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170 EXECUTIVE SUMMARY

‘The Environmental Monitoring Systems Laboratory (EMSL) of the -USEPA
.awarded ‘Contract No: 68-03-3409 to Camp, Dresser and McKee - (COM) to
conduct -a study to determine the background hydrocarbon -concentrations in
soil. vapor- in ‘the backfill»of3represeotatiVe underground fuel storage
‘tank (UST) sites -across the country. . CDM designated Geoscience
Consultants, Ltd. (GCL) to celect saﬁpling sites, prepare sampling .
strategies, review data collection, analyze the data and prepare.a final
_report. Field data on- “clean UST sites -were collected from September 14
to December 13, 1987. Data on UST sites “with documented releases were
obtained from Tracer Research Corporation files.

Since no database for soil vapor information at non-contaminated under-
ground storage tank ‘sites was known to exist,'a field sampling program
was undertaken to establish a baseline data set of hydrocarbon vapor
concentrations. Data were collected from 27 gasoline service stations
selected as non-contaminated sites in three diverse geographic regions:
Central Texas (Austin, Texas); areas surrounding Long Isiand Sound
(Suffolk County, New York; Providence, Rhode Island; Storrs,
Connecticut); and Southern California (San Diego, California). The three
~regions were selected for their active underground storage tank
regulatory programs, as well as their differences in geology, hydrology
and climate. The non-contaminated database consists of 279 soil vapor
samples from 25 service stations. At the other two stations, observed
or suspected leaks prevented their data from being used in the non-
contaminated database.

At each location, soil was sampled at varying distances and depths from
UST appurtenances (such as submers1ble pumps, vents and product flow
lines) to-detexmine if a particular pattern of hydrocarbon concentration
existed. Samples were collected by driving a hollow steel probe into the
ground, and evacuating’s to 10 liters of soil vapors with a vacuum pump.
Volatile hydrocarbon species were identified and quantified at the site




'by uti'Hzing gas chromatograph/flame ionization detection (GC/FID)
-equipment. Ten to fifteen samples were collected and analyzed at each
site. ‘ ]
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Hydrocarbon ‘vapor concentrations from the -non- -contaminated sites range
from detection . 1imit levels of 0.02 micrograms per liter (ug/1) to

‘maximum values of 870,000 ug/1 of -methane, 110,000 ug/1 of benzene, _

160,000 ug/1 of toluene, 25,000 ug/1 of ethylbenzene, and- 110,000 ug/1 of
xylenés_._ The maximum concentration of ‘total hydrocarbons (less methane)
is 1,000,000 ug/1. Determination of total -hydrocarbon concentrations
exclude methane peaks in order to elevate the compounds most
representative of gasoline. Additionally, subtraction of the methane
peaks precludes .the inclusion of ~methane concentrations caused by
naturally-occurring organic decbmpoSition.

The statistical distribution of total hydrocarbons (less methan‘e)‘

indicates that a majority of the concentration values are in the lower
concentration ranges. The relative frequency distribution shows 53.2
percent of the samples below 1,500 ug/1 (500 ppm by volume) and 93.1

percent below 100,000 ug/l (27,000 ppm by volme). The median is 800

ug/1 and the mean is 23,300 ug/1.

Contaminated site data were obtained from Tracer Research Corporation’s
historical records. The contaminated site data consists of 60 soil vapor
samples taken from nine sites having known contamination from a
petroleum fuel leak or spill. These sites were all active gasoline
service stations or fueling facilities. The contaminated site data also
shows much . variability. The statistical -distribution of total
hydrocarbons ‘('less methane) shows a majority of sample values to be in
the lower congentration ranges. The relative frequency distribution
shows 35 percent of the samples below 1,500 ug/1 (500 ppm-by volume) and

66.7 percent below 100,000 ug/1(27,000 ppm by volume). The median is

9,000 ug/1 and the mean is 160,000 ug/1.




* Although much ~variability exists .in both the non-contaminated and
contaminated .site data, significant differences can be seen-between the
two distributions. A. ‘ten-fold difference exists between the means .and
‘the medians :of -each data set. This ten- fold difference -also exists
" between -the -numbers of samples with concentrations above 10,000 ug/1
(3,000 ppmv) for the two ‘data sets.” For example, 29.6 percent of the -
non- contaminated samples occurred in the range of 10,000 ug/1 to 100,000
 ug/1 while 33.3 percent of the contaminated samples concentrations

occu,rred in the range of 100,000 ug/'l to .1,000,000 ug/1. '

Statistical data patterns -associated with site location and sample depth
- were delineated using non- parametric statistical methods. Statistically
. significant differences were found to exist between the total hydrocarbon
(less methane) vapor’ concentrations. among the five Iocations studied for
steel tank systems, whereas these differences were not significant for
fiberglass tank systems. Statistically significant differences also
occurred between the total hydrocarbon (less methane) vapor
concentrations among the sample depths of 2, 6 and 10 feet for both steel
and fiberglass tank systems. Higher concentrations were found at the
lower depths. | '

A fresh spill at one station in Austin provided an opportunity to add
butane to the list of analytes under study. The butane concentration in
15 soil gas samples taken during the first four days after the spill
occurred ranged from 530 ug/1 to 300,000 ug/1. Butane was also sampled
at sites in Storrs, Connecticut and Providence, Rhode Island both of
which had no evidence of recent leaks or spills. At these two sites,
__-butane concentrations in 65 soil gas samples ranged from the minimum -

detection 1limit .of 0.02 ug/1 to 930 ug/1. The large difference -between
the butane congentrations at the fresh spill site in Austin and the non-
contaminated sites in Connecticut and Rhode Island suggests that butane
" may be a good indicator of a fresh'spill or leak.

Because there are no standard -procedures for calculating and reporting
total hydrocarbon concentration data, GCL evaluated different calculation
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methods. It was determined that the best approximation of total
‘hydrocarbon (less methane) concentrations, based on available calibration
data, was achieved .using an.average response factor calculated from the
daily . response ‘~"factors of benzene,' toluene, ethylbenzene and ortho-
xylene, -. - )




2.0 PURPOSE OF STUDY

Proposed Federal regulations ‘to monitor ground water contamination around
-underground storage tank (UST) systems require; the development of
effective -external .and internal leak detection ’methods.  Soil gas
‘sampling ‘is _an -external detection method which could prove useful in
‘determining whether an underground storage tank is Teaking. )

In order to determine the effectiveness of soil gas surveys in leak
detection, a study was designed with the following goals:

-o -Collection of soil gas data from sites where the tank system
gas tested and found to be tight, providing background soil gas
ata, -and ' ' :

o Comparison ‘of these background data to soil gas data from sites
known to be contaminated by spills or leaks in order to
identify a data ‘pattern which may be indicative of a leaking
system. -

To fulfill these goals, soil gas surveys were performed at 27 active
gasoline service stations in three diverse geographic regions. Hydrocar-
bon vapor concentrations in the backfill surrounding the underground
storage tanks were sampled and analyzed.

The term "soil gas"‘refers to vapors found in the interstitial area
between particles of sand or gravel (pores). "Soil gas" and "soil vapor"
are used interchangeably in this repdrt. These vapors, often loaded with
hydrocarbons when a underground storage tank is leaking, escape into the
gravel or _'sand which is used to surround the tank during installation.
This surrounding tank medium is called "backfill". Typically pea gravel
is used for backfill around fiberglass tanks, and sand around steel
tanks. Alfiiweryie'ﬁ of a typical UST arrangement is shown in Figure 2-1.
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3.0 SITE SELECTION

-3.1 LOCATIONS Do \

-Soil-gas surveys-were conduotedfat the following locations:
: ' . . . / -

:.fo ‘Austin,’Tekas

-» San Diego, California

- Long Island Sound area -

Suffolk County, New York .
Providence, Rhode Island
Storrs, Connecticut

Austin, San Diego.and Suffolk County, New York were origlnally se]ected
as the locations for the study because they were recognized as haV1ng
exemplary local underground storage “tank regu]atony programs, and they
represented different geographical situations. Stations in Providence
and Storrs were added to provide a broader data base from the Long Island
.Sound area, and to'interact.with the underground storage tank evaluation
program at the University of Connecticut.

Active regulatory programs were desired in order to assure that accurate
information would be available for the stations to be studied. Since a
major purpose of the study was to determine background soil vapor levels
at clean, wel]-managed stations, it was necessary to determine if leaks
~or spills had previously occurred at the stations being tested. Records
at Austin, San Diego and Suffolk County were carefully reviewed and all

available information was obtained concerning the specific stations to be
studied.

'Differentigeogriphical locations were desired for the study in order to
eliminate ‘possible data bias that could occur if sampling were done at
one location. The selected locations represent a wide range of tempera-
ture, humidity, geology and topography. Although soil gas sanples were
taken primarily from the backfill areas of the tanks, the surrounding
geology and climatic conditions can affect the concentrat1on of vapors
~existing in the backfill material. -
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3.2 SERVICE STATIONS

Three oi1 companies cooperated in the study by offering severa] of their
service stations .as candidates for field testing. }wenty seven stations
weré ‘selected which represent a variety of tank ages, tank materials,
products :stored, .and backfill materials. - The stations were selected
.according to the following screening criteria: -

-® The stations were to be clean, we]l-managed businesses with no
major environmental problems.

0 Existing tanks were required to meet the appfbpriate operation
specifications.

e  The tanks must have been in the ground and operational for at
~least 6 months prior to the site sampling.

. Thes stations were reqdired to have relat1ve1y Targe total
throughputs of product since beginning operation and relatively
large throughputs on a monthly basis.

. The stations were required to have good inventory control.

Twenty-seven service stations with ten to fifteen sample points at each
station were selected, providing a broad data base with a variety of
tanks, backfills and field conditions. 'There.were a total of 100 under-
ground storage tanks involved in this study, of which 63 were made of
steel and 37 of fiberglass. Tank installation dates ranged from 1940 to
1984 for steel tanks, and 1978 to 1984 for fiberglass tanks. A listing
of all of the tanks is shown in Appendix A.




f; 0 GﬁOLOGY, HYDROLOGY AND CLIMATE
- This section briefly describes the  geologic, hydrologic and climatic

characteristics which may effect hydrocarbon soi] gas__concentrations
rwithin ‘the three study regions

- —

4;1 AUSTIN _TEXAS

4.1.1 Geo]ogy and Hydrology -

Bedrock in the: Austin area. consists dominant]y of limestones, marls, and

_ shales, .all of Cretaceous age. “Terrace deposits "and alluvium locally
overlie the ‘bedrock units in the present va]ley of _the . Colorado River and

on terraces representing older Quaternary drainage levels.

Station sites AU- 2, AU 4 AY- 5 and AU-6 -all- 1ie in outcrop areas of the
Upper Cretaceous Austin Group, which consists of chalk, limestone and
marly limestone. A very.thin (less than 5 feet) cover of sand and gravel
terrace deposits may be present at site AU-4. Site AU-5 lies within 100
feet of a fault which exposes Cretaceous clay at the land surface on the
side of the fault opposite the station.

Sites AU-1 and AU-7 are located in areas of alluvial sand and gravel
comprising terrace deposits, but these deposits are probably less than 10
feet thick at both sites. The alluvium is underlain by Lower Cretaceous
clay of the Dél Rio Formation, a pyritic, gypsiferous and calcareous
shale unit which may represent a barrier to ground water or soil gas
movement.

Site AU-3 lies within a small exposure of altered volcanic tuff of
Cretaceous. age, in an area consisting dominantly of Austin Group
‘ limestones. A very thin cover of terrace deposits simi]ar to those at
AU-4 may also be present at AU-3. As at site AU-5, a Cretaceous clay
unit crops out within 100 feet of the AU-3 site, on the opposite 51de of
a fault passing near the station.

The Edwards ' aquifer underlying the Austin area is contained within
~ limestones of Cretaceous age. Depth to water in the Edwards aquifer is

R




highly dependent on topography, ranging from the land surface in rlver
-valleys to over 250 feet below it in upland arez
Elevation of the water table varies by as much as 50 feet over time,
depending on reEharge and- pumpage. Local zones of perched water occur
" .above the Edwards aquiféer in areas where impermeable lithologic units are
‘present. = Ground water-was encountered at a depth of 7 feet at sites AU-4
and AU-6, at a depth of 9 feet at site AU-7, and at a depth of 10 feet at
site AU-5.

4.1.2 Climate _ :

The climate of Austin, Texas is humid subtropical with an average
rainfall. of .20 to 40 inches per year which is evenly distributed
throughout the year. During the first sampling period, September 28
through October 2, the- weather was partly cloudy to clear with
temperatures ranging from 62°F to 92°F. The barometric pressure during
this period ranged from 29.49 inches Hg to 30.09 inches Hg. The second
sampling period was October 26 to October 30. The same weather patterns
were seen with temperatures ranging from 70°F to 96°F and barometric
pressures ranging from 29.84 inches Hg to 30.12 inches Hg. Appendix B
contains a summary of the actual field conditions.

4.2 LONG ISLAND SOUND AREA, NEW YORK, RHODE ISLAND

AND CONNECTICUT
4.2.1 Geology and Hydrology - Long Island, New York
Long Island consists dominantly of glacial till and outwash deposits
representing a terminal moraine formed during the Quaternary Period.
Cretaceous and Tertiary rocks crop out Tocally in western Suffolk County,
but are not aréally significant. All station sites examined for this
project are located in areas of glacial till.

Ground water on Long Island is contained within the glacial till and
Tocal alluvial deposits of reworked glacial material. Depth to water
varies from about 10 to 100 feet on the Island. At site NY-?, ground
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-lwater_ts about 22 feet below the surface. At all other Long Island
- sites, ground water is between 60 and 90 feet below the surface.

4 2 2 Geology- and Hydrology - Providence, Rhode Island
In ‘the Providence -area, Quaternany glacial deposits of varying thickness
ioverlie bedrock of Cambrian -and Precambrian .age. As on Long Island,
ground water is :found -at .depths up to about 50 feet in the Rhode Island
glacial deposits. Ground-water conditions are not well known in many
areas because most public water supply is derived from surface sources.
The depth to water at the station sites is not known.

4.2.3 Geology and Hydrology -.Storrs, Connecticut

In the Storrs area, Quaternary glacial deposits of -varying thickness, up
to about 100 feet, overlie crystalline and metamorphic bedrock of
Cambrian and Ordovician age. Limited quantities of ground water are
found in the glacial fill, but water supply wells generally tap more
extensive reserves in fractures of the Paleozoic rocks. Depth to water
at the Connecticut station sites is 10 feet.

4.2.4 Climate

The three Long Island Sound locations included in the study have similar
climatic conditions which are influenced by the continental and oceanic
weather systems. The average rainfall for these locations is from 40 to
60 inches per‘ year.  During the sampling period, September 22 to
September 25 in Suffolk County, the temperature ranged from 61°F to 75°F
with the barometric pressure ranging from 29.70 inches Hg to 29.94 inches
Hg. During the sampling visit to Storrs, Connecticut from November 11 to
November :13;. the -temperatures ranged from 29°F -to 51°F with snow and rain
voccurringg _NoVember 11 and November 12. The barometric: pressure during

this tineégangad from 29.65 inches Hg to 29.99 inches Hg. The sampling
visit to Rhode Island during the period of December 9 to December 11
experienced one day of rain, December 11, with temperatures ranging from
40°F to 58°F and the barometric pressure ranging from 29.32 inches Hg to

29.83 -inches Hg. . -Appendix ‘B contains a-  summary of actual field
~conditions at the t1me of sampling. Appendix C contains genera] weather
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data for the Long Island Sound area for the months of September, October,
- November .and December 1987.

A

-4.3 SAN DIEGO REGION, CALIFORNIA
4.3,1 Geology and Hydrology “
* The San Diego area -of southern California contains two distinct -
physiographic sections, a coasta'l plain section and a mountain-valley
section.  ‘The coastal p'lain "section ‘consists of Tertiary marine
sediments, in many parts of -which wave-cut terraces are apparent, and
"through which alluvial valleys have been cut between inland watersheds
and the sea. The mountain-valley section includes alluvium-filled
valleys dissecting mountain ranges which are comprised of a wide variety
of volcanic, sedimentary, and igneous rocks. }

Station sites SD-1, SD-4, -and sD-6 are located in Quaternary coastal
sediments overlain by a thin veneer of Recent alluvium. All three of
these sites are at elevations within a few feet above sea level. Water
was encountered 7 feet below the land surface at site SD-1 and 12 feet
below the Tand surface at site SD-6. Ground water probably exists at a
shallow depth at site SD-4, but was not encountered during the study.

Stations SD-3 and SD-7 are on a terrace of Tertiary sediments elevated
about 200 feet ‘above sea level, and are located about 3 to 5 miles inland
from the sea. Depth to water at stations SD-3 and SD-7 is not known.

Sites SD-2 and SD-9 are located in valleys near the eastern margin of the
coastal plain section. At these locations alluvium of unknown but
probably shallow depth overlies -volcanic or metamorphic bedrock. Ground
water was: encountered at a depth of 8 feet at site SD-2. Depth to water
at site SD<9 is' unknown.

Sites SD-5 and SD-8 are in a broad valley within the mountain-valley
physiographic section. These sites are located on the residuum produced
by in-situ weathering of underlying volcanic bedrock. Based on
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information from wells in the vicin:ty, depth to water at sites SD-5 and
SD 8 is probably between 10 -and .25 feet.

R

54.3.2 Climate g

The - ‘coastal location of San Diego,. Ca11fornia tempers the clwmate of this
city. Rainfa]] in San Diego ranges from 10 inches to 20 inches per year,
with 85% of this _precipitation occurring during the months of November
-through March. During the -sampling period September.. 15 -through
. September 24, the temperature ranged from 70°F to 86°F with one day of -
slight rain (September 22). The barometric pressure - during the sampling
period ranged from 29.90 inches Hg to 30.10 inches Hg.  Appendix B
contains a summary of actual field conditions at the time of sampling.
- Appendix C contains genera1 weather data for the San Diego area for the
months of September, bctober, November and December 1987.
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5.0 FIELD METHODS

The field investigation consisted of on-site sampiing and analysis: of
:soil gas at -a total of .27 service stations in the three regional areas.
“Tracer Research Corporation (TRC) performed the soil-gas smmﬂing and the
on-site analysis of ‘the ‘samples. TRC also performed on- -site analysis of
backfill ‘samples: for -each site to determine soil moisture content.
Geoscience Consultants, Ltd. (GCL) was responsib]e ‘for overall sampiing
strategy and data quaiity assurance.

The ﬁield work bégan:onvSeptember 14, 1987 in San Diego, California and .
_was completed on December 13, 1987 in Rhode Island. The field schedule
"was as follows: :

San Diego, CA : 9 Stations - - Sept 14 - 24, 1987
Suffolk County, NY 5 Stations Sept 21 - 25, 1987
Austin, TX : 4 Stations Sept 28 - Oct 2, 1987
3 Stations Oct 26 - Oct 30, 1987
Storrs, CT 2 Stations Nov 10 - 13, 1987
Providence, RI 4 Stations December 10 - 13, 1987

5.1 SAMPLING STRATEGY

The sampling strategy was designed to determine the range and spatial
distribution of hydrocarbons within the backfill of the underground
storage tanks. The sampling points were very close to the tanks because
excavation and backfill typically extended only one to three feet
Jaterally from the edges of the tanks.

Soil-gas samples were collected only from the backfill areas of the tank
excavations. The specific sample sites were located at varying distances
from tank fﬂ11 ports, pump chambers, and product and vent piping, all of
which can: be sources of leaks. A typical sampling grid consisted of four
or five salpie holes with samples collected at depths of 2, 6, and 10
feet in each hole. Typically, ten to fifteen samples were collected at
each service station. The locations of the sample points are identified
on the site maps of the stations in Appendix D.




~ Soil samples to determine moisture content of the backfill matérial were
_:taken from fifty percent of the sample points. = These samples: were
analyzed on-site.by TRC personnel utilizing a portable oven and balance.
Two soil.samples:were collected .at each station by'ﬁCL personnel. - These
-samples -were - sent ‘to an independent certified laboratory, Professional
Servicé’lnd@;tries, Inc., for the determination of moisture content and
particle .size .distribution (sieve analysis). The results of these
ana]ysés areincluded in Appendix E. i )

Some additional~ sampling other  than for soil gas was performed at 5
'stations where some unusual conditions existed. This consisted of: 1)
vapor sampling from U-Tube monitoring systems at Stations #4 and #6 in
‘Suffolk County, New York, and 2) water sampling from shallow ground water
-at Stations #1 and #2 ‘in Storrs, Connecticut, and Station #6 in Austin,
Texas. - '

5.2 SAMPLING METHODS

Soil-gas samples were collected by driving a hollow probe into the ground
to an appropriate depth and evacuating a small amount of soil gas (five
to ten liters) using a vacuum pump. A hydraulic hammer was used to
assist in driving probes past cobbles and through unusually hard soil.

Probes consisted of 7-foot lengths of 3/4-inch diameter steel pipe which
were fitted with a detachable drive point.. The above ground end of the
sampling probe was fitted with a steel reducer, a silicone rubber tube
and polyethylene tubing leading to the vacuum pump. Samples were
collected in a syringe during evacuation by inserting the syringe needle
into the silicone rubber evacuation line and drawing a sample from the
~gas streams. : ‘

‘ . i

‘A -split spoon device was used to collect soil samples of backfill
material utilizing the probe holes that were used to collect the soil gas
samples. The soil samples were stored in sealed plastic bags prior to
analysis. ' '

-~
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Promptl} uponneombletion of the sampling program at each site, all holes
made in the concrete or asphalt apron were patched to restore ‘the
integrity of the -apron.

4 -

5.3 - ANALYTICAL PROCEDURES ‘
Tracer Research: Corporation .used a mobile field laboratony which was
-equipped with gas chromatographs. and computing integrators. A flame
3oni;ation detector (FID) was used to measure methane, -butane, isopen:
taﬁe, _benzene, to]uéne,' ethyibénzéne,.fxy]enes and total hydrocarbons..
The methane concentrations measured.in the soil.gas represent a total of
C; to Cg compounds since it was difficult to identify individual peaks
within this range. In instances when butane and isopentane concentra-
tions were reported, a variation in the temperature program in the gas
chromatograph was used to help ciarify these peaks. - However, some
interference in peaks was still observed.

Typically, three samples were analyzed from each sampling point and
operator judgement was used in the field to determine which of the
various results could be considered as reliable. Mean values were
calculated in the field based upon experienced operator judgement and
these averages were considered to be representative of the actual soil
gas concentration at the individual sample locations. This type of field
judgement is generally used in soil gas surveys because of the
variability of the soil gas analysis technique and the skill required to
achieve reproducible results. Means derived in this manner were used in
this study in order to provide data that is comparable to existing soil
gas data and to data that can be expected to be obtained in future soil
gas surveys. The actual values of each analysis, which may be useful in
further statistical analyses, are provided in Appendix F.
i

16




6.0 QUALITY ASSURANCE AND QUALITY CONTROL

The quality -assurance/quality cbntrol_ (QA/QC) goals and procedures for
~zthis .project .are described in the "Quality Assurapce Project Plan for
eBackgroond ‘Vapor Value Study" (QAPP) dated August, 1987 (Appendix G).
“The majority of- ‘the goals for accuracy, completeness and validity of
-data, -as listed in the QAPP were attained during field sampling and -
gana'lysis .Because some. of the project activities were modified, during
‘the course ‘of the field work, to reflect goals slightly different from
those anticipated in the original Work Plan, certain corresponding
'-modifications were necessary in the QA/QC procedures ‘ "

Additionally, a few field xprocedures Were 'modified because those outlined
in the QAPP proved unworkable. These modifications to field methods were
discussed with project personnel and approved by the GCL QA Officer at
the time of the QA Field Audit, which was ‘performed at two sites in San
Diego, California on September 17, 1987. A1l modifications to the
original QAPP are discussed in Sections 6.1 through 6.12 of this report.

6. 1 QA OBJECTIVES FOR MEASUREMENT DATA (QAPP SECTION 3.1)

6.1.1 Gas Chromatograph Analyses :
The gas chromatograph (GC) was calibrated daily by measuring the
- instrumental area count for each analyte against the known concentration
of that analyte in a standard gas mixture. The gases, which were
traceable to those of the U.S. National Bureau of Standard, were obtained
from Scott Specialty Gases. The calibration procedure is described in
Section 6.4 of this report.

.Because calibration was performed directly from the BTEX gas standard,
‘the independent accuracy check against another standard was not
feasible. Accuracy checks during the field day were performed against
~the same -gas standard used for initial calibration. These accuracy
checks, generally two or three per field day, were performed at the
discretion of the -analyst. They were consistently performed more
‘frequently than the goal of once per 20 analyses which was stated in
Section 3.4 of -the QAPP. Area counts for. all calibration runs and
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accuracy checks are- tabulated in Appendix H. All response factors
(RF’s) determined by the accuracy checks were within $30% of .those
<established -at the . beginning “of the field day, ;o no recalibrations
during :any -fiéld .day -were required. RF’s used for each day’s work are
aiso- Tisted in Appendix H. '

In order to assess analytical precision, a11;ana1yse5'performed for this
project were done in triplicate, by injecting three separate aliquots of
the sample 1nto‘the'G¢; In a~féw cases, -where one of the injections
clearly produced anomalous results, additional injections were made as
necessary to yield three valid-aﬁalytical runs. For each set of three
analyses for -each component at each .sample point, Tracer determined a
mean value which. is presented in Appendix D, -and a standard deviation,
which is presented with the three ana]yticaI values in Appendix F. The
standard deviation exceeded 25% of thé mean value in 58 out of the 950
triplicate analyses in which all three results exceeded the detection
Timit, or 6.1% of such analyses. This surpassed the goal, stated in the
QAPP, that the standard deviation should exceed 25% of the mean in no
more than 15% of the triplicate analyses. At most points where the
standard deviation was more than 25% of the mean concentration
determined at a point, the analyte was present at a relatively low con-
centration, in which case analytical error is normally expected to be a
greater percent’ of the concentration than for samples in which a greater
quantity of the analyte is present.

At sites where low total hydrocarbon and methane concentrations were
encountere&, the detection limits for analytes of interest were normally
less than 0.10 ug/1, and in many cases were less than 0.05 -ug/1, the goal
stated in the QAPP. As anticipated, detection limits for all analytes
were much higher in locations where high hydrocarbon concentrations were
encountered. Detection 1limits for all non-detected compounds are
reported in the accompanying data sets.
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6 1.2 Soi1 Moisture Content Analyses : :

Due to sampling and analytical problems encountered in the field, Tracer
‘reported fewer soil moisture analytical results than were anticipated in
~the QAPP. Sample splits, -and in.some Jocations the majority of soil
‘samples, were sealed in air-tight containers and submitted by GCL to
Professional .Service Industries, Inc. (PSI) in Albuquerque, New Mexico
for moisture content analysis. PSI -submitted results for 42 soil
samples, -and Tracer submitted results for 26 samples. -- Because of
inconsistent sample identification, particu]anly in New York and Rhode
Island, it was not always possible to identify which Tracer samples were
in fact splits of PSI samples.

Table 6-1 1ists and compares all soil moisture replicate analyses
identified in a review of the Tracer and PSI data. In most cases, the
laboratory values agree well with those obtained in the field, but
significant discrepancies exist for the data at sites AU-2 and SD-2.
There 1is good internal consistency among the values reported for
replicate samples which were both sent to the PSI lab. '

6.2 SAMPLING PROCEDURES (QAPP SECTION 3.2) ,

Soil gas sampling was performed as described in the QAPP. At the request
of EPA EMSL, sample points were confined to the area of the backfill
immediately adjacent to the USTs at each site, and in a few cases to soil
just outside the backfill. There were generally no more than 6 sample
points per site, and samples were normally taken from 3 depths at each
point.

A total .of 78 soil samples, mostly backfill material, were analyzed for
moisture content. The samples were not uniformly distributed among the
sites because of difficulties encountered in obtaining soil samples at
-some locations and the realization that moisture content was of little
utility in others, such as sites where the backfill material consisted of
pea gravel. The values reported in this document represent only samples
‘that were properly packaged,. transported and analyzed.
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TABLE 6-1-

‘RESULTS OF REPLICATE ANALYSES FOR SOIL MOISTURE
AR ' CONTENT s

)
(ALL ANALYTICAL VALUES IN PERCENT BY WEIGHT)

R " “TRACER PSI .

TRACER . PSI ANALYTICAL 'ANALYTICAL L
SITE SAMPLE NUMBER - SAMPLE NUMBER v‘_VALUE VALUE REMARKS
AU-1 . 8709291807 8709301819 L1713 “Erroneous date
< e 8709301825 At on samples
. : delivered to
PSI. Two
replicates to
PSI.
AU-2 8709300935 8709300940 12.4 4 Two replicates
8709300946 . . 3 to PSI.
SD-2 8709161636 8709161637 11.3 ’ 20
NY-2 NY2-SG4-10 8709231230 .10.0 7
NY-4 NY4-SG4-10 8709241545 5.0 3 Correlation
o 8709241600 : .5 uncertain. Two
replicates to
PSI.
NY-5 NY5-SG4-10 8709251310 6.9 8 Correlation
uncertain.
NY-6 NY6-SG2-10 8709251800 5.7 . 5 Two replicates
8709251830 6 to PSI.




A‘G 3 SAMPLE CUSTODY (QAPP SECTION 3. 3)
- Chain- of custody.procedures described: in the QAPP were fo1lowed for alil
soil samples sent to PSI for moisture content or s1pve analysis. Chain-
Jof-custody forms -for these samples .are on file at the GCL office in
TAlbuquerque )
6.4 CALIBRATION PROCEDURES AND FREQUENCY

(QAPP SECTION 3.4) :
The G€ was calibrated daily, using gas standards obtained from Scott
Specialty Gases.  These standards are traceable to those of the U.S.
National Bureau -of Standards. Two separate three-point calibration
curves were established, as described in. Section 3.4 of the QAPP, one for
‘methane (hydrocarbons Cj-Cg) and one for the aromatic hydrocarbons Ce-Co-
However, the curve used -to quantify hydrocarbons Cg-Cq was established
using the BTEX gas standard rather than an aqueous standard. It was
found that this procedure yielded accurate and replicable results, while
the aqueous standard produced a response factor (RF) that did not
accurately duantify the gaseous BTEX standard. Additional calibration
and accuracy checks were made periodically durihgreach field day, and
- RF’s were then revised as necessary. Recalculation of RF’s during the
field day was not found to be necessary at any site. Area counts and
response factors as reported by Tracer are shown in Appendix H.

Isopentane was not originally included among the compounds to be
specifically isolated under the original Work Plan and QAPP. However,
GCL and Tracer were subsequently requested by the EPA to attempt a
determination of isopentane concentrations at selected locations. Since
no standard for isopentane had been provided in the field, isopentane
values were determined after field work was complete by reanalyzing the
chromatograms to identify'the'isopentane'peak. A response factor (RF)
for isopentane was defined by comparison with the known RF for benzene, a
gas which had been included among the“standerds available in the field.




To assure :the cleanliness of sampling equipment, syringe ‘blanks and
.system blanks (air samples) were taken and analyzed each morning and
periodically during the day,:as provided in the QAPP.

/

6.5 ANALYIICAL PROCEDURES (QAPP SECTION 3. 5) | -
Analytical Procedures :are described in Section 5.3 of this report A1l
soil gas analyses for benzene, -toluene, ethylbenzene and xylenes (BTEX)
and for total hydrocarbons were performed by Tracer -personnel in
accordance with the procedures described in Section 3.5 and Appendix B of
the QAPP, -except for the treatment of samples yielding total hydrocarbon
values greater than 500 ug/1. _.Experience during the first day of field
work indicated that reducing the injection size for such samples, as
proposéd in the QAPP, resulted in obscuration of the chromatogram peaks
for hydrocarbons Cs-ﬁg (gasoline constituents), while not significantly
improving the accuracy of methane measurements. Since the use of
smaller injection sizes resulted in a great loss of data, the practice
was discontinued.

6.6 DATA REDUCTION, VALIDATION AND REPORTING

(QAPP SECTION 3.6)
Data presented to GCL by Tracer were - recorded and analyzed as described
in Section 3.6 of the QAPP. The results of the analyses performed are
described elsewhere in this report.

Some extreme values ("outliers®”) identified in the original data
recorded on site were discarded from the data set by Tracer because the
on-site chemist, based on his field experience, believed them not to be
representative of .actual - -hydrocarbon - concentrations in the sample
analyzed (see Section 6 10 of this report). Consequently, GCL has made
no attempt. to #dentify or explain the few outliers remaining in the data
set, which would require excessive time and .yield 1ittle information.

The data presented in this report have been subjected to Tracer’s
internal review:process, and have been spot-checked for accuracy -by.GCL
personnel. Although a few minor errors were detected and corrected
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: during the GCL review, and a few others undoubtedly remain in the large
- .data set, GCL is confident “that such errors represent a very minor
,portion of the total body of data.

¢ -

; -
*6f7f'INTERNAL:QUALITY CQNIROL CHECKS (QAPP SECTION 3.7) -
GC calibration proceduresgand frequency were describec in Section 6.4 of
. Jthis repprt‘ As -a standard part of 7racer’s analytical procedure, da11y
’"blanks ‘consisting of : pure nitrogen, of air, and of air drawn through a
soil gas._probe and adapter ("system b]ank“) were analyzed. These blanks

'were repeated as necessary during the field day, and specifically after
any event which'was suspected may affect analytical results.

Soil gas samples at each point were analyzed in triplicate, as described
in Section 6.1.1. of this report, and- duplicate soil samples for
moisture content ana1ysislwere taken at selected points, as described in
Section 6.1.2. Replicability of results was within. the goals
established by the QAPP.

6.8 PERFORMANCE AND SYSTEM AUDITS (QAPP SECTION 3.8)

A field system audit and evaluation of operational procedures was
performed in San Diego on September 17, 1987 by the GCL QA Officer.
Minor modifications to field sampling and analytical procedures were
discussed with project field personnel and approved by the QA Officer at
that time. A Tletter report describing the results of the field audit
was submitted to CDM FPC on September 18, 1987, and is included in
Appendix 1 of this report.

6.9 'PREVENTIVE MAINTENANCE (QAPP SECTION 3.9) ,
--A1 equipment was maintained in operable condition during the fie]d work
Spare parts and new -equipment were obtained as necessary to complete
~field work in a timely manner.
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6.10 ASSESSMENT OF DATA PRECISION, ACCURACY AND
COMPLETENESS (QAPP SECTION 3.10)- - . 4

The data presented in:this report are complete iu the sense that all
-values be'lieved to represent valid analyses have been inc]uded Gas
ch?'ematographic ana1ysis -as a procedure is subject to interpretation by
" the GC operator, who “must evaluate each run, on the basis of his
experience, -to determine its validity. Volume of ~sample injection,
cbncenj;rations of the Mag;_a'!ytes of interest; and possible residual effects
of previgus sample runs must be considered by the operator in .deciding
whether to accept the concentrations indicated for any given sample
injection. Concentration values which were clearly in error were rejec--
ted by the GC opei‘ator in the field, and are not included in the data
set. Some other values which appear to be "outliers" inconsistent with
the rest of the data set have been inc‘luded in the tabulated analytical
results (Appendix F), but were not used in determining the mean values
of the triplicate analyses reported in Appendix D. In some of these
cases, the outlying values were excluded by Tracer in calculation of the
mean concentration, but were included in calculation of the standard
deviation. GCL and Tracer have attempted to indicate such points where
such operator judgment was exercised. These undoubtedly represent far

less than 1% of the total data set. ' :

During the course of the project, Tracer was asked to recalculate the
total hydrocarbon concentrations to show them relative to the BTEX
total, rather than as benzene. Consequently, the mean values used in the
data analysis (Section 11.0) for total hydrocarbons (less methane) differ
from the means of the values shown in Appendix F (individual GC-FID
injections). The standard deviations for the total hydrocarbon data were
calculated on the basis of the values reported "as benzene", and
consequently should not be applied directly to the total hydrocarbons
(less methane) data calculated from average daily response factors for
BTEX. :
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Concentration values reported in micrograms per liter for analytes of
- interest in this report .are normally given to two significant figures if
greater than loygg/],;and-to one significant figure .if Tess than 10 ug/1.
“As illustratediby;thefstandardzdeviations presented with this data set,
.and based -on 'Trecer 'S experiehce in soil .gas analyses, instrumental

" precision- does not normally Justify greater precision in the reporting of
results.

Further information"regarding analytical accuracy, precision- and
replicability'wanpresented in Section 6.1 of this report.

'°-6.11. CORRECTIVE ACTIONS (QAPP SECTION 3.11)

~During the field system audit, the requirements for proper chain- of-
-custody procedures -were _explained. to some site personnel who were not
fully aware of them. Samples previously taken for soil moisture content
analysis had been properly handled, but the QA Officer felt that
additional explanation was necessary to prevent the possibility of future
problems.

No other corrective actions were found to be necessary during field work.
Problems with Tracer’s handling procedure of the soil moisture samples
were discovered too late to be remedied by GCL personnel.

6.12 QUALITY ASSURANCE REPORTS TO MANAGEMENT
(QAPP SECTION 3.12)

Monthly quality assurance reports were submitted during the course of
‘the project, as described in Section 3.12 of the QAPP.

25




7.0 REPORTING METHODS

. One of the problems encountered in th1$ study concerned the calculation
-and .reporting -of the total hydrocarbon concentration data. Different
:practices in calculating-and reporting.these data wére discovered within
‘the environmental industry .and among ‘those who collect and analyze soil
gas datd. For example, some leak detection devices were found to report
total hydrocarbons in parts per million by volume (ppmv) "as hexane", and
others in ppmv "as--butane” (Radian). Additionally, laboratories using
-gas .c‘hromatograph, flame ionization detection (GC/FID) - equipment to
" analyze soil-gas, report -total hydrocarbon concentrations in micrograms
per liter (Tracer). The method of 'determ'ining total hydrocarbon
concentration values.using a GC/FID also vary. A GC/FID must use a
response factor based on the calibration of .a known gas to determine the
concentration of an unknown gas. This calibration gas, or "gas standard”
may be benzene, “toluene, or some other hydrocarbon compound.

Because of these variations, GCL evaluated different calculation methods
to determine the most appropriate method for reporting total hydrocarbon
concentrations. In this method evaluation, both the calculations and
their accuracy were examined. Since these data may be used in developing
threshold 1imits between non-contaminated and contaminated sites, they
must be comparable to soil gas data determined by different methods.

The evaluation consisted of two parts:

e Calculation of total hydrocarbon concentrations in micrograms
per liter from the calibration of the GC/FID, reported both "as
benzene" and according to an average response factor, and

-® Calculation of total hydrocarbon concentrations 1n parts per
ui'l'lion.

7.1 DETERMINATION OF TOTAL HYDROCARBON CONCENTRATIONS

IN MICROGRAMS PER LITER
The field investigation phase of this study required ‘that soﬂ gas
samples be collected and analyzed at non-contaminated sites These
samples were analyzed on-site using a portable Gas: Chromatograph with a
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flame ionization detector (GC/FID). The resu]ts of these analyses yield
" concentration values in micrograms per liter. Section 7.1.1 contains a
~brief discussion -on “the function of a GC/FID and bhe procedure used to
-calculate the -total hydrocarbon ‘concentrations from the GC/FID in the

field. - This procedure uses benzene as ‘the caljbration gas. Section

7.1.2 discusses ~-a more -accurate method used to calculate total

hydrocarbon - concentrations in micrograms per liter using data from al)
- the calibration gases. =

_'7.1}1 Gas Cn;onatograph and Flame Ionization Detector- -
Operation

A gas chromatograph’ is (GC) an analytical instrument that can be used to -
separate volatile organic compounds for analysis (EPA Methods 8000). A
GC eQuipped with a £1ame ionization detector (FID) can be used to
generate a chromatogram that consists of peaks corresponding‘to different
compounds. ‘The complete analytical system used in- the field
investigation of this study consisted of a chromatographic packed column
containing Alltech OV101, a hydrogen flame ionization detector, an
integrator-recorder, calibration gases and glass syringes (Tracer).

Calibration gases were used to generate a chromatogram that formed a
base-line or standard of peaks in the chromatogram. Response factors,
defined as the ratio of the mass of each gas standard to the integrated
area of the peak produced by that mass, were determined for each gas
standard. Individual hydrocarbon compounds in the soil gas samples were
identified by a comparison of sample chromatograms to the standard
chromatogram. Concentrations of individual compounds were calculated
from the response factors for the corresponding gas standard.

Concentrations -of individual compounds were determined -in micrograms per
liter. . This is based on the principal of operation- of the flame
ionization ‘detector in which pyrolysis of organic compounds produces
ionic intermediite compounds that can carry an electric current. The
resulting current- flows: through the flame, and -the -fons: are collected and
measured. The current - -responds -1inearly to the mass of carbon in the
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sample, and consequently, response factors and concentrations are
measured in mass units (Tracer). '

"The calibration ga§ -standards -used -were. methané, benzene, toluené,
-ethylbenzene, and ortho-xylene. Concentrations of each of these
compoﬁhds'1ﬁfeach-samplenwere calculated directly using the corresponding
calibration gas response factor .and the sample injection size. However,
concentrations for total hydrocarbons (less methane) were required to be
approximated. . '

7.1.2 Calculation of Total Hydrocarbons as Benzene

‘During the field investigation, total hydrocarbon (less methane).
concentrations were approximated by using the response factor for benzene
to compute the concentrations. During the data analysis, it was
discovered that this approximation yielded a low -estimate of total
hydrocarbons (1ess methane) concentrations. This discovery was made by a

comparison of the combined concentrations of benzene, toluene,
ethylbenzene and xylenes (BTEX) to the total hydrocarbon concentration
(less methane). This comparison shown in Appendix J, indicates that the
concentration of BTEX was greater than the concentration of total
hydrocarbons (less methane) in 30 percent of the samples.

A possible cause for the discrepancy between the concentrations of total
hydrocarbons (less methane) and BTEX could have been an erroneous
interpretation of the chromatogram peaks. However, a re-examination of
the chromatograms showed that no interpretation errors had occurred.

"The discrepancy was -determined to be the result-of using the benzene
response factors for the approximation of total hydrocarbon (less
methane) concentrations. By an examination of the response factors for
all of the gas standards (Appendix D), it was found that the benzene
response factor was usually lower when compared to response factors for
toluene, ethylbenzene and ortho-xylene. In theory, response factors for
similar hydrocarbon compounds should be:similar. . However, in practice,
response factors vary because of chemical and instrument effects.




Because of the discrenancies between the total hydrocarbon (less methane)
- concentrations and ‘the .combined BTEX _concentrations, a better
-approximation .of total hydrocarbon (less: methane) . concentrations was

needed. “This-was considered important because these .values obtained from
non-contaminated sites may affect the deve]opment of thresho]d limits to
be used to distinguish between contam1nated and non- contaminated sites.

- '7.1.3 -Calculation of Tofal'Hydroca;bon Concentratjons L B

Using Average Response Factors - - _

The total hydrocarbon concentration in a soi] gas sample is -actually the
summation of all the hydrocarbon compounds that - ‘can be detected from the
GC/FID ana]ysis To ‘accurately determine this concentration ‘would
require that a.gas standard be -analyzed in the GC/FID for every compound
that existed in the soil gas. This comprehensive type of analysis was
considered impractical since an enormous amount of GC/FID ‘calibration
work would have been necessary to quant1tat1ve1y analyze all.the peaks in
the soil gas samples.

The best approximation, based on the available calibration data, was to
determine total hydrocarbons (less methane) using the average of the
response factors for all the calibration gases (less methane).
Therefore, total hydrocarbon (less methane) concentrations were
calculated from an average of the daily response factors for benzene,
toluene, ethylbenzene and ortho-xylene.

This approximation resulted in new total hydrocarbon (less methane)
concentrations that were generally higher. A comparison of total
hydrocarbon.(less,methane),concentrations;calculated,from average BTEX

v‘response'factors;and *as benzene" is shown below.

TOTAL HYDROCARBON (LESS METHANE) - PERCENTAGE OF
As Benzene > As BTEX Average 8.6%
As Benzene = As BTEX Average 15.1%

As Benzene < As BTEX Average - ' 76.3%'} .
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In the case where the new values (as BTEX average) were greater than the
old values (as benzene), these new values ranged from 7% to about -100%
higher. :A.comparison of the oid‘values and new valyes for each sample is
;provihediin‘ﬁppendixga. ’ B

The new -concentrations also -result in values that are larger than the
combined BTEX concentrations which. indicates a more reasonable approxi-_
ﬁation of total hydrocanpqn_concentration.f A comparison of the BTEX and
the new _total hydrocarbon (less™-methane). concentrations are shown in
Appendix J. '

The calculation of total hydrocarbon (1ess methane) concentrations using
the average BTEX”respdnsezfactors,:was found to be a better approximation
than when using only benzene, because it .accounted for variations in the
response factors. However, it is understood that some error still exists
in this method because several peaks in the chromatograms and their
corresponding compounds were not identified and quantified.

To better understand the extent that compounds other than BTEX are
contained in total hydrocarbons, a comparison of the combined BTEX
concentrations to total hydrocarbons (less methane) concentrations
(calculated from average BTEX response factors) was made. These results
are shown in Figure 7-1. The tabular data used to generate this figure
is included in Appendix J. The percentage of samples where the BTEX
concentrations were less than 50 percent of total hydrocarbons (less
methane) was about 59 percent of the total samples. This means that in
about 59 percent of the samples, compounds other than BTEX make up the
majority .of -the ‘total_hydrocarbon concentrations. .

The result that compounds other than BTEX make up the majority of the
total hydrocarbon¢coﬁcentration,in most of. the samples is not surprising
when the composition of gasoline -is considered. A typical gasoline
contains several hundred hydrocarbon compounds, each falling into one of
four chemical. groups: ihbarafﬁinst olefins, napthenes or aromatics (NM
EID). The aromatics, which includes BTEX, are considered most important
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because they are relatively soluble in water, and therefore, present a
risk of ground-water :intamination. - -Table 7-1 shows a list of major
components of .an APL PS-6 Gasoline, some of -which can be expected to be

present in sotl gas. These compounds ' represent C}’to Cjo molecules (API-

1985). - ..

Some selected sample chromatograms from Suffolk County, NY, ‘San Diego, CA
and Austin, -TX were qualitatively analyzed for 'a wide 'range of compoun&s
where BTEX was found to repfésent less than 10 percent of the total
hydrocarbon - concentration. These qua1itative analyses identified some
additional compounds: methane, butane, isopentane, 2- methy]hexane, iso-
octane, and octane. These chromatograms are shown in Appendix J. '

7.2 DETERMINATION OF TOTAL HYDROCARBON CONCENTRATIONS IN .

PARTS PER MILLION : ,
The concentration of extremely dilute solutions are expressed in parts
per million (ppm). Typically, liquid solutions are expressed in parts
per million by weight (ppmw) and gaseous solutions are expressed in parts
per million by volume (ppmv). (Himmelblau)

Parts per million by volume (ppmv) is a measurement unit that is commonly
used in the environmental industry for reporting air pollutant
concentrations ‘(Wark and Warner). Many leak detection systems report
hydrocarbon contamination in soil gas in ppmv (Radian). Therefore, parts
per million by volume was considered appropriate rather than parts per
million by weight.

Ppmv is defined as:

-
foee v ”»

i ppmy = 1 volume of gaséoﬂs po]lutaﬁt

103 volumes of pollutant & air

e

Equation 1
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TABLE 7-1
"MAJOR -COMPONENTS OF API PS-6 GASOLINE

¢

) : : J
COMPOUND = - : o "PERCENT WEIGHT
. 2-Methylbutane - '8.72
M-Xylene - 5.66
2,2,4-Trimethylpentane , 5.22
Toluene . ' "4.73
2-Methylpentane 3.93
N-Butane , 3.83
1,2,4-Trimethylbenzene . 3.26
N-Pentane ' 3.11
2,3,4-Trimethylpentane - 2.99
2,3,3-Trimethylpentane 2.85
3-metnylpentane ‘ 2.36
0-Xylene : _ 2.27
Ethylbenzene . , 2.00
Benzene —~1.94
P-Xylene : - 1.72
2,3-Dimethylbutane 1.66
N-Hexane : 1.58
1-Methyl, 3-Ethylbenzene 1.54
1-Methyl, 4-Ethylbenzene 1.54
3-MethyTlhexane 1.30

33




The data in micrograms per llter can be converted to ppmv by the
following equation: '

-

. . . ” |
ppmv = M9 x __RT___ : Equation 2
- =0 T T P (Mol W)

where: ppmv =.Parts Per Million by Volume
LT T ug/] = Micrograms Per Liter .
. R-= Gas Constant = 0.08205. _atm liter
- gmolé - °K
“P = Pressure in. Atmosphere
: T = Temperature in °K
Mol Wt = Molecular Weight of Hydrocarbon

This equation was derived from the idea1~gas'equation:

PV = nRT
where: P = Pressure
T = Temperature Equation 3
V = Volume
n = Moles

R = Gas Constant
The derivation is shown in Appendix J (Wark and Warner).

The temperature and pressure used in these calculations represented the
ambient conditions measured in the field at each site.

The assumption of an ideal gas was Jjustified by examining a mean
compressibility factor. The mean compressibility factor is a factor that
4s introduced into -the ideal gas equation to account for non-ideal or
real gas relationships. . Therefore, the ideal gas equation becomes:

. ,

PV = ZonRT » Equation 4

where: . In = mean compressibility factor
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If calculations can show that Iy is approximately equal to one for the
- -soil gas mixtures; then the assumption that the soil gas samples in this
:study can be approximated to an*idea] gas is.valid qne. (Himmelbiau)

Two cases -were - examined in testing this assumption -Because the complete .
composition of soil” gas is not known, Case 1 assumed soil gas contains
80% air and Case 2 assumed soil .gas contains 20% air. The mean
compressibility factor was de.ermined to -be 0.99 for Case. 1 and 0. 85 for
.Case-2. Therefore, the ideal’ gas- assumption introduces about 1 to 15
percent error -in- calculating hydrocarbon concentrations in soil gas.
This small deviation (1 to 15%) from the ideal gas assumption is
' reasonable .since the pressure conditions are Tow, and the hydrocarbons
" in the mixture -are 51miiar in their chemica] ‘nature.

The conversion ca]cu]ations from micrograms per liter to ppmv were made
for each sample and each compound within that sample. The molecular
weight of each compound was used in the conversion calculation. However,
for total hydrocarbons (less methane), an average molecular weight was
used. This average molecular weight was based on the average of the BTEX
concentrations at each sample.

To compute total hydrocarbons (with methane), the methane concentration
was converted to ppmv and then added to total hydrocarbons (less methane)
in ppmv. In these calculations, the detection 1imits were divided by 2
to approximate the actual concentration A sample calculation is shown
in Appendix J.

The average of the BTEX -concentrations was used to compute the average
molecular weight of each sample since BTEX concentrations were known at
all sample points. It is recognized that some error is introduced by
using only BTEX concentrations. However, this is considered to be the
best approximation possible from the available data. Reporting
‘hydrocarbon concentrations in parts per million may be useful for some
purposes. However, reporting them in micrograms per liter provides more
-accurate values based on fewer assumptions ’
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8.0 RESULTS

8.1 SOIL GAS DATA . _ ‘ . ‘
‘The :maximum soil gas concentration values:determined in this study are

presented in Table 8-1 for the sites in Austin, Table 8-2, for the sites

in the Long Island Sound area .and Table 8-3 for those in thé San Diego

area. .

Average hydrocarbon vapor concentration data and site maps for all 27
gasoline service stations are presented in 'Appéndix D. The average
hydrocarbon vapor concentration data, in most cases represent mean values
for each set of three gas chromatograph/flame ionization  detection
(GC/FID) analyses for each sample. These data are presented in two
formats: 1) cpncentrétion values listed by sample number and depth, and
2) concentration values listed by depth and sample number. In the second
format, computed average concentrations for all samples at each depth are
shown. Additionally, each site map contains an average total hydrocarbon
concentration computed from concentrations at each depth within each
hole. In computing these average concentrations, the concentrations
reported at detection limits were divided by two to approximate the
actual concentration.

A pipeline was accidentally punctured during the investigations at
Station #6 in Austin, Texas. Data were collected during four consecutive
days at this station to study soil gas migration under dynamic
conditions. These data are also included in Appendix D.

Data in Appendix D presented both in microgram per liter and parts per
million by volume. - R e e I e

8.2 CONTAMINATED SITE DATA

Soil gas surveys were previously conducted at a number of UST sites in
which product spills were known to have occurred. Data from 27 sites
were examined as candidates. Of these sites, 8 were selected as being
appropriate for comparison purposes because site maps were available and
contamination was known to exist. Data collected from Austin ‘Station #6
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ST . TABLES81.
MAXIMUM CONCENTRATIONS AT AUSTIN, TEXAS ‘ . i

- (All concentration values in 'hplcrograms pér liter)

- R . Pl -

- METHANE ‘ - | " TOTAL HYDRO-
- .- ©pCy " ' ‘ ' * CARBONS TANK TIGHTNESS

‘ (AS METH AN§1 gEN NE- JOLUENE - ETHYLBENZENE  XYLENES SS METHANE)  TEST RESULTS
Station 1 780,000 7400 5300 . a0 2300 21000 Tight
Station 2 .. 210000°7 . 16,000 -, 17,000 .. 160 21,000 - 63,000 i Tlg.hl
Stafin 3 120000 3300 1700 T € a0 5,700 NR
‘Station 4 870000 . -97.000 85000 - <sso - 83000 210,000 _ NR
Staton'§ 1,500,000 24,000 26,000 " 25,000 8,200 1,100,000 Tight
Station 6 ’
10/27/67 710,000 110000 - 80,000 <220 <20 960,000
10/28/87 8,600 27000  §3,000 <250 70,000 790,000
10/20/87 13000 <250 <290 7 <260 680,000
10/30/87 4800 53,000 1,600 @0 <31 290,000
Station 7 59,000 42 Ty <50 <58 55,000 Tight

Notations:

NAZ = Not Analyzed.
NR = No records available showing tank tightness results,
Notes:

(1) Tota! hydrocarbons are reported less methane 10 reflect a profile of eompouhds similar to gasoline, and to exclud
products of naturally oeumir‘m degradation. '

{2)  Total hydrocarbons are MQd from average iesponse factors for Benzene, Toluene, Ethylbenzene and Orthoxylene.

(3) <310 ‘means the compound was analzed but not detected within this detection ¥mt.  The detection fmit varie
. accordingtosumplehjecllonsizeandeormound. ‘

‘(4) Spm occuned at 9 00 AM on 10/27/87 These 'data were colected after the spill.
6 A staﬂons where chs are not anllyzed. the methane concentration represents c,-c5 peaks.

- {8)  Tight means petroﬂte test results were < 0.05 galons per hour,

Ve
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TABLE 8-2
MAXIMUM CONCENTRATIONS LONG ISLAND SOUND COASTAL AREA
(All concentration values". in micrograms p‘er liter)
 METHANE o | , 5. TovAL HYDRO-

(C4-Cg) - : CARBONS  TANK TIGHTNESS °
. {AS METHANE) - BENZENE _TOLUENE ETHYLBENZENE XYLENES (LESS METHANE)  TEST RESULTS

Station 1 <40 2700 11,000 12,000 10,000 270,000 NR
Station 2 140 . <29 420 130 <41 2,100 Tight
Statlon 4 - <24 3,700 1,000 ar <42 . 69,000 NR
Station 5 4 2,300 13000 2900 . o1 110,000 NR
Staton 6 15 <8 55 <7 <8 1,500 NR
Station 1 25,000 <10 840 <6 < 3,700 Leak
Statlon 2 11,000 g 6 - 7 2,300 49,000 NR
Station 1 8 © o ed 110 130 110 500 NR
Stallon 2 72 23 230 o 130 1,400 ‘ Tight
Station 3 ) <08 08 < <2 03 NR
Station 4 2,800 670 1,400 400 840 24,000 Leak
Notations:

NAZ = Not Analyzed.
NR = No records available showing tank tighiness resuits.

Notea: :

(1) Total hydrocarbons are reponod less methane to reflect a profie of compounds slmilar to gasoline, and to exclud
producis of naturally occurting degradation.

(@) <310 means the compound was analyzed but not detected within thls detection Wmit. . The detection Kmit varie
awordngtoumpleh}ecﬁonslzemdeonpomd ’

(3) Tota! hydrocarbons are calculated from the average response factors for benzene, toluene, ethylbenzene and onh
xylene, :

(4) At stations whera C,/Cs are not analyzed, the methane concentration represents C,-Cs.

(5)‘ Tight means tightness test results were <0.05 gallons per hour.
38 -
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SR TABLE 8-3 - ‘
MAXIMUM CONCENTRATIONS AT SAN DIEGO, CALIFORNIA

“{(All_concentration values in-micrograms per liter)
S , j

T AMETHANE | | :  TOTALHYDRO. -
(C;-Cs) . - CARBONS TANK TIGHTNESS

(AS METHANE) ~ BENZENE  TJOLUENE ETHYLBENZENE XYLENES (LESS METHANE)  TEST RESULTS
Station 1 ...  -48,000 . <8 ; -11,000 <120 - 4800 31,000 - Leak
Station 2 10000 < 11,000 <120 5100 77,000 Tight
“Station .3 22 <1 T s 8 62 Leak
Station 4 - 4éo.oob | <80 iiooo @ 1,800 110,000 © Tight
Station 5 §5000 - <86 | 2,600 <1 - 1,600 7.700 Tight
Station 6 33,000 ' <83 ‘23;600 1 10,000 58,000 Tight
Station 7 390,000 | @0 31,000 <1 8,800 210,000 | Tight
Station 8 ' 21000 <1 22,000 < 8600 120,000 Tight
Station 9 280,000 : <88 32,000 o 8,200 110,000 . NR
Notations:

NAZ = Not Analyzed.
NR = No records available showing tank tightness resuits.

Notes:

4

@

(©)

@
10

Total hydrocarbons are reported less methane to reflect a profile of compounds similar to gasoline, and to
exclude products of naturalty occurring degradation.

Total hydrocarbons are calculated from the average response factors for benzene, toluene, ethylbenzene and
ortho-xylene. . e e A TEOROTSE

<310 means the W ‘was analyzed but not detected within this detection Hmit. The detection fmit varies
according to sample injection size and compound.

At shﬁobé where cjcs are not analyzed. the methane concentration répresents C4-C5 peaks.

“Tight means tightness test results were <0.05 gallons per hour. )

Te el ow . -
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was included as Site 9 since data from this station represents a fresh
spill.

Table 8-4 gives .a brief description of these '%1tes and Table 8-5
presents the maximum concentration data ‘for them. These sites include
‘active service stations or fueling facilities. Site maps and data
‘arepresented in Appendlx K. “Specific sample locations at these sites
were selected for use in the contaminated site database because of their
close proximity to the tanks or contamination source. It was-desirable
- to use sampling points c]osé=to the'tanks so that the data would be
conparable to the clean site data collected from the tank backfill areas
under this study. A summary of the soil gas data is included in
Appendix K. Total hydrocarbon values are reported less methane, and "as
benzene". ’ ‘ |

8.3 EXPANDED AUSTIN STUDY

A four-day study was conducted at Austin Station #6 to take advantage of
a spill that occurred when 'a product T1ine was punctured during the field
investigations. Soil gas samples were taken from the same holes each day
and the results are included in Appendix D. Figure 8-1 shows the
cohcentration of total hydrocarbons for each of the four days at 2-foot‘
and 6-foot depths, and Figure 8-2 shows the corresponding concentrations
of C4-C6 components.

This intensified study provided the following basic information:

e Total hydrocarbon concentrations increased initially to
>100,000 ug/1 near the spill site and higher concentrations
aigrated into the entire backfill area. :

e Total “hydrocarbon concentrations decreased after peaking one
day after the spill.

o High concentrations of,C4-CG components were found to parallel
the total hydrocarbon concentrations.

e Since high concentrations of C4-C6 components were not usually
encountered in the field sampling at c]ean stations, it may be

‘

-
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, TABLE 8-4
:DESCRIPTION OF CONTAMINATED SITES

-~ ¢
J

“Site 1  New Service Station. Tanks were tested
- 7 tight, but found floating _ product in
:ground water. Ground-water depth = 8’.

‘Site 2 Active Service Station. '

Site 3 Active Service Station. Floating product
in ground water. = Ground-water depth = -
187 - 207,

" Site 4 vActive Fueling Facility. Pipé1ine Teak..
-No ground-water contamination.- ' Ground-
water depth = >20’.

Site 5 ' Aciive Fueling Facility. Ground-water
depth = 127,

Site 6  Active Service Station. No ground-water
- contamination. Ground-water depth = 15’.

Site 7 Active Fueling Facility.

Site 8 Active Service Station. Floating product
on ground water. Ground-water depth =
25’ - 35/, :

Site 9 Active Service Station (Austin #6). Spill
resulting from product 1ike puncture.

Note: These sites were selected from Tracer Research Corpofation :
files to develop database of hydrocarbon vapor concentrations N
for sites with known hydrocarbon contaminated.
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TABLE 8-5 -
MAXIMUM CONCENTRATIONS AT CONTAMINATED SITES
(All concentration values n micrograms per liter)

.
4

v

METHANE = - B : : _ TOTAL HYDRO- | .
_ Cy-C3 : 7 CARBONS TANK TIGHTNESS
' SMETHANE) BENZENE  TOLUENE ETHVLBENZENE XVLENES  (LESS METHANE)  JEST RESULTS -
Station 1 1,200,000 ;1od.ooo ‘sa000 61000 NAZ 2200000
Station 2 NAZ . <0 i. 1200 120 140 19000 .
slon 3 NAZ : . NAZ 31000 NAZ- NAZ 400,000
Suton 4 NAZ 0 620 - s s 15,000
Statlon 5 NAZ 26,000 11,000 @50 ’ <800 280,000
Statlon 6 NAZ 2% 4000 . <8 s 210000
Station 7 NAZ <55 1,700 <80 0 8,500
Station 8 100,000 60,000 40,000 C Tnaz NAZ 800,000

Notatlong:

NAZ = Not Analyzed IR
* = Ethylbenzene/Xylene concentration. value

Notes:
(1) Total hydrocatbons are reported less methane to reflect a profie of compounds similar to gasoline, and to exciud
products of naturally occurring degradation.

(@ Total hydrocarbon values are calculated from the average response factor for benzene, toluene, ethylbenzene an
ortho-xylene, .
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’possiblé to use C4-C6 concentratioﬁs, as compared to those of total
hydrocarbons, to detect fresh leaking conditions. -More study is required
:to confirm this preliminary indication. o

;
J
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8.4 CHARACTERIZATION OF BACKFILL MATERIAL

Soil moisture and particle size of the backfill materlals impacts
hydrocarbon vapor concentrations because of liquid/vapor partitioning and

porosity effects. COnsequently, soil moistures and sieve analyses were

performed on soil samples collected from the backfill of the non-

‘contaminated sites. - A summary of the results of these sample analyses

are presented in Tab]e 8 6. Laporaiory analyses are included in

-

Appendix E : L : L -
Backfill soil material ‘at steel tank 1nsta11ations included fine, medium
and silty sands while the backfill at fiberglass tank installations were
of fine gravel, gravelly sand and coarse sand mixed with gravel.
Moisture contents were higher in the sands than in the gravels and the
porosities of the sands were less than those of the gravels.

Because gravel is more porous and less moist, hydrocarbons will Tikely
move more quickly through gravel backfill than through sand. Also,
moisture will tend to inhibit the movement of hydrocarbons and will
absorb hydrocarbons through 1liquid/vapor partitioning.

8.4 U-TUBE SAMPLING

Leak detection methods are classified into four groups: Volumetric,
Nonvolumetric, - Inventory Control, and Leak Effects methods (EPA).
Methods within the Leak Effects classification are those that identify
leaks by examining the environmental effects of the leak. Those methods
usually require the installation of monitor wells and chemical analysis.

Since soil gas contamination is an environmental effect that can result

from a leaking UST system, then soil gas samp1ing, as performed in the
field investigation of this study, would be’ classified as a Leak Effects
method.

Andther method for monitoring 1leaks within the Leak Effects
classification utilizes a U-Tube device. The U-Tube consists of a four-
inch diameter, schedule 40, PVC pipe installed as shown in Figure 8-3..
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“TANK
LOCATION/STATION TYPE -
AUSTIN, TEXAS
AU1 ' ~ Steel
AU2 . "~ Steel
AU3 FRP
AU4 FRP
AU5 Steel
AUB FRP
AU?7 FRP
STORRS, CONNECTICUT
CONN1 Steel
CONN2 Steel

TABLE 8-6

“MOISTURE RANGES OF SOIL AND BACKFILL SAMPLES

(Values in percent by woeight. -Moisture content d’lnalyzed by PSI,

PROVIDENCE, RHODE ISLAND

Ri
RI2
RI3
Ri4

Steel
Steel
" Steel
Steel

SUFFOLK COUNTY, NEW YORK

NY4 FRP
NY2 Steel
NY4 FRP
NY5 Steel
NY8 FRP
SAN DIEGO COUNTY, CA
SD1 Steel
sD2 Steel
08 - - mp -
SD4 +» Steel
SD5 , FAP
SD8 ‘FRP
sD7 Steel
SD8 Steel
sD9 Steel

sAlbuquerque, NM)

MOISTURE CONTENT

SAND

1113

15
10

1320

1517

79
87
310

(S -

1-15

)

LI N T

GRAVEL

ATIVE _SO!

NOTE: All Sieve Analysis results from backfill samples.

i

SIEVE
ANALYSIS RESULTS

Silty sand

Sandy gravel
Gravelly sand
Medium sand
Fine gravel

Fine sand

Medium sand with silt
Fine sand

Medium to fine sand

Fine sand

Fine sand with silt

"Fine sand with siit

Crs sand with gravel
Medium sand with siit
Medium sand with siit
Siity sand

Y

Native Soil Sample taken from saturated zone in bottom of monitor well.
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CAPABLE OF BEING

'OVERFILL ' SEALED
'PREVENTION "EXTENSION OF

/ : OBSERVATION WELLS: WATERPFIOOF CAPS

_DEVICE WITH EXTRACTABLE MANWAY TO GRADE
FINISHED TTEE TO GRADE : - (OPTIONAL) -
"GRADE —y . /. -
> 2

4
INOTE: ALL PIPING
MANWAY TO BE 4*

- - S B ‘ _ SCHEDULE
. ] // prme oo
) ST - e (N D=1 (3] ”gﬁ

90’ SWEEP

4' TEE == | .
4' DIAMETER HALF SLOTTED PIPE
SUMP WRAPPED WITH FILTER MATERIAL—1/4" PER
SEALED 2* DEEP FOOT PITCH TOWARDS SUMP.
CAp —* SLOT SIZE .060

SPACING AND FILL TO BE IN ACCORDANCE TO
~ TANK MANUFACTURER SPECIFICATIONS

Source: EPA

FIGURE 8-3
U-TUBE LEAK DETECTION SYSTEM

48




: Theée iubes.wé}e 1n;t511ed under each tank within the backfill material
.at Stations #4 and #G’jn.Sfoo]k County, New York.

A combrehensive;comparison of leak ‘detection methoés was not within the
-scope.of this project. ~ However, two stations.with U-Tubes were included
in the study in. order to. make -a comparison of hydrocarbon vapor
concentrat1ons from U-Tubes versus hydrocarbon vapor concentrations in
soil gas. : :

The method of collecting soil gasAsampies from the backfill areas was
presented .in Section 5.2. Briefly, soil gas samples were collected by
' inserting a hollow probe into the backfill and evacuating -a soil gas
- sample using a vacuum pump. Vapor samples from the U-Tubes were also
collected by inserting a hollow probe to the desired depth in the U-Tube
and evacuating a sample using a vacuum pump. Samples were collected near
the bottom of the U-Tubes to minimize the effects of dilution from the
outside air.

Since vapor samples from the U-Tubes were collected near the bottom of
the U-Tubes, these data were compared to soil gas samples collected from
the backfill at the 10-foot depth. The U-Tube samples and soil gas
samples (at 10 feet) are shown in Table 8-7.

At Station #4 in Suffolk County, New York, the U-Tube sampie contained
90,000 micrograms per liter of total hydrocarbons (less methane) while
the soil gas samples ranged from 42,000 to 69,000 micrograms per liter of
total hydrocarbons (less methane). Benzene and toluene were found in
both the U-Tube and soil gas samples while methane, ethylbenzene and the
xylenes uere not found -at detection 11mits for either the U-Tubes or soil
‘gas samples. :

At Station #6 in Suffolk County, New York, the U-Tube sample contained 47
‘micrograms per liter of total hydrocarbons (less methane) while the soil
gas sample contained 1,500 micrograms per liter of total hydrocarbons

3
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© TABLEST :

U-TUBE VAPOR SAMPLES
SUFFOLK COUNTY, NEW YORK

(Micrograms Per Liter)

7
)

- L - - . TOTAL HYDRO- .
METHANE . o - _ : CARBONS TANK TIGHTNESS
{C4:Cs) BENZENE ENE  ETHYLBENZENE XVLENES  (LESS METHANE)  TEST RESULTS
Statlon #4 - R o
U-Tube-14* 24 2800 850 a7 42 80,000
SG1-10° <24 S g30°” T 120 0 @7 <42 42,000
8G2:10’ ‘24 880 . 300 . <37, 2 42,000
SG3-10' <24 3300 1000 <a7 <42 69,000
SG4-10' <24 1800 830 <37 <42 58,000
Station ¢8
U-Tube-14° 002 <0.03 2 <0.04 <0.04 47
$G2410° 0.4 08 55 07 0.8 1500
Notatlons:

NAZ = Not Analyzed.

NR = No records svalable showing tank tightness resuits.

Notes: '

(1) Total hydrocathons are calculated from the average response {actors for BTX.

(2) <24 indications that the concentration is less than the detection mit of 24 micrograms per liter.




" (less methane). Only toluene was identified in both the U-Tube and soil
gas samp]es. ' - '

These results indicate that -the composition of hydrocarbon vapors found
o U- Tubes.are -similar to the vapors found in soil gas. However, the
fmagnitude of the vapor concentrations may differ. Thase conclusions are
1pre11minany.since more sample data. is required to accurate]y de11neate
'these differences-' ___’ '

;8;6 GROUND WATER SAMPLING .

Shallow ground .water ‘was encountered at several locations which prevented
soil gas samples ‘from being taken at’the 10-foot levels. .In these cases,
samples of the ground water were taken and analyzed by the GC/FID using
‘the same procedures "as were used for the so0il gas. These results are
shown in Table 8-8. ' o
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TABLE 8-8

HYDROCARBON CONCENTRATIONS FROM
GROUNDWATER SAMPLES:

STATION SAMPLE NUMBER DATE DEPTH (FT) -METHANE BUTANE ISOPENTANE BENZENE TOLQ§' NE -ETHYL-BENZENE XYLENES TOTAL HYDROCARBO

AUS Wi/H28 _ - 10/29° T 7. 4000 5700.  NA ' 77000. 150000. <140.  80000. 380000.
AUB HW/H20/P 10/29° 8. - 54000 '5000.  -NA 52000.  130000. <140.  110000. . 410000.
AUS HW/H20 10730 8. 6700  8900.  NA 50000.  16000. <49. <79. 100000. °
AUS H/H20/5 10/29. 8. .6600  6200. _ N& 71000.  18000. <140.  110000. 480000.
AUS HW/H20 10/29 9.” 4200 4300. A -67000.  120000. <140.  51000. -  290000.
AUS SG4/H20  10/28  10. 2100 .. 4300.  MNA 27000.  83000. “'<25. _  70000. 200000.
AUS SG5/H20 10/28  10. " 4700 2400. ~_ NA - . 5600.  10000. <12. 12000. © 37000.
AUS $62/H20 “10/28  10. 1800  2100.  NA 5600. *  15000. <49.  17000. 42000.
Aus KW/H20 10/29 11, 9300 5700. . NA 67000.  160000. . <140.  93000. 400000.
AUS . HW/H20/P 10/29 11 10000  1000. = NA 7300. - 15000. <140.  17000. - 53000
AUS KW/H20/S 10/29 1. 13000  690.  NA .7500.  15000. <140.  <130. 36000.
AUS HW/H20 10/30  11. 4200  2400. - NA 4500. 1300 <49, <19. 18000.
AUS HW/H20 10/28  NA 8600  8500.  NA 10000.  25000. <250.  21000. 86000.
CONHL  G-04 1w 1. - 62 <7, <6 - <6, 8. <4, <8. .
CoNHZ  GW-04 11/13 6. 18 <4. <4 <6, <6. <7, <10, <6.
CONHZ  GM-03 11713 10, 18 <4 4 <6. <6, <. <10. <6,
COHNZ  GW-05 11713 10, 4400 1700. <6 <30. -31. <37.  48000. 240000.
Notes:

(1) Total hydrocarbons are less methane, as benzene.

(2) HA refers to Mot Ana'lﬁed.

{3) Samples noted as HV/HZOIP indicate values immediately after pumping.

(4) Samples noted as MW/H,0/S indicate values gathered 1.5 hours after pumping.
(5) GN refers to Ground-water samples.

(6} Values less than detection limits are indicated by "<".
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S 9.0 UST REGULATIONS
9.1 AUSTIN, TEXAS : :
Underground -storage “tanks ‘at existing facihties m Austin must have a
:permit to operate and -are - required to be tested or momtored for 1eaks on
cxd regular basis. If tank testing is conducted, -a_precision tank test, as
defined “in"the NFPA National Fires Codes, Section 329, is performed on
each tank accorc{jng to the following schedule:

- of 6/18/85

Tank Age | o -
‘0tos years S 0
6 to 10 years | ‘Within 12 months of 6/18/85 and then
) every 2 years until over 10 years old.
over 10 years : "Annually, beginning within 12 months

The Department of Environmental Protection (DEP) assumed the underground
tank responsibility from the fire department on January 14, 1987. At the
present time, the DEP has approved seven tests for tank tightness
testing: Petro-tite (Kent-Moore), Hunter, Horner, Acutest, Massney,
Tanty-Tech, and Tank Auditor. Companies who perform these tests are
registered by the DEP. '

Monitoring wells may be used as an alternative to precision tank testing

for leak detection of underground storage tanks. For existing facili-

ties, leak detection monitoring by surface geophysical methods such as

ground penetrating radar, electromagnetic induction, resistivity,
~—magnetometers, - and -X-ray ‘fluorescence or by tracer analysis may be

permitted hn'ly By approva] from the DEP.

R

9.2 SUFFOLK COUNTY, NEW YORK : :

‘Suffolk County began regulating underground storage tanks in 1980 when a

law was passed stating that all new tank installations except underground

petroleum tanks had to be double-walled with leak detection between the '

walls. The Taw further stated that all tanks had to be replaced with
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double-walled tanks by 1990. Underground petroleum tanks could remain

- ~single-walled up -to 1985 in critical _aquifer recharge areas at which time
‘they had to be replaced with double-walled tanks; with leak detection
between-walls. The main aquifer recharge area is inland .and encompasses
75% of the isTand. “The coastal'areas do not affect'the recharge of the
aquifer and..tanks in this area can remain sing]e-walled with external
Teak detection. :

Testing of underground storage tanks . is performed by county hcensed
testing companies. Tests are performed every two- years on. older tanks
and every 5 years on newer tanks (since 1975). The only test recognized
by the county is the Petro-Tite Tank Tester (formerly Kent-Moore) system.

9.3 SAN DIEGO, CALIFORNIA

California state law regarding the monitoring and testing of underground
storage tanks allows for implementation of these regulations to be
carried out at the local level. Counties implement the regulations
through the issuance of permits to underground storage tank owners. A
city may, by ordinance, assume such responsibilities within its boun-
daries.

A1l owners of existing underground storage tanks are required to imple-
ment a visual monitoring or alternative monitoring system. Visual
monitoring should be used as the principal leak detection monitoring
method, where feasible. When visual monitoring is not possible, an
alternative method should be implemented. The alternative methods are:

. Underground Storage Tank Testing, -~~~ =~ .
° ﬁ 1por or Other Vadose Zone Monitoring and Ground Water Monitor-
=4ng,with Soil Sampling,

o Vadose Zone Monitoring, Soil Sampling, and Underground Storage
Tank Testing,

. Ground Water and Soil Testing,

e Inventory Reconciliation, Underground Storage Tank'Testing, and
Pipeline Leak Detectors,
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. Inventory Reconciliation, Underground Storage Tank Testing,
- Pipeline Leak Detectors, Vadose Zone, or Ground Water Monitor-
~ing -and Soj 1 Testing, ' : '

=0 ‘Undefgrbund Storage Tank Gauéing and Tesffng,rand

s InteFim Monitoring.
Most tank owners select the first alternative - underground storage tank
- testing method. 'In the past, -initial testing was required on all tanks
within 12 months but subsequent testing on non-leaking‘tanks less than 10
years old wé§'5uthqrized to be done in 30 months rather than annually.
Following the expiration of the 30 month period, -all underground storage
tanks operating urider the option will require annual testing. The
specific test 1is not designated, but it must comply with the NFPA

National Fire Codes, Section 329.

BTN
s irﬁ:-‘l"( '
. DAY Nl
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10.0 TANK TIGHTNESS TESTING RECORDS

‘Tank tightness test records were available for most of the study sites.
“Two commercial]y availabie systems were used to test the tanks - the
Petro-Tite Téster (formeriy Kent-Moore) and the Hunter Leak Lokater. The
‘Petro-Tite Tester has been .a recognized standard for accurate tank
*testing-within the industry -for many years. This system works on the
principle “of -applying a -hydraulic pressure head to the tank by an
externally connected, -graduated sfandpibé which is filled with product to
approximately ‘four feet above ground Tlevel. Product level in the

standpipe is monitored -for rise and fall and measured amounts of product

~are added or removed. *Readingsvare taken every fifteen minutgs for six
hours. : ' '

The Hunter Leak Lokster‘measurés tank léakage by sensing weight changes

in a sensor which is suspended in the liquid of the tank. Changes in
weight are transmitted to a recorder that registers these changes as

Teaks in or‘out. The only station in this study to use the Hunter Leak
Lokater was RI-4.

The manufacturers of the Petro-Tite Tank Tester and the  Hunter Leak
Lokater both report that these systems can detect leaks as low as 0.05
gallons per hour (gph) in tanks and pipes. The accuracy of these tests
is currently beéing examined in other EPA-related studies. Both tests do
not have the capability of detecting spills.

Some records of tank tightness tests were obtained from the oil companies

who owned the various sites. In addition, San Diego County provided test
results for several of the San Diego sites (SD-1 and SD-3 through SD-7).
A government agency provided tightness data for Conn-1. A1l records
which were obtained are included in Appendix L. These records have been
modified to protect the confidentiality of the site locations and
operators.

Table 10-1 presents the Tank Tightness Test Results of the study sites.
Tanks with absolute leak rates of less than 0.05 gph are labeled "TIGHT".
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TABLE 10-1
"TANK ‘TIGHTNESS TEST

“RESULTS ;L
.- " "NUMBER *iANK., g - -
— fTég§'L' - Iﬂg£§ INSTS;&ETION D#TETOF R£g5££§
- -AU-1 7 Steel R . 1961 - 4/9/86 TIGHT
o FRP o0l . g8l 4/9/86 TIGHT
-2 Steel 3 1973 57186 TIGHT
AU-3 FRP 4 1984 NT
AU-4 -~ FRP - 4 1981 1!
AU-5  steel’ 3 1988 . 4/15/86  TIGHT
AU-6 " FRP y 1984 N2 o
AU-7 - FRP 4 1984 NT
NY-1 | FRP 3 1982 | T
NY-2 . Steel 6 ' 1968 12/30/85 TIGHT
NY-4 | FRP 3 1980 NT
NY-5 Steel 3 1972 - NA NA
3 1980 T

NY-6 " FRP

FRP = Fiberglass Reinforced Plastic
NA = Not Available
NT = Tank Tightness Tests Not Required

1 1980-1987 maintenance records indicate station had several small spills in
dispensing areas, and possibly some pipeline spills.

2 Spill occurred ‘from product line during tesiing. Corrective action was,téken.

:"’:V
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TABLE 10-1 (CONTINUED)

TANK TIGHTNESS TEST ‘mp’
RESULTS
B : " “NUMBER TANK  ’ -
— . -~ TANK. OF INSTALLATION DATE OF = TEST
SITE/STATION  MATERIAL - . TANKS DATE TEST . RESULTS
RI-1 . Steel 3 1973 NA NA
RI-2 Steel 3 - . 71976 '9/25/87 TIGHT
RI-3 Steel ~ -6 . - . - 1965 NA NA
RI-4 Steel 1 . 1966 1/22/86 - LEAK]
- ' (Hunter)
Steel 1 1966 1/22/86 TIGHT
' (Hunter)
Steel - 1 1966 1/22/86 LEAK?2
- . : (Hunter)
Steel 1 1966 - 1/22/86 TIGHT
: (Hunter)
Steel 1 1966 1/22/86 TIGHT
(Hunter)
FRP 1 1984 1/22/86 TIGHT
(Hunter)
CONN-1 Steel 1 1984 1/22/87 TIGHT
Steel 1 1966 1/21/87 TIGHT
Steel 1 1978 1/21/87 TIGH
Steel 1 1966 | 1/21/87 LEAK
Steel 1 1966 1/21/87 TIGHT
CONN-2 Steel 1 1985 NA NAd
Steel 2 1940 NA NA

FRP = Fiberglass Reinforced Plastic
NA = Not Available

1 Failed tightness test on 1/22/86 due to a 1eak in system 1ine. No records on
further testing. ,

2 Failed tightness test on 1/22/86. No records on further testing.

3 Failed tightneds test on 1/21/87 due to leak in suction piping under pump.
Tank has been out of service since 1/87.

4 Ho0 was discovered in super unleaded tank in 1/85. Tank was excavated
and replaced with new steel tank.

58




TABLE 10-1 {CONCLUDED) -
TANK TIGHTNESS TEST

RESULTS
| . . NUMBER TANK / .
: - TANK OF INSTALLATION DATE OF TEST
;§;T§L§1AIION MAIERIAL -.. TANKS DATE .~ IEST RESULTS
SD-1 Steel -2 1971 11/11/86 TIGH
: Steel 1 1971 11/21/86  TIGHT
FRP 1 - 1978 11/21/86 TIGHT2
SD-2.. ~ Steel 3 1972 6/17/87 TIGHT
-SD-3 - - FRP 2 1982 12/10/86 - TIG¥;
: FRP 1 1982 - 12/22/86 TIGH
SD-4 - Steel 4 1965 . 11/5/86 TIGHT
- SD-5 FRP 3 - 1983 5/7/86 -  TIGHT
SD-6 FRP 3 1983 - ~ 5/18/87 TIGHT
$D-7 . .Steel 1 1972 . 4/16/86 - TIGHT
Steel’ 1 1965 . ~ 4/16/86  TIGHT
Steel 1 - 1965 4/17/86 TIGHT
SD-8 Steel 4 - 1965 1/21/86 TIGHT
SD-9 Steel 3

1967 .NA NA

FRP = Fiberglass Reinforced Plastic
NA = Not Available

1 Failed tightness test on 11/11/86 due to a leak in d1esel vent line. Retested
on 11/21/86 and passed.

2 Failed tightness test on 11/11/86 due to tank leak of -0.5 gph. Retested
on 11/21/86 and passed.

3 Failed tightness test on 12/10/86 due to leak in the vapor line.
Retested on 12/22/86 and passed.
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Tanks with leak rates greater than 0.05 gph are labeled "LEAK" and an
explanation.of the leak and the surrounding circumstances is provided in
~the accompanying footnote. - Several sites had no avai]ab]e records or had
‘not been testéd due to recent tank installations and are labeled "NA" and
‘"NT", respettive1y, in the table )
There are»a total of 100 underground storage tanks at the 27 gasoline
stations that were studied. Of this total, 63 tanks are fabricated from
steel and were installed between 1940 and 1984. The remaining 37 are
made of fiberglass reinforced plastic (FRP) and were .installed between
1978 and 1984. : '

Of the 63 steel tanks, 42 were determined tight in recent tests. Three
steel tanks, two from RI-4 and one from CONN-1, were found to be leaking.
No further records are available to indicate repair and/or subsequent
testing of these tanks. No tank tightness test records are available on
the remaining 18 steel tanks.

Tank tightness tests were conducted on 12 of the FRP tanks; all tested
tight. Tests on the remaining 25 were not required by the regulating
government agency due to the relatively new age of the tanks.

Seven gas stations had histories of leaks: AU-4 & 6; RI-4; CONN-1 & 2;
and SD-1 & 3. Maintenance records from AU-4 for the period of 1980 to
1987 indicate that numerous surface spills occurred from vandalized split
hoses and dispensers. Records also exist of Tow or slow flow which might
indicate pipeline leaks. AU-4 was removed from the database as a clean
site because of its history of high maintenance and its unusually high
soil gas concentrations. AU-6 was also removed from the database because
of a known spil1 that occurred from a product line break. The five other
stations remained in the database as background data because the soil gas
concentrations were not excessive.
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11.0 DATA ANALYSIS o |
- -Geoscience Consultants, Ltd. investigated hydrocafbon vapor concentra-

ztions in the backfill of underground -storage tanij(UST) in two phases:

_+a-field investigation phase.and-.a data -amalysis phase.

" Since no.database for soil gas information in non-contaminated UST sites
~was known to exist, it was -necessary to conduct field investigations to
establish a baseline of hydrocarbon vapor concentrations. Data were
collected from twenty-seven gasoline service stations selected as non-
contaminated sites. ‘Selection criteria (Section 3.0) were used to
develop- a data set which; included a variety of tank ages, tank
materials, stored products and backfill materials. The underground
Storage\tanks selected were believed to be non-leaking, or "tight." UST
systems were considered to be tight if:

e Tightness tésting within the previous two years indicated the
system to be without leaks, or :

e In cases where test records were not available, the environ-
mental and maintenance personnel of the oil company had no
knowledge of contamination due to leakage at the site.

Two stations sampied (Stations #6 and #4 in Austin, Texas) were deter-
mined to be inappropriate as non-contaminated sites, and their data were
not included iﬁ the data set. Station #6 had a fresh gasoline spill from
a product line puncture that occurred during the field investigation.
Station #4 had a history of frequent product line and dispenser problems,
according to maintenance records, and no test records were available.

The 'non-contamipated site ‘data, "therefore, consisted of 279 soil gas
samples taken from twenty-five service stations. ‘
‘ N

Contaminated site data were obtained from Tracer Research Corporation
‘historical records. The contaminated site data was selected from sixty
‘soil'gas-samples.taken from nine sites having known contamination from a
“petroleum fuel leak or spill. These sites were all -active gasoline
service stations or fueling facilities. | |
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The strategy for data analysis was determined by the fact that no usable
data for non-contaminated sites were -known to exist. Therefore, analyses
were employed swhith_ could delineate patterns in the data, if ‘they

-existed,

and -which could prove useful in establishing contamination

thresholds. =

Dataaanalysis_was_broken.down into three parts:

=@

Analysis of total hydrocarbon concentrations (;less methane"”
and "including methane") in soil gas at non-contaminated sites

- with the objective of establishing a descriptive statistical

baseline.

Comparison of'the~non-contaminated site baseline information to
data from sites where petroleum fuel contamination was known to
exist. This comparison. examined the appropriateness of
establishing an wupper 1limit for total hydrocarbon (less
methane) vapor concentrations at non-contaminated sites that
could provide a "threshold" concentration value between non-
contaminated and contaminated sites.

Non-parametric statistical testing of each data set (non-
contaminated and contaminated) in order to substantiate
observed differences and identify significant trends among
total hydrocarbon vapor concentrations, sample depth, location,

‘backfill materials, tank age and tank material.

Analyses focused on concentrations of total hydrocarbons (less methane)
in soil gas, as the presence of total hydrocarbons is indicative of
contamination from a petroleum leak or spill. Methane was excluded from
the reported concentrations in order to present a profile of compounds
similar to that of gasoline, and to exclude methane concentrations which
may have been present due to naturally occurring decomposition of organic

matter.

The use (of total hydrocarbon concentrations in soil gas as a
contamination index is consistent with current EPA ground water and soil
monitoring proposals. An analysis of total hydrocarbon data (including
methane) is presented (Section 11.2) to show how these data are
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distributed as compared to total _hydrocarbon concentrations (Tess
" methane). TThislcomparisqn*may be useful in evaluating total hydrocérbon'
;conéentrations‘ffom leak detection devices which inglude methane.
»Aécﬂﬁqcyajd“}he data analysis was essential because the results may be
.used to;prdvide'direction~f0r'future leak detection methods. Towards
~ “this goa],lihe s0il gas: data were-reported in micrograms per liter (ug/1).
abecause this provided:a better approxwmation of the total hydrocarbon
“vapor " cancentrations “than- parts ‘per million by volume (ppmv) (Section
7.0). :Also, three gas chromatograph/flame. ionization detection (GC/FID)
. analyses were generally performed on each sample, and the arithmetic mean
. of the usable samples, as judged by the GC/FID operator, was used in the
analyses. The -replicability of analytical results were within 25
percent of the average'cdncentration'vaiue for each sample.

11.1 EMPIRICAL DISTRIBUTION OF TOTAL HYDROCARBON
CONCENTRATIONS (LESS METHANE) FOR NON-CONTAMINATED
SITES
An empirical distribution of the total hydrocarbon (less methane) vapor

concentrations in soil gas surrounding non-contaminated- UST systems is
useful for two reasons:

o It shows what concentrations can be considered as "background”
concentrations in a UST system, and

o The distribution can be compared to similar concentration
distributions from contaminated sites.

Even at sites with .no_known contamination,. a -level .of total hydrocarbon
vapof'concentrations.is present resulting from surfacé,spills or small
undetected Teaks of petroleum fuels. - These concentrations are defined as
the total hydrocarbon background level of the soi]'gas at the site.

fThe best wéy to describe the distribution 'of total hydrocarbon
concentration data is by using the relative frequency distribution.
- 'The relative frequency distribution_is obtained by grouping the data into
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concentration classes and determining the proportion of sam‘ples in each
.0f the classes. 'Ihis,distribution*fbr;total hydrocarbon (less methane)'
congentrations is shown in Table 11-1 in micrograms; per liter (ug/1) and
in Table 11-2 in parts.per millon by volume-(ppmv).

The classes in these -distributions were chosen to show the overall
distribution of samples, as well as the percentage of samples below 1500
ug/1 (approximately 500 ppmv). The 1500_ug/14concentratibn class was
chosen because proposed EPA regulations concerning leaking UST systems
have considered 500 ppmv as a possible threshold value to differentiate
non-contaminated from contaminated sites. The. relative frequency
distribution shows that 53.2 percent of the samples were below 1500 ug/1.
The overall distribution shows that 93. 1 percent of the samples were less
than 100, 000 ug/1.

There are nineteen samples (6.8 percent of the total) that have average
concentration values greater than 100,000 ug/1. Site and sample data
were examined to explore causes for these high values. Table 11-3 shows
the site and sample Tocation of the data points. The nineteen samples
came from seven service stations studied. Tightness test results showed
the UST systems at four of these stations to be tight, while no test
records were available for the other three.

A possible source for the high total hydrocarbon (less methane)
concentrations at the seven sites is from surface spills. Interviews
with the participating oil companies revealed that underground fuel
storage tanks are occasionally overfilled by the transporter. Since
there is no system-for monitoring these surface spills, the frequency of
this event is urknown..
i

Another possible source for the high concentrations could be related to
the age of the tanks. Six of the stations contained steel tanks
installed between the years 1965 and 1971. One station contained a '

ey
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“CONCENTRATION - RANGES
icroqraiis P

" Not Detected -

ter

. < 1500

1501 - 5000 -
5000 - 10,000
10,000 -- 50,000

50,000 - -100,000 - - -

100,000 - 270,000

~ 1,100,000 ‘
Mean 23,300
Median 800

Upper

Quartile 33,000

TABLE 11-1

DISTRIBUTION OF NON-CONTAMINATED SITE DATA
"FOR TOTAL HYDROCARBONS LESS METHANE

-
- -

4 -
-)

NUMBER OF

- RELATIVE FREQUENCY
. SAMPLES DISTRIBUTION (%)
65 ) 23.2. :

" 84 - 30.0
Y, , 6.0

STrR L 43
. 56 - 2000
7. . . 9.6

18 - 6.4
1 — .5
0.

. 280 | - 10

65

CUMULATIVE

- RELATIVE
- FREQUENCY (%)
DISTRIBUTION

e e VALY

23.2
- 53.2.
59.2
63.5
83.5
193.1
99.5
100.0

V‘ y
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TABLE 11-2

DISTRIBUTION OF NON-CONTAMINATED SITE DATA
FOR TOTAL HYDROCARBONS LESS METHANE

~ ¢ -(Parts PerMillion by Volupe)

: (ppm) - . .
CONCENTRATION RANGES NUMBER OF RELATIVE FREQUENCY
{Micrograms Per Liter SAMPLES i DISTRIBUTION (%)
Not Detected” . 65 "23.2
< 500 : 88 31.4
501 - 1,350 : 14 ) 5.0
1,351 - 2,700 - 11 - 3.9
2,701 - 13,500 57 20.4
‘13,501 - 27,000 27 . S 9.6 .
27,001 - 72,900 17 . 6.1
> 72,900 1 : .4
280 ~100.0
Mean 7,200
Median 220
Upper

Quartile 9,200
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CUMULATIVE
RELATIVE
FREQUENCY (%)

DISTRIBUTION

23.2
54.6
59.6
63.5
83.9
93.5
99.6
100.0




TABLE 11-3
“TOTAL HYDROCARBON CONCENTﬁATIONS LESS METHANE
' -GREATER THAN 100,000 MICROGRAMS PER LITER

T P L | TOTAL HYDROCARBONS

" TANK AGE.. : - CONCENTRATION LESS
AND ~ 'PETROTITE METHANE
_STATION _ 'MATERIAL : JESTRESULTS  SAMPLE NUMBER-DEPTH (Micrograms Per Liter)
Austin, Tx : .
Statlon #5  1971-Steel Tight . 8G1-2 150,000
o . . SG1-8 . 110,000
o sat0 - ~1,100,000
SG2 <8 120,000
8G3 -2 190,000
: $G4-2 . 140,000
Suffolk County, NY : : : T
Station #1 (1) 1 8°8 2 -°NR sG2-2 170,000
" Fiberglass SG2 -6 210,000
~ " sG2-8 270,000
Station #5 1972-Steel NR SG4 - 10 - 110,000
San Diego, CA .
Station #4 1965-Steel Tight $G4 - 2 110,000
Station #7 (1) 1965-Steel Tight SG1 -10 120,000
o » 8G2-2 120,000
SG2 -8 ‘ 130,000
SG2 10 210,000
Station #8 (2) 1965-Steel Tight SG2 10 110,000
SG3 -10 : 104,000
: SG4 -10 , 120,000
Station #3 (1) " 1967-Steel NR - 8G2-8 110,000

NOTES: (1) SG2 is located near a tank fill cap,
' (2) Station #8 is an inactive service station.
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fiber-glass tank installed in 1982. The'possibilitj of undetected leaks
could be greater in o]der tanks. ’ ' ‘ ;

11.2 EMPIRICAL DISTRIBUTION OF TOTAL HYDROCARBON
. CONCENTRATIONS (INCLUDING METHANE) OF NON-
CONTAMINATED SITES- i
It may- be useful to report total hydrocarbons as "including methane for
two reasons'

-« Methane can also occur by the natural decomposition- of
petroleum fuel in soil, and

o Some UST leak detection methods are based on detection equip-
ment that is sensitive to any hydrocarbon compound. Therefore,
these detection devices will detect the presence of methane in
soil gas in addition to other hydrocarbon compounds.

The empirical distribution of average total hydrocarbon vapor
concentrations (including methane) is compared to the distribution of
average total hydrocarbon vapor concentrations (less methane) in
micrograms per liter in Table 11-4, and in parts per million by volume in
Table 11-5.

The distribution of total hydrocarbons- including methane are similar to
total hydrocarbons less methane in two class ranges: 5,001 - 10,000 ug/1
and 50,001 - 100,000 ug/1. However, differences exist in the other class
ranges. These differences can best be shown by summarizing the
distributions into two classes as follows:

concsumnou RANGES RELATIVE FREQUENCY PERCENT
mmﬁmuw_t Less Methane Insj_udjm_us_tb.a_e

< 1oo 000 93.2 73.8

> 100,000 6.8 _26.2

100.0 | 100.0
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" TABLE 11-4 -

COMPARISON OF TOTAL HYDROCARBONS INCLUDING _
- METHANE AND LESS METHANE AT NON-CONTAMINATED SITES

-

CONCENTRATION RANGES

{Micrograms Per Liter

< 5,0007%

5,001 - 10,000

10,001 - 50,000
50,001 - 100,000
100,001 - 400,000 -
400,000 - 1,000,000

1,100,000 AR

1,250,000

A (Micrograms Per Liter)

o
J

RELATIVE FREQUENCYiDISTRIBUTION (PERCENT) _

Less Methane
. .59.2

20.

t O OVOO N
L] . L] .
n OO Ww

[—
o
o
o

* Includes non-detected values.
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TABLE 11-5 -

. COMPARIgaﬁ OF TOTAL HYDROCARBONS INCLUDING
' METHANE AND LESS METHANE AND LESS METHANE AT
: : : NON-CONTAMINATED SITES

(Parts Per Million by Volume);

TR RELATIVE FREQUENCY DISTRIBUTION (PERCENT)
CONCENTRATION RANGES 2 '

(Micrograms Per Liter Less Methane Including Methane
< 500 *. L -54.6 45

<501 - 1,350 5.0 - 2.1
1,351 - 2,700-. ) 3.9 2.5
2,701 - 13,500 : . 20.4 - 8.9
13,501 - 27,000 . 9.6 5.0
27,001 - 72,900 6.1 11.1
. 72,901 - 250,000 0.4 15.0
250,001 - 600,000 - 6.4
> 600,000 T : - 4.0

[
(=
Q
o
—
(=]
o
(=]

* Include non-detected values.
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The effect of . inc]uding methane in the total hydrocarbon concentration is
- to lower the: -percentage .of sampTes With concentrations equal to or less
than 100 »000ug/1 . {(or 3O 000 ppmv) by 21 percent. This effect was
“expected since- the soil .gas data showed high concentrations of methane at
~many of- the sites. This was probably due to naturally- -occurring methane
as well as methane which occurs from the decomposition of hydrocarbon
compounds. -
11 3 COMPARISON OF TOTAL HYDROCARBON CONCENTRATIONS 'FOR'-NON-
" CONTAMINATED SITE AND CONTAMINATED SITE DATA SETS-

The data distribution in Section 11.1 has shown that -a Wide range of
background hydrocarbon vapor concentrations exist in the soil gas in
backfill at non-contaminated _UST sites. These concentrations: ranged from
the lower detection limits of 0.02 micrograms per liter (ug/1) to
1,100,000 ug/1 for total hydrocarbons (less methane). Although much
variabiTity exists in these data, a comparison of these data to data
. from known contaminated sites is required to determine if background
vapor concentrations differ from vapor concentrations at sites with known
contamination. If statistically significant differences exist between
these data distributions, then the results of this comparison could be
useful ‘to UST regulators, service station owners and others who must
interpret soil gas data to determine if contamination exists at a UST
site. ’

An  evaluation of these differences could also determine the
appropriateness of establishing a threshold concentration for total
hydrocarbons (less methane) Statistical testing was performed (Section
~11.4) “to determine if observed differences concluded from the descriptive
statistics are significant differences.
. o

- In order‘for the data sets tovbe'comparable, the data ‘in each set must be
collected in a similar fashion. Since the contaminated site data set was
obtained from historical records, data for this set were selectively
chosen to be consistent with the samples taken at non- contaminated sites
during the field investigation. '
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The samp]ing strategy for non- -contaminated sites, as outlined in the
Field Methods (Section 5.0) was to collect samples from the backfill of
the tanks and -at depths of '2, .6 and 10 feet. § Altheugh samples at
contaminated sites -were .usually ‘not in backfill, data were chosen that
were within approximately 50 feet -of the USTs, and at ‘2, 6, and 10-foot
depths. The method of sampling was similar for both data sets since soil
gas samp]es were collected by Tracer Research Corpora*ion (TRC) using
similar procedures. -*-: . - )

In this comparison, total hydrocarbons .are reported "less methane" and in
micrograms per liter for both data sets.. . The total hydrocarbon (less
methane) concentrations in the non-contaminated data set were calculated
from average response factors for -benzene, toluene, ethylbenzene. and
Xylenes (BTEX). However, in the contaminated data set, total hydrocarbon
concentrations (less methane) were calculated from the response factor
for benzene. Therefore, contaminated site data could be as much as 50 to
100 percent higher if it were reported on the basis of an average BTEX
response factor. A comparison of calculation methods and their effects
on total hydrocarbon concentrations was presented in Section 7.0.

The sample size for the non-contaminated data set was 279 samples from 25
sites. The sample size for the contaminated data set was 60 samples from
9 sites.

The descriptive statistics used to compare the non-contaminated and
contaminated data sets were: mean, median, upper quartile and the
relative frequency distribution percentages. These statistics are useful
because they show the distribution of each data: set and these
distributions cin be compared even though the sample sizes in each data
set are different. The descriptive statistics for the non-contaminated
sites were shown in Table 11-1 and those for the contaminant sites are
shown in Table 11-6. A comparison of these descriptive statistics are
shown in Table 11-7 in micrograms per liter for total hydrocarbons (less
methane). The relative frequency distribution for'the'ﬁOn-thtéminated
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L N TABLE 11-6
, ". - DISTRIBUTION OF CONTAMINATED SITE DATA FOR TOTAL
' . ) - HYDROCARBONS LESS METHANE'

’
/

: _ E CUMULATIVE
. g - : - RELATIVE: RELATIVE
CONCENTRATION RANGES ~NUMBER OF _ FREQUENCY : FREQUENCY
{MICROGRAMS PER LITER - 'SAMPLES - DISTRIBUTION DISTRIBUTION -
‘Not Detected - . 2 : 3.3% 3.3%
< 1500- . 19 31.7% . - 35.0%
1501 - 5000-. 6 10.0% . ~45.0%
5000 - 10,000 5 8.3% . 53.3%
10,000 - 50,000 7 . 10.0% - 65.0%
50,000 - 100,000 1 1.7% _ 66.7%
100,000 - 270,000 6 - S 10006, ‘ 76.7%
270,000 - 1,100,000 13 ~21.7% v 98.4%
>1,000,000 1 1.7% ‘ 100.0%
_ . 100.0%. 100.0
Mean 160,000
Median . 9,000

Upper Quartile 22,000




TABLE 11-7 :.

COMPARISON OF NON-CONTAMINATED AND CONTAMINATED

‘ SITE DATA DISTRIBUTIONS FOR -

-—- . -
-

CONCENTRATION RANGES
MICROGRAMS :PER LITER).

-

Not bg@ected

< 1500

1501 - 5000
5001 - 10,000
10,001 - 50,000

50,001 - 100,000

100,001 - 270,000 .

270,001 - 1,100,000
2,200,000

Mean
Median
Upper Quartile

HYDROCARBONS LESS METHANE

-RELATIVE
FREQUENCY
PERCENT
CONTAMINATED

— .

(= N = u-n-n-w-"
o —_O=OOO =W
L] (o L] £ ] . * * L] *r @
OMNONONOOONNW

160,000
9,000
220,000
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PERCENT
NON-CONTAMINATED
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- 23,300
800
33,000




:site data was shown in Figure 11-1 and that for the contaminated site

';,data is shown in Figure 11-2.

The re]ativelfrequency'distributions,showvmuch variability in both data
sets. Nine concentration ranges were selected to show this variability.

‘An evaluation of the means and medians gives additional information about
these data .sets. The mean is an arithmetic average that is computed by
summing the concentration values and -dividing by the total number of
samples. The median is defined as the middle value after the samples
have been arranged in order of magnitude (Hoel 1967).

In both data sets, the medians are much lower than the means. These
differences show that both data distributions are skewed to the right
with a majority of samples in the lower concentration ranges. The high

mean values show the effect of a few high concentration values that exist
" in both data distributions.

Although similarities exist in the distribution of these data sets, some
differences can also be seen. An order of magnitude difference exists
between the mean of each data set, and between the medians of each data
set. This suggests that although similarities exist in how these data
sets are skewed, that an order of magnitude difference exists for much of
the data.

The order of magnitude can best be seen in the concentration ranges above
10,000 ug/1. The relative frequency percentages from Table 11-7 are
summarized below for concentrations above 10,000 ug/1, or about 3000
parts per mi1li6n by volume.

1

CONCENTRATION RANGES . RELATIVE FREQUENCY PERCENT
1Mi££99£§ﬂ§.£§..Li&er - Non-Contaminated = Contaminated
. :10,000 - 100,000 = = .  29.6 . 13.4
100,000 - 2,200,000 6.9 33.3

36.5 46.7
75




9L

RELATIVE FREQUENCY DISTRIBUTION (%3)

NON—CONTAMINATED SITE DATA. U_m.ﬂm_mcjoz

TOTAL HYDROCARBONS LESS ZmHI>ZN i

MAXIMUM CONCENTRATION (ug/1)
FIGURE 11-1

" 100 : C
‘90 4 L
N ! , .—
mO - 1
: 70 |
60 -~ .
50 -
40 -
30 - , AN
4 /
: \ s\.. \\\ , .
7N,
20 /) V. . ,
S \X\ m\u 77
\\ \ \\\\ m \\\ \\.. \\\
uo = \\ Vs \ \ v..\ \\\
y .\\ \\ ’ .\\\ \
/ \\ \\\~ y V /7 3 “\.\\,\\ ’ \“ !
0 .K_\W\A\ \_\\ \_ ‘\\.\\ _\ - .
0 1500 5000 10000 50000 100000 270000 ' 1100000 2200000




o

- RELATIVE FREQUENCY DISTRIBUTION (%)

100

CONTAMINATED SITE DATA DnST'?lBUTION

TOTAL HYDROCARBONS LESS METHANE .

MAXIMUM CONCENTRATION (ug/1)

FIGURE 11-2

90 -
80 — ;
$ 70 5
-~ 80 - |
-
40
' 30 -
20+ // 77}
10 x N ors ‘ //
._3 V/// 7 - l } 7] /]
W / ,"/ e A : ; /7 // / A
0 1500 5000 10000 50000 100000 270000 1100000 2200000



Most of the non-contaminated samples occur in the 10,000 to 100,000 ug/1
range, while most of the contaminated samples occur above 100,000 ug/1.

. v M ‘ ;

. ;

The. order.of-magnitude -difference between the .data sets can also be seen
by compériﬁg-the upper'quartiles of each data set. The definition of
upper quartile is that 75% of the samples occur below the upper quartile
(Hoel 1967). ‘ '

The upper quartile for the non-contamiqated and contaminated data sets
are 33,000 ug/1 and 220,000 ug/1, respectively.

The observed con;]usibﬁs from these descriptive statistics is that both
data sets contain much variability and both are skewed to the right. An
order of magnitude difference exists between -the data sets for
concentrations above 10,000 ug/1. Statistical testing is Section 11.4
confirms the significance of these differences between the data sets.

11.4 NON-PARAMETRIC STATISTICAL TESTING

The purpose of statistical methods is to describe data quantitatively,
and to draw inferences for decision-making (Kilpatrick 1987). The
descriptive statistics have been examined in the previous sections, and
these described the means, medians, upper quartiles and relative
frequency distributions for the data sets.

In this section, statistical methods are employed to determine what
inferences can be made about the non-contaminated site and contaminated
site data sets,

The statisticalétesting in this data analysis served two purposes:
1}

o The testing determined the significance of the observed
statistical differences between the data sets (non-contaminated
and - contaminated) noted in the descriptive statistics, and

.o The testing delineated -data patterns that existed among such
parameters as location of site, depth of sample, tank material,
tank age andlbackfil1 material.
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" The types of statistical tests chosen were dictated by the characteris-
tics of the data .set distributions. : ' These distributions, as described
previously, did not. appear to correspond to any known statistical
_distribution - such as - a Normal distribution Non parametric statistical
- méthods were used since_these methods did not require that the sample
data correspond to a known statistical ‘distribution (Harval).

- .

These statistical methods also introduce - the element of “probability as
related to the drawing of conclu51ons - Probability was considered
-important in. developing conclusions about these data sets because these
data sets do not contain complete information about the entire data set
of underground storage tanks that exist. ‘Therefore, a probability must
be attached to any conclusions made about . the data sets. A discussion of
the risks associated with statistical testing, and how these risks were
controlled is given in Section 11.4.1.

11.4.1 The Risks Associated with Hypothesis Testing

There is always the possibility of making an incorrect decision when
testing a hypothesis. This is because inferences about a particular
distribution are based upon random samples from that distribution. A
statistical hypothesis is simply an -assumption or statement, which may or
may not be true, concerning one or more populations.

There are two types of error or risk associated with the testing of any

hypothesis. Type 1 error is the probability of rejecting a true null

hypothesis, while Type 2 error is the probability of rejecting a true

alternative hypothesis. A null hypothesis indicates that no differences
..exist between distributions. - An -alternate hypothesis indicates that

ldifferences do exist between distributions.

i .

Type 1 error is usually controlled by setting the significance level of
" the test to a small value. This significance level, designated as "p",

-numerically describes the probability that a particular hypothesis is

true. Typically this value is set at 0.05. This corresponds_to a '
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confidence level (probability) of 95 percent. The significance level
becomes a specification of the Type 1-error rate of probability.

‘Type -2 error is .usually -controlled by “taking a 6}oper1§;sized sample.
This “study did nhot constder the control of Type 2 error.as a criteria for
determining sample sizé. However, when large discrepancies exist between
the information contained .in the _samples and the specification of the_
null hypothesis with respect to the sampies, then the Type 2 error will
.generaliy be small. 5 S :

When testing more than one hypotﬁesis,'the Type .1 error rate must be
controlled. A simple example -will demonstrate what happens to the Type 1
error rate when testing several hypotheses.

Suppose that each of 10 independent hypotheses are to be tested at a
significance level of 0.05. If the null hypothesis is true in ail 10
cases, the probability of detecting this is only 0.60. Therefore, the
Type 1 error rate is 0.40, which is totally unacceptable. One way to
control the Type 1 error rate when testing several hypotheses is to test
each hypothesis at a reduced significance level. A good conservative
procedure for determining the significance level in a multiple testing
situation is the Bonferroni procedure. This procedure is described
below. '

If an overall Type 1 error rate of 0.05 is to be attained, the
significance level for each hypothesis tested is computed by dividing
0.05 by the number of hypotheses to be tested.

In the example ‘above, the significance Tevel of each hypothesis should
be: i

0.05 / 10 = 0.005

Thus, if each hypothesis is tested at a Type 1 error rate of 0.005, then
an overall Type 1 error.rate of 0.05 will be maintained.
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There were 16 statisticai tests performed in this study. Therefore, in
~ .order ‘to maintain an .overall Type 1 error rate of 0.05 for this study,
-each hypothesis was -be tested at-a Type 1 error rate of 0.003.

13

C11.4.2 Comparison of Non-Contaminated¢Site-and
"~ Contaminated Site Data Distributions

- The descriptive. statistics showed some similarities in how the non-
contaminated and contaminated ‘site - data were distributed. The
distribution of both data sets were skewed to the right with a maJority .
.of samp]es in the Tower concentration ranges. However, an order of
magnitude dlfference existed “in the data above 10,000 ug/1. This

~ difference was seen by a comparison of the means, medians and upper

" quartiles of -each data set. In this section of the report, a non-
parametric test is used to compare thése data sets. This test will
determine if ‘the distributions of these data sets are significantiy
different.

The non-parametric test used for this comparison is the Two- -Sample
Wilcoxon Rank Sum Procedure (Siegel 1956). This test is designed to
determine if two independent samples are from different distributions.
Since the sample values within each'data set contain much variability,
the question is whether the differences observed between the data sets
signify genuiné differences in distributions or whether they represent
differences that can be expected between two random samples from the same
distribution.

The Hilcoxon technique tests the null hypothesis that two independent
~-samples - come from--identical ~distributions.. This is <called a null

hypothesis beciuse it assumes that there is no difference between
distributions.: If the outcome of the test rejects the null hypotheSis
-(that is,-p < 0.003), then it can be concluded that the sampies came from
’two different distributions.

1

This test wasrucomputed using a computer software package called
Statgraph. Results of the test are included in Appendix M. In most
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cases, the data -used in this test represent the mean of three GC-FID.
- injections for each sample. The concentrations at non-detection Tevels
-were approximated .by dividing the detection limit {9 half.

The outcome of this test is show below.

" LEVEL OF

-

. Non-Contaminated 219 . 160 - " 0.00008

Contaminated- -~ ~ 60 : . 215

This test result shows that there is a significant difference (p < 0.003)
between the distributions of the non-contaminated and contaminated site
data. This test result confirms that the distributions of non-
contaminated and contaminated data, as shown in Table 11-7, actually
represent two different distributions. '

11.4.3 Non-Parametric Testing for Data Patterns Within

the Non-Contaminated Data
Non-parametric ‘techniques can be 'used to identiﬁy.patterns in the non-
contaminated data set if they exist. The results of non-parametric
testing can be used to draw inferences about the data.

The purpose of this testing was to examine the effects that different
parameters had on the data. These parameters included site Tlocation
sample depth, tank material, tank age and backfill material. The testing
was designed so that independent effects from each parameter could be
seen. However, insufficient data -were available to delineate the
individual effect of tank material, tank age and backfill material.
S A :

The determination of insufficient data was made from observations about
the data at a time when further data could not be collected (i.e., the
field investigation had been completed). Two observations were made:
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7 = All the fiberglass tanks used pea gravel backfill and
- _corresponded to newer tank ages (1978 to 1984), and :

se -Al1 the “steel tanks used sand backfllh and corresponded to
,::“older tank ages (1940 to 1984)

The data could not be separated to distinguish between tank materla]s,
‘tank age and backf111 material. In this analysis, these three parameters
.-are combined ‘and referred to .as either - a steel tank system or a
f1berglass tank system. The presentation of test results -are organized
»accordlng to the parameters of Tlocation, sample. depth and steel .or
*fiberglass tank systems. Test results that involve fiberglass tank
systems are only 'shown for the 1locations of Austin, Texas, Suffolk
County, New York and San Diego, California since no fiberglass tank
systems were sampled in Providence, Rhode Island or Storrs, Connecticut.

11.4.3.1 Location .

The first parameter examined was site location. The Kruskal-Wallis One-
Way Analysis of Variance by Ranks (Siegel 1956) was chosen to test the
null hypothesis that samples from different locations come from the same
disiribution.

This testing was again accomplished by the use of the Statgraph computer
software package. In order to test only for the effect of location, the
data set was broken down into subsets corresponding to sample depth and
the combined group of tank material, tank age and backfill material.
The above breakdown yields six subsets as follows:

° ]figerglass tank systems at sample depths of 2, 6 and 10 feet
- an

o

o steel tank systems at sample depths of 2, 6 and 10 feet.

The mean concentrations for 'each sample were used as data. The
‘concentrations below detection limits were set to positive values at the
detection limits to represent the worst case. for. concentrations at these
“sample points. o . ;

83




The resiilts of these tests are shown in Table 11-8 for the steel tank
systems and Table 11-9 for the fibérglass tank systems, and are also
included in Appéhdix—'M. o ; |
The subsets . consisting of steel tank systems at 2, 6 and 10 foot samp]e
depths show significance .at-p < 0.003. The interpretation of these
results is that the null- hypothesis, which states that these subset
samples are from the -same distribution set, must be rejected. It is
concluded that significant differences do exist among the total
hydrocarbon (1ess methane) vapor concentrations from the five locations
~studied for steel tank systems. The differences were signiflcant at .all
‘three sample depths (2, 6 and 10 feet).

The average rank is an indication of ‘how these concentrations were
ranked. The total hydrocarbon concentrations in Austin, Texas and San
Diego, California were greater than in Providence, Rhode Island, Suffolk
County, New York and Storrs, Connecticut. :

The subsets consisting of fiberglass tank systems at each of the 2, 6 and
10 foot sample depths do -not show significance ( p > 0.003) at any of
the “sample depths. The interpretation is that the null hypothesis, which
states that these subset samples are from the same distribution, is
accepted. It ‘is concluded that no significant differences exist among
the total hydrocarbons (less methane) vapor concentrations from the three
locations studied for fiberglass tank systems. This conclusion can also
be seen by examining the average ranks. The value of these ranks are
similar within each sample depth subset.

11.4.3.2 Samplée Depth .

The second parameter examined was samp'le depth. The analysis was
designed to determine if differences existed among samples taken at
different depths. This analysis is based on the assumption that samples
taken from different depths within a hole are related, and the tests
determine if data at -different sample depths have been drawn from the
same distribution.
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 TABLE 11-8 ©

RESULTS OF KRUSKAL-WALLIS TESTS FOR LOCATIONS
WITH STEEL TANK SYSTEMS USING .NON-CONTAMINATED DATA

L | «, SAMPLE  / AVERAGE  SIGNIFICANCE .
STEEL TANK SYSTEMS .~ LOCATION - SIZE RANK LEVEL

Sample Depth-= 2 Foot - Austin, TX 14 51 0.000003
. ' San Diego,CA 29 . -49
. Providence, RI _ . 14 30
Suffolk County, NY . 8 20 - -
o Stores,. CT 10 15
Sample Depth = 6 Foot San Diego, CA 28 ‘ 48 0.00002
-Austin, TX o 13 43
Suffolk County, NY 6 28
Providence, RI 15 22
‘ Storrs, CT 9 17
Sample Depth = 10 Foot Sdn Diego, CA 17 33 0.0006
~ Austin, TX 11 - 27 -
Suffolk County, NY -~ § 18
Providence, RI 11 14
Storrs, CT 3 7
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" TABLE 11-9 .

RESULTS OF KRUSKAL-WALLIS TESTS FOR LOCATIONS
WITH FIBERGLASS TANK SYSTEMS USING NON-CONTAMINATED DATA

-

¢
/

o .- . SAMPLE  AVERAGE  SIGNIFICANCE
FIBERGLASS 'TANK SYSTEMS  LOCATION SIZE RANK __ . LEVEL
Sample Depth = 2 Foot ~ Suffolk County, NY 10 21 0.06

- ‘Austin, TX - 9 20 -
San Diego, CA -14 12 - .
Sample Depth-- 6 .Foot Suffolk County, NY o 18 0.4
- Austin, TX 8. 14
. San Diego, CA - 11 14
Sample Depth = 10 Foot San Diego, CA -8 .13 0.5
Suffolk County, NY 9 12

. Austin,?TX-, ) . 8 9
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Two non-parametric tests were chosen. These were the Page L Test for
Ordered Alternatives based on Friedman ‘Rank Sums, and the Wilcoxon
Matched Pairs. Signed Ranks Test (Siegei 1956)

/

The‘Page v Test was chosen to test the null hypothesis that data at
"different sample  depths have been drawn from the same distribution. If-
differences do exist, ‘this test also reveals how these data are ordered.
Specifical]y, this test will determine if one of the following trends

exist for total. hydrocarbon (less methane) vapor concentrations ‘taken
from non contaminated sites: ' C

2" < § = 10"
2 =6 <10
2 ¢ §' < 10’
2’ = 10’ < 6’

If test results show a level of significance ( p < 0.003) then the null
hypothesis is rejected and one of these conditions exist.

In cases where these test results showed a level of significance for a
particular data subset, the Wilcoxon Matched-Pairs Signed-Ranks Test was
employed to further test the following hypotheses for total hydrocarbon
(Tess methane) vapor concentrations at non-contaminated sites:

2’ < 6’
6’ < 10’
m_zi“é,ib;ﬂ_,

.A separate calcu]ationgwas required to test for each of these conditions

The benefits in using the Wilcoxon Test as a supplement to the Page L
test are not only to determine exactly how the data at different depths
‘are ordered, but also to utilize more data from the non-contaminated data
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set. There were service stations in San Diego and Austin in which
‘shallow perched. -water .zones were -encountered that precluded taking
samples .at 10 feet.- Therefore, soil gas samples were only collected at 2
and 6 foot depths. By using the Wilcoxon Test, fhése data could also be
utilized. ~The computations for _both techniques (Ifage L and Wilcoxon)
-were done, by hand, under the direction of a quih‘fied statistician .an&
are shown in Appendix M. ‘ ' '

The results of the Page L Tests and the -Wilcoxon Tests are shown in
Tables 11-10 and 11-11, respgctivelj. Calculations for these tests are
included in Appendix M. These test results show variations in signifi-
cance Tlevels at individual locations in both the steel and fiberglass
tank systems. A ’summar"y of ihe significant test results is given below.

1) Two significant test results were shown from the Page L Test
for the overall data. The significant differences were among
total hydrocarbon (less methane) vapor concentrations at the
different sample depths (2, 6 and 10 feet) for both steel and
fiberglass tank systems. The overall test represents data that
are combined from the different locations.

2) Significant test results were also shown from the Page L Test
for individual locations. There were significant differences
among total hydrocarbon (less methane) vapor concentrations at
the different sample depths (2, 6 and 10 feet) for steel tank
systems in San Diego, CA and for fiberglass tank systems in San
Diego, CA and Suffolk County, NY.

3) One significant test result was shown from the Wilcoxon Test
for San Diego, CA. The significant difference was shown in the
test of 2’<6’. Therefore, total hydrocarbon (less methane)
concentrations are greater at 6 feet than at 2 feet for the
steel tank system in San Diego, California.

The variations in significance at the different locations could be due to
two factors: 1) The differences in the locations, such as geology,
hydrology, backfill material, etc., and 2) insufficient data to detect
significant differences using the statistical methods.




TABLE 11-10-

RESULTS OF PAGE L TEST FOR DIFFERENCES
-IN DATA ACCORDING TO SAMPLE DEPTH

- o JSAMPLE SIGNIFICANCE
| - LOCATION ‘ SIZE L
STEEL TANK SYSTEMS : *
: B “Austin, TX 11 < 0.05
Suffolk Co, NY 3 > 0.05
. San. Diego, CA : 15 < 0.001
Providence, RI . 5 > 0.05
Overall . 34 < 0.0002
FIBERGLASS TANK SYSTEMS R
Co ‘Austin, TX 6 < 0.05
Suffolk Co, NY 7 < 0.001
~ San Diego, CA 8 < 0.001
Overall 21 < 0.0002
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TABLE ll-lf

~ RESULTS OF -WILCOXON TESTS FOR DIFFERENCES

IN DATA ACCORDING TO SAMPLE DEPTH

- | SAMPLE
STEEL TANK SYSTEMS .  LOCATION TEST - _SIZE
S San'Diego, CA - 2'<6' 24

- san Diego, CA 6'<10° 16

San Diego, CA - 2'<10’ - 11
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SIGNIFICANCE
LEVEL

<0.001
0.004
0.0012




}Unfortunate1y, the paired-sample Wilcoxon test is not as sensitive as the
fPage L test for detecting sign1ficant differences. This is due to the
‘nature of the ‘null distribution of the paired- sample wilcoxon test for
-small samples. -Thus, :even though ‘the - Page L test may have. detected
s%gnificant differences in total hydrocarbon conceptrations between the
three sample ‘depths, ‘the. paired- sample ~Wilcoxon may not uncover the
nature. of “these differences. Also,.the Wilcoxon could only be applied 1n
cases where the samp]e size was greater than nine samples.
Each. of the paired-Sample'»Nilcean tests ;were ‘tested at individual
significance levels of 0.0015. This was derived by dividing 0.003 by
‘ two, since two independent test cases (2'<6’ and 6'<10’) were performed.

11.4.3.3 Conclusions from Non-Parametric Tests
. Within the Non-Contaminated Data

The data patterns associated with site location and sample depth were
delineated by the use of Kruskal-Wallis, Page L and .Wilcoxon non-
parametric statistical methods. The Kruskal-Wallis method, used to
delineate patterns according to location, revealed that significant
differences in total hydrocarbon (less methane) vapor concentrations
among the five ‘Tocations - studied for steel” tank systems. The differences
were significant at all three sample depths (2, 6 and 10 feet). There
were no significant differences between the total hydrocar-bon (less
methane) vapor concentrations at the three locations studied for
fiberglass tank systems.

The Page L 'method, used to delineate patterns according to sample
Vdepths, revealed . thatmsigniftcant -differences exist- between the total
~ hydrocarbon {less methane) vapor concentrations among the different

sample depths t(z '6 and 10 feet) for both -steel and fiberg'lass tank
systems.

The results of these tests indicate that data from steel tank systems at
different locations and sample depths represent significantly different




data distributions: Also, data from fiberglass tank systems from all
locations, but .at different .sample depths rebresent significantly
'different distributions. ;
"The -means, medians, lower -and upper quartiles are shown in .Table 11 12
“for the steel. tank systems -and Table 11-13 for the fiberglass tank
systems for total hydrocarbon (less methane) vapor concentrations in:

micrograms per liter.

The difference in total hydrocarbon (less methane) vapor concentrations
at different sample depths can be seen in these tables. The steel tank
systems 1in Austin, TX, San Diego, CA -and Suffolk County, NY show
increasing concentraﬁions with depths in the means, medians, and lower
and upper quarti]es.' The differences in concentrations at the different
locations can also be seen. '

11.5 RESULTS AND CONCLUSIONS OF DATA ANALYSIS

The distribution of total hydrocarbon (less methane) vapor concentrations
was skewed to the right with a majority of samples in the lower
concentration ranges. The relative frequency distribution showed 53.2
percent of the samples below 1,500 ug/1 and 93.1 percent below 100,000
ug/1. The median was 800 ug/l1 and the mean was 23,300 ug/l1. The
difference between the mean and the median is because of a few high
concentration values.

The distribution of ' total hydrocarbon (including methane) vapor
concentrations showed that 21 percent more samples existed above 100,000
ug/1 as compared -:to total hydrocarbons (less methane). | High
concentrations of methane were seen at many of the sites. - These
concentrations . are piobably due to decomposition of the background
hydrocarbons as well as naturally occurring methane.

Although much variability existed in both the non-contaminated and
contaminated data, significant differences could be seen between the two
distributions. Both distributions were skewed to the right with a
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Austin, TX
-Mean ..
‘Median

Lower Quartile . -
Upper Quartile

Providence, RI
Mean
Median

Lower Quartile
Upper-Quartile

San Diego, CA
Mean
Median

Lower Quartile
Upper Quartile

Storrs, CT
Mean
Median

Lower Quartile
Upper Quartile '

-SYSTEMS AT DIFFERENT LOCATIONS AND SAMPLE DEPTHS

© TABLE 11-12 -

DESCRIPTIVE STATISTICS FOR TOTAL HYDROCARBON
_LESS METHANE CONCENTRATIONS IN STEEL TANK

(Micrograms Per Liter) - -

'SAMPLE DEPTH

Suffolk County, NY

. Mean
Median

Lower Quartile
Upper Quartile

2_Foot - - 6 Foot
SR 41000 : 24000
. 15000 ~- © .. ".16500
570 .. 380
36000 - :35000 - -
1700 1200
. | S 0.3
- Detection Limit Detection Limit.
0. : 450
30000 44000
27000 41000
-5100 2400
37000 70000
270 5300
Detection Limit : 0.3
Detection Limit Detection Limit
1.0 11.0
5300 16000
1.6 1100
Detection Limit Detection Limit

2100 39000
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10 Fogt

120000
12000 -
. 160
- 36000

1300

0.1
Detection Limit

350

72000
71000
39000
104000

1.0
0.06
Detection Limit
, 3.0

27000

110
Detection Limit

36000




TABLE 11-13 -

- DESCRIPTIVE STATISTICS FOR TOTAL HYDROCARBON
LESS METHANE CONCENTRATIONS IN FIBERGLASS TANK
. SYSTEMS ‘AT DIFFERENT DEPTHS

gMicrogfams Per Liter) /

SAMPLE DEPTH

2. FooT - 6_FOOT 10 FOOT
Mean . 16142.9 21689.1 49132.7
Median . 28 780 5850
Lower Quartile .1 2 _ 27
Upper Quartile 21000 38500 . 58000
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'majorii:y of samples 'in the lower concentration ranges. However, an
order of magnitude difference existed between the mean of each data set,
and between ‘the -median of each data set. The order of magnitude was best
. seen in :concentrations above 10,000 .ug/1. Of ’ the non-contaminated
| -samples, 29 6 percent occurred in the range of 10, 000 to 100,000 ug/]
-while 33.3 percent  of -the contammated samples occurred in the range
above 100,000 ug/l
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',12 0 CONCLUSIONS AND RECOHHENDATIONS FOR FURTHER STUDY
- 12.1 CCHCLUSIONS '
"The. foI]owing conclusions. are derived.from the resu)ts of this study

-Underground storage tank sites evaluated in this study where

total hydrocarbon (less methane) concentrations in soil vapor

‘exceeded 100,000 ug/1 (27,000 ppmv) were generally considered
contaminated, whereas sites that exhibited vapor values less

than. 100,000 ug/1 typically had not had a release and were

considered non-contaminated. This apparent threshold value of

100,000 ug/1 (27,000 ppmv) of total hydrocarbon (less methane) -
vapors may be used to help d1fferentiate between non-
contaminated and contaminated sites.

-+ Calculation of total hydrocarbon values ."as BTEX" based on the

~ average of -the response factors for benzene, toluene,

ethylbenzene and ortho-xylene - provides a more -accurate
representation than when ca]culated as benzene".

o Because of the regional variability of the data collected in
this study, any soil vapor concentration limits that are to be
utilized to differentiate between contaminated and non-
?ont?mgnated sites may best be established on a regiona] or

ocal basis.

e Soil gas techniques can effectively be used to evaluate the
backfill areas of underground gasoline storage tanks to
determine if significant leaks exist, especially if appropriate
regional or local threshold levels are established.

e Limited analysis of butane vapor concentrations indicates. that
but?ne analysis may be useful in detecting recent leaks or
spills

12.2 RECOMMENDATIONS FOR FURTHER STUDY ‘

Analysis of the data collected in this study revealed several areas where
additional study would be wuseful in developing a more complete
understanding of the occurrence and characteristics of soil gas at both
clean and*_cqntaminated underground gasoline storage tank sites.
-Recommendations'for further study are:

o Develop a standardized method for reporting soil gas
concentrations in the backfill areas of underground storage

- tanks. This can be done by a more thorough analysis of soil
-gas in '‘each of the three geographical areas used in this study.

. The objectives would be to measure the concentrations, develop
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el )

simplified calculations to be wused in reporting the
concentration values and determine the appropriate assumptions
-and approximations. ’

*Determine the -minimum amount of data reciuired to decide if a

.site is contaminated by a leak. The objectives would be to
-determine the required number and locations of sampling points,

:the number of samples above a specified” threshold Timit that

-would be acceptable, and whether butane concentrations can be

-used to distinguish between a Teak and a spill.

Determine the effects of geology, backfill material, tank age
and tank ‘material on soil gas concentrations. A sufficient
amount -of data was not collected in this study to determine the .
effects of these parameters. ' ‘

Examine the dispersion and decomposition of contamination by
additional sampling at Austin #6, taking advantage of the
recent docgmented spill. ‘ ‘

Determine the effects of a 1e5king pipeline on an underground
storage tank system as compared to the effects of only a
leaking tank. )
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