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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 s80il gas saupling and analytical technique was
inveétigated to evaluate it=s 2bility and versatility for
detecting chlorinated  hydrocarbons in unconfined
aquifers. The technique was used successfully to
delineate plumes of perchloroethene (PCE}. a2nd 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
chicrinated rydrocarbons in the groundwater cof unconfined
aquifers 1is, 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 acgquired by these
means are the best way to gquantitatively measure -
contaminants in the groundwater, such sample acquisition
and analysis 1is expensive 2and may reguire weeks to
accomplish. In cases where little is kﬁown of the
groundwater flow conditions or contaminant distributions,
many borings or wells may be required to adequately
define the extent of plumes. The det2ction and
delineation of chlorinated hydrocerben (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 1locate

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 (1983) 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
trichlorethere and 1,1,1-trichloroethane in granular
water table aquifers. Marrin (1985) showed how soil gas
data were also useful for determirning the sources for,
and delineation of, groundwaters contawinated with
methane, benzene, toluene and total hydrocarbons. Marrin
(1986) investigated how so0il gas data could be
interpreted to distinguish between dichloroetﬂene,

s;1,1=-trichloroethane contamination

perchloroethene, and
in the vadose zone as opposed to in the groundwater.
Mills (1986) described the use of a static soil vapor
collector tec identify trichloroethene and perchlcroethene
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 theze 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 methcds
wére discussed. A brief review of the
various techniques available for the analysis of soil gas

samples was provided as well.
The Prcblem

A soil gas sampling technique, which wutilizes a
ground probe, and concentrates soil gas constituents onto
a sorbent medium, has been used extensively by the NUS
Corporation to aid in identifying sources of chlorinated
hydrocarbon contamiration in water table aquifers. The
data from previous soil gas surveys performed with the
NUS technique have been used successfully feor this
purpose. Howevér, the versatility of the technique for
not only detecting source "hot spots” but also for
delineating plumes of contamination has been in question.
At ro 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, c¢f 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 deteciing 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 sampiing probe installed
at depths of up to 5 feet Lelow the ground surface, into
a small stainless steel tube packed with scrbent
material. One 1liter 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 1liquid 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
Zas, temporary well, soil and mconitoring 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 thé 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 2zone, or at the water table of unconfined
granular aquifers may be verified by detecting the
vapors of these compounds in the soil gas above; aad
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 migratioﬁ and fate of CH’s
in the vadose zone and in the groundwater of unconfined
granular aquifers. These factors determine how a plume
of €H 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-

8
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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 CI
gases above these plumes will be discussed. In doing
this, the theoretical migration behavior of a spill or
leak of CH’s qccurring 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 £he
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 1liquid
takes place over a granular aquifer the 1liquid 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 1liquid has been exceeded, and the
porous media is homogeneous, then flow will continue to
the water table (Schﬁille, 1984). Soii containing lenses
or 2zones of deposits having lower ©permeabilities and
higher water retention capacities than the surrounding
materials may restrict the depth of penetration of this
fiow. A lateral component of flow may result as the
migrating CH fluid encounters these local héterogeneities
in the porous media. Consequently, & broadening of the
fluid body may result (Schwille, 1984).

Theoretically, the fluid body may even become
perched above semi-impermesble 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 (Bear, 1979; de Marsily, 1986), or by
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adsorption of the CH 1liquid 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 porcus 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, 19858). The density
of - the substance relative to the density of water will
control whether the substance will gink 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 ic determined by the same

factors +that control migration in the vadose 2zone. If
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the retention capacity of the saturated zZone is
exceeded the CHX fluid will sink to the base of the
aquifer. The CE fluid will then spread out over this
semi~impermea£le zone nuch like pancake batter over a fry
pan (Schwille, 1984; Cherry, 1987). Much CH fluid is
retained throughout the saturated 2zone behind the
miérating 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 agquifer material under the
effects of capillarity. Some of the CH fluid may also be
adsorbed intec the matrix of the agquifer 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 Qaturation on the 1lee
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 slong 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
Marsily, 1985; Schwille, 1984). Dissolved constituents
may also be transported vertically through the vadose
zone by this process. Schwille describes the plume of
dissolved CH cocnstituents as a hydrous solution having a
density only slightly higher than water. As a result,
there 1is no significant tendency for the plume to sink

within the aguifer.
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 tke 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 mcvement of a solute with
the buik 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 1is 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).

Hydrodyﬁamic dispersion (Ds) is a combination of
the prcocesses of mechanical dispersion (Di} and molecular
diffusion (D*) and can be expreséed by

Dg=D) +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 grsasnular
aquifers can be spread out in directions parallel, and
transverse to the direction of mean groundwater flow.

On a microscopic scale, mecharical dispersion is
caused by frictional drag along pore walls much like the
Jaminar flow of water through a2 conduit. Flow through a
pore 1is 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, 19586).

On a macroscopic scale, & 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 permesbility
and follow more permeable zones of the aquifer in the
path of flow (Freeze and Cherry, 1879).

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
mear groundwater flow (longitudinally), and perpendicular
to this flow direction (transversely). Longitudinal
mechanical dispersion ( Dy ) and +transverse mechanical

dispersion ( D: ) are given by:
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Dy =¢L\7,

De=rv,
respectively. Here aﬁd Zy are characteristic
propefties 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 (2 ) and the transverse direction (%y) 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 wvalues
by a 7fTactor 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
mo%ecular agitation whereby solute particles are
transferred from zones of high concentration to zcmes of
low concentration under their own kinetie 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=-neD¥dc/dx
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Waere @& is the diffusive flux of the solute in the
porous media. ne is the effective porosity of the aquifer
material, D¢ 1is the effective diffusion coefficient of
the diffusing fluid and -dé/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, Da , of the solute
in a free sclution by
D3 =Dar7

where 7 1is 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 1length of the aquifer. The molecular diffusion
coefficient is dependent on the solute concentration and
temperatufe.

The prccess of molecular diffusion in groundwater
sy;tems is slow. The significance of the diffusion
process on solute migration is 1low relative to
mechanical dispersion 1in 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 2zone 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, A1983). 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 1is 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 1liquid phase and the gas phase is the
process of volatilization. The volatilization phenomenon
is based upon Henry’s law, which states that for ifd=zl
gases and solutions the vapor phase concentration of a
chemical (Cq ) above a solution is proportional to its
concentration in the solution, Ci: (Mabey et al., 1982).
This can be written as

Ce=KaC1
wherein Kz , .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,
19833, In other words, the larger the value of X for a
given compound, the greater the tendency for that
compound fo volatilize from the liquid phase into the gas
phase. Consequentiy, 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
Kg =Cs /Ci

where C& is the saturated vapor density, or vapor
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pressure, and Ci is the solubility of the chemical.
This relationship holds trug only if C§ 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 migratién of CH vapors through the vadose zZone
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 molecuies 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 1is believed that gaseous diffusion is the dominant
process of vapor migration in the vadose gzone (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 atmesphere, 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 =2l., 1840; Hillel,
1982).

Temperature variations within the vadose zone, and
vetween the vadose zone and the atmosphere may cause
soil vwvapors 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 mo§ement tends to
be downward during the day and upward duriné 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
approximétely less than 1/800 and 1/240 of normal soil
éeration, respectively (Rommel, 1922).

Barometric pressure increases in the atmosphere
may, correspondingly, cause a decrease in the so0il 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
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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 s80il column 10 feet deep would only amount to
about 0.1Z to 0.22 inckhes, 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 30ils is limited to the first meter or
two . Eelow the land surface (Weeks, Earp and Thompson,
1982). Rommell estimated that Qind 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 s2il (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 (Eillel, 1982). As with water retention, over-
consolidated soils mpay 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 gradienf that exists between
the solute gas front and the ambient soil vapor. This
process can be described by Fiék’s first law:

qa=-Dsdc/dx,
where g4 is the diffusive flux of gases across a unit
area per unit time, Dg 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 1is, or course,

_—— - .- [P - -
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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 wkich 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 =z porous media
increases its water retenticn capacity; water is more
readily retained in soils of 1low permeability (silty
clays, silty sands, clayey sands, etc.) by ecapillary
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 availabtle 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
(P:e), the air filled porosity ( Pa) of the medium, and

the solute vapor diffusion coefficient in air ( Do ).
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Millington and Quirk (1961) expressed this relationship

as:
Ds=Do (P3°/%/P{).
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

D,:lO-’Vﬁj(Tl-TS)/[P(V§'3+V%’3)2]
where T is the temperature, P is the ambient pressure, Va
is the molar volume of air, Ve is the molar volume of
contaminant in gaseous phase and where

Me = (MWA +MWc ) / (MWa+ MWc) .

Here, MW. is the molecular weight of air and MW¢ 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
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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 szbove the plume should
reflect the distribution of the dissolved CH
conceﬁtrations in the piume.

Theory holds that if a concentration gradient
exists throughout the vadose zZone 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
dissélved 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 1lies beneath the
Georgetown Irdustrial Park lccated 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 tfansport 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 iarge amounts of metal
plating sludge and, *o 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, 1876, a tanker
trailer containing treated metal hydroxide waste tipped

26
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over on the site spilling a portion of its contents.
MDNR officials ordered Gerald Rozema, owner of the
facility, to clear 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
crdéer; 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 bteneath 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 groundwatér.

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 beaeath the site, was in operation,
intermittently, from 1late 1977 to late 1979. The
monitoring wells were used to monitor the effectiveness
of the purging system.

In October of 1979 an oper dumpster containing
liquid wastes, presumed to be metal hydroxide wastes, was
discovered on the site. Tainted soil was vigibkle 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 surrournding scils
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 bv the NUS
Michigan Regional Office where the author is currently
employed.

To date, the field activities that have been
performed by NUS for the lozema RI include soil gas,
temporary well, and so0il sampling and monitoring well
instaliation and sampling. Many of the data acquired
during these field activities have been used for this

study as well.
Geography and Demography

The Rozema Garzge 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 1is 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
rimarily by 1light 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 s large gravel pit
and to the south by a small farming opefation.

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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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 éfbrage 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 1ie 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. Bowever, the 1lag of Lake Michigan surface
temperatures behind land temperatures results in cooler

summers and milder winters than the central regions of

In the summer season the average daily maximum

temperature is 76.7 Deg. F. The winter average daily

- - .= — - -_——
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minimum temperature ig 22.32 Deg. F. The average
temperature during the periods of soil gas sampling for
this study, which were conduected in January, a2nd June and
July, 1987, were 21.0 Deg. F and 79.8 Deg. F,
respectively.

More than half the annual precipitation, 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 sémpling performed
in the summer of 1987.

The average seasonal snowfall for Ottawa County is
66 inches. Average seasonal totals are probably higher
irn the western portion of the county due to the effect of
Lake Michigan. Snowfall was common during the soil gas
sampiing 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.
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 Scil Conservation
Service (Figure 5). The following soil types are found
in the area around the Rozema Garage site: Bayer loazny
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 lcam is a poorly drained soil commonly occurring in
depressions on outwash plains, lake plains and glacial
drainage ways. The. Wasepi séndy loam is a somewhat
poorly drained soil typically found on outwash plains and
low terraces. VThe Adrian muck occupies beottom 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 loanmy
sands and gravels to a depth of 42 inches over a sand
substratum. Ir low 1lying areas the upper 12 to 42
inches of soil consists of sandy organic materials.,

Domestic well 1logs from {21e area, and information

from boring logs obtained during the field investigation
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of this study indicate that apprcximately 15 to 29 feet

of fine to medium sand overlies sandy clays and silts.
Surface Waters

There are no natural bodies of water or sStreams
present in the immediate vicinity of the sgstudy 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 Dbevelled 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 pericd 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
tc 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 frazZments. In the immediate area of study these
depogits occcur as fluvial terraces along present and
abandoned drainageways.

Well 1log 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 ovérlying 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 geolcgy 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

>SCTibe i1t is present in the uniform sand

2 2 - -
QesCriveQ. Lvuall}', 33
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deposits as well.

A sandy clay to sandy silt unit was encountered
beneath the coarse grained deposits in each déep 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 tkis
aquifer ranges from approximately 8.0 feet at RZ-MW-03 to
21.0 feet at RZ-MW-01.

Groundwater flow directions across the site are
depicted 1in 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.

—— e . .. D e ——
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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 compcnent 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 gocuth 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
regiorel flow is presumed to be directed east towards the
Grand River.

In-situ équifer parameter testing was performed
during the NUS RI. The data obtained from these tests
were used to calculate hkydraulic conductivity and
transmissivity values of the materials in which NUS
monitoring wells were constructed. The average hydfaulic
conductivity was calculated to be approximately
3.35X10-%¢ cm/s. The transmissivity Yalues range from
about 6.13 cm?/s to 21.44 cm?/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 1in the study area were determined. Flow 1is

s - SN . . . . .. . e
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calculated to be migrating at an approximate rate of

1.36x10 em/s (117.5 cm/day).
Target Compounds

The organic contaminants of interest in this study
include the chlorinated hydrocarbon compounds
perchlorocethene and 1,1,1-trichloroethane. Perchloro-~
ethene (PCE), or tetrachloroethene, is a colorliess 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-trickloroethane (TCA),
{methylchloroform} is also used as a solvent in the metal
works industry for chlorinated rubber and various organic
materials such &s 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

.Physlcal and Chemical Properties of PCE, TCA, Water and Moist Air

«Physical and Chemical Properties

Parameter Molecular .Specific Water Vapor Molar Vapor Surface Viscosity Henrys'
Weight Gravity Solubility Pressure Volume Density Tension (centipoise Consteant
(g/mol) (20%c/4%) (Mg/1 (mm Hg (cm3/mol (@ 20°c) (dynes/cm @ 20%¢c) (atm m3/mol)
@ 20°¢c) @ 20%¢c) @ 20°¢) @ 20°c)
[N
Tetrachloroethene 165.83 1.626 150(@25%¢) 14 102,19 5.83 1.7 == 0.0153
24(@30°¢c)
45(Q40°c)
1,1,1-
Trichloroethane 133.41 1.350 4,400 100 99.63 4,63 ———— 1.2 0.0300
155(@30°¢)
Waterx _— 1.0 ———— 17.535 ——— 0.00075 72.75 1,002 ——
(g/cm3)  (in contact
55.32(@40°c) w/air)
Moist Air 28,97 ————— ——— 17.55 20.10 1.0 ———— ———— ———
Sourcest Verschueren, 1983; Marrin and Thompson, 1983; Mabey et al, 1983; liinds, 1982; Chemical Rubber Company, 1974.



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
autkor 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 acguisition of soil gas and water
quality sampleé will be presented. The methodologies

used to analyze these samples will also be explained.
Soil Gas Sampling

Scil 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 obtsained. 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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for this study. Twenty four of these 1locations were
coincident with locations where temporary wells were
sampled during the same period of time.

The total numbgr 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 troubleéhooting
purposes, which will be described later in the Chapter.
The transport (trip), and laboratory blanks were obtained
to identify if extranecus 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 1initial 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 directiorn of migration of these contaminants in the
groundwater. The subsequent soil gas ssaszpling was
performed in conjunction with temporary well sampling in
order to determine correlations between the two data
sets.

The following 1is an explanation of the soil gas

sampling procedure used during this study. Each soil gas
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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 wuse in sampling, the air sampling pumps,
used to draw the soil gas through the sample medium, must
be calibratéd. In addition; the Tenax trap tubes (the
sampling medium) must be assembled and conditioned before
beginning 2 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. Nﬁtrogena dissolved
in water was applied liberally cver 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

Soii Gas Sarpling Equipment . .

Item Number Description
1. 1/2 4n. (I.D.), 11/16 in.(0.d.)x5.5 ft. stainless steel
probe with 20 1b. slide hammer
2. 11/16 in.(o.d.) stainless steel probe point
3. 2 e, (I.D.) polyethylene tubing
T 4. . 2m. (X.D.) teflon tubing
S. 12 in. x 1/8 in. Tekmar LSC-2 Tenax (60/80 mesh) f£illed trap
tubes
6. 1/8 in. (I.D.) plastic caps
7. sxc 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.V.C. electrical wire threaders
11. 20 ml. and 40 =1. 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 -heets
23. Electrical tape
24, Channel lock pliers
25. Surgical gloves
26. Ccoler
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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 Dbefore

obtaining each sample.

Figure 15. Teflon Joints and Soil Gas Probe Points.

Nutrogena was chosen for decontamination soap
because it 1is free of organic based fumigants and is
phosphorous free (Scheib, 1587).

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 boﬁtom 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 joirt 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 Pecint 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 hLands. When gloves were not availabie, 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 Jjars. Doing this
minihized the possibility of contaminating or soiling the
Jjoints while moving to, and setting up at each sampling
location.

At each 1location the probe was pushed into the
ground untii 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 thét cﬁhtained 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
érocess 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 1loose, 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.

Nexf, an SKC Model 222 zair 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
t§ 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 countamination that may have
ccllected on the tubing end during handling. A Teflon
Jjoint was then pushed on the trimmed PE tubing.

Next, a Tenax filled trap tuke {Figure 20), was
attached to the PE tubing assembly . The flanged end of
the trap tube was pushed through the plastic hoiding
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 almcst 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 1logs included the sample medium wused and the
method and the equipment used to analyze the sample.
Notes were also made on these 1logs of any unusual
sampling occurrences, or procedural digressions while
obtaining 2 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 1log, 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 szmple 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: Roecmp
SAMPLE NUMBZR: R2 -5 -0i4

DATE SAMPLED: (24|87

TIME SAMPLED:

DATE ANALYZED:

SAMPLE DEPTH: 4=’

SURVEY COORDINATE:

SAMPLE LOCATION: 477 Pt WeST o EMsT @eMCE ULE. T PT JorPH

ANALYSIS METHOD - DIRECT INJECTION OF SAnpe OIL LINE -
ABSORPTION TUBEV/

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: HP ©Qqa &

COMMENTS :

CLOUU-I 1 CoLd C‘Vag)

/1 240
&o =550157

/me #?’ s7— ‘,7'3%’9/7“

SAMPLING PERSONNEL: § 4 M /‘DRH'

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.



was shut off and sampling was complete.

Figure 23. SKC Air Sampling Pump.

Once the prche 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 siméle 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 bag 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, tﬁe 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 possession 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 sample3, 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 thg 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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The analysis of tke soil gas samples was ©performed
in an NUS mobile 1laboratory equipped with full gas

chromatography capabilities.
Soil Gas Sample Analysis

The method by which the soil gas samples were
analyzed 1is based on EPA Method 624. Soil gas samples
were desorbed and sequentially analyzed by temperature-
programmed, purge and trap gas chromatography (GC). A
Tekmar LSC-2 Liguid Sample Concentrator (purge and trap
device) and a Hewlett Packard 5890A gas chromatograph
were used for the analysis of these samples. Detection
was accoﬁplished by a flame ionization detector (FID!) and
the FID responseé 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 estazblish a
response factor (RF) for each compound which could be
used to quantify the resnonses of the soil gas sample

"analysis that were subsequent to the standard analysis.
This RF is caliculated 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 so0il 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 concertrations of these compounds
differing from each cther 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 gquantification 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 caliEration curves
were established for both the winter and s&mmer soil gas
data sets.

The standard calibration curves were prepared by
plotting the concentration of each compound against the
correspénding peak height or area response for that
compound. The curve made for the winter data wutilized
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 1line.
These equations (Figures 26 through 28) were used tc

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 waé demonstrated to be free of
contamination by the generation of an acceptabie system,
or method blank. The method blank was accomplished by
the analysis of the so0il 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 aquecus 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 1in 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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. The vaporous contents of the sample were then desorbed
for five minutes by a back fiush 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, PCE 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

Finzl time

HP5890A

38.4 ml/min

0

3

1%Z SP-1000 on CP-B

FID

Injection temperature

Detector temperature

60 Deg. C

3 min.

15 Deg. C/min.
220 Deg. C
10.0 min.

275 Deg. C

290 Deg. C




peak heights (for summer data) were measured (pez2k
heights had to be estimated propertionally 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 wvalid, 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 205 Deg. C
for eight minutes to remove an& 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 vias
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 "preanaliysis” 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 opreanalyzed and was
determined to be in poor ccndition, 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 alli the sample
chromatograms proved that the method used to gquantify the

samples (i.e. celibration curves) did not introduce any

false results. Samples were identified visually to be
either contaminated with PCE anrnd 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 sampiing 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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Tabie 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-SC-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-SC-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 -- ccntinued

Compounds

Soil Gas Sample No.

PCE TCA
RZ-SG-39
RZ-SG-40 X | X
RZ~-8G-41 X X
RZ-SG-42 X X
RZ-SG-43 X X
RZ-SG-44 NA NA
R2-5G-45
RZ-SG-46
RZ-SG-47
RZ-SG-48
RZ~-SG~49
RZ-5G-50 X X
RZ-SG-50 Dup X X
RZ-SG-51 X
RZ-SG-52 X
RZ-5G-53 X
RZ-SG-54 X
RZ-SG-55
RZ-SG-56 X
RZ-SG-57 X X
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Table 4 -~ continued

Compounds

Soil Gas Sample No.

PCE TCA
RZ~SG~-58
RZ-SG-59 . X
RZ-SG-60 X X
RZ-SG-60 Dup X X
RZ-SG-£1
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” concerntration. This is the
minimum signal fer 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.
Trouvleshooting

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 1last 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 s5f these unknown compounds identified in samples
acquired in June and July of 1887. 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 isclate
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 analyzed to
determine if a2ny contaminants were present in the water.
If so, these contaminants could be carried over onto the
samplinglequipment. 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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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 3) 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 interférence may have been caused by
compounds that hkad possibly adsorbed onto the inner
surface of the tubing during storage. However, because
this interference was not observed in the winter samples,
it 1is believed that the warm temperatures caused some of
the components of the Pﬁ 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 intérference 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 intérpretations 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, 1987 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 pfeliminary
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 énalysis. The primary
objective of this additional sampling was to acgquire 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 1if 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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Table 6

Temporary Well Sampling Esuipment

Itex Number Description
1. 18.0 £t. x 2 in. galvanized stecel 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. (o0.d.)

e 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 cuzlity sample logs

10. Chain~of-custody forms

11. 40 ml. septur capped glass VOA 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
triped mounted winch was used to facilitate +the hole
cleaning process.

Auger cutting sampies were collected at five fgot
depth intervals at temporary well locations RZ-TW-11
through RZ-TW-25. These samples were later used to
describe the so0il characteristics at these 1locations.
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 hole 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 urtil tﬁe screen
intersected the water tatle.

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
{V0A) were obtained after development. Two forty
milliliter septum capped glass VOA vials were filled with
water from the development bailer. Wken sampling some

wells, duplicate VGCA samples were also obtained. At
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101
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 z2 sample log.

Sample 1log 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
#ample log sheet for the water quality samples is shown
in Figure 36.

Each temporary well was surveyed into a reference
point of known z2levation 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 analysis and cooled at 4.0

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



SAMPLE LOG SHEET
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Start Purge (hrs.)?
End Purge (hrs.):

Total Purge Time (min.):
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Purge Method: @é

Sample Methog:
Depth Sampled:
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Figure 36. Temporary Well Sample Log Sheet.
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Deg. C prior to analysis.
Temporary Well Sample Analysis

Tbe 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 usin the
NUS Corporation’s field screening methodology for the
rapid field anélysis of purgeabié 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 sample; for this study were 1.0 ppb for each

compound.
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CHAPTER V
RESULTS AKRD 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 suppiement the conclusions based on this scil 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 temporary wells (RZ-TW-28, RZ-
TW-30; and RZ-TW-34) and two s>il sampling data points
(RZ-SO—bl, RZ-S06-02). 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 Supplimentary Data

Sample Type Concentrations (ppb)

Sarple Number PCE TCA

Soil Samples *

RZ2-50-01 382.0 114.0

RZ-50-02 1318.0 3%.0

Temporary Well

Samples **

RZ-TW-28 ND ND
RZ-TW-28D ND ND
RZ-TW-30 ND ND
RZ-TW-34 36.0 1.0
Monitoring Well

Samples ***

(Depth)

RZ-MW-01 (9.5-12.5 £t) 300.0J 4.0
RZ-MW#-01 (19.0-22.0 ft) 300.0J 10.0
RZ-MW-01 (23.5-26.5 ft) 320.07 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-MW-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 = Duplicate
J = Average value
ND = Not detected
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Table 8

Soil Gas Sampling Results

Concentrations (ppb)*

Sample No. Date
BCE TCA

RZ-SG-01 12/17/86 32.66 23.910
2-56-02 1/15/87 2.64 0.500
RZ~SG-03 1/16/87 D 0.200
BZ-SG-04 1/16/87 28.06 4.160
R2-SG-05 1/19/87 111 0.130
BZ-SG-06 1/19/87 0.06 . .01l
RZ-SG-07 1/20/87 314.40 123.740
RZ-SG-08 1/20/87 282.01 98.950
BZ-SG-09 1/20/87 208.01 '10.130
RZ-SG-10 1/20/87 _ 0.71 D
RZ-SG-11 1/20/87 174.47 0.550
RZ-SG-12 1/20/87 D ND
RZ-SG-13 1/21/87 16.90 0.040
RZ-SG-14 1/21/87 : XD ND
RZ-SG-15 1/21/87 ) ND
RZ-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 1/21/87 564.02 5.720
RZ-5G-20 1/21/87 35.28 7.790
RZ-5G-21 1/22/87 28.03 2.890
RZ-5G-22 1/22/87 D ND
RZ-SG-23 1/22/87 2.04 D
RZ-SG-24 1/22/87 38.55 2.470
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Table 8 -- continued
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Concentrations (ppb)*

Sample No. Date

PCE TCA
RZ-SG-25 1/22/87 XD 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 D N
RZ-56-29 1/27/87 0.17 N
RZ~-SG-30 1/28/87 ND ND
R2-SG-31 1/28/87 ND 0.002
RZ-5G-32 1/28/87 D ND
RZ-SG-33 1/28/87 7.50 0.096
RZ-5G-34 1/28/87 ND ND
RZ-SG-35 1/29/87 ND ND
RZ-SG-36 1/29/87 ND ND
RZ-SG-37 1/29/87 ND ND
RZ-SG-38 1/29/87 ND ND
Rz-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-5G-42 6/28/87 0.76 0.020
RZ-SG-43 6/23/87 6.40 1.550
RZ-SG-44 6/14/87 NA NA
RZ-SG-45 6/24/87 XD ND
RZ-SG~46 6/23/87 0.13 ND
RZ-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-5G-49 6/24/87 ND D
RZ-SG-50 6/28/87 1.06 0.117
RZ-SG-50 Dup 6/28/87 1.17 0.260
RZ-SG-51 6/28/87 0.35 ND
RZ-5G-52 7/7/87 0.286 ND
RZ-SG-53 7/1/87 5.47 0.182
RZ-SG-54 7/1/87 1.28 ND
RZ-SG~55 7/7/87 ND ND
RZ-SG-56 7/19/87 1.75 ND
RZ-SG~57 7/19/87 4.26 0.153
kz-sc-ss 7/19/87 0.130 ND
RZ-SG-59 7/19/87 0.69 ND
RZ~SG~-60 7/19/87 6.03 0.990
RZ-SG~60 Dup 7/19/87 6.28 1.210
RZ-SG-61 7/22/87 ND ND
R2Z~-56-62 7/22/87 0.263 ND
RZ-SG-63 7/22/87 ND ND
RZ-SG-64 7/22/87 Np ND
R2-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 -~ coantinued

Concentrations (ppb)*

Sample No. Date

. PCE TCA
RZ-SG-106B 717/87 ND ND
RZ-SG-107B 7/7/87 0.20 D
RZ~SG-1088 7/1/87 0.20 )
RZ-SG-109B 717187 ND ND
RZ-SG-110B 719/87 ND D
RZ-SG-111B 7/9/87 ND ND
RZ-SG-112B 7/9/87 ND D
RZ-SG~113B 7/9/87 D D
R2-SG-1i4B 7/9/87 KD D
RZ~SG-115B 7/9/87 ND ND
RZ-SG-116B 7/9/87 ND ND
RZ-SG-117B 7/9/87 D ND
RZ-SG-118B 7/19/87 ND D
RZ-SG-119B 7/19/87 ND D
RZ-SG-120B 7/19/87 ND )
RZ-SG-121B 7/19/87 D XD
RZ-SG-1228  7/22/87 ND ¥D
RZ-SG~123B 7/2287 ¥ ND \
RZ-SG-124B 7/22/87 ) D
RZ-SG-125B 7/22/87 D 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 1levels of TCA
throughout the study area. The concentrations of PCE in
the 20il ges ranzge from a high of 314.0 ppb at samsle
location RZ-SG-07 to a low of 0.240 ppb at 1location
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

l39, 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 aresa.
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 éas 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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Figure 38. Isoconcentration Contours of PCE in the Soil
Gas. '
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Figure 39. Isoconcentration Contours of TCA in the Soil
Gas.
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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 notited that the soils around this
dumpster were discolored. This probably indicates that
wastes were spilled or leaked here.

Other 2zones where high cdhcéntrations 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 wmould enter and
exit the service garage. More specifically, these zones
include the west entrance to the garage on, and the
northwest corner of the Rczema property.

Away from the Rozema site the distribution of the
soil gas contaminaticn 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 Pcrt 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 temporery well locations are summarized in Table
8. 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-08€.

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 o¢f the groundwater plume is inferred
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Table 9

Temporary Well Sampling Results

Concentrations (ppb)

Sample No. Date

BCE TCA
RZ-TW-01 2/05/87 ND )
RZ-TW-02 . 2/0s/87 %6.0 6.0
RZ~TW-03 2/05/87 210.0 24.0
RZ-TW-04 2/06/87 ND M
RZ-TW-05 2/06/87 ND ND
RZ-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 30.03 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 XD ND
RZ-TW-17 6/26/87 ND ND
RZ-TW-18 6/25/817 ND ND
RZ-TW-19 6/25/87 ND ND
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Table § == continued

Concentrations (ppb)

Sample No. Date

PCE TCA
RZ-TW-20 6/25/87 100J 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-26 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~BLANK-06 6/24/87 ND ND
RZ-BLANK-07 6/25/87 ND ND
RZ-ELANK-08 7/08/87 ND ND
RZ-DECON-01 2/05/87 ND ND
RZ-DECON-02 2/09/87 ND D
RZ-DECON-04 6/18/87 ND ND
RZ-DECON-Q5 6/19/87 D D
RZ-DECON-07 6/26/87 ND ND
RZ-DECON-09 7/09/87 D )
RZ~DECON-04 6/25/87 ND D

Note: XD = Not detected
Dup = Duplicate
J = Average value
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from the data from soil samples RZ-SO-01 and RZ-S0-02,
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-S0-02) obtaingd at this
location, which was a compoéite sample of the top three
feet of so0il, indicates that these scilz are contaminated
with PCE and TCA (Table 7). The concentrations in this
sample sugzgest that the volume of contaminant liquid in
the soil was probably significant enough such that the
residual saturation of the 1liquid in the vadose zone was
exceeded. Consequeﬁtly, the liquid was able to
infiltrate to the groundwater at this locacion.

_ An additional, 1less 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

—_— - . - - - . . ——— _ - —
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second plume most 1likely 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 resuliis. An addiéional soil sample (RZ-S0-01) 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 contaminaticn and temporafy
well RZ-TW-34.

Water quality samples obtained from temporary wells
RZ-TW-01, RZ-TW-05, RZ-TW-10, RZ-TVW-11i 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 1is 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

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



122
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 1levels in the
groundwater near the corner of Port Sheldon Street and
Port Sheldon Court. Consequently, the downgradient
extent of the groundwater corntamination near the water
table 1is inferred to be just east of the intersection of
these two roads {Figures 40 and 41).

Woter 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 1liquid 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 wefe 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 wunit 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, éhown 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
gaé and water quality data confirms a definite
qualitative correlation between the two data sets. The
distribution of both the PCE and TCA contamiration 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 1in
water samples obtained from temporary wells installed at,

or near these locatiocns. 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-0T7 where
groundwater contamination was detected, and where PCE was
identified in soil gas sample RZ-SG-65, loca;ed 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 krown groundwater and vadose zone contamination.

As mentioned previously, the PCE and TCA
contamination in saﬁples RZ-8G-23, RZ-S8G-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 co¢r 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
metrix under residual saturation. Dissolved PCE and TCA
carried down to the water table by infiltrating waters
most 1likely 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

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

124



indicators of a surface or vadose zone source include an
abrupt increase in soil gas contamination compared to
surrounding sampling poinfs, 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 contaminatian.

Sampling errors may have been the main reason why
no PCE or TCA contamination was discovered in soil gas
sample RZ-SG-38. 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. Ian 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 alsoc 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 p?esent 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, Dbecause the weather was not ceold, 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, 1$87.

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-%) with a temperature increase from 15 Deg. C 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 ebout 50 feet west of
RZ-SG-38) at a concentration of 90.24 ppb. This
contamination is speculated to be from the 1lateral
diffusion of PCE vapors volatilizing off the water table
near the western edge of thé plume (Figure 38). The
concentration of PCE detected in RZ-8G-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 the 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 edjacent tc the main groundwater
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plumes. However, these facts alone, 1if 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 éhe 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 szmple 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 wunder the truck path over-consolidated, but that
the frost zore beneath the path may have been mﬁch 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 wvapors 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. Siight 1lithologic 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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vadcse 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
zZone source. Samples collected beyond this distance are
usualiy representative of the underlying aquifer. The
depth to water at locations RZ-SG-12, RZ-SG-14, and RZ-
SG-15 1is 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 zample locations are all about
25 feet away from these contamination sources as inferred
by the best available data. Therefore, it seems
réasonable 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 tec make such predictions.

The correlation of the concentrations of PCE in the
soil gas with PCE 1levels in the groundwater at 11
temporary well locations is shown in Figure 42. The data
points shown in Figﬁre 42 are of corresponding soil gas
and temporary well sample 1locations. 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 1is also high. A
regression analysis was also performed for the two data
sets to establish the correlation between TCA levels in
the two media a2t 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 1linear 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
4equations from the linear regression analysis of the PCE
and TCA data are

24.34 + 6.56Csgcprce)y and

Cewcrce)

Caw(rca) 3.40 + 5.79Csccrca) »
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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
prezentation of the concentration ratios of PCE and TCA
in the s0il gas as compared to the levels of these
compounds in the groundwater at the corresponding
femporary 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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Concentrations and Ratios of PCE and TCA in the Soil Cas

Table 10

and Shallow Groundwater

Corrensponding Sample Locations

Concentvations {(ppb)

PCE TCA
Soil Gas Groundwater
Soil Ground- Soil Ground -
Gas water Ratio Gas water Ratio
RZ2-SG-04 RZ-TW-03 28.06 210 0,134 4.16 24 0.173
R2-8G-40 RZ-TH-06 10.57 110 0.096 1.7 22 0.078
RZ-8G-41 RZ~TW-02 5.26 46 0.110 0.39 6 0.065
RZ-8G-51 RZ-TW-20 0.35 100 0.0035 ---- e
R2-5G-52 RZ~TW~-22 0.286 3 0.09 0 1 0
RZ-SG-53 RZ-TW-23 5.47 41 0.13 0.182 3 0.061
RZ-SG-54 RZ-TH-25 1.98 33 0.06 ——— -~ emme-
RZ~SG-55 RZ-TW-24 0 3 0 ——— = e
RZ-8G-56 RZ-TW-25 1.75 35 0.053 ———— - eemee
RZ-8G-57 RZ-TW-23 4,26 41 0.10 0.153 3 0.051
RZ--8G-62 RZ-TW-14 0.263 30 0.6088 0 3 0
Mean 0.07} BT;;;
Standard deviation 0.050 0.058
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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 ppk, 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 0.0l 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-quantitati#ely determine the
concentrations of PCE and TCA in soil gas samples.

4., The ©polyethylene tubing used for the <transport
iline 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.
135
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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 soii 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 idemtified
in soil gas samples and PCE concentrations detected at
the water table at approximately the same locations and
tke same time.

10. High correlations (r = 0.91, n = 7) also were
observed between TCA levels in the s0il 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, s0il gas sampling appears to be
unsuitable for sampling in frost impacted,
overconsolidated granular soils.

14. The scil gas data acquired during January,
1887, when temperatures averaged 21.0 Deg. C. 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 Desg. c., were used
successfully to delineate the extent of the water table
contamination downgradient of the site. Thus, although

temperature fluctuations may have glightly affected the
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flux of soil gas contaminants in the vadose zone at some
sampling 1locations, 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 fubing
materiale through which soil gas samples are drawn. The
polyethyene tubing used for this study has been proven to
introduce interference in soil gas samples obtained while
atmospheric temperatures ranged from 70 Deg. F to 92 Deg.
F. The material that is believed tc be most suitable to
replace this tusing is Teflon.

2. A different, more versatile, type of air
sampling pump should be ugsed instead of the SKC 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 bDe inherently more suitable for this type of
sampling.

3. A new method for preparing soil gas analytical
standards should be investigated. The method wused 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
conceantrations.. The concentrations of the target
compounds should be at or close to the analytical
detection 1limit, and at levels of the average and high
concentrations expected for the soil gas &ata, 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

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

139



140
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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v SOIL GAS SAMPLE DATA sussr

SITE NAME. 720 21779
s.wpu,e NUMBER: Z2 - S & - 00//? FoorB

DATE SAHPLED /2-/2-86

TINE sm\PLEn o758 - /0"/8 //38
DATE ANALYZED: :
SAMPLE DEPTH: 3
SURVEY COORGINATE: )
SAMPLE LOCATION: MW (vt O Sire-ffcor Wete anw 3
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: PS5 784
COMMENTS:

D017 - 2emn fleor Seares
: 001B- 4 uroe Prar Seapes

¥ (fowe 127 Terme THp To6 £ Naw S& TF%

SAMPLING PERSONNEL: P,e///ﬂ/r' c

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

LUIB- Petakess on (~l6-€7 _Shof e ofs55 ~
/-1

#6800

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



SOIL GAS SAMPLE DATA SHEET

. 7
SITE NAME: W
SAMPLE nuua% QQM 0028
DATE SAMPLED: /=/5-87
TiMe sawpLeD: 345 J¥YS, /S/2

OATE ANALYZED:

SAMPLE OEPTH: 3
SURVEY COORDINATE: f/£LORNER OF S/TZNE%2 WELL MWZ

SAMPLE LOCATION:

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: #Pﬁs"?d/?
COMMENTS :

02/ - Zm/cor%ﬂé
;025 L/oﬂzﬂ,ﬂwr Sonlle

SAMPLING PERSONNEL: pz#/ (e

ATTACH COPY OF CHROMATOGRAM AND REPORT FORH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: (20 267YF _. ,
SAMPLE NUMBER: 2 2-56 0037 F o038
DATE SAMPLED: //é-8C& ‘
TIME SAMPLED: DPOD- [OST @”3#) @03?"/ /oD-(205
DATE ANALYZED: o |
SAMPLE DEPTH: B’
SURVEY COORDINATE:
SAMPLE LOCATION: 556'0@’?244 SITE - Jtové DeBeS —AfkcenT
ANALYSIS METHOD - DIRECT INJECTION Sl
ABSORPTION TUBE

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: APAS7CYT

COMMENTS :
4 Freor SeurE. ~ 72574
Zj Jlor SeoE - B2

SAMPLING PERSONNEL: /2/7(5/ Der

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: &ze'Mﬂ
SaPLE NumBER: B2 —SG- OO

pate saweien: [-flp-% :
TIME SAMPLED: // O 5- [Z0 >

DATE ANALYZED:
SAMPLE DEPTH:

SURVEY COORDINATE: '
o feice - Miputd Eor).

ivd

SAMPLE LOCATION: Spomr&Bse JFF1% -zl ES

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE «~ -
VOLUMETRIC CONTAINER USED:

6AS CHROXATGGRAFH useD: MPL90A

COMMENTS:

Zl Aeor St aulie

SAMPLING PERSONNEL: ﬂy&/ﬂﬂﬁi

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



-1}

- !
SQIL GAS SAMPLE DATA SHEET

SITE NAME: Koz A |
SAMPLE NUMBER: Pz -Sa - 00 SA Y 0OC5R
DATE SAMPLED: /- jG-§7

TIME SAMPLED: 2015

DATE ANALYZED:

SAMPLE DEPTH: 3’

SURVEY COORDINATE:

e e 77 OF WyPOLE
. 3 S LILE  ORZLTLY MIL #
SAMPLE LOCATION: MoBT7TH FEM Y GAPASE 108PT FRom NEGRE

ANALYSIS METHOD - DIRECT INJECTION 83 Fr From Nw R
ABSORPTION TUBE TEMAYL

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: HF S 704

COMMENTS: - -
fuovay , Gop [~ 2°F)

o5k - L/ sAm7eE fomp® % (00%)
gir ¥ — 473374
gw&——77001¢

Gesp— 1| 7 TEmMm#E

SAMPLING PERSONNEL: —TJyn / CRE

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM .

1700l T -
9920 45
773736

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHKEET
SITE NAME: TROZEMA
SAMPLE NUMBER: RZ2-S( ~ OCLA ¥+ 00¢ 3
DATE SAMPLED: |[I4|&7
TIME SAMPLED:
DATE ANALYZED
SAMPLE DEPTH: 3 /
SURVEY COORDINATE:
SAMPLE LOCATION:
ANALYSIS METHOD - GIRECT INJECTION
ABSGRPTION TUBE TENGX
VOLUMETRIC CONTAINER USED:
6AS CHROMATOGRAPH USED: HPSB%0A

COMMENTS: CWD:/J cod (”‘200.:)
ocp A 2Lter  “Rump # 4 (o) Mﬁ"ﬁ?gé"

S liter
oB PunP ¥3  (opB) éur 492701
yqz e/
206A 2387 el over [adder sumle 710
B> 3.\ oute [l liier Sangle, -

SAMPLING PERSONNEL: TWW/DRH

>

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



l6g

SOIL GAS SAMPLE DATA SHEET
SITE Name: [LozzunA
SANPLE NUMBER: R2 - S5 - 007
DATE SAMPLED: /- 25 -2~7
TINE SAMPLED: /2 00
DATE ANALYZED
SAMPLE DEPTH: 4/ '
SURVEY COORDINATE:

SAMPLE LOCATION: . DizzTed VeoTH OF K2 -S6 'gg sb'ﬁ
L3 ~
ANALYSIS METHOD - DIRECT INJECTION BM'A FRoM @F
ABSORPTION TUBE Tz 44X - N

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: #7537'06’

COMMENTS :
Llovsy, (oep o P 23 sTaeT493995
‘ 11 2%
END-504:735
( 524 20

SAMPLING PERSONNEL: TV /W7 / PEH

ATTACH COPY QOF CHROMATOGRAM AND REPQRT 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: R3Z-SG —-cOF
DATE SAMPLED: .95 A
TIME SAMPLED: //;0/57
DATE ANALYZED:
SAMPLE DEPTH: ¢/
SURVEY COORDINATE:
SAMPLE LOCATION: SouTH 6F R2-3G=007; - . MoE &F
ANALYSIS WETHOD - DIRECT INJECTION &7 3EWA &4 =
ABSORPTION TUBE 7zA#X
VOLUMETRIC CONTAINER USED: HP5 XG0 4
GAS CHROMATOSRAPH USED:
COMMENTS : . : :
 Catl, SmowY . /w;r/a -'..."?( srﬁzr-????azzlcé
ENE Broz2 44

LT poam wv oRle
OF BLpg AWO
93 gr DiRecTYy
NoRTIE BLOG

SAMPLING PERSONNEL: 7/, / 2

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



| ~ SOIL GAS SAMPLE DATA SHEET
SITE NAME: /2025'1/1/-3 .
SAHPLE NUMBER: KZ—S6-2F
DATE SAMPLED: /-Zo 37
TIME SAMPLED: [/ 30 AM
DATE ANALYZED:. .
saMPLE DEPTH: &/ '
SURVEY COORDINATE:
SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: 2f PSS A
COMMENTS:

Showy | 4.0 (2 20°)
F¥3 srasr Se¥923

/J/.'fi‘q/ ' /245
 EAD 514142

SAMPLING PERSONNEL: ~T U/ / D2t

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: /%Zf?’?ﬁ _
SAMPLE NUMBER: ﬁZ’ sg-o/¢
DATE SAMPLED: .zp-57
TIME SAMPLED: /420
DATE ANALYZED
SAMPLE DEPTH: &f/
SURVEY COORDINATE:
SAMPLE LOCATION: 35.S8FT SwTh OF NE CoRugR. Mad(RRNG wste, Clal
ANALYSTS METHOD - DIRECT INJESHTON ¥ EF51 FOREUNE. '
ABSORPTION TUBE v~
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: ffP7 5370 A

COMMENTS : _ on
- CLavoy, ot (~20°)

: _5/024%

/2'.»7/9 #3Z sraeT = 20

Enp —352750%

SAMPLING PERSONNEL: To/Mm / veH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



| SOIL GAS SAMPLE DATA SHEET
SITE NAME: Zosznm
SAMPLE NGMBER: Zz2-SG - o/
DATE SAMPLED: /~20-87
TIME SAMPLED: /420 /53¢
DATE ANALYZED:
SAMPLE DEPTH: ¢’
SURVEY COORDINATE:
SAMPLE LOCATION: 42 FT~ STR OF StweflS O10.q PT 005sT of €307 Ridczyypg,
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE V"
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: MFP 590 A

COMMENTS: ) [
LoDy Lol f429 ’ 7

. / _ /( : M . BRILCI5
,Z.,,/o’sf STAST =" 2920 = FALO

oo —— Gl §20L°3

bvf 7-@ ik D 5‘36U/U6 CRIGINAL aﬁc' TH&‘/%

SAMPLING PERSONNEL: To/m / CRH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



_ . - - - PR —

' SOIL GAS SAMPLE DATA SHEET
SITE NAME: Zrzr7ms
SAMPLE NUMBER: £2-S5 -g/2
DATE SAMPLED: /-2,
TIME SAMPLED: /20
DATE ANALYZED:
SAMPLE DEPTH: &/
SURVEY COORDINATE:
SAMPLE LOCATION: SoiT wesT oF ERsST ;66355 LIt Go F kT o souTh
ANALYSIS METHOD - DIRECT INJECTION -
ABSCRPTION TUBE+”
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: 479890 4
CGMMENTS :
&é’v‘ln”f/ ,_’4'7’;;:9{':&;6"__}

!
23 gmer —452]257

gvo —338%28

| fur

SAMPLING PERSGNNEL: M / Dz 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: ‘Roismq :
SAMPLE NUMBER: R.Z,-SG- = OI3
pate sampLeD: \|21{87
TIME SAMPLED: 4723
DATE ANALYZED:
/
SAMPLE DEPTH: &
SURVEY COORDINATE:
SAMPLE LOCATION: G.5F7 et of CRsT %'uue. s¢&r hoRTH
oF SauTH NG,
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: P FB04

COMMENTS :

PmP*Y smer —— F26772
9 20
e ———L36672 |
| /*?cf"/ﬂoe/ il Scfa/ on

ol air serms o
]

SAMPLING PERSORNEL: [ JTH / DRt A.o-{ race— /';/4;;4.-_ bord

detocmalie Tuebe Haf aprepe
Sent betrvesin rf and "[ﬁ'
ATTACH COPY QF CHROMATOGRAM AND REPORT FORM e rs 4 of
rasered.
ds 2 resuld Hare MOy \
- L pot hae beom o Lil] €

Pt

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: Roemp -
SAMPLE NUMBER: R2 -5 -0l

DATE SAMPLED: (=187

TIME SAMPLED: |

DATE ANALYZED:

SAMPLE DEPTH: 4~

SURVEY COORDINATE:

SAMPLE LOCATION: 47 FT WeSToC EdsT FErMCEULE. T PT foRMH

ANALYSIS METHOD - DIRECT INJECTION OF shmpe Ol LINE -
ABSORPTION TUBE |

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: HP 59qa &

COMMENTS :

C!.OUB-i 1 oo (:'Vag)

4

Ty
. /me #fl ST-— 7??2;2_

Eip=550157

SAMPLING PERSONNEL: {1 4 M /DRH‘

ATTACH COPY OF CHROMATOGRAM AND REPOGRT FORM

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

site namg: Aozemd
SAMPLE NUMBER: K2 -$& —2/5
DATE- SAMPLED: /- 2/-%7"

- TIME SAMPLED:

DATE ANALYZED:
SAMPLE DEPTH: &' -
SURVEY COORDINATE:

176

SAMPLE LOCATION: 27 FT ERsT oF 8L0¢, 12 Pr BEST oF ERST e LM

ANALYSIS METHOD - DIRECT INJECTION

" ABSORPTION TUBEV
VOLUMETRIC CONTAINER USED:, .-, 7% °
GAS CHROMATOGRAPH USED: 4Pz292A4

COMMENTS: o
Suwy toro (»20°)

’

' . ,./””'/’ f% STARLT ——

& 3 ET FRoM SulCoRAEA
. 6L%. )

550324
11240

SAMPLING PERSONNEL: T/ / pRH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: ROZEmfr

SAMPLE NUMBER: ﬂZ.‘éG"O)@

DATE SAMPLED: 1/21[37 |

TIME SAMPLED: /(4! HRS

DATE ANALYZED:

SAMPLE DEPTH: &4

SURVEY COORDINATE:

SAMPLE LOCATION: 35FT SwTHoF sanft 05, 22, g'prs/&-_-‘zom

ANALYSIS METHOD - DIRECT INJECTION SB CoRrNeR. o= Buns
ABSCRPTION TUBE Y

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: HPS8904

COMMENTS :
SuNd ! '
cnlbat) Pomp T 4 o . esgpaz
- -992o
am—
5D E}Q;?ZUZL

ammu——

smar cul TIP #PRR eV ACURTION
SAMPLING PERSONNEL: T:TIY) / DRH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE MAME: RRempr A
SAMPLE NUMBER: R2=SG- « 017
DATE SAMPLED: }(24[g7 |

TIHE SAMPLED: 3530 HRS
DATE ANALYZED:
SAMPLE DEPTH: 4~

SURVEY COORDINATE: ToF
’
enst o
SAMPLE LOCATION: &9.S P SouTw oF_Neeqtt FELELUNE . BOFT
: LEsT FVCEURE
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: HPE89C4

COMMENTS:

/Pum 1‘7 77 4.%fz47§lq
3 4730
gho %5723 7

SAMPLING PERSONNEL: “T 17} / DRY

ATTACH COPY OF CHROMATOGRAM AND REPGORT FORM

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

sITE NaME: RaEap .
SAMPLE NUMBER: RZ-S6-0[|8&

DATE SAMPLED: 1/’2, 87
TIME SAMPLED: (555
DATE ANALYZED:

SAMPLE DEPTH: 4’
SURVEY COORDINATE: -

SAMPLE LOCATION: 45 SOUTH oF SAwmp(e RS- 3t
ANALYSIS METHOD - DIRECT INJECTION H'Dé
agsoreTION TUBE |/

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: [P 5890#
COMMENTS :

erC weEsST oF

“Pomp ¥3 emeT 541453

4 _neee

wie

SAMPLING PERSONNEL:-TTM ] ‘D‘R‘&

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



1380

SOIL GAS SAMPLE DATA SHEET

‘s17e name: RozemA-

SAMPLE NUMBER: 22 ~ G —o/F

DATE SAMPLED: /~2/—57

TIME SAMPLED: /425

DATE ANALYZED ‘

SAMPLE DEPTH: /71’/“:

SURVEY COORDINATE:

SAMPLE LOCATION: 40FT SOuTH OF Sawfi& R2-C—012, 730 LorTH

ANALYSIS METHOD - DIRECT INJECTION \ & Seothl Fe"‘c"-“’?e )
ABSORPTION TUBE v~ 2

VOLUMETRIC CONTAINER USED:

6AS CHROMATOGRAPH USED: 47 SFT0H4

COMMENTS: 5;””; W”"P", Ao (“' zac)

o %Y <rrer —<57349
7725

zuwp — 467267

SAMPLING PERSONNEL: ~JJm / bE«

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET
SITE NAME: Loicmar .
SAMPLE NUMBER: Kz -SG-020
DATE SAMPLED: /[~2/-8%7
TIME SAMPLED: /705
DATE ANALYZED:  /
SAMPLE DEPTH: &' °
SURVEY co&anmns: -

clll?l 2 1ALPATINAN. 4 8 PR A
GRrIf i WWW AV e ") == ™I Mﬂ ‘W
SAST OT pweEsT

ANALYSIS METHOD --.DIRECT INJECTION
. =~ e . d
ABSORPTION\TUBEV  *
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: HP5%504

COMMENTS :
50”47 , Covo (¥ zo‘)/ WPy

F”“f s v /1246©

swp —S5232% 2
Srg 3! 7

935
SAMPLING PERSONNEL: M / >2H

ATTACH COPY OF CHROMATOSRAM AND REPORT FORM

PomP =\4=.3
. CauigreroN

181

28( (315/ ASML
R 11240 G‘SII@
ne

Sappte ¥

BLumE JO%0

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



182

* SOIL GAS SAMPLE DATA SHEET
stTe naMe: RRemfl .
, SAMPLE NUKBER: R2-SG- - 02
DATE SAMPLED: ulu{a‘z
TINE SAMPLED: | 035HRS
DATE ANALYZED:
SAMPLE DEPTH: 4
SURVEY COORDINATE:
SAMPLE LOCATION: 71F1;F&wnsqn7(FeHCcLI}€' F(G FT gasT Flamm
© ANALYSIS METHOD - DIRECT INJECTION '
ABSORPTION TusEY
'VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:
COMMENTS : |

' 4

SAMPLING PERSONNEL: ’qub, ]{-#

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



[
[¢d]
(3

SOIL GAS SAMPLE DATA SHEET

SITE NAME: ROZEMA

SAMPLE NUMBER: RZ-SG--OZZ
DATE SAMPLED: //23/87
TIME SaMPLED: [/ @HRS
DATE ANALYZED:

. ’
SAMPLE DEPTH: 4

SURVEY COORDINATE: wesT of pEcoRg.e:z
Pty proveTy - 45T

SAMPLE LOCATION: reRTY oF PETMR BT

ANALYSIS METHOD - DIRECT INJECTION éﬁ' BouTH oF pdzri&

ABSORPTION TUBEV Fesce |

VOLUMETRIC CONTAINER USED:
G6AS CHROMATOGRAPH USED:

COMMENTS :
L Pomp H/ er 47824
+815
o 4Z5CE T
| AR 424033
T squsar
sAn?Lms PERSONNEL : ‘737‘1/ DR ;M@, Wz_&lmé'

: - 109998

ATTACH COPY OF CHROMATGGKAWM AkD REPORT FORM

Tonp# [ 78/3(:7"/wo :

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



SOIL GAS SAMPLE DATA SHEET

SITE naMe: Bozdnf
SAMPLE NUMBER: BB— S6--023
DATE SAMPLED: //22/87
TIME SAMPLED: /I D HRS
DATE ANALYZED:
SAMPLE DEPTH: &£ ‘
SURVEY COORDINATE: = -
SAMPLE LOCATION: ‘RosTIft FRoFeRTY 6‘765:1’ suTH OF Gﬁfw
ANALYSIS METHOD - DIRECT IMJECTION . - (pest “FeNceunNG -

, . aesoreTION Tusg v~
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:

COMMENTS: #
TP T SR g 41
+ 8373

SAMPLIN(.S PERSONNEL: ﬁm/DﬁH

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: /fa?éﬁ/?

SAMPLE NUMBER: {7 —£5 - 24
DATE SAMPLED: (~22-§7

TIME SAMPLED: /£00
DATE "ANALYZED:
SAMPLE DEPTH: 4’
sunvév COORDINATE:

—-_‘_n-\..-“ 1'm ﬂtjq‘..g#-‘q ——pe \.n-r‘l-l ~ «)-H m})@

SAMPLE LOCATION: TS PRoPeRTY 734 €T WoeTH oF SoUTH FENG “ucy

- e

ANALYSIS_ METHOD - DIRECT INJECTION .

‘ f orat VT e TR
ABSORPTION TUBE v~ A L :
VOLUMETRIC CONTAINER USED: C

GAS CHROMATOSRAPH USED: 475B7CH

COMMENTS: Lo y O ( w.)

-
N A I
=l

I-A-

] !
/jymlr / ST —— Y24 %27
7€13

0 —Y3Y19y0

SAMPLING PERSONNEL: T\ [pEH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

: CINE, 1‘04 A E&T al-', wesT w—,‘ kxe

A
R’

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



SOIL GAS SAMPLE DATA SHEET
SITE NAME: Zo2Em A
SAMPLE NUMBER: K2 -S5-025
DATE SAMPLED: /-22-87
TIME SAMPLED: /5 Y0
DATE AMALYZED:
SAMPLE DEPTH: &/

SURVEY COORDINATE:

SAMPLE LOCATION: FUSTMA PRoPERY, 55 Fr SouTit oF No@Th FeNccyi
‘/ L2 BT wesT OF R3-5&-013.

SAMPLE LOCATION: TUSTMR PRaPERY, 55 Fr SouTl o_ngo'gﬁ%.oc;BUﬂ
ANALYSIS METHOD - DIRECT INJECTION 53§ wesT )

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: YPSE9oH
COMMENTS:

Sy, G (v 257D, B2

# m 3894757
/pm/p 2 STar 5?373¥

Enp - 03535
Acrua. 403640
3logs o™

N /..’/f

SAMPLING PERSONNEL: S22yl / T/

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

e
Pore * [ 7813
(#5")

“PumP #2 837%03

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



,_
o

SOIL GAS SAMPLE DATA SHEET
SITE NAME: TOTEMHR
SAMPLE NUMBER: "Rz~ S5 -0C6
DATE SAMPLED: 1/27/'37
TIME SAMPLED] 524 f{.QS
DATE ANALYZED:
SAMPLE DEPTH: 4

SURVEY COORDINATE:
SAMPLE LOCATION: B3O F EAST oF EDGELersT) o MARCAN STREST. 25
NORT oF ceuTERURE OF ,uu.,sy{seegc
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE,”

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED:HP%JA

COMMENTS:
cap clov
(«-e‘) Fomp™ | 4342l
S
Evp 472029

SAMPLING PERSONNEL: TJWZ/'DR#

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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18y

SOIL GAS SAMPLE DATA SHEET

site nane: Rpzgomd .

SAMPLE NUMBER: ﬂz_'%-'OZ?;«"'

DATE SAMPLED: [-Z7-3'% ‘

TIME SAMPLED: [540HRS

DATE ANALYZED

SAMPLE DEPTH: &/

SURVEY COORDINATE: (casT) ‘

SAMPLE LOCATION: 230 Pr GAST OF EDGEAOF MARCAD STREET. 25FT NoRTH

ANALYSIS METHOD - DIRECT mazcn%i«: GrBadNE OF WIUSHERE PRIVE, |

ABSORPTION TUBE 3

VOLUMETRIC CONTAINER USED: ’

GAS CHROMATOGRAPH USED: LASSSoH -

COMMENTS:

Sy Beom, o ~26°) |
/zﬂzPez ‘“ﬂﬂT'-_-%ﬁzj;

grvb T H)V]59

.

SAMPLINé PERSONNEL: DM TJVV\

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: W

SAMPLE NUMBER: 222 ~S¢ - o2&
DATE SAMPLED: /-27-<¥7)

TIME sawpLED: |(3OHRS

DATE ANALYZED:

SAMPLE DEPTH: & /

SURVEY COORBINATE:

. o e MARCAN ST
SAMPLE LOCATION: J3OFT EASTOF M@s‘—) as: () o
ANALYSIS METHOD - DIRECT INJECTION —  junlSHERS DRIG-

ABSORPTION TUBEV”
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: A5 §F0A

COMMENTS: 1) fﬁy/ Srrewsy , a2l (wl?«)

4-.‘ _ 444
/Qm/, /] <7 7713
Ewo —#'?,027

SAMPLING PERSONNEL: T(JMA / Di2H

s

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: ROTEMA
SAMPLE NUMBER: £2-56-- 029
DATE sAMPLED: /27/87

TIME SAMPLED: MO HRS

DATE ANALYZED:

SAMPLE DEPTH: 4"

SURVEY COORDINATE:

SAMPLE LOCATION: 2O0FT EBAST ofF Ems(smr)q- MARCAN srgf; 25er
ANALYSTS METHOD - DIRECT IngECTION™ORTH OF G OF WILS{SRE DRIE,

ABSORPTION TUBE
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: HP5890A
COMMENTS::

Shw eLouls, ’ﬁ' [,, @2:5@
oo, toatiT 15375

EOD »W

SAMPLING PERSONNEL: ‘r:ﬂn/’DﬁH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET
SITE NAME: JRozem & |
SAMPLE NUMBER: ﬁ?’;-s&- O3cA
DATE SAMPLED: //;3 (57
TIME SAMPLED: [i43 Hf“":ﬁ
DATE ANALYZED:
SAMPLE DEPTH: 4.’ "
SURVEY COORDINATE: ~ aﬁ‘tﬁe“a SIGN cnmm"?

—THES mRHILBOK FRoM
SAMPLE LOCATION: BogReat T <6 REMA SUG- s8FT
. WOF [}"LSHw DRIVE -

ANALYSIS METHOD - DIRECT INJECTION &f¢

ABSORPTION TugE v
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: /P SBGCH
COMMENTS:

.
. - -
Y

Ty ey P | smerg0008
o i 7813

SAMPLING PERSONKEL: 7 /77 fé{-/r

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: Rozem b}
SAMPLE NUMBER: RZ=-5G -~ 031

DATE SAMPLED: //25/ yy

TIME SAMPLED: /-
DATE ANALYZED:
saMpLE DEPTH: &

SURVEY COORDINATE: Fes . 3’,!4!?56:‘3 p@apa’at{
. ouTH OF Sus,CoriER oF
SAMPLE LOCATION: F30FT SouTk ey Y acEr Epst of c/z_

¢
ANALYSIS METHOD - DIRECT INJECTION oF whs a6 DR, Dies< am
eseL
ABSORPTION TUBE v QpRoniT OF 2.8 Dt

VOLUMETRIC CONTAINER USED:

€AS CHROMATOGRAPH usﬁn:f/ﬁ5?7<)ﬁ‘ >
COMMENTS : Pnzruf ey, micd (3057

PP T e 457902
+7 813

4ff77f

SAHPLING PERSONNEL: ~ 77 /%) !/”

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
stTe naMe: Eo 2z
SAMPLE NUMBER: 0 2 ~S¢ - (52~
DATE SAMPLED: [-Z23-57
TINE SAMPLED: 570
DATE ANALYZED:
SAMPLE DEPTH: & '

SURVEY COORDINATE: BorLOWS

| TosTMmA SERVICES C v
SAWPLE LOCATION: JoFr MoZTH ¢F 3= e west OF ClLoF wilSHERE
ANALYSIS METHOD - DIRECT INJECTION ~ TDR.

ABSORPTION TUBEV™
VOLUMETRIC CGHTAINER USED:
GAS CHROMATOGRAPH USED: g?géf’wr\

COMMENTS : 724‘ H\/ (lood ) . 40 (‘1’%.’)

P“‘MF ¥2 - STRRT—— 43020 |
¥3732
Fusisd —Y2837 9 |
feral 433730
| Betars o
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM ;ﬂmﬁé voLUm®

060

x

SAMPLING PERSONNEL: TJwvw } Dic et

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL GAS SAMPLE DATA SHEET
SITE NAKE: ROZEMA
SAMPLE HUMBER: BZ—SG- ~ >>
DATE SAMPLED: //27/ 57
TIME SAMPLED: /555
DATE ANALYZED:

Ve
SRMPLE DEPTH: 4
SURVEY COORDINATE: 257 ko R
DEE OF MARCAN AVE- 4
SAMPLE LocATION: 28 T WeT of € P@ LngoF WIFRERS

ANALYSIS METHOD - DTRECT INJECTION BYE -
. ABSORPTION TUBE »”~
VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: /-{Pff i
COMMENTS ;.

Pomp 22755
+ P13

e FFC
sorvae 441427

SAMPLING PERSONNEL: ‘I?m/m,l./ 21 cr> ot

"ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

*

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



SOIL GAS SAMPLE DATA SHEET

stTe name: RURErA S
SAMPLE NUMBER: R2-S6- “034’ o
DATE SAMPLED: //28/ﬂ

TIME SAMPLED: (535

DATE ANALYZED:

SAMPLE DEPTH: 4

SURVEY COORDIRATE: ¢ DR-

. T oF Enge oF WIS o
SAMPLE LOCATION: 35FT UJEST 3 r of ClL oF pors” Site Lot
ANALYSIS METHOD - DIRECT INJECTION | i =
STREET -
ABSORPTION TUBE o

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: #75 3704 '

COMMENTS: .
/,
mP # #ssn  Pop*2
| ESars GtF 3
W i —
PP Di€r — &l Y

SANPLING PERSONNEL: 7-\7/;? 02// _ﬁ}ﬁf/"

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

w7438
SHmPLE Vif;f'é '_/9‘/377
j18eml ﬁ%
| 7 S

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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| SOIL GAS SAMPLE CATA SHEET
SITE NAME: ?owrﬁ . '
SAMPLE NUMBER: K2- 56*055'
OATE SAMPLED: //29/§7
TIME SAMPLED: f4/SHRS
DATE ANALYZED:
SAMPLE DEPTH: 4’

SURVEY COORDINATE:
SAMPLE LOCATION: [GOFT WEST OF EDCE 5/5160') WILBHIRE DRIV

ANALYSIS METHOD - DIRECT INJECTION 21 Fi~ SevTH] OF CEATERWVE
OF Porr” SHECDH STREECT.
ABSORPTION TUBE «

VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: L{PZB90A

COMMENTS : .
- I
Scow, axnt.:j 7mf # ¢ 3818
D (~ SF) + i1040
, -
o 6§/ 02?
peTrL 65| 394
2,69 C7S oW
SAMPLING PERSONNEL: 7:779)/0@1_][ SHPLE~ | 03] M-

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

9360
<

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



'SOIL 6AS SAMPLE DATA SHEET

SITE NAME: Pﬂ@qﬁ

SAMPLE NUMBER: @-55.-536
DATE SAMPLED: | /17/77

TIHE SANPLED: (420425
DATE ANALYZED:
SAMPLE DEPTH: 4/

SURYVEY COORCINATE:

SAMPLE LOCATION: (WP~ WET 7 ERGE (wegerp)) of WILSHERE DRIVE.
2 A CF Cevrrupe
OF 7071 sHewrap/ -

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE 1/
VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: d 5970A

COMMENTS:

. MDDPUMF%/ 5M4{géqlz
Cacg (v20°F.) F ?350

e
EMND 452282

)
SAMPLING PERSONNEL: /< m/ VEH~

ATTACH COPY OF CHROMATOGRAM ARD REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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" SOIL '6AS SAMPLE DATA SHEET
SITE NAME: Lopmte _
SAMPLE NUMBER: RZ-SG-037) .
DATE sampLeD: [-27-87
TIME SAMPLED: [Su5
DATE ANALYZED:
SAMPLE DEPTH: & '
SURVEY COORDINATE: RIVE,

SAMPLE LOCATION: |5 T €851 OF egls;‘ rd> S 03: %‘é gF
. OLfr sariko

ANALYSIS METHOD - DIRECT INJECTION oer sMWgﬂZ&&T.
ABSORPTION TUBE

VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: HPSTA0 A

COMNENTS: "Wmfyl Calcg (w20 ),
/ﬁ”’f/’ 2 ST — (54T

12040
P —6l 35 27

SAMPLING PERSONNEL: N2/ / 7/ st

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
stTe name: [losem & .
SAMPLE HUMBER: L2 -$6-03TC
DATE SAMPLED: |-29-§7
TINE SAMPLED: aﬂ:—-vsa
DATE ANALYZED:
SAMPLE DEPTH: Y|
SURVEY COORDINATE:
SAMPLE LOCATION: 250-FT” EAST.oF pagrelN gPEE oF Wrspéze PRVE,
ANALYSIS METHOD - DIRECT INJECTION Sy SouTH oF (EA®RYME oF
sssareTIon Tuse v PRr SHeLnoN sTReer
VOLUMETRIC CONTAINER USED:
GAS CHROMATOGRAPH USED: NPSRAQ A )
COMMENTS: "“’”f’ W py , P Cvz.a )
# ) '
/7m/ ST ——tA2403
| 9360
Hp—"50 | 702 .-

SAMPLING PERSONNEL: DIQH /T;w\

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET
SITE nAME: BOZEMf .
sampLE numeer: @2 B2 -SG-037
DATE SAMPLED: |-29-F7 '
TIME SAMPLED: \L0OS
DATE ANALYZED:
saupLe 0epTH: )/

SURVEY COORDINATE: :
Thor dnELLEN

SAMPLE LOCATION: loo ' E. oF Lz -36- %_%85 0:; o t.'.. S

ANALYSTIS METHOD - DIRECT INJECTION Z! : CENTERLINE

. ABSORPTION TUBE\/
VOLUMETRIC CONTAINER USED:

GAS CHROMATOGRAPH USED: HPSSIo
COMMENTS: w, Coud (~ 20 ), Loy

Ponp ¥l sT—Lz7SY

rlze o

ab—b7%7%

AcrvAt 471890

j6ocTs

SAMPLING PERSONNEL: DRI} / Ty M, StmiPlE
| joo0ZmiL
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

>

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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GIL GAS SAMPLE DATA SHEET
s1TE NaME: Kozoiune . -
SAMPLE NUMBER: .. S5 —GUO
DATE SAMPLED: \—74.€7
TIME SAMPLED: \LG:S
DATE ANALYZED
SAMPLE DEPTH: Y '

SURVEY COORDINATE:
R2-$6-CBG ens Pomr Theipon

: \OO‘ kST OF
SAMPLE LOCATION = A Fr S‘&‘Wﬂ

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE v~

VOLUNETRIC CONTAINER USED: W :
GAS CHROMATOGRAPH USED: {—\-P%S?ma(

COMMENTS: Sy cony NtN‘b‘j Cot© (VZO)

y 47
Pomp B\ 5T— 50854
9360

e s F

SAMPLING PERSONNEL: TRt / 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 DATA ‘SHEET
SITE NAME: Eioagrnl% S
SAMPLE NUMBER: [Z2-5G- 04[] a
‘DATE SANPLED: [-29-3) |
TIME SAMPLED: |, S S
DATE ANALYZED:
sawpLE DEPTH: ¢ |

SURVEY COORDINATE: : TETEL IV
smm.s LOCATION: /¢’ E.oF Rz-58-H0, 2’5 o O ST
N T St

ANALYSTS NETHOD - DIRECT INJECTION
J ABSORPTION TUBE
VOLUNETRIC CONTAINER usED:

GAS CHROMATOGRAPH USED: p/ 55‘40:4'
COMMENTS: ﬁ;e“»// Lu;wy/é&a["*za")v

/Z m/ﬁ ST —5// 2>

©340
D 52071 Y

RN (7

SAMPLIKG PERSONNEL: Jo/i / DBRH

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SAMPLE NUMBER: £2- - 742
DATE SAMPLED: -2 8-57 |
TIME SAMPLED: /7 /O

DATA ANALYZED:

SAMPLE DEFTH: S0 <7

SURVEY COORDINATE:

202

SAMPLE LOCATION: ff7~ /vl ppanerE oF 294/ jzer 37 ez, (2. SFr

ANALYSIS METHOD - DIRECT INJECTION S 27 PRIEZ ST
ABSORFTION TUBE v~

VCLUMETRIC CONTAINER USED: E—ﬁuﬁ;{ Tode

GAS CHROMATOGRAPH USED: )75 57,4 '

COMMENTS:
ME‘?ZV /wapy WHEM /
v IFF) frreay

Bwp b ST— 93/ 64>

Jo So o

——

SAMPLING PERSONNEL: 7417

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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

SITE NAME: /6227»'}}
SAMPLE NUMBER: 222 — 3-043

DATE SAMPLED: 5 -2 %57

TIME smp-.en-w /720 x

DATA ANALYZED:
SAMPLE DEPTH: S oFT ' >

SURVEY COORDINATE: '

SAMPLE LOCATION: Ar MW crensR oF 294/ /De-r SwezLon, $TT

)

ANALYSIS METHOD - DIRECT.INJECTION 6375 oF E2-Sr-oyz.
ABSORPTION TUEE &

VOLUMETRIC CONTAINER USED: 7E sy 7o@=

GAS CHROMATOGRAPH USED: ﬂ/g?fd 47

COMMENTS: 3, Zovry, LHEK («75%) Zoem 3y
: ’ s’

' Bmp®/ s7— 23905
$6r3

— N\
/:" ?¢477g \

CSVOTES Torus LMmE o g

DL 7L fEmE 7o

ST i POESS, L AS
SAMPLING PERSONNEL: 77/ LECoMEZTEDL wife Lezor),

T PIER 1A M oS, /’a&'.a.—o
PAIO THEAN Tiio— T‘-,n/ﬂ{
ATTACH COPY OF-CHROMATOGRAM AND REPORT FORM  7USS5 W4T

COANRIECTTZSL

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



- SOIL GAS SAMPLE DATA SHEET

SITE NAME: Lpzsne

SAMPLE NUMBER: Z 2 - 55 - o094
DATE SAMPUED: 4 -/4- 97

TIME SAMPLED: . /5 omy

DATA ANALYZED:

SAMPLE D.EPTH: S oFr

SURVEY COORDINATE:

SAMPLE LOCATION: gn/ ARE T~ SHezlor) <P, J 22.5' § oF Fer Svzlon
CETELLIME) [2. S A TE UT7erTy Boxk A7 (:'pﬁ'uo-/a

ANALYSIS METHOD =~ DIRECT INJECTION OF foT SHESLor A8 (o227
AssORPTION Tuge v~ O EeAM €77

VOLUMETRIC CONTAINER USED: 7Ertx TvBs

GAS CHROMATOGRAPH USED: A~ SPF04

.COMMENTS:

Tonnsy Mo (~§5%)

/‘2»:/: =) 5';’#?7"&- 7555 L
o PO

SAMPLING PERSONNEL: 7;7;{1 2/)(4 1y

ATTACH COPY OF CHROMATCGRAM AND REPORT FORM

P

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

SITE NAME: 2o 20299

SAMPLE NuMBeR: 22-SG -2 495
DATE SAMPLED: 4-2¢~§7

TIME SAMPLED: 2o 3BS #25

DATA ANALYZED:
SAMPLE DEFTH: /.5 <7
SURVEY COORDINATE: ~ PysTeE

: ’ 2o Teu-t4
SAMPLE LOCATION: 2 25¢’S. ¢F AP 20’ & oF

ANALYSIS METHOD - DIRECT INJECTION 72nvAY TeBE
ABSGRPTION TUBE v~

VOLUMETRIC CONTAINER WSED:

GAS CHROMATOGRAPH USED: HPECFOA

COMMENTS: ;/(‘/””y/ /yarﬁ?dc/g)/ CHALM

/am/y ﬂ‘/ frﬁzr?pzz_/;7
T6/3

—;ﬁ/ff/ /09 12
9
€[090
[ - Spmres TRER o'W oF B2- 7‘&)./5)
TSAMPLING PZRSONREL: 7v/#%¢

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SUIL GAS SAMPLE DATA SHEET

stz name: £ zizvert

SAMPLE NUMBER: 2= - 52;-»0%

DATE SAMPLED: (,-23-87

TIME SAMPLED: 2/ 20 e

DATA ANALYZED:

SAMPLE DEPTi: SoF7 _/?.GFT)

SURVEY COORDINATE:

SAMPLE LOGATION: v /22.0 F- o5 W, oF L2=S5-0¢5 w /Fsrvas

ANALYSIS METHOD = DIRECT INJECTION ' '
ABSORPTION TUBE v~

VOLUMETRIC CONTAINER USED: ZZwAH 7055

GAS CHROMATOGRAPH USED: //”582/? .

COMMENTS:

So wnsf, b (~ %) ), 6'}%“1

/ /.
5/»/’ #o  STBErT 755502 757327
?a73 7093

~ L@

a//(//&/ e 27 077
SAMPUNG PERSONNEL: 777, /4/ /amée Lk~
5’§Fr. /a //77 =
ATTACH COFY CF CHROMATOGRAM AND REPORT FORM /5' neall @srovnts _)

/4W¢/‘[ "’/7 T=ann "’"7[67/}

o f‘/ﬂ:e g 214 —"“ﬂd/
//.”G"" “ ;5-9 Dree g,

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

SAMPLE NUMBER: 72 ~S6 ~G%#7
DATE SAMPLED: (- Z3-55 _

TIME SAMPLED: S5 HEZS
Z/f@fﬁﬁ'%/vl/}rs?‘-éy

DATA ANALYZED:

SAMPLE oeFT: /5 A1

SURVEY COORDINATE: )

SAMPLE LOCATION: /03~ porsp), o= Lz -3 —0</§

ANALYSIS METHOD - DIRECT INJECTION k
ABSORPTION TUEE v

VOLUMETRIC CONTAINER USED: [Zom) T35

GAS CHROMATOGRAPH USED: )P, yt =

COMMENTS: .
‘ﬁ“'”‘// wARSAN )Cfﬁé—%- ((75/ F)
/ / /7 7
T 297 753Y%2_
' > T 13

Prol72 CI2lo s

TTP Dipners ) ose TS0
o FE. B2 aldS PR/

SAMPLING PERSONNEL: 7, /2] / 20 T ety T /./’nuzucz 7o s

/ ZrRt SE7 Back v MecsT —
, LA SEETNELD.
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM 4 5 v —

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

SITE NAME: /Zch"/}tﬁ’

SAMPLE NuMBeR: T2 -S5-0¢ S

DATE SAMPLED: 5-23-57

TIME SAMPLED: 22 /5

DATA ANALYZED:

SAMPLE DEPTH: resFr

SURVEY COORDINATE:

SAMPLE LOCATION: (20" V. oF B2 -SG—0Y'7 (Yo w&5T),

ANALYSIS METHOD = DIRECT INJECTION
ABSORPTION TUBEY"

VOLUMETRIC CONTAINER USED: JE/AX 7o

GAS CHROMATOGRAPH USED: 7557204 .

COMMENTS:
pusk , wrEm (% 75"’:‘-'_)/ &hesm
r
2 G /O
ﬁh@? < 7%&?3
575773

SAMPLING PERSONNEL: <7 j2~ / =y /P,Z—"f

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

se name: Ko2Em A

SAMPLE NUMBER: Z2-5G - ¢4 7
DATE SAMPLED: 4-29-87

TIME SAMPLED: 2./ 25 #ZS
DATA ANALYZED:

Mﬁm /S Fr

SURVEY COORDINATE:
SAMPLE LOCATION: ﬂuc—é' o7 B2-G-0¢5, 25 Dos E. oF BR2EED WIRE
s, 55 W. oF Par’-’rs‘ﬂﬁwﬂ c7:
ANALYSIS METHOD - omec'r INJECTION
ABSORPTION TUBE v
VOLUMETRIC CONTAINER USED: TZwad 7o
GAS CHROMATOGRAPH USED: Jip=gr -

COMMENTS:
Sowws, Wisem («7575F) | d6im

Z,,,P £/ STHET =8/ 7 /0
Sb/3

/-I/V/d# 8/77/ &
51776 )

SAMPUNG PERSONNEL: TJn,,

ATTACH COPY OF CHROMATOGRAM AND REFORT FORM

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

SITE MAME: 22 5,50 |
SAMPLE NUMBER: 72 -55 - 0SS0  Anve Zz-SG-0Sopuf
DATE SAMPLED: 4-2 -6

TIME SAMPLED: /4 50 H2S
DATA ANALYZED:
SAMPLE DEPTH: S.0F7

SURVEY COORDINATE:

SAMPLE LOCATION: AT Jynscw TEANS. Sw. CoZNEE., WTIPE  fFenrels
ON EITHER- ST0& OF RE = TW z, 363—‘7‘ AP&BTI/G'N
ANALYSIS METHOD - DIRECT INJECTION

we 7 ABSORPTION Tuge vV~
VOLUMETRIC CONTAINER USED: T2 wAxX ToZ=
GAS CHROMATOGRAPH USED: ,9752744 .

COMMENTS:
Svwny , WHEM [@ (~75°F ) Fesrey

- _
Bop ©1 (s50) TTART-T2220/

FusH =28 6T4
Ppm[’ #‘Z (aSODoP) sﬂzt-%

FivXH-79 4 325 >

SAMPLING PERSONNEL: 7y

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: L 2522

DATE SAMPLEL: [ - 28 -972

A

TIME SAMPLED: /5 /0 #2S

DATA ANALYZED:

SAMPLED.EPTH: B.0Fr - 3.S~r .

SURVEY COORDINATE: - )é"s)

SAMPLE LOCATION: AT (pRPwEZ *F %" SwEeonrs STT & JGRr Swzroans o

7’ N ¢F Sf&-‘é‘?"f/&‘ﬂj NELT 7B P72
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE v~ -

VOLUMETRIC CONTAINER USED: 7wy Toms - s g
GAS CHROMATOGRAPH USED: HFE5504 - '
" COMMENTS: A

Frrey ('Zom/ LK | (v 755 ) SrEE2y
P

femP™!  smer- gzv%i3

T&6/s3
FrunsH A
’3377

A’_.,. TE." FE ToBinG
= Az AT TP cF
/@65/" 7HY ﬂéﬁ/f’
SAMPLING PERSONNEL: 7 ¢//27 boLwTr 285D I
RESTR/TED FEals,
] p /edr [
ATTACH COPY OF CHROMATOGRAM AND REPORT FORM 7 SH (ALDZ

< Vpzar€lices
R

W

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

SITE NAME: By 225771
' SAMPLE NUMBER: Rz2-56-052

DATE SAMPLED: - 7—-5 7

TIME SAMPLED: /730 #2S

DATA ANALYZED:

SAMPLE dEPTH: ~“2.0FT (W7 FR2D (OrmPRETED ) BerE v Zoﬁj
SURVEY COORDINATE:

SAMPLE LOCATION: /50 27 S 0F KB-7%2 , NEAT T8 FEHes
ANALYSIS METHOD ~ DIRECT INJECTION ' '

ABSORPTION TUBE V™~
VOLUMETRIC CONTAINER USED: 7BAA7L 7085
6as CSurmy, Mo 7 (wEO°F ), MUGES, Cem (sewnr Basees - Frvmay )

COMMENTS: .
Sowny, HoT (“85°F ), MucEy, (em (seunr Eosres- Frszs )

form P *y  s7- 2/?573;2

——————_——
F = 225972
Z767$

SAMPUNG PERSSHNEL  7//7)

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: /Z/)zfmﬂ

SaMPLE NuMBeER: 72 -SG5 -0 5 3
DATE SAMPLED: /-7-§7

TIME SAMPLED: ~/ T 4/ A.ES

DATA ANALYZED:

SAMPLE DEFTH: 5.0 7 / YWDER NiEurty SEEPED zﬂw)

SURVEY COGRDINATE:

SAMPLE LOCATION: K /227 Swszoons, S/ N. o~ KD., vSo .o
B2 Tar 20

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBEY”
VOLUMETRIC CONTAINER USED: TEwAX 7 oBE
GAS CHROMATOGRAPH USED: L/PSS90f - .
COMMENTS: Ca;qs",f _ .
Sonn, Hor (+8o7F))] mecsy; Bamras =5enT 7= rs7,
SeS7ey Ay :

/ZM; * ) s- §btoz3
: FoYa

P-4 g2 6'3
SAMPLING PERSONNEL: 7/

ATTACH COPY OF CHRGMATOGRAM 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: ozz/mift
SAMPLE NUMBER: 22 —S~05%/
DATE SAMPLED: D-7-57

TIME SAMPLED: 220 S5 425"
DATA ANALYZED:
SAMPLE DEPTH ~¥SEr
SURVEY COORDINATE: o
SAMPLE LOCATION: JN 227 SHszion] , #ec2os FRomyy K2 - Zev20, /2 2;»:; -
ANALYSIS METHOD = DIRECT INJECTION
ABSORPTION TUBE
VOLUMETRIC CONTAWER USED: 72w A ¥ 7os
GAS CHROMATOGRAPH USED: A PS04 -
COMMENTS: .
Torary, /{or[-—ip";)/ SRIELY, aHesy
Femp 2 5 zasdng ( P S s
$760 N ’f' 22 e
——
e
> . '
/l/af,; . 5;/2«/;: CLAES Llovoe TAE D07 D5 JprerTED
Ers, Adzor Seow . L owo TEANAY gFSE20:70 |
SAMPLING PERSONNEL: 777, TRPED o) SrooE SRR . /

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

STE NaME: L 22 v 4
. SAMPLE NUMBER: 2 2 —5§ - IS5

DATE SAMPLED: 7—7—§7

TIME SAMPLED:~Z/0 © /125"

DATA ANALYZED:

SAMPLE DEPTH: ~ 3,5 <7 [y TrewT )

SURVEY COORDINATE:

SAMPLE LOGATION: 5 * & o~ B2 — Tar2o, o4l SHres 370 o/~
ANALYSIS METHOD - DIRECT INJECTION BT Shezacn/
T ABSORPTION TUBE v _
VOLUMETRIC CONTAINER USED: 7Sy 705
GAS CHROMATOGRAPH USED: 4/ PSS774 -
COMMENTS:

ﬁnﬂy/ S~ FO )/ VA== Y Fhiny

/éﬁr/’ # ) T74 322
yedo

/5??2352’
j

Norem ZmP Pz o/ 1 72als FGrei/ il O5= B 7To5/E
AT TEP of 52158 S AMUEE, w T BEATFSHED, somize

AR B St il
—/

{

SAMPLING PERSONNEL: 70/,

- ) : - . e e ——— - . s

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



SOIL GAS SAMPLE DATA SHEET
s11e name: Dogema
SAMPLE NUMBER: 2% -S4 -05&
DATE SAMPLED: 7-/4-57
TIME SAMPLER: /5,0
DATE ANALYZED:
SAMPLE DEPTH: S.0FT
SURVEY COORDINATE:
SAMPLE LOCATION: L&A 720 A7 B2-TW , 30F7 w.oF ,22-56 -osy/
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE v~
VOLUMETRIC CONTAINER USED: 7ZaMY 708
GAS CHROMATOGRAPH USED: 420 59T 4

COMMENTS : i
SRS, Ho T (uyg- S0°F), BREEEY CNRE )

PompP 54 s7-22/111
Fbco

F =279 2/

SAMPLING PERSONNEL: TV 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 DATA SHEET
SITE NAME: /o2l
SAMPLE KUMBER: 22 -S4-0S7
DATE SAMPLED: 7—/9-7
TIME SAMPLED: /%,
DATE ANALYZED:
SAMPLE DEPTH: 5,4 Fr
SURVEY COORDINATE: .
SAMPLE LOCATION: A7 Z2- -fw ), SrmeE cxZigTIon AS -’23"54' 053
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE v

VOLUMETRIC CONTAINER USED: ZpwA¥ ZuB<E
GAS CHROMATUGRAPK. USED: HP ST A
COMMENTS:

Senny, Hor (4 “i§-90°F), /?fé’ﬂ'?y (W)
Fom P #2  §- 316247

770<
F=823%47 - .

/Z-Z —053
SAMPLING PERSONNEL: 7,'/”1

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET
SITE NAME: /Lo ZE&mm
SAMPLE NUMBER: 22 =S4 —COS &
DATE SAMPLED: 7—/F-57
TIME SAMPLED: /({ /S
DATE ANALYZED:
SAMPLE DEPTH: S.0FT
e oo, A7 DEMER OF 261 Foer Srcacen P s
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE
VOLUMETRIC CONTAINER USED: 7ZAHX TuBE

GAS CHROMATOGRAPH USED: HPSEGoA _
comments: Sonwy , Hor (3T -G0°F ), BREEZY Canee)

fomPE Y s5-279997 3
Jboo
F - 288547
2 §8600

X PoBE 1 DiSTveBep i ?mvp) N A Ev&zz‘zsm
MHNOLl . NJEXT To A FOUNDATION. .

SAMPLING PERSONNEL: 73/

TTA.CH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET
SITE NAME: /Za;,-.:v‘n'm
SAMPLE NUMBER: 22 -~ SG-¢S 7
DATE_SaMPLED: 7-/F— 87
TIME SAMPLED: /{20
DATE ANALYZED:
SAMPLE DEPTH: 5,27

SURVEY COORDINATE:
Alond &, BorpSe gF 2¥6/ Rer SHEeLAN]

SAMPLE LOCATION: AN VANDENBE2G S
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE /
VOLUMETRIC CONTAINER USED: 72A/4X TuB &
GAS CHROMATOGRAPH USED: FPSZ%C A
COMMENTS: SUMNY, #cr"( T5-9coF) Besray (NNE )

P/m7=*2 5-§24/%6 .
2200

F-83/38
C 53Tl D
£ Profe p DiSTveBsp Sone. NEXT T2 AN SueamzzEn/

Nnoee .
SAMPLING PERSONNEL: Ty

ATTACH COPY OF CHROMATOGRAM AND REPQGRT FORM

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



SOIL GAS SAMPLE DATA SHEET
3ITE NAME: [2o2&mp
SAMPLE NUMBER: Z2-SG-040
DATE SAMPLED: 7-/5-$7
TIME SAMPLED: /7 39
DATE ANALYZED:
SAMPLE DEPTH: S.0 F7
SURVEY COORDINATE:
SAMPLE LOCATION: Ar 22 -S& -0¥42
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE
VOLUMETRIC CONTAINER USED: 7Swabyx ToB <
GAS CHROMATOGRAPH USED: HP=SFIcH
COMHENTS: Soant¥, Hor (' S50 °F), Rl RYINE )
AmP# 2 5- 332745 .
7 2eo
F~-539
x37706

* EEShulE em R2-5C<Y3

SAKPLING PERSONNEL: <Te/itq

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: /2L 2&mts
SAMPLE NUMBER: 22 -5£-060 DuF
DATE SAMPLED: 7-/9-&7
TIME SAMPLED: /730
DATE ANALYZED:
SAMPLE DEPTH: S.0F 7
SURVEY COORDINATE:
SAMPLE LOCATION: AT B2—9¢ v¥7
ANALYSIS METHOD - DIRECT INJECTION
ASSORPTION TUBE
VOLUMETRIC CONTAINER USED: 7oanH X TuiRE
GAS CHROMATOGRAPH USED: MR SSSe A
COMMENTS: §a/u;v>; Hor [ 550 °F), BreEZY Chine)
Pomp*y s5-2588512
TLco

B DuPlrtenre

.

SAMPLING PERSONNEL: 7y ™

ATTACH COPY QF 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: Zo2emid
SAMPLE NUMBER: 22 -SC-04 |
DATE SARPLED: 7-22-87
TIME SAMPLED: 2025
DATE ANALYZED:
SAMPLE DEPTH: 2,S FT
SURVEY COORDINATE:
SANPLE LocaTION: [FT W oF B2-50047, 20FT . oF 22-Saoyy
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE v~
VOLUMETRIC CONTAINER USED: TEAAX TuBE
GAS CHROMATOGRAPH USED: MP<ZSc A
COMMENTS: Sowsmv, por (1 36°F), Mmueay, duem
PomP &4 259125
T hce
BIFITE

SAMPLING PERSONNEL: =70 yta_

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: l?ozawn

SAMPLE NUMBER: P 2SSt =N(2_
DATE SAMPLED: 7)-22-§7

TIME SAMPLED: 20 32

DATE ANALYZED:

SAMPLE DEPTH: 4. S &r

SURVEY COORDINATE:

SAMPLE LOCATION: A1 T22-S& oYY

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE v

VOLUMETRIC CONTAINER USED: TARAX TWwES

GAS CHROMATOGRAPH USED: HP STTc /4

COMKENTS: TunaTY) How (R B0°=), Mucay, dAcm
Pumptg 194732
hgdq e

A
T 2GTIZ

EESnmPes e /22—_5:6-@4/4

SAMPLING PERSONNEL: "/ Yl

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: RoZEmA

SAMPLE NUMBER: 22-SK-0¢% 3
DATE SAMPLED: 7-22-%7

TIME SAMPLED: Z2/Z20

DATE ANALYZED:

SAMPLE DEPTH: SO FT

SURVEY COORDINATE: |
AT 246) PorT SHECDON, 20T Dus W. OF

SAMPLE LOCAT : - —
100 22-56-058 ALONG M. PROP, Lire
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBEN"
VOLUMETRIC CONTAINER USED: TSA QX TuRs
GAS CHROMATOGRAPH USED: [4PS3S0 A

COMMENTS : . - Sy N .
Sunny, Hor(ndo=), JMLGsY, Chem
r&
Toamp 85 200384
ll due

27 T2Y
833

SAMPLING PERSONNEL: T oty

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: Zozemum
SAMPLE NUMBER: 22 -SC-04 Y
DATE SAMPLED: 7-22-%7

TIME SAMPLED: 2125
DATE ANALYZED:
SAMPLE DEPTH: S.0FT

SURVEY COORDINATE:

SAMPLE LOCATION: AT 24@! PorT Sviceoen, (45 Fr Pos W, oF

R2-K—063, VOFT &' oF 2z~ o .
ANALYSIS METHOD - DIRECT INJECTION S&-edZ

ABSORPTION TUBE
VOLUMETRIC CONTAINER USED: 7TB5ARX TulBes
GAS CHROMATOGRAPH USED: HPSFIC K

COMMENTS: Sy vy, Herr (mgo°,=)/ Mueay, CAc

PompP 4 318 537 .
Tl

T 2327137

SAMPLING PERSONNEL: Ty py

ATTACH COPY OF CHROMATGGRAM 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: [LozEmnA
SAMPLE NUMBER: 22 -54£-C6 S
DATE SAMPLED: 7-22-%7
TIME SAMPLED: 224 S
DATE ANALYZED: .
SAMPLE DEPTH: §.OFT

SURVEY COORDINATE:
SAMPLE LOCATION: ACONG PoRT THELDON) RRIGHTOM~wAY AT NE

dornER-0F 254 PS., |0 Fr &, OF. TEEES AT THAT
ANALYSIS METHOD - DIRECT INJECTION (ocwTroN.

ABSORPTION TUBE »
VOLUMETRIC CONTAINER USED:-TENAX TUBS
GAS CHROMATOGRAPH USED: 4 P=T9cH4

COMMENTS:  DySK  HoT (~§2F) , Muaey, CAum

PowmP#4Y 327278 :
Thol

235578

(35557

SAMPLING PERSONNEL: TE]W\

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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

 STE NaME: fo2EA '
SAMPLE NUMBER: 72 - SG = 1075 ( TRIP Seani)
DATE SAMPLED: (, —/4/-87
TIME SAMPLED: .
DATA ANALYZED:
SAMPLE DEPTH:
SURVEY COORDINATE:

. SAMPLE LOCATION:
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION Tuge v~

VOLUMETRIC CONTAINER USED: 70,9, 75,35
GAS CHROMATOGRAPH USED: /#5 55925 -

COMMENTS: 5&4/”‘4 o7 ( o —~7< ’F)

SoniiE CEF7 N Doolsl BT Ate T7MET

SAMPUING PERSONNEL: 7777 /,/em :

ATTACH COPY OF CHROMATOGRAM AND REPORT FGRM

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



SOIL GAS SAMFLE DATA SHEET

‘smename: Loz

SAMPLE NUMBER: 2255 —/C25

DATE SAMPLED: (,-Z 3§/

TIME SAMPLED: 2 2¢S

DATA ANALYZED:

SURVEY COORDINATE:

SAMPLE LOCATION: 72/ [Belorsi

ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE "

VOLUMETRIC CONTAINER USED: 7SR T

GAS CHROMATOGRAPH USED:  4/AS 55,2 .

COMMENTS:

SAMPLING PERSONNEL: 7(}’ 1/1,.

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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

- SE NAME: Lo2Emm0st
'SAMPLE NUMBER: Z3 - 5 -~ /933'
DATE SAMPLED: &~ Z25-57
TIME SAMPLED: /545
DATA ANALYZED:
SAMPLE DEFTI: O F 7
SURVEY COORDINATE:

SAMPLE LOCATION: 41 8/Ew 7 /1/R2 Zenre fEHcED en F&‘uca 2 Zurks

ANALYSIS METHOD r—% lzzscﬁn omeerzy S ”;;,gi;;f N
ABSORPTION TUBE v~

VOLUMETRIC CONTAINER USED: &L M v 7055

GAS CHROMATOGRAPH USED: 4P SS574 -

COMMENTS: |
fhzrey Lowry, Flasss y, e (~75 <)

- # NﬂfE S BBy
” PE2 SeT =774 529 4//2 Branie
70773
FIrISH ‘Zoay?_z

I
0

SAMPLING PERSONNEL: 77247

ATTACH COPY CF CHROMATOGRAM AND REPORT FORM

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



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

SOIL GAS SAMPLE DATA SHEET

same.  [Co2Er I

SAMPLE NUMBER: 225G ~ /0415
DATE SAMPLED: 4 -28 57

TIME SAMPLED: =

DATA ANALYZED:

SAMPLE DEPTH: —

SURVEY COORDINATE:

SAMPLE LOCATION: TZIP Frotrie-
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE v~

VOLUMETRIC CONTAINER USED: 7St 7 oS
GAS CHROMATOGRAPH USED: 455904 -
COMMENTS:

TEI P eansrs

See Jsp 75 TBHNTRRET

Shpes JeE AL N
AT Arond 1848 HE2.

SAMPLING PERSONNEL: 7c//A4_

o EA—

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

SITE NAME: &2.2.503,79 ‘ _
SAMPLE NUMBER: 232 - Sr- A5 Lo Bien T Ar BLinI<
DATE SAMPLED: 2 /-5 7 ' :

TIME SAMPLED: /545

DATA ANALYZED:
SAMPLE DEPTH: O £ 7 ( AmBIrEnmT 12 iafu,e)

SURVEY COORDINATE:

SAMPLE LOCATION: g1 /22-80 052 , HANCING OF F fENEE /.5 FT
Aborve GRo D
ANALYSIS METHOD = DIRECT INJECTION,

ABSORPTION TUBE v
VOLUMETRIC CONTAINER USED: TENAL 7T 0E5E
GAS CHROMATOGRAPH USED: f/PSFIHX -

COMMENTS: Py =
| Sewy, for (=80 -857R), Prvary cneml ”0/;,2,.;,@

Z/M/p =z s §5638S
. /0320 . »
f
F§66795

SAMPLING PERSONNEL: 7)Y

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL. GAS SAMPLE DATA SHEET

SIE NAME:  [Lo2Em M
SAMPLE NUMBER: 22 -SG— /068 TRIF ShAnK
CATE SAMPLED: ' |
TIME SAMPLED: 20/5 //’éﬂc@ % / 5‘/»:4&55) '
DATA ANALYZED:
SAMPLE DEFTH: ——
SURVEY COORDINATE:
SAMPLE LOCATION: —
ANALYSS METHCD - DIRECT INJECTION
~ ABSCRPTION Tusg v~
VOLUMETRIC CONTAINER USED: 72 pr 70 &=
GAS CHROMATOGRAPH USED: 4/557) -
COMMENTS:

Somwy, WeT (wE11=) Hem, MICLY

TBIF LLANE

Pyuensy TyEad BHE ( 20/5)

SAMPLING PERSONNEL: 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 DATA SHEET

" SITE NAME. A@fokﬂ

SAMPLE NUMBER: Z2 —S&— /,:7;5' ( }%Zéﬁmﬁwr'ﬁﬂ?— BN /
FATE SAMPLED: 7-D-§7

TIME SAMPLED: 2200

DATA ANALYZED:

SAMPLE DEPTH: 7 ( m/FrﬂiM(WP)

SURVEY COORODINATE:

SAMPLE LOCATION: N5y 7~ 79 Aol ON GuteBZBE. toissospiges A7 /WS‘
EIIE
ANALYSIS METHOD - DIRECT INJECTION See '

ABSORPTICN TUBE L—
VOLUMETRIC CONTAINER USED: TEWAXY 7o
GAS CHROMATOGRAPH USED: /P50 4  ~

COMMENMTS:
s, 2eEe, wHEm 75 FToE ) MOCLy, Zwpe ey

Fomp 24 sl 23,000
G260

>

=

SAMPUNG PERSONNEL: /J /29

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOll. GAS SAMPLE DATA SHEET

SAMPLE NUMBER: /2_2 -S¢—1c5B / FoBE //‘?7443/5:/7' A1 MA’)
DATE SAMPLED: 72 )-577 | .
TIME SAMPLED: 2200
DATA ANALYZED:
s o 07 [ frrm ABovE G ,aauup)
SURVEY COORDINATE:
SAMPLE LOCATION: § #7225 45 E2-3¢+ /075
ANALYSIS METHOD - DIRECT !MJECTION
ABSORPTION TUBE >
VOLUMETRIC CONTAINER USED: 72-7,/7 X ToB=
GAS CHROMATOGRAPH USED: 4/OS5074 -

COMMENTS:
Drsk, Crznmf, wher (2 S8, muczy, CHny

/7&@7/7 # 5—?829‘5"7
5’096#

F= 550492 /0™
DrSeonl EETED- Pl 8=y

//U&/’"Z—’é/&‘: 7 4
éu/o LECIII- ) .

~SAMPLING PERSONNEL: 777/ /2

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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

SITE NANE: /%-Z—cﬂﬁ |
'SAMPLE NUMBER: & 2 — S — /ai‘p"’ ﬁ?lhﬁ’/‘var PIR BuntE )

oaTe Sawm: 7757
TIME SAMPLED: 2. 2500
DATA ANALYZED: . :
i s 37 (o o 5E TRIE)
SURVEY COORDINATE:
SAMPLE LocATION: S A725 49 Eg—3¢-/0 7/'?
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE
VOLUMETRIC CONTAINER USED: /ER/ AN Tub<Z
GAS CHROMATOGRAPH USED: 422 557727 /7-
COMMENTS:

DySk, deipf, LohEm (75-—523?;)/ ol a’{k@

0, o2 s.5055/7
L Amp T o -

o_—__—_—_______—_:
- 77
il
SAMPLING PERSONNEL: ~7_] }47

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SOIL £AS SAMPLE DATA SHEET
SITE NAME: Roz&mnvid
SAMPLE NUMBER: ;22 -SG-[1%/3
DATE SAMPLED: 7-79-87
TIME SAMPLED: /@855
DATE ANALYZED:
SAMPLE DEPTH: O F7

SURVEY COORDINATE:
SAMPLE LocaTION: AT Swd EMER oF 244! Po@T SHeelew,

20FT S.0F PAYCMENT.
ANALYSIS METHOD - DIRECT INJECTION :

ABSORPTION TUBE +»
VOLUMETRIC CONTAINER USED: TEAL TuBE
GAS CHROMATOGRAPH USED: PSS CoA

COMMENTS: Jowny, HoT ( ‘?S'—?a“/-')) Lrr 2y (N"‘é)

Pomp ¥ 297,42 .
Swoc

DCL2YZ

‘Amé’xc‘-a;r Al Brang Powepn THEoGH B
MNCEMN #elY RILgsD PRrEs.
SAMPLING PERSONNEL: =7y 1A

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET
SITE NAME: /TR 2EMA
SAMPLE NUMBER: 22 -SL 11958
DATE SAMPLED: 7-/6-87
TIME SAMPLED: /%0OS
DATE ANALYZED:
SAMPLE DEPTH: O FT
SURVEY COORDINATE:
SAMPLE LOCATION: Sams A 22-5<-11&6
ANALYSIS METHOD - DIRECT INJECTION
_ ABSORPTION TUBE v
VOLUMETRIC CONTAINER USED: 7TEAHMX TuR&E
GAS CHROMATOGRAPH USED: M P SZSo 4
COMMENTS : gu;wu\/ Mo ( TS °F), LS Y [}wwi)

Pomp# o FYo0¥7 ~
2700

Y7 7L
S 7 §¢/

'd/mlﬁtm‘r Bz Borgasie PUMC THEIVA H A
Mo Beed Pl1edep PEOBE O RKINESD F£&

TURIAK
SAMPLING PERSONNEL: 7T

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 NANE: (OZENVA
SAMPLE NUMBER: Z2Z—0& —/2¢ 8
DATE SAMPLED: 7-/$-§7
TIME SAMPLED: [/$0 5
DATE ANALYZED:
SAMPLE DEPTH: 0/
SURVEY COORDINATE:
SAMPLE LOCATION: SAMS A4S 225685
ANALYSIS METHOD - DIRECT INJECTION

ABSCRPTION TURE

VOLUMETRIC CONTAINER USED: TERAX TuRE
GAS CHROMATOGRAPH USED: HPSS9c A '
COMMENTS: S}_}!\_m:\’l/ H.c-r’ (?S—’?O OF), weinde )y (""N B)

Pomp¥ 3 $,95 giz200. Rowmp ¥5 | SY2e0
1713 /1449
&&77 » |95640

Co Te [F4464O

» AUBIENT AR Buamie PuLied TRy Toe
TENRYL TS AloNE . !
- " SAMPLING PERSONNEL: 77""1

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

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



SOIL GAS SAMPLE DATA SHEET

SITE NAME: o zepnvid
SAMPLE NUMBER: 22 -SC - 2R

DATE SAMPLED: T-i{T-87 :
TINE SAMPLED: |§€O ((PuncHep TuB<&™ T wRuuaH 54@)
DATE ANALYZED
SAMPLE DEPTH: &
SURVEY COORDINATE:
SAMPLE LOCATION: T21P Bcanic
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION russ\/
VOLUMETRIC CONTAINER USED: 7MY TuBE

GAS CHROMATOGRAPH USED: pP 55,
rge. - .Q g —
COMMENTS: SUNN*}, JATS (g—g,?a",z) , OeFE Y (”“‘)

/

SAMPLING PERSONNEL: 7 it

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

SITE NAME: Lo Z2EmMmA
SAMPLE NUMBER: 2 2-SC—122B

- DATE SAMPLED: 7.-22-§7

TIME SAMPLED: 2225

DATE ANALYZED:

SAMPLE DEPTH: QO ¢r

SURVEY COORDINATE:

SAMPLE LOCATION: AT f22-S¢C-0t<
ANALYSIS METHOD - DIRECT INJECTION

ABSORPTION TUBE """

VOLUMETRIC CONTAINER USED: T NAX TuBE

GAS CHROMATOGRAPH USED: HPSS20A

COMMENTS: DuSe, HoT (v 80°F) ,macay, Cpm

DumP 25 20829 e—puwP Pumptd 323537/

|1 4O piso

WN

F AmBiENT 12 BeANE Pucled THRUGAH PE-TulinG,

SAMPLING PERSONNEL: T v

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM

r-X)
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: Zo2Em A
SAMPLE NUMBER: 2z-S5 = (235
DATE SAMPLED: 7-22-87
TIME SAMPLED: 2225
DATE ANALYZED
SAMPLE DEPTH: &7
SURVEY COORDINATE:
SAMPLE LOCATION: g+ R 2-S&-065
ANALYSIS METHOD - DIRECT INJECTION
ABSCRPTION TUBE
VOLUMETRIC CONTAINER USED: TS AAX TuBE
GAS CHROMATOGRAPH USED: HPSEIC 4
COMMENTS: Sysie, HoT (03‘2’3 °F), MU&LY, Bhem

Pump #6961 347 -
Tece

97044

% AMBiENT AR Beuanic PullED THEDICH TSNAX Tuls

ALONE
SAMPLING PERSONNEL: T2/ 1,

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: [ZoZEm i
SAMPLE NUMBER: Z2-Sa -I12¢F
DATE SAMPLED: 7-2Z2-57 :
TINE SAMPLED: 2 130 TUBE PULED THRwuGh B4AL
DATE ANALYZED:
SAMPLE DEPTH: /) B 7
SURVEY COORDINATE:
SAMPLE LOCATION: T2 P Beuatic
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUBE "
VOLUMETRIC CONTAINER USED: TmarmX ~(UBE
GAS CHROMATOGRAPH USED: WP SS90 4
COMMENTS: Gy, sy, HoT (~80°F ), rvicy, chem

-

SAMPLING PERSONNEL: <Tgjtn

ATTACH COPY OF CHROMATOGRAM AND REPORT FORM
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SOIL GAS SAMPLE DATA SHEET
SITE NAME: " [Lp2renyia -
SAMPLE NUMBER: R 2 -SG~1295 3
DATE SAMPLED: 7-22-57
TIME SAMPLED: 2|30
DATE ANALYZED:
SAMPLE DEPTH: &/
SURVEY COCRDINATE:
SAMPLE LOCATION: STTRUP BLANK. W /A nPT RBemeovesd
ANALYSIS METHOD - DIRECT INJECTION
ABSORPTION TUSE wr"
VOLUMETRIC CONTAINER USED: TSuwsKyY TUR &
GAS CHROMATOGRAPH USED: HPS‘S"‘-?GA?.
COMMENTS: DU K, HoT (WEO°F), M y, chem

Te® BeuNis, KiBS BEMSUSS, TvBs RLAGED
Back i uNPINCTURED BHK,

SAMPLING PERSONNEL: ﬂw"

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
wher one 1liter 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

L

port of the alr pump. A Tenax filled trap tube is then
attached to the pump intake.

The pump is turned on and allcwed 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 ai=r

*as been purged by the pump.
As a bubble reaches the bottom hash mark, a note is taken

245
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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 1is 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.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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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 838 consistent a manner as possible. The amcunt,.
and packing of the Tenax material must be the same in
each tube in order tec minimize sampling and analytical
inconsistencies.

After each trap tube was packed, it was necessary
to bake the tubes in the Tekmar LSC-~2 pufge 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 backgrcund
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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KUS CORPORATION/FIELD SCREEXING
METHODOLOGY

Repid Field Analysis of Purgesble -
~ Volatile Organic Compounds

1.0 SCOPE AND APPLICATION

This methodology uses purge and trap gas chromatography to accomplish thre
rapid analysis of volatile organic contaminants {n aqueous matrices. Based
upon EPA Method 624, allowances are made for field laboratory conditions and
differences in analytical instrumentatfon/apparatus. (Because of the field
screening focus, only PID/Hail or FID detection is used; mass spectrometric
detection is not provided).

2.0 SUMMARY OF METHOD

A twenty ml aliquot of sample or sampic diiution 15 piaced 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 vaperous, exit the purge vessel and are passed onto 2 packed sorbent tube.
The special packing within the sorbent tube adsorbs the organic contaminants
while serwmitiing the inert nitrogen gas to contirue through the tube {(and be
vented into the atmosphere).

After the prescribed purging is compliete, the sorbent tube is heated and
backflushed for desorption into an awaiting pre-programmed gas chromatograph
(6C). The contaminants are then separated and resolved chromatographically
and an appropriate detector is used to detect the components of interest. &C
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 intruducing 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 enlvent-flush technique is utilized for all injections;
surrogate spike standards are prepared in the same manner.
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WS CORPORATION/FIELD SCREERING

Calibration of the instrumentation 1s achieved via an absolute external
standard calibration curve, where ezch parameter’s response factor is
calculated by analysing a mixed standard of known concentrations. Response
factor (RF) = concentration divided by peak area or peak height. An
fdentification file consisting of peak identification numbers, names,
retention times {RT), RF's and concentrations is maintained and used as the
integration standard. Sample concentration = sample peak area or height x
parameter‘s RF (as determined from the calibration rums).

4.0 QUALITY ASSURANCE/QUALITY CONTROL

Each calibration standard is verified against a commercially available
(Supelco) standard with regard to RT and RF. Certain standard operating
procedures such as the thorough conditioning of columns amnd 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 fs depicted in 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
Micrograme-per-liter Levels by Gas Chromatography.” Journal AWNWA; Volume 66,
December 1974. Pages 739-744.
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Figure-1

Samples logged-in promptly upon receipt

Sarples stored at 4°C until analysis -
Analysis within seven (7) days of receipt

Only stainless steel or borisilicate glass implements dsed
Surrogate-spike compounds used in all analysis runms

One duplicate run per ten (10) samples analysed

One matrix sﬁ‘i ke run per ten (10) samples analysed

Standard run atter every ten {10} sampies for continuing calibration
Hetho& 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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NUS CORPORATION AND SUBSIDIARIES STANDARD CALC ULg ;ﬁ#
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NUS CORPORATION AND SUBSIDIARIES STANDARD CALCULATION
CLIENT: FILE NO.: 8Y: B PAGE ZOF 3
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NUS CORPORATION AND SUBSIDIARIES STANDARD CALCULATION
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