixteen priority pollutant PAHs.
Standard soil was prepared by coating silica with a methylene chloride
solution of PAH standards. The solvent was evaporated, leaving behind the
Jess volatile PAH compounds. Naphthalene, a relatively volatile PAH, was
volatilized in the process (as evidenced by its absence at the start of the
study). The microcosms were incubated for seven days. Abiotic controls
did not contain bacteria, but otherwise were identical to the viable
microcosms. The reported values are the averages of triplicate analyses.
Unshaded bars represent PAH concentrations in the entire abiotic
microcosm, while the shaded bars represent PAH concentrations in the
bioaugmented microcosms.
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.scalc—up culture methods developed in the laboratory to rapidly produce an inoculum
to achieve between 1 x 10¢ and 1 x 107 augmented bacteria per gram of soil. This will
involve culturing and applying approximately 200 liters of the enriched bacterial
consortium, Application will be accomplished by a series of multi-depth injections
directly into the soil underneath the tracks. T'he cffectiveness of this procedure will be
monitored monthly by sampling and analyzing for PAHs, and comparing them to non-
treated and nutrient amended control plots, The results of the field study will be
published in the future.
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Figure 10 Bench-scale Biodegradation Study. Soils were treated as described in the
text. Data is presented as a percentage of the individual PAH compeunds
remaining in an abiotic control. Augmented = addition of bacteria that
have undergone laboratory enrichment for PAH biodegradation.
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CONCLUSION

The data demonstrate the successful remediation of residual fuel oil at a railroad
accident site. This case study also illustrates the benefit of a coordinated effort involving
diverse disciphines to develop a sound and innovative remedial approach. The total cleanup
of the site will be completed with the field-scale implementation of bioaugmentation.
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QUESTIONS AND ANSWERS

Q. If the concentration of the TPH after the surfactant washing was done, was
82,000. What was the concentration before the washing was done?

I can’t address that question. I can tell you that the PAH compounds originally
were between 10-50 ppm. We didn't do an analysis of the TPH at that point.

Q. So the overall TPH reduction during your program wasn’t monitored during the
bioremediation stage?

Correct.

Q. What were the levels of nitrogen phosphate that you were adding? What’s the
likelihood of regulators accepting that addition, philosophically?

I can't really answer either one of your questions. In this case, the total organic
carbon load was so great in order to cover that under a 10:1 ratio, we would have had to
amend with much more nitrogen and phosphorus salts. That would have been
inhibitory to bacterial metabolism. It would have been a very salty environment. We did
it in little steps. I'm sorry that I can’t answer your question about the regulatory issues.

1d like to make one more comment about the earlier question about the regulatory
agencies. This was 2, more or less, rescarch project, so we weren't trying to achieve
cleanup levels. We were trying to develop a method.
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Q.What was the cost at each phase of this remediation? Soil washing and
bioremediation?

Geddes: 1 can address the bioremediation portion. Again, since this was a research
effort, we don't have concrete numbers for that.

Haddad: As far as the cost, actually the whole issue was to find a cost-effective
alternative for our client. We simply summarized the cost as the cost of excavation and
disposal. In this same time for soil flushing, it was also very simple. Actually, we did
not divide the total cost by the volume, but I can say that $100,000 was the total cost

that covered all the expenses for subcontractors, administrative fees, up to the
bioremediation stage.

Q. Were you able to measure surfactant recovery?

Actually, we did but we were not worried about how much we recovered because it
is biodegradable.

We knew that it will disappear with time. We also knew the initial concentration
of the soil flushing solution. Simply by taking a sample after the flushing you can

compare how much you recovered, as compared to what you started with, We did
recover most of the surfactant.
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TECHNOLOGY BACKGROUND

Poor subgrades have plagued the construction industry for years, particularly for
shallow building foundations, roadways, pipelines, and railroad tracks. Subgrade
failures are typically the result of fill applied over unconsolidated areas, trapped water,
mud pumping, subgrade squeezing, or deep shear failure. Failures of these types are
found across the country, as shown in Figure 1.

Conventional stabilization techniques employed to improve subgrades (such as
roller compaction) may be costly, require removal of the existing structures, or may
prove ineffective on expansive clays or water sensitive silts. Lime/fly ash injection and
chemical injection were two economical systems developed in the late 1960s to provide
economical subgrade stabilization, The process fills voids within the soil or chemically
alters the clay matrix of the soil.

Lime/fly ash injection uses multiple, direct-push injectors to introduce a lime/fly ash
shurry into the subgrade to fill cracks, weakness planes, voids and ballast pockets. For
expansive clays, a water solution is injected to swell the clay soils prior to construction.

Chemical injection is utilized to treat montmorillonite clays, the clay mineral most
associated with expansive soil behavior. These clays are composed of two silica sheets
slightly bonded to one alumina sheet. A net negative charge deficiency exists between
the sifica sheets and the alumina sheet. These forces create a condition whereby water
and other exchangeable ions can enter between the silica sheets and cause the clay to
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cxpand. Multiple, rotating injectors are used to introduce a proprietary potassium-
based solution into montmorillonite clays. By providing intimate contact of the
solution with the clay matrix, chemical injection is capable of changing the clay mineral
into an illite clay mineral. (Illite does not exhibit the severe swelling potential of
montmorillonite.)

Extensive subgrade stabilization experiences prompted the development of
numerous injection machines that can penetrate and treat soils to depths ranging from
10-40 fect below grade, through- the use of injectors which push simultaneously into
the subsoil. Single-point injection machines arc used within existing building
structures or around utilities. The equipment is readily available, and has been used
effectively over the past 25 years. Figure 2 shows the kind of injection machine
typically used in rail or pipeline work. '

Injection technology is based on the ability to effectively saturate subsurface soils
with a slurry. It offers an inexpensive, yet proven alternative for in-sifu contaminant
degradation or destruction. The technology achieves intimate contact of the bioslurry or
chemical oxidation reagents with the subsurface soils for biostimulation, bioaugmenta-
tion, or chemical oxidation/reaction. Biostimulation introduces appropriate inorganic
nutrients (i.e., nitrogen, phosphorus), electron acceptors (oxygen), and moisture to
stimulate the growth of indigenous microbial populations. Bioaugmentation adds
microorganisms with demonstrated metabolic capabilities to degrade the specific waste
concern.: More often, bicaugmentation employs soil sampling, and identifies
indigenous microbes for culturing and repopulation on-site. The following case history
outlines how injection technology has successfully treated contaminants tbrough
bioaugmentation within low permeable clays.
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CASE HISTORY

A Gulf Coast petrochemical plant had historical hexane contamination of soils
resulting from leaking process-gravity sewers. Contamination was discovered along
535 linear feet of sewer lines, extending 5 feet from the pipe center line and 12 feet
below grade. Hexane concentrations were as high as 7,200 mg/kg, averaging 250
mg/kg across the affected arca. Because sewer line flowed through active process areas
of the plant, its position made excavation an unacceptable alternative, Excavating the
affected soils would have removed the sewer from service and required a temporary
plant shut-down. '

An in-situ technique was called for. Several alternatives were considered, including
vapor extraction and bio-venting, These options were rejected because the contaminated
zone soils consisted of very dense, low permeable clays, This site was determined to be
an ideal prospect, however, for the application of Bioslurry Injection™,

The Process

Bioslurry Injection™ achieves in-situ bioremediation of hydrocarbons by
pressurized subsurface injection of a slurry consisting of a proprietary mixture of
controlled-release oxygen sources, controlled-release nutrient sources, and microbial
cultures. This is applied in an overlapping grid pattern to ensure complete coverage of
the contaminated zone, as illustrated in Figure 3. Successful #n-sifu bioremediation
relies on contacting sufficient nutrients and oxygen with the contaminated media.
Most in-situ bioremediation systems depend on subsurface movement of water or air
to contact nutrients and oxygen with contaminated soils and groundwater. Bioslurry

Figure 1 Failures Due to Poor Subgrade Conditions

!
i
é
i




..7——7

152 Principles and Practices for Diesel Contaminated Soils, Vol. V

Tnjection™ allows #n-sifu bioremediation to proceed independently of a formation’s
ability to transmit water or air, by physically permeating the contaminated zone with a
mixture of controlled-release sources of oxygen, nutrients, and microbes. The time
required for Bioslurry Injection™ remediation is much shorter than that of traditional
extraction and reinjection techniques. This is because the remedial time-frame is driven
by microbial kinetics, rather than by groundwater velocity. Conditions suitable for
enlianced biological activity can be maintained for over 50 days.
The infection material consists of three main proprietary products:

+ Chemical Oxygen Source
» Accelerator Nutrients

* Biological Cultures

Hydrogen peroxide (F,0,) is well documented as an oxygen supply source for in-
sit soil and aquifer bioremediation applications. The disadvantage of hydrogen
peroxide s its limited life: It typically degrades in a matter of days or houts, depending
upon site conditions. Since Bioslurry Tnjection™ 1is based on a preferred one-time
application, an extended oxygen release material was required. An oxygen source
material with a manufacturer-claimed oxygen release rate of three to six weeks was

selected. The material yields approximately 53 liters of oxygen at 25° C per pound: the’

volume of application was determined by the microbial treatability laboratory study.

The selected oxygen source material was provided in dry powder form with a shelf
life of onc year. The O, source material and nutrients were slurried with potable water
in batches using separate agitation tanks. Specialized bacteria were cultured on-site and
transferred to a third tank for injection.

Sourca_(release ot spil

Contaminant Pluma

Injections to Dapths of 40 ft,
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. Bio-slurry agents were pumped from the slurry tanks and combined at the point of
injection. To introduce these agents to the subsurface, a hydraulic injection rig was
used. The injection rig consisted of a rubber-tired vehicle with a hydraulically powered,
Yertical injection mast, One to four injection rods are typically mounted on the
injection mast, spaced on 2-5 feet centers. Although up to four rods can be used, two
rods spaced six feet apart were better suited for the injection layout. This equipment is
capable of penectrating to 12 feet below grade, the maximum depth of contamination
at the site (Figure 4). The lower portion of each injection rod is tapered to allow casy
penetration into the soil,

The 15% to 25% dry weight solid slurry was pumped under pressure during the
injection rods’ downstrokes. The slurry was continuously injected — horizontally
through each of the rod tips. For this project, a 2 1/2 foot spacing was used to ensure
complete penetration of the contaminated zone. (The injection pattern used over the
majority of the site is presented in Figure 5.) Paved areas were pre-drilled prior to
injection and patched after the work was complete. Some areas were covered by existing
containment slabs, and coring was not permitted. For these areas, angled injections were
used to reach the soil beneath the slab. Excellent transmittance of bio-slurry material
was achieved through the dense clay soils, and slurry was observed flowing from natural
fissures and previous injection points up to 15 feet from the point of injection.

Figu_re 4 12’ Chemical Injection Machine
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As the design materials are injected into soil mass, they flow through the paths of ] case history demonstrates the technology’s effectiveness within low permeable clays.

| least resistance. These are generally desiccation cracks, fissures, sand lenses, and other | However, it also offers cost-effective remediation for permeahle sands and gravels.
| geologic conditions that are predominant in most soil formations (These are the same The advantages of Bioslurry Injection™ over other remedial technologies are as

pathways that the contaminants followed into the soil.) Injection pressure is used to tollows:

ensure that materials are well distrihuted into the soil mass. As the soil mass seeks to ' 1. The remedal time frame is shorter than traditional #n-situ systems.
‘ equilibrate the additional injected moisture, soil suction and diffusion mcchanis.ms 2 No shovesmd ) _ T -
| further distribute the soluble injected materials. This, and a close grid spacing, provide ; - No above-grade equipment is required after injection of materials. .
: excellent distribution of the injected material, particularly along pathways where 3. No operator attention is required after initial injection.

contaminants acc more concentrated. i 4. Remediation is independent of the formation’s ability to transmit water or air.

Project Results

Definitive soil samples were collected in the area of highest contaminant
concentrations. The five borings were drilled six weeks after injections were complete,
! with additional borings drilled after an additional four weeks. VOC and TPH
concentrations from the definitive samples were less than 2.0 mg/kg, with most
: samples falling below detection limits. Initial concentrations were as high as 7,200
] ' mg/kg; the cleanup criterion was established at 50.0 mg/kg or less. |

5. Biological agents are deposited into the same paths that contaminants followed. E

6. Remediation can he accomplished at operating facilitics and even below
buildings without interruption of operations,

Effective remediation of compounds that are more resistant to bioremediation or
are of higher contaminant concentrations can be achieved by combining injection
technology with current bioventing or sparging systems. Oxygen source material is the
] most costly aspect of bioslurries. Sparging or venting can supply an inexpensive and
CONCLUSIONS : continuous oxygen source. Bioslurry Injection,™ therefore, provides complete
saturation of the soil mass with nutrients and microbes, but it can also be used to
directly increase degradation of residual compounds.

Injection technology has also been used for other remediation applications such as
for acid neutralization and subsurface injection of oxidants for reduction of chlorinated
solvents. Its cost effective advantages malke it a legitimate remediation alternative.

Biosturry Injection,™ which provides intimate confact and control of reagents and
microbes with subsurface soil contaminants is an effective remedial technology for in-
situ treatment of hydrocarbon-affected soils. The strength of Bioslurry Injection™™ is its
ability to wotk across a wide range soils, regardless of soil structure or permeability. The
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INTRODUCTION

The BioSparge™ system is a closed-loop, #n-situ remediation technology that uses
a designed system of gas injection sparge/purge wells and surrounding vapor extraction
wells. A mobile surface treatment system provides injection, capture, and treatment
without gas venting and emissions (Figure 1).

The same technology has been applied to a select number of petroleum
hydrocarbon sites in the southwestern United States and in Wisconsin. The site
presented js a unique and challenging én-sifu remediation problem which demonstrates
the effectiveness of BioSparge™ technology in remediating low to non-volatile, free-
preduct compounds.

SITE BACKGROUND

The site is a truck refueling terminal located within a railway complex in central
New Mexico. It consists of 2 maintenance building, a pump island with an overhead
canopy, and a 15,000 gal. above-ground storage tank (AST) located approximately 110
ft. from the pump island. ‘The entire property is paved with 3-inch thick asphalt.
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In 1987, the 3-inch {iberglass product line ruptured, releasing approximately 4,000
gal. of #2 diesel fuel into underlying soils. A consulting firm was contracted to
characterize subsurface conditions and determine potential impact to the site. The firm
installed fifteen 2”-diameter monitoring wells and completed a site characterization
study based on information obtained from the wells.

Borings indicated that site stratigraphy consisted of low-plasticity clay for the upper
4-6 feet, underlain by 20 to 25 feet of poorly graded sand. Beneath the sand was a
medium plasticity, cohesive clay that acted as an aquiclude. Groundwater was typically
21 to 23 ft. below the surface. Slug tests were performed, and an average transmissivity
of 12,800 gpd./ft. was calculated, with maximum horizontal product migration of 90 feet
in six years. The released fuel migrated through the soils and pooled at the groundwater
surface, with a maximum thickness exceeding two feet. Based on groundwater samples,
it was determined that no substantial dissolved-phase contamination existed within the
groundwater. The firm installed a free-product recovery system consisting of two
recovery pumps placed in the wells showing the thickest product.

The pumps recovered a few hundred gallons of free-product; however, production
dramatically decrezsed after about a year. It was suggested that this decreasc was due
to free product trapped in the capillary fringe where horizontal migration to the wells
was minimal. The consultant prepared a preliminary, free-product contour based on the
well data and characterized the plume as being approximately 100 ft. x 130 ft. (Figure
2). Considering the average thickness of capillary fringe contamination by diesel fuel
the consultant calculated the volume of total contaminated soil to be 480 yd3, holding
at least 1,020 gal. of #2 diesel at the start of remediation.
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Figure 1°BioSparge/BioPurge™ Schematic
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REMEDIATION SYSTEM

Wanting to bring the site to closure, the owner felt additional remediation efforts
would be required to remove the product still remaining in the soils. Another consulting
firm was selected to install two additional monitoring/recovery wells and prepare a
remediation bid package outlining the site conditions. The bid package allowed
potential contractors to submit a bid based on the technology of their choice. A number
of firms submitted soil vacuum extraction systerm and excavation/disposal alternatives.

Soil vacuum extraction is ineffective on non-volatile products in diesel fuel,
excavation/disposal is costly, requiring closure and removal of the refuehing terminal.
Alternative bioremediation methods were proposed, but these were based on
groundwater injection/extraction, which would not bencfit degradation of product in
the capillaty fringe, where the majority of contamination restded.

The BioSparge™ proposal was selected based on cost, probability of success, and
minimal disruption to site operations and facilities. Another key factor in selecting the
BioSparge™ technology: a unique, negotiated contract providing payment based on
the remediation percentage achieved at the site. This type of contract, widely used in
the construction industry, is seldom used for contaminant remediation.

The infrastructure designed for the site consisted of sixteen, 4-inch in diameter
vapor extraction wells and nine, 4-inch in diameter vapor injection wells, screened at an
average depth of 15 to 25 ft. below the ground surface. The injection wells were screened
at intervals of 18 to 28 ft below the ground surface. The extraction wells designed to
encircle the area of contamination, were connected by a common manifold, and a
second, separate manifold. All wells were individually valved from the main trunk line,
(Iigure 3) with pressure meters attached to each well. Free-product recovery pumps
were installed in four of the nine injection wells; however, each of the nine wellheads
was designed to allow movement of the pumps to the wells with the thickest product.

The BioSparge™ treatment unit was constructed in a container selected for ease of
transport, security, rigidity, and vibration dampening characteristics (Figure 4). The
treatment system included a positive displacement blower for low-flow
extraction/mjection of the soil vapors. An oxygen generator was installed to feed the
absorption tank and site wells, and a vapor heating system was installed to provide heat to
the wells to increase microbial activity and decrease product viscosity. A peristaltic
injection systemn was also added to allow low-flow, continuous injection of surfactants into
the pressure-flow (injection wells) side of the system. The free-product recovery pump
control and air supply system was also installed in the unit for ease of control. A precisely-
calculated solution of bionutrients was continuously fed into the treatment system.

The entirc treatment system required only 18 Kilowatts of electrical power to
operate; no other power or energy source was required. Because the system was closed-
loop by design, no air treatment (typically carbon or thermal) was required

The infrastructure was installed in April 1994, and the treatment system was
started in May 1994, To promote efficiency of the four free-product recovery pumps,
initial airflow was reversed from that shown in Figure 3, with vapor extraction taken
from the middle wells and injected into the perimeter wells. This accelerated free-
product recovery and improved conditions for in-situ biodegradation. Since the wells
were screened in poorly graded sands; injection pressures remained helow 3 psi. The
blower flow rates were increased from a designed flow rate of 50 cfin to 75 cfm.
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Concurrent with these activities, two independent microbial laboratories
performed separate treatability studies on soil samples collected from the site. Both
determined that site soils were deficient of most microbial nutrients, particularly
nitrogen and phosphorous. An injection profile was developed from these data
consisting of surfactant-producing enzymatic bacteria supplemented by nutrients® Test
results and a breakdown of the components were forwarded to the New Mexico
Environmental Department (NMED) for approval. NMED determined that a
discharge permit would be required since the product contained a regulated nitrogen
source, despite the fact that the concentration was below the regulated limit. After six
months of negotiations with the state, it was decided to inject the products without the
regulated nitrogen source. -

RESULTS

Within a year prior to activation of the BioSparge™ unit, the two recovery pumps
had removed approximately one 55-gal. drum of product from the site. After seven
months of operation, the BioSparge®™ remediation system had removed more than 350
gallons of free-product without the aid of injected surfactant-producing enzymatic
bacteria. An undetermined volume of product had been degraded within the subsoils.
By April of 1995, free product had not been detected within the 25 injection/extraction
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wells following a 48 hour shutdown period. Originally, up to 2 feet of free product had
been detected in 9 of the 25 wells. Injection of enzymatic bacteria was started at the
end of November 1994, and confirmatory borings for soil sampling and testing were
completed in May, 1995, The BioSparge®™ system is now operating as designed on
Phase 2 of the site remediation to reduce soil contamination to less than 100 ppm,
TPH., Total site remediation is projected to be completed by the end of April, 19%6.
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Chapter 11

Characterization and Remediation
Alternatives Evaluation at a
Historic Diesel Spill Site

Bacbara B. Taylor, Irwin Silverstein, David M. Mauro and Ludwig F. von Oldenburg
MPETA Envirenmental, Inc., Watertozon, MA '

INTRODUCTION

A cooperative research program of investigation and remedial alternatives
evaluation was conducted at a historic diesel spill site for the Municipal Light & Power
(MT.&P) First Avenue Generation Plant No. 1 in Anchorage, Alaska in collaboration
with the Electric Power Research Institute (IEPRI). The work was performed by
META Egvironmental, Inc. of Watertown, Massachusetts and consisted of field
investigation programs, bench-scale treatability studies of remediation alternatives, and
a pilot study to investigate the remediation feasibility of bioventing.

BACKGROUND

ML&DP’s Power Plant No. 1 is located in an industrial section of north/central
Anchorage and occupies approximately 5 acres of land. In 1964, an aboveground diesel
fuel storage tank located southwest and topographically upgradient of the power plant
failed as a result of dn earthquake that measured approximately 8.3 on the Richter Scale
(Figure 1). Reports of the capacity of the tank have varied from 235,000 gallons to
400,000 gallons.» Collapse of a concrete retaining wall near the tank apparently created
a large hole in the base of the tank through which oil escaped. The amount of oil that
was released and the spill pattern are unknown. However, some of the released oil
apparently flowed onto the grounds of the ML&P site.: Previous studies by other firms

“identified the presence of petroleum-contaminated soil and groundwater

predominantly in the western portion of the site. Following completion of these
studies, examination of the data revealed a lack of informaiton concerning the vertical
and lateral extent of the contamination and the charateristics at the site which could
help determine remediation approaches.

('I{'




el mm- - e N . T e

164 Principles and Practices for Diesel Contaminated Soils, Vol. V

FIELD INVESTIGATION PROGRAMS

To address these data gaps, META undertook a series of phased site investigations.
A site reconnaissance program was initially conducted to review the facility layout,
examine the condition of and gage the five previously installed monitoring wells,
review information in ML&P and Alaska Department of Environmental
Conservation (ADEC) files regarding the 1964 oil spill, and collect subsurface soils for
use in bench-scale treatability studies. Following this initial phase, a full field effort was
implemented to characterize the vertical and lateral extent of the petroleum
contamination. Geological and hydrogeological data were obtained for use in
evaluating contaminant migration potential and the feasibility of in sifu remedial
alternatives. Concurrent with the full field effort, the-soil collected from the site was
studied to investigate contaminant treatability.'I'he final phase of the work involved the
collection of soils and groundwater for use in a microbial flask study, the installation of
nested monitoring wells and multilevel samplers (MLSs) for modeling and monitoring
purposes, and the implementation of a pilot field program for evaluation of the
remediation cffectiveness of bioventing,

Reconnaissance Work
Afrer reviewing information about the past history of the site at the ADEC office,
a site visit was conducted and all five of the existing monitoring wells (Figure 1) were
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opened to measure headspace volatile compounds using a phototonization detector
(PID), and to gage the wells for free phase product. None of the wells had detectable
headspace readings, nor was any light non-aqueous phase liquid (LNAPL) observed
with the exception of well B-3, which contained approximately 2-3 inches of an
LNAPL layer.

Following the site visit, three test pits were excavated by backhoe in the western
portion of the site at the locations indicated on Figure 2. To provide information on the
air permeability in the unsaturated zone, subsurface soil samples were collected above
the watcr table in each test pit for analysis of grain size and moisture content, pH, and
total organic carbon (T'OC). Additional information on unsaturated zone soils was
provided by conducting in-place density tests in two test pits. Finally, to provide soils
for use in the bench-scale leachability study, petroleum contaminated soils were
collected from each test pit for diesel range petroleum hydrocarbon (DRPH) analysis.

Full Field Program

The lateral and vertical extent of soil contamination was determined by continuous
split-spoon sampling of 11 soil borings (Figure 2) down to the confining layer. During
drilling, soil samples were collected for determination of botl physical and chemical
parameters, such as volatile organic compounds (VOCs) and DRPH, using an
expedited site characterization approach referred to as priority sampling with
sequential analysis. Selected split-spoon samples were also analyzed for appropriate
parameters for use in the bench-scale treatability study.
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Groundwater quality was evaluated by drive point sampling adjacent to nine of the
soil borings (Figure 2), at depth intervals selected to correspond to the most elevated
DRPH concentrations in the soils. Because of interference from sediment,
groundwater DRPH analysis was conducted on both filtered and unfiltered samples for
some of the drive point locations. Furthermore, the existing monitoring wells were
gauged, purged, and sampled for VOCs and DRPH.

"The final component of the full field study consisted of a falling head permeability
test (shag test) to provide information on hydraulic conductivity. To facilitate this test,
temporary piczometers were installed in three soil borings. The data obtained during
this test were used in subsequent bench-scale studies.

In addition to the field work, a bench-scale leachability study was performed on
contaminated soils collected from test pits. This study, based on EPA Method 1311,
was used to determine the likelthood of continued leaching of DRPH components,
Esscntially, samples of contaminated soil were leached at two pIH levels, 2.88 and 4.88,
and the leachates were analyzed by gas chromatography with flame ionization
detection (GC/FID), as indicated in Figure 3.

Pilot Study

During this phase of work, several activities were carried out. First, seven soil
borings were drilled, three pairs of monitoring wells and one injection well installed,
and soil samples collected for a biological flask study. Second, four MLSs were installed
proximate to the injection well. Third, an air sparging system was installed and
connected to a second injection well. Fourth, neutron probe casings and soil vapor
probes were installed to facilitate determination of oxygen uptake rates and the radius
of influence of the sparging well. The original injection well was designated to monitor
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changes in water table elevations. Finally, the air sparging system began a 90-day
period of operation. The locations of the soil borings, MLSs, and wells are shown on
Figure 4; the pilot study area is shown in detail on Figure 5.

Determination of Pre-Sparging Conditions

During the installation of well pairs, composite samples were collected from each
2-foot split-spoon in an initial boring advanced down to the confining layer. Once the
confining layer was reached, the deeper of the two wells was installed and screened at
the confining laycr over a 2-foot length. The PID readings and observations from the
soils obtained during the initial boring were used to determine the screening interval
for the second (shallow well) of the pair. Each shallow well was screened over a 5-foot
section to straddle both the zone of maximum contamination and the water table.
Figure 6 shows a schematic drawing of a typical well pair. The separation distance
between each well pair was approximately 3-5 feet.

With regard to installation of the original injection well, a soil boring (SB-15) was
advanced to a depth of approsimately 4-5 fect below the water table and soil was
continuously sampled for DRPH and pH analyses. Tn addition, once the approximate
depth of the water table was reached, soil cuttings were collected off the auger flights
for the biological flask study. Once advanced to a depth of 11 feet, a 2-inch diameter
air injection well was then installed consisting of a 6-inch screened segment and a
section of solid riser pipe extending to within 6 inches of surface grade.

In addition to the well pairs and injection well, four MLSs developed for EPRI
were assembled in the field and installed at the locations indicated on Figure 4. A
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schematic drawing of 4 typical MLS is shown in Figure 7. Three of the MLSs were
located downgradient and one was located upgradient of the pilot study area.

Finally, the soil samples collected during the installation of soil boring SB-15 were
homogenized and apportioned into three cells, which comprised the biological flask
study as represented by Figure 8. The initial total petroleum hydrocarbon (T'PH)
concentration for the three cells averaged approximately 1,500 milligrams per kilogram
{mg/lg) or parts per million (ppm) and each cell initially had 10,000 colony forming
units per gram. One cell, acting as the control, was treated with a bacterial inhibitor
(sodium azide), while the soils werc oxygenated. The second cell was oxygenated, only,
while the third ccll was oxygenated and treated with nutrients. The experiments were
conducted over a 6-week period.

Installation and Opemtian of Air Sparging System

Based on the results of the flask study, an air sparging system. was then installed at
the location shown on Figure 5. A new injection well consisting of a 24~inch length of
wrapped steel wire screen connected to solid black iron riser pipe was driven into the
ground to a depth of about 12 fect after removing, by a drill auger, the uppermost 3
feet of sail. A two-blower systemn next was connected by black iron pipe to the new
well. Five black iron casings (neutron probe casings) spaced radially outwards from the
well were then driven to a depth of about 12 feet to be used for measuring the radius
of influence of the sparging well. Finally, soil gas probes were grouted into place at
locations adjacent to the neutron probe casings to supplement the MLS vadose zone
ports for measuring oxygen uptake rates in the unsaturated zone.

Prior to operation of the system, the monitoring well pairs and MLSs were sampled
for dissolved oxygen, DRPH, pH, and carbon dioxide. In addition, nitrite/nitrate,
ferrous/total iron, and sulfide/sulfate concentrations were determined using a HACH
kit, Next, oxygen and carbon dioxide concentrations were determined in the soil gas
probes and vadose zone MLS ports. Then, a series of air saturation tests were
conducted at flow rates of 4 cubic feet per minute (CFM), 8 CFM, and 16 CFM. Air
saturation values were determined based on data obtained by inserting a neutron probe
(Campbell Pacific Nuclear Neutron Probe) into each of the black iron casings at several
depths over time periods of 12 to 24 hours at each sparging rate. Following completion
of the final air saturation test, the blower was turned off and a respirometry test was
conducted over a four day period as changes in dissolved oxygen concentrations in the
saturated zone and oxygen concentrations in the vadose zone were monitored. Once
the respirometry test was completed, the air sparging system was put back into
operation at a sparging rate of 4 CEM.

Approximately 30 days after the system began operation, the MLSs were sampled
for dissolved oxygen, DRPH, nitrite/nitrate, ferrous/total iron, and sulfide/sulfate
concentrations. In addition, a second respirometry test was conducted. Based on the
results of the two respirometry tests and the near anacrobic dissolved oxygen
concentrations in the MLSs, the sparging rate was increased to 16 CFM. A third
respirometry test and sampling of the monitoring well pairs and MLSs for DRPH are
planned after 90 days of sparging,
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RESULTS

Reconnaissance Effort _

The results of the initial phase of work clearly showed that significant subsurface
diesel contamination existed at the site, and that the contamination likely originated
from the diesel tank failure which occurred as a result of the 1964 carthquake. The
GC/FID analysis of the LNAPL collected from well B-3, indicated for example, the
presence of a diesel product that was “weathered” (compared to a fresh diesel standard),
as shown. in Figure 9. GC/FID fingerprinting of the soils collected from the test pits
showed a similarly weathered diesel pattern, which also was consistent with that ofa

30 year old spill (Figure 10).

Full Field Program

Although the test pit samples showed that the contamination in subsurface soils
most likely came from the 1964 spill, further information concerning the nature and
extent of the soil and groundwater contamination was needed. The results of the full
field program provided this information.

FEwntent of Soil Contamination

To generate data on areal and vertical contaminant distributions, the DRPH
concentrations from the full field study borings were quantified according to sampling
depth and then averaged at five depth intervals as shown in Table 1. These depth
intervals included the near surface unsaturated zone (0-2 feet}, a second unsaturated
zone section that included the capillary fringe (2-5 feet), a shallow saturated zone
section (5-9 feet), a deeper saturated zone section (9 feet to the confining layer which
averaged 14.5 feet below surface grade), and the confining layer itself. As indicated in
this table, the contamination is greatest at 5-9 feet below surface grade, which
corresponds to a zone within 2 feet of the water table. 'This pattern of soil
contamination was again observed during the pilot phase program. Furthermore, the
site’s confining layer and the two borings at the eastern. portion of the site were virtually
free of DRPII contamination.

Extent of Groundwater Contamination

The DRPH concentrations in the previously installed monitoring wells ranged
from less than 0.1 milligrams per liter (mg/L) to 1.85 mg/L. Furthermore, mass
spectrometric analysis of well B-3 also indicated the presence of naphthalene at 0.03
mg/L and 2-methylnaphthalene at 0.04 mg/L.

Greater variance in the DRPH results were obtained from the drive point
groundwater samples than from the monitoring well samples because of the presence
of sediment generated during collection of the drive point samples. The DRPH
concentrations ranged from 1.3 to 140 mg/L for the unfiltered drive point groundwater
samples; the filtered samples had " substantially lower DRPH concentrations. The
unfiltered DRPH concentration at location G-4 was 140 mg/L, for example, while the
filtered concentration was 5.2 mg/L. Similarly, the filtered concentrations at (G-5 and
G-10 were both less than 1 mg/L, while the unfiltered concentrations were 120 and

1.3 mg/L, respectively. Finally, at location G-6 a concentration of 140 mg/L of DRPH
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Table 1 Average DRPH Concentrations in Soil Samples vs Depth Intervals

DRPH, mg/kg, at Depth Interval

2to 5 feet 5to 9 feet 9 feet to Confining At Confining

0 to 2 feet:

Layer

Layer?

Boring No.
SB-1

110
300

250

6,500

7,800
3,300

1,800
5,000

1,300

1,900

730
10
550
1,100

65
140

SB-2

620
20

SB-3

15
45
130
400
2,400

SB-4

10
10

1,700
5,200

50
1,600

SB-5

10
20

5B-6

10
10
2,700

30

SB-7

SB-8

20

310
200
15

250
1,500

900
200

5B-9

60

3,500

SB-10

15

1,300

150

650

SB-11

2 Average confining layer depth is 14.5 feet below surface grade

! May not be related to the diesel spill
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was found in the unfiltered sample, while only a concentration of 46 mg/L was found
in the filtered sample.

Hydrogeological Data

Based on the results of the slug test and the soil classification data, the sandy
sediments that exist below the water table are coarse in nature and occur across the
entire site. The high permeability of these soils is reflected in the rapid groundwater
flow velocity, estimated to be in the range of 1.6-4.4 feet per day. The average hydraulic
conductivity was 2.3 x 10¢ feet per second and the groundwater gradient was 0.006.
Finally, the groundwater elevation contours were relatively uniform across the site and
are oriented in a west-northwesterly direction.

Contaminant Treatability

The results of the leachability testing are presented in Table 2. In order to fully
evaluate the leachability results, the concentrations of certain individual components of
the diesel contamination were calculated for the soil and leachate samples. These
results are summarized in Table 3. Characteristics of the weathered diesel were
determined and are summarized in Table 4.

The leachability tests described earlier were designed to simulate the movement of
the weathered diesel fuel components into the aqueous phase (i.e., the groundwater).
The distribution of diesel fuel components found in the aqueous phase constitute the
“Jissolved phase”. Since there was very little change in the composition of the dissolved
phase with respect to the pH of the leaching solution, it was concluded that the prepared
leachate samples closely resembled the actual groundwater conditions found at the site.
"This conclusion is llustrated in Figure 10, which shows a comparison of a laboratory-
prepared leachate sample and an actual groundwater sample from the site. Since the
leachate and groundwater samples are so similar, further discussions will refer to the
diesel contamination observed in both types of samples simply as the “dissolved phase”.

A dramatic difference was observed between the composition of the weathered diesel
fuel found in the site’s soil and the dissolved phase (Figure 10). The difference between
the soil and dissolved phase chromatograms is attributed to the proportions of the
compounds found in each. For example, diesel fuel is composed of approximately 40%
straight chain alkanes, 40% branched and cyclic alkanes, 20% aromatic hydrocarbons, and
small percentages of isoprenoids and sulfur-, nitrogen-, and oxygen-containing
compounds.* Although the pure diesel fuel contains only a small fraction of one-, two-,
and three-ring aromatic compounds, the dissolved phase composition is dominated by
those compounds because they are more soluble in water than the other diesel
compounds. (Naphthalene, a 12-carbon aromatic bydrocarbon, has a pure component
aqueous solubility of approximately 30 mg/L.: This solubility is nearly four orders of
magnitude greater than the pure component solubility of dodecane (0.005 mg/L), 2 12-
carbon straight chain alkanes). Thus, the dissolved phase of any diesel fuel, including the
weathered diesel found at tlis site, will consist primarily of one-, two-, and three-ring
aromatic hydrocarbons, and alkyl-substituted analogs of those compounds,s?

The overall leachability of the weathered diesel was found to be between 1.1-1.6%,
as previously shown in Table 2. Mass spectral analysis of the leachate confirmed that it
consisted primarily of substituted benzenes and naphthalenes, compounds mainly
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‘Table 2 Leachability Study Results
DRPH of Leachate
DRPH of Soil mg/L % Leached
Test Pit No. mg/kg pH2.88 pH4.88 pH 2.88  pI14.88
TP-1 6,200 3.9 35 1.3 1.1
TP-3 2,100 1.7 1.4 1.6 1.2
Table 3 Leachability of Selected Significant Compounds
Soil Concentratio  Leachate Concentration % Leached
Compound mg/kg mg/'kg
(1) Ethylmethylbenzene 17 0.13 12
isomer (RT » 10.1 minutes)
(1) Tetramethylbenzene 27 0.06 3.8
isomer {RT' » 11.6 minutes)
Naphthalene 4 0.11 46
2-Mcthylnaphthalene 20 0.22 18
1-Methylnaphtlialene 26 0.13 8.2
RT = retention time
il
Table 4 Weathered Diesel Properties
Property Value
Average Boiling Point 247.C
Average Molecular Weight 196 g/mole
Average Vapor Pressure at 10:C 0.173 mm Hg
Average Vapor Pressure at 100-C 17.4 mm Hg
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associated with the characteristic odor of dicsel fuel. Table 3 lists individual leaching
results for some of the significant compounds comprising greater than 50% of the
Jeachate. Those compounds include two isomers of ethylmethylbenzene, tliree isomers
of tetramethylbenzene, tetrahydronaphthalene, naphthalenc, and two isomers of
mcthylnaphthalene (1- and 2-methylnaphthalene). Table 3 also shows that the
leachability of the individual components measured was considerably greater than the
overall leachability of the diesel fuel (4-46% instead of about 196). This difference was
expected since the individual components measured were all aromatic hydrocarbon
compounds. As discussed previously, aromatic hydrocarbons tend to be significantly
more soluble than their alkane counterparts. '

Ewaluation of Remedial Options

Soil Vapor Extraction (SVE)

Contaminated soils suitable for vapor extraction should have a vapor pressure of
at least 0.5 mm Hg.s In addition, the groundwater table should be at least 10-
15 feet deep. The weathered dicsel at this site had an average estimated vapor
pressure of 0,17 mm Hg, and would not respond to this treatment based on
vapor pressure alone. Only 6% of this diesel material would be removed at an
operating temperature of 10:C, for example. Since the contamination is
primarily at or below a shallow water table (4-6 fect below grade), depression of
the water table would be necessary in order to expose the most contaminated
soil for vapor extraction. However, the high permeability of the soils at and
below the water table does not make water table depression a very practical
option. Thus, these two conditions of low volatility and primarily saturated
zone contamination make soil vapor extraction a non-viable remediation
alternative. Furthermore, enhancing the SVE treatment by introducing heat
into the saturated zone, would not only be extremely energy intensive, but
impractical as well. '

Air Sparging

Air sparging is 2 remediation alternative that is affective for removal of
saturated zone contaminants that readily transfer {rom the dissolved to the
vapor phase. However, the low vapor pressure that was identified for the
weathered diesel material and the relatively low DRPH concentrations detected
in the groundwater are indicators that air sparging would not be successful at
this site. Enhancement of air sparging by introducing heat would be limited by
the same constraints cited above.

Excavation and Disposal

Excavation and disposal of tens of thousands of cubic yards of diesel
contaminated soil would be impractical and cost prohibitive. Furthermore, since
much of the contaminated soil is in the saturated zone, depression of the water
table would be necessary before excavation of all contaminated soils could
proceed. This initial action in itself would be difficult and inefficient because of
the high permeability of the soils in the saturated zone. In addition, extensive
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excavation and removal of contaminated soils could have structural impacts on

existing buildings. IFinally, excavation in many areas would be restricted by the.

presence of buried utility lines.

No Action Alternative

The data indicated that the weathered diesel contamination is neither very
leachable nor very migratory. Thetefore, intrinsic remediation may be a viable
alternative. However, continued monitoring of the site would be necessary if no
in situ or ex situ remediation measures were initiated.

Bioventing

The analytical data gencrated from site samples have demonstrated that
biodegradation is occurring naturally. However, significant removal of those
constituents of the diesel material most easily degraded may have already
occurred, By supplying nutrients and oxygen (via intreduction of air into the
saturated zone by an injection well), further biodegradation of the remaining
diesel constituents may be facilitated. Flask and pilot ficld studies would be
necessary to determine how much further this material can be degraded under

first ideal and then field conditions. These needs precipitated the pilot phase of
the study.
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Pilot Study Results
Pre-Pilot Ficld Program
Soil Boring Data o
The DRPH concentrations in the soil borings from the pilot study showed a ED
similar pattern with regard to contaminant distribution as determined earficr. The T ® o e o»
highest soil concentrations, 1,000 to 10,000 mg/kg, typically found were at or near = SN
the water table, with concentrations decreasing with depth to the confining layer. %2 ?}
g )
Groundwater Data = £
The DRPH concentrations in groundwater samples collected from the i '4 2
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. : o 8
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virtual absence of dissolved oxygen in upgradient well B-7. In addition, while ]
the temperature was fairly constant (9.5 to 10.3:C), the pH and conductivity " dho
were more variable. Finally, the dissolved iron concentrations in the Eo =
groundwater generally ranged from 2.0 to 6.4 mg/L. g . S
[an)] v
) = o =
@ 13
DRPH Bacterial Count p? <4 3 £ oy Iy g E ]
2,500 = = ® ¥ 5 :
- 1,000,000 8] % =
e :
2om | e §~ d
: s ©
gl ¢ = ,
760,000 Al & o % '
1 -] %D =
1,500 % & % It Lon = 3 3 &
W Bl © 5 <@ s S| .2
500,000 "% % =
1,000 g e %
QJ
3 :
[ 5] [}
. ~ 260,000 W b0
650 g Eo
|
s :
=] 1]
g - : 0 e g =9
START CELL ND. 1 CELL HD. 2 CELLNO. 3 '5 Z —
- —after 6 weeks—————» =% = E
s o %lsdad3IE
M DRPH mg/kg BACTERIA COUNT CFU/gram e ZO é} g U.Jj E v U.Jj :S"
sz 555 5%
Figure 12 Flask Study Histogram & S 2‘5’
)
i




1

%

/8W 9¢'() Sea UOII STIOIIS) JO UOWEIIUSIUOD BurSreds-ard yusrpesddn ot T, :a10N]

97 e L'y L€ 7S TN

& §0 81 S0 ST 1-+STIAL

) 80 6T v'T 9T =S TN

g 0 0T — 0T T-6STIN

s 81 7’9 Le TS TN

0 61 <0 [ T-ZS TN
TBw HAEA /3w ‘uor] snoxiag TOw HMA /3w UoI] snoayg "ON :9od-"ON §TIAL

Jmiredg-asog Sun8redg-o1g

Jurdredg-1504 pue -a14 e1e(] (] PUL UOI] SN0 §IA Jo uoswedwo)) *Z J[qe],

Characterization and Remediation Alternatives at a Di

=
WO...
Mm,
z
i fpparadsar “/Gw gorQ pue T/3ur T > 3194 PN PUT LB JO suonenuaduos Fuireds-a1d yuarpraddy) 10N
M 9070 k4 : 100> 0T ¥-#STIA
m €00 100> #00 100> T-+STIA
.wm 900 oo , 600 . 100> ¥-€STIA
p -
8 800 10°0> 900 ‘ 10°0> I-¢8TIN
: L0°0 ot 100> 0 £-ZS TN
i 800 10°0> €00 01 128 TN
/B EIIN /8w N /3w DD /8w BN "oN Hod-ON S TI
Suidredg-1sog Sumdredg-arg

Fomredg 3504 PUT -3 IEC] SIEDIN PUE TN S TN 0 wostredwio)) 9 I4EL,

180




182 Principles and Practices for Diesel Contaminated Soils, Vol. V

Flask Study

Results of the microbial flask study indicated that petroleumn-degrading bacteria
were present in the site’s soil. Each of the three cells showed a reduction in TPH
concentrations during the 5-week study period with the nutrient-treated cell
showing the greatest reduction, These results arc summarized in Figure 12.7

Pilot Field Program-Preliminary Results

Radius of Influence of Sparging Well

'The neutron probe measurements indicated that 10 % air saturation was
achieved at a sparging rate of 4 CFM from the sparging well out to a distance
of approximately 7 feet. At this radial distance, the depth corrésponding to the
10 % air saturation value extended to 1 foot below the water table. As the
sparging rates were increased to 8 CFM and 16 CEM, respectively, air
saturation values reached a corresponding 15-30 % at a radial distance of 7 feet,
extending to a depth 6f 1 foot inte the saturated zone.

Evaluation of Sparging Effects

A comparison of water quality measurements taken just before sparging and 30
days after sparging at a rate of 4 CFM gencrally showed a drop in
concentrations of anaerobic chemical species such as ferrous iron, sulfide, and
nitrite, as well as a corresponding increase in sulfate and nitrate. These data are
summarized in Tables 5, 6, and 7. Also, the concentrations of DRPH showed a
decrease when data from these two periods were compared (Table 7). Finally,
comparisons were made of the oxygen uptake data collected during the
respirometry tests prior to sparging and 30 days after sparging at 4 CFM. These
data indicated that the diesel biodegradation rate in the vadose zone had
increased from 0.63 mg/kg/day to 1.2 mg/kg/day during that period of
sparging. However, the biodegradation rate in the saturated zone, which was
determined to be 0.7 mg/kg/day prior to sparging, could not be evaluated after
30 days because of the very low dissolved oxypen concentrations (less than 1
mg/L) measured at the MLSs, '

System Adjustment

After an analysis was made of the data collected after 30 days of sparging, the
blower system was adjusted to provide 16 CFM. A respirometry test and the
collection of soil and groundwater samples in the study area are planned after
another 60 days of sparging. An evaluation of these data will be made to determine
whether expansion of the pilot program into a full-scale operation is warranted.

SUMMATION

A diesel product originating from a 1964 surface spill is present in the soil
predominantly at and below the water table in the western portion of the ML&P site.
Both soil analysis and leachability testing indicated that the diesel material is highly
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weathered, relatively immobile, and has minimal potential for further leaching. These
contaminant propertics make the diesel unsuitable for treatment with either soil vapor
extraction or air sparging, since it is unlikely that significant transfer of the diesel would
occur from the soil to the vapor phase, either under the influence of a vacuum or in
response to the introduction of air below the water table.

Examination of the chromatographic patterns generated as a result of leachate
testing indicated that there was evidence that biodegradation had been occurring for
some time. Furthermore, chromatograms of soil samples taken throughout the site
showed a similar pattern of a weathered diesel material that was at least 20 years old.

Results of the flask study indicated that bioventing was warranted as a viable
remediation option for the weathered diesel contamination, Based on these results, a
field pilot program was undertaken. Preliminary results from the field pilot program
indicated that biodegradation was proceeding at a slow rate. In an attempt to improve
system performance, the sparging rate was increased from 4-16 CFM. Sampling of soil
gas, groundwater, and subsurface soils within the study area is planned after 90 days of
sparging to evaluate overall system effectiveness.

ACKNOWLEDGEMENT

"The authors wish to express our gratitude and appreciation to the Electric Power
Research Institute and the Municipal Light and Power of Anchorage for their
assistance and suppott throughout this research effort.

References

1. NAS, “The Great Alaska Earthquake of 1964-Volume 6 Engineering”, Committee on the Alaska
Earthquake of the Division of Earth Sciences, National Research Couneil, 1973.

2. Conversation with MLA&P personnel on April 18, 1994,

3. Taylos, B., L. Silverstein, L. von Oldenburg, and K. Sghia-Flughes. The Priority Sampling with Sequential
Analysis Approach to Contaminant Characterization, in the Procesdings fram the Ninth dnmual
Canference on Contaminated Soils, 1994.

4. Lee, L.3., M. Hagwall, ].]. Delfino, and P.5.C. Rac. “Partitioning of Polycyclic Aromatic Hydracarbons
from Diesel Fuel into Water”, Environmental Science and Technology, Vol. 29, 1992, pp. 2104-2210.

5. Montgomery, J.H. and L.M. Welkom. Groundwater Chemicals Desk Reference, Lewis Publishers, Inc.,
Chelsea, MI, 1990. .

6. Cline, PV,, ] ]. Delfino, and PS.C. Rao. “Partitioning of Aromatic Constituents into Water from Gasoline
and Other Complex Solvent Mixtures®, Environmental Scienee and Technology, Vol. 25,1991, pp. 914-920.

7."Thomas, D.H. and ] J. Delfino. “A Gas Chromatographie/Chemical Indicator Approach to Assessing Ground
Water Contamination by Petroleum Products”, Grounduwater Monitoring Review, 1991, pp. 90-100,

8. Pederson, Tom A. and James T. Curtis. Soil Vapor Eatraction Technology: Reference Handbeok, 11,5,
Department of Commerce, National Technical Information Services, Springfield, VA, 1991,

9. AGRA Farth and Environmental. "Treatability Study Results and Analysis, Anchorage Municipal Light
and Power, Anchorage, Alaska, March 1995.




184 Principles and Practices for Diesel Contaminated Soils, Vol. V

QUESTTONS AND ANSWERS

Q. Did you measure the soil temperature at the depths that you were also measuring
concentration?

Yes, we did. For the period that we conducted most of our work, which was from the
spring through the fall of the year, temperature was between 9-11C. I realized that
opetating over the winter time we would be at a very low temperature, but we felt that it
may be worth looking into that since most of the contamination is just below the water
table, which might not get as cold as the surface temperature is going to get in Alaska.

Q. I thought it was a very novel approach that you used to evaluate the radius of
influence for your sparging effort using the neutron probes. We've used neutron
access tubes and neutron logs te evaluate soil moisture content in the vadose
zone, as well as wetting fronts, and so on and so forth. Could you elaborate a litde
bit on the theory that you used behind that, and what your measurements were?

I don’t have the actual data in front of me, but the device is inserted into the probe
casings. You would operate your sparging system at 4 c¢fm. Over time you would take
readings at different depth intervals within the casing and each casing, is progressively
further away from your sparging point, Based on how the instrument is reading, it will
tell you how much saturation is occurring of the air getting into the groundwater. Then
you would repeat the same procedure at different cfms. The data produce a diagram as
I have shown, indicating what the point concentrations are with respect to distance
from the sparging zone.

Q.In each situation, you knew when the release occurred and that’s sometimes
unusual, Are you planning to look at some of your data and come up with some
degradation rates for individual compounds?

We haven't looked at individual compounds, but we have looked at the constituents
that do tend to migrate from the soil in the leachability tests. As expected, if you look
at the types of compounds, you see a higher percentage of the aromatics that are still
left in the soil as making up the higher proportion of what migrates to the
groundwater. At this point, we have preliminary data and we've only looked at the
overall biodegradation rate as measured by oxygen uptake and DRPH concentrations.

Q. In the original, the earthquake shot, it showed some large cracks in the grounds
and some severe crevasses. [Tow did you investigate those areas for your study?

There were political restrictions on investigating areas outside of the boundaries of
the site. When the earthquake occurred in March of 1964, the ground was frozen,
information is that most of the contamination seemed to flow along the surface toward
and to the west of the site. You couldn’t tell very clearly from that photograph, but the
grade increases from left to right across that diagram, so it’s hard to tell exactly what
kind of entry point occurred. I would agree that area would warrant some investigation.
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Q. It’s been our experience that fuels will penetrate to ground regardless of frost
conditions, I also was going to ask why it seemed that you had a whole lot of data
on the clectric power site itself and no data elsewhere. There were no monitoring
wells off-site that I saw.

Again, we had wanted to do that type of evaluation, but we were restricted for
political reasons. We were expressly told we could not install any monitoring wells off-
site or do any investigation off-site.

Q. So there may, in fact, be a free-product plume that yow're not even aware of?

It’s possible. It’s been bothersome to us because we wouldn’t want to try to treat a site
and not know if there was additional contamination migrating onto the site from another
area. There were some restrictions on what we could and could not do in this study.

Q. The native bacteria population has had a quarter century of being able to attack
the hydrocarbons on-site, Maybe they've used up a lot of the nutrients and
micronutrients that they need. Just the introduction of oxygen may not cut it. You
may have to introduce some of the other nutrients. Have you looked into that?

We were aware of that, and our decision was at this stage to see what kind of uptake
and biodegradation we could get just by adding oxygen. We were concerned with the
regulatory reaction toward adding nitrogen and other nutrients to the groundwater.
There's also problems with proper mixing and we felt that if we saw some encouraging
results just by adding oxygen, then we might then look at nutrient addition.

Q. So really your whole study was bounded by what you couldn’t do off-site and
what you may not be able to do in the ground?

There were some restrictions. I'm not saying that we're going to rule out nutrient
addition, but we felt that it would make sense to simplify the pilot study by just looking
at oxygen uptake; then possibly, based on those results, move in to another degree of
treatment with nutrient addition.
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Diesel-Contaminated Soil Treatment and
Disposal Options: A Six-Year Railroad
Perspective

Curtis G. Hull
The 8. M. Stoller Corporation, Boulder, CO

Harry Patterson
Union Pacific Railroad, Omaka, NE

INTRODUCTION

One of the Union Pacific Railroad’s (UPRRs) larger sources of diesel-contaminated
soil requiring treatment or disposal over the past six years has been the closure of
underground storage tanks (USTs) and UST release sites. Although other types of
contamination (gasoline, bunker ‘C’, used oils, PCBs and solvents) have been
encountered in UPRR’s UST program, diesel fuel was found more often than any other
product. Throughout the life of the UST program, approximately 40,600 tons of
diesel-contaminated soil have been handled through some type of treatment or
disposal', Treatment and disposal techniques have included landfill disposal at both
local and regional landfills, on-site and off-site bioremediation, and off-site thermal
recycling, Risk assessment techniques have been used in some states since 1993 to close
diesel-contaminated UST telease sites. Selection of the treatment and/or disposal
options has been affected by changes in disposal regulations, cost, and rail-served
facilities and resource availability. This paper reviews the historical trends of this
selection process in the UPRR UST program and their relationship to changes in cost,
regulations, and disposal options.

TREATMENT AND DISPOSAL OPTIONS

Many options were available for the treatment and disposal of diesel-contaminated
soil from UST releases, because this soil is usuafly not classified as a hazardous waste.
Although present in diesel fuel, benzene is a minor constituent and is rarely detected
in diesel contaminated soil**, Additionally, waste generated from remediations covered
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by the federal UST regulations in 40 CFR 280 is excluded from the newly-listed
toxicity characteristic (T'C) wastes (40 CIFR 261.4). As such, soil contaminated with
benzene from a UST release cannot be a hazardous waste for TC benzene. The result
is that this material is considered a solid waste by federal regulation. Many states may
further classify diesel contaminated soil as industrial or special waste. This waste
classification has afforded a varicty of treatment and disposal options, Treatment and
disposal tcchniques used by UPRR in its UST program have included local or regional
Jandfilling, on-site and off-site bioremediation, off-site thermal treatment, and off-site
recycling. Although other techniques exist for diesel-contaminated soil treatment or
disposal, they have not been used on the UST program for a variety of reasons. UST
remediations at railroad sites usually involve small volumes (10 yds) to medium
volumes {1,000 yds) of diesel-contaminated soil and are in remote locations. In most
cases, remediations are associated with narrow right of-ways or busy rail-yards. These
volumes and logistics commonly limit the choice of on site treatment options.

LOCAL LANDFILLS

Early in the UST program (1990), tank removal and closure were emphasized. Few
remedial actions were performed, and many of those that were done focused on minor
overexcavations during the tank removal. These actions resulted in contamination of
small amounts of soil, requiring immediate treatment or disposal from remote locations
within the UPRR system. Land disposal regulations and the willingness and ability of
Jocal municipal landfills to accept diesel-contaminated soil at a very low cost made
local landfills the primary disposal choice. These same landfills have been taking
sanitary waste from UPRR. Figure 1 shows both the number of sites (histogram) and
number of tons (graph) that went to local landfills per year. In 1990, local landfills were
chosen on 72 % of the sites and represented 97 % of diesel-contaminated soil handled.
New regulations have made the use of local landfills more difficult and more expensive.
Since 1991, UPRR has used local landfills only when regulations can be met, diesel-
contaminated soil is accepted and corporate liability is not increased, or when other
options or resources are not available.

REGIONAL LANDFILLS

As the UST program matured, three developments led to the increased use of
regional landfills and decreased the use of local landfills. First, disposal regulations for
local landfills changed, forcing closure of many landfills and limiting the range of
acceptable wastes or waste concentratiofs. Second, regional landfills with established
rail service received a major portion of the diesel-contaminated soil from the UPRR
UST program in 1992 and 1993. Although disposal fees at these facilities were
consistently higher than at local landfills, the fees were offset by lower transportation
costs: the soil was transported by gondola directly to the fills. Third, the limited
number of these facilities (two to three) and their secure construction and operation
allowed for 2 documented auditing program, as well as a reduction in corporate liability
associated with landfill disposal. The total soil volumes from the UST program using
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regional landfills in 1991 and 1992 are illustrated in Figure 2. The minimal number of

sites (as indicated by the histogram) suggests that availability of resources (gondolas)
to plan for and execute a larger volume move from a single site are easier than moving
small volumes from several sites.

OFF-SITE THERMAL RECYCLING

Off-site thermal recycling to treat diesel-contaminated soil was used by UPRR in
its UST program extensively in 1991 and 1992. A total of 11,687 tons from 25 sites
was treated and recycled in both cold and hot mix for road construction (Figure 3).
UPRR used this technique becausc of the availability of a rail-served facility and
liability reduction. The use of a regional facility, however, was sometimes hampered by
the availability of railroad resources for material movement. However, when gondolas
were available, this technique was cost competitive with both local landfills and
regional landfills. Thermal treatment facilities not served by rail were occasionally used
when the UST site was close enough to the treatment facility to make altcrnate

transportation affordable. Most commercial fixed facilities were cost prohibitive when
treatment and transportation costs were combined.

BIOREMEDIATION

On-site treatment of diesel-contaminated soil by biological degradation was first
used on the UPRR UST' program in 1992. As initial success was realized and more
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Figure 1 Diesel-Contaminated Soil Disposal at Local Landfills. The histogram
represents the number of sites per year using local landfills. The graph
represents the number of tons per year sent to local landfills.
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Figure 2 Diesel-Contaminated Soil Disposal at Regional Landfills. The histogram
represents the number of sites per year using regional landfills. The graph
represents the number of tons per year sent to regional landfills.

Tons

Figure 3 Diesel-Contaminated Soil Disposal at Off-Site Recycling/Thermal
Facilities. The histogram represents the number of sites per year using this
treatment method. The graph represents the number of tons per year sent to
facilities of this type.
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general success and acceptance of the technique by the regulatory community and
industry became widespread, it became the option of choice on the UST program,
Usually, no transportation was required, no additional railroad resources were needed
and, with successful treatment, a ready railroad backfill source could be created. Several
factors limited the use of this alternative, however. Regulations vary from state to state,
making this technique cost prohibitive in some areas. Available space was sometimes a
problem in areas of narrow right-of-way and active rail yards; as was the absence of a
secure arca. However, ncar the end of the UST program (1994}, 92 % by volume of
diesel contaminated soil was trcated by this method (Figure 4). Bioremediation has
continued to be the favored option when these limiting factors can be overcome.

COSTS

Figure 5 shows the costs per ton of the four UPRR most commonly used treatment
or disposal options for diesel-contaminated soil for the remediation of UST releases
since 1990. Local landfills in 1990 averaged just over $2 per ton, as many charged a per
load “tipping” fee instead of a per ton or per yard fee. However, as regulations evolved,
some landfills ceased operation and others stopped accepting diesel-contaminated soil,
causing an increase in fees, After the initial rise in the cost per ton for disposal at local
landfills, the price has stabilized at approximately $13 per ton.
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Figure 4 Diesel-Contaminated Soil Treatment by Bioremediation. The histogram
represents the number of sites per year that used bioremediation. The graph
represents the total number of tons per year treated by this method.
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Regional landfills and off-site thermal recycling costs remained fairly constant
during most of the life of the UST program. In 1994, landfill costs dropped
dramatically to approximately $20 per ton. This is most likely in response to increased
competition in a decreasing market.

Bioremediation costs have been competitive with the other options described
although they suggest a slight rise’. This is due to an increase in design and
construction costs to meet specific state regulatory requirements. Initial on-site
treatment consisted of landfarming with run-on/runoff control and minimal
monitoring. Costs have increased, as some states are now requiring complete
containment (biopile) and/or increased monitoring, '

CONCLUSIONS

During the past six years, UPRR has maintained an aggressive compliance program
for its USTs system-wide. Almost all USTs have been closed and all release sites
identified. Most of the release sites have also been closed, and in that process dicsel-
contaminated soil was handled in a variety of ways. Through the course of the UST
program, factors affecting the choice of treatment or disposal options have changed;

subsequently, the treatment and disposal choices have also changed, as well. While '

local landfills were used extensively early in the program, their use declined when
regional facility use increased. Later in the program, on-site bioremediation became
the option of choice. UPRR continues to remain flexible in choosing treatment and
disposal options for diesel contaminated soil that will both reduce corporate liahility
and increase cost cfficiency.
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Figure 5 Diesel-Contaminated Soil Treatment and Disposal Options Cost per Ton.
The cost per ton per year is shown for the four most common treatment and
disposal options used on the UPRR SUST program.
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QUESTIONS AND ANSWERS

Q. What geographic area does the study cover, and how would that compare with the
Northeast?

Unfortunately, I can only answer half the question. Geographically, essentially 20
states mostly west of the Mississippi (with the exception of Illinois) and in the west
(with the exception of New Mexico and Arizona). As far as cost in the Northeast, I can
tell you that if you can rail it to the regional facilities that I talked about, those costs
would be approximately the same. I'm not conversant on costs in the Northeast. Sorry.

Q. Did the cost figures include transportation costs?
Those are actual treatment or disposal costs. No transportation in those costs at all,
Q, What do you mean by bioremediation?

What do T mean by bioremediation? Well, over the life of the program that has
changed considerahly. It started with basic land farm technique with run-on and run-
off control, and more recently it has gone to containment in biopile with some nutrient
augmentation and moisture control.

Q.Did T understand your slide indicated bioremediation was more expensive than
landfilling,

Yes, that’s correct.
I think the biocosts are related to more preparation on-site as opposed to—the
thing that’s not in the thermal cost is any transportation to the facility.

Q. How long does a biotreatment program take?

A variety of times, depending on initial concentration. Actually, geographic
location has been important in timing, certainly more success in Texas than in Oregon.
It’s varied, I would say. The quickest time has been about two months, and that was on
a site with concentrations that began in about the 3,000-4,000 range, to over eight
months on a site with much higher concentrations in the 20,000 range.
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), What kinds of depths were you looking at In-situ? Or were you bringing the soil
up and farming it?
Yes, all the bioremediation has been ex-situ, so either land farming or excavation
and some kind of biocell construction was used.

Q. At how many of the sites that you closed, had spilled product affected ground water?

That's a number T don't have on the top of my head. I would say that we have
groundwatey systems operating on about six or seven sites. Not a whole lot. Most of
the Union Pacific tanks were small and didn't see an awful lot of product through them.
For instance, at most of the power unit fueling facilities, the fuel is stored in above
ground tanks. Tt’s been a minor problem.

ACRONYMS

ACWD
ADEC
AST
ATSF
BCW
BGS
BTEX
CFM
CMP
CMU
COocC
DNAPL
DRPH
EDB
EOR
EPA
EPRI
GC
GC/FID
GCL
GPM
GPR
GRO
HCI
HDPE
HEAST
HELP
HI
HLB
ID
ICRR

Alameda County Watcer District

Alaska Department of Environmental Conservation
Above-Ground Storage Tank

Atchison, Topeka & Santa Fe Railway
Bentonite Containment Wall

Below Ground Surface

Benzene, Toluene, Ethylbenzene and Xylenes
Cubic Feet per Minute

Corrugated Metal Pipe

Concrete Masonry Units

Chemicals of Concern

Dense Non-Aqueous Phase Liquid

Diesel Range Petroleum Hydrocarbons
Ethylene Dibromide

Enhanced Oil Recovery

Environmental Protection Agency

Electric Power Research Institute

Gas Chromatograph

Gas Chromatography with Flame Tonization Detector
Geosynthetic Clay Liner

Gallons Per Minute

Ground Penetrating Radar

Gasoline Range Organics

Hydrologic Consultants Tnc.

High Density Polyethylene

Health Effects Assessment Summary Tables
Hydrologic Evaluation of Landfill Performance
Hazard Index

Hydrophobic Lipophilic Balance

Inside Diameter

IMinois Central Railroad




196

IEPA
LCD
LLPDE
LNAPL
MDNR
ML &P
MLS
NAPL
Nep
NEMA
NGVD
NMED
NPDES
NPL
OoDC
O&M
PADEP
PAET
PCB
PCE
PPB
pPSpC

RME
RW
SDEFs
SF
SpCC
SPTCO
SVOCs
TC
TCO
TCS
TOC
TPH
UCL

Llinois Environmental Protection Agency
Liquid Crystal Display

Linear Low Density Polyethylenc

Light Non-Agqueous Phase Liquid
Michigan Department of Natural Resources
Municipal Light & Power

Multi Level Samples

Non-aqueous Phase Liquids

Critical Capillary Number

National Electric Manufacturers Association
National Geodetic Vertical Datum

New Mexico Environmental Department
National Pollution Discharge Elimination System
National Priority List

Other Direct costs

Operation & Maintenance

Pennsylvania Department of Environmental Protection
Polycyelic Aromatic Hydrocarbons
Polychlorinated Biphenyls
Perchloroethylene

Parts Per Billion

Programmable Special Purpose Controller
References Doscs

Reasonable Maximum Exposure

Recovery Wells

Standard Default Exposure Factors

Slope Factor

Spill Prevention Control Countermeasures
Southern Pacific Transportation Company
Semi-Volatile Organic Compounds
Toxicity Characteristic

Total Chromatographable Orpanics
Temporary Cover System

Total Organic Carbon

Total Petroleum Hydrocarbons

Upper Confidence Limit

Acronyms

Acronyms

UPRR
UST
VOCs
VOM
A%

Union Pacific Railroad
Underground Storage Tank
Volatile Organic Compounds
Volatile Organic Materials
Void Volumes
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