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AN INVESTIGATION OF A SOIL GAS SAMPLING TECHNIQUE 
AND ITS APPLICABILITY FOR DETECTING GASEOUS PCE 

AND TCA OVER AN UNCONFINED GRANULAR AQUIFER

Timothy J. Mayotte, M.S.
Western Michigan University, 1988

A soil gas sampling and analytical technique was 
investigated to evaluate its ability and versatility for 
detecting chlorinated hydrocarbons in unconfined
aquifers. The technique wa3 used successfully to 
delineate plumes of perchloroethene (PCS), and 1,1,1-
trichlorcethane (TCA) contamination present in the vadose 
zone, and at the water table of an unconfined sand and 
gravel aquifer. Soil gas samples were obtained by 
concentrating PCE and TCA vapors diffusing from these 
sources onto a sorbent material. The samples were 
analyzed by gas chromatography. The data from the 
analysis of these samples were used to provide an initial 
estimate of the source areas, and the areal extent of the 
groundwater plumes beneath the study area. These 
estimates were confirmed with water quality data. High 
degrees of correlation were proven to exist between the 
soil gas and water quality data obtained during this 
study.
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CHAPTER I

INTRODUCTION

The detection and delineation of plumes of 
chlorinated hydrocarbons in the groundwater of unconfined 
aquifers is, often, an expensive, time consuming 
endeavor. In the past, the discovery, and definition of 
the areal extent of these plumes has been accomplished 
through the installation and sampling of borings and 
monitoring wells. Although samples acquired by these 
means are the best way to quantitatively measure 
contaminants in the groundwater, such sample acquisition 
and analysis is expensive and say require weeks to 
accomplish. In cases where little is known of the 
groundwater flow conditions or contaminant distributions, 
many borings or wells may be required to adequately 
define the extent of plumes. The detection and 
delineation of chlorinated hydrocarbon (CH) plumes by 
monitoring the vadose zone air (soil gas) over these 
plumes is an inexpensive and rapid alternative.

Previous Studies

Soil gas composition data have been acquired and 
used extensively over the past few years to help locate

1
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sources and delineate groundwater plumes of chlorinated 
hydrocarbons. These data have often been used to aid in 
the design of monitoring well networks over these plumes.

Lappala and Thompson (1933) discussed the theory 
behind, and applications related to, the detection of 
groundwater contamination by shallow soil gas sampling in 
the vadose zone of unconfined granular aquifers. Marrin 
and Thompson (1984) presented case histories where soil 
gas data were used successfully to map plumes of 
trichlorethene and 1,1,1-trichloroethane in granular 
water table aquifers. Marrin (1985) showed how soil gas 
data were also useful for determining the sources for, 
and delineation of, groundwaters contaminated with 
methane, benzene, toluene and total hydrocarbons. Marrin 
(1986) investigated how soil gas data could be 
interpreted to distinguish between dichloroethene, 
perchloroethene, and 1,1,1-trichloroethane contamination 
in the vadose zone as opposed to in the groundwater. 
Mills (1986) described the use of a static soil vapor 
collector to identify trichloroethene and perchloroethene 
contamination in the groundwater.

A summary of various soil gas sampling and 
analytical techniques, that have been used successfully 
to detect petroleum and chlorinated hydrocarbon vapors 
emanating from plumes of these contaminants in unconfined 
sand and gravel aquifers, was compiled by Eklund
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May, 1985. In this report the uses of soil cores, 
surface and downhole flux chambers, accumulator devices 
and ground probe testing as soil gas sampling methods 
were discussed. A brief review of the
various techniques available for the analysis of soil gas 
samples was provided as well.

The Problem

A soil gas sampling technique, which utilizes a 
ground probe, and concentrates soil gas constituents onto 
a 3orbent medium, has been used extensively by the NUS 
Corporation to aid in identifying sources of chlorinated 
hydrocarbon contamination in water table aquifers. The 
data from previous soil gas surveys performed with the
NUS technique have been used successfully for this
purpose. However, the versatility of the technique for 
not only detecting source "hot spots" but also for 
delineating plumes of contamination has been in question. 
At no site has there been a sufficient amount of soil
gas and corresponding water quality data available to 
evaluate the ability of the technique for accomplishing 
plume delineation. Therefore, a study was needed that 
would have a data base sufficient to evaluate the use 
of soil gas data obtained by the NUS method for 
defining plumes, as well as sources, cf chlorinated 
hydrocarbons in unconfined granular aquifers.
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Objectives

The objectives of this study, are to evaluate the 
ability and versatility of this soil gas sampling and 
analysis technique for detecting vapors diffusing from 
chlorinated hydrocarbon contamination in the vadose zone 
and in the groundwater of an unconfined granular aquifer.

The manner in which soil vapors are -sampled using 
this technique entails drawing a specified volume of soil 
vapor through a stainless steel sampling probe installed 
at depths of up to 5 feet below the ground surface, into 
a small stainless steel tube packed with sorbent 
material. One liter of soil gas is drawn through the 
tube and the chlorinated hydrocarbon vapors are adsorbed 
onto Tenax (60/80 mesh) packed in the tube. The steel 
tube is then inserted directly into a liquid sample 
concentrating device and the sample is analyzed by purge 
and trap gas chromatography.

To achieve these objectives, the technique has been 
utilized over a plume of known groundwater contamination. 
Water quality data, most of which were obtained at the 
same locations and same approximate times as the soil gas 
samples, were used for verification of, and correlation 
with, the soil gas data. Sampling was done during both 
the summer and winter.

The study area, located in west-central Michigan, 
is underlain by an unconfined sand and gravel aquifer
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with a depth to water table of approximately 8 to 10 feet 
below ground level. The aquifer is contaminated with the 
chlorinated hydrocarbons PCE and TCA. The contamination 
is known to have originated at a former truck servicing 
facility for a hazardous waste hauling company.

A Remedial Investigation (RI) of this facility has 
been carried out, for the Michigan Department of Natural 
Resources (MDNR), by NUS. During the investigation, soil 
gas, temporary well, soil and monitoring well sampling 
data were acquired. Many of these data have been used to 
serve as, or supplement the data base for this study.

The soil gas data obtained for this study were used 
successfully to define the PCE and TCA sources and to 
delineate the contaminant plumes present at the water 
table. High correlations were found to exist between the 
soil gas and corresponding water quality data.
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CHAPTER II

CONTAMINANT TRANSPORT THEORY: LITERATURE REVIEW

The presence of chlorinated hydrocarbons (CH) in 
the vadose zone, or at the water table of unconfined 
granular aquifers may be verified by detecting the 
vapors of these compounds in the soil gas above, and 
around the contaminated zones.

In order for CH’s in the groundwater to be detected 
in the vadose zone, these compounds must move upward from 
the water table, through the capillary fringe and then to 
the point at which a soil gas sample is taken (Lappala 
and Thompson, 1984).

Many factors control the migration and fate of CH’s 
in the vadose zone and in the groundwater of unconfined 
granular aquifers. These factors determine how a plume 
of CH will be distributed at the water table and, 
consequently, how the CH vapors will be dispersed above 
the plume. This will, of course, determine the extent to 
which a groundwater contaminant plume may be delineated 
using soil gas sampling data.

The situation that has been described is when gases 
volatilize from dissolved CH’s (solute) at the water 
table. However, gases can also emanate from non-

5
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dissolved CH liquid (raw product) retained in the vadose 
zone above the water table. In this section, the 
mechanisms that control the movement of CH plumes in 
unconfined granular aquifers, and the migration of C2 
gases above these plumes will be discussed. In doing 
this, the theoretical migration behavior of a spill or 
leak of CH's occurring above this type of aquifer will be 
described. Thus, consideration will also be given to the 
migration of CH liquids, solutes and vapors in the vadose 
zone.

The prediction or evaluation of the migration 
process of a given CH fluid in granular deposits is based 
upon several physical and chemical characteristics of 
that substance.- These characteristics include the 
viscosity, surface tension, density, solubility, 
volatility and the vapor density of the substance 
(Schwille, 1984). In the following sections of this 
Chapter a description of the role each characteristic 
plays in the migration process will be presented.

Infiltration Into An Unconfined Aquifer

When a spill or point-source leak of a CH liquid 
takes place over a granular aquifer the liquid will 
migrate downward in the vadose zone under the influence 
of gravity. The velocity at which the migration occurs 
is dependent upon the fluid viscosity of the substance.
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The more viscous the fluid, the slower it 
will migrate. The depths to which the compound will 
migrate will depend on the volume of the CH fluid that 
has been spilled or is leaking, and the retention
capacity of the porous medium. If the volume of the 
substance is large enough such that the residual 
saturation of the liquid has been exceeded, and the 
porous media is homogeneous, then flow will continue to 
the water table (Schwille, 1S84). Soil containing lenses 
or zones of deposits having lower permeabilities and
higher water retention capacities than the surrounding 
materials may restrict the depth of penetration of this 
flow. A lateral component of flow may result as the 
migrating CH fluid encounters these local heterogeneities 
in the porous media. Consequently, a broadening of the 
fluid body may result (Schwille, 1984).

Theoretically, the fluid body may even become 
perched above semi-impermeable deposits in the vadose 
zone.

If the volume of CH fluid that has been spilled or
leaked is small, such that the retention capacity of the
soil material has not been exceeded above the water 
table, then the fluid will be retained under residual 
saturation. This can occur as the fluid is held in the 
soil matrix under capillary retention, capillary 
entrapment (Eear, 1979; de Marsily, 1986), or by
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adsorption of the CH liquid to the soil particles 
(Schwarzenbach and Giger, 1985). The degree to which 
capillarity will occur will be governed by the surface 
tension of the fluid and by the porosity of the material 
(Schwille, 1984). Substances having high surface 
tensions are more easily retained in a porous medium than 
substances with low surface tensions.

For spills of CH fluid that have penetrated the full 
extent of the vadose zone and have infiltrated the 
groundwater, the density of the substances comprising the 
fluid will dictate the position in the aquifer to which 
each substance will migrate (Zachara, 1986). The density 
of the substance relative to the density of water will 
control whether the substance will sink through the 
aquifer or float on top of the water table. Most 
chlorinated hydrocarbons are denser than water and will 
sink through the aquifer as a result. Both PCE and TCA 
have densities greater than water; thus, we will 
consider such behavior only.

The migration of the CH fluid, because it is im­
miscible with water, is slowed slightly as it reaches the 
water table. This occurs because water must be displaced 
from its path of migration (Schwille, 1984). The 
continued flow of the CH fluid through the saturated 
thickness of the aquifer is determined by the same 
factors that control migration in the vadose zone. If
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the retention capacity of the saturated zone is 
exceeded the CH fluid will sink to the base of the 
aquifer. The CE fluid will then spread out over this 
semi-impermeable zone much like pancake batter over a fry 
pan (Schwille, 1984; Cherry, 1987). Much CH fluid is 
retained throughout the saturated zone behind the 
migrating fluid front. As in the vadose zone, the fluid 
is in a state of residual saturation. The CH fluid is 
held in the pores of the aquifer material under the 
effects of capillarity. Some of the CH fluid may also be 
adsorbed into the matrix of the aquifer by the phenomena 
of solid-liquid partitioning as discussed by 
Schwarzenbach and Giger (1985). For a large spill, the 
amount of CH fluid under residual saturation on the lee 
side of the fluid front may be quite significant. For a 
transient leak of CH fluid, the flux of material into the 
vadose zone and the underlying aquifer could also result 
in a significant distribution of CH fluid in residual 
saturation along the path of the fluid’s migration.

These CH fluid bodies in residual saturation are 
pervious to the flow of water, both in the vadose zone 
and the saturated zone. When infiltrating water or 
groundwater flows through the immiscible CH fluid it will 
dissolve some of that fluid (Zachara, 1986).

The solubility of the components of the fluid will 
determine the concentration of the solution zone formed
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on the downgradient side of the CH fluid bodies 
(Schwille, 1984). A plume of dissolved constituents is 
formed throughout the entire thickness of the saturated 
zone as a result of this phenomena (Cherry* 1987; de 
Msrsily, 1986; Schwille, 1984). Dissolved constituents 
may also be transported vertically through the vadose 
zone by this process. Schwille describes the plume of 
dissolved CH constituents as a hydrous solution having a 
density only slightly higher than water. As a result, 
there is no significant tendency for the plume to sink 
within the aquifer.

Transport in the Saturated Zone

The transport of the dissolved CH (solute) plume 
will be governed primarily by the processes of advection, 
hydrodynamic dispersion and chemical reaction (Mackay, 
Freyberg and Roberts, 1986). Sorption processes, 
although important to the rate of migration of the CH 
solute plume, do not directly control the shape or 
spreading of the plume during transport. Consequently, 
the effects of sorption on the migrating solute plume 
will not be discussed further.

Advection represents the movement of a solute with 
the bulk fluid as given by the seepage velocity in the 
pore space (Bedient, Borden and Leib, 1985). The rate of 
transport of the solute is equal to the average linear
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the groundwater as determined by
v - v/n

where v is the seepage velocity, or darcy velocity, and 
n is the porosity of the aquifer material (Freeze and 
Cherry, 1979).

Advection is usually the dominant solute transport 
mechanism in the saturated zone. In relatively coarse 
grained aquifers that are not affected by significant 
recharge or groundwater extraction, such transport is 
predominantly horizontal {Lappala and Thompson, 1983).

Hydrodynamic dispersion (Dh ) is a combination of 
the processes of mechanical dispersion (Di) and molecular 
diffusion (D*) and can be expressed by

Da =Di +D*
Mechanical dispersion is a mixing phenomenon due 

mainly to heterogeneities in the aquifer medium that 
cause variations in flow velocities and flow paths (Bear, 
1979). As a result, CH solutes flowing in granular 
aquifers can be spread out in directions parallel, and 
transverse to the direction of mean groundwater flow.

On a microscopic scale, mechanical dispersion is 
caused by frictional drag along pore walls much like the 
laminar flow of water through a conduit. Flow through a 
pore is much quicker down the axis of the pore as 
friction causes flow along the pore walls to be slowed 
(Bear, 1979; de Marsily, 1986). Also, flow is spread
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out, or dispersed as streamlines fluctuate in space with 
respect to the mean direction of flow due to the shape of 
the interconnected pore space (Bear, 1979). Variations in 
pore size can create differential flow velocities as 
water flowing in smaller pores is impeded by encountering 
a greater surface area of solid as compared to larger 
pores (de Marsily, 1986).

On a macroscopic scale, a stratification or other 
features of large scale heterogeneities such as lenses or 
interlayered deposits, broken or fractured zones, etc. 
also introduce a heterogeneity into the flow field, 
which, through the same mechanisms described above, 
causes the solute body to mix and spread out in all 
directions of space (de Marsily, 1986). Groundwater flow 
streamlines will tend to follow paths of least resistance 
and, thus, will migrate around zones of low permeability 
and follow more permeable zones of the aquifer in the 
path of flow (Freeze and Cherry, 1979).

The result of the micro and macro scale dispersion 
processes is the spreading of a CH solute plume 
increasing with distance from the source (Anderson, 
1984). This spreading will occur in the direction of 
mean groundwater flow (longitudinally), and perpendicular 
to this flow direction (transversely). Longitudinal 
mechanical dispersion { Di ) and transverse mechanical 
dispersion ( Dt ) are given by:
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respectively. Here ®l and ®t are characteristic 
properties of the aquifer materials known as the dynamic 
dispersivities {Freeze and Cherry; 1979). These
dispersivities are a measure of the mechanical dispersion 
property of the aquifer material in the longitudinal 
direction ( a*. ) and the transverse direction { aT ) and are 
defined as a characteristic length describing the ability 
of the aquifer material to disperse solutes (Walton,
1984). The more heterogeneous and anisotropic the 
aquifer material the greater the values of the 
dispersivities. Typically, transverse dispersivity 
values are smaller than longitudinal dispersivity values 
by a factor of 5-20 (Freeze and Cherry, 1979). 
Longitudinal dispersivity values for relatively 
homogeneous sandy materials range from 0.1 meters to 21 
meters (Walton, 1984).

Molecular diffusion is the phenomenon linked to 
molecular agitation whereby solute particles are 
transferred from zones of high concentration to zones of 
low concentration under their own kinetic energy 
(Bear, 1979; de Marsily, 1986). This process can occur 
in moving or non-moving fluids and is given by Fick's 
first law

Qd=-ne D*dc/dx
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Where Q<j is the diffusive flux of the solute in the 
porous media, n* is the effective porosity of the aquifer 
material, D* is the effective diffusion coefficient of 
the diffusing fluid and -dc/dx is the concentration 
gradient of the fluid front (Sudicky, Gillham and Frind,
1985). The effective diffusion coefficient is related to 
the molecular diffusion coefficient, D<j , of the solute 
in a free solution by

D * = D d T

where t is the tortuousity of the medium (Bear, 1972). 
The tortuosity is the ratio of the length of the actual 
flow path the solute will follow through the aquifer to 
the length of the aquifer. The molecular diffusion 
coefficient is dependent on the. solute concentration and 
temperature.

The process of molecular diffusion in groundwater 
systems is slow: The significance of the diffusion
process on solute migration is low relative to 
mechanical dispersion in coarse granular aquifers with 
relatively quick groundwater velocities. However, in 
fine grained materials like silts and clays with low 
groundwater velocities, molecular diffusion may be the 
dominant solute transport mechanism (Gillham and Cherry,
1982). Yet, even in these situations, the rate of 
transport is low.
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Transport in the Capillary Fringe

The transport of a CH solute plume in the capillary 
fringe or tension saturated zone may occur by the 
processes of transverse hydrodynamic dispersion (Lappala 
and Thompson, 1983). However, the fluctuations of the 
elevation of the water table probably have a greater 
ability for distributing solute above, and throughout the 
capillary fringe than those mechanisms (Lappala and 
Thompson, 1983). As the water table rises it may 
transport solute, which was present at or close to the 
water table, into, or above the capillary fringe. As the 
water table recedes it leaves behind contaminated water 
retained in the vadose zone and throughout the capillary 
fringe. This retention is enhanced by hysteresis and the 
relationship between pressure head and water content, as 
described by Hillel (1982).

Vapor Transport in the Vadose Zone

Up to now the processes which are responsible for 
distributing CH fluid bodies and solutes throughout the 
vadose and saturated zones have been described. As a 
result, it is understood how CH fluid bodies and solute 
plumes can be distributed such that the fluid body or 
plume is in direct contact with the air phase of the 
vadose zone. It is therefore known where the interface 
exists upon which the volatilization, or gas-liquid
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partitioning, of the CH constituents may occur (Lapalla 
and Thompson, 1983). Hence, this interface is the source 
for CH gases in the vadose zone and its dimensions will 
most likely determine where these gases can be detected.

The partitioning of CH fluid bodies and solutes 
between the liquid phase and the gas phase is the 
process of volatilization. The volatilization phenomenon 
is based upon Henry's law, which states that for i^al 
gases and solutions the vapor phase concentration of a
chemical ( Cg ) above a solution is proportional to its
concentration in the solution, Cl (Mabey et al., 1982). 
This can be written as

C g = K h C l

wherein Kh , the proportionality constant, is known as 
Henry’s constant. This constant is a measure of a 
chemical’s tendency to partition between the gas and 
liquid phases at equilibrium (Jury, Spencer and Farmer,
1983). In other words, the larger the value of Kg for a 
given compound, the greater the tendency for that
compound to volatilize from the liquid phase into the gas 
phase. Consequently, more of the compound’s vapor is
liberated into, and transported upward through the vadose 
zone. The Henry’s constant for a chemical can be
determined by

Kh =Cg/c!
£where Cg is the saturated vapor density, or vapor
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pressure, and Cl is the solubility of the chemical. 
This relationship holds true only if Co and C* data 
are for the pure material at the same temperature and 
the same phase (solid or liquid) (Mabey et al., 1982).

The vapor density of many CH’s may be higher than 
that of air. These vapors will tend to accumulate along 
the top of the capillary fringe over the plume (Schwille, 
1984).

The migration of CH vapors through the vadose zone 
of granular aquifers can occur by two different 
mechanisms: convection and gaseous diffusion (Baver,
Gardner and Gardner, 1940). Convection, or mass flow, is 
the process whereby masses of air, or gases are driven 
by the force of a gradient of total gas pressure 
resulting in movement of the masses from zones of high 
pressure to zones of low pressure. Gaseous diffusion, on 
the other hand, is controlled by a gradient of partial 
pressure (or concentration) of the gaseous constituents 
which cause the gas molecules of an evenly distributed 
constituent to migrate from zones of high concentrations 
to zones of low concentrations even while the gas as a 
whole may remain isobaric and stationary (Hillel, 1982). 
It is believed that gaseous diffusion is the dominant 
process of vapor migration in the vadose zone (Evans,
1965).

Convective vapor flow is controlled by a number of
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different factors. These factors include: temperature
variations within the vadose zone, and between the vadose 
zone and the atmosphere, barometric pressure changes in 
the atmosphere, wind action over the ground surface, 
water infiltration through the vadose zone, water table 
fluctuations and the compaction or consolidation of the 
soil by heavy machinery (Baver et al., 1940; Hillel, 
1982).

Temperature variations within the vadose zone, and 
between the vadose zone and the atmosphere may cause 
soil vapors to migrate. Vapor movement tends to take 
place from warm to cold parts of the soil. Since during 
the daytime the soil surface is warmer, and during the 
night colder than deeper layers, vapor movement tends to 
be downward during the day and upward during the night 
(Hillel, 1980). However, it has been shown that 
temperature differences within the vadose zone, and 
between the vadose zone and the atmosphere contribute 
approximately less than 1/800 and 1/240 of normal soil 
aeration, respectively (Rommel, 1922).

Barometric pressure increases in the atmosphere 
may, correspondingly, cause a decrease in the soil gas 
volume. Conversely, a decrease in barometric pressure 
should produce an expansion of the volume of soil gas. 
As a result, barometric pressure increases may cause 
atmospheric air to infiltrate the soil pores, and a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

decrease in barometric pressure may result in soil vapors 
being liberated into the atmosphere (Baver et al., 1940). 
This process has also been determined to be of minor 
consequence in soil aeration. Laboratory experiments 
have shown that the penetration of atmospheric air within 
a permeable soil column 10 feet deep would only amount to 
about 0.12 to 0.22 inches, depending on the magnitude of 
barometric pressure change (Buckingham, 1904).

Wind gusts over the surace of a soil mass can cause 
suction effects at shallow depths in the soil profile. 
As a result, a pressure gradient may be increased near 
the surface of the soil (Baver et al., 1940). The effect 
of wind action on 3oils is limited to the first meter or 
two . below the land surface (Weeks, Earp and Thompson, 
1982). Sommell estimated that wind action is responsible 
for no more than 1/1000 of normal aeration.

Water infiltrating a soil mass after rainfalls or 
snowmelts may cause soil vapors to be displaced from the 
pores in the soil (Baver et al., 1940). The infiltrating
water may also entrap or envelope soil gases for short
periods of time. Water retained in the soil after
infiltration can cause differential impedences to the 
mass flow of soil vapors. It is estimated that gas 
displacement due to the infiltration of water in a soil 
accounts for approximately 1/12 to 1/16 of normal
aeration (Rommell, 1922).
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and, as a result, the expulsion of soil vapors from these 
pores (Killel, 1982). As with water retention, over­
consolidated soils may act as a barrier to soil vapor 
movement due to the porosity decrease.

As with the diffusion of CH solutes in the 
groundwater, gaseous diffusion is a molecular transfer of 
the solute through the porous media. In gaseous 
diffusion, this molecular transfer is, however, of gases 
through the vadose zone as opposed to the saturated zone. 
The diffusive transfer of the CH solute molecules is 
driven by a concentration gradient that exists between 
the solute gas front and the ambient soil vapor. This 
process can be described by Fick’s first law:

qd=-Dsdc/dx,
where qd is the diffusive flux of gases across a unit 
area per unit time, Ds is the diffusion coefficient of 
the solute vapor in the porous media and -dc/dx is the 
concentration gradient outward from the solute 
front (Hillel, 1982).

Due to the tortuous path that a diffusing gas must 
follow, the coefficient of diffusion for a given solute 
vapor in a porous media must be smaller than that in 
ambient air (Penman, 1940).

Gaseous diffusion in soils is directly proportional 
to the area available through which the gas flux can 
occur (Marshall, 1959). This area is, or course,
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to the area available through which the gas flux can 
occur (Marshall, 1959). This area is, or course, 
dependent upon the effective porosity within the soil. 
The more reduced the porosity of a soil volume is, the 
slower diffusion will occur through it. This is due in 
part to the reduction in area through which the gas may 
migrate, and to the increase in the tortuous path that 
the diffusing gas molecules must follow in the soil 
(Troeh et al., 1982).

The diminution of pore size in a porous media 
increases its water retention capacity; water is more 
readily retained in soils of low permeability (silty 
clays, silty sands, clayey sands, etc.) by capillary 
processes. Correspondingly, this water retention will 
entail a reduction in the cross-sectional area available 
for gaseous diffusion through the porous solid (Schearer,
1966). The water filled pores act as solid interfaces in 
this situation. Even water adhered to soil grains can 
decrease pore diameters and, consequently, the total pore 
area available for gas flux (Karimi, Farmer and Cliath, 
1987).

Based upon the above explanations, it must be 
necessary to describe the solute diffusion coefficient in 
the porous media as a function of the total porosity 
( Pt), the air filled porosity ( Pa ) of the medium, and 
the solute vapor diffusion coefficient in air ( D0 )>
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Millington and Quirk (1961) expressed this relationship 
as:

Ds=Do <Pi0/3/Pt ).
Gas phase diffusion coefficients for solutes are

104 to 105 times as large as liquid phase diffusion
coefficients (Weeks et al., 1982).

The air diffusion coefficient, Do , for most
chlorinated hydrocarbons can be estimated by 

Do=10-’\jM7(Ti- 7 5 )/[P(v2/3+Vc' 3>2 1 
where T is the temperature, P is the ambient pressure, Va 
is the molar volume of air, Vc is the molar volume of 
contaminant in gaseous phase and where

Mr = (MWA+MWc)/(MWA-MWC ).
Here, MWA is the molecular weight of air and MWC is the 
molecular weight of the contaminant (Marrin and Thompson,
1984).

One can see how the heterogeneities in a soil body
can cause the flux of contaminant vapors through the 
vadose zone to be non-uniform. The migration of gases 
can be impeded, channeled or spread out as the vapors 
encounter zones of material with contrasting bulk 
densities, air filled porosities, and water contents 
throughout the vadose zone.

The mechanisms by which the geometry of the CH 
vapor distribution throughout the vadose zone of an 
unconfined granular aquifer is controlled in the
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situation of a spill or leak of a CH fluid has now been 
sufficiently explained. Figure 1 schematically describes 
these processes.

AQUIFER MATERIALS

3N0Z 3S00VA 3N0Z CElVHniVS

Figure 1. Contaminant Transport Processes. 
Source: Schwille, 1988.
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The distribution of CH vapors over a plume should, 
theoretically, envelope the extent of the plume in plan 
view. The vapors from the plume will be diffused above
and, to a lesser extent, lateral to it. The
concentrations of the vapors above the plume should 
reflect the distribution of the dissolved CH 
concentrations in the plume.

Theory holds that if a concentration gradient 
exists throughout the vadose zone where the 
concentration of a contaminant vapor is zero at the
ground surface, and is given by its vapor pressure at the 
source (i.e., solute retained in caillary fringe, fluid
retained in vadose zone), then the withdrawal and 
subsequent chemical analysis, of the soil vapors at a 
specific depth in the vadose zone should reveal a
concentration of that contaminant vapor representative of 
the gradient at that depth. If the withdrawl entails 
pumping of the soil gas at a specific depth and 
concentrating it over time, then this should reflect a 
space/time averaged concentration for that depth. 
However, if the sampling procedure is consistant over an 
areal extent over a solute plume, then correlations 
between the gas concentration and the source
concentration should be valid. The ratio between the
concentration of a CH vapor in the soil gas and the
dissolved constituents in the groundwater (water table) 
at the same location should be relatively consistent.
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CHAPTER III

DESCRIPTION OF STUDY AREA

The plume of groundwater contamination which serves 
as the focal point for this study lies beneath the 
Georgetown Industrial Park located just west of the City 
of Jenison in Georgetown Township, Ottawa County, 
Michigan (Figure 2).

The source of this contamination was the site of 
the Rozema Industrial Waste Inc. truck servicing facility 
(Rozema’s Garage). The Rozema Garage site is now home 
to a small domestic transport company located at 6680 
Wilshere Drive (Figure 2).

History

The Rozema Industrial Waste Inc. was a hauler of 
wastes produced primarily in the metal works and plating 
industries. Rozema trucks hauled large amounts of metal 
plating sludge and, to a lesser extent, industrial 
solvents and degreasing products. The Rozema Garage site 
was used primarily as a truck parking and servicing 
facility.

During a winter thaw in February, 1976, a tanker 
trailer containing treated metal hydroxide waste tipped

26
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Figure 2. Location of Study Area.
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over on the site spilling a portion of its contents. 
MDNR officials ordered Gerald Rozema, owner of the
facility, to clean up the spill and dispose of the 
tanker and affected soils at a nearby landfill. Mr. 
Rozema informed the MDNR that he would comply with the 
order; however, these disposal activities were not 
supervised by State officials.

Approximately one year after the spill occurred, it 
was discovered that the spilled wastes had infiltrated 
the groundwater beneath the site. Water samples obtained 
from domestic wells near the site indicated that elevated 
concentrations of chromium, zinc, copper and nickel were 
present in the groundwater.

At this time, Mr. Rozema was ordered by the MDNR to 
install a small groundwater purging system and three 
monitoring wells around the site. This system, which was 
used to mitigate the migration of contaminants in the 
groundwater beneath the site, was in operation, 
intermittently, from late 1977 to late 1979. The 
monitoring wells were used to monitor the effectiveness 
of the purging system.

In October of 1979 an open dumpster containing 
liquid wastes, presumed to be metal hydroxide wastes, was 
discovered on the site. Tainted soil was visible around 
the dumpster. The dumpster and soil were removed from 
the site.
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In December of 1979, the Michigan Department of 
Public Health (MDPH) requested that the monitoring wells
on site, and a domestic well next to the site be sampled
and that the samples be analyzed for volatile organic 
compounds. The analysis of these samples revealed that 
concentrations of 1,1,1- trichloroethane (TCA),
tetrachloroethene (PCE) and trichloroethene were present 
in the groundwater.

Early in 1980 it was revealed that the tanker which 
had tipped over in 1976 had not been moved from the site, 
but was buried on the site instead. It was also dis­
covered that the buried tanker was used to store
industrial wastes. The wastes included solvents and 
degreasing products. It is believed that the contents 
of the buried tanker leaked into the surrounding soils 
and into the groundwater beneath the site. The tanker 
has since been removed from the site.

During the period of time the site was owned by 
Rozema Industrial Waste, there had been numerous 
unofficial reports of semi-tankers being drained onto the 
ground at the site.

Since 1984, the Rozema Garage Site has been on the 
list of sites requiring Remedial Investigations under the 
Michigan Environmental Response Act, Act Number 307 of 
the Public Acts of 1982.

In March of 1986, the NUS Corporation was contacted
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by the MDNR to develop a Work Plan for the Rozema 
Garage site. Since that time, NUS has initiated a 
Remedial Investigation (RI) of the site. All of the work 
performed during this RI has been carried out by the NUS 
Michigan Regional Office where the author is currently 
employed.

To date, the field activities that have been 
performed by NUS for the Rozema RI include soil gas, 
temporary well, and soil sampling and monitoring well 
installation and sampling. Many of the data acquired 
during tbsse field activities have been used for this 
study as well.

Geography and Demography

The Rozema Garage Site is located between the cities 
of Jenison and Hudsonville in the eastern portion of 
Ottawa County, Michigan (Figure 2). The area of this 
study includes, but is not limited to, the Rozema Garage 
Site. As shown in Figure 3, the study area extends 
southeast from the Rozema property.

The study area is located in the lower Grand River 
basin. The lower part of the Grand River basin in this 
area is generally flat to gently rolling. Elevations 
across the study area range from 650 feet to 620 feet
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above mean sea level (USGS Datum). The topography slopes 
gently towards the southeast over the area 
(Figure 3).

The immediate area of this study is occupied 
primarily by light industrial facilities and domestic 
residences. However, the area is generally rural with 
farmland dominating the landscape of the region. The 
study area is bordered to the north by a large gravel pit 
and to the south by a small farming operation.

Industries in the study area include a diesel 
repair shop located south of the Rozema Garage site, a 
truck trailer painting operation and a construction 
company located to the west and north of the site, 
respectively. The east side of the Rozema property is 
occupied by an open field. Other industries in the 
immediate vicinity include a small transport company and 
a transfer station for a disposal company.

A schematic of the Rozema site is provided in 
Figure 4. In the center of the property is a
prefabricated building. The building is used as office 
space and for truck servicing work by the transport 
company that now owns the property. Truck traffic on 
the property is generally concentrated around the 
perimeter of the building (Figure 4). Parking of 
trucks, trailers and light vehicles is confined to the 
area along the fence surrounding the site. At the
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Figure 4. Rozema Garage Site Schematic.
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northeast corner of the property is a concrete pad used 
specifically for parking tractor trailers. Along the
southern edge of the property are two diesel fuel pumps. 
The underground fuel storage tank is located between the 
pumps and the southern fence line. The location where 
the tanker had been buried on site is also shown in 
Figure 4; it is identified by the cross-hatched zone
on the north edge of the building.

Climatology

Ottawa County experiences rapid short-term weather 
changes due to the constant succession of cyclonic (lows) 
and anticyclonic (highs) fronts associated with the
prevailing westerly winds.

The climate of Ottawa County is primarily
continental, and is marked by the occurrence of distinct 
seasons. The county is bordered on the west by Lake 
Michigan. The lake has a modifying effect on the climate 
throughout the county. In general, areas with
continental climates experience warm summers and cold 
winters. However, the lag of Lake Michigan surface
temperatures behind land temperatures results in cooler 
summers and milder winters than the central regions of 
the state.

In the summer season the average daily maximum 
temperature is 76.7 Deg. F. The winter average daily
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minimum temperature is 22.32 Deg. F. The average 
temperature during the periods of soil gas sampling for 
this study, which were conducted in January, and June and 
July, 1987, were 21.0 Deg. F and 79.6 Deg. F, 
respectively.

More than half the annual pr-ecipitation, an average 
of 57 percent, falls during the six month period of April 
through September. September is the wettest month of the 
year with an average total precipitation of 3.29 inches. 
February is the month of the lightest precipitation with 
an average total of 1.78 inches. No precipitation 
occurred during the period of soil gas sampling performed 
in the summer of 1987.

The average seasonal snowfall for Ottawa County is 
66 inches. Average seasonal totals are probably higher 
in the western portion of the county due to the effect of
Lake Michigan. Snowfall was common during the soil gas
sampling carried out in January, 1987, with accumulations 
of several inches during some days.

The average total evaporation recorded (Class A

pan) between the first of April and the end of October is
36.51 inches. This is more than twice the average total 
rainfall for the same six month period. The deficit is 
made up from water stored in the soils, most of which 
accumulates from the rains of winter and early spring.

Information on climatology was obtained in part from
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the U.S. Department of Agriculture.
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Soils

The soils in the vicinity of the study area are 
predominantly loamy sands and sandy loams as classified 
by the U.S. Department of Agriculture Soil Conservation 
Service (Figure 5). The following soil types are found 
in the area around the Bozema Garage site: Bayer loamy
sand, Gelford sandy loam, Wasepi sandy loam and Adrian 
muck. The Bayer loamy sand is a well-drained soil that 
occurs on outwash plains and sandy moraines. The Gelford 
sandy loam is a poorly drained soil commonly occurring in 
depressions on outwash plains, lake plains and glacial 
drainage ways. The Wasepi sandy loam is a somewhat 
poorly drained soil typically found on outwash plains and 
low terraces. The Adrian muck occupies bottom lands and 
shallow depressions on sandy plains of the uplands. This 
soil is characterized by layering of organic and sandy 
material. The organic material often contains wood 
fragments.

A typical soil profile in the study area is loamy 
sands and gravels to a depth of 42 inches over a sand 
substratum. In low lying areas the upper 12 to 42 
inches of soil consists of sandy organic materials.

Domestic well logs from i. he area, and information 
from boring logs obtained during the field investigation
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of this study indicate that approximately 15 to 29 feet 
of fine to medium sand overlies sandy clays and silts.

Surface Waters

There are no natural bodies of water or streams 
present in the immediate vicinity of the study area. 
There is a man-made pond formed in a gravel pit, and a 
small drainage network, both of which are located east of 
the study area (Figure 6). The pond is known to be 
dewatered periodically during the year. However, it is 
unknown to what extent the pond or drainageway effect 
the groundwater flow in the area, if at all.

Geology

Ottawa County is located over the western flank of 
the Michigan structural basin. Specifically, the county 
overlies the bevelled and truncated edges of the 
Coldwater Shale, the Marshall Sandstone and the Michigan 
Formation. The Michigan Formation subcrops beneath the 
study area. Shales and gypsum are the predominant 
lithologies of the Michigan Formation in this area.

Overlying the Michigan Formation is a mass of 
glacial drift deposited during the Wisconsin period of 
the Pleistocene glaciation. The surficial deposits in 
the study area and vicinity are mapped as glacial 
outwash and post-glacial alluvium. These deposits have
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been described as pale brown to pale reddish brown, fine 
to coarse sand alternating with layers of fine gravel to 
cobbles (NUS, 1988). The gravel and cobbles consist of a 
mixed lithology of igneous, sedimentary and metamorphic 
rock fragments. In the immediate area of study these 
deposits occur as fluvial terraces along present and 
abandoned drainageways.

Well log information in the study area indicates 
that the glacial drift ranges from as little as 20 feet 
thick to as much as 100 feet thick over the Michigan 
Formation.

The geologic materials encountered and sampled 
during the temporary well sampling phase of this study 
include sand and gravel deposits overlying what is 
believed to be a horizontally extensive sandy clay to 
sandy silt unit. Figure 7 identifies the locations of 
cross sections of the surficial geology of the study 
area. Figures 8 through 10 depict the geologic cross 
sections developed from boring log information acquired 
during the temporary well point drilling and monitoring 
well installation work conducted by NUS and the author.

The coarse grained deposits under the study area 
consist mainly of brown and gray-brown, uniform fine and 
medium sand. Within the uniform sands,lenses or zones of 
fine to coarse sand with fine gravel were sampled and 
described. Locally, silt is present in the uniform sand
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deposits as well.
A sandy clay to sandy silt unit was encountered 

beneath the coarse grained deposits in each deep boring 
drilled during the monitoring well installation phase of 
the NUS RI. The thickness of this fine grained unit is 
unknown. However, it is assumed it is over five feet in 
thickness based on drilling and sampling information 
acquired from these borings.

Boring logs for monitoring wells RZ-MW-01 
through RZ-MW-03 and temporary wells RZ-TW-11 through RZ- 
TW-25 installed by NUS are provided in Appendix A.

Hydrogeology

One aquifer was encountered during the subsurface 
investigation of the Rozema Garage site RI. This aquifer 
is unconfined. The aquifer materials are the sands, 
and sand and gravel deposits overlying the sandy 
clay to sandy silt unit. The saturated thickness of this 
aquifer ranges from approximately 6=0 feet at RZ-MW-03 to 
21.0 feet at RZ-MW-01.

Groundwater flow directions across the site are 
depicted in Figure 11. This map was developed using 
static water level (SWL) data obtained from the temporary 
wells installed by NUS during the summer of 1987. It is 
supplemented with SWL data acquired during the temporary 
well point sampling done in the winter of 1987.
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"Figure 11. Groundwater Contours.
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The groundwater flow direction across the study 
area is believed to be controlled by the existence of the 
underlying sandy clay to sandy silt unit, and by the 
regional flow direction in the area. It is postulated 
that flow under the Rozema Garage site is a localized 
flow component originating beneath the hilly upland 
region north of the site. There„ recharging groundwaters 
migrate south along the slope of the sandy clay to sandy 
silt unit. Groundwater flowing under and south of the 
Rozema site is then redirected towards the east- 
southeast. This is a result of this local flow component 
being incorporated into the regional flow regime. The 
regional flow is presumed to be directed east towards the 
Grand River.

In-situ aquifer parameter testing was performed 
during the NUS RI. The data obtained from these tests 
were used to calculate hydraulic conductivity and 
transmissivity values of the materials in which NUS 
monitoring wells were constructed. The average hydraulic 
conductivity was calculated to be approximately 
3.35X10"4 cm/s. The transmissivity values range from 
about 6.13 cm2/s to 21.44 cm2/s. Using the average 
hydraulic conductivity, an average groundwater flow 
gradient of 8.10X10-3 foot/foct and an estimated 
effective porosity of 0.20, the groundwater flow 
velocities in the study area were determined. Flow is
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calculated to be migrating at an approximate rate of 
1.36x10 cm/s (117.5 cm/day).

Target Compounds

The organic contaminants of interest in this study 
include the chlorinated hydrocarbon compounds 
perchloroethene and 1,1,1-trichloroethane. Perchloro- 
ethene (PCE), or tetrachloroethene, is a colorless liquid 
used in the dry cleaning and metal works industries as a 
solvent for fats, greases, waxes, rubber, gums and 
caffeine from coffee. 1,1,1-trichloroethane (TCA), 
(methylchloroform) is also used as a solvent in the metal 
works industry for chlorinated rubber and various organic 
materials such as fats, oils and resins (Verschueren, 
1983).

The physical and chemical properties of each 
compound are presented in Table 1. Included in this 
table, for comparison, are some of the physical and 
chemical properties of water and moist air.
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.Table 1

•Physical and Chemical Properties of PCE, TCA, Water and Moist Air

•Physical and Chemical Properties

Parameter

v

Molecular
Weight
(g/mol)

.Specific
Gravity
(20°c/4°c)

Water 
Solubility 
(Mg/1 
0 20°c)

Vapor 
Pressure 
(mm Hg 
0 20°c)

Molar 
Volume 
(cm3/mol 
0 20°c)

Vapor 
Density 
(0 20°c)

Surface 
Tension 
(dynes/cm 
0 20°c)

Viscosity 
(centlpolse 
0 20°c)

llenryti' 
Constant 
(atm ni3/mol)

Tetrachloroethene

1,1,1-

165.83 1.626 150(@25°c) 14
24(03O°c)
45(04O°c)

102.19 5.83 31.74 ---- 0.0153

Trlchloroethane 133.41 1.350 4,400 100

155(03O°c)

99.63 4.63 1.2 0.0300

Water .... 1.0 .... 17.535

55.32(040° c)

0.00075
(g/cm3)

72.75 1.002 
(In contact 
w/air)

————

Moist Air 28.97 --- -- 17.55 20.10 1.0 --- --- --

Sources: Verschunren, 1983; Marrin and Thompson, 1983; Mabey et al, 1983; Hinds, 1982; Chemical Rubber Company, 197/i.
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CHAPTER IV

DATA ACQUISITION

This study was developed primarily from data 
acquired during the Rozema Garage Site RI conducted by 
NUS. Data obtained from one phase of soil gas sampling 
and two phases of temporary well sampling, both 
conducted by NUS, were utilized in this study. The 
author conducted an additional round of soil gas 
sampling in order to complete the basis of this study.

In this section, the techniques used and procedures 
followed for the acquisition of soil gas and water 
quality samples will be presented. The methodologies 
used to analyze these samples will also be explained.

Soil Gas Sampling

Soil gas sampling was performed by NUS personnel at 
the Rozema Garage Site and vicinity during January 15 
through January 30, 1987. During this time, 41 soil gas
samples were obtained. The author collected 51
additional samples on June 14, 23, 24, 28 and July 7, 9,
and 22, 1987. Soil gas samples were taken at twenty-four 
locations during this time.

Figure 12 identifies the soil gas sampling locations
49
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Figure 12. Soil Gas Sampling Locations.
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for this study. Twenty four of these locations were 
coincident with locations where temporary wells were 
sampled during the same period of time.

The total number of soil gas samples acquired for 
this study was 92. This number includes ambient air 
blank samples, transport and laboratory blanks, field 
duplicates and resamples. The ambient air blanks were 
acquired for the purposes of determining detection limits 
for the target compounds and for troubleshooting 
purposes, which will be described later in the Chapter. 
The transport (trip), and laboratory blanks were obtained 
to identify if extraneous contamination was in contact 
with the samples either while in transport to, or in the 
laboratory. Field duplicates and resamples were obtained 
to verify that data replication was consistent during the 
study.

The initial soil gas sampling round was conducted
in an effort to determine the source areas of the PCE and
TCA contamination on the Rozema property and to estimate 
the direction of migration of these contaminants in the 
groundwater. The subsequent soil gas sas2.islj.uS was
performed in conjunction with temporary well sampling in 
order to determine correlations between the two data 
sets.

The following is an explanation of the soil gas
sampling procedure used during this study. Each soil gas

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

sample was obtained in the manner described below. Any
digressions or deviations from this procedure were noted
on log sheets filled out for each sample. These logs
are provided in Appendix B.

The equipment used for the acquisition of the soil 
gas samples is listed, with specifications in Table 2.

Prior to use in sampling, the air sampling pumps, 
used to draw the soil gas through the sample medium, must 
be calibrated. In addition, the Tenax trap tubes (the 
sampling medium) must be assembled and conditioned before 
beginning a sampling effort. The calibration, and
assembly and conditioning processes are presented in 
Appendices C and D, respectively..

Prior to acquiring any soil gas sample from a 
specific location the sampling apparatus was thoroughly 
decontaminated. This process is always the first step in 
the soil gas sampling procedure.

The stainless steel probes and probe points were 
decontaminated with a soap solution. Nutrogena dissolved 
in water was applied liberally ever the probe exterior 
with a spray bottle (Figure 13). The probe was then 
wiped down with paper toweling, then rinsed thoroughly 
with deionized water and wiped dry. The probe points 
were cleaned by forcing the soap solution through all 
openings on the point with the spray bottle (Figure 
14). The soap was also applied over the entire surface
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Table 2 

Soil Gas Sampling Equipment

Item Number Description

£ 1/2 in. (I.D.), 11/16 ln.(o.d.)x5.5 ft. stainless steel 
probe with 20 lb. slide hammer

2. 11/16 ln.(o.d.) stainless steel probe point
3. 2 sm. (I.D.) polyethylene tubing
4. 2 sm. (I.D.) teflon tubing
5. 12 in. x 1/8 in. Telcmar LSC-2 Tenax (60/80 mesh) filled trap 

tubes
6. 1/8 in. (I.D.) plastic caps
7. SEC Model 222 air sampling pumps
8. 1 liter plastic freezer bags
9. 1/2 liter plastic freezer bags
10. 1/4 'in. (I.D.) P.T.C. electrical wire threaders
11. 20 ml. and 40 ml. glass vials
12. 1 liter glass pipet bubblometer
13. 1 liter plastic spray bottles
14. Nutrogena soap (bar)
15. Stopwatch
16. Paper toweling
17. Trash bags •
18. Scissors
19. Air pump calibration log
20. Indellible ink pen
21. Chain-of-custody forms
22. Soil gas sample log sheets

23. Electrical tape
24. Channel lock pliers
25. Surgical gloves
26. Cooler
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Figure 13. Decontamination of Soil Gas Probe.

Figure 14. Decontamination of Probe Points.
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of the point. The points were then rinsed with deionized 
water and then dried with paper toweling. Small (1-2 
inches) pieces of Teflon tubing (Figure 15), which were 
used as joints, or connectors, in the sampling procedure, 
were also decontaminated with soap and water before 
obtaining each sample.

Figure 15. Teflon Joints and Soil Gas Probe Points.

Nutrogena was chosen for decontamination soap 
because it is free of organic based fumigants and is 
phosphorous free (Scheib, 1987).

After the probes and points were decontaminated, 
polyethylene (PE) tubing was inserted into each probe 
with the aid of plastic threaders (Figure 16). Once the
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PE tubing had been extended through a probe, 
approximately four to six inches of the tubing was cut 
off at the bottom end of the probe. This was done to 
insure that no grit or dust, which may have been picked 
up during the threading process, could clog or soil this 
end of the tubing. The PE tubing was cut at the top end 
of the probe so that two to three feet of tube extended 
out of this end.

Figure 16. Threading PE Tubing into Soil Gas Probe.

One of the small Teflon joints was attached to the 
PE tube, which was extending out the bottom end of the 
probe. The Teflon joint was pushed over the PE until 
about half of its length covered the PE. The probe point
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was then attached to the Teflon joint- The joint was 
pushed over the flanged extension of the point until a 
tight connection was made (Figure 17). Only about a tenth 
of an inch was separating the point and the end of the PE 
tubing.

Figure 17. Soil Gas Probe Point and PE Tubing 
Connection.

The tubing threaders were then removed from each 
probe.

Next, the point was screwed into the bottom end of 
the probe. This was accomplished by rotating the probe 
as the point was held in place firmly by hand, or by a 
clean wrench (Figure 18). All the while, the point and
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PE tubing assemblage were kept stationary so that no 
twisting or kinking occurred at the joint.

Figure 18. Connecting Soil Gas Probe and Probe Point.

Rubber surgeons gloves were usually worn while 
assembling the sampling probes. This was done in order 
to minimize the possibility of contamination carry-over 
from the hands. When gloves were not available, the 
probe point was handled with the wrench or with clean 
paper toweling.

Having the point secured tightly onto the probe, 
the apparatus was ready for sample acquisition.

Before heading off to a sampling point, additional
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Teflon joints were placed in glass jars. Doing this 
minimized the possibility of contaminating or soiling the 
joints while moving to, and setting up at each sampling 
location.

At each location the probe was pushed into the 
ground until refusal, if possible. Then, the slide 
hammer on the probe was used to drive the probe down to 
the desired sampling depth. This process was generally- 
done without much difficulty. This was especially true 
in moist granular soils that contained little or no 
gravel. Even when gravel was encountered, often it was 
just a matter of pulling the probe out of the ground and 
moving over a foot or two to try again. However, in 
cohesive soils or dry. granular soils, the hammering 
process cculd be very difficult.

Frozen, or over-consolidated ground also make 
driving the probes very difficult. To facilitate 
sampling in such conditions, as was done at the Rozema 
site, a hand operated, hydraulically powered earth auger 
was used to bore a pilot hole at the sample location. 
(Figure 19). Pilot holes were drilled to as much as 
three feet into the ground. Probes were then inserted 
into these holes and driven to the desired sampling 
depth.
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Figure 19. Drilling Pilot Hole.

Driving the probe into the ground with the 20-pound 
slide hammer is a somewhat delicate process. Care was 
taken to assure that the PE tubing assembly within the 
probe did not twist or vibrate loose during the 
hammering process. Once the probe was driven to the 
desired sampling depth, a slight tug was made on the PE 
tubing extending from the top of this probe. If the tube 
did not pull loose, then sampling would continue.
However, if the tubing came loose, then the probe was
withdrawn from the ground and reassembled.

After assuring that the tubing assemblage had not 
twisted or come loose, the probe was tapped up
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(withdrawn) two to four inches with the slide hammer. 
Doing this opens the point head and increases the surface 
area over which soil gas can be drawn. In addition, the 
pulling back of the probe creates a void in the soil 
beneath the point. As a result, a head space was 
established below the sampling point.

Next, an SKC Model 222 air sampling pump was
attached to the PE tubing that was extending out of the 
top of the probe. The pump was then engaged and allowed 
to run for about 30 seconds. This purging process was 
done to remove the ambient air within the PE tubing and 
to insure that only in-situ soil gases were drawn 
through the Tenax filled trap tube once it was
attached.

After the PE tubing had been purged, approximately 
three to six inches of it was trimmed off the end. This 
was done to remove any contamination that may have
collected on the tubing end during handling. A Teflon
joint was then pushed on the trimmed PE tubing.

Next, a Tenax filled trap tube (Figure 20), was 
attached to the PE tubing assembly . The flanged end of 
the trap tube was pushed through the plastic holding 
bag. The plastic cap covering the end of the trap tube 
was then removed. The Teflon joint on the PE tubing was 
then pushed snugly over the trap tube flange so that the 
ends of the trap tube and PE tubing were almost touching.
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The other end of the trap tube was then pushed through 
the bag. The plastic cap was removed from the end of the 
tube which was then pushed tightly into the SKC air pump. 
Care was taken to handle only the plastic bag or Teflon 
joint throughout this process in order to avoid
contaminating the assembly.

Figure 20. Tenax Filled Trap Tube.

Once the air pump had been connected to the trap 
tube, it was secured to either the probe shaft or onto
the ground. This was done in such a manner so that the
PE tubing and Teflon joint did not kink. Most often,
the air pump was taped to the probe shaft (Figure 21).
Occasionally, the plastic bag housing the trap tube had 
to be taped to the probe as well. This was necessary
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because wind would often catch the bag and dislodge the 
trap tube from the air pump.

Figure 21. Soil Gas Probe and SKC Pump In Place.

At this point in the sampling procedure, a sample 
log sheet was filled out for the respective sample. The 
site name, sample number, date, time, sampling depth and 
location were noted on these logs. In addition, note was 
taken of the weather conditions at the time of sampling.
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This included temperature, wind, relative humidity and
cloud cover. Other points of interest that were written
on the logs included the sample medium used and the 
method and the equipment used to analyze the sample.
Notes were also made on these logs of any unusual
sampling occurrences, or procedural digressions while 
obtaining a specific sample. An example of a completed 
log is given in Figure 22.

It was decided that drawing one liter of soil vapor 
through a trap tube would-be sufficient to concentrate 
contaminants, if present, on the Tenax material without 
achieving breakthrough of the contaminants through the 
tube (Scheib, 1987). Over-purging could cause some 
contaminants to be drawn completely through the tube.

In the comments section of each sample log, the 
number identifying the air pump used for obtaining the 
sample was written down. Before starting the sampling 
purge- a record was made on the sample log of the counts 
visible on the pump display panel (Figure 23). The 
number of counts required to purge one liter of soil gas 
with a pump, as determined by the pump calibration 
process, was written on the face of each pump (Figure 
24). This number was added to the pump count on the
sample log sheet. The sum of these two numbers was the 
pump count which indicated when one liter of soil gas 
had been purged. Once this count was achieved the pump
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:

SAMPLE NUMBER:

DATE SAMPLED: 8P
T3!ME SAMPLED:

DATE ANALYZED:

SAMPLE DEPTH: 4 - '

SURVEY COORDINATE:

SAMPLE LOCATION: ft 'U£*THP &&\ B C1U&. “J pT  /J O fc f lH

ANALYSIS METHOD -  DIRECT INJECTION ^  O H  U » 0 6  -

ABSORPTION TUBEn/

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: t4 P  f t

COMMENTS:

CiouDLj i Co l d C ^ so)

U F  * 1  * r ~
£*/o - 5 5 0 / 5 7

SAMPLING PERSONNEL : T T m / t » i 4

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Figure 22. Soil Gas Sample Log Sheet.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

was shut off and sampling was complete.

■V-X V-W-v*.

Figure 23. SKC Air Sampling Pump.

Once the probe was in place and the pump was
connected the sample number was then written, in ink,
on the outside of the trap tube bag.

Sampling began with a simple flick of the switch on 
the air sampling pump.

The plastic caps from the trap tube were held in
glass vials during the purging process to minimize any
carry-over of contaminants.

After purging one liter of soil gas, the trap 
tube was disconnected from the air pump and PE tubing 
and was recapped. The trap tube was then pushed back into
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the plastic holding hag and the sample was placed into 
a cooler. Ice was placed into the cooler with the 
samples when each sampling round was completed.

After each sampling round was completed, the 
samples were transported to the field analytical 
laboratory for analysis. At the laboratory, the samples 
were transferred directly from the cooler to a 
refrigerator and were stored at 4.0 Deg. C to await 
analysis.

In January, 1987 the soil gas samples were handed 
over directly to the analytical personnel. Chain-of- 
custody for these samples was insured by the sampling 
personnel who maintained possesion of the samples at all 
times. However, the samples obtained in the summer of 
1987 were delivered to, and stored in the laboratory.

For these sample^, a record of the chain-of-custody 
was kept for the samples acquired during each sampling 
round. NUS Chain-of-Custody forms (Figure 24) were used 
to record the sample number, date, time, and location of 
each sample collected during a sampling effort. This 
form was signed by the personnel who were responsible for 
obtaining the samples and in whose custody the samples 
were held. The personnel responsible for the analysis 
of the samples signed the Chain-of-Custody as soon as the 
samples were handed over to them. By doing this, the 
evidentiary value of the samples was maintained.
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Figure 24. NUS Chain of Custody Form.
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The analysis of the soil gas samples was performed 
in an NUS mobile laboratory equipped with full gas 
chromatography capabilities.

Soil Gas Sample Analysis

The method by which the soil gas samples were 
analyzed is based on SPA Method 624. Soil gas samples 
were desorbed and sequentially analyzed by temperature- 
programmed, purge and trap gas chromatography (GC). A 
Tekmar LSC-2 Liquid Sample Concentrator (purge and trap 
device) and a Hewlett Packard 5890A gas chromatograph 
were used for the analysis of these samples. Detection 
was accomplished by a flame ionization detector (FID) and 
the FID responses were quantified using a Shimadzu C-R3A 
integrator.

The analysis of a set of soil gas samples began by 
preparing and analyzing a soil gas standard. The soil 
gas standards were of gaseous phase volatile organic 
compounds trapped onto a Tenax filled Tekmar LSC-2 trap 
tube. The standard compounds included the contaminants 
of interest for the study: perchlorethene and 1,1,1-
trichlorethane. The standards were used to calibrate 
the GC instrumentation so that proper compound 
identification and quantification could be accomplished 
when analyzing soil gas samples.

To prepare a soil gas standard, a one-liter Tedlar
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air sampling bag was filled to capacity with prepurified 
nitrogen gas. An aliquot (usually one or five 
microliters) of a premixed standard solution was then 
injected into the Tedlar bag. The standard solution, 
which was prepared in methanol, would quickly vaporize 
once in the bag. Then, as done when acquiring soil gas 
samples, the contents of the bag were purged through a 
trap tube with an SKC pump as shown in Figure 25. The 
trap tube was connected to the Tedlar bag with a small 
piece of Teflon tubing.

Figure 25. Purging Soil Gas Standard Mixture into Trap 
Tube.
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The soil gas standard tubes were analyzed in the 
same manner as the actual soil gas sample tubes. 
However, the chromatogram for a standard was used to 
calibrate the GC instrumentation. Because the
concentration of each compound in the standard was known 
prior to analysis, it was possible to establish a 
response factor (RF) for each compound which could be 
used to quantify the responses of the soil gas sample 
analysis that were subsequent to the standard analysis. 
This RF is calculated by dividing the known concentration 
of each compound by the area under, or height of the 
peak, or chromatographic response of that compound 
produced during the GC analysis and integration of the 
standard. An identification file consisting of peak 
identification numbers, peak compound names, retention 
times (RT) and concentrations for each standard compound 
was programmed into the Shimadzu C-R3A and was used as 
the integration, or internal, standard.

The internal standard calibration was used to 
quantify samples analyzed on the same day of, and after 
the standard analysis, initially. However, an inspection 
of the soil gas standard chromatograms for this study 
revealed that the relationship between peak heights or 
area responses and the concentration of each target 
compound in the standards was non-linear. As a result, 
samples obtained on different days that exhibited similar
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PCE and TCA peak heights and area responses were 
calculated to have concentrations of these compounds 
differing from each other as much as five and three 
times, respectively. These calculations were carried out 
using the RFs’as determined by the daily standards, that 
were programmed into the integrator. However, the 
concentrations of PCE and TCA in the standards were not 
constant from day to day. Therefore, the quantification 
of the samples by this method yielded non-linear values 
for these samples.

Consequently, the quantification of the samples 
from each set of data was accomplished by establishing 
calibration curves. These curves were constructed for 
both PCE and TCA. The PCE and TCA calibration curves 
were established for both the winter and summer soil gas 
data sets.

The standard calibration curves were prepared by 
plotting the concentration of each compound against the 
corresponding peak height or area response for that 
compound. The curve made for the winter data utilized 
peak areas. Peak heights were used for the summer data. 
From these plots, best-fit straight lines were 
approximated, visually, through the points (Figures 26 
through 28). Equations were calculated for each line. 
These equations (Figures 26 through 28) were used to 
establish the concentration of each compound in each
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sample.
An example of a typical chromatogram of a five 

microliter soil gas standard is presented in Figure 29. 
The target compounds for this study are shown to be 
eluting at 13.06 minutes (PCE) and 7.97 minutes (TCA).

After analyzing a soil gas standard, the 
chromatographic system was demonstrated to be free of 
contamination by the generation of an acceptable system, 
or method blank. The method blank was accomplished by 
the analysis of the soil gas standard trap tube after the 
initial standard analysis.

The analysis of all soil gas samples, and standards, 
began by inserting the sample trap tube into the LSC-2 
device (Figure 30). Then one to three microliters of
an aqueous surrogate compound (2-bromo-l-chloropropane) 
was mixed into ten milliliters of organic-free water. 
The water and surrogate solution was then injected into 
the fritted, glass sparging unit on the LSC-2. The water 
was purged for four minutes with prepurified nitrogen 
gas. In the process, the surrogate was stripped from the 
water, carried in the gaseous phase from the sparging 
unit and subsequently adsorbed into the Tenax material as 
the gas stream passed through the sample trap tube.

After the purge cycle was completed, the trap tube 
was heated to 180 Deg. C. This heating action caused the 
contaminants adsorbed onto the Tenax to revolatilize.
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Figure 26. Soil Gas Calibration Curve for PCE and TCA, January, 1987.
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Figure 27. Soil Gas Calibration Curve for PCE, June and 
July, 1987.
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Figure 28. Soil Gas Calibration Curve for TCA, Juine and 
July, 1987.
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Figure 29. Soil Gas Standard Chromatogram.
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The vaporous contents of the sample were then desorbed 
for five minutes by a back flush of nitrogen gas onto the 
GC. The GC/FID was used to detect the contents of the 
sample or standard vapors which were resolved by a six 
meter long, two millimeter (inside diameter) diameter 
glass analytical column packed with 1% SP-1000 on 60/80 
mesh carbopack B. The GC temperature program used to 
analyze the soil gas samples is given in Table 3. The 
rate of flow of the nitrogen carrier gas was 38.4 
milliliters per minute.

Figure 30. Inserting Trap Tube into LSC-2 Unit.

For each sample, FCE and TCA area responses, or
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Table 3

Gas Chromatographic Programming

Gas Chromatograph
Flow rate
Attenuation
Range
Column
Detector
Initial temperature 
Initial time 
Temperature ramp 
Final temperature 
Final time
Injection temperature 
Detector temperature

HP5890A 
38.4 ml/min 
0 
3
1% SF-1000 on CP-B 
FID
60 Deg. C 
3 min.
15 Deg. C/min.
220 Deg. C 
10.0 min.
275 Deg. C 
290 Deg. C
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peak heights (for summer data) were measured (peak 
heights had to be estimated proportionally with well 
integrated peak areas for some highly contaminated 
soils). These values were used with the respective 
calibration equations to calculate the PCE and TCA 
concentrations for this study. It should be emphasized 
that this method, although valid, is not precise. 
Therefore, all concentrations presented in this study are 
average values.

An example of a chromatogram from the analysis of a 
soil gas sample (RZ-SG-60) is shown in Figure 31.

After the analysis of each soil gas sample was 
complete, the sample trap tube was baked at 203 Deg. C 
for eight minutes to remove any remnant contamination or 
other impurities from the tube.

Each soil gas sample was analyzed a second time 
immediately after the initial analysis. This was done in 
order to determine that the tube was clean and ready to 
be used for sampling again. If the tube was determined 
to be clean, it was removed from the LSC-2, recapped and 
placed in a new one liter plastic storage bag. The 
"clean" chromatogram from the second sample analysis nas 
then placed in a smaller plastic storage bag which would 
be kept with the clean sample trap tube. These clean 
chromatograms served as a record for the condition of 
each trap tube during its period of use. Consequently,
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the second analysis and chromatogram for each sample 
trap tube was deemed the "preanalysis*’ run for the tube 
prior to its use for the next sampling. Figure 32 shows 
an example of a "clean" preanalysis run generated 
subsequent to the analysis of soil gas sample RZ-SG-114B.

If a sample trap tube was preanalyzed and was 
determined to be in poor condition, the tube was repacked 
with Tenax and conditioned as explained in Appendix C. 
An example of an "dirty" preanalysis run is given in 
Figure 33.

An initial inspection of all the sample 
chromatograms proved that the method used to quantify the 
samples (i.e. calibration curves) did not introduce any 
false results. Samples were identified visually to be 
either contaminated with PCE and TCA, or clean. A 
summary of this inspection is given in Table 4. A 
comparison of Table 4 with Table 8 (the quantified soil 
gas sampling results) reveals that, generally, the 
qualitative and quantitative data correspond highly, 
with respect to the presence of contamination. However, 
the quantitative data have been amended by detection 
limits established for the PCE and TCA data.

The ambient air blanks obtained during this study 
were used to determine the background concentrations of 
PCE and TCA around the study area. Blank samples (RZ-SG- 
107B and RZ-SG-108B) revealed that as much as 0.20 ppb of
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Table 4

Samples with Visually Identifiable PCA and TCA 
Chromatographic Responses

Compounds

Soil Gas Sample No. -------------------------------
PCE TCA

RZ-SG-01 X X
RZ-SG-02 X X
RZ-SG-03 X
RZ-SG—04 X X
RZ-SG-05 X X
RZ-SG-06 X X
RZ-SG-07 X X
RZ-SG-08 X X
RZ-SG-09 X X
RZ-SG-10 X
RZ-SG-11 X X
RZ-SG—12
RZ-SG-13 X X
RZ-SG-14
RZ-SG-15
RZ-SG-16 X X
RZ-SG-17 X X
RZ-SG-18 X X
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Table 4 —  continued

Compounds
Soil Gas Sample No. _________________________ *____

PCE TCA

RZ-SG-19 X X
RZ-SG-20 X X
RZ-SG—21 X * • X
RZ-SG-22
RZ-SG-23 X X
RZ-SG-24 X X
RZ-SG-25 X
RZ-SG-26 X X
RZ-SG-27 X X
RZ-SG-28 X
RZ-SG-29 X X
RZ-SG-30
RZ-SG-31 X
RZ-SG-32
RZ-SG-33 X X
RZ-SG—34
RZ-SG-35
RZ-SG-36
RZ-SG-37
RZ-SG-38
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Table 4 —  continued

Compounds

Soil Gas Sample No. ------------------------------
PCE TCA

EZ-SG-39
RZ-SG-40 X X
RZ-SG-41 X X
RZ-SG-42 X X
RZ-SG-43 X X
RZ-SG-44 NA NA
RZ-SG-45
RZ-SG-46
RZ-SG-47
RZ-SG-48
RZ-SG-49
RZ-SG-50 X X
RZ-SG-50 Dup X X
RZ-SG-51 X
RZ-SG-52 X
RZ-SG-53 X
R2-SG-54 X
RZ-SG-55
RZ-SG-56 X
RZ-SG-57 X X
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Table 4 —  continued

Compounds

D U 1 1  KJCLS> OcUUfcJ.Le i\U •

PCE TCA

RZ-SG-58
RZ-SG-59 X
RZ-SG-60 X X
RZ-SG—60 Dup X X
RZ-SG-61
RZ-SG-62 X
RZ-SG-63
RZ-SG-64
RZ-SG-65 X

Note: NA = Not available
X = Compound present-
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property. This contamination may be coming from the 
truck painting facility across from the Rozema site on 
Wilshere Drive. Thus, a site specific method detection 
limit of 0.20 ppb of PCE has been established for this 
study.

No TCA contamination was present in the ambient air 
blanks. Therefore, in order to estimate a detection limit 
for TCA, chromatographic baseline activity was examined. 
Any "noise" in this baseline that was present at or near 
the TCA RT was identified. Peak heights of this "noise" 
were measured. From these heights, corresponding 
concentations of TCA were calculated. The detection 
limit for . TCA was then calculated to be two times the 
level of the average "noise" concentration. This is the 
minimum signal for TCA that is detectable by the 
analytical equipment (Lovelock, 1961). The detection 
limit for TCA was established to be 0.01 ppb from these 
calculations.

Troubleshooting

An examination of the soil gas sample chromatograms 
revealed that many compounds of unknown origin were being 
detected. These compounds were especially evident, and 
at significant concentrations throughout the last six 
minutes of the chromatographic analysis. These compounds 
were not random, but were relatively consistent eluters.
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Table 5 sumarizes the relative retention time ranges for 
each of these unknown compounds identified in samples 
acquired in June and July of 1987. Figure 34 identifies 
a sample chromatogram which exhibits these unknown 
compounds. This sample (RZ-SG-56) was obtained in July, 
1987. The samples obtained in January, 1987 did not 
exhibit such unknown contamination.

Several tests were performed in order to isolate 
the source of these unknown compounds. The first test 
was an examination of the results of the decontamination 
water blanks which were obtained periodically throughout 
the sampling rounds. These blanks were analj-zed to 
determine if any contaminants were present in the water. 
If so, these contaminants could be carried over onto the 
sampling equipment. These data revealed that small con­
centrations of chloroform had been detected in some of 
the blank samples, but that the concentrations were so 
low that carry-over would be negligible.

After discounting the carry-over theory, the source 
for the unknown compounds was speculated to be from the 
PE tubing used as the vapor transport line. This was 
deduced when it was discovered that the unknown compounds 
that were identified in the in-situ soil gas samples were 
not discovered in ambient air blanks, trip blanks or 
laboratory blanks obtained and analyzed during the same 
period of time. Blank samples were not drawn through PE
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Table 5

Summary of Interference In Soil Gas Samples

Retention Times of Interference
sample no*

3.3 6.4-
7.0

7.5 9.8-
10.0

11.4 11.8 13.2 14.OS- 
14. 20

14.7-
14.9

15.1-
15.4

16.2-
16.5

17.1-
17.5

18.0- 18.6 
18.4

RZ-SG-42 X X X X X X X X X
RZ-SG-43 X X X X X X X X X X
RZ-SG-44 X X X X X X X X X X X
RZ-SG-45 X X X X X X X X

RZ-SG-46 X X X X X X X
RZ-SG-47 X X X X X X X X X X X
RZ-SG-48 X X X X X X X X X X X X
RZ-SG-49 X X X X X X X X X X

RZ-SG-50 X X X X X X X X X
RZ-SC-50 Dup X X X X X X X X X X
UZ-SG-51 X X X X X X X X X X
RZ-SG-52 X X X X X X X X X
RZ-SG-53 X X X X X X X X
RZ-SG-54 X X X X X X X X X X X
RZ-SG-55 X X
RZ-SG-56 X X X X X X
RZ-SG-57 X X X X X
RZ-SG-58 X X X X X X
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tubing.
To establish that these unknown compounds were in 

fact originating from the PE tubing, additional ambient 
air blanks were acquired through soil gas probes 
assembled with the PE tubing (samples RZ-SG-107B, 108B
and 122B), and through the PE tubing alone, while other 
blanks, obtained at the same time, were acquired normally 
(samples RZ-SG-109B and RZ-SG-123B). The results from the 
analysis of these blanks (shown in Table 5) was 
conclusive. The unknown compounds were observed to be 
present only in the blanks drawn through the PE tubing. 
Consequently, the unknown compounds were the result of 
interference introduced into the samples from the PE 
tubing. This interference may have been caused by 
compounds that had possibly adsorbed onto the inner 
surface of the tubing during storage. However, because 
this interference was not observed in the winter samples, 
it is believed that the warm temperatures caused some of 
the components of the PE tubing to break down, vaporize 
and be purged into the samples obtained in the summer.

Other small tests designed to determine if 
additional interference could be introduced through 
sampling errors were performed. These included tests to 
determine how kinking of the PE tubing may increase the 
level of interference or restrict soil gas flow to the 
sample trap tube. In addition, a test was done to
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determine if the reconnection of tubing assemblages that 
disconnected during probe implacement could cause 
additional interference. These tests indicated that no 
significant interference was added to samples by these 
means.

The significance of these disoveries is that much 
of the interference, if not properly accounted for, could 
cause erroneous interpretations of the soil gas data. 
Although this interference did not affect the 
identification and quantification of the target compounds 
in this study, other target compounds in future studies 
(i.e. TCE, benzene, toluene, o-xylene, m-xylene, p- 
xylene) may be affected by this interference.

Temporary Well Sampling

On February 5, 6, 9, and 10, 198? temporary wells
were installed and sampled at, and around the vicinity of 
the Rozema Garage site. Water quality samples were 
obtained for volatile organic analysis (VOA) at ten 
temporary well locations during this period. The 
objectives of this sampling round were to help determine 
if the organic contamination in the groundwater was 
limited to the Rozema site, and to have a preliminary 
estimate of the downgradient extent of the contamination 
plume. Any future temporary well sampling was contingent 
upon accomplishing these objectives.
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Fifteen additional temporary wells were installed 
in the study area on June 18, 19, 24, 25 and July 8, and
9, 1987. Again, groundwater samples were obtained from
these wells for volatile organic analysis. The primary 
objective of this additional sampling was to acquire data 
to help delineate the downgradient extent of the organic 
contamination present at the water table. The locations 
of the 25 temporary wells are presented in Figure 35.

The equipment used to install these temporary wells 
is listed in Table 6. As with soil gas sampling, all 
well installation equipment was decontaminated prior to 
use for sampling. Drilling augers, riser pipe, well 
screens and pipe couplings were decontaminated by steam 
cleaning at a local spray car wash. In addition, the 
equipment used for acquiring water samples from the 
temporary wells, such as bailers, was steam cleaned. 
Samples of the decontamination water were obtained, and 
analyzed with the temporary well samples in order to 
determine if any contamination was present that could be 
carried over to the sampling equipment.

At each designated location, the hand operated, 
hydraulically driven earth auger was used to drill and 
clear a boring (4-inch diameter) to depth of a few (two 
to four) feet beneath the water table (Figure 19). This 
was accomplished by having two operators drill down the 
full length of each auger flight, then pull back and spin
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Figure 35. Temporary Well Locations.
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Temporary Well Sampling Equipment

lte«u auiiiucT Description

1. 18.0 ft. x 2 in. galvanized steel pipe

2. 3.0 ft. x 2 in. x 7-slot stainless steel
well screen

3. 2 in. (I.D.) galvanized steel cap

4. Little Beaver hydraulically powered
earth auger with 25 ft. of 4 in. (o.d.)

"" auger flights

5. Pipe wrenches

6. Electronic water level indicator

7. Polypropylene rope

8. 3.0 ft. x lin. (I.D.) stainless steel
bailers

9. Water quality sample logs

10. Chain-of-custody forms

11. 40 ml. septum capped glass V0A vials

12. Ruler

13. Sample bottle lables

14. Pen

15. Cooler

16. Surgical gloves

17. 5 gallon bucket

18. Trash bags

19. Paper toweling

20. Sledge hammer
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out the drill cuttings from the hole. On occasion, a 
tripod mounted, winch was used, to facilitate the hole 
cleaning process.

Auger cutting samples were collected at five foot 
depth intervals at temporary well locations RZ-TW-11 
through RZ-TW-25. These samples were later used to 
describe the soil characteristics at these locations. 
Soil descriptions and. classifications were done on 
boring logs following the Unified Soil Classification 
System. These boring logs are provided in Appendix 1.

After a bole was adequately cleaned out, the 
temporary well was installed. The well screen and riser 
pipe was assembled and hoisted down the hole by hand. 
Once the well screen was resting on the bottom of the 
boring, it was pushed or hammered down until the screen 
intersected the water table.

After installation, each well was developed with a 
stainless steel bailer. A new segment of polypropylene 
rope was used as bailing cord in each well. 
Approximately 10 gallons of water and fine grained 
sediments were removed from each well during development.

Water quality samples for volatile organic analysis 
(VOA) were obtained after development. Two forty 
milliliter septum capped glass VOA vials were filled with 
water from the development bailer. When sampling some 
wells, duplicate VOA samples were also obtained. At
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these locations, two additional VOA vials were filled 
with well water.

After sampling the well, the water level in the 
well was determined to the nearest 0.01 foot. This was 
done using electronic tape measured from the top of the 
riser on the well. The static water level (SWL) was then 
entered into a sample log.

Sample log sheets were filled out for every sample 
acquired from temporary wells during the study. The 
information contained on these logs include the sample 
number, location, date, time, sampling personnel, sample 
depth, static water level, and notes on sampling problems 
or procedural digressions. An example of a completed 
sample log sheet for the water quality samples is shown 
in Figure 36.

Each temporary well was surveyed into a reference 
point of known elevation from the U. S. Geological Survey 
Datum before it was removed.

The water quality samples were packed in freezer 
bags, placed in coolers filled with ice, and were 
transported to the place of analysis. Before handing 
over the VOA samples for analysis, a Chain-of-Custody 
form was filled out as was done with the soil gas 
samples.

All water quality samples were stored in a 
refrigerator at the place of analjrsis and cooled at 4.0
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Figure 36. Temporary Well Sample Log Sheet.
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Deg. C prior to analysis.

Temporary Well Sample Analysis

The analysis of the water quality samples obtained 
from the temporary wells was also performed in the NUS 
mobile laboratory using purge and trap, gas 
chromatography. These samples were analyzed using the 
NUS Corporation’s field screening methodology for the 
rapid field analysis of purgeable organic compounds. 
This methodology is based upon EPA Method 624 and is 
outlined in Appendix E.

The analytical detection limits for PCE and TCA in 
water samples for this study were 1.0 ppb for each 
compound.
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CHAPTER V

RESULTS AND DISCUSSION

The results from the analysis of soil gas samples 
obtained at the 65 locations, and water quality samples 
from the 25 temporary well locations were used as the 
basis of this study. However, additional data were used 
to supplement the conclusions based on this soil gas and 
temporary well data. This includes water quality data 
from three monitoring wells (RZ-MW-01, RZ-MW-02 and RZ- 
MW-03), three additional tempoxary wells (RZ-TW-28, RZ- 
TW-30, and RZ-TW-34) and two soil sampling data points 
(RZ-SO-Ol, RZ-SO-02). The supplementary well and soil 
samples were acquired for the NUS RI after the data 
acquisition for this study was completed. The locations 
of these data points are provided in Figure 37. The 
results from the analysis of these samples are presented 
in Table 7.

Soil Gas Sampling Results

The results from the analysis of the 65 soil gas 
samples collected on, and around the Rozema Garage site, 
as well as all blank and duplicate soil gas samples, are 
listed in Table 8. The concentrations of PCE in the soil

104
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Table 7

Analytical Results of Suppllmentary Data

Sample Type Concentrations (PPb)

Sample Number PCE TCA

Soil Samples *

EZ-S0-01 382.0 114.0
RZ-S0-02 1318.0 39.0

Temporary Well 
Samples **

RZ-TW-28 ND ND

RZ-TW-28D ND ND
RZ-TW-30 ND ND
SZ-TW-34 36.0 1.0

Monitoring Well
Samples *** 
(Depth)

RZ-MW-01 (9.5-12.5 ft) 300.0J 4.0
KZ-MW-01 (19.0-22.0 ft) 300.0J 10.0

RZ-MW-01 (23.5-26.5 ft) 320.0J 13.0
RZ-MW-01 Dup (same) 320.0J 13.0
RZ-MW-02 (11.0-14.0 ft) 600.0J 50.0
RZ-MW-03 (10.0-13.0 ft) ND ND

RZ-KW-03 Dup (same) ND ND

Note: * » Sampled on 7/9/87, analyzed on 7/14/87
** » Sampled and analyzed during 12/14-18/87
*** = Sampled on 9/1/87, analyzed on 9/2/87 
Dup 3 Duplicate 
J = Average value 
ND * Not detected
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Table 8 

Soil Gas Sampling Results

Concentrations (ppb)* 
Sample No. Date _________________________________

PCE TCA.

BZ-SG-01 12/17/86 32.66 23.910
jSZ-SG-02 1/15/87 2.64 0.500
RZ-SG-03 1/16/87 ND 0.200
EZ-SG-04 1/16/87 28.06 4.160
B2-SG-05 1/19/87 1.11 0.130
RZ-SG-06 1/19/87 0.06 0.011
B2-SG-07 1/20/87 314.40 123.740
EZ-SG-08 1/20/87 282.01 98.950
RZ-SG-09 1/20/87 208.01 10.130
RZ-SG-10 1/20/87 0.71 ND
EZ-SG-11 1/20/87 174.47 0.550
SZ-SG-12 1/20/87 ND ND
EZ-SG-13 1/21/87 16.90 0.040
R2-SG-14 1/21/87 ND ND
RZ-SG-15 1/21/87 ND ND
BZ-SG-16 1/21/87 4.88 0.390
RZ-SG-17 1/21/87 4.69 2.010
RZ-SG-18 1/21/87 204.17 46.760
RZ-SG-19 1/21/87 54.02 5.720
RZ-SG-20 1/21/87 35.28 7.790
RZ-SG-21 1/22/87 28.03 2.890
RZ-SG-22 1/22/87 ND ND
RZ-SG-23 1/22/87 2.04 ND
RZ-SG-24 1/22/87 38.55 2.470
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Table 8 —  continued

Concentrations (ppb)*
Sample No. Date

PCE TCA

RZ-SG-25 1/22/87 ND ND
RZ-SG-26 1/27/87 0.25 ND
RZ-SG-27 1/27/87 6.01 0.015
RZ-SG-28 1/27/87 ND ND
RZ-SG-29 1/27/87 0.17 ND
R2-SG-30 1/28/87 ND ND
RZ-SG-31 1/28/87 ND 0.002
R2-SG-32 1/28/87 ND ND
RZ-SG-33 1/28/87 7.50 0.096
EZ-SG-34 1/28/87 ND ND
B2-SG-35 1/29/87 ND ND
RZ-SG-36 1/29/87 ND ND
R2-SG-37 1/29/8? ND ND
H2-SG-38 1/29/87 ND ND
R2-SG-39 1/29/87 ND ND
RZ-SG-40 1/29/87 10.57 1.170
RZ-SG-41 1/29/87 5.26 0.390
RZ-SG-42 6/28/87 0.76 0.020
RZ-SG-43 6/23/37 6.40 1.550
BZ-SG-44 6/14/87 NA NA
RZ-SG-45 6/24/87 ND ND
R2-SG-46 6/23/87 0.13 ND
8Z-SG-47 6/24/87 ND ND
RZ-SG-48 6/23/87 ND ND
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Table 8 —  continued

Concentrations (ppb)* 
Sample No. Date ________________________________

PCE TCA

RZ-SG-49 6/24/87 ND ND
BZ-SG-50 6/28/87 1.06 0.117
EZ-SG-50 Dup 6/28/87 1.17 0.260
8Z-SG-51 6/28/87 0.35 ND
RZ-SG-52 7/7/87 0.286 ND
EZ-SG-53 7/7/87 5.47 0.182
RZ-SG-54 7/7/87 1.98 ND
R2-SG-55 7/7/87 ND ND
R2-SG-56 7/19/87 1.75 ND
BZ-SG-57 7/19/87 4.26 0.153
KZ-SG-58 7/19/87 0.130 ND
E2-SG-59 7/19/87 0.69 ND
SZ-SG-60 7/19/87 6.03 0.990
RZ-SG-60 Dup 7/19/87 6.28 1.210
R2-SG-61 7/22/87 ND ND
R2-SG-62 7/22/87 0.263 ND
RZ-SG-63 7/22/87 ND ND
RZ-SG-64 7/22/87 ND ND
RZ-SG-65 7/22/87 0.240 ND
RZ-SG-101B 6/14/87 NA NA
RZ-SG-102B 6/23/87 ND ND
RZ-SG-103B 6/28/87 ND ND
RZ-SG-104B 6/28/87 ND ND
RZ-SG-105B 7/7/87 ND ND
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Table 8 —  continued

Sample No. Date
Concentrations (ppb)*

PCE TCA

KZ-SG-106B 7/7/87 ND ND
RZ-SG-107B 7/7/87 0.20 ND
RZ-SG-108B 7/7/87 0.20 ND
BZ-SG-109B 7/7/87 ND ND
H2-SG-110B 7/9/87 ND ND
B2-SG—111B 7/9/87 ND ND
BZ-SG-112B 7/9/87 ND ND
R2-SG-113B 7/9/87 ND ND
2Z-SG-114B 7/9/87 ND ND
BZ-SG-115B 7/9/87 ND ND
RZ-SG-116B 7/9/87 ND ND
S2-SG-117B 7/9/87 ND ND
R2-SG-118B 7/19/87 ND ND
BZ-SG-119B 7/19/87 ND ND
RZ-SG-120B 7/19/87 ND ND
B2-SG-121B 7/19/87 ND • ND
R2-SG-122B 7/22/87 ND ND
RZ-SG-123B 7/22/87 ND ND
RZ-SG-124B 7/22/87 ND ND
RZ-SG-125B 7/22/87 ND ND

Note: * » Analysis completed within 24 hours after sample acquisition
ND * Not detected 
NA « Not available 
Dup » Duplicate 
B ■* Blank
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gas are consistently higher than the levels of TCA 
throughout the study area. The concentrations of PCE in 
the soil gas range from a high of 314.0 ppb at sample 
location RZ-SG-07 to a low of 0.240 ppb at location 
RZ-SG-65. The concentrations of TCA range from 123.74 
ppb (RZ-SG-07) to 0.015 ppb (RZ-SG-27).

The distributions of the PCE and TCA contamination 
detected in the soil gas are presented in Figures 38 and 
39, respectively. The concentrations of both compounds 
were observed to be highest at the north-central portion 
of the Rozema property. The concentration levels 
decrease in all directions outward from this area. 
However, the decrease is more gradual in the southeast 
direction.

The distribution of the PCE and TCA concentrations 
in the soil gas on the Rozema property most likely 
reflect the distribution of localized source areas for 
these contaminants. Two main source areas can be 
estimated from the soil gas data. The zone of the 
highest PCE and TCA contamination corresponds to the 
position at which the tanker, used to store industrial 
solvent wastes, was buried. It is speculated that liquid 
solvent wastes were frequently spilled around this area, 
and that the tanker was damaged and leaked its contents 
while buried. A second, less significant source area can
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• Soil Gas Sampling Locations 
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be identified along, and inside the eastern fence line of 
the Rozema site. Here, concentrations of PCE are higher 
than at soil gas sampling locations immediately 
surrounding this area. This second source area is 
believed to be where the open-top dumpster was located. 
Historical information noted that the soils around this 
dumpster were discolored. This probably indicates that 
wastes were spilled or leaked here.

Other zones where high concentrations of PCE and 
TCA were identified in the soil gas on the Rozema site 
correspond to areas where truck trailers and tankers were 
parked most frequently, and where trucks .would enter and 
exit the service garage. More specifically, these zones 
include the west entrance to the garage on, and the 
northwest corner of the Rozema property.

Away from the Rozema site the distribution of the 
soil gas contamination follows the direction of 
groundwater flow and is believed to define a plume of 
groundwater contamination originating from the two source 
areas on the site. PCE and TCA concentrations in the 
soil gas extend toward the southeast from the 
identified sources to Port Sheldon Street. At Port 
Sheldon Street the zone of soil gas contamination tends 
to be redirected-to the east (Figures 38 and 39). The 
zone of detectable concentrations of PCE in the soil gas 
is defined by the 0.20 ppb contour line, as shown in
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Figure 38. The limit of TCA contamination in the soil 
gas is defined by the 0.01 ppb contour line (Figure 39).

Upgradient of the Rozema site, three localized 
zones of soil gas contamination were identified. These 
zones are located on Wilshere Drive northeast, north and 
west of the site (Figures 38 and 39). The three pockets 
of contamination are speculated to be the result of small 
spills, or discharges of solvent wastes from tankers 
leaving and arriving at the Rozema facility.

Temporary Well Sampling Results

The results from the analysis of VOA samples from 
the 25 temporary well locations are summarized in Table 
9. These data include the results of the blank and 
duplicate VOA sample analysis as well. As with the soil 
gas data, the concentrations of PCE in the groundwater 
are consistently higher than the concentrations of TCA at 
the same locations. The concentration of PCE in the 
groundwater ranges from 314.40 ppb at RZ-TW-07 to 0.24 
ppb at RZ-TW-65. The levels of TCA are from 123.74 ppb 
at RZ-TW-07 to 0.015 ppb at RZ-TW-06.

The distributions of the PCE and TCA contamination 
in the groundwater across the study area are presented 
in Figures 40 and 41, respectively. Because of the lack 
of water quality data from the Rozema site, the 
upgradient extent of the groundwater plume is inferred
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Table 9

Temporary Well Sampling Results

Concentrations (ppb) 
Sample No. Date _________________________________

PCE TCA

RZ-TW-01 2/05/87 ND ND
RZ-TW-02 2/05/87 /.£ A  “rw • w 6.0
RZ-TK-03 2/05/87 210.0 24.0
RZ-TW-G4 2/06/87 ND ND
RZ-TW-05 2/06/87 ND ND
SZ-TW-06 2/09/87 110.0 22.0
RZ-TW-07 2/09/87 151.0 50.0
RZ-TW-08 2/10/87 ND ND
RZ-TW-09 2/10/37 ND ND
RZ-TW-10 2/10/87 ND ND
RZ-TW-10 Dup 2/10/87 ND ND
RZ-TW-11 6/18/87 ND ND
RZ-TW-12 6/18/87 ND ND
RZ-TW-13 6/19/87 ND ND
RZ-TW-14 6/19/87 30-0 J 3.0
RZ-TW-15 6/24/87 ND ND
RZ-TW-15 Dup 6/24/87 ND ND
RZ-TW-16 6/24/87 ND ND
RZ-TW-17 6/24/87 ND ND
RZ-TW-18 6/25/87 ND ND
RZ-TW-19 6/25/87 ND ND
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Table S —  continued

Sample No. Sate
Concentrations (PPb)

PCE TCA

8Z-TW-2Q 6/25/87 I00J ND
RZ-TW-21 6/26/87 ND ND
RZ-TW-22 7/08/87 3.0 1.0
RZ-TW-23 7/08/87 41.0 3.0
RZ-TW-24 7/08/87 3.0 ND
RZ-TW-24 Dup 7/08/87 3.0 ND
RZ-TW-25 7/09/87 33.0 ND
RZ—BLANK—04 6/18/87 ND ND
RZ-3LANK-06 6/24/87 ND ND
2Z-3LANK-07 6/25/87 ND ND
SZ-BLANK-08 7/08/87 ND ND
RZ-DECON—01 2/05/87 ND ND
RZ-DECON-02 2/09/87 ND ND
RZ-DECON—04 6/18/87 ND ND
RZ-DECON-OS 6/19/87 ND ND
RZ-DECON—07 6/24/87 ND ND
RZ-DEC0N-09 7/09/87 ND ND
RZ-DECON-OA 6/25/87 ND ND

Note: ND - Not detected
Dup “ Duplicate 
J » Average value
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from the data from soil samples RZ-SO-Ol and RZ-SO-02, 
and temporary wells RZ-TW-01, RZ-TW-04, RZ-TW-05, RZ-TW-
10 through RZ-TW-12, and RZ-TW-34.

The concentrations of PCE and TCA detected in the 
groundwater decrease in all directions from the source 
areas on the Rozema site. As with the soil gas data the 
decrease is more gradual in the southeast direction from 
the site.

Figures 40 and 41 identify two plumes of PCE and
TCA contamination that originate on the Rozema site. The 
plume of the highest concentrations of PCE and TCA is 
shown to be originating from the location of the buried 
tanker. The soil sample (RZ-SO-02) obtained at this 
location, which was a composite sample of the top three 
feet of soil, indicates that these soils are contaminated
with PCE and TCA (Table 7). The concentrations in this
sample suggest that the volume of contaminant liquid in 
the soil was probably significant enough such that the 
residual saturation of the liquid in the vadose zone was 
exceeded. Consequently, the liquid was able to
infiltrate to the groundwater at this location.

An additional, less significant, plume was inferred 
to be originating from the location of the open-top 
Temporary well-sample RZ-TW-34 indicates that there is 
PCE and TCA contamination present in the groundwater 
along the fence line near this location (Table 7). This

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

121

second plume most likely coalesces with the first 
plume downgradient of the Rozema site, as shown in 
Figures 40 and 41.

Other sources of the contamination may include the 
west entrance to the service garage on, and the northwest 
corner of, the Rozema property, as identified by the soil 
gas results. An additional soil sample (RZ-SO-01) which 
was acquired near the garage entrance confirmed the 
presence of soil contamination at that location (Table 
7). No soil sampling or groundwater data is available for 
the northwest corner of the site. As a result, the 
extent of the groundwater contamination on the site was 
estimated to be confined to the general area around the 
locations of the known soil contamination and temporary 
well RZ-TW-34.

Water quality samples obtained from temporary wells 
RZ-TW-01, RZ-TW-05, RZ-TW-10, RZ-TW-I1 and RZ-TW-12
(Figures 40 and 41) indicate that no PCE or TCA 
contamination was detected upgradient of the Rozema site.

The migration of the groundwater contamination 
plume is estimated from the water quality data to follow 
the direction of groundwater flow. The plume extends 
offsite towards the southeast to Port Sheldon Street 
where the plume then turns towards the east following the 
direction of the road.

The data acquired for this study were not adequate
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to define the detectable limits of the plume downgradient 
from the Rozema site. However, the data do indicate a 
significant decrease in PCE and TCA levels in the 
groundwater near the corner of Port Sheldon Street and
Port Sheldon Court. Consequently, the downgradient 
extent of the groundwater contamination near the water 
table is inferred to be just east of the intersection of 
these two roads {Figures 40 and 41).

Water quality data from NUS monitoring wells RZ-MW- 
01 and RZ-MW-02 indicate that PCE and TCA levels are
higher near the base of the aquifer than near the water 
table (Table 7). This fact suggests that the main
body of the solvent plume is traveling over top of the 
sandy clay and sandy silt unit.

From these observations, it is speculated that the 
volumes of liquid solvent wastes that were introduced 
into the groundwater beneath the buried tanker and
possibly the dumpster, were significant enough such that 
the main fluid body migrated downward to the bottom of 
the aquifer. Solvent liquids were likely held in 
residual saturation in the vadose zone and in the 
saturated zone behind the migrating fluid body. This 
residual contamination was probably the source of the 
PCE and TCA in the shallow groundwater and at the water 
table downgradient from the Rozema site. The flow of 
groundwater is believed to follow the topography
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of the sandy clay and sandy silt unit and the main 
solvent body is likely to be travelling along the same 
path of migration as the shallow contamination.

Discussion of the Results

The soil gas data corresponds well with the water 
quality data across the study area. The zone of soil 
gas contamination, shown in Figures 38 and 39, conforms 
to the groundwater contamination plume outlined in 
Figures 40 and 41 with only a few exceptions.

The initial examination and comparison of the soil 
gas and water quality data confirms a definite 
qualitative correlation between the two data sets. The 
distribution of both the PCE and TCA contamination in the 
soil gas adequately defined the plume of these 
contaminants in the groundwater. The concentration 
gradients of these two compounds identified in the soil 
gas were useful for estimating the areas of high 
groundwater contamination as well.

The soil gas data did not correspond to the 
predicted groundwater conditions at a few locations. PCE 
and TCA contamination was detected in the soil gas at 
locations RZ-SG-23, RZ-SG-26, RZ-SG-27, and RZ-SG-33.
However, no groundwater contamination was identified in 
water samples obtained from temporary wells installed at, 
or near these locations. In addition, no soil gas
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contamination was discovered at locations RZ-SG-38 and 
RZ-SG-39 which correspond to well RZ-TW-07 where 
groundwater contamination was detected, and where PCE was 
identified in soil gas sample RZ-SG-65, located nearby 
(Figure 38). Finally, no soil gas contamination was 
present in samples RZ-SG-12, RZ-SG-14, and RZ-SG-15.
These samples were acquired at locations close to zones 
of known groundwater and vadose zone contamination.

As mentioned previously, the PCE and TCA 
contamination in samples RZ-SG-23, RZ-SG-26, RZ-SG-27,
and RZ-SG-33 is believed to have resulted from 
localized spills, or discharges of liquid solvent wastes 
from tankers being hauled into and out of the Rozema 
facility. However, the groundwater beneath these soil 
gas sample locations was determined to be clean. This 
leads to the conclusion that the spills or discharges 
were relatively small in volume and, as a result, the 
solvent liquids must have penetated only the first meter 
or two of the soil before being retained in the soil 
matrix under residual saturation. Dissolved PCE and TCA 
carried down to the water table by infiltrating waters 
most likely were of low, undetectable concentrations. 
Therefore, the soil gas contamination at these locations 
must have originated from a surface or vadose zone 
source.

Marrin, 1986 suggests that some of the initial
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indicators of a surface or vadose zone source include an 
abrupt increase in soil gas contamination compared to 
surrounding sampling points, and a significant deviation 
from the soil gas/groundwater concentration ratio 
estimated for the overall site. The contamination 
identified in these four soil gas samples do indicate 
abrupt or anamolous increases in PCE and TCA in the soil 
gas as compared to surrounding samples. In addition, the 
majority of the soil gas samples obtained in this study 
correspond to groundwater contamination at the respective 
sample locations. Soil gas samples RZ-SG-23, RZ-SG-26,
RZ-SG-27, and RZ-SG-33 do not indicate groundwater 
contamination; therefore, these samples are likely to be 
indicators of vadose zone contamination.

Sampling errors may have been the main reason why 
no PCE or TCA contamination was discovered in soil gas 
sample RZ-SG-39. This sample corresponds to temporary
well location RZ-TW-07 which yielded groundwater
samples exhibiting PCE and TCA concentrations of 151 ppb 
and 50 ppb, respectively. The air sampling pump used to 
acquire RZ-SG-39 was determined to be faulty subsequent 
to obtaining the sample. In fact, it wasn’t until four 
months later, while preparing soil gas standards, that it 
was discovered that this pump would not draw air normally 
when a trap tube was attached to it. The fact that the 
sample was taken during a period of sub-zero weather
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probably also added to the loss of power in the pump. The 
restriction of air flow from the sample tube, and the 
cold air may have worked together to disable the pump 
from purging any soil gas vapors while sampling RZ-SG-39.

Samples RZ-SG-35, RZ-SG-37, RZ-SG-42, and RZ-SG-
123B were also obtained with this pump. For samples 
RZ-SG-35, RZ-SG-37 and RZ-SG-123B, the problem was most 
likely inconsequential. Other soil gas samples acquired 
adjacent to, and water quality samples corresponding with 
these locations indicate that contamination was not 
likely to have been present at these sampling points. 
However, contamination was detected, as was expected, in 
RZ-SG-42, which was obtained in June, 1987. The 
concentrations present in this sample are likely to be 
much less than what would have been detected in a sample 
obtained at the same location with a properly operating 
pump. Yet, because the weather was not cold, the power 
of the pump was not diminshed further. Thus, some vapors 
were probably drawn into the tube by the faulty pump.

The lack of contamination in sample RZ-SG-38 is 
probably attributable to the weather conditions at the 
time of sampling. Sample RZ-SG-38 was taken just prior 
to RZ-SG-39 in January, 1987.

The vapor pressure of most CH’s will increase with 
an increase in temperature as is the case with PCE and 
TCA (Table 1). Farmer, et al, 1980 demonstrated how
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hexachlorobenzene in contaminated soils exhibited an 
increase in vapor pressure from 0.42 to 22.40 mm Hg 
(X10-5) with a temperature increase from 15 Deg. G to 45 
Deg. C. This rise in vapor pressure induces an increase 
in the concentration gradient near the source and, 
correspondingly, an increase in the diffusive flux of 
solvent vapors from the source. Knowing this, one may 
expect that the diffusion of CH vapors is less 
significant during periods of cold weather as opposed to 
during the warm summer months. In July, PCE was
discovered in RZ-SG-65 (located about 50 feet west of 
RZ-SG-38) at a concentration of 0.24 ppb. This 
contamination is speculated to be from the lateral 
diffusion of PCE vapors volatilizing off the water table 
near the western edge of the plume (Figure 38). The
concentration of PCE detected in RZ-SG-65 was very low
(near the detection limit); thus, it seems reasonable 
that the cold weather could have caused a slight decrease 
in the vapor pressure of PCE which, in turn, may have
caused the contamination to go undetected in RZ-SG-38.

A combination of factors most likely was rhe cause 
for not detecting soil gas contamination in samples 
RZ-SG-12, RZ-SG-14, and TZ-SG-15. The most significant
factor may have been that these sampling points were not 
located directly over solvent residuals in the vadose 
zone, and were probably adjacent to the main groundwater
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plumes. However, these facts alone, if true, do not 
account for why lateral diffusion of the CH vapors did 
not occur such that contamination could be detected at 
these sample locations.

These three samples were obtained in the soils of 
the truck pathway on the Rozema property (Figure 12). 
Trucks circle the garage on site numerous times daily as 
they have for several years. The samples were also 
acquired during a period of extremely cold weather in 
January, 1987. The sample acquisition required a pilot 
hole to be bored in the frozen soil at these locations. 
From these facts it is believed that not only are the 
soils under the truck path over-consolidated, but that 
the frost zone beneath the path may have been much deeper 
there than in the adjacent soils. As a result, if 
contamination was not present in the soils , or in the 
groundwater beneath these sample locations, the diffusion 
of CH vapors from adjacent sources may have been 
significantly impeded by the decrease in the total air 
filled porosity of the soil caused by frost and over­
consolidation. Slight iithologic changes such as an 
increase in clay or silt content in the sand may have 
been present at these locations as well. These 
changes would enhance the impedance of gaseous diffusion. 
In addition, the fact that these samples may not have 
been obtained directly over a plume or in a zone of
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vaacse zone contamination helps explain the absence of 
PCE or TCA vapors in these samples.

Marrin, 1986 explains how a radial distance equal to 
three times the depth to water approximates the extent of 
significant lateral diffusion from a surface or vadose 
zone source. Samples collected beyond this distance are 
usually representative of the underlying aquifer. The 
depth to water at locations KZ-SG-12, RZ-SG-14, and RZ-
SG-15 is between 8 and 9 feet. Thus, 24 to 27 feet is 
the approximate radial distance from areas of vadose zone 
or groundwater contamination over which significant 
diffusion may occur. The sample locations are all about 
25 feet away from these contamination sources as inferred 
by the best available data. Therefore, it seems 
reasonable to expect that no PCE or TCA would be detected 
in these soil gas samples.

Statistical Analysis

The subsurface variability of parameters that 
control gas phase diffusion is such that a theoretical 
prediction of concentrations of CH’s in the groundwater 
from CH concentrations in the soil gas is probably not 
feasible. However, site specific calibration of the soil 
gas method can provide at least a semi-quantitative 
prediction of groundwater concentrations across a site 
(Lappala and Thompson, 1984). The soil gas data obtained
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during this study can be used to make such predictions.
The correlation of the concentrations of PCE in the 

soil gas with PCE levels in the groundwater at 11 
temporary well locations is shown in Figure 42. The data 
points shown in Figure 42 are of corresponding soil gas 
and temporary well sample locations. A regression 
analysis performed on the data indicated a linear 
relationship between the two data sets with a correlation 
coefficient of r=0.89. This indicates a high degree of 
correlation between the soil gas and water quality data 
for PCE.

The correlation between TCA concentrations at the 
water table and in the soil gas is also high. A
regression analysis was also performed for the two data 
sets to establish the correlation between TCA levels in 
the two media at seven locations. Figure 43 presents the 
results of this analysis. A correlation coefficient of 
r=0.91 was calculated for the TCA data.

Using the linear regression data, semi-quantitative 
predictions of the concentrations of PCE and TCA at the 
water table can be estimated from the soil gas data. The 
equations from the linear regression analysis of the PCE 
and TCA data are

C g w ( p c e )  = 24.34 + 6 . 5 6 C s g ( p c e ) , and 
C g w ( t c a )  = 3.40 + 5 . 7 9 C s g ( t c a ) •
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Figure 42. Correlation of PCE in the Soil Gas and 
Groundwater.
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TCA CONCENTM

Figure 43. Correlation of TCA in the Soil Gas and 
Groundwater.
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respectively. These equations can be used to determine 
unknown concentrations for corresponding soil gas or 
water quality sampling locations across the study area.

The calculations for the regression analysis of 
both the PCE and TCA soil gas and water quality data are 
provided in Appendix F.

Site specific and compound specific ratios between 
soil gas and groundwater (water table) concentrations can 
be useful for identifying vadose zone versus groundwater 
contamination sources (Marrin, 1985). Table 10 is a 
presentation of the concentration ratios of PCE and TCA
in the soil gas as compared to the levels of these
compounds in the groundwater at the corresponding
temporary well locations. The range of the ratios for
PCE is from 0.003 to 0.134; the mean and standard
deviation were calculated to be 0.071 and 0.050,
respectively. The range of the TCA ratios was from 0 to
0.173. The mean ratio value was 0.061 and the standard 
deviation was 0.058.

For this specific study area, ratios that fall below 
at least plus two standard deviations of each calculated 
mean probably indicate that the soil gas levels are from 
vapors diffusing from contaminated groundwater only. 
Ratios higher than this may indicate that vadose zone or 
surface sources of the contaminant vapors are also
present.
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Table 10

Concentrations and Ratios of PCE and TCA In 
and Shallow Groundwater

the Soil Gas

Corresponding Sample Locations Concentrations (ppb)

Soli Gas Groundwater
Soil
Cas

PCE

Ground­
water Ratio

Soil
Gas

TCA

Ground­
water Ratio

RZ-SC-04 RZ-TW-03 28.06 210 0.134 4.16 24 0.173
RZ-SG-40 RZ-TW-06 10.57 110 0.096 1.71 22 0.078
RZ-SG-41 RZ-TH-02 5.26 46 0.110 0.39 6 0.065
RZ-SG-51 RZ-TW-20 0.35 100 0.0035 -- —
RZ-SG-52 RZ-TH-22 0.286 3 0.09 0 1 0
RZ-SG-53 RZ-TW-23 5.67 41 0.13 0.182 3 0.061
RZ-SG-54 RZ-TM-25 1.98 33 0.06 -- —
RZ-SG-55 RZ-TW-24 0 3 0 -- — ---
RZ-SG-56 RZ-TW-25 1.75 33 0.053 -- —
RZ-SG-57 RZ-TM-23 4.26 41 0.10 0.153 3 0.051
RZ-SG-62 RZ-1W-14 0.263 30 0.G088 0 3 0

Mean 0.071 0.061
Standard deviation 0 .0 5 0 0 .0 5 8
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions

1. The method of concentrating soil gas vapors from
a point source onto a sorbent material has been proven
to be successful in detecting vapors emanating from PCE 
and TCA concentrations as low as 3.0 ppb, each, at or 
near the water table at depths up to 10 feet below the 
ground surface.

2. Ambient air, trip blank and analytical blank soil
gas sample analysis provided site specific detection
limits of 0.20 . ppb and 0.01 ppb for PCE and TCA,
respectively, in soil gas samples obtained from the study 
area.

3. Calibration curves established from soil gas
standards made from vapor phase CH constituents were used 
successfully to semi-quantitatively determine the 
concentrations of PCE and TCA in soil gas samples.

4. The polyethylene tubing used for the transport
line between the sampling point and the sample trap tube
was determined to have introduced interference compounds 
into these samples. This interference, however, did not
affect the PCE and TCA results.
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5. The soil gas data were successful in identifying 
the approximate locations of the source areas, direction 
of migration, areal extent and chemical composition of 
the plumes of contamination in the groundwater emanating 
from the Rozema Garage site.

6. The soil gas sampling data identified two main 
source areas for the PCE and TCA contamination in the 
groundwater beneath the Rozema property.

7. The relative concentration distributions of the 
PCE and TCA levels detected in soil gas samples closely 
reflect the distribution of the concentrations of those 
compounds identified in the groundwater (water table) 
across the study area.

8. The soil gas data also helped identify three 
areas where vadose zone or surficial sources of PCE and 
TCA contamination are believed to be present.

9. High degrees of correlations (r = 0.89, n = 11) 
exist between the concentration levels of PCE identified 
in soil gas samples and PCE concentrations detected at 
the water table at approximately the same locations and 
the same time.

10. High correlations (r = 0.91, n = 7 )  also were 
observed between TCA levels in the soil gas and in the 
corresponding water quality samples. TCA concentrations 
were much less than PCE levels in the groundwater over 
the study area.
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11. Site specific and compound specific average 
concentration ratios between PCE and TCA levels in the 
soil gas and at the water table were calculated to be
0.071 and 0.061, respectively. These ratios can be used 
for identifying the presence of vadose zone, surface or 
groundwater contamination sources.

12. The advantage of using a soil gas sampling 
technique, as confirmed by Marrin and Thompson, 1984, is 
that obtaining data from numerous and closely-spaced 
sampling points prevent small scale geologic or 
hydrologic anomalies from distorting overall plume 
characteristics. The soil gas data used for this study 
enabled the accurate delineation of the contamination 
plumes.

13. In this study, 3oil gas sampling appears to be 
unsuitable for sampling in frost impacted, 
overconsolidated granular soils.

14. The soil gas data acquired during January, 
1987, when temperatures averaged 21.0 Deg. C r were used 
to delineate the PCE and TCA sources on, and to estimate 
the plume migration off, the Rozema Site. The soil gas 
data obtained in June and July, 1987, when the average 
daily temperature was 79.6 Deg. C., were used 
successfully to delineate the extent of the water table 
contamination downgradient of the site. Thus, although 
temperature fluctuations may have slightly affected the
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flux of soil gas contaminants in the vadose zone at some 
sampling locations, the effects were not significant 
enough to cause large differences between these two data 
sets. Therefore, the versatility of the technique was 
not limited significantly by temperature fluctuations.

Recommendations

1. It is recommended that further studies be 
performed to evaluate the suitability of other tubing 
materials through which soil gas samples are drawn. The 
poiyethyene tubing used for this study has been proven to 
introduce interference in soil gas samples obtained while 
atmospheric temperatures ranged from 70 Deg. P to 92 Deg. 
F. The material that is believed to be most suitable to 
replace this tubing is Teflon.

2. A different, more versatile, type of air
sampling pump should be used instead of the SEC Model 222
air pumps used for this study. The new pump should be 
more powerful and should allow for the accurate 
regulation of the flow, or purging rates. A peristaltic
pump may be inherently more suitable for this type of
sampling.

3. A new method for preparing soil gas analytical 
standards should be investigated. The method used in 
this study has been shown to cause analytical 
inconsistencies. As a result, standard calibration
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curves were used to calculate the sampling results. 
However, results from this method of calibration are only 
semi-quantitative.

4. Additional research must be carried out to 
evaluate the versatility of this soil gas sampling 
technique for detecting CH plumes in unconfined aquifers 
with water table depths exceeding 10 feet below ground 
level.

5. Anomalous soil gas contamination that has been 
detected over contaminant free groundwater should be 
verified with composite soil samples obtained at that 
location.

6. When analyzing soil gas samples, calibration 
should be accomplished with a daily series of standards. 
This series should be comprised of a range of standard 
concentrations. The concentrations of the target 
compounds should be at or close to the analytical 
detection limit, and at levels of the average and high 
concentrations expected for the soil gas data, as based 
on the background water quality data for a site. This 
will allow for a more accurate estimation of the external 
standard calibration curve used to quantify the daily 
sample results.

7. Duplicate samples should be obtained once daily 
instead of with every tenth sample. The duplicate sample 
is a quality assurance measure that should be obtained
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with every daily batch of samples to insure data 
replication.

8. Handles should be welded onto the slide hammers 
on the soil gas probes. These handles will minimize the 
abuse to the palm of the hands when driving the probes 
through tight, or over-consolidated materials.
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; SOIL GAS SAMPLE DATA SHEET
SITE NAME: /ZoZ&V'V
SAMPLE NUMBER: / O O 'B
DATE SAMPLED: / 2 ' /
TIME SAMPLED: 0 9 ^ 8 ‘ /0 ? S t / / 3 S  
DATE ANALYZED:
SAMPLE DEPTH: 3 '
SURVEY COORDINATE:
SAMPLE L O C A T I O N : ^ * 7 * (/JefLt. sUU>2 
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: //P 6~?S #
COMMENTS:

0 0 / / ?  - 2 - ^ ^ -  fi&or

- 0 0 / 8  - -/ L/7&rt- P l“>r 

l?£MJ<£r S2 " 7&&VHZ T?H)P TO£cZ £ /Jg& *7^ -

SAMPLING PERSONNEL: P /Z *///Z t/ ^

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

0 & S -  fieikfeen o n  7  - S/ h t ¥  e  o ? S S  -
/ & >

j/S&Zoc
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SITE NAME:
SOIL GAS SAMPLE DATA SHEET

SAMPLE N U M B E R - 0 0 2 * 4  £ O C Z B  

DATE SAMPLED:
TIME SAMPLED: /34&  /¥ * / ^  / ^ /  Z.
OATE ANALYZED:
SAMPLE OEPTH:
SURVEY COORDINATE: A/gCO/W&Z o f  $/7Z''/V&P- fa1lA)Z*
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE •/
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS:

C O M '  Z * / “>r 
p o r t '  lJ<'i7#l-P'arr

SAMPLING PERSONNEL f0 C

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE OATA SHEET
SITE NAME: f
SAMPLE NUMBER: f
OATE SAMPLED: / - / £ "  /
TIME SAMPLED: &?0&~ (bc&tp) / / l O O *  1*2
DATE ANALYZED: ^
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION: Op- £t7&‘-sQt4cy/£ —/QPi/qC&VT
ANALYSIS METHOD - DIRECT INJECTION ~fco<jgLL/VluOj.

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
6AS CHROMATOGRAPH USED: //P B & fO rt 
COMMENTS:

f / * o r

2j £  f/cor

SAMPLING PERSONNEL = £ff&/c>£4

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SA3 SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: O C ty #
DATE SAMPLED:
TIME SAMPLED: f
DATE ANALYZED:
SAMPLE DEPTH: g  '
SURVEY COORDINATE: n  .
SAMPLE LOCATION: £c*J7&&6&
ANALYSIS METHOD - DIRECT INJECTION ^  '

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED: tJP5$4Qn  
COMMENTS:

f l o o r  Q i & i

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: 2 - 2  -CC &A  * &GS&  
DATE SAMPLED: I-jCj- ^ 7  

TIME SAMPLED: | Z l l 5  
OATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

SAMPLE LOCATION: JH0&TM F&V&& f f *  ^
ANALYSIS METHOD - DIRECT INJECTION

COMMENTS

euD*'--- 7700
SAMPLING PERSONNEL: ~\JW\ I p & f t

11QOI&

m o
7-r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET
SITE HAME:
SAMPLE NUMBER: OC&Q <■ OCCgfo
DATE SAMPLED: l|fl|S7 
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: 3  '
SURVEY COORDINATE:
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE “7 © J 4 X  
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: tfp&SfoA 
COMMENTS: £(j»oy ̂

oof, A Z L i e r  s - f a p  #  4  ) * *  W * j L

© o & 5  l/t-hr , v
" f W  * 3  6*3$ 75.) SuP <4*Vioi

I +
dc&(\ <rt( oudr S im fcT

atorh (î er 5 0 ^ ^
SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM/»
*1 = tJ{r
^ 1 •' tii)i1’

-! • it-1 :u 
. G  . -  ^

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME: fL-C^ZT/ftA
SAMPLE NUMBER: - < £  -  CO~7
DATE SAMPLED:
TIME SAMPLED: [01CO 
OATE ANALYZED:
SAMPLE DEPTH: 1
SURVEY COORDINATE:
SAMPLE LOCATION: . Pl&ScTL'-i GF' R Z »OoSPANALYSIS METHOO - DIRECT INJECTION 355JT FRafl) *

ABSORPTION TUBE - *k&\i
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: H P ’ZtJGfi 
COMMENTS:

6 n j >  ^
n  v t o

&ND-

SAMPLING PERSONNEL: T > M  ) v Z r ,

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: :
SAMPLE NUMBER: Rg-SG -C&%
OATE SAMPLED:
TIME SAMPLED: l/w /S l
DATE ANALYZED:
SAMPLE DEPTH: Lj*
SURVEY COORDINATE:
SAMPLE LOCATION: *F RZ -  06 “ - - ~Aj6&?r <?T
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE T^Vl/rtX 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS: .

~ *f ‘Sr/t2-r‘ ^
-gy

SGrLff fegq
«p S i as
J3 Pr v\B£criif 
Ar«flrTWF 1JLD6

SAMPLING PERSONNEL: 7 ^  / R Z t f

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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i 7 0

SOIL GAS SAMPLE DATA SHEET
SITE NAME: / 2 ? £ <57^1/4 
SAMPLE NUMBER:
DATE SAMPLED: / - 2 &  ^ 7  

TIME SAMPLED:
DATE ANALYZED:.
SAMPLE DEPTH: t f 1

SURVEY COORDINATE:
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE S '

VOLUMETRIC CONTAINER USED: .
GAS CHROMATOGRAPH USED:
COMMENTS:

f £J)L§ (jV 2-S’*'}

? ~ 3  ^Tifjrr 
/ * //2-¥«.

E m ?  5 7  U / * 2

SAMPLING PERSONNEL: "7"^ f c .  j

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: f-ZO- % 7  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: y '
SURVEY COORDINATE:
sample lo catio n : 3 5 .S 8 P T  S * * r *  OF Vfc OafojQa. toait'&b&G Q p T

ANALYSIS METHOD - DIRECT I N J E C T l o f *& & & & -
ABSQRPTION TUBE

VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED: &
COMMENTS: .

CkrsiTf, C M ?
D —2  dTn&'t 7/Z.tfG

C/<iO '— ’S T T S Q ^

SAMPLING PERSONNEL: JP& 4

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
OATE SAMPLED: /'Zo ' 8 7  
TIME SAMPLED: H&CT (<530 
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION: SatfTft Of= O l O . ^  P T  U&3T9P
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: ftP'Z&G ft 
COMMENTS:

Bfa To 'Hrftz-T O ’teTZ- Ut/ug«j J V & & -
f r v C  T b  U s / t J Q  C ' Z l & U A u  o f c  " T P *  t & i & r

SAMPLING PERSONNEL: ID & H

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: RcZ&v/l 
SAMPLE NUMBER: f e - S g - 0 / Z  
DATE SAMPLED:/- 
TIME SAMPLED: ft,2o 
DATE ANALYZED:
SAMPLE DEPTH: *-} '
SURVEY COORDINATE:
SAMPLE LOCATION: StirT ̂ 661* O p  S f i T  ^
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: ft

COMMENTS:
£u»j?y*

1 e u o  — s m z * -

KNEL: :jm 11SAMPLING PERSGKNEL: Js/m / P2/1

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: 0 1 3
DATE SAMPLED: 1(21(8*7 
TIME SAMPLED:tfl26 
DATE ANALYZED:

a >SAMPLE OEPTH: *r 
SURVEY COORDINATE:

ANALYSIS METHOD - DIRECT INJECTION

VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED: H P ^ o d  
COMMENTS:

f a r * * }  ----
?*} 20

SAMPLE LOCATION: G . 6 P T  UJSSfl

ABSORPTION TUBE

SAMPLING PERSONNEL :‘7 T n ' / * D ‘R H
I \Je&c#lA.U'* ~ T * - * T  ar f r

rk +>*-~a£ *r4_v.
/■ turned/.

I a  r’̂Suf'l' •4’k'^r^c ****-!
/ &arn, a. Jl//

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: ■ R 2 -S & -O P ­
IATE SAMPLED: l(2||S*>
TIME SAMPLED:
OATE ANALYZED:
SAMPLE OEPTH: ^
SURVEY COORDINATE:
SAMPLE LOCATION: &Tl "U£*TcP £ > S T  f&JCB au£. P T  fJOftPH
ANALYSIS METHOD - DIRECT INJECTION ^  SflmFlfi O il U»06 -

ABSORPTION TUBE
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: t+P P[
COMMENTS: o

5hfD — 5 5 0 /  57

SAMPLING PERSONNEL:*T"TrJl

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: .
SAMPLE NUMBER: f a -  
OATE S A M P L E D : / - a / ' S T  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: V *  '
SURVEY COORDINATE:
SAMPLE LOCATION: 2.7 FT £ftsT of= &LQC , *72. pT f&X&LM
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBEn/
VOLUMETRIC CONTAINER USED
GAS CHROMATOGRAPH USED: vp&ZfpA
COMMENTS

SAMPLING PERSONNEL: 7 ~JM/ 0Z#

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: P o f e n f t  
SAMPLE NUMBER: ffe -z& 'O fy  
DATE SAMPLED: ijtljsj 
TIME SAMPLED i/{4i 
DATE ANALYZED:
SAMPLE OEPTH: 4 '
SURVEY COORDINATE:
SAMPLE LOCATION: 5 5  F T  S o O T H  o P  s f}v&£. Ol%, 3

ANALYSIS METHOO - DIRECT INJECTION S B « j p  Qcqg

ABSORPTION T U B E /
VOLUMETRIC CONTAINER USED: 
GAS CHROMATOGRAPH USED: 
COMMENTS:

5

SAMPLING PERSONNEL: T T

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: ~Ot~]
DATE SAMPLED: fjzt[^7 
TtriE SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: Ar 
SURVEY COORDINATE:
SAMPLE LOCATION: P T  <~pLfV  ̂0^ f&oCTtf & liTo

l& s c  f&>ceu$tANALYSIS METHOD - DIRECT INJECTION 
ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: R F 5 S ‘f a 4  
COMMENTS:

p ) D  S57-Z-3 ? 

c n  T i p  f i f e * *

SAMPLING PERSONNEL: ' V r m j - d r h [

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: t & 2 : " S & - 0 | 8  
OATE SAMPLED: / ^ J 57 
TIME SAMPLED: / £ £ 5  
DATE ANALYZED:
SAMPLE DEPTH: 4 /

SURVEY COORDINATE: '
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION -  & L P 6 -

ABSORPTION TUBE /

VOLUMETRIC CONTAINER USED: 
GAS CHROMATOGRAPH USED: 
COMMENTS:

'TooiP *3 s*er */J<ZS3

SAMPLING PERSONNEL: T r m J ' P R f r

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET
SITE NAME: JZ.O&Zfrkfi'
SAMPLE NUMBER: ̂ 2 - S r - O / ^
OATE SAMPLED: /-Z /-S " 7  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION: 4QPTSXf& O F  < ? » S . 73'5=T ^ R^
ANALYSIS METHOD - OIRECT INJECTION •

/  \ABSORPTION TUBE V '  j
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: tfP i& jc A

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

COMMENTS

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: . .
SAMPLE N U M B E R : S - 0 2 0  
OATE SAMPLED:/-27-t7 
TIME SAMPLED: 1106
DATE ANALYZED: /'/

SAMPLE DEPTH: H* '
SURVEY COORDINATE:
rnoi t i nrjTrnu. —_»-n—  ___ _ n  —  _  . . > t \G- // Q "■""r"wi- —  —  ■ ir\ MJlwrTPp- - Ip? ̂ V.
ANALYSIS METHOD, -^DIRECT INJECTION VM e

'tf==J> a b s o r p t i o n \^u b e
VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED:
COMMENTS:

S-f-w, ur^ r°1

**>

SAMPLING PERSONNEL: T 'J 1̂

// 2 V O
(q TZiQ

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

^=bmP^3

9 7 3 / 0 7

26/ C73/ 25ml. 
or 1 (24o cx̂ (/ox>

*  ~
yjoijjmE p B o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME

, SAMPLE NUMBER: 'OZ\
DATE SAMPLED: i l&fen 
TIME SAMPLED: | 03Sl4i&
DATE ANALYZED:
SAMPLE DEPTH: +
SURVEY COORDINATE:
SAMPLE LOCATION: 7iFT/\F£*Y) & < £ ( - ( ,  [04 fT
ANALYSIS METHOD - DIRECT INJECTION Ifl& r

ABSORPTION T U B E /
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS:

fi&'siQSVZ.

f

SAMPLING PERSONNEL: - r m h z r l -

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: £ 2 - 5 S — <522.
DATE SAMPLED: ll&l&l 
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: 4~
SURVEY COORDINATE:
SAMPLE LOCATION: flaSWirt ‘pRopeRJlj *
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION T U B E /
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS:

" P t / m P  4 < 7 8 ' 3 < f

j>,d 4  2  S4> 4 1

peftOlfjG

SAMPEIKG PERSONNEL: T J T n / T O #

ATTACH COPY OF CHROMATOGRAM AMD REPORT FORM

T W + f  I S L s a z j i m i m
I JOOmL. 

¥  '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: 7Sr S6r̂ 0%Z 
DATE SAMPLED: l[tzf8P 
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: 4  ̂
SURVEY COORDINATE: '=•
SAMPLE LOCATION: 1 % 5 t T W  f f o f S R T M  &T S s O T f t o f
ANALYSIS METHOD - DIRECT INJECTION . ( ^ e S T <S’

ABSORPTION TUBE S  
VOLUMETRIC CONTAINER USED:
SAS CHR0MAT06RAPH USED:
COMMENTS:

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET

DATE SAMPLED: l - ZZ- ¥~7  
TIME SAMPLED: f t OO 
DATE ANALYZED:
SAMPLE DEPTH : ^ 7 

SURYEY COORDINATE:

VOLUMETRIC CONTAINER USED: 
GAS CHROMATOGRAPH USED:

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

SITE NAM 
SAMPLE NUMBER:

SAMPLE LOCATION :'=.?*WSe*&  p o R X H o ?
r|M6. -f64 fir & & T  op; t*& rANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE .

COMMENTS:

■75/3
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SOIL SAS SAMPLE DATA SHEET
SITE NAME: 7

SAMPLE NUMBER: /?S  --SS -OZS  
DATE SAMPLED: / - 2 2 ' 5 7  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: * / '
SURVEY COORDINATE:

VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED: ftPSfftpA 
COMMENTS:

e w - *] & 3 3 3 -* - 

ficiVAL 4 ^ 3 ^ 4 0
310 6fS Q & 1-

SAMPLING PERSONNEL: fpiZ\4 T-/^A

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

SAMPLE LOCATION: f&STJW?. "pBaP"£pJJ.5 5  FT SZuTft Of fJo^Trt
A 3 at wesr Cf ?JisSr'OU}.ANALYSIS METHOD - DIRECT INJECTION 133 r

ABSORPTION TUBE } /

CfS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: 5 5 - 0 2 4
DATE SAMPLED: > /n is i  
TIME SAMPLED 
DATE ANALYZED:
SAMPLE DEPTH: 4 *
SURVEY COORDINATE:
SAMPLE LOCATION: ‘5 3 o f = T  S A S T o F E T & £ ^ £ A s t ) < ? ( =  foftr€Pt& STRS^T. 2-5F T

o p  O rANALYSIS METHOD - DIRECT INJECTION
ABSORPTION T U B E v /

VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED:
COMMENTS:

C M . d a & j  .
6 - ^ ° )  * P  J L  4 3 * 2 I < £< a * g r 7ftl3

SAMPLING PERSONNEL: T m jv p &

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL SAS SAMPLE DATA SHEET
SITE NAME: f"
SAMPLE NUMBER:
DATE SAMPLED: £ - Z ? - ? ? '
TIME SAMPLED: Io f fe s  
DATE ANALYZED:
SAMPLE OEPTH:
SURYEY COORDINATE: ( & & t )
SAMPLE LOCATION: 2 3 O pT OP E XStf/OF rtWHZCpO STtfS6 T". 2 5  R "  AjoFSlt

<51- < ^ ie e .(^ o e  <?F W (i5H 0^«S 772 /(/£ , ANALYSIS METHOD -DI RE C T  INJECTION 1 ‘
ABSORPTION TUBE

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS:

7 /  v- /

t ? 7 3 ________
g- v p  ■— ^ T / T ?

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: ^ 2 . - <S>Z-S'
DATE SAMPLED:
TIME SAMPLED: / & 3 © f  
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATIOM: # « f > f

ANALYSIS METHOD - DIRECT INJECTION y)HJR'&& TXm G'
ABSORPTION TUBE \ /

VOLUMETRIC CONTAINER USED:
SAS CHR0MAT06RAPH USED: H'?7><2e}trfi
COMMENTS l’j^n/-y

fit*!? */ IT. _
*W 3 27

SAMPLINS PERSONNEL: 7 ^ { 0 \  jo & b f

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: //2.7/^7 
TIME SAMPLED: Kfi4&ttRS>
DATE ANALYZED:
SAMPLE OEPTH: ^
SURVEY COORDINATE:
SAMPLE LOCATION: 3 GpT EAST Cp F PagftSMr) <gg t t A t f G W  S T r^ST. 2 5 ^ -  
ANALYSIS METHOD - DIRECT I N J E C T I O N ^ 3^  ^ * * 5 .

ABSORPTION T U B & /
VOLUMETRIC CONTAINER USED:
SAS CHROMATOSRAPH USED:
COMMENTS:

a ^ c u w a s ,  »  - % •
COCOjCuis^Q/ I

SAMPLINS PERSONNEL: T T m /D frH

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET

SITE NAME: ft
SAMPLE HUMBER: P S -  03oA 

DATE SAMPLED: (/^
TIME SAMPLED:

DATE ANALYZED:

SAMPLE DEPTH: ^  '

SURVEY COORDINATE: '  C.q.£ CD<W ,
SAMPLE LOCATION: KoZW& jT  ftjflS m fi S»*S~ 5'S FrF<^

ANALYSIS METHOD -  DIRECT ItfJECTION

ABSORPTION TUBE /

VOLUMETRIC CONTAINER USED:

SAS CHROMATOSRAPH USED: '

COMMENTS:

[ x f i e F A S O O O &
m a y  oiavDu

l U  ^ 7 g / 3

SAMPLINS PERSONNEL:

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE N U M B E R : 1 R i - 5 G r - 0 3 /
DATE SAMPLED:
TIME SAMPLED: {5c6}{l£>
DATE ANALYZED:
SAMPLE DEPTH:^
SURVEY COORDINATE: - R u K f t d  ffeflgft/
SAMPLE LOCATION: / 3 o f T  SOl/T# Of S W  CogjO©*. O f  3  ^  o-cJl.

CVdZ&rnA PRope«TW) . 34K-S45TANALYSIS METHOD - DIRECT INJECTION - c  PR* ‘D ie SC T M  W/  $ 75—-.-r- o F  P . A  O ( 6S6L n £ ? W ®ABSORPTION TUBE W O T T  «*- C - O W i
VOLUMETRIC CONTAINER USED:
SAS CHROMATOSRAPH USED
COMMENTS: CCf&>Q<j a m / t O  6 * 3 0 5  F

' J t j m p # # /  4 5 7 ^ 0 2 .

n m _ _ _

SAMPLING PERSONNEL: ~ j -

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER:
OATE SAMPLED: / - £ 5 ' 4Sf?
TIME SAMPLED: \%ZC 
DATE ANALYZED:
SAMPLE DEPTH: if*
SURVEY COORDINATE: i n
SAMPLE LOCATION: 1oP=T 12GST& <?P O P  W * IS&&
ANALYSIS METHOD - DIRECT INJECTION *DR*

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:

Tltjfyj J t ^ G ^
COMMENTS:

S W T  lftcCQ[

f ? 7  3
Pisri-SH   7 y

SAMPLING PERSONNEL: ' f j V K  I ‘jtiZljltL — — ̂  —

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

fo£(p

-\L
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE HUMBER:
DATE SAMPLED: (fz ^ T l 
TIME SAMPLED: [$$$
DATE ANALYZED:
SAMPLE DEPTH: -f
SURVEY COORDINATE: _  , -

~ tsusr £ 1 *3 6  of- fnfiRCtitS ’f *SAMPLE LOCATION: 2 8 ^  l^SST O T  q̂ TS^U^C0\r
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE*'"
VOLUMETRIC CONTAINER USED:
SAS CHROMATOSRAPH USED:
COMMENTS:

p i t

■■-&/»/- m i  ■ j [ v f i * eSLSAMPLING PERSONNEL

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE BATA SHEET
SITE NAME:
SAMPLE NUN8ER i fQ r$G r '‘CS^C 
OATE SAMPLED:
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: / f
SURVEY COORDINATE: ^
SAMPLE LOCATION: 3 5 U » T  ̂  ^  l̂ J f ^
ANALYSIS METHOD - DIRECT INJECTION Sfl*£5-T-

ABSORPTION TUBE 1/
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: /
COMMENTS:

7 7 - ^ -
-

fU*i? Vie# —  -

SAMPLING PERSONNEL = rô W':
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

SAnpLB t /d L f £

/ / 8 w

*
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE HUMBER:
DATE SAMPLED: t f a / f l  
TIME SAMPLED: itycth 
DATE ANALYZED:
SAMPLE DEPTH: 4 '
SURVEY COORDINATE:
SAMPLE LOCATION: K?°fT O f D&IVt
ANALYSIS METHOD - DIRECT INJECTION 2 / O f

^ dfpotzT srxzer-ABSORPTION TUBE «■"
VOLUMETRIC CONTAINER USED:
6AS CHROMATOGRAPH USED:
COMMENTS:

M s
&ix)u>j (xx**ou ^J u p i P

tf-  ̂2. ^ ^

6 $ /  0  2- 5  

f t c m t  &s~i 3^4"
•$<&7 e?s ov&t-

SAMPLIN6 PERSONNEL: 'T T f a l l ) ^  S A r f *"

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

# ■
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:

SAMPLE HUMBER:

DATE SAMPLED: /

TIME SAMPLED:

DATE ANALYZED:

SAMPLE DEPTH: fy*
SURVEY COORDINATE:

SAMPLE LOCATION: & F T  (tfr (cAJ&f&U& Of-

ANALYSIS METHOD -  OIRECT INJECTION ^  ^**3^ {-£A*TSsJ-t
o p  T&tzr ftfeutdtf.

ABSORPTION TUBE i /

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED:

COMMENTS:

Cocb f" ̂ 3 ^ °

SAMPLING PERSONNEL: " 7 0  / '- 'Ij

ATTACH COPY OF CHROMATOGRAM AHD REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: - 0 3 " )
DATE SAMPLED:
TIME SAMPLED: \$a5 
DATE ANALYZED:
SAMPLE DEPTH: H 
SURVEY COORDINATE:
s#"a £  L0C#TI0N: o f  & 6 6 f
ANALYSIS METHOD - DIRECT INJECTION a  n 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
SAS CHROMATOSRAPH USED: A
COMMENTS: •^wtu^}Vj  , c j y  , < > l^  & '? £ ’ )

f * * * ?  s - r ----
{Z.0 4-0

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE OATA SHEET
SITE NAME: 
SAMPLE NUMBER: 
DATE SAMPLED: 
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: 4 1 

SURVEY COORDINATE:
SAMPLE LOCATION: ffiO-FT &ST-OF $ ) £ €  Of ty lit
ANALYSIS METHOD - DIRECT INJECTION o^/fT C & o f

ABSORPTION TUBE fcft"
VOLUMETRIC CONTAINER USED:
SAS CHR0MAT06RAPH USED: A

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

COMMENTS

SAMPLIN6 PERSONNEL
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:.
SAMPLE N U M B E R : ^ .  0 3 ^
DATE SAMPLED: ft 2 3 - ^ 7  
TIME SAMPLED: \ U ) 5  
DATE ANALYZED:
SAMPLE OEPTH: 4  1
SURVEY COORDINATE:* _  •
SAMPLE LOCATION: \ o o '  &  O F -
ANALYSTS METHOD - DIRECT INJECTION ^

ABSORPTION T U B E v / ^
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: f t F ^ ^ C r A
comments: S m j  ̂  £ ,  2 £ r }  j V

s t — b t o Z ^ r ^ c j  
• I Z o y o

Qslfc -  l o 7 ^  7 ?<3

/ I C C C Z Z G ^
SAMPLING PERSONNEL: D R - ^ / T J H  5 / jM ? 6 5

I Q o S m L
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE HUMBER: — C s ^ O
OATE SAMPLED: Y - ^ - 3 7
TIME SAMPLED: \(aG^
DATE ANALYZED:
SAMPLE OEPTH: 4 *
SURVEY COORDINATE: o _____ 1
SAMPLE LOCATION: \ 0 O
ANALYSIS METHOD - DIRECT INJECTION Cp *j‘0 6° n c '

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED: VI? ̂ 3 * 1 »  A  
SAS CHROMATOGRAPH USED: t V P S S l O T ^
COMMENTS: -g fje y jj Cat^O ( v 2 a \ }

I < t

n - 5 0 ! S 3 f
?3 &>o

SAMPLING PERSONNEL:'DS-Vr / " W M .

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL SAS SAMPLE DATA SHEET 
SITE NAME: ■ -
SAMPLE NUMBER:'.JiLir^Z-OH'l \
DATE SAMPLED:
TIME SAMPLED: 5
DATE ANALYZED:
SAMPLE OEPTH: ^ (
SURVEY COORDINATE: ■.
SAMPLE LOCATION: /00' F - oF *2 j' z) & F
ANALYSIS METHOD - DIRECT INJECTION fk e T

ABSORPTION TUBE ^
VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED: tf'PSS'l&A'

COMMENTS: l U t M > y &*)

f *0 ^ 1
/ b O

& j r C  i V

SAMPLING PERSONNEL: j£>&H

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHST

■SITE NAME:

SAMPLE NUMBER: ^ 2  -  S T -  0</Z- 
DATE SAMPLED: Z  S*" <?7

TIME SAMPLED: J7/0 
DATA ANALYZED:

SAMPLE DSTH: & O F T  
SURVEY COORDINATE:

SAMPLE LOCATION: jfT A/UJ Z f ' * /  /£/Zr  / Z ,  5 > - r

ANALYSIS METHOD -  DIRECT INJECTION ^

ABSORPTION TUBE 

VOLUMETRIC CONTAINS? USED: 7 ^ y /J -/ 'TZgc:

GAS CHROMATOGRAPH USED:

COMMENTS: £>_ t A /
r/JZTz-v 6 urv0 '/̂ (/v#f?HA £ ^ 7 5 * ^

SAMPUNG PERSONNEL

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

^7“ 93/
Jo 5><3

W ^ Z  / ? 2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOS. GAS SAMPLE DATA SHET

SITE NAME: /Z tZ Z T v y fr 

SAMPLE NUMBER:
DATE SAMPLED: ^
TIME SAMPLHJr-^gaS-^^ /7 Z j£> '

DATA ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION: fir /J(/J 0P  2 C77
ANALYSIS METHOD ^DIRECTINJKTION ^  ^  '

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED: T v & P

GAS CHROMATOGRAPH USED:

f a n y  * * j = s y
COMMENTS:

czavcry ^ 7 5 " ^
V

P u n ? * /  S T -

-  ? ¥ £ 7 7 $

//*?&’• Tv>g>Af< a/=r= yfy~
77/* /feAPyg. rs 

/As/77^ rts<?&<£-.
SAMPLING PERSONNEL: 7J/>̂  uj/Z, p& zerA j,

A  fc*c3:ĉ &
/9 A J 0  -r & t& J  T T t ^ T ^ r t f lZ /fv r  

ATTACH COPY OFCHROMATOGRAM AND REPORT FORM T~OBB UsA?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET

SITE NAME:

SAMPLE NUMBER:

DATE SAMPLED: £ ,-/y_? 7  

TIME SAMPLED: *%:!<% pn,
DATA ANALYZED:

SAMPLE DEPTH: ^a^y- 
3URVEV COORDINATE:

SAMPLE LOCATION: &AJ P£>JS7~ /?&., 32. ?' S' <&<=" F*&-r
C&rJTV&ls/uS'; *■*=• C/7~s6/ry &<■s’V  & T

ANALYS1S METHOD -  DIRECT INJECTION 0/^ /?*->£> fb^T
y  •S'/*£r£.0 c*J &7~.

ABSORPTION TUBE r

VOLUMETRIC CONTAINER USED: TZ-ff̂

GAS CHROMATOGRAPH USHfc /-SP,̂ £>*F&A

COMMENTS:

■7f53?-L,
' ______________

7 13'-+ L &

SAMPUNG PERSONNEL 7 ^ . / / ^

ATTACH COPY* OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET

SITE NAME 

SAMPLENUMBBt 

DATE SAMPLED:

TIME SAMPLE): 2& 3 ̂
DATA ANALYZE):

SAMPLE DOTH: /*$ FT

SUSVEY COOED.NATE /  ^

SAMPLE LOCATION: <2- 25© 'S'. O F
ANALYSIS METHOD -  DIRECT INJECTION 'frt'Fy 7 *# ^ "

ABSORPTION TUBE y 
VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED:

00MM6NTCi j L w ,  /&r-

fr/w# f/ 0

/  " / a  '<*J O r  7 u -> /s )

■SAMPLING PERSONNEL: 7t/>2f

ATTACH COPY OP CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA S C T

STC NAME:

SAMPLE NUMBER;

DATE SAMPLED:

TIME SAMPLED: ZfZ&  •

DATA ANALYZED:
SAMPLE DBTH:

SURVEY COORDINATE:

SAMPLE LOCATION: ^  /0O.O f r  /%,£?'[*/, o r  JA> &STo-&*
ANALYSIS METHOD -  DIRECT INJECTION 

ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED:

COMMENTS:

^ m / z r r  '7-5'5'^z:

^  S.o/^r’
SAMPLING PERSONNEL 7j w

^  ’Z.vs-T-'

p s / f e c f l ~ h >  
Cte-bx—

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM n**.// et-rtrevu /$J

"TT̂ 7 'fm * £rcns\
' ’- _ -i 4. v,,,^ .< t&ros-e. -  ~r ^- y p/v-i-/*/-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHST

SITE NAME:
SAMPLE NUMBER: ̂ S —
DATE SAMPLED: ^

TIME SAMPLED: 7 J -6~VDATA ANALYZED: '
SAMPLE DS*TH: P iP ftr  

SURVEY COORDINATE:
SAMPLE LOCATION: /a a  V^£=>!/ ^/= - 0 * /&

ANALYSIS METHOD - DIRECT INJECTION >
ABSORPTION TUBE 

VOLUMETRIC CONTAINS? USED: TgfiS S ti T is 3 &

GAS CHROMATOGRAPH USED: ft

COMMENTS:

/, 1 / / ' r
TWttf,

"T̂j /  O / / ^ A J / J C  ̂  ̂ /GflJ >
> ̂  ̂{PPtf £s?c& /as /fczzr --SAMPUNG PERSONNEL:
' f ^ / p P H  s e z  //

ZA/Percr/y^D
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM ^  ^  2 £ 5 < /'' '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHST

SITE NAME:

SAMPLE NUMBER:

DATE SAMPLED: G-2.3S7 
TIME SAMPLE): £ Z /-5 "

DATA ANALYZES:

SAMPLE DS*TH: P Z g p 7“

SURVEY COORDINATE:

SAMPLE LOCATION: /Oo'C/J. & r  to&TT),
ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TU B E^

VOLUMETRIC CONTAINER USED: T&fi/A/: TZ&Z’ 
GAS CHROMATOGRAPH USED: -

COMMENTS:

r

SAMPUNG PERSONNEL: 'Tj’fls\ / p j j
A

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET

SITE NAME:

SAMPLE NUMBER: /2 S -5 '< 3 - 

DATE SAMPLED:

TIME SAMPLED: 2 - /

DATA ANALYZED:

SAMPLE D S »TH :/5>T  

SURVEY COORDINATE:

SAMPLE LOCATION: 0vE- <£~- Pf= £.Z-‘3Z-0‘S 5; 2-^/ Pv^ c>P
, ‘S'Z’ lAt- C/F= Pa&T C~T-

ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TUBE

VOLUMETRIC CONTAINS? USED: TZSc*

GAS CHROMATOGRAPH USED:

COMMENTS:

p u r » p * /  ‘S T & Z T - V /  / / o ;

S^/3

fwrr//- ‘31177*'

SAMPLING PERSONNEL: 7^7/>j

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOB. GAS SAMPLE DATA SHEET

S ITE  N A M E  J Z o Z r /m

SAMPLE NUMBER: ^ 2 -S S  -  0^0 firut? J2&- S j - OS^PoP
DATESAMPLHJ:

TIME SAMPLE H5& Hps>5 
DATA ANALYZH3:

SAMPLE DOTH: €.0 FT 
SURVEY COORDINATE:

a —  / __________ “ 7~ r-t j . . < -  ,  / ’ . M i / e p  . I K f C l P z T  F 'lS ’fiJ C Z T
k*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ABSORPTION TUBE

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: /ip'Z&faA
COMMENTS:

•fvtJtJi/ U/ftSM.

<  TA-ft-T (* /*■£/ 3

P ^ F  *2L(c5oPc'p)

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA StEET

SITE NAME

SAMPLE NUMBER: S<$-£>■$/
DATE SAMPLED: 2-?’-?/'
TIME SAMPLED: /fie?

DATA ANALYZED:

SAMPLE DS’TH: -  3. S V 7- \xSJ
SURVEY COORDINATE: *3°

SAMPLE LOCATION: AT ~^&T  5*77 T̂ £2jP'9iy <7t~
~j' %7esrr'S*r*/3 /j** t  j l v-tujTO

ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TUBE 1

VOLUMETRIC CONTAINER USED: Jsr/^yy T Z > ^  Z :rs

GAS CHROMATOGRAPH USED: H^S^aA}

COMMENTS: -

fif/2.7zv d?£ac*e>y 0 v 7 T as=‘)
s ' j

22 W 3
T-6/-5

ftvi&p A)-r -7&r>
/fr ffV

/ jRfi\r l® /
SAMPLING PERSONNEL " T V S / 0 £ f f T y Z / Z £ ’G>l<l>&’

HjJU*- rL&bZ? d. W*- ' 
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Jaxfi
\5>
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SOIL GAS SAMPLE DATA SHET

S ITE  N A M E '.fo z & s y M

SA M PLE N U M B S ?: % .•£  - 5 4  - ^ 5 2 .

D A TE SA M P LE D : 7 -  7 - ^ 7  

T IM E  SA M P LE D : ^ 2 5

D A TA  A N A LY ZE S :

S A M P LE  osmfc" 2 - .OFT frsr fe * J o ? P jf£ T S 2> y  SsywiF
S U R V E Y  C O O R D IN A TE:

SA M PLE LOCAT I ON: - ^ 5 / ^ S - 7 ^ 2 . ^  A / î /7 ~  T o  

A N A LY S IS  M E TH O D  -  D IR E C T IN JE C TIO N

A B SO R P TIO N  TU B E  l / '

VO LU M E TR IC  C O N TA IN S ? U SED : " T & U /I {  7 u £ Z  

GAS C H R O M A TO G R A PH  U S ED :

C O M M E N TS :

fu u /u y  /J a T  fi'S < 3 ‘ /* ^ )J /H o G C y ^ . f/O -m  -  g -iis T s x z y )

G , „ P  * ?  X T -  X ' X Z / C
' P  "7 /. A)*7 74*<2?

SA M P LIN G  PER SO N N EL " J Z /r S )

A TTA C H  C O P Y  OF C H R O M A TO G R A M  A N D  R EPO RT FO RM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA S *^ T

SITE NAME:
SAMPLE NUMBER: - c & £ 3

DATE SAMPLED: 7'7-^7
TIME SAMPLED:
DATA ANALYZE):

SAMPLE DEPTH: $ .0  f=T f  (//U Q & 2. A ja x 'S  S&ZT&dZ? d /P ivX f^ )

SURVEY COORDINATE:
SAMPLE LOCATION: <2/J fc & r  Srt&cS&AJ, A/- /?£>,. ̂ 5 ?  l*J ^  .

' /Z ^  - 7 u j-Z_
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: '
COMMENTS: )

y  7 /> ie -S -r^y  d '/tc /ty

P w ?  *  J S -  ‘8 t >bCZ3  

,s r- # 7

SAMPUNG PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE OATA SHEET

‘ SITE NAME:

SAMPLE NUMBER: p&-S?-€>■??

DATE SAMPLED: 9 -7 -? 7  

TIME SAMPLE*-'̂  S'S'tfeS'

OATA ANALYZED:

SAMPLE DEPTH:

SURVEY COORDINATE: ^  ̂
SAM PLE LO CATIO N: <?A> P ^ Z - r  T r f- Z S & J  fa z Z d & E  /iS P M fA  -  T Z t /2 ^ 7 ,

y&2-7ebae
ANALYSIS METHOD -  DIRECT INJECTION 

ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED:

COMMENTS:

F o m ?  * V  j~_ Z i S i t e  /  P F

<?itc ■ C  h o r w r P * *  ]

/

.- (F~Z_ rf-SS3 ^csa&c* F7Ff-Sfy£~ ac/7~ £/AJr:F'S'>f<?-"£>
F~/“S~Sr /?&£&/'?“ /^C^> - y 'S1? ~ r~dr̂-r/̂  * c■J&Ec'-ZSZ.

SAMPUNG PERSONNEL 7 j 7 7 ? S / & >

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHST

SITE NAME:

SAMPLE NUMBER: J2. ̂

DATE SAMPLED: 7~7- T7 
TIME SAMPLED: •’'2 /^

DATA ANALYZED:

SAMPLE DSTH: ~  5 " 77a M7~^

SURVEY COORDINATE:

SAMPLE LOCATION: /£><£ ' &  a/^ /&S- 7hSZo, TTfX^ 2?£><^ &/=r

ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TUBE s '  _

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED:

COMMENTS:

/tecs&cy^

/ l » r ?  *

« r r 9 , ‘ 4 Z * r L

y/C7&; ,-^W/7 /^2<L <̂ ’/c ĉr sT /^A^r/7AJZZ ffir / CJ'T’/AXC ^
S$7~ TStP f/j}* P£tJt7T#aXf&Z>, J"‘

SAMPUNG PERSONNEL: T v 'V ^  i'̂ ”1"

ATTACH COPY OF CHROMATOGRAM AND REPOST FORM
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: 7-/ f- ? 7  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: 6.0PT 
SURVEY COORDINATE:
SAMPLE LOCATION: /}?- 'SOFT IV. 0^
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED: 'T&Vti/
SAS CHROMATOSRAPH USED: ftP ^T ^cft 
COMMENTS:

S v w H j  /4o t  *70°^),

{ ^ 7 ? 7 J zP j

SAMPLINS PERSONNEL: T V > K

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM
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•SOIL SAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: 7 - Z f - S ^
TIME SAMPLED: / S V 5  
DATE ANALYZED: .
SAMPLE DEPTH: £ &  FT  
SURVEY COORDINATE: /
SAMPLE LOCATION: A? &&-'%20 j  CtCtfftetJ A~*S & & S C -0 ‘5 2
ANALYSIS METHOO - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED: 2 2 3 * / * /
SAS CHRQMATOSRAPK USED:
COMMENTS:

^ 2 p  f *
77 CO

F- r2-3?V7
g Z 5 t o 3 _ ^  >  f c z v f r M r a ?  trf

SAMPLINS PERSONNEL: 7 yyi^

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED:
TIME SAMPLED: / £ / * £
DATE ANALYZED:
SAMPLE DEPTH: %.OFT 
SURVEY COORDINATE:

frrfijc o f  2V6/ Fb&r pecrp.ougSAMPLE LOCATION: n
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE S'
VOLUMETRIC CONTAINER USED: TltB&
GAS CHROMATOGRAPH USED: tfF5g*7C#
COMMENTS: tfc>T £  , 8 }

P u m p *  y  y- 2 7 W 7
PrbCtO

~ ? ~ z r t  SV7

*  P f a S &  D>S-n/eJS£& So u l  * J  *  £ v <&G b & . zj
H w U -  . A J ^ X T "  T a  A  r t r w D f t - r r c l J .

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: /2,& '
DATE SAMPLES*. 7 - / ? -  § 7  
TIME SAMPLED: /b Z a  
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
M K . L M . n a .  ‘̂ & £ S S £ & "  * * * '
ANALYSIS METHOD - DIRECT INJECTION 

A8S0RPTI0N TUBE 
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS: jSg^TB V

*  /K\ prST-cre&53> 73 ^A/tf*
Htsou-,

SAMPLING PERSONNEL: 7 ^

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: jZOg&H#
SAMPLE NUMBER: &&-SG-0&O 
DATE SAMPLED: 7
TIME SAMPLED: 17 
DATE ANALYZED:
SAMPLE DEPTH: $,0FT  
SURVEY COORDINATE:
SAMPLE LOCATION: f a ' /gfc -6^2 
ANALYSIS METHOD - DIRECT INJECTION

VOLUMETRIC CONTAINER USED: T&fuK#
GAS CHROMATOGRAPH USED:
COMMENTS: Y/  f a r * ( ~ )

P v r t ? ^  2- S 7 ? 2 .  M S '  -

*  g S Z M U F u e  *7- j Z * - S G - c < 4 3

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

ABSORPTION TUBE

P  - C-J <9 9-/L <r
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SOIL SAS SAMPLE DATA SHEET
SITE NAME: (2C 
SAMPLE NUMBER: f2&.-$£-G£iC 
DATE SAMPLED: 7 -f9 -& 7  
TIME SAMPLED: / 7 * 3 ^
DATE ANALYZED:
SAMPLE DEPTH: &OFT  
SURVEY COORDINATE:
SAMPLE LOCATION: JfT
ANALYSIS METHOD - DIRECT INJECTION

VOLUMETRIC CONTAINER USED: 7 ^ / * ? /  Ttji3£' 
GAS CHROMATOGRAPH USED:
COMMENTS: $Cf/UUy, HOT

?t P  u P u t ' A  -r<F 

SAMPLING PERSONNEL: T v ' J ^

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: I

DATE SAMPLED: 7 - 2 ,0 - * 7  

TIME SAMPLED: 202*5 
DATE ANALYZED:

SAMPLE DEPTH: 2,5 F T  
SURVEY COORDINATE:
SAMPLE LOCATION: f p "r  } 'Z&F'T AO, O P

ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TUBE ^

VOLUMETRIC CONTAINER USED: T&'A-'AX T u S t

GAS CHROMATOGRAPH USED: A

COMMENTS: ^ ajLrA/ ,ŷ  ^  <£c JU,V<L<Z

^r(occ

SAMPLING PERSONNEL: ~Tjyli

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: ~l~’ZZ-87 
TIME SAMPLED: 2 6 3 ^ 5  
DATE ANALYZED:
SAMPLE DEPTH: *4.%FT  
SURVEY COORDINATE:
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION

VOLUMETRIC CONTAINER USED: T V S c f
GAS CHROMATOGRAPH USED:
COMMENTS: } Mi/CtftV, df\t-M

f 2 c r z * * u p t &  ^  I ^ Z r - S Q - c L f d

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

ABSORPTION TUBE

R « m p * £  2-
II
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: ( 2 3  
DATE SAMPLED: 7  

TIME SAMPLED: 2A74)
DATE ANALYZED:
SAMPLE DEPTH: 5 & F T  
.SURVEY COORDINATE:
cun.' ^W 6 ' P » e r S « ^ O ^ j  IflPr Po&tfij, G FSAMPLE LOCATION: ^ ^  ^ ,» m  j. . . .  >■* . q  > . m

/Z -S r — i G - s y C *  fr U ik iG L  A J  . P jS # P >  L lK > &

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION T U B E v ^

VOLUMETRIC CONTAINER USED: "Tu S t T
GAS CHROMATOGRAPH USED: l+P'fgpCr.
COMMENTS: a=r .), / U

I 1 dtic
' z n

SAMPLING PERSONNEL: 7 3  I'M

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE OATA SHEET
SITE NAME: fef&eWuft 
SAMPLE NUMBER: tZ'Z-SC-GU'j 
DATE SAMPLED: 7 -Z Z -2 7  

TIME SAMPLED: 'ZVL'S 
DATE ANALYZED:

SAMPLE DEPTH: 5 -0 F T  

SURVEY COORDINATE:

SAMPLE LOCATION: /pT Pd&T P o F  & F
{2-&-3Z-4&3, '"TOFT & .  O F  1 2 * -  SG-otfZ-. 

ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TUBE u**"'

VOLUMETRIC CONTAINER USED: ~T&'MPi/. T u S r

GAS CHROMATOGRAPH USED:

COMMENTS: Hcrf C'UŜ >0F ) / iiA VdC. Vj

P v t * .? * 1!  di
*%1oCO

32-7/3 7

SAMPLING PERSONNEL: "ft tty

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: £ £ - & T - C '&5
DATE SAMPLED: J'ZZ-27
TIRE SAMPLED: Z&l S
DATE ANALYZED: .
SAMPLE DEPTH: $.OFT
SURVEY COORDINATE:
SAMPLE LOCATION: # * * * -

doiZU&Z-C/f* 2̂ t*i PrZ.j [OFT OF. 'T&oe ArT" THA-TANALYSIS METHOD - DIRECT INJECTION LoC*~T(cM.
ABSORPTION TUBE ^

VOLUMETRIC CONTAINER U S E D : - f & a A X  
GAS CHROMATOGRAPH USED: \\P4S^sSlĉ {
COMMENTS: J)oSfCy P o T f a & F j .  MOCA^, &AlH\

SAMPLING PERSONNEL: ^

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOB. GAS SAMPLE DATA SHEET

' SITE NAME
SAMPLE NUMBER: / 0 / S  PcpAstc}

DATE SAMPLED:

TIME SAMPLED:

DATA ANALYSED:

SAMPLE DOTH:

SURVEY COORDINATE:

. SAMPLE LOCATION:

ANALYSIS METHOD -  DIRECT INJECTION 

ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED: TSyS-T

GAS CHROMATOGRAPH USED: #<5 “ZS9&/9 
COMMENTS: //aT (?0~£?<Z0P )

SAMPLING PERSONNEL: '777-̂ 7

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET

SITE NAME:

SAMPLE NUMBER: & & S ? — /C2.&

DATE SAMPLED: & - Z 3 ~

TIME SAMPLED: Z .2 ^ 5 ”

DATA ANALYZED:

SAMPLE DB’TH:

SURVEY COORDINATE:

SAMPLE LOCATION:

ANALYS1S METHOD -  DIRECT INJECTION 

ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED: ’T u & & r

GAS CHROMATOGRAPH USED:

COMMENTS:

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA StfflET

SITE NAME: A f S W f  

SAMPLE NUMBER:

DATE SAMPLED:

TIME SAMPLED:

DATA ANALYZE):

SAMPLE DEPTH: C'fT 
SURVEY COORDINATE:

SAMPLE LOCATION: fin/S'Z'/j'r &J9-W. ftstzep <srJ /=&aj^  % £u*J(LS
TjZ&& G/sz&e-TZy 57 <?/=- — 7tu/y P o/z-t

ANALYSiS METHOD -  DIRECT INJECTION ~ ”  ^

ABSORPTION TUBE S'
VOLUMETRIC CONTAINS? USED:

GAS CHROMATOGRAPH USED: P P  %??<?/}-

COMMENTS:
dLe<s£>y/ J

'?r*&r— 7T?2Z7  I % > L m / £ L

~3o$t}2.Z.

AJ07&.'

# 7

SAMPLING PERSONNEL

ATTACH COPY CP CHROMATOGRAM AND REPORT FORM
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son. GAS SAMPLE DATA SHST

sttesame

SAMPLE NUMBER; /Zs-SC - 7 ^ 3  
DATE SAMPLED:

TIME SAMPLED:

DATA ANALYZE):

SAMPLE DB’TH:

SURVEY COORDINATE:

SAMPLE LOCATION: 'fhP tfcrfKiC-

ANALYSIS METHOD -  DIRECT INJECTION

VOLUMETRIC CONTAINER USED: “JBtj/tyC 
GAS CHROMATOGRAPH USE):

COMMENTS:

< & & >  7 a

f b ~  f i p o o w b

SAMPUNG PERSONNEL 'fjlfa.

ATTACH COPY Or CHROMATOGRAM AND REPORT FORM
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son. GAS SAMPLE DATA SHST

SITE NAME:

SAMPLE NUMBER: -ST-JOftf fryy>
DATE SAMPLED: ?-?-? 7  

TIME SAMPLE* /? < /5  

DATA ANALYZED:

SAMPLE OB=TH: O 
SURVEY COORDINATE:

SAMPLE LOCATION: ftf Z2"Z-SZr^f"2. x //fiAJtZ/ArC /.S^7~
/t§&Vter

ANALYSIS METHOD -  DIRECT INJECTION 

ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED: 7^vV /f/T  TZ'#^

GAS CHROMATOGRAPH USED: f/PIZgia’S?
COMMENTS:

F * » p  * 3  *-
/ ^ 3 z o  -

SAMPUNG PERSONNBj

ATTACH COPY OP CHROMATOGRAM AND REPORT FORM
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son. GAS SAMPLE DATA SHSET

SITE NAME;
SAMPLE NUMBER: /06>& -fB/r'

DATE SAMPLED:

DATA ANALYZED:

SAMPLE DE»TH: ------

SURVEY COORDINATE:

SAMPLE LOCATION:

ANALYSIS METHOD -  DIRECT INJECTION

VOLUMETRIC CONTAINER USED: 7*  ̂ 5=

GAS CHROMATOGRAPH USED: //

COMMENTS:

lb T  Y

fvuentP

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ABSORPTION TUBE
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sen. GAS SAMPLE DATA SHEET

SITE NAME

SAMPLE NUMBER: ^ 2 —S&—  ZZ>?P ( p3?3&/t?#}&r3uT~Z:}/&- 
PATE SAMPLED:

TIME SAMPLED:

DATA ANALYZED:

SURVEY COORDINATE

SAMPLE LOCATION: /\r&JCT 7b Z^BLt^ <0** ijtmt’T W  to/jCSsZZZg' Z 7  t//fartc7J7
5^"^250-<!57&

ANALYSIS METHOD -  DIRECT INJECTION

ABSORPTION TUBE 1 / ^

VOLUMETRIC CONTAINER USED: •*7£X/#X 
GAS CHROMATOGRAPH USED:

COMMENTS:

7~?6>o

SAMPUNG PERSONNEL: 773

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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son. GAS SAMPLE DATA SHST

SITE NAME: ^ .

SAMPLE NUMBER: j£z~S4-/cS'&

DATE SAMPLED: 7 -7 ~&7 
TIME SAMPLED: 23-G&

DATA ANALYZED:

SAMPLE DB*TH: &  ̂  /T v ”" ^~£4csAScP)

SURVEY COORDINATE:

SAMPLE LOCATION: f  /fS pB-StT-/<37B  _

ANALYSIS METHOD -  DIRECT INJECTION '

ABSORPTION TUBE ̂

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: -

COMMENTS:

f t ' t y f ' * /  S - P *  2 * * * 7
% g v g

? 7 G ^ ? 7

/ f u c r t f ;  ? & g < ?  n r

Iaj/ o P & P g /J- j
ŜAMPLING PERSONNEL: 7 If

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL UAS SAMPLE DATA SHEET

SITE NAME: .

SAMPLE NUMBER: jZ ̂  — /&TJ& $ 3

DATE SAMPLED: 7 - 7 - £ p‘7  

TIME SAMPLED: ~g 7 /-SO

DATA ANALYZED: \

SAMPLE DEPTH: 0  J £su  //S?r J
E:

45- 7S’
SURVEY COORDINATE:

SAMPLE LOCATION:

ANALYSIS METHOD -  DIRECT INJECTION 

ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED: 'Ta/j/J-/' T(J 
GAS CHROMATOGRAPH USED:

COMMENTS:

p ^ f  * 2
r  -  f / 4 f 7 ?

SAMPLING PERSONNEL ~f̂ )

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL FAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: 7 ~/?-£'7 
TIME SAMPLED: !?oS  
DATE ANALYZED:
SAMPLE OEPTH: Q 
SURVEY COORDINATE:
SAMPLE LOCATION: Ar OF Poi&T Zf^OO=%JJ

hO FT %, Of P*ty&M&ST*ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE

VOLUMETRIC CONTAINER USED: "7S^X//?X 'Tu&&
GAS CHROMATOGRAPH USED:
COMMENTS: {foT UttAJOy

* / j > k &t&Asr BcfrN'i*. ~774-ttuCH- Pr
& t££i?p P*m8*sr.

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL SAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: 7  
TIME SAMPLED: / & ? S ’
DATE ANALYZED:
SAMPLE OEPTH: O F T  

SURVEY COORDINATE:
SAMPLE LOCATION: " S - l W * A r  

ANALYSIS METHOD - DIRECT INJECTION 
ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED: H P ' S & f & f l t

COMMENTS: K o T  f V S - ? C a / = ) r  { J J I K t G V  )

*71 G O

^  A T A  3 l g K T  fcUQASfr ~7Vr&tv6- H  A
AJO&ytMQ-usJ g tC X O 'P  ‘.o  / K I  FTksSD & £ * . ■
“T V S  "CG.SAMPLING PERSONNEL: 7 ) A s {

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE OATA SHEET
SITE NAME: f to tt/W k  
SAMPLE NUMBER:
DATE SAMPLED:
TIME SAMPLED: l$TOS 
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED: 7 ^ 7 W f r X  TTafc&
GAS CHROMATOGRAPH USED:
COMMENTS: TtJAj%rJy H ^T  C ^ * 5 " " VU/KJ&y

TftCiVO
G j2  T o  t f j t O M o

-**- hW -fyrteT fir'&r Pvll& p  TPrtszaciJjr -ra *&
T y ^ ^ “ & L 2  A j ^  .

SAMPLING PERSONNEL: 7*2

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

y j & z i n
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: j 2 ^
SAMPLE NUMBER:
DATE SAMPLED:
TIME SAMPLED: \%QO £pvKsC#&0 Th&<^ T t W a W t t  
OATE ANALYZED:
SAMPLE DEPTH: C '
SURVEY COORDINATE:
SAMPLE LOCATION: P
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION T U B E V ^ * ^
VOLUMETRIC CONTAINER USED: ~T\i3cr
GAS CHROMATOGRAPH USED:
comments: Het

SAMPLING PERSONNEL: “ 7 ^ ^

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER: 1L'&SG -r223  
DATE SAMPLED: 7 ^ Z Z - 5 ' * 7  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH: C F f  
SURVEY COORDINATE:
SAMPLE LOCATION: firT 12% - 0 4  <

ANALYSIS METHOD - DIRECT INJECTION 
ABSORPTION TUBE 

VOLUMETRIC CONTAINER USED: T u S ^
GAS CHROMATOGRAPH USED:
COMMENTS: PuSf^y UoT fo  &  °F*) ;  HAQdC?y

^ t o A n Z '  PvUr&Q  *71+is v v £ h  P & -  T u S i .^ t

SAMPLING PERSONNEL: 'ft/j/Ur

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

SOIL GAS SAMPLE DATA SHEET
SITE NAME:
SAMPLE NUMBER:
DATE SAMPLED: 7 - 2 2 - 5 ?
TIME SAMPLED: 2 / 2 2 . 5 "
DATE ANALYZED:
SAMPLE DEPTH: O '
SURVEY COORDINATE:
SAMPLE LOCATION: jZ&^SC-CbS
ANALYSIS METHOD - DIRECT INJECTION

VOLUMETRIC CONTAINER USED: T S Z - ' * * '
GAS CHROMATOGRAPH USED:
COMMENTS: Q tf &  , ib T  06.C /,

Atg. P u l l s d  Tfr/5D+JC<-b T & V 4 X  r\jff£
fcuissS»

SAMPLING PERSONNEL: " T T / ^

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

ABSORPTION TUBE
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SOIL SAS SAMPLE OATA SHEET
SITE NAME:
SAMPLE NUMBER: 11*18
DATE SAMPLED: 7
TIME SAMPLED: 2  &Q 'faC&S* TH’J&0O£#
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION: T ^ | P  S u ^ / J ' K -  
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED:
SAS CHROMATOGRAPH USED:
COMMENTS: &QT fa  'mCJS.% CAt-V^

SAMPLINS PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL SAS SAMPLE DATA SHEET
SITE NAME: '
SAMPLE NUMBER: -[7,%&
DATE SAMPLED: 7 - 2 ^ * 2 - ^ 7  
TIME SAMPLED:
DATE ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:
SAMPLE LOCATION ’P&YiAOV&P
ANALYSIS METHOD - DIRECT INJECTION 

ABSORPTION TUBE 
VOLUMETRIC CONTAINER USED: T j ! 5 i f
GAS CHROMATOGRAPH USED:
COMMENTS: Pu% ^ ffOT T j j  ^CC. yr,

[p J0C-tQ te i & S Tt//5eT r£>rc2^D
grACfc. MJ cjM  P u w c T v i S ^ D

SAMPLING PERSONNEL:

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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APPENDIX C

Calibration of the Air Sampling Pumps

The SKC air sampling pumps were calibrated before 
each sampling round. This was done to determine the 
number of counts that elapse on the odometer of a pump 
when one liter of air is drawn through a tenax filled 
trap tube. By knowing this, a pump can be properly 
monitored to determine accurately when one liter of soil 
gas has been purged through a trap tube during sampling.

An estimate of the number of counts that expire per 
minute was also made during calibration. This helps to 
determine approximately how long it will take a pump to 
purge the specified volume of soil gas.

Calibration is done by attaching a pipet 
bubblometer filled with a soap solution to the exhaust
port of the air pump. A Tenax filled trap tube is then
attached to the pump intake.

The pump is turned oh and allowed to run until 
bubbles form in the soap solution. Some of these bubbles
will rise inside the bubblometer while the pump is
running. On the bubblometer is marked the distance over 
which 25 milliliters of air has been purged by the pump. 
As a bubble reaches the bottom hash mark, a note is taken
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of the counts on the pump odometer at that instant. At 
the same time, a stopwatch is engaged. When the bubble 
reaches the top hash mark, or the 25 milliliter mark, the 
stopwatch is disengaged and the pump shut off. The 
odometer reading at that time is then recorded.

This process is repeated four to five times per 
pump. The entries are made in a calibration log. The 
counts at the end of each run are subtracted from the 
count at the beginning of each run. This difference 
gives the count that expire while purging 25 milliliters 
of air thourgh the trap tube. The average of the 
differences from the tests of each pump is calculated. 
This average, multiplied by four and then by 10, gives 
the counts required to purge one liter through- the 
sampling medium for given pump.

The average time from the air pump tests is also 
multiplied by 40 to give an approximation of the time 
that will elapse while purging one liter of soil gas with 
each pump.
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APPENDIX D

Packing and Conditioning of Sample Trap Tubes

The Tekmar trap tubes used for the acquisition of 
soil gas samples were packed with Tenax (60/80 mesh) 
material and conditioned prior to each period of 
sampling.

One end of a tube was packed with clean glass wool. 
Tenax material was then poured into the tube until it was 
brimming. The Tenax was then packed down tightly into 
the tube with a small, two prong tamping rod. Glass wool 
was then pushed down tightly into the end used to fill 
the tube with Tenax. Care should be taken to pack each 
tube in as consistent a manner as possible. The amount, 
and packing of the Tenax material must be the same in 
each tube in order to minimize sampling and analytical 
inconsistencies.

After each trap tube was packed, it was necessary 
to bake the tubes in the Tekmar LSC-2 purge and trap 
device at 205 Deg. C for 20 minutes. This was done to 
remove any impurities in the tube. The tube was then 
desorbed in the LSC-2 and analyzed with the HP5890A Gas 
Chromatograph. This analysis determined the background 
integrity of each tube prior to sampling. It also
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provided a background, or preanalysis, chromatogram for 
each tube which served as a record of the quality of each 
tube.
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APPENDIX E

Water Quality Sample Analysis Methodology
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HUS CORPORATION/FIELD SCREENING
MEIHOOOLOCT

Rapid Field Analysis of Purgeable Volatile Organic Coeipounds

1.0 SCOPE AND APPLICATION
This methodology uses purge and trap gas chromatography to accomplish the rapid analysis of volatile organic contaminants in aqueous matrices. Based upon EPA Method 624, allowances are made for field laboratory conditions and differences 1n analytical Instrumentation/apparatus. (Because of the field screening focus, only PID/Hall or FIO detection 1s used; mass spectrometric detection 1s not provided).
2.0 SUMMARY OF METHOD
A twenty ml aliquot of sample or sample dilution is placed into a fritted glass sparger and purged at ambient temperatures using inert nitrogen gas. As the nitrogen gas bubbles through the frit and matrix. It effectively strips the volatile organic contaminants from the sample. The stripped contaminants, now vaporous, exit the purge vessel and are passed onto a packed sorbent tube. The special packing within the sorbent tube adsorbs the organic contaminants while permitting the inert nitrogen gas to continue through the tube (and be vented into the atmosphere).
After the prescribed purging is complete, the sorbent tube Is heated and backflushed for desorption into an awaiting pre-programmed gas chromatograph (GC). The contaminants are then separated and resolved chromatographically and an appropriate detector Is used to detect the components of interest. GC peak integration 1s accomplished using a Shimadzu C-R3A data system or equivalent.
3.0 CALIBRATION; ANALYSIS AND QUANTIFICATION
Calibration standards containing the compounds of interest are prepared from commercially purchased stock standard mixes or pure solvent. All VOA standards are made in methanol by introducing appropriate ul aliquots of each compound. The ul Injections required represent dilutions or are calculated from each parameter's density with consideration given to the Individual response factors. The solvent-flush technique Is utilized for all Injections; surrogate spike standards are prepared In the same manner.
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MIS CORPORATION/FIELD SCREENING
Calibration of the Instrumentation 1s achieved via an absolute external standard calibration curve, where each parameter’s response factor 1s calculated by analysing a mixed standard of known concentrations. Response factor (RF) * concentration divided by peak area or peak height. An Identification file consisting of peak Identification numbers, names, retention times (RT), RF's and concentrations 1s maintained and used as the Integration standard. Sample concentration * sample peak area or height x parameter's RF (as determined from the calibration runs).
4.0 QUALITY ASSURANCE/QUALITY CONTROL
Each calibration standard 1s verified against a commercially available (Supelco) standard with regard to RT and RF. Certain standard operating procedures such as the thorough conditioning of columns and sorbent tubes prior to each day's analysis, periodic runs of standards and method blanks, use of surrogate spiking compounds, sample duplicates, dilutions and matrix spikes all serve to ensure the quality of results generated. An outline of QA/QC practices Is depicted 1n the attached Figure 1.
5.0 REFERENCES
EPA Method 624; 44 CFR, No. 233
Bellar, T.A. and ,J.J. Lichtenburg. “Determining Volatile Organics at M1crograa-par-l1ter Levels by Gas Chromatography." Journal AWWA; Volume 66, December 1974. Pages 739-744.
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Figure-1

. • Samples logged-in promptly upon receipt
• Samples stored at 4°C until analysis
• Analysis within seven (7) days of receipt
§ Only stainless steel or borisilicate glass implements used
• Surrogate-spike compounds used in all analysis runs
• One duplicate run per ten (10) samples analysed
9 One matrix spike run per ten (10) samples analysed
• Standard run after every ten (1C) samples for continuing calibration
• Method blank analysis following every standard
• Standard response* surrogate-spike and matrix-spike recoveries calculated and tracked
• All computations double-checked
• Thorough and organized system for reporting data
• Formal validation or reported field screening results
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APPENDIX F 

Statistical Calculations
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