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. - * 2169 E. FRANCISCO BOULEVARD, SUITE B
SAN RAFAEL, CALIFORNIA 94901
415/457-7595 FAX: 415/457-8521

11 Apr 1989

Gil Wistar

Alameda County Environmental
-Health Department

470 27th Street, Rm 324

Qakland, CA 94612

Re: Workplan
Chevron S5 #92582
Dublin, CA.
WGR 1-124.01

Dear Mr. Wistar:

Western Geologic Resources Inc. (WGR) has been retained by Chevron USA to provide site
assessment and remediation services at Chevron service station #92582, located at the corner of
Dublin Boulevard and Village Parkway in Dublin, California. (Figures 1 and 2).

BACKGROUND

WGR was originally contacted to sample tank backfill materials, excavate them and dispose of
them properly. Standing water in the tank pit was removed by Erikson Trucking and disposed of at
Gibson oil of Bakersfield, California. Hydrocarbon concentrations up to 1200 parts-per-million
(ppm) total petroleum hydrocarbons (TPH) were found in the backfill material. At tank removal,
100 ppm TPH were found in the water in the tank pit. This concentration has been reduced to 19 ppm
TFH, but benzene remains at 100 parts-per-billion (ppb).

The work performed to date and the analytical results are described in detail in WGR’s March
1989 Backfill Sampling, Excavation and Disposal Report. Briefly, tank backfill materials were
sampled, excavated and disposed of properly. Sidewall samples and tank pit bottom samples were
collected and analyzed. Sidewall samples indicated that material had been removed to below 100
i ppm with the highest containing 29 ppm. Tank pit bottom samples indicated that material had been
\ removed to below 10 ppm. The last sample was approximately 3 ppm.

e rer—

Chevron’s present goal is to gain permission for the present property owner to install tanks back
into this tank pit and fo put the station back into service as soon as possible. Further site
investigation and/or remediation can and will proceed concurrent with site operation, under
Chevron’s direction.

FURTHER SITE ASSESSMENT /PRELIMINARY REMEDIATION

WGR will collect and review all previous reports and information available about the site. The
information will be used to determine if there is a need for further drilling to obtain soil and water
samples 10 better define the vertical and horizontal extent of hydrocarbons. The program will also
determine the hydrocarbon concentrations in any contaminant plume that is identified. The WGR
standard operating procedures for soil boring and sampling, groundwater monitoring well
installation, and development and groundwater sampling are included as Attachments A and B and
C, respectively.
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The potential need for monitoring nearby wells has been identified in the tank pit area. To
accomplish this, we propose the installation of two 10-inch diameter solid casings in the tank pit
backfill. Figure 3 illustrates the procedure for use of blank casings. The casings will allow safe
drilling through the tank backfiil to monitor and /or recover groundwater directly under the tanks.
After drilling and casing the well(s), the 10-inch casing(s) will be withdrawn two to five feet and the

e welis will be completed in the manner consistent with standard well installation procedures. These
new wells will be used for groundwater monitoring directly below the tank pit and as potential
recovery wells if offsite migration needs to be mitigated.

ANALYTIC LABORATORY AND ANALYSIS

Soil and groundwater samples that are collected will be sent to Centrai Coast Analytical Services
(CCAS), a State-certified laboratory. The sampleswill be analyzed by EPA methods specified inthe
Junc 1988 Regional Board Staff Recommendations For Initial Evaluations And
Investigation Of Underground Storage Tanks.

All soil samples selected for analysis will be analyzed by EPA Method 524.2 for total purgeable
TR petroleum hydrocarbons (TPPH) and aromatic hydrocarbons, which include Benzene, Toluese,
e Ethyl-benzene and Xylenes (BTEX).

Water sampies collected from the monitoring wells will be analyzed by EPA Method 534.2 for
TPPH, aromatic hydrocarbons, and purgeable priority pollutants.

If our file review indicates the possible presence of hydrocarbons from a waste oil tank, the
Ui A appropriate soil samples will be analyzed by EPA Method 524.2 for purgeable priority pollutants and
both soil and water samples will be analyzed by EPA Method 503 for oil and grease and by Atomic

Absorption for specific metals.

A discussion of the use of EPA Method 524.2 versus EPA Method 8015 is included as Attachment
D,

SUMMARY

The objective of this work plan is to identify, assess and eventually mitigate all sources and

> remediate any impacts to soil and/or groundwater. The initial phase of the work will be aimed at
determining the vertical and horizontalextent ofvadose, saterated zone and dissolved contamination.

Phases following this phase would be aimed at mitigating any off site migration of contaminants and

finally remediating the site. This work will be performed in the most expeditions manner possible.

At the same time, we will seck to minimize the impact of the work on site operations and local traffic.

NET 124WPMA9
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We appreciate your timely review of this work plan, as we would like to begin our work as soon
as possible. 1fyou have any questions or comments, please call us at (415)457-7395.

Sincerely,
Western Geologic Resources, Inc.

)
Rudolph R. Milian, P.E.

Senior Engineer

é_&\\k
Sherwood Lovejoy Jr.

President/Senior Hydrogeologist

cc: Robert Foss - Chevron
Diane White - RWQCB-§.F.Bay Region

e Victor Taylor - City of Dublin
Figures:
Figure 1: Site Location Map
Figure 2: Site Plan
Figure 3: Proposed Casing and Well Installation
Attachments:

A-SOP 2-Soil Sampling Procedure

B-SOP 4-Well purging and Groundwater Sampling Procedure
C-SOP 3-Monitoring Well Installation and Development Procedure
D-"Characterization of Fuels and Fuel Spills", S. Havlicek of CCAS

124WPMAS9
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Site Location

Figure 1.
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Figure 2. Site Map with Monitoring Well Locations and Stock Piles
Chevron S5 #92582, Dublin, California.
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3 SOP-2: SOIL SAMPLING PROCEDURE
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WESTERN GEOLOGIC RESOURCES, INC.
STANDARD OPERATING PROCEDURES
RE: SOIL SAMPLING

SOP-2

Soil samples for chemical analysis are collected in thin-walled brass tubes, 4-inches long by 2-
inches outside diameter. Four of these tubes and a spacer tube are set in a 2-inch inside diameter 18-
inch split-barrel sampler.

The split-barrel sampler is driven its entire length either hydraulically or using a 140-pound drop
hammer. The sampleris extracted from the borehole and the brass tubes, containing the soil samples, are
removed. Upon removal from the sampler, the selected brass tubes are immediately trimmed and capped
with aluminum foil and plastic caps. They are then hermetically sealed with duct tape, labeled and
refrigerated for delivery, under chain-of-custody, to the analyticlaboratory. These procedures minimize
the potential for cross-contamination and volatilization of volatile organic compounds (VOC) prior to
chemical analysis.

One soil sample collected at each sampling interval is analyzed in the field using either a
photoionization detector (PID), a flame ionizing detector (FID), or an explosimeter. The purpose of this
field analysisis to qualitatively determine the presence or absence of hydrocarbons and to establish which
soil samples will be analyzed at the laboratory. The soil sample is sealed in a zip-lock plastic bag and
placed in the sun to erhance volatilization of the hydrocarbons from the sample. The datais recorded on
the drill logs at the depth corresponding to the sampling point.

Other soil samples are collected to document the stratigraphy and estimate relative permeability
of the subsurface materials. All drilling and sampling equipment are steam-cleaned prior Lo use at each
site and between boreholes to minimize the potential for cross-contamination.

SOP-2; Oct/88
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SOP-4: WELL PURGING AND GROUNDWATER SAMPLING PROCEDURE
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WESTERN GEOLOGIC RESOURCES, INC.
STANDARD OPERATING PROCEDURES

RE: GROUNDWATER PURGING AND SAMPLING
SOP-4

Prior to water sampling, cach well is purged by evacuating a minimum of three well-casing
volumes of groundwater or until the discharge water temperature, conductivity, and pH stabilize. The
groundwater sample should be taken when the water level in the well recovers to 80% of its static level.

The sampling cquipment used consists of either a teflon bailer or a stainless steel bladder pump
with a teflon bladder. If the sampling system is dedicated to the well, then the bailer is made of teflon,
but the bladder pump is PVC with a polypropylene bladder. Forty milliliter (ml) glass volatile-organic-
analysis (VOA) vials, with teflon septa, are used as sample containers.

The groundwater sample isdecanted into each VOA vial m such a manner that there is a meniscus
at the top of the vial. The cap is quickly placed over the top of the vial and securely tightened. The VOA
vialis then inverted and tapped to see if air bubbles are present. If none are present, the sampleislabeled
and refrigerated for delivery under chain-of-custody to the laboratory. Label informa tion should include
a sample identification number, job identification number, date, time, type of analysis requested, and the
sampler’s name,

For guality control purposes, a duplicate water sample is collected for each well. This sample is
held at the laboratory unless needed. A trip blank is prepared at the laboratory and placedin the transport
cooler. It remains with the cooler and is analyzed by the laboratory along with the groundwater samples.
A field blank is prepared in the field when sampling equipment is not dedicated. The field blank is
prepared after a pump or bailer has been steam-cleaned, prior to use in a second well, and is analyzed
along with the other samples. The field blank demonstrales the quality of in-field cleaning procedures
to prevent cross-contamination.

To minimize the potential for cross-contamination between wells, all the well-development and
water-sampling equipment that is not dedicated to a well is steam-cleaned between each well. Asa
second precautionary measure, wells will be sampled in order of least to highest concentrations as
established by previous analyses.

SOP-4; Oct/88
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SOP-3: MONITORING WELL INSTALLATION AND DEVELOPMENT PROCEDURE
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WESTERN GEOQLOGIC RESOURCES, INC.

STANDARD OPERATING PROCEDURES

RE: HOLLOW-STEM AUGER MONITQORING WELL INSTALLATION AND DEVELOPMENT
S0P-3

The boreholes for monitoring wells are drilled using a truck-mounted hollow-stem auger drill rig.
The outside diameter (OD) of the borehole will be a minimum of two inches larger than the casing OD
when installing4-inch well screen. The hollow-stem auger provides minimal interruption of drilling while
permitting soil sampling at desired intervals. Soil samples are collected by hammering a conventional
split-barrel sampler containing pre-cleaned 2-inch brass sample tubes. A geologist from Western
Geologic Resources continuously logs each borehole during drilling and constantly checks drill cuttings
for odors. The sampler is rinsed between samples and steam-cleaned with all other drilling equipment
between borings to prevent cross-contamination.

Monitoring wells are cased with threaded, factory-perforated and blank Schedule 40 PVC. The
perforated interval consists of slotted casing, generally 0.020-inch wide by 1.5-inch long slot size, with 42
slots per foot. A PVC capis fastened to the bottom of the casing with stainless steel screws; no solvents
ot cements are used. Centering devices may be fastened to the casing to assure even distribution of filter
material and grout within the borehole annulus. The well casing is thoroughly washed and steam-cleaned
prior to installation.

After setting the casing inside the hollow stem, sand or gravel filter material is poured into the
annular space to fill from the bottom of the boring to 1 foot above the perforated interval. A 1-to2-foot
thick bentonite plug is placed above this filter material to prevent grout from infiltrating down into the
filter material. Neat cement, containing about 5% bentonite, is then tremied into the annular space from
the top of the bentonite plug to the surface. A lockable PVC cap is placed on each wellhead. Traffic-
rated Christy boxes are installed around the wellhead for wells in parking lots and driveways while steel
stove pipes are usnally set over wellheads in landscaped areas.

Afterinstallation, the wells are thoroughly developed to remove residual drilling materials from
the wellbore, and to improve well performance by removing any fine material in the filter pack that can
pass from the formation into the well. Well development techniques used include pumping, bailing,
surging, swabbing, jetting, flushing, and airlifting. All development water is collected in 55-gallon drums
for temporary storage, and is then disposed of properly depending on analytic results. To assure that
cross-contamination does not occur between wells during drilling and development, all development
equipment is steam-cleaned.

SOF-3; Oct/B88
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"CHARACTERIZATION OF FUELS AND FUEL SPILLS"
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CHARACTERIZATIONS OF FUELS AND FUEL SPILLS
by

Stephen C. Hovlicek, Ph.D.
Vice President
CENTRAL COAST ANALYTICAL SERVICES, INC.
August 1988

INTRODUCTION

Hydrocorbon distillotes, residuums ond c¢rude o0ils ore items of commerce and
therefore have o significent opportunity for release into the environment. The
first section of this document begins with a definition of some of the
hydrocarbon products in commerciol use. The second section discusses changes
in the composition o¢f hydrocarbon moteriols upon release intc the environment
while the third section describes sompling ond onolytical considerotions.

DEFINITIONS

Gosoline is a mixture of low bolling hydrocarbons suitoble for use in o
spark-ignited internol combustion engine and having on octane roting of ot
least €. Major components are branched choin soturoted hydrocarbons,
elicyclic hydrocarbons, ond garemotic hydrocarbons. Over 288 individuol
gascline components moay be sepoarcted from one another during o high resclution
gaos chromatogreophic anolysis. The typical hydrocarbon range is C-4 through
c-12. Unlecded gosolines often hove a higher proportion of oromotic
hydrocarbons thon do leoded gesolines. Aviation gosolines haove a higher octone
thon do outomotive goscolines and therefore often contoin o still higher
proportion of aromatics. Tetraethyl and tetramethyl leod ore added to leoded
gosoline in order to boost the octone. If these odditives are used os octane
boosters, ethylene dibromide ond/or ethylens dichloride are often odded to
promote removal of the lead from the engine. Methyl t-butyl ether (MTBE) is
now preferred os on octane booster because it does not contoin ony leod.
Benzene, toluene, ethylbenzene ond xylene (BTX or BTX & EB) ore mojor
components which ore of speciol environmental interest., Appendix W from the
Leoking Underground Fuel Tonk (LUFT) field monual provides o detuiled list of
the components of o typicol gosoline.

Diesel #2 (outomotive diesel) 1s comprised chiefly of unbranched saturoted
| hydrocorbons together with mineor oemounts of alicyclics, unsaturates and some
aoromatic hydrocarbons. It 1s o straight-run or crocked petroleum distillote
with o typical hydrocorbon range of C-8 through C-27. It 1s used in atomizing
} burners which sproy the fuel into o combustion chamber where the tiny droplets
| burn while in suspension. BTX & EB are minor components but con nevertheless
| reach levels of concern as dissolved components in groundwoter which hos been
in contoct with Diesel #2, An 1in-house 1listing of typicol hydrecorbon
components is appended.

CENTRAL COAST ANALYTICAL SERVICES San Luis Obispo, Colifornic (B€5) 543-2553




AIR, WATER & HAZARDOUS WASTE LABORATORY CERTIFIED by CALIFORNIA DEPT of HEALTH SERVICES

3] 3

Diesel #4 (roilrood diesel) is a higher boiling straight-run or crocked
petroleum distillote with o typicol hydrocarbon ronge of C-11 through C-38. It
is used in commercial or industrial burner instollotions not requiring
preheoting but hoving a design which occommodotes the higher viscosity of
Diesel #4, Like Diesel #2, the mojor hydocarbon tomponents are unbronched
poraffins, together with lesser amounts of olicyclics ond polynucleor aromotic
hydrocarbons (PNAs). An in-house listing of individual components is appended.

Diesel #5 is a residual fuel rather thon a distillaote and often requires
preheating for burning. In colder climotes it may require preheoting for
hondling. Stroight choin hydrocaorbons domingte,

Diesel #6 1is o heovlier residuocl fuel sometimes known as Bunker C. It is o high

viscosity o1l used in commerciol and industriol heating. It requires
preheating in both the storoge tank and ot the burner ond is therefore used
only in large wvolume opplications. Sulfur-contoining orgonics, unless

deliberately removed, are found in larger proportions in the residul fuels than
they ore in the distilled fuels.

Stoddard Solvent 1s a petroleum distillote widely wused os a dry cleoning
solvent. It is composed of a norrow ronge of soturated hydrocarbons (85
percent) with the nonanes dominating. The remaining 15 percent is composed of
o narrow ronge of olkylbenzenes with the C-3 alkylbenzenes dominating. Recent
toxicological concerns hove caused the maximum percent benzene ollowed to be
lowered from 2 to 1less than #.£2. Other narrow petroleum froctions in this
range which are sometimes used interchongecbly for dry cleaning purposes moy
have different proportions of aliphatics and oromatics. It is sometimes called
light petroleum naphtha. A typicol boiling range is 220-3¢2°F. Under some
conditions, 1t is possible for groundwaters in contoct with Stoddard solvent to
develop objectioncble levels of BTX.

Jet Fuels ore 1light petroleum distillotes similor to kerosine. They are
availoble 1in several forms depending on the type of jet engine in which it is
intended to be wused. JP-1, JP=4, JP-5 and JP-6 are militory grades having
flash points of 95°F, -1§"F, 95°F oand 180°F respectively. JP-4 1is roughly
equivalent to commerciol Jet B and is 0 mixture of 65 percent gosoline and 35
percent 1light petrcleum distillate. JP-§5 1s o speciolly refined kerosine
having ¢ low freezing point and o relotively high flashpeint. These preoperties
make it preferable for use by corrier bosed aircraft. JP-6 is o slightly
higher cut with fewer impurities ond is used in more advanced engines, Jet A
ond Jet A-1 are commerciol kerosine fuels resembling JP~6 ond JP-5
respectively. A-1 is preferred for long ronge flights while A is preferred for
short and medium ronge flights.

Poge 2

CENTRAL COAST ANALYTICAL SERVICES Son Luis Obispo, California (B@85) 543-2553




AIR, WATER & HAZARDOUS WASTE LABORATORY CERTIFIED by CALIFORNIA DEPT of HEALTH SERVICES

L2 T

CHANGES IN FUEL COMPOSITION UPON RELEASE TO THE ENVIRONMENT

The relotive preportions of fuel components discharged to the environment will
be <¢honged due to velotilization, differentiol solubility in woter, differences
in biodegrodotion rotes and relotive affinities for soll components. Volotile
components such as propones, buteones, pentones ond hexcnes will hove o stronger
tendency to be lost from surfoce spills becouse they have o higher vopor
pressure thon other fuel components. Lighter fuel components os shown in TABLE
I hove a greoter solubility in water thon do heavier components. Accordingly,
these will be preferentiolly stripped awoy as roinwgter moves through
hydrocarbons spilled in the vodose rone on its way to become groundwoter. Thus
the vodose zone will be depleted in lighter fractions relctive to the origingl
fuel while the groundwoter will be enriched. Similorly, unsoturoted and cyclice
components are more soluble than their stroight choin ond soturated
counterparts, For example, the solubility of butene is more thon three times
larger thon that of butane while the solubility of both hexene ond cyclohexone
are more than four times lorger than thot of hexane. Aromotics exhibit even
lorger increcses 1in solublility relative to the corresponding cliphatics. For
example, benzene 1is more thaon 100 times os soluble os hexone. Thus gasoline
froctions remaining in the vodose zone lose their light ends ond aromatics and
begin to resemble diesel #2. Diesel #2 froctions dissclving in groundwater
become enriched in light ends ond oromotics and therefore begin to resemble
gosoline, In order to properly identify fuel types in the environment it is
necessary to toke these factors inteo occount,

The issue of chonges 1in fuel composition upon release to the environment is
further complicated by the differences in affinity which fuel components hove
for soils. In general, orgonic¢-rich soils ond finer soils will retard the
movement of fuel components meore strongly thon organic-poor and coorser soils.
Retardation of disselved fuel components by fine solls is not to be confused
with the tendency of free product to gother in coarse soil lenses which is o
function of free wvolume rother thon the tendency of the product to adhere to
the soil. Since the offinities of fuel components for soil ond s0il orgonics
are often the reverse of their sclubilities, the selective differentiation of
these components occording to solubility is further accentuated by their
relaotive retardotion by the soils into which they have been relecsed.

Biodegrodation rates ore also strongly influenced by molecular structure. In
general, straight-chain soturcted hydrocarbons are degraded more reodily thon
oromatics which, 1in turn, are degroded more reodily thon alicyclics ond highly
branched aliphaotic hydrocarbons. S$ince much of this biodsgrodotion tokes ploce
in the vodose zone, contominoted soils ore often enriched in alicyclics ond
highly bronched oliphatics relotive to the hydreocerbon product which wos the
source of the spill. Alkyloromotics such os toluene can be bilochemicolly
degraded either by ottock on the ring to produce 3-methylcatechol or by
successive oxidation of the side choin to produce benzyl alcohol, benzaldehyde,

benzoic ocid and then cotechol. p-Xylene undergoes a similor stepwise
biodegrodation to produce  4-methylbenzyl alcohol, &-methylbsnzoldehyde,
p~teoluic ocid and &-methylcotechol. Aerobic biodegredotion can often be

enhanced when sampling exposes oxygen-poor groundwaters to the otmosphere. It
is therefore very importent to properly preserve groundwater samples contolning
hydrocarbons,

Page 3
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TABLE 1
Solubility of Selected Hydrocorbons in Waoter
TEE T I F R EECE R I N RS E E R R RS R R R R R R AR EFFEF TSN EENETE ST EEEN NN E S EEEEFETEREEREEEERE R EENP
Component Solubility in ppm
Methane . 25
Ethane 59
Propane 63
Butane ' 61
Pentane 35
Hexane 13
Heptaone 5
Cctone g.66
Nonane .67
Decaone p.2es
Ethylene 131.
Proplylene 208,
Butene 218.
Fentene 158. -
Hexane 58,
Heptene 9.
Octene 2.6
Cyclohexane 55.
Benzene 1782.
Toluene S5¢€.
o-Xylens 175.
p-Xylene 198,
Ethylbenzene 152.
Propylbenzene 60.
Isopropylbenzene 5.
Nophthalene 3e.
Methylnaphthalene 27.
Anthroacene 1.3
Phenanthrene 1.3
Pyrene g.16
Fluorene 1.9
Fluoronthene g.27
Methylcyclohexaone i4.

Soclubilities are somewhat diminished by the presence of components of like
properties whereos components of a different chemical noture have baeen shown to
enhonce solubilities. Thus gasoline without any odditives would be expected to
have on overall solublility which was consideraobly less than the sum of the
individual solubilities. Methyl tertiory butyl ether MTBE, methanol ond
ethonol are added to goscline to improve the octone roting ond/or to improve
the tolerance for moeisture. While MTBE oppears to have little influence on the
water solubility of other goscline components, both methonol and ethanol
provide considerable snhoncements,

Page &4
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SAMPLING AND ANALYTICAL CONSIDERATIONS

Fuels ore highly complex mixtures of hydrocorbons which often contoin more than
o hundred identificble components. Gosclines ore chorocterized by their lower
boiling ronge onc¢ by their ocliphotic ond oromotic hydrocarbon distributions.
These, together with the presence or obsence of leod and ethylene dibromide
and/or ethylene dichloride serve to distinguish between lended ond unleaded
gaseoline. CENTRAL COAST ANALYTICAL SERVICES, INC., hos modern instrumentotion
which can seporote ond simultoneocusly identify the type of fuel, the omount
present, ond the BTX . Further, ethylbenzene, ethylene dibromide ond ethylene

dichloride, which are odded t¢ 1leoded gaoscline, ore olso seporoted and
quantatively identified.

CENTRAL COAST ANALYTICAL SERVICES, INC., provides septum seoled viols free of
charge to clients interested in collecting their own groundwater samples for
fuel fingerprint anoalysis. These vials contein an ASTM-opproved preservotive
which odjusts the pH to 2 in order to block biodegrodotion which can otherwise
be o very serious factor. Soils ore best sampled using metollic Shelby tubes
or brass rings and then covering the ends of the tubes with Teflon sheeting
prior to emplaocing o snugly-fitting plostic cop. The whole core is frozen or
refrigeroted in the field. Once in the laborotory, subsomples may be removed
and analyzed by o variction of the purge-and-trop gos chromatogrophic
technigue. Although it 4s unlikely thot significant loss tokes ploce 1f the
somples ore frozen, the holding time for volatile compounds in soll is 14 doys
from time of sompling until the time the sample is analyzed.

Woter somples ore collected by completely filling the vials, seoling, checking
for bubbles and refilling ond resealing if bubbles are present, then placing
the filled wviols $nto plostic guard bottles which contoin ectivated charcoal.
The guard bottles which contain the chorcool are refrigerated {NOT FROZEN) in
the field. Anolysis is performed using EPA Method 524.2 and compored teo
stondords contoining oppropriate fuels ond volotile Priority Pollutonts.

when free product is availoble, some of thot should be sampled ond submitted in
a septum-secled vial which 4s then ploced in a guord bottle. The laboraotory
should be instructed to use the free product for the stondord used to
quontitote the fuel in the samples.

During the initicl stages of on investigaotion, it is recommended that somples
be token at several depths to groundwater. If it 18 unclear whether or not
groundwater hos been contominoted, we recommend drilling be stopped if strong
petroleum odors ore encountered. In the loter stoges of on investigation,
drilling moy be continued in such coses PROVIDED thot precoutions ore taken to
ensure thot contominotion will not follow the path of the drill eos it posses
through the contominated zone.

Oversampling followed by selected somple onolysis 1s recommended. This
strategy ollows the laboratery to zerc in on meaningful samples while avoiding
costly resampling. CENTRAL COAST ANALYTICAL SERVICES, INC. employs both floame
ionizotion (FID) gos chromotography ond selected ‘4on GC/MS to obtoin fuel
fingerprints. We prefer the lotter since it gives information about the
distribution of aliphotic and aromotic hydrocorbons which is not ovailoble by
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FID. Both techniques are sufficlently sensitive to detect spilled fuels ot sub
part per million levels.

COMMENTS REGARDING EPA METHODS 8015, B820. 8240 & 8279

EPA opparently has included this method in SW-846 to provide guidance for the
determinotion of potentiolly hozordous materials which do not respond well to
electron-copture detection {ECD), photoionizotion detection (PID) or
halogen-selective detection (HALL). Since the flame ionizotion detector (FID)
employed by EPA 8815 is both sensitive and non-selective, most orgonic
compounds 1listed will produce a strong signal. Therefore, acrylamide, corbon
disulfide, diethyl ether, methyl ethyl ketone (MEK), methyl isobutyl ketone
{MIBK), ond poroldehyde which are the compounds listed in EPA BS15 con readily
be detected wusing this method. Furthermore, the FID is sufficiently
nonselective to permit extension of the method to o host of other materials.

In many commerciol Ilaboratories, fuels are determined by pottern comparison
using gas chromatogrophy with flome ionizotion detection (G6C/FID) using on
odaptotion of EPA Method 8815, Somples containing volatile anclytes may be
introduced to the gos chromtograph by direct injection, headspace (EPA Method
592¢) or purge-ond-trop (EPA Method S@38). When used in this way, EPA Method
8615 can be wused to charocterize gosoline, diesel #2, jet fuel, oviation gos,
Stoddard solvent ond other volotile hydrocarbon distillotes. The results may
be expressed 1in terms of "ppm gosoline™, “"ppm totol petroleum hydrocarbon
(TPH)" or some other appropriote description. The anaolysis is described os a
"TPPH {Total Purgeoble Petroleum Hydrocarbon  Anolysis)®™, a "fuel
charocterizotion analysis®", or o "fuel fingerprint®, A column substitution is
usually mode os even the volaotile fuels contain some compconents requiring
temperotures beyond the moxima permitted for the columns specified in EPA
Method B8@15.

When semivolotile fuels or analytes are to be determined, the FID and EPA
Method 8815 may still be employed., In such ceses, the sample moy be introduced
by direct injection, prepored for onalysis by liquid-liquid extrection (EPA
Method 3518), sonication (EPA Method 3550) or Soxhlet extroction (EPA Method
3540). Following extract concentration, on aliquot of the concentrote is
subjected to gos chromotographic seporation followed by flame ionization
detection. This variotion of EPA Method 8815 is often used for the analysis of
diesel #4, crude oil, bunker fuel ond fuel oil #6. It is sometimes used Tor
the analysis of diesel #2 and even gosoline, although much of the gasoline
components are lost during the concentration step. This type of analysis is
often described os o TPH (Total Petroleum Hydrocarbon anaclysis). When doing
this type of analysis, CCAS refers to the results as Total Semivclotile
Petroleum Hydrocarbons and 1lists the fuel used os a stondard for quantifying.
the moterial. CCAS uses stondards which ore provided by the client or which
resemble the samples' chromotogrophic pattern.

While CCAS 4is copable of performing all of the aformentioned voriotions of EPA
8015, our recommended opprooches to the analysis of nonhologenated volatile
ergonics, wvolatile fuels ond in some coses, even semivolatile fuels cre bosed
upon GC/MS as cutlined in EPA Methods 524.2, 8248 and 8278, If techniques such
08 cryogenic focussing, selected ion monitoring, copillary column
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chromotography ond direct column-to-moss spectrometer source interfocing are
incorporoted into the bosic EPA protocols, the required 1 ppb sensitivities con
be reached eosily. Since the maoss spectrometer is the most selective detector
ovailoble, interferences ond misossigiments ore reduced dromoticolly. CCAS
has oapplied GC/MS successfully to o0ll of the six compounds listed in EFA Method
8@15. Detection 1limits of @.1 ppb hove been obtaoined without using selective
ion monitoring. These results are on file with the Colifornic Department of
Health Services (Hozordous Woste Certification and Drinking Water Certificotion
Bronches ).

At the time at which EPA methods were being developed, economical, ocutomoted
GC/MS instrumentation wos not widely ovoiloble. For this reoson, GC/MS wos
considered to be too costly to serve os a proctical alternotive to EFA Method
8615 ond such selective detector methods os EPA B812 ond 8220. Recently,
instrument c¢osts have fallen to the point thot a GC/MS system can be purchosed
for 1little more than double thot of o comparoble gos chromotogroph. Moreover,
positive results obtoined wusing selective detection gos chromotogrophy are
subject to confirmotion using another column {rerunning the test ogain) or by
using GC/MS. Proctical improvements in outomotion hove further improved the
cost-effectiveness of GC/MS so thot some jobs c¢con now be done more economicolly
by GC/MS thon by GC, particularly when confirmation is necessory.

For exomple, the onalysis of soils odjocent to o lesoking gosoline tank should
“include a fuel fingerprint to determine the fuel type ond the totol petroleum
hydrocerbons {(TPH) and EPA Method 8020 to quontify the benzeme, toluene, aond
- wyleme (BTX) levels. Furthermore, if lecded fuel is suspected, ethylene
dibromide (EDB) ond ethylene dichleoride {EDC) should be determined os these
compounds -ore often odded to gosoline to promote the removol of lead from the
engine following combustion. EDB is o priority peollutant which is onalyzed by
EPA Method 80888.1. CCAS has selected those ions which are characterisic of the
oformentioned  components from —among the ions avoilable in the full scon EPA

Methods 524;7/ ond 624/8248. In this woy we are oble to determine
simultoneously the most commonly requested informotion concerning volotile
hydrocorbons in the environment. Furthermore, the cost for this onalysis at

$13 in woter and $155 in soil is substantioclly below the sum of the three
separote anolyses which would otherwise be required, nomely, EPA 8E15 ¢
$75/100, EPA 8928 @ $98/128 and EPA 80BZ.1 @ $75/186. Moreover, confirmation
testing is not required when using GC/MS since it is the method recommended by
EPA for confirmation. Furthermore, the use of internal standords is possible
and thereby provides a significont guality ossuronce odvantoge to the method.
Additional compounds such os TCA, TCE ond PCE which ore often used ot service
stotions ond sometimes dischorged to foulty woste oil tanks con be odded to the
progrom by. speciol request. The odditionol cost for this addition is not lorge
ond ollows 011 aspects of the investigotion to be handled with o single
analysis. Thus 1t can be seen thot GC/MS provides better informotion ot &
lower overoll price,

The GC/MS fuel fingerprint method has been shown to provide even more detolled
informotion 1in cases in which depth ond/or oarea profiles ore involved.
Typicolly, one sees o distribution of fuel components with depth which
dromotically changes itself once groundwoter is reached. EDB, for example, may
be found only &t the groundwoter interfoce due to its preferentiol solubility
in woter. Heavier, biorefrocteory components are retoined by the soil neorer
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the surfoce while more mobile components are found ot depth. Informotion of
this type serves to volidote o¢ll somple results obtained in the course of o
major investigotion using GC/MS methods, yet it is very difficult to obtain o0ll
of these data using only EPA Method 8§15,

If o goscline spill is suspected, we recommend enolysis for totol lead as well
os the fuel fingerprint. High levels of lecd compared to bockground somples,
even in the obsence of a fuel fingerprint, moy indicate thot gasoline wos
spilled in the orea but hos become degroded by soil microorganisms., This
phenomenon 1is sometimes noted in nearsurfoce somples. In the event that
elevated lead levels are found, o second general onalysis for organic lead or a
specific onalysis for tetroethyl ond tetramethyl lead con be requested if the
regulator so desires. Typically only a very low percentoge of the total leod
is found to be orgonic lead. Even this is most often found to be ossocioted
with fulvic and humic motter os cheloted inorganic lead. It is our experience

thot only o few isoloted cases octuclly involve orgonic leoad in o non-chelated
form. -

The procedures used by CCAS for spilled fuel choracterizotion hove been
submitted to and reviewed by the Californio Deportment of Heolth Services ond
by the Colifernia Woter Quolity Control Boord. A memorandum from Gordon Lee
Boggs, Underground Tank Progrom Coordinator for the Colifornio Centrol Valley
Regional Water Quality Control Board refers to CCAS® GC/MS method. Three poges
from this memorandum ore attached.
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Memorandum
CRLIFORBNIR REGIONAL IDBTEB QUALITY CONTROL BORRD e CENTRAL UALLEY REGION

3443 Reutier Road | Phone: (246] 361-5600
Sacramentn, Califarnia 95227-3098 AESS: .8‘-495-5600
T0: Supervisors and Seniors FROM: Gordon Lee 30%/

L P o Underground 7£nk

N _ Program/ﬂlbordinator

DATE: 4 April 1988 SIGNATURE: 6 )

SUBJECT: SAMPLING PROCEDURES, MINIMUM VERIF ;J&%O/N ANALYSES
AND REPORTING REQUIREMENTS FOR SOIL AND GROUND WATER

CONTAMINATION RESULTING FROM LEZAKING UNDERGROUND
STORAGE TANKS (LUST)

Over the past few Vvears we have been working with Local Implementing
Agencies (LIAs), other Regional Boards and the State Board to develop
consistent guicelines for tank owners to follow when cleaning up LUST
sites. Within the nex: few months the L2aking Underground Fuel Tank
(LUFT) technicai document, of which | am part author, will be
distributed to the public. LUFT is an initial step on a state-wide basis to
provide soeme guidance.

ttached to this memo are procecdures (summarized below) developed to
supplement and expand on LUFT which s limited primarily to soils
contamiriated by rnotor vehicle fue!s and does not address situations
which many LIAs and Regicnal Scard regulatory staff often face. The
procecures werea developed independently in several regions and have
been reviewed by representatives of the LIAs. As racurring problems
are found at differant sites, it will become necessary to devaiop
proczcdures which identify minimumn requirements for the reguiated
sites. Becaus? the procedures have been developed to fit a flexible and
evolving program, they are subject to site-specific interpretation.

The information in the attachments has been submitted to the LUFT
Final Document comumittee, and the latest draft shows that some
procedures, as applicable, have been incorporated.

SOIL_SAMPLING

As the attached draft chart shows, the sampling procedures follow the
current State Regulations, Subchapter 16 and a consansus of the

rarticipants for what will provide the maximum information for the
east bucks spent.

M VERIFICAT NA!

The Minimum Verification Analysis (MVA) procedures “were developed
from the experience of the Regional 2cards and LlAs. Thiey are intended
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of contamination lies and whea the cleanup Jeve!s are attained (jow jeve! analyses).
To assure that a site definition is ompreheasive, it is recommended that the

Minimum Verificztion Analyses (MV ) listed in Table | be conducied as needed 10
determine the extent of contamination.

We have conducied a survey of 65 DHS certified laboratories in California and
found that there is wide variation in methodologies for analysis of Total Petroleum
Hydrocarbons (TPH) and Benzeae, Toluene, Yyleae, and Ethyibenzene (BTX&E).
Some difTereaces include sample size and preparation. solvents, columas and
detectors used and lapses in quality assurance. Although these variations
currently account for the differences in the ability for Jaboratories to report
consisient, detectable levels of the compounds, the Regional Boards are working
with the laboraicries and State agencies 10 resolve this by developing consistent
guidelines and protocol. The inteat is 1o produce and encourage inaovatlive and
more precise protocol which will provide more reliable data 10 the tank owner and
regulatory agencies. As shown in the cost/analysis table beiow. labs have routine
analyses but cap lower their detection limits by improving protocol

For instance, one lz2boratory in Califoraia uses 2 modified EPA approved 524.2 (and
8240) methodoicgy (GCMS procsdure) 1o produce e3ceplionally low and accurate
detection levels for both TPH and 3TX&S at a little more than half the price of the
two combined. The method (focused cryogenics) uses liquid argon 1o fresze the
chemicals prior to injection in10 the detector. This effectively eliminates
interfering gases such as oxygen and allows the injection of 100% of the sample
into the Mass Spectrometer for analysis (as opposed 10 approximately 10% by the
conventional purge and trap procedure). The increased sample size provides
accurate detection and, because it analyzes everything at once, lowers the cost of

analysis considerably. Other advaniages are that EDB also is identified and second
column confirmation is not nesded.

In the cost/analysis table the costs are based on submittal of a rather
uncomplicated sample. Laboratory handling and preparation for "dirty” or complex
dmples may incrazse costs up 1o 30%. and consultants may add a 15% surcharge
for collecting 204 transporting the sample. and interpreting the results. Therefore,
a bill for BTX&E in scil may include $105 for the analysis - $35 for special work +

$20 consultant fee thereby totalling $160 (or more). This may not be
uareasonable for the circumstiances.



LIA-RESIONAL SCARD REPORTS
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Higher laboratory costs do not reflect the ability for the [aboratory 10 provide more
accurale work., Accuracy is dependent upon several things including proper
quality assurance and control of the sample, instrument capabilities, personael
elperience, etc. For instance, based on our eIperience, one of best. and consistently
accurate, fabs in the state has charges at the mean cost for the analyses bejow.

COST/ANALYSIS TABLE
ANALYSIS COST ANALYTICAL MEAN
opb
Range Mean Median Routine Improved
BTI&E :
Water (602) $60-3150 $105 $105 0.5 0.5
Soil (§020) $65-8170 $117 - 3120 60 40
TPH
Gasoline
‘Water (GCFID)  $50-3150 $100 $100 500 170
Soil {(GCFID) $60-3185 $107 $110 3600 1000
Diese!
Water (GCFID) $50-31S0 $103 $100 960 250
Soil (GCFID) $50-8185 $111 8110 5700 2600
| Cryofocus (GCMS)
| Water-BTX&E-TPH  $135 0.1 0.1
i Soil---BTX&E-TPH 3155 100 100
SOIL CONTAMINATION PROBLEMS

Once a tank has been removed, there may be significant soil problems which can
not be resolved by a “scoop and run” cleanup of minor overspills but remain to be
identified and remediated. To pursue a successful soil remediation plan, the fateral

. and vertical extent of soil contamination must be defined. Following are .
summaries of reports to answer the question “What reporting is required for the
tank owner, whea only soil is believed to be impacted and there is no apparent
threat 10 ground water?” Two reports should provide information for both the
tank owner and the LA 1o reach a decision about the site. They are a




AIR, WATER & HAZARDOUS WASTE LABORATORY CERTIFIED by CALIFORNIA DEPT of HEALTH SERVICES

APPENDIX H

CHEMICAL COMPOSITION OF GASOLINE

Compound

Straight Chain Alkanes

Propane
n-Butane
n-Pentane
n-Hexane(d)
n-Heptane
n-Octana
n-Nonans
n-Decane
n-Undecanes
n-dodecans

Branched Alkanes

Iscbutane
2,2-Dimethylbutane
2,3-Dimethylbutane
2,2,3-Trimethylbutane

Neopentane
Isopentane
2-Methylpentane
3-Methylpentane
2,4-Dimechylpentans
2,3-Dimethylpentane

3,3-Dimethylpentane
2,2,3-Trimethylpentane
2,2,4-Trimethylpentane
2,3,3-Trimethylpentane
2,3,4-Trimethylpentana
2,4-Dimethyl-3-ethylpentane

2-Methylhexane
3-Methylhexane
2,4-Dimethylhexane
2,5-Dimethylhexane
3,4-Dimethylhexane
3-Ethylhexane
2-Methyl-3-ethylhexane
2,2,4-Trimethylhexanse

Concentration
Number of (Weight
Carbons Percent) (a) Reference

3 0.01 - 0.14 8,10

4 3.93 - 4.70 8§,10,11
5 5.7 - 10.92 8.10,11
-] 0.24 - 3.50 8,10,11
7 0.31 - 1.96 10,11

8 0.36 - 1.43 10

9 0.07 - 0.83 10
10 0.04 - 0.50 10

11 0.05 - 0.22 10
12 0.04 - 0.09 10

4 0.12 - 0.37 8,10

6 0.17 - 0.84 10

& 0.59 - 1.55 §8,10,11
7 - 0.0 - 0.04 10

5 0.02 - 0.05 10

S 6.07 - 10.17 8,10,11
6 2.91 - 3.85 8,10,11
6 2.4 (vel) 8,10,11
7 0.23 - 1.71 8,10,11
7 0.32 - 4,17 8,10,11
7 0.02 - 0.03 10

8 0.09 - 0,23 10,11

B 0.32 - 4,58 8,10

8 0.05 - 2.28 10

8 0.11 - 2.80 10,11

9 0.03 - 0.07 10

7 0.36 - 1.48 10

7 0.30 - 1.77 10,11

8 0.34 - 0,82 10

8 0.24 - 0.52 10

8 0.16 - 0.37 10

8 0.01 10

9 0.04 - 0.13 10

9 0.11 - 0,18 10
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Concentration
Number of (weight
Compound Carbons Percent) (a) _Reference
2,2,5-Trimethylhexane 8 0.17 - 5.89 10
2,3, 3-Trimethylhexane 9 0.05 - 0.12 10
2,3,5-Trimethylhexane 9 0.05 - 1.09 10
2,4,4-Trimethylhexane 9 0.02 - 0.16 10
2-Methylheptane 8 0.48 -« 1.05 i0
3-Methylheptane 8 0.63 - 1.56 10
4-Merhylheptane 8 0.22 - 0.52 10
2,2-Dimethylheptane 9 0.01 - 0.08 10
2,3-Dimechylheptane 9 0.13 - 0.51 10
2,6-Dimethylheptane 9 0.07 - 0.23 10
3,3-Dimethylheptane 9 0.01 - 0.08 10
3,4-Dimethylheptane 9 0.07 - 0.33 10
2,2,4-Trimethylheptane 10 0.12 - 1.70 10
3,3,5-Trimethylheptane 10 0.02 - 0.06 10
3-Ethylheptane 10 0.02 - 0.16 10
2-Methyloctane 5 0.14 - 0.62 10
3-Methyloctane 9 0.36 - 0.85 10
4-Methyloctane 9 0.11 - 0.55 10
2,6-Dimethyloctane 10 0.06 - 0.12 10
2-Methylnonane 10 0.06 - 0.4l 10
3.Methylnonane. , 10 0.06 - 0.32 10
4-Methylnonane 10 0.04 - 0.26 10
Cycloalkanes
Cyclopentane 5 0.19 - 0.58 8,10
Methylcyclopentane 6 Not quantified 8
1-Methyl-cis-2-ethylcyclopentane 8 0.06 - 0.11 10
1-Methyl-trans-3-ethylcyclopentane 8 0.06 - 0.12 10
1-Cis-2-dimethyleyclopentane 7 0.07 - 0.13 10
1-Trans-2-dimethylcyclopentane 7 0.06 - 0.20 10
1,1,2-crimethylcyclopentane 8 0.06 - 0.11 10
1-Trans-2-cis-3-tri- 8 0.01 - 0.25 10
methyleyclopentane
1-Trans-2-cis-4-trimethyleyclo- 8 0.03 - 0.16 10
pentane
Ethylcyclopentane 7 0.14 - 0.21 10
n-Propylcyclopentane 8 0.01 - 0.06 10
Isopropyleyclopentane 8 0.01 - 0.02 10
1-Trans-3-dimethylcyclohexane 8 0.05 - 0.12 10
Ethylecyclohexane B 0.17 - 0.42 10
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Concentraction
Number of (Weight

Compound Carbons Percent) (a) _Reference
Straight Chain Alkenes
cis-2-butene 4 0.13 - 0.17 10
trans-2-butene 4 0.16 - 0.20 10
Pentene-1 5 0.33 - 0.45 10
eig-Z-pentene 5 0.43 - 0.67 g,10
trans-2-pentene 5 0.52 - 0.90 10.11
cig-2-hexene 6 0.15 - 0.24 10
trans-2-hexens 6 0.18 - 0.36 10
cis-3-hexene 6 0.11 - 0.13 10
trans-3-hexene 6 0.12 - 0.15 10
cis-3-heptene 7 0.14 - 0.17 10,11
trans-2-heptene 7 0.06 - 0.10 10
Branched Alkenes
2-Methyl-l-butene 5 0.22 - 0.656 8,10,11
3.Mechyl-1-butene 5 0.08 - 0.12 10
2-Methyl-2-butens 5 0.96 - 1.28 8,10,11
2,3-Dimethyl-1l-butene & 0.08 - 0.10 10
2-Methyl-l-pentene 6 0.20 - 0.22 10,11
2,3-Dimechyl-l-pentene 7 0.01 - 0.02 10
2,4-Dimethyl-1-pentene 7 0.02 - 0.03 10
4,4-Dimethyl-1l-pentene 7 0.6 {vol) 11
2-Methyl-2-pentene '8 0.27 - 0.32 10,11
3-Methyl-cis-2-pentene 6 0.35 - 0.45 10
3-Methyl-trans-2-pentene 6 0.32 - 0.44 10
4-Methyl-cis-2-pentene 6 0.04 - 0,05 - 10
4-Methyl-trans-2-pentene 6 0.08 - 0.30 10
4,4-Dimethyl-cis-2-pentene 7 0.02 10
4,4-Dimethyl-trans-2-pentene 7 Not quantified 10
3-Ethyl-2-pentene 7 0.03 - 0.04 10
Cycloalkenes
Cyclopentené 5 0.12 - 0.18 10
3-Methylcyclopentene é 0.03 - 0.08 10
Cyclohexene 6 0.03 10
Alkyl Benzenes
Benzene(d) ) 0.12 - 3.50 6,7,8,9,

10,11,12
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Concentration
Number of {weight
Compound Carbons Percent) (a) _Refsrence
Toluene(d) 7 2.73 - 21.80 5,6,7.,8
9,10.11
12
c-Xylene(d) 8 0.68 - 2.86 6£,9,10,
12
m-Xylene(d) 8 1.77 - 3.87 10
p-Xylene(d) 8 0.77 - 1.58 10
1-Methyl-4-ethylbenzene g 0.18 - 1.00 10
1l-Methyl-2-ethylbenzene 9 0.19 - 0.56 6
1-Methyl-3-ethylbenzene 9 0.31 - 2.8& 6.,9,10,
' 11
1-Methyl-2-n-propylbenzene 10 0.01 - 0.17 6.9,10
1-Methyl-3-n-propylbenzene 10 0.08 - 0.56 9,10
1-Methyl-3-isopropylbenzene 10 0.01 - 0.12 10
1-Methyl-3-t-butylbenzene 11 0.03 - 0.11 10
1-Methyl-4-t-butylbenzene 11 0.064 - 0.13 10
1,2-Dimethyl-3-ethylbenzene 10 0.02 - 0.19 6,10
1,2-Dimethyl-4-ethylbenzene 10 0.50 - 0.73 6
1,3-Dimethyl-2-ethylbenzene 10 0.21 - 0.59 6,9
1,3-Dimethyl-4-ethylbenzene 10 0.03 - 0.44 6,10
1,3-Dimechyl-5-ethylbenzene 10 0.11 - 0.42 6,10
1,3-Dimethyl-5-t-butylbenzene 12 0.02 - 0.16 10
1,4-Dimethyl-2-ethylbenzene 10 0.05 - 0.36 6,10
1,2,3-Trimethylbenzene 9 0.21 - 0.48 6
1,2,4-Trimethylbenzene 9 0.66 - 3.30 6,9,10,
11
1,3,5-Trimethylbenzene 9 0.13 - 1.15 §,9,10
1,2,3,4-Tetramethylbenzene 10 0.02 - 0.19 6,10
1,2,3,5-Tetramethylbenzene 10 0.14 - 1.06 6,9,10
1,2,4,5-Tetramethylbenzene 10 0.05 - 0.67 6,9,10
Ethylbenzene(d) 8 0.36 - 2.86 6,9,10,
11,12
1,2-Diethylbenzene 10 0.57 9
1,3.Diethylbenzene 10 0.05 - 0.38 6,9,10
n-Propylbenzens 9 0.08 - 0.72 6,9,10
Isopropylbenzene 9 <0.01 - .22 6,9,10,
12
n-Butylbenzene 10 0.04 - 0.44 6,9,10
Isobutylbenzene 10 0.01 - 0.08 9,10
sec-Butylbenzene 10 0.01 - 0.13 9,10
t-Butylbenzene 10 0.12 9
n-Pentylbenzene 1l 0.01 - 0.14 10
Isopentylbenzene 11 0.07 - 0.17 10
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- L X3 -

Concentration
- Number of (Weight
Compound Carbons Percent) (a) _Refersnce
Indan 9 0.25 - 0.34 )
1-Methylindan 10 0.04 - 0.17 10
2-Mechylindan 10 0.02 - 0.10 10
4-Methylindan 10 0.01 - 0.1¢ 10
S5-Methylyindan 10 0.09 - 0.30 10
Tetralin 10 0.01 - 0.14 10
Polynuclear Aromatic Hydrecarbons
Napthalene(d) 10 0.09 - 0.49 6,10
Pyrene 16 Not quantified 6
Benz(a)anthracene 18 Not quantified 6
Benz(a)pyrene 20 0.19 - 2.8 mg/kg 6
Benzo(e)pyrene 20 Not quantified &
Benzo(g,h,i)perylene rak Not quantified 6
Elements
Bromine 80 - 345 ug/g 3
Cadmium 0.01 - 0,07 ug/g 1
Cblorine 80 - 300 ug/g 3
Lead(b) 530 - 1120 ug/g 8
Sodium <0.6 - 1.4 ug/g 3
Sulfur(c) 0.10 - 0.15 (ASTM)
Vanadium <0.02 - 0.001
LE/B 2,3
Additives
Ethylene dibromide(d) 0.7 - 177.2 ppm 4
Ethylenes dichloride{d) 150 - 300 ppm 8

Tetramethyl lead
Tetraethyl lead

a. Conversion from other units assumed 0.75 specific gravity.

b. ASTM specification, maximum, unleaded gasoline, 0.013 g/1 maximum,
conventional grade gasoline, 1.1 g/1. Title 13, CAC, Section 22533.2,
paximum, leaded gasoline other than leaded high octane gasoline,
0.8 g/gallon maximum, leaded high octane gasoline, 1.0 g/gallon.
Federal standards, January 1, 1986, maximum, 0.1 g/gallen.

c¢. ASTM naximum, unleaded gasoline, 0.10 weight percent. Conventional
grade gasoline, 0.15 weight percent, Title 13, CAC, Section 2282,
maximum 300 ppm by weight.

d. Compounds for which AALs are being developed.

CENTRAL COAST ANALYTICAL SERVICES San Luis Obispo, Colifornia (BP5) S543-2553
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Central
Coast
Analyticol
Services

CCAS

CONSTITUENT

DECANES
UNDECANES
DODECANES

TRICANES
TETRADECANES
PENTADECANES

HEXADECANES
HEPTADECANES
OCTADECANES

NONDECANES
EICOSANES
HENEICOSANES

DOCOSANES
TRICOSANES
TETRACOSANES

PENTACOSANES
HEXACOSANES
HEPTACOSANES
C-3 ALKYLBENZENES

g8-25-88
S@824BSUP.WR1/#168
MH/bl/mh/rh

Central Coast
Analytical Services
141 Suburban Road, Suite C-&
Son Luls Obispo, California 93481
(B65) 5A3-2353

Lab Number: S-08248

Collected:
Recelived:

Tested: #B/2s fBB

Collected by:

Sample Description:

Diesel #2 Stondard

SUPPLEMENTARY REPORT FOR EPA 625/827¢

APPROXIMATE LEVEL
in percent

- E -

S m ||

N =a®

0w N
~ oW

.38
.9
5

w o

o0 o

.78
.52

.39
.39
.26
il

CONSTITUENT

C-4 ALKYLBENZENES
C11H22 HYYDROCARBONS
C12H24 HYYDROCARBONS

C12H22 HYYDROCARBONS
DECALIN
METHYLDECALINS

C-2 ALKYLDECALINS
C13H24 HYDROCARBONS
C13H26 HYDROCARBONS

TETRALIN
C14H28 HYDROCARBONS
METHYLNAPHTHALENES

C13H18 HYDROCARBONS
C15H28 HYDROCARBONS
C-2 ALKYLNAPHTHALENES

C-3 ALKYLNAPHTHALENES
C15H3@ HYDROCARBONS
C16H32 HYDROCARBONS
C17H34 HYDROCARBONS
POSSIBLE NITROGEN-
CONTAINING HETEROCYCLIC

Respectfully submitted,
CENTRAL COAST ANALYTICAL SERVICES

e &

Mary Havlicek, Ph.D., President

HEALTH SERVICES

1.
2.
3.

S W\

NP

APPROXIMATE LEVEL
in percent

L ]

g.88

N -

[~V -~ ]

w

.58

.62

.62
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- el oy
Central Central Coost Lob Number: $-#8218
Coast Analyticaol Services Collected:
Analyticol 141 Suburban Road, Suite C-& Received:
Services Son Luis Obispo, Colifornia 93481 Tested: #B8/21/88
(805) 543-255%3 Collected by:
kY
CCAS Somple Description:
Percentage Composition of
Diesel #4 Standard
SUPPLEMENTARY REPORT FOR EPA 625/827¢
CONSTITUENT APPROXIMATE LEVEL
in percent
UNDECANES g.2
DODECANES g.2
TRIDECANES g.9
TETRADECANES 1.7
PENTADECANES 1.8
HEXADECANLS 3.6
HEPTADECANES 5.1
OCTADECANES 6.2
NONADECANES 4.8
EICOSANES 6.6
HENEICOSANES s 9.7
DOCOSANES 135.
TRICOSANES 13.
TETRACOSANES 13.
PENTACOSANES 8.3
HEXACOSANES 6.8
HEPTACOSANES 2.9
OCTACOSANES 1.1
NONACOSANES 1.8
METHYLNAPHTHALENE g.3
Ci7H34 HYDROCARBONS g.2
METHYLPHENANTHRENES §.5
C23H4p HYDROCARBONS 1.3
C2B6H340 POSSIBLE STEROL 8.7

Respectfully submitted,
CENTRAL COAST ANALYTICAL SERVICES

#9-92-88 W
SES218SUP.WR1/#168 ‘%ﬁ/

MH/bl fech/rh Mary Havlicek, Ph.D., President
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