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EXECUTIVE S U M M A R Y 

INTRODUCTION 

This Phase 2 Design Report summarizes the Phase 1 remedial program and presents the 
proposed Phase 2 remedial activities at the Pacific Coast Pipeline (PCPL) Superfund site 
in Fillmore, Califomia. An oil refinery operated at the site from sometime prior to 1917 
unfil the early 1950s and has since been dismantled. While the refinery was in operation, 
miscellaneous hydrocarbon wastes were disposed of onsite in a large pit referred to as the 
Main Waste Pit and in several smaller pits located throughout the property. 

In 1986, Texaco excavated and removed 38,000 tons of waste and contaminated soil from 
the former Main Waste Pit and other small waste disposal areas. From 1983 through 1989, 
Texaco voluntarily conducted ground water and soil assessment programs. In June 1989, the 
site was added to the United States Environmental Protection Agency (EPA) National 
Priority List. Subsequent remedial invesfigations revealed elevated levels of petroleum 
hydrocarbons, benzene and other volatile organic compounds in ground water and significant 
concentrations of TPH, and to a much lesser extent BTEX, in the vadose zone. In March 
1992, the EPA issued a Record of Decision (ROD) on the site which established the 
selected remedy and documented the goals for remediation. 

Tlie selected remedy established by the ROD was for implementation of a ground water 
extraction and treatment system (GWTS) to treat extracted ground water to designated 
cleanup standards. The ROD also called for soil vapor extraction for those areas which 
threaten to contaminate ground water above cleanup standards. A Consent Decree (CD) 
was entered in August 1993. The CD established a phased schedule for completion of the 
remedial design and remedial action. 

Tlie ROD specifies ground water cleanup standards for five compounds; benzene, toluene, 
ethyl benzene, 1,2-dichloroethane, and methylene chloride. Ofthese, benzene and toluene 
are the only compounds that currently exceed the cleanup standard. Historic analytical data 
in the ground water database (includes samples collected from August 1990 to August 1994) 
indicate that forty-three Texaco wells have had concentrations which exceed the cleanup 
standard for benzene of 1 ug/L. During the same period, only thirteen Texaco wells have 
had concentrations which exceed the cleanup standard for toluene of 100 ug/L, and only 
three of these wells have exceeded the toluene cleanup standard on more than one occasion. 
These three wells also exceed the cleanup level for benzene. 

Ofthe remaining three compounds for which cleanup standards have been set, historic data 
indicates that 1,2-dichloroethane has only been detected three times and has not been 
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detected in the last three years while ethyl benzene and methylene chloride have not been 
found at levels above the cleanup standard in any Texaco well. 

Of the two compounds that currently exceed the cleanup standard, benzene exceeds its 
cleanup standard in far more wells than toluene and the cleanup standard for benzene of 
1 ug/L is much lower than the cleanup standard for toluene of 100 ug/L. In wells where 
toluene is found at levels above the cleanup standard, benzene is also present at significant 
concentrations. Tlie remediation of benzene to its cleanup standard should ensure that the 
cleanup of toluene is surpassed, therefore, benzene is the target compound for this 
remediation program and the design report is focused on benzene. 

The Phase 1 Design Report was finalized in September 1993. The Phase 1 remedial 
program included soil vapor extraction and ground water pumping and treating with 
activated carbon. The program was implemented in December 1993 to provide data for 
design of the Phase 2 system. The objectives and scope ofthe Phase 2 Design and activities 
in support of that design are as follows: 

• Presentation of the results of the Phase 1 operation and testing. 

• Refinement of the site hypothesis. 

• Evaluation and selection of the appropriate option for disposal 
of the treated ground water. 

• Development and preparafion of the Phase 2 Final Design for 
the selected remedy. 

SITE DESCRIPTION AND REFINED SITE HYPOTHESIS 

Site Location and Surface Facilities 

The PCPL site occupies approximately 20 acres on the eastern edge of the city of 
Fillmore, in Ventura County, California. The site is presently used as a crude oil 
pumping stafion. Site structures include buried pipelines, pumping equipment, above 
ground storage tanks, and miscellaneous buildings. Other equipment on the property 
include the Phase 1 GWTS and the soil vapor extraction (SVE) system. 

The site is surrounded by areas of agricultural, industrial and residential use. An 
Ultramar gasoline service station is located south of the site. The service station had an 
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underground fuel tank leak which was discovered in the 1980s and is currently undergoing 
remediation by soil vapor extraction. 

Regional Geology and Hydrogeology 

Geologically, the PCPL site lies along the northern boundary of the Santa Clara Trough. 
Sedimentary deposits in the Santa Clara Trough range from Cretaceous to Recent in age 
and have an aggregate thickness of over 40,000 feet. In the Fillmore area, the Trough is 
bordered on the north by the San Cayetano Fault and on the south by the Oakridge 
Fault. The San Cayetano Fault passes beneath the PCPL site approximately parallel to 
the eastern property boundary. Pervasive fracturing of bedrock bordering the fault has 
resulted in extensive landsliding. This fractured rock has also provided a conduit for 
naturally occurring hydrocarbon to reach the Earth's surface. Crude oil seeps and tar 
sands are common features in the site vicinity. 

The PCPL site is located within the Fillmore Ground Water Basin. Sources of orouhd 
water recharge include ground water inflow and stream and precipitation infiltration. In 
the eastem portion ofthe basin where the PCPL site is located, the alluvial deposits and..-, 
the underlying San Pedro Formation are the major water-bearing units. > 

Ground water levels in the Fillmore Basin routinely fluctuate by 30 feet or more in 
response to short term (1-3 years) climatic changes. The ma.ximum recorded long-term 
fluctuation in ground water levels was 50 feet, measured in a Ventura County Flood 
Control District well located near the site. 

Regional Petroleum and Geology 

The PCPL site lies within the eastern porfion of the Ventura Basin petroleum province. 
Oil fields located within the site vicinity include the Fillmore, Shiells Canyon and 
Bardsdale fields. In addition to the oil fields, several surface oil and tar sand 
accumulations or seeps have been mapped near the PCPL site. Tliese occur in the 
fractured sands and shales of the Monterey Formation north of the site along Pole Creek 
and in recent landslide debris directly adjacent to the site. It is likely that the observed 
oil seeps resulted from the migration of hydrocarbons along fractures in the Monterey 
Formation associated with the San Cayetano Fault. 

Local Geology and Hydrogeology 

The near-surface geology of the PCPL site can be characterized as consisting of laterally 
discontinuous, interlayers of unconsolidated, fine- to coarse-grained detritus deposited in 
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Stream channel, alluvial fan, and mass wasting depositional environments. The extreme 
heterogeneity of the subsurface strata has created a complex hydrogeologic environment. 
Previous investigations have identified three water-bearing zones beneath the PCPL site: 

• Perched Zone - Zone of disconfinuous perched water generally above a reddish-
brown clay layer. 

• Aquifer I — Unconfined to semi-confined shallow aquifer. 

• Aquifer II — Partially confined to confined aquifer below aquifer I. 

To a limited degree, ground water flow direction beneath the site changes in response to 
changing ground water elevations. Third quarter 1994 ground water monitoring results 
indicate that flow occurs in a north-west direction across the site which is consistent with 
historical data. The average gradient across the site in aquifer I is approximately 0.006 ft/ft. 
Permeability of the aquifer I materials ranges from 1 ft/day to 15 ft/day. 

Water level fluctuations of more than 30 feet were recorded at the PCPL site between April, 
1990 and April 1993 and ground water is currently near its historical high. Changes in water 
elevation with time for aquifer II roughly parallel that of aquifer I suggesting some degree 
of communication between aquifer I and aquifer II. Aquifer II has historically shown little 
or no hydrocarbon contamination. 

Refined Site Hypothesis 

Several refinements have been made to the site hypothesis presented in the Phase 1 
Design Report. 

• The lateral extent and concentration of the dissolved phase benzene plume have 
increased since 1992 as a result of water levels rising into the "smeared zone" where 
residual TPH and benzene are present in the soil. 

• Some portion ofthe hydrocarbons found onsite are naturally occurring. Methane has 
been detected in many soil gas samples collected both offsite and onsite. It has been 
established by carbon isotope testing that a significant portion of this methane is 
deep earth methane. The compound 2,2,4-triniethylpentane found in the natural 
seep hydrocarbons was also found in soil gas and condensate samples from well 
PEW-3 at the site. Since the compound is present in the natural seep liquids, but 
is not a significant component of the raw material to the refinery (crude oil), and 
was not produced in the refinery processes (distillation, thermal cracking and 
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polymerization), leads to the conclusion that its source to well PEW-3 is natural seep 
liquids in the subsurface. 

• The perched zone water has largely disappeared. 

• A larger mass of benzene exists in the subsurface than was previously estimated. It 
is estimated that 80 to 90 percent of this benzene is in the vadose zone above the 
high water elevafion. 

• The Phase 1 Design Report incorrectly identified the ethyl plant (tetraethyl lead 
blending) and naphtha treafing plant as Ethylene Plant and Naphthalene Plant. 
These have been corrected in the present design report. 

• Additional potential on- and offsite sources of hydrocarbon have been identified: a 
fonner onsite Richfield Oil Company gas separator plant, and two offsite bulk 
loading facilities along Santa Clara Avenue that had gasoline and oil storage tanks. 

ADDITIONAL SUBSURFACE INVESTIGATION 

To obtain additional subsurface information for the Phase 2 design, five additional ground 
water monitoring wells, three additional ground v/ater extraction wells, and three vapor 
extraction wells were installed on or near the PCPL site. Ground water extraction wells 
EW-2, EW-4 and EW-5 were subsequently used for Phase 1 testing and evaluation. The 
data were used for further characterization of the subsurface geology and hydrocarbon 
distribution. 

SUBSURFACE HYDROCARBON DISTRIBUTION 

Data from boring logs and soil samples, ground water monitoring and soil gas testing and 
sampling have been interpreted to esfimate concentration and mass distributions of benzene 
in soil, water and gas phases in the subsurface. 

Vadose Zone 

Cross sections prepared through various portions of the site (Figures 2-9 through 2-13) 
show soil characterisfics and interpreted distribution of benzene in the subsurface. 
Figure 4-1 shows in plan view appro,ximate areas in which significant concentrafions of 
benzene have been confirmed in the vadose zone above the historic high water elevation, 
and, in the zone between the high and low water elevations in which hydrocarbons have 
been smeared by rising and falling water table (smeared zone). 
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Figure 4-1 and Table 4-1 show the observed distribufion of free oil in the soil at the site. 
It appears that free oil is not present in sufficient amounts to flow freely to the many wells 
at the site. In seven months, (Table 4-2) less than five gallons has been recovered from five 
wells on the site which contain liquid hydrocarbons (LNAPL). 

Soil gas samples were collected from 36 wells at the site and were analyzed for fixed gases, 
benzene, toluene, ethylbenzene and xylenes (BTEX) and volafile fuel hydrocarbons (VFH). 
The results are summarized in Tables 4-3 and 4-4. A lower and upper vadose zone have 
been defined based on the observation that gas compositions vary considerably with depth. 
Figure 4-2 shows a different distribution for benzene in the upper vadose zone than in the 
lower zone. Benzene in the soil gas was generally limited to the east side of Pole Creek. 
Benzene concentrations exceeded 100 parts per million (ppmv) in several wells within the 
property boundary. 

Saturated Zone 

Hydrocarbons in this zone consist of the residual hydrocarbons in the soil and dissolved 
phase hydrocarbons in the ground water. Residual hydrocarbons in the smeared zone 
are depicted on the cross secfions presented in Figures 2-9 through 2-13. ITie 
distribution of borings with measured benzene and observed free oil in the smeared zone 
is found in Figure 4-1. 

Benzene concentrations for the third quarter 1994 ground water samples (Figure 4-3) 
indicate there are two primary ground water plumes plus the plume associated with the 
Ultramar service station underground storage tank gasoline releases. Highest 
concentrations are in the north plume, however, the south plume covers a much larger 
area than the north plume. 

Dissolved benzene is limited to near the ground water table and benzene concentration 
in the ground water varies with water elevation. When water level was at its highest, 
benzene concentrations were generally highest (Second Quarter 1993). When water level 
was at its lowest, benzene was not detectable in most wells (Second Quarter 1991). This 
implies that concentrafions of benzene in the ground water are significant only when the 
water is moving directly through oily soil. 

Naturally Occurring Hydrocarbons 

There is substantial evidence that the site has been impacted by naturally occurring 
hydrocarbons: 
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• Methane and hydrocarbon vapors are apparently migrating from deep within the 
earth through the San Cayetano fault zone under the site. 

• The presence of several natural oil seeps in the site vicinity have been previously 
documented. It is very likely that the faulting and landslides at the site have placed 
such natural liquids in the saturated and vadose zones at the site. 

The compound 2,2,4-trimethylpentane (iso-octane) is found at significant concentrations in 
samples from the oil seeps and from gas and gas condensates from onsite wefl PEW-3. The 
presence of iso-octane indicates hydrocarbons from the oil seeps may be under the site. Iso-
octane is unusual in nature and is not found in significant concentrations in the cmde oils 
ofthe Ventura Basin. Also, the refinery did not have processes (e.g. alkylafion) that would 
have produced significant yields of 2,2,4-trimethylpentane. 

Benzene Fate and Transport 

Benzene Distribution 

Several conclusions can be made based on equilibrium distribufion of benzene among the 
various phases present: (1) the oil phase (residual hydrocarbons or free LNAPL), (2) 
the water phase (soil moisture in the vadose zone, ground water in the saturated zone), 
and (3) in the vadose zone, the soil gas phase. These are: 

• Benzene concentrations in the soil are generally higher in the 
vadose zone than in the smeared zone. 

• On the order of 80 to 90 percent of all the benzene present is 
in the oil phase. 

• Equilibrium benzene vapor concentrations in the vadose zone 
average between 120 and 180 ppm. 

• Equilibrium benzene concentrations in ground water in the 
smear zone samples average between 0.6 and 1.2 mg/l. 

Based on distribution of benzene in soil samples, more than 70 percent ofthe soil containing 
benzene is above the high water elevation. This coupled with the concentration averages 
discussed above indicates that 80 to 90 percent of the benzene present is above high water 
elevation, and 10 to 20 percent is within the smeared zone, distributed between the soil and 
ground water. 
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Benzene Migration Potential 

The potential for benzene migration from the vadose zone to the ground water exists where 
concentrations are significantly in excess of equilibrium concentrations with the underlying 
ground water. However, the concentration difference alone is not sufficient to result in 
contamination. There must also be a pathway from the soil gas in the ground water. There 
is significant evidence that migration of benzene from the upper portions of the vadose zone 
may be severely restricted by intervening fine-grained soils. 

Natural Degradation of Benzene 

There is strong evidence that natural degradation of benzene is limifing the size of the 
benzene plume in the ground water downgradient of the site. TTie following is evidence of 
the natural limitations: 

• Benzene in the ground water has not moved far from the site. If benzene were not 
being degraded, it would be present in detectable quantities thousands of feet 
downgradient ofthe site. In fact, detectable benzene is limited to within one or two^u 
hundred feet of the site boundary. 

• Biodegradation testing, carbon isotope testing, and soil gas composition all provide 
evidence of significant biological degradation of hydrocarbons under the site.. 

• In 1991, when ground water level dropped below the smeared zone, benzene virtually 
disappeared from the water. This indicates that natural forces deplete the benzene 
from the water as soon as the water is no longer in contact with the residual 
hydrocarbons which function as a reservoir for the benzene. 

PHASE 1 REMEDIATION 

Vapor Extraction System 

A RETOX vapor extraction unit operated at the site from December 1993 through mid-
May 1994. Unexpected high concentrations of volatile organic compounds and methane 
in the ex-tracted soil gas required the addition of a high percentage of dilution air to stay 
within the treatment capacity of the RETOX system. The addition of this dilution air 
severely limited the flowrate from the e.xtraction wells. The RETOX system was 
subsequently shut down in May 1994. It is estimated that the RETOX unit removed 
about 12,000 pounds of total hydrocarbons and about 120 pounds of benzene during this 
operation. 
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Tests were mn using a VR Systems Model V4 intemal combustion engine (IC engine) to 
extract and bum the hydrocarbon vapors. These tests indicated a much greater extraction 
rate could be realized for the soil gas wells. On June 10, 1994, a VR Systems Model V4 was 
installed on extracfion well PEW-2 and has been operated since that time. Through 
December 7, 1994, a total of 70,000 pounds of hydrocarbons, including about 400 pounds 
of benzene, are estimated to have been removed. 

Ground Water Treatment System 

The Phase 1 GWTS was installed and began operation at the site in December 1993. 
The system consisted of three extraction wells, two bag filters for suspended sofids 
removal and granular activated carbon (GAC) adsorption system (two vessels in series). 
The system was shut down on Febmary 25, 1994, after detection of benzene in the 
effluent from the activated carbon vessels. During that initial few months of operation, 
the system was frequently shut down to change clogged bag filters. 

To reduce the amount of solids entering the system, three new extraction wells v/ere 
designed and installed in May and June of 1994. These wells had carefully engineered •&• 
well screens to minimize the entrainment of fine solids with the extracted ground water. •? 
The three wells used initially were disconnected from the system. A series of tests of the 
wells and various pretreatment options were conducted during July and August of 1994 
to aid in the Phase 2 design. Ground water flow rates ranged from 5 to 20 gpm during 
this period. 

During Phase 1 GWTS operation (through November 1994), approximately 4,913,000 
gallons of water were extracted and treated. It is estimated that appro.ximately 140 
pounds of TPH and 12.6 pounds of benzene were removed with the extracted ground 
water. 

The system has been shut down three fimes as a result of upsets from the NPDES limits. 
The first time was in February 1994, when benzene exceeded the discharge limit. After 
an investigation, remedies were implemented and the carbon was replaced. System 
operation resumed on July 1, 1994. 

The second upset occurred in September, 1994 when the total dissolved solids (TDS) 
concentrafion exceeded the daily limit. The system was shut down on September 14. The 
Regional Water Quality Control Board (RWQCB) authorized continued operation of the 
Phase 1 system with a sfipulation that the mass discharge rate of TDS in the effluent must 
not exceed the permitted daily maximum of 1,000 lbs/day and the discharge must not cause 
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the water quality objectives in the Santa Clara River to be exceeded. GWTS operation 
resumed on October 25, 1994. 

The third upset occurred in November 1994 when the sulfate concentration exceeded the 
daily Umit. The system was shut down on December 3, 1994. A sample collected prior to 
system shut down was analyzed for sulfate and found to be below the limit. The RWQCB 
indicated that system operation could resume provided four consecutive weekly samples 
remain below the sulfate limit. System operation resumed on December 7, 1994. 

In order to optimize Phase 1 remediafion efforts, well MW-28S will be operated in place 
of EW-2. MW-28S is located in an area with higher benzene concentrations (in the center 
of the northem plume) and can be pumped at a higher rate than EW-2. MW-28S was 
placed in operation on November 30, 1994. 

ADDITIONAL REMEDIAL TESTING AND EVALUATION 

In the course of the Phase 1 operation, a number of addifional tests and studies were 
conducted to aid in the Phase 2 design. 

Vapor Extraction Testing 

A number of short-term vapor extraction tests were run to provide information on soil 
gas component concentrations, vapor extraction rates, vacuum requirements, and to 
estimate air permeabilities and hydrocarbon removal rates. A long-term vapor ex1;raction 
test on well PEW-2 has been on-going since June 10, 1994. The purpose of this test is to 
evaluate the change in concentrations of hydrocarbons and other components of the soil 
gas as vapor extracfion proceeds. After about six months of testing, the results indicate 
that flow to the well is almost entirely horizontal. There is little vertical fresh air 
infiltration from the ground surface and there is minimal vertical communication with the 
deeper vadose zone. However, the increased oxygen content from 2 percent to 4 percent 
indicates some air may be infiltrating the extraction zone and/or soil gas outside the zone 
of hydrocarbon contamination, with higher oxygen content, is being drawn into the area. 

Vapor Condensation 

Condensation of hydrocarbons in the soil gas was evaluated. The concept is to compress 
soil gas and partially condense the hydrocarbons using refrigeration. The uncondensed 
light hydrocarbons would then be bumed in a flare. The preliminary calculations 
indicate that the concept is technically feasible. However, as a result of considerable 
other uncertainties, this altemative has not been considered further. 
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Biotechnical Evaluation 

Several soil and water samples from the site were subjected to biotreatability studies. These 
studies show presence of hydrocarbon degrading microbes in each of the samples. The 
results of the biotechnical evaluation indicate that hydrocarbon biodegradation is taking 
place at the site, although at a relatively slow pace that is limited by the availability of 
oxygen and nutrients. 

Long-term vapor extraction at the site will increase the oxygen content of the soil gas and 
improve the biodegradation rates. Dissolved hydrocarbons in ground water moving away 
from areas of residual hydrocarbon and soil will confinue to biodegrade, effectively limiting 
further plume migration. 

In-Situ Treatment Study 

The technical feasibility of air sparging and bioventing for in-situ treatment of ground 
water was considered. Bench scale tests, conducted during solids removal testing (section 
6.5), have shown that air sparging of the ground water results in considerable ; 
precipitation of calcium carbonate and iron and manganese compounds. It is apparent -
that any injection of air, whether for bioventing or air sparging, in the ground water 
aquifer will likely result in the precipitafion and formation of total hardness minerals in 
the vicinity of the sparging or injection wells. It is concluded that air sparging and 
bioventing are not appropriate technologies for ground water treatment at the PCPL site. 
Bioventing may aid in vadose zone remediation, however. 

Evaluation of Ground Water Solids Removal Alternatives 

A number of suspended solids removal methods were evaluated. These included 
dissolved air flotafion, centrifuge, aeration, lime treatment, sand filter, bag filter, settling 
tank, and chemical addition. None of the methods tested achieved more than about 50 
percent reduction in suspended solids. Some of these, such as dissolved air flotation and 
aeration, resulted in a considerable increase of suspended solids. It is concluded that 
periodic backwashing of the activated carbon, with no pretreatment of the raw water, 
appears to be the most cost effective approach. 

Geophysical Logging 

Eleven boreholes were subjected to geophysical logging using Gamma logs and 
electromagnetic response logs. The data generated from the geophysical logs was used to 
supplement geologic information presented in the cross sections included in this report. 
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Ground Water Pumping Tests 

Ground water pumping tests have been conducted at the PCPL site to characterize 
hydrogeologic properties of the aquifer I material. Results have been incorporated into 
a series of permeability distribufion maps for the site, which were used for predictive 
modeling of ground water flow and subsequent capture zone analyses. 

The results indicate the aquifer permeability decrea.ses to the west and north of the 
PCPL site. The highest permeabilifies appear to follow a linear trend from the vicinity 
of MW-28S southwesterfy to EW-4 and MW-39S. 

Evaluation of Treated Water Disposal Alternative 

Treated ground water was evaluated for its suitability as irrigation water for local crops. 
The water was found to be poorly suited for this application as a result of high 
concentrations of boron and sodium, high concentrations of total dissolved solids which 
would result in increasing problems with salinity and soil permeability, and high 
concentrations of bicarbonate. Also, the extreme hardness of the water would result in 
clogging of drip systems and spray systems by precipitated salts. It is concluded that use 
of treated ground water for irrigation is not a viable reuse option. 

In the Phase 1 operation, the treated water is discharged to Pole Creek where it 
combines with the waters of the creek. Pole Creek is concrete-lined at the discharge 
point, but is unlined approximately 1,300 feet to the south. Primary source of recharge 
to the Fillmore Basin is by percolation of stream flows. Therefore, there is substanfial 
recharge of the water to the Fillmore ground water basin. TTiis is the recommended 
reuse of the water for Phase 2 operation. 

SITE SIMULATIONS 

Stick Model 

A three-dimensional subsurface lithologic model was constructed from the data reported 
on boring logs from over 100 borings and wells installed near the site. This model was 
used to help understand the lithology of the subsurface of the site. 

Vapor Extraction .Modeling 

Vapor extraction modeling was conducted to estimate pressure declines within the 
unsaturated zone beneath the site resulting from extracting gas at various rates from 
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several onsite locations. The vapor extraction modeling estimates that the extraction of 
three wells will effectively capture hydrocarbon vapors within the vadose zone target areas. 

Ground Water Modeling 

A numerical ground water flow model of aquifer I at the PCPL site was constructed to 
(1) provide information on flow direction and velocity, (2) assist in identifying 
recharge/discharge volumes and locations, and (3) provide base information for 
performing capture zone analysis. 

Modeling results have shown that five existing wells and two new e.xtraction wells are 
sufficient to capture ground water from the identified target zones. The lecommended 
pumping scenario is shown on Figure 7-7. 

EVALUATION OF REMEDIAL OPTIONS 

Approach to Meeting Cleanup Criteria and Goals 

The selected remedy described in the ROD calls for, "Soil vapor extraction for those 
areas that threaten to contaminate ground water at levels above site cleanup standards." 
Areas have been idenfified in the vadose zone in which there is potential for migration 
of benzene vapors from the vadose zone to the ground water. It has also been shown 
that in some areas there is litfie potential for gas with elevated concentrations of 
benzene to contact the ground water as a result of low permeability intervening soil 
layers. 

Target zones for soil vapor extraction have been identified and are shown in Figure 8-1. 
These are areas in which, by virtue of high benzene concentrations in the vapor, there is 
potential for ground water contamination and there are identified pathways to the 
ground water. Wells have been selected for vapor extraction within these target areas. 
Additional wells will be added based on the results of extraction from the initially 
selected wells. 

Tlie approach to remediafion of the ground water is to create capture zones around the 
benzene sources and allow any benzene which has moved beyond those capture zones to 
degrade naturally. Without a continuing source, benzene which has moved beyond the 
capture zone will degrade. The ground water target areas have been selected on the 
basis of the areas of highest benzene concentrations in the ground water on the site. A 
central target area has been added in the vicinity of proposed well EW-7. There is no 
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known benzene plume in this area, but there is currently no monitoring well suitably located 
in this area. If initial sampling of well EW-7 indicates no upgradient source, this well will 
be used solely as a monitoring well. 

Vadose Zone Remedial Options 

Remedial options considered for vapor extraction include IC engines, thermal/catalytic 
oxidation, carbon adsorption, and condensation and flaring. Carbon adsorption, and 
condensation and flaring have been mled out as inappropriate for this application. IC 
engines have been proven on site and have operated successfully for several months. 
Thermal/catalytic oxidation appears to have application at this site and should be 
considered as an attractive altemative for vapor destruction. 

Recommended Vadose Zone Remedial Approach 

The VR System Model V4 using IC engines is the recommended alternative for soil gas 
extraction treatment. However, the design is sufficiently flexible to accommodate a 
thermal/catalytic oxidizer in place of, or in combination with, IC engines. Soil gas will be 
inifialfy extracted from wells PEW-1, SBD-3, and EW-4. Well PEW-3 will be added to 
the network later, and other wells may be added as needed. 

Perched and Ground Water Remedial Options 

Perched water wells have been mostly dr/ since the first quarter of 1994. Tlierefore, 
perched water will not be e.xtracted and treated as part of the Phase 2 design. 

The aquifer I extraction well field design is based on the results of the ground water 
modeling. Estimated extraction rates, including well EW-7, is 113 gpm. Activated 
carbon is the primary method for the treating of ground water at the site. Backwashing 
of the carbon is planned in lieu of secondary treatment. However, provision is made in 
the design for addition of a high capacity bag filter system, to be used when a new well is 
put on line or after restarting pumping from a well that has been idle for some time. 
The filters may be used confinuously if this proves necessary during Phase 2 operation. 

The selected discharge option is to discharge into Pole Creek under a NPDES permit. 
This method can be categorized as beneficial reuse, since the creek is unlined south of 
the site and much of the water will percolate into the ground water basin. 
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Recommended Ground Water Remedial Approach 

Phase 2 ground water extraction and treatment will consist of pumping of aquifer I 
ground water from either six or seven wells, as shown on Figure 8-2, activated carbon 
treatment of the extracfion water and discharge of the treated water to Pole Creek under 
a new NPDES permit. Based on a continuing evaluafion, the well field or extraction 
rates may be modified. 

PHASE 2 DESIGN OUTLINE 

Soil Vapor Extraction System 

Within the vadose zone target areas, extraction will initially be limited to wells described 
above. As hydrocarbon concentrations decrease in these wells, additional vapor 
extraction wells will be connected as needed. Wells will be disconnected from the system 
when major component concentrafions indicate an approach to asymptofic values that 
appears to match natural emissions. 

A decision tree is presented in Figure 9-1 that outlines the process for modifying or 
shutting down the vapor extraction system. 

Ground Water Extraction and Treatment System 

The concept for ground water extraction and treatment has been previously described. 
In wells where LNAPL is detected, LNAPL absorbers will be installed. In addition, 
pump shut-off sensors will be installed above the pump to prevent the introduction of 
LNAPL into the pumps. A mulfi-bag filter unit will be installed upstream of the GAC 
vessels to be used on start of pumping at a new well, or as necessary during continuous 
operation. To remove suspended solids that may accumulate on the top layers of the 
GAC vessels, the vessels will be periodically backwashed. 

The necessary modifications to the Phase 1 system will consist of installing additional 
piping to existing extraction wells, upgrading the piping in the equipment area for higher 
flow capacity, installation of additional extraction wells and upgrading the electrical 
controls for additional pumps. 

A decision tree presented in Figure 9-2 shows criteria for modifications and operafing 
fime. As stated in the ROD, "Because this remedy will not result in hazardous substances 
remaining on the site above health-based levels, a five-year review will not apply to this 
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action. The selected remedy will undergo periodic performance evaluations at a frequency 
to be determined in the Remedial Design Work Plan." 

PHASE 2 DESIGN SPECIFICATIONS AND REMEDIAL PROGRAM 

This section provides design details and specificafions for the vapor extraction system and 
the ground water treatment system. Details are shown on Design Drawings M-l through 
M-8, and E-1 and E-2. 

PHASE 2 REMEDIAL ACTION IMPLEMENTATION 

The remedial action implementation will follow the EPA approval of final design. This 
includes development of a Remedial Action Workplan and submittal of a number of 
remedial action deliverables. A number of permits may be required for installation and 
operation of the systems. Implementation includes installation and start-up of the systems 
and ongoing maintenance and monitoring of the systems. 
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1.0 INTRODUCTION 

This Phase 2 Design Report summarizes the Phase 1 remedial program and presents the 
proposed Phase 2 remedial activities at the Pacific Coast Pipeline (PCPL) Superfund Site 
in Fillmore, Califomia. 

1.1 Background 

The PCPL site is located at 67 East Telegraph Road on the eastem edge of the City of 
Fillmore. A site location map is shown in Figure 1-1. The site, which covers approximately 
20 acres, was formerly an oil refinery which has since been dismantled. The earliest known 
reference to refinery operations at the site prior to acquisition by Texaco was a reference 
to oil transported to the Ventura Refinery in 1917. In 1928, Texaco purchased the refinery 
and operated it until the early 1950s. An early reference indicates that Richfield Oil Co. 
operated a gas separator plant on a portion of the site in the early 1950s. Since closure of 
the refinery, the site has been used by Texaco as a pumping station for crude oil produced 
from local oil fields. 

While the refinery was in operation, miscellaneous hydrocarbon wastes believed to consist 
primarily of tank bottoms, filter cake, and sludge were disposed of onsite in a large pit, 
referred to as the Main Waste Pit and in several smaller pits located throughout the 
property. The approximate location of the former pits and former refinery layout are 
superimposed on the site plan as shown in Figure 1-2. 

1.2 Previous Investigations 

In 1980, Texaco submitted a proposal to the California Regional Water Quality Control 
Board (RWQCB) - Los Angeles Region to remove waste material from the pits and apply 
it to site roads. Chemical evaluation of the waste indicated that portions of the wastes were 
hazardous and additional investigations were requested. From 1983 through 1989, Texaco 
voluntarily conducted ground water and soil assessment programs under the direction of the 
California Department of Health Services (DOHS) and the RWQCB. In 1986, Texaco 
excavated and removed 38,000 tons of waste and contaminated soil from the former Main 
Waste Pit and other small waste disposal areas. 

In June 1989, the site was added to the United States Environmental Protection Agency 
(EPA) Nafional Priority List (NPL). Between 1990 and 1992, a Remedial Investigation/ 
Feasibility Study (RI/FS) was conducted by ENSR to delineate the nature and extent of 
contamination in the soil and ground water at the site and develop a remedial plan. The 
RI/FS (ENSR, 1991a, 1992a) concluded that there were significant levels of total petroleum 
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hydrocarbons (TPH) and benzene, toluene, ethyl benzene, and xylenes (BTEX) in ground 
water at various locations and significant concentrations of TPH in the vadose zone, but very 
little evidence of BTEX in the vadose zone. TTie RI/FS concluded that ground water pump-
and-treat coupled with limited soil vapor extracfion (SVE) in the vadose zone were the 
appropriate remediation technologies for the site. 

In Febmary 1992, the EPA issued a Proposed (Cleanup) Plan ouUining the remedial acfion 
altematives for the site and a public hearing was held in March 1992 to obtain comments 
from interested parties on the plan. The EPA Record of Decision (ROD) was then issued 
in March 1992 (USEPA, 1992b) followed by the Statement of Work (SOW) in August 1992 
(USEPA, 1992c) outlining the work required for designing and implementing remedial 
activities at the site. A Preliminary Design Workplan (PDW)(ESI, 1992) was submitted and 
approved by the EPA in December 1992. 

The Consent Decree (CD) (USEPA, 1993a) was entered in August 1993. During CD 
negotiations, it was agreed that the remedial design would be completed in phases. The 
Phase 1 Design Report was completed in September 1993 (ESI, 1993c). 

The Phase 1 remedial program, which included SVE and ground water pump-and treat, was 
implemented in December 1993. Several factors were encountered during Phase 1 which 
required revisions to the site remediation schedule as presented in the Phase 1 Design 
Report (ESI, 1993c). The revised schedule was approved by the EPA in March 1993. See 
Figure 1-3 for the revised site remediation schedule. 

This report summarizes the Phase 1 remedial program and describes the proposed Phase 
2 design. 

1.3 ROD Requirements 

The Record of Decision (ROD) for the site established the selected remedy and 
documented the goals for remediation. The following description of the selected remedy 
is excerpted from the Declaration for the Record of Decision: 

• "Design, construction and operation of a ground water extraction and 
treatment system to treat extracted ground water to levels that meet 
the cleanup standard set forth in this ROD;" 

• "Discharge of treated ground water to the aquifer at the Site by 
injection or provision ofthe treated ground water to beneficial users 
of the treated ground water;" 
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• "Soil Vapor Extraction for those areas that threaten to contaminate 
ground water at levels above Site cleanup standards following a one 
year subsurface study;" 

• "Ground water monitoring to demonstrate that the extraction system 
is effectively capturing the contaminant plume and ultimately, to 
demonstrate achievement of the cleanup standards throughout the 
aquifer," and 

• "Maintenance of perimeter fencing at the Site until cleanup standards 
are met." 

The selected remedy is Alternative 6 of seven alternatives evaluated. The ground water 
treatment system in Altemative 6 is carbon treatment. 

1.4 Cleanup Goals 

The aquifer cleanup standards are specified in the ROD for five volatile organic compounds 
(VOCs) and are reiterated in the SOW. The five VOCs and their respective cleanup 
standards for ground water are: 

Contaminant 

Benzene 

1,2-Dichloroetliane 

Ethylbenzene 

Methylene Chloride 

Toluene 

Standard (ppb) 

1 

0.5 

680 

5 

100 

Of these, benzene and toluene are the only compounds that currently exceed the cleanup 
standard. Historic analytical data in the ground water database (includes samples collected 
from August 1990 to August 1994) indicate that forty-three Texaco wells have had 
concentrations which exceed the cleanup standard for benzene of 1 ug/L. During the same 
period, only thirteen Texaco wells have had concentrations which exceed the cleanup 
standard for toluene of 100 ug/L, and only three of these wells have exceeded the toluene 
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cleanup standard on more than one occasion. These three wells also exceed the cleanup 
level for benzene. 

Ofthe remaining three compounds for which cleanup standards have been set, historic data 
indicates that 1,2-dichloroethane has only been detected three times and has not been 
detected in the last three years while ethyl benzene and methylene chloride have not been 
found at levels above the cleanup standard in any Texaco well. 

Of the two compounds that currently exceed the cleanup standard, benzene exceeds its 
cleanup standard in far more wells than toluene and the cleanup standard for benzene of 
1 ug/L is much lower than the cleanup standard for toluene of 100 ug/L. In wells where 
toluene is found at levels above the cleanup standard, benzene is also present at significant 
concentrations. The remediafion of benzene to its cleanup standard should ensure that the 
cleanup of toluene is surpassed, therefore, benzene is the target compound for this 
remediation program and the design report is focused on benzene. 

The SOW states that: 

"Achievement of the cleanup standards shall be measured by the approach 
recommended in EPA guidance or policy. In the event no such guidance is available, 
achievement of the cleanup standards shall be measured using the following factors: 

• an average of water quality data from wells within the former plume 
e.xcluding background wells and historically non-detect wells; and 

• from more than 3 quarters that include seasonal high [and] low water 
elevations. 

EPA may require adjustments to the monitoring system to collect the appropriate data." 

1.5 Objectives and Scope 

The objectives and scope of the Phase 2 Final Design and activities in support of the design 
are defined in the SOW and PDW. These are described below: 

• Presentation of the results of the Phase 1 operation and description of how this 
informafion has been incorporated into the Phase 2 design. 
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• Development of a conceptual design for Phase 2 which includes ground water 
extraction based on capture zone analysis, treatment of ground water by activated 
carbon, soil vapor extracfion, and evaluation of air sparging. 

Refinement of the site hypothesis. 

Evaluafion and selecfion of an appropriate opfion for disposal of treated ground 
water. 

Reporting and evaluation of additional field data collected in support of the design. 

Conducting pilot scale tests of candidate remedial technologies. 

Conducting bench scale tests of biodegradation. 

Preparation of the Phase 2 Final Design for the selected remedy. 
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2.0 SITE DESCRIPTION AND REFINED SITE HYPOTHESIS 

2.1 Site Location and Surface Facilities 

2.1.1 Locafion 

The PCPL site is located on the eastem edge of the City of Fillmore in Ventura County. 
The property is approximately 20 acres in size and is elongated in a north-northwest to 
south-southeast direction. It is bounded to the west by a concrete lined channel, Pole 
Creek, and on the east by the southwestern edge of the Piru Mountains. It is bounded to 
the south by State Highway 126 (also referred to as Ventura Street and Telegraph Road) 
and to the north by vacant land (Figure 2-1). 

2.1.2 Surface Facilities 

The current surface facilifies include buried cmde oi! transport pipelines, a pipeline 
manifold yard, a surface pumping station, above ground storage tanks and administration 
buildings. As shown in Figure 2-1, the majority of the site consists of open, unpaved area. 

The small building near the middle ofthe site is used as an office for the cmde oil pumping 
operations, the buildings near the southeast portion of the site are meeting and storage 
rooms. A road mns through the middle of the site in a north-northwest direction and is 
paved up through the central portion of the site. There are five large above ground crude 
oil storage tanks and three smaller tanks which are all located within bermed areas. 

An above ground water tank, located on the side of the hill, stores water pumped from a 
deep ground water producfion well located just east of monitoring well MW-29D. The 
pumped water is used at the office building and is also used as irrigafion water for an 
avocado orchard located in the hills to the east. There is a large depression located in the 
west central portion of the property where the former Main Waste Pit was located. 

A concrete treatment pad is located just south of the two smaller storage tanks (not shown 
in Figure 2-1 as it did not exist at the fime of the photo). The treatment pad currently 
contains granular activated carbon canisters that are used to treat the pumped ground water. 
Southem Pacifi"c Railroad tracks mn through the southern portion ofthe site in an east-west 
direction. The facility is fenced north of the railroad tracks. South of the railroad tracks 
and west of the entrance road, there is a small grassy area with the "Welcome to the City 
of Fillmore" sign. East ofthe entrance road there is a fenced area which contains an orange 
grove. 
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There are approximately fifty monitoring/extraction wells onsite and approximately twenty 
Texaco wells offsite. The depth of the wells ranges from 44 feet to 164 feet below ground 
surface (bgs). The ground water production well is 500 feet deep with the first perforations 
at 138 feet below ground surface. 

2.1.3 Topography 

The elevation of the relatively flat portion of the site ranges from approximately 470 feet 
above mean sea level (AMSL) in the southern portion of the site to approximately 570 
AMSL in the northem portion of the site. The elevation of the hill to the east that is 
considered part of the site reaches a maximum elevation of 725 feet AMSL. 

2.1.4 Surrounding Area 

The site is surrounded by areas of agricultural, industrial, and residential use. The area to 
the north and east consists of vacant and agricultural land. There is a large avocado orchard 
up the hill to the east. Just east of the southeastern boundary of the property there is a 
small nursery. Across State Highway 126 to the south of the site is Bamett Tmcking and-
a mobile home park. 

There is a residential area and public school (San Cayetano School) west of Pole Creek.and 
north of the Southem Pacific Railroad tracks. Immediately south of the railroad tracks is 
a small industrial area which contains an auto wrecking yard. To the west of the yard are 
undeveloped areas which were historically used for bulk petroleum product loading. 

A gasoline service stafion currently operated by Ultramar Inc. is located on State Highway 
126 just south ofthe wrecking yard. The service station had an underground fuel tank leak 
which was discovered in the 1980s by the former owner, Conoco. Hydrocarbons were 
detected in soil and ground water below the site. Conoco replaced the underground fuel 
tanks in the late 1980s and submitted a plan for soil remediation (vapor extraction) to 
Ventura County. Ultramar purchased the site from Conoco and continued with the 
monitoring and remediation plans. Ultramar operated a vapor extraction system from 
January through September 1992 and reported that over 3,000 lbs of hydrocarbons were 
extracted during this period. According to Ultramar's second quarter report (submitted to 
the RWQCB), the vapor extracfion system was also operating from March through July 
1994. 

Texaco and Ultramar have worked cooperatively over the past few years, coordinating the 
quarterly ground water sampling events in order to share split samples from certain of each 
other's wells. 
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2.2 Climate 

The climate at the PCPL site is semi-arid, Mediterranean. The mean annual rainfall is 
approximately 18 inches. About 75 percent of the precipitation occurs between December 
and March. Gross pan evaporation averages 62 inches. Mean daily temperatures range 
between 41 and 69 degrees Fahrenheit in the winter to between 55 and 88 degrees 
Fahrenheit in the summer. 

2.3 Regional Geology and Hydrogeology 

2.3.1 Regional Geology 

The regional topography and landforms are primarily a reflection of Pleistocene and later 
tectonic activity with mass wasfing and differential stream erosion overprints on the 
stmctural surface. A geologic map for the region (Figure 2-2) and cross section from north 
to south across the Santa Clara Valley (Figure 2-3) show that the regional stratigraphy is 
largely stmcturally controlled. The area is comprised of three regional east-west trending 
stmctural provinces that are divided by major faults. The major structure features from 
north to south are as follows: 

Topatopa-Piru Anticline (includes Topatopa and Piru Mountains) 

- San Cayetano TTirust Fault Zone -

Santa Clara Trough (includes Santa Clara River Valley) 

Oak Ridge Fault Zone 

Oak Ridge Anticline (includes Santa Susana Mountains) 

The PCPL site lies along the northern boundary of the Santa Clara Trough. In the Fillmore 
area, the Trough is bordered on the north by the Topatopa and Piru Mountains and on the 
south by the Santa Susana Mountains. A basic description of the major structural features 
follows: 

Santa Clara Trough 

The Santa Clara Trough (regionally referred to as the Ventura Basin Syncline) is an east-
west trending valley which contains the west flowing Santa Clara River. The trough is a 
deep syncline with both limbs overturned. The north limb is terminated by the San 
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Cayetano Thmst Fault and the south limb is broken by the Oak Ridge Fault. Both faults 
dip away from the valley with overlying geologic strata of the Topatopa-Pim Anticline and 
Oak Ridge Anticline provinces moving toward the center of the valley. 

The strata in the Santa Clara Trough are younger than the strata in the mountains to the 
north and south. Cenozoic strata with an aggregate thickness of over 40,000 feet are 
exposed or known from oil and gas well logs in the Fillmore area (Eschner, 1957). l l ie 
surface of the Trough is covered with Recent deposits consisting primarily of unconsolidated 
alluvial and colluvial sequences. The alluvial sequences include both fan and stream 
deposits along and near the Sespe Creek, Pole Creek and Santa Clara River drainages. 
Colluvial, landslide and mass wasting deposits associated with landslides and ground creep 
are found primarily along the topographic break between the river valley and the adjacent 
highlands. The Recent deposits overlie Pleistocene age deposits of (San Pedro or Saugus 
Formation). 

Topatopa-Pim Anticline 

The Topatopa-Piru anticline (also referred to as the Topatopa Uplift) is an eastward 
confinuation ofthe Santa Ynez Anticline. The nearest named peak ofthe Topatopa Range, 
San Cayetano Mountain, is located approximately 4-1/2 miles to the northwest ofthe PCPL 
site and rises to almost 4,180 feet above sea level. The nearest named peak of the Pirn 
Ranges, Oat Mountain, is located approximately 2-3/4 miles to the north ofthe site and rises 
to over 3,120 feet above sea level with over 2,500 feet of relief down to the site (USGS, 
1988). 

Locally, the mountains are composed of early Tertiary age sedimentary deposits that were 
intensely folded as they were thmst southward over less-resistant, younger sedimentary strata 
of the Santa Clara Trough (along the San Cayetano Thrust Fault). San Cayetano and Oat 
Mountains, and the hills immediately to their north (which represent the southem margin 
of Topatopa and Pirn Ranges, respectively) contain asymmetric, overturned, and inclined 
isolcinal folds. Miocene Monterey Formation and landslide debris outcrop at the surface 
in the vicinity of the site. 

Oak Ridge Anticline 

The Oak Ridge Anticline (also referred to as the Oak Ridge Uplift) was formed by reverse 
fault movement along the Oak Ridge Fault. Older strata has moved upward over the 
younger strata of the Santa Clara Trough. The Topanga Sandstone Formation is exposed 
at the surface, south of the Oak Ridge Fault. 

\SS©(DDM[ 



SITE DESCRIPTION AND REFINED SITE HYPOTHESIS 

Pacific Coast Pipeline Superfund Site Page 2-5 
Final Phase 2 Design Report December 16, 1994 

San Cayetano Fault Thmst Zone 

The San Cayetano Fault Thmst is an east-west trending, northerly dipping thmst fault which 
forms the topographic break between the northem mountains (Topatopa-Pim Anticline) and 
the Santa Clara Valley (Santa Clara Trough). Movement along the San Cayetano began 
during the Pleistocene. Fine (1954) reported 30,000 feet of throw along the fault. 
Landslides are common along the fault front and obscure the surface geology. Faulting 
associated with the San Cayetano can be identified by locally offset bedding and in many 
locations, surface oil seeps. 

The San Cayetano Fault Zone has been designated as a zoned fault under the Alquist-Priolo 
Earthquake Fault Zoning Act. This Act delineates a one-quarter mile zone along active 
faults where building restrictions apply. An active fault is a fault that has had surface 
displacement within Holocene time (last 11,000 years). The fault trace in the vicinity ofthe 
site has been buried by alluvial and colluvial material and is not visible. Most references 
show the fault trace along the base of the hills, but other references show the fault trace 
across the middle of the site or across the hills. It is better to visualize the thrust fault as 
a zone, rather than a single line trace along the surface. 

Oak Ridge Fault Zone 

The Oak Ridge Fault Zone is a northeast trending, southerly dipping reverse fault which 
forms the topographic break between the mountains to the south (Oak Ridge Anticline) and 
the Santa Clara River Valley (Santa Clara Trough). Compressional tectonics during the 
mid-Pleistocene formed the Oak Ridge Anticline. 

2.3.2 Regional Hydrogeology 

The PCPL site is located within the Fillmore Basin as described by Mann & Associates 
(1959). The sources of water for underlying water bearing units are ground water inflow 
and stream and precipitation recharge. The Fillmore sewage treatment facility (located on 
Sespe Creek) recharge and the city water supply well withdrawals are both sufficient to 
contribute to the overall basin water balance. Ground water flow through the basin is 
predominately west-southwest roughly paralleling the Santa Clara River. Sespe Creek and 
its tributaries add a southerly component to the ground water flow direction. A ground 
water contour map of the near surface aquifer is shown in Figure 2-4. 

Inflow to the basin is through alluvial deposits and the San Pedro Formation located east 
of the basin, traveling more or less along the Santa Clara River. The primary recharge to 
water bearing units is from the Santa Clara River and Sespe Creek. Secondary recharge and 
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some indirect recharge originates at Lake Pirn. There is additional alluvial recharge from 
precipitation on the alluvial fan deposits along the mountain front. The volume of 
precipitafion recharge from adjacent terrace areas is limited by the low vertical and 
horizontal permeability of those units. At the westem boundary of the basin, the alluvium 
and upper permeable San Pedro are constricted and underflow out of the Basin is fairly 
constant. Enough ground water rises to the surface at the westem end of the basin to create 
perennial surface flow out of the basin. 

Because of the geometry of the basin, the ground water hydraulics and the geologic 
conditions, aquifer water level response to changes in recharge are manifested relatively 
rapidly. In most cases, after a drought period, one year of above average precipitation will 
replace the withdrawn storage from the aquifer. The magnitude of the maximum water level 
change in the upper aquifer is probably limited by the down basin discharge point. At some 
upstream ground water elevation a steady state discharge condition will be met where 
surface flow at the westem discharge will increase and therefore maintain a maximum 
elevation. 

Within the eastem portion ofthe Basin where the PCPL site is located, the alluvial deposits 
and the underlying San Pedro Formation are the major water bearing units. The boundary 
between the alluvium and San Pedro Formation is difficult to accurately locate because of 
Hthologic similarities. The thickness of these units vary. Mann (1959) reported thicknesses 
of 60 to 100 feet while CDWR (1953) reported alluvial thickne.sses of 180 to 250 feet. 

Figure 2-5 is a hydrograph showing the relationship in water level changes at several wells 
compared to flow in upgradient rivers and creeks, storage in Lake Piru and local 
precipitation from 1925 to present. Figure 2-6 shows the same information for the last ten 
years. The hydrograph shows that fluctuations of 30 feet are common with maximum long-
term fluctuation of 50 feet observed in a well located 0.3 miles south-southwest of the site 
(1961-1969). 

The data indicates that surface flows, surface storage volume and ground water levels vary 
according to precipitation. However, there is not a strong correlation between surface flow 
and ground water elevations on a regional basis. Precipitation appears to be the major 
factor in ground water elevafion control the bulk of the precipitation occurs from January 
to March and the ground water levels generally show the highest seasonal level in March. 
Changes in precipitafion over the longer-term also show a direct affect on ground water 
levels. During the relatively dry period from 1972 to 1976, ground water elevations in the 
selected wells dropped approximately 40 feet. Water levels rebounded rapidly during the 
1977-1978 storm season. Figure 2-6 shows that 1991 to 1993 were also relatively wet years 
with a corresponding increase of 25 to 30 feet in the regional water levels. 
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2.3.3 Surface Hydrology 

The Santa Clara River (located approximately 1/2 mile south of the site) is a mature, west 
flowing river that has developed upon the less-resistant sedimentary strata described above. 
The location of the river along the southem boundary ofthe river valley is due primarily to 
the heavy tributary flow into the river from the north and local uplifts within the basin 
(Mann and Associates, 1959). A hydrograph of flow in the Santa Clara River at the Los 
Angeles and Ventura County line shows both the annual and long-term variafion in flow. 
As expected, peak flows occur in March or April and low flow in October or November. 
The long-term base flow in the river is approximately 48.3 cfs (31 million gallons per day) 
(Earthinfo, Inc., 1994). 

Within the Fillmore Basin, the majority of the perennial and intermittent streams drain the 
mountains from the north into Sespe Creek which in tum descends southward, emptying 
into the Santa Clara River just west of the Cit\' of Fillmore (approximately 2.5 miles west-
southwest of the site). 

Pole Creek, a perennial stream, located at the eastem boundary ofthe Fillmore Basin drains 
an area of approximately 7.5 square miles. It generally flows from the highlands east of the 
Fillmore Basin and then tums abmptly southeasterly flowing past the PCPL site into the 
Santa Clara River. The rapid change in channel orientation suggests that the channel has 
been influenced by geologic control. The lower portion of the Pole Creek channel was 
improved in the early 1970s with the construction of a concrete-lined box channel which mns 
along the western edge of the site. There is a stream gaging station in the porfion of the 
channel located upstream from the confluence of Pole Creek and the Santa Clara River. 
Flow from Pole Creek for water year 1993 is included in Table 2-1. 

Flow in the Santa Clara River in the Fillmore area and recharge to underlying aquifers is 
in part controlled by discharges from Lake Pirn which began storage in 1955 and then from 
Pyramid Lake since 1977. Both of these reservoirs are part of the California Water Project. 
Storage in Lake Piru is shown in Figure 2-6. 

2.4 Regional Petroleum Geology 

The PCPL site lies within the eastern portion of the Ventura Basin petroleum province 
(Figure 2-7). The petroleum accumulations are predominantly controlled by structural 
(anticlines and faults) and stratigraphic (depositional thinning or "pinch outs") elements of 
the basin which provide the hydrocarbon trap. Approximately 85 percent of the oil 
generated from the Ventura Basin fields has been produced from marine sediments of the 
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Pliocene-aged Pico and Repetto Formations and the Upper Miocene-aged Santa Margarita, 
Monterey and Modelo Formafions (Nagle and Parker, 1971). 

Oil fields located within the site vicinity include the Fillmore, Shiells Canyon and Bardsdale 
fields. Tiirough 1987, these three fields have produced a combined 53.5 million barrels of 
oil (CDOG, 1988). The Bardsdale Field was discovered by Union Oil Company of Califomia 
(Unocal) in 1891 (Califomia Division of Oil and Gas [CDOG], 1960; revised 1991). The 
most recently discovered of these fields, the Fillmore field, was discovered in 1954 by 
Standard Oil Company of Califomia (Chevron U.S.A.) (Schultz, 1959). The Bardsdale and 
Shiells Canyon fields formed as a result of displacement along the Oak Ridge thrust fault 
(Sylvester and Brown, 1988). Repeated displacements along the Oak Ridge fault have 
generated a series of anticlines that form a hydrocarbon trap. Minor oil producfion 
originating from strata tmncated by the Oak Ridge fault has also been noted (Sylvester and 
Brown, 1988). In contrast to fields associated with the Oak Ridge Trend, the mechanism 
responsible for trapping oil accumulations within the Fillmore field is predominantly 
stratigraphic in nature. 

In addition to the oil fields discussed above, several surface oil and tar sand accumulations 
or seeps have been mapped (Dibblee, 1990) near the PCPL site. These occur in the 
fractured sands and shales of the Monterey Formation north of the site along Pole Creek 
and in recent landslide debris directly adjacent to the site (Figure 2-2). It is likely that the 
observed tar seeps resulted from the migration of cmde oil along shallow fractures present 
within the highly fractured brittle rock outcrops of the Monterey Formation and along the 

I diffuse subsurface fractured network associated with the San Cayetano Fault shear zone. 
It is important to note that the existence of these naturally occurring migration pathways 
may have potentially impacted the distribution of hydrocarbon constituents beneath the site. 

I Fault movements may have also contributed or facilitated landslide accumulations. 

I 
I 
I 

I 
I 
I 

2.5 Local Geology and Hydrogeology 

A series of cross sections have been constructed for the site (Figure 2-8 shows locations of 
the cross sections). The sections (Figures 2-9 through 2-13) include subsurface geologic, 
hydrologic and hydrocarbon concentration informafion. 

2.5.1 Local Geology 

The near surface geology of the PCPL site can be characterized as being discontinuous, 
unconsolidated geologic strata deposited in stream channel, alluvial fan (fluvial), mass 
wasting and landslide deposifional environments. The geology is further complicated by the 
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proximity of San Cayetano Fault Zone which appears to have caused some general 
reworking and offsets of strata beneath the site. 

Some general geologic descriptions and correlations can be made based on both geologic 
and geophysical logging of boreholes drilled on and near the PCPL site. A relatively thin 
reddish-brown clay has been noted in many of the boreholes drilled on site. 

2.5.2 Local Hvdrogeology 

The PCPL site Hes on a series of fluvial deposits which includes a portion of the alluvial fan 
formed by Pole Creek. Pole Creek currently mns along the western edge of the site. ITie 
San Cayetano Fault is mapped along the eastem edge of the site. The fault trace has been 
buried by alluvial and colluvial material and is not visible in the site vicinity. 

The fan deposits are interlayered with colluvium and coarse detritus of the Monterey 
Formation (sandstones and shales) which have been deposited during several episodes of 
landsliding originating from the hills to the east. As a result, this tectonically overprinted 
depositional environment has resulted in very complex subsurface conditions. Subsurface 
soils consist of laterally disconfinuous and dismpted interlayered gravels, sands, silts and 
clays. 

The extreme variability' of the subsurface (discontinuous layers of material with highly 
variable hydraulic properties which dip in different directions) creates a complex 
hydrogeologic environment. Previous investigations have identified three water bearing 
zones: 

• Perched Zone Zone of discontinuous perched water generally above a reddish-

brown clay layer. 

• Aquifer I Unconfined to semi-confined shallow aquifer 

• Aquifer II Partially confined to confined aquifer below aquifer I 

Due to the disconfinuous layering and variable hydraulic properties identified in the 
subsurface beneath the site, the three water bearing zones are locally interconnected. 
Moreover, because ofthe complex stratigraphy, the water bearing zones are typically semi-
confined. During aquifer testing, the majority of the wells monitored exhibited behavior 
similar to an unconfined aquifer. However, during long-term ground water elevation 
monitoring, aquifer I in some locations has appeared to function as a confined system. 
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Recharge of the water bearing units beneath the site is primarily the result of infiltration 
due to precipitation and mnoff from the surrounding hills. Some underflow from adjacent 
units may occur on the eastem boundary of the site. Flow direction has changed over time 
with increasing ground water elevations. Third quarter ground water monitoring results 
indicate that flow occurs in a northwest direction across the site and is deflected to the west 
across Pole Creek with a minor southerly component. The average gradient across the site 
for aquifer I is approximately 0.006 ft/ft. There are no onsite discharge zones for ground 
water. Flow continues to the west and south, eventually discharging at the western end of 
the basin. 

During prior site investigations, aquifer properties have been primarily evaluated for the 
aquifer I zone. In general, permeabilities for aquifer I decrease to the west and north of 
the site. The average permeability of the aquifer I materials is variable, ranging from 
approximately 1 ft/day to 15 ft/day. The storativity of the unit can be divided into a storage 
coefficient and a specific yield. Values for those two properties are 4.5 x 10^ and 0.15, 
respectively. Permeability distribufion maps have been developed for the site ground water 
model and are discussed more fully in Sections 6.7 and 7.3, of this report. 

Water level elevations in onsite monitoring wells are regularly monitored. Third quarter 
1994 ground water elevation maps (Figures 2-14 through 2-16) have been included for 
reference. Of the 14 perched zone wells, only three currently have measurable water in 
them (Figure 2-14). The measured water levels in aquifer 1 wells (Figure 2-15) have 
dropped approximately 5 to 6 feet from their historically high values exhibited during second 
quarter 1993 (see Figure 2-17 for representative aquifer I hydrograph). 

As shown on Figure 2-6, ground water levels at the site have fluctuated significantly over the 
past several years. For example, over the August 1990 through April 1993 period, water 
levels in MW-22S increased by over 30 feet. This increase is thought to be the result of 
precipitation following an extended period of drought and/or releases of water from Pim 
Dam. Since April 1993, water levels have declined 5 to 6 feet over the site. These 
fluctuations play a significant role in the implementation of remedial actions at the site. 

The differentiation between aquifer I and aquifer II is not as clear as once proposed. 
Information collected during Phase 1 activities indicate that there is an increase in fine 
material with depth in aquifer II. However, based on borehole logs and geologic cross 
sections (Figures 2-9 and 2-13) there does not appear to be a laterally continuous, confining 
layer or fine-grained geologic unit that separates the two zones. The water level data for 
aquifer II wells collected over time (Figure 2-16) tends to support the contention that the 
two aquifers are not enfirely independent. Figure 2-16 shows that water levels in aquifer 
II have declined approximately 4 to 6 feet since their highs reported in 1993. These declines 
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are approximately the same as those observed in aquifer I wells. The fact that water levels 
are lower in the aquifer II wells indicates that there is a vertical gradient downward between 
the two units which also lends support to the contention that there is some connection 
between the units. 

The important distinction between the aquifer I and aquifer II wells is that the aquifer II 
wells have historically shown little to no hydrocarbon contamination. This is probably in 
part due to the depth of the unit below the historic ground water lows and the general fining 
downward of the aquifer I materials. 

During the third quarter 1994 monitoring period, water levels in aquifer II confinued to 
generally decline. The average gradient across the site is approximately 0.006 ft/ft to the 
northwest. 

There are fifty reported water wells within a one mile radius of the site. Seventeen of those 
wells are within a 0.5 mile radius of the site. Information indicates that those seventeen 
wells are completed at elevations generally lower than the monitored portion of aquifer II 
beneath the PCPL site. The onsite production well described in previous reports continues 
to operate, supplying irrigation water for the site and avocado orchard east of the site. The 
well yields up to 180,000 gallons per day (125 gallons per minute) during the summer 
irrigation season. 

2.6 Refined Site Hypothesis 

The site hypothesis presented in the Phase 1 report is still generally accepted. However, 
with the additional data collected, several refinements can be added to the hypothesis: 

• The lateral extent and concentrations of the dissolved-phase benzene plume have 
increased since 1992. The occurrence of benzene is primarily due to the increased 
contact of ground water with benzene-containing hydrocarbons in the vadose zone 
as a result of increases in regional ground water level. When ground water elevations 
increased during 1992 to 1993, the benzene mi.xed with the rising water in a "smear 
zone." Thus, the increased concentrations of dissolved-phase benzene is the result 
of water level rising. 

• Data collected during quarterly monitoring and vapor extraction testing indicate that 
some portion of the hydrocarbons found onsite are naturally occurring. Methane, 
which has been detected in many gas samples collected both offsite and onsite is 
most likely naturally occurring deep earth methane (Section 4.3, Naturally Occurring 
Hydrocarbons). The component 2,2,4-trimethylpentane found in the natural 
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seep hydrocarbons, was also found in soil gas and condensate samples from well 
PEW-3 at the site. This component is not a normal component of cmde oil and the 
Fillmore Refinery had no chemical conversion process which would produce 
2,2,4-trimethylpentane. That it is present in the natural seep liquids leads to the 
conclusion that its source to well PEW-3 is natural seep liquids in the subsurface. 

• The perched zone has largely disappeared, probably due to the downward percolation 
of areal recharge water beneath the reddish-brown clay that had acted as a barrier 
to downward flow. However, should precipitation increase, perched water could 
potentially reappear in those wells. 

• A much larger mass quantity of benzene exists in the subsurface than previously 
reported. Moreover, the distribution of the benzene is also somewhat different. 
Based mainly on soil sample analyses, but supported by the results of vapor 
extraction tests and operational monitoring of the vapor extraction system, it is 
estimated that approximately 70% of the soil which contains benzene and 
approximately 80-90% of the benzene mass in the subsurface is present above the 
high water elevation (Secfion 4.4.1.3, Benzene Distribution). 

• Less emphasis is now placed on the reddish-brown clay as a semi-continuous 
lithologic unit acting as a barrier to the downward migration of hydrocarbons. 

• The area previously identified as aquifer II is generally free of dissolved-phase 
hydrocarbons primarily due to the general fining downward of the aquifer 1 material 
and a higher percentage of fine material with depth. Also, the density of the 
hydrocarbon is such that any free hydrocarbon present floats on the water. 
Therefore, it would not be expected to occur at depth, except in smear zones. 

• Historic facilities previously idenfified as the Ethylene Plant and the Naphthalene 
Plant (ESI, 1993c) have been renamed the Ethyl Plant and Naphtha Plant, 
respectively, to more accurately reflect the nature of the activities and processes 
which took place there (tetraethyl lead blending and naphtha treating to remove 
sulfur compounds). The previous names implied more complex technologies than 
were available in the pre-1950 time periods. 

• Additional potential sources of hydrocarbon have been idenfified, (1) Richfield Oil 
Co. Gas Separator Plant, and (2) two bulk loading facilities along Santa Clara 
Avenue that had gasoline and oil storage tanks. Figure 2-1 shows the location of 
these sites. 
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• The elevation of the ground water surface appears to be generally decreasing in 
response to decreased precipitation. Water levels in aquifer I monitoring wells are 
approximately 5 to 6 feet below reported previous high water elevations. 
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3.0 ADDITIONAL SUBSURFACE INVESTIGATION 

In order to obtain addifional subsurface informafion for the Phase 2 design, five additional 
ground water monitoring wells, three additional ground water extraction wells, and three 
vapor extraction wells were installed on or near the PCPL site. In addifion, one deep 
ground water monitoring well was destroyed. Following is a brief summary ofthe subsurface 
activities performed during the Phase 1 design investigation. For a more detailed 
description ofthe field activities, boring logs and well constmction details, and soil analytical 
results, refer to Appendices A, B and C, respectively of the Second Quarter 1994 Quarterly 
Status Report (ESA, 1994g). Soil analytical results are also included in Appendix A of this 
report. 

3.1 Ground Water Extraction Well Installation 

The ground water extraction wells were installed to evaluate the hypothesis that a well with 
a design tailored to the location-specific subsurface conditions would reduce the 
concentration of suspended and settleable solids which were complicating design of the 
ground water treatment system. The locations of the ground water extraction wells were 
selected on the basis of the known extent of ground water contaminafion and the 
preliminary ground water modeling results. Figure 3-1 depicts the locations of the new wells 
including the three extraction wells (EW-2, EW-4, and EW-5). 

To ensure that the wells were designed for the location-specific subsurface conditions, pilot 
borings for the three extracfion wells were drilled on May 2 through 5, 1994 using a Failing 
F-10 drill rig equipped with nine-inch outside diameter hollow stem augers. Discreet, 
relatively undisturbed soil samples were collected at five-foot depth intervals using a 
Califomia-modified split-spoon sampler down to a depth of approximately 10 feet above the 
anticipated ground water table. At this depth the rig was converted to recover continuous 
core (soil samples) down to the total depth of the borings (96.5 to 131.5 feet below ground 
surface [bgs]). 

When all three pflot borings were drilled, COLOG, Inc., was notified and a geophysical van 
was sent to the site. Natural gamma and induction (electrical conductivity) logs were mn 
on all three wells. The geophysical data are described further in Section 6.6, Geophysical 
Logging. 

Twenty-five soil samples collected from the three pilot borings were submitted to a 
geomechanical laboratory for sieve analysis. Tlie results, together with the lithologic and 
geophysical logs were used to design the extraction wells. Well design details included 
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casing diameter and material, screen intervals, well screen slot size, pre-pack sand gradation, 
and annulus sand pack gradation. 

Thirty-two soil samples collected from the pilot borings were also sent to Del Mar Analytical 
and analyzed for TPHG and BTEX. 

The extraction wells were installed during June 1 through 10, 1994. A convenfional, direct 
rotary drill rig was used to ream the pilot borings to a diameter of 16-inches. The wells 
were constmcted of 6-inch diameter casing. Screen intervals consisted of stainless steel, 
continuous-slot, Johnson Channel-Pack. Screen slot sizes ranged from 0.008-inches to 0.02-
inches, depending upon the gradation characterisfics of the formation. Screen interval 
lengths ranged from 2.5 feet to 17 feet, depending upon the thickness of coarse-grained 
materials in the saturated zone. Wells EW-4 and EW-5 were completed with three 
separated screened intervals and well EW-2 was constmcted with two separate screen 
intervals. 

The extraction wells were developed by a combination of surging, bailing and pumping on 
June 13 through 17, 1994. Approximately three thousand gallons of water were removed 
from each well as part ofthe development process. Both the enfire well and isolated screen 
intervals were pumped separately. The screen intervals were isolated using a packer 
assembly which allowed each screen interval to be efficiently developed. The wells were 
developed unfil the solids content (turbidity) stabilized. 

3.2 Ground Water Monitoring Well Construction 

Four (4) addifional aquifer I ground water monitoring wells (MW-43S through MW-46S) 
were drilled, sampled and installed on May 9 through 17, 1994 (Figure 3-1). Three ofthe 
wells (MW-43S, MW-45S and MW-46S) were installed to further delineate the contaminant 
plumes in areas of limited informafion and one (MW-44S) was installed to replace well 
MW-34S which was rendered ineffective by a submerged screen. One monitoring well 
(MW-47D) was completed in aquifer II to replace monitoring well MW-25D, which was 
suspected of allowing contaminants to migrate from aquifer I to aquifer II. Well MW-25D 
was subsequently abandoned on May 13, 1994 by pulling the 4-inch diameter PVC casing 
from the ground and "drilling-out" the annular material. The resultant bore was then 
backfilled with neat cement grout, pumped under pressure through a tremie pipe, to the 
ground surface. 

The borings were drilled using a Failing F-10 hollow-stem auger drill rig retained from H-F 
Drilling of Orange, Califomia. Forty-one soil samples collected from the five monitoring 
wells were sent to Del Mar Analytical and analyzed for TPHG and BTEX. 
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The wells were developed on May 16 through 18, 1994, a minimum of 24 hours after 
installation. The wells were developed by a combinafion of surging, bailing and pumping. 
Development was conducted until temperature, pH, conductivity and turbidity measurements 
stabilized and at least 5 well volumes had been removed from each well. Approximately 270 
gallons of water were removed from each well as part of the development process. 

3.3 Vapor Extraction (Vadose Monitoring) Well Installation 

To more efficiently monitor the extended vapor extraction pilot test, three additional vadose 
zone monitoring wells (PEW-4, PEW-5 and PEW-6) were installed at the site (see 
Figure 3-1 for well locations). Well installation services were provided by West Hazmat 
Drilling Corp. of Anaheim, Califomia. Each boring was drilled to a depth of 45 feet and 
completed using 4-inch diameter, Schedule 40 PVC casing. Thirteen soil samples collected 
from the borings were submitted to Del Mar Analytical and analyzed for TPHG and BTEX. 
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4.0 SUBSURFACE HYDROCARBON DISTRIBUTION 

Data from boring logs and soil samples, ground water monitoring and soil gas testing and 
sampling have been interpreted to estimate concentration and mass distributions of benzene 
in soil, water and gas phases in the subsurface. The data have been presented in several 
past site reports (ENSR, 1990a,b; ENSR, 1991a; ESI, 1993c; Second Quarterly Status 
Report, 1994 [ESA, 1994g]) and are summarized for soil samples in Appendix A. Benzene 
is the primary component of interest, but the distribution and characterization of other 
components provide supplemental information which aid in interpretation. 

4.1 Vadose Zone 

Hydrocarbons in the vadose zone reside primarily in the soil matrix, with some in the form 
of free oil, some dissolved in soil moisture and some in the vapor phase in soil gas. The 
following sections describe the distribution of benzene and other hydrocarbons in soil and 
soil gas. 

4.1.1 Residual Hydrocarbons in Soil 

Residual hydrocarbons have been observed and measured in soil borings at several locations 
at the project site. In some samples both benzene and TPH were measured, in others 
(early investigations) only TPH was measured, and in some samples only visual observations 
of soil staining with oil or presence of liquid hydrocarbons in soil samples was noted in 
boring logs, but no measurements were taken. There is potential for benzene to be present 
in some of the areas in which other hydrocarbons are present in significant concentrations, 
i.e., in areas in which elevated concentrations of TPH have been measured or in which the 
boring logs indicate the presence of oily soil. 

However, it must be kept in mind that TPH presence alone is not sufficient for establishing 
the presence of benzene. Consider the following two examples: 

1. TriHydro collected 13 samples at 20 feet below the bottom of the excavated main 
waste pit, plus one at 40 feet deep and one at 5 feet (ENSR, 1990a). Only two 
samples had detectable benzene, FWP-15 with 0.7 mg/kg at 20 feet and FWP-1 with 
2.0 mg/kg at 5 feet. Hydrocarbons were measured as "Hydrocarbon Matrix" by EPA 
Method 8270 and ranged from one non-detected to 20,000 mg/kg with a median of 
6,000 mg/kg and mean of 5,740 mg/kg. FWP-15 had 8,000 mg/kg hydrocarbons and 
FWP-1 had 1,000 mg/kg. 
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2. ENSR collected and analyzed 587 samples from 46 borings and depths ranging from 
5 feet to 95 feet (ENSR, 1991a). About half of these were from the Main Waste Pit 
area. The samples were analyzed for TPH by EPA Method 8015 as diesel. ENSR 
selected 142 samples based on high TPH and high field OVA readings and had these 
analyzed for VOCs using the Toxic Characteristic Leaching Procedure (TCLP) 
method . Benzene was not detected in 127 of the 142 samples, even though TPH 
was found at several thousand mg/kg in many of those samples. In fact, only four of 
the samples even exceeded the Field Sampling Plan designated threshold level of 11 
fjigA for benzene. 

The cross sections shown in Figures 2-9 through 2-13 show interpreted zones in which 
benzene is present, based on benzene measured in soil samples, and zones in which there 
is potenfial for benzene to be present based on TPH measurements or presence of oily soil. 
The Phase 1 Design Report (ESI, 1993c) described a fine-grained "red clay layer" which has 
reportedly affected migration and distribution of hydrocarbons in the vadose zone. In 
addition, perched ground water which locally occurs across the site has also been associated 
with this fine-grained layer. 

The cross sections depict the spatial distribution of fine-grained lithologies (silt and clay) 
which could potentially facilitate the subsurface lateral migration of hydrocarbons. These 
figures indicate that the fine-grained lithologies do not form a continuous layer across much 
of the site, and may only serve to locally retard the downward migration of hydrocarbons. 
Although hydrocarbons are commonly associated with these fine-grained lithologies, it is 
unclear as to what degree lateral and downward contaminant migration is affected by their 
presence. 

Figure 4-1 shows, in plan view, approximate areas in which significant concentrations of 
benzene have been confirmed in the vadose zone above the historic high water elevafion, 
and in the zone between the high and low water elevations in which hydrocarbons have been 
smeared by a rising or falling water table (smeared zone). 

Significant concentrations are defined for Figure 4-1 as 1 mg/kg in the vadose zone and 0.1 
mg/kg in the smeared zone. These concentrations were chosen to aid in depicfing benzene 
distribufion and are not related to cleanup levels. The rationale for using a lower threshold 
concentration in the smeared zone is that there is greater potential for ground water 
contamination when the ground water directly contacts the soil containing benzene. 
Benzene in the vadose zone must migrate to the ground water to impact the water, 
therefore a higher concentration in the upper zone is less of a threat to ground water. 
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4.1.2 Liquid Hydrocarbons 

Free oil in soil has been reported in several boring logs (Table 4-1). Also, liquid 
hydrocarbons, often referred to as Light Non-Aqueous Phase Liquid (LNAPL) have been 
observed in a few of the extraction and monitoring wells at the site (ESI, 1993c [ESA, 
1994g]). Figure 4-1 also shows the observed distribution of borings with observed free oil 
in soil at the site. It is interesting to note that in most cases in which free hydrocarbons 
have been reported in the boring logs, it is in association with fractured shale (Table 4-1). 
The meaning of this is not clear, but it may indicate the presence of natural seep liquids in 
Monterey shale fractured by earthquakes and landslides. 

Recoverable quantities of these liquid hydrocarbons are very small. Free oil is continually 
removed by absorption in an oleophylic fibrous material (SoakEase™) or by bailing from 
wells in which LNAPL is present. Since March 1, 1994, the SoakEase^f*^ absorbent has been 
inspected weekly and replaced when saturated. Table 4-2 summarizes the results of LiN.APL 
removal (a detailed table is included in Appendix B). As of this report, less than 5 gallons 
have been recovered from the entire site in seven months. It is not possible to accurately 
estimate the quantity of LNAPL at the site, but it appears that there is not enough to flov/ 
freely to the many wells at the site. 

Qualitative observations of LNAPL samples from different locations show some variability 
in density and viscosity which indicate different sources. A sample recovered from well 
EW-4 was analyzed for various parameters. A simulated distillation indicates that it is 
mostly naphtha in the gasoline range, but also contains some heavier oil in the kerosene 
range. This particular sample contained 490 mg/l benzene. It should be noted, however, 
that not all LNAPL on the site contain as much benzene. For example, LNAPL is in 
contact with water in well MW-9S, but water samples from that well show relatively low 
benzene concentrations (42 ug/l vs. 200 ug/l for EW-4 in August 1994 samples). LNAPL has 
great capacity to absorb benzene (Section 4.4.1, Benzene Partitioning Among Phases). It 
is possible that benzene rich soil gas has caused an increase in benzene concentrations in 
LNAPL that it has contacted. 

4.1.3 Soil Gas 

In August 1994, soil gas samples were collected from 36 wells at the site and were analyzed 
for fixed gases, benzene, toluene, ethylbenzene and xylenes (BTEX) and volatile fuel 
hydrocarbons. The results are summarized in Table 4-3 and Table 4-4. These tables also 
include data for samples collected from some of the wells on other dates. 
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4.1.3.1 Benzene Vapor 

In general, benzene is in greater concentrafion in the vapor phase than are the other BTEX 
components and makes up about one percent of the volafile fuel hydrocarbons. However, 
in some cases, volafile fuel hydrocarbons were present in significant concentrations, but 
benzene was not detected (Table 4-3). 

Distribution of benzene in the soil gas is shown in Figure 4-2. Two depth intervals within 
the vadose zone are depicted, based on depth of the screen interval in the well. The lower 
vadose zone extends from the water table to nominally 10 feet above the water table and 
the upper vadose zone is greater than 20 feet above the water table. This division of the 
vadose zone into two sub-zones is supported by observations of marked differences in gas 
compositions between wells close to one another but screened at different depths. Three 
pair of such wells (SBB-1 and PEW-1, AEW-1 and MW-37S, and PEW-2 and MW-38S) 
show considerable differences in soil gas compositions (not just benzene). The northemmost 
and middle pair of wells show higher benzene concentrations in the lower vadose zone, the 
southernmost pair shows the highest concentration in the upper vadose zone. 

The south plume includes only a lower vadose zone, as all wells sampled in this area were 
either ground water wells or were gas wells with the bottom of the screen within 10 feet of 
the water table. However, some of these, installed as vadose wells, did have the tops of the 
screens within 15 to 20 feet of ground surface. 

Except for two wells with low concentrations, benzene in the gas was generally not detected 
west of Pole Creek. Benzene concentrations exceeded 100 ppmv in several wells within the 
property boundary. In the northem portion of the site, the upper and lower benzene 
plumes do not coincide. The upper plume is shifted more to the south. The fine-grained 
soil depicted in the cross sections appears to be limiting the vertical movement of benzene 
between these two depth zones. 

A soil gas extraction system had been operating on well PEW-2 for two months prior to the 
August sample collecfion. This has probably affected the gas distribution in the vicinity of 
PEW-2. Benzene concentrations in the soil gas at PEW-2 are about half the concentrations 
at the start of the test. Benzene concentrations in nearby wells have probably been similarly 
reduced as a result of the extraction operafion. 

4.1.3.2 Gas Condensate 

Gas condensates were found in the vapor lines and knock out drum of the RETOX vapor 
extraction system which was operated during the first few months of Phase 1. Samples of 
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this condensate were collected and analyzed and additional samples were collected by 
chilling the extracfion gas at the wellhead of well PEW-3. The test report by Global 
Geochemistry Corporation (GGC) is included as Appendix H to the Second Quarter 1994 
- Quarterly Status Report (ESA, 1994g). 

The GGC report stated that the liquid samples resembled white gas in composition. 
However, more recently, samples of natural gas condensates from local gas fields have been 
analyzed by GGC and have been found to be similar to the condensate samples from the 
project site. In the later report (included in the Third Quarter 1994 - Quarterly Status 
Report), GGC concludes that the hydrocarbon distribution patterns of neither the onsite nor 
offsite condensates closely match any type of refined products, "although their 
alkylcyclohexane and normal alkane mass fragmentograms fairly match those of a white gas." 
The comparison of various hydrocarbon liquids is discussed further in Section 4.3.2, Natural 
Gas and Gas Condensates. 

The analysis of the gas and the gas condensate from well PEW-3 revealed the presence of 
the compound 2,2,4-trimethylpentane in both samples. Tlfis finding is very significant in that 
it indicates that at least some ofthe hydrocarbons are from the same source as the natural "̂̂  
seeps found in the site vicinity. This is discussed in more detail in Section 4.3.1, Natural 
Seeps. 

4.2 Saturated Zone 

4.2.1 Residual Hydrocarbons 

Residual hydrocarbons below the high water table (smeared zone) are depicted on the cross 
sections presented in Figures 2-9 through 2-13. The borings with measured benzene in the 
soil at concentrations of 0.1 mg/kg or greater in this zone are shown in Figure 4-1. The 
hypothesis for deposition of hydrocarbons in the smeared zone is described in the book, 
Contaminant Hydrogeology (Fetter, 1993). In section 5.5 of Fetter, Effect of the Rise and 
Fall of the Water Table on the Distribution of LNAPLs, describes the process as follows : 
Liquid hydrocarbons drain into the zone by leaks or seeps from above, forming a layer of 
mobile, floating oil on the surface of the capillary zone. Residual oil is left in the vadose 
zone above the oil table as it falls. When the water table rises, the oil table also rises. 
However, residual oil is left behind in the saturated zone. If the water table rises faster than 
the oil table can rise, pockets of free oil might be left below the water table. 

Hydrocarbon removal from the smeared zone in saturated condition will be relatively slow 
by dissolufion of benzene and other hydrocarbons in the ground water since parfifioning 
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greatly favors the hydrocarbon phase. Also, biodegradation in the saturated zone will be 
slow due to lack of oxygen. 

When water levels drop such that the smeared zone becomes unsaturated, the opportunity 
for remediation is greatly improved. The volafile components, including benzene, are 
relatively easily removed by vapor extraction. In addition, the "unsaturated zone... is the 
most biologically active and varied subsurface environment," (Chapelle, 1993). The vapor 
extraction will result in an increase in biological activity by increasing the amount of oxygen 
available, as soil gas containing higher concentrations of oxygen flows in to replace the 
extracted gas. 

4.2.2 Dissolved Phase Hydrocarbons 

Ground water samples are collected quarterly from several offsite and onsite wells. These 
are analyzed for BTEX and Total Petroleum Hydrocarbons as Gasoline (TPHG). The 
results are documented in quarterly ground water monitoring reports. The distribution of 
benzene concentrations for the third quarter 1994 ground water samples are shown in 
Figure 4-3. 

' o 

The concentration contours indicate there are two primary ground water plumes plus the 
plume associated with the Ultramar Service Station underground tank leak. Highest 
concentrations are in the north plume in wells P2 (1,800 ug/l) and MW-28S (1,200 ug/l). 
Concentrations in the south plume are much lower, but the plume covers about twice the 
area of the north plume. 

Based on concentrafions of benzene in soil samples at or below the water table in the 
vicinity of wells MW-25D and MW-47D (Figure 2-12, Cross Section D-D'), it is possible that 
another plume exists in this area. Tlie shallow ground water well MW-25S may be screened 
too deep to have detected the plume. This possibility is addressed in other sections of this 
report (Sections 7.3, 8.1 and 9.3). 

Dissolved benzene is limited to near the ground water table. This is substantiated by the 
observations that (1) deeper wells into aquifer 2 consistently show no detected benzene and 
(2) shallow wells with submerged screens show much lower concentrafions (often non-
detected) than nearby wells screened within the water table. 

Benzene in the ground water varies with water elevation. When water level was at its 
highest, in the second quarter of 1993, benzene concentrations were generally highest. In 
November 1991 when water levels were at the lowest since monitoring began, benzene was 
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not detectable in most wells. This implies that concentrations of benzene in the ground 
water are significant only when the water is moving directly through oily soil. 

4.3 Naturally Occurring Hydrocarbons 

Naturally occurring hydrocarbons have been identified in and around the site. These include 
liquids from natural seeps (Technical Memorandum No. 2 [ESI, 1993a]) and natural ga.ses 
emitting from deep within the earth. As described in Section 2.0, Site Descripfion and 
Refined Site Hypothesis, the San Cayetano Fault zone apparently underlies the site and 
provides a potential pathway for both gas and liquid to contact the ground water. 

4.3.1 Natural Seeps 

Several natural seeps have been identified in areas around the site (Technical Memorandum 
No. 2 [ESI 1993a]). It is very likely that the faulting and landslides at the site have placed 
such natural liquids in the saturated and vadose zones at the site. Frequent reference in the 
boring logs to oil in fractured shale (Table 4-1), and even "oil shale," support this hypothesis. 

The forensic studies reported in Technical Memorandum No. 2 showed benzene in the seep 
samples ranging from 220 mg/l to 900 mg/l. Such material could certainly represent a 
significant source for benzene. 

An unusual finding of the forensic studies was the presence of the compound 2,2,4-
trimethylpentane (iso-octane) at concentrations on the order of several percent in the seep 
liquids, but not in a cmde oil sample from an oil field in the area. TTiis compound is 
generally found only in trace amounts in nature. In fact, it is so unusual that the laboratory 
ran confirmatory tests using GC-MS, before they even reported it. It is not apparent why 
the compound is present in the seep oils, but the fact that it has been confirmed in samples 
from two widely separated natural seeps is significant. 

The presence of this compound is significant in that it also has been found in the vapor and 
condensate samples from well PEW-3 at the site, yet the refining processes (distillation, 
thermal cracking and polymerization) would not have produced significant yields of 2,2,4-
trimethylpentane. This compound is made in refineries by alkylation reactions in which 
butane and isobutylene react catalytically to form iso-octane. The Fillmore refinery did not 
have an alkylation process. Chemical conversion at Fillmore was limited to thermal cracking 
of heavy oils and thermal and catalytic polymerization of the olefins produced by the 
cracking. These processes do not produce 2,2,4-trimethylpentane. 

s ^ ^ y w il 
ASi©©OMC 



SUBSURFACE HYDROCARBON DISTRIBUTION 

Pacific Coast Pipeline Superfund Site Page 4-8 
Final Phase 2 Design Report December 16, 1994 

Thermal cracking processes tear apart the larger molecules and produce smaller molecules, 
including a large proportion of olefins. Olefins are unsaturated, reactive hydrocarbons. The 
cracking reaction is summarized as: 

Heavy oil =» CH, -I- H, -f- olefins -t- paraffins -f- aromatics + coke 
•̂  1000°F * - ^ 

The light olefins are polymerized over a catalyst to produce gasoline range hydrocarbons. 
The following example shows how isobutylene is polymerized to make isooctene. 

2 C4 Hg =• Cg H16 
isobutylene iso-octene 

Note that iso-octene is an olefin and differs from iso-octane which is a paraffin and which 
is made in the following alkylation reaction: 

Q Hio -I- C4 Hg =* Cg H,s 
butane isobutylene iso-octane 

An excerpt from the textbook "Petroleum Processing" (Hengstebeck, 1959) is included as 
Appendix K for the reader who wishes to learn more about polymerization and alkylation. 

It is concluded that the presence of 2,2,4-trimethylpentane in the vapor and condensate 
samples is evidence of the presence of natural seep liquids at the site. 

4.3.2 Natural Gas and Gas Condensates 

Gas samples from the site have shown very high concentrations of methane in many wells, 
both on and offsite. As high as 56 percent methane was measured in gas well PEW-1. The 
distribution of methane in the soil gas is shown in Figure 4-4. 

The highest concentrations of methane are present in wells in the lower vadose zone next 
to the water table. Wells with screens more than 20 feet above the water table still showed 
significant methane concentrations, but these were about an order of magnitude lower than 
in the deeper wells. This indicates the methane is somewhat confined below a low-
permeability soil unit. It apparently is emitted through the fault zone and spreads laterally 
toward the west. 

Further evidence of a layer confining the gas is provided by pressure measurements during 
soil gas extracfion from PEW-2 in September 1994. Well MW-38S, only 12 feet from 
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PEW-2, but screened starting 11 feet below the bottom of PEW-2, showed a positive 
pressure of 0.2 inches water while PEW-2 was under a negative pressure (i.e., vacuum) of 
4.4 inches water. Well PEW-4, 30 feet from PEW-2 and screened in about the same depth 
interval as PEW-2, showed a negative pressure of 0.1 inches water (Figure 2-12, Cross 
Section D-D'). This shows significant vertical resistance to gas movement. 

Table 4-5 shows the soil gas hydrocarbon distributions for samples from six wells. Gas 
samples collected from these wells show notable concentrations of light hydrocarbons in the 
carbon number range 3 to 5 (propane, butane and isobutane, and pentane and its isomers) 
(Addendum No. 2 to Technical Memorandum No. 6, [ESA, 1994d]) These are very volatile 
compounds (propane, butane and isobutane are gases at ambient condifions) and are the 
first to disappear from spills of gasoline and other light hydrocarbons. Since the refinery 
has been shut down for more than 40 years, it is highly unlikely that these would still be 
present from refinery operations. In addition, such hydrocarbons in a refinery are valuable 
products that certainly would not be part of the waste streams. That these are present in 
high concentrations in gas samples indicates that they are coming from the deep earth along 
with the methane. 

To confirm the hypothesis that the methane is natural deep earth methane, gas samples 
were collected from four wells (Appendix C) and gas condensate samples from well PEW-3. 
These were tested at GGC (ESA, 1994g). Carbon isotope ratio tests indicated the methane 
is mostly thermogenic (deep earth origin), but includes some biogenic (produced by 
biodegradation of hydrocarbons) methane. The tests indicate that carbon dioxide in the gas 
is of more recent origin and is probably produced in the biodegradation processes. The 
compound 2,2,4-trimethylpentane found at relatively high concentrations in the gas and 
condensate from well PEW-3 indicate that at least some of the hydrocarbons are from the 
natural seep liquids discussed in Secfion 4.3.1, Natural Seeps. 

Natural gas produced in this area is from oil fields, and as such is saturated with light 
hydrocarbons from the cmde oil. Such gas is referred to in the oil and gas industry as "wet 
gas" because hydrocarbon liquids condense when the gas is cooled and/or compressed. A 
1928 annual report for the Texas Company described the collection of such condensates 
from raw natural gas pipelines to use as fuel in the engines that powered the gas 
compressors (Appendix D). 

Figure 2-1 shows the presence on the site of an historic gas separation plant operated by the 
Richfield Oil Company. Gas separation plants recover the higher molecular weight 
hydrocarbons from natural gas and produce a high purity methane for distribution to 
consumers. The presence of this plant is further evidence that the natural gas produced 
from nearby oil fields contained higher molecular weight hydrocarbons. Gas coming up 
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through the fault zone would contain these same condensable hydrocarbons which include 
benzene. 

Samples of gas and gas condensates from the Shiells Canyon field about a mile or so south 
of the site were collected for comparison with samples from the project site wells. Gas 
pipelines from several Ventura County gas fields join at the Shiells Canyon field. A 
condensate sample from the combined gas was also collected for comparison. The gas and 
condensate samples were analyzed by GGC for the same parameters as for the project site 
gas and condensate samples. The results show the following: 

• Benzene concentrations of all the condensates were fairly high, ranging from 2,600 
mg/l for condensate from PEW-3 (condensed using ice water) to 8,250 mg/l for the 
combined natural condensate collected from the Shiells Canyon site. By contrast, 
benzene in a white gas sample was only 98 mg/l (Table 4-6). 

• Natural gas from Shiells Canyon contained 89 ppmv benzene. A duplicate sample 
showed 97.5 ppmv. 

• Hydrocarbon distribution patterns of the natural condensates and the PEW-3 
condensate are closely similar to each other but do not match those of any refined 
products. 

• Carbon isotope ratios of methane in gas samples show that at least some of the 
samples appear to be from the same source as the natural gas from Shiells Canyon. 
Carbon isotope ratios of methane from a January 1994 gas sample from PEW-3 
(-42.967°°) and the sample from Shiells Canyon (-44.17°/°°) indicate these are 
probably source related. The carbon isotope ratio of methane in the April 1994 
sample from PEW-3 (-52.737°°) and in January 1994 samples from PEW-1, AEW-1 
and MW-39S (-50.127°°, -52.577°° and -54.197°°) indicate there is some biogenic 
methane mixed with the thermogenic methane, thus complicating the comparison. 
(The more recently formed biogenic methane contains higher proportions of the '~C 
isotope, resulting in much larger negative numbers for the isotope ratio.) 

Carbon isotope ratios of the Shiells Canyon and onsite liquid samples (including the 
oil sample from well EW-4) fall in a very narrow range of -22.267°° to -22.417°° 
which are typical of California type Monterey Formation crude oils and/or 
condensates. This finding indicates that they are probably source related. 

Additional evidence of gas emissions from natural sources comes from reports by Southern 
California Gas Company (SCG) of suspected gas leaks in the Fillmore area (SCG, 1994). 
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SCG had these analyzed and confirmed that this was not gas from their pipeline. Two 
recent reports are as follows: 

• March, 1994. About 2.5 miles southeast of the site across the Santa Clara River. 
Reported as 1/5 mile east of 202 Guilberson Road. 

• June, 1994. About 1 mile southwest of the site across Telegraph Road. Reported 
at River Street and Highway 23. 

4.4 Benzene Fate and Transport 

4.4.1 Benzene Partitioning Among Phases 

Benzene in the soil partitions among the various phases present (1) the oil phase (residual 
hydrocarbons or free LNAPL), (2) the water phase (soil moisture in the vadose zone, 
ground water in the saturated zone), and (3) in the vadose zone, the soil gas phase. If 
organic matter such as humic and fulvic acids are present in the soil, benzene will also 
adsorb onto whatever portion of this organic matter is accessible. (Adsorption of benzene 
on soil organic carbon is relatively minor compared to benzene in the oil phase and is not 
considered in the analysis that follows.) Benzene will diffuse out of the source material and 
into the other phases in an attempt to establish equilibrium among all phases present. 
Figure 4-6 illustrates phases which may be present in vadose soil. 

Benzene is by far the most water soluble of all the hydrocarbons. The higher molecular 
weight hydrocarbons which make up the bulk of the TPH at the site have very low 
solubilities in water and tend to stay mainly in the oil phase. The lower molecular weight 
hydrocarbons, containing up to about 12 or 13 carbon atoms will also distribute to the gas 
phase. 

4.4.1.1 Benzene Oil/Water Partition Coefficient 

All hydrocarbons, including benzene, are much more soluble in the oil phase than in the 
water. A partition coefficient may be estimated to enable calculation of the equilibrium 
concentrations in the oil and water phases. For all practical purposes that partition 
coefficient is constant at constant temperature. At equilibrium between two liquid phases, 
the activity of a compound in Phase 1 must equal the activity of the compound in Phase 2. 
Activity is defined as concentration, expressed as mole fraction, multiplied by activity 
coefficient. This is expressed as follows: 

YJXJ — Y2X2 
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X1/X2 = Y2/Y1 

where x̂  and Xj are concentrations in Phase 1 and Phase 2 and YI and Y2 ^^^ activity 
coefficients for the compound in each of those two phases. This says the concentration 
ratios are inversely proportional to the activity coefficient ratios. 

The more non-ideal the solution, the larger the activity coefficient. Benzene in a mixture 
of similar compounds, such as toluene, ethyl benzene and xylenes would be nearly an ideal 
solution and the activity coefficient would be essentially equal to 1.0. For other oil mixtures 
the activity coefficient would be slightly higher, depending on the types of molecules present. 
An activity coefficient of 1.15 has been assumed for this analysis. 

The activity coefficient of benzene in water is simply the inverse of the solubility, with 
concentration expressed as mole fraction rather than the usual mg/l. Thus, at 25° C the 
activity coefficient of benzene in water is: 

Y2 = 1/(1.75 g/lxlgmole benzene/78 g x l l water/1,000gxl8g water/gmole) 

Y, = 2,480 

Then, x j \^ = Y2/Y1 = 2,480/1.15 = 2,150 

That means on a mole fraction basis, the equilibrium concentration of benzene in the oil 
phase is 2,150 times the concentrafion in the water phase. To convert this to more familiar 
units of concentration, mg benzene/kg oil and mg benzene/l water, assume an average 
molecular weight of 140 for the oil. Then, 

C1/C2 = (xA. )x(MW,/MW,) = 2,150 X (18/140) = 280 

At 20° C the ratio will be a few percent higher than at 25° C, but the oil phase average 
molecular weight and benzene activity coefficient in the oil are not known with sufficient 
accuracy to justify an adjustment. Therefore, at equilibrium, the concentration of benzene 
in the oil phase will be about 280 times the concentration in the water phase using typical 
reporting units. The pracfical implication of this is that to reach the ground water 
concentration goal for benzene of 1 /ig/l, the concentration in the TPH phase in the 
saturated zone must be less than 0.3 mg/l for stagnant ground water condifions. With 
moving ground water, equilibrium will never be reached and residual concentrations of 
benzene in TPH can be much higher. 
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4.4.1.2 Benzene Equilibrium in Soil Gas 

The equilibrium concentration of benzene in the soil gas is calculated using the Henry's Law 
Constant and the concentration of benzene in water. Henry's Law Constant for benzene at 
20° C is: 

H = 5.6x10-5 atm/(mg/l) 

and concentration in the gas in parts per million by volume (ppmv) is: 

p, = / / x C2 x 10^ ppmv 

or, at 20° C, p, = 56 c, ppmv. This means to achieve 0.001 mg/l benzene in ground water 
under conditions of equilibrium with the vapor, the vapor concentration in contact with the 
water can be no more than 0.056 ppmv. (Moving ground water and poor contact between 
soil gas and water will result in non-equilibrium conditions and lower concentrations in the 
water where the benzene is transferring from the gas phase to the water phase.) 

4.4.1.3 Benzene Distribution 

Based on the equilibrium considerations discussed above and measured concentrations of 
TPH and benzene in soil samples, the equilibrium distribution of benzene has been 
estimated for several samples in the vadose zone and the smeared zone. Tlie smeared zone 
has been treated as a saturated zone for the purposes of these calculations. Calculated 
equilibrium concentrations in the TPH, water and gas phases and their averages are 
presented in Table 4-7. The key assumptions for the calculations are listed on the table. 

Relative distribution ofthe benzene mass among the three phases is also shown in Table 4-7 
as a percent of total benzene in the subject sample. Also, an average weighted by TPH 
concentration in soil is calculated for the concentrations in each phase and for the mass 
distribution among phases. The weighted average probably better represents the mass 
distribution. The median of each is presented as well. 

From Table 4-7, the following observations are made: 

• Based on medians, averages and ranges of concentrations it appears that benzene 
concentrations in the soil are generally higher in the vadose zone than in the 
smeared zone. Three very high concentrations of benzene in soil (94, 24, and 18 
mg/kg) distort the vadose zone range, but even without these, the next highest 
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benzene concentrafion is 4.6 mg/kg. The highest concentration found in the smeared 
zone is 1.8 mg/kg. 

• Most of the benzene is present in the oil (TPH) phase, on the order of 80 to 90 
percent. In the saturated zone at equilibrium, the mass of benzene in the oil phase 
would be about six times the amount in the ground water. In the vadose zone, at 
equilibrium there would be about 30 times as much benzene in the TPH and soil 
moisture as in the gas phase. 

• Equilibrium benzene vapor concentrations in the vadose zone range from 1 to 580 
ppmv, average between 120 and 180 ppmv, and have a median of 73 ppmv. 

• Equilibrium benzene concentrations in ground water in the smeared zone samples 
range from about 0.01 to 5.6 mg/l, average between 0.6 and 1.2 mg/l and have a 
median of 0.45 mg/l. 

This analysis indicates that in order to attain equilibrium concentrations of benzene in 
ground water equal to the clean up goal of 1 /ug/l, the concentrations of benzene in the oil 
phase in the saturated zone must be no more than 0.28 mg/kg. This means for TPH in soil 
at 1,000 mg/kg, benzene in soil must be no more than 0.0004 mg/kg. For 4,000 mg/kg TPH 
benzene must be less than 0.0012 mg/kg. Tme equilibrium v/ill not be attained, so residual 
benzene would be much higher, but still would be quite low. 

For further insight into the benzene distribution, the areas of known and potential benzene 
on the cross sections (Figures 2-9 through 2-13) were estimated and compared as shown in 
the table below. The comparison indicates that, of the soil containing benzene, over 70 
percent is above the high water elevation. This, coupled with the concentration averages 
discussed above, indicates that 80 to 90 percent of the benzene present is above the high 
water elevation, and 10 to 20 percent is within the smeared zone. The following example 
shows how the relative mass distributions of benzene were estimated: 

From the soil distribufion table, for all five cross-sections, 71.5 percent of soj] which may 
contain benzene is above the smeared zone. From Table 4-7, average benzene 
concentration in soil above the smeared zone is 1.6 mg/l and within the smeared zone is 
0.6 mg/l. Then the relative mass of benzene above the smeared zone is estimated as: 

(71.5 X 1.6) / (71.5 X 1.6 + 28.5 x 0.6) x 100% = 87%. 

For a given section the relative amount may be more or less. 

^^©L/S\[M[0) 
'MAUm il 
\Si©©DMC 



SUBSURFACE HYDROCARBON DISTRIBUTION 

Pacific Coast Pipeline Superfund Site 
Final Phase 2 Design Report 

Page 4-15 
December 16, 1994 

Relative Distribution of Benzene-Containing Soil 

Confirmed 
or Potential 

Benzene 

Confirmed 

Potential 

Subtotal 

Confirmed 

Potential 

Subtotal 

Total 

Above or 
Below 

Smeared 
Zone 

Above 

Below 

Cross Section 

A 

1.5 

17.4 

18.9 

0.0 

0.8 

0.8 

19.7 

B 

1.3 

21.0 

22. S 

2.7 

12.1 

14.8 

i l . l 

C 

3.2 

4,6 

7.8 

0.2 

1.9 

2.1 

9.9 

D 

10.8 

7.0 

17.9 

2.8 

3.2 

6.0 

23.8 

E 

2.3 

2.3 

•4.6 

1.4 

3.4 

•l.S 

9.4 

Total 

19.1 

52.4 

71.5 

7.0 

21.5 

28.5 

100.0 

4.4.2 Potential for Benzene Migration from Vadose Zone to Ground Water 

Benzene in the soil gas is much more mobile than benzene in the other phases. As such, 
there is potential for benzene at high concentrations in the soil gas to migrate to the ground 
water. By comparing the measured concentration of benzene in ground water with the 
concentrations which would be in equilibrium with the measured benzene vapor 
concentrations, it can be detemiined whether the potential diffusion driving force is from the 
gas phase to the water phase or from the water phase to the gas phase. Table 4-8 shows the 
results of such calculation for all the benzene vapor measurements made through August 12, 
1994. 

The column labeled "Migration Potenfial" in Table 4-8 indicates the potenfial for benzene 
to migrate between the ground water and soil gas phases. The check mark indicates that the 
equilibrium and measured water concentrations are in order of magnitude agreement so 
there is little or no potenfial to migrate between phases. A downward arrow indicates there 
is benzene migration potential from gas to water, and an upward arrow indicates potential 
migration from water to gas. Areas in which the migration potential is from the gas phase 
to the liquid phase are shown in Figure 4-6. 

However, the potential alone is not sufficient to result in contamination. There must also 
be a pathway from the soil gas to the ground water. As discussed in Section 4.1.3, Soil Gas, 
migration of benzene from the upper portions of the vadose zone (Figure 4-2) may be 
severely restricted by the intervening fine-grained soils. In those areas in which the 
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equilibrium benzene concentrations are much larger than the measured water 
concentrations, the benzene vapor apparently is not in intimate contact with the ground 
water. Areas in which such resistance to migrafion is particularly apparent are those around; 

PEW wells 2 through 6, and well MW-38S, 
wells AEW-1 and MW-37S, and 
well EW-4. 

It is not clear why ground water wells MW-37S, MW-38S and EW-4 show such a large 
difference between equilibrium and measured benzene concentrations since the well screen 
is continuous from the saturated zone into the vadose zone. The soil immediately above the 
water table must be sufficiently tight to minimize contact between the benzene vapor and 
the water. 

4.4.3 Natural Degradation of Benzene 

There is strong evidence that natural degradation of benzene is limiting the size of the 
benzene plume. Consider the following: 

• Benzene in the ground water has not moved far from the site. Detectable benzene 
in ground water is limited to a few hundred feet downgradient of the site boundary. 
Plant operations started more than 70 years ago and ended more than 40 years ago. 
With ground water velocities on the order of a few hundred feet per year, the ground 
water would have carried the plume thousands of feet from the site in that fime. 
Also, any natural hydrocarbons under the site would have been supplying benzene 
to the subsurface for centuries. 

• Aerobic biodegrading bacteria are present. The biodegradation testing discussed in 
Section 6.0, Remedial Tesfing and Research, shows the presence of aerobic 
hydrocarbon degraders in each of three soil samples and three water samples from 
six different locafions at the site. Low concentrations of oxygen and nutrients result 
in slow degradation, but with sufficient fime the dissolved hydrocarbons will be 
biologically degraded. Benzene is one of the easier hydrocarbons to biodegrade 
(Chapelle, 1993). A simplified representation of the degradation reaction is: 

Benzene -I- O, =» CO, + H2O -I- biomass 

• Anaerobic biodegradation is also active at the site. Carbon isotope testing of 
methane in several gas samples from wells at the site indicate a mi.xture of biogenic 
and thermogenic methane. Biogenic methane is produced by anaerobic 
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biodegradation of hydrocarbons. One possible route for anaerobic degradafion of 
benzene makes use ofthe reduction of iron from the ferric form (Fe^^) to the ferrous 
form (Fe*-) (Chapelle, 1993): 

Benzene + Fe+^ -t- H^O - Fe+- -h CO, + CH, + biomass 

Thermogenic methane is from oil and gas reser/oirs deep in the earth. The test 
report by GGC for four gas samples is included as Appendix C. 

• Disappearance of benzene when water table is low. In 1991, when ground water level 
dropped below the smeared zone, benzene virtually disappeared from the water. 
This indicates that natural forces deplete the benzene from the water as soon as the 
water is no longer in contact with the residual hydrocarbons which function as a 
reservoir for the benzene. 

• High ratios of carbon dioxide to nitrogen in the soil gas indicate biological activity. 
A deficiency of oxygen and elevated concentrations of carbon dioxide in the soil gas 
are indications of biological activity in the subsurface. These components are ' 
assumed to be derived from oxygen in air which has entered the subsurface, but 
dilution of infiltrated air by other gases such as methane complicates testing of the 
assumption. Air is about 21 percent oxygen and 78 percent nitrogen by volume, so 
the oxygen/nitrogen volume ratio of air is about 0.27. (Carbon dioxide in 
atmospheric air is only about 0.03 percent.) The ratios of oxygen to nitrogen and 
carbon dioxide to nitrogen are compared, rather than the actual concentrations, to 
eliminate the effect of dilufion by other gases such as methane, because the ratio will 
stay the same whether no methane has entered the area or 50 percent of the gas is 
methane. 

Aerobic biodegradation of hydrocarbons causes depletion of oxygen and generation 
of carbon dioxide. Based on complete oxidation of an assumed average hydrocarbon 
composed of two hydrogen atoms per carbon atom (H/C = 2), for each one and a 
half moles of oxygen consumed, one mole of carbon dioxide would be generated 
according to the following equation: 

-CH2- + 1.50, - CO, + H , 0 

If consumpfion of the oxygen were complete, the 0,/N2 ratio would be zero and the 
COj/N, rafio would be 0.18 (= 0.27/1.5). If the o.xygen were not all consumed the 
COi/N, ratio would be less than 0.18. Factors that could result in ratios higher than 
0.18 are (1) off-gassing of CO, from the bicarbonate rich ground water and (2) 
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oxidation of hydrocarbons with lower hydrogen to carbon ratios. (However, H/C is 
expected to be closer to 2 than to 1. On average, cmde oil H/C ratio is about 1.85 
(Testa, 1991)). 

Figure 4-7 shows the ratios of carbon dioxide to nitrogen and oxygen to nitrogen in 
the soil gas in and around the site. The coincidence of areas of high CO2 and low 
O2 with areas of elevated hydrocarbon content of soil or soil gas indicates significant 
biodegradation has taken place in areas containing the food supply (hydrocarbons) 
for the bacteria. A relatively high O2/N2 ratio (e.g., >0.1) indicates either a slower 
rate of biodegradation than in other areas or a higher rate of fresh air infiltration 
into this area. 

These factors indicate that if the benzene source areas were controlled to prevent migrafion 
of benzene from the site, benzene downgradient of the site would disappear naturally. 
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5.0 PHASE 1 REMEDIATION 

5.1 Vapor Extraction System 

5.1.1 System Operation 

RETOX Operation: A regenerative thermal oxidation (RETOX) vapor extracfion unit was 
installed and began operation at the site in December 1993, under permission granted by 
the EPA in their letter dated December 9, 1993. The purpose of installing the RETOX 
system at the site was to achieve some degree of remediation and to obtain information for 
Phase 2 remedial system design. 

The system operation was started on January 3, 1994. See Table 5-1 for system operating 
data and estimated amount of hydrocarbons removed during RETOX operation. A total 
of 12,100 pounds of hydrocarbons is estimated to have been removed by the RETOX during 
the Phase 1 period, mostly from well PEW-3. Benzene has averaged about one perceiit of 
volatile fuel hydrocarbons, so estimated benzene removal is approximately 120 pounds 
during RETOX operafion. 

Upon commencing operation of the system, unexpected high concentrations of volatile 
organic compounds (VOCs) and methane in the extracted soil gas required the addition of 
a high percentage of dilufion air so as to not exceed the treatment capacit)' of the RETOX 
system. The addition of this dilufion air significantly reduced the flow rate from the 
extraction wells, thus, severely compromising the value of informafion gathered by this 
system. The RETOX system ceased operation on May 11, 1994 and was consequently 
disconnected and removed from the treatment compound. 

VR Systems Model V4 Operation, Short-term and Long-term: A 5-day vapor extraction 
test, using a VR Systems Model V4, was conducted on March 14 through 18, 1994 to 
provide information to aid in the selection of a more optimal system than RETOX. Tlie 
testing results are presented in Addendum No. 2 to Technical Memorandum No. 6, dated 
May 4, 1994, and are summarized in Section 6.0, Remedial Testing and Research, of this 
design report. 

Based on results of the 5-day vapor extraction test, a VR Systems Model V4 (V4) was 
installed and connected to well PEW-2 in June 1994 to provide design data for longer-term 
operation. Three additional vapor e.xtraction/monitoring wells (PEW-4 through PEW-6) 
were installed in the vicinity of well PEW-2. These new vapor wells were used to obtain 
vacuum response data during vapor extraction at well PEW-2 and to estimate the effective 
radius of influence (ERI) in this vicinity. 
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Vapor extraction system operation in well PEW-2 started on June 10, 1994. Through 
December 7, 1994, a total of 70,000 pounds of hydrocarbons, including about 400 pounds 
of benzene, are estimated to have been removed by the V4 from the site. System operafing 
data and estimated quantity of hydrocarbons removed during V4 system operation are 
presented in Table 5-1. Detailed test results are presented in Section 6.0, Remedial Testing 
and Research. 

5.1.2 Condensate 

During operation of the RETOX system, hydrocarbon condensate was observed in the 
knock-out pot of the system and subsequently was transferred to a 4,000-gallon holding tank. 
On April 1, 1994, approximately 23 gallons (150 pounds) of the condensate was collected 
and disposed of during Phase 1 operafion. Refer to Secfion 4.0, Subsurface Hydrocarbon 
Distribution, for the results of the laboratory analysis of the condensate and further 
discussion. 

5.2 Ground Water Treatment System 

5.2.1 System Operation 

The Phase 1 ground water extraction and treatment system was installed and began 
operation at the site in December 1993. The system consisted of three extraction wells, two 
bag filters for suspended solids removal, and a granular activated carbon (GAC) adscrpfiou 
system (two vessels in series) for treating dissolved hydrocarbons in the extracted waler. 
The treated water was discharged into Pole Creek under a NPDES permit. 

The purpose ofthe Phase 1 ground water treatment system operation is to achieve a degree 
of remediation and to capture ground water containing high levels of benzene. In addition, 
the Phase 1 system operation was also designed to provide data necessaiy for the design of 
a full scale Phase 2 remediation system. As discussed in Section 6.0, Remedial Testing and 
Research, several tests were incorporated into the Phase 1 system operations. As a result 
of tests conducted and problems experienced with suspended solids in the extracted water 
and carbon fouling, the ground water treatment system operation was disrupted several 
times during the Phase 1 period. 

Three extraction wells, EW-1, MW-19S, and MW-28S were initially connected to the 
treatment system. The system operated with this well field configuration from December 
15, 1993 through Febmary 24, 1994, when the system was shut down after detection of GAC 
vessel breakthrough of benzene. During this period, the system was operated continuously 
except for frequent shutdowns resulting from bag filter clogging and changeouts. 
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In an effort to reduce the amount of solids entering the system, three new extraction wells, 
EW-2, EW-4 and EW-5, were designed and installed in May and June 1994. Upon 
installation, the three new wells were connected to the treatment system and wells MW-19S, 
EW-1, and MW-28S were disconnected. A series of tests were conducted in July and 
August 1994. Due to flow capacity limitations of the equipment being tested, flow rates 
ranged from 5 to 20 gpm for system operations during this period. 

When the ground water treatment system was in operation, weekly system monitoring was 
conducted. Samples were collected in accordance with NPDES permit requirements and/or 
for evaluation of the treatment system and testing. During Phase 1 ground water system 
operation (through November 1994), approximately 4,913,000 gallons of water was extracted 
and treated. Based on the total volume of water extracted and TPH and benzene 
concentrations detected in the water samples, it is estimated that approximately 142 pounds 
of TPH and 12.6 pounds of benzene were removed in the dissolved phase with the extracted 
ground water. Table 5-2 summarizes the Phase 1 ground water treatment system operafions 
and the amount of hydrocarbons removed. 

5.2.2 Solids Removal 

The presence of extremely fine suspended solids and high concentrations of certain dissolved 
solids in the ground water resulted in a decrease in the performance of the ground water 
treatment system. Oily suspended solids fouled the activated carbon which contributed to 
premature breakthrough of benzene. Additional studies revealed formation of some ofthe 
suspended solids was the result of precipitation of dissolved solids after extraction from the 
wells. 

Studies and bench scale testing focused on suspended and dissolved solids removal or 
fixation during the Phase 1 testing program. The following pilot systems or tesfing programs 
were evaluated: 

Dissolved Air Flotation System 
Reverse Flow Centrifuge System 
Solids Setfiing 
Granular Media Filter 
Lime Treatment 

Refer to Section 6.5, Evaluation of Ground Water Solids Removal Altematives, for the 
details and results of these tests. 
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5.2.3 Granular Activated Carbon 

Breakthrough of benzene from the GAC beds was detected on February 11, 1994, after 
approximately 2 months of system operation. During the 2 months of operation, influent 
water flow ranged from 0 to 50 gpm and hydrocarbon concentrations averaged 4 mg/l TPH 
and 350^tg/l benzene. Based on the information provided by the GAC vendor, each carbon 
bed should have lasted more than 300 days at these concentrations and flow rates. During 
the investigation of this early fouling of GAC vessels, visual and lab tests were perfomied. 
It was determined that vessels were about two-thirds filled with gas and the carbon was 
encmsted with solids. The vessels were subsequently modified to vent gases and to keep 
them liquid-full. Refer to Addendum No. 1 to Technical Memorandum No. 8, (ESA, 1994e) 
for details of the testing results and modifications performed for the carbon vessels. 

After the modifications were completed, the spent carbon was replaced with 20,000 pounds 
of virgin bituminous carbon (mesh size 8 x 30) by Northwestern Carbon. The spent carbon 
was manifested and transported offsite for regeneration. 

The modified carbon vessels began treating ground water on July 1, 1994. The ground water 
treatment system was shut down on September 14, 1994, when naturally occurring 
concentrations of total dissolved solids (TDS) exceeded the NPDES permit limit. The 
carbon vessels were opened and examined after the system was shut down. A thin layer of 
orange solids was observed at the very top of the carbon in vessel A. Samples collected 
about a foot below the top of the carbon appeared clean and normal in appearance. The 
layer of solids was thin and segregated and is most likely the result of hard water and iron 
deposits from the extracted ground water. Backwashing should prove helpful in removing 
most of this layer of solids. 

5.2.4 NPDES Testing 

The NPDES permit was granted on December 6, 1993 and the ground water treatment 
system began operation on December 17, 1993. The treated water is discharged to Pole 
Creek approximately one hundred feet southwest ofthe treatment pad (Figure 1-2). Pole 
Creek flows into the Santa Clara River approximately one-half mile south of the discharge 
point. Table 5-3 presents the required monitoring and sampling schedule for the current 
NPDES permit and Table 5-4 indicates the discharge limits. 

The system was shut down on February 25, 1994 when effluent concentrations of TPH and 
benzene were found to be slightly above the daily maximum discharge limit of the permit 
(Texaco, Inc., 1994a). An investigation was conducted and remedies were implemented in 
June 1994. 
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System operation resumed on July 1, 1994 and continued through September 14, 1994 at 
which time the effluent concentration of total dissolved solids (TDS) was found to exceed 
the daily maximum discharge limit of 1,200 mg/L. Table E-1 summarizes historic TDS 
concentrations in site wells and Figure E-1 is a graphical representation of historic TDS in 
offsite wells located near the PCPL site. As shown by Figure E-1, natural TDS 
concentrations in the area are relatively high. Therefore, the TDS upset is the result of 
naturally occurring water components, rather than contamination resulting from activities 
at the site. General mineral analyses from site wells indicate that the TDS consists of about 
two-thirds bicarbonates of calcium and magnesium. 

Measured TDS levels upstream of the discharge point in Pole Creek and in the receiving 
waters (Santa Clara River) have frequently exceeded the TDS discharge limit (V/WI, 
1994;ESA, 1994f,j; and Appendix E). Calculations using Santa Clara River flow at the 1993 
(Figure 2-6; UWCD, 1994) low rate, the lowest upstream TDS concentration in the river, 
and a discharge of 1,600 mg/L TDS at 100,000 gallons per day, show the TDS concentrafion 
in the river would only increase by 1 mg/L which cannot be detected by normal analytical 
methods. 

Based on this analysis, a written request was made to the E.xecutive Officer at the RWQCB 
to allow continued operation of the Phase 1 system with an increased TDS limit. The 
RWQCB authorized continued operation of the Phase 1 system with a stipulation that the 
mass discharge rate of TDS in the effluent must not exceed the permitted daily maximum 
of 1,000 lbs/day and the discharge must not cause the water quality objectives in the Santa 
Clara River to be exceeded (both letters are included in Appendix E). 

GWTS operation resumed on October 25, 1994 and confinued through December 3, 1994 
when the effluent concentrafion of sulfate from the November sampling exceeded the daily 
maximum discharge hmit. A sample collected prior to system shut down on December 3 
was analyzed for sulfate and the results were below the daily maximum limit. The RWQCB 
indicated that the system operation could continue as long as sulfate remains below the limit 
for four consecutive weeks. GWTS operation resumed on December 7, 1994. 

Once approval of the final Phase 2 design is granted, an application for a new NPDES 
permit for the larger capacity Phase 2 system will be submitted. 
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6.0 ADDITIONAL REMEDIAL TESTING AND EVALUATION 

6.1 Vapor Extraction Testing 

As discussed in Addenda Nos. 1 and 2 to Technical Memorandum No. 6 (ESA, 1994a,d), 
vapor extraction tests were conducted at the site using a VR Systems Model V4. These tests 
were conducted to obtain additional information for the design of the Phase 2 remedial 
system. 

Short-term Vapor Extraction Tests: 

On March 14 through 18, 1994, five short-term vapor extraction tests were conducted at the 
PCPL site using a VR Systems Model V4 intemal combustion engine (IC engine) unit. 
During each test, soil gas was extracted from one well while vacuum responses were 
observed in nearby wells and observation probes. Soil gas was extracted from wells PEW-1, 
PEW-2, PEW-3, SBB-1, and SBD-2. The duration of each test ranged from 1 to 48 hours. 
Test data and analytical results were presented to the EPA in Addendum No. 2 to Technical 
Memorandum No. 6 (ESA, 1994d). 

Using the concentrations and flow rates achieved during the tests, hydrocarbon removal 
rates for each test were calculated. Air permeabilifies were estimated from flow rate and 
pressure (vacuum) measurements. Table 6-1 summarizes the test results. 

The following are concluded from the test: 

• The vapor extracfion tests revealed that satisfactory gas flow rates (17 to 103 scfm) 
may be achieved from the wells at relatively low vacuum levels (2.5 to 29 in. lUO). 
Estimated gas permeabilities range from 8 to 80 darcies. 

• Approximately 1,800 pounds of fuel hydrocarbons (hydrocarbons within C^ to C^) 
were removed and destroyed during the 5 days of vapor extraction tests. At the 
concentrations realized during the tests, total fuel hydrocarbons extracted from a 
single well at a flow rate of 100 scfm inifially ranged from about 300 to 1,000 pounds 
per day. 

• The tests were too short to determine how long the high levels of hydrocarbon 
removal will last. During the 48-hour test conducted on well PEW-2, no significant 
hydrocarbon concentration reduction was observed. A longer-term test, discussed 
below, was inifiated to help in that determination. 

lUAum il 
\SS©©iMG 



ADDITIONAL REMEDIAL TESTING AND EVALUATION 

Pacific Coast Pipeline Superfund Site Page 6-2 
Final Phase 2 Design Report December 16, 1994 

• Laboratory analysis for fixed gases in extracted gas samples indicates low levels (2% 
to 4%) of oxygen. Typically, vapor extraction systems which ufilize thermal oxidation 
as the vapor destmction mechanism require 15% to 18% oxygen to operate 
efficiently. Therefore, significant dilution of the extracted gas is required prior to 
oxidation. This required dilufion will decrease the volume of gas which can be 
removed from the extracted wells. 

Long-term Vapor Extraction Tests on PEW-2 

A long-term vapor extracfion test on well PEW-2 was started on June 10, 1994 using a VR 
Systems Model V4. The purpose of this test was to establish the hydrocarbon concentration 
decline curve and to evaluate the changes of oxygen, methane, and other gases as vapor 
extraction proceeded. Prior to the test, three vadose zone monitoring wells (PEW-4 through 
PEW-6) were installed near well PEW-2 to monitor the vacuum pressure changes. The 
newly installed vadose zone wells were also designed for potenfial vapor extraction. The 
well locations are shown in Figure 5-1. 

Figures 6-1 and 6-2 show the time variation of concentrations of key components and 
cumulative mass of hydrocarbons removed. Through December 7, 1994, the following was 
concluded or achieved (Tables 6-2 and 6-3): 

• Approximately 17,000,000 ft^ of soil gas was extracted and treated in 180 days of 
system operafion. Based on gas-filled porosity of the soil of 20 percent and an 
average thickness of the affected zone of 50 feet, that gas volume would have come 
from an area more than 700 feet in radius. 

• Methane concentration decreased from 2.1% to 0.48% 

• Oxygen concentration increased from 1.6% to as high as 4.4%. At this writing, it 
appears to have leveled off at slightly above 4 percent. 

• Volafile fuel hydrocarbon concentrafion decreased from 22,000 ppmv to 13,000 ppmv, 
but has been as low as 12,000 ppmv. 

• Carbon dioxide remained virtually unchanged at 14 percent by volume. 

• In 180 days of system operation, approximately 70,000 lbs of total hydrocarbons and 
400 lbs of benzene were removed. About 10 percent by weight of the hydrocarbons 
was methane. 
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• The slow change of oxygen concentration and lack of change of carbon dioxide 
concentration could indicate one or both of the following: (1) that little fresh air 
infiltration from the unpaved surface exists in the area influenced by this well; (2) 
most of the oxygen from infiltrated air is consumed by microbial action, producing 
carbon dioxide. 

• Minimal vertical communicafion exists between the upper and lower vadose zones 
in the vicinity of well PEW-2. This is evidenced by the gas pressure measurement 
from extracfion well PEW-2 and observation well MW-38S. Well MW-38S is located 
only 12 feet from well PEW-2. However, no vacuum pressure has been observed in 
this well. In fact, a positive pressure of 0.2 inches water was measured in MW-38S 
when a negative pressure of 4.4 inches was measured in PEW-2. This is attributed 
to the differences ofthe perforated intervals ofthe two wells, with MW-38S screened 
below a fine-grained layer of soil and PEW-2 screened above that layer. Well 
PEW-2 is screened from 20 to 45 feet bgs. Well MW-38S is screened from 56 to 86 
feet bgs. 

The decease in methane concentration in the extracted gas is expected to follow a first order 
exponential decay curve, if there is no replenishment of the extracted menthane. If there 
is a methane source, such as leakage from the deep earth, or microbial generation, the curve 
must be modified to account for the influx. As shown in Figure 6-3, the data fairly well fits 
a curve for exponential decay plus methane inflow at a constant rate. TTie development of 
the equation describing the process follows: 

Assumptions: 

Methane concentration, c, is uniform within fixed soil gas volume, V .̂ 

Soil gas is extracted at constant rate, Q. 

Methane mass in subsurface gas volume, V ,̂ changes by: 

1. Removal of methane by soil gas extraction (-cQ). 

2. Generation of methane or infiltration of deep earth methane at 
constant, R. 

Changing methane mass, m, within volume V^ is 

dm/dt = -cQ -H R (mass/time) 
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and changing concentration is: 

dc/dt = d(m/V„) / dt = -cQ/V„ -f R/V,, 
(concentration/time) 

• This integrates to: 

In [ (R - c„ Q) / (R - cQ)] = QtA'; 

= V/V, 

where V is the volume extracted after time, t. 

• This is rearranged to 

c = R/Q + (c,, - R/Q) exp (-V/V,) 

• Regression of the data gives 

c = 4,040 + 7,800 exp (-V/1.2) mg/m^ 

• For average Q = 0.0955 MMcf/d (66cfin), the parameters are 

R = 24 lb/day 

c,, = 12,000 mg/m' (18,000 ppmv) 

V, = 1.2 million cubic feet. 

This means methane is being supplied to the zone of influence of the 
extracfion well at a rate of 24 lb/day. The calculated methane concentration 
reached the asymptotic rate after about 4 months of extraction. 

Vapor Concentration Tests 

During August 9 through 12, 1994, vapor concentration tests were conducted at the site. 
A total of 35 vadose zone or ground water monitoring wells were tested. The purpose of 
these tests was to determine the subsurface vapor phase hydrocarbon and fixed gas 
distributions and air permeabilities at various locations of the site. A VR Systems Model 
V4 was used at each tested well head. A map showing all the wells tested, plus PEW-2 
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which is undergoing long-term tesfing (36 wells total), is presented as Figure 6-4. 
Laboratory analytical results and component distributions are discussed in Secfion 4.0, 
Subsurface Hydrocarbon Distribution and the laboratory data sheets are included in 
Appendix F. 

Flow rates and well head vacuum applied during the tests are used for analyzing the 
permeabilities in the vicinities of the tested wells using the Johnson flow model. For wells 
which appear to have been affected by ground water upwelling when the vacuum was 
applied, a correction was made to account for less screened area available for gas flow. 
Wells with screen intervals that appeared to be completely submerged after applying a 
vacuum were not used for the calculations of air permeability. Calculated permeability 
values are presented in Table 6-4. The permeability values were used in modeling of the 
vadose zone gas movement described in Section 7.2, Vapor Extraction Modeling. 

6.2 Vapor Condensation 

As described in Section 4.1.3.2, Gas Condensate, hydrocarbon condensates were found ia 
the vapor lines and knock out drum of the RETOX vapor extraction system during 
extraction from well PEW-3. Hydrocarbon distributions from six wells show a significant 
portion ofthe VOCs in the gases from these wells in the carbon number range C5 to C l l . 
These are condensable under moderate conditions of temperature and pressure. Therefore, 
an altemative based on partial condensafion of hydrocarbons has been considered. Methane 
and other light hydrocarbons (and probably even some ofthe C5 and C6 hydrocarbons) are 
apparently from natural sources and could be burned in a flare under Ventura County Air 
Pollution Control District Rules. 

Preliminary calculations were made to detennine if a significant portion of hydrocarbons 
could be recovered by condensation. Calculations were based on the hydrocarbon 
distributions presented in Table 4-5, for the five onsite wells listed on that table (MW-39S 
is offsite). The concept considered is: 

compression of the soil gas to 150 psia, 
partial condensation at 80°F, 
partial condensation at -25°F using refrigeration, 
flaring of the uncondensed hydrocarbons, and 
combining condensed liquids with crude oil to recover these as 
a beneficial product. 

Results are summarized as follows: 
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Carbon No. 

Percent Condensed 

C3 

5 -36 

C4 

2 3 - 7 7 

C5 

6 7 - 9 7 

C6 

93 - 99.7 

C7+ 

> 99 

The preliminary calculations indicate the concept is technically feasible. However, there is 
considerable uncertainty about the length of time that the wells would continue to produce 
significant quantities of condensable hydrocarbons. Also, the EPA may not accept flaring 
of the non-condensible gas from a Superfund site without concrete evidence that all the 
uncondensed hydrocarbons are from natural sources. Therefore, this altemative has not 
been considered further. 

6 3 Biotechnical Evaluation 

Numerous empirical and field studies have established that the most significant factor in the 
time-dependent decrease of BTEX compounds in aquifers is degradation by soil microbes 
(Barker, et al., 1987; Chiang, et al., 1989, Gilham, et al., 1990; Kemblowski, et al., 1987; 
Thomas, et al., 1990). To evaluate the potential for intrinsic and engineered bioremcdiation 
of hydrocarbon impacted soil and ground water at the PCPL site, a three phase biotechnical '-
investigation was undertaken. The first phase of the invesfigation was directed at • 
characterizing the native physicochemical and microbiological parameters of the site. 
Subsequent phases of study focussed on evaluating the feasibility of manipulating the 
physicochemical parameters to enhance bioremcdiation. 

The biotechnical invesfigafion was performed by an expert independent consultant in the 
field of environmental biotechnology — Mr. A. Keith Kaufman. Following is a synopsis of 
the results of the study. The entire report is attached as Appendix G and the reader should 
refer to this document for additional information. 

6.3.1 Baseline Physicochemistry and Microbiology 

Representative soil and ground water samples were tested to establish the baseline 
microbiological conditions at the site. Baseline conditions include qualifying the presence 
of indigenous microorganisms, establishing the proportion of indigenous microorganisms 
capable of degrading petroleum hydrocarbons (biodegraders), and evaluafing the 
environmental physicochemical parameters for biodegrader compatibility. 

6.3.1.1 Sample Collection 

Representative, contaminated soil and ground water samples from various areas of the 
PCPL site were collected for biotechnical evaluation. The following three visibly 
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contaminated soil samples collected from monitoring and extraction well borings drilled in 
early to mid-May 1994 were selected for biotechnical evaluation: 

• the 45 foot sample from boring MW-47D; 
• the 60 foot sample from boring EW-4; and 
• the 85 foot sample from boring EW-2. 

Similarly, three ground water samples from three of the most contaminated 
monitoring/extraction wells were submitted for testing. Samples from wells MW-17S, 
MW-19S and P2 were collected using standard purging protocols during the second quarter 
1994 ground water monitoring event. 

6.3.1.2 Laboratory Testing 

Physicochemical Testing 

The above-described soil and ground water samples were evaluated for baseline 
physicochemical parameters (pH, nitrate, ammonium, phosphorous, and potassium) to 
detennine the physicochemical "health" of the respective environments. The significant 
findings of the physicochemical tests indicate no apparent biotoxicity associated with the 
ambient environmental conditions. The tests did, however, indicate a deficiency of both 
reduced and oxidized forms of nitrogen. Furthermore, in situ measurements of dissolved 
o.xygen in monitoring wells indicate that dissolved oxygen concentrations in ground water 
(0.64 mg/l, average of 46 data points) are very close to the critical concentration (0.5 mg/l) 
required for the promotion of aerobic activity (Riser-Roberts, 1992). In order to sfimulate 
optimal biodegradative efficiency within the impacted matrices, supplemental nitrogen 
components in the form of ammonium nitrate and dissolved oxygen will be required. 

Microbial Enumeration 

Microbial enumeration of cultures developed from the soil and ground water samples reveals 
that a viable population of heterotrophic (def, the ability to derive energy and carbon for 
survival and growth from decomposition of organic materials) microorganisms exists within 
the saturated and vadose media underlying the site. Of the heterotrophic microorganisms 
present, a significant proportion (mean 25%, median 13%) of these possess the ability to 
degrade petroleum hydrocarbon. The presence of a significant population of indigenous 
hydrocarbon degraders supports the prospective use of biosfimulation methods (optimization 
of the environmental conditions to encourage indigenous biodegrader growth) as opposed 
to bioaugmentafion (the introducfion of exogenous biodegrading microorganisms). 
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6.3.2 Biotreatability Studies 

Soil and combined soil and ground water laboratory pilot studies were performed to 
evaluate the feasibility of manipulating the subsurface environmental conditions to optimize 
biodegrader performance (biosfimulation). The tests were performed in two phases. TTie 
first phase involved treatment (nutrient and oxygen supplementation) of ground water only. 
The second phase included treatment of an integrated soil and ground water system. 

6.3.2.1 Pilot Bioremedial Treatment of Ground Water 

The test method involved the equal distribution of 3.7 liters of composited site-specific 
ground water to each of three one-gallon glass vessels. Each water sample was spiked with 
equal volumes of gasoline and diesel fuel (approximately 1,000 ppm total spike 
concentration). TTie first vessel was the control system and no nutrients or oxygen 
supplements were added. TTie second vessel received nutrients in the form of ammonium 
nitrate, but no supplemental oxygen and the third vessel received both nutrients and 
hydrogen peroxide as a source of dissolved oxygen. Each vessel was periodically mixed, 
loosely capped to allow for gas exchange, and maintained at room temperature under 
aerobic conditions for a total treatment period of 14 days. A second application of nutrients 
and hydrogen peroxide was performed on the seventh day. The systems were tested for 
physicochemistry and microbiology at t=0 (baseline), t = 7 and t= 14 days. The systems were 
also tested for hydrocarbon constituents (TRPH, TPH [as diesel and gasoline] and BTEX) 
at t=0, t=2, t=7, and t=14 days. 

The results of the pilot study indicate that although a significant proportion of the 
contaminant reduction may be attributed to volatilization, the nutrient amended sample 
evidenced more efficient reduction of gasoline and specific BTEX components than either 
the control or hydrogen peroxide supplemented test systems. The observed increased 
efficiency of hydrocarbon reduction in the nutrient-amended test sample can be attributed 
to biological activity since a substantial increase in both heterotrophic and selective degrader 
populations was observed. Hydrogen peroxide (0.01%) proved detrimental (biotoxic) to 
microbial activity. Because of the improved efficiency of contaminant reduction noted for 
the nutrient amended system, this method was utilized for the integrated soil-ground water 
biotreatment study. 

6.3.2.2 Pilot Bioremedial Treatment of Soil and Ground Water 

This phase was conducted to evaluate the feasibility of using biostiniulation for the in situ 
treatment of soil and ground water via an integrated closed-loop system. The test method 
involved the percolation of nutrient-amended (100 ppm nitrate), hydrocarbon-spiked (1,000 
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ppm diesel/gasoline mix), site-specific ground water through a 3-ft long vertical column 
packed with a composite of soil from the three samples. A ground water reservoir (2.5 liter 
flask) was connected, via Tygon tubing and a peristaltic pump, to the top ofthe soil column 
such that a continuous closed-loop flow from the reservoir through the soil column would 
be accomplished. A recirculating tube connected the distal end of the soil column to the 
influent port of the flask. To the extent possible, a continuous flow of water to the top of 
the soil column was maintained for a period of 14 days (average flow 2.34 ml/hr). Soil and 
ground water samples from the closed loop system were tested for physicochemistry, 
microbiology, and hydrocarbon constituents at t=0 and t= 14 days. 

Analytical testing of ground water samples after the 14 day treatment period indicates a 
greater than 99.9% reduction in diesel and gasoline/BTEX concentrations. Although a 
portion of the hydrocarbon reducfion may be attributed to adsorption of hydrocarbon onto 
soil particles, the vast majority of the reduction is believed to be the result of biologically-
mediated degradafion. This contention is supported by the results of microbiological and 
physicochemical analyses. Microbiologically, both soil and ground water samples showed 
substantial increases in both heterotrophic and selective degrader populations. The growth 
ofthe selective population (40-216% increase) could only have occurred if the hydrocarbon 
constituents were being utilized for microbial growth. 

Physicochemically, the pilot test confirmed nutrient delivery to the soil column. The more 
efficient loss of nitrate within the soil matrix correlates well with the differential microbial 
enumeration findings, again indicafing a rapidly metabolizing population of biodegraders. 
Interestingly, in spite of the presence of a significant proportion of fine-grained matrix in 
the soil samples, no evidence of biofouling (soil plugging developed as a result of bacterial 
growth) was observed during the treatment period. 

Of significance is the fact that, although these experiments were performed within a closed 
loop system and opportunity for aeration of the water after process initiation was limited, 
the water was likely much more highly oxygenated during the tests than under actual in situ 
field conditions. As was pointed out earlier, dissolved oxygen in ground water at the PCPL 
site borders on the minimum critical concentrafion required to promote aerobic activity. 
Therefore, in addition to nitrate, supplemental dissolved oxygen will be required for 
successful implementation of in situ bioremedial treatment of soil and ground water. 

6.3.3 Conclusions 

The cumulative results of the biotreatability study support the prospective use of enhanced 
bioremedial treatment for expedited in situ cleanup of soil and ground water. However, 
scaling up the optimal laboratory treatment conditions to full scale field applications 

ElMOL^^O 
S[Hl/S\t{D[M il 
/S\SS©©11MI 



ADDITIONAL REMEDIAL TESTING AND EVALUATION 

Pacific Coast Pipeline Superfund Site Page 6-10 
Final Phase 2 Design Report December 16, 1994 

presents many difficulties. For instance, the extreme heterogeneity of the site soils precludes 
the efficient delivery of nutrients and supplemental oxygen to the soil column. Furthermore, 
the site ground water contains relatively high levels of reduced iron and other dissolved 
solids which precipitate when the water is aerated. This observation causes concem that 
introduction of oxygen to the saturated zone will cause precipitation of iron and other solids 
within the aquifer eventually resulfing in fouling of the saturated media surrounding a sparge 
point or injection well. Until a method can be engineered which will result in the efficient 
delivery of nutrients and dissolved oxygen to the saturated zone without precipitating 
unwanted solids, we do not recommend implementation of enhanced in situ bioremcdiation 
for cleanup of soil and ground water. 

The results ofthe biotechnical evaluafion indicate that hydrocarbon biodegradation is taking 
place at the site, although at a relatively slow pace that is limited by the availability of 
oxygen and nutrients. Long-term vapor extraction operation at the site may increase the 
oxygen content of the soil gas and improve the biodegradation rates. Dissolved 
hydrocarbons in ground water moving away from areas of residual hydrocarbon in soil 
(sources) will continue to biodegrade, effectively limiting further plume migration. 

6.4 In-Situ Treatment Study 

In-situ methods of ground water remediation were investigated for technical feasibility at 
the project site. The methods researched included air sparging (convenfional, densit>'-driven 
convection, and Underdmck-Verdampfer-Brunnen [UVB]) and bioventing (convenfional and 
pure oxygen-enhanced). 

6.4.1 Process Descriptions 

6.4.1.1 Air Sparging 

Conventional air sparging involves the introduction of pressurized air into contaminated 
ground water through the use of vertical or horizontal injection wells. Dissolved volatile 
contaminants in the ground water are then volatilized and stripped by the passage of air. 
Soil gas containing the removed contaminants is typically collected through a soil vapor 
extraction (SVE) system operated in conjunction with the sparging system. 

Variations on this theme include "density driven convection," where water in a wellbore is 
aerated through the injection of air at the base of the well. The air bubbles strip 
contaminants from the ground water, while the aerated water rises in the wellbore, thereby 
drawing additional contaminated ground water in at the base of the well screen (Schrauf, 
et al., 1994). In the UVB Method, air injection and vapor extraction are conducted in 
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separate screened well sections in the same borehole. This method reportedly provides 
increased control over ground water circulation (Schrauf, et al., 1994). Again, the method 
relies upon the stripping action of rising air bubbles to removed dissolve contaminants. 

6.4.1.2 Bioventing 

Bioventing, as applied to ground water contamination, is similar in execution to air sparging, 
and the two methods share basic mechanical similarities. The physical processes goveming 
the methods are quite different, however, in that air sparging is founded on the premise that 
the physical volafility ofthe dissolved contaminants will transfer the contaminants from one 
medium (water) to another (air). Bioventing relies upon the ability of microorganisms to 
metabolize the contaminants, resulting in the in-situ destruction of the contaminants. 

Bioventing typically involves the injection of air into contaminated ground water, with 
physical methods similar to those involved in air sparging. The primary purpose, however, 
is to increase the dissolved oxygen (DO) content in the contaminated water, consequently 
enhancing the ability of indigenous or introduced microorganisms to metabolize the 
contaminants. 

Conventional bioventing involves the injection of clean ambient air; pure oxj'gen or 
hydrogen peroxide injection may also be effective in specific circumstances. (However, 
hydrogen pero.xide has proven to be to.xic to the microorganisms in samples from the project 
site.) 

6.4.2 Summary of Applicability of these Methods to the Subject Site 

Dissolved bicarbonate, iron, manganese, calcium, and magnesium are present in high 
concentrations in ground water at the site (over 1,600 ppm total dissolved solids in some 
wells). Treatability studies conducted on ground water samples from the site (Section 6.5 
below) indicate that agitafion and aeration result in the evolution and release of carbon 
dioxide gas from the ground water. This results in an increase in pH and causes calcium to 
precipitate as calcium carbonate; iron and manganese are likewise precipitated as their 
oxidation states are changed and insoluble oxides are formed. The chemical equations for 
these reactions are as follow: 

Calcium Carbonate Precipitation 

C3++ + 2 HCO3- « CaCOji + CO,3 + H , 0 
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Iron Oxide Precipitation 

2 Fe^^ -F 1.5 O2 - Fe,03i 

The techniques discussed above (air sparging and bioventing) require the introduction of 
significant amounts of air and/or supplemental oxygen into ground water. In light of the 
treatability studies conducted to date, it is apparent that any such injection of air at the 
project site will likely result in the precipitation and formation of total hardness minerals 
in the ground water aquifer in the vicinity of the sparging/injection wells. It is conceivable 
that mineral deposition could significantly impact the overall ground water permeability in 
affected areas, thereby resulfing in reduced yields to extracfion wells. Furthermore, once 
mineralization occurs, it would be exceedingly difficult to mifigate or reverse. 

It is concluded that airsparging and bioventing are not appropriate technologies for 
treatment of ground water at the PCPL site. However, bioventing may aid in remediation 
of the vadose zone. 

6.5 Evaluation of Ground Water Solids Removal Alternatives 

This section summarizes the results of testing solids removal technologies. A more detailed 
description of testing activities will be presented in the upcoming Third Quarter 1994 
Quarterly Status Report. 

As was discussed in previous sections of this report, suspended solids have fouled the 
activated carbon inside the GAC vessels, causing premature breakthrough of benzene. In 
order to select a suspended solids treatment system, pilot studies, bench scale tests, and 
technical evaluations were completed during Phase 1 operation. The following methods 
were evaluated: 

Methods Evaluated 

Dissolved Air Flotation (DAF) 
Centrifuge 
Aerafion 
Lime Treatment 
Sand Filter 
Bag Filter 
Settling Tank 
Chemical Addition 
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A comparison of methods evaluated is presented in Table 6-5. 

Results 

Fouling ofthe GAC vessels was initially attributed to high suspended solids in the extracted 
ground water, but bench scale testing and pilot studies indicate that suspended solids form 
as minerals in the ground water precipitate. Extracted ground water contains high 
concentrations of calcium, magnesium, manganese, iron and dissolved carbon dioxide 
(bicarbonate). As the water is exposed to air or agitated by pumping action, the solids 
precipitate in two steps: (1) oxidation ofthe iron and manganese produces insoluble oxides 
ofthese minerals, and (2) stripping of carbon dioxide converts soluble calcium bicarbonate 
into insoluble calcium carbonate and raises the pH of the water. The following summarizes 
key results and observations: 

• DAF was not effective in removing suspended solids. Injection of air actually 
increased the total suspended solids (TSS) by promoting precipitation of minerals. 

• Lime treatment would be effective in removing dissolved solids which tend to 
precipitate, but would require addition of large amounts of lime and would result in 
large volumes of oil-contaminated lime sludge requiring further treatment or disposal 
as a hazardous waste. 

• No significant reduction in suspended solids was obtained with most of the tested 
methods. 

• Solids confinue to precipitate downstream of all tested physical separafion methods. 

• Chemical addition of a sequestering agent resulted in a 50 percent reduction in 
suspended solids by keeping most dissolved solids in solution. 

Conclusion 

Chemical addition of a sequestering agent is effective because it reduces precipitafion. 
However, it is relatively expensive (approximately 60 pounds of chemical at a cost of $150 
per 100,000 gallons of water treated). Its long-term effects on the activated carbon in 
unknown. 

Periodic carbon backwash, with no pretreatment of the raw water appears to be the most 
cost effective approach, even if one additional changeout per year is required. 
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Design 

No pretreatment will be used. Tanks and a high flow pump will be added to backwash the 
carbon when back pressure reaches about 40 psi, indicating significant solids buildup in the 
GAC vessels. If backwashing of the GAC vessels becomes too frequent, chemical addition 
may be incorporated. In addifion, provision is made in the design for addition of mulfiple 
bag filters upstream ofthe carbon. These filters will be installed, but may be bypassed most 
of the time if backwashing effectiveness is demonstrated. Design of the backwashing system 
is addressed in Section 9.3, Ground Water Extraction and Treatment System. 

6.6 Geophysical Logging 

Eleven new and existing boreholes were geophysically logged to provide quantitative 
correlation between geologic logs that had been produced by a variety of geologists over the 
years. COLOG of Golden, Colorado was selected as the geophysical contractor for the task. 
Logging criteria included: 

• location and depth of boreholes; 
• maximum hole depth of 150 ft.; and 
• logs generated in both 2-inch and 4-inch diameter 

PVC casing with no drilling fluid. 

Based on these criteria, (the controlling factor being the existing well constmction), eleven 
boreholes were selected for logging (Table 6-6). A gamma log and EM-39 log were 
generated for each of the selected boreholes. The gamma log measures the naturally 
occurring gamma emissions from the formation surrounding the borehole. The EM-39 log 
(induction log) measures electrical properties of the adjacent formation by inducing a 
current into the formation and measuring the electromagnetic response within the borehole 
to that current. From this information a conductivity/resistivity log of the borehole can be 
produced. The logs are included in Appendix H. 

Interpretation 

Extraction wells EW-2, EW-4 and EW-5 were selected for geophysical logging, because 
continuous core and soil boring log data had been previously generated for these borings. 
Tlie gamma ray and induction log responses were correlated with the continuous soil data 
in order to calibrate the geophysical response to known soil lithologies or "marker beds." 
Since geophysical logs provide continuous information, subsurface lithologic correlations 
could be made based on a characteristic geophysical response or signature in those areas 
where continuous lithologic information was previously unavailable. 
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Attempts to match continuous core and boring log data to characterisfic geophysical 
response indicates that a strong correlation appears to exist between fining upward and 
coarsening upward gradafional soil lithologic sequences. Based on this characteristic 
geophysical signature, marker horizons mapped between borings MW-llS, MW-33D and 
MW-25D show an apparent vertical offset of strata that may be attributed to either very 
recent fault movement, the presence of a landslide, or simply deposifional changes produced 
by stream bottom scour (erosional surface) or lateral changes associated with the shifting 
of Pole Creek. The data generated from the geophysical logs was used to supplement 
geologic information presented in the cross sections included in this report. 

6.7 Ground Water Pumping Tests 

Ground water pumping tests have been conducted at the PCPL site to characterize 
hydrologic properties of the aquifer 1 materials. Tlie information obtained from those 
analyses has been incorporated into a series of permeability distribufion maps for the site 
which were used for predictive modeling of ground water flow and subsequent capture zone 
analyses. Ground water pumping tests have been conducted since the inception of-
exploration activities at the site. During the Phase 1 program, three new extracfion wells' 
and six new monitoring wells were tested. The data were incorporated with previous 
informafion to generate a permeability distribufion map of aquifer I (Figure 7-5). Table 6-7 
is a list of wells where ground water pumping tests were recently conducted. 

6.7.1 Phase 1 Aquifer Testing Summary 

During Phase 1 activities three new extraction wells and six monitoring wells were selected 
for aquifer testing. A variety of testing techniques were used to: 

• evaluate well efficiency and establish safe pumping rate for the 
planned forty- eight hour constant-rate tests; 

• calculate aquifer properties for flow and capture zone modeling; 
and 

• estimate permeabilities west of the site in the terrace deposits. 

Methodology 
I 

The full aquifer test methodology and results are described in the forthcoming Third 
Quarter, 1994 Quarterly Status Report. Only a summary of methodology is presented here. 
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The Step drawdown tests were conducted by pumping the extraction wells (EW-2, EW-4 
and EW-5) individually at three different rates up to the full producfion capacity of the 
pump or unfil the automafic pump shut off in the well activated. The total length of each 
pumping test was less than four hours. Water levels were monitored in the pumped well 
using a pressure transducer and data logging system. Flow rates were measured both with 
the in-line flow meters on the treatment pad and with a totalizing flow meter on the 
discharge. Water levels were measured both prior to pumping and during well recovery. 

Constant rate tests were conducted in a similar fashion except that a single pumping rate 
was maintained for a 48-hour period. Additional observation wells were selected for 
monitoring drawdown with a pressure transducer/data logger system. A background 
monitoring well and a barometric station were maintained onsite prior to, during and after 
each test. 

Slug tests were conducted by inserting into, or removing a slug of known volume out of the 
well and monitoring the water level response using a pressure transducer and data logging 
system. In most wells, at least two tests were conducted for comparison purposes. 

All aquifer test data were analyzed using the AQUIX4-S software package. 

Results 

Well efficiency is defined as the ratio of actual drawdown in the well to theoretical 
drawdown, expressed as a percentage. Calculation of the well efficiency for the newly 
installed extraction wells (as shown in the chart below) indicates that the wells are not 
operating at peak or expected efficiency. This is probably a direct result of the well design 
which was selected to minimize the movement of fines from the formation into the well. 
The resulting design influences the skin Factor (Kruseman & De Ridder, 1990). 

Well EfTiciency - Phase 2 Extraction Wells 

Well 

EW-2 

EW-4 

EW-5 

Calculated Well ElTicieiicy 

0.69 

0.75 

0.74 

Hydrologic property evaluation at PCPL is hampered by the lithologic variability of the site. 
There are no continuous, well defined aquicludes and the depth to the aquifer bottom and 

•[M©L^[MO 
'MAUm il 
\SS©©IMG 



REMEDIAL TESTING AND RESEARCH 

Pacific Coast Pipeline SuperfUnd Site Page 6-17 
Final Phase 2 Design Report December 16, 1994 

top is problematic in most areas of the site. Review of drilling data, historic water level 
information and pumping test results all indicate that the wells are partially penetrating in 
unconfined to semi-confined zones. The magnitude of the barometric response measured 
during long term water level monitoring indicates however, that EW-4 at least may be more 
semi-confined than EW-2 and EW-5. Consequently, selection of an appropriate aquifer test 
evaluation methodology is hampered by a lack of a clearly defined aquifer definition. For 
the PCPL site, the evaluafion methodology selected was driven by review of the 
aforementioned site characteristics and more importantly, the shape ofthe aquifer response 
curves. 

Summary 

The Phase 1 aquifer property evaluation indicates that the aquifer 1 hydrologic properties 
appear to follow trends discussed in earlier documents. The aquifer permeability decreases 
to the west and north ofthe PCPL site. The highest permeabilities appear to follow a linear 
trend from the vicinity of MW-28S south-southwesterly to EW-4 and MW-39S. 

6.8 Evaluation of Treated Water Disposal Alternative 

Beneficial reuse of treated water is the preferred treated water disposal option outlined in 
the record of decision (ROD) for the site. Current reuse options include: 

• Recharge to ground water by reinjection wells or infiltration basins, 
• Reuse as local irrigafion water, and 
• Reintroduction to the Fillmore Ground Water Basin by discharge at 

Pole Creek 

Reinjection or Infiltration Basins 

Extensive investigations associated with ground water solids removal during Phase 1 indicate 
that the site water is extremely hard and precipitates of calcium, magnesium, and iron would 
clog reinjection wells or infiltration basins. Therefore, reinjection or infiltration is not 
recommended. 

Reuse as Local Irrigation Water 

Water samples extracted from the site were analyzed for a variety of parameters to 
determine suitability as irrigation water for local crops. Montgomery Watson evaluated the 
analytical results based on a guide developed by the University of Califomia Cooperative 
Extension Service for identifying potential areas of concern with irrigation waters. A letter 
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report by Montgomery Watson is included in Appendix H. The water analysis used for this 
evaluafion was for combined extraction from wells EW-1 and MW-19S. Table 6-8 shows 
general minerals results for that sample and for the newer wells EW-2, EW-4, and EW-5. 
The water is of similarly poor quality in all of these wells. 

Montgomery Watson concludes the use of effluent water from the granular activated carbon 
treatment system for irrigation is not a viable reuse option for the following reasons: 

• Increasing problems with salinity and soil permeability may be expected from use of 
the treated ground water for irrigation, based on specific conductivity of 1,600 
/xmho/cm. 

• Specific ion toxicity via root absorption may be an increasing problem owing to a 
boron concentration of 0.69 mg/l. 

• Severe problems may be anticipated as a result of high sodium concentrations 
(10 meq/l). 

• Use of this water can be expected to increase soil pH as a result of the high 
bicarbonate concentration (960 mg/l as equivalent CaCOj = 19 nieq/1). Bicarbonate 
should not exceed 6 meq/l in irrigation water. The high bicarbonate concentration 
would likely result in adverse impacts to soil structure and afreet the availability to 
crops of trace nutrients such as iron, zinc and magnesium. 

• For spray or drip systems, the high hardness will result in precipitation of minerals 
which tend to clog these systems.. Because calcium and magnesium carbonates have 
different solubilities, the formafion of these salts could adversely affect the ratio of 
calcium to magnesium remaining in solution and their availability to crops. 

Reintroduction to the Basin bv Discharge at Pole Creek 

The reuse option implemented in Phase 1 was discharge of the treated water to Pole Creek 
under a NPDES permit. Pole Creek is concrete-lined at the discharge point, but is unlined 
approximately 1,300 feet to the south. The primary source of recharge in the Fillmore Basin 
is by percolation of streamflows. Therefore, there is substantial recharge of the water by 
reintroducing it to the Fillmore Ground Water Basin. 
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7.0 SITE SIMULATIONS 

7.1 Stick Model 

A three dimensional subsurface lithologic model was constmcted from data reported on 
boring logs from over one hundred borings and wells installed at or near the site. The 
model was generated with a horizontal scale of one inch to forty feet in the horizontal 
dimension and one inch to twenty feet in the vertical dimension (2 times vertical 
exaggeration). Wooden dowels (sticks) were used to represent borings/wells originating at 
a datum elevation lower than the minimum elevation encountered during drilling of the 
borings. The sticks are attached to a board which has a map of the site superimposed. ITie 
sticks were colored to reflect the Unified Soil Classification System (USCS) soil type 
reported on the logs. Certain USCS soil types were grouped as follows and all red clay or 
red silt units were colored red: 

Clean Gravels (GW-GP) 
Clean Sands (SW-SP) 
Dirty Sands and Gravels (SM-SC-GM-GC) •: 
Silt (ML) 
Clay (CL-CH-MH) 
Red Clay or Red Silt 

The sticks were colored in this manner to the total depth of each boring and were uncolored 
below, down to the datum. ITie tops of the sticks were cut to reflect surface elevation. For 
borings that were completed as wells, the perforated zones are shown on the sticks with 
horizontal lines and the ground water levels are represented by rubber "O" rings fitted 
around each stick at the appropriate elevafion. Photographs of the model are included in 
Figure 7-1. 

The stick model confirms the extreme lateral variability of subsurface soil types discu.ssed 
previously in Section 2.0, Site Description and Refined Site Hypothesis. A large portion of 
the site subsurface contains dirty sands and gravels (orange) with discontinuous interlayered 
silts, clays, and clean sands. There is very little clean gravel at the site. 

7.2 Vapor Extraction Modeling 

Vapor extraction modeling was conducted to estimate pressure declines within the 
unsaturated zone beneath the site resulting from extracting gas at various rates from several 
onsite locations. 
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7.2.1 Methodology 

A three dimensional, steady state, finite difference model of the expected vacuum in and 
around the PCPL site was constmcted using the available data and MODFLOW computer 
code by McDonald and Harbaugh. The evaluation technique follows a suggestion presented 
by Parker, et al., 1989. 

After review of the site geometry in relafion to the planned vapor extraction system, the 
finite difference grid used for the ground water flow modeling (Section 7.3.3, Grid 
Generation and Data Input) was modified to accommodate the vapor extraction modefing. 
The ground water model was expanded into a two layer finite difference model with implicit 
no-flow boundaries at the base of the model and along all of the model sides. The finite 
difference grid was established using 49 rows and 25 columns representing a 4,200 x 2,200 ft 
area (Figure 7-2). A very low vertical permeability was assigned since the vapor extraction 
testing indicates little or no flow of atmospheric gas into the subsurface. Vertical 
permeability was set equal to one percent of horizontal permeability inside the site 
boundaries and ten percent of horizontal permeability outside the site. A constant head 
boundary of zero inches (atmospheric pressure) was assigned to all nodes. No gas 
generation was simulated. The thickness of the zone permeable to gas flow has been 
assumed constant at 50 feet. 

Approximate intrinsic horizontal permeabilities of the unsaturated zone were calculated 
from vapor extracfion tesfing conducted during the Phase 1 invesfigations. The vapor 
extraction testing and data analysis results are presented in Section 6.1, Vapor Extraction 
Tesfing. Based on the gas permeability values presented in Table 6-4, a value for each grid 
node was estimated using a minimum curvature method. Since the majority of the data was 
concentrated in the center ofthe site, the estimation process is not valid at the northem and 
southem portion of the site where there is no data control. In these areas, the gas 
conductivity was esfimated extending the calculated gas conductivities for the model. The 
resulting permeability distribufion overlain on the model grid is shown on Figure 7-3. 

Three vapor extraction wells were selected based on the vadose zone target areas for the 
Phase 2 remediation (Section 8.1.1, Vadose Zone). E.xtraction wells were modeled as 
constant head nodes. 

A vacuum of 40 inches of water was established at nodes where EW-4 and SBD-3 were 
located. Similarly, a vacuum of 30 inches H , 0 was assigned to PEW-1. Note that these 
wells are all within the lower vadose zone. Figure 7-4 is a map representing calculated 
pressure drops within the vadose zone at the PCPL site using the parameters previously 
described. 
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The vapor extraction modeling estimates that the extraction of three wells (EW-4, SBD-3 
and PEW-1) will effectively capture hydrocarbon vapors within the lower vadose zone target 
areas. As remediation proceeds, vapor flow from the extraction wells may increase or 
additional vapor extraction wells may be incorporated into the system. Extracfion from well 
PEW-3 was not modeled. Based on extracfion from well PEW-2 and modeling of extraction 
from the lower vadose zone, it is expected that extraction from well PEW-3 will effectively 
capture the upper vadose target area. 

7 3 Ground Water Modeling 

A numerical ground water flow model of aquifer I at the PCPL site v.'as constmcted to 
(1) provide information on flow direction and velocity, (2) assist in idenfifying recharge/ 
discharge volumes and locations, and (3) provide base information for performing capture 
zone analyses. After establishing an acceptable match of the modeled ground water 
elevations with the observed elevafions, an advective transport model was superimposed on 
the data to calculate and display capture zones for a variety of proposed pump and treat 
options at the site. 

Capture zone analyses are performed to assess the movement of ground water particles due 
to the advective properties of the medium and the fluid in question. At the PCPL site, it 
provides a measure of the potential for ground water moving across the site to cany 
hydrocarbons beyond the site boundaiy. More importantly^ it delineates a zone where 
hydrocarbons already existing in the ground water will be pulled back to a pumping well for 
eventual extraction and treatment. 

7.3.1 Conceptual Model 

The conceptual hydrogeologic model of the PCPL site was developed in Section 2.5, Local 
Geology and Hydrogeology, of this report. A sunimary of the model follows. 

The PCPL site is underlain by a semi-confined aquifer composed of fluvial and reworked 
landslide deposits. The material below the water table is composed of predominately silt 
and silty sand with local zones of clean sand and gravel. Recharge to the aquifer is 
primarily from infiltration due to precipitafion with minor inflow from the east and 
additional minor inflow along the hills. Discharge from the site is primarily to the west-
northwest where the water surface eventually flows below Sespe Creek which is a recharging 
stream. There is addifional discharge to the south and southwest of the site where a small 
volume of water contributes to the flow originating from the Santa Clara River which 
eventually flows westward out of the basin. 
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7.3.2 Model Selection 

The ground water simulafion was conducted using the U. S. Geological Survey finite-
difference model MODFLOW (McDonald, M.G. and Harbaugh, A. W., 1988). The capture 
zone evaluafion was conducted using the MODPATH package (Pollack, 1989). MODPATH 
is a post processor package that uses data generated from the MODFLOW program as an 
input to a particle tracking algorithm. By generating a backward series of particle flow paths 
originating at a pumping well, the capture zone of the well can be modeled. 

7.3.3 Grid Generation and Data Input 

The aquifer system was simulated using a north-south oriented, block-centered, finite-
difference grid (Figure 7-2). The grid consists of 49 rows and 25 columns represenfing a 
4,200 ft X 2,200 ft area with varying row and cell widths. The MODFLOW standard of row 
and column numbering begins in the upper left corner of the grid. 

The aquifer was modeled as an unconfined unit. Constant head boundaries were assigned 
to the northem model boundary. The western, southern and eastem boundaries were>i'. 
designated as general head boundaries in the computer mns used to generate the capture, 
zone analyses. 

The permeability at each model node was assigned a value based on aquifer test data 
described in Section 6.7, Ground Water Pumping Tests. Estimation was performed using 
a minimum curvature algorithm. The aquifer was assumed to be isotropic in all three 
dimensions. Initial heads for each node were estimated from ground water elevations 
measured during third quarter of 1993. Model calibration was performed using both those 
heads and the heads measured during the third quarter, 1994 values. Areal recharge to the 
system was initially set at a constant value of 1.5 inches per year. ITie value was modified 
during calibration to refine the fit between modeled heads and known heads. 

The semi-analyfical method that MODPATH employs to generate pathlines requires input 
informafion regarding cell by cell fluxes as generated from the MODFLOW model. Wells 
become sinks within the input data set. For the purpose of the simulation, all particles that 
encounter a sink, such as a well, terminate their movement at that point. 

7.3.4 Calibration 

Model calibration consisted of modifying the areal recharge rate and the conductivity values 
of the general head boundaries. A satisfactory calibrafion was obtained when the average 
difference between the modeled water levels and the obseived water levels within the wells 
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was less than four feet. During development of the conceptual model, the northeastem 
nodes; like all of the boundary nodes has been assigned as a general head boundary. 
However, the modeled water levels in this area were not accurately simulating observed 
water levels. To obtain a better model fit, the general head boundary was removed from 
the area in question which decreased inflow to the model from the adjacent aquifer. Once 
the inflow was removed, modeled downgradient water levels had to be increased 
approximately uniformly. To accomplish this, eight nodes on the northeastern side of the 
model, two along the northern boundary and two rows of four along the southeasterly 
trending boundary were assigned recharge rates of 1.85 in/yr. all other nodes were assigned 
a recharge rate of 1.7 in/yr. 

7.3.5 Application 

A series of steady-state mns were made to evaluate the capture zones for various pumping 
scenarios. Three of the results have been included in this document. Capture zone well 
extraction scenarios were initially constructed to completely capture the MCL (1 ppb) 
benzene concentrafions as mapped for third quarter 1994. However, after several 
application mns were made, it became evident that because ofthe low permeability terrace' • 
material west of the site, a large number of extraction wells (Figuie 7-8) would be needed. • 
Well and discharge piping constmction would be a major impact on the residential area. 

A second series of capture zone analyses were constructed to simulate a phased ground 
water extraction scheme. In this scheme, all of the Phase 1 extraction wells and associated 
facilities are located east of Pole Creek. The scenario was constructed to form a zone of 
zero flux along the westem boundary of the site to stop migration of benzene west'A'ard 
beneath Pole Creek. Extracfion wells were sited to optimize the capture of the plume that 
has traveled beneath Pole Creek. Figure 7-7 is a map showing the recommended extraction 
system and the generated capture zones. 

Based on the results of aquifer testing and modeling, a series of new wells were added to 
the system to allow evaluation of different capture zones. Wells EW-1 and MW-28S are 
existing wells that will be included in the Phase 2 operation. Wells numbered EW-6 and 
higher are at locations of proposed new wells. 

The corresponding capture zones for the pumping scenarios presented in Table 7-1 are 
shown in Figures 7-6, 7-7 and 7-8, respectively. 

Since the capture zone boundary represents a ground water flux of zero, it follows that in 
the zones immediately beyond the capture zone boundaries, ground water fluxes are going 
to be relatively slow when compared to steady-state, non-pumping conditions. Figure 7-9 
shows a contour map of the relative velocities with the recommended extraction system in 
operafion. EIMOLAIMO 
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8.0 EVALUATION OF REMEDIAL OPTIONS 

8.1 Approach to Meeting Cleanup Criteria and Goals 

The cleanup criteria and goals as set forth in the ROD and SOW are presented in Secfions 
1.3 and 1.4. The approach to meeting those criteria and goals is described below. 

8.1.1 Vadose Zone 

The selected remedy described in the ROD calls for "Soil Vapor Extraction for those areas 
that threaten to contaminate ground water at levels above Site cleanup standards..." 
Section 4.4, Benzene Fate and Transport, includes a discussion of migration potential of 
benzene vapor in the vadose zone. Figure 4-6 shows the areas in the vadose zone in which 
benzene vapor concentrafions are significantly higher than concentrations which would be 
in equilibrium with benzene in the ground water immediately below that zone, i.e., where 
there is a concentration driving force for migrafion of benzene vapor from the vadose zone 
to ground water. These areas are considered preliminary target areas for vapor extraction. 
Other factors are taken into account to narrow down the target areas. 

As discussed in Sections 4.1 and 4.4, there is evidence that soil layers of low gas permeabilit)' 
separate the upper vadose zone from the lower zone immediately adjacent to the ground 
water table. Benzene in the upper zone may not have a direct pathway to the ground water. 
The portions of the vadose zone representing the greatest threat are those with high 
concentrations of benzene in close proximity to the ground water. Next, are those higher 
zones with relatively direct pathways to the ground water. 

Target zones for soil vapor extracfion are shown in Figure 8-1. The southem target area 
and the northem half of the northem target area are in the lower vadose zone. The 
southem half of the northem target area is in the upper vadose zone, but, based on Cross 
Section D-D' (Figure 2-12), there appears to be a vertical pathway near wells MW-25D and 
MW-47D. Therefore, a large portion of the upper zone is included as a target area. 
Ground water is flowing from the east, so relatively low concentrations of benzene in ground 
water wells MW-37S and MW-38S indicate that there is no significant migration pathway 
from the upper zone to the lower zone in the eastem portion of the vapor plumes. 
Therefore, the upper zone target area does not encompass the entire area with elevated 
benzene vapor concentrations. 

Wells selected to address these target areas are as follows: 
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• Well PEW-1 This is in an area with historically highest benzene concentrations in 
the ground water and among the highest benzene vapor concentrations in the vadose 
zone. Vertical permeability between the screened interval of lower zone well PEW-1 
and that of adjacent upper vadose well SBB-1 appears to be extremely low (Section 
4.1.3, Soil Gas). Therefore, flow to this well is expected to be virtually all horizontal 
from within the lower vadose zone. Based on horizontal flow, the area affected by 
extraction from this well is expected to e.xtend hundreds of feet from the well after 
several months of operafion. 

• Wells SBD-3 and EW-4 These are in portions of the southern target area which 
appear to be close to sources of benzene, based on high benzene concentrations in 
the ground water and soil gas and the presence of free LNAPL containing benzene 
in well EW-4. The SBD-3 screen interval (32 ft to 55 ft bgs) provides coverage closer 
to ground surface than that for EW-4 (49.5 ft bgs to water table). Ground water 
extracfion from EW-4 will result in drawdown of several feet near the well enabfing 
deeper soil gas flow near that well. Also, soil gas extraction from EW-4 will result 
in evaporation of the light fraction of hydrocarbons (including benzene) from the 
LNAPL. 

• Well PEW-3 This is an upper vadose zone well in the southern end ofthe northem 
target area. It is close to the idenfified potential vertical pathway to ground water 
and is in an area of high benzene concentrations in the soil and soil gas. Based on 
four months of extraction from well PEW-2, it is expected that flow to PEW-3 will 
be largely horizontal and its influence should extend several hundred feet from the 
well. 

• Other wells Several other wells are already connected to the vapor extraction piping 
system. These include SBD-2 and EW-1 in the southern target area, MW-28S, 
AEW-1 and PEW-2 in the northern area. If significant amounts of benzene are 
found in the upper or lower vadose zones, well EW-7 will be connected when it is 
installed. Wells PEW-6 and EW-5 may be connected in the future if evaluation of 
data indicates these are needed. These wells are not designated as target wells, but 
one or more may be used if the ongoing evaluation of vapor extraction indicate the 
need. For example, since the bottom of PEW-1 is 10 or more feet above the water 
table, vapor extracfion from nearby ground water well MW-28S may be needed to 
aid in the removal of soil gas next to the water table. The screen in this well is 
normally submerged, but with ground water extraction, several feet of screen may be 
available for soil gas extraction. 
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8.1.2 Ground Water 

The selected remedy in the ROD calls for " . . . a ground water extraction and treatment 
system to treat extracted ground water to levels that meet the cleanup standard . . ." and, 
"Ground water monitoring to demonstrate that the extraction system is effectively capturing 
the contaminant plume and ultimately, to demonstrate achievement ofthe cleanup standards 
throughout the aquifer . . ." The SOW describes how achievement of the standards shall 
be measured, for example, by average of water quality data from wells within the former 
plume, or other approach recommended by EPA guidance or policy (Section 1.4, Cleanup 
Goals). 

Based on information presented in Section 4.4.3, Natural Degradation of Benzene, benzene 
is continually being removed by natural degradation. Benzene is non-detectable in ground 
water a relatively short distance downgradient of the site. If the sources of benzene ("hot 
spots") were captured by ground water extracfion, that benzene which would have moved 
beyond the capture zone would continue to degrade, and without a supply of additional 
benzene, would eventually disappear. 

An additional objective is to minimize dismption of the residential neighborhoods to the 
west of the site. To the extent possible, all extraction wells are to be installed on the east 
side of Pole Creek. 

Therefore, the approach to ground water remediation is to (1) extract from wells located 
such that the hot spots are within the capture zones, and (2) rely on natural forces to 
degrade benzene to its cleanup standard in areas beyond the capture zones. Quarterly 
monitoring will be used to evaluate effectiveness of the capture zones and reducfion of 
benzene concentrations throughout the area. 

Ground water target areas are shown on Figure 8-2. Selecfion of the north and south target 
areas are based primarily on high benzene concentrations in the ground water, but are also 
influenced by areas of high benzene concentrations in the soil and soil gas. The central 
target area is tentative, based on soil data which indicate high benzene concentrations at or 
near the water table. 

Ground water extracfion wells selected to address these target areas are based on results of 
ground water pumping tests and ground water modeling, discussed in Sections 6.0 and 7.0. 
These are as follows: 

Northem Target Area: Wells MW-28S, EW-2 and EW-6 pumping at the rates indicated 
on Figure 8-2 are esfimated to adequately capture ground water with the highest 
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concentrations of benzene. The first two wells are existing wells, EW-6 will be installed as 
part of Phase 2 constmction. 

Southem Target Area: Capture of ground water in this area is to be accomplished by 
extracfion from wells EW-1, EW-4 and EW-5. 

Central Target Area: Well EW-7 will be installed at the approximate location shown on 
Figure 8-2. Water from this well will be sampled and analyzed to determine whether the 
well will be used as an extraction well or a monitoring well. If concentrations indicate an 
upgradient benzene source the well will be converted to an extraction well. Otherwise, it 
will remain a monitoring well. 

8.2 Vadose Zone Remedial Options 

As set forth in the ROD, vadose zone remediation shall be achieved by soil vapor e;<tracfion. 
Soil vapor extraction removes contaminants in the vapor phase from pore spaces in the 
vadose zone by creating a vacuum in the extraction wells and drawing soil gas through the 
subsurface. The gas flow through the subsurface will also enhance the volatilization rate of 
contaminants. The vadose zone remedial design options to be evaluated under Phase 2 
design are selections of above ground vapor treatment technologies. 

Based on the design parameters, ROD requirements and treatment capacities, the following 
treatment altematives were considered for treating extracted soil gas containing petroleum 
hydrocarbons: 

Intemal Combustion Engines 

The intemal combustion engine (IC engine) is used to both extract and treat the vapor. TTie 
hydrocarbons in the soil gas are the primary source of fuel for the IC engine. As the soil 
gas is drawn from the wells and passes through the engine's carburetor, the air to fuel ratio 
is monitored. An auxiliary fuel (natural gas or propane) is injected, when nece.ssary, to 
maintain efficient combustion. Air must be added to increase oxygen content to the proper 
level for combustion and/or to dilute the hydrocarbons to stay within the optimum range. 

This altemative has been successfully demonstrated at the PCPL site, with four months of 
continuous extraction from well PEW-2. It is more portable and more readily installed than 
thermal and catalytic oxidizers in that no electrical supply is needed. However, IC engines 
have high maintenance requirements and are sensitive to changes in extraction conditions. 
Based on experience with PEW-2, supplemental fuel consumption can be fairly high. Fuel 
costs have been about $2,000 per month. 
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Thermal/Catalytic Oxidation 

Thermal oxidation occurs when gas containing volatile organic compounds (VOCs), is heated 
to high temperatures in the presence of oxygen. At approximately 1,800 degrees Fahrenheit, 
the VOCs are oxidized producing carbon dioxide and water vapor. Due to the high 
temperatures required for complete oxidation, this process needs a significant amount of 
energy when VOC concentrations are low in the influent vapor stream. A catalytic oxidizer 
is used for low VOC concentrafions. The catalyst allows for oxidation of VOCs at a lower 
temperature (i.e., 600 degrees Fahrenheit), thus resulting in lower operating costs. A 
catalytic oxidizer cannot be used for VOC concentrations higher than 2,000 to 3,000 ppmv, 
because the heat of combustion from oxidizing greater concentrations would result in 
temperatures high enough to destroy the catalyst. 

A thermal oxidizer could be an attractive alternative for vapor destruction. Dilution air 
would be required to get the oxygen content into the proper range for combustion. The 
added air would also dilute the hydrocarbon vapors to below the lower flammability limit 
and, thus, require the use of supplemental fuel. Catalyfic oxidafion may have an application 
in the later stages of remediation when VOC concentrations are low. TTiermal and catalyticv 
oxidizers have lower maintenance requirements than IC engines. 

Carbon Adsorpfion 

Adsorption is a natural process in which molecules of gas phase hydrocarbons are attracted 
to and then held at the surface of the carbon solids by weak chemical bonds. Carbon 
adsorption will continue until the carbon is saturated with hydrocarbons. When carbon 
saturation occurs, the spent carbon must be replaced and regenerated or disposed. 

WTiile carbon adsorption has proven to be an effective method of treating a vapor stream, 
changing out spent carbon is an expensive process. Because of the high change out cost, 
carbon is usually used for sites with low vapor concentrations, short-term tests, or final 
polishing used in conjunction with other treatment systems. 

The soil gas at the PCPL site includes a significant amount of methane and other light 
hydrocarbons from oil and gas deposits deep below the site. These would not be removed 
using carbon and would have to be dealt with by some other means, such as burning in a 
flare. 

Carbon adsorption is not an acceptable altemative for the PCPL site because (1) 
concentrations of adsorbable VOCs are too high for this to be cost effective, and (2) the 
non-adsorbable light hydrocarbons must be treated by other means. 
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Condensation and Flaring 

During operation of the Phase 1 vapor extraction system, liquid phase hydrocarbons 
condensed and accumulated in the system's knockout pot. As discussed in Section 6.2, 
Vapor Condensation, preliminary calculations indicate that 85 percent to 93 percent of non-
methane hydrocarbons can be removed from the vapor stream as liquid phase hydrocarbons 
using compression and cooling ofthe gas. Liquid hydrocarbons generated from this process 
could be mixed onsite with the cmde oil and thus, be recovered for beneficial use. The 
residual light hydrocarbon vapors could be treated by buming in a flare. 

This option becomes less attractive as remediation proceeds and the portion of condensable 
hydrocarbons decreases. 

8.3 Perched and Ground Water Remedial Options 

Of the 14 perched water wells, 10 have been dry since the first quarter of 1994 and the 
other four contain 1 to 6 feet of water. One of the Phase 1 remediation goals was to 
determine the feasibility of extracting water from perched water wells. Due to the absence 
of water in most of these wells, perched water extraction has not been implemented. 
Incorporation of selected perched water wells into the Ground Water Treatment System 
(GWTS) will be considered if water in the wells rise to levels high enough for sustainable 
extraction. Until that time, the wells will be monitored and sampled on a quarterly basis. 
At least three of the perched water wells will be used as vapor extracfion wells for Phase 2 
remediafion. Currently, vapor extracfion is being performed on well PEW-2. 

Ground water extraction and surface treatment using activated carbon has been selected in 
the ROD as the final remedy for ground water remediation at the site. The extraction well 
field design, secondary treatment to increase system performance, and discharge options, 
have been evaluated during Phase 2 design and are discussed as follows: 

Extraction Well Field Design 

TTie selection of ground water extraction wells was based on ground water modeling to 
determine capture zones and estimated pumping rates (Section 7.3, Ground Water 
Modeling). The extraction well field, with well EW-7 included, consists of seven extraction 
wells with a total estimated flow rate of 113 gpm. 
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Secondary Treatment 

Activated carbon is a primary method for treafing ground water at this site. Secondary 
treatment has been an opfion for the treatment of suspended and dissolved solids present 
in the ground water. Solids treatment methods are detailed in Sections 5.2.2 and 6.7 of this 
design report. 

Discharge Options 

The discharge options presented in the ROD for treated ground water are beneficial reuse 
for irrigation or reinjection. Studies to determine the feasibility of these options are 
currently in progress. PreHminary results indicate that (1) treated ground water is not 
suitable for agricultural use, and (2) high hardness and iron levels in the ground water may 
cause fouling and scaling in the reinjection wells. These studies will be presented to the 
EPA in a technical memorandum. The Phase 1 remediation system discharges directly into 
Pole Creek under the NPDES permit. This method is still the most feasible and can be 
categorized as beneficial reuse, since the creek is unlined approximately 1,300 feet 
downstream of the current discharge point. 

8.4 Recommended Remediation Approach 

The recommended remediation approach is consistent with the ROD and includes ground 
water extraction and surface treatment using activated carbon treatment, in conjunction with 
soil vapor extracfion, perimeter fencing and ground water monitoring. 

8.4.1 Soil Vapor Extraction 

Final selection of hydrocarbon vapor abatement equipment is based on the following 
criteria: 

• System availability and portability; 
• hydrocarbon destruction capacity; 
• previous tesfing experience at the site; and 
• capital and operating costs. 

The VR Systems Model V4, using internal combusfion engines, meets the criteria and is the 
recommended altemative for soil gas extraction and treatment. However, the gas 
composition varies considerably from one well to another and a thermal oxidizer may be a 
better match for some wells. The design will be sufficiently flexible to accommodate a 
thermal oxidizer in place of, or in combination with, IC engines. Ongoing evaluation will 
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be conducted to determine if modifications are needed to the extraction and treatment 
system and/or well field. As remediation proceeds and VOC concentrations decrease, it may 
be appropriate to replace one or more systems with a catalytic oxidizer system. 

Soil gas will inifialfy be extracted from wells PEW-1, SBD-3 and EW-4. Well PEW-3 will 
be added to the network later, and other wells may be added as needed. TTiis is discussed 
in more detail in Section 9.1, Soil Vapor Extraction System. 

8.4.2 Ground Water Extraction and Treatment 

Phase 2 ground water extraction and treatment will consist of pumping aquifer I ground 
water from either six or seven wells as shown in Figure 8-2, activated carbon treatment of 
the extracted water, and discharge of the treated water to Pole Creek under a new NPDES 
permit. Quarterly monitoring data will be used to determine the effectiveness of capture 
and downgradient degradation of benzene. Based on a continuing evaluation, the well field 
or extraction rates may be modified. The design concept and operating strategy are 
described in more detail in Section 9.3, Ground Water Extraction and Treatment Svstem. 
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9.0 PHASE 2 DESIGN OUTLINE 

9.1 Soil Vapor Extraction System 

To achieve the cleanup goals in the vadose zone and ground water, target areas for vadose 
zone remediation have been defined based on the distributions of hydrocarbons in the 
vadose zone and ground water, and the potenfial impact of vapor phase hydrocarbons to the 
ground water (Section 8.1, Approach to Meeting Cleanup Criteria and Goals). Within the 
vadose zone target areas, extraction will inifially be limited to wells SBD-3 and EW-4 in the 
south and PEW-1 in the north. Well PEW-3 will be added to the extraction system later. 
As hydrocarbon concentrations decrease in these wells, additional vapor extraction wells will 
be connected as needed. Wells will be disconnected from the system when major 
component concentrations indicate an approach to asymptotic values that appears to match 
natural emissions. A Decision Tree is presented in Figure 9-1 that outlines the process for 
modifying or shutting down the vapor extraction system. 

Three vapor extraction systems using intemal combustion engines (IC engines) or equivalent 
technology, which have capacities similar to the VR Systems Model V4, will be operated at 
the site. The vapor extraction systems will be located greater than 1,000 feet from the San 
Cayetano School. 

It is estimated that the extraction rate from PEW-1 will be limited to about 20 cfm from a 
single V4 unit, because the gas has high concentrations of hydrocarbons which must be 
diluted with air. Inifially, two units will operate on PEW-1 to attain a flow rate of about 40 
cfm. It is expected that the hydrocarbon concentrations will decrease within a few months, 
allowing higher flow rates from the well. When the well flow rate for a single unit 
approaches 40 cfm, then one V4 unit will be disconnected from well PEW-1 and will be 
connected to well PEW-3. One V4 unit will be connected to both wells SBD-3 and EW-4. 
An extraction rate of 50 cfm is predicted for each. 

As indicated in the decision tree, ongoing evaluations will be conducted to guide the 
operation of the vapor extraction system. If a given extraction well shows several months 
of essentially constant removal rate of key components, such as methane, this indicates that 
the removal rate may be matching the rate at which that component is entering the capture 
area from natural emissions from the deep earth or seeps. 

When benzene vapor concentration has been non-detectable for three consecutive months 
or benzene removal rate has been essenfially constant for that period, it will be assumed that 
the natural emissions rate has been reached and extraction from that well will be stopped. 
At that time, system modifications will be made as necessary. 
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The vapor extraction system will be shut down when monitoring results indicate the goals 
have been met, or that all significant benzene vapors are entering the vadose zone from 
natural sources. 

9.2 Perched Water Extraction and Treatment System 

As discussed in Section 8.3, Perched and Ground Water Remedial Options, 10 of 14 
perched water wells are dry. If water reappears in the perched ground water wells, 
extraction of perched water may be incorporated into the ground water treatment system. 
Perched ground water would then be treated above ground in the same manner as ground 
water from the deeper aquifer. 

93 Ground Water Extraction and Treatment System 

The chosen remedial method for ground water is extraction using submersible pumps and 
activated carbon treatment. The conceptual design of the ground water extraction and 
treatment system is described in this section. TTie detailed design is presented in Section 
10.2, New Extraction Well Installation. 

Except for treatment capacity, the design for the Phase 2 remediation system is similar to 
that for Phase 1. TTie system consists of six (or seven, if EW-7 is used for e.xtraction) 
ground water extraction wells using electric submersible pumps for e.xtraction, and two 
activated carbon vessels installed in series for ground water treatment. The extraction wells 
will consist of two ofthe three original Phase 1 extraction wells (EW-1 and MW-28S), three 
replacement extraction wells installed after Phase 1 remediation activities commenced 
(EW-2, EW-4 and EW-5), and one or two proposed ground water extraction wells (EW-6 
and possibly EW-7). Locations for EW-6 and EW-7 are immediately east of Pole Creek, 
approximately 200 feet north of EW-2, and approximately 200 feet north of MW-17S, 
respectively. The combined flow rates from the extraction wells is expected to be between 
100 and 120 gpm; the treatment system design capacity will be approximately 150 gpm. 

LNAPL has been detected in extraction wells EW-1 and EW-4 and may appear in the 
proposed extraction wells. In wells where LNAPL is detected, LNAPL absorbers will be 
installed. In addition, pump shutoff sensors will be installed at sufficient distances above 
the pump to prevent the introduction of LNAPL into the pumps and the GWTS. As 
secondary protection in preventing LNAPL from entering the GAC vessels and causing 
premature breakthrough, the existing 4,000-gallon holding tank shall be piped to act as a 
LNAPL separation tank, if needed. Note that the separator tank is only needed in the 
unlikely event of simultaneous failure of both the absorber and the pump controller. The 
surge tank may also provide some minor LNAPL separation since the water level for pump 
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activation is approximately 6 inches higher than the pump discharge point. The 4,000-gallon 
holding tank will provide greater protection for LNAPL separation. 

In order to remove suspended solids that may accumulate on the top layers of the GAC 
vessels, the vessels will be backwashed periodically. Tliis will be performed by reversing the 
flow of the lead GAC vessel and backwashing with clean water at 300 gpm for 30 minutes. 
The process will require a portable high flow transfer pump powered by an IC engine, two 
10,000-gallon polytanks (clean and dirty water), and 4-inch diameter flexible pipe with cam-
lock fittings. 

Backwashing will be performed manually when backpressure reaches 40 psi through the lead 
vessel, (refer to Appendix J for backwashing procedures and schematic). Pressure readings 
on the inlet ofthe lead vessel will be monitored continuously via remote monitoring system. 
Pressure readings between vessels, on the inlet of the lead vessel, and the outlet of the lag 
vessel will be monitored and recorded on a weekly basis as part of the operation and 
maintenance visits. 

Initially, the backwash tanks will be temporarily located on the unpaved ground surface' 
directly east of the GWTS equipment pad. If backwasliing proves to be effective for thev 
long term, then the existing equipment pad will be expanded in the eastem direction to 
accommodate both tanks. At that time a backwash system with automatic control would be 
considered. It is important to understand that implementation of backwashing does not 
require major modifications to the existing system. Tlie existing GAC vessel distribution 
manifold is designed for manual backwashing. The only nev/ equipment required will be two 
10,000 gallon rented polyethylene tanks, trailer mounted diesel engine driven centrifugal 
transfer pump, flow meter, connection hoses and couplings. 

Well EW-7 is proposed for a location not presently covered by ground water monitoring 
wells and may not be needed for extraction. Should initial sampling from this well indicate 
benzene concentrations are low, the well will be used as a monitoring well. If concentrations 
indicate a possible upgradient source which is not within the capture zones of other 
extraction wells, EW-7 will be added to the ground water extraction system network. 

The necessary modificafions to the Phase 1 system will consist of installing additional piping 
to new and existing extraction wells, upgrading the piping in the equipment area for higher 
flow capacity, installafion of additional extraction wells, and upgrading the electrical controls 
for additional pumps. See the P&ID, Design Drawing M-2 for a basic process flow diagram. 
Components of the Phase 1 system will be incorporated into the Phase 2 system whenever 
possible, although some components may be require modification. The major components 
of the Phase 2 system are: 
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Six (6) or seven (7) extraction wells (5 existing, 2 proposed). 

Six (6) or seven (7) electric submersible pumps 

One (1) free product gravity separation tank (existing 4,000 gallon holding tank) 

One (1) 1,000-gallon surge tank, (existing) 

One (1) high flow centrifugal transfer pump: 150 gpm @ 30 psi (5 hp) 

Two (2) 10,000-pound granular activated carbon (GAC) vessels, (exisfing) 

IC engine powered high-flow transfer pump (backwash) 

Two (2) 10,000-gallon polyethylene tanks (backwash) 

The length of system operation will depend on how quickly cleanup goals are met. If 
operating data show inadequacies in the capture zone, system capacities, etc., the system 
may require modification. The decision tree (Figure 9-2) presents criteria for modifications 
and operating time. As stated in the ROD, "Because this remedy will not result in 
hazardous substances remaining on the site above health-based levels, the five-year review 
will not apply to this acfion. The selected remedy will undergo periodic performance 
evaluations at a frequency to be determined in the Remedial Design Workplan." 
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10.0 PHASE 2 DESIGN SPECIFICATIONS AND REMEDIAL PROGRAM 

10.1 Objectives and Scope 

This section provides the detailed design and specifications of the Phase 2 remedial system 
to be installed at the PCPL Superfund site to achieve the remediation goals described in 
Sections 1.4 and 8.1. The Phase 2 remediation system consists of the following major 
components: 

Soil Vapor Extraction 

• Three vapor extraction units, each with a capacity similar to that of VR Systems 
Model V4, will be installed. 

• Three vadose zone extracfion wells (PEW-1, SBD-3 and EW-4) will initially be 
connected to the system. Well PEW-3 will be added to the extraction system after 
the initial few months of operation. Additional wells may be incorporated into the 
system if concentrations of the initial extraction wells decrease to allow additional 
hydrocarbon destmction. 

LNAPL Removal System 

• LNAPL collecfion devices will be installed in ground water extraction wells EW-1 
and EW-4 and any other extraction wells that accumulate a significant amount of 
LNAPL. 

• LNAPL collection will be continued in ground water monitoring wells containing 
LNAPL (MW-9S, MW-17S, and MW-20S). 

Ground Water Pump-and-Treat 

• Six or seven ground water extraction wells (EW-1, -2, -4, -5, -6, MW-28S, and 
possibly EW-7) will be connected to the extraction network with dedicated electrical 
pumps in each extraction well. 

• Extracted ground water will be treated with two 10,000-pound activated carbon 
canisters in series. 
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Design details for the Phase 2 remediation system are shown in Design Drawings M-l 
through M-8, E-1 and E-2. These are: 

M-l Site Location Map and General Notes 
M-2 Ground Water Treatment System Piping & Instmmentation Diagram 
M-3 Ground Water Treatment System Equipment Layout 
M-4 Ground Water Treatment System Piping Layout 
M-5 Vapor Extraction System Piping & Instmmentation Diagram 
M-6 Vapor Extraction Piping Layout 
M-7 Vapor Extraction System and Piping Details 
M-8 Extraction Well Details 
E-1 Single-Line Diagram, Load Schedule, and General Notes 
E-2 Schematic Wiring Diagram 

All work specified in this project will conform to the construction, electrical, and 
instmmentation codes and standards, as applicable, as listed below: 

American Society for Testing and Materials (ASTM) 

American National Standards Insfitute (ANSI) 

American Society of Mechanical Engineers (ASME) 

American Water Works Association (AWWA) 

Instmment Society of America (ISA) 

National Electrical Manufacturers Association (NEMA) 

Occupational Health and Safety Administration (OSHA) 

10.2 New Extraction Well Installation 

Two new extraction wells are to be installed and incorporated into the ground water 
extraction system (EW-6 and EW-7). (As discussed in Section 8.1.2, Ground Water, EW-7 
may not be incorporated into the extraction system, depending on sample analyses.) The 
proposed locations are immediately east of Pole Creek, approximately 200 feet north of 
EW-2, and approximately 200 feet north of MW-17S, respectively. See Figure 7-7 for 
proposed locations. 
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The wells will be constmcted of 6-inch Schedule 40 PVC casings and 0.012-inch 
manufactured PVC screen. The proposed screen intervals in EW-6 will be from 
approximately 97 ft to 117 ft and 128 ft to 133 ft bgs. The proposed screen interval in EW-7 
will be from 80 ft to 100 ft bgs. Actual completion zones will be selected in the field during 
drilling. The annular space surrounding the screened intervals will be backfilled with a 20-40 
silica sand filter to a minimum of one foot above the screen. The sand pack will be sealed 
to the surface with hydrated bentonite chips (to 3 ft above sand pack) and bentonite. Upon 
completion, the wells will be developed by surging with a surge block; at least three to five 
well volumes will be removed with a bailer. Based on ground water modeling, the expected 
maximum flow rates from the wells are 10 gpm for EW-6 and 11 gpm for EW-7. Proposed 
well construction details are shown in Design Drawing M-8, Extraction Well Details. 

In addition, well EW-7 may also be screened for potential use of vapor extraction. 

10.3 Soil Vapor Extraction System 

10.3.1 System Outline 

As suggested in Sections 8.2 and 9.1, three vapor exlraction units (VR Systems Model V4 
or equivalent) will be used for site remediation. All three units will be trailer mounted and 
centrally located near well MW-lOP, more than 1,000 feet from San Cayetano School 
(Design Drawing M-l, Site Location Map). A temporary chain-link fence with slats will be 
installed around the vapor extraction systems to reduce noise levels produced by the units. 
A natural gas line will be installed to the system area to provide au.xfiiaiy fuel required for 
system operafion. 

Ten (10) vadose zone extracfion wells (AEW-1, EW-1, -4, -7, MW-28S, PEW-1, -2, -3, 
SBD-2, and SBD-3) will be connected to the extraction systems. Initially, only three wells 
will be used for vapor extraction. As hydrocarbon and methane concentrations decline, 
addifional extracfion wells will be put into operation. On-going evaluation of this system 
setup will be conducted to ensure optimum perfonnance of the systems and the best 
extraction well field for the ultimate site remediation goal. 

10.3.2 Equipment Specification 

Treatment System 

Three trailer-mounted vapor extraction units, VR Systems Model V4, will be provided for 
the Phase 2 remediafion. Each VR Systems unit utilizes two 460-cubic inch displacement 
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IC engines to oxidize the hydrocarbons. The exhaust gases from the IC engines are further 
treated catalytically prior to emission. 

The unit is controlled by an intemal computer system. The air/fuel ratio is automafically 
adjusted based on influent vapor changes. System performance is continuously monitored 
and recorded. 

Each system is equipped with a 55-gallon knockout pot for the influent gas stream. The 
knockout pots will be periodically monitored and manually drained as needed. The liquid 
drained from the pots will be properly treated or disposed of 

Supplemental Fuel 

A 1-1/2 inch low-pressure natural gas line will be connected to the system using a flexible 
connector. The gas line will be painted yellow. The natural gas requirement is 300,000 
BTUs per hour with a minimum pressure of 10 inches of water at the system. 

Well-Head Constmction 

Each vapor extraction well will be connected to the .system piping using 2- or 4-inch 
Schedule 40 PVC fittings as shown on the wellhead detail drawing (Design Drawings M-6 
through M-8). Extraction wells with casing diameters of 4 inches or larger will be connected 
with 4-inch fittings and extraction wells with less than 4-inch diameter casing will be 
connected with 2-inch fittings. 

System Piping 

Four-inch Schedule 40 PVC piping will be installed connecting the vapor extraction wells 
to the treatment systems as indicated in Design Drawings M-6 and M-7, Vapor Extracfion 
Piping Layout and Vapor E.xtraction System and Piping Details. Separate piping will be 
used for each individual vapor extraction system for ease of operation and adjustment. All 
above ground PVC piping shall be painted to provide UV protection. New piping shall be 
installed in a manner to eliminate accumulafion of condensed liquid by keeping pipes even 
and sloped toward the wells. The section of piping passing under the asphalt road and 
unpaved road near the fence gate will be equipped with a separate condensate collection 
trap for each line. The trap will be constructed of 12-inch diameter PVC pipe. Each trap 
will be double contained using a 16-inch diameter corrugated metal pipe filled with a 
minimum of 3 inches of concrete at the bottom. Liquid level in the collection trap will be 
checked during each site visit and manually evacuated as needed. The underground piping 
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passing under the asphalt road shall be extended a minimum distance of 15 feet from the 
edge of the road before coming above ground. Existing above ground pipe will be 
supported in sections that may sag. 

Valves and Sampling Ports 

Schedule 40 PVC ball valves will be installed near each extracfion wellhead. A wellhead 
vapor sampling port will be installed between each extraction well and the ball valve. The 
sampling port shall be 1/4-inch MNPT x Barbed end PVC cock valve. 

10.3.3 Operating Plan and Schedule 

The vapor extraction and treatment system procurement and installation will require 3 to 
6 months to complete, depending largely on availability of the e.xtraction equipment. System 
startup will be performed in conjunction with the engineers provided by the system 
manufacturer. During the startup period, vapor samples will be collected from the influent 
and effluent of each system to evaluate its performance. System adjustments will be made 
as necessary based on the evaluations. After initial startup, systems will be operated • 
continuously following the criteria outlined in the SVE Decision Tree (Figure 9-1). 

As indicated in Secfions 8.1 and 9.1, three wells (PEW-1, SBD-3, and EW-4) will inifially 
be used for vapor extraction. On-going evaluations will be conducted to ensure optimum 
system utilization and performance. Well PEW-3 will be added as described in Section 9.1, 
Soil Vapor Extraction System, and well field design will be modified as needed. Other 
vapor extraction wells may be added to the system as hydrocarbon concentration decreases 
in the wells connected. Potential vapor extracfion wells include, but are not limited to, wells 
AEW-1, EW-1, -7, MW-28S, PEW-2, and SBD-2, which are already connected or will be 
connected as part of the Phase 2 construcfion, and wells EW-5 and PEW-6 which may be 
connected, if needed. 

10.3.4 Monitoring and Sampling Schedule 

Monitoring and sampling activities associated with the soil vapor extraction system operation 
will be conducted during the Phase 2 remediation to evaluate remediation performance and 
meet the air emission regulation requirements. 

The vapor extraction system will be monitored twice weekly during the first month of system 
operation following the completion of system startup. Weekly system monitoring will be 
conducted thereafter. Vapor samples initially will be collected from each extraction well and 

Eff^OL/^INlO) 
Sn^[H]DC^ i l 
ABBQC^Ml 



PHASE 2 DESIGN SPECIFICATIONS 
AND REMEDIAL PROGRAM 

Pacific Coast Pipeline Superfund Site Page 10-6 
Final Phase 2 Design Report December 16, 1994 

analyzed for TPH and BTEX on a weekly basis. Carbon distribution and fixed gases may 
also be analyzed based on the need for evaluation. Hydrocarbon concentrations of extracted 
soil gas will be conducted using a flame ionization detector (FID) with and without a carbon 
filter to provide methane concentrations. Extracted soil gas flow rates, vacuum pressures 
at extraction well heads and at the extraction systems, and other system performance data 
will be collected during each site visit. Collected data and laboratory analytical results will 
be used for evaluating remediation progress and system performance. Modifications will be 
made as needed. 

We expect that after three months operation, the changes of vapor concentrations in the 
extraction wells will be greatly reduced and a less frequent sampling schedule will be 
necessary. Therefore, a monthly vapor sampling schedule will be used after three months 
of system operation. When new extraction wells are brought on line, weekly sampling will 
be conducted for the new extraction well for a period of three months. 

10.4 Perched and Ground Water Extraction and Treatment System 

10.4.1 Equipment Specifications 

Listed below are equipment specifications for the GWTS. Since the majority of fiie Phase 
1 components will be used in the Phase 2 System, equipment specifications are listed only 
for new equipment, or equipment that has been modified since the original Phase 1 design. 

10.4.1.1 Major Equipment Components 

Electric Submersible Pumps: The pumps shall be electric submersible pumps meeting the 
specifications listed in Table 10-1. AJl pumps shall have 3-phase 460-voIt motors 
manufactured by Franklin (or equivalent). Electrical wire shall be 4 wire, all weather cable, 
and resistant to hydrocarbons. Down hole piping shall be MNPT threaded Schedule 80 
PVC. Pump shall be supported by down hole piping. 

LNAPL Skimmers: Passive LNAPL skimmers shall be installed in extraction wells EW-1 
and EW-4, and any other wells where LNAPL is present. The skimmer shall consist of an 
oleophilic absorption material housed in 304 stainless steel screened 2-inch diameter 
housing. The well cap for EW-1 currently will not accept a 2-inch diameter skimmer, but 
it will be modified to accommodate the skimmer. The skimmer will be supported by a steel 
cable and shall be SoakEase™ brand or equivalent. 
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Separator/Holding Tank (existing): The existing 4,000-gallon polyethylene holding tank will 
be piped to serve as either an oily water gravity separation tank (in-line) or multipurpose 
holding tank (off-line) for storing well purge water, well development water, and sump 
water. Piping will be sufficient in size to allow for full flow through the tank when valved 
for separation. Water will flow from the separator tank to the surge tank by gravity. The 
outlet pipe ofthe tank shall be installed internally, terminating approximately 6-inches from 
the bottom to ensure that floating product does not enter the surge tank. This use would 
be strictly a backup measure. LNAPL skimmers in the extraction wells will remove free oil 
to a sheen. So there would have to be a simultaneous failure ofthe low-level shutoff on the 
well pump and failure of the skimmer, before free oil could be pumped out of the well. 

Surge Tank (existing): The surge tank is a 1,000-gallon rectangular tank (dimensions: 106"l 
X 56"w X 50"h) and is constructed of polypropylene. The tank is equipped with 4-inch and 
2-inch female fittings to be used for inlet/outlet level sensor connections. There is a 2' x 2' 
wide manway. TTie surge tank is equipped with slotted PVC inlet piping to reduce 
turbulence. 

Transfer Pump — Surge Tank: The transfer pump shall be a centrifugal close-coupled 
pump capable of 150 gpm @ 30 psi. The pump shall have a 5-1/2-inch diameter impeller 
and shall be a model l-l/2x2x7L,LA with a 3-phase 460 volt 5-hp motor or equivalent 
manufactured by Carver. See Appendix J for specifications and pump curve. 

Bag Filtrafion System: The existing bag filter housing will be removed. A larger filter 
housing may be installed at later date, if necessary. An area will be left open on the 
equipment pad for a large capacity bag filter housing. The optional filter housing shall be 
constmcted of 304 stainless steel and rated to 150 psi. The filter housing will hold a 
minimum of twenty-four (24) 6 ft- polypropylene filter bags with a minimum flow capacity 
of 200 gpm. The approximate dimensions of the housing are 68" h x 24" d. 

GAC Vessels (existing): The existing GAC vessels will be used in the Phase 2 GWTS with 
modificafions as discussed in Section 5.2.2, Solids Removal. TThe vessels are Westates model 
HP-10, rated for a maximum flow rate of 250 gpm and pressure of 75 psi. The e.xisting 
manifold is designed for alternating lead/lag vessels and reverse flow capabilities for 
backwashing. When the pressure drop across either bed reaches a predetermined value, the 
vessels will be backwashed for 30 minutes at 300 gpm. A wheel mounted high-flow internal 
combustion powered transfer pump will be used. Two 10,000-gallon rental Baker tanks will 
be used for clean supply water and discharge water. A pump specification sheet for the 
backwash pump is included in Appendix J. 
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Transfer Pump — Holding Tank (existing): The holding tank transfer pump is a Pacer 
model 2CL capable of 150 gpm at 17 ft of head. The pump will be operated manually 
without any level control. 

10.4.1.2 Instmmentafion and Controls Specifications 

Flow Sensors and Meters: Individual extraction wells, total inlet flow from the extraction 
wells, and a total outlet flow from the GAC vessels will be monitored using paddle wheel 
type flow sensors with analog display flow meters and digital totalizers. The flow meter 
converts a pulse signal to a 4-20 ma signal. Signet or equivalent flow instmmentation will 
be used. If paddle wheels become clogged with suspended solids after operation of the 
system begins, magnetic inductive flow meters will be considered. Magnetic inductive flow 
meters have no ports or paddlewheels to clog, but costs are substantially higher. The paddle 
wheel flow sensors will be installed with unions on both ends of the sensor assemblies to 
allow for easy removal for cleaning and maintenance. 

Pressure Indicators: Pressure indicators shall be installed at locations specified on the ,̂  
design drawings. Pressure gauges shall be Omega type S or equivalent. 

Pressure Transmitters: The existing pressure transmitters on the individual extraction well 
lines will be removed and replaced with pressure indicators. Only the pressure transmitter 
on the inlet to the GAC vessel will remain. If the bag filtration system is installed at a 
future date, a pressure transmitter will be installed just prior to the bag filter. The pressure 
transmitter is manufactured by Signet, or equivalent. 

Down Hole Level Sensors: High-low level sensors shall be Series 3Y (or equivalent) 
corrosion - resistant electrodes manufactured by Warrick. There shall be three sensors per 
well: high, low, and ground or reference. Sensors shall be used for pump activation with 
intrinsically safe level controls located in the main control panel. Suspension wire shall be 
PVC coated with an additional PVC heat shrink jacket used as protection from 
hydrocarbons. 

Down Hole Pressure Transducers: Pressure transducers shall be installed in all extraction 
wells and monitoring wells MW-39S and MW-14S for continuous monitoring of ground 
water levels. Pressure transducers shall be Model PX 161D manufactured by In-Situ™, or 
equivalent. The transducers shall be linked to Hermit model lOOOS or equivalent data 
loggers manufactured by In-Situ™. At monitoring wells MW-39S and MW-14S, the data 
loggers will be located inside the well boxes and data will be manually down loaded, as 
needed. At the extraction wells, the data will be transmitted to the control panel at the 
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equipment area via electrical sensor wire from the extraction wells to the pad. Down hole 
transducer wire shall be PVC coated with a secondary PVC heat shrink jacket as protection 
from hydrocarbons. 

Flow Protection for Extraction Pumps: In the Phase 1 remediation system. Omega PSW 
series pressure switches were used to send a signal to the motor control center in the event 
of a high or low pressure condition to shut the pump off. Examples would be a break in 
the recovery piping (low) or blockage in recovery piping (high). Since operating line 
pressures are almost as low as static pressures, the pressure switches cannot be set to detect 
any difference. The signal from the individual well flow meters will be used to detect low 
flow in the recovery lines. The PLC will have programmed setpoints so if the pump is not 
operating at or above minimum flow in conjunction with a low or high pressure situation, 
the pump motors will shut off. 

Telemetry System: The Telemetr>' system shall consist of two Microtel or equivalent 
telemetry units for data recovery and an IBM equivalent PC for data storage and 
transmission to a host site via modem. Each unit will be equipped with eight analog inputs 
for a total of sixteen. Data can be monitored continuously or down loaded via the modem. 
System monitoring will include instantaneous and cumulative flow for each well, and/or the 
GAC vessels, inlet pressure and total inlet and outlet instantaneous and cumulative flow. 

Float Switches: Float switches installed in the surge tank serve as on-off control for the 5 
hp transfer pump and overfill protection to shut the system off There are three level 
sensors (L-H-HH) installed in the surge tank. The separator/liolding tank has one flow 
switch used as overfill protection. The containment pad has a stainless steel ball type float 
switch to shut the system off, if the containment pad fills with water. This would most likely 
occur in the event of a failure in the sump pump. All float switches installed in tanks are 
the hanging mercury tilt type manufactured by Warrick or equivalent. 

Motor Control Center (MCC): The motor control center contains main disconnects, motor 
starters, 240-volt breaker panel, level control relays, 480/240-volt transformer, and a 
Programmable Logic Controller (PLC). The MCC is a series 2100 manufactured by 
Westinghouse. Modifications to the MCC shall consist of additional motor starters and 
disconnect switches to be used for the additional submersible pumps and the 5 hp transfer 
pump. The addition of a PLC with digital and analog inputs manufactured by Square D or 
equivalent will be used to serve as a safety shutoff controller. The PLC will be programmed 
to shut extraction pumps off in the event of a low flow situation and to shut off the system 
if any of the high level float switches in the tanks or containment area are activated. 
Warning lights will be installed in the MCC to identify the appropriate alarm. In the event 
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of a low flow situation, a manual reset will need to be activated to restart the corresponding 
submersible pump; or to restart the GWTS in the event of an overfill situation. 

10.4.1.3 Minor Equipment Specifications 

Butterfly Valves: Butterfly valves will be used as flow control valves on individual recovery 
fines from the extracfion wells in the equipment pad, and as flow control on the transfer 
pump between the surge tank and GAC vessels. Seat rings and valve seals shall be 
constmcted of viton or Teflon. 

Ball Valves: All ball valves in equipment areas shall be Schedule 80 tme union type. Ball 
valves for vapor retum control inside well boxes shall be molded-in-place slip to slip type. 
All valves shall have O-rings constructed of Viton or Teflon. 

Check Valves: Check valves shall be spring or swing type with PVC bodies and Buna-N 
seals. 

Piping and Fittings: Schedule 40 PVC pipe will be used for subsurface fluid and vapor 
recovery piping. Schedule 40 PVC piping will conform to ASTM-D-1785, and commercial 
standard CS-207-60. Pipe shall bear labelling from manufacturer stating conformance to the 
standards listed above. Pipe shall be slip connected and glued using PVC cement 
conforming to ASTM D2564. 

Schedule 80 PVC piping shall be used for all fluid piping in equipment areas and as down 
hole recovery pipe for submersible pumps. Schedule 80 PVC pipe will conform to 
ASTM-D-1785 and CS-207-60. Pipe must be labelled accordingly and also bear labeling of 
pressure rating. Pipe shall be slip connected and glued using PVC cement conforming to 
ASTM D2564, except for down hole pipe which will be MNPT threaded. PVC pipe fittings 
shall meet or exceed the requirements of ASTM-2466-73 for socket type PVC pipe fittings. 

Pipe Support: All piping supports shall be constructed from 1-5/8-inch wide unistrut or 
equivalent steel channel. The unistmt is to be secured to appropriate bases and fastened 
to the concrete using 3/8-inch red-head anchors or equal. 

Trenching and subsurface pipe installafion: All subsurface pipe and conduit shall be 
installed with a minimum burial of 24 inches. Fluid return piping shall be pressure tested 
at three fimes the working pressure for a minimum of one hour. Trenches shall be 
backfilled with native soil at ma.ximum lifts of 8-inches. 
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Unions: Schedule 80 PVC Unions shall be installed at the inlet and outlets of all 
components that may need to be serviced, removed or require maintenance including flow 
sensor assemblies, pressure sensor assembhes, particulate filter housings (if used) and 
transfer pumps. Schedule 80 PVC unions shall meet or exceed the requirements of ASTM 
D-2467. 

Sample Ports: Sample ports shall be installed at locafions shown on the design plaus. 
Samples shall have 1/4-inch MNPT x Barbed end with Teflon or Viton seals and seats, and 
shall be constmcted of PVC. 

Well Seals: Well seals on extraction wells shall be a sanitary type constructed of 304 
stainless steel with Buna-N gaskets secured with steel tightening bolts. Holes will be drilled 
on top for power supply wiring, control wiring, SoakEase™ access and fluid return piping 
with INPT (2-inch hole for SoakEase™ access, (2) - 3/4-inch for electrical, 1-1/2-inch for 
fluid retum). 

Well Bo.xes: Well boxes for proposed wells EW-6 and EW-7 shall be 36-inch square traffic 
rated, rain tight steel well boxes. 

10.4.1.4 Electrical Specificafions 

Hazardous Location Classification: From the ground to 18 inches above grade in the 
equipment enclosures, inside the extraction well boxes, and 18 inches in all directions of any 
tank where free phase product may be present shall be classified as a Class I, Division II, 
Group D Area as specified in NEC. All conduit, fitting, junction bo.xes, seal offs, and any 
other materials necessary for the installation ofthe remediation system located in hazardous 
areas shall meet the requirements of that area. 

Electrical Conduit: Subsurface conduit shall be Type 40 PVC conduit with rigid coated 
sweeps at transitions to grade. Connections to transfer pump motors, float switches, etc., 
may use flexible liquid tight conduit for short transitions. All above grade conduit shall be 
rigid steel conduit, except for phone line conduit which shall be intermediate metal conduit 
(IMT). Conduits shall be supported in accordance with Article 346-12 of NEC. 

Electrical Conductors: All conductors or wire shall be type THHN stranded copper wire 
with PVC insulation and nylon jackets. 

Seal-Offs: EYS sealing unilets (Seal-Offs) shall be installed on conduit when leaving or 
entering a hazardous area. 
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Fittings and Junction Boxes: Fittings and junction boxes shall be constmcted of cast 
malleable iron or cast gray iron alloy and shall be approved for the location in which they 
are installed. 

10.4.2 Operating Plan and Schedule 

Prior to system startup, base line data on all ground water extraction wells will be obtained 
(including water levels, TPH and BTEX levels). TPH and BTEX analy.sis may be taken 
from a quarterly ground water monitoring event, if it coincides with a system startup. TTie 
ground water levels will be monitored continuously for a minimum of one month prior to 
system startup. Pressure transducers will be used in the extraction wells and Heimit 
pressure transducers and dataloggers, or equivalent, in selected remote monitoring wells. 
Constant rate and step rate aquifer testing will be performed on the two additionai 
extraction wells at system startup. The new extraction wells will be analyzed for general 
mineral analysis, TDS and TSS after development to com.pare water qualit)' and solids 
content to those of existing extraction wells. 

10.4.3 Monitoring and Sampling Schedule 

Continuous Monitoring with Telemetry System 

• Individual well flow rates and cumulative volumes. 

• Water levels in extracfion wells and selected monitoring wells. 
• Combined well flow rate (system inlet and outlet) and cumulative volume. 
• Inlet pressure to GAC vessels. 

Weekly Monitoring by Technician 

• Individual well flow rates and cumulative volumes. 
• Combined well flow rate (system inlet and outlet) and cumulative volume. 
• Individual well pressures at well head and equipment pad. 
• Inlet, intermediate, and outlet pressure of GAC vessels. 

Monthly Monitoring and Sampling 

• Sample individual wells and analyze for TPH and benzene. 
• NPDES sampling requirements. 
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11.0 PHASE 2 REMEDIAL ACTION IMPLEMENTATION 

11.1 Introduction 

The remedial action implementafion will follow EPA approval of the Final Design. This 
section summarizes the major activifies which will be included. 

11.2 Remedial Action Work Plan 

The Statement of Work (SOW) requires that Texaco shall submit a Remedial Action Work 
Plan 60 days following EPA approval of the Final Phase 2 Design. The Work Plan shall 
include the following: (1) a tentative formulation of the Remedial Action Team, (2) the 
method for selection of a remedial action contractor, (3) a schedule for developing and 
submitting Remedial Acfion deliverables set forth in Task 3 ofthe SOW and for completing 
the remedial action, (4) revised cost estimates, (5) contingency plan implementation, and 
(6) constmction QA implementation and requirements for completion. 

113 Construction and System Permitting 

Permitting for the installation and operation of the Phase 2 Ground Water Treatment 
System (GWTS) and Soil Vapor Extracfion (SVE) System will be initiated following 
approval of the Remediation Work Plan by the EPA. TTie final design plans will be 
submitted to the appropriate agencies and permits or addenda to the existing permits will 
be obtained. The following oufiine summarizes permitting requirements for both the GWTS 
and SVE. 

A. Ground Water Treatment System 

1. County of Ventura Planning Department 
a. CUP Amendment 

2. County of Ventura Building Department (Plan Check) 
a. Building 
b. Electrical 

3. Ventura County Flood Control District 
a. Encroachment permit: Installation of proposed extracfion wells and 

remediation piping in the flood control district's easement. 
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4. Regional Water Quality Control Board 
a. New NPDES pennit 

B. Vapor Extraction System 

1. County of Ventura Planning Department 
a. CUP Amendment 

2. County of Ventura Building Department (Plan Check) 
a. Building 
b. Electrical 

3. City of Fillmore Fire Department 

4. Ventura County Air Pollution Control District (VCAPCD) 

11.4 Remediation System Installation and Startup 

The Final design specifications and plans will be submitted for plan check and the 
appropriate permits will be obtained. After the pennitting process is complete, a general 
contractor will be selected by Texaco to perform the work. The general contractor will 
select subcontractors to perform specific tasks and all subcontractors must be approved by 
Texaco. 

The estimated schedule for installation is summarized as follows: 

• The permitting process will take approximately six weeks. 

• Trenching and pipe installation will take approximately two weeks. 

• The modifications to the GWTS will take approximately three weeks and the 
modifications to the SVE approximately one week. GWTS and SVE modifications 
may be completed simultaneously. 

• One week is estimated for final inspections and any required corrections. 

Therefore, the total fime for system completion after plans are finalized is approximately 
12 weeks. 
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Startup of the GWTS and SVE will commence immediately after system modificafions are 
completed. The Phase 1 system will operate until constmction commences to obtain 
performance data and continue the recovery of hydrocarbons. 

11.5 Remediation System Operation and Maintenance 

Operation and maintenance (O&M) of the Phase 2 remediation system will consist of 
recording pertinent data and performing recommended system maintenance. 

As with the Phase 1 remediation system, data will be monitored on a weekly basis by an 
O&M technician and on a continuous basis by the data logger and telemetry system. An 
O&M manual will be prepared prior to system startup that will include a maintenance 
checklist for system components, field data sheets, and manufacturers' specification sheets 
for system components. 

Particular attention will be paid to pressure drop across the individual GAC vessels. When 
the pressure drop exceeds a predetermined value (40 psi), backwashing ofthe GAC vessels 
will be performed. If the pressure drop increases rapidly after backwashing, or backwashing 
proves ineffective in removing suspended solids from the vessels, then a high capacity bag 
filtration unit or chemical addition (sequestering agent) system may be installed. 

11.6 Project Management 

Implementation of the Phase 2 construction will be managed by Texaco Environmental 
Services (TES). As the supervising contractor, England, Shahin and Associates will provide 
technical oversight and remedial system constmction management services. Specialist 
subcontractors will be used for well drilling and installation, providing remediation 
equipment and electrical services. All equipment required for the Phase 2 constmcfion will 
be provided by TES to the extent possible within their inventory or purchased from a 
qualified vender according to the specifications included in Section 10. 

11.7 Quality Assurance/Quality Control 

A Quality Assurance/Quality Control Plan (QA/QC Plan) will be prepared and submitted 
to the EPA with the Phase 2 Remedial Action Work Plan. All field activities including 
equipment installafion, well installation, soil, vapor and water sampling (and the analysis) 
will be conducted as specified in the QA/QC Plan. Daily field reports, as-built drawings, 
constmction reports, and testing results will be assembled in a file and made available for 
review by the EPA. 
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Table 2-1 
Mean Monthly Flow in Pole Creek Upgradient of PCPL Site 

Water Year October 1992 to September 1993 

. ' Y e a r •• 

1992 

1993 

Month 

October 

November 

December 

January 

February 

March 

April 

May 

June 

Jufy 

August 

September 

Mean Monthly Flow 
••:: (<'m'Tn'}y-'T 

1.89 

0.37 

1.24 

27.4 

17.2 

12.8 

7.84 

3.83 

1.56 

0.60 

0.82 

0.91 
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Table 4-1 
Free Oil Notetl on Soil 

Page 1 of 3 

BORING 
0 R W 1 ! : L L 

MW-17S 

MW-26S 

MW-37S 

MW-38S 

MW-40S 

MW-47D 

EW-1 

EW-4 

EW-5 

AEW-1 

PEW-1 
(Cont.) 

ZONE 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow and 
Deep 

Shallow and 
Deep 

Shallow 

Shallow 

APPROXIMATE UEITII 
TO HIGH GROUND 

WATER 

53 

55 

73 

68 

41 

66 

54 

47 

41 

70 

80 

DEITH 
IN FEET 

24-28 

34-38 

42-44 

20-23 

45-48 

40 

18-28 

35-42 

35-40 

45 

50-52 

37-48 

48 

40-63 

38 

45 

60-63 

26 

38-45 

DESCKiniON 

'Frace of free liquid hydrocarbon (crude). 

Trace of liquid product; heavy oil stained and strong heavy crude oil odor. 

Heavy oil staining and odor. 

Very powerful petroleum (xlor, black contaminant visible. 

Black, oily. 

Local brown and black product observed. 

Locally product saturated. 

Product saturated. 

Sheen on shale surfaces, black staining locally. 

Free product sheen visible in samples. 

Visible product; product aureoles around pores. 

Locally product saturated; brown product on sample rings. 

Locally prcxluct saturated, brown product on sample rings. 

Free hydrocarbon; locally saturated with oil; abundant beads of oil in saturated section; 
abundant oil in soil. 

Apparent free oil saturation. 

Oily. 

Apparent free oil saturation. 

Urowji oil sheen on grains. 

I.xjcally product saturated. 
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Table 4-1 
Free Oil Noted On Soil (Cont.) 

Page 2 of 3 

BORING 
ORWELL 

PEW-l 
(Com.) 

PEW-2 

PEW-3 

PEW-5 

SBU-1 

SBC-1 

SBD-2 

SBD-3 

SBD-4 

SBE-I 

SBF-1 

SBG-2 
(Cont.) 

ZONE 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow and 
Deep 

Shallow 

Shallow 

Deep 

Shallow 

Shallow and 
Deep 

Shallow 

APPROXIMATE D E n H 
TO HIGH GROUND 

WATER 

80 

67 

67 

67 

80 

45 

53 

52 

53 

47 

33 

41 

DEITH 
IN FEET 

55 

40 

20 

43 

35 

40 

48 

30 

32 

48 

20 

30 

34 

39 

60 

33 

30 

35 

30-36 

DESCRIPTION 

Locally product saturated. 

Black staining. 

Locally product saturated. 

Saturated zones have free NAPL (speckled brown). 

Trace brown product on shale cleavage/fracture surface. 

Shale fragments locally product saturated; sheen on rusty weathered fragment surfaces-

Shale fragments product saturated. 

Shale fragments, sheen on fractured surfaces. 

Shale fragments, locally product saturated. 

Locally product saturated (shale fragments). 

Local free product. 

Product saturated; brown product observed locally on shale bedding surfaces. 

Product saturated. 

(Sand) Product on surface of grains. 

Product saturated. 

Locally product saturated; sheen observed on gravel surfaces. 

Locally product saturated (sheen on surface of gravel size shale fragments). 

Locally product saturated (sheen on surface of gravel size shale fragments). 

Gray oil shale saturated with fuel. 
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Table 4-1 
Free Oil Noted On Soil (Cont.) 

Page 3 of 3 

BORING 
OR WliLL 

SBG-2 
(Cont.) 

PSB-1 

FSB-3 

rSB-4 

FSB-6 

P3-BII-1 

P3-BM-2 

I'4-BH-6 

ZONE 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow 

Shallow and 
Deep 

APPROXIMATE DEITH 
TO HIGH GROUND 

WATER 

70 

57 

50 

54 

55 

58 to high water 

47 

DEITH 
IN FEET 

36 

16-18 

24-26 

30-32 

34-36 

40-42 

42-44 

40-45 

26-31 

27-32 

25-30 

25-30 

35-40 

40-45 

5-20 

49.5 

DESCRIITION 

Fuel saturated (gasoline odor). 

Visible product on shaly layers. 

Dark brown product in shale fractures. 

Oily. 

Shale has liquid hydrocarbon when broken. 

Oil on sampler and in shale fractures. 

Shale with free product in fractures. 

Hydrocarbon product visible on water in sampler. 

Hydrocarbon product visible on gravel. 

Liquid hydrocarbon in bedding layers. 

Moisture due to water or contamination. 

Moisture due to product. 

Moisture due to product. 

Moisture due to product. 

Very oily. 

Ground water and free product. 
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Table 4-2 
Summary of LNAPL Removal 

WeH Nuniber 

MW-9S 

MW-17S 

MW-20S 

EW-1 

EW-4 

Inclusive Dates 

2/8/94 - 9/30/94 

1/25/94 - 9/30/94 

1/25/94 - 9/30/94 

1/25/94 - 9/30/94 

6/16/94 - 9/30/94 

TOTAL 

LNAPL Removed 
. ( g a l ) ;••. • 

0.57 

0.06 

0.06 

3.1 

1.0 

4.79 
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Table 4-3 
BTEX and Volatile Fuel Hydrocarbons in Soil 

Concentrat ions in ppmv 
Page 1 of 2 

Well 
Number 

MW-lOP 

MW-13P 
SBB-1 

SbC-1 

SBD-2 

SBD-3 

SBE-1 

PEW-1 

PEW-2 

Date 
Sampled 

08/10/94 

08/10/94 

05/12/93 

03/17/94 

08/09/94 

dSnii^i 
08/12/94 

05/12/93 

12/27/93 

01/04/94 

03/18/94 

08/11/94 

05/12/93 

08/11/94 

05/12/93 

08/11/94 

12/27/93 

01/04/94 

03/18/94 

08/09/94 

01/14/94 

03/15/94 

03/17/94 

06/10/94 

06/14/94 

06/r7/94~"" 

06/21/94 

06/23/94 

06/27/94 

06/30/94 

07/06/94 

07/14/94 

07/20/94 

07/28/94 

08/10/94 

08/r5'/94~'" 

08/24/94 

09/01/94 

09/07/94 

09/13/94 

"""o'936'm~"' 

09/27/94 

Benzene 

31 

<11 

<0.31 

180 

18 

< l i 

<31 

<0J1 

2.8 

5.6 

110 

100 

<031 

150 

<0.31 

53 

190 

180 

470 

380 

280 

280 

260 

300 

200 

i'9b"~ 

210 

<31 

<16 

<16 

"<3i'~ 

180 

170 

180 

160 

i"80'~ 

120 

120 

<16 

170 

nb"" 
130 

Toluene 

61 

13 

2.6 

74 

80 

< 1 3 

37 

1.7 

1.5 

<1.3 

27 

26 

1.7 

37 

1.8 

24 

<27 

18 

45 

42 

53 

72 

72 

88 

66 

~ 69 " 

77 

69 

110 

61 

69 

42 

72 

80 

66 

72 

56 

61 

69 

74 

Ti " 
69 

Ethyl 
Benzene 

32 

<S.l 
0.75 

<23 

30 

<1.1 

<23 

<0.23 

<1.2 

<1.2 

<8.1 

9.0 

<0.23 

<8.1 

<0.23 

10 

<23 

<12 

<23 

18 

32 

<23 

12 

<12 

<12 

<Y2 

<12 

<23 

67 

<12 

<23 

<23 

<12 

37 

35 

~"22 

28 

21 

21 

22 

19 

28 

ToUl 
Xylenes 

67 

14 

4.8 

39 

35 

5.1 

32 

2.7 

<1.2 

<1.2 

9.7 

8.5 

2 5 

18 

4.3 

<8.1 

<23 

19 

<23 

15 

<23 

53 

46 

<12 

<12 

<T2 

<12 

<23 

69 

<12 

<23 

<23 

<12 

85 

53 

25 

51 

20 

53 

51 

i l 

23 

Vol. Fuel 
Ilydroearb. : 

13,000 

11,000 

NA 

20,000 

12,000 

MA 

28,000 

NA 

340 

450 

9,100 

5,700 

NA 

9,100 

NA 

8,000 

13,000 

13,000 

34,000 

16,000 

28,000 

27,000 

26,000 

22,000 

17,000 

'iijooo 

20,000 

20,000 

21,000 

20,000 

22lci00 ~ 

20,000 

16,000 

13,000 

12,000 

'i5"o6o 

14,000 

14,000 

14,000 

16,000 

Yf.ooo 

17,000 

Perforated 
Depth 

38-48 

47-67 

30-50 

30-50 

30-50 

25-45 

25-45 

15-50 

15-50 

15-50 

15-50 

15-50 

32-55 

32-55 

25-50 

25-50 

49-74 

49-74 

49-74 

49-74 

20^5 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

' 20^5 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 
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Table 4-3 (Cont.) 
BTEX and Volatile Fuel Hydrocarbons in Soil 

Concentrations in ppmv 
Page 2 of 2 

• :weii " 
Number:; 

PEW-3 

PEW-4 

PEW-5 
PEW-6 

AEW-1 

MW-2S 

MW-3S 

MW-5S 

MW-SS 
MW-9S 

MW-llS 

MW-12S 

MW-14S 
MW-17S 

MW-37S 

MW-38S 

MW-5^§ 

MW-40S 

MW-41S 
MW-42S 

MW-43S 

MW-44S 

MW-45S 

MW-46S 

EW-2 

EW-4 

EW-5 

Date 
Sampled 

12/27/93 

01/04/94 

03/14/94 

08/09/94 

08/10/94 

08/0^/94 
08/09/94 

12/27/93 

01/04/94 

08/09/94 

08/11/94 

08/09/94 

08/12/94 

08/11/94 

08/12/94 

08/10/94 

08/12/94 

08/11/94 

08/12/94 

08/09/94 

08/10/94 

ilib^m 
01/04/94 

08/10/94 

08/11/94 

08/10/94 

08/11/94 

08/10/94 

08/11/94 

08/10/94 

08/10/94 

08/12/94 

08/12/94 

6&nlM 

;.; ̂ ';: Benzene . - • • • •• 

630 

410 

590 

500 

100 

110 
380 

280 

280 

380 

7.5 

< 6 3 

<1.6 

m 
<1.6 

<1.6 

<1.6 

5.4 
23 

660 

41 

l ib 

100 

13 

11 

<1.6 

<1.6 

<3.1 

<1.6 

<7.S •• 

<1.6 

25 

470 

<1.6 

Toluene 

85 

45 

180 

110 

69 

82 

98 

48 

40 

61 

3.2 

6.6 

< 1 J 

58 
< 1 3 

< 1 3 

< 1 3 

16 
4.2 

100 

13 

<53 

15 

2.6 

21 

< 1 3 

3.2 

<2.7 

< 1 3 

26 
1.8 

19 

110 

<l.i 

Ethyl 
: Benzene • 

110 

83 

94 

39 

74 

25 
39 

44 

32 

41 

<1.2 

4.8 

<1.2 

36 
<1.2 

<1.2 

<1.2 

<1.2 
<1.2 

39 

7.4 

<46 

12 

1.2 

25 

<1.2 
<1.2 

< 2 3 

<1.2 

8.1 

<1.2 

9.2 

<23 

<1.2 

Total 
Xylenes 

100 

81 

97 

60 

81 

32 

60 

60 

39 

58 

<1.2 

7.6 

<1.2 

<l2 
<1.2 

<1.2 

<1.2 

1.2 
1.7 

23 

14 

<46 

15 

1.8 

12 

<1.2 

1.2 

< 2 3 

<1.2 

12 

6.9 

20 

<23 

<1.2 

Vol. Fuel 
Hydn>carb. 

48,000 

37,000 

45,000 

25,000 

14,000 

i5,066 
21,000 

20,000 

18,000 

15,000 

970 

6300 

<2.8 

23,000 

200 

12 

5.4 

650 

1300 

21,000 

4,800 

1X660 

9,400 

630 

11,000 

31 

850 

2,600 

37 

7,700 

740 

6,000 

8,500 

lOO 

Perforated 
Depth 

10-45 

10^5 

10-45 

10-45 

20-45 

26-45 
20-45 

415-525 

415-525 

415-525 

82.5-92.5 

125-825 

155-165 

45-71 

48-68i 

65-86.5 

45-65 

70-90 

53-73 

65-95 

56-86 

53-73 • 

53-73 

53-73 

32-62 

65-85 

75-105 

65-105 

57-107 

45-95 
60-105 

803-953 

49.5-67.5 

45-50 

NA = Not Analyzed 
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Table 4-4 
Fixed Gas Concentrations in Soil Gas 

Results in %v 
Page 1 of 3 

Well 
Number 

MW-lOP 

MW-13P 

SBB-1 

SBC-1 

SBD-2 

SBD-3 

SBE-1 

PEW-1 

PEW-2 

DaU 
Sampled 

05/13/93 

08/10/94 

05/12/93 

08/10/94 

05/12/93 

03/17/94 

08/09/94 

05/12/93 

08/12/94 

05/12/93 

01/04/94 

03/18/94 

08/11/94 

05/12/93 

08/11/94 

05/12/93 

08/11/94 

01/04/94 

03/18/94 

08/09/94 

01/14/94 

03/15/94 

03/17/94 

06/10/94 

06/14/94 

06/17/94 

06/21/94 

06/23/94 

06/27/94 

06/30/94 

07/06/94 

07/14/94 

07/20/94 

07/28/94 

08/10/94 

^ 68/15/94 

08/24/94 

09/01/94 

09/07/94 

Carbon 
Dioxide 

0 3 

14 

0.2 

4.8 

13 

16 

15 

13 

15 

10 

0.66 

16 

15 

11 

12 

14 

17 

3.0 

85 

13 

10 

14 

14 

14 

14 

13 

14 

14 

14 

14 

14 

15 

14 

14 

14 

15 

15 

14 

14 

Carbon 
. Monoxide 

NA 

<0.10 

NA 

<0.10 

NA 

<0.20 

<0.10 

NA 

<0.10 

NA 

<0.10 

<0.20 

<0.10 

NA 

<0.10 

NA 

<0.10 

<0.10 

<0.40 

<0.40 

<0.10 

<0.10 

<0.20 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

. Methane 

<0.1 

2.1 

<0.1 

7.8 

1.8 

2 3 

2.4 

2.6 

2.6 

2.6 

0.44 

4.7 

4.7 

2.2 

7.5 

0.4 

2.5 

25 

56 

48 

2.8 

2.2 

2.2 

2.1 

1.7 

13 

1.1 

1 

0.95 

0.88 

0.81 

0.72 

0.70 

0.64 

0.60 

0.61 

0.62 

0.59 

05S 

. Nitrogen 

NA 

78 

NA 

82 

NA 

80 

81 

NA 

80 

NA 

78 

77 

78 

NA 

75 

NA 

79 

70 

34 

41 

84 

81 

82 

83 

83 

83 

82 

82 

82 

82 

82 

82 

82 

82 

82 

81 

82 

81 

81 

Oxygen 

NA 

5.6 

NA 

5.4 

NA 

1.8 

1.9 

NA 

1.9 

NA 

21 

1.8 

2.8 

NA 

5.5 

NA 

l.S 

2 3 

1.4 

3.0 

2 3 

1.9 

1.9 

1.6 

1.6 

2.1 

2.5 

2 3 

2.6 

2.7 

2.9 

3.2 

3.2 

3.7 

3.4 

* 3.5 

2.7 

4.1 

4 3 

Perforated 
Depth 

38-48 

38-48 

47-67 

47-67 

30-50 

30-50 

30-50 

25-45 

25-45 

15-50 

15-50 

15-50 

15-50 

32-55 

32-55 

25-50 

25-50 

49-74 

49-74 

49-74 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 

20-45 
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Table 4-4 (Cont.) 
Fixed Gas Concentrations in Soil Gas 

Results in %v 
Page 2 of 3 

WeU 
Number 

PEW-2 

(cont.) 

PEW-3 

PEW-4 

PEW-5 

PEW-6 

AEW-1 

MW-IS 

MW-2S 

MW-3S 

MW-5S 

MW-7S 

MW-8S 

MW-9S 

MW-llS 

MW-12S 

MW-14S 

MW-17S 

MW-19S 

MW-20S 

MW-26S 

MW-27S 

MW-28S 

MW-30S 

MW-37S 

MW-38S 

MW-39S 

MW-40S 

Date 
Sampled 

09/13/94 

09/20/94 

09/27/94 

01/04/94 

03/14/94 

08/09/94 

08/10/94 

08/09/94 

08/09/94 

01/04/94 

08/09/94 

05/12/93 

08/11/94 

08/09/94 

08/12/94 

05/13/93 

05/13/93 

08/11/94 

05/13/93 

08/12/94 

08/10/94 

08/12/94 

08/11/94 

05/12/93 

08/12/94 

05/12/93 

05/13/93 

05/13/93 

05/12/93 

05/12/93 

05/13/93 

05/13/93 

08/09/94 

05/13/93 

08/10/94 

12/09/93 

01/04/94 

08/10/94 

08/11/94 

Carbon 
Dioxide 

14 

14 

14 

7.9 

13 

12 

16 

13 

12 

11 

15 

<0.1 

13 

8.4 

1.1 

0.2 

12 

13 

0 3 

031 

<0.10 

0.90 

7.5 

4.8 

0.93 

1.7 

0.7 

<0.1 

<0.1 

0.2 

<0.1 

1.0 

3.8 

0.5 

5.9 

2.5 

1.1 

0.24 

14 

Carbon 
Monoxide' 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

NA 

<0.10 

<0.20 

<0.10 

NA 

NA 

<0.10 

NA 

<0.10 

<0.10 

<0.10 

<0.10 

NA 

<0.10 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

<0.40 

NA 

<0.20 

<0.10 

<0.10 

<0.10 

<0.10 

Methane 

0.58 

0.56 

0.60 

55 

1.9 

2.7 

0.46 

1.8 

3.2 

9.7 

5.5 

<0.1 

11 

40 

<0.10 

<0.1 

14 

5.6 

<0.1 

<0.10 

<0.10 

<0.10 

7.9 

2.8 

5.5 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

12 

48 

1.0 

35 

46 

19 

2.2 

0.97 

Nitrogen 

81 

82 

82 

82 

83 

83 

81 

83 

82 

77 

78 

NA 

73 

49 

80 

NA 

NA 

77 

NA 

78 

78 

79 

78 

NA 

74 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

44 

NA 

58 

41 

63 

76 

83 

Oxygen 

4.1 

4.2 

3.1 

4 3 

2.2 

2.0 

2.2 

2.8 

2.1 

1.6 

2 3 

NA 

3.0 

2.0 

19 

NA 

NA 

4.6 

NA 

. 21 

22 

20 

6.4 

NA 

20 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.8 

NA 

2.0 

10 

17 

21 

2.0 

Perforated 
Depth 

20-45 

20-45 

20-45 

10-45 

10-45 

10-45 

20-45 

20-45 

20-45 

47.5-52.5 

415-525 

104-114 

825-925 

72.5-82.5 

155-165 

63-73 

45-71 

45-71 

48-68.5 

48-68.5 

65-86.5 

45-65 

70-90 

53-73 

53-73 

58-78 

73-93 

70-90 

115-135 

98-118 

65-85 

65-95 

65-95 

56-86 

56-86 

53-73 

53-73 

53-73 

32-62 
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Table 4-4 (Cont.) 
Fixed Gas Concentrations in Soil Gas 

Results in %v 
Page 3 of 3 

WeU 
Number 

MW-4 IS 

MW-42S 

MW-43S 

MW-44S 

MW-45S 

MW-46S 

EW-1 

EW-2 

EW-4 

EW-5 

ULTM-MW-9 

Date 
Sampled 

08/10/94 

08/11/94 

08/10/94 

08/11/94 

08/10/94 

08/10/94 

05/12/93 

08/12/94 

08/12/94 

08/12/94 

05/14/93 

Carbon 
Dioxide 

<0.10 

6.8 

15 

3.8 

55 

3 3 

1.9 

4.9 

10 

0.23 

1.4 

Carbon 
Monoxide 

<0.10 

<0.10 

<0.13 

<0.10 

<0.13 

<0.10 

NA 

<0.10 

<0.20 

<0.10 

NA 

Methane 
• 

<0.10 

10 

29 

10 

27 

1.7 

1.8 

21 

28 

<0.10 

14 

Nitrogen 

78 

80 

68 

84 

65 

93 

NA 

69 

55 

78 

NA 

Oxygen 

22 

3.1 

2.2 

2.2 

2 3 

2.1 

NA 

4 3 

5.9 

22 

NA 

Perforated 
Depth 

65-85 

75-105 

65-105 

57-107 

45-95 

60-105 

65-90 

803-953 

49i-67.5 

45-50 

60-80 

NA = Not Analyzed 
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Table 4-5 
Soil Gas Hydrocarbon Distributions 

Molecular 

CARBON NO. Weight 

C1-C2(asC1) 16 

C3 44 

C4 58 

C5 72 

C6 86 

C7 100 

C8 114 

C9 128 

CIO 142 

C l l 156 

TOTAL 

Average Hydrocarbon Molecular Weight 

Average non-methane Hydrocartion Molecular Wl 

ppmv of non-methane Hydrocarbons 

Well MW-39S 

12/9/93 

mg/m3 

230,000 (1) 

35,000 (2) 

37,000 

25,000 

13,000 

6,500 

1,300 

ND 

ND 

347,800 

ppmv 

348,000 

19,300 

12,500 

7,000 

3.000 

1,000 

200 

391,000 

22 

66 

43,000 

Well PEW-1 

3/18/94 

mg/m3 ppmv 

120,000 181,000 

28,000 15,000 

110,000 46,000 

150,000 51,000 

75,000 21,000 

27,000 7,000 

11,000 2,300 

3,200 600 

800 100 

ND 

525,000 324,000 

39 

69 

143,000 

Well PEW-2 

3/15/94 

mg/m3 ppmv 

24,000 35,000 

3,000 1,700 

1,000 400 

10,000 3,400 

39,000 11,000 

34,000 8,200 

18,000 3,800 

4,500 900 

880 200 

ND 

134,400 65,600 

50 

90 

29,600 

Well PEW-3 

3/14/94 

mg/m3 ppmv 

20,000 30,000 

2,100 1,200 

3,600 1,500 

27,000 9,100 

69,000 19,000 

58,000 14,000 

27,000 5,700 

6,400 1,200 

1,300 200 

ND 

214,400 81,900 

63 

91 

51,900 

Well SBB-1 

3/17/94 

mg/m3 ppmv 

27,000 41,000 

2,700 1,500 

2,100 900 

3,800 1,300 

22,000 6,200 

29,000 7,000 

15,000 3,200 

4,000 800 

800 100 

ND 

106,400 62,000 

42 

92 

21,000 

Well SBO-2 

3/18/94 

mg/m3 

30,000 

3,100 

8,800 

22,000 

17,000 

9,000 

4,500 

1,300 

440 

99 

96,200 

ppmv 

45,000 

1,700 

3,700 

7,400 

4,800 

2.200 

1,000 

200 

100 

20 

66,100 

35 

76 

21,100 

(1) Methane only 

(2) C2toC4. 
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Table 4-6 
Comparison of Benzene Content of Samples From Various Sources 

Site Hydrocarbon Liquids 

.;.,:.••.;. Sample-Description 

PEW-3 Condensate condensed at wellhead using ice water 

PEW-3 Condensate condensed at knock-out drum using ice water 

Condensate from RETOX knock-out drum condensed at ambient conditions 

Oil skimmed from well EW-4 

Sample Collection 
.;;• Date ; 

4/26/94 

4/26/94 

4/1/94 

9/13/94 

Benzene Concentration 
'-.'•TT^ :'(|ng/l) - " ' ' 3 ! : ' ; 

2600 

2790 

<0.5 

490 

Natural Oils 

Sample Description 

RS-01 Seep from beside Pole Creek, north of site 

RS-02 Seep from beside Pole Creek, north of site 

RS-03 Seep from 

Crude oil from Rossi Lease about 3 miles northeast of site 

Sample Collection 
Date 

8/24/92 

8/24/92 

8/24/92 

NA 

Benzene Concentration 
. : { m s / l ) - . •....:,••;. 

220 

250 

900 

795 

Natural Gas Condensates 

Sample Description 

Condensate from Shiells Canyon, condensed with dry ice 

Combined condensate from several Ventura County gas fields 

Natural Condensate B- a laboratory standard used by GGC 

Sample Collection 
Date 

9/1.'94 

8/30/94 

NA 

Benzene Concentration 
( m ^ ' l ) • • 

7130 

8250 

2770 

RcHned Products 

Sample Description 

White Gas 

Unleaded Gasoline 

Super Unleaded Gasoline 

Sample Collection 
Date 

NA 

NA 

NA 

Benzene Concenlratioh 

98 

5960 

4700 

Gases 

Sample Descriptibh • 

Gas from PEW-3 

Gas from PEW-1 

Natural Gas from Shiells Canyon 

Sample Collection 
•Date 

3/14/94 

3/18/94 

8/30/94 

: Benzene Concentration 
(ppniy) 

590 

470 

89 

Eff̂ ©LAG^D) 
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Table 4-7 

Benzene Equilibrium 
Concentrations and Mass Distribution Among Phases 

Equilibrium calculation assumptions: 

Activity coefficient for benzene in oil = 1.15, average oil MW= 140. lOOIb/cu ft dry soil density. Equilibria calculated at 20 C. 

Vadose zone: 30% pore volume, 1/3 water filled, 2/3 gas filled pores, 8.2 Ib water/cu ft soil. 

Saturated zone: 30 % pore volume filled with water. 19 Ib water/cu ft soil. 

Calculations based on measured TPH and benzene concentrations in soil samples. 

Percentages of total benzene mass in excess of 50 % are shown in boldface. 

Page I of 2 

WELL/ 

BORING 

NO. 

SAMPLE 

DEPTH 

(feet) 

MEASURED 

TPH 

CONCEN

TRATION 

IN SOIL 

(mg/kg) 

MEASURED 

BENZENE 

CONCEN

TRATION 

IN SOIL 

(mg/kg) 

CALCULATED EQUILIBRIUM 

BENZENE CONCENTRATIONS 

in 

TPH 

(mg/kg) 

in 

WATER 

(mg/L) 

in 

GAS 

(ppmv) 

BENZENE EQUILIBRIUM MASS 

DISTRIBUTION 

in 

TPH 

% 

in 

WATER 

% 

in 

GAS 

% 

VADOSE ZONE | 

FSB-5 • 

FSB-1 

FSB-4 

FSB-6 

FSB-7 

SBB-1 

SBD-3 

SBE-I 

SBG-2 

MW-37S 

MW-38S 

MW-43S 

MW-47D 

EW-1 

EW-2 

EW-5 

AEW-1 

PEW-1 

PEW-2 

29 

19 

30 

31 

30 

50 

55 

50 

45 

65 

50 

60 

45 

50 

50 

5 

15 

57.5 

40 

50 

45 

50 

35 

45 

50 

55 

35 

45 

46 

50 

60 

75 

20 

25 

35 

45 

84,000 

41 

4.100 

74 

150 

1,900 

3.900 

1,100 

590 

540 

1,100 

2 

1,400 

120 

180 

1,800 

1,900 

1,100 

890 

2.000 

1,500 

1,200 

770 

80 

170 

16 

66 

130 

8,200 

3,600 

780 

2,200 

100 

3.100 

2,100 

1 

94 

0.005 

3.9 

0.056 

0.026 

0.13 

1 

0.13 

0.056 

0.033 

0.554 

0.11 

0.41 

0.29 

0.36 

0.24 

0.89 

0.3 

0.27 

0.11 

0.89 

1.1 

0.21 

1 

0.23 

0.28 

0 4 3 

0.079 

24 

1.4 

0.19 

1.1 

0.16 

0.33 

0.11 

0.2 

1,100 

20 

890 

150 

60 

60 

240 

93 

48 

40 

400 

380 

240 

710 

760 

110 

410 

220 

230 

48 

500 

740 

200 

2,700 

500 

910 

1,200 

190 

2,800 

360 

180 

440 

410 

100 

50 

680 

4.1 

0.05 

3.2 

0.56 

0.21 

0.22 

0.87 

0.34 

0.17 

0.14 

1.4 

1.4 

0.88 

2.6 

2.8 

0.42 

1.5 

0.78 

0.83 

0.17 

1.8 

2.7 

0.72 

9.8 

1.8 

3.3 

4.4 

0.68 

10.3 

1.3 

0.65 

1.6 

1.5 

0.35 

0.17 

2.5 

230 

3 

180 

31 

12 

12 

49 

19 

10 

8 

81 

76 

49 

140 

160 

23 

83 

44 

47 

10 

100 

150 

40 

550 

100 

190 

250 

40 

580 

70 

40 

90 

80 

20 

10 

140 

99.7 

12.4 

93.4 

20.3 

34.1 

86.8 

93.1 

79.1 

67.0 

65.1 

79.1 

0.7 

82.8 

29.3 

38.3 

86.1 

86.8 

79.1 

75.4 

87.3 

83.8 

80.5 

72.6 

21.6 

37.0 

5.2 

18.5 

30.9 

96.6 

92.5 

72.9 

88.4 

25.6 

91.4 

87.9 

0.4 

0.3 

64.1 

4.8 

58.3 

48.2 

9.7 

5.1 

15.3 

24.1 

25.6 

15.3 

72.7 

12.6 

51.8 

45.2 

10.2 

9.7 

15.3 

18.0 

9.3 

11.9 

1 4 2 

20.0 

57.4 

46.2 

69.4 

S9.6 

SCS 

2.5 

5.5 

19.8 

8.5 

S4.4 

6.3 

8.9 

72.9 

0.1 

23.5 

1.8 

21.4 

17.7 

3.5 

1.9 

5.6 

8.8 

9.4 

5.5 

26.6 

4.6 

19.0 

16.5 

3 7 

3.5 

5.6 

6.6 

3 4 

4.3 

5.2 

7.3 

21.0 

16.9 

25.4 

21.8 

18.5 

0.9 

2.0 

7.3 

3.1 

19.9 

2.3 

3.3 

26.7 

E[M1©L̂ [M[Q) 
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Table 4-7 (Cont.) 
Benzene Equilibrium 

Concentrations and Mass Distribution Among Phases 
Page 2 of 2 

W E L U 

BORING 

NO. 

SAMPLE 

DEPTH 

(feet) 

MEASURED 

TPH 

CONCEN

TRATION 

IN SOIL 

(mg/kg) 

MEASURED 

BENZENE 

CONCEN

TRATION 

IN SOIL 

(mg/kg) 

CALCULATED EQUILIBRIUM 

BENZENE CONCENTRATIONS 

in 

TPH 

(mg/kg) 

in 

WATER 

(mg/L) 

in 

GAS 

(ppmv) 

BENZENE EQUILIBRIUM MASS 

DISTRIBUTION 

in 

TPH 

% 

in 

WATER 

% 

in 

GAS 

% 

VADOSE ZONE, con t i nued | 

PEW-3 

PEW-4 

PEW-S 

PEW-6 

5 

10 

20 

30 

4 0 " 

45 

40 

45 

30 

40 

ARITHMETIC AVERAGE 

WEIGHTED AVERAGE 

MEDIAN 

7,500 

1,100 

1.700 

3,500 

6,700 

420 

1,900 

51 

1,600 

1,700 

1,600 

3,900 

1.100 

18 

0.12 

0.51 

2.1 

0.02 

1.8 

4.6 

0.033 

0.75 

2.2 

1.6 

5.4 

0.30 

2,300 

90 

260 

550 

3 

2.500 

2,100 

97 

400 

1,100 

590 

860 

370 

8.4 

0.31 

0.93 

2.0 

0.01 

9.2 

7.6 

0.35 

1.4 

4.0 

2.1 

3.1 

1.3 

470 

20 

50 

110 

1 

520 

430 

20 

81 

230 

120 

130 

73 

96.3 

79.1 

8S.4 

92.3 

9S.9 

59.1 

86.8 

15.0 

84.7 

8S.4 

89 

79 

2.7 

15.3 

10.7 

5.6 

3.0 

29.9 

9.7 

62.3 

11.2 

10.7 

8 

15 

1.0 

5.6 

3.9 

2.1 

1.1 

10.9 

3.5 

22.3 

4.1 

3.9 

3 

6 

* Results from FSB-5 were not included in the averages. 

" No benzene detected at detection limits of 0.02 mg/kg 

SATURATED ZONE 

SBB-1 

SBC-1 

SBD-3 

SBE-1 

MW-40S 

MW-47D 

EW-1 

EW-5 

80 

90 

40 

75 

55.5 

70 

65 

67.5 

77.5 

59.5 

60 

ARITHMETIC AVERAGE 

WEIGHTED AVERAGE 

MEDIAN 

(Below Historic H 

4,700 

4,000 

4.000 

100 

2,500 

8,100 

9.7 

1,200 

590 

170 

450 

2.300 

5,000 

1,200 

igh Water Elevation) 

0.85 

1.8 

0.013 

0.002 

0.14 

0.31 

0.16 

0.22 

1.3 

0.043 

1.6 

0.6 

0.6 

0.22 

160 

390 

3 

3 

45 

36 

270 

120 

1.100 

57 

1,600 

340 

160 

120 

0.59 

1.4 

0.01 

0.01 

0.17 

0.13 

0.98 

0.45 

4.0 

0.21 

5.6 

1.2 

0.6 

0.45 

33 

80 

1 

1 

9 

7 

60 

25 

230 

12 

320 

71 

30 

25 

89.1 

87.4 

87.4 

14.8 

81.3 

93.4 

1.7 

67.6 

S0.6 

22.8 

43.9 

86 

68 

10.9 

12.6 

12.6 

85.2 

18.7 

6.6 

98.3 

32.4 

49.4 

77.2 

S6.1 

14 

32 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

E[M©LA[MO 
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Table 4-8 
Comparison of Equilibrium and Measured Benzene 

Concentrations in Water 

E<)uilibrium water concentrations are calculated from measured gas phase concentrations. 

Measured water concentration shown in parentheses are interpolated from August 1994 water data. 

Page 1 of 3 

• Migration 

Potential 

•il 

• 

• 

4' 

• 

t 
-/ 
At 

\ 

^ 

At 

• 

• 

4* 
4̂  

4* 

Cas 1 
WeU No. for 

Gas Sample 

MW-lOP 

MW-13P 

SBB-1 

SBC-1 

SBD-2 

SBD-3 

SBE-1 

PEW-1 

PEW-2 

Gas Sample 

Date 

8/10/94 

8/10/94 

3/17/94 

8/9/94 

8/12/94 

12/27/93 

1/4/94 

3/18/94 

8/11/94 

8/11/94 

8/11/94 

12/27/93 

1/4/94 

3/18/94 

8/9/94 

1/14/94 

3/15/94 

3/17/94 

6/10/94 

6/14/94 

6/17/94 

6/21/94 

6/23/94 

6/27/94 

6/30/94 

7/6/94 

7/14/94 

7/20/94 

7/28/94 

8/10/94 

Benzene in 

Gas 

(ppmv) 

31 

<11 

180 

18 

<31 

2.8 

5.6 

110 

100 

150 

53 

190 

180 

470 

380 

280 

280 

260 

300 

200 

190 

210 

<31 

<16 

<16 

<31 

180 

170 

180 

160 

Water | 

Benzene in Water 

Equilibrium 

(mg/L) 

0.6 

<0.2 

3.2 

0.3 

<0.6 

0.05 

0.1 

2.0 

1.8 

2.7 

0.9 

3.4 

3.2 

8.4 

6.8 

5.0 

5.0 

4.6 

5.4 

3.6 

3.4 

3.8 

<0.6 

<0.3 

<0.3 

<0.6 

3.2 

3.0 

3.2 

2.9 

Measured 

(mg/L) 

0.024 

<0.0003 

2.2 

1.8 

<0.019 

0.35 

0.38 

0.24 

0.16 

1.5 

2.2 

2.2 

1.8 

(<0.001) 

Water 

Sample 

Date 

2/10/94 

2/9/94 

2/11/94 

8/12/94 

5/21/93 

5/21/93 

8/12/94 

5/20/93 

8/11/94 

11/16/93 

2/11/94 

2/11/94 

8/12/94 

8/94 

WeU No. 

for Water 

Sample 

MW-lOP 

MW-13P 

P2 

P2 

SBC-1 

SBD-2 

EW-1 

SBD-3 

SBE-1 

p ; 

P2 

P2 

P2 

Interpolated 

E[M©LA1N]0 
SlHlAHflĜ  i 
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Table 4-8 (Cont.) 
Comparison of Equilibrium and Measured Benzene 

Concentration in Water 
Page 2 of 3 

* Migration 

Potential 

4̂  

4̂  

4' 

4̂  

4̂  

4* 

• 

• 

4* 

• 

• 

• 

• 

• / 

4-

4̂  

4̂  
4̂  
• 

4-

t 

Gas 

WeU No. for 

Gas Sample 

PEW-3 

PEW-4 

PEW-5 

PEW-6 

AEW-1 

MW-2S 

MW-3S 

MW-5S 

MW-8S 

MW-9S 

MW-llS 

MW-12S 

MW-14S 

MW-17S 

MW-37S 

MW-38S 

MW-39S 

MW-40S 

MW-4 IS 

Gas Sample 

Date 

12/27/93 

1/4/94 

3/14/94 

8/9/94 

8/10/94 

8/9/94 

8/9/94 

12/27/93 

1/4/94 

8/9/94 

8/11/94 

8/9/94 

8/12/94 

8/11/94 

8/12/94 

8/10/94 

8/12/94 

8/11/94 

8/12/94 

8/9/94 

8/10/94 

12/9/93 

1/4/94 

8/10/94 

8/11/94 

8/10/94 

Benzene In 

Gas 

(ppmv) 

630 

410 

590 

500 

100 

220 

380 

280 

280 

380 

7.5 

<6.3 

<1.6 

220 

<1.6 

<1.6 

<1.6 

9.4 

23 

660 

41 

170 

100 

13 

11 

<1.6 

Water | 

Benzene In Water j 

Equilibriiim 

(mg/L) 

11.3 

7.3 

10.5 

8.9 

1.8 

3.9 

6.8 

5.0 

5.0 

6.8 

0.1 

<0.1 

<0.03 

3.9 

<0.03 

<0.03 

<0.03 

0.2 

0.4 

11.8 

0.7 

3.0 

1.8 

0.2 

0.2 

<0.03 

Measured 

(mg/L) 

<0.01 

(<0.001) 

(<0.001) 

(<0.001) 

(<0.001) 

(<0.001) 

0.15 

0.05 

0.49 

0.042 

<0.0003 

<0.0003 

0.22 

0.72 

0.0029 

<0.0003 

0.27 

0.52 

0.35 

0.011 

0.33 

Water 

Sample 

Date 

11/11/91 

8/94 

8/94 

8/94 

8/94 

8/94 

8/12/94 

8/10/94 

8/11/94 

8/11/94 

11/11/93 

11/11/93 

J 
8/11/94 

8/12/94 

8/10/94 

8/9/94 

11/15/93 

2/11/94 

8/11/94 

8/9/94 

8/11/94 

WeU No. 

forWater 

Sample 

MW-25S 

Interpolated 

Interpolated 

Interpolated 

Interpolated 

Interpolated 

MW-2S 

MW-3S 

N/A 

.MW-8S 

MW-9S 

MW-llS 

MW-12S 

MW-14S 

MW-17S 

MW-37S 

MW-38S 

MW-39S 

MW-39S 

MW-39S 

. MW-40S 

MW-4 IS 

E [ M © L ^ ^ O 
SIHIAIHIDINI i 
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Table 4-8 (ConL) 
Comparison of Equilibrium and Measured Benzene 

* Migration 

Potential 

t 

t 

• 

• 

• 

4̂  

At 

V 

Concentratio 
Gas 

Wc« No. for 

Gas Sample 

MW-42S 

MW-43S 

MW-44S 

MW-45S 

MW-46S 

EW-2 

EW-4 

EW-5 

::::;:Gas Sample . 

•;•".;• Date 

8/11/94 

8/10/94 

8/11/94 

8/10/94 

8/10/94 

8/12/94 

8/12/94 

34558 

Benzene In 

Gas 

(ppmv) 

<1.6 

<3.1 

<1.6 

<7.8 

<1.6 

25 

470 

<1.6 

n m water Page 3 of 3 

Water 

B4^nzcne In Water 

• Equfllbrium 

(mg/L) 

<0.03 

<0.06 

<0.03 

<0.1 

<0.03 

0.4 

8.4 

<0.03 

•; •'••• Measuiiied;:;?.• 

(mg.'L) 

0.3 

0.2 

<0.0003 

0.17 

0.0024 

0.055 

0.2 

0.052 

ZzMaier -"./-,.;: 

•.•••••:•;/ : i S a m p i e . : : ; • ; : ? 

'yyvmnxy:::-'-, 
8/11/94 

8/11/94 

8/10/94 

8/11/94 

8/10/94 

8/12/94 

8/12/94 

8/12/94 

WeU No. 

forWater 

Sample 

MW-42S 

MW-43S 

MW-44S 

MW-45S 

MW-46S 

EW-2 

EW-4 

EW-5 

Calculated equilibrium concentration much greater than measured, 

(benzene migration driving force is from gas to water). 

Calculated equilibrium concentration much less than measured, 

(benzene migration driving force is from water to gas). 

Order of magnitude agreement - little or no migration potential. 

E^©LAf^lD) 
S[Hl̂ fr={ll[M i l 
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Table 5-1 
Phase 1 Vapor Extraction System Operation 

Operation Duration 

RETOX System Oper 

1/12-1/17 <" 

2^-2/14 

2/15-2/24 

2/25-3/9 

4^-5/11 

Subtotal 

5-Day Vapor Extract! 

3/14, 8 hrs 

3/15-3/17, 48 hrs 

3/17, 8 hrs 

3/18, 1 hr 

3/18, 8 hrs 

Subtotal 

Long-Term Vapor Ex 

6/10 - 6/30 

6/30 - 7/28 

7/28 - 8/24 

8/24 - 9/20 

9/20 - 10/19 

10/19 - 11/16 

11/16 - 12/7 

Subtotal 

TOTAL: 

Notes: 
(1) System startup 
(2) Concentrations 
(3) Flow rates for 
(4) Estimated base 

Extraction Wells 

Average 

Flow 

Rales 

(scfm) 

ation (January - May 1994) 

SBD-2, PEW-3 

SBD-2, PEW-3 

PEW-3 

PEW-3 

PEW-3 

-

NA 

500<" 

400<" 

400" ' 

550''> 

CoDcentratio 

TPH 

800-1,700 P' 

1,100 

1300 

1,100 

1,300 

-

on Tests - VR System Model V4 (March 1994) 

PEW-3 

PEW-2 

SBB-1 

PEW-1 

SBD-2 

-

traction Test - VR Sysl 

PEW-2 

PEW-2 

PEW-2 

PEW-2 

PEW-2 

PEW-2 

PEW-2 

-

-

period. 
were measured with FIE 

RETOX include dilution 
:d on assumption of 1 Ib. 

82 

70 

66 

17 

70 

-

44,000 

27,000 

20,000 

34,000 

9300 

-

ns (ppmv) 

Ix:: J BeDzeiw: •'••;::•• 

NA 

NA 

NA 

NA 

NA 

-

560 

270 

170 

470 

110 

-

em Model V4 (June - December 1994) 

62 

62 

62 

69 

70 

70 

71 

-

-

» meter in the 
air. flow rate 
benzene per 1 

20,000 

16,000 

14.000 

15,000 

16,000 

14,000 

13,000 

-

-

field during RETC 
from wells was a s 
00 lbs TPH. Benz 

130 

140 

160 

110 

130 

110 

70 

-

)X system operat 

luall fraction of t 

ene has averagec 

Mass Removal (pounds) 

TPII 

NA 

1300 

1.600 

1,700 

7,500 

12,100 

390 

1.200 

140 

S 

72 

I.SIO 

8,500 

11.300 

7.400 

9.100 

10.500 

9,400 

7.000 

63.200 

77.100 

ion. 
he total, 
appro.ximately o 

Benzene 

NA 

13W 

16(*' 

17«) 

75'^' 

121 

4.4 

10.9 

1.1 

0.1 

0.7 

17 

47 

57 

76 

56 

73 

58 

32 

399 

540 

le 

percent of the TPH in the gas from these wells. 

E^©L^[M[0) 
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Table 5-2 
Phase 1 Ground Water Treatment System Operation 

Operation 
Duration 

Initial Operat ion 

Dec 93 

Jan 94 

Feb 94 

Extraction Wells 
Connected 

EW-1, MW-19S, MW-28S 

EW-1, MW-19S, MW-28S 

EW-1, MW-19S, MW-28S 

Solids Removal Testing Period 

July 94 

Aug 94 

Sept 94 

Oct 94 

Nov 94 

TOTAL'" 

EW-2, EW-4, EW-5 

EW-2, EW-4, EW-5 

EW-2, EW-4. EW-5 

EW-4 

EW-4, EW-5, MW-28S (2) 

._ 

Volume of 
Water 

Treated 
(gallons) 

687,960 

1,671,880 

1,067,190 

105320 

435,280 

206350 

71,070 

672,230 

4,913300 

Concentrations 
(MBA) 

TPH 

3,700 

3,900 

4,600 

1300 

1,700 

2,000 

3.700 

2.500 

Benzene 

... 

340 

370 

440 

130 

140 

100 

140 

120 

... 

Mass Removal (pounds) 

TPH 

21 

54 

41 

1 

6 

3 

2 

14 

142 

Benzene 

2 

5 

4 

0.1 

0.5 

0.2 

0.1 

0.7 

12.6 

Notes: 
(1) Totals are rounded off 
(2) MW-28 was connected on November 30. 

E^©LA[N1[Q) 
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Table 5-3 
NPDES Monitoring and Sampling Schedule 

Monitoring Points 

Effluent 

Receiving Water 
Monitoring 

R-l and R-2 "' 

Frequency 

Monthly 

Quarterly (during the 
months of February, May, 

August and November) 

Annual (in February) 

Monthly 

Monitoring Parameter 

total flow 
temperature 
pH 
residual chlorine (if used) 
turbidity 
settleable solids 
suspended solids 
oil & grease 
sulfides 
chloride 
TDS 
TPH/BTEX (plus a duplicate) 

BOD5 20°F 
sulfate 
nitrate and nitrite (as N) 
boron (plus a duplicate) 
ethylene dibromide 

' halogenated volatiles ' ' ' 
> phenolic compounds (chlorinated) 
> phenols 
> priority pollutant metals '̂ ' 

' toxicity acute 

. pH 
> temperature 
• dissolved oxygen 
• residual chlorine (if used) 
> chloride 
• total dissolved solids 
. TPH/BTEX 

Notes: 

(1) 

(2) 
(3) 

Carbon tetrachloride, tetrachloroethene, trichloroethene, 1,4-dichlorobenzene. 1.1-dichloroethane. 1,2-dichloroethane, 1,1-
dichloroethene, and vinyl chloride. 
Arsenic, cadmium, chromium, copper, lead, mercury, selenium, silver, and zinc. 
Receiving water monitoring on Santa Clara River. R-l is located 100 feet upstream of the confluence of Pole Creelf and the 
Santa Clara River and R-2 is located 300 feet downstream of the confluence. 

E[M1©L/̂ C^D) 
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Table 5-4 
NPDES Discharge Limits 

Constituent'..' 

total flow 

temperature 

pH 

turbidity 

total settleable solids 

total suspended solids 

oil & grease 

sulfides 

chloride 

total dissolved solids 

f P H ~ 

benzene 

toluene 

ethyl benzene 

xylenes 

BODj 20''F 

sulfate 

nitrate-(-nitrite (as N) 

boron 

ethylene dibromide 

carbon tetrachloride 

tetrachloroethene 

trichloroethene 

vinyl chloride 

1,4-dichlorobenzene 

1,1-dichloroethane 

1,2-dichloroethane 

1,1-dichloroethene 

phenolic compounds chlorinated 

phenols 

arsenic 

cadmium 

chromium 

copper 

lead 

mercury 

selenium 

silver 

zinc 

Toxicity - Acute 

Discharge LiuiiU 

30.Day 
Average 

50 

0.1 

50 

10 

20 

-

Daily 
Maximum 

100,000 

100 

<9 and >6 

75 

0.2 

75 

15 

1.0 

160 

1,200 

ioo 

1.0 

10 

10 

10 

30 

550 

5.0 

1.5 

0.02 

as 
5.0 

5.0 

0.5 

5.0 

'5"6' 

5.0 

6.0 

1.0 

1.0 

50 

10 

50 

1.0 

50 

2.0 

10 

50 

5.0 

90% avg., none <10% 

' 'Units 

gallons 

d e g F 

pH units 

NTu 

ml/1 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

mg/l 

mg/l 

mg/l 

mg/l 

ug/l 

ug/T 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

ug/l 

mg/l 

ug/T 

ug/l 

ug/l 

mg/l 

ug/l 

ug/l 

ug/l 

ug/l 

mg/l 

survival 

E^©L/^^0 
SĈ [̂[̂ D[N1 il 
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Table 6-1 
Results of Vapor Extraction Data Analysis (Short-term Test) 

Notes: 
(1) Includes methane and other light hydrocarbons. 

Ejrtraction 
;.;:;: . - ' i - ^ V e l l ; : •..:;• 

PEW-3 

PEW-2 

SBB-1 

PEW-1 

SBD-2 

Flow Rate 
(scfm) 

82 

70 

66 

17 

70 

Wellhead 
Vacuum 
(in. HjO) 

3.8 

3.9 

21 

2.5 

29 

Screen 
Intervals 

(tthgs)T 

10-45 

20-45 

30-50 

49-74 

15 -50 

• • r ' : ^ ' - A i r • T 

Permea^bility 
(darcy): 

70 

82 

15 

30 

8.3 

Initial VFH 
Removal Rate 

(Ibs/hr) 

49 

25 

18 

8 

9 

Initial Total^" 
Hydrocariwn : 
Removail Rate 

(Ibs/hr) 

64 

33 

25 

33 

26 

E[M©LA^[Q) 
SH/̂ GHJfif̂  i l 
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Table 6-2 
Soil Gas Analytical Results 

Well PEW-2 
Page I of 6 

Analyte 

Vol. Fuel Hydrocarbons & BTE.\ 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Vol. Fuel Hydrocarbons 

Fixed Gases 

Carbon Dio.^ide 

Carbon Mono.\ide 
Methane 

Nitrogen 

Oxygen 

Hydrocarbon Ulslribulion 

C1-C2 (a sCl ) 

C.l 

C4 

C i 

C6 

C7 

C8 

C9 

CIO 

C l l 

C12 

C13 

TOTAL 

Avg. Hydrocarbon Molecular Weight 

Avg. non-methane Hydrocarbon Molec. 

ppmv of non-methane Hydrocarbons 

Fll) Measurement 

Total ppmv 

Methane ppmv 

Molecular 

Weight 

78.11 

92.14 

106.17 

106.17 

86.00 

44.01 

28.01 

16.04 

28.01 

32.00 

16 

44 

58 

72 

86 

too 
114 

128 

142 

156 

170 

184 

Wt 

1/14/94 

mg/m3 

880 

200 

140 

<100 

100,000 

%v 

on fixed 

10 

<0.10 

2.8 

84 

2.3 

mg/m3 

75,000 

<200 

1,200 

13,000 

42,000 

36,000 

15,000 

6,700 

1,300 

<200 

<200 

<200 

190.200 

ppmv 

280 

53 

32 

<23 

28,000 

ppmv 

on total 

89,000 

<1000 

24.900 

747,000 

20,000 

ppmv 

113,300 

<100 

500 

4,400 

11,800 

8,700 

3,200 

1,300 

200 

0 

0 

0 

143,400 

32 

93 

30,100 

. : . SVE.Tesl ;.:.:. 

. .Samp e A • . : . : • ; . . • ; 

>^:? /15^4•^ ; • ; - • • : ; : • 

mg/m3 

890 

270 

<100 

230 

97,000 

%v 

on fixed 

14 

<0.10 

2.2 

81 

1.9 

mg/m3 

24,000 

3,000 

1,000 

10,000 

39,000 

34,000 

18,000 

4,500 

880 

<10 

<10 

<10 

134,400 

ppmv 

280 

72 

<23 

53 

27,000 

ppmv 

on (otal 

135,000 

< 1,000 

21,200 

781,000 

18,000 

ppmv 

36,300 

1,700 

400 

3,400 

11,000 

8,200 

3,800 

900 

200 

0 

0 

0 

65,900 

49 

9() 

29,600 

SVLTcst 

Sample 13 

3/17/94 . . 

mg/m3 

840 

270 

54 

200 

91,000 

%v 

on fixed 

14 

<0.20 

2.2 

82 

1.9 

mg/m3 

22,000 

2,300 

1,400 

10,000 

36,000 

32,000 

18,000 

4,700 

910 

<100 

<100 

<100 

127,300 

ppmv 

260 

72 

12 

46 

26,000 

ppmv 

on total 

134,000 

<2,000 

21,100 

786,000 

18,000 

ppmv 

33,200 

1,300 

600 

3,400 

10,100 

7,800 

3,800 

900 

200 

0 

0 

0 

61,300 

50 

91 

28.100 

•.;...;•;• : S y E : T « t •;:•.•:::;;.;:•;••;:.•; 

T:':-.-'.::(>!)s>i^33:33':. 

mg/m3 

970 

330 

<50 

<50 

78,000 

%v 

on fixed 

14 

<0.10 

21 

83 

1.6 

mg/m3 

18,000 

<10 

1,000 

5,800 

31,000 

27,000 

17,000 

3,500 

1,200 

260 

<10 

<10 

104,800 

ppmv 

300 

88 

<I2 

<12 

22,000 

ppmv 

on total 

135,000 

<1,000 

2 0 , 2 0 0 

800 ,000 

15,000 

ppmv 

27 ,200 

0 

400 

2,000 

8,700 

6 ,500 

3,600 

700 

200 

40 

0 

0 

49 ,300 

52 

95 

22 ,100 

ppmv 

45 ,000 

15,000 

.••:;-:;;..V:syE;Te3t^::-;:^^-v::;::: 

>•:v•;^•:; 6/14/94;,;;;;•;:•:,,:•; 

mg/ni3 

640 

250 

<50 

<50 

6 1 , 0 0 0 

%v 

on fixed 

14 

<0.10 

1.7 

83 

1.6 

mg/m3 

13,000 

<10 

1,000 

6,900 

23,000 

21,000 

12,000 

3,500 

930 

210 

51 

<10 

81,600 

ppmv 

200 

66 

<I2 

<12 

17,000 

ppmv 

on total 

137,000 

<1,000 

16,600 

810,000 

16,000 

ppmv 

19,600 

0 

400 

2,300 

6,500 

5.100 

2,600 

700 

200 

30 

10 

0 

37,400 

53 

93 

17,800 

ppmv 

46,000 

19,000 

1 
^^v::.:-.::::syE.Te«t-:V^:::;::;:;.;:;:::' 

•..;.;• :-r"5/i7/94;v^;;: ;:;•;.:• 

mg/m3 

610 

260 

<50 

<50 

60,000 

%v 

on fixed 

13 

<0.10 

1.3 

83 

2.1 

mg/m3 

12,000 

<I 

1,100 

7,300 

24,000 

21,000 

11,000 

3,000 

700 

210 

<1.0 

<1.0 

80,300 

ppmv 

190 

69 

<I2 

<12 

17,000 

ppmv 

on total 

128,000 

<I,000 

12,800 

816,000 

21,000 

ppmv 

18,100 

0 

500 

2,500 

6,800 

5,100 

2,300 

600 

IOO 

30 

0 

0 

36,000 

54 

92 

17,900 

ppmv 

40,000 

1 5,000 

SHAIHIDIM il 
ABBQQITMI 



Table 6-2 (Cont.) 
Soil Gas Analytical Results 

Well PEW-2 
Page 2 of 6 

• Analyte 

Vol. Fuel Hydrocarbons & BTEX 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Vol. Fuel Hydrocarbons 

Filed Gases 

Carbon Dioxide 

Carbon Monoxide 

Methane 

Nitrogen 

Oxygen 

Hydrocarbon Distribution 

C1-C2 (a sCl ) 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C l l 

012 

C13 

TOTAL 

Avg. Hydrocarbon Molecular Weight 

Avg. non-methane Hydrocarbon Molec. 

ppmv of non-methane Hydrocarbons 

FID Measurement 

Total ppmv 

Methane ppmv 

Molecular 

Weight 

78.11 

92.14 

106.17 

106.17 

86.00 

44.01 

28.01 

16.04 

28.01 

32.00 

16 

44 

58 

72 

86 

100 

114 

128 

142 

156 

170 

184 

Wt 

SVE Test 

6/21/94 

mg/m3 

670 

290 

<50 

<50 

72,000 

%v 

on fLxed 

14 

<0.10 

l.I 

82 

2.5 

mg/m3 

10,000 

<10 

1,100 

7,500 

25,000 

24,000 

15,000 

5,100 

1,500 

370 

130 

15 

89,700 

ppmv 

210 

77 

<12 

<I2 

20,000 

ppmv 

on total 

137,000 

< 1,000 

10,800 

803,000 

24,000 

ppmv 

15,100 

0 

500 

2,500 

7,000 

5,800 

3,200 

1,000 

300 

60 

20 

2 

35,500 

61 

95 

20,400 

ppmv 

26,000 

9,500 

' : SVE:Tejt: • 

"••;. :;..6/23/?4- •:,;:;;:• 

mg/m3 

<100 

260 

<100 

<100 

71,000 

%v 

on fixed 

14 

<0.10 

1 

82 

2.3 

mg/m3 

10,000 

<20 

1,200 

7,800 

26,000 

24,000 

14,000 

4,500 

1,300 

340 

81 

<20 

89,200 

ppmv 

<3I 

69 

<23 

<23 

20,000 

ppmv 

on total 

137,000 

< 1,000 

9.300 

805,000 

23,000 

ppmv 

15,100 

0 

500 

2,600 

7,300 

5,800 

3,000 

900 

200 

50 

10 

0 

35,500 

61 

94 

20,400 

ppmv 

31,000 

12,000 

^•;;:::sVE;Test:.'•'. :•::..:.;•.'. 

y: :- • .z6m/94' : 'z ' : : ' ' - 'y 

mg/m3 

<50 

420 

290 

300 

74,000 

%v 

on fixed 

14 

<0.10 

0.95 

82 

2.6 

mg/m3 

9,700 

<10 

1,200 

7,900 

26,000 

26,000 

15,000 

4,900 

1,500 

420 

120 

19 

92,700 

ppmv 

<16 

110 

67 

69 

21,000 

ppmv 

on total 

137,000 

< 1,000 

9.300 

802,000 

25,000 

ppmv 

14,700 

0 

500 

2,700 

7,300 

6,300 

3,200 

900 

300 

70 

20 

3 

36,000 

62 

94 

21,300 

ppmv 

27,500 

9,500 

• Vr:::.:SVIE Test.•'••:: 

mo/94 "... 

mg/m3 

<50 

230 

<50 

<50 

70,000 

%v 

on fixed 

14 

<0.10 

0.88 

82 

2.7 

mg/m3 

9,100 

<10 

1,200 

7,600 

26,000 

24,000 

16,000 

3.400 

1.200 

290 

100 

<10 

88,900 

ppmv 

<16 

61 

<12 

<12 

20.000 

ppmv 

on total 

137,000 

<1000 

8,600 

802,000 

26.000 

ppmv 

13,700 

0 

500 

2,600 

7,300 

5,800 

3,400 

600 

200 

50 

10 

0 

34,200 

63 

94 

20,500 

ppmv 

31,000 

11,000 

•'.'• • : s \ ^ Test; w , •••.:; 

•••'•...x: ' i / ( , /9 \ 'yy- .y ' : - ' ' : 

mg/ni3 

<I00 

260 

<100 

<100 

79,000 

%v 

on fixed 

14 

<0.10 

0.81 

82 

2.9 

mg/m3 

8,900 

<20 

1,200 

8,100 

28,000 

27,000 

18,000 

4,100 

1,500 

430 

75 

<20 

97.300 

ppmv 

<31 

69 

<23 

<23 

22,000 

ppmv 

on total 

136,000 

<I000 

7.900 

799,000 

28,000 

ppmv 

13,400 

0 

500 

2,700 

7,900 

6,500 

3,800 

800 

300 

70 

10 

0 

36,000 

66 

95 

22,600 

ppmv 

26,000 

9.000 

: :V-- 'SVE Test., •••:;:•:;.;:' 

.••/ ; ..:7/14/94;::v;:;;r:i:.•••:; 

mg/m3 

570 

160 

<I00 

<100 

70,000 

%v 

on fixed 

15 

<0.10 

0.72 

82 

3.2 

mg/m3 

8,000 

<20 

1,100 

7,500 

26,000 

25,000 

15,000 

3,200 

1,100 

280 

55 

<20 

87,200 

ppmv 

180 

42 

<23 

<23 

20.000 

ppmv 

on total 

145,000 

<1000 

7,000 

792,000 

31,000 

ppmv 

12,100 

0 

500 

2,500 

7,300 

6,100 

3,200 

600 

200 

40 

10 

0 

32,600 

65 

94 

20,500 

ppmv 

28,000 

9,000 

E!N]©L/̂ G^O 
S[H1̂ [H]D[M i l 
^SS©©DMG 



Table 6-2 (Cont.) 
Soil Gas Analytical Results 

Well PEW-2 
Page 3 of 6 

Analyte . 

Vol. Fuel Hydrocarbons & BTEX 

Benzene 

Toluene 

Ethylbenzene 

1 .Xylenes 

Vol. Fuel Hydrocarbons 

Fixed Gases 

1 Carbon Dioxide 

1 Carbon Monoxide 

Methane 

Nitrogen 

Oxygen 

1 Hydrocarbon Distribution 

C1-C2 ( a s C l ) 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

1 '^"* 
C l l 

1 C12 

1 *̂'̂  
1 TOTAl. 

Avg. Hydrocarbon Molecular Weight 

Avg. non-methane Hydrocarbon Molec. 

ppmv of non-methane Hydrocarbons 

FID Measurement 

Total ppmv 

1 Methane ppmv 

Molecular 

Weight 

78.11 

92.14 

106.17 

106.17 

86.00 

44.01 

28.01 

16.04 

28.01 

32.00 

16 

44 

58 

72 

86 

100 

114 

128 

142 

156 

170 

184 

Wt 

SVE Test 

7/20/94 

mg/m3 

550 

270 

<50 

<50 

58,000 

%v 

on fixed 

14 

<0.10 

0.70 

82 

3.2 

mg/m3 

6,300 

<10 

800 

5,800 

20,000 

20,000 

12,000 

4,000 

1.100 

290 

61 

<10 

70,400 

ppmv 

170 

72 

<12 

<12 

16,000 

ppmv 

on total 

137,000 

<1000 

6 ,900 

805 ,000 

31 ,000 

p p m v 

9 ,500 

0 

300 

2 ,000 

5 ,600 

4 , 8 0 0 

2 ,600 

800 

200 

50 

10 

0 

2 5 , 9 0 0 

66 

95 

16,400 

ppmv 

27 ,000 

9 ,000 

•'••••• ••'SVE Test'V-.' 

• • • • • • . • • 7 / 2 8 / 9 4 - ^ . • • • ' • ; 

mg/m3 

590 

300 

160 

370 

44,000 

%v 

on fixed 

14 

<0.10 

0.64 

82 

3.7 

mg/m3 

4,800 

180 

600 

4,400 

15,000 

15,000 

10,000 

2,400 

910 

260 

75 

<1 

53,600 

ppmv 

180 

80 

37 

85 

13,000 

ppmv 

on total 

138,000 

<1000 

6,300 

806 ,000 

36 ,000 

ppmv 

7,300 

100 

300 

1,500 

4 ,200 

3 ,600 

2,100 

500 

200 

40 

10 

0 

19,900 

65 

94 

12,600 

ppmv 

24,000 

8,500 

• ' •"• . , . ;SVE Tes t ••••.:::.— . 

.••..•• 8 / 3 / 9 4 . . . 

mg/m3 

550 

280 

100 

220 

45,000 

%v 

on fixed 

14 

<:0.10 

0.61 

81 

3.8 

mg/m3 

4,200 

200 

540 

3,100 

16,000 

15,000 

10,000 

3,300 

1,000 

260 

63 

<1 

53,700 

ppmv 

170 

74 

23 

51 

13,000 

ppmv 

on total 

139,000 

<I000 

6,100 

805,000 

38,000 

ppmv 

6,300 

100 

200 

1,000 

4,500 

3,600 

2,100 

600 

200 

40 

10 

0 

18,700 

70 

97 

12,400 

ppmv 

23,000 

7,500 

7 :.::;.'• SVE Test-

.;:.;;\v-.;.8/ip/94;; 

mg/m3 

520 

250 

150 

230 

41,000 

%v 

on fixed 

14 

<0.I0 

0.60 

82 

3.4 

mg/m3 

4,100 

200 

510 

3,800 

14,000 

14,000 

9,200 

2,900 

870 

240 

59 

<1 

49,900 

ppmv 

160 

66 

35 

53 

12,000 

ppmv 

on total 

138,000 

<1000 

5,900 

810,000 

34,000 

ppmv 

6,200 

100 

200 

1,300 

3,900 

3,400 

2,000 

500 

100 

40 

10 

0 

17,800 

68 

96 

11,600 

ppmv 

30,000 

12,000 

•••"•• • • ^ V E T e s i - - ^ ^ : - ; . • • ? : : : • • ; 

•̂  • ; : : ; :• : • • • • . 8 / 1 5 / 9 4 - • ••;• 

mg/m3 

560 

270 

97 

110 

52,000 

%v 

on fixed 

15 

<0.I0 

0.61 

81 

3.5 

mg/m3 

5,000 

210 

580 

4,500 

17,000 

18,000 

12,000 

4,200 

1,300 

340 

110 

19 

63,200 

ppmv 

180 

72 

22 

25 

15,000 

ppmv 

on total 

147,000 

<1000 

6,000 

796,000 

34,000 

ppmv 

7,600 

100 

200 

1,500 

4,800 

4,400 

2,600 

800 

200 

50 

20 

3 

22,300 

69 

96 

14,700 

ppmv 

37,000 

18,000 

:y3'zy'syijeii3y':T 
•:;'i •: 8 / 2 4 / 9 4 :;•.•• 

m g / n O 

390 

210 

120 

220 

49,000 

%v 

on fixed 

15 

<0.I0 

0.62 

82 

2.7 

mg/m3 

5,300 

<1 

570 

4,200 

16,000 

17,000 

12,000 

2,900 

1,100 

330 

54 

<1 

59,500 

ppmv 

120 

56 

28 

51 

14,000 

ppmv 

on total 1 

147,000 

<1000 

6,100 

805,000 

26,000 

ppmv 

8,000 

0 

200 

1,400 

4,500 

4,100 

2.600 

500 

200 

50 

10 

0 

21,600 

67 

97 

13,600 

ppmv 

36,000 

17,500 

E[M©L^^[0) 
SyA[[̂ D[M il 
ABBQmm^ 



Table 6-2 (Cont.) 
Soil Gas Analytical Results 

Well PEW-2 
ge 4 of 6 

Analyte 

Vol. Fuel Hydrocarbons & BTEX 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Vol. Fuel Hydrocarbons 

Fixed Gases 

Carbon Dioxide 

Carbon Monoxide 

Methane 

Nitrogen 

Oxygen 

Hydrocarbon Distribution 

C1-C2 (a sCl ) 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C l l 

C12 

CI3 

TOTAL 

Avg. Hydrocarbon Molecular Weight 

Avg. non-methane Hydrocarbon Molec. 

ppmv of non-methane Hydrocarbons 

FID Measurement 

Total ppmv 

Methane ppmv 

Molecular 

Weight 

78.11 

92.14 

106.17 

106.17 

86.00 

44.01 

28.01 

16.04 

28.01 

32.00 

16 

44 

58 

72 

86 

100 

114 

128 

142 

156 

170 

184 

Wt 

SVE Test 

9/1/94 

mg/m3 

380 

230 

91 

85 

48,000 

%v 

on fixed 

14 

<0.10 

0.59 

81 

4.1 

mg/m3 

5,100 

<8 

540 

4,200 

15,000 

17,000 

11,000 

3,400 

1,100 

300 

64 

<1 

57,700 

ppmv 

120 

61 

21 

20 

14,000 

ppmv 

on total 

138,000 

<1000 

5.800 

800,000 

41,000 

ppmv 

7,700 

0 

200 

1,400 

4,200 

4,100 

2,300 

600 

200 

50 

10 

0 

20,800 

67 

97 

13,100 

ppmv 

34,000 

16,500 

: ••...:: SVE Test .:':.;^^--

':"[ y-3ni94;;y..-::-: -

mg/m3 

<50 

260 

93 

230 

49,000 

%v 

on fixed 

14 

<0.10 

0.58 

81 

4.3 

mg/m3 

5,100 

<I0 

540 

4,100 

13,000 

19,000 

12,000 

3,000 

1,200 

360 

67 

<I0 

58,400 

ppmv 

<i6 

69 

21 

53 

14,000 

ppmv 

on total 

138,000 

<1000 

5.700 

798,000 

42,000 

ppmv 

7,700 

0 

200 

1,400 

3,700 

4,600 

2,600 

600 

200 

60 

10 

<1 

21,100 

67 

96 

13,400 

ppmv 

25,000 

9,000 

.:.:.. svEVesiii;::;-;-::: 
• 9/13/94.;:;i;X;^\^ 

mg/m3 

530 

280 

95 

220 

58,000 

%v 

on fixed 

14 

<0.10 

0.58 

81 

41 

mg/m3 

5,900 

<1 

680 

4,800 

18,000 

20,000 

14,000 

3,400 

1,300 

370 

<1 

<1 

68,500 

ppmv 

170 

74 

22 

51 

16,000 

ppmv 

on total 

138,000 

<1000 

5.700 

797,000 

40,000 

ppmv 

8,900 

0 

300 

1,600 

5,100 

4,800 

3,000 

600 

200 

60 

0 

0 

24,600 

67 

97 

15,700 

ppmv 

20,000 

7,500 

V . ; . . ^ ; ; s v E T e i t :;;::-••••••: 

'^/;:9ns)!94,z:.-yz:.":y 

mg/m3 

440 

230 

83 

76 

52,000 

%v 

on fixed 

14 

<0.10 

0.56 

82 

4 2 

mg/m3 

6,200 

<1 

670 

4,900 

18,000 

19,000 

12,000 

3,200 

930 

280 

<1 

<I 

65,200 

ppmv 

140 

61 

19 

18 

15,000 

ppmv 

on (otal 

136,000 

<1000 

5,500 

798,000 

41,000 

ppmv 

9,400 

0 

300 

1,600 

5,100 

4,600 

2,600 

600 

200 

40 

0 

0 

24,400 

65 

95 

15,000 

ppmv 

20,000 

7,000 

: ; , . ; . . : : : : ^ r sVE- fe . i : : ?•;;:; ••:•;'.••; 

::i:.r-.V:.^9/27/?^:;;V^;-•:;:;;•; ••••:•. 

mg/in3 

430 

260 

120 

99 

60,000 

%v 

on fixed 

14 

<0.10 

0.60 

82 

3.1 

mg/m3 

6,300 

<1 

710 

4,900 

18,000 

21,000 

15,000 

3,700 

1,400 

430 

<1 

<1 

71,400 

ppmv 

130 

69 

28 

23 

17,000 

ppmv 

on (otal 

138,000 

<I000 

.5,900 

806,000 

30,000 

ppmv 

9,500 

0 

300 

1,600 

5,100 

5,100 

3,200 

700 

200 

70 

0 

0 

25,800 

67 

97 

16,300 

ppmv 

17,000 

6,500 

'y3TT-'3i!'eyjisx-:-T3.'y. 
Z-^y.:-10/6/94z'-:::.Z':-.z 

mg/m3 

400 

220 

77 

71 

50,000 

%v 

on fixed 

13 

<0.10 

0.78 

81 

4.3 

mg/m3 

8,500 

<1 

750 

4,600 

16,000 

18,000 

12,000 

2,700 

940 

330 

52 

<1 

63,900 

ppmv 

130 

58 

18 

16 

14,000 

ppmv 

on total 

129,000 

<1000 

7,700 

802,000 

43,000 

ppmv 

12,800 

0 

300 

1,500 

4,500 

4,400 

2,600 

500 

200 

50 

10 

0 

26,900 

58 

95 

14,100 

ppmv 

20,000 

8,000 

ilM©L^INl[0) 
Sy/̂ [H1[1^ i 
ABBOQ^m^ 



Table 6-2 (Cont.) 
Soil Gas Analytical Results 

Well PEW-2 
Page 5 of 6 

Analyte 

Vol. Fuel Hydrocarbons & BTEX 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Vol. Fuel Hydrocarbons 

Fixed Gases 

Carbon Dioxide 

Carbon Monoxide 

Methane 

Nitrogen 

Oxygen 

Hydrocarbon Distribution 

C1-C2 (a sCl ) 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C l l 

C12 

C13 

TOTAL 

Avg. Hydrocarbon Molecular Weight 

Avg. non-methane Hydrocarbon Molec. 

ppmv of non-methane Hydrocarbons 

FID Mcasurtnient 

Total ppmv 

Methane ppmv 

: Molecular 

::.. Weight 

78.11 

92.14 

106.17 

106.17 

86.00 

44.01 

28.01 

16.04 

28.01 

32.00 

16 

44 

58 

72 

86 

100 

114 

128 

142 

156 

170 

184 

Wt 

SVE Test .. 

10/12/94 

mg/m3 

450 

240 

140 

110 

56,000 

%v 

on fixed 

13 

<0.10 

0.72 

81 

4 5 

mg/m3 

7,600 

<1 

840 

4,700 

17,000 

20,000 

14.000 

3,600 

1,100 

360 

<1 

<1 

69,200 

ppmv 

140 

64 

32 

25 

16,000 

ppmv 

on (otal 

128,000 

<1000 

7.100 

800,000 

44,000 

ppmv 

11,500 

0 

400 

1,600 

4,800 

4,800 

3,000 

700 

200 

60 

0 

0 

27,100 

62 

96 

15,600 

ppmv 

22.000 

9,000 

•'••!••: S V E ^ T e s f .•.•.••• •• 

••• ^ ; . . : 1 0 /1 9 /9 4 - : ' : . x . •••;;•:;::•: 

m g / m 3 

340 

240 

94 

86 

5 4 , 0 0 0 

%v 

o n fi.xed 

14 

<0.I0 

0.75 

82 

4 

mg/m3 

7,600 

<1 

820 

4,300 

16,000 

19,000 

14,000 

3,700 

1,300 

420 

<1 

<1 

67,100 

ppmv 

110 

64 

22 

20 

15,000 

ppmv 

on total 

136,000 

<1000 

7,300 

798,000 

39,000 

ppmv 

11,500 

0 

300 

1,400 

4,500 

4,600 

3,000 

700 

200 • 

70 

0 

0 

26,300 

62 

97 

14,800 

ppmv 

19,000 

8,000 

V'•• V;SVETMt••.••.;.:--^-i 

•\":;;I0/26/94,:h:.:.. 

mg/m3 

340 

220 

57 

93 

50,000 

%v 

on fixed 

14 

<0.10 

0.71 

82 

3.8 

mg/m3 

7,200 

<1 

720 

4,000 

15,000 

18,000 

13,000 

3,100 

970 

300 

<1 

<1 

62,300 

ppmv 

110 

58 

13 

21 

14,000 

ppmv 

on total 

137,000 

<1000 

6.900 

801,000 

37,000 

ppmv 

10,900 

0 

300 

1,300 

4,200 

4,400 

2,800 

600 

200 

50 

0 

0 

24,800 

61 

96 

13,900 

ppmv 

18,000 

8,000 

';:.SyE-Testo^;:-J^;f: 

•••v;:.:i;i/i/?4^;.^;;.:;% 

mg/m3 

370 

270 

86 

96 

55,000 

%v 

on fixed 

14 

<0.10 

0.58 

82 

4.1 

mg/m3 

6,300 

<1 

640 

4,100 

15,000 

19,000 

15,000 

4,200 

1,400 

440 

<1 

<1 

66,100 

ppmv 

120 

72 

20 

22 

16,000 

ppmv 

on total 

136,000 

<1000 

5,700 

799,000 

40,000 

ppmv 

9,500 

0 

300 

1,400 

4,200 

4,600 

3,200 

800 

200 

70 

0 

0 

24,300 

66 

98 

14,800 

ppmv 

18,000 

7,500 

.•:H::'.,?;SVE-T«t:i;|;¥|::-. 

•.;.̂ .V :̂l;l/?/94.:x;.;:;:;:.:-.?j? ;̂:;:: 

mg/in3 

350 

210 

64 

86 

51,000 

%v 

on fixed 

14 

O.IO 

0.59 

82 

i .9 

rag/m3 

6,000 

<1 

630 

3,800 

14,000 

18,000 

13,000 

4,200 

1,100 

320 

<1 

<' 
61,100 

ppmv 

110 

56 

15 

20 

14.000 

ppmv 

on total 

137,000 

<I000 

5,800 

802,000 

38,000 

ppmv 

9,100 

0 

300 

1,300 

3,900 

4,400 

2,800 

800 

200 

50 

0 

0 

22,900 

65 

97 

13,800 

ppmv 

19,000 

8,000 

"33s3E'i:aA::3T T 
'•':, :Am6i9iH:: ;y- :z: 

mg/m3 

290 

240 

74 

120 

45,000 

%v 

on fixed 

14 

<0.10 

0.61 

82 

4.2 

mg/m3 

4,600 

<1 

440 

2,800 

11,000 

15,000 

13,000 

4,100 

1,500 

480 

58 

<1 

53,000 

ppmv 

91 

64 

17 

28 

13,000 

ppmv 

on total 

137,000 

<1000 

6,000 

803,000 

41,000 

ppmv 

7,000 

0 

200 

900 

3,100 

3,600 

2,800 

800 

300 

70 

10 

0 

18,800 

68 

99 

11.800 

ppmv 

22,000 

9,500 

EG^©L [̂M[0) 
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Table 6-2 (Cont.) 
Soil Gas Analytical Results 

Well PEW-2 
Page 6 of 6 

• - A n a l y t e . • • • 

Vol. Fuel Hydrocarbons & BTEX 

1 Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Vol. Fuel Hydrocarbons 

Fixed Gases 

1 Carbon Dioxide 

1 Carbon Monoxide 

Methane 

1 Nitrogen 

Oxygen 

Hydrocarbon Distribution 

C1-C2 (asCl ) 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C l l 

C12 

C13 

TOT.AL 

Avg. Hydrocarbon Molecular Weight 

Avg. non-methane Hydrocarbon Molec 

ppmv of non-methane Hydrocarbons 

FID Measurement 

1 Total ppmv 

Methane ppmv 

Molecular 

Weight 

78.11 

92.14 

106.17 

106.17 

86.00 

44.01 

28.01 

16.04 

28.01 

32.00 

16 

44 

58 

72 

86 

100 

114 

128 

142 

156 

170 

184 

Wt 

^SVETest 

'"yui2im-3-:-z:'^' 

mg/m3 

310 

260 

75 

100 

47,000 

%v 

on fixed 

13 

<0.10 

0.56 

82 

4.5 

mg/m3 

5,200 

<1 

510 

3,100 

12,000 

16,000 

13,000 

4,500 

1,500 

410 

<1 

<1 

56,200 

ppmv 

97 

69 

17 

23 

13,000 

ppmv 

on (otal 

128,000 

<1000 

5.500 

807,000 

44,000 

ppmv 

7,900 

0 

200 

1,000 

3,400 

3,900 

2,800 

900 

300 

60 

0 

0 

20,500 

66 

98 

12,600 

ppmv 

21,000 

9,000 

:; SVE Test 

:.:,.:.:12/l/94 

mg/m3 

<50 

270 

140 

230 

50,000 

%v 

on fixed 

13 

<0.10 

0.49 

82 

4.2 

mg/m3 

5,000 

<1 

440 

3,400 

11,000 

19,000 

13,000 

4,900 

1,600 

590 

53 

<1 

59,000 

ppmv 

<16 

72 

32 

53 

14,000 

ppmv 

on total 

128,000 

<1000 

4,800 

810,000 

41,000 

ppmv 

7,600 

0 

200 

1,100 

3,100 

4,600 

2,800 

900 

300 

90 

10 

0 

20,700 

69 

100 

13,100 

ppmv 

22,000 

9,000 

::.:".. : S V E i rest 
;.:.:. .••12/7/94 '• . : :-y 11 

mg/ni3 

320 

250 

66 

220 

44,000 

%v 

on fixed 

13 

<0.10 

0.48 

82 

4.4 

mg/m3 

4,800 

<1 

420 

3,300 

11,000 

17,000 

11,000 

3,800 

970 

220 

<1 

<1 

52,500 

ppmv 

100 

66 

15 

51 

13,000 

ppmv 

on total 

128,000 

<1000 

4,700 

809,000 

43,000 

ppmv 

7,300 

*) 
200 

1,100 

3,100 

4,100 

2,300 

700 

200 

30 

0 

0 I 
19,000 

67 

99 

11,700 

ppmv 

21,000 

9,000 

Ê ©L/̂ [M[0) 
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Table 6-3 
Vapor Extraction Mass Balance 

Well PEW-2 Page 1 of 5 

Tinie of day 

scfm 

Engine 1 Downtime 

Engine 2 Downtime 

Incremental hours*' 

Cumulative hours 

Incremental air volume (cu. ft.) 

Cumulative air volume (cu. ft.) 

Incremental lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (C1-02) 

lbs non-methane hydrocarbons 

lbs benzene 

Cumulative lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Average Daily Rales 

scfd soil gas 

lbs/day total hydrocarbons 

lbs/day methane (C1-C2) 

lbs/day non-metliane hydrocarbons 

lbs/day benzene 

SVE Test. 

6/10/94 

9:30 14:10 

58 

0 

0 

0 4.7 

0 4.7 

0 16,200 

0 16,200 

0 106 

0 18 

0 88 

0 1 

0 106 

0 18 

0 88 

0 I 

83,300 

546 

94 

452 

5 

; SVE Test 

.'.. .6/14/94 '-'. 

15:35 

61 

0 

0 

97.4 

I02.I 

347.800 

364,000 

2026 

337 

1689 

17 

2132 

355 

1777 

18 

85,700 

499 

83 

416 

4 

;/ SVETesl^ 

33':':6/ii/94:.-

16:05 

61 

0 

0 

72.5 

174.6 

265,400 

629,400 

1343 

207 

1135 

10 

3475 

563 

2912 

29 

87,800 

444 

69 

376 

3 

S V E T ^ ; ;: 

Mi\m:Ty--: 

16:00 

61 

0 

0 

95.9 

270.5 

351,100 

980,500 

1865 

241 

1624 

14 

5340 

804 

4536 

43 

87,800 

467 

60 

406 

4 

:••• SVETest-y^ 

..•:>•:•...6/23/94 v,.̂  

18:53 

62 

0 

0 

50.9 

321.4 

187,800 

1.17E+06 

1050 

117 

933 

4 • 

6390 

921 

5469 

47 

88,600 

495 

55 

440 

2 

• • •• svE-^Test .^ ; : ; : ; . , • 
....;;• ;;6/27/94:;i..U:.' 

12:00 

62 

8.33 

8.83 

80.5 

401.9 

299,600 

1.47E+06 

1703 

184 

1519 

0 

8093 

1106 

6987 

47 

89.300 

508 

55 

453 

0 

3 y SYETest •• 

::•:;;;...;;6^0/94.-•:;::;:• :.:;• 

19:15 

62 

0 

0 

79.3 

481.2 

294,800 

1.76E+06 

1673 

173 

1500 

0 

9766 

1279 

8487 

47 

89,300 

507 

52 

454 

0 

• Estimated from average of benzene conceiilration of previous sample and half the detection limit of benzene for this sample. 

** Incremental hours is time both engines have Iwen running. It Is total elapsed time in this period minus one-half the downtime of each engine. 
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Table 6-3 (Cont.) 
Vapor Extraction Mass Balance 

Well PEW-2 Page 2 of 5 

1 Time of day 

scfm 

Engine 1 Downtime 

Engine 2 Downtime 

Incremental hours** 

Cumulative hours 

Incremental air volume (cu. ft.) 

Cumulative air volume (eu. ft.) 

Incremental lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Cumulative lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (C1-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Average Daily Rates 

scfd soil gas 

lbs/day total hydrocarbons 

lbs/day methane (C1-C2) 

lbs/day non-methane hydrocarbons 

lbs/day benzene 

SVE Test 

7/6/94 

13:45 

63 

0 

0 

138.5 

619.7 

519,400 

2.28E+06 

3022 

292 

2730 

0 

12,788 

I57I 

11,217 

47 

90,000 

524 

51 

473 

0 

SVE Test 

•••.•..:..:,; 7/M/94. . ••• 

11:30 

62 

3.83 

3.83 

185.9 

805.6 

697,200 

2.98^^06 

4020 

368 

3652 

12 

16,808 

1939 

14,869 

60 

90,000 

519 

48 

471 

2 

SVE Test 

:;:.-::v7/20/?4^ :::.;;;• 

12:40 

63 

0 

0 

145.2 

950.8 

545,200 

3.52E+06 

2685 

244 

2441 

19 

19,493 

2183 

17,310 

79 

90,100 

444 

40 

404 

3 

SVE Test 

'; •.•.-• .7/28/94... ;•••. 

15:15 

62 

6.33 

6.33 

188.3 

1139.0 

709,400 

4.23E+06 

2749 

246 

2503 

25 

22,242 

2429 

19,813 

104 

90,400 

350 

31 

319 

3 

SVE Test :. 

..3: iiii'̂ ^3TT':: 

19:55 

63 

0 

0 

148.7 

1287.7 

560,200 

4.79E+06 

1878 

158 

1721 

20 

24,120 

2587 

21,534 

124 

90,400 

303 

25 

278 

3 

SVE Test 

8/10/94 

15:20 

62 

2.13 

16.83 

153.9 

1441.6 

580,100 

5.37E+06 

1878 

150 

1728 

19 

25,999 

2737 

23,262 

143 

90,400 

293 

23 

269 

3 

y. Sy^Test 
H;::.;'-S/15/?4:..:.. • 

19.30 

62 

0 

0 

124.2 

1565.8 

465,000 

5.84E+06 

1643 

132 

1511 

16 

27.642 

2869 

24,773 

159 

89,900 

318 

26 

292 

3 

* Estimated from average of benzene concentration of previous sample and half the detection limit of benzene for this saitiple. 

** Incremental hours is time both engines have been niruiing. It is total elapsed time in this period minus one-half the downtime of each engine. 

•[[^©L^B^O 
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Table 6-3 (Cont.) 
Vapor Extraction Mass Balance 

Well PEW-2 Page 3 of 5 

Time of day 

scfm 

Engine 1 Downtime 

Engine 2 Downtime 

Incremental hours** 

Cumulative hours 

Incremental air volume (cu. ft.) 

Cumulative air volume (cu. ft.) 

Incremental lbs of hydrocarbons 

lbs (otal hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Cumulative lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Average Daily Rates 

scfd soil gas 

lbs/day total hydrocarbons 

lbs/day methane (C l -02 ) 

lbs/day non-methane hydrocarbons 

lbs/day benzene 

SVE Test 

8/24/94 

14:07 

62 

24 

24 

186.6 

1752.4 

698,800 

6.54E+06 

2679 

225 

2455 

21 

30,321 

3094 

27,227 

180 

89,900 

345 

29 

316 

3 

:••:: SVE Test 

[iT-y-mm. •.. -: 

14:00 

70 

2 

2 

189.9 

1942.3 

751,500 

7.29E+06 

2752 

244 

2508 

18 

33,074 

3338 

29,735 

198 

95,000 

348 

31 

317 

2 

•^•.'v;:SyE:;T:est. •.•••::• 

•• '•.. '•9/7/9^'V :;..;••.•• 

14:55 

70 

0 

0 

144.9 

2087.2 

604,500 

7.89E+06 

2193 

193 

2001 

8 * 

35,267 

3531 

31,736 

205 

100,100 

363 

32 

331 

1 

•;;;:: SVE Test; •;".';;• 

;.••; ••9/13/94;; ::.':-^;:7 

10:50 

69 

7.50 

7.50 

132.4 

2219.6 

549,200 

8.44E+06 

2178 

189 

1989 

10 

37,445 

3720 

33,725 

215 

99,500 

395 

34 

361 

2 

:•:•::VSV£;Test:::;V:, • 

339I2QI94T33T 

12:25 

68 

0 

0 

169.6 

2389.2 

695,300 

9.14E+06 

2905 

263 

2642 

21 

40,350 

3983 

36,367 

236 

98,400 

411 

37 

374 

3 

..3-'SMTest:-y.TT' 
y;y3'ihnM3'3Ti: 

17:30 

70 

4.58 

25.82 

157.9 

2547.1 

653,400 

9.79E+06 

2789 

255 

2534 

18 

43,139 

4238 

38,901 

254 

99,300 

424 

39 

385 

3 

-'-..]'Sy3j^-.y.3:7 
'%y3(i/6i93y:..:T'T 

17:30 

70 

0 

17.83 

207.1 

2754.2 

866,800 

1.07E-^07 

3665 

401 

3264 

22 

46,804 

4639 

42,165 

277 

100,500 

425 

46 

378 

3 

* Estimated from average of benzene concentration of previous sample and half the detection limit of benzene for this santple. 

** Incremental hours is time botli engines have been running. It is total elapsed time in this period minus one-half the downtime of each engine. 
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Table 6-3 (Cont.) 
Vapor Extraction Mass Balance 

Well PEW-2 Page 4 of 5 

Time of day 

scfm 

Engine 1 Downtime 

Engine 2 Downtime 

Incremental hours** 

Cumulative hours 

Incremental air volume (cu. ft.) 

Cumulative air volume (cu. ft.) 

Incremental lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Cumulative lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Average Daily Rales 

scfd soil gas 

lbs/day total hydrocarbons 

lbs/day methane (CI -C2) 

lbs/day non-methane hydrocarbons 

lbs/day benzene 

SVE Test 

10/12/94 

9:30 

70 

0 

0 

136.0 

2890.2 

567.300 

1.12E+07 

2360 

285 

2074 

15 

49,164 

4924 

44,239 

292 

100,100 

416 

50 

366 

3 

SVE Test : • 

••:::.;:•.•• 10/19/94:-^;- ; :•• , . • 

1 6 : 3 0 

70 

6 . 9 0 

6 . 9 0 

168.1 

3058.3 

705,200 

1.19E+07 

3004 

335 

2669 

17 

52,168 

5259 

46,908 

309 

100,700 

429 

48 

381 

2 

yVV'sVE'fest.. . 

'.:':-;:;:ip/2(5/94..y--

8:10 

69 

44.18 

1.50 

136.8 

3195.1 

570,700 

1.25E+07 

2308 

264 

2044 

12 

54,475 

5523 

48,952 

321 

100,100 

405 

46 

358 

2 

: SVEiTestyv' 

•' .11/1/94 >?:?:.; 

17:40 

70 

0 

0 

133.5 

3348.6 

636,600 

1.3IE+07 

2554 

269 

2286 

14 

57,030 

5792 

51,238 

335 

99,500 

399 

42 

357 

2 

':SVE;Tesi--;:V--^-

.33..-n/9i93T''T, 

14:40 

70 

3.25 

3.25 

185.7 

3534.3 

774,800 

I.39E+07 

3080 

298 

2782 

17 

60,109 

6090 

54,020 

353 

100,100 

398 

38 

359 

2 

'3:TswTM'"yT"' 
V:::::....Il>'16/94.::;:.:.. 

14:50 

70 

0 

0 

168.2 

3702.5 

705.400 

I.46E+07 

2515 

234 

2282 

14 

62,625 

6323 

56,301 

367 

100,700 

359 

33 

326 

2 

••;:'V:;5VETest:ry:;;:::-

Z:.'y.:̂  11/21/94. S-̂ v 

14:35 

72 

0 

0 

119.8 

3822.3 

510,900 

I.5IE-I-07 

1743 

156 

1587 

10 

64,368 

6480 

57,888 

377 

102,400 

349 

31 

318 

2 

* Estimated from average of benzene concentration of previous sample and half the detection limit of benzene for this sample. 

** Incremental hours is time both engines have been running. It is total elapsed time in this period minus one-half tlie downtime of each engine. 
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Table 6-3 (Cont.) 
Vapor Extraction Mass Balance 

Well PEW-2 Page 5 of 5 

Time of day 

scfm 

Engine 1 Downtime 

Engine 2 Downtime 

Incremental hours** 

Cumulative hours 

Incremental air volume (cu. ft.) 

Cumulative air volume (cu. ft.) 

Incremental lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Cimiulatlve lbs of hydrocarbons 

lbs total hydrocarbons 

lbs methane (CI-C2) 

lbs non-methane hydrocarbons 

lbs benzene 

Average Daily Rales 

scfd soil gas 

lbs/day total hydrocarbons 

lbs/day methane (CI-C2) 

lbs/day non-methane hydrocarbons 

lbs/day benzene 

SVETest 

12/1/94 

12:00 

71 

0 

0 

237.4 

4059.7 

1,018,400 

1.61 E+07 

3666 

325 

3342 

11 * 

68.034 

6804 

61.230 

387 

103,000 

371 

33 

338 

I 

•;•:.; yiiiiSVE Test ;••>;;:*.? 

T-:-332/i/9i33T 

12:55 

72 

3.75 

3.75 

141.2 

4200.8 

605,600 

1.68E+07 

2110 

185 

1925 

7 

70,144 

6990 

63,155 

394 

103,000 

359 

32 

327 

1 

' Estimated from average of benzene concentration of previous sample and half the detection limit of benzene for this sample. 

•* liicremenlal hours is lime both engines have been running. It is total elapsed time in this period minus one-half tlie downtime of each engine. 
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Table 6-4 
Results of Vapor Extraction Data Analysis 

35-VVells Test 
Page 1 of 2 

Extractioii 
Well 

MW-lOP 

MW-13P 

SBB-1 

SBC-1 

SBD-2 

SBD-3 

SBE-1 

PEW-1 

PEW-3 

PEW-4 

PEW-5 

PEW-6 

AEW-1 

MW-2S 

MW-3S 

MW-5S 

MW-8S 

MW-9S 

MW-llS 

MW-12S 

MW-14S 

MW-17S 

MW-37S 

MW-38S 

FlovfRate 
(scfm) 

74 

80 

62 

79 

32 

33 

32 

21 

32 

45 

40 

33 

34 

31 

22 

52 

26 

59 

26 

55 

70 

42 

16 

26 

Wellhead 
Vacuum 
(inH^O) 

16 

37 

20.5 

42 

13.5 

15 

12.5 

6 

1.8 

9 

26 

8.1 

7 

42 

55 

26 

90 

161 

111 

159 

102 

110 

90 

58 

. Sci^eu 
Interval'" 

.~ : (ft) 

5.7 

8.9 

20 

20 

35 

23 

20 

24 

36 

24 

23 

24 

30 

2.5 

3.4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4.5 

10.2 

Air 
Permeability 

(darcy) 

85 

25 

18 

11 

7 

11 

15 

15 

52 

22 

7 

18 

17 

30 

12 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

4 

4 

Initial VFH 
Removal Rate 

(lbs/day) 

290 

270 

230 

710 

60 

90 

80 

100 

260 

200 

190 

220 

170 

10 

40 

0 

190 

4 

0.1 

0.1 

10 

20 

110 

40 

. Initiar Benzene 
Risiiioval Rate 

. ;:• (lbs/day):..; ..: 

0.7 

0 

0.3 

0 

0.9 

1.4 

0.5 

2.3 

4.6 

1.3 

2.6 

3.6 

3.7 

0.1 

0 

0 

1.6 

0 

0 

0 

0.2 

0.3 

3.0 

0.3 

E[Ml©LA[î O 
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Table 6-4 (Cont.) 
Results of Vapor Extraction Data Analysis 

35-WelIs Test 
Page 2 of 2 

Extraction 
• . W e l l 

MW-39S 

MW-40S 

MW-4 IS 

MW-42S 

MW-43S 

MW-44S 

MW-45S 

MW-46S 

EW-2 

EW-4 

EW-5 

Flow Rate ; 
(scfm) 

8 

32 

6 

75 

53 

33 

46 

69 

41 

55 

69 

Wellhead 
Vacuum; 
(in.H,0> y 

193 

12 

134 

25 

44 

27 

23 

47 

37 

85 

155 

; Screen 
interval '" 

•• •• ( f t ) . y . ' 

NA 

10 

NA 

12.9 

2.3 

9.75 

14.1 

28 

NA 

NA 

NA 

.•• A i r •'• 

Pei-nieability 
(darcy) ;y 

NA 

28 

NA 

24 

53 

13 

15 

5 

NA 

NA 

NA 

Tniti^lVFH 
Removal Rale 

oy (lbs/day) 

2 

110 

0.1 

20 

40 

0.4 

no 

20 

so 

150 

2 

Initial Benzene 
Removal Rale 

y ^Obs/diay) . . • 

0 

0.1 

0 

0 

0 

0 

0 

0 

0.3 

7.4 

0 

Notes: 
(1) "Screen Interval" represents the effective screened length, after the effects of water level rise are subtracted. 
NA In cases where the expected water level rise is greater than the total screened length, the corrected screen interval and air 

permeability values are not calculated. 
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Table 6-5 
Comparative Analysis t)f Solids Removal Technologies 

Page 1 of 2 

Technology 

Dissolved Air Rolalion 
with Coagulation and 
l-l(XX-ulalion 

Reverse Flow Onlrifugc 

Aeration 

Ume Softening 

Granular Media Filter with 
Automatic Backwash 

Advantages 

Proven lechnology in suspended solids trealmeni. 
Effective in removing oil coated suspended solids. 
Effective in removing small size solids (less ihan 5 micron). 

Low O&M costs: no cheniical addition and minimal labor. 
IJDW moisture content of solids produced (45% solids). 

Lxiw capital and O&M costs. 
No cheniical addition. 
Effective in converting dissolved solids to suspended solids. 
Oxidation of manganese and iron. 

More effective than aeration for converting calcium and 
magnesium from IDS to TSS. 

Wide selection of systems and filter media. 
Low O&M cosls. 

Disadvantages 

IJmilcd effectiveness for low TSS coiiccniralioiis (<50 ppm). 
Ckjstly cheniical addition. 
Limited effectiveness for dissolved solids. 
Converts some of the TDS lo TSS. 
Requires off gas treatment. 
Aerated water may promote bacteria growth in carbon. 
Tests showed inadequate TSS removal. 

Technology not proven for ground water with suspended 
coiicenlratioiis as low as PCPL. 
Not effective for dissolved solids. 
Tests showed only 50 percent removal of TSS. 

Increases TSS by factor of ten. 
Requires addilional system for suspended solids removal. 
Requires off gas treatment. 
Aerated waler may promote bacteria growth in carbon. 

High volume of lime addition required. 
May not reduce iron or manganese. 
Increases TSS by a factor of 50 lo 100. 
Addilional system required for suspended solids removal. 
Large volume of oily sludge which may be hazardous. 

Not effective in removing dissolved solids. 
Oil coated solids may foul filter media. 
May not remove fine solids (less Ihan 1 micron). 
Tesls showed inadequate TSS removal. 

E^©LA^10) 
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Table 6-5 (Cont) 
Comparative Analysis of Solids Removal Technologies 

Page 2 of 2 

Technology 

Pump directly lo Granular 
Activated Carbon without 
exposure lo air via Bag 
Filter. 

Settling Tank 

Chemical Addition 
(sequestering agent: 
acrylic acid polymer) 

Advantages 

Low Cost. 
No chemical additives needed. 
Eliminating the introduction of air should eliminate 
conversion of TDS to TSS. 

Proven effective in settling medium to large particles. 
Increase separation of free phase product, if present. 
Simple process. 

Effective in keeping TDS in solution. 
Eliminates need for any addilional suspended solids 
ireatment. 
Simple implementation. 

Disadvantages :• 

Not effective in removing dissolved solids. 
Frequent carbon vessel backwash may be required, wilh treatment 
and disposal of solids in the back-wash waler. 
Bag filters will continue lo clog. 

Precipitation of TSS from TDS, increases with longer residence 
lime. 
Particles smaller than 5 microns may require coagulation lo settle. 
Tesls showed inadequate TSS removal. 

High cost for chemicals. 
Chemical is 30% organic, may contribute to activated carbon 
loading. 
TDS levels remain high. 
Only 50 percent reduction in TSS. 

E^©L/^[M[0) 
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Table 6-6 

Boreholes Selected for Geophysical Logging 

.:.:..:•:.: W e l l . .••;. 

EW-2 

EW-4 

EW-5 

MW-llS 

MW-20S 

MW-25D 

MW-29D 

MW-3 ID 

MW-33D 

MW-34S 

MW-41S 

y;y-":-.-.;:;.Date"Draied::::.y.:,;yy....̂ ^̂ ^̂ ^̂ ^̂ ^̂  

May 3, 1994 

May 2, 1994 

May 5, 1994 

February 21 , 1986 

August 27, 1990 

August 3, 1990 

November 29, 1990 

December 12, 1990 

December 13, 1990 

December 17, 1990 

October 22, 1993 

;: y I ^ Depth (feet) : 

127.80 

102.79 

93.5 

87.1 

90 

134.6 

129.6 

134.5 

148 

113.04 

84.42 

E[M©L^1M1[Q) 
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Table 6-7 
Aquifer Test Summary 

Well 

EW-2 

MW-2S 

MW-14S 

EW-4 

MW-8S 

EW-5 

MW-19S 

MW-40S 

MW-20S 

MW-39S 

MW-41S 

MW-44S 

MW-45S 

MW-46S 

MW-17S 

P-2 

MW-37S 

EW-1 

MW-18S 

MW-21S 

MW-22S 

MW-25S 

MW-26S 

Test Typey 

Step Drawdown 

Constant Rate 

Constant Rate 

Constant Rate 

Step Drawdown 

Constant Rate 

Constant Rate 

Step Drawdown 

Constant Rate 

Constant Rate 

Constant Rate 

Slug 

Slug 

Slug 

Slug 

Slug 

Slug 

Constant Rate 

Constant Rate 

Constant Rate 

Constant Rate 

Slug 

Slug 

Slug 

Slug 

Slug 

Pumping or yy 
Observation Well;; 

Pumping 

Pumping 

Observation 

Observation 

Pumping 

Pumping 

Observation 

Pumping 

Pumping 

Observation 

Observation 

Pumping 

Pumping 

Pumping 

Pumping 

Pumping 

Pumping 

Observation 

Observation 

Pumping 

Pumping 

Pumping 

Pumpmg 

Pumping 

Pumping 

Pumpmg 

Permeability 
•y (ft/day) 

10 

13 

10 

14 

9 

13 

16 

16 

6 

27 

1 

3 

5 

.5 

6 

13 

10 

8 

30 

9 

29 

61 

7 

•^^©LAIMO) 
\UAum il 
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Table 6-8 
General Minerals Summary 

General 

pH 
Specific Conductance 

Bicarbonate Alkalinity as CaC03 
Hardness as CaC03 

Total Dissolved Solids (TDS) 
TDS by adding anions + cations 
Total Suspended Solids 

Surfactants 

Cations 
Calcium 
Magnesium 
Sodium 
Potassium 
Iron 
Manganese 
Zinc 
Total 

Anions 
Bicarbonate 
Chloride 
Sulfate 
Total 

EW-1 & MW-19S 
Combined 

4/20/94 

7.0 
1,600 umhos/cm 

mg/L meq/L 
960 19.2 
440 * 8.8 

1,100 
1,700 

NA 

NA 

80 4.0 
58 4.8 

220 9.6 
4.3 0.11 

0.56 0.02 
0.076 0.003 
<0.05 <0.0015 

363 18.5 

1,171 19.2 
130 3.7 
29 0.3 

1,330 23.2 

Well EW-2 
6/20/94 

7.1 
1,800 umhos/cm 

mg/L meq/L 
770 15.4 
750 15.0 

1,200 
1,700 

23 

0.93 

140 7.0 
97 8.0 

140 6.1 

8.9 0.32 
0.094 0.003 
<0.05 <0.0015 

386 21.4 

939 15.4 
74 2.1 

320 3.3 
1,333 20.8 

Well EW-4 
6/20/94 

7.0 
1,900 umhos/cm 

mg/L meq/L 
1,000 20.0 

650 13.0 

1,100 
1,800 

30 

1.3 

130 6.5 
79 6.5 

200 8.7 

10.0 0.36 
0.11 0.004 

0.072 0.002 
419 22.1 

1,220 20.0 
100 2.8 
110 1.1 

1,430 24.0 

Well EW-5 
6/20/94 

6.9 
2,000 umhos/cm 

mg/L meq/L 
850 17.0 
920 18.4 

1,300 
2,000 

26 

1.1 

190 9.5 
110 9.1 
160 7.0 

5.5 0.20 
0.54 0.019 

0.072 0.002 
466 25.7 

1,037 17.0 
83 2.3 

370 3.9 
1,490 23.2 

Calculated from Ca + Mg 



Table 7-1 
Capture Zone Scenarios 

Notes: 

(1) If necessary. 

F • Well 

1 EW-1 

1 EW-2 

EW-4 

EW-5 

1 EW-6 

1 EW-7 

MW-28S 

1 EW-8 

EW-9 

EW-10 

EW-11 

1 EW-12 

EW-14 

1 TOTAL 

Approximate Pumping Rate (gpm) 

Existing Phase 1 Systerii 

:.:;:;:::>•.:•.• ...:•...;:>:::;•. • . : : . : . . i ; : : :-:-: ; : : : : : : . : . . .x.:: : : : : :-: : :-: : :-iX.x.;: . ; : : : : : : : : : 

W333TTTT3mTT3Tli33T73Ml 

6 

12 

10 

ÎIJIIIB̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂  

yt:3TT3y:yTy$33'\MTM3T3;3TT:MTi-

333yiTTT3'''7T33T3TTTTTM3M-

::y.y;yy:;-;yyy;y::;-;y;:yy:y;yyyyyy' yyyiyyyiyoyiyyiyi^'-yiyy 

28 

Recdnmiended 
Extraction System 

10 

6 

20 

16 

10 

110) 

40 

•ii;liiiiiEi.iiislsiii:|yii-yi;liy 

ll̂ î llili'̂ ŷ iiiil:̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^ 
102 to 113('̂  

Maxihiuin Capture y 
.......ySystem yy--..;-':y 

337TT3iTTi333&T&3T33T3i | 

16 

lllllliiiiliB̂ ^̂ ^̂ ^̂ ^̂ ^̂  
3T333T3M33TTi3iT§7TTi • 

10 

10 

10 

10 1 

5 

7 1 
68 1 
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Table 10-1 
Well Pump Specifications 

Extraction Well ; 

EW-1 

EW-2 

EW-4 

EW-5 

EW-6 

EW-7 

MW-28S 

Maxiuuii] Expected 
Flow Rate 

10 

6 

20 

16 

10 

11 

40 

Grundfos Model 
'. Number 

10S05-9 

10S05-9 

25S10-7 

16S07-8 

lOSlO-15 

16S07-8 

60S50-9 

y : Pump Motor 
Horsepower 

1/2 

1/2 

1 

3/4 

1 

3/4 

5 

E^©L/!2\[M[Q) 
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Figure 1 3 
Site Remedial Design/Keiiiedial Action Schedule 
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REFERENCE: 
1. GEOLOGIC MAP OF THE FILLMORE QUADRANGLE, VENTURA COUNTY, 

CALIFORNIA, BY THOMAS W. DIBBLEE, JR. DATED 1990. 

2. U.S.G.S. 7.5 MINUTE TOPOGRAPHIC QUADRANGLE MAP OF FILLMORE. 
VENTURA COUNTY, CALIFORNIA. DATED 1988 TOWNSHIP AND 
RANGE ARE BASED UPON THE SAN BERNARDINO BASE AND MERIDIAN. 

SURFICAL 
SEDIMENTS 

LANDSUDE ANO 
TALUS DEBRIS 

OLDER DISSECTED 
SURFICIAL 
SEDIMENTS 

SAUGUS FORMATION 

LOS POSAS SAND 

MONTERET 
FORMATION 

RINCON SHALE 

TOPANGA 
SANDSTONE 

VAQUEROS 
SANDSTONE 

SESPE F0R*WTION 

Qls Qls.. 

EXPLANATION 

Stream channel deposits, moatly grovel and sand 
Atlumvial fan boulder-cobble gravel 
Alluvium: unconsolidated floodploin deposits of 
silt, sond and gravel 

Landslide and Talus Debris, includes slopewash 
of sandstone detritus 

Qoa 
Qog 
Qof 

QTs 

Ooa... Youngest, lowest gravel terraces 
Oog... Intermediate, higher grovel terraces 
Qof... Oldest, hightest, grovel terraces 

Ots... Weakly consolidoted brown olluviol cobble-
t>oulder conglomerote of poorly sorted detritus 

QTIp 

X T m s u 

Tm 

T m l \ ^ Tmss 

Qtlp.. 

Tmau. 
Tm.... 
Tmss. 
TmL.. 

Friable fine groined sondstone and sandy 
siltstone, commonly with shell fragments 

Upper sandstone, thick t>edded arkosic sandstone 
Upper shole unit, Mohnian sta^e 
Lower sandstone member, similor to Tmsu 
Lower shale unit, Luisian to uppermost saucesian 
stage 

Tr 

TtS 

Tvq 

Tr... Clay shale ond siltstone, contains occasional gray 
dolomitic concretions 

Semi-frioble, vaguely bedded orkosic sondstone: 
exposed south of Ook Ridge Fault 

Tvq... Rne grained sandstone, locally calcareous 

Tsp Tsp.. In northem orea. mostly hard bedded sandstone, 
lowest port is thick t^edded hard sondstone and 
conglomerate with pebbles of gronrtic rocks, 
andesitic porphyries and quartzite 

Naturally occurring Monterey Formation oil and 
tar Bonds in outcrop neor the site location 

2000 

APPROXIMATE 
SCALE 

4000 FEET 

i-ioftsl 

FIGURE 2 - 2 

REGIONAL GEOLOGY 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CAUFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

^LMB SHAHIM ^ /̂ SSOCDMi 



C TOPATOPA UPLIFT 
NORTH 

SANTA CLARA 
TROUGH 

OXNARD SHELF C 
SOUTH 

• \ \ \ 

?A BASl t \ 
DISTRIBUTIO.N OF 
UPPER MIOCENE 

MARINE SEDIr'.tEiMTS 

CROSS SECTION LOCATION 

REFERENCE: 
t^AGLE, H.E. AND PARKER, E.S.. 1971. FUTURE OIL ANO GAS POTENTIAL OF ONSHORE 
VENTURA BASIN, CAUFORNIA: AMERICAN ASSOCIATION OF PETROLEUW GEOLOGIST 
MEMOIR NO. 15, P. 254 -297 . 

FIGURE 2 - 3 

STRUCTURAL CROSS SECTION 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY. CALIFORNIA 

iff̂ GLMD snmm ^ ASSOCOME 
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2000 

APPROXIMATE 
SCALE 

4000 FEET 

EXPLANATION 

® APPROXIMATE LOCATION OF GROUND WATER 
3 0 - R - 0 1 MONITORING WELL WITH GROUND WATER 
419.7 ELEVATION IN FEET AMSL 

^ n i — GROUND WATER CONTOUR IN FEET AMSL 
" " " ^ MEASURED DECEMBER 1993 

GROUND WATER FLOW DIRECTION 

REFERENCE: 
7.5 MINUTE U.S.G.S. TOPOGRAPHIC 
MAP OF FILLMORE, CALIFORNIA 
DATED: 1951 
PHOTOREVISED: 1988 

FIGURE 2 - 4 

REGIONAL GROUND WATER 
CONTOUR MAP 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

oLAiD smum ^ AssociMG 
Td-



— -ir 100000 

Date Measured 

0 9 4 (Ronch-opproKimotely 3 miles east of aHe) 

1 Y 1 (Fillmore Fish Hatchery - approximately 1 mile eost of site) 

L a k e P i r u (approximately 9 miles eost-northeost of Fillmore) 

H o p p e r C r e e k (approxlmotely 5 miles eost of nilmore) 

Piru Creek Near Piru (appnwimoieiy a mne» east 
of nilmoro) 

Piru Creek Below Dam (opproximoteiy 9 miies eaat-
northaost of Fillmore) 

Santa Clara River a t LA Co. Line (approximately 
12 miles east of Fillmore) 

3 0 — D — 0 1 (opproximotely 0.7 miles wast-norttweet of aHe) 

3 0 — R — 0 1 (opproximotely 0.3 miles south-soutliwest of site) 

3 6 — D — 0 4 (approximately 1.7 miles west-southwast of «He) 

M W — 2 2 S (site well between Former Main Woste Rt and 
Son Cayetano School) 

FIGURE 2 - 5 

HISTORIC WATER LEVELS, 
FLOW AND PRECIPITATION 

1925 TO PRESENT 
PACIFIC COAST PIPEUNE SUPERFUND SITE 

FILLMORE, CALIFORNIA 
PREPARED FOf? 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

:N1@LMD SUmm ^ ASSOCIATi 



^ 

a 

I 

1992 1993 

Date Measured 

0 9 4 (Ronch-opproximotely 3 miles eost of site) 

1 Y 1 (Fillmore Fish Hfltct>ery - opproximotely 1 mile eost of site) 

L a k e P i r u (approximately 9 miles eost-northeost of Fillmore) 

P i r u C r e e k B e l o w D a m (approximately 9 miles eost-
northeost of Fillmore) 

Santa Clara River a t LA Co. Line (approximately 
12 miles east of Fillmore) 

3 0 — D — 0 1 (opproximotely 0.7 milea weat-norttiweat of site) 

3 0 — R —01(approximately 0.3 miles south-southwest of site) 

3 6 — D —04(appfoxlmately 17 miles west-southwest of site) 

M W — 2 2 S ( s i t e well between Former Main Waste Pit and 
Son Coyetono Sctwol) 

FIGURE 2 - 6 

HISTORIC WATER LEVELS, 
FLOW AND PRECIPITATION 

1985 TO PRESENT 
PACIFIC COAST PIPELINE SUPERFUND SITE 

FILLMORE, CALIFORNIA 
PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

î QLMD smnm ^ ASSOCIATI 



225F0^003\IO /04/94 

CASTMC 
JUNCTION 

n 

REFERENCE: 
SYLVESTER, AG. AND BROWN, G C . 
1988, SANTA BARBARA AND VENTURA 
BASINS - TECTONICS, STRUCTURE, 
SEDIMENTATION, OIL FIELDS ALONG AN 
EAST-WEST TRANSECT: COAST GEOLOGICAL 
SOCIETY FIELD GUIDE NO. 64, 166 P. 

OIL FIELD 

EASTERN VENTURA BASIN 
OIL FIELDS 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE. CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

\LmB smum & ^SSOCDMI 
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M» Kij « PERCHED ZONE WELL 

M t - l S S * AQUIFER I WELL 

mr-ZSD* AQUIFER II WELL 

SBF-1* BORING LOCATION 

250 500 FEET 

RGURE 2 - 8 

LOCATION OF BORINGS 

AND CROSS SECTIONS 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CAUFORNIA 

PREPARED FOR 
TEXACO ENVIRONMENTAL SERVICES 

UNIVERSAL CITY. CAUFORNIA 
ENGLAND SHAHIN & ASSOCIATES 



NORTHERN PART OF FORMER MAIN WASTE PIT 

NORTHWEST w 
I 

525 

500-

475 

450 

425 

400-

375 

350 
200 600 

DISTANCE IN FEET 

800 1000 

NOTE: TOPOGRAPHY BETWEEN BORINGS IS NOT SHOWN. 

CROSS SECTION LOCATION 

EXPLANATION 

EXPLORATORY SORING WITH BENZENE 
CONCENTRATIONS IN mg/kg. TICKS 
INDICATE ANALYSIS FOR TPHg (EPA 8015M). 

L n n « . WELL SCREEN INTERVALS WHERE INDICATED. 
t<0.005 JQ INDICATES TOTAL DEPTH IN FEET. 

TD-1J1.5' 
I PERCHED GROUND WATER ENCOUNTERED 

IN BORING 

APPROXIMATE EXTENTS OF CONFIRMED 
BENZENE IN SOIL 

APPROXIMATE EXTENTS OF POTENTIAL BENZENE 
IN SOIL BASED ON TPHG ANALYTICAL AND 
BORING LOG COMMENTS 

RNE-ORAINED LITHOLOGY (SILT/CLAY) 

ii 

APPROXIMATE VERTICAL 

(4X V E R T I C i OftGGERATION) 

APPROXIMATE HORIZONTAL ^̂ M' 
FIGURE 2 - 9 

CROSS SECTION A-A' 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

•MaLMD Bumm ^ ^SSOOIMG 

3-



600 

DISTANCE IN FEET 

NOTE: TOPOGRAPHY BETWEEN BORINGS IS NOT SHOWN. 

CROSS SECTION LOCATION 

EXPLANATION 

EXPLORATORY BORING WITH BENZENE 
CONCENTRATIONS IN mg/kg . TICKS 
IN0K;ATE ANALYSIS FOR TPHg (EPA 8015M). 

> .̂../̂ ,̂ /̂ « WEU SCREEN INTERVALS WHERE INDICATED. 
l<0 .005 JQ INDICATES TOTAL DEPTH IN FEET. 

TD-131.5' 
X PERCHED GROUND WATER ENCOUNTERED 
= IN BORING 

• 
CD 

p 

APPROXIMATE EXTENTS OF CONFIRMED 
BENZENE IN SOIL 

APPROXIMATE EXTENTS OF POTENTIAL BENZENE 
IN SOIL BASED ON TPHG ANALYTICAL AND 
BORING LOG COMMENTS 

HNE-GRAINED UTHOLOGY (SILT/CLAY) 

FREE OIL NOTED ON BORING LOC 

APPROXIMATE VERTICAL 

(4X VERTlC/i DRGGERATION) 

90 FEH 

200 FEET 

APPROXIMiyj: HORIZONTAL 

FIGURE 2-10 

CROSS SECTION B-B ' 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

i^aiMD Bnmm ̂  ASSOCIMG 



FORMER MAIN 
WASTE PIT 

375 
200 400 600 800 1000 

DISTANCE IN FEET 

NOTE: TOPOGRAPHY BETWEEN BORINGS IS NOT SHOWN. 

CROSS SECTION LOCATION 

EXPLANATION 

EXPLORATORY BORING WITH BENZENE 
CONCENTRATIONS IN mg/kg. TICKS 
INDICATE ANALYSIS FOR TPHg (EPA 8015M). 

, „ ^ . WEU SCREEN INTERVALS WHERE INDICATED. 
t<0.005 JD INDICATES TOTAL DEPTH IN FEET. 

TD-131.5' 
I PERCHED GROUND WATER ENCOUNTERED 

IN BORING 

m 
APPROXIMATE EXTENTS OF CONFIRMED 
BENZENE IN SOIL 

APPROXIMATE EXTENTS OF POTENTIAL BENZENE 
IN SOIL BASED ON TPHG ANALYTICAL AND 
BORING LOO COMMENTS 

RNE-GRAINED LITHOLOGY (SILT/CLAY) 

FREE OIL NOTED ON BORING LOC 

APPROXIMATE VERTICAL 

r i c ^ E X A G (4X VERTICAL EXAGGERATION) 

100 200 FEET 

APPROXIMATE HORIZONTAL -̂ M 
FIGURE 2 - 1 1 

CROSS SECTION C - C 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

•i^aiMD summ ^ kSBOCmil 



AREA OF FORMER PUMP HOUSE 
AND RICHFIELD OIL CO. 
GAS SEPARATOR PLANT 

D 
WEST 

525-

500-

475 

e 450 

425 

375-

D' 
EAST 

r525 

•yzZ-i ' 
pHIGHEST RECORDED AQUIFER 
/ WATER LEVEL (2ND QUARTER 1993) 

LOWEST RECORDED AQUIFER I 
WATER LEVEL (2ND QUARTER 1991) 

TD-t36' 1 
TD-139' 

200 

NOTE: TOPOGRAPHY BETWEEN BORINGS IS NOT SHOWN. 

400 600 800 1000 

DISTANCE IN FEET 

500 

475 

4501:; 

o 

i 

425 

400 

375 

CROSS SECTION LOCATION 

EXPLANATION 

EXPLORATORY BORING WITH BENZENE 

I CONCENTRATIONS IN mg/kg. TICKS 

INDICATE ANALYSIS FOR TPHg (EPA 8015M). 
n ~ , . W a L SCREEN INTERVALS WHERE INDICATED. 

4<0.005 JQ INDICATES TOTAL DEPTH IN FEET. 
TD-131.5' 

1 PERCHED GROUND WATER ENCOUNTERED 
IN BORING 

ii 

APPROXIMATE EXTENTS OF CONRRMED 
BENZENE IN SOIL 

APPROXIMATE EXTENTS OF POTENTIAL BENZENE 
IN SOIL BASED ON TPHG ANALYTICAL AND 
BORING LOG COMMENTS 

nNE-GRAlNED LITHOLOGY (SILT/CLAY) 

FREE OIL NOTED ON BORING LOG 

APPROXIMATE VERTICAL 

(4X VERTIC/J DRGGERATION) 

APPROXIMATE HORIZONTAL 

9 0 FEET 

2 0 0 FECT 

^̂ M' 
FIGURE 2-12 

CROSS SECTION D-D' 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

E ^ a i M D SIHlAIHlIi § ASSOCIMI 



i 
E 

WEST 

E' 
EAST 

I ' 
CD, 

500 

TD-65' 

TD-86-

NOTE: MW-8S AND MW-9S (INSTALLED IN 1986) DO NOT 
INDICATE CONTAMINATKIN ON BORING LOGS AND NO SAMPLES 
WERE ANALYZED MW-8S HAS ELEVATED BENZENE (490 ug/L) 
IN THE GROUND WATER WITH A SHEEN. MW-9S FREQUENTLY HAS 
FLOATING NON AQUEOUS PHASE UQUID WTTH LOW BENZENE < 50 u g / L 

350 
200 400 aoo 

DISTANCE IN FEET 

500 

475 

450 

4 2 5 -

o 

4005 

•375 

350 

|w-
\ 

C^ \ ' 

\ 

' \ 
•7 
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CROSS SECTION LOCATION 

EXPLANATION 

EXPLORATORY BORING WTTH BENZENE 
CONCENTRATIONS IN mg/kg. TICKS 
INDK>TE ANALYSIS FOR TPHg (EPA 8015M). 

. „ , WEU SCREEN INTERVALS WHERE INDICATED. 
;<0,OO5 JQ INDICATES TOTAL DEPTH IN FEET. 

TO-131.5' 
I PERCHED GROUND WATER ENCOUNTERED 

IN BORING 

APPROXIMATE EXTENTS OF CONRRMED 
BENZENE IN SOIL 

APPROXIMATE EXTENTS OF POTENTIAL BENZENE 
M SOIL BASED ON TPHG ANALYTICAL ANO 
BORING LOG COMMENTS 

nNE-GRAINED UTHOLOGY (SILT/CLAY) 

FREE OIL NOTED ON BORING LOG 

ii 

APPROXIMATE VERTICAL 

(4X VERTIoi EXAGGERATION) 

APPROXI "̂ M' lORIZONTAL 

NOTE: TOPOGRAPHY BETWEEN BORINGS IS NOT SHOWN. 

FIGURE 2-13 

CROSS SECTION E-E' 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 

INIGLMD B'^mm ^ ASSOCDMI 
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M W 1 3 P pEiRCHED ZONE WELL LOCATION WITH WELL NUMBER AND 
4 3 8 . 6 4 '•"OLIND WATER ELEVATION IN FEET ABOVE MSL 

GROUND SURFACE ELEVATION CONTOUR. CONTOUR 
~(.V5- ' INTERVAL 25 FEET. 

NOTE: 1. PEW-2 WAS HOOKED UP TO THE 
VAPOR EXTRACTION SYSTEM AND 
MEASUREMENT COULD NOT BE 
COULD NOT BE TAKEN. 

500 FEH 

FIGURE 2 - 1 4 

PERCHED ZONE GROUND 
WATER ELEVATION MAP 
THIRD QUARTER 1994 

PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNIA 

P R E P A R E P FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CAUFORNIA 

ENGLAND SHAHIN & ASSOCIATES 



M W - 3 5 S MONITORING WELL LOCATION WITH WELL NUMBER AND 
* GROUND WATER ELEVATION IN FEET ABOVE MSL. 

421.78 
AQUIFER I G R O U N D WATER SURFACE ELEVATION CONTOUR 

•~ 4 3 0 MEASURED AUGUST 1994. CONTOUR ISHERVAL 1 FOOT. 

GROUND SURFACE ELEVATION CONTOUR. CONTOUR 
o ' - i - - INTERVAL 25 FEET. 

500 FEET 

NOTES; 
1. ELEVATIONS AT MW- IS & MW-27S, 

MW-7S tc MW-8S WERE AVERAGED 
FOR CONTOURING. 

2. ELEVATIONS AT ULTM-MW-2. ULTM-MW-3. 
AND ULTM-MW-5 WERE NOT USED IN 
CONTOURING AS THEY ARE ANOMALOUSLY 
HIGHER THAN THE SURROUNDING WELLS 

FIGURE 2 -15 

AQUIFER I GROUND WATER 
ELEVATION MAP 

THIRD QUARTER 1994 
PACIFIC COAST P IPEUNE SUPERFUND SITE 

FILLMORE, CALIFORNIA 
PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CAUFORNIA 

ENGLAND SHAHIN & ASSOCIATES 
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AQUIFER II GROUND WATER SURFACE ELEVATION CONTOUR 
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GROUND SURFACE ELEVATION CONTOUR. CONTOUR 
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AQUIFER II POTENTIOMETRIC 
SURFACE ELEVATION MAP 
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250 500 FEET 
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METHOD 8020. 
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TEDLAR BAG AFTER EXTRACTING 
WITH A VR SYSTEMS MODEL V4 
FOR AT LEAST 30 MINUTES. 

3. INCLUDES MW-5S. <1.6 WHICH 
IS LOCATED APPROXIMATELY 
800 FEET NORTH OF MW-24D, 
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MONITORING WELL LOCATION WITH WELL NUMBER AND 
BENZENE CONCENTRATION IN UG/L. 
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MEASURED AUGUST 1994. CONTOUR INTERVAL VARIABLE. 

GROUND SURFACE ELEVATION CONTOUR CONTOUR 
INTERVAL 25 FEET. 
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NOTES: 

A " J " QUALIFIER NEXT TO THE BENZENE 
VALUE INDICATES THE VALUE IS ESTIMATED 

P2 DATA USED INSTEAD OF MW-28S IN 
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BENZENE DISTRIBUTION IN 

AQUIFER I WELLS 

THIRD QUARTER 1994 
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NOTE: 1. METHANE ANALYZED BY EPA 
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3. INCLUDES MW-5S, <0 .10 WHICH 
IS LOCATED APPROXIMATELY 
800 FEET NORTH OF MW-24D 
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M W - 4 4 S MONITORING WELL LOCATION WITH WELL NUMBER AND 
< 0 3 0 BENZENE CONCENTRATION IN UG/L. 
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1 0 0 AUGUST 1994. 

GROUND SURFACE ELEVATION CONTOUR. 
= i"5 - - CONTOUR INTERVAL 25 FEET. 
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fcrW-AA<? MONITORING WELL LOCATION WITH WELL NUMBER. 
« RATIO OF CARBON DIOXIDE TO NITROGEN IN RED 

0 0 5 / 0 0 3 ^ ^ RATIOS OF OXYGEN TO NITROGEN IN BLUE 

GROUND SURFACE ELEVATION CONTOUR. 
- CONTOUR INTERVAL 25 FEET. 

500 FEET 

NOTE: INCLUDES MW-5S 0 . 0 1 / 0 . 2 4 WHICH 
IS LOCATED APPROXIMATELY 
800 FEET NORTH OF M W - 2 4 0 . 

O 2 / N 2 > 0.1 

C O 2 / N 2 > 0.1 

C O . / N , AND 0 , / N , 
DISTRIBUTION IN SOIL GAS 
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FIGURE S - 1 
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Figure 6-1 
CONCENTRATIONS OF OXYGEN AND HYDROCARBONS FROM PEW-2 
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Figure 6-2 
CUMULATIVE HYDROCARBON REMOVAL FROM PEW-2 
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Figure 6-3 
Methane Concentration in PEW-2 

« PEW-2 Methane Data — — c = 4040 -H 7800*exp(-V/l .2) 
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FIGURE 7 - 1 

STICK MODEL 
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î  

S4D 

V 

\ 

"V 
I -a 
- 3 5 ? 

V 
I I1 I~ 

J 

>. 

• ' " • - ! • 

PJ 

M 
I 

-»fw-

f ; 

' • ^ 

Ul 

V 

\ 

BS 

^ 

»̂  

Ift) 

IW> 

EW 

HI 

tm 

MV 

Ml 

r-3 

«»< 

UI 

ni 

V 
\ 
t'l 

-

• 

ni 

* 

-̂  

— 

Ki 

w 

n 

•V 

H 

N 

6 

f 

\ 
\ 

4 

K 

.3 

R 

:1 

1 

l| 

1-

w 

" 

-

s 

E 

i 
^ 

: i 

I 

a 

l4 

[W 

'k 

«ii 

T 

> 

Ml f -
a 

i 

" r 
-jub 
i - i l 

^ < i 

\ 

I I 

kr 
"'rP 

' r l 

T If 
\ , 

L -
^ ; 

'<^ 
^ ' 

- 3 

) 

r 

I 

i ; 
r 

i r k : 

LLL^ 

I'K 

MS 

t l — 
f - !« 

fe" 
IA 

* 
i - i i 

M l 

9 

B*S 

-
L O i 

? * 
\̂  

, \ 

r r 

j 

^ 

7S 

f 

4ĵ  
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FIGURE 7 - 2 

MODEL GRID 
CIFIC COAST PIPELINE SUPERFUND SITE 

FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY, CALIFORNIA 
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MODELED SOIL PERMEABIUTY 
IN DARCIES. 

NODAL PERMEABIUTY VALUES WERE SET 
TO VALUES DISPLAYED. 
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FIGURE 7-3 

VAPOR MODEL 
PERMEABIUTY DISTRIBUTION 
PACIFIC COAST PIPELINE SUPERFUND SITE 

FILLMORE, CALIFORNIA 

PREPARED FOR 
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E W - 4 MONITORING WELL LOCATION WITH WELL NUMBER. 

. 1 CONTOUR OF STEADY STATE SOIL GAS PRESSURE 
•*• DECLINE IN INCHES OF WATER. 

GROUND SURFACE ELEVATION CONTOUR. 
CONTOUR INTERVAL 25 FEET. 

FLOW RATES: S B D - 3 50 c fm 
EW-4 50 c fm 
PEW-1 40 c fm 

250 5 0 0 FEET 

K„ = VERTICAL PERMEABIUTY 

K^ = HORIZONTAL PERMEASILITT 
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FIGURE 7 - 4 

MODELED SOIL GAS 
PRESSURE DECUNE 
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INACTIVE 

NODES 
I 

MODELED PERMEABIUTi 
RANGE DISTRIBUTION IN 
FT/DAY 

VALUES FOR PERMEABILITY USED IN 
MODEL VARIED ON INDIVIDUAL NODAL 
BASIS WITHIN RANGES SHOWN. 

800 

FEET 

FIGURE 7-5 

GROUND WATER MODEL 
PERMEABILITY DISTRIBUTION 
PACIFIC COAST PIPELINE SUPERFUND SITE 

FILLMORE, CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
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MONITORING WELL LOCATION WITH WELL NUMBER AND 
BENZENE CONCENTRATION IN UG/L. 

^ ^ AQUIFER I BENZENE CONCENTRATION CONTOUR IN UG/L 
• 1 0 0 MEASURED AUGUST 1994. CONTOUR INTERVAL VARIABLE. 

NOTES: 

1. THE CAPTURE ZONE REPRESENTS A 
BOUNDARY OF ZERO FLUX TOWARDS THE 
EXTRACTION WEU. 

.STEADY STATE CAPTURE ZONE 

500 FEET 

RECOMMENDED SCENARIO 
CAPTURE ZONE 
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MONITORING WELL LOCATION WITH WELL NUMBER AND 
BENZENE CONCENTRATION IN UG/L. 

AQUIFER I BENZENE CONCENTRATION CONTOUR IN UG/L 
MEASURED AUGUST 1994. CONTOUR INTERVAL VARIABLE. 

•STEADY STATE CAPTURE ZONE 

Q J GROUND WATER VELOCITY IN FT/DAY. 

0 250 500 FEET 

NOTES: 

1. THE CAPTURE ZONE REPRESENTS A 
BOUNDARY OF ZERO a u x TOWARDS 
THE EXTRACTION WELL. 

2 AVERAGE PRE-EXTRACTION GROUND 
WATER VELOCITIES RANGE FROM 0 07 
TO 0.8 FT/DAY. 

ncuRE 7-9 

MODELED VELOCITIES 
DOWNGRADIENT OF THE 

CAPTURE ZONE 
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^ ^ f l , * VAPOR EXTRACTION WELL LOCATION WITH WELL NUMBER. 

GROUND SURFACE ELEVATION CONTOUR 
CONTOUR INTERVAL 25 FEET. 

500 FEET 

APPROXIMATE AREA WHERE BENZENE 
CONCENTRATION IN GAS IS HIGHER 
THAN CALCULATED EQUIU8RIUM 
CONCENTRATION WITH UNDERLYING 
WATER. 

VAPOR EXTRACTION TARGH AREA 

FIGURE 8 - 1 

VAPOR EXTRACTION 
TARGET AREAS 
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AQUIFER I BENZENE CONCENTRATION CONTOUR IN UG/L NOTES: 
MEASURED AUGUST 1994. CONTOUR INTERVAL VARIABLE. , j n E CAPTURE ZONE REPRESENTS A 

BOUNDARY OF ZERO FLUX TOWARDS 
THE EXTRACTION WELL. 

• STEADY STATE CAPTURE ZONE. 

GROUND SURFACE ELEVATION CONTOUR. 
CONTOUR INTERVAL 25 FEET. 

250 500 FEET 

GROUND WATER TARGET AREA 

FIGURE 8 - 2 

GROUND WATER REMEDIATION 
TARGET AREAS AND 
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DECISION TREE FOR MODIFYING OR SHUTTING OFF 
SOIL VAPOR EXTRACTION SYSTEM 

Extract from Chosen Target Zone 
Well - Analyze Gas Monthly 

SftsSi^rWrW^^-liKSwiSfrW:: 

Shut Off SVE and Monitor 

Move SVE to Other Target 
Zone Well or Wells 

FIGURE 9-1 



DECISION TREE FOR MODIFYING OR SHUTTING OFF 
GROUND WATER TREATMENT SYSTEM 

Operate Extraction System 
Monitor ground water quality Continue Operation 

Yes 

Recalibrate Model & Determine 
Necessary Modifications to 

Pumping Scheme 

Monitor Water 
Quarterly 

NOTE: NCP and ROD indicate a 5 year review 
will bc conducted after start up of operation. 

FIGURE 9-2 
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PACIFIC COAST PIPELINE SUPERFUND SITE 
FILLMORE, CALIFORNL\ 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

AEW-1 

EU-1 

EU-2 

EU-4 

EW-5 

FSB-1 

FSB-2 

FSB-3 

FSB-4 

FSB-5 

FSB-6 

Date 
Sampled 

10/28/93 
10/28/93 
10/28/93 
10/28/93 
10/28/93 
10/28/93 

04/26/93 
04/26/93 
04/26/93 

05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 

05/02/94 
05/02/94 
05/02/94 
05/02/94 
05/02/94 
05/02/94 
05/02/94 
05/02/94 
05/02/94 
05/02/94 

05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 
05/03/94 

03/29/88 

03/29/88 

03/30/88 

03/30/88 

03/31/88 
03/31/88 

03/31/88 

Depth 
(Ft.) 

10 
20 
35 
45 
50 
55 

40 
50 
59.5 

11 
25 
35 
45 
50 
60 
75 
100 
110 
115 
120 
130 

5 
15 
25 
35 
45 
50 
70 
85 
95 
105 

10 
20 
25 
35 
45 
55 
60 
65 
80 
90 

19 

36 

34 

30 

29 
49 

31 

TPHG 

250 
360 
730 
80 
170 
16 

890 
2000 
170 

<1.0 
<1.0 
<1.0 
1500 
1200 
<1.0 
2.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 

<1.0 
<1.0 
1.5 J 
1.6 J 

2800 J 
4000 J 
<1.0 
<1.0 
<1.0 
<1.0 

<1.0 
<1.0 
1.0 J 
770 J 
<1.0 
1.0 
450 
1.7 

<1.0 
<1.0 

41 

9500 

2700 

4100 

84000 
58 

74 

Benzene 

<0.50 
<0.002 
<0.004 

1.0 
0.23 
0.28 

0.27 
0.11 
0.043 

<0.0050 
<0.0050 
<0.0050 
0.89 J 

1.1 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 

<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.60 
<0.60 

<0.0050 
<0.0050 
<0.0050 
<0.0050 

<0.0050 
<0.0050 
<0.0050 
0.21 J 
0.0077 
<0.0050 

1.6 
0.024 

<0.0050 
<0.0050 

0.005 

ND 

ND 

3.9 

94 
0.020 

0.056 

Toluene 

<0.50 
0.002 
0.06 
0.32 
0.21 
<0.10 

0.38 
0.34 
0.029 

0.0062 
0.0082 
0.0078 
<0.12 
<0.10 

<0.0050 
0.0095 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 

0.0052 
<0.0050 
0.010 
0.0051 
<0.60 
<0.60 

<0.0050 
0.0073 
<0.0050 
<0.0050 

0.012 
0.012 

<0.0050 
0.64 J 
<0.0050 
<0.0050 
<0.10 

<0.0050 
0.0084 
<0.0050 

0.012 

3.3 

2.3 

ND 

140 
0.016 

0.073 

Ethyl 
Benzene 

<0.50 
<0.002 
<0.004 

1.0 
0.50 
0.22 

0.26 
<0.01 
<0.01 

<0.0050 
<0.0050 
<0.0050 
9.1 J 
6.0 

<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 

<0.0050 
<0.0050 
0.0064 
0.0073 

11 
21 

<0.0050 
<0.0050 
<0.0050 
<0.0050 

<0.0050 
<0.0050 
<0.0050 
2.2 J 

<0.0050 
<0.0050 

0.81 
0.0091 
<0.0050 
<0.0050 

0.0025 

14 

6.1 

12 

130 
0.014 

0.018 

Total 
Xylenes 

1.4 
0.003 
0.024 
0.75 
0.30 
0.30 

0.71 
0.54 
0.037 

<0.015 
<0.015 
<0.015 
4.7 J 
4.9 

<0.015 
0.018 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 

<0.015 
<0.015 
<0.015 
<0.015 

13 
16 

<0.015 
<0.015 
<0.015 
<0.015 

<0.015 
<0.015 
<0.015 
1.8 J 
<0.015 
<0.015 

4.2 
<0.015 
<0.015 
<0.015 

0.0097 

21 

6.0 

13 

580 
0.037 

0.058 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

FS8-7 

MW-18S 

MW-19S 

MW-20S 

MU-21S 

MW-22S 

MU-23D 

Date 
Sampled 

03/31/88 

09/06/90 
09/06/90 

08/20/90 
08/20/90 
08/20/90 
08/20/90 
08/20/90 
08/20/90 
08/20/90 

08/27/90 
08/27/90 
08/27/90 
08/27/90 
08/27/90 
08/27/90 
08/27/90 

09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 

07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 

07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 

Depth 
(Ft.) 

30 

45 
50 

35 
38 
40 
45 
50 
55 
60 

60 
65 
70 
73 
75 
80 
85 

60 
65 
68 
70 
80 

40 
50 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
118 
120 
125 
128 

63 
65 
75 
80 
85 
90 
93 
95 
100 
110 
115 
130 

TPHG 

150 

1500 
860 

200 
190 
740 
40 

2500 
290 
140 

270 
<10 
130 
340 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

Benzene 

0.026 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

0.035 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

0.007 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

0.042 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IMQLM 
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Appendix A 
Pacific Coast Pipeline Superfund'Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

MU-23D 
(Cont'd) 

MU-24D 

MW-25D 

MW-25S 

MW-37S 

MU-38S 

Date 
Sampled 

07/30/90 
07/30/90 
07/30/90 
07/30/90 

07/23/90 

08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 
08/02/90 

07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 

04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 
04/15/93 

04/29/93 

Depth 
(Ft.) 

40 
45 
55 
60 

30 

5 
10 
15 
20 
23 
25 
30 
33 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

10 
25 
40 
55 
58 
60 
70 
80 
85 
95 

5 
25 
30 
35 
45 
45D 
46 
50 
60 
70 
75 
80 
85 
90 
95 
950 

5 

TPHG 

<10 
<10 
30 
<10 

<10 

2000 
2600 
2500 
1100 
1900 
1400 
1600 
2400 
2500 
1400 
440 
180 
60 
110 
80 
44 

1600 
160 
<10 
<10 

1700 
3000 
180 
840 
720 
<10 
490 
<10 
11 
<10 

<1 
3.1 
<1 

3900 
890 
480 
7.2 
1100 
2.0 
7.7 
8.3 
190 
1500 
730 
490 
250 

<1 

Benzene 

NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

<0.02 
0.027 

NA 
NA 

0.54 
0.11 
NA 
NA 
NA 

<0.01 
NA 

<0.10 
NA 

<0.002 

Toluene 

NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

<0.02 
0.049 

NA 
NA 

0.63 
0.017 

NA 
NA 
NA 

<0.01 
NA 

<0.10 
NA 

<0.002 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

<0.02 
<0.01 

NA 
NA 
2.0 
0.12 
NA 
NA 
NA 

<0.01 
NA 

<0.10 
NA 

<0.002 

Total 
Xylenes 

NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

<0.02 
0.073 

NA 
NA 
2.1 
0.07 
NA 
NA 
NA 

0.028 
NA 

<0.10 
NA 

<0.002 

ES^OLA^.50 
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Appendix A 
Pac i f i c Coast Pipel ine Superfund S i te , F i l lmore, Ca l i f o rn ia 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soi l 
Concentrations in mg/kg 

Uell 
Number 

MU-38S 
(Cont'd) 

MU-39S 

MU-40S 

MU-41S 

MW-42S 

MW-43S 

MW-44S 

Date 
Sampled 

04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 
04/29/93 

10/19/93 
10/19/93 
10/19/93 
10/19/93 
10/19/93 
10/19/93 
10/19/93 

10/18/93 
10/18/93 
10/18/93 
10/18/93 
10/18/93 
10/18/93 

10/20/93 
10/20/93 
10/20/93 
10/20/93 
10/20/93 
10/20/93 
10/20/93 

10/22/93 
10/22/93 
10/22/93 
10/22/93 
10/22/93 
10/22/93 
10/22/93 

05/10/94 
05/10/94 
05/10/94 
05/10/94 
05/10/94 
05/10/94 
05/10/94 
05/10/94 
05/10/94 

05/17/94 

Depth 
(Ft.) 

15 
20 
25 
30 
30D 
35 
40 
45 
50 
65 
70 
75 
85 

40 
50 
51 
55 
65 
75 
85 

30 
35 
40 
45 
65 
70 

40 
45 
50 
55 
63 
75 
85 

40 
45 
50 
70 
85 
95 
105 

25 
40 
50 
62.5 
72.5 
77.5 
85 
95 
100 

70 

TPHG 

74 
190 

3500 
830 
2500 
3200 
5800 
1400 
120 
25 
1.1 
4.0 
<1 

2.6 
3.3 
3.9 
10 

3200 
410 
<1.0 

160 
810 
1600 
780 
9.7 
<1.0 

<1.0 
2.2 
580 
850 
2.0 
<1.0 
1.2 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
6.1 
<1.0 

<1.0 
<1.0 
180 J 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 
<1.0 

<1.0 

Benzene 

NA 
NA 
NA 

0.023 
NA 

<0.25 
<0.40 
0.41 
0.29 
NA 

0.018 
NA 

<0.002 

<0.050 
<0.002 
0.071 
<0.5 
<2.0 
<0.5 

<0.050 

<0.10 
<0.02 
<0.5 
NA 

0.16 
<0.050 

<0.050 
<0.050 
<0.02 
<0.02 
<0.050 
<0.050 
<0.050 

<0.050 
<0.050 
<0.050 
<0.050 
<0.050 
<0.050 
<0.050 

<0.005 
<0.005 
0.36 

<0.005 
0.010 
<0.005 
<0.005 
<0.005 
<0.005 

<0.0050 

Toluene 

NA 
NA 
NA 

0.15 
NA 

<0.25 
<0.40 
4.00 
0.044 

NA 
0.007 

NA 
<0.002 

<0.050 
<0.002 
0.12 
<0.5 
<2.0 
<0.5 

<.0.050 

0.18 
<0.02 
<0.5 
NA 

<0.02 
<0.050 

<0.050 
<0.050 
<0.02 
<0.02 
<0.050 
<0.050 
<0.050 

<0.050 
<0.050 
<0.050 
<0.050 
<0.050 
<0.050 
<0.050 

0.0055 
<0.005 
0.29 

0.0081 
<0.005 
0.0057 
<0.005 
<0.005 
<0.005 

<0.0050 

Ethyl 
Benzene 

NA 
NA 
NA 

0.12 
NA 

<0.25 
<0.40 
<0.40 
0.087 

NA 
0.005 

NA 
<0.002 

<0.050 
<0.002 
<0.050 
<0.5 
<2.0 
<0.5 

<0.050 

0.36 
<0.02 
<0.5 
NA 

<0.02 
<0.050 

<0.050 
<0.050 
<0.02 
<0.02 
<0.050 
<0.050 
<0.050 

<0.050 
<0.050 
<0.050 
<0.050 
-cO.OSO 
<0.050 
<0.050 

<0.005 
<0.005 
0.46 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

<0.0050 

Total 
Xylenes 

NA 
NA 
NA 

0.11 
NA 

2.10 
12.0 
<0.40 
0.029 

NA 
0.023 

NA 
<0.002 

<0.050 
<0.002 
<0.050 
<0.5 
<2.0 
<0.5 

<0.050 

0.54 
<0.02 
<0.5 
NA 

<0.02 
<0.050 

<0.050 
<0.050 
0.045 
<0.02 
<0.050 
<0.050 
<0.050 

<0.050 
<0.050 
<0.050 
<0.050 
<0.050 
<0.050 
<0.050 

<0.015 
<0.015 
0.73 

<0.015 
<0.015 
<0.15 
<0.015 
<0.015 
<0.015 

<0.015 

E^@LA^O 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Nuirtoer 

MW-45S 

MU-46S 

MU-47D 

MWP-BH-1 

MWP-BH-10 

Date 
Sampled 

05/09/94 
05/09/94 
05/09/94 
05/09/94 
05/09/94 
05/09/94 
05/09/94 
05/09/94 
05/09/94 

05/11/94 
05/11/94 
05/11/94 
05/11/94 
05/11/94 
05/11/94 
05/11/94 
05/11/94 
05/11/94 

05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 
05/12/94 

07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 
07/23/90 

08/17/90 
08/17/90 
08/17/90 

Depth 
(Ft.) 

10 
25 
35 
45 
55 
67.5 
77.5 
90 
95 

10 
35 
45 
55 
60 
70 
80 
90 
100 

5 
15 
25 
40 
47.5 
57.5 
67.5 
77.5 
87.5 
97.5 
107.5 
117.5 
127.5 

10 
15 
20 
25 
30 
33 
35 
40 
43 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

5 
10 
15 

TPHG 

<1.0 
<1.0 
<1.0 
1.2 
1.8 

<1.0 
1.6 

<1.0 
<1.0 

<1.0 
<1.0 
2.1 
94 

<1.0 
<1.0 
<1.0 
<1.0 
<1.0 

1800 
1900 
2900 
1800 
460 
1100 
1200 
590 
<1.0 
<1.0 
1.2 

<1.0 
<1.0 

320 
780 

2100 
1900 
3800 
1300 
430 
1800 
2700 
670 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
120 
40 

<10 
<10 
<10 

Benzene 

<0.0050 
<0.0050 
<0.0050 

0.021 
<0.0050 

0.013 
0.013 

<0.0050 
<0.0050 

<0.005 
<0.005 
<0.005 
<0.030 
<0.005 
<0.005 
0.0072 
<0.005 
<0.005 

0.24 
0.89 J 
<0.50 
<0.38 
<0.15 

0.30 J 
0.22 J 
1.3 J 

<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Toluene 

0.092 
0.010 
0.0099 
<0.0050 

0.013 
0.013 
0.012 

<0.0050 
0.0072 

0.073 
0.024 
0.0077 
0.084 
<0.005 
<0.005 
<0.005 
<0.005 
0.013 

3.1 
7.9 J 
6.2 J 
5.2 

0.29 
0.84 J 
0.90 J 
0.43 J 
<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Ethyl 
Benzene 

<0.0050 
<0.0050 
<0.0050 
<0.0050 
0.0076 
<0.0050 
0.0089 
<0.0050 
<0.0050 

<0.005 
<0.005 
0.023 
0.23 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 

17 
18 J 
25 J 
8.4 
1.8 

0.63 J 
1.3 J 
<0.15 

<0.0050 
<0.0050 
<0.0050 
<0.0050 
<0.0050 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Total 
Xylenes 

<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 

<0.015 
<0.015 
0.041 
0.74 

<0.015 
<0.015 
<0.015 
<0.015 
<0.015 

16 
18 J 
12 J 
9.3 
1.8 

3.5 J 
15 J 

<0.45 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

MWP-BH-10 
(Cont'd) 

MUP-BH-11 

MWP-BH-12 

Date 
Sampled 

08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 

08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 
08/08/90 

08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 

Depth 
(Ft.) 

20 
25 
30 
35 
40 
45 
50 
55 
60 
63 
65 
68 
70 
75 
80 

5 
10 
15 
20 
25 
30 
35 
40 
45 
48 
50 
55 
58 
60 
65 
70 
75 
80 
85 
90 

5 
10 
15 
20 
25 
30 
35 
38 
40 
45 
50 
53 
55 
60 
65 
70 
75 
80 
85 

TPHG 

<10 
<10 
<10 
<10 
<10 
12 
42 
34 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
63 
150 
300 
87 

1000 
170 
130 
<10 
<10 
13 
<10 
<10 
<10 
<10 

<10 
<10 
380 
2300 
710 
5000 
2100 
3100 
490 
130 
170 
1400 
1200 
<10 
<10 
13 
<10 
<10 
53 

Benzene 

NA 
NA 
NA 
NA 

<0.025 
NA 

<0.025 
NA 
NA 
NA 
NA 
NA 
NA 

<0.005 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 
NA 

0.019 
NA 

0.0085 
NA 
NA 
NA 
NA 
NA 
NA 

0.022 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 

<0.025 
NA 

<0.025 
NA 
NA 
NA 
NA 
NA 
NA 

0.0012 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 

<0.025 
NA 

<0.025 
NA 
NA 
NA 
NA 
NA 
NA 

<0.015 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0 E^©L^ 
SC^/^[^B^ i l 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

MWP-BH-12 
(Cont'd) 

MUP-BH-13 

MUP-BH-14 

MUP-BH-2 

MUP-BH-3 

Date 
Sampled 

08/23/90 
08/23/90 
08/23/90 
08/23/90 
08/23/90 

08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 
08/29/90 

09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 
09/06/90 

07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 

07/30/90 
07/30/90 

Depth 
(Ft.) 

88 
90 
95 
100 
105 

S 
10 
15 
20 
25 
30 
33 
35 
40 
45 
50 
55 
58 
60 
65 
70 

5 
10 
15 
20 
25 
30 
33 
35 
40 
45 
50 
55 
60 
65 
68 
70 
75 
80 
85 

5 
10 
15 
20 
25 
30 
38 
40 
45 
50 

5 
10 

TPHG 

51 
750 
180 
610 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
95 
<10 
<10 
<30 
<10 
<10 
<10 

<10 
<10 
<10 
1000 
670 
960 
840 
250 
380 
460 
<10 
1200 
410 
<10 
<10 
<10 
<10 
<10 
<10 

13000 
2800 
7300 
6100 
4400 
250 
420 
1900 
1500 
5300 

3500 
3800 

Benzene 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.0013 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

<0.025 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Toluene 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.016 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.0094 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.052 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.079 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.080 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.081 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

M 

\mm 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

MWP-BH-3 
(Cont'd) 

MUP-BH-4 

MWP-BH-5 

MWP-BH-6 

Date 
Sampled 

07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 
07/30/90 

07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 

08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 

08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 

Depth 
(Ft.) 

13 
15 
20 
23 
25 
30 
35 
40 
45 
50 
65 
70 
75 
80 
85 
90 
95 

10 
15 
20 
23 
25 
30 
35 
40 
45 
50 
48 
55 
60 
65 
70 
75 
80 
85 
90 
95 

5 
10 
15 
20 
25 
30 
35 
38 
40 
45 
50 

10 
15 
20 
25 
30 

TPHG 

4100 
80 
520 
120 

3900 
3100 
5100 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
380 
<10 

990 
1900 
2100 
1200 
<10 
1800 
500 
320 
<10 
<10 
7100 
<10 
<10 
<10 
<10 
<10 
<10 
60 
30 
<10 

<10 
690 
<10 
<10 
<10 
<10 
2300 
91 

2400 
2100 
<10 

<10 
1700 
360 
<10 
<10 

Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

' NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA . 
NA 
NA 

=G^OLAĈ O 
(&2 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

MUP-BH-6 
(Cont'd) 

MWP-BH-7 

MWP-BH-8 

Date 
Sampled 

08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 
08/21/90 

08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 
08/16/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

Depth 
(Ft.) 

35 
38 
40 
45 
50 
55 
58 
60 
65 
70 
75 
80 
85 
90 
95 

5 
10 
15 
20 
30 
35 
40 
45 
50 
53 
55 
58 
60 
65 
70 
75 

5 
10 
13 
15 
20 
25 
30 
35 
40 
45 
50 
53 
55 
60 
65 
70 
75 
85 
90 
95 
105 
110 
113 

TPHG 

1300 
94 

1300 
<10 
670 
<10 
<10 
<10 
<10 
<10 
150 
25 
47 
85 
<10 

<10 
<20 
<10 
<10 
<10 
<10 
<10 
<10 
99 

3400 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
1000 
5100 
4700 
2500 
2000 
1200 
41 
610 
690 
400 
410 
620 
260 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ES^DOLAIMO 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

MUP-BH-8 
(Cont'd) 

MUP-BH-9 

P1-BH-1 

P1-BH-2 

P2-BH-1 

Date 
Sampled 

08/01/90 
08/01/90 
08/01/90 

08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 

Depth 
(Ft.) 

115 
120 
125 

5 
10 
15 
20 
23 
25 
30 
35 
38 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

5 
10 
15 
20 
25 
28 
30 
35 
40 

5 
10 
13 
15 
20 
25 
30 
35 
40 

5 
10 
15 
20 
25 
30 
35 
40 
43 
45 
48 

TPHG 

<10 
<10 
<10 

<10 
<20 
1000 
430 
1100 
<10 
20 
230 
<10 
1400 
68 

2000 
240 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

40 
44 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

17 
<10 
<10 
<10 
740 
960 
1500 
240 
91 
<10 
<10 

Benzene 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Si>3A[H3m^ i l 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

P2-BH-1 
(Cont'd) 

P2-BH-2 

P3-BH-1 

P3-BH-2 

P3-BH-3 

Oate 
Sampled 

08/13/90 
08/13/90 
08/13/90 
08/13/90 

08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 

08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 
08/14/90 

08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 
08/17/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

Depth 
(Ft.) 

50 
55 
60 
65 

5 
10 
15 
20 
25 
30 
35 
40 
43 
45 
50 
55 
58 
60 
65 

5 
10 
15 
18 
20 
25 
30 
35 
40 
45 

5 
10 
15 
18 
20 
25 
30 
35 
40 
45 
48 
50 
55 
65 
70 
75 
80 

5 
10 
15 
20 
25 
28 

TPHG 

70 
28 
<10 
<10 

<10 
<10 
<10 
100 

7100 
2400 
2200 
510 
1400 
<10 
860 
620 
410 
160 
<10 

<10 
3200 
5300 
4900 
3500 
2900 
11000 
410 
52 
410 

300 
2100 
680 
6500 
1400 
2000 
70 

2700 
1100 
1900 
40 

1500 
12 

13000 
29 
400 
320 

1300 
<10 
<10 
580 
2500 
910 

Benzene 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

P3-BH-3 
(Cont'd) 

P3-BH-4 

P4-BH-1 

P4-BH-2 

P4-BH-3 

P4-BH-4 

Date 
Sampled 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

07/25/90 
07/25/90 
07/25/90 
07/25/90 
07/25/90 
07/25/90 
07/25/90 
07/25/90 
07/25/90 
07/25/90 

07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 
07/26/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

08/01/90 
08/01/90 

Depth 
(Ft.) 

30 
35 
40 
43 
45 
50 
55 
60 

5 
10 
15 
20 
25 
30 
33 
35 
40 

5 
10 
15 
20 
25 
30 
35 
40 
45 
48 

45 
5 
10 
15 
20 
25 
30 
33 
35 
40 
50 

5 
10 
15 
20 
25 
30 
35 
40 
43 
45 
50 

5 
10 

TPHG 

4600 
1900 
<10 
<10 
120 
24 

2000 
1800 

<10 
<10 
<10 
<10 
430 
12 
<10 
2200 
3100 

80 
4700 
1900 
<10 
<10 
<10 
50 

1300 
<10 
<10 

14 
50 

3000 
3000 
7300 
10000 
3500 
5200 
1400 
1600 
<10 

560 
1100 
870 
60 
14 

460 
3000 
1600 
2500 
760 
<10 

<10 
<10 

Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Toluene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

P4-BH-4 
(Cont'd) 

P4-BH-5 

P4-8H-6 

P5-BH-1 

Date 
Sampled 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 
09/04/90 

09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 
09/05/90 

07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 

Depth 
(Ft.) 

15 
20 
25 
30 
33 
35 
40 
45 
50 

5 
10 
15 
20 
25 
30 
33 
35 
40 
45 
50 

S 
10 
15 
20 
25 
30 
35 
40 
43 
45 
50 

5 
10 
12 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
63 
65 
70 
75 
80 
85 
90 

TPHG 

<10 
13 
29 

1400 
1600 
2100 
<10 
1300 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
1900 
110 

5200 
13 

<10 
10000 
2900 
3400 
68 
12 
<10 
3100 
2200 
2300 
41 

<10 
460 
340 
670 
6900 
770 
550 
430 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
29 
<10 

Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

P5-BH-2 07/27/90 <10 NA NA NA NA 

]L/ 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

P5-BH-2 
(Cont'd) 

P6-BH-1 

P6-BH-2 

P7-BH-1 

P7-BH-2 

Date 
Sampled 

07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 
07/27/90 

07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 
07/31/90 

08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 
08/01/90 

08/06/90 
08/06/90 
08/06/90 
08/06/90 
08/06/90 
08/06/90 
08/06/90 
08/06/90 
08/06/90 
08/06/90 

08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 
08/07/90 

Depth 
(Ft.) 

10 
15 
20 
25 
30 
33 
35 
40 

5 
10 
15 
20 
23 
25 

5 
10 
15 
20 
25 
30 
35 
40 
45 
48 
50 
55 
58 
60 
65 
70 
75 
80 
85 

5 
8 
15 
20 
25 
30 
35 
40 
45 
50 

5 
10 
13 
15 
20 
25 
30 
35 
40 

TPHG 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
51 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
29 
<10 
<10 
<10 
32 
<10 
<10 
<10 
<10 

2900 
<10 
44 
<10 
<10 
<10 
<10 
<10 
<10 

Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Toluene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Ethyl 
Benzene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Total 
Xylenes 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

P7-BH-2 
(Cont'd) 

P8-BH-1 

P8-BH-2 

PEU-1 

PEU-2 

PEW-3 

Date 
Sampled 

08/07/90 

08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 
08/13/90 

08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 
08/09/90 

10/29/93 
10/29/93 
10/29/93 
10/29/93 
10/29/93 
10/29/93 
10/29/93 

10/26/93 
10/26/93 
10/26/93 
10/26/93 

10/26/93 
10/26/93 
10/26/93 

Depth 
(Ft.) 

50 

5 
10 
15 
20 
25 
30 
40 
45 
50 
55 
60 
65 
68 
70 
75 
80 
85 
90 
93 
95 
100 
105 

10 
15 
20 
5 
25 
28 
30 
35 
40 
45 
50 
55 
58 
60 

35 
40 
45 
46 
50 
60 
75 

20 
25 
35 
45 

5 
10 
20 

TPHG 

<10 

18 
760 
<10 
<10 
78 
15 
21 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

66 
1900 
130 

8200 
3600 
780 
2200 

100 
3100 
2100 
1.3 

7500 
1100 
1700 

Benzene 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.43 
<4.0 
0.079 

24 
1.4 

0.19 
1.1 

0.16 
0.33 
0.11 
0.20 

18 
0.12 
0.51 

Toluene 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.12 
9.6 

0.045 
51 
2.9 
0.43 
1.0 

0.22 
<0.02 
<0.02 
<0.050 

20 
<0.02 
<0.13 

Ethyl 
Benzene 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.39 
11 

0.097 
43 
13 
1.3 
1.9 

0.38 
<0.02 
0.38 
0.050 

89 
1.8 
10 

Total 
Xylenes 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.86 
11 

0.084 
74 
11 

0.83 
0.98 

0.47 
0.15 
0.36 
0.070 

110 
3.9 
3.5 

E^OL/§ 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Uell 
Number 

PEW-3 
(Cont'd) 

PEW-4 

PEW-5 

PEW-6 

SBB-1 

SBB-2 

SBC-1 

Date 
Sampled 

10/26/93 
10/26/93 
10/26/93 

06/01/94 
06/01/94 
06/01/94 
06/01/94 

06/01/94 
06/01/94 
06/01/94 
06/01/94 

06/01/94 
06/01/94 
06/01/94 
06/01/94 
06/01/94 

04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 
04/12/93 

04/13/90 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 
04/13/93 

04/08/93 
04/08/93 
04/08/93 
04/08/93 

Depth 
(Ft.) 

30 
40 
45 

20 
30 
40 
45 

20 
30 
40 
45 

10 
20 
30 
40 
45 

5 
30 
40 
40D 
45 
50 
55 
60 
70 
80 
90 
90D 
95 

50 
5 
20 
30 
40 
55 
62 
65 
70 
75 
80 
800 
85 
95 
95D 
105 
110 

5 
25 
30 
35 

TPHG 

3500 
6700 
420 

56 
1400 
1900 
<1.0 

3.3 
140 
710 
51 

5.4 
2000 
1600 
1700 
<1.0 

<1 
6.1 
1900 
860 
6.1 
1900 
3900 
18 
60 

4700 
4000 
1300 
700 

<3.3 
<1 
3.7 
2.5 
<1 

5800 
5.6 
12 
14 
3.2 
15 
<1 

3200 
970 
480 
570 
670 

<1.0 
250 
2300 
9400 

Benzene 

2.1 
<0.02 
1.8 

<0.030 
<0.30 
4.6 

0.067 

<O.0O5O 
<0.038 
<0.15 
0.033 

<0.0050 
<0.30 
<0.75 
2.2 

0.085 

NA 
NA 

<0.02 
NA 
NA 

0.13 
1.00 
NA 
NA 

0.85 
1.80 
NA 

<1.0 

NA 
NA 
NA 
NA 
NA 

<0.02 
NA 
NA 
NA 
NA 

<0.0O2 
NA 

<0.01 
NA 
NA 

<0.02 
<0.002 

NA 
NA 

<0.01 
<0.01 

Toluene 

<0.25 
<0.02 
1.2 

0.20 
2.9 
5.5 

0.0080 

0.011 
0.089 
1.0 
0.24 

<0.0050 
2.4 
1.8 
4.7 

0.018 

NA 
NA 

<0.02 
NA 
NA 

0.19 
1.50 
NA 
NA 

0.41 
0.23 
NA 

<1.0 

NA 
NA 
NA 
NA 
NA 

<0.02 
NA 
NA 
NA 
NA 

<0.002 
NA 

0.057 
NA 
NA 

<0.02 
<0.002 

NA 
NA 

0.026 
<0.01 

Ethyl 
Benzene 

<0.25 
<0.02 
3.4 

0.39 
5.8 
8.4 

0.020 

0.021 
0.34 
0.46 
0.50 

0.030 
7.9 
7.0 
5.6 

0.036 

NA 
NA 

<0.02 
NA 
NA 

0.48 
5.80 
NA 
NA 

3.50 
3.80 
NA 

2.60 

NA 
NA 
NA 
NA 
NA 

0.47 
NA 
NA 
NA 
NA 

<0.002 
NA 

0.071 
NA 
NA 

<0.02 
<0.002 

NA 
NA 

<0.01 
<0.01 

Total 
Xylenes 

4.2 
0.66 
2.9 

0.40 
4.0 
18 

0.028 

0.025 
0.38 
2.7 
0.53 

0.023 
8.9 
10 
6.8 

0.030 

NA 
NA 

<0.02 
NA 
NA 

0.31 
3.40 
NA 
NA 

1.40 
0.67 
NA 

<2.0 

NA 
NA 
NA 
NA 
NA 

0.94 
NA 
NA 
NA 
NA 

<0.002 
NA 

0.130 
NA 
NA 

<0.02 
<0.002 

NA 
NA 

0.028 
0.01 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Nunber 

SBC-1 
(Cont'd) 

SBC-3 

SBD-2 

SBD-3 

SBE-1 

Date 
Sampled 

04/08/93 
04/08/93 
04/08/93 
04/08/93 
04/08/93 
04/08/93 
04/08/93 
04/08/93 
04/08/93 
04/08/93 

04/14/93 
04/14/93 
04/14/93 
04/14/93 
04/14/93 
04/14/93 

04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 
04/20/93 

04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 
04/21/93 

04/06/93 
04/06/93 

Depth 
(Ft.) 

40 
40D 
45 
50 
55 
60 
70 
75 
80 
85 

5 
30 
45 
55 
60 
60D 

5 
10 
20 
25 
30 
35 
40 
40D 
45 
50 
55 
60 
60D 
70 
75 
80 
85 
90 

6 
11 
20 
25.5 
31 
36 
40 
46 
50 
55.5 
60 
60D 
65.5 
70 
76 
81 

5 
20 

TPHG 

4000 
37 
1.9 

3100 
TBC 
60 
220 
100 
140 
75 

<1 
<1 
<1 
<1 
<1 
<1 

<1 
790 
4600 
800 
1400 
NA 

2300 
930 
4400 
5500 
28 
680 
320 
1000 
220 
9.7 
1.1 
6.7 

<1 
<1 
<1 
<1 
<1 

4600 
6000 
2700 
1100 
2500 
410 
190 
1.7 
2.5 
<2 
14 

<1.0 
5.7 

Benzene 

0.013 
NA 
NA 

<0.20 
NA 
NA 

<0.20 
0.002 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

<0.01 
NA 
NA 

0.011 
0.033 

NA 
<1.0 
<1.0 
NA 

<0.01 
NA 

<0.4 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

<0.01 
<0.40 

NA 
0.13 
0.14 
<0.01 

NA 
NA 
NA 
NA 

<0.01 

NA 
NA 

Toluene 

0.063 
NA 
NA 

<0.20 
NA 
NA 

<0.20 
0.003 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

0.02 
NA 
NA 

0.031 
0.077 

NA 
1.5 
<1.1 
NA 

<0.01 
NA 

<0.4 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

<0.01 
<0.40 

NA 
0.16 
0.19 
<0.01 

NA 
NA 
NA 
NA 

<0.01 

NA 
NA 

Ethyl 
Benzene 

^0.01 
NA 
NA 

<0.20 
NA 
NA 

<0.20 
<0.002 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

<0.01 
NA 
NA 

<0.01 
<0.01 

NA 
1.5 
<1.0 
NA 

<0.01 
NA 

<0.4 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

<0.01 
1.1 
NA 

0.092 
<0.01 
<0.01 

NA 
NA 
NA 
NA 

<0.01 

NA 
NA 

Total 
Xylenes 

0.038 
NA 
NA 

<0.20 
NA 
NA 

<0.20 
0.003 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

0.035 
NA 
NA 

0.027 
0.065 

NA 
1.8 

<1.3 
NA 

<0.01 
NA 

<0.4 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

<0.01 
0.96 
NA 

0.15 
0.29 
<0.01 

NA 
NA 
NA 
NA 

<0.01 

NA 
NA 

ILAiMO 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

SBE-1 
(Cont'd) 

SBF-1 

SBG-2 

SG-BH-1 

Date 
Sampled 

04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 
04/06/93 

04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 
04/23/93 

04/09/93 
04/09/93 
04/09/93 
04/09/93 
04/09/93 
04/09/93 
04/09/93 
04/09/93 
04/09/93 
04/09/93 

08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 

Depth 
(Ft.) 

25 
30 
35 
40 
45 
60 
65 
70 
70D 
75 
80 

5 
25 
30 
30D 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 

30 
35 
40 
45 
50 
55 
60 
65 
650 
70 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

TPHG 

67 
670 
1400 
3400 
590 
180 
200 

8100 
1800 
5.7 
2.3 

<1 
560 
600 
21 
860 
4300 
590 
3800 
550 
26 
95 
3.4 
5.7 
5.7 

760 
1300 
96 

3700 
<1 
30 
410 
540 
90 
<1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Benzene 

NA 
<0.01 
<0.13 

NA 
0.056 
<0.10 

NA 
0.31 
• NA 
NA 
NA 

NA 
NA 
NA 
NA 

<0.004 
<0.01 
<0.40 
<0.40 
<0.01 

NA 
NA 
NA 
NA 

<0.0O2 

NA 
<0.50 

NA 
<0.01 

NA 
NA 
NA 

0.033 
NA 
NA 

<0.005 
<0.OO5 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
0.060 
<0.50 
<0.50 
<0.50 
<1.0 
<0.50 
<0.50 
<0.50 
<0.50 
<0.50 

Toluene 

NA 
<0.01 
<0.13 

NA 
0.065 
<0.10 

NA 
0.48 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

<0.004 
<0.01 
<0.40 
<0.40 
<0.01 

NA 
NA 
NA 
NA 

<0.002 

NA 
<0.50 

NA 
<0.01 

NA 
NA 
NA 

<0.01 
NA 
NA 

0.020 
0.021 
0.009 
0.0059 
0.042 
0.0046 
0.0067 
0.0029 
0.027 
<0.50 
0.63 
<0.50 
<1.0 
0.16 
<0.50 
<0.50 
<0.50 
<0.50 

Ethyl 
Benzene 

NA 
<0.01 
<0.13 

NA 
<0.01 
<0.10 

NA 
<0.30 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

<0.004 
<0.01 
<0.40 
<0.40 
<0.01 

NA 
NA 
NA 
NA 

<0.002 

NA 
<0.50 

NA 
<0.01 

NA 
NA 
NA 

<0.01 
NA 
NA 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
0,097 
0.37 
1.8 
0.11 
0.22 
0.62 
0.21 
<0.50 
0.40 
0.44 

Total 
Xylenes 

NA 
0.046 
<0.13 

NA 
0.069 
<0.10 

NA 
0.57 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

<0.004 
<0.01 
<0.40 
<0.40 
<0.01 

NA 
NA 
NA 
NA 

<0.002 

NA 
<0.50 

NA 
<0.01 

NA 
NA 
NA 

0.012 
NA 
NA 

<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
<0.015 
0.036 
<0.50 
8.9 
0.49 
2.7 
2.5 
0.63 
0.35 
0.71 
0.79 
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Appendix A 
Pacific Coast Pipeline Superfund Site, Fillmore, California 

Summary of TPH, Benzene, Toluene, Ethyl Benzene, and Xylene Concentrations in Soil 
Concentrations in mg/kg 

Well 
Number 

SG-BH-1 
(Cont'd) 

SG-BH-3 

Date 
Sampled 

08/22/90 

08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 
08/22/90 

Depth 
(Ft.) 

95 

5 
10 
15 
20 
25 
35 
45 

TPHG 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Benzene 

<0.50 

<2.5 
<2.5 
<2.5 
0.62 
<2.5 
<2.5 
<2.5 

Toluene 

0.25 

<2.5 
0.58 
0.56 
0.72 
0.56 
0.60 
<2.5 

Ethyl 
Benzene 

0.48 

1.2 
2.3 
1.7 

0.86 
<2.5 
3.0 
1.4 

Total 
Xylenes 

0.66 

0.60 
1.6 
1.8 
1.7 

0.62 
1.7 

<2.5 

NA = Not Analyzed 

E[M©L/̂ .[N]0 
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Appendix B 
Summary of LNAPL Monitoring and Removal 

WeU " 
Number 

1 MW-9S 

D a t e ' . . 
Measured 

02/08/94 

02/15/94 

02/22/94 

"03/0i/94"1 

03/08/94 

03/14/94 

03/22/94 

03/29/94 

""04/05/94" 

04/12/94 

04/20/94 

(M/26/94 

"05763/94" 

05/09/94 

05/17/94 

05/24/94 

05/31/94 

' O6/68/94" 

06/30/94 

07/07/94 

07/14/94 

07/20/94 

07/27/94 

| '"d8/b3/94" 

08/08/94 

08/19/94 

08/27/94 

r"69/o"l/94" 

09/07/94 

09/12/94 

09/20/94 

09/27/94 

LNAPL 
Thickness 

Feet 

0.61 

0.13 

0.16 

" " o . T i " " " 
Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

0.00 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

0.02 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

0.00 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

O o u n d 
Water 
Elev. 

433.55 

433.40 

433.34 

" 4 3 3 . 5 3 " " 

433.50 

433.69 

433.66 

433.75 

" 4 3 3 . 6 3 " " 

433.60 

433.75 

433.54 

" ' 4 3 3 . 4 6 " 

433.38 

433.35 

433.41 

433.21 

" 4 3 3 . 3 5 " " 

433.52 

433.66 

433.65 

433.31 

433.49 

" 4 3 3 . 4 6 " 

433.39 

433.31 

433.26 

'"433"43"" 

433.41 

433.59 

433.75 

Perforated 
Zone 
Elev.-

434-414 

434.01 1 

Comments 

-

-

-

SoakEase installed, initial weight of 4.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.5 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 7.0 lbs 

Replaced absorbent material due to presence of 
measurable LNAPL, new SoakFa.se weighs 4.5 lbs 

SoakEase weighs 4.75 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.5 lbs 

SoakEase weighs 6.0 lbs 

SoakEase weighs 6.0 lbs 

SoakEase weighs 6.0 lbs 

SoakEase weighs 6.25 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

SoakEase weighs 6.75 lbs 

Total LNAPL removed from MW-9S 

LNAPL 1 
Removed 
(gaUons) 

*' 
0 

0 

0 

0 

0.24 

0 

0 

0 

"~"d 
0 

0 

0.03 

" ~ " 6 
0 

0 

0.03 

0 

""6.03"' 

0.03 

b' 
0 

0.06 

0.06 

0 

0 

0.03 

0.06 

0 

0 

0 

0 

0 

0.57 

m^QLA 
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Appendix B 
Summary of LNAPL Monitoring and Removal 

WeU 
Number 

Date 
Measured 

I.NAPL 
Thickness 

Feet 

Ground 
Water 
Elev. 

Perforated 
Zone 
Elcv. : 

Comments 

LNAPL 
Reinoved 
(gaUons) 

MW-178 01/25/94 

"02/bl/94" 

02/08/94 

02/15/94 

02/22/94 

b3/bi794" 

03/08/94 

03/14/94 

03/22/94 

03/29/94 

04/05/94 

04/12/94 

04/20/94 

04/26/94 

65/03/94 

05/09/94 

05/17/94 

05/24/94 

05/31/94 

06768/94 

06/30/94 

01/01/94 

07/14/94 

07/20/94 

07/27/94 

68763/94" 

08/08/94 

08/19/94 

08/27/94 

09761/94 

09/07/94 

09/12/94 

09/20/94 

09/27/94 

0.13 

0.08 

0.01 

0.01 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

0.00 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

431.96 

43i'.57" 

431.43 

431.39 

430.94 

431.57" 

431.67 

431.95 

431.97 

432.01 

431.92 

431.90 

432.12 

431.88 

431.75 

431.75 

431.73 

431.79 

431.54 

431.66 

431.71 

431.97 

431.95 

431.69 

431.71 

43i.65" 

431.73 

431.48 

431.54 

431.61 

431.57 

431.74 

431.87 

432.21 

437-417 

SoakEase installed, initial weight 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.75 lbs 

SoakEase weighs 4.75 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weiglis 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

0 

" " 0 " 

0 

0 

0 

" 0 " ' 

0 

.0 

0 

0 

6.03 

0 

0.03 

0 

6 
0 

0 

0 

0 

b 
0 

b 
0 

0 

0 
, . . . „ . . . 

0 

0 

0 

" ' " 0 " 

0 

0 

0 

0 

Total LNAPL Removed from S{W-17S 0.06 
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Appendix B 
Summary of LNAPL Monitoring and Removal 

WeH 
Number 

MW-20S 

Date 
Measured 

01/25/94 

"b2/bi794" 

02/08/94 

02/15/94 

02/22/94 

" b 3 7 6 i 7 9 4 " 

03/08/94 

03/14/94 

03/22/94 

03/29/94 

"64765/94" 

04/12/94 

04/20/94 

04/26/94 

"05763/94" 

05/09/94 

05/17/94 

05/24/94 

05/31/94 

'"06768/94"" 

06/30/94 

"oi/oim" 

07/14/94 

07/20/94 

07/27/94 

"08762794" 

08/08/94 

08/19/94 

08/27/94 

"b976i/94" 

09/07/94 

09/12/94 

09/20/94 

09/27/94 

LNAPL 
Thickness 

Feet 

Sheen 
1 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

" ' ~ O T Q O " " 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

0.00 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Sheen 

Ground 
Water 
Elev. 

430.41 

" 4 2 9 . 8 8 " ' 

429.89 

429.74 

429.36 

" 4 2 9 . 8 0 " 

429.87 

43014 

430.20 

43018 

" 4 3 0 . 1 5 " ' 

43O07 

43027 

43011 

'4 '3'6"b6"' 

429.98 

429.95 

43O03 

429.75 

"V2"9"8'8" 

429.75 

'"^b.'oi"" 
430.03 

429.80 

429.86 

"4'2'9"7'8"' 

429.82 

429.46 

429.60 

"4'2'9!5'9"' 

429.57 

429.76 

429.92 

430.26 

Perforated: 
• . ' : • : Z o n e :.;.•:;.. 

Elev. 

417-397 

Total LNAPL Removed fi 

Comments 

-

-

-

-
-

SoakEase installed, initial weight 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.5 lbs 

SoakEase weighs 4.75 lbs 

SoakEase weighs 4.75 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

"soa'kEase weighs sioTbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

SoakEase weighs 5.0 lbs 

om MW-20S 

LNAPL: 
Removed 
(gaUons) 

0 

b 
0 

0 

0 

b 
0 

0 

0 

0 

""063"" 

0 

0.03 

0 

6 
0 

0 

0 

0 

b 
0 

b 
0 

0 

0 

0 

0 

0 

0 

b 
0 

0 

0 

0 

0.06 
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Appendix B 
Summary of LN/U^L Monitoring and Removal 

WeU 
Number 

Date 
Measured 

LNAPL 
Thickness 

Feet 

C^ound 
Water 
Elev. 

Perforated 
Zone 
Elev.: 

Comments 

LNAI'L 
Removed 
(gaUons) 

EW-1 01/25/94 

oTJoim' 

02/07/94 

02/15/94 

02/22/94 

'63/bi/9'4 

03/08/94 

03/14/94 

03/22/94 

03/29/94 

04765/94 

04/12/94 

04/20/94 

04/26/94 

05763/94 

05/09/94 

05/17/94 

05/24/94 

05/31/94 

06768/94 

06/30/94 

"61/01/94 

07/14/94 

07/20/94 

07/27/94 

'08763794' 

08/08/94 

08/12/94 

08/19/94 

08/27/94 

09/01/94 

09/07/94 

09/12/94 

09/20/94 

09/27/94 

0 3 1 

" b . ' s ' s " " 

O60 

0.69 

1.45 

'2T60' 

0.67 

0.29 

0.05 

0.05 

~oT63" 
O06 

0.06 

006 

~oTo3" 
0.06 

0.06 

O06 

O06 

0.06 

O06 

6.06 

O06 

0.05 

0 0 6 

'~'oT63" 
O06 

O06 

O04 

Sheen 

Sheen 

Sheen 

0 0 0 

Sheen 

0 0 0 

431.72 

"4"3'0.'8'7" 

429.21 

430.22 

428.31 

431.44 

431.54 

431.86 

431.90 

431.67 

'-i'si'.'ss" 

431.86 

431.99 

431.81 

431.69 

431.64 

431.66 

431.69 

431.46 

431.55 

431.56 

431.'84 

431.82 

431.61 

431.64 

'Ti'i'i^' 
431.59 

431.51 

431.24 

431.33 

426-401 

431.34 

431.29 

431.56 

431.75 

432.04 

Bailed to a thickness of 0.6 feet 

Bailed to a thickness of 0.23 feet 

Bailed to a thickness of 0.05 feet 

Used SoakEase. increased by 0.5 lbs. 

Bailed to a thickness of 0.01 feet 

0 

" b " " 

0 

0 

0 

1.82" 

0.73 

044 

0 

0 

6"" 

0 

0 

0 

b 
0 

0 

0 

0 

........ 

0 

" ' b ' " 
0 

0 

0 

" " b " ' 

0 

O06 

0.05 

0 

0 

0 

0 

0 

0 

3.1 Total LNAPL Removed from EW-1 

moLAnB 
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Appendix B 
Summary of LN/VPL Monitoring and Removal 

WeU 
Number 

EW-4 

Date 
Measured 

06/16/94 

"b673b794"" 

"oi'/'oim"' 

07/14/94 

07/20/94 

07/27/94 

"'68/63/'94 

08/08/94 

08/19/94 

08/27/94 

09/01/94 

09/07/94 

09/12/94 

09/20/94 

9/27/94 

LN.APL 
Thickness 

Feet 

OOO 

' " " 0 3 6 " ' " 

"'~6xir"' 
OOI 

O20 

0.22 

'~b.25 

045 

044 

0 3 2 

0.41 

0.35 

0.07 

OOI 

0.00 

Ground 
Water 
Elev. 

432.69 

""4"28'.'7'i"" 

"'4'3'2.7'8"' 

432.76 

432.52 

433.63 

43026 

432.64 

427.97 

430.39 

"'4'2'878'8"" 

428.97 

429.55 

432.64 

432.95 

Perforated 
Zone . 
Elev. 

435-417 

Comments 
• 

After well installed prior to pumping 

Well pumping 

Well pumping 

Bailed 

Bailed to a thickness of 0.11 

Well pumping 

Well pumping 

Total LNAPL Removed from EW-4 

Total LNAPL Removed from aU WeUs 

LNAI'L 
Removed 
(gaUons) 

* 
0 

b 
b 
0 

0 

0 

b 
0 

025 

0.75 

0 

0 

0 

0. 

0 

1.00 

4.79 

Note: All depths in feet; all elevations in feet above mean sea level. Ground water elevations corrected for LNAPL when 
present (assumes an LNAPL density of 0.9). The gallons of LNAPL removed with the SoakEase were calculated 
using the assumption that 90% of the weight gain on the SoakEase was due to LNAPL. 

Sfr^^fr^a^ i l 
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For: 

ANALYSIS O F FOUR GAS SAMPLES FOR CHEMICAL AND 

ISOTOPIC COMPOSITION 

by: 

ISAAC R. KAPLAN 

January 31 , 1994 



ENT BY:TEX.̂ CO ; 2- 9-94 ; 2:00PM : Enviro. Svcs . - 714 453 0733;# 4 

INTRODUCTION 

Four ga$ samples were submitted for identification of their constituents and to measure tlie '^C/'^C (S'^C) 

Isotope ratio of the hydrocarbon gases and caiton dioxide. Due to the very small content of hydrocarbon gases 

other than methane, 5"C could only be measured on methane and carbon dioxide. 

RESULTS 

The data shown in Table 1 illustrate that the samples submitted are largely composed of air, with small 

contents of hydrocarbon gas. Only sample MW-39S contains a significant content of hydrocarbon gases (25%) 

compared to a range of 2.8-7.7% for the other three. Methane dominates the hydrocarbon content and Is 

present In amounts greater than 95%. Significantly, ethane (Cj) and propane (C,) are absent In all samples 

and CO} Is dominant In AEW-1 and PEW-3, with concentrations of 12.1% and 9.33% respectively. 

The cartjon Isotope raUos are shown In Table 2. The S"C values for PEW-1, AEW-1 and MW-39S fail 

in a range between thermogenic (deep earth generated) and biogenic (bacterial generated). Only sample PEW-

3 gave a measured value of -42.96 which Is in the range of oil associated gases. 

Those three gases which fall In the range Intermediate between thermogenic and biogenic origin also have 

carbon dioxide associated with them which are highly enriched in '^C (I.e. more negative S"C values). It is 

very probable that these Isotoplcally light values derive from the oxidation of methane, ethane and propane. 

In so doing, the bacteria have depleted '*C from the hydrocarton gases, leaving then enriched in '^C. For that 

reason, their original values could have been significantly more enriched in '^C and these hydrocarfcons could 

have had values which are in the biogenic range. This would especially apply to samples AEW-1 and PEW-3, 

where In each sample the COj content exceeds the methane content by a factor of approximately two. Further 

evidence for the hydrocarbon oxidation is the disappearance of ethane and propane, both of which are removed 

more rapidly than methane. 



SENT BY:TEX.ACO : 2- 9-94 ; 2:01PM ; Enviro. Svcs.- 714 453 0733;# 5 

CONaUSlONS 

The analytical study shows the following: 

1. Methane is the major hydrocarbon gas In the samples. 

2. Ethane and propane are absent. 

3. Carbon dioxide is present In amounts approximately twice that of methane in samples AEW-1 and PEW-3. 

4. The carbon Isotope values for the methane indicate that sample PEW-3 falls In the range of thermogenic 

methane, whereas the other three gas samples, PEW-1, AEW-1 and MW-39S are In between the range of 

thermogenic and biogenic methane. 

5. The carbon dioxide in the gas samples are enriched tn '^C. 

6. Further enrichment of '^C In the CO; Indicates that oxidation of the light hydrocarbon gases has occurred 

in which the '*C has been preferentially removed, leaving them relatively enriched in '•'C with delta '^C 

values approaching those of thermogenic methane. 

7. It Is probable that the gas source in the samples provided for analysis are a mixture of both thermogenic 

and biogenic gases, with the possible exception of sample PEW-3, which may be predominately 

thermogenic. 



LIM tiY:itx.ALU ; 2- ti-'di ', 'Z'-u-zm ; tinviro. svcs.- Y I 4 4t)a u/ai);ff ti 

January 21, 1994 

T a b l e 1 
Gas concentrations in samples submitted for Texaco Environmental Services. 

c, 

Q 

c, 

i-c. 

n-C, 

i-Cs 

n-C, 

CO2 

PEW-1 
2217-1 

2.67 

ND 

ND 

ND 

0.028 

0.046 

0.051 

0.40 

O^ + Ar 20.0 

N, 76.8 

PEW-1 
(duplicate) 

2.68 

ND 

ND 

0.002 

0.028 

0.047 

0.0s 1 

ND - Not Detected 
The Detection Limit Is 0.002% 

AEW-J 
2217-2 

6.75 

ND 

ND 

0.004 

0.061 

0.15 

0.18 

12.1 

* 

80.8 

PEW-3 
2217-3 

4.10 

ND 

NO 

NO 

0.006 

0.069 

0.11 

9.33 

•» 

86.4 

MW-39S 
2217-4 

23.9 

NO 

ND 

0.022 

0.25 

0.32 

0.30 

1.64 

15.0 

58.6 

The Oj+Ar peak was not separated from the Nj peak. For these samples the N^, Oj and Ar 
concentrations are combined. 

A;^o^tory Supervisor 
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I s o t o p e d a t a f o r s a m p l e s s u b m i t t e d f o r Texaco E n v i r o n m e n t a l S e r v i c e s 

G l o b a l G e o c h e m i s t r y C o r p o r a t i o n 0 1 - 2 7 - 1 9 9 4 
Da ta f i l e : W02217 Page 1 

Me thane Methane C02 
Sample GGCID d l 3 C d l 3 C d l 3 C 

Dup 

PEW-1 2217-1 -50.12 -50.37 -27.52 
AEW-1 2217-2 -52.57 -17.38 
PEW-3 2217-3 -42.96 -15.29 
MW-39S 2217-4 -54.19 -21.37 

STANDARD 

2217-STD-l -31.29 
2217-STD-2 -31.29 

ESTABLISHED STANDARD 

STANDARD 

STD 

VALUE 

5l3c 

-31.26 

Values are reported in '̂ /oo relative to PDB 

U Analyst Supervisor 
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GGCW.o. # _Jk7ATki3A 
Client Name:(' ^ i ^ rcu-'rA.,) 

GGC GLOBAL GEOCHEMISTRY CORPORATION 
CHAIN OF CUSTODY RECORD 

STA. No. DATE 

..tL i. 

1 

/-'-'£>-'?M 

TIME 

l l^CO 

• Type 
of 

somple 

P.O./Projecl 

Phone jji 

Slatloci LacaUon 

/l-LTt p e v j - i 

/ ) & b J - | 

P6W^3> 

rMuJ-595 

P r e 
servative 

No. of 
Con

ta iners 

5 
H 
CD 
- C 

m 
> 
o 

CO 

t o 

t o 

TJ 

m 

or. 
< 

KcJinujlabed tiy ( P r i n t NAme k S U ^ l u r e ) : 

Bel laquished by ( P r i n t N»me & S i ( n t l u r e ) : 

Date 

tdoAitL 
Dale 

Time 

Time 

Received by ( P W D I Name k S i c n s l u r e ) : 

Received bjr (Pr i j i t Name lc S l fna tu re ) : 

Received by ( P r i n l N*ine U S l t n a t t i r c ) : 

T ime 

Dale Tla ic 

4 i . 
ai 
CO 

o 
- J 
CO 
Co 

CO 

Reliiifuinhed by (Pr l l i l Name k S l f n a l u r e ) : Dale Time 

y^i:^-
Dale 

l ^ 
TlmCv ite marks: 

Dale T ime 

.Samples a r e discarcloil 30 clays a f t e r r e s u l t s a r e r e p o r t e d u n l e s s o t h e r a r r a n g e m e n t s a r e m a d e 
M;'".iwdous s a m p l e s will bc r e t u r n e d Lo c l i e u t o r d i sposed of a t CLIENTS e x p e n s e . 

• '̂ .Mv,i,w. tviw W- wfilf'v S: Soil S[.: f?hi(l/,'c 0: O t h e r 
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^ 'z \3 Location and Capacity of Refineries 

l̂ 
yfi 

ilî eacas. 
> ? • • • '•--'.. 

iFexas. 

:e3cas.... 

jaji^ipcas.... 

-o,i-.-.\ 

tqilo, Texas— 

If^jT^^--
itTuIsa, Oklahoma. 

rt, Illinois 

^Kentucky 

, Gslorado 

Wyonung 
Wiing 
rMpntana 
!;r:"' 
^California. 

loroia. 

Ivania. 

^y^':fi3 
WT: 3^3?7 

Pi»yi4eacK Rhibde Iiland. 

s.k4Amm^rT,3\^ 
; Total Capacity 

:• ' ' ' ' '33.'^3T.3i "••7. 

. ^ 

Crude Capacity 
(BacreLi) 

2 0 1 , 0 0 0 

7.300 

I 
0 

5o4 

I.500J 
1,500 

I.5C 

4.500 

2I2,8C 

T h e Company has an asphalt plant in connection with the Por t Neches refine: 
the to ta l crude capacity of which is given in the above table . 

22 
'̂% 

1 
I 
I 
I 
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; , 

(Burmah Oil and Gas Company) 

imately 100 boilers being fed by this dry line. When the oil hit 
the boilers, we had the first 'smoke in' in oil history. We knew 
at once what had happened, but several hours elapsed and a 
lot more smoke was produced before the source of the oil 
could be pinpointed." 

If some helped themselves to gas, others helped themselves 
to automobile fuel. Natural gas is an elastic substance of 
which a large volume can be compressed into a very small 
space and when it is compressed at reasonably low temper
ature, the heavier components are liquefied. Because of this, 
lines carrying gas from the separator traps in the field to the 
gas plants were equipped with drip boxes, or pots, in which 
the condensate might gather. 

The condensate had various uses. Carlton L. (Cop) Case 
recalled that, while working on the White Star lease in the 
Little Sespe Creek area near Fillmore, he gathered drips from 
gas fuel lines during the winter for use in starting the Fair
banks engine powering the jacklines on the lease. 

"After pouring some of the volatile drips in the power 
cylinder," he recalled, "we tumed it over several times by hand 
and set it in firing position on the compression stroke. We 
then ignited it with a 22-blank cartridge or the head of a big 
kitchen match in the firing pin device that protruded through 
the cylinder head. It wais almost like serving in the artillery." 
l/'Drte. condensate was found to be excellent blending material 
for aviation or automotive gasoline. In 1919, after the war. 
Case worked in Ventura Oil's gasoline plant on the Shiells lease 
at Fillmore. "The liquefied petroleum gas from the accumula
tor," Case recalled, "was blended with the water white distil
late from a steam stove operating on the lease to make a fluid 
of approximately 72°-gravity. This was run through fuller's 
earth filters to improve color and remove moistiire. The filter^ 
were made from twelve-inch pipe, and the fuller's earth was 
rejuvenated by the application of heat. The only trouble with 
the process was that the product had an end point of about 550° 
Fahrenheit due to the presence of heavy distillate. This blend, 
however, sold from ten to twenty cents a gallon. We furnished 
the fuel for most of the race cars at twenty cents a gallon in 
drums, after the old board track in Beverly Hills was started 

199 
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Table E-1 
Summary of Total Dissolved Solids Concentrations From 

From PaciHc Coast Pipeline (PCPL) Site Wells 

Aquifer Well 
Date 

Sampled 

Total Dissolved 
Solids (TDS) 

mg/L 

Aquifer I MW-7S 

MW-8S 

MW-8S 

MW-17S 

MW-19S 

MW-19S 

MW-19S 

March 18, 1993 

March 18, 1993 

May 9, 1993 

March 18, 1993 

December 20, 1993 

February 10, 1994 

February 17, 1994 

MW-26S 

MW-28S 

MW-28S 

MW-28S 

MW-28S 

MW-28S 

MW-29S 

MW-29S 

MW-40S 

EW-1 

EW-1 

EW-1 

EW-1 

EW-2 

EW-2 

EW-4 

EW-4 

EW-5 

EW-5 

March 18, 1993 

August 21, 1991 

May 9, 1993 

December 20, 1993 

February 10, 1994 

February 17, 1994 

August 23, 1991 

March 18, 1993 

October 21, 1993 

May 9, 1993 

December 20, 1993 

February 10, 1994 

February 17, 1994 

June 20, 1994 

August 15, 1994 

June 20, 1994 

August 15, 1994 

June 20, 1994 

August 15, 1994 

1,200 

1,300 

1,300 

1,100 

1,100 

1,000 

1,100 

1,000 

1,180 

830 

1,300 

1,300 

1,300 

2,390 

2,700 

1,200 

1,400 

1,300 

1,200 

1,200 

1,200 

1,200 

1,100 

1,400 

1,300 

1,600 

SC^ [̂Hlfl̂  il 
ABBOC^Ml 



Figure E—1 
Total Dissolved Solids C o n c e n t r a t i o n s 

F rom Offsite Wells Near t h e PCPL Site 
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u.̂  
Texaco Refining iC Ur,i\'t-!sa.' Ciy Piyja 
and Marketing Inc Univecsa'. City CA 9loC6 

September 27, 1994 

Mr. Robert P. Ghirelli 
Executive Officer 
Califomia Regional Water Quality Control Board 
Los Ajigeles Region 
101 Centre Plaza Drive 
Monterey Park, CA 91754-2156 

SUBJECT: Notincation of Discharge Excursion from NPDES Limit and 
Request for Increase in Limit 
Pacific Coast Pipeline Superfund Site, Fillmore, California 
Compliance File No. 7346, Order No. 93-072 
NPDES No. CA0063240 

Dear Mr. Ghirelli: 

Texaco Inc. is submitting this letter, pursuant to the California Regional Water Quality 
Control Board's (RWQCB) Standard Provisions and Reporting Requirements, to notify 
you of an excursion from the requirements of the subject NPDES permit. In addition, 
Texaco is requesting a modification of the limit which was exceeded. The excursion is 
the result of naturally occurring ground water components, rather than from system 
upsets or contamination resulting fiom activities at the site. 

TDS Limit 

The permit is for discharge of treated ground water from the Pacific Coast Pipeline 
(PCPL) Superfimd Site in Fillmore, California, into Pole Creek which is a tributaiy of 
the Santa Clara River. In our September 1994 effluent sample, total dissolved solids 
(TDS) concentration exceeded the permit limit. Upon receipt of the test results, the 
treatment plant was shut down on September 14, 1994. 

An effluent sample collected on September 12, 1994 showed 1,400 mg/l TDS, whicli is 
200 mg/l over the permit limit of 1,200 mg.'l. A duplicate sample collected the same day 
tested at 980 mg/l. Additional samples were collected on September 14, just before 
shutdown. At 1,400 mg/l and 1,300 mg/l for a duplicate, these were also over the limit. 

Tlie mass discharge rate of TDS in the effluent has been less than 350 lb/day, well below 
the permitted daily maximum of 1,000 lb/day. The reason for this is that the treated 
ground water discharge has been less than 30,000 gallons per day, even though the 
permit allows up to 100,000 gallons per day. 



Mr. Robert P. GhireHi 
September 27, 1994 
Page 2 

The present treatment system will be upgraded to a larger capacity system in 1995, and 
we will apply for a new NPDES permit for the upgraded system. In the meantime, we 
would like to continue operation of the present system since we have already made a 
significant impact on ground water benzene concentrations in zones surrounding the 
pumping wells, and have contained a significant portion of the benzene plume. 

We request that the limit for TDS in the present permit be increased to 1,600 mg/l and 
that we be allowed to continue operation until a new permit has been obtained and a 
new ground water treatment system is operable. We will apply for the new permit as 
soon as the Phase 2 design is final (currently estimated to be early 1995). The following 
items are offered for your consideration: 

• The TDS is natural in the ground water and is not related to the benzene 
contamination we are working to remediate. 

• The TDS is about two-thirds bicarbonates of calcium and magnesium. General 
minerals test results for the September 14, 1994 samples are attached. Note that, 
not only are chloride and sulfate concentrations well below the permit limits, but 
they are not significant contributors to TDS. 

Samples from the Santa Clara River have consistently shown high TDS. Sample 
concentrations range from 940 mg/l to 1,200 mg/l 100 ft upstream of the Pole 
Creek confluence (sample R-l) and 910 mg/l to 1,700 mg/l 300 ft downstream of 
that point (sample R-2). The September 1994 TDS values are 1,100 mg/l for R-l 
and 820 mg/l for R-2. (NPDES Monitoring Reports - First Quarter 1994, and 
Tliird Quarter 1994 (latter in preparation)). 

• The TDS of samples from Pole Creek upstream of our discharge point was higher 
than our present discharge limit; 1,300 mg/L on September 12, 1994. 

In the 1993 water year, the mean flow of the Santa Clara River near Fillmore 
ranged from about 53 million gallons per day in July to over 600 million gallons 
per day in February. The effluent covered by our NPDES permit is limited to 
100,000 gallons per day. Therefore, at most, the effluent amounts to less than 0.2 
percent ofthe river flow. Based on (I) a low river flow rate of 50 million gallons 
per day, (2) our lowest measured upstream TDS concentration in the river, 940 
mg/l, (3) 1,600 mg/l TDS in our effluent and (4) 100,000 gallons per day effluent, 
the river concentration would change from 940 mg/l to 941 mg/l. The change is 
only 0.14 percent which is not even discernable by normal analytical methods. 



Mr. Robert P. Ghirelli 
September 27, 1994 
Page 3 

We have made considerable progress in containing and reducing the size of the 
benzene plume in ground water at the site. The following table summarizes 
observed benzene concentrations in extraction wells EW-2, EW-4 and EW-5 and 
nearby monitoring wells MW-2S, MW-39S and MW-40S before and after pumping 
for a few months. 

Benzene Concentrations, ug/l 

Well Number 

EW-2 

EW-4 

EW-5 

MW-2S 

MW-39S 

MW-40S 

May 1994 

330 

610 

200 

1300 

510 

19 

August 1994 

55 

200 

52 

150 

350 

11 

Shutdown of the treatment system is a setback to our remediation efforts. Texaco and 
the U.S. EPA are very interested in keeping the remediation active. Ms. Katherine 
Moore, Project Officer for the EPA for this project has offered her support in efforts to 
get the system back in operation as quickly as possible. 



Mr. Robert P. Ghirelli 
September 27, 1994 
Page 4 

Therefore, we request that you grant Texaco permission to restart the ground water 
system with an increase in allowable TDS to 1,600 mg/l. We will be pleased to meet 
with you or your staff to discuss this further, if this would be useful. 

If you have any questions, please call Dennis England at (714) 453-8085, or me at (818) 
505-2680. 

Sincerely, 

Glenn R. Anderson 
Project Coordinator 

Attachment: General Minerals Analysis for Effluent 

cc: Ms. Katherine L. Moore, EPA 
Mr. Shawn Haddad, DTSC 
Mr. John R. Kirtley, Bechtel Corp. 
Ms. Judith A. Wenker, Texaco 
Mr. Mark J. Passarini, Texaco 
Dr. Dennis C. England, England Shahin & Associates 



r- ' IBS2 AJton Ave.. Irvine. CA 977 I 'i 
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I England Shahin & Associates Client Project ID: 225401 
115375 Barranca Pkwy., Ste. F-106 PCPL 

(71^)261-1077 FAX (7 Ml 261-1228 

(9091 37(M667 FAX (909) 370 10«ti 

(e.IBl 7791(W/i FAX (8161 /79-lD<i.'; 

(607.) S«ie272 FAX(602) 969-1JJ8 

::.';;;i;>>.v(<*:>,vl' 

I Irvine. CA 92718 
i|Attention: Joni Fisher 

Sample Descript Water, Effiuent 
Lab Number: DI04411 

Sampled 
Received 
Analyzed 
Reported 

Sep 14, 1994 
Sep 15. 1994 

Sep 15-21, 1994 
Sep 21 , 1994 

z'^-i-.-.(-:s-::'^'4M^:-:-i-:*:'--z'-^: -.^i..tV.I,-^:,4,4,4>:^-.'.-,><-'X !;!;ci;aw.3KV;i:i:W 

Analyte 

GENERAL MINERAL ANALYSIS 

Detection Limit 
mg/L 

(ppm) 

Bicarbonate Alkalinity 2.0 
Calcium 2.0 
Carbonate Alkalinity 2.0 
Chloride 10 
Copper 0.050 
Hardness 2.0 
Hydroidde Alkalinity 2.0 
Iron 0.050 
Magnesium 0.050 
Manganese 0.050 
pH (pH units) NA. 
Sodium 0.50 
Specific Conductance (pmhos/cm) 1.0 
Sulfate 10 
Surfactants 0.50 
Zinc 0.050 

Analytes reported as N.D. wars not present above ttie stated limit of detection. 

DEL MA« ANALYTICAL, IRVINE (ELAP #1197) 

Garytoteube 
Laboratory Director 

Sample Result 
mg/L 
(ppm) 

850 
160 
N.D. 
52 
N.D. 
810 
N.D. 
0.055 
100 
0,37 
7.1 
170 
2,000 
270 
N.D. 
N.D, 



STATE OF CALIFORNIA—ENVIRONMENTAL PROTECTION AGENCY PETE WILSON, Govtmor 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
LOS ANGELES REGION 
101 CENTRE PLAZA DRIVE 
MONTEREY PARK, CA 91754-2156 
(213) 246-7500 
FAX: (213) 266-7600 

RECEIVED 

OCT 2 6 1994 

Ans'd 

October 24, 1994 

Mr. Glenn R. Anderson 
Project Coordinator 
Texaco Refining and Marketing Inc. 
10 Universal City Plaza 
Universal City, CA 91608 

PACIFIC COAST PIPELINE SUPERFUND SITE, FILLMORE 
(ORDER NO. 93-072, CA-0063240, CI-7346) 

The subject facility currently discharges treated ground water 
under Order No. 93-072. In your September 27, 1994, letter, you 
notified the Board that a total dissolved solids (TDS) excursion 
occurred on September 12, 1994 with a concentration of 1,400 mg/l. 
The discharge limit is 1,200 mg/l. You stated that because of the 
high TDS in the discharge, the groundwater treatment system has 
been shut down and cleanup activities discontinued. You also stated 
that the excursion is the result of naturally occurring groundwater 
components, not from system upset or contamination resulting from 
activities at the site. Because the ground water has high TDS, you 
requested that the TDS effluent limit be increased from 1,200 mg/l 
to 1,600 mg/l. You further stated that under the worst case 
scenario, the increase of TDS effluent limitation from 1,200 to 
1,600 mg/l would only increase TDS concentration in the Santa Clara 
River by 0.11 percent. 

We have evaluated your report and concluded that the cleanup should 
continue. 

The present treatment system will be upgraded in 1995 and you will 
be required to apply for a new NPDES permit. Therefore, we have no 
objection to your continual operation of the present system. 
However, the mass discharge rate of TDS in the effluent must not 
exceed the permitted daily maximum of 1,000 lbs/day and your 
discharge must not cause the water quality objectives in the Santa 
Clara River to be exceeded. 



Glenn R. Anderson, Texaco 
Page 2 of 2 

If you have any questions, please contact Harry Nguyen at (213) 
266-7618 or Josh Workman at (213) 266-7615. 

C^ 
y A? J^uu^u^ 

ROBERT P. GHIRELLI, D.Env. 
Executive Officer 

cc: John Youngerman, SWRCB, Division of Water Quality 
Jorge Leon, SWRCB, Office of Chief Counsel 
Shawn Haddad, DTSC, Region 3 
Katherine Moore, EPA _̂ _ 

T5375'Barranca Pkwy, Suite F-106 
Irvine, CA 92718 

/hdn 



APPENDIX F 



^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 927 U (714) 261 1022 FAX (7 K ) 261-1228 

1014 E. Cooley Dr.. Suite A, Colton, CA 92324 (909) 570-4667 FAX (909) 570-1045 

16525 Sherman Way, S u i t e d 1. Van Nuys. C A 9 I 4 0 6 (818) 779-1844 FAX (818) 779-1843 

2465 W. I 2th St., Suite l ,Tempe,A2 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225-H03-103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-1 
Attention: Joni Fisher Lab Number: DH02500 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 50 1,200 
Toluene 50 160 
Ethyl Benzene 50 78 
Total Xylenes 50 67 

»EW-1 

Sampled: 
Received: 
Analyzed: 
Reported: 

EX DISTINCTION 

Detection Limi 
ppm/vol 

16 
13 
12 
12 

t 

Aug 9, 1994 
Aug 9, 1994 

Aug 10, 1994 
Aug 12, 1994 

Sample Result 
ppm/vol 

380 
42 
18 
15 

Volatile Fuel Hydrocarbons 100 55,000 28 16,000 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N,D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 10, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube 
Laboratory Director 

DH02500.ESA <1 of8> 



^ Del Mar Analytical 
2852 Alton Ave. Irvine, CA 927 14 (714)261-1022 FAX (7 14) 261-1 228 

101 4 E. Cooley Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 I. Van Nuys, CA 91406 (818) 779-1844 FAX (81 8) 779-1843 

2465 W. 12th St.. Suite I , Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1358 

England Shahin & Associates Client Project ID: 225-H03-103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 

: Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBB-1 
^Attention: Joni Fisher Lab Number: DH02501 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 9, 
Aug 9, 

Aug 10, 
Aug 12, 

1994 
1994 
1994 
1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 50 56 
Toluene 50 300 
Ethyl Benzene 50 130 
Total Xylenes 50 150 

Detection Limit 
ppm/vol 

16 
13 
12 
12 

Sample Result 
ppm/vol 

18 
80 
30 
35 

Volatile Fuel Hydrocarbons 100 41,000 28 12,000 

Hydrocarbons detected by this method range from C6 - C15, 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume, 

Analytes reported as N,D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 
Detection limits for this sample have been raised by a factor of 10. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

M ^ ^ (Po/vuiX ^ x 
Gary Steube ' / / 
Laboratory Director ^ 

DH02500,ESA <2of8> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 92714 (714)261-1022 FAX (714) 251-1228 

1014 E. Cooley Dr., Suite A, Colton, CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, C A 9 I 4 0 6 (818) 779-1844 FAX (818) 779-1845 

2465 W. 12th St.. Suite I , Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates 
15375 Barranca Pkwy., Ste. F-
Irvine, CA 92718 
Attention: Joni Fisher 

Client Project ID: 225-H03-103 
106 Texaco PCPL-Vapor 

Sample Descript: Air Sample in Tedlar Bag, MW-3S 
Lab Number: DH02502 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 9, 
Aug 9, 

Aug 10, 
Aug 12, 

1994 
1994 
1994 
1994 

VOLATILE FUEL HYDROCARBONS wi th BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethvl Benzene 
Total Xylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

20 
20 
20 
20 

40 

Sample Result 
mg/m3 

N.D 
25 
21 
33 

22,000 

Detection Limit 
ppm/vol 

6,3 
5.3 
4.6 
4.6 

11 

Sample Result 
ppm/vol 

N.D 
66 
4 8 
7.6 

6,300 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volafile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 4, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube 
Laboratory Director 

'cuv^ClT z J ^ 

DH02500.ESA <3of8> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine. CA 92714 (714)261-1022 FAX (7 14) 261-1228 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 570-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, C A 9 I 4 0 6 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite I. Tempe, AZ 85281 (602)968-8272 FAX (602) 966-1338 

England Shahin & Associates Client Project ID: 225-H03-103 Sampled: Aug 9, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received; Aug 9, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-37S Analyzed: Aug 10, 1994 
Attention: Joni Fisher Lab Number: DH02503 Reported: Aug 12, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethvl Benzene 
Total Xvlenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

50 
50 
50 
50 

100 

Sample Result 
mg/m3 

2 100 
390 
170 
100 

73,000 

Detection Limit 
ppm/vol 

16 
13 
12 
12 

28 

Sample Result 
ppm/vol 

660 
100 
39 
23 

21,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 10. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ( j 
Laboratory Director 

DH02500,ESA <4 of 8> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 

England Shahin & Associates Client Project ID: 225-H03-103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-1 
Attention: Joni Fisher Lab Number: DH02500 

(714)261-1022 FAX (714) 251-1228 

(909)570-4667 FAX (909) 370-1046 

(8181779-1844 FAX (81 8| 779-1845 

(602)968-8272 FAX (602) 968-1 358 

Sampled 
Received 
Analyzed 
Reported 

Aug 9, 1994 
Aug 9, 1994; 

Aug 10, 1994 
Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Analyte 

Carbon Dioxide 
Carbon Monoxide. 
Methane 
Nitrogen 
Oxygen 

Detection Limit 
% 

0.40 
0.40 
0.40 
0.40 
0.40 

Sample Result 

7,3 
N.D. 
48 
41 
3.0 

Analytes reported as ND, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 4, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ( J 
Laboratory Director 

DH02500,ESA <5 of 8> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 14 (714)261-1022 FAX (7 14) 261-1 228 

1014 E. Cooley Dr., Suite A. Colton, CA 92524 (909) 370-4667 FAX (909) 570-1046 

16525 Sherman Way, Suite C-11. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

, England Shahin & Associates Client Project ID: 225-H03-103 Sampled: Aug 9, 1994 
15375 Barranca Plwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 9, 1994 i 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBB-1 Analyzed: Aug 10, 1994,̂  
Attention: Joni Fisher Lab Number: DH02501 Reported: Aug 12, 1994;; 

FIXED GASES by METHOD GC/TCD 

Sample Result 
% 

Analyte 

Detection Limit 
% 

0.10 
0.10 
0.10 
0,10 
0.10 

Carbon Dioxide 0.10 15 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 2.4 
Nitrogen 0,10 81 
Oxygen 0.10 1.9 

Analytes reported as ND. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube 
Laboratory Director 

DH02500.ESA <6of8> 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (7 14) 261 -1022 FAX (714) 261 -1228 

1014 E. Cooley Dr., Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W, 12th St.. Suite 1. Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1538 

Aug 9, 1994 
Aug 9, 1994 

Aug 10, 1994 
Aug 12, 1994 

England Shahin & Associates Client Project ID: 225-H03-103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-3S Analyzed 
Attention: Joni Fisher Lab Number: DH02502 Reported 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.20 8.4 
Carbon Monoxide 0.20 N.D. 
Methane 0.20 40 
Nitrogen 0.20 49 
Oxygen 0.20 2.0 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 2. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube 0 
Laboratory Director 

DH02500,ESA <7 of 8> 



^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 14 (714)261-1022 FAX (714) 261-1228 

1014 E, Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 570-1046 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1845 

2465 W. 12th St., Suite 1, Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1558 

England Shahin & Associates Client Project ID: 225-H03-103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-37S Analyzed 

: Attention: Joni Fisher Lab Number: DH02503 Reported 

FIXED GASES by METHOD GC/TCD 

Aug 9, 1994 
Aug 9, 1994 

Aug 10, 1994 
Aug 12, 1994 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.40 3.8 
Carbon Monoxide 0.40 N.D. 
Methane 0,40 48 
Nitrogen 0.40 44 
Oxygen 0.40 4.8 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 4. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

7li I / T ^ O M M C ^ 

Gary Steube ^ 
Laboratory Director 

DH02500,ESA <8of8> 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 9271' i (714)251-1022 FAX (71 A) 261-1 228 

l O H E . Cooley Dr., Suite A, Colton, CA9232A (909) 570-4667 FAX (909) 570-1046 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

: England Stiahin & Associates Client Project ID: 225 H03/103 
i 15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
i Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, AEW-1 
"Attention: Joni Fisher Lab Number: DH02538 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 50 1,200 
Toluene 50 230 
Ethyl Benzene 50 180 
Total Xylenes 50 250 

kEW-1 

Sampled 
Received 
Analyzed 
Reported 

EX DISTINCTION 

Detection Limit 
ppm/vol 

16 
13 
12 
12 

Aug 9, 1994 
Aug 10, 1994 
Aug 10, 1994 
Aug 12, 1994 

Sample Result 
ppm/vol 

380 
61 
41 
58 

Volatile FuelHydrocarbons 100 54,000 28 15,000 

Hydrocarbons cjetected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 10. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^i^(ff^dlAx 
Gary Steube ' (J 
Laboratory Director 

DH02538,ESA <1 of22> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 927 14 (714)261-1022 FAX (714) 261-1 228 

I014E. Cooley Dr.. Suite A, Colton. CA 92324 (909) 370-4657 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 1 2th St., Suite I , Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1 338 

I 
I 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-6 Analyzed 
Attention: Joni Fisher Lab Number: DH02539 Reported 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Aug 9, 1994^ 
Aug 10, 1994; 
Aug 10, 1994^ 
Aug 12, 1994 

Analyte Detection Limit Sample Result Detection Limit Sample Result 
mg/m3 mg/m3 ppm/vol ppm/vol 

Benzene 50 1,200 16 380 
Toluene 50 370 13 98 
Ethyl Benzene 50 170 12 39 
Total Xylenes 50 260 12 60 

Volatile Fuel Hydrocarbons 100 75,000 28 21,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume, 

Analytes reported as N,D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 10. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' ( j 
Laboratory Director 

DH02538,ESA <2of22> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (7 1 4) 26 1-1 228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1045 

16525 Sherman Way, Suite C-l I , Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1358 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 9, 
Aug 10, 
Aug 10, 
Aug 12, 

1994 
1994 
1994 
1994 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 

•- Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-3 
Attention: Joni Fisher Lab Number: DH02540 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result Detection Limit Sample Result 
mg/m3 mg/m3 ppm/vol ppm/vol 

Benzene 100 1,600 31 500 
Toluene 100 400 27 110 
Ethyl Benzene 100 170 23 39 
Total Xylenes 100 260 23 60 

Volatile Fuel Hydrocarbons 200 89,000 57 25,000 

Hydrocarbons detected by this method range from C6 - C15, 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 20, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

£ ^ ^ ( ^ m d i ^ 
Gary Steube ( j 
Laboratory Director 

DH02538,ESA <3of22> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E, Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-5 
Attention: Joni Fisher Lab Number: DH02541 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed; 
Reported: 

Aug 9, 
Aug 10, 
Aug 10, 
Aug 12, 

1994 
1994 
1994 
1994 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

50 
50 
50 
50 

100 

Sample Result 
mg/m3 

710 
310 
110 
140 

53,000 

Detection Limit 
ppm/vol 

16 
13 
12 
12 

28 

Sample Result 
ppm/vol 

220 
82 
25 
32 

15,000 

Hydrocarbons detected by this method range from C6 - C15, 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N,D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 10. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

I^CJi-
Gary Steube 
Laboratory Director 

DH02538.ESA <4 of 22> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 927 14 (714)251-1022 FAX (7 1 4) 261-1 228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1. Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1. Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994; 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994, 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-38S Analyzed: Aug 11, 1994 
Attention: Joni Fisher Lab Number: DH02542 Reported: Aug 12, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

20 
20 
20 
20 

40 

Sample Result 
mg/m3 

130 
50 
32 
62 

17,000 

Detection Limit 
ppm/vol 

6.3 
5.3 
4.6 
4.6 

11 

Sample Result 
ppm/vol 

.. .. 41 
13 
7.4 
14 

4,800 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 4, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube A 
Laboratory Director 

DH02538,ESA <5of22> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 14 (714)261-1022 FAX (7 14) 261-1 228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 

10, 
11, 
12, 

1994 
1994 
1994 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-4 
Attention: Joni Fisher Lab Number: DH02543 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 50 320 
Toluene 50 260 
Ethyl Benzene 50 320 
TotalXylenes 50 350 

action Limit 
ppm/vol 

16 
13 
12 
12 

Sample Result 
ppm/vol 

100 
69 
74 
81 

Volatile Fuel Hydrocarbons 100 50,000 28 14,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 
Detection limits for this sample have been raised by a factor of 10, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

'̂ lM)>'(A^J, 
Gary Steube / /) 
Laboratory Director ^ 
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^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooiey Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C l l . Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite I , Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-lOP Analyzed: Aug 11, 1994 
Attention: Joni Fisher Lab Number: DH02544 Reported: Aug 12, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 50 98 
Toluene 50 230 
Ethyl Benzene 50 140 
TotalXylenes 50 290 

Detection Limit 
ppm/vol 

16 
13 
12 
12 

Sample Result 
ppm/vol 

31 
61 
32 
67 

Volatile Fuel Hydrocarbons 100 44,000 28 13,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 10, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

(f]MltJC 4^ 
Gary Steube ' /) 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave. Irvine. CA 927 14 (714)261-1022 FAX (7 1 4) 26 l-l 228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994 
Irvine, CA 92718 Sample Descript; Air Sample in Tedlar Bag, MW-1 IS Analyzed: Aug 11, 1994 
Attention: Joni Fisher Lab Number: DH02545 Reported: ' Aug 12, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 5.0 N,D 
Toluene 5.0 N.D 
Ethyl Benzene 5.0 N.D, 
TotalXylenes 5.0 N.D 

Volatile Fuel Hydrocarbons 10 41 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1,2 

2.8 

Sample Result 
ppm/vol 

N D 
N.D. 
N.D. 
N.D 

12 

Hydrocarbons detected by this method range from C6 - Cl 5, 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume, 

Analytes reported as N.D, were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^)MiJ (f̂ ivncl A 
Gary Steube ' U 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 

16525 Sherman Way, Suite C-11, Van Nuys. CA 91406 

2465 W. I 2th St., Suite 1. Tempe. AZ 85281 

(714)261-1022 FAX (714) 261-1228 

(909)370-4667 FAX (909) 370-1046 

(818)779-1844 FAX (818) 779-1843 

(602)968-8272 FAX (602) 968-1338 

. England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-46S 
Attention; Joni Fisher Lab Number; DH02546 

Sampled: 
Received: 
Analyzed: 
Reported; 

Aug 10, 1994 
Aug 10, 1994! 
Aug 11, 1994; 
Aug 12, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

5.0 
5.0 
5.0 
5.0 

10 

Sample Result 
mg/m3 

N D 
6.6 
N.D 
30 

2,600 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

N D 
1.8 

N.D 
69 

740 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

\ l \ A i ^ ^ r \ 
Gary Steube /) 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave, Irvine. CA 927 14 (714)261-1022 FAX (7 1 4) 26 1-I 228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-l 1, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-43S 
Attention: Joni Fisher Lab Number: DH02547 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

10, 
10, 
11, 
12, 

1994 
1994 
1994 
1994 

Analyte 

Benzene 
Toluene 
Ethvl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

10 
10 
10 
10 

20 

Sample Result 
mg/m3 

ND 
N D 
N.D 
N D 

9,200 

Detection Limit 
ppm/vol 

3.1 
2.7 
2.3 
2.3 

5.7 

Sample Result 
ppm/vol 

N.D. 
.. .. N.D 

N.D. 
N.D. 

2,600 

Hydrocarbons detected by this method range from C6 - C15, 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume, 

Analytes reported as N.D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 2. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

6W-i/l3<rti\ 
Gary Steube ' () 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (7 14) 261-1228 

1014 E. Cooley Dr.. Suite A, Colton. CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 1 2th St., Suite 1, Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994^ 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-vapor Received; Aug 10, 1994 

.: Irvine, CA 92718 Sample Descript; Air Sample in Tedlar Bag, MW-45S Analyzed: Aug 11, 1994 
Attention; Joni Fisher Lab Number: DH02548 Reported: Aug 12, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
Total Xvlenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

25 
25 
25 
25 

50 

Sample Result 
mg/m3 

N D 
75 
35 
53 

27,000 

Detection Limit 
ppm/vol 

7.8 
6.6 
5.8 
5.8 

14 

Sample Result 
ppm/vol 

N D 
20 
8.1 
12 

7,700 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 5. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^ T i b ^ j (S^cmrJc-^ 
Gary Steube (j 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C l 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite I , Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 9, 1994 
J5375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994 
Mrvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, AEW-1 Analyzed: Aug 10, 1994 
Attention: Joni Fisher Lab Number: DH02538 Reported: Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 15 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 5.5 
Nitrogen 0.10 78 
Oxygen 0.10 2.3 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

V / 

Gary Steube 
Laboratory Director 

DH02538.ESA <12of22> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Coiton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1. Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID; 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-6 Analyzed 
Attention: Joni Fisher Lab Number: DH02539 Reported 

Aug 9, 1994 
Aug 10, 1994 
Aug 10, 1994 
Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 12 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 3.2 
Nitrogen 0.10 82 
Oxygen 0.10 2.1 

Analytes reported as ND. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' h 
Laboratory Director ^ 

DH02538,ESA <13of22> 



^ Del Mar Analytical 
2852 Alton Ave,, Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Colton, CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-l 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2455 W. 12th St.. Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-3 Analyzed 
Attention; Joni Fisher Lab Number; DH02540 Reported 

Aug 9, 1994 
Aug 10, 1994 
Aug 10, 1994-
Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Sample Result 
% 

Analyte 

Detection Limit 
% 

0.10 
0.10 
0.10 
0.10 
0,10 

Carbon Dioxide 0.10 12 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 2.7 
Nitrogen 0.10 83 
Oxygen 0,10 2.0 

Analytes reported as N.D, were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube (} 
Laboratory Director 

DH02538.ESA <14of22> 



^ Del Mar Analytical 
2852 Alton Ave. Irvine. CA 927 14 (7 14) 2611022 FAX (7 14) 26 1-1 228 

1014 E. Cooley Dr.. Suite A, Coiton, CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C l 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465W. 12th St., Suite 1, Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1 538 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 9, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-5 Analyzed: Aug 10, 1994! 
Attention: Joni Fisher Lab Number: DH02541 Reported; . Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 13 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 1.8 
Nitrogen 0.10 83 
Oxygen 0.10 2.8 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube U 
Laboratory Director 

DH02538.ESA <15of22> 



^ Del Mar Analytical 
2852 Alton Ave. Irvine. CA 927 14 (714)261-1022 FAX (71 4) 261-1 228 

1014 E. Cooley Dr.. Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 1. Van Nuys. CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite I . Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

Aug 
Aug 
Aug 
Aug 

10, 
10, 
11, 
12, 

19941 
19941; 
19941 
1994 ; 

England Shahin & Associates Client Project ID; 225 H03/103 Sampled: 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: 
Irvine, CA 92718 Sample Descript; Air Sample in Tedlar Bag, MW-38S Analyzed; 
Attention: Joni Fisher Lab Number: DH02542 Reported: 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0,20 5,9 
Carbon Monoxide 0.20 N.D. 
Methane 0,20 35 
Nitrogen 0.20 58 
Oxygen 0.20 2.0 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 2. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' U 
Laboratory Director 

DH02538.ESA <16of22> 



^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92714 (714)261-1022 FAX (714) 261-1 228 

1014 E. Cooley Dr.. Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-l 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

: England Shahin & Associates Client Project ID; 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-4 Analyzed: Aug 10, 1994 

.1 Attention: Joni Fisher Lab Number; DH02543 Reported: Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 16 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 0.46 
Nitrogen 0.10 81 
Oxygen 0.10 2.2 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' 0 
Laboratory Director 

DH02538.ESA <17of22> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 14 (714)261-1022 FAX (71 4) 261-I 228 

1014 E, Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA 9 1406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-lOP Analyzed 
Attention: Joni Fisher Lab Number: DH02544 Reported 

FIXED GASES by METHOD GC/TCD 

Aug 10, 1994 
Aug 10, 1994 
Aug 10, 1994 
Aug 12, 1994 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 14 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 2.1 
Nitrogen 0.10 78 
Oxygen 0.10 5.6 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^0ty (Ĵ OAidc A 
I Gary Steube 

Laboratory Director 
DH02538.ESA <18of22> 
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2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

I014E . Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-l I, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1. Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID; 225 H03/103 Sampled; Aug 10, 1994: 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received; Aug 10, 1994! 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-1 IS Analyzed: Aug 10, 1994-
Attention: Joni Fisher Lab Number; DH02545 Reported; Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 N.D. 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 N.D. 
Nitrogen 0.10 78 
Oxygen 0.10 22 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube (I 
Laboratory Director 
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<• Del Mar Analytical 
2852 Alton Ave. Irvine, CA 927 14 (714)251-1022 FAX (7 1 4) 261-1 228 

1014 E, Cooley Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite I , Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 10, 1994 

^Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-46S Analyzed: Aug 11, 1994' 
Attention: Joni Fisher Lab Number; DH02546 Reported; Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 3.3 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 1,7 
Nitrogen 0.10 93 
Oxygen 0.10 2.1 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^ y ^ ^CoVuAiC 

Gary Steube 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 

1014 E. Cooley Dr.. Suite A, Colton. CA 92324 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91406 

2465 W, 12th St., Suite 1. Tempe, AZ 85281 

(714)261-1022 FAX (714) 261-1228 

(909) 370-4667 FAX (909) 370-1 045 

(818)779-1844 FAX (81 8) 779-1843 

(602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-43S 
Attention; Joni Fisher Lab Number; DH02547 

Sampled: 
Received: 
Analyzed; 
Reported: 

Aug 10, 
Aug 10, 
Aug 11, 
Aug 12, 

1994 
1994 
1994 
1994 

FIXED GASES by METHOD GC/TCD 

Analyte 

Carbon Dioxide 
Carbon Monoxide. 
Methane 
Nitrogen 
Oxygen 

Detection Limit 
% 

0.13 
0.13 
0.13 
0.13 
0.13 

Sample Result 

1.5 
N.D. 
29 
68 
2.2 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 1.3. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Omtic 
Gary Steube 
Laboratory Director 

DH02538.ESA <21 0f22> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 14 (714)261-1022 FAX (7 14) 261-1 228 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

Aug 
Aug 
Aug 
Aug 

10, 
10, 
11, 
12, 

19941 
19941 
1994i 
1994 : 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkw/y., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-45S Analyzed 
Attention: Joni Fisher Lab Number: DH02548 Reported 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0,13 5.5 
Carbon Monoxide 0.13 N.D. 
Methane 0.13 27 
Nitrogen 0.13 65 
Oxygen 0.13 2.3 

Analytes reported as N.D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution 

Detection limits for this sample have been raised by a factor of 1.3, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

^^[J^^ayyidC J ^ | 
Gary Steube 
Laboratory Director 
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INTACT? Y ^ t J A - ^ 
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'Pnrit,;U t j^ i 

Q (--/.rimS^i BA 
(^ikl^t^ UJP3^ DEL MAR ANALYTIC L 

file:///iuti


^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 K 

1 0 K E. Cooley Dr.. Suite A. Colton, CA 9232A 

16525 Sherman Way, Suite C t l , Van Nuys, CA 91A06 

2A65 W. I 2th St.. Suite I, Tempe, A2 85281 

(7U) 261-1022 F A X ( 7 K ) 2 6 M 2 2 8 

1909) 370-^667 FAX (909) 570-10A6 

(818)779-I8A4 FAX (818) 779-I8 ' .3 

(602)968-8272 FAX (602) 968-1338 

: England Shahin & Associates Client Project ID: 225-101 
.15375 Barranca Pkwy., Ste. F-106 Texaco PCPL 

Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-2 
Attention: Joni Fisher Lab Number: DH02549 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

10, 
10, 
11, 
12, 

1994 
1994 
1994 
1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/mS 

Benzene 35 
Toluene 35 
Ethyl Benzene 35 
Total Xylenes 35 

Volatile Fuel Hydrocarbons 70 

520 
250 
150 
230 

41,000 

Detection Limit 
ppm/vol 

11 
9.3 
8.1 
8.1 

20 

Sample Result 
ppm/vol 

160 
66 
35 
53 

12.000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 7. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^ d ( ' ^ 
Gary Steube' ( j 
Laboratory Director 
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< Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 U ( 7 K ) 261-1022 FAX (714) 261-1228 

I O U E. Cooley Dr.. Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-11. Van Nuys, CA 91406 (818) 7 79-1844 FAX (818) 7 79-1843 

2465 W. I 2th St., Suite I, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225-101 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-2 Analyzed 
Attention: Joni Fisher Lab Number: DH02549 Reported 

Aug 10, 1994 
Aug 10, 1994 
Aug 11, 1994 
Aug 12, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 

Analyte 
% % 

Carbon Dioxide 0.10 14 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 0.60 
Nitrogen 0.10 82 
Oxygen 0.10 3.4 

Analytes reported as N.D, were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

T T M U $iktL3a, 
Gary Steube ( J 
Laboratory Director 

DH02549,ESA <2 of 3> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 14 (7 14) 261 1022 FAX (714) 261-1 228 

1014 E. Cooley Dr.. Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-l I. Van Nuys, CA 91406 (818) 7791844 FAX (818) 779-1843 

2465 W. t 2th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225-101 
: 15375 Barranca Pkwy., Ste. F-106 Texaco PCPL 

, Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, PEW-2 
Attention: Joni Fisher Lab Number: DH02549 

HYDROCARBON DISTRIBUTION 

Sampled 
Received 
Analyzed 
Reported 

Aug 10, 1994 
Aug 10, 1994. 
Aug 11, 1994 
Aug 12, 1994: 

Laboratory 
Number 

DH02549 

Hydrocarbon 
Type 

Cl -C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C l l 

C12 

C13 

C14 

C15 

Sample 
Results 
mg/m3 

4,100 

200 

510 

3,800 

14,000 

14.000 

9,200 

2,900 

870 

240 

59 

N.D. 

N.D. 

N.D. 

Percentage 
of Total 

% 

8.2 

0.40 

1.0 

7.6 

28 

28 

18 

5.8 

1.7 

0.48 

0.12 

N.D. 

N.D. 

N.D. 

Detection Limit 1.0 

Hydrocarbons detected by this method range from Cl to C15, 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube (J 
Laboratory Director 

DH02549.ESA <3 of 3> 



CHAIN OF CUSTODY 
PROJECT MANAGER: T ^ Q H \ ^ I . S H ( ^ 

DATE'^- l^rZ-f PAGE•/_0Fi_ 

COMPANY: E[MeL/«\f^D SU/kUM ^ M 
ADDRESS: 15375 Barranca Parkway. Suite F-106 

Irvine. California 92718 
Phone: 714-453-8085 Fax: 714-453-0733 

BILL TO: 

COMPANY: 

ADDRESS 

U' 
SAMPLERS SIGNATUR 

W) -K y-tov:s 
PHONE NUMBER 

SAMPLE ID DATE TIME 

ES 
MATRIX U B ID 

~ o 

b 00 

0 

be 

4 ^ 

d. 
>-

>^ % % i ^ A l ^ - ^ ^ 

PROJECT INFORMATION 

PROJECT NUMBER: / Z S - T O \ 

PROJECT N A M E : ^ ^ ^ ^ / ^ ^ f c ^ 

PURCHASE ORDER NUMBER: 

SAMPLE RECEIPT 

TOTAL NUMBER OF CONTAINERS 

CHAIN OF CUSTODY SEALS Y/N/NA 

INTACT? W 

iF^STODY 

Cl3/NAr IN 1 AL I f K J J I U f W ^ — \ 

RECEIVED^OD C 0 N D ^ C 9 L : d ^ 

"27 

TL 

REUNQUISHED, BY: 1 

^ \ G d Name: / Date: Sled Name: / Date: 

REUNQUISHED BY: 2 . REUNQUISHED BY: 3 . 

r^L:k-h:ff4-'!(^ 
rinled Nome, ; Date:, Rpnled Nome: ;-v ' Dolt ' , / 

VIA 

^^^^N/^)^H4L LAB NUMBER 

Compony: 

ENGLAND SHAHIN & ASSOCIATES S^laen vJUort-
SAMPLE DISPOSAL INSTRUCTIONS 

RECEIVED BY: RECEIVED BY: 3. 

COMMENTS: 

iSignolure:. t, •• rime: 

\ittinA \̂TjX.1n{ IS ^ n 
•Printed Name:, , Oate: ^ ( in ted Name: T>^ ' Dote: i - fnntei 

f^^^^iVvKTI-
e^J' 

'M'̂ '̂ l 

E n t e ^ d m e : . Date: 
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^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 92714 (7 K ) 261-1022 FAX (714) 261-1228 

1014 E, Cooley Dr.. Suite A, Colton, CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sher-man Way, Suite C-1 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shatiin & Associates Client Project ID: 225H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 

: Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-13P 
Attention: Joni Fisher Lab Number: DH02763 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

10, 
11, 
13, 
15, 

1994 
1994 
1994 
1994 

Analyte 

Benzene 
Toluene . .. 
Ettiyl Benzene 
Total Xylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

35 
35 
35 
35 

70 

Sample Result 
mg/m3 

N.D 
49 

N.D 
59 

37,000 

Detection Limit 
ppm/vol 

11 
9.3 
8.1 
8.1 

20 

Sample Result 
ppm/vol 

N.D. 
13 

N.D. 
14 

11,000 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 7, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^(^(/^C^ncl 
Gary Steube 
Laboratory Director 

DH02763,ESA <1 of16> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 14 (714)261-1022 FAX (7 1 4) 261 -1 228 

1014 E. Cooley Dr., Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1 338 

England Shatiin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 11, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-41S Analyzed: Aug 13, 1994; 
Attention: Joni Fisher Lab Number: DH02764 Reported: Aug 15, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ettiyl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

5.0 
5.0 
5.0 
50 

10 

Sample Result 
mg/m3 

N D 
N D 
N.D 
N.D 

110 

Detection Limit 
ppm/vol 

16 
1 3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

N D 
N D 
N D 
N D 

31 

Hydrocarbons detected by this method range from C6 - C15, 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D, were not present above the stated limit of detection, 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^(MTI ^oMdi Mf\ 
Gary Steube u 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (7(4) 261-1228 

1014 E. Cooley Dr,. Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W, 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1358 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 11, 1994:; 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-39S Analyzed: Aug 13, 1994; 
Attention: Joni Fisher Lab Number: DH02765 Reported: Aug 15, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 5.0 41 
Toluene 5.0 9.8 
Ethyl Benzene 5.0 5.2 
TotalXylenes 5.0 7.7 

Volatile Fuel Hydrocarbons 10 2,200 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

13 
2.6 
1.2 
1.8 

630 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ^ 
Laboratory Director 

DH02763.ESA <3 of 16> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine. CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C l l , Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. I 2th St.. Suite I. Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-42S 

I Attention: Joni Fisher Lab Number: DH02766 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed; 
Reported: 

Aug 
Aug 
Aug 
Aug 

11, 
11, 
13, 
15, 

1994 
1994 
1994 
1994 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
Total Xylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

5.0 
5.0 
50 
5.0 

10 

Sample Result 
mg/m3 

N.D 
12 

N.D 
5.3 

3,000 

Detection Limit 
ppm/vol 

1.6 
1.3 
1 2 
1.2 

2.8 

Sample Result 
ppm/vol 

N D 
3 2 

N D 
1.2 

850 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ^ A 
Laboratory Director 

DH02763.ESA <4of16> 



^ Del Mar Analytical 
2852 Alton Ave. Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr.. Suite A. Colton. CA 92324 (909) 370-4557 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 11, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 11, 1994 

hrvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-14S Analyzed: Aug 13, 1994 
.Attention: Joni Fisher Lab Number: DH02767 Reported: Aug 15, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethvl Benzene 
Total Xvlenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

5.0 
5.0 
5.0 
50 

10 

Sample Result 
mg/m3 

30 
7 7 
N.D 
5 3 

2,300 

Detection Limit 
ppm/vol 

1.6 
1 3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

9 4 
20 
N.D 
1.2 

650 

Hydrocarbons detected by this method range from C6 - C15, 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume, 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

OiTHTM R t p i i h p v Gary Steube 
Laboratory Director 

DH02763.ESA <5of16> 



^ Del Mar Analytical 
2852 Alton Ave. Irvine, CA 927 14 (714)261-1022 FAX (7 14) 261-1 228 

1014 E. Cooley Dr., Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-44S 
Attention: Joni Fisher Lab Number: DH02768 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 5,0 N.D 
Toluene 5.0 N.D 
Ethyl Benzene 5.0 N.D 
TotalXylenes 5.0 N.D 

Volatile Fuel Hydrocarbons 10 130 

Sampled: 
Received; 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

11, 
11, 
13, 
15, 

1994 
1994 
1994 
1994 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

N D. 
N D 
N D 
N D 

37 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube (j 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave. Irvine. CA 927 I 4 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite I, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
,. 15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
i; Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-2S Analyzed 
Attention: Joni Fisher Lab Number: DH02769 Reported 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Aug 11, 1994 
Aug 11, 1994. 
Aug 13, 1994.̂  
Aug 15, 1994^ 

Analyte Detection Limit Sample Result Detection Limit Sample Result 
mg/m3 mg/m3 ppm/vol ppm/vol 

Benzene 5.0 24 1.6 7.5 
Toluene 5.0 12 1.3 3.2 
Ethyl Benzene 5.0 N.D 1.2 N.D. 
TotalXylenes 5.0 N.D 1.2 N.D. 

Volatile Fuel Hydrocarbons 10 3,400 2.8 970 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

yjOMylC ^ ] 

Gary Steube 
Laboratory Director 
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< Del Mar Analytical 
2852 Alton Ave., Irvine. CA 92714 (714)261-1022 FAX (714) 261-1 228 

1014 E. Cooley Dr. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1 046 

16525 Sherman Way, Suite C-1 1. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1. Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco pcPL-vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBD-2 
Attention: Joni Fisher Lab Number: DH02770 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 20 330 
Toluene 20 99 
Ethyl Benzene 20 39 
TotalXylenes 20 37 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

11, 
11, 
13, 
15, 

1994 
1994 
1994 
1994 

Volatile Fuel Hydrocarbons 40 20,000 

Detection Limit 
ppnn/vol 

6.3 
5.3 
4.6 
4.6 

11 

Sample Result 
ppm/vol 

100 
26 
9.0 
8 5 

5.700 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume, 

Analytes reported as N,D, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 4. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^20^ (f̂ O/\i<lyiM 
Gary Steube (/ 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 (714)261-1022 FAX (714) 261-1 228 

1014 E. Cooley Dr,. Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-l I. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1845 

2465 W. 12th St.. Suite 1. Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-vapor Received: Aug 11, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-13P Analyzed: Aug 12, 1994 
Attention; Joni Fisher Lab Number: DH02763 Reported: Aug 15, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 4.8 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 7.8 
Nitrogen 0.10 82 
Oxygen 0.10 5.4 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

')13 ^ O A I C J C J ^ 

Gary Steube (j 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (7 1 4] 261-1 228 

1014 E. Cooley Dr., Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

1 6525 Sherman Way, Suite C-11, Van Nuys, CA 91 406 (8 18) 779-1 844 FAX (81 8] 779-1 843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-vapor Received: Aug 11, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-41S Analyzed: Aug 12, 1994 
Attention: Joni Fisher Lab Number: DH02764 Reported: Aug 15, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 N.D. 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 N.D. 
Nitrogen 0.10 78 
Oxygen 0.10 22 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube (J 
Laboratory Director 
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I 
I ^ Del Mar Analytical 

2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr , Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525Sherman Way. Suite C-1 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

: England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 10, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received: Aug 11, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-39S Analyzed: Aug 12, 1994 
Attention; Joni Fisher Lab Number: DH02765 Reported: Aug 15, 1994: 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 0.24 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 2.2 
Nitrogen 0.10 76 
Oxygen 0.10 21 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

rSaiT/ .Q to i i ho ' / / Gary Steube ' ^ 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11, Van Nuys, C A 9 I 4 0 6 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1. Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-42S Analyzed 
Attention: Joni Fisher Lab Number: DH02766 Reported 

Aug 11, 1994 
Aug 11, 1994 
Aug 12, 1994: 
Aug 15, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 6.8 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 10 
Nitrogen 0.10 80 
Oxygen 0.10 3.1 

Analytes reported as N.D, were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube i / 
Laboratory Director 
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I 
I ^ Del Mar Analytical 

2852 Alton Ave. Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA 91406 (818) 779-1844 FAX (8)8) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco pcPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-14S Analyzed 
Attention: Joni Fisher Lab Number: DH02767 Reported 

Aug 11, 1994 
Aug 11, 1994 
Aug 12, 1994-
Aug 15, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 7.5 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 7.9 
Nitrogen 0.10 78 
Oxygen 0.10 6.4 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' {/ 
Laboratory Director 

DH02763.ESA <13of16> 



^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 (714)261-1022 FAX (714) 261-1 228 

1014 E. Cooley Dr.. Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled: Aug 11, 1994 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-vapor Received: Aug 11, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-44S Analyzed: Aug 12, 1994; 
Attention: Joni Fisher Lab Number: DH02768 Reported: Aug 15, 1994 

FIXED GASES by METHOD GC/TCD 

Sample Result 
% 

Analyte 

Detection Limit 
% 

0,10 
0,10 
0.10 
0.10 
0.10 

Carbon Dioxide 0,10 3.8 
Carbon Monoxide 0,10 N.D. 
Methane 0.10 10 
Nitrogen 0.10 84 
Oxygen 0.10 2.2 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' ( j 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 14 (714)261-1022 FAX (714) 261-1228 

101 4 E. Cooley Dr.. Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1 046 

16525 Sherman Way, Suite C-11, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 1 2th St., Suite 1. Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/103 Sampled 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-2S Analyzed 
Attention: Joni Fisher Lab Number: DH02769 Reported 

Aug 11, 1994: 
Aug 11, 1994. 
Aug 12, 1994.; 
Aug 15, 1994' 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 13 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 11 
Nitrogen 0.10 73 
Oxygen 0.10 3.0 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube { j 
Laboratory Director 
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< Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 

1014 E. Cooley Dr.. Suite A. Colton, CA 92324 

15525 Sherman Way, Suite C-1 1. Van Nuys, CA 91406 

2465 W. 12th St.. Suite 1. Tempe. AZ 85281 

(714)261-1022 FAX (714) 261 1228 

(909) 370-4667 FAX (909) 370-1046 

(818)779-1844 FAX (818) 779-1843 

(602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/103 
15375 Barranca Pkwy., Ste. F-106 Texaco PCPL-Vapor 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBD-2 
Attention: Joni Fisher Lab Number; DH02770 

FIXED GASES by METHOD GC/TCD 

Analyte 

Carbon Dioxide 
Carbon Monoxide. 
Methane 
Nitrogen 
Oxygen 

Sampled 
Received 
Analyzed 
Reported 

Aug 
Aug 
Aug 
Aug 

11, 
11, 
12, 
15, 

1994 
1994 
1994 
1994 

Detection Limit 
% 

0.10 
0.10 
0.10 
0.10 
0.10 

Sample Result 
% 

15 
N.D. 
4.7 
78 
2.8 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube 
Laboratory Director 
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p;;i iQ . ; " ' î 2>Hvi--̂  ' ' UfeLMAKANALyllL/vi 

r 

file:////Jlo


^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 1A 

lOIA E. Cooley Dr., Suite A. Colton. CA 9232A 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91 ^.06 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 

England Shahin & Associates Client Project ID: 225 H03/I03 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBD-3 
Attention: Joni Fisher Lab Number: DH03068 

(7K) 261-1022 FAX (7 HI 261-1228 

(909) J70-A667 FAX (9091 370-1 0A6 

(818) 779-18AA FAX (81 8) 779-18A3 

(602)968-8272 FAX (602) 968-1338 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

11, 
12, 
13, 
16, 

1994 
1994 
1994 
1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 35 
Toluene 35 
Ethyl Benzene 35 
Total Xylenes 35 

Volatile Fuel Hydrocarbons 70 

480 
140 
N.D. 
78 

32,000 

Detection Limit 
ppm/vol 

11 
9.3 
8.1 
8.1 

20 

Sample Result 
ppm/vol 

150 
37 

N D. 
. ... 18 

9.100 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 7. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^!iU^^M7^J^ 
Gary Steube / 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 9271A ( 7 1 ' . ) 2 6 M 0 2 2 FAX (7 1 A) 261-1 228 

101A E. Cooley Dr., Suite A. Colton. CA 9232A (909) 370-A667 FAX (909) 370-10A6 

16525 Sherman Way. Suite C-l I , Van Noys, C A 9 I A 0 6 (818) 779-18AA FAX (818) 779-18A3 

2A65 W. 12th St.. Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/I03 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBC-1 
Attention: Joni Fisher Lab Number: DH03072 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

12, 
12, 
13, 
16, 

1994 
1994 
1994 
1994 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

100 
100 
100 
100 

200 

Sample Result 
mg/m3 

N.D 
140 
N D 
140 

100,000 

Detection Limit 
ppm/vol 

31 
27 
23 
23 

57 

Sample Result 
ppm/vol 

N.D. 
37 

N D 
32 

28,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 20. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube 0 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 9271 A (71 A) 261-1022 FAX (7 1 A) 26 1 • 1 228 

lOIA E. Cooley Dr., Suite A, Colton, CA 9232A (909) 370-A667 FAX (909) 370-10A6 

16525 Sherman Way, Suite C-l 1, Van Nuys, CA91A06 (818) 779-18AA FAX (818) 779-1 SAS 

2A65 W. 12th St., Suite 1. Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 11, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-40S Analyzed: Aug 13, 1994 
Attention: Joni Fisher Lab Number: DH03069 Reported: Aug 16, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result Detection Limit Sample Result 
mg/m3 mg/m3 ppm/vol ppm/vol 

Benzene 35 36 11 11 
Toluene 35 78 9.3 21 
Ethyl Benzene 35 110 8.1 25 
TotalXylenes 35 51 8.1 12 

Volatile Fuel Hydrocarbons 70 38,000 20 11,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 7. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^M7y(^Cmd 
Gary Steube 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave. Irvine, CA 9271 A (7 1 A) 261-1022 FAX (71 A) 251-1 228 

101A E. Cooley Dr., Suite A, Colton, CA 9232A (909) 370-A667 FAX (909) 370-10A6 

16525 Sherman Way, Suite C-l 1, Van Nuys, CA 91A06 (818) 779-18AA FAX (818) 779-1843 

2A65W. 12th St.. Suite 1. Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

; England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 11, 1994; 
h5375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 
iilrvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBE-1 Analyzed: Aug 13, 1994. 
Attention: Joni Fisher Lab Number: DH03070 Reported: Aug 16, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 35 170 
Toluene 35 89 
Ethyl Benzene 35 44 
TotalXylenes 35 N.D 

Detection Limit 
ppm/vol 

11 
9.3 
8.1 
8.1 

Sample Result 
ppm/vol 

53 
24 
10 

N.D. 

Volatile Fuel Hydrocarbons 70 28,000 20 8,000 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 7. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube' I 
Laboratory Director 

DH03068.ESA <3of24> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 92714 (714)261-1022 FAX (714) 2611228 

101AE. Cooley Dr., Suite A, Colton, CA9232A (909)370-4667 FAX (909) 370-I0A6 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91A06 (818) 779-1 BAA FAX (818) 779-1843 

2A65W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 958-1 338 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 11, 
Aug 12, 
Aug 13, 
Aug 16, 

1994 
1994 
1994 
1994 

England Shahin & Associates Client Project ID: 225 H03/I03 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-8S 
Attention: Joni Fisher Lab Number: DH03071 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result Detection Limit Sample Result 
mg/m3 mg/m3 ppm/vol ppm/vol 

Benzene 50 700 16 220 
Toluene 50 220 13 58 
Ethyl Benzene 50 130 12 30 
TotalXylenes 50 N.D 12 N.D. 

Volatile Fuei Hydrocarbons 100 80,000 28 23,000 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 
Detection limits for this sample have been raised by a factor of 10. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

'Ay^fjamcl^ 
0 Gary Steube 

Laboratory Director 
DH03068.ESA <4of24> 



<• Del Mar Analytical 
2852 Alton Ave, Irvine, CA927IA (71A) 261-1022 FAX (7 1 A) 261-1 228 

101A E. Cooley Dr.. Suite A. Colton. CA 9232A (909) 370-A667 FAX (909) 370-10A6 

16525 Sherman Way, Suite C-1 1. Van Nuys, CA91A06 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 
J5375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-9S 

; Attention: Joni Fisher Lab Number: DH03073 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 
Aug 
Aug 

12, 
12, 
13, 
16, 

1994 
1994 
1994 
1994 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
TotalXylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

5.0 
5.0 
5.0 
5.0 

10 

Sample Result 
mg/m3 

N.D 
N.D 
N.D 
N.D 

720 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

N.D, 
N.D. 

... . N.D. 
N.D. 

200 

Hydrocarbons detected by this method range from C6 - C15, 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ( J 
Laboratory Director 

DH03068.ESA <6of24> 



^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91406 

2A65 W. 1 2th St., Suite 1, Tempe, AZ 85281 

(71A) 261-1022 FAX (71A) 261-1228 

(909) 370-A667 FAX (909) 370-10A6 

(818) 779-18A4 FAX (818) 779-1843 

(602)968-8272 FAX (602) 958-1 338 

I England Shahin & Associates Client Project ID: 225 H03/I03 
h5375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore 
iilrvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-12S 
Attention: Joni Fisher Lab Number: DH03074 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 5.0 
Toluene 5.0 
Ethyl Benzene 5.0 
Total Xylenes 5.0 

Volatile Fuel Hydrocarbons 10 

N.D. 
N.D. 
N.D. 
N.D. 

19 

/1W-12S 

Sampled: 
Received: 
Analyzed: 
Reported: 

EX DISTINCTION 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

2.8 

Aug 12, 1994 
Aug 12, 1994 
Aug 13, 1994 
Aug 16, 1994 

Sample Result 
ppm/vol 

N D 
N D 
N.D 
N D 

5.4 

Hydrocarbons detected by this method range from 06 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^ ( 3 n t t ^ 
Gary Steube ' [J 
Laboratory Director 

DH03068.ESA <7of24> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 (714)261-1022 FAX (71 A) 261-1228 

101A E. Cooley Dr.. Suite A, Colton. CA 9232A (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11. Van Nuys, CA91A06 (818) 779-18A4 FAX (818) 779-1843 

2465 W. 12th St., Suite 1. Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1338 

: England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-5S Analyzed: Aug 13, 1994 
Attention: Joni Fisher Lab Number: DH03075 Reported: Aug 16, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 5.0 N.D 
Toluene 5.0 N.D 
Ethyl Benzene 5.0 N.D 
TotalXylenes 5.0 N.D 

Volatile Fuel Hydrocarbons 10 N.D. 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

N D 
N.D. 
N.D 
N.D 

N.D. 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

' i fo /ndL^ 
Gary Steube 
Laboratory Director 

DH03068.ESA <8 of 24> 



^ Del Mar Analytical 
2852AltonAve.. Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 1. Van Nuys, CA 91406 (818) 779-18AA FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, EW-5 Analyzed: Aug 13, 1994 
Attention: Joni Fisher Lab Number: DH03076 Reported: Aug 16, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
Total Xylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

5.0 
5.0 
5.0 
5.0 

10 

Sample Result 
mg/m3 

N.D 
N D 
N.D 
N.D 

360 

Detection Limit 
ppm/vol 

1.6 
1 3 
1.2 
1.2 

2.8 

Sample Result 
ppm/vol 

N D 
N D 
N D 
N D 

100 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ( j 
Laboratory Director 

DH03068.ESA <9of24> 



^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92714 (714)261-1022 FAX (714) 261-1 228 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-11, Van Nuys, CA 91406 (818) 779-18AA FAX (818) 7 79-18A3 

2465 W. 12th St., Suite 1, Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, EW-4 
Attention: Joni Fisher Lab Number: DH03077 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Sampled: 
Received: 
Analyzed: 
Reported: 

Aug 
Aug 

.Aug 
Aug 

12, 
12, 
15, 
16, 

1994 
1994:^4 
1994i:M 
1994 

Analyte 

Benzene 
Toluene 
Ethyl Benzene 
Total Xylenes 

Volatile Fuel Hydrocarbons 

Detection Limit 
mg/m3 

100 
100 
100 
100 

200 

Sample Result 
mg/m3 

1,500 
400 
N D 
N.D 

30,000 

Detection Limit 
ppm/vol 

31 
27 
23 
23 

57 

Sample Result 
ppm/vol 

470 
. ... 110 

N D 
N.D. 

8,500 

t l 

1 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 20. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

v^^ot 
Gary Steube 
Laboratory Director 

DH03068.ESA <10of24> 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 92714 

1014 E. Cooley Dr., Suite A, Colton, CA 9232A 

16525 Sherman Way, Suite C-11, Van Nuys. CA 91A06 

2455 W. 12th St., Suite 1, Tempe, AZ 85281 

(714)261-1022 FAX (714) 261-1228 

(909)370-4567 FAX (909) 370-1046 

(818)779-1844 FAX (818) 779-1843 

(602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, EW-2 
Attention: Joni Fisher Lab Number: DH03078 

Sampled: 
Received: 
Analyzed: 
Reported: 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Detection Limit 
ppm/vol 

Benzene 20 
Toluene 20 
Ethyl Benzene 20 
Total Xylenes 20 

Volatile Fuel Hydrocarbons 40 

81 
71 
40 
86 

21,000 

6.3 
5.3 
4.6 
4.6 

11 

Aug 12, 1994 
Aug 12, 1994 
Aug 15, 1994 
Aug 16, 1994 

Sample Result 
ppm/vol 

25 
19 
9.2 
20 

6,000 

Hydrocarbons detected by this method range from C6 - C15. 

The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 4. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

yvdiJ&\ 
Gary Steube l) 
Laboratory Director 

DH03068.ESA <11 of24> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 92714 (714)261-1022 FAX (71 4) 261-1 228 

1014 E. Cooley Dr., Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11. Van Nuys, CA 91406 (818) 779-18AA FAX (818) 779-1843 

2455 W. 12th St.. Suite 1, Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-17S Analyzed: Aug 15, 1994 
Attention: Joni Fisher Lab Number: DH03079 Reported: Aug 16, 1994 

VOLATILE FUEL HYDROCARBONS with BTEX DISTINCTION 

Analyte Detection Limit Sample Result 
mg/m3 mg/m3 

Benzene 5.0 73 
Toluene 5.0 16 
Ethyl Benzene 5.0 N.D 
TotalXylenes 5.0 7.5 

Detection Limit 
ppm/vol 

1.6 
1.3 
1.2 
1.2 

Sample Result 
ppm/vol 

23 
4 2 
N D 
1.7 

Volatile Fuel Hydrocarbons 10 4,700 2.8 1,300 

Hydrocarbons detected by this method range from C6 - C15. 
The molecular weight of 86 was used to convert Volatile Fuel Hydrocarbons from mg/m3 to ppm by volume. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

3 
Gary Steube [) 
Laboratory Director 

DH03068.ESA <12of24> 
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^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92714 (714)261-1022 FAX (7IA) 261-1228 

1014 E. Cooley Dr., Suite A, Colton, CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91A06 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 11, 1994 
: 15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 
Hrvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBD-3 Analyzed: Aug 13, 1994: 
Attention: Joni Fisher Lab Number: DH03068 Reported: Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 12 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 7.5 
Nitrogen 0.10 75 
Oxygen 0.10 5.5 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^^ybtu^a3iiitt-f\ 
Gary Steube U 
Laboratory Director 

DH03068.ESA <13of24> 



^ Del Mar Analytical 
2852 Alton Ave. Irvine. CA 9271 A (7 1 A) 261-1022 FAX (7 1 A) 261-1 228 

101A E. Cooley Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-11, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 11, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-40S Analyzed: Aug 13, 1994; 
Attention: Joni Fisher Lab Number: DH03069 Reported: Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 14 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 0.97 
Nitrogen 0.10 83 
Oxygen 0.10 2.0 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^ d o h ^ (^ok -JtA 
Gary Steube 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 (714)261-1022 FAX (714) 261-1 228 

101 4 E. Cooley Dr., Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1 046 

16525 Sherman Way. Suite C-1 1. Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBE-1 Analyzed 
Attention: Joni Fisher Lab Number: DH03070 Reported 

FIXED GASES by METHOD GC/TCD 

Aug 11, 1994 
Aug 12, 1994 
Aug 13, 1994 
Aug 16, 1994 

Sample Result 
% 

Analyte 

Detection Limit 
% 

0.10 
0.10 
0.10 
0.10 
0.10 

Carbon Dioxide 0.10 17 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 2.5 
Nitrogen 0.10 79 
Oxygen 0.10 1.8 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

^ ^ d j M x 
Gary Steube ' 0 
Laboratory Director 

DH03068.ESA <15of24> 



^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 (714)261-1022 FAX (7 14) 26 1-1 228 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 1. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-8S Analyzed 
Attention: Joni Fisher Lab Number: DH03071 Reported 

Aug 11, 1994 
Aug 12, 1994 
Aug 13, 1994 
Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 13 
Carbon Monoxide 0,10 N.D. 
Methane 0.10 5.6 
Nitrogen 0.10 77 
Oxygen 0.10 4.6 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' [) 
Laboratory Director 

DH03068.ESA <16of24> 



^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 927 14 (714)261-1022 FAX (7 1 A) 261 • 1 228 

101A E. Cooley Dr.. Suite A. Colton. CA 9232A (909) 370-A667 FAX (909) 370-10A6 

16525 Sherman Way, Suite C-l 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. I 2th St., Suite 1. Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

: England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994: 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 ^ 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, SBC-1 Analyzed: Aug 13, 1994 

•Attention: Joni Fisher Lab Number: DH03072 Reported: Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 15 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 2.6 
Nitrogen 0.10 80 
Oxygen 0.10 1.9 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

'^07n3f^6iMa •''• _ / •n 
Gary Steube ' 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave, Irvine. CA 927 14 (71A) 261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A. Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-1 1, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite I. Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-9S Analyzed 
Attention: Joni Fisher Lab Number: DH03073 Reported 

Aug 12, 1994; 
Aug 12, 1994: 
Aug 13, 1994. 
Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 0.31 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 N.D. 
Nitrogen 0.10 78 
Oxygen 0.10 21 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

?arv Steube 0 Gary Steube 
Laboratory Director 
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I ^ Del Mar Analytical 

2852 Alton Ave. Irvine. CA 92714 (714)261-1022 FAX (714) 2611228 

1014 E. Cooley Dr., Suite A. Colton, CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525Sherman Way, Suite C-1 1, Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1. Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-12S Analyzed: Aug 13, 1994 
Attention; Joni Fisher Lab Number: DH03074 Reported: Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 0.90 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 N.D. 
Nitrogen 0.10 79 
Oxygen 0.10 20 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

" i a r v .^ i tA i iho ' / Gary Steube ' / 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 92714 (71A) 261-1022 FAX (71 A) 261-1228 

101A E. Cooley Dr.. Suite A, Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman way. Suite C-1 1. Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994 
: 15375 Barranca Pkwy., Ste. F-106 PCPL, Fillmore Received: Aug 12, 1994 
ilrvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-5S Analyzed: Aug 13, 1994 
•Attention: Joni Fisher Lab Number: DH03075 Reported: Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 1.1 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 N.D. 
Nitrogen 0.10 80 
Oxygen 0.10 19 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

•1..4T4, C i . ^ l i | - . f > / / ) Gary Steube ' 0 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

101A E. Cooley Dr., Suite A, Colton. CA 9232A (909) 370-A667 FAX (909) 370-10A6 

16525Sherman Way, Suite C-l 1, Van Nuys, CA 91A06 (818) 779-18AA FAX (818) 779-18A3 

2A65W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, EW-5 Analyzed 
Attention: Joni Fisher Lab Number; DH03076 Reported 

FIXED GASES by METHOD GC/TCD 

Aug 12, 1994 
Aug 12, 1994 
Aug 13, 1994 
Aug 16, 1994 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 0.23 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 N.D. 
Nitrogen 0.10 78 
Oxygen 0.10 22 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' | 
Laboratory Director 

DH03068.ESA <21 of24> 



^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 9271 A (7 1 A) 261-1022 FAX (7 1 A) 261-1 228 

101A E. Cooley Dr.. Suite A. Colton, CA 9252A (909) 370-A667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-l 1, Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled: Aug 12, 1994 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received: Aug 12, 1994 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, EW-4 Analyzed: Aug 14, 1994 
Attention: Joni Fisher Lab Number: DH03077 Reported: Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Sample Result 
% 

Analyte 

Detection Limit 
% 

0.20 
0.20 
0.20 
0.20 
0.20 

Carbon Dioxide 0.20 10 
Carbon Monoxide 0.20 N.D. 
Methane 0.20 28 
Nitrogen 0.20 55 
Oxygen 0.20 5.9 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the sample required dilution. 

Detection limits for this sample have been raised by a factor of 2. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

"^^TM^mdc 
Gary Steube 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave, Irvine, CA 92714 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr., Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way, Suite C-l I, Van Nuys, CA 91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St.. Suite 1, Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore 
Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, EW-2 
Attention: Joni Fisher Lab Number: DH03078 

FIXED GASES by METHOD GC/TCD 

Detection Limit 
% 

Analyte 

Carbon Dioxide 0.10 
Carbon Monoxide 0.10 
Methane 0.10 
Nitrogen 0.10 
Oxygen 0.10 

Sampled: Aug 12, 
Received: Aug 12, 
Analyzed: Aug 14, 
Reported: Aug 16, 

Sample Result 
% 

4.9 
N.D. 
21 
69 
4.3 

1994 
1994 
1994 
1994 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

omrJiJ^ 
Gary Steube / 
Laboratory Director 
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^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 14 (714)261-1022 FAX (714) 261-1228 

1014 E. Cooley Dr.. Suite A, Colton, CA 92324 (909) 370-4667 FAX (909) 370-1046 

1 6525 Sherman Way, Suite C-1 1. Van Nuys, CA91406 (818) 779-1844 FAX (818) 779-1843 

2465 W. 12th St., Suite 1, Tempe, AZ 85281 (602)968-8272 FAX (602) 968-1338 

England Shahin & Associates Client Project ID: 225 H03/I03 Sampled 
15375 Barranca Pkwy., Ste. F-106 PCPL, Fiiimore Received 

•Irvine, CA 92718 Sample Descript: Air Sample in Tedlar Bag, MW-17S Analyzed 
Attention: Joni Fisher Lab Number: DH03079 Reported 

Aug 12, 1994 
Aug 12, 1994 
Aug 14, 1994 
Aug 16, 1994 

FIXED GASES by METHOD GC/TCD 

Detection Limit Sample Result 
% % 

Analyte 

Carbon Dioxide 0.10 0.93 
Carbon Monoxide 0.10 N.D. 
Methane 0.10 5.5 
Nitrogen 0.10 74 
Oxygen 0.10 20 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary Steube ' \) 
Laboratory Director 

DH03068.ESA <24of24> 
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EXECUTIVE SUMMARY 

This report summarizes the methods used and results obtained from a three-phase investigation 
evaluating the biofeasibility and prospective biotreatability of petroleum hydrocarbon-impacted 
soils and groundwater at the Pacific Coast Pipeline Superfund Project in Fillmore, CA. The 
scope of work was performed in accordance with a Work Agreement dated 5/3/94 between 
England, Shahin, and Associates (Client) and A. Keith Kaufman, M.S., Consultant in 
Environmental Biotechnology. 

The project discussed within this report was conducted in order to determine whether and to what 
degree biotreatment could be utilized for the remediation of groundwater {in situ) and/or soil and 
groundwater (in situ) at the subject site. The first phase of the investigation was directed at 
addressing the native physicochemical and microbiological parameters of site-specitlc soil and 
groundwater pursuant to prospective biotreatability. Tlie second phase evaluated the efficacy and 
efficiency of bioremedial treatment (in accordance with Phase 1 information) for impacted 
groundwater via an in situ model system. Subsequently, the third phase was conducted to assess 
tiie feasibility and potential effectiveness of implementing a system for the bioremcdiation of both 
soil and groundwater via integrated in situ methodology. 

The results obtained from these investigations support the u.se of biostiniulation methodology for 
the biologically-based cleanup of both soil and groundwater matrices via an integrated in situ 
approach. For groundwater, pilot bioremedial treatment resulted in a 97.2 % cleanup efficiency 
(over a two week treatment period) for all parameters, as compared to an 87.5 % control 
efficiency for the same period. Efficiency of groundwater cleanup for the integrated 
soil/groundwater treatment system was greater than 99.9%; however, the soils increased in 
hydrocarbon concentration over a two week treatment period (due to hydrocarbon adsorption by 
soils). Although volatilization and contaminant adsorption by soil particles influenced observed 
results, evidence of substantial bioremedial activity within groundwater and soil/groundwater 
systems was obtained, primarily from stoichiometric variances and observations of substantially 
increased levels of contaminant-spec itle biodegraders (not evidenced in controls). The latter can 
only occur as a result of contaminant u.se as metabolic substrates. 

Other findings of note include the fact that significant biofouling of soil during integrated 
treatment was not observed. Such a finding supports the feasibility of perfonning fleld in situ 
treatment. The use of hydrogen peroxide for subsurface oxygen supplementation was 
contraindicated by the results of these investigations, suggesting a high degree of biotoxicity (at 
0.01%) for specific hydrocarbon biodegraders within the native microbial population. 

Ba.sed on the overall results of this inve.stigatioii, we believe that in situ h'loreinedial treatment 
is feasible for mitigation of the subject facility, and would recommend that both infiltration 
gallery and direct injection and recovery be considered for fleld implementation of the 
bioremedial process. Ob.served microbial growth dynamics, degradation kinetics, and related field 
experience suggest the likelihood that site cleanup can be completed within two to three years 
post-implementation, under the conditions described within this report. 
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METHODS AND RESULTS 

PHASE 1 - Baseline Physicochemistry, Microbiology, & Biotreatability 

Site-specific soil and groundwater samples were evaluated for baseline physicochemical 
parameters (pH, nitrate, ammonium, phosphorous, and potassium concentrations) to determine 
the physicochemical "health" of the respective environments, and determine whether and to what 
degree nutrient supplementation will be required for pilot-scale and prospective full-scale 
treatment. The HACH Spectrophotometric process and ion-specific probes were utilized for the.se 
analyses in accordance with manufacturers' specifications. 

As noted in Table 1, the results indicate that there is considerable heterogeneity among the soil 
and water samples tested, especially with respect to physicochemistry. For example, .soil and 
groundwater pH differed, in some cases, by nearly two pH units. Additionally, there appeared 
to be major differences associated with potassium concentrations, especially among the water 
samples analyzed. As there appeared to be Uttle, if any, biotoxicity associated with these 
variances, however, we do not expect to encounter negative impacts upon or disruption to 
microbiological activity, especially for in situ treatment of soil and groundwater via an integrated 
loop system. The physicochemical findings also indicate a need for both reduced and oxidized 
forms of nitrogen. In order to facilitate optimal biodegradative efficiency within the impacted 
matrices, supplemental nitrogen components in the form of ammonium nitrate will be required 
for treatment. 

While considerable heterogeneity associated with microbial population dynamics also exi.sts 
among the samples tested, we believe the proportion of indigenous hydrocarbon degraders (as a 
percentage of the overall heterotrophic population) supports the prospective use of biostiniulation 
methods (as oppo.sed to bioaugmentafion. As a matter of routine however, representative 
hydrocarbon-biodegraders were subcultured and stored in our frozen stock supply in the event 
bioaugmentafion is required at one or more points during the field implementation process. Such 
events could occur at the initiation ofthe process in order to establish an active "seed" population 
to minimize lag time for natural population development (would likely be necessary in the area 
around EW-2, since the proportion of specific degraders is only 0.3%) and/or during such times 
when contaminant concentrations drop to a point where alternative carbon sources, possibly 
present in the soils/groundwater, begin to play a more dominant role in microbial metabolic 
processes. These events, where present, are detected and managed via periodic biopiocess 
monitoring. 

In general, there were no findings in the pha.se which would contra indicate the use of 
bioremediatioii for this site. 

http://the.se
http://pha.se
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Table 1. Results of physicochemical and microbial analyses of site-specific soil and water 
samples from England Shahin & Assoc, as of 5/13/94. 

Parameter 

pH 

Nitrate 

Nitrite 

Ammonium 

Phosphate 

Potassium 

% Moisture 

General Count 
(CFU X KT) 

Selective Count 
(CFU X 10") 

% Degraders 

EW-2 
(soil) 

8.9 

5 

18 

49 

46 

13 

80.0 

0.24 

0.3 

EW-4 
(soil) 

9.1 

5 

-

13 

77 

81 

16 

6.4 

0.78 

12.2 

MW-47D-
(soil) 

8.9 

5 

-

24 

126 

58 

18 

0.6 

0.54 

90 

P2 
(water) 

7.2 

ND 

ND 

0.05 

52 

5 

-

13.4 

2.0 

14.6 

MW-19S 
(water) 

7.3 

ND 

ND 

0.06 

45 

700 

-

1.7 

0.56 

32.9 

MW-17S 
(water) 

7.2 

ND 

ND 

0.40 

20 

13 

-

26.2 

1.2 

4.7 

CFU = colony-forming units (number of organisms) per gram/milliliter soil/water 
General count - General microbial population; cultured on 25% Trypticase Soy Agar 
Selective count - Biodegrader population; cultured on TPH-supplemented Bushnell-Haas 

medium 

Inorganic nutrient concentrations are expressed in ppm 

ND = not detected at or above detection levels 
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PHASE 2 - Pilot Bioremedial Treatment of Groundwater Via an In Situ Model System 

This phase was conducted in order to detennine the efficacy and prospective efficiency of 
biostiniulation methodology for the in situ cleanup of site-specific groundwater, with and without 
the addition of hydrogen peroxide (for oxygen supplementation). 

Approximately 3.7 liters of composited site-specific groundwater sample were equally di.stributed 
to each of three one-gallon glass vessels. Each water sample was spiked with equal volumes of 
gasoline and diesel fuel (approx. 1000 ppm total spike concentration) to ensure adequate baseline 
hydrocarbon levels. The three treatment systems were designated, respectively, as 1: Untreated 
Control, 2: Nutrient-supplemented Test, and 3: Nutrient/Hydrogen Peroxide-supplemented Test. 
Prior to treatment initiation, baseline (t=0) analytical and bioprocess monitoring samples were 
collected from each vessel and evaluated. Biotreatment was initiated by the application of 
inorganic nutrients to the test systems in accordance with Phase 1 protocol. Hydrogen peroxide 
was added to one of the test systems to yield a final concentration of 0.01% (IOO ppm). Each 
vessel was mixed and the tops loosely capped to provide for gas exchange. Each system was 
gently mixed on a 24-48 hour basis to simulate groundwater movement. All systems were 
maintained at room temperature under aerobic conditions for a total treatment period of 14 days. 
A .second application of nutrients and hydrogen peroxide was perfonned for appropriate te.st 
systems at t=7 days. 

Analytical monitoring of test and control systems via EPA Methods 418.1, 8015 modified for 
diesel fuel, and 8015/8020 (for gasoline and BTEX components) was perfomied at f=0 (baseline), 
t=2 days, t=7 days (except 418.1), and t=14 days. Bioprocess monitoring analy.ses 
(physicochemistry and microbiology) were performed at t=0 (baseline), t=7 days, and t=14 days. 

The results of Phase 2 are presented in Tables 2 (analytical) and 3 (physicochemical/ 
microbiological) on the following pages. 

Analytical results indicate that substantial contaminant reduction occurred within both control and 
test systems. Presumably, a significant portion of the observed loss could be attributable to 
volatilization, especially within the control system. The nutrient-amended system generally 
showed more efficient reduction of gasoline and specific BTEX components than did the control 
or liydrogen peroxide-supplemented test system. The observed increa.sed efficiency of 
hydrocarbon reduction in the nutrient-amended test system (nearly 50% greater for gasoline) can 
be attributable to biological activity, since a substantial increase in both heterotrophic and 
.selective degrader populations were observed concurrently over time for this system. 

Hydrogen peroxide appeared detrimental to microbial activity, and loss of contaminant observed 
in this system can thus be attributable to a combination of both volatilization and hydrogen 
peroxide-induced hydrocarbon oxidation. While hydrogen peroxide was utilized at a very low 
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concentration (0.01%), many microorganisms (especially those which do not possess the enzyme 
"catalase") are extremely sensitive to the highly oxidative nature of the. compound. Since 
biotoxicity was clearly observed for the microbial population developed in the site-specific water, 
we do not recommend hydrogen peroxide for supplemental oxygenation purposes. 

It is recognized that laboratory model systems, such as that used for this phase, inherently have 
limitations a.ssociated particularly with management of volatilization. Clearly, the results obtained 
here strongly indicate that volatilization played a strong role in reducing contaminant 
concentration over time (aUhough it is unclear why the diesel fraction appeared more impacted 
by such action than the gasoline fraction). It should be noted however, that the role of 
volatilization for actual field in situ application will likely be minimal. Under such circumstances 
therefore, methods to facilitate exclusive biologically-mediated contaminant reduction should be 
implemented and maintained. Because ofthe improved efficiency of contaminant reduction noted 
for the nutrient only-amended system, this method was utilized for Phase 3 of the investigation, 
and is anticipated for full-scale implementation purposes, as well. 
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Table 2. Cumulative analytical results for bench-scale pilot treatment of TPH-impacted 
groundwater from England Shahin & Assoc. (TEXACO, Fillmore, CA site) 

Time 
(t=days) 

Control 

0 

2 

7 

14 

% Redctn 

Nutrients 
only 

0 

2 

7 

14 

% Redctn 

Nutrients 
+ H , 0 , 

0 

2 

7 

14 

% Redctn 

TPH 

6200 

NA 

NA 

100 

98.4 

7800 

NA 

NA 

66 

99.2 

220 

NA 

NA 

81 

63.2 

TPHd 

810 

400 

200 

72 

91.1 

940 

200 

230 

76 

91.9 

91 

110 

200 

82 

9.9 

TPHg 

150 

350 

1200 

90 

40.0 

200 

67 

1400 

21 

89.5 

170 

290 

660 

32 

81.2 

Benz
ene 

4.8 

2.6 

1.6 

0.15 

96.7 

4.8 

1.5 

ND 

ND 

100 

3.8 

2,0 

1.3 

0.24 

93.7 

Tolu
ene 

17 

8.7 

5.1 

0.74 

95.6 

20 

3.2 

ND 

ND 

100 

17 

7.0 

3.4 

0.75 

95.6 

Ethyl 
Benz 

2.1 

1.4 

0.93 

ND 

100 

3.0 

0.28 

ND 

ND 

100 

2.8 

1.8 

0.78 

0.13 

95.4 

Xylene 

21 

20 

22 

1.9 

91.0 

33 

8.7 

6.8 

0.009 

9997 

26 

20 

6.0 

1.7 

93.5 J 

TPH = Total Petroleum Hydrocarbon (oils) analysis (EPA Method 418 I) 
TPHd = Diesel analysis (EPA Method 8015 diesel) 
TPHg = Gasoline analysis (EPA Method 8015 gasoline) 
BTEX = Benzene, toluene , ethylbenzene, xylenes analysis (EPA Method 8020) 
ND = Not detected at or above detection limits 
NA = Analyses not performed 
.Analytical concentrations expressed in parts per million (ppm) 
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Table 3. Cumulative results of physicochemical and microbiological analyses for bench 
pilot-scale treatment of TPH-impacted groundwater from England Shahin & 
Assoc. (TEXACO, Fillmore, CA site) 

Time 
(t=days) 

Control 

0 

2 

7 

14 

Nutrients 
onlv 

0 

2 

7 

14 

Nutrients 
+ H , 0 , 

0 

2 

7 

14 

pH 

7.5 

NA 

8.0 

8.5 

7.5 

NA 

8.1 

8.3 

7.5 

NA 

8.2 

8.5 

NO3 

ND 

NA 

9.7 

12.3 

ND 

NA 

120 

129 

ND 

NA 

112 

147 

NO. 

ND 

NA 

4.8 

3.0 

ND 

NA 

4.5 

2.1 

ND 

NA 

3.6 

ND 

NH, 

0.9 

NA 

0.5 

0.4 

0.9 

NA 

91 6 

142 

0.9 

NA 

86.8 

91.6 

PO, 

6.1 

NA 

ND 

ND 

6.1 

NA 

ND 

ND 

6.1 

NA 

ND 

4.0 

K 

17 5 

NA 

19 

18 

17.5 

NA 

14.0 

7.0 

175 

NA 

11.5 

6.0 

Gen 

14 

NA 

3.9 

3 9 

14 

NA 

35.0 

76.0 

14 

NA 

2.4 

0 0 6 

Sel 

1.0 

NA 

3.6 

3.5 

1.0 

NA 

7.8 

12.8 

1.0 

NA 

ND 

ND 

% 
Deg 

71 

NA 

92 

8 9 7 

71 

NA 

22.2 

16.8 

71 

NA 

* Gen = General (heterotrophic) microbial population, expressed as CFU x 10̂  
Sel = Selective biodegrader (gasoline.^diesel) microbial population, expressed as CFU X 10' 
CFU = Colony-forming units (number of microorganisms) per milliliter water 

ND = Not detected at or above detection limits 
NA = Analyses not performed 
Inorganic nutrient concentrations expressed in parts per million (ppm) 
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PHASE 3 - Pilot Bioremedial Treatment of Soil and Groundwater Via an Integrated 
Closed-loop System 

This phase was conducted in order to evaluate the efficacy and prospective efficiency of utilizing 
bio.stimulation methodology for the in situ treatment of soil and groundwater via an integrated 
closed-loop system. 

The in situ pilot-scale model system was composed of a soil-packed 3-foot vertical column (1" 
inner diameter) and a 2.5 liter double side arm Erlenmeyer flask which functioned as a reservoir 
for groundwater. The column was packed with site-specific soil in a manner which was 
consistent with site stratigraphy, as represented by depth of collection (45', 60', and 85'). 
Approximately 200 grams of each soil type was utilized during column packing. An equal 
volume of composited soil (untreated) was utilized as a t=0 baseline control. For the 
groundwater reservoir, a total volume of 2,500 ml of hydrocarbon-spiked (1000 ppm 
diesel/gasoline mix) site-specific groundwater was used. Baseline samples for analytical and 
bioprocess monitoring (t=0) were collected as previously described. Water within the flask was 
then supplemented with inorganic nutrients (27N-0P-1K) in accordance with previous findings 
(100 ppm nitrate). The flask was connected, via Tygon tubing, such that a continuous closed-
loop flow from the reactor through the soil column would be accomplished. A peristaltic pump 
was utilized to pump water from the reservoir into the top of the column. A recirculating tube 
connected the di.stal (bottom) end ofthe column to a second pump which, in tum, was comiected 
to the influent port of the flask. Subsequent attempts were made to establish a continuous 
delivery rate of water to the top of the column; however, due to the clay-like composition of soil 
portions, continuous flow rates were unable to be sustained. As a result, frequent monitoring of 
the column was necessary to facilitate maximum flow without allowing water backup. 

The recirculating proce.-^s was maintained for a period of fourteen (14) days. Following 
completion, the soil column was dismantled and the soils composited and submitted, along with 
treated water, to a state-certified analytical testing laboratory for analysis via EPA Methods 418.1 
(soil), 8015 gasoline/diesel (soil and groundwater), and 8020 BTEX (soil and groundwater). 
Aliquots of all .soil and groundwater samples were retained for physicochemical and 
microbiological analy.ses over time. Analyses were perfomied at t=0 (baseline) and t=14 days. 

As noted, difficulties were encountered in maintaining a continuous flow rate of water through 
the .soil column. The recirculating pump however, remained on during the entire treatment 
period. The rate of flow ranged from 0.22 cm (1.98 ml)/hr to 0.32 cm (2.88 iiil)/hr (average = 
0.26 cm (2.34 ml)/hr. Although a continuous rate could not be established, it is important to note 
that some degree of flow was able to be maintained for the entire treatment duration. This 
ob.servation indicates that significant biofouling did not occur, in spite of the presence of clays 
within the soil matrix. The presence or absence of biofouling (soil "plugging" developed as a 
result of bacterial growth and resultant biomass) is a significant factor in evaluating the feasibility 
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of performing in situ biotreatment for soils. Accordingly, the absence of biofouling noted for 
these analyses supports prospective in situ implementation. 

Analytical and physicochemical/microbiological results for this phase are noted in Tables 4 and 
5, respectively. Analytical results indicate that greater than 99.9% reduction in diesel and 
gasoline/BTEX concentrations occurred for water. Soil samples however, showed a marked 
increase in TPH concentrations. Such a result suggests that, in the process of recirculating spiked 
water through the soil column, the soil matrix adsorbed significant portions of the hydrocarbon 
fractions. This finding is rather unusual, since water passage through an impacted soil column 
(both in laboratory and field projects) typically produce "flushing" effects, resulting in leachate 
passage of contaminants into groundwater. In fact, such flushing is generally what facilitates 
rapid remedial effectiveness of the in situ process (bioremedial activity is generally more 
effective in aqueous enviromnents due to solubility effects and enhanced bioavailability of carbon 
substrates). As a result of this finding, it would initially appear that the significant lo.ss of 
hydrocarbon observed for water samples could be, in part, attributable to adsorption of 
hydrocarbon onto soil particles. WTiile clearly playing a role, it is important to note that the 
concentrations noted for .soil do not reflect additive levels. Therefore, non-adsorptive loss could 
be demonstrated. Since this was a closed-loop system, and efforts were taken to preclude 
volatilization, we do not believe that VOC emissions played a significant role in hydrocarbon 
reduction. Furthermore, data from microbiological and physicochemical analyses support 
biologically-mediated reduction of hydrocarbons within both soil and groundwater matrices. 
Microbiologically, both soil and groundwater samples showed substantial increases in both 
heterotrophic and selective degrader populations. The relative percentage of selective 
hydrocarbon degraders increased by 28% in water, and 68% in soil, likely reflecting differential 
hydrocarbon concentrations between the two matrices. It is important to note that the growth of 
the selective population could only have occurred if the hydrocarbon constituents were being 
utilized for microbial growth. Therefore, the microbiological observations conflnn that 
signiflcant biodegradation had occurred within both soil and groundwater. Given the particularly 
large concentrations of degraders within soil, we would anticipate relatively rapid and efficient 
reduction of hydrocarbons over time. Physicochemically, confirmation of nutrient delivery to the 
soil column was obtained. Stoichiometrically added amounts of nutrient (nitrate index 
concentration of 100 ppm) were also efficiently utilized by noting signiflcant nitrate depletion 
in both soil and water environments. The more efficient loss of nitrate within the soil matrix 
correlates well with the differential microbial enumeration flndiiigs, again indicating a rapidly 
metabolizing population of biodegraders. 
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Table 4. Summary of analytical results from in situ (closed loop) pilot-scale biotreatment of 
TPH-impacted soil and water from England & Shahin (Texaco she, Fillmore, CA) 

Time 
(T=days) 

Water 

0 

14 

Soil 

0 

L14 

TRPH 

NA 

NA 

430 

1000 

TPHD 

550 

5.7 , 

390 

1300 

TPHG Benzene 

760 1 6 

0.12 0.0006 . 
• . - ^ 

320 0.054 

510 0.30 

Toluene 

7.0 

0.007 ., 
• : . ' ^ 

0.091 

0.16 

Ethyl 
Benzene 

2.9 

ND 

0.60 

1.1 

Xylene 

27.0 

0.011 

' 

1.3 

1.7 

ND = analytes are not detected at or above method detection limit 
NA = analysis not performed 
TPH concentrations expressed in parts per million (ppm) 

TRPH = Total Recoverable Petroleum Hydrocarbons (EPA 418.1) 
TPHD = analysis for diesel concentrations (EPA Modiified 8015) 
TPHG - analysis for gasoline (EPA 8015) 
BTEX = analysis via EPA 8020 
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Table 5. Summary of physicocehmical and microbiological results from in situ pilot-scale 
biotreatment of TPH-impacted soil and water fi'om England & Shahin (Texaco site, 
Fillmore, CA) 

Time 
(T=days) 

Water 

0 

14 

Soil 

0 

14 

pH 

8 0 

8.2 

9.0 

9.1 

NO, 

ND 

65 

7 

20 

NO, 

ND 

ND 

NA 

NA 

NH, 

11 

84 

12 

96 

PO, 

5.7 

5.2 

50 

27 

K 

165 

15.3 

110 

96 

Gen 
( x 10') 

1.2 

16.8 

76.8 

274 

Sel 
( V 1 0 ' ) 

0 47 

9.2 

12.6 

142 

% 
Deg 

39.2 

54.8 

16.4 

51.8 

ND = analyte not detected at or above detection limit 
Gen = general microbial population count, expressed as CFU x 10' per milliliter (ml) water/gram 

(g) soil 
Sel = selective (biodegrader) microbial population count, expressed as CFU x 10' per ml vvater/g 

soil 
CFU - colony-forming units (number of organisms) per milliliter water or gram soil 

Inorganic nutrient concentrations are expressed in parts per million (ppm) Some values have been 
rounded off to the nearest whole number. 
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CONCLUSION 

The cumulative results from this investigation support the prospective use of bioremedial 
treatment for in situ cleanup of groundwater and/or soil and groundwater. Where feasible and 
appropriate, such approaches have been utilized in the past for projects of a similar nature with 
exceptional results. Although it is difficult to project a cleanup time for this project, we believe 
a two to three year completion is attainable. This estimation is based upon observed kinetics, 
coupled with the cumulative microbiological findings which suggest rapid remedial initiation and 
efficient biodegradative metabolism maintenance. It is important to note however, that many 
factors will directly or indirectly influence the actual rate of contaminant degradation and cleanup 
time requirements in the field. Most notably, these factors include flnal cleanup criteria, 
temperature, degree of maintenance of hydrodynamic flow of bionutrients and water, oxygenation, 
and continued bioavailability of carbon substrates. Additionally, as with any in situ bioremedial 
project involving soils (especially those containing clays and other minimally impermeable 
lithologies, isolated biofouling must always be considered a possible development. Reduced 
aqueous flow rates and/or odors generated as a result of the development of anaerobic conditions 
are strongly suggestive of biofouling development. Because of the potential influence of these 
factors on bioremedial effectiveness and efficiency, it is recommended that a comprehensive 
bioprocess monitoring program be maintained throughout the duration ofthe fleld implementation 
phase. Such action allows for the rapid response to physicochemical and microbiological changes 
which may occur during the course of treatment, thereby minimizing the potential for problem 
development. 

We would anticipate that fleld implementation would involve the use of inflltration galleries for 
delivery of bionutrients with the possible use of direct injection, as well. The latter would be 
especially useful for initiation of bioactivity within groundwater as well as more efficient delivery 
of materials to those areas within the soil column that are particularly inundated with clays and/or 
minimally permeable lithologies. Wliile the use of hydrogen peroxide for oxygen 
supplementation is not supported by this investigation, air sparging (and/or modifled bioventing) 
should be considered as a method to facilitate subsurface oxygenation and enhancement of 
aerobic microbial metabolism. While we do not believe this is essential (as long as 
hydrodynamic flow of materials from the surface into and through the soil matrix can be 
maintained ), air sparging would likely enable more efficient (and therefore more rapid) 
contaminant reduction. The decision as to whether or not to utilize air sparging however, should, 
in part, be dictated by regulatory con.straints and concerns as.sociated with contaminant 
spread/migration potentially induced as a result of such sparging. 

I 
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APPENDIX 

Analytical Reports 



^ > Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 14 

I O U E. Cooley Dr.. Suite A. Colton. CA 92J2A 

I 6525 Sherman Way. Suite C l l . Van Nuys. CA 9 I '.06 

943 South 48th St.. Suite I 14. Tempe, AZ 85281 

(7141261-1022 FAX (714) 26 I-1 228 

( 9 0 9 ) 3 7 0 - 4 6 6 7 FAX (909) 5 7 0 - 1 0 4 6 

( 8 1 8 ) 7 7 9 - 1 8 4 4 FAX (81 8) 779-1 8 4 3 

( 6 0 2 ) 9 6 8 - 8 2 7 2 FAX (602) 968-1 338 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cfieryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 418.1 (I.R. with clean-up) 
First Sample #: V4061048 

Sampled: Jun 16, 1994 
Received: Jun 20, 1994 
Analyzed: Jun 27, 1994; 
Reported: Jun 29, 1994 

Laboratory 
Number 

V4061048 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Sample Petroleum 
Description Hydrocarbons 

Water mg/L 
(ppm) 

ES1-0A 6,200 

V4061051 ES2-0A 7,800 

V4061054 ES3-0A 220 

Detection Limit: 1.0 

Analytes reported as N D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

O/^I0S. 
/endy Thomas 

Laboratory Manager V4061048.RES <1> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 1 4 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 

1 6525 Sherman Way. Suite C l l . Van Nuys. CA 9 1 405 

943 South 48th St.. Suite 1 14, Tempe, AZ 85281 

(714)261-1022 FAX (714) 261-1228 

(909)370-4667 FAX (909) 370-1 045 

(818)7791844 FAX (8 I 8) 779-1843 

(602)968-8272 FAX (602) 968-1 338 

Resna Industries 
:5301 Beethoven St., Ste. 290 
:Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 
First Sample #: V4061050 

Sampled: Jun 16, 1994 
Received: Jun 20, 1994ii 
Analyzed: . Jun 27, 1994? 
Reported: Jun 29, 1994!! 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

V4061050 

Sample 
Description 

Water 

ES1-0C 

Volatile Fuel 
Hydrocarbons Benzene 

[iglL pg/L 
(ppb) (ppb) 

150,000 

Ethyl Total 
Toluene Benzene Xylenes 

\iglL pg/L pg/L 
(ppb) (ppb) (ppb) 

4,800 17,000 2,100 21,000 

V4061053 ES2-OC 200,000 4,800 20,000 3,000 33,000 

V4061056 ES3-0C 170,000 3,800 17,000 2,800 26,000 

Detection Limit: 100,000 600 600 600 1,200 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to C15. 

Analytes reported as N D were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 2000, 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4061048.RES <2> 

file:///iglL


Del Mar Analytical 
2852 Alton Ave.. Irvine. CA92714 

1014 E. Cooley Dr., Suite A. Colton. CA 92324 

16525 Sherman Way. Suite C-11. Van Nuys. CA 9 1 406 

945 South 48th St.. Suite 1 1 4. Tempe. AZ 85281 

(714) 261 1022 FAX (7 14) 261-1228 

(909)370-4667 FAX (909) 370-1 046 

(818)7791844 FAX (818) 779-1 843 

(602)968-82 72 FAX (602) 968-1 358 

Resna Industries 
.5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 
First Sample #: V4061058 

Sampled: Jun 18, 1994 
Received: Jun 20, 1994, 
Analyzed: Jun 27, 1994 
Reported: Jun 29, 1994-

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

V4061058 

Sample 
Description 

Water 

ES1-2C 

Volatile Fuel 
Hydrocarbons 

pg/L 

(ppb) 

350,000 

Benzene 
pg/L 

(ppb) 

2,600 

Toluene 
pg/L 

(ppb) 

8,700 

Ethyl 
Benzene 

pg/L 

(ppb) 

1,400 

Total 
Xylenes 

pg/L 

(ppb) 

20,000 

Detection Limit: 100,000 600 600 600 1,200 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to C15. 

Analytes reported as N D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 2000, 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061048.RES <3> 



^ p Del Mar Analytical 
2852 Alton Ave,, Irvine, CA 927 1 4 

1014 E, Cooley Dr., Suite A, Colton, CA 92324 

I 6525 Sherman Way, Suite C l l , Van Nuys, CA 91 406 

943 South 48th St.. Suite 114. Tempe. AZ 8528 1 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 
First Sample #: V4061060 

(714)261-1022 FAX (714) 261-1228 

(909)370-4667 FAX (909) 570-1 045 

(818)779-1844 FAX (8 1 8) 7791 843 

(602)968-8272 FAX (602) 968-1 358 

Sampled: Jun 18, 1994 
Received: Jun 20, 19941 
Analyzed; Jun 28, 1994 
Reported: Jun 29, 1994 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

V4061060 

Sample 
Description 

Water 

ES2-2C 

Volatile Fuel 
Hydrocarbons 

pg/L 

(ppb) 

67,000 

Benzene 
pg/L 

(ppb) 

1,500 

Toluene 
pg/L 

(ppb) 

3,200 

Ethyl 
Benzene 

pg/L 

(ppb) 

280 

Total 
Xylenes 

ijg/L 

(ppb) 

8,700 

Detection Limit: 40,000 240 240 240 480 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to CIS. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 800. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4061048.RES <4> 



^ # Del Mar Analytical 
2852 Alton Ave,, Irvine, CA 92714 

1014 E, Cooley Dr., Suite A, Colton, CA 92524 

16525 Sherman Way, Suite C-11, Van Nuys, CA 9 1 405 

943 South 48th St.. Suite 1 14. Tempe. AZ 85281 

(714) 261 1022 FAX (714) 261-1228 

(909)570-4557 FAX (909) 370-1 046 

(818)779-1844 FAX (8 I 8) 7 79-1 843 

(602)968-8272 FAX (502) 968-1 338 

Resna Industries 
5301 Beethoven St.. Ste. 290 
Los Angeles. CA 90066 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 
First Sample #: V4061062 

Sampled 
Received 
Analyzed 
Reported 

Jun 18, 1994 
Jun 20, 1994: 
Jun 27, 1994; 
Jun 29, 1994: 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

V4061062 

Sample 
Description 

Water 

ES3-2C 

Volatile Fuel 
Hydrocarbons 

pg/L 

(ppb) 

290,000 

Benzene 
pg/L 

(ppb) 

2,000 

Toluene 
pg/L 

(ppb) 

7,000 

Ethyl 
Benzene 

pg/L 

(ppb) 

1,800 

Total 
Xylenes 

pg/L 

(ppb) 

20,000 

Detection Limit: 130,000 750 750 750 1,500 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to C15. 

Analytes reported as ND, were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 2500. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

• lA 
endy Thomas 

Laboratory Manager V4061048.RES <5> 



^ ^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 I 4 (7 I 4) 261 • 1022 FAX (7 1 4) 25 1 -1 228 

1014 E, Cooley Dr.. Suite A. Colton. CA 92324 (909) 370-4667 FAX (909) 370-1046 

15525 Sherman Way. Suite C-1 1. Van Nuys. CA 9 1 406 (818) 779-1844 FAX (818) 779-1843 

943 South 48th St.. Suite 1 14. Tempe. AZ 85281 (502) 958-8272 FAX (502) 968-1558 

Resna Industries 
;5301 Beethoven St., Ste. 290 
::Los Angeles, CA 90066 
: Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 3510/CA DHS Mod. 8015 
First Sample #: V4061049 

Sampled: Jun 16, 199 
Received: Jun 20, 199 
Analyzed: Jun 22, 1994 
Reported: Jun 29, 199 

Laboratory 
Number 

V4061049 

V4061052 

V4061055 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Sample Extractable Hydrocarbon 
Description Hydrocarbons Type 

Water mg/L 
(ppm) 

ES1-0B 

ES2-0B 

ES3-0B 

810 

940 

91 

Gas & Diesel 

Gas & Diesel 

Gas & Diesel 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from C8 to C40. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

i/endy Thomas 
Laboratory Manager V4061048.RES <6> 



^ ^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 14 (714)261-1022 FAX (7 I 4) 261 -1 228 

1014 E. Cooley Dr.. Suite A. Colton. CA 92524 (909) 570-4567 FAX (909) 570-1 045 

16525 Sherman Way. Suite C-11. Van Nuys. CA91406 (818) 779-1844 FAX (818) 779-1845 

945 South 48th St.. Suite 114. Tempe, AZ 85281 (602) 968-8272 FAX (602) 968-1558 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 3510/CA DHS Mod. 8015 
First Sample #: V4061057 

Sampled: Jun 18, i994: 
Received: Jun 20, 1994^ 
Analyzed: Jun 22, 1994: 
Reported: Jun 29, 1994;: 

Laboratory 
Number 

V4061057 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Sample 
Description 

Water 

ES1-2B 

Extractable Hydrocarbon 
Hydrocarbons Type 

mg/L 
(ppm) 

400 Gas & Diesel 

V4061059 ES2-2B 200 Gas & Diesel 

V4061061 ES3-2B 110 Gas & Diesel 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard Hydrocarbons detected by this method range from 08 to 040, 

Analytes reported as N.D were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/ / ) • TuTdAHytS^ 
iwendy Thomas 
Laboratory Manager V4061048.RES <7> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 14 (714)261-1022 FAX (7 1 4) 25 1 -1 228 

1014 E. Cooley Dr.. Suite A. Colton. CA 92524 (909) 370-4667 FAX (909) 370-1046 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA 91406 (818) 779-1844 FAX (818) 779-1843 

945 South 48th St.. Suite 1 14. Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1558 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention; Cheryl Krueger 

Method Blank 
Analyzed: 
Reported: 

Matrix: 

Jun 27, 19941 
Jun 29, 1994' 

Water 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory 
Description 

Method Blank 

Petroleum 
Hydrocarbons 

mg/L 
(ppm) 

N.D. 

Detection Limit: 1.0 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4061048.RES <8> 



Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 1 4 

1014 E. Cooley Dr.. Suite A. Colton. CA 92524 

1 6525 Sherman Way. Suite C-11. Van Nuys. CA 9 1 406 

943 South 48th St.. Suite 114. Tempe. AZ 85281 

(714)261-1022 FAX (714) 261-1228 

(909)570-4667 FAX (909) 570-1045 

(818)779-1844 FAX (818) 779-1843 

(602)968-8272 FAX (602) 968-1 338 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: 
Reported: 

Matrix: 

Jun 27, 1994 
Jun 29, 1994 

Water 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Description 

Method Blank 

Volatile Fuel 
Hydrocarbons 

pg/L 
(ppb) 

N.D. 

Benzene 
pg/L 
(ppb) 

N.D. 

Toluene 
pg/L 
(ppb) 

N.D. 

Ethyl 
Benzene 

pg/L 
(ppb) 

N.D. 

Total 
Xylenes 

pg/L 
(ppb) 

N.D. 

Detection Limit: 50 0.30 0.30 0.30 0.60 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4061048.RES <9> 



Del Mar Analytical 
2852 Alton Ave.. Irume. CA 927 1 4 

1014 E. Cooley Dr.. Suite A. Colton. CA 92524 

16525 Sherman Way. Suite C-11. Van Nuys. CA 9 1 406 

943 South 48th St.. Suite 1 14. Tempe. AZ 85281 

(714) 2611022 FAX (714) 2611228 

(909)370-4657 FAX (909) 370-1046 

(818)779-1844 FAX (8 I 8) 779-1 843 

(602)968-8272 FAX (602) 968-1 338 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: Jun 22, 1994 
Reported: Jun 29, 1994 

Matrix: Water 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory 
Description 

Method Blank 

Extractable 
Hydrocarbons 

mg/L 
(ppm) 

N.D. 

Hydrocarbon 
Type 

N.A. 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from C8 to C40. 

Analytes reported as N.D. were not present above the stated limit of detection 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061048.RES <10> 



^ Del Mar Analytical 

, „ „ 2 6 M 0 2 2 F A X a , M « l - . ^ i 8 
,352AUonAve..lr.,ne.CA9aT>4 ^ ^ ^ ^ ^ ^ ^ , , .X (909) 370-1046 

. „ E Coo,ey.Or..S.ite A. colton. CA 92524 ^' ,AX (8,8, 779-'B45 

n j r - « - ' • - " '^"^^- ^ " " ' 6 2 958-8272 FAX (502, 968-1358 
,6525 Sherman way, S ^^ , , „ p , , AZ 85281 (602,96 

9A5 South 48th St., Suite 

MiSHiigiiiillft 

DATE: 

SAMPLE # 

Analyte 

6/22/94 

Blank 

Qni5bv extraction 
EPA METHOD: 8015 Dy ^^^^^ 

matrix: 

„ SP MS MSO PBt Pn^ 

ppm ppm ppm ppm '• 

Hydrocarbons 

BPD 

MEAN 

PR 

Detinition of Terms: 

R1 Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recover/ of MS; (MS-R1) / SP X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analytical 



^ * Del Mar Analytical 

DATE: 

SAMPLE # 

6/27/94 

Blank 

2852 Alton Ave.. Irvine, CA 927 1 A (7 1 .̂l 251 -1022 FAX (7 U j 261 -1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 (909) 3 70-1657 FAX (909, 570-1016 

16525Sherman Way. Suite C-l 1. Van Nuys. CA 9 1106 (818, 779-1811 FAX (8 I 8) 779-1 813 

913 South 18th St.. Suite 1 11. Tempe. AZ 8528 1 (602, 968-8272 FAX (602, 968-1 358 

QGi:DATA;:i;PER<)RT||; 

EPA METHOD: 
matrix: 

418.1 
water 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % % 

Hydrocarbons 1 0 1 5.0 1 4.9 5.0 98% 100% 1 2.0% 1 99% 

Definition of Terms: 

R1 Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-R1) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analytical 



Del Mar Analytical 
2852 Alton Ave. Irvine. CA 92711 (711)251-1022 FAX (7 11) 251-1 228 

1011 E.Cooley Dr.Sui te A. Colton. CA 92521 (909) 570-1667 FAX (909) 570-1016 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA 91106 (818) 779-1811 FAX (81 8) 779-1815 

913 South 18th St.. Suite I 11. Tempe. AZ 8528 1 (602)968-8272 FAX (602) 968-1 338 

DATE: 

SAMPLE # 

6 /28 /94 

V4061270 

AA^MiMiSMpy^M&i 

EPA METHOD: 

matrix: 

:i||i|;|:i 

8020 

water 

Analyte 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

MEAN 
Rl Sp MS MSD PR1 PR2 RPD PR 

ppb ppb ppb ppb % % % % 

0.054 

0.079 

0 

0.042 

10 

10 

10 

30 

8.5 

8.0 

8.5 

26 

8.2 

9.2 

12 

38 

84% 

79% 

85% 

87% 

8 1 % 

9 1 % 

120% 

127% 

3.6% 

14.0% 

34.1% 

37.5% 

83% 

85% 

103% 
107% 

Definition of Terms: 

R1 Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-R1) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analytical 



^ ^ Del Mar/\nalytical 
2852 Alton Ave.. IfVine.CA 9 2 7 I I (711,261-1022 FAX (7 11) 261-1 228 

1011 E. Cooley Dr., Suite A. Colton, CA 92321 (909, 570-1667 FAX (909, 370-1016 

1552S Sherman Way. Suite C-11, Van Nuys. CA 91106 (818, 779-1811 FAX (818, 779-1815 

915 South 18th St.. Suite 1 \ 1. Tempe. AZ 8528 1 1602, 968-8272 FAX (5021 968-1 358 

DATE: 

SAMPLE # 

6/28/94 

V4061270 

WIK^MSiBMSK9S7 

EPA METHOD: 8015 volatile 
matrix: water 

Analyte 
MEAN 

R l Sp MS MSD PR1 PR2 RPD PR 

ppb ppb ppb ppb % 0/ 
/o % % 

Hydrocarbons 18 110 127 109 99% 83% 9.0% 91% 

Definition of Terms: 

R1 Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-R1) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analytical 

I 



Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 11 

t o i l E. Cooley Dr.. Suite A. Colton. CA 92321 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA 91105 

915 South 18th St.. Suite 111, Tempe. AZ 8528 1 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Client Project lb: England Shahin 

Analysis Method; EPA 3510/CA DHS Mod. 8015 
First Sample #: V4061259 

(711,261-1022 FAX(7 I1 )2511228 

(909, 570-1667 FAX (909, 570-1016 

(818)779-1811 FAX (8 18) 779-1813 

(602)968-8272 FAX (602, 968-1 558 

Sampled: Jun 2371994 
Received: Jun 23, 1994 
Analyzed: Jun 29, 1994 
Reported: Jun 30, 1994 

Laboratory 
Number 

V4061259 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Sample 
Description 

Water 

ES1-7B 

Extractable Hydrocarbon 
Hydrocarbons Type 

mg/L 
(ppm) 

200 C9-C27 

V4061261 ES2-7B 230 C9-C27 

V4061263 ES3-7B 200 C9-C27 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard Hydrocarbons detected by this method range from 08 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

' ^ 
I lhMir% . 

Wendy Thomas 
Laboratory Manager V4061259.RES <1> 



^ P Del Mar Analytical 
2852 Alton Ave.. Inline. CA 927 I I (711)251-1022 FAX (7 11, 261-1 228 

1 011 E. Cooley Dr., Suite A, Colton. CA 92521 (909) 370-1667 FAX (909, 370-1 016 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA91106 (818, 779-1811 FAX (818) 779-1813 

915 South 18th St.. Suite 1 I I . Tempe, AZ 85281 (602) 968-8272 FAX (602) 968 1338 

Resna Industries Client Project ID: England Shahin Sampled: Jun 23, 1994 
5301 Beethoven St., Ste. 290 Received: Jun 23, 1994 
Los Angeles, CA 90066 Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 Analyzed: Jun 29-30, 1994 
Attention: Cheryl Krueger First Sample #: V4061260 Reported: Jun 30, 1994 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory Sample Volatile Fuel Ethyl Total 
Number Description Hydrocarbons Benzene Toluene Benzene Xylenes 

Water |jg/L \iglL |jg/L pg/L pg/L 
(ppb) (ppb) (ppb) (ppb) (ppb) 

V4061260 ES1-7C 1,200,000 1.600 5,100 930 22,000 

V4061264 ES3-7C 860,000 1,300 3,400 780 6,000 

Detection Limit: 50,000 300 300 300 600 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 1000. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

7endy Thomas 
Laboratory Manager V406i259.RES <2> 

file:///iglL


^ ' 

>. 2852 Alton Ave.. Irvine. CA 92711 (7 11) 26 1 -1022 FAX (7 11) 261 -1 228 

Del Mar Analytical 
o i l E. Cooley Dr.. Suite A. Colton. CA 92321 (909, 370-1667 FAX (909, 570-1016 

lerman Way. Suite C l l . Van Nuys. CA 91106 (8 1 8) 7 79-1811 FAX (8 I 8) 779-1 815 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1558 

/ ' ' , - - I W v l I V l l J l / 11 I I J I V I I V .»t i l 16525 Sherman Way. Suite C-1 1. Van Nuys. CA 91106 (818)779-1811 FAX (818) 779-1815 

Resna Industries Client Project ID: England Shahin Sampled: Jun 23, 1994 
5301 Beethoven St., Ste. 290 Received: Jun 23^ 1994 
Los Angeles, CA 90066 Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 Analyzed: Jun 29-30, 1994 
Attention: Cheryl Krueger First Sample #: V4061262 Reported: Jun 30, 1994^ 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory Sample Volatile Fuel Ethyl Total 
Number Description Hydrocarbons Benzene Toluene Benzene Xylenes 

Water |jg/L |jg/L \jglL pg/L pg/L 
(ppb) (ppb) (ppb) (ppb) (ppb) 

V4061262 ES2-7C 1,400,000 N.D. N.D. N.D. 6,800 

Detection Limit: 100,000 600 600 600 1,200 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 2000. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

i/endy Thomas 
Laboratory Manager V4061259.RES <3> 

file:///jglL


Del Mar Analytical 
2852 Alton Ave.. In/ine. CA 927 11 (711)261-1022 FAX (7 11) 261 -1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 (909) 370-1667 FAX (909, 370-1015 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA91106 (818) 779-1811 FAX (818) 779-1813 

913 South 18th St.. Suite 1 11, Tempe. AZ 85281 (602) 968-8272 FAX (602) 958-1538 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 418.1 (I.R. with clean-up) 
First Sample #: V4061611 

Sampled 
Received 
Analyzed 
Reported 

Jun 30, 1994 
Jun 30, 1994 

Jul 8, 1994 
. Jul 8, 1994 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory 
Number 

V4061611 

V4061612 

V4061613 

Sample 
Description 

Water 

ES1-14A 

ES2-14A 

ES3-14A 

Petroleum 
Hydrocarbons 

mg/L 
(ppm) 

100 

66 

81 

Detection Limit: 1.0 

Analytes reported as N.D. v;ere not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061511 RES <1> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92711 

1011 E.Cooley Or . Suite A. Colton. CA 92321 

16525 Sherman Way. Suite C-1 1. Van Nuys, CA91106 

913 South 18th St., Suite M l . Tempe, AZ 8528 I 

(711)261-1022 FAX P l l ) 261-1228 

(909)570-1667 FAX (909, 370-1016 

(818,779-1811 FAX (818, 779-1815 

(6021968-8272 FAX (602) 968-1 558 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

M e t h o d B l a n k 
Analyzed: 
Reported: 

Matrix: 

Jun 29, 1994 
Jun 30, 1994 

Water 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory 
Description 

Method Blank 

Extractable 
Hydrocarbons 

mg/L 
(ppm) 

N.D. 

Hydrocarbon 
Type 

N.A. 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 08 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061259.RES <4> 



Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 11 (711,261-1022 FAX (7 11, 261-1 228 

1011 E. Cooley Dr.. Suite A, Colton. CA 92521 (909, 570-1667 FAX (909, 370-1016 

16525 Sherman Way, Suite C-l 1. Van Nuys. CA 91106 (818) 779-1811 FAX (818) 779-1813 

913 South 18th St., Suite 1 11. Tempe. AZ 85281 (602, 958-8272 FAX (602) 958-1338 

Resna Industries 
5301 Beethoven St., Ste. 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

290 
Method Blank 

Analyzed: 
Reported: 

Matrix: 

Jun 29, 1994 
Jun 30, 1994 

Water 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Description 

Volatile Fuel 
Hydrocarbons 

pg/L 
(ppb) 

Benzene 
ug/L 
(ppb) 

Toluene 
MQ/L 
(ppb) 

Ethyl 
Benzene 

kjg/L 
(ppb) 

Total 
Xylenes 

pg/L 
(ppb) 

Method Blank N.D. N.D. N.D. N.D. N.D. 

Detection Limit: 50 0.30 0.30 0.30 0.60 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4061259.RES <5> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92711 

1011 E. Cooley Dr.. Suite A. Colton. CA 92321 

16525 Sherman Way. Suite C-11. Van Nuys. CA 91106 

913 South 18th St.. Suite 111. Tempe. AZ 8528 I 

(711,261-1022 FAX (711, 251-1228 

(909,370-1667 FAX (909, 370-1016 

(818,779-1811 FAX (818, 779-1815 

(602) 958-8272 FAX (602) 968-1 558 

Resna Industries 
:5301 Beethoven St., Ste. 
; Los Angeles, CA 90066 
Attention: Cheryl Krueger 

290 
Client Project lb: England Shahin 

Analysis Method: EPA 418.1 (I.R. with clean-up) 
First Sample #: V4061611 

Sampled: Jun 30, 1994 
Received: Jun 30, 1994 
Analyzed: Jul 8, 1994, 
Reported: Jul 8, 1994; 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory 
Number 

V4061611 

Sample 
Description 

Water 

ES1-14A 

Petroleum 
Hydrocarbons 

mg/L 
(ppm) 

100 

V4061612 ES2-14A 66 

V4061613 ES3-14A 81 

Detection Limit: 1.0 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061611.RES <i> 



^ ^ Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 I I (711)261-1022 FAX (7 11) 261-1 228 

I O U E. Cooley Dr.. Suite A. Colton. CA 92521 (909, 570-1567 FAX (909, 570-1016 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA 9 1106 (818, 779-1811 FAX (818, 779-1815 

915 South 18th St.. Suite I I I . Tempe. AZ 85281 (602) 968-8272 FAX (602, 968-1358 

DATE: 

SAMPLE # 

6/29/94 

Blank 

QC OATA 

EPA METHOD: 
matrix: 

REPORT 

8015 by extraction 
water 

Analyte 
MEAN 

R1 Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % 

Hydrocarbons 0 5.0 5.7 5.9 114% 118% 3.4% 116% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; (MS-RI) / SP X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-(-MSD)/2)) X 100 

Del Mar Analytical 



Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 11 

1011 E.Cooley Or . Suite A. Colton. CA 92521 

I 6525 Sherman Way, Suite C-1 I . Van Nuys. CA 9 1105 

915 South 18th St., Suite 1 11. Tempe. AZ 85281 

DATE: 

SAMPLE # 

6/30/94 

V4061540 

QC DATA 

EPA METHOD: 
matrix; 

8020 
water 

(711,261-1022 FAX (7 11) 251-1228 

(909,570-1567 FAX (909, 570-1016 

(818,779-1811 FAX (818) 779-1815 

(602)968-8272 FAX (602) 958-1 358 

Analyte 

Benzene 

Toluene 
Ethylbenzene 

Xylenes 

R l 

ppb 

0.073 

0.10 

0 
0.064 

Sp 

ppb 

10 

10 

10 

30 

MS 

ppb 

11 

11 
12 

35 

MSD 

ppb 

11 

11.0 
12 

36 

PR1 

% 

109% 

109% 

120% 

116% 

PR2 

% 

109% 
109% 

120% 

120% 

RPD 

% 

0.0% 

0.0% 

0.0% 

2.8% 

MEAN 

PR 

% 

109% 

109% 

120% 

118% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analytical 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 (7 11, 25 1 -1022 FAX (7 11, 26 1 -1 228 

I O U E. Cooley Dr.. Suite A. Colton. CA 92521 (909, 570-1567 FAX (909) 570-1016 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA91106 (818) 779-1811 FAX (818, 779-1815 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602, 968-8272 FAX (502, 958-1 538 

DATE: 

SAMPLE # 

6/30/94 

V4061540 " 

5:||||j|!i||i||||Hiilili 

EPA METHOD: 8015 volatile 

matrix: water 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppb ppb ppb ppb % 0 / % % 

Hydrocarbons 43 110 167 170 113% 115% 9.0% 114% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS4-MSD)/2)) X 100 

Del Mar Analytical 



^ ' ' Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr.. Suite A. Colton. CA 92321 

1 6525 Sherman Way. Suite C-11. Van Nuys. CA 9 1106 

915 South 18th St.. Suite 111. Tempe, AZ 8528 1 

(711)251-1022 FAX (711, 251-1228 

(909,570-1567 FAX (909) 570-1 016 

(818)7791811 FAX (818, 779-1815 

(602,958-8272 FAX (602) 968-1 558 

Resna Industries 
5301 Beethoven St.. Ste. 

;Los Angeles, CA 90066 
Attention: Cheryl Krueger 

290 
Client Project ID: England Shahin 

Analysis Method: 
First Sample #; 

EPA 5030/CA DHS Mod. 8015/8020 
V4061611 

Sampled 
Received 
Analyzed 
Reported 

Jun 30, 1994 
Jun 30, 1994; 

Jul 7, 1994^ 
Jul 8, 1994^ 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

Sample 
Description 

Water 

Volatile Fuel 
Hydrocarbons 

^jg/L 
(ppb) 

Benzene 
ijg/L 
(ppb) 

Toluene 
i jg/L 
(ppb) 

Ethyl 
Benzene 

UQ/l 
(ppb) 

Total 
Xylenes 

pg/L 
(ppb) 

V4061611 ES1-14C 90,000 150 740 N.D. 1,900 

Detection Limit: 6,300 38 38 38 75 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to C15. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 125 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061611.RES <2> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 

16525 Sherman Way. Suite C-11. Van Nuys. CA 91106 

913 South 18th St.. Suite 111. Tempe. AZ 85281 

(7 11,251-1022 FAX (711, 251-1228 

(909,370-1567 FAX (909, 370-1 016 

(818 )7791811 FAX (818) 779-1813 

(602,958-8272 FAX (602, 958-1 358 

Resna Industries 
5301 Beethoven St., Ste. 290 

:Los Angeles, CA 90066 
; Attention: Cheryl Krueger 

client Project ID: England Shahin 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 
First Sample #: V4061612 

Sampled: 
Received: 
Analyzed: 
Reported: 

Jun 30, 1994: 
Jun 30, 1994; 

Jul 7, 1994; 
Jul 8, 1994: 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

Sample 
Description 

Water 

Volatile Fuel 
Hydrocarbons 

pg/L 
(ppb) 

Benzene 
pg/L 
(ppb) 

Toluene 
pg/L 
(ppb) 

Ethyl 
Benzene 

pg/L 
(ppb) 

Total 
Xylenes 

pg/L 
(ppb) 

V4061612 ES2-14C 21,000 N.D. N.D. N.D. 9.1 

Detection Limit: 500 3.0 3.0 3.0 6.0 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to 015! 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 
sample required dilution. Detection limits for this sample have been raised by a factor of 10 
DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

(yQSy\y/d'% . 
endy Thomas 

Laboratory Manager V4061611.RES <3> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr., Suite A. Colton. CA 92321 

16525 Sherman Way. Suite C l l . Van Nuys. CA 91105 

915 South 18th St.. Suite I 11. Tempe. AZ 85281 

(711,251-1022 FAX (7 11) 251-1228 

(909)370-1667 FAX (909, 570-1 016 

(818,779-1811 FAX (818) 779-1815 

(602,968-8272 FAX (602, 968-1 358 

Resna Industries 
::5301 Beethoven St., Ste. 290 
;; Los Angeles. CA 90066 
Attention: Cheryl Krueger 

Client Project ID; England Shahin 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 
First Sample #: V4061613 

Sampled: 
Received: 
Analyzed; 
Reported: 

Jun 30, 1994' 
Jun 30, 1994. 

Jul 7, 1994 
Jul 8, 1994. 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

Sample 
Description 

Water 

Volatile Fuel 
Hydrocarbons 

pg/L 
(ppb) 

Benzene 
pg/L 
(ppb) 

Toluene 
pg/L 
(ppb) 

Ethyl 
Benzene 

pg/L 
(ppb) 

Total 
Xylenes 

pg/L 
(ppb) 

V4061613 ES3-14C 32,000 240 750 130 1,700 

Detection Limit: 5,000 30 30 30 60 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to C15. 

Analytes reported as N.D. were not present above the stated limit of detection Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 100 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4061611.RES <4> 



r-v. 

^ # ' Del Mar Analytical 
2852 Alton Ave. Irvine. CA 927 I I (711,261-1022 FAX (7 11, 261-I 228 

I 011 E. Cooley Dr., Suite A. Colton. CA 92521 (909) 570-1667 FAX (909, 370-1016 

16525 Sherman Way. Suite C-l 1. Van Nuys. C A 9 I 1 0 6 (818) 779-1811 FAX (818, 779-1815 

915 South 18th St.. Suite 1 11. Tempe. A Z 8 5 2 8 I (602)968-8272 FAX (602, 968-1538 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

client Project ID: England Shahin 

Analysis Method: EPA 3510/CA DHS Mod. 8015 
First Sample #: V4061611 

Sampled: Jun 30, 1994: 
Received: Jun 30, 1994; 
Analyzed: Jul 6, 1994; 
Reported: Jul 8, 19941 

Laboratory 
Number 

V4061611 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Sample Extractable Hydrocarbon 
Description Hydrocarbons Type 

Water mg/L 
(ppm) 

ES1-14B 72 C9-C34 

V4061612 ES2-14B 76 C9-C34 

V4061613 ES3-14B 82 C9-C34 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard Hydrocarbons detected by this method range from 08 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

endy Thomas 
Laboratory Manager V4061611.RES <5> 



^ ^ Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 11 

1 0 11 E. Cooley Dr.. Suite A. Colton. CA 92521 

1 652S Sherman Way. Suite C-11, Van Nuys. CA 9 1106 

915 South 18th St.. Suite 111. Tempe. AZ 85281 

(711,261-1022 FAX (711) 261-1228 

(909,570-1557 FAX (909, 370-1015 

(818,779-1811 FAX (818, 779-1815 

(602,958-8272 FAX (502) 968-1 538 

Resna Industries 
5301 Beethoven St.. Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Method Bl^hk 
Analyzed: 
Reported: 

Matrix: 

Jul 8, 1994 
Jul 8, 1994 
Water 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory 
Description 

Method Blank. 

Petroleum 
Hydrocarbons 

mg/L 
(ppm) 

N.D. 

Detection Limit: 1.0 

Analyles reported as NO. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061611.RES <6> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA92711 

1 011 E. Cooley Dr., Suite A. Colton. CA 92321 

16525 Sherman Way. Suite C-11. Van Nuys. CA 9 1106 

913 South 18th St.. Suite 1 11. Tempe. AZ 85281 

(711, 2511022 FAX (711, 261-1228 

(909, 370-1667 FAX (909) 370-1016 

(818)7791811 FAX (818, 779-1815 

(602,958-8272 FAX (602, 968-1 558 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: Jul 7, 1994 
Reported: . Jul 8, 1994 

Matrix; Water 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Description 

Method Blank 

Volatile Fuel 
Hydrocarbons 

pg/L 
(ppb) 

N.D. 

Benzene 
pg/L 
(ppb) 

N.D. 

Toluene 
pg/L 
(ppb) 

N.D. 

Ethyl 
Benzene 

pg/L 
(ppb) 

N.D. 

Total 
Xylenes 

pg/L 
(ppb) 

N.D. 

Detection Limit: 50 0.30 0.30 0.30 0.60 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. 

MAR ANALYTICAL, VAN NUYS (ELAP #1855) DELI 

Wendy Thomas 
Laboratory Manager V4061611.RES <7> 



Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 11 

I 0 11 E, Cooley Dr., Suite A. Colton. CA 92521 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA91106 

913 South 18th St.. Suite 111, Tempe, AZ 85281 

(711)261-1022 FAX(711, 251-1228 

(909)370-1667 FAX (909) 370-1016 

(818)779-1811 FAX (818) 779-1815 

(602,968-8272 FAX (602, 968-1 558 

Resna Industries 
5301 Beethoven St., Ste. 290 
Los Angeles, CA 90066 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: 
Reported: 

Matrix: 

Jul 6, 1994 
Jul 8, 1994 
Water 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory 
Description 

Method Blank 

Extractable 
Hydrocarbons 

mg/L 
(ppm) 

N.D. 

Hydrocarbon 
Type 

N.A. 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 08 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4061611.RES <8> 



^ # Del Mar Analytical 

DATE: 

SAMPLE # 

7/6/94 

Blank 

2852 Alton Ave., Irvine, CA 927 11 (711,261-1022 FAX (7 11, 261-1 228 

1011 E.Cooley Dr., Suite A. Colton. CA 9 2 3 2 1 (909, 570-1667 FAX (909) 570-1016 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA 9 1106 (818) 779-1811 FAX (818, 779-1813 

913 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602, 958-8272 FAX (602, 968-1338 

Qe|DATA;:^|.RE:PQRTii; 

EPA METHOD: 
matrix: 

8015 by extraction 
water 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % % 

Hydrocarbons 0 5.0 5,1 5.3 102% 106% 3.8% 104% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; (MS-RI) / SP X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-i-MSD)/2)) X 100 

Del Mar Analytical 



Del Mar Analytical 
2852 Alton Ave, Irvine, CA 927 11 (711)251-1022 FAX (7 11, 261-I 228 

1 011 E, Cooley Dr., Suite A, Colton, CA 92321 (909, 570-1667 FAX (909) 570-1 016 

16525ShermanWay, Suite C-11, Van Nuys, CA 9 1106 (818, 779-1811 FAX (818, 779-1815 

915 South 18th St., Suite I 11, Tempe. AZ 85281 (602,968-8272 FAX (502, 968-1 558 

DATE: 

SAMPLE # 

7/7/94 

V4070129 

fAAT^MMMy fR|if|i||(|; 

EPA METHOD: 

matrix: 

iiiiiiil;; 

8020 

water 

Analyte 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

R l 

ppb 

0 
0.064 

0 
0.027 

Sp 

ppb 

10 

10 

10 

30 

MS 

ppb 

11 

10 
11 

35 

MSD 

ppb 

10 

10 

12 

35 

PR1 

% 

110% 

99% 

110% 

117% 

PR2 

% 

100% 

99% 

120% 

117% 

RPD 

% 

9.5% 

0.0% 
8.7% 

0.0% 

MEAN 

PR 

% 

105% 

99% 

115% 

117% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-f MSD)/2)) X 100 

Del Mar Analytical 



^ # Del Mar Analytical 
2852 Alton Ave, Irvine, CA 927 11 f? 11, 261-1022 FAX (7 11) 251-1 228 

1011 E. Cooley Dr . Suite A. Colton. CA 92521 (909) 370-1567 FAX (909) 570-1016 

16525 Sherman Way. Suite C-11. Van Nuys. CA 9 1106 (8 1 8) 779-1811 FAX (818, 779-1815 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602)968-8272 FAX (602) 968-1 338 

DATE: 

S A M P L E # 

7/7/94 

V4070129 

i i | | i | : |g| | i i l | | | i | i II 
EPA METHOD: 8015 volatile 

matrix: v/ater 

Analyte 
MEAN 

R1 Sp MS MSD PR1 PR2 RPD PR 

ppb ppb ppb ppb % % % 

Hydrocarbons 10 110 120 120 100% 100% 9.0% 100% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-fMSD)/2)) X 100 

Del Mar Analytical 



^ # Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1 0 11 E. Cooley Dr.. Suite A. Colton. CA 92521 

1 5525 Sherman Way. Suite C l l . Van Nuys. CA 9 1106 

913 South 18th St.. Suite 111. Tempe. AZ 8528 1 

(711)261-1022 FAX(711, 261-1228 

(909)370-1667 FAX (909) 570-1 016 

(818)779-1811 FAX (818, 779-1815 

(602,958-8272 FAX (502) 958-1 558 

A. Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
Culver City, CA 90230 
Attention: Cheryl Krueger 

Client Project ID; England Shahin 

Analysis Method: EPA 418.1 (I.R. with clean-up) 
First Sample #: V4070794 

Sampled: 
Received: 
Analyzed: 
Reported: 

Jul 8, 1994 
Jul 25, 1994 
Jul 26, 1994 
Jul 27, 1994 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory Sample Petroleum 
Number Description Hydrocarbons 

Soil mg/Kg 
(ppm) 

V4070794 ES-OB 430 

Detection Limit: 5.0 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4070793.AKK <1> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr., Suite A, Colton, CA 92521 

15525 Sherman Way, Suite C-11, Van Nuys, CA 9 1106 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 

(711)261-1022 FAX (711, 261-1228 

(909)570-1567 FAX (909) 370-1 016 

(818,779-1811 FAX (818) 779-1813 

(602)968-8272 FAX (502) 958-1 538 

iA. Keith Kaufman, M.S. 
;6245 Bristol Parkway #249 
Culver City, CA 90230 
Attention: Cheryl Krueger 

Client Project lb: England Shahin 

Analysis Method: EPA 418.1 (I.R. with clean-up) 
First Sample #: V4070796 

Sampled: 
Received: 
Analyzed: 
Reported: 

Jul 22, 1994;: 
Jul 25, 19941: 
Jul 25, 1994? 
Jul 27, 1994:; 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory 
Number 

V4070796 

Sample 
Description 

Soil 

ES-14B 

Petroleum 
Hydrocarbons 

mg/Kg 
(ppm) 

1,000 

Detection Limit: 5.0 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

i ) ^ ^ y O • 

Wendy Thomas 
Laboratory Manager V4070793.AKK <2> 



Del Mar Analytical 

DATE: 

SAMPLE # 

7/8/94 

Blank 

2852 Alton Ave. Irvine. CA 927 11 (711)261-1022 FAX (7 11) 261-1 228 

I O U E. Cooley Dr . Suite A. Colton. CA 92321 (909, 370-1667 FAX (909, 370-1015 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA 9 1106 (818, 779-1811 FAX (818) 779-1813 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602,958-8272 FAX (602, 968-1 558 

Qe;PATA REPORT 

EPA METHOD: 

matrix: 

418.1 

water 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % % 

Hydrocarbons 0 5,0 5,1 5.0 102% 100% 2.0% 101% 

Defini t ion of Terms: 

R l Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-Rl) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-i-MSD)/2)) X 100 

Del Mar Analyt ical 



>fe ^ Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 11 (711,261-1022 FAX (7 11) 261 • 1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92321 (909) 570-1567 FAX (909, 370-1015 

15525 Sherman Way. Suite C l 1. Van Nuys. CA 91105 (818) 779-1811 FAX (818, 779-1813 

913 South 18th St.. Suite 111. Tempe. AZ 85281 (602) 968-8272 FAX (602) 968-1358 

A. Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
Culver City, CA 90230 
Attention: Cheryl Krueger 

Client Project ID: England Shahin Sampled 
Received 

Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 Analyzed 
First Sample #: V4070793 Reported 

Jul 8, 1994: 
Jul 25, 1994 
Jul 25, 1994; 
Jul 27, 1994: 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

Sample 
Description 

Water 

Volatile Fuel 
Hydrocarbons 

Mg/L 
(ppb) 

Benzene 
Mg/L 
(ppb) 

Toluene 
pg/L 
(ppb) 

Ethyl 
Benzene 

pg/L 
(ppb) 

Total 
Xylenes 

pg/L 
(ppb) 

V4070793 ES-OA 760,000 1,600 7,000 2,900 27,000 

Detection Limit: 25,000 150 150 150 300 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 500. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

[JC)- 'U.e>fU.ay3-
Wendy Thomas 
Laboratory Manager V4070793.AKK <3> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 (711,251-1022 FAX (7 11 , 261-1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 (909) 370-1667 FAX (909, 370-1016 

1 6525 Sherman Way. Suite C-11. Van Nuys. CA 9 1105 (S1 8, 779-1 811 FAX (81 8, 779-1 813 

913 South 18th St.. Suite 1 11. Tempe. AZ 8528 1 (602,968-8272 FAX (602) 968-1 558 

A, Keith Kaufman, M.S. Client Project ID: England Shahin Sampled: Jul 22, 1994;; 
6245 Bristol Parkway #249 Received: Jul 25, 1994? 

iCulverCity, CA 90230 Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 Analyzed: Jul 27, 1994^ 
Attention: Cheryl Krueger First Sample #: V4070795 Reported: Jul 27, 1994^ 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory Sample Volatile Fuel Ethyl Total 
Number Description Hydrocarbons Benzene Toluene Benzene Xylenes 

Water pg/L pg/L pg/L pg/L pg/L 
(ppb) (ppb) (ppb) (ppb) (ppb) 

V4070795 ES-14A 120 0.56 7.1 N.D. 11 

Detection Limit: 50 0.30 0.30 0.30 O.GO 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard Hydrocarbons detected by this method range from 0 6 to C15. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

1^ A"^ . 
Wendy Thomas 
Laboratory Manager V4070793.AKK <4> 



2852 Alton Ave., Irvine, CA 927 11 (711,251-1022 FAX (7 11) 251-1 228 

101 I E . Cooley Dr.. Suite A. Colton. CA 92321 (909, 370-1667 FAX (909, 570-1016 

P i ^ l \ / l p r A n P ^ K / t i P F i 1 5525 Sherman way. suite C-11.V.->n Nuys. CA 9 n o s (8 1 8, 779-1 811 FAX (81 8) 779-1 815 

U ^ \ I V I d l r A I l a i y i H ^ a i 9,3 south imhSt.. suite. U, Tempe, AZ 85281 (502)968-8272 FAX (502, 968-1338 

A. Keith Kaufman, M.S. client Project ID: England Shahin Sampled: Jul 8, 1994; 
6245 Bristol Parkway #249 Received: Jul 25, 1994; 
Culver City, CA 90230 Analysis Method: EPA 5030/CA DHS Mod. 8015/8020 Analyzed: Jul 26, 1994;; 
Attention: Cheryl Krueger First Sample #: V4070794 Reported: Jul 27, 1994; 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory Sample Volatile Fuel Ethyl Total 
Number Description Hydrocarbons Benzene Toluene Benzene Xylenes 

Soil mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 
(ppm) (ppm) (ppm) (ppm) (ppm) 

V4070794 ES-OB 320 0.054 0.091 0.60 1.3 

Detection Limit: 8.0 0.040 0.040 0.040 0.12 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from C6 to CIS. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or olher factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 8. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

iXJ- ^ U 2 > i ^ ^ • 
Wendy Thomas 
Laboratory Manager V4070793.AKK <5> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr.. Suite A. Colton. CA 92321 

16525 Sherman Way. Suite C-11. Van Nuys. CA 9 1106 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 

(711)261-1022 FAX (711) 261-1228 

(909)570-1667 FAX (909, 570-1 015 

(818,779-1811 FAX (818, 779-1815 

(502,968-8272 FAX (602) 958-1 558 

; A. Keith Kaufman, M.S. 
;; 6245 Bristol Parkway #249 
;;;Culver City, CA 90230 
; Attention: Cheryl Krueger 

Client Project ID: England Shahin Sampled: Jul 22, 19941 
Received: Jul 25, 1994; 

Analysis Methoci; EPA 5030/CA DHS Mod. 8015/8020 Analyzed: Jul 26, 1994; 
First Sample #: V4070796 Reported; Jul 27, 1994! 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Number 

V4070796 

Sample 
Descr ip t ion 

Soil 

ES-14B 

Volati le Fuel 
Hydrocarbons 

mg/Kg 
(ppm) 

510 

Benzene 
mg/Kg 
(ppm) 

0.30 

To luene 
mg/Kg 
(ppm) 

0.16 

Ethy l 
Benzene 

mg/Kg 
(ppm) 

1.1 

Tota l 
Xylenes 

mg/Kg 
(ppm) 

1.7 

Detection Limit: 12 0.060 0.060 0.060 0.18 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. Due to matrix effects and/or other factors, the 

sample required dilution. Detection limits for this sample have been raised by a factor of 12. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4O70793.AKK <6> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 (7 11) 261 • 1 022 FAX (7 11) 261-1 228 

1 01 I E . Cooley Dr.. Suite A. Colton, CA 92521 (909) 570-1667 FAX (909, 570-1016 

15525 Sherman Way, Suite C-l 1, Van Nuys, CA 91106 (818, 779-1811 FAX (818, 779-1815 

915 South 18th St.. Suite I 11, Tempe, AZ 8528 1 (602,968-8272 FAX (502) 968-1 538 

A. Keith Kaufman, M.S. Client Project ID: England Shahin Sampled 
i6245 Bristol Parkway #249 Received 
CulverCity, CA 90230 Analysis Method: EPA 3510/CA DHS Mod. 8015 Analyzed 
Attention: Cheryl Krueger First Sample #: V4070793 Reported 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory Sample Extractable Hydrocarbon 
Number Description Hydrocarbons Type 

Water mg/L 
(ppm) 

V4070793 ES-OA 550 C9-C30 

Jul 8, 1994^ 
Jul 25, 1994; 
Jul 26, 1994: 
Jul 27, 1994; 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 08 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4070793.AKK <7> 



^ > Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 92711 (711)261-1022 FAX (7 11, 261 -1 228 

1011 E. Cooley Dr., Suite A. Colton. CA 92321 (909, 370-1667 FAX (909, 570-1016 

15525 Sherman Way. Suite C-l 1. Van Nuys. CA 9 1105 (818, 779-1811 FAX (8 1 8, 779-1815 

915 South 18th St., Suite 111. Tempe, AZ 8528 1 (602, 968-8272 FAX (602, 968-1 558 

A, Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
CulverCity, CA 90230 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 3510/CA DHS Mod. 8015 
First Sample #: V4070795 

Sampled: 
Received: 
Analyzed; 
Reported: 

Jul 22, 1994 
Jul 25, 1994 
Jul 26, 1994. 
Jul 27, 1994^ 

Laboratory 
Number 

V4070795 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Sample Extractable Hydrocarbon 
Description Hydrocarbons Type 

Water mg/L 
(ppm) 

ES-14A 5,7 C9-C38 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 08 to 040, 

Analytes reported as N.D, were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

^ ^ J i t y - ^ ^ • 
Wendy Thomas 
Laboratory Manager V4070793.AKK <8> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1 011 E. Cooley Dr., Suite A, Colton, CA 92321 

I 5525 Sherman Way. Suite C-11. Van Nuys. CA 9 1106 

915 South 18th St., Suite 1 11, Tempe, AZ 85281 

A. Keith Kaufman, M.S. 
: 6245 Bristol Parkway #249 
ICulverCity, CA 90230 
Attention: Cheryl Krueger 

Client Project ID: England Shahin 

Analysis Method: EPA 3550/CA DHS Mod. 8015 
First Sample #: V4070794 

(711)261-1022 FAX (711, 261-1228 

(909,370-1667 FAX (909) 570-1016 

(818,779-1811 FAX (818) 779-1815 

(602,968-8272 FAX (602, 968-1 558 

Sampled: 
Received: 
Analyzed: 
Reported: 

Jul 8, 1994 
Jul 25, 1994 
Jul 25, 1994 
Jul 27, 1994 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory 
Number 

V4070794 

Sample 
Description 

Soil 

ES-OB 

Extractable 
Hydrocarbons 

mg/Kg 
(ppm) 

390 

Hydrocarbon 
Type 

C6-C39 

Detection Limit: 5.0 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 08 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

/endy Thomas 
Laboratory Manager V4070793.AKK <9> 



^ > Del Mar Analytical 
2852 Alton Ave . Irvine. CA 927 11 (711,251-1022 FAX (7 11) 261-1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 (909, 570-1667 FAX (909, 570-1016 

16525Sherman Way. Suite C-1 I . Van Nuys, CA 91105 (818, 779-1811 FAX (818) 779-1815 

915 South 18th St., Suite 1 11, Tempe, AZ 85281 (502)958-8272 FAX (602) 958-1 558 

iA. Keith Kaufman, M.S. Client Project ID: England Shahin Sampled: Jul 22^1994 
s6245 Bristol Parkway #249 Received; Jul 25, 1994 
CulverCity, CA 90230 Analysis Method; EPA 3550/CA DHS Mod. 8015 Analyzed: Jul 26, 1994 

; Attention: Cheryl Krueger First Sample #: V4070796 Reported: Jul 27, 1994 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory Sample Extractable Hydrocarbon 
Number Description Hydrocarbons Type 

Soil mg/Kg 
(ppm) 

V4070796 ES-14B 1,300 C9-C38 

Detection Limit: 5.0 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 0 8 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy TFfoma^ 
Laboratoi7 Manager V4070793.AKK <io> 



Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 11 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 

15525 Sherman Way. Suite C-l 1. Van Nuys. CA91106 

915 South 18th St.. Suite 1 I I . Tempe. AZ 85281 

(711,261-1022 FAX (7 11, 261-1228 

(909)570-1667 FAX (909) 370-1016 

(818,779-1811 FAX (818) 779-1813 

(602,958-8272 FAX (502, 968-1 338 

A. Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
CulverCity, CA 90230 
Attention: Cheryl Krueger 

M e t h o d B l a n k 
Analyzed: 
Reported: 

Matrix: 

Jul 26, 1994 
Jul 27, 1994 

Water 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory 
Description 

Method Blank 

Extractable 
Hydrocarbons 

mg/L 
(ppm) 

N.D. 

Hydrocarbon 
Type 

N.A. 

Detection Limit: 0.50 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 0 8 to C40. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

tVI^-§ • 
Tendy Tffbrrias 

Laboratory Manager 
V4070793.AKK <14> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 

1 5525 Sherman Way. Suite C-11. Van Nuys. CA 9 1106 

915 South 18th St., Suite 1 11. Tempe. AZ 85281 

(711,261-1022 FAX (7 11, 261-1228 

(909)570-1667 FAX (909) 370-1016 

(818)779-1811 FAX (818, 779-1815 

(602)968-8272 FAX (602) 968-1 358 

A. Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
CulverCity, CA 90230 
Attention: Cheryl Krueger 

Method Blank 
Analyzed; 
Reported: 

Matrix: 

Jul 25, 1994 
Jul 27, 1994 

Soil 

EXTRACTABLE FUEL HYDROCARBONS (CA DHS Mod. EPA 8015) 

Laboratory 
Description 

Method Blank 

Extractable 
Hydrocarbons 

mg/Kg 
(ppm) 

N.D. 

Hydrocarbon 
Type 

N.A, 

Detection Limit: 5.0 

Extractable Hydrocarbons are quantitated against a diesel fuel standard. Hydrocarbons detected by this method range from 0 8 to 040. 

Analytes reported as N.D. were not present above the stated limit of detection 

DEL^AR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4070793.AKK <15> 



Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 11 

1011 E.Cooley Dr., Suite A, Colton, CA 92321 

1 6525 Sherman Way, Suite C l l , Van Nuys, CA 9 1106 

915 South 18th St., Suite 111, Tempe, AZ 8528 1 

(711)251-1022 FAX (711, 251-1228 

[909,570-1567 FAX (909) 570-1016 

(818)779-1811 FAX (818, 779-1815 

(602)958-8272 FAX (502) 958-1558 

A, Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
CulverCity, CA 90230 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: 
Reported: 

Matrix: 

Jul 26, 1994 
Jul 27, 1994 

Soil 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS (EPA 418.1) 

Laboratory 
Description 

Method Blank 

Petroleum 
Hydrocarbons 

mg/Kg 
(ppm) 

N,D. 

Detection Limit: 5.0 

Analytes reported as N.D. were noi present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

?endy Thomas 
Laboratory Manager V4070793.AKK <11> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 

1011 E. Cooley Dr., Suite A. Colton. CA 92521 

16525 Sherman Way, Suite C-l 1, Van Nuys, CA91106 

915 South 18th St., Suite I 11. Tempe. AZ 85281 

(711,261-1022 FAX (711) 251-1228 

(909,370-1567 FAX (909) 570-1 016 

(818,779-1811 FAX (818) 7 79-1815 

(602)968-8272 FAX (502) 958-1 558 

A. Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
CulverCity, CA 90230 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: 
Reported: 

Matrix: 

Jul 25, 1994 
Jul 27, 1994 

Water 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory Volatile Fuel 
Description Hydrocarbons Benzene 

pg/L pg/L 
(ppb) (ppb) 

Toluene 
pg/L 
(ppb) 

Ethyl 
Benzene 

pg/L 
(ppb) 

Total 
Xylenes 

pg/L 
(ppb) 

Method Blank ND, N.D. N.D. N.D. N.D. 

Detection Limit: 50 0.30 0.30 0.30 0.60 

Volatile Fuel Hydrocarbons are quantitated against a gasoline standard. Hydrocarbons detected by this method range from 06 to 015. 

Analytes reported as N D were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

\/t/ui^'S 
/endy ThoTnas 

Laboratory Manager V4070793.AKK <12> 



Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 11 (711)251-1022 FAX (7 11) 261 -1 228 

1011E. Cooley Dr., Suite A. Colton. CA 92521 (909, 370-1667 FAX (909, 370-1016 

16525 Sherman Way. Suite C-l 1. Van Nuys, CA 9 1105 (818) 779-1811 FAX (818) 7 79-1813 

913 South 18th St., Suite 1 11, Tempe, AZ 85281 (502) 968-8272 FAX (502, 958-1338 

A. Keith Kaufman, M.S. 
6245 Bristol Parkway #249 
CulverCity, CA 90230 
Attention: Cheryl Krueger 

Method Blank 
Analyzed: Jul 26, 1994 
Reported: Jul 27, 1994 

Matrix: Soil 

VOLATILE FUEL HYDROCARBONS/BTEX DISTINCTION (CA DHS Mod. EPA 8015/8020) 

Laboratory 
Description 

Method Blank 

Volatile Fuel 
Hydrocarbons 

mg/Kg 
(ppm) 

N.D. 

Benzene 
mg/Kg 
(ppm) 

N,D. 

Toluene 
mg/Kg 
(ppm) 

N.D. 

Ethyl 
Benzene 

mg/Kg 
(ppm) 

N.D. 

Total 
Xylenes 

mg/Kg 
(ppm) 

N.D. 

Detection Limit: 1.0 0.0050 0.0050 0.0050 0.015 

Volatile Fuel Hydrocarbons are quantitated against a gasoline siandard. Hydrocarbons detected by this method range from 06 to 015. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, VAN NUYS (ELAP #1855) 

Wendy Thomas 
Laboratory Manager V4070793.AKK <13> 



I 
j ^ ' Del Mar Analytical 

I 

2852 Alton Ave.. Irvine. CA 927 11 (711,261-1022 FAX (7 11, 25 1-1 228 

1011 E. Cooley Dr., Suite A. Colton. CA 92521 (909)570-1667 FAX (909, 370-1015 

16525 Sherman Way. Suite C-1 1, Van Nuys. C A 9 I 1 0 6 (818, 779-1811 FAX (818) 779-1813 

913 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602) 968-8272 FAX (602, 968-1358 

DATE: 

SAMPLE # 

7/25/94 

V4070619 

| j : j | | | | | | | i | i | i j |^ 

EPA METHOD: 

matrix; 

Iiiiiliii 

8020 
water 

Analyte 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

R l Sp 

ppb ppb 

0.059 

0.084 

0 

0.053 

10 

10 

10 

30 

MS 

ppb 

9.6 

10 

9,5 

33 

MSD 

ppb 

9.6 

9,3 

10 
30 

PR1 

% 

95% 

99% 

95% 

110% 

PR2 

% 

95% 
92% 

100% 

100% 

RPD 

% 

0.0% 

7,3% 

5 .1% 
9.5% 

MEAN 

PR 

% 

95% 

96% 

98% 
105% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

Pfl1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analytical 



^ # Del Mar Analytical 
2852 Alton Ave., Irvine. CA 927 11 (7 11, 25 1 -1 022 FAX (711)251-1 228 

1 0 11 E. Cooley Dr., Suite A. Colton, CA 92321 (909) 570-1667 FAX (909, 570-J 015 

1 6525 Sherman Way, Suite C-11, Van Nuys. CA 9 1105 (8 I 8, 779-1 811 FAX (818) 779-1815 

915 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602, 968-8272 FAX (602, 9681558 

QC OATA REPORT 

DATE: 

SAMPLE # 

7/25/94 

V4070619 

EPA METHOD: 

matrix: 
8015 volatile 

water 

Analyte 
MEAN 

R l Sp MS MSD PR1 PR2 RPD PR 

ppb ppb ppb ppb % % % % 

Hydrocarbons 7,9 110 120 130 102% 111% 9.0% 106% 

Definit ion of Terms: 

R l Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-Rl) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-i-MSD)/2)) X 100 

Del Mar Analyt ical 



^ ^ Del Mar Analytical 

DATE: 

SAMPLE # 

7/26/94 

Blank 

2852 Alton Ave.. Irvine. CA 927 11 (711,251-1022 FAX (7 11) 261 -1228 

I 0 11 E. Cooley Dr.. Suite A, Colton, CA 92521 (909, 370-1567 FAX (909, 570-1 016 

1 6525 Sherman Way, Suite C-11. Van Nuys. CA 9 1106 (81 8, 779-1 811 FAX (8 1 8) 779-1 815 

913 South 18th St., Suite 1 11, Tempe, AZ 85281 (502) 958-8272 FAX (602, 968-1 358 

QCiiDATA liPiePORt 

EPA METHOD: 
matrix: 

8015 by extraction 
water 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % % 

Hydrocarbons 0 5.0 4.4 4.7 88% 94%, 6,6%> 9 1 % 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; (MS-RI) / SP X 100 

PR2 Percent Recovery of MSD; ( (MSD-Rl) / SP X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-i-MSD)/2)) X 100 

Del Mar Analytical 



^ p Del Mar Analytical 
2852 Alton Ave., Irvine, CA 927 11 (711,261-1022 FAX (7 11, 261 -1 228 

1011 E. Cooley Dr., Suite A, Colton, CA 92331 (909) 570-1567 FAX (909, 570-1016 

16525 Sherman Way, Suite C-1 1, Van Nuys, CA91106 (818, 779-1811 FAX (818, 779-1815' 

913 South 18th St.. Suite 1 11. Tempe. AZ 85281 (602, 968-8272 FAX (502) 968-1338 

DATE: 

SAMPLE # 

7/25/94 

Blank 

im DATA 

EPA METHOD: 

matrix: 

REPORT 

8015 by extraction 
soil 

Analyte 

MEAN 

R l Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % % 

Hydrocarbons 0 200 180 160 90%. 80% 11.8% 85%> 

Definit ion of Terms: 

R1 Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-(-MSD)/2)) X 100 

Del Mar Analyt ical 



X 1^. 
.y-^-ff^ Del Mar Analytical 

DATE: 

SAMPLED 

7/26/94 

BU\NK 

2852 Alton Ave., Irvine, CA 927 11 (711,261-1022 FAX (7 11, 261 -1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92321 (909) 370-1667 FAX (909) 570-1016 

15525Sherman Way. Suite C-l 1, Van Nuys, CA 9 1106 (818) 779-1811 FAX (818) 779-1813 

915 South 18th St., Suite 1 11, Tempe, AZ 85281 (602)958-8272 FAX (602, 968-1 558 

.|||j;pii|ili:iig 

EPA METHOD: 
matrix: 

i i i l l l i i i l i 

418.1 
soil 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % 0/ 
lo 

Hydrocarbons 0 60 53 56 88% 93% 5,5% 91% 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-Rl) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-i-MSD)/2)) X 100 

Del Mar Analytical 



^ > Del Mar Analytical 

DATE: 

SAMPLE # 

7/26/94 

B1J\NK 

2852 Alton Ave., Irvine, CA 927 11 (711,261-1022 FAX (7 11) 261 -1 228 

1011 E. Cooley Dr.. Suite A. Colton. CA 92521 (909) 370-1567 FAX (909, 570-1015 

1 6525 Sherman Way. Suite C-11. Van Nuys, CA 9 1106 (8 1 8, 779-1811 FAX (81 8) 779-1815 

915 South 18th St„ Suite 1 11. Tempe, AZ 85281 (602)958-8272 FAX (502, 958-1 338 

egiiiii 

EPA METHOD: 
matrix: 

8015 volatile 
soil 

Analyte 
MEAN 

Rl Sp MS MSD PR1 PR2 RPD PR 

ppm ppm ppm ppm % % % % 

Hydrocarbons 0 1,1 1.2 1.2 109% 109% 0.0% 109%> 

Definition of Terms: 

Rl Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PR1 Percent Recovery of MS; ((MS-RI) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-RI) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS-t-MSD)/2)) X 100 

Del Mar Analytical 



Del Mar Analytical 

DATE: 

SAMPLE # 

7/26/94 

BIJ\NK 

2852 Alton Ave.. Irvine. CA 927 11 

1 0 11 E. Cooley Dr.. Suite A. Colton. CA 92521 

16525 Sherman Way. Suite C-l 1. Van Nuys. CA91106 

913 South 18th St.. Suite 1 11. Tempe. AZ 85281 

QC DATA REPORT 

EPA METHOD: 

matrix: 
8020 

soil 

(711,261-1022 FAX (7 11, 261-1228 

(909,570-1667 FAX (909) 570-1016 

(818)779-1811 FAX (818) 779-1813 

(602)968-8272 FAX (602, 968-1 338 

Analyte 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

R l 

ppm 

0 

0 

0 

0 

Sp 

ppm 

0.10 

0.10 

0.10 

0,30 

MS 

ppm 

0.098 

0.096 

0.10 
0.31 

MSD 

ppm 

0.091 

0.085 
0.095 

0.28 

PR1 

% 

98% 

96%o 

100%, 

103% 

PR2 

% 

91%, 

85%> 

95% 

93% 

RPD 

% 

7.4% 

12.2%, 

5 . 1 % 
10.2%, 

MEAN 

PR 

%, 

95% 

9 1 % 

98% 
98% 

Definit ion of Terms: 

R1 Result of Sample Analysis 

Sp Spike Concentration Added to Sample 

MS Matrix Spike Result 

MSD Matrix Spike Duplicate Result 

PRI Percent Recovery of MS; ((MS-R1) / SP) X 100 

PR2 Percent Recovery of MSD; ((MSD-Rl) / SP) X 100 

RPD Relative Percent Difference; ((MS-MSD)/(MS + MSD)/2)) X 100 

Del Mar Analyt ical 



! • A. Keith Kaufman, M.S. 
CHAIN OF CUSTODY RECORD AND ANALYSIS REQUEST 

7f3 

7 VI 

7fS 

79 U 

PROJECT NO, PROJECT NAME/SITE 

^ ^ A T ^ ^ I A J : ^ ' ^ / ^ A A / 

SAMPLERS y (SIGN) / 

/ ^ ^ y ^ ^ / ^ ^ y . c ^ /(PRINT) A^Ai/T^^^/A^ue^^^z^ 

SAMPLE IDENTIFICATION 

ES ~ 0/7 
GA - O/^ 
&s ' y^// 
e s ~ / 9 3 f ¥ 
'^C{AlA7)0 ".Pi^-C^A 

RELINQUISHED BY: / / 

(^Wy^L^^i^^yT^^^/%u^ y 
RELINQl^HED BY: ^ 

RELINQUISHED BY: 

RELINQUISHED BY: 

DATE 

iH9'/ 
/ / 

9bj {h 
/ / 

DATE 

DATE 

DATE 

DATE 

TIME 

TIME 

TIME 

TIME 

TIME 

Q. 
2 
O 
O 

/ 

y 

y 

A 

CO 

< 
t t 
O 

PRES, 
USED 

Q 
UJ 

O 

If) 
tr 
tu 
z 
< 
Z 
o o 
o 
z 

77{ 

1 
^ 

7 

RECEIVED BY: 

RECEIVED BY: 

RECEIVED BY: 

RECEIVED BY LABORATORY: 

UJ 
Q. 

t 
UJ 
- J 
Q. 

< 
to 

w 
s 
\o 
A 

ANALYSIS REQUESTED P,0. «: 

/ i / ^ / ^ / i / / / / / / / / / 
im^^^^ / / / / 

/ ^/^/3 /^/A/^/^/ / / / / A 

) 
/ 

y 
\ 

I 1 

\ 

/ 

\ 

/ 
\ 

/ 

\ 

LABORATORY: 

3D(3(̂  yZ'/iA A7^/j^y/y^^ L 
/ 6 A A 3 ' AA/(=72y?̂ y}̂  U34iy 

REQUESTED TURNAROUND TIME: 

'7^2 / / y<3-
RECEIPT CONDITION: 

/ 
f REMARKS 

rJlyi^.^) ^ t ^ 
l l 

yUi^2^yJ^<^ 7 ^ 

. < ^ x y j ' i ^ 

'J^^.A) A3A-66JA 
I Ayr// / v / ^ -^ - ; 

PLEASE SEND RESULTS TO: . 

( ^ / k x y / ^ o e c : 3 , 3 > C ^ . / 

y ^ - y / / / y ^ u / = T ^ y ^ y L / 

6A</S^ 3TlyS3c// P/'/uJî  

fd^-S3 
PROJEpT MANAGER^ y 

% 

624'^ f^ristol Parkway ^^^9 Culver Citv CA 902^0 1.11m 822-9385 [Vniae/FAXI 



APPENDIX H 



t m m n . GAMMA 
C(M^TS/SEC. 

TEXACO PCPL MAY05,1994 WELL MW-1 IS 

CONDUCTIVITY 

( @ ) 

• ^ ^ WILLI-SIEMENS/TCler 

NATURAL GAMMA 
• ^ ^ 

C(MJCTIVITY 
[50 COUNTS/SEC. W ' A MLLI-SIELIENS/rreter 

TEXACO PCPL MAY 05,1994 WELL MW-1 IS 

100 1 

[COLOG) 



TEXACO PCPL MAY 05,1994 WELL MW-20s CcaoG) 
NATURAL GAMMA 

50 COUNTS/SEC, 150 ^ h 
CONDUCTIVITY 

MlLLI-SlEMENS/rreter 100 

'-
NATURAL GAMMA 

•^ h 
C0NDUCTI\1TY 

50 COUNTS/SEC. 1 5 0 ^ "^0 MILLI-SIEMENS/rreter 

TEXACO PCPL MAY 05,1994 WELLMW-20s 

1 0 0 1 

CcaoG) 



ILXACU KCPL MAY U4, i y y 4 WLLL MW-25D 

NATURAL GAWMA ^ , COM)OV1TY 

I ' ^ COUNTS/SEC. T S P "^0 MLLI-SlEktNS/rT^ter 

TEXACO PCPL MAY 04.1994 WELL MW-25D 
100 



TEXACO PCPL MAY 05,1994 WELL MW-29D ( m [ ^ 

50 

NATURAL GAMMA . 

NATURAL GAMMA 
COUNTS/SEC, 150 ^ h . 

CONDUCTIVITY 
MILLI-SIEMENS/meter 100 

e NATURAL GAMMA 
•^ h 

CQM)UCTIVITY 
MlLLI-SlEMENS/iTBter 50 COUNTS/SEC. [50 

NATIM. GAMMA ^ 
i"S) C0'UNTS7SEC.''""250'^ 

TEXACO PCPL MAY 05,1994 WELL MW-29D 

100 

(mc^ 



I ILAAUUI^CPL MAl fU4 , i y y 4 WLLL MW-31 D 

NATURAL GAMMA 
COUNTS/SEC. \ T 

^ ^ 
CONDUCTIVITY 

l«flLLI-SIEI.fNS/ireler 100 

'-
NATURAL GAMMA 

50 COUNTS/SEC, f S P ^ 
COMXJCTIVITY 

MlLLI-aEI^NS/rreter 

TEXACO PCPL MAY 04,1994 WELL MW-310 
IOO 

) 



ILXACU PCPC MAY U4,19^4 WLLL MW-J30 

NATURAL GAWMA . . CONDUCTIVITY 
^ COUNTS/SEC. 1 5 0 ^ h MlLLI-SIEMENS/mter 100 

- T - i - i :•--

'ATT33z'z.A: I 
1- ; -^/ i 1 
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® MONTGOMERY WATSON 

October 12, 1994 

Texaco Refining and Marketing, Inc. 
10 Universal City Plaza 
Universal City, CA 91608 

Attention: Mr. Mark Passarini 

Subject: Suitability of Treatment System Effluent for Irrigation, Pacific Coast 
Pipeline (PCPL) Superfund Site, 67 Telegraph Road, Fillmore, Califomia 

Dear Mark: 

Per your request, this letter presents the results of Montgomery Watson's evaluation ofthe 
groundwater treatment system effluent for use as irrigation water. This evaluation is based 
primarily upon our review of analytical data from one treatment system effluent sample, 
which you provided. We understand that this sample is typical of previous and anticipated 
future treated groundwater quality. The sample was analyzed by Del Mar Analytical and 
the results presented in their report dated May 4, 1994. The sample lab number is DD0387. 
A copy of the laboratory report is attached. 

It is our understanding that the Record of Decision (ROD) for the site (Pacific Coast 
Pipeline Superfund Site, Record of Decision, U.S. EPA, March 31, 1992) lists beneficial 
reuse as the preferred disposal option for treated water generated during site remediation. 
Additionally, Technical iMemorandum No. 3, Evaluation of Extracted Ground Water 
Disposal Options (Environmental Solutions, Inc., June 9, 1993), states that irrigation is the 
most beneficial reuse option and that irrigation in conjunction with other options is 
considered to be the most appropriate long-term solution. Our evaluation is intended to 
determine the feasibility of irrigation as a viable disposal option for treated ground water. 

Factors affecting the suitability of the extracted, treated ground water for irrigation 
purposes include the following: type of crops to be irrigated, chemical parameters ofthe 
water that affect plant growth and survival, soil conditions, and the underlying 
groundwater. The chemical parameters of major importance are salinity, sodium 
adsorption ration (SAR), concentrations of specific ions known to have toxic effects on 
plants, and trace constituents (Montgomery, 1985). This evaluation will focus on these 
four parameters. 

The University of Califomia Cooperative Extension Service (UCCES) has developed a 
widely accepted guide for identifying potential areas of concem with irrigation waters. 
This guide is presented in the attached Table 14-6. From this table and the available water 
quality data, increasing problems with salinity and permeability may be expected from use 

250 N, Madison Ave, Tel: 813 736 9141 Seiving the World^s Envi ionmental Needs 
Pasaaena, California Fax: 818 568 6515 
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Mr. Passarini -2- October 12, 1994 

of the treated ground water for irrigation, based on the effluent's electrical conductivity of 
1,600 |j,mho/cm. Specific ion toxicity via root absorption may also be an increasing 
problem, owing to a boron concentration of 0.69 mg/l. Severe problems may be 
anticipated as a result of high sodium concentrations (10 meq/l). 

In addition to the above factors, use of the treated ground water for irrigation can be 
expected to increase the soil pH as a result of the high bicarbonate concentration 
(960 mg/l = 19 milliequivalents per liter). Bicarbonate should not exceed a maximum of 
6 milliequivalents in irrigation water (Dr. Don Suarez, U.S. Salinity Laboratory, Personal 
Communication, September 27, 1994). This high bicarbonate concentration would likely 
result in adverse impacts to soil structure and affect the availability to crops of trace 
nutrients such as iron, zinc and magnesium. To overcome these problems, these nutrients 
may have to be applied directly on leaves via foliar spray. For drip irrigation systems, it is 
likely that the emitters would become clogged by precipitated salts. Because calcium and 
magnesium carbonates have different solubilities, the formation of these salts could 
adversely affect the ratio of calcium to magnesium remaining in solution and their 
availability to crops. Mitigation of high bicarbonate concentrations would require 
substantial, costly treatment of the treated ground water with acid prior to use for irrigation 
purposes. 

Based on these factors, it is our opinion that the use of treated ground water for irrigation is 
not a viable reuse option without substantial, additional and costly treatment. Should you 
have any questions or require additional information, please contact David Ebersold at 
(818) 568-6508 or Janet Fahey at (818) 568-6286. 

Sincerely, 

MONTGOMERY WATSON 

David B. Ebersold, R.G., C.E.G. 
Senior Geologist 

Janet L. Fahey, D.Env., P.E. 
Principal Environmental Scientist 

cc: Dennis England 



TADLE 14-6. UC Cooperorive Exte 
(UCCES) 

-

Problems and Related 
Constituent 

Salinity* 
EC of irrigation water 

(mho/cm) 
Permeability 

EC of irrigation water 
(mho/cm) 

S.A.R^ 
Specific ion to.xicity' 

From root adsorption 
Sodium (meq/L) 
Chloride 

(meq/L) 
(mg/L) 

Boron (mg/L) 
From foliar adsorption' 

(Sprinklers) 
Sodium 

(meq/L) 
(mg/L) 

Chloride 
(meq/L) 
(mg/L) 

Miscellaneous^ 
NH4 as N 

(mg/L) for sensitive crops 
NO3 (only with overhead 

sprinklers) 
(meq/L) 
(mg/L) 

pH (units) 

nsion Guidelines for imgation V/oter Quality 

Water 

No 
Problems 

<750 

<500 
<6.0 

<3 

<4 
<142 
<0,5 

0 . 0 
<70 

0 . 0 
<106 

<5 

<1.5 
<90 

Normal range 

Quality Guide 

Increasing 
Problems 

750-3000 

500-2000 
6.0-9.0 

3-9 

4-10 
142-355 
0.5-2.0 

>3.0 
>70 

>3.0 
>106 

5-30 

1.5-8.5 
90-520 

6.5-8.4 

ines" 

Severe 

>3000 

>2000 
>9.0 

>9 

>10 
>355 

>2.0-10.0 

— 
— 

— 
— 

>30 

>8.5 
>520 

— 

•' Interpretations are based on possible effects of constituents on crops and/or soils. Guide
lines are flexible and should be modified when warranted by local experience or special 
conditions of crop. soil, and method of irrigation. 
* .Assumes water for crop plus water for leaching requirement (LR) will be applied. Crops 
vary in tolerance to salinity. Refer to tables for crop tolerance and LR. Mho/cm x 0.64 = 
total dissolved solids (TDS) in mg/L or ppm. 
' S,-\R (sodium adsorption ratio) is calculated from a modified equation developed by US, 
Salinity Laboralory to include added effects of precipitation and dissolution of calcium and 
is related to CO, -1- HCO, concentrations. 
•' Most tree crops and woody ornamentals are sensitive to sodium and chloride (use values 
shown). Most annual crops are not sensitive (use salinity tolerance tables). For boron 
sensitivity, refer to boron tolerance tables. 
' Leaf areas wet by sprinklers (rotating heads) may show a leaf bum caused by sodium or 
chloride adsorption under low-humidity/high-evaporation conditions. (Evaporation in
creases ion concentration in water films on leaves between rotations of sprinkler heads). 
' Excess N may affect production or quality of certain crops; e.g.. sugar beets, citrus, 
avocados, apricots, etc. Water containing HCO, distributed by overhead sprinklers may 
cause a white carbonate deposit to form on fruit and leaves. 
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Del Mar Analytical 
2852 Alton Ave.. Irvine. CA 927 1 li 

lOIA E. Cooley Dr.. Suite A. Colton. CA 9232' i 

16525 Sherman Way. Suite C-11. Van Nuys. CA 91 406 

2'i65 W. 12th St . Suite 1. Tempe. A2 85281 

(7U1261- I022 FAX (711) 261-1228 

(909)370-4657 FAX (9091 370-1 046 

(818)779-1844 FAX (81 8) 779-1 845 

(602)968-8272 FAX (602) 968-1 338 

Englanid Shahin & Associates 
15375 Barranca Pkwy., Ste. F-
Irvine, CA 92718 
Attention: Joni Fisher 

Client Project ID: 225-F02 
106 TEXACO, PCPL 

Sample Descript: Water, IRRIG-EVAL 
Lab Number: DD03807 

Sampled 
Receiveid 
Analyzetj 
Reporte(d 

Apr 20, 1994: 
Apr 21. 1994-
4/21-5/2, 1994; 
May 4, 1994; 

LABORATORY ANALYSIS: GENERAL PARAMETERS 

Analyte 

Ammonia-N' 
Bicarbonate 
Carbonate 
Chloride 
Electrical Conductivity (pmhos/c 
Fluoride 
Hydrogen Sulfide 
Nitrate-N* 
Organic Nitrogen* 
Ortho-phosphate phosphorus 
pH (pH units) 
Residual Chlorine 
SAR(mEq/L) 
Salinity (g/L) 
Sulfate 
Total Dissolved Solids 
Total Nitrogen* 
Total Phosphorus 

EPA Method 

350.3 
SM403 
SM403 

300 
120.1 
340.2 

SM 4500 
300 
300 
300 

150.1 
330.5 
6010 

SM 2520B 
300 

160.1 
300 

365.3 

Detection Limit 
mg/L 

(ppm) 

0.10 
2.0 
2.0 
25 
1.0 
1.0 

0.50 
0.33 
0.10 

2.5 
N.A. 
0.10 

0.050 
1.0 
2.5 
5.0 

0.10 
0.050 

Sample Result 
mg/L 
(ppm) 

N.D. 
960 
N.D. 
130 
1,600 
N.D. 
N.D. 
N.D. 
0.54 
N.D. 
7.0 
N.D. 
4.6 
N.D. 
29 
1,100 
0.58 
0.49 

* This analysis was performed at a subcontracted laboratory. 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

GaryteteuDe 
Laboratory Director 

DD03807 ESA <1 of 3> 



^ ^ Del Mar Analytical 
2852 Alton Ave.. Irvine, CA 927 1 4 

1014 E. Cooley Dr.. Suite A. Colton, CA 92324 

16525 Sherman Way, Suite C l 1. Van Nuy5. CA91406 

943 South 48th St . Suite 114. Tempe. AZ 85281 

(714)261-1022 FAX (714) 261-1228 

(909)370-4667 FAX (909) 370-1 046 

(818)779-1844 FAX (8 1 8) 779-1 843 

(602)968-8272 FAX (602) 968-1 338 

England Shahin & Associates Client Project ID: 225-F02 
15375 Barranca Pkwy., Ste. F-106 TEXACO, PCPL 
Irvine, CA 92718 Sample Descript: Water, IRRIG-EVAL 
Attention: Mark Passarini Lab Number: DD03807 

LABORATORY ANALYSIS: METALS 

Sampled: Apr 20, 1994: 
Received: Apr 21, 1994: 
Analyzed: 4/28-5/4, 1994' 
Reported: May 4, 1994: 

Analyte 

Aluminum 
Arsenic 
Barium 
Boron 
Cadmium 
Calcium 
Chromium (Total). 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

^ Method 

6010 
7060 
6010 
6010 
6010 
6010 
7191 
6010 
6010 
7421 
6010 
6010 
6010 
7470 
6010 
6010 
7740 
6010 
6010 
6010 
6010 

Detection Limit 
mg/L 

(ppm) 

0.50 
0.010 
0.050 
0,050 

0.0050 
2.0 

0.0050 
0.050 
0,050 

0.0050 
0.050 
0.050 
0.050 

0,0020 
0.050 

0.50 
0.010 
0.050 

0.50 
0.050 
0,050 

Sample Result 
mg/L 
(ppm) 

N.D, 
0.016 
1.7 
0.69 
N.D. 
80 
N.D, 
N.D. 
0.56 
N.D. 
N,D. 
58 
0.076 
N.D, 
N,D. 
4,3 
N.D. 
N.D. 
220 
N.D, 
N,D, 

Analytes reported as N.D. were not present above the stated limit of detection. 

DEL MAR ANALYTICAL, IRVINE (ELAP #1197) 

Gary^teube 
Laboratory Director DD03807.ESA <2 of 3> 
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Appendix J 
GAC Vessel Backwash Procedure 

1. Treated discharge water is diverted to the clean water backwash tank by attaching the 
backwash hose to the cam lock fitting above valve #15 and connecting to the top of 
the clean water backwash tank. The system is in normal series operation. 

2. Valve #15 is opened and Valve #16 is closed in that order. 

3. When the supply water backwash tank has approximately 9,000 gallons, valve #16 is 
opened and valve #15 is closed, in that order. This process is completed while the 
system is in normal operation. The water in this tank will be used to backwash the 
"A" GAC vessel. 

4. The system is then shut down and the valves on the carbon manifold are set for 
backwash as shown on the manifold schedule on the attached drawing J-1. 

5. The supply water hose is connected from the bottom discharge connection of the 
supply water tank to the inlet of the backwash pump. From the outlet of the 
backwash pump, the supply water hose is connected to the cam lock fitting attached 
to valve #13. 

6. The backwash hose is then attached to cam lock fitting below valve #11 and 
connected to the top of "dirty" water backwash water tank. 

7. The backwash pump is started. A gate valve installed on the outlet of the pump is 
used to control the flow rate at approximately 300 gpm. An inline flow meter is used 
to verify the flow rate. 

8. After 30 minutes, the pump is shut off and the system is returned to normal 
operation. The valves are set for normal series operation. 

9. Pressure readings are taken to verify the effectiveness of the backwash treatment. 
If the pressure drop is high across the "B" vessel, this vessel should also be 
backwashed. 

10. The solids are allowed to settle to the bottom of the used water tank. The decanted 
water is then pumped from the top of the tank into the surge tank or 4,000 gallon 
tank to be treated in the GWTS. 

11. The settled solids are removed by vacuum truck for disposal or temporarily stored 
on site. 
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^•j FUTURE OPTION 

-D»:Hi i 

H 

i- 6 
-4 " SCH 80 PVC 

GAC VESSEL 

OPERATION TrPE 

SERIES FLOW "A" THEN "B" 

SERIES FLOW " B " THEN "A" 

BACKWASH "A" ONLY 

BACKWASH " B " ONLY 

MANIFOLD SCHEDULE 

VALVE NUMBER 

1 2 3 4 5 6 7 8 9 10 11 12 13 H 15 16 

O O C O C C O C O C C C C O C O 

• O C O O C O C C C O C C C O C O 

C C O C C C O C C C O C O C C C 

C O C C C O C C C C C O O C C C 

FIGURE J - 1 

GAC VESSEL BACKWASH 
SCHEMATIC 

PACIFIC COAST PIPEUNE SUPERFUND SITE 
FILLMORE. CALIFORNIA 

PREPARED FOR 

TEXACO ENVIRONMENTAL SERVICES 
UNIVERSAL CITY. CALIFORNIA 

\iAHD SHAHIN a ASSOaATI 
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Electric Submersible Pumps 



MODEL 

IOS 
FLOW FjANGE 

5 to 14 GPM 
PUMP OUTLET 

r /v NPT 

i r ^ 

r: 

m 

r^-'il 

OG ") A GRUNDFOS 
O • " •.:'; 'Z '-; Z] 

1100 

1000 

900 

800 

700 

UJ 600 

m 
t , 
< 
UJ 

^ 500 

400 

300 

200 

100 

0 

: i ' - \ - - i : : : - \ : 

— — - _ _ 
"^-v ^ 

' - - '^ OPERATING RANGE. 5 to MGPM 
?0RCAP1C1 IIES BELOW 5 GPW 

5c£ WOOEL rs 

\ 

\ |l0S30-37 

;i . : :__^___^^ 110820-27(2 HP) 1 

— - — _ _ |10S15-21 (1'/2HP)| \ . 

|10S10-15(1HP)| ^ 

|10S07-12(%HP)| " ^ ^v^ 

|10S05-

~ 
9( ' /2HP) | ' ^ " - ^ ^ 

|10S03-6(V3HP)| "~~~-

3HP)J 

3 2 4 6 8 10 12 

CAPACITY (GPM) 

3450 
RPM 

1 
4 

DIMENSIONS AND W 

MODEL NO. 

10S03-6 

10805-9 

10807-12 

10S10-15 

10815-21 

10820-27 

10830-37 

HP 

' /3 

Vz 

3/4 

1 

1 V2 

2 

3 

EIGHTS 
LENGTH 
(INCHES) 

22 

25 Va 

28 74 

31 </4 

3 7 % 

42 

573/8 

WIDTH 
(INCHES) 

3 % 

33/4 

33/4 

33/4 

33/4 

33/4 

33/4 

APPROX. UNIT 
SHIPPING WT. (LBS.) 

26 

29 

32 

34 

44 

49 

83 

Specifications are subject to change without notice. 



10 GPM 
MODEL 

IOS 
SELECTION CHARTS 
(Ratings are in GALLONS PER H O U R - G P H ) 

PUMP MODEL 

10S03-6 

HP 

Va 

PSI 

0 

20 
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60 

Shut-off PSI: 

-: CS05-f V2 

0 

20 

30 

40 

50 

60 

Shut-Off PSI: 

'0S07-•:.••: ^ 4 
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60 
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..-.-.-;-,_.;: 1 

0 
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: : " : • • • . • " r/2 
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Shut-off PSI: 

• • ^ . : • • : . : • ; : • . : ' 3 
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20 
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50 

60 

Shut-Off PSI: 

FLOW RANGE 

5to14GPM 
PUI^P OUTLET 

1V4"NPT I 
DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET • 

20 

840 

790 

712 

588 

464 

64 

828 

768 

699 

630 

100 

840 

800 

751 

137 

848 

818 

174 

40 

856 

790 

706 

606 
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232 

55 

835 

777 

708 

639 

572 

92 

845 

806 

758 

706 

129 

851 

823 

787 

165 

854 

237 

60 

811 

741 

621 

500 

306 

47 

785 

718 

649 

581 

504 

83 

849 

812 

765 

713 

661 

120 

827 

792 

753 

157 

837 

229 

80 

766 

636 

501 

250 

153 

38 

847 

727 

658 

590 

516 

403 

74 

817 

771 

720 

668 

617 

111 

831 

797 

758 

717 

148 

840 

818 

220 

100 

665 

532 

380 

29 

802 

667 

600 

528 

422 

223 

66 

857 

778 

727 

675 

624 

573 

103 

835 

802 

764 

723 

681 

139 

843 

822 

797 

211 

848 

285 

120 

564 

315 

190 

21 

746 

608 

538 

440 

258 

57 

828 

734 

682 

631 

580 

525 

94 

807 

769 

728 

686 

645 

131 

845 

825 

800 

773 

203 

850 

835 

276 

140 

398 

98 

12 

685 

549 

457 

290 

48 

791 

689 

637 

587 

533 

462 

85 

843 

774 

734 

692 

651 

611 

122 

848 

828 

804 

777 

748 

194 

852 

837 

820 

268 

160 

233 

3 

626 

472 

320 

40 

748 

644 

594 

541 

473 

370 

77 

180 

568 

347 

73 

31 

703 

601 

549 

484 

387 

228 

68 

816 

739 

698 

656 

616 

576 

113 

831 

807 

781 

752 

723 

185 

839 

823 

804 

259 

785 

703 

662 

621 

581 

538 

105 

853 

811 

784 

756 

727 

697 

177 

842 

825 

807 

786 

250 

200 

499 

122 

23 

658 

556 

494 

403 

254 

59 

750 

567 

627 

587 

544 

493 

96 

836 

788 

760 

731 

701 

871 

158 

844 

827 

809 

789 

767 

242 

842 

362 

220 

393 

14 

614 

503 

418 

279 

51 

714 

632 

592 

550 

500 

434 

87 

817 

764 

735 

705 

675 

646 

159 

830 

812 

792 

770 

748 

233 

843 

832 

354 

240 

207 

5 

570 

432 

302 

85 

42 

678 

598 

556 

508 

444 

352 

79 

795 

739 

709 

679 

650 

621 

151 

847 

814 

795 

773 

751 

728 

224 

845 

833 

821 

345 

260 

521 

323 

121 

33 

643 

562 

515 

454 

366 

235 

70 

772 

713 

683 

653 

625 

596 

142 

834 

797 

776 

754 

731 

708 

216 

846 

835 

822 

809 

336 

280 

457 

155 

25 

608 

522 

463 

380 

256 

61 

747 

687 

657 

628 

600 

571 

133 

819 

779 

757 

734 

711 

688 

207 

847 

836 

824 

811 

796 

328 

300 

362 

16 

573 

472 

393 

276 

99 

53 

721 

661 

632 

604 

575 

544 

125 

803 

750 

737 

714 

691 

668 

198 

838 

826 

813 

798 

783 

319 

340 

489 

312 

153 

35 

669 

611 

583 

552 

519 

478 

107 

766 

720 

697 

674 

651 

629 

181 

841 

816 

802 

787 

772 

756 

302 

400 

226 

10 

594 

533 

495 

449 

389 

308 

81 

707 

660 

638 

615 

593 

570 

155 

808 

778 

762 

746 

729 

712 

276 

460 

511 

415 

344 

248 

120 

55 

647 

602 

580 

556 

531 

502 

129 

769 

736 

719 

702 

685 

668 

250 

520 

375 

176 

29 

589 

541 

514 

483 

445 

398 

103 

725 

691 

675 

658 

641 

625 

224 

600 

500 

425 

373 

309 

228 

126 

68 

567 

6LM 

617 

601 

585 

568 

189 

700 

284 

87 

25 

596 

562 

545 

525 

504 

481 

146 

800 

519 

472 

444 

411 

372 

326 

103 

900 

399 

309 

252 

185 

105 

59 

1000 1100 

1 1 
1 J 
1 1 
J 
^ 

^ ^ 1 
I 
a 

I • 
• 1 • 
• I 

^ B 

• 1 
^ B 

1 
1 

I -1 
1 1 

1 
1 

1 
1 
1 



MODEL 

16S 
FLOW RANGE 

10 to 20 GPM 
PUMP OUTLET 

r /v NPT 

i\ '-i 

1200 

1100 

1000 

900 

800 

700 

P 
UJ 
UJ 
t 600 
Q < 
UJ 
X 

500 

400 

. 300 

200 

100 

0 

( 

^ ^ - s . 

"̂ -̂̂  

''---, 
\ 

'"•V 

—- j l 6330-24(3 HP) 1 

116520-18(2 HP) 1 

— 116815-14(1 72 HP)| 

|16S10-10(1 HP)| 

|16S07-8(%HP)| 

|16S05-5(V2HP)| 

•^^^OPERATING RANGE 10IO20GPM 
FGRCAPaClTIES3EL0'.'/ ••OGPM 

SEE MODEL -OS 

\ 

3450 
RPM 

\ 116850-39(5 HP) 1 

il 
5 5 10 15 2 

CAPACITY (GPM) 
0 

DIMENSIONS AND WEIGHTS 

MODEL NO. 

16805-5 

16807-8 

16810-10 

16815-14 

16S20-18 

16830-24 

16850-39 

HP 

V2 

3/4 

1 

1 V2 

2 

3 

5 

LENGTH 
(INCHES) 

2178 

25 

27 78 

32 

3 4 % 

4 6 % 

6 3 % 

WIDTH 
(INCHES) 

33/4 

33/4 

33/4 

33/4 

33/4 

33/4 

33/4 

APPROX. UNIT 
SHIPPING WT. (LBS.) 

27 

29 

32 

36 

40 

64 

94 

- 5 ; 

Specifications are subject to change without notice. 



6 GPM 
MODEL 

16S 
SELECTION CHARTS 
(Ratings are in GALLONS PER HOUR-GPH) 

PUMP MODEL 

16SC.5-5 

HP 

V2 

PSI 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

^/4 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

: • ' - • 1 

0 
20 
30 
40 
50 
60 

Shut-Off PSI: 

IV2 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

2 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

3 

0 
20 
30 
40 

50 
60 

Shut-off PSI: 

5 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

F L O W R A N G E 

10 to 20 GPM 
PUMP OUTLET 

IVV'NPT 1 
DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET • 

20 

1215 

1035 

760 
390 
175 
58 

1270 

1180 

1075 

940 
97 

1200 

1125 

123 

40 

1090 

865 
480 

49 

1195 

1100 

980 
810 
88 

1210 

1140 

1055 

115 

1220 

167 

60 
1260 

845 
480 
240 

40 

1205 

1105 

980 
810 
576 
80 

1220 

1145 

1060 

950 
106 

1225 

1175 

158 

80 
1135 

600 
95 

32 

1130 

1015 

860 
640 
350 
71 

1230 

1160 

1080 

980 
845 
97 

1235 

1185 

1130 

149 

100 
920 
300 

23 

1230 

1015 

860 
645 
370 
175 
62 

1165 

1085 

985 
850 
680 
89 

1240 

1190 

1135 

1080 

141 

1205 

194 

120 
710 

14 

1150 

910 
705 
430 
100 

54 

1250 

1100 

1010 

885 
720 
515 
80 

1200 

1145 

1090 

1025 

132 

1210 

1170 

186 

140 

1050 

710 
450 
215 

45 

1185 

1010 

890 
730 
530 
290 
71 

1205 

1150 

1095 

1030 

950 
123 

1215 

1175 

1135 

177 

160 

950 
510 
190 

36 

1125 

920 
770 
575 
335 

63 

1260 

1160 

1105 

1045 

965 
870 
115 

1220 

1180 

1140 

1100 

168 

180 

770 
255 
95 

28 

1040 

775 
585 
355 
170 

54 

1215 

1110 

1045 

960 
880 
765 
106 

1225 

1185 

1145 

1100 

1050 

160 

1205 

239 

200 

585 

19 

955 
630 
400 
135 

45 

1175 

1060 

990 
900 
790 
660 
97 

1270 

1190 

1150 

1110 

1060 

1010 

151 

1210 

1180 

230 

220 

310 

10 

820 
420 
200 

37 

1125 

995 
905 
800 
670 
515 
89 

1235 

1160 

1115 

1065 

1010 

950 
142 

1210 

1185 

1150 

221 

240 

685 
210 

28 

1080 

925 
820 
695 
545 
375 
80 

1200 

1120 

1075 

1025 

960 
890 
134 

1215 

1190 

1160 

1125 

213 

260 

480 
105 

19 

1015 

825 
705 
560 
390 
205 
71 

1170 

1080 

1030 

965 
895 
810 
125 

1220 

1190 

1160 

1130 

1100 

204 

280 

280 

" 
950 
730 
590 
420 
235 

63 

1135 

1040 

980 
910 
830 
735 
116 

1195 

1165 

1135 

1100 

1070 

195 

300 

860 
600 
440 
255 
120 

54 

1090 

985 
915 
835 
740 
635 
108 

1170 

1140 

1105 

1070 

1030 

187 

340 

640 
305 
145 

37 

1000 

860 
770 
665 
550 
420 
90 

1175 

1115 

1080 

1040 

1000 

950 
169 

400 

200 

28 

810 
600 
475 
340 
190 

65 

1095 

1020 

975 
920 
860 
800 
143 

1210 

1190 

342 

460 

525 
250 
115 

39 

990 
885 
820 
750 
675 
590 
117 

1200 

1180 

1165 

1145 

316 

520 

160 

13 

850 
710 
625 
535 
440 
330 
91 

1205 

1170 

1150 

1135 

1115 

1090 

290 

600 

585 
390 
280 
170 

57 

1140 

1100 

1080 

1060 

1035 

1010 

256 

700 

125 

13 

1050 

1000 

970 
940 
905 
865 
213 

800 

925 
855 
815 
770 
725 
680 
169 

900 

755 
660 
605 
550 
540 
430 
126 

looohi 

530 
41oL 
3 4 5 1 
2 8 0 | 
210| 
1401 

3 3 I 



FLOW RANGE 

18 to 32 GPM 
PUMP OUTLET 

IV2" NPT 

^ jiiiii 

vm 

••• : i ' . . - ! ! i i ' ' i 

800 

700 

600 

500 

UJ 
UJ 

400 

300 

200 

100 

3450 
RPM 

^^--^OPEHATING RANGE 18to32GPMl 
CAPiCIIiE33ELOV.'-3GPW | 

I SEE MODEL I6S ] 

10 15 20 

CAPACITY (GPM) 
25 30 

DIMENSIONS ANO WEIGHTS 

MODEL NO. 

25805-3 

25807-5 

25810-7 

25815-9 

25820-11 

25830-15 

25850-26 

HP 

V2 

3/4 

1 

1-/2 

2 

3 

5 

LENGTH 
(INCHES) 

20'A 
223/8 

24% 

28 

28% 

39% 

5 1 % 

WIDTH 
(INCHES) 

33/4 

33/4 

33/4 

33/4 

33/4 

33/4 

33/4 

APPROX. UNIT 
SHIPPING WT. (LBS.) 

26 

28 

29 

34 

37 

59 

76 

Specifications are subject to change without notice. 

11 



GRUNDFOS ^ O ^3s 
MODEL 

SELECT! 
Ratings are in 
PUMP MODEL 

25S0.5-.:̂  

ON CHARTS 
GALLONS PER HOUR-GPH) 
HP 

V2 

PSI 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

• • • • • . . ; : . : - ; =% 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

' • . : - c- - r ^ • ' 1 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

. • • . • : • IV2 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

2 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

3 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

5 

0 
20 
30 
40 
50 
60 

Shut-off PSI: 

F L O W R A N G E 

18 to 32 GPM 
PUMP OUTLET 

1V2"NPT 1 
DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET P 

20 

1115 

630 

31 

1975 

1625 

1170 

605 
245 
57 

1980 

1765 

1520 

1180 

83 

1835 

1670 

109 

1880 

135 

40 
1960 

390 

22 

1715 

1350 

705 

48 

1990 

1795 

1595 

1290 

835 
74 

1850 

1705 

1530 

100 

1890 

1775 

126 

60 
1350 

195 

13 

2070 

1310 

735 
350 

39 

1820 

1590 

1280 

855 
420 
65 

1875 

1715 

1530 

1280 

91 

1910 

1785 

1655 

118 

1945 

170 

80 
740 

5 

1785 

905 
120 

31 

1655 

1385 

970 
420 

57 

1890 

1745 

1580 

1350 

1030 

83 

1920 

1805 

1685 

1535 

109 

1955 

1865 

161 

100 

1435 

450 

22 

1880 

1375 

780 
490 
210 

48 

1760 

1585 

1355 

1045 

660 
74 

1950 

1820 

1690 

1540 

1345 

100 

1970 

1880 

1790 

152 

120 

1085 

13 

1710 

1100 

575 

39 

1930 

1530 

1420 

1125 

735 
290 
65 

1985 

1835 

1720 

1580 

1395 

1155 

92 

1980 

1890 

1800 

1715 

144 

140 

1460 

625 
290 

31 

1800 

1420 

1135 

770 
370 
145 
57 

1865 

1725 

1585 

1400 

1165 

870 
83 

1900 

1815 

1720 

1620 

135 

160 

1210 

150 

22 

1675 

1215 

850 
410 

48 

1760 

1620 

1450 

1225 

935 
590 

74 

1910 

1825 

1740 

1645 

1530 

126 

180 

760 
80 

13 

1485 

670 
470 
205 

39 

1655 

1455 

1235 

955 
625 
295 
66 

1835 

1750 

1650 

1540 

140O 

118 

200 

305 

5 

1295 

530 
90 

31 

1505 

1290 

1015 

685 
320 

57 

1935 

1760 

1670 

1560 

1430 

1270 

109 

1950 

253 

220 

975 
265 

22 

1350 

1035 

720 
375 
160 

48 

1860 

1680 

1570 

1440 

1280 

1085 

100 

1960 

1905 

245 

240 

650 

13 

1110 

780 
420 

40 

1785 

1595 

1470 

1315 

1125 

900 
92 

1910 

1860 

236 

260 

870 
465 
210 

31 

1705 

1475 

1325 

1140 

920 
680 
83 

1920 

1870 

1815 

227 

280 

560 
150 

23 

1625 

1360 

1180 

965 
720 
455 
74 

1925 

1875 

1825 

1775 

219 

300 

1510 

1190 

985 
745 
490 
230 
66 

1935 

1880 

1830 

1780 

1730 

210 

340 

1240 

810 
560 
295 
130 

48 

1950 

1845 

1795 

1745 

1690 

1635 

193 

400 

1815 

1715 

1660 

1600 

1530 

1455 

167 

460 

1680 

1555 

1480 

1400 

1305 

1200 

141 

520 

1515 

1350 

1250 

1135 

1010 

875 
115 

600 

1195 

950 
810 
660 
510 
350 
80 

700 

610 
300 
150 

37 

800 900 1000 1100 

12 



Separator/Holding Tank 



I 
I TANK SPECIFICATIONS 

(1) OUR PREMIUM WEIGHT TANKS ARE RATED FOR MATERIALS WEIGHING UP TO 14 LBS. PER 
GALLON. 

(2) OUR HEAVY WEIGHT TANKS ARE RATED FOR MATERIALS WEIGHING UP TO 16.5 LBS. PER 
GALLON. 

(3) OUR RATINGS ON CAPACFFY IN GALLONS AND WEIGHT PER GALLON ARE CONSERVATIVE. COM
PARE OUR TANK WEIGHTS (GROSS EMPTY V /̂EIGHT). COMPARE THE QUAUTY - V/E-OFFER MAX
IMUM VALUE IN COST PER GALLON COMPAREO TO ANYONE IN THE INDUSTRY. 

(4) OUR STANDARD COLORS ARE: 
•A- PREMIUM WEIGHT TANKS - TRANSLUCENT WHITE •''^ 
• HEAW WEIGHT TANKS - TRANSLUCENT BLUE 

(HEAW WEIGHTS CAN BE ORDERED IN TRANSLUCENT WHITE AT NO EXTT̂ A CHARGE IF YOU WILL 
GIVE US AN APPROXIMATE 3 WEEKS LEAD TIME). 

• OTHER COLOR VARIATIONS ARE A 10% UPCHARGE AND APPROXIMATE 3 WEEKS LEAD 
TIME 

(5) OUR STANDARD V^ARRANTIES; 
• PREMIUM WEIGHT - 3 YEARS 
• HEAW WEIGHT (JRANSLUCENT WHITE) - 3 YEARS 
• HEAW WEIGHT (TRANSLUCENT BLUE) - 5 YEARS 
• THE REASON FOR THE DIFFERENCE IN HEAW WEIGHT WARRANTIES IS THAT THE FACTORY KEEPS ' 

TRACK OF WARRANTIES BY COLOR CODE; THEREFORE TRANSLUCENT WHITE HEAW WEIGHT 
TANKS CANNOT BE DISTINGUISHED FROM A PREMIUM WEIGHT TANK. 

• COMPLETE WARRANTY INFORMATION IS AVAILABLE UPON REQUEST. 

(6) ALL TANKS HAVE MOLDED-IN CAUBRATION. 

(7) OUR TANKS ARE CONSTRUCTED WITH DUPONT'S SCLAIR #8504 MEDIUM DENSITY, FOOD 
GRADE, RESIN. 

(8) ALL TANKS HAVE U.V. STABILIZERS. 

(9) ALL TANKS HAVE EXCELLENT RESISTANCE TO EXTREMELY HOT AND COLD CLIMATES. 

OUTLET SPECIFICATIONS 

FILL OPENING, 2" POLYPROPYLENE FITTING 
FILL OPENING, 2" POLYPROPYLENE FITTING 

16" FILL OPENING. 3" POLYPROPYLENE FITTING 
FILL OPENING, VA" POLYPROPYLENE FITTING 
FILL OPENING, %" POLYPROPYLENE FIHING 
FILL OPENING, 1 'k" & %" POLYPROPYLENE FIHING 
FILL OPENING, %" POLYPROPYLENE FIHING 
FILL OPENING. 1 'k" POLYPROPYLENE FimNG 

ADDITIONAL FIHING INFORMATION; 

(1) B, D. H, J. K. L & M TYPE TANKS COME WITH THE ABOVE STANDARD OUTLET AND CANNOT BE 
ORDERED WITHOUT THEM. 
(2) A C & E TYPE TANKS CAN BE ORDERED WITH FILL OPENINGS ONLY (NO OTHER OUTLETS), 

HOWEVER THERE IS NO PRICE REDUCTION FOR LEAVING OUT THE STANDARD FIHING. 
STANDARD FlHING. 

(3) FOR ADDITIONAL FITTINGS, PLEASE REFER TO OUR BULKHEAD FIHING PRICE SHEET. 

13618 So. Alma Avenue, Gardeno. California 90249 / (213) 321-6636 

A 
B& H 
C & E 
D 
J 
K 
L 
M 

16" 
8' 

16" 
5' 
T 
T 
5' 
T 



POLYETHYLENE 

VERTICAL TANKS 

PL22088 

y ^ 

peODUCT 
NUMBER 1 

600000065 

60000-0120 

60000-0125 

6000(K3200 

60000-0220 

6000CM3300 

60000-0301 

60000-0325 

60000-0425 

60000-0500 

60000-0550 

60000-O780 

600001000 

6000O1100 

60000-1300 

600001500 

600001550 

600001700 

600002100 

600002500 

600003000 

600004000 

1 600005000 

1 600005800 

60000-6000 

60000H!)500 

1 600009000 

aa " T 
(GALS.) ! 

65 

120 

125 1 
200 

220 
300 
300 
325-

425-

500 

550 

780 

1000 

1100 

1300 

1500 

1550 

1700 

2100 

2500 

3000 

4000 

5000 

5800 

6000 

6500 

1 9000 

DIMENSIONS f 
(DIA X HT.) 1 

23"X 38" 1 

38" X 29" 

30' X 48" 

36" X 50" 

42"X 41" 

35" X 74" 

45" X 50" 

66" X 33" 

67"X 35" 

48" X 70" 

67" X 42" 

46" X119" 

64"X 85" 

87" X 49" 

87"X 58" 

64"X126" 

1 87"X 64" 

j 87" X 70' 

1 87" X 87" 

\ 95" X 89" 

1 95"X105" 

I 95" X 142" 

j 102"X151" 

j 141" X 98" 

1 102" X 180' 

j 120" X 144" 

j 141"X144" 

PREMIUM WT. 1 
(LBS.) 

25 

30 

30 

50 

70 . 

80 

80 

95 

110 

110 

1 1 0 • ^ 

-

195 

185 

220 " 

320 

240 

260 

320 

395 

470 

835 

1010 

1150 

1275 . 

1350 

-

S PRICE 
(PREM. WT.) 

S 110.00 1 
196.00 

*. 238.00 

265.00 

248.00 

351.00 

279.00 

352.00 

378.00 

474.00 

427.00 

-

845.00 

698.00 

835.00 

1258.00 

928.00 

1010.00 

1246.00 

1604.00 

1953.00 

3010.00 

3812.00 

4288.00 

4370.00 

4599.00 

1 

HEAVY WT. 
(LBS.) 

-

-

-

-

-

-

-

-

-

125 

- . 

185 

225 

215 

255 

370 

-

300 

300 

455 

540 

960 

1160 

1320 

1465 

1550 

1 1895 

S PRICE 1 
(HVY. WT.) 1 

• $ -

-

-

-

-

-

-

-

-

558.00 

-

1080.00 

986.00 

-

982.00 

1446.00 

-

1188.00 

1466.00 

1887.00 

2298.00 

3541.00 

4485.00 

5044.00 

5141.00 

5290.00 

1 7261.00 

STANDARD 1 
OUTLETS 

M 1 
B 

A 

A 

B 

A 

A 

8 

B 

A 

A 

A 

A 

A 

A 

A 

A 1 
A 1 

A 

A 

C 

C 

c 
c 
c 
c 

1 c 
TO ORDER A HEAVY WEIGHT TANK. ADO Ajvj 'H - TO THE END OF TME PART NUMBER. (E;<ample: ICXX) GAL HEAVY DUTY VERTICAL WOULD BE PART 
#6(X)(X)-iaXlH), 

•MAY BE USED AS PICK-UP TAMK (.DESCS;Nr;D TO HT BBVyEEN WHEEL WEUS). 

^ ^ = \ 

V w ^ 

f^^ 
P E A B O D Y 

Ruid Handling Systems PO Bon 12-15.'ScrcJe* a Califomia 90249 . Phone (213) 321-<i636 (714) 971-2215 • FAX 1-213-324-7247 • Toll Free in California (800) 992-6251 



LNAPL Absorbers 



MODEL 

FLOW RANGE 

40 to 75 GPM 
PUMP OUTLET 

2" NPT 

M 1 

1̂  ' j 

;frv^ 

15 

600 

O P E R A T I N G « A N G E 4 G - C 7 5 G P M : 

=.c~r-;.j.c.:iE;.nf.. .-.•. :.:,r.p.'.'| 

3450 
RPM 

10 30 40 

CAPACITY (GPM) 
50 70 

MODEL NO. 

60S20-4 

60S30-5 

60S50-7 

60S50-9 

60S75-13 

60S100-18 

HP 

2 

3 

5 

5 

7V2 

10 

LENGTH 
(INCHES) 

31 VA 

40% 

48% 

53% 

70 
97'A 

WIDTH 
(INCHES) 

3 % 

3% 

3 % 

3% 

3 % 

3 % 

APPROX. UNIT 
SHIPPING WT. (LBS.) 

39 

64 

75 

80 

105 

160 

Specifications are subject to change without notice. 

i 



SELECTION CHARTS 
(Ratings are in GALLONS PER HOUR- GPH) 

60 GPM 
FLOW RANGE 

40 to 75 GPM 

M O D E U 

60S 
PUMP OUTLET 

2" NPT 
PUMP MODEL 

60S20-4 

HP 

2 

PS! 

0 
20 
30 
40 
50 
60 

Shut-oft PSI: 

60S30-5 3 

0 
20 
30 
40 
50 
60 

Sliut-off PSI: 

60S50-7 5 

0 
20 
30 
40 
50 
60 

Shut-oft PSI: 

60S50-9 5 

0 
20 
30 
40 
50 
60 

Shut-ofi PSI: 

60S75-:3 7V2 

0 
20 
30 
40 
50 
60 

Shut-oft PSI: 

z o ^ i ' y y •-•-:: 10 

0 
20 
30 
40 
50 
60 

Shut-oft PSI: 

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET | 

20 

4335 

3515 

1825 

1075 

46 

4665 

4560 

3625 

2425 

1320 

60 

4505 

4180 

3740 

88 

4530 

4300 

115 

40 

3870 

2695 

37 

4375 

3860 

2995 

1165 

51 

4560 

4260 

3875 

3320 

80 

4570 

4350 

4085 

106 

60 
4480 

2315 

1345 

29 

3830 

2835 

1500 

585 

42 

4580 

4275 

3875 

3285 

2320 

"1 

4590 

4365 

4100 

3760 

98 

4530 

152 

80 
4060 

760 

20 

4485 

3285 

1800 

34 

4345 

3990 

3490 

2695 

1320 

62 

4410 

4160 

3850 

3440 

89 

4555 

4400 

143 

100 
2845 

380 

11 

4005 

1645 

900 

25 

4650 

3995 

3470 

2630 

1350 

660 
54 

4430 

4175 

3860 

3440 

2825 

81 

4570 

4415 

4245 

134 

120 
1630 

3 

3530 

16 

4430 

3665 

2950 

1765 

45 

4230 

3940 

3565 

3025 

2205 

72 

4595 

4445 

4280 

4090 

126 

140 

2060 

8 

4105 

2900 

1475 

885 

36 

4490 

3955 

3565 

3015 

2180 

1105 

63 

4610 

4460 

4295 

4105 

3890 

117 

4510 

186 

160 

3785 

2150 

28 

4300 

3680 

3190 

2460 

1330 

55 

4485 

4325 

4145 

3935 

3685 

108 

4525 

4415 

177 

180 

3130 

1075 

19 

4040 

3180 

2440 

1230 

665 

46 

4640 

4340 

4160 

3950 

3700 

3380 

100 

4540 

4425 

4305 

169 

200 

2480 

10 

3780 

2690 

1685 

37 

4525 

4195 

3995 

3760 

3460 

3080 

91 

4555 

4445 

4325 

4200 

160 

220 

3335 

1650 

840 

29 

4385 

4010 

3770 

3475 

3095 

2585 

82 

4565 

4455 

4340 

4210 

4070 

152 

240 

2890 

610 

20 

4240 

3825 

3550 

3195 

2725 

2085 

74 

4475 

4360 

4235 

4100 

3945 

143 

260 

1965 

305 

11 

4065 

3560 

3200 

2735 

2100 

1245 

65 

4590 

4370 

4250 

4110 

3960 

3785 

134 

280 

1 

1040 

3 

3890 

3300 

2860 

2275 

1480 

405 
56 

4500 

4270 

4135 

3990 

3820 

3630 

126 

300 

3640 

2875 

2290 

1500 

740 

48 

4400 

4150 

4000 

3835 

3640 

3410 

117 

340 

3000 

1735 

860 
360 

30 

4185 

3880 

3695 

3480 

3215 

2890 

100 

400 

1290 

4 

3785 

3350 

3055 

2700 

2250 

1700 

74 

460 

3155 

2400 

1890 

1240 

600 

48 

520 

2150 

850 

22 

600 700 800 900 1000 IIOlT 

1 
i 1 I I 

• J 
1 1 

J l n 
! 

1 1 
, 

1 
1 1 

1 

1 1 
1 

• 1 • 
, 

• 1 • 
• 1 
• 
• 1 
• 

1 
1 
1 
1 

I I 



R E M E D I A T I O N 

i 

SOAKEASET"^ 
OIL ABSORBENT KIT 

When a "think-fast" solution is nec
essary to safely and effectively remove 
petroleum hydrocarbons from ground
water monitoring wells, the pro-active 
answer is a SOAKEASE™ Oil Ab
sorbent Kit. When placed into the 
well, SOAKEASE'" ' reacts instantly to 
absorb and contain petroleum-based 
contaminants. It repels water, resists 
chemicals and helps reduce weight and 
disposal costs. After having "bailed" 
the excess floating product in low yield
ing formations, SOAKEASE™ may be 
left in the well to absorb free product 
over a length of time. Its 3 ft length will 
easily accommodate changes in the 
water table. SOAKEASE ' " kits are 
easy to use and available for 2 in. and 
4 in. wells. 

A SOAKEASE"- ' kit includes a stain
less steel refillable canister and dis
posable absorbent tubes. It is as easy 
to use as a bailer and acts as a pas
sive, selective skimmer. It will absorb 
and help remove a sheen. 

MODELS 

TB2-100 2 in. SOAKEASE™ Kit. Con
tains; (1) 2 in. stainless steel 
canister with a 2 in. dis
posable absorbent tube, (15) 
2 in. disposable absorbent re
fill tubes 
Case dimensions: 7 x 7 x 42 in. 
(178 X 178 X 1069 mm) 
Shipping weight: 7 Ib (3.2 kg) 

TB2-110 2 in. SOAKEASE™ refill case. 
Contains: (12) 2 in. ab
sorbent refill tubes per case 
Case dimensions; 4 x 15 x 15 in. 
(102 X 102x381 mm) 
Shipping weight: 4 Ib (1.8 kg) 

TB4-100 4 in. SOAKEASE™ Kit. Con
tains; (1) 4 in. stainless steel 
canister with a 4 in. dis
posable absorbent tube, (4) 4 
in. disposable absorbent refill 
tubes 
Case dimensions: 7 x 7 x 42 in. 

(178 X 178 X 1069 mm) 
Shipping weight; 8 Ib (3.6 kg) 

TB4-110 4 in. SOAKEASE™ refill case. 
Contains; (12) 4 in. ab
sorbent refill tubes per case 
Case dimensions: 4 x 15 x 15 in. 
(102 X 102x381 mm) 
Shipping weight: 7 Ib (3.2 kg) 

WELL CLINCHERS 
Brainard'Kilman™ Well Clinchers are 
designed to facilitate the installation ot 
recovery pumps. A stainless steel eye 
hook is provided for the attachment of 
the pump support cable and brass bulk
head fittings are provided for hose con
nections. Well Clinchers feature an "O" 
ring seal which provides -water re
sistance and allow use in vacuum ap
plications. 

• Precision machined PVC with brass 

fittings. 

G Access hole for water level meas

urements. 

' J "O" ring seal for use in vacuum ap

plications. 

• SST eye bolt for pump support 

cable attachment. 

G Available for various well configura

tions. 

MODELS 

300070 2 in. (51 mm) Well Clincher for 
FAP™ Pump installation 

300087 2 in. (51 mm) Well Clincher for 
Evacuator Pump installation 

300071 4 in. (102 mm) Well Clincher for 
FAP'" Pump installation 

300088 4 in. (102 mm) Well Clincher for 
Evacuator Pump installation 

300089 6 in. (152 mm) Well Clincher for 
FAP™ Pump installation 

300090 6 in. {152 mm) Well Clincher for 
Evacuator Pump installation 

L O N G Y E A R C O M P A N Y 1 - 8 0 0 - 2 4 1 - 9 4 6 8 53 



Transfer Pump 



© SIS96267.86 .SH.-\»'-f-LIFE«"ATER P02 

BulUtIn 14 ( 

end suction straight centrifugal 
The General Purpose Pumps with a Thousand Uses 

% 

IV 

Capacities to 
3000 G.P.ML 
Hoads to 
390 feet. 

• Cloaa coupled — Industry stan
dard C-face 

• Frame mounted coupled—NEMA 
standard 

• Open or Enclosed Impeller 

- " • ^ Gi5xri\:̂ s[Q [porarp c^o, 
M U S C A T I N i , I O W A 



*© 81S982B7»(3 iH.-l»'-^L,i^t,^r.•lIt.K 

TYPE L, LA, H,HA (THREADED) 
CLOSE COUPLED I 

POS.HO. I POS. HO, Z 

•SUCTION DISCMAWOe* 

AMCRtCAH STO 
P\Pt THOi 

POS. NO. 4 
(STO) 

AIMV DRAIN 

V OIA 
« HOLES-

PUMP DIMENSIONS 

MODEL 
DISCHX SUCT X TYPE 

X 1-1/4 X 6L 
t X M/4X 6LA 

3 - 3 / 4 
3 -3 /4 

3 - 3 / 1 6 

3 - t / e 
3-7/16 
3 - 7 / 1 6 

00 

4 - 3 / 4 
4 - 3 / 4 

M P 
WITH tWTOW f n 

143 TOI 

5-13/16 
5 - 3 / 4 

mr 25* t c . 

X H/4X 7L 4 - 1 / 4 1/16 3-13/16 4-15/16 5 - 3 / 4 

V 
hl/4X 1-1/2 X7L.Lf l 3 - 3 / 8 3-3 /4 5- 1/8 5-15/16 
- I /2X2X 7L.LA 3-7/16 4-1 /8 5 - 3 / 8 6-1 /16 

2 X 2 - 1 / 2 X 7 L . L A 3-11/16 4 - l / e 5 - 3 / 4 6-5 /16 
1-1/4X1-1/2 X9H.9HA 3-7/16 4-23/32 6 - 1 / 6 6-3/4 
I- I /2X2X lOH 4-7/16 5-7/16 6-15/16 7-3/4 
1-1/2X2 X lOHA 3-9/16 5-7/16 6-15/16 6-1/8 
2X Z-I/2XI0H 6-1 /4 4-9/16 5-1/2 7-1/8 7-3/16 7-15/16 
2 X 2-1/2 X lOHA 6 - U 4 4-1/16 5-1/2 7-1/8 6-II/I6 

FRAME NO. 

143 TCZ 
I45TCZ 
182 TCZ 
104 TCZ 
213 TCZ 
215 TCZ 
254 TCZ 
256 TCZ 
284 TCZ 
286 TCZ 
324 TCZ 
326TCZ 

A (MAX) 

7 
7 
9 
9 

tO-l/2 
10-1/2 
12-1/2 
12-1/2 
13-7/0 
13-7/8 
13-7/8 
15-7/8 

At 

tO- l /2 
11-1/2 
12-5/0 
13-5/0 
I5-J/4 
16-3/4 
19.-1/8 
20-7/0 
20-15/16 
22-7/re 
23-1/8 
24-5/8 

MOTOR DIMENSIONS 

KMAX) 

6 
6 

6-3/4 
6-3/4 

7 
0-1/2 
10-1/2 
12-1/4 
12-1/4 
13-3/4 
13-3/4 
15-1/4 

0 

3-1/2 
3-1/2 
4-1/2 
4-1/2 
5-1/4 
5-1/4 
6-1/4 
6-1/4 

7 
7 
8 
8 

E 

2 -3 /4 
2-3/4 
3-3/4 
3-3/4 
4-1/4 
4-1/4 

5 
5 

5-1/2 
5-1/2 
6-1/4 
6-1/4 

F 

4 
5 

4-1/2 
5-1/2 
5-1/2 

7 
8-1/4 

10 
9-1/2 

II 
10-1/2 

12 

9 

Tne 
7/16 
9/16 
9/16 
6 /0 
5/8 
5/8 
5/8 
3/4 
3/4 

13/16 
13/16 

H 

11/32 
11/32 
13/32 
13/32 
13/32 
13/32 
17/32 
17/32 
17/32 
17/32 
21/32 
21/32 

L 

7- 7/16 
7-7/16 
0-3*16 
8-3/16 
9 - i / i e 
9-1/16 
9-9/16 
9-9/16 
9-9/16 
9 ^ / l « 
I0- I / I6 
I0- I / I6 

! 

'' i 3/8 11 
3/8 
3/8 1 
3/8 11 
3/8 
3/8 1 
,3/0 " 
;3/8 
J/2 1 
1/2 • 
1/2 

M/2 I 
"• 

CARVER PUMP C<>«<»NY ! 
lOae HCRSHY AVE. • 

MUSCAJINE, KWA [ 5 2761 • 
P?<(S I« ) ' t i t j - j 4»0 • 

MOQ^L 
G P M ^ _ 
UP 

_ — T D H _ . 
VOLTS 

RPM. 
— PH.. HZ._ AC 

CUSTOMER. 

CUST."Na~. 
nATC: 
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ciHAW PUMP & SUPPLY 
600/242''4639 818/962-3385 
15S&4 BUSINESS CFNTBR DR.. IRWINDALH. CA Ol70i: 

^\7f\t^^^ 192:1? 

Carver Curves 

1 160 200 240 
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J 
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BAG Filtration System 



FOR SERVICE PLEASE CALL 1-800-877-HIPCO 

3M BRAND HIGH PERFORMANCE 
FILTER HOUSINGS 

3M offers a complete line of Cartion Steel and Stainless Steel filter housings to meet your critical filtration requirements. These 
vessels are all ASM E Code rated and guarantee no particle by-pass when used with 3(v1 filter bags or cartridges. Whether your 
flow requirement is as little as 20 gpm or as high as 2,000 gpm., 3M has the proper vessels for your critical filtration needs. 

SINGLE VESSELS 
For 100 or 500 Series Bags 

& 700 Series Cartridges PLEX VESSELS 
For 100 or 500 Series Bags & 

700 Series Cartridges 

HORIZONTAL OR VERTICAL 
SINGLE OR PLEX VESSELS 

For 740B Series Cartridges 

MULTI-BAG VESSELS 
FOR THE 500 SERIES BAGS 

MULTI-CARTRIDGE VESSELS 
IN BOTH VERTICAL AND HORIZONTAL DESIGNS 

FOR THE 7408 SERIES CARTRIDGES 

LET US SHOW YOU HOW TO CUT YOUR TOTAL FILTATION COST BY SELECTING THE 3M BRAND SYSTEM TO 
MEET YOUR NEEDS. PLEASE CALL YOUR LOCAL HARRINGTON SERVICE CENTER FOR COMPLETE 

APPLICATION ENGINEERING ASSISTANCE. 

J i 
a rnerrC'er o'. -.he Gly rwaa in'.ernaiional pk: group ot comD.-ir,ies 



GAC Vessels 
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Water Purification Systems 

H I G H PRESSURE 
HP-2 HP-10 HP-20 

DESCRIPTION 

Westates' High Pressure 
Activated Carbon Adsorption 
Systems are designed to 
efficiently remove dissolved 
organic contaminants from 
drinking water, groundwater 
and wastewater The systems 
are ideally suited for both 
industrial and municipal 
applications wi th high f low 
rates and low level 
concentrations of organics. 
The systems are pre-
engineered, skid-mounted, 
and complete wi th piping for 
series lead/lag or parallel 
flow configurations, carbon 
transfer and venting, and 
water and air utilities. 
Westates' High Pressure 
Systems are supported by a 
state-of-the-art laboratory, 
system engineering and 
performance modeling 
capabilities, and nationwide 
carbon change out services. 

.WESTATES ACTIVATED 
I 1 carbon tl C A R B O N 
"-333373 S Y S T E M S 
WESTATES CARBON. INC. 
2130 Leo Ave . Los Angeles. CA 90040 
PHONJE. 12131 722-7500 
FAX. 12131 722-8207 rwx 910-321-2355 

FEATURES 

• Down-flow fixed bed with 
backwash capability. 

• Carbon steel vessel 
designed and 
manufactured 
according to ASME Code 
Section Vlll Div. 1. 

• Proven internal distribution 
and collection system 
designed to maximize 
utilization of activated 
carbon, and minimize 
channeling. 

• Face piping options, sized 
for the required flow rate. 

• Internal lining options, 
including FDA approved 
epoxies and vinyl esters. 

• Access manways for easy 
maintenance. 

• Designed for cost-effective 
bulk carbon fill and 
removal. 

• Built-in pressure-relief valve. 

WESTATES CAPABILITIES 

Westates has more than 20 
years of experience in the 
design and development of 
complete activated carbon 
adsorption systems utilizing 
AQUA-Carb™ and other 
Certified Activated Carbons. 
Our technical staff provides 
complete guidance in the 
selection of the appropriate 
high pressure carbon system 
to meet your needs. Our in-
house laboratory is fully 
equipped to provide 
complete quality control and 
continuing analysis of your 
carbon-using ASTM 
procedures-to maintain 
maximum adsorption 
efficiency. Westates has a 
convenient lease program, 
and the service personnel to 
supply and exchange carbon 
nationwide. 



Water Purification Systems 

H I G H PRESSURE 
SPECIFICATIONS 

HP2 H P I O H P 2 0 

Design Flow - GPM 
Series® 8-10 PSID 
Parallel ® 4-5 PSID 

Surface Velocity GPM/FV 
Backwash Rate GPM 
Ouantity of Carbon per vessel lbs. 
Vessel Diameter inches 
Service Connection 1 50 lbs. FL. 
Shipping Weight lbs. 
Operating Weight lbs. 
Dimensions L x D x H inches 

50 
100 

4.0 
175 

2,000 
48 
2" 

8,350 
15,430 

20 X 68 X 138 192 

250 
500 

6.5 
525 

10,000 
84 
4" 

37,500 
68,500 
X 1 13 X 194 276 

500 
1000 

6.4 
1 100 

20.000 
120 
6" 

72,050 
139,600 
X 168 X 240 

'B 

NOTES: 
' Design Flows are based on an 

ipty bed contact time (EBCT) of 
ten minutes per vessel and a 
carbon density of 28 lbs/Ft^ 
2. AU models are designed and 
fabricated according to ASME code 
from carbon steel, 75 psi ® I 50°F. 
Other pressure ratings are 
available. 

3. Internal surfaces finish options 
include 12-15 mil phenolic epoxy, 
vinyl ester, and FDA approved 
epoxy linings. 

4. External coating: epoxy. 

5. Service connection piping 
options include carbon steel 
and PVC. 

6. Vessel supports: structural steel 
legs and skid. 

7. Access openings: 14 "x I8 " 
manway and 4" carbon removal 
and fill connection. 

8. Manual backwash capabilities 
available, if required. 

•rO.-.tl 

E B C T v s . F L O W 

HP2 10 

HPIO 50 

HP20 IOO 

20 
IOO 
200 

30 
150 
300 

40 
200 
400 

50 
250 
500 

60 
300 
600 

70 
350 
700 

80 
400 
800 

90 100 
450 900 
900 1000 

Westates Carbon, Inc. 
reserves the right to change 
specifications, without prior 
notification. 

FLOW (g<illons, min.) 

W E ^ S l s ACTIVATED 
carbon ? C A R B O N 

S Y S T E M S 

WESTATES CARBON, INC. 
2130 Leo Ave.. Los Angeles. CA 90040 
PHONE: 12)3] 722-7500 
FAX; (2131 722-8207 rwX: 910-321-2355 
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/ Sheet No.. .of Prolicl No, -. 0157-7^ DatB. By R W ^ 
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OPERATION TYPE 

PARALLEL FLOU 

VESSEL '*L" ONLY 

U£SS£L "R"'ONLy 

SERIES a O i ' " L " , THEN "R" 

sef?i£s aow " R " , TH£N " L " 

SACXWASH " L " i "R" (NOTE 1) 

SACK\;;ASH " L " ONLT. (NOTE 2) 

BACKWASH "R" ONLY (NOTE 3) 

FLOW SeOUENCE/VALUING 

VALVE Nli^BER 

1 

0 

0 

c 

0 

0 

c 

c 

c 

2 

0 

0 

c 

0 

c 

Q 

C 

0 

3 

a 

c 

a 

c 

D 

0 

0 

c 

4 

0 

c 

0 

u 

0 

c 

c 

c 

5 

c 

c 

c 

c 

c 

c 

c 

c 

6 

c 

c 

c 

c 

0 

0 

c 

Q 

7 

C 

C 

c 

Q 

C 

G 

0 

C 

a 

c 

c 

c 

c 

c 

c 

c 

c 

9 

0 

c 

0 

0 

c 

c 

c 

c 

IQ 

a 

0 

c 

c 

0 

c 

c 

c 

NOTE 1 
MOTE 2 
NOTE 3 

ALSO OPEN THE CARBOW F I L L PIPE VALVES, 11 AlVO 12 
ALSO OPEN CAJIBDN F ILL PIPE VALUE, 11 
ALSO OPEN CARBON FILL PIPE UALUE. 12 

T0T(4_ P.'33 



Backwash Pump 



Specification Data THE GORMAN-RUPP CO. Sec.45 
PAGE 1205 

JULY 13, 1982 
A,C,D,S 

® 

GORMAN-fiUPP 

Self Priming Centrifugal 
Diesel Engine Driven 
Model 14C2-F2L 

Size 4" X 4" 35MT 

Total Head 

P.S.I. 
48 
43 
39 
35 
30 

Feet 
110 
100 
90 
80 
70 

Suction Lift 

CAPACITY OF PUMP IN U.S. 
GALLONS PER MINUTE 
AT CONTINUOUS PERFORMANCE 

140 
275 
310 
320 
320 

25' 

140 , 140 
350 1 350 
420 
440 
450 

20' 

140 
350 

505 1 575 
530 
540 

15' 

605 
623 

10' 

140 1 
350 
575 
650 
685 

5' 

PUMP SPECIFICATIONS 
Size: 4 " x 4 " NPT- Female 
Casing: Gray Iron No. 30 

(Maximum Operating Pressure 80 lbs.) 
Impeller: Op«n Type, Two Vanes Duaile Iron 60-40-18 

(Handles 3 " Dia. Spherical Solids) 
Impeller Shaft: Steel No. 1045 
Wear Plate; Replaceable: Stael No.1018 
Cover Plate; Removable: Gray Iron No. 30 - Wt. 26 lbs. 
Intermediate Bracket: Gray iron No. 30 
Seal Plate: Gray Iron No.30 
Seal: Double Grease Lubricated with Spring Loaded Grease 

Cup. S<ntered Bronze Stationary Seal Seats. Rotating 
Faces are Steel. Maximum Temperature of Liquid 
Pumped, 110°F. Maximum Suction Pressure 10 lbs. 
per square inch. 

Seal Liner: Brass No. 70-30 
Flap Valve: Neoprene with Steel Reinforcement 
Radial Bearing: Roller Type 
Thrust Bearing: Roller Type 

Bearing Lubrication: Grease 
Flanges: Gray Iron No. 30 
Gaskets: Vegetable Fiber, Asbestos, Rubber 
Standard Equipment: 

Hoisting Bail 
Skid Base 
90° Elbow 
Strainer 

Optional Equipment: 
2 Wheel Truck Assembly with Pneumatic Tires, 

7 .75 " X 1 5 " 

ENGINE SPECIFICATIONS 
Model: Deutz F2L912 
Type: Two Cylinder, Four Cycle, Air Cooled Diesel 

Engine 
Displacement: 115.3 Cu. In. 
Governor: Mechanical 
Lubrication: Forced Circulation 
Air Cleaner: Oil Bath 
Oil Reservoir: 6 U. S. Quarts 
Fuel Tank: 13.3 U. S. Gallons 
Operating Time; Full Load: 10.2 Hours 
Starter: 12 Volt Electric 

Amp Light, Exhaust Muffler, Fan Belt Failure 
Engine Shut Down 

DEUTZ PUBLISHED PERFORMANCE: 
Max. Cont B.H.P. 27.5 @ 2300 RPM 
Max. Dyn. B.H.P. 32 @ 2500 RPM 

^ 0 0 NOT U S I IN K X ^ L O S I V t ^ 
^ ATMOSPHKRK OR FOR PUMPING ^ 
^^ VOUkTILS FUAMMABLC UOUIOS ^ 
mTmmm/mmm /̂mmmm. 
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1 specification Data 

1 SECTION 45, PAGE 1205 

OVERALL DIMENSIONS 
•nd 

WEIGHTS APPROXIMATE 

NET WEIGHT 
SHIPPING WEIGHT 
EXPORT CRATE SIZE 

1460 LBS. 
1560 LBS. 
75 CU. FT. 

TWffeK—1 
1690 L B £ 

1790 LBS. 
93 CU. FT. 1 

; ;m.7j 

- 1 - T !UJI 

s- J. 3'' 

(74iJI 

* t r ^ 
L O ^ HOLES 

' " • * ' (41 HOLES 

DWEKSIOMS: 
IWCHES 

[MILLIWETERS^I 

• - 1 ^ 1 - REQUIRED FOR REMOVAL 
1*47.21 gp j ^ ^ c j COVER P U T E 

(1144,91 

POWERED SY OEUTZ OIESELUQINE FZL/aiZ 

TOTAL HEAD DEUTZ F2L DIESEL ENGINE 
GOVERNOR SETTING 2300 RPM 

(SHUT OFF) 

VOLUTE 12062 CUHVE I4C-F2L-I 

lypELLER 9934-A MODEL »4C-F2L 

SIZE ^ 4 ' IMP. OU. e V 

5<». QR.10_ RPM NOTgP 

Lrrncs 
PER MINUTE tH H U N t R I B S 

I ' ' 

y. ' ; i 'idj ' l i u I ±f j^i' j^i ' i '7 ji i ' jfci ==5= 
I 1 1 1 ! I l ' ^ l ' ^ l ' ^ l ' ^ l * ^ C - t - « « 

- 1 — 1 I I l l ' l ' I I 

0 

THE GORMAN-RUPP COMPANY . MANSFIELD, OHIO 
GOflMAN-RUPP COWMAN RUPP O F C A N A Q A L I M I T E D . S T . T H Q M A S , ONTARrO. CANADA - . - « - . , . 

Cocy^qf-T Sf ' f i« Go^Tw^n-RuCC ComcM/iT 
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Flow Sensors and Meters 
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BOl 
NET IS 1-2-3 EASY! 

•building your liquid flow-measurement system is easy with 
Hsignet's simple, three-component design. Simply choose (1) a 
" l o w sensor. (2) a sensor installation fitting and (3) a flow-rate 

indicator or controller. Your Ryan Herco specialist will be glad to 

Iielp select the right system for your requirements. 
1) Flow sensor: Signet sensors' ±0.5% repeatability assures 

nigh accuracy, plus the convenience of quick installation and 
reduced maintenance. Available for installation in line sizes 1/2"-

136". the insertion flow sensors can easily be installed by one 
person in a matter of minutes, using only simple hand tools. In 
addition, the wide choice of sensor materials offers compatibility 
with virtually any corrosive or uitrapure liquid, including housing 

•

materials of polypropylene, PVDF, stainless steel or brass. Low 
flows in small-diameter systems (1/4" and 3/8") are handled by 
any of three microflow sensor units, which combine sensor and 
installation fitting into one unit. Flow velocity (measured in FPS) 

Imust be known in order to select the flow sensor right for your 
system. 

(2) Installation fittings: Using a matched Signet installation 
fitting and flow sensor assures correct positioning in the flow 
stream. Insertion sensors measure flow at a specific local 
velocity of the pipe. It is, therefore, critical that the sensor be 
oriented properly, inserted to an exact depth, and exist in a pipe 
that is always full. The range of sensor installation fittings 
accommodates almost any pipe size or material, including PVC. 
PVDF, CPVC, stainless steel, carbon steel, polypropylene, 
copper and bronze. 
(3) Flow indicators and controllers: Whether you desire local, 
remote, analog or digital flow-rate indication, control or totalization. 
Signet has a meter to match your system needs. Power options 
include self-powered, battep/-operated and 115VAC powered 
units. Signet instruments are calibrated by our factory-trained 
technicians to any pipe size and volumetric unit. They may be 

ilibrated, should your system design change. All can be 
-ited up to 200 feet from sensors without signal amplification. 

Additionally, many units offer a pulse output, which makes 
integrated computer-controlled automation easy. 

I 
I 
I 
I 
I 
I ggRvanHerco 

^ ^ ^ ^ FLUID FLOW S O L U T I O N S 

Flow alarms indicate 
the flow rate and actu
ate a relay if the user-
selectable aiarnn set-
point is exceeded as 
well as flow rate and 
totalizer. 

Signal conditioners 
change the flow-sen
sor output to one nec
essary for process 
control; i.e.. 0-5 Vdc 
or 4-20mA. 

Flowmeters 
flow rate. 

indicate 

Pump pulsers exter
nally pace an elec
tronic chemical meter
ing pump proportional 
to the main flow vol
ume. 

Batch controllers acti
vate the relays to al
low fordispensalion of 
predetermined quan
tities of solution. 

Accumulators totalize 
flow and indicate the 
flow rate. 

Dual-alarm Flo-limit 
detectors will activate 
the relays if the flow 
rate drops below or 
exceeds setpoini lim
its. 

1?V' 

Electric-actuated 
ball valve. 

Strip chart recorder. 

Externally pulsed 
metering pumps 
(pages 165-168) 

Electric solenoid 
valves (pages 108 
to 111) 

3 
Audible alarm 

All types of pumps 
(pages 137-176) 

Call 1-800-848-1 M1 



( ill LECTRONIC FLOWMETERS 

ELF-POWERED FLOW INDICATOR—Intrinsically Safe 

Self-powered flowmeter. Flow sensor sold seperately. 

You can combine this self-powered Flowmeter with a Rotor-X 
flow sensor and the appropriate installation fitting for a com
pletely self-contained, affordable flow-monitoring system. Be
cause no extemal power or battery is needed, you can mount it 
anywhere—up to 200 feet from the sensor. The simple hookup 
involves only three flow-sensor wires to the terminal strip. 

The flowmeter's easy-to-read 5.5" dial is activated by a 250' 
damped meter movement for smooth linear readings and accu
rate flow rate indication (±2% of full scale, with a repeatability of 
±1% of full scale). It's also protected by a waterproof face to 
withstand wash-downs. Note: Not recommended for a vibration 
environment. 

Intrinsically safe; Factory Mutual rating of Class 1, Div, 1, Group 
A, B, C D . 

ORDER: 5930-941 FLOWMETER, SELF-POWERED 
(509) S225,00 

POWERED ANALOG 
FLOWMETER 
Powered flow indicators are recommended for use with all flow 
sensors—they withstand high vibration levels when mounted on 
operating equipment. This product features a TTL-compatible 
pulse output for easy interface to external computation and 
control instrumentation, and is accurate to +1% of full scale. A 
117Vac-12Vdc power converter is included. 

ORDER: 5938-401 ANALOG FLOWMETER (584) S385.00 

Powered analog flowmeter. Flow sensor sold seperately. 

Accum-u-tio meter. Flow sensor sold seperately. 

RyanHercp 
F L U I D F L O W S O L U T I O N S 

ACCUM-U-FLO 
A quick glance at the Accum-U-Flo gives an accurate fluid flow 
rate and totalized flow volume readings. It combines both 
essential flow functions in one convenient unit, saves space and 
eliminates extra expense. 

The flow rate is displayed on an easy-to-read 5.5" analog 
dial, the totalized volume on an electromechanical counter. 
Choose from a seven-digit non-resettable counter for continu
ous totalizing, or a five-digit front-resettable counter for periodic 
totalizing. 

The unit's 245' high-torque meter gives greater resolution m 
high-vibration areas. The resulting flow rate accuracy is ±1 '̂ o of 
the standard scale, and totalized volume accuracy is =2% of the 
calibrated flow rate. The Accum-u-flo is easily interfaced with 
other TTL-compatible equipment and includes a 117Vac-12 Vdc 
power converter. 
ORDER; ACCUM-U-FLO FLOW METER 
5937-501 Non-resettable 7-digit counter C575,) S520.00 
5937-502 Front-resettable 5-digit counter (575R) 520.00 

•^- 3 1'. •SOC-



I UMAG Is described the besi 
affordable nn»or)g mnny. 

he Schlumberger FLUMAG is a new 
eneratlon of magnetic inductive flow-
eters provitjing excei ien! flow 

measurement accuracy and flexible 
peraling chafacierlstlcs, 

•LUMAG fiowmstsrs take exception to 

that you might expect in magnetic 
ductive llowmeiers this affordable 
easuring the flow of siectrical 

conductive liquids with high solids 

Kontenl, FLUMAG offers excellent 
erformance in every area that counts 

most towards quality and productivity 
JVCCURACY, COST EFFECTIVE
N E S S and MAINTENANCE FREE. 

Every component in FLUWAG'S design 

(nd manufac tu re is des igned 
pecifically to be as DEPENDABLE, 

RELIABLE, and EFF5CIENT as 
Dossibie, .And aren't these the same 

•pualltles you demand in a 'uw bore 
llnagnetic flowmeter? 

A 3 the many special perfor.mance 

K;ho, dCteristics is the ability c! FLUMAG 
0 resist the attack of abrasive or 

corrosive liquids processed at extreme 

Iemperatures. Surrounded by cast iron. 
he cylindrical-Shaped measuring tube 

is 'ined with fused aluminum oxide for 
corrosion resistance and belter per-
foimance value long term. 

The most beneficial and unique 
characteristic of FLUMAG Is its 
se ectable current modulation feature 
The microprocessor-based electronics 
allows the user to choose between 
three different operating modes, Slow 
— Fast — Dual, depending on the type 
of liquid and flow condiiions, 

Fcfemost among the choices Is the 
dual modulation selection. Combining 
five fast modulation cycles and one 
slow modulation cycle In a single 
measuring cycle, dual modulation 
optimizes response time, accuracy and 
ncise filteralion characteristics. 

in addition, the operating mode can be 
selected on-site and while in service 
wiibout disrupting the flow or produc
tivity of the flowmeter 
The Schlumberger FLUMAG is Ihe right 
choice In electromagnetic flowmeters 
loi your operation. We're sure you will 
bf pleased with its performance 
charactenslics. 

M E A S U R I N G m i N C I P L E 

The Schlumberger FLUMAG is a 
magnetic inductive flowmeter which 
measures volume flow of electrically 
conductive liquids. 

The basic FLUMAQ operating principle 
utilizes Faraday's law i.e, the voltage 
induced in a conductive fluid which 
moves perpendicularly to a magnetic 
fieid Is directly proportional to the 
velocity of the conductive fluid. 

In the FLUMAG, a pair of coils defined 
as B1 and B2 (see Illustration In Figure 
1), is located transversely to the 
measuring tube. While conveying a 
pulsed DC current, Bl and 82 produce 
an alternating magnetic field B. 
Continuous control of the intensity of 
the DC current ensures a stable and 
reproductive magnetic field. 

The two d iametr ica l ly opposed 
electrodes E1 and E2, separated by, 
distance d and located transverselyf 
with respect to Ihe axis ol the pipe and' 
perpendicularly with respect to the axis 
of the coils, pick up a voltage e when an 
electrically conductive fluid flows 
through the pipe at an average velocity 
V, Since the volumetric flow is related to 
the average velocity, 
8 = kV (k is constant for a 

given flowmeter) 

k = « x B x d (where a is a geo
m e t r i c a l f a c t o r , 
depending on the 
shape and the geo
metry of the measuring 
tube). 

Supply j 

FIguro 1 



K .MAG'S features add . 
performance value 

• Automatic zero operating principle 

f Microprocessor-based electronics 

• Built-in digital indicator 

• Parameters configurable on-site 
while in service 

• Low energy consumption 

• Bi-directional flowmeter 

t Built-in or remote electronics 

• Displays flow rate or total 

• jtput signal proportional to rate ot 
flow 

• Flow measurement is Independent 
ot changes in pressure, temperature 
and viscosity 

• Obstruclionless ceramic flow tube 

• CENELEC Approved-option — 
Transducer rating CENELEC 

EExiaMBT4toT6 
(Intrinsically Safe) 

Electronics must remain in safe 
area and contains an intrin
sically safety barrier rated 
CENELEC [EExiaJtlB 

• 3-A Sanitary Standards Symbol 
Authorization for milk and milk 
products 

Typical applications for 
FLUMAG 

The Schlumberger FLUMAQ 1$ best 
usod for the measurement of con
ductive liquids for batching, process 
control, totalization or volumetric 
counting. 

Known for its application versatility Ihe 
FLUMAG is adaptable for installation In 
numerous industries. A partial list of 
industries using FLUMAG Includes: 

• Chemicals and allied products 

Water processing and distribution 

• Blast furnaces and steel mills 

« Pharmaceutical preparations 

Mining 

• Food preparations 

• Sugar preparations and refineries 

Battery manufacturing 

Typical applications lor FLUMAG are 
liquids which are generally difficult to 
handle: slurries, abrasive or corrosive 
as well as liquids with extreme temper
atures Examples of these are waste 
water, sludge, slurries, pulp, pastes, 
juices, acids, alkalis, food products and 
many others 

PROGRAMMABLE 
OPERATING PARAMETERS 

Engtnetring Units 
LPH. CMPH, USGM, or IGPM 

Modulation 
Slow — Fast — Dual 

Outputs 
4-20 mA and scaled pulse 

Multifunctional Electronic Display 
(Four-Digit LCD) 
Rate (percent of fullscale or 

engineering units) 
Pulse Integration 
Error messages 
Program parameters 

Puist Ampiituda 
5 volts with a minimum load of 2 k 
ohm or 24 volt, 0.2 Amps 

Pulst Scaling 
From 0.001 to 9999 unit per pulse 

Full Seal* Spaning 
Minimum — 3.3 ft/s (1 m/s) 
Maximum — 33 ft/s (10 m/s) 

Alarms 
High or low alarm setting; For a 
flow higher or lower than the alarm 
flow, a contact is triggered. One 
threshold is available at a lime 

Relay rating is either 48 volts 1 
Amp or 220 volts 500 mA on 
resistive load. 

Bidirectional 
Plus (+) or minus (-) signal on the 
display for normal or inverted flow 
(relay contact open (+) or relay 
contact closed (-)). An alarm is 
not available In this case. 

Fiow Thresiiold 
Threshold adjustable from 0 to 50 
percent of full scale. For a flow 
lower than the threshold flow, the 
output signal is equivalent to 0 
percent, 

Response Time 
Time Constant at 63% 
Adjustable from 0.5 to 100 
seconds. 
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FLUMAG SPECIFICATIONS 

Minimum Electrical Conductivity* 

Accuracy* 

Repeatability 

Maximum Fluid Pressure 

Maximum Fluid Temperature 

Maximum Temperature Change (Ceramic) 
Velocity Range 
Electronics Operating Temperature 
Power Supply Voltage 

Power Consumption 

Outputs 
Higti or Low Alarm 
Electronics 
Assembly Type 
Materiais of Construction 

Measurement Tube 
Electrodes 
Tube Housing 
Electronic Housing 

5 micro Siemens/cm 

±1.0% ot rate (standard) 
t0,5% of rate (optional) (N/A for 5/32", 1 /4" & 3/8") 

±0.1% of rate 
580.15 psi (40 bar) 

176*F (80°C) (built-in electronics) 
302<'F (150*C) (remote electronics] 
113'*F (45''C) per minute [fluid] 
.66-33 tt/a (.2-10 m/s) (lower velocities can be measured") 
-l5'='F(-25°C)tol31'F(55'»C) 
115 volts AC 60 Hz (standard) 
220 volts AC 60 Hz [optional] 
20-53 volts DC (optional) 
220 volts AC 50 Hz (optional) 

11-13 volt amps 
4-20 mA and scaled pulse 
48 volts at 1 Amp or 220 volts at 1 mA 
Built-in or remote. NEMA IV enclosure. 
Water body type, assembled between either 150» or 300» ANSI tlang 

Ceramic (fused aluminum oxide] 
Platinum point 
Cast iron with polyurethane coaling 
Aluminum alloy with polyurethane coating 

FLOW RATE 
"For velocities less than .66 ft/s (.2 m/s) Accuracy = i,2% fsc (±,1 fsc optional) 

1 Model 

| F M 0 2 0 ' 

| F M 0 2 5 * 

| F M 0 4 0 * 

| F M 0 5 0 * 

|FMIOO* 

[FMISO 

1 FM200 

1 FM300 

1 FM400 

1 FM600 

Diameter 

5/32" 

1 / 4 " 

3/8" 

1/2" 

1" 

1 1/2" 

2" 

3" 

4" 

6" 

Minimum Full Scale @ 3.3 ft/s (1 m/s) 

.04 to .20 gpm (t ,5 to .75 Ipm) (fsc) 

,09 to ,45 gpm (.33 to 1 7 Ipm) [fsc] 

.26 to 1.3 gpm (1 to 5 Ipm) [fsc] 

,44 to 2,2 gpm (fsc) (1.7 to 8 3 Ipm) (fsc] 

1.3 to 6.5 gpm [fsc] (4,9 to 24 6 Ipm) (fsc] 

4,0 to 20 gpm (fsc] (15 to 76 Ipm) (fsc] 

5.4 to 27 gpm (fsc) (20 lo 102 Ipm) (fsc) 

14,4 to 72 gpm [fsc] (54 to 272,5 Ipm) [fsc] 

23.4 to 117 gpm (fsc) (89 to 443 Ipm) (fsc] 

47 to 237 gpm (fsc] (178 to 897.1 Ipm) (fsc) 

Maximum Full Scale & 33 ft/s (10 m/s) 

,20 to 2.0 gpm (75 to 7 5 ipm) (fsc] 

45 to 4.4 gpm (1.7 to 16.7 ipm) (fsc) 

1.3 to 13.2 gpm (5 to 50 Ipm) (fsc) 

2.2 to 22 gpm (fsc) (8.3 to 83 Ipm) [fsc] 

6,5 to 66 gpm (fsc) (24.6 to 246 Ipm) [fsc] 

20 to 200 gpm (fsc) (76 to 760 Ipm) (fsc) 

27 to 270 gpm (fsc) (102 lo 1020 Ipm) [fsc 

72 to 720 gpm (fsc) (2725 to 2725 Ipm) [fs^ 

117 to 1,170 gpm (fsc) (443 to 4430 Ipm) (fs 

237 to 2,370 gpm (fsc) (897.1 to 8971 1pm) [f 

5/32" - 1 " require 10 micro siemens/cm, otherwise multiply accuracy by 2. 



I>HYSICAL DIMENSIONS 

Model 

D I M E N S i O f ^ S ' 

B Weight* 

FM020 10.12 (2S7) 1.87 (50) .18 (4) 1.80 (48) .16 (4) 8.3 (210) 3.6 (88) 10.4 (4.7) 

FM02S 10.12 (287) 1.97(60) .24 (6) 1.80(48) .18 (4) 8.3 (210) 3.6 (88) 10.4 (4.7) 

FM040 10.12 (257) 1.97(60) .39 (10) 1.80(48) .18 (4) 8.3 (210) 3.5 (88) 10.4 (4.7) 

FMOSO 10.4 (284) 2.2 (68) .60 (13) 3.8 (92) .18 (4) 8.3 (210) 3.5 (88) 10.4 (4.7) 

FlillOO 10.9 (277) 2.8 (74) .85 (22) 3.8 (82) .18(4) 8.3 (210) 3.6 (88) 11.0(5) 

FM160 11.9 (302) 3.8 (91) 1.6(38) 3.9 (99) .18 (4) 8.3 (210) 3.5 (88) 12.8(6.8) 

FM200 12.3 (312) 4.1 (104) 1.9 (48) 4.2 (107) .18(4) 8.3 (210) 3.6 (88) 14.3 (8.5) 

FNI300 13.6 (360) 6.8(142) 3.0 (78) 8.4 (183) .18 (4) 8.3 (210) 3.6 (88) 20.1 (9.1) 

FM400 18.4 (391) 8.7 (170) 3.8 (97) 7.0 (178) .18 (4) 8.3 (210) 3.6 (88) 28.4 (12) 

PM600 18.6 (472) 8.7(221) 5.5(140) 9.9(262) .16 (4) 8.3 (210) 3.6 (88) 68.0 (25.4) I 

'D imens ions : Inches (mil l lmetera); Weight: pounds (Miograms) 



Pressure Inciicators 
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OMEGA GENERAL SERVICE GAUGES 
TYPES 

M A D E INJ 

.....J<..,..».v^,.,;BW*,St'^J.La',-^'*?. 

The General Service Gauge is 
corrosion, weather and dust 
resistant for combating hostile 
environments. Mounting versatility, 
excellent readability ana sustained 
accuracy make this stainless steel 
case-design a gauge leader. It can 
be stem, surface or flush mounted. 

A " ^ 
3'7 y\/^ 

A \\ 
A- -A\ 

y7 
Back Mount 

STYLE L STYLE B 

G-13 

STYLE B 
With Flange Mtg 

. Kit shown 
on Page G-14. 

;i :̂' 

^:A' 
-.)i4 

sf 

- ^ 



GENERAL SERVICE GAUGES 
TYPES 

'm 

A " OIA. 

Stem IWount 
STYLE L 

Sustained accuracy and excellent 
readability are important user 
features of the OfVlEGA General 
Sp'vice Gauge line. 
Meeting the requirements of many 
industrial applications, General 
Service Gauges may be used on 
steam boilers or other pressurized 
vessels; on pumps and 
compressors; on many types of 
industrial machinery; in the 
chemical, petrochemical and allied 
pr "^ess industries, in power plants; 
in . j lp and paper mills, plus in an 
unlimited number of low pressure 
applications using gauges with a 
bellows pressure element design. 

The pressure gauge actuation 
systems that comprise the OIVtEGA 
General Service Gauge line is the 
standard 316 SS Bourdon tube 
s; em which is engineered to 
precise tolerances for consistent 
repeatability and response to 
pressure fluctuations. 

A " D , - > 

D 
OIA. 

V sq. (2V2"& 3V2") 
(14) 

Back Mount 
STYLE B 

'3 ' 

— 

-C-q 
— 

' — 1 

f i T i 

rr . ?r.?r 
/ 1 

I \ 'D 
\ \ 01* 

nn ^IIU, 1 
' -L NPT ' 

(3'-) 
• 1 -

e 

-

SPECIFICATIONS 
Max. Operating Temp: 150°F 
Case: Polished Stainless Steel 
Window: Polycarbonate Plastic with 

Neoprene Sealing Gasket 
Bourdon Tube: 316 Stainless Steel 
Connection: Back or Lower 
Fitting: 316 SS, VA" NPT 
Dial Size: 2V2" andSVs" 
IVIounting: Stem, Flange or " U " Bracket 
Accuracy: 1% full scale 

Warning: All gauge components 
should be selected considering 
media and ambient operating 
conditions to prevent misapplication. 
Improper application can be 
detrimental to the gauge, cause 
failure, and possible personal injury 
or property damage. 

Accessories for Type S Gauges 
KsasMSsMi 

UBK-25 
UBK-35 
FMK-25 
FMK-35 

^^^^i^Tj^3n3331P¥MIM7M&. 
U-Bracket Kit for 21/2" Gage 
U-Bracket Kit for 3V2" Gage 
Flange Mount Kit for 2V2" Gage 
Flange Mount Kit for 3V2" Gage 

•^^mmmy33y] 
310 

10 
10 
15 

tVtodel FMK 
Flange Kit 

•• ) - O L E S G D ' * 
fX i f l - L ' SOiCEO 

OH H DIA.aC 

For a Complete Listing of 
Stocked General Service 
Gauges, Refer to pg. G-15 \ \ 

•AzA3 
I \ l! / , _ 

' '\'JB3 
Kit 

IVIodel UBK 
U-Bracket 

= i'.") 

"3T3mm 
2Vi 

3V2 

.--.f^^. 

2'/4 
(73) 

3"42 
(101) 

tE 
y. 

(10) 

i^A, 
(12) 

(29) 

I'Ai 
(31) 

a 
2=^2 
(67) 

3 ' M J 

(91) 

m 
2"Ai 
(69) 

3 " / . . 
(94) 

s 
(2) 
V S J 

(1) 

•Uf.;*. 

M J 

(4) 

(6) 

-•'Zrzi'r,: 
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Electrodes. 
General app l i ca t i on electrodes. 

Series 3R. These electrodes are metallic 
rods with one end threaded so they can 
be screwed into the couplings on elec
trode fittings to extend vertically down 
into the liquid. They are available in a 
variety of materials to satisfy the require
ments of water and many corrosive solu
tions. Series 3T, tapered electrode, used 
in conjunction with fitting 3G. 

\ 

\'cm^r^.U^.-,j^ff!:xSSXaX3SSKSttKt 

Series 3W. Series 3\A/ electrodes are 
metallic bars contained within a protec
tive plastic shield. They are suspended 
above the liquid by the use of PVC-
insulated wires. %" dia. x 3%" in length. 

Table 23-1 General Application Electrodes 

r 
Series 

3RXXXX 
3TXXXX 

3WX • 

Style 

%' rod (threaded) 
' . i ' rod (tapered) 

W i r e • • • 

Suspended 

Material 

Brass 
303 SS 
316 SS 
Carp 20 
Hast 3 
Hast. C 
Mone. 
T i tan, j^ 

Brass 
303 SS 

, • 

Sheathing 

(VC(200°F) 
Teflon (SOCF) 
Slip-on/ : ; 
HeatShrinic 

Polyethylene 
Shield 

PVC-coated 
wiredSO^f) 

Ordering 
Information 
(Page) 
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Corrosion-resistant e lect rode. 

Series 3Y. Corrosion-resistant metallic 
bars within a protective plastic shield 
designed for use in corrosive liquid appli
cations. Suspension wire is PVC-jacketed 
and is attached to the electrode at the 
factory. Y3 dia. x 3 ' / / in length. 

Table 23-2 Corrosion-Resistant Electrode 

Series 

3YXXX 

Style 

Wire 
Suspended 

Tip 
Material 

Carp ; o 
Hast B 
Hast •; 
316 SS 

Shield 
Material 

PVC(150=F) 

Ordering 
Information 
(Page) 

31 

Chart 23-3 Sensit ivity-Material Selection 

Uquid Or Material 

Sensitivity-Conductivity 

Ohms/cm Micro-Mhos/cm 

Electrode Material 

Good* Better** 

tAcids 
Aluminum Hydroxide 
Aluminum Sulfate 
Ammonia 
Ammonium Chloride 
Ammonium Hydroxide 
Ammonium Nitrate 
Ammonium Sulfate 
Baby Foods 
Barium Chloride 
Barium Nitrate 
Beer 
Black Liquor 
Borax—Aqueous 
Bourbon 
Brine 
Buttermilk 
Cadmium Chloride 
Cadmium Nitrate 
Cake Batter 
Calcium Chloride 
Calcium Hydroxide 
Catsup 
Caustic Soda 
Cement Slurry 
Coffee 
Corn Syrup 
Corn —Cream Style 
ferric Chloride 
Ferrous Sulfate 
Ink (Water Base) 
Jams/Jellies 
Juices —Fruit/Vegetable 
Lithium Chloride 
Magnesium Chloride 
Magnesium Hydroxide 
Mayonnaise 
Mercuric Chloride 
Milk 
Molasses 
Mustard 
Oil—Soluble 
Paper Stock 
Photographic Solutions 
Plating Solutions 
Potassium Chloride 
Salts—Chemical 
Sev;age 
Silver Nitrate 
Soap Foam 
Sodium Carbonate 
Sodium Hydroxide 
Soups 
Starch Solutions 
Sugar Solutions 
Vinegar—Aqueous 
Water —Carbonated 
Water—Condensate 
Water —Chlorinated 
Water —Distilled 
Water —Deionized 
Water—Hard/Natural 
Water —Salt 
Wine 
Zinc Chloride 
Zinc Sulfate 

Consult Faaory 
2.2K 
2.2K 
5K 
IK 
lOK 
18K 
10K 
IK 
IK 
IK 
2.2K 
IK 
lOK 
200K 
IK 
IK 
IK 
IK 
5K 
IK 
lOK 
2.2K 
IK 
SK 
2.2K 
45K 
2.2K 
lOK 
lOK 
2.2K 
45K 
IK 
IK 
IK 
2.2K 
5K 
90K 
IK 
lOK 
IK 
10K 
SK 
IK 
2.2K 
IK 
2.2K 
5K 
IK 
18K 
2.2K 
IK 
IK 
5K 
90K 
2.2K 
3K 
18K 
5K 
450K 
2.0M 
5K 
2 2K 
2 2K 
IK 
2.2K 

450 
450 
200 
IK 
100 
50 
100 
IK 
IK 
IK 
450 
IK 
100 
5 

IK 
IK 
IK 
IK 
200 
IK 
100 
450 
IK 
200 
450 
21 
450 
100 
100 
450 
21 
IK 
IK 
IK 
450 
200 
1 1 
IK 
100 
IK 
100 
200 
IK 
450 
IK 
450 
200 
IK 
50 
450 
IK 
IK 
200 
11 

450 
330 
50 
200 
2 
5 

200 
450 
450 
IK 
450 

Consult Faaory 
316 SS Titan. 
303 SS Hast.C 
316SS NA. 
316SS Titan. 
315SS Titan. 
303SS 316SS 
316SS Titan. 
303 SS 315SS 
Carp. 20 N A. 
316SS N.A. 
303 SS 316SS 
Consult Factory 
Brass 303 SS 
N.A. 316SS 
N.A. Hast.C 
N A. 316SS 
316SS N.A. 
316SS NA. 
303SS 316SS 
Carp. 20 Hast.C 
316SS Titan. 
303SS 316SS 
315SS Hast.B 
303SS 316SS 
303SS 316SS 
303SS 316SS 
303SS 316SS 
N A. Titan. 
Carp. 20 Titan. 
N.A. 316SS 
303SS 316SS 
303SS 316SS 
N.A. Carp; 20 
316SS Carp. 20 
316SS N A. 
303SS 316SS 
N.A. Titan. 
303S5 316SS 
303 SS 316 SS 
3Q3SS 315SS 
N.A. 303 SS 
Titan. N A 
316SS Hast.C 
N.A. 315SS 
316SS Titan. 
Monel N.A. 
303SS 316SS 
316SS Carp. 20 
303SS 316SS 
316SS Monel 
316SS Hast.B 
303 SS 316SS 
303 SS 316 SS 
303SS 316SS 
316S5 Carp 20 
303 SS 316 SS 
Brass 303 SS 
316SS Monel 
Brass 303 SS 
Brass 303 SS 
Brass 303 SS 
Monel N..A. 
303SS 315SS 
Carp. 20 Titan 
316 5S Titan 

•Less than 020" erosion per year. 

'"Less than .002" erosion per year. 

tNote Liquid concentration and temperature will affect conductivity and 

material erosion rate Contact faaory for detailed information 

N.A. —Mo material available with this erosion rate. 
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Series 3U Electrode Fittings 

3RD PLACE SYMBOL 

1 

2 

3 

Condui t Size 
and No. o f 
Elearodes 

/ j " . 1-5 
y . 1-7 

1 , 1-10 

_.l 1 

4TH PLACE SYMBOL 

r 

A 

B 

Body 
Mater ia l 

PVC 

Cast Iron 

Series 3W Electrodes 
ORDER BY COMPONENT NUMBER • 3 U/X 

Component NumDer 3ZIA— 
Suspension Wire 

Component Number 3ZIB— 
Adapter Kit 

3RD PIACE SYMBOL 

T 
1 
2 

Electrode 
Material 

Brass 

303 SS 

J 

Series 3R or 3T Elertrodes w m ^ 
ORDER BY COMPONENT NUMBER 3 RXXXX or 3 TXXXX 

1 I I I 

4TH PLACE SYMBOL 

r 

A 

B 

C 
D 

E 
F 

G 
H 

Electrode 
Material 

Brass 1 
303 SS 

3I6SS 

Carp. 20 
Hast. 8 

Hast. C 

Monel 
Titanium 

Series 3Y Electrodes wmm^ 

STH PLACE SYMBOL 

\ 
0 
1 

2 

4 

5 

Sheathing 
Sl ip-On 

None 

PVC 
Teflon 

Sheathing 
Heat Shrink 

PVC 
Teflon 

Use only when tips are required 

6TH PLACE SYMBOL 

Elertrode 
UP 
303 ss 
316 SS 

r Specify e.xJCl length n i electfoae. 

MPONE NT NUMBER— 

3RD PLACE SYMBOL 

1 

Shield 
Mater ia l 

PVC 

— 3YXXX 
1 1 1 

4TH PLACE SYMBOL 

' r 
C 

r 
E 

F 

) 

Electrode 
Tip 
Mater ial 

316 SS 

Carp. 20 

Hast. B 

Hast. C 

STH PLACE SYMBOL 

1 ' 
1 

i 
} 

Length 
ofVJWre 

10 feet 

20 feet 

30 feet 

et cetera 

Component NumDer 3ZI 
Adapter Kit 

Limited Warranty and Remedy 
Warrick Controls, Inc. warrants to the original user that those 
produas supplied by it and used in the service and in the manner 
for which they are intended shall be free from defects in materials 
and workmanship for a period of one (1) year after installation, 
or fifteen (15) months from date of shipment. Except as may be 
expressly provided for in a written agreement between WARRICK 
and the user, WARRICK DOES NOT MAKE ANY OTHER REPRE
SENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, 
BUT NOT LIMITED TO. ANY IMPLIED WARRANTY OR MERCHANT
ABILITY AND ANY IMPLIED WARRANTY OF FITNESS FOR A PAR
TICULAR PURPOSE. 

The sole and exclusive remedy wi th respect to the above limited 
warranty or with respect to any other claim relating to defects or 

zjiimz&iliS^ 

any other condition or use of the products supplied by Warrick, 
however caused, and whether such claim is based upon warranty, 
contract, negligence, strict liability or any other theory, is limited 
to the repair or replacement of the part or produrt, excluding any 
labor or any other cost to remove or install said part or product or, 
at Warrick's option, to repayment of the purchase price. Notice of 
any such claim must be given, in writ ing, to Warrick Controls, Inc., 
Royal Oak, Michigan 48073, within fifteen months after the first 
installation or use of the products. In no event shall Warrick be 
liable for special, direct, indirect or consequential damages, in
cluding, but not limited to, loss of use or profits or to interruption 
of business aaivity. 
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The Warrick Series 17, Series 27 and Series 37 
(•^trinsically Safe Interface Controls. 
You depend on che FM-approved 
Warrick Series 17, and the UL-approved 
Series 27 concrol for safety and relia
bility in intrinsically safe (l.S.) circuits. 
Now, the Warrick Series 37 provides 
the same peace of mind for applica
tions requiring CSA approval. 
Two isolated SPST contacts (1 N.Q 
and I N.C.) on the Series 17 permit 
the handling of two loads of different 
voltages. The Series 27/37 has one 
set of SPOT contacts for handling 
loads of the same voltage. 
Different features for different needs. 
But the Series 17, Series 27 and the 
Series 37 come with Warrick built-in 
reliability. 

Operation/applications. 
Warrick's Series 17/27/37 controls 
provide an intrinsically safe interface 
for applications where the control 
equipment and/or associated wiring 
an^ °xposed to Class I and li. Division 
I, jups A, B, C, D, E, F or G hazar
dous locations. The Series 27/37 are 
approved for Class III locations. 

Series 17/27/37 controls may serve as 
an interface between a float, a push
button, a temperature switch or any 
non-powered switch installed in a 
hazardous area to provide an intrin
sically safe circuit to that switch. In 
addition, they can be used as level 
controls in probe-type systems to 
provide a switch closure to turn on 
lights, control a pump, etc., for liquids, 
semi-solid and solid materials of less 
than 470,000 ohm-centimeters 
specific resistance. 

Warrick's Series 17/27/37 controls are 
the ideal solution to your liquid level 
problems in the sewage industry as 
an interface to mercury floats or 
conduaance-type probe systems. 

They also can be used for interfacing 
to alarm/pump sensors in oil/water 
separators, air strippers and other 
groundwater remediation equipment. 

"i :an depend on them, too, for 
vti jatility convenience and security 
in providing intrinsically safe circuits 
in chemical plants and industrial sites 
with high dust levels. Here's why. 

Intrinsically safe. 
The intrinsically safe circuit is incap
able of releasing sufficient energy to 
ignite flammable gases or dust found 
in hazardous areas. 

Reliability. 
All three controls are designed to vir
tually eliminate false triggering through 
dependable circuitry and relay out
puts. Internal surge suppression elimi
nates spikes and transients, thus 
protecting the control. 

Stability. 
Variable sensitivity allows you to 
match the sensitivity of the control to 
your specific application, thus reduc
ing the probability of false triggering. 
(Sensitivity is field adjustable on Series 
17, factory set on Series 27/37.) 

Capacity. 
An 8 amp rating permits handling of 
larger loads without the expense of 
extra equipment such as slave relays. 
All controls can handle up to a size 
" 3 " motor starter 

Lift station installation. 

Versatil ity. 
Latching and non-latching service 
are standard in the same unit. No 
separate latching relay is necessary. 
This means that for typical five-float 
systems, only four Warrick intrinsi
cally safe controls are necessary. 
Normally open and normally closed 
load contacts permit simultaneous 
handling of two loads. Inverse mode 
is available for failsafe operation. 

Safety. Efficiency. Reliability. We've built 
them into Warrick's Series 17/27/37. 
So you can build in peace of mind. 

Intrinsic Safety — 
W h y and How 
Compared to an Explosion-Proof 
(E.P) electrical system, an Intrinsically 
Safe (l.S.) system has several impor
tant advantages. 
1. Safety. No explosion can occur in 
an intrinsically safe system under any 
operaring condition. In explosion-
proof systems, explosions may occur, 
but will be confined within an explo
sion-proof enclosure. 

2. Reliability. The components of 
l.S. circuits ane tested for reliability 
before they are certified as intrinsi
cally safe. E.P system components 
are not tested for reliability. Instead, 
their enclosures are tested for.their 
ability to contain an explosion. 

3. Easier Instal lat ion. In an IS 
system, rigid metallic conduit or 
explosion-proof enclosures do not 
have to be installed in the hazardous 
area. The interface controls can be 
mounted in standard enclosures 
when installed in the safe area. 

4. Economy. l.S. systems do not 
require expensive enclosures. l.S. cer
tification implies that, when the 
system is properly installed, an explo
sion is an impossibility. Therefore, 
insurance rates also tend to be lower. 

. ; 
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Ser ies 17 specifications 
Contact Design: (I Form A, 1 Form B): one normally open (N.Q) 
and one normally closed (N.C). 

Contact Ratings: 8 amperes resistive load at 250 volts A.C. and 
5 amperes at 30 volts D.C. 

Contact Life: Electrical at rated load = 100,000 cycles min. 
Mechanical = 10,000.000 cycles min. 

Electronics Modu le : Solid state components epoxy encapsulated 
in nylon shell. 

Pr imary {A.C. Supply Line): 
(a) Voltage.- 24 volt, 120 volt, 240 volt A.C, plus 10% minus 15% 
jb) Frequency: 50/60 Hertz 
(c) Power; Relay-energized. 8 watts 

Secondary: Nominal voltage 12 VAC, 3 mil/iamps. 

Sensit ivi ty: Operates from 0-470,000 ornm maximum specific 
resistance. 

Temperature: - 4 0 to -I- 120 degrees F ambient. 

Terminals: Size 6 pan head screws with captivated wire clamping plate. 

Approval : Factory Mutual 

Options and how to order. 
SERIES17 X X X X 

Series 27, Series 37 specifications 
Contact Design: SPOT (1 Form C): one normally open (N.Q) and 
one normally closed (N.C). 

Contact Ratings: 8 amperes resistive load at 120 VAC. 250 volts A.C 
and at 30 volts Q C 

Contact Li fe: Electrical at rated load = 100,000 cycles mm. 
Mechanical = 10.000,000 cycles min. 

Electronics Modu le : Solid state components epoxy encapsulated 
in nylon shell. 

Pr imary |A.C. Supply Line}: 
(a) Voltage: 120 volt, 240 volt A.C, plus 10%' minus 15% 
(b) Frequency: 50/60 Hertz 
(c) Power: Relay-energized, 2.2 watts 

Secondary: Nominal voltage 11.3 VAC. 2.3 mi/liamps. 

Sensit iv i ty: Operates from 0-100,000 ohm maximum specific 
resistance. 

Temperature: - 40 to +150 degrees F ambient. 

Terminals: Size 6 pan head screws with captivated wire clamping plate 
Approval : Series 27 —Underwriters Laboratory: Series 37—CSA 

SERES 27-37 X X X X 

17 X X X X 
L_ 

27 

37 
Enclosure: 0 — open (no enclosure): 1 — 
Nema I enclosure 

Sensit iv i ty (ohms): C — 3,300: D — 4,700: E — 
10,000: F — 22,000: G — 47,000: H — 100,000: 
J - 220,000: K — 470,000 

Power Supply: 1 — 120 VAC, 50/60 Hz: 2 — 
240 VAC 50/60 Hz: 3 — 24 VAC 50/60 Hz 

Mode o f Operat ion: A 

Cont ro l Series 

Direct; B — Inverse 

X X X 

X X X 

L Enclosure: 0 — open (no enclosure): 1 —C.' 
Nema I enclosure 

• Sensi t iv i ty (ohms): D — 3.000; E — 10,000; 
G — 100,000 

-Pr imary AC Supply: 1 — 120 VAC; 2 — 
*240 VAC (50/60 Hz) 

- Mode o f Opera t ion : A — Direct: B — Inverse 

Cont ro l Series 

*Senes 37 not available in 240 VAC 

m 
Series 17127I ' i i Instr lnslcal ly safe systems. Locating the Series 17/27/37 control in a "safe" area and wiring it through 
an approved seal into "hazardous" areas provides an intrinsically safe circuit for a variety of applications. 

Pushbutton Umit Switch Elearodes Float Switch 

Series 17/27/37 dimensions. 

2-1/8"-



Articles 500-516 of the National Electric 
Code' cover installations in hazardous loca
tions. The following material is reprinted 
with permission from NFPA 500-1984, 
National Electric Code*. Copyright © 1984, 
National Fire Protection Association, Quincy 
MA 02269. This reprinted material is not 

? complete and official position of the 
• rPA on the referenced subject, which 

IS represented only by the standard in 
its entirety. 

500-4. Class I Locations. Class I loca
tions are those in which flammable gases 
or vapors are or may be present in the air in 
quantities sufficient to produce explosive or 
ignitibie mixtures. Class I locations shall 
include those specified in (a) and (b) below. 

(a) Class I, Division 1. A Class I, 
Division 1 location is a location; (1) in which 
ignitibie concentrations of flammable gases 
or vapors can exist under normal operating 
conditions: or (2) in which ignitibie concen
trations of such gases or vapors may exist 
frequently because of repair or maintenance 
operations or because of leakage: or (3) 
in which breakdown or faulty operation of 
equipment or processes might release ignit
ibie concentrations of flammable gases or 
vapors, and might also cause simultaneous 
failure of electric equipment. 

(b) Class I, Division 2. A Class I, Divi
sion 2 location is a location: (1) in which 
volatile flammable liquids or flammable 
gases are handled, processed or used, but 
in which the liquids, vapors or gases will 
normally be confined within closed con
tainers or closed systems from which they 
can escape only in case of accidental rup-

or breakdown of such containers or 
. _ .ems, or in case of abnormal operation 

Hazardous Locations 
and the National 
Electrical Code' 

of equipment; or (2) in which ignitibie con
centrations of gases or vapors are normally 
prevented by positive mechanical ventila
tion, and which might become hazardous 
through failure or abnormal operation of 
the ventilating equipment; or (3) that is 
adjacent to a Class I, Division 1 location, 
and to which ignitibie concentrations of 
gases or vapors might occasionally be 
communicated unless such communication 
IS prevented by adequate positive-pressure 
ventilation from a source of clean air and 
effective safeguards against ventilation 
failure are provided. 

500-5. Class 11 Locations. Class ll locations 
are those that are hazardous because of the 
presence of combustible dust. Class 11 loca
tions shall include those specified in (a) and 
(b) below. 

(a) Class II, Division 1. A Class II, 
Division I location is a location: (1) in 
which combustible dust is in the air under 
normal operating conditions in quantities 
sufficient to produce explosive or ignitibie 
mixtures; or (2) where mechanical failure or 
abnormal operation of machinery or equip
ment might cause such explosive or ignit
ibie mixtures to be produced, and might 
also provide a source of ignition through 
simultaneous failure of electric equipment, 
operation of protection devices, or from 
other causes; or (3) in which combustible 

dusts of an electrically conductive nature 
may be present in hazardous quantities. 

(b) Class II, Division 2. A Class II. 
Division 2 location is a location where com
bustible dust is not normally in the air in 
quantities sufficient to produce explosive or 
ignitibie mixtures, and dust accumulations 
are normally insufficient to interfere with 
the normal operation of electrical equip
ment or other apparatus, but combustible 
dust may be in suspension in the air as a 
result of infrequent malfunctioning of 
handling or processing equipment and 
where combustible dust accumulations 
on. in or in tr\e vicinity of the electrical 
equipment may be sufficient to interfere 
with the safe dissipation of heat from 
electrical equipment or may be ignitibie 
by abnormal operation or failure of elec
trical equipment. 

500-6. Class III Locations. Class III loca
tions are those that are hazardous because 
of the presence of easily ignitibie fibers or 
flyings, but in which such fibers or flyings 
are not likely to be in suspension in the air 
in quantities sufficient to produce ignitibie 
mixtures. Class III locations shall include 
those specified in (a) and (b) below. 

(a) Class III, Division I. A Class III, 
Division 1 location is a location in which 
easily ignitibie fibers or materials producing 
combustible flyings are handled, manufac
tured or used. 

(b) Class III, Division 2. A Class ill. 
Division 2 location is a location in which 
easily ignitibie fibers are stored or handled. 

National Electric Code' and NEC* are Registered Trade
marks of the National Fire Protection Association, Inc.. 
Quincy, MA. 

Ser/es F —Mercury Tilt 
Float Switch 
Features of the U/arrick IVIercury 
Ti(t Float Switch include a 
completely potted mercury switch 
and electrical connections, oil 
resistant cable, polypropylene 
outer shell, various contact 
ratings and configurations, 
and polyurethane foam filling. 
These floats are ideal for use 
in sewage lift stations, slurries, 
municipal drainage sumps, 
waste treatment facilities, 
holding tanks, etc. 
Request form #230. 

Other Warrick Products 
Level Control Systems 
Warrick's system control 
panels range from simple, 
single-function devices to 
multiple-function systems 
with multiple-level controls, 
peripheral equipment such as 
lights, solid state horns and 
motor controls. Systems can 
be built into a single enclosure 
of Nema Types 1, 3R, 4, 7, 9 
or 12. Warrick engineers can 
assist you in evaluating your 
application and will recom
mend a system to meet your 
individual requirements. 

When control is absolutely essential. 

WARRICK 
CONTROLS 

Warrick Controls, Inc. 
4237 Normandy Court 
Royal Oak, Ml 48073 
Telephone: 313/545-2512 
Telex; 23-0454 
Fax: 313/549-4904 

A Subsidiary of ArmsifDng Iniemattonal. Inc. 

Bulletin 271-C 8M 6/91-0 Printed in USA. 
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WARRICK CONTROLS 
SERIES F 

MERCURY TILT FLOAT SWITCH 

Form 230 

Applications 

Warrick's Mercury Tilt Float Switch is ideal for 
use in difficult liquids such as in sewage lift sta
tions, slurries, municipal drainage sumps, waste 
treatment facilities, holding tanks, etc. 

Reliability 

Our Mercury Tilt Float Switch consists of oil re
sistant cable securely soldered to a stainless 
steel mercury capsule which is housed in a dura
ble polypropylene outer shell. The mercury cap
sule and electrical connections are epoxy potted 
internally protecting the critical parts from mois
ture and vibration. The remaining inside of the 
float is foam filled adding strength and buoyancy 
under severe conditions. 

Flexibility 

Warrick offers the Series F for virtually any appli
cation. Whether connected to an intrinsically safe 
control or directly to a pump motor starter, Series 
F Mercury Tilt Float Switches can be used for 
level control as well as alarms. Models are availa
ble in either normally open or normally closed 
contacts, with various contact ratings, and cable 
lengths. 

For further information, contact your Warrick Con
trols representative. 

NOTE: If application requires an intrinsically 
safe circuit, request Bulletin 271. 

fm 
WARRICK 
CONTROLS 



Specifications 
Contact Ra t ing* : Models F-BLK-XX-X and 
F-RED-XX-X, 1 AMP @ 240 VAC or 2 AMP @ 
120 VAC. Models F-BLU-XX-X and F-YEL-XX-X, 
1/3 HP @ 120 VAC, 20 AMP @ 120 VAC and 10 
AMP @ 240 VAC. 
Temperature- 0-140° F Ambient 
Switch Design- Single pole single throw stain
less steel mercury switch. 

N.O. 

O-I or 
N.C. 

Cable Type: #16 A.W.G., 2 conductor type 
SJTO, oil resistant PVC. 
Outer Shell: Impact resistant and corrosion re
sistant polypropylene. 
Internal: Polyurethane foam filled. Chemical 
resistant hysol epoxy 
Overall Weight: (Without lead weight)- 2.5 lbs. 
* Contact ratings are for resistive loads. 

Dimensions 

5.50" 

Operation 

I — 1 ' 

? 
WARRICK CONTROLS, INC. 
4237 Normandy Court (48073) 
P.O. Box 460 
Royal Oak, Micnigan 48068-0460 
313/545-2512 • Telex: 230454 

A Subsidiary of Armstrong International 

Installation of Warrick 
Series F 

Mercury Tilt Float Switch 

FIG A FIG B 

I 

f 
S'-B" 

1. 

OPERATING LEVEL J r -2" 

TOP OF FLOAT 

Tie Mount 

Tie Mount (Fig A) 

Weight Mount 

1) To install float using support pipe, locate top of float 
1 - 2 inches below desired operating level. 

2) Attach float cable to pipe 6 - 8 inches above top of 
float using enclosed wire tie. Be sure the serrations 
on the tie are on the inside. 

Weight Mount (Fig B) 
1) For weight mount installation, slip slotted tubing over 

float cable 6 - 8 inches above float. 

2) Assemble two halves of lead weight around tubing 
and securely tighten using two self tapping screws. A 
slight gap may exist between the two halves. 

3) Hang float from above with top of float 1 - 2 inches 
below desired operating level. 

How To Order 

Series F -XXX-XX- > 

1 

V 

( 

Mounting 

^ Wire Tie 

V Weight 

Length 

20 

40 

20 Feet 

40 Feet 

Contact Design 

BLK 

RED 

BLU 

YEL 

1 AMP Normally Open 

1 AMP Normally Closed 

10 AMP Normally Open 

10 AMP Normally Closed 

Warrick Mercury 
Tilt Float Switch 

When level control is absolutely essential. 
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Motor Control Center 



Ovir newest 
Motor Control Center 

has 23,000-pliis 
improvements. 
Litrodiicuig die Series 2100 

fiDrnVvestuigliOLise. 



I 
r SO many ways 

nee 9 

Improvement 23,000 Pkis Foiir: 
Standard P i i sh lb l r i p . 
Simply by pressing a button, the crip unjc and related 
mecharucal parts can be dependably, economjcilly and 
quickly tested. 

Improvement 23,000 Pkis Five: 
Standard Double Gromiding . 
All plug-in units are grounded through a mecal-to-
metal connection, and by a ground clip, ensuring a 
positive unit to structure ground tor personnel satep/. 

Improvement 23,000 Pkis Sec: 
Standard Smaller Overall Size. 
Depending on its rating, a Series 2100 Motor Control 
Center has a smaller coniiguration than others in the 
industr)'. 

Yet, it will match and line up with a Five Sur Motor 
Conaol Center without transition sections or modifi-
carions of any kind. 

Improvement 23,000 Pkis Seven: 
Standard J Interlock. 
A newly designed electncal interlock is standard. 
Ic improves conduccivic\' and increases electrical life. 

I 
I 
I 

But, u e didn't stop there. We added other standard improvements, then included 
one ofthe widest ranges of options available, including IQ Data Plus solid 
state digital metering, Accutrol adjustable frequency diives, Numa Logic* pro-
eTaminable controllers, vacuum starters. Easy Start solid state reduced voltage 

( 'ers nnd more. AU backed by oiir Quick Ship accelerated delivery programs. 

oday, you can specify, and we can build, a Series 2100 Motor Control 
*-enter in a million-plus ways and deliver it where and when you need it. 



Scries 2100. 
Innovation in Motor Control Centers. 

The Series 2100 Motor Control Center is in produaion and available now. 
Ic is being manufactured at our maui manufacturing center in FayetteviUe, 
NC and at otir five Service Centen. So you are witliin 700 miles ofthe 
answer co your Mocor Control Cencer needs. 

For more information on the Series 2100 Motor Control Cencer, contact your 
local distribucor or any of chese locacions: 

Fayettevilie, N C 
2900 Doc Bennen Road 
Fayettevilie, NC 28306 
Phone: (919) 48>2222 

Houston, T X 
4650 South Pinemont Avenue 
Suite 125 
Houscon, TX 77041 
Phone: (713)959-9696 

Los Ajigeles, CA 
12810 East Florence Avenue 
Sance Fe Springs, CA 90670 
Phone: (213)944-6413 

Chicago, IL 
500 Ease Touhy Avenue 
Des Plaines, 1160018 
Phone: (312)299-1911 

Por t land , OR 
6024 S.W.Jean Road 
Building C-8 
Lake Oswego, OR 97034 
Phone: (503)221-4446 

Hartford, C T 
16 Intemacional Drive 
Building 16 
East Granby CT 06026 
Phone: (203) 653-5061 

6 

( 
"~\ 

Experience 

^ w > 

You can be sure... 
If It's Westinghouse 

c > ' 
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s innovative^ 
tliat it can meet a 

Iinprovements O n e t luough 23,000: 
23,000 higher interrupting capacity... 

standard-
B\- usmg the Series C Circuit Breaker, even the most 
basic Senes 2100 Motor Control Center has an inter

rupting capacity of 65,000 amperes. By increasing the 
standard withstand rating, the Scries 2100 Motor 
Control Center meets more needs now and more 

requirements in che future. 

Improvement 23,000 Plus One: 
IQ Data Plus soUd state digital metering. 

When instrumenation to monitor incoming 
power is required, the IQ Dau Plus uses digital 

readouts to display voltage, current, watts, VARS, 
power factor, demand and frequency' v.ich switch

board instrument accuraq.'. 

(When required, analog instrumentation can be specified. 

Improvement 23,000 PKis'Rvo: 
Standard RiU- .^a i t l em- i ina i Blocks. 

Patented pull-apart terminal blocks speed installation 
and startUD.They also reduce mamtenajice 

dovvTitime and help to ensure that wiring is 
recoP-nected correalv. 

Lmprovcment 23,000 Plus Three: 
Standiird Vis t^Tr ipped Indication. 

Just hy glancino, you can tell if a staner is on, offer 
in a mpped condition. 

, . y 

'•: : 3 ' . '3/ 
.̂-zy:z:::-A-

^A'3Am 

/ ' ' ' • • • - . y y : : ' 
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: 0 

When Westinohouse created our Series 2100 Mocor Concrol Cencer, we used 
one component that inscancly umproved ic 23,000 v.-a>'s. That component is 
our Series C Circuit Breaker. 

The resulc is a Motor Control Center wich a standard wichstand racing or / 
65,000 amperes. Thac's 23,000 amperes higher chan che previous scandard \ :_ 
of 42,000 and one reason che Series 2100 Mocor Concrol Center is the most 
flexible ever offered by Westinghouse. 



MICRO-1 Cont ro l le r 

Order Information 

Class 8003 

Input Spectflcatlons 

Number of Inputs 8 points (M3 screw tenminal) 
Input Signals NPN open collector 
Source Type transistor Input; 

No-vollage mechanical 
contact input 
PNP open collector 

Sink Type transistor Input; 
No-voltage mechanical 
contact input 

Voltage Rating 24 VDC 
Isolation Method Photocoupler 
Input Current S mA 
Input Impedance 4.3 KQ 
T\jm ON Time 7 msec, maximum 
Tum OFF Time 11 msec, maximum 
Must Tum On Current 3 mA minimum 

(15 V minimum) 
Must Tum OFF Current 1.5 mA maximum 

(6 V maximum) 

•°J_ ocoxccpca rj 1° 

8 
iL |-i±i±i±bd3" H 

S.5ln 
140 nvn 

ffi 1 

2.9ln 
70 mm 

How To Order: 

7b Ordmr 8 i>*c l fy i 

• Class Number 
• Typa Number 

Ca ta log Numbar 
Clans Tfpe 

6003 CP30 

Relay Output Speclflcatlona 

Number of Outputs 6 points, base or expansion unit 
(M3 screw terminal) 

Output Device Electromechanical relay contact 
Contact Configuration 3 N.O. contacts with a shared 

common connection and 3 discrete 
N.O. contacts 

Switching Capacity 220 VAC, 2A (resistive; Inductive: 
cos q=0.4) 
(120 VAC, 2 A maximum) 30 VDC, 
2A resistive; inductive; L/R=7 
msec.) 

Discrete Contacts: 220 VAC, 2 A; 30 VDC, 2 A 
(203-205.213-215) 
Shared Common Connection Contacts: 
(200-202. 210-212) 220 VAC, 2 A total (resistive load) 

30 VDC, 2 A total (resistive load) 
Minimum Applicable Load 5 VDC, 1 mA (reference value) 
Contact Resistance 30 m i l maximum (initial value) 
Mechanical Life 20,000,000 operations 

(without load) (at 1,800 operations/hr.) 
Electrical Life 100,000 operations 
(rated load) (at 1,800 operations/hr.) 

Transistor Output Spectflcatlons 

Number of Outputs 6 points, base or expansion unit 
(M3 screw terminal) 

Output Device Transistor output 
(Sink or source) 

Isolation Method Photocoupler 
Rated Load Voltage 12 to 24 VDC, ±10% 
Max. Load Current . .0.4 A/point 

(2.4 A/common) 
Inrush Current 5 A maximum 
Leakage Current lOO liA maximum 
Turn ON Time 1 msec, maximum 
Turn OFF Time 1 msec, maximum 
On Voltage 
Sink Output 1.5 V maximum 
Source Output [+V (Rated load voltage) 

-1.5V maximum] 
External Current Draw 12 to 24 VDC, 40 mA/unit 

0 m ^ ^ MC1 CPI CP2 Discount 
Schedule 

15-7 

15-6 
MCI I Discount 

J Schedule 
PVeJ^ymi' 
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CHAPTER 9 

POLYMERIZATION AND A L K Y L A T I O N 

Witli Uio iii(.i()(lu(Mioii of ciiickinfi;, tiu; production of lifi;lit pi.scs iiicrca.seil 
f^ro.'itly - ;m(i ;i ii(nv opi)()rt\iiiil,y Wiis rr(!;it(;d. Cr;icl<C(i f̂ iiscs arc ricli 
in olefins, wiiiĉ li are clieinically roactix't!, and tcchnoiogist.s were (riiai-
Icnged to coiivort tiieni into sonictirmg; more vahialjie than fuel gas. 
Hesearciii toofc two patiis: tlierinal eijiivorsion.s and catalytic, coiivoisioiis. 
Tlic tlionna) worlv Ijoi'o tiie earliest fniit, and ,'i seinicoiniiiercial |)laiil 
went into operation in l();il to inaivc gas(jliiic i)y |)olynierization.* 
When a fiill-seale plant was built in lU:M,t thermal polymerization 
appeared to liave great promise. However, the picture cliang(Hl siid-
deiiiy when catalytic i)rocesses were pcrf(;cted a short time later.J For 
a brief i)eiiod, tlicre were sharp disagreements as to the merits of the 
two polymerization routes; however, the arguments were soon resolved 
in favor of tlie catalytic i)roces.scs. 

I'olymeriz.'itioii causes olefins to combine with each otlier. In the 
late nt.'iOs, alkylation processes were developed that canst; olefins to 
react with isoi)arairnis. Thus twice as much gasoline is made from a 
given (|iiaiitity of olefins. The gasoline i)roducts are of (;xc(!ptionally 
high octane (piality, and <>() plants w(!re built to m.-tkc "alkylates" for 
aviation g;isoliiie during World War II. 

Alkylation units are mu(;li more costly to build and to operate than 
are polymoiization units. Conse(|iieiilly, polymerization was favored 
initially for th(> prodiic^tion of motor gasoline, even though it produces 

» At tho TOIIMIO refinery of tlm Pure Oil Co. (17). 
t At tlic Al.'iiiid roliiicrv of flic I'liillips I'elroli'iiiii Co. CoopcnitiiiK coiiip.iiiii.'.s 

included St.nndiird Oil Co. (Iiidimia), Standnrd Oil Co. (New Jersey), The Texas (Com
pany, anil M. \V. K'elloKt; Co. (17). 

t By Slii.'ll Oil Company (.siilfiirii'. arid (ataly.st) and by IJnivcr.sal Oil I 'rodurls Co. 
(pliospliorir acid on kio-sel^uhr). Three additional proeo.s.ses were porfertiMl later- • 
one hy I'olyniorizatioii Process Corp. (copper i)yropliosphate cat.alyst) and (wo hy 
(•idifornia Hesearch Cor]). ())hosphoric arid on ipiarlz and liquid ])ho.sphoric acid). 
Polyiiicrizalion Process Corp. utilizes patents of Phillips Petroleum Co., Siandard 
<.)il Co. (Indiaiial, .Standard Oil Co. fNew ,/er.seyl, The Texas Company, and I\l. W. 
Kello^K Co. 
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le.ss gasoline and the gasoline has a lower octane rating. Wising octane 
ro(|uirements brought tdkylation into the motor-gasoline pi(!turc about 
1955. 

POLYMERIZATION 

.'Mthoiigh the term is sometimes u.scd more broadly, "i)olymeiization" 
usually iiKiaiis the combining of two or more olelinic mohicules to yield 
a l:irg(!r moI(;c.ule. For e.Kaiii|)le, 

c c; 
II I 

c (; + c; - c c 

c c 
I I 

c V- (; V, (; 
I 

c 
When a mixture of olefins is iiolymerized, tlu; oi)eratioii is called "(H)i)oly-
incrizatioii." Under some conditions, reactants reairang(! (hiring reac
tion, and complc.v [Jioducts are made. 'J'liis type of |)olyni(!iization is 
called "conjunct ijolymerization" (l{!)). Conjunct j)roducts ai-e not 
necessarily multiples of the original molecules, and they may (Hiiitain 
paraflinic, iiaiihthenic, and aromatic eomi)ouiids its w(;ll as oleliiis. 
0])erations in which the oUdiiis do not rearrange are called " t r u e " 
polyiiKMizatioii. Thermal polymerization is conjiiiHst polyiiieriz;itioi). 
Under tlu; conditions u.sed (H)miiiei<ually, catalytic polymerization is 
true polymerization. 

Reaction Mechanisms 

AH discussed in Cli;ip. (>, therm;d j)ol3'inorizatioM is believed to proc(!ed 
by way of u free-radicid me(-hanism. Cat;ilytic i)olymerizalioii, on 
the other hand, is explained by a carbonium-ion theory (:<U). A car-
boniiim ion is formtid by comliination of an olelin with a proton furnished 
by the acid catalyst. With isobiittiiie, 

CM, (JM:, 
II I 

ciir-c; + 11+ -* cii:,-c;' 
I I 

CM:, Cll:, which is nlsit wiltten: 

C 
II 

(;--c + II' 
I 
(J 

c 
I 

c—c+ 

c 
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The carbonium ion so formed may add to anotiier olefin to form a larger 
carboiiium ion. For example, 

C C 

C—C+ + c--=c—C—C 
I 
C 

C—C—C—C—C 
I I 
C C 

The larg(!r carbonium ion may add aiiotlicr olefin to form a still larger 
ion, and ;i mixture of carbonium ions of variovis sizes results. ,\ny of the 
carbonium ions may lose ii proton to form an olefin. For example, 

C C 

C-C—(I-C—C c—c--c;--c—C + H* 
C C C C 

Thus, the original |jrotoii is regenerated, and the cycle is repeated many 
times, a chain reaction resulting, liecausc carbonium ions may isomerizc 
(especially when they contain tertiary carbon atoms), most products 
contain mixtures of isomers. 

Thermal Polymerization 

Like all pyrolytic processes, thermal polymerization is a complex 
proce.ss involving cracking, dcliydrogenatioii, tind cyclization reactions, 
as well as polymerization. Accordingly it can be performed with any 
light feed stock, whether olefinic or paraffinic. Although ga.soliiie can 
be produced from any hydrocarl>oti, very severe conditions .'ire re<|uired 
for i)araflinic gases lighter than butane, and tJie lighter g;i.ses are .seldom 
processed (21). 

In any given situ/ition, it is not neces.sjiry to convert all the butanes 
.•md but(>nes prodiictid in ;i n'.l'iitory, b(;c;nise they c;ui b(! blendtjd into 
g.'i.soline up to a concentration of about 10 per cent. Ho long ;is the 
excess Ci production floes not exceed the ijroduction of butenes, the 
excess can be converted to g;tsoline by catalytic [lolymeriz.-ition. In 
this situation, therm.'d polymerization cinnot compete. Where (;xc(!ss 
Ci'a exc(̂ (;d the biitr^ne production, ;ilkyl;ition c.-ni be u.scd, sin('<'. ;ilkyliilioii 
converts one mole of isoljut.'ine with cvcfy nioh; of butene. The I'w.Ul 
for therm.'il polymerization is limited, l.hcreforf!, to situjttioiis wlusre 
olefins jire not .•iv;iilable. Thermal-polymerization openitions ;ire di.s-
cu.ssod in (Jluip. 0. 

Sulfuric Acid Polymerization 

The first cal;ilytic polymerization procii.ss emjjloyed sulfuric .'icid 
^ ^ ^ <'a^^^.. ^^wJ<iio\vi^is the "Void acid" process, it polymeriz(;s 
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t-bulenc .selectively (18). A l;iter modification, the "hot acid" process, 
oopolymerizes all the butenes. Tho cold-acid proce.ss was important 
during World W.ir II (and still i.s) in prepaiing feed stocks for the inanu-
factiire of but.adiene. /-Butene, which interferes with the production of 
butadiene, is removed from butanes-butanes via the cold-acid route 

Schem.'itifi flow sheets for the sulfuric acid processes are sliown in 
Fig. !)-!. The cold-acid proce.ss consists of two steps: extraction of 
/-butene, followed by polymeriz/ilion (4!)). As di.scu.s.scd in Chap. 4, 

Sutones 
butenes 

Polymcrualion 
at Z00-2Zb°F 

/C-IOO'F 

Kl Settle D100°'̂  

65% H2S04 
(a) 

Product 
-75% diisobulene 
25% triisobutene 

Gutones 

Butanes 
butenes 

9- Product r 
jj-y-^pTnierD 

Emulsion Sulfuric ocid 
recycle 

(b) 

I Spent 
Fresh couslic 

COliSliC 

l''l(i. O-I. Sulfuric, acid polyineri/.atioti jjroee.SHeH. («) (!ol(l-iu-id process. ((;) Hol-
aeid process. 

extrjictioii is ;iccompli.shed with (>5 per cent sulfuric iicid at 70 to 100°F, 
usii.'tlly in two stages. 'J'hc extract phase is separated and heated to 
about 2I0°F for id)oiit I min to elTect polymerization. It is then (;oolcd 
to about IOO°F and the product is .sepiirated from the •,u:'n\ c.-italyst 
by .settling. Conversion of i-butcnc is generally about !)0 per cent. 
'l"he produf^t is 75 per cent dimer; tho rest is trimer. 

fn hot-acid plants, extraction and polymeriz;ition arc carried out in a 
singl(> st(!p at ;ibout 200°!'̂  (li)). A hydroctarbon-acid emul.sion is nr-
ciil.'ited through tho react(;r to reduce the concentration of isobiilene 
in the feed; circulation promotes copolymcriz.ation of the more-reactive 
j-biitene with the less-reactive Ji-biitenes ;ind thereby improves yields. 
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Ueactor cfHuent is settled to .separate product from the catalyst, which 
is recycled. The product is fractionated to eliminate butanes and then 
hydrolyzed with caustic to break down any acidic materials. At con
tact times of 10 to 15 min, all the t'-btitenc and an e(|u;il amount of 
/t-lmtencs arc converted. The product contains 90 to '.)5 per cent 

octeiies. 
During World War II, i)ro(liu'ts from sulfuric ticid plants w(!re friu;-

tionatcd tos(!p;u'ate the dimcrs, whi('li were then hytlrogenated to produce 
aviation-gasoline components (.'iO). Except for tho.se iilants which 
pro])ared fe<Hl stock for butadiene ijroduction, eokl-acid iilaiits were 
converttnl to hot-acid i)l!iiits during the war, Ix^cause of the higher 
production from the latter. 

Polymerization with Phosphorus-containing Catalysts 

Four polymerization processes emijloy catalysts containing phos
phorus. Three of them use solitl catalysts; the fourth employs liipiid 

Prcccne 

teed 
f«V—r—(1 Caustic 
^ Q l WQSh 

wash \ l 

Preheater 

Coolant 
^ 

Fresh 
coustic 

Spent 
caustic 

To 
sewer 

Butones 

T T 
Polymer 

gasoline 

IMI; \)-'2. Phosphoric acid polymerization unit. 

phosi)horic. acid. As shown scihematically in l''ig. U-2, an ohsfiii-containiiig 
f(̂ ed is lirst i)r(;treated to remove sulfur (M)iii])ounds and poisons. It is 
th(!ii ])a.ssed over a bed of catalyst :it a ttMuperatiire in the range of HOO 
to 42.5°F and a pressure in the range of 150 to 1,200 psi. Olefin conver
sions to gasoline are 85 per cent or better. There is a large exothermic; 
heat of reaction—about 400 Btu per Ib of butene reacted, about ()70 Htu 
I)er 11) of propene {[',])—and olefin-lean streams are often recycled to act ;ts 
heat iibsorliers and thus to help control the rtiactlon tempertituie. 

Most units employ solid catalysts. The earliest operated at .•il)Out 
200 psi and :it inlet temi)eraturos of 45()°F, rising to .500°F at the outlet. 
Under these conditions, î oke is deposited oti IIK^ c.attilyst, luicessitaliiig 
periodic shutdowns to Ijurn it off.* Subset|uenlly, it was found that 
coke production is gie.'itly reduced at higher pressur(;s, |)rcsumal)ly 

* ComUuslion was carried out a t lompertitures controlled between ()5() iuid >),'jO°li\ 

The catalyst was then steamed a t 500°r for G to 10 hr to restoro its nornial water 

content (l,'.il, 'l9). 
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bccau.se the denser reactiints dissolve trace materials that would otherwise 
remain on the catalyst to be converted to coke (l.'{, 17). Most later 
units em|)loy this priiuiiple, and catalyst-regeneration facilities arc not 
provided. 

The us(! of li(|uid phosphoric acid as cattdyst necessitates the ii.se of 
sp(^cial mat(>rials of c.oiistrui;tioii to withstiind corrosion (HI). Use- of a 
li(|iiid catalyst permits temperature! control by circulating the catalyst 
through a cooler. Consetiuently, retiycle of olclin-lean streams is not 
needed to control reaction temiieratures. 

Catalysts. Commercial catalysts iiutlude jjliosphorit; atMtl on kiesel-
gulir, coi)|)er pyrojihospliatc; on charcoal, plios|)lioric acid on (piartz 
cliil)s (IH), iiiid li(|uid |)liosphoric acid (H4). The acid-oii-ki(!selgulir 
catalyst was developed first, and it is the most active (IH). Copper 
pyro|)hosph:ite has the disadvtintage of refiuiring an induction period 
of one to two days; it is usually diluted with charcoal to reabsorb any 
phosphoric acid leached from it. Phosphoric acid on cpiartz (28-H5 
mesh) is the letist active of the catalysts bctviuse of its small sui'f;u;e 
area. However, the ctitalyst is rugged and it is "repl;u:ed" simply by 
washing with wtiter and then rei^oating with 75 per cent i)liosj)lioric ticid 
(.H9). Occiiisionally, accumulated tarry dei)osits must be burned olT 
the (piartz support (13). To avoid corrosion difficulties, alloys must be 
used for all cciuipment th.at contacts hot phosphoric ju^id. 

Catalyst life ranges between 100 and 200 gal of jjolymer per pound 
for phosiihoric acid on kieselguhr iuid l)etween 100 and 1.50 gal per lb for 
coi)per pyrophosphate (H!)). In a semicommercitd unit, catalyst life 
in a licpiid ])liosphoric aĉ id operation exceeded 45 gal of i)olynier jjor 
pound of acid (H4). 

Feed Pretreatment. F(;eds ,'ir(,' pretreateil to remove hydrogiMi siiKidc! 
and mercai)tans, which would otherwise enter the product and thus 
reduce its octane niting (IH). .Any basic materials tniist .-dso IK; ex(;lu(led 
becau.sc they are catalyst poisons. Typically, a feed is washed with 
caustic to remove hydrogen sullide ,ind morcaptans, and then is washed 
with water to remove any orgtinic bases and any carry-over of caustic 
as well. Because oxygen promotes the deposition of tarry m.'tteri.'ils 
on the (catalyst (13,21), both the feed stock and the wash water should 
bc free of oxj'gen. Steam condensate is often used. 

If !i feed conttiins liu-ge amounts of hydrogen sullide or m(!rcai)tatis, 
the use of a regcMierative absorbent may be more economic, (lian caustic 
washing; reg(!nerati\'e absorbents for hydrogen sullide include (.'tlianol-
amines and tripot.assium phospluite (29). Ciuistic solutions containing 
"solutiztMs" are regenerative absorbents for mcrcaptans (28); they are 
discus.'̂ ed in Chap. 14. 

With pho.sijhoric acid-on-kieselguhr (catalyst, the water content of 

http://tho.se
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the feed must be closely controlled. If the feed is too wet, the catalyst 
softens and the reactor may plug. If the fcctl is too dry, coke deposits 
on the catidyst, reducing its activity and increasing the pressure drop 
(17). Because the distribution of water between the cattilyst and tho 
reactants is a function of tcmpcratuio .'ind pressure, which v.'iry from 
unit to unit, different water (loncentrations arc re(|uired in the feeds 
to dilTerent units (21). Sometimes the li<|uid feed is saturtitc.d with 
water ."it .'i (controlled temperature. In other cases, satiiralioii w.'itcr is 
in.suflicient, and additional water is injected into the feed (2,1H). 

Reaction Conditions. Conversions of olefins to jiolymers depend 
upon temper; I ture, prti.ssurc, reaction time, catalyst at^tivity, ;ind tli(; 
comi)osition of tlte feed. 

He;ii;tion r.'ites inorei.sc with tomperaturo, but the magnitude of tlie 
elTect depends on the catalyst. With licpiid i)hos|)lioric acid, an increase 
of 100°F is ref)uiied to double the rate (4). With phosphoric acid on 
kieselguhr, the reaction r.itc api)cars to double for ;ui increase of 20°l'' (21). 
Higher (.(Mnpenitures also increa.sc the rute at which t;iriy dejiosits 
accumuhitc on solirl catalyst.s, tuid tlius they shorten (;:italyst life. Tem-
pcinliires between HOO and 42,5°F are usiuilly employed (,HO,Hi)). 

Increasing incssurc incrca.ses conversion, primarily by iiicrc;isiiig con
tact timo (4). Pressures are nsuiilly in the r;uige of 400 to 1,.500 jisi 
.'ilthoiigh ])ressures as low as 150 ixsi arc sometimes u.sed with ])hosphoric 
;icid-on-(iU!irtz catalyst (1H,17,.'30). Higher pressures permit the use of 
lower temper;itures and thus reduce the formation of heavy polymers 
and coke (17). 

Reaction times must be long enough to give satisfa(;tory conversions, 
but not so long as to cause the production of i)olymer chains too long 
to bc included in ga.solinc (42). Reaction times are usutilly cxi)re,s.sed 
reci|)roc;dly as space velocity; the usual range is 0.12 to 0.4() gal of tot.al 
feed i)er hour i)er pound of cat;ilyst (1H,17). 

H(!;ictioii r.'ites differ for the .sevenal olelin.s. f-Biitcne is the most 
reaclivi!, followed by butenc-1, l)Ut(!ne-2, and propene, in that order (IH). 
t-But.(me :icc(4er;ites the polymeriztition of 7i-butencs, and butenes 
.accelerate the polymerization of proptMie 

Reactors. In the design of i^olymerizatlon reactors, tho inincipal 
l)roblcm is toinpeniturc control; ])rovision must lie niiido to remove tli(; 
large exothermic lieat of roai-tion. Some of this he;it is ;ibsorb(>d by tlie 
rea(d.;iiits, which are i)ermittcd to rise 15 to I00°F, dtipending upon (ho 
reaction system. However, only a p;iit of tho liotit c;m l)e removed in 
this w;iy, ;iiid other means must be used to di.ssipat.e tho rest. To jicirHivc 
this end, two lyi)cs of reactors ;iie omplo^'cd with solid ('atidysts: ch.ambcr 
and tubular. With litiuid phosphoric acid, packed columns arc used 
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as reactors, and tho catalj'st is circulated through an cxtcrntil cooler 
to remove; the heat of reaction. 

Ch;iml)or reactors are vertical (cylindrical vessels (;oiit;iining several 
beds of ctitiilyst 2 to 8 ft doejj (HO), with provisions for injecting ;i ((iieiich 
li(iui(l betw(;(!n them. Qiieiicli liquid usiiidly consists of iocy(;l(;d light 
ends, which arc; hirgoly miro:ictiv(; paraffins. If the fresh fo(;d coiit;iins 
more tli;in 25 ])(;r (;ent ohcfins, it iiitiy be diluted to lh;it i'oncontr;ition 
with re(;ycle(l light ends (17); in such cases only pjut of the (;onil)iti(;(l 
feed may bt; h(;;ited to reaid.ion tcmi)eriituros and (ditirgicd to the lirst 
boil, the rest being (;h;irgeil cold as (piench lifpiid betwet;!) the; bods (,H0). 

Tubular ro;i(;tors ;u(; single-i).ass li(;;it oxcliang(;rs, with (lu; (;;i(iilyst 
conl.;iiii(;(l in the t.ub(;s, which jire 2 to (i in. in (li;im(;lt;r (17). Wli(;ii 
^\;iti;r is used ;is tho (;ool.aiil,. it is (;onv(;rl.(!d to steam, .and temptajtliiiv; is 
(;ontroll(;d by controlling the ste;im ])r(;ssuvc. Btccausc; tuluihir r(;a(;tors 
))rovi(l(; closer (;oiitrol of temper;ituros than do (;li;iinbcr ie;ictors, they 
can tolerate; higher olefin (contfiiits in the feed stocks, th(; ni;tximinn 
conc(;iiti;ilion deiionding upon the parti(;ul,ar design. For ;iny given 
o]ier;ilion, the; catalyst hists longer in a tubular unit (IU)). On the other 
h.and, tubiil.ar reactors are more expensive to build, .and ch.arging .and 
discliargiiig of cjitalyst is more difficult. The catalj'st is often removed 
by sluicing tin; tulies with w;ilor (HO). 

Cli.'imber reactors usii.ally operate at about 500 psi; tubular reactors 
oi)er;ite at 700 to 1,200 psi (17). 

Feed Stocks. Prosuiiudily, any olefin can bc i5olymoiized. For the 
])rodu(dioii of motor g/isoliiie, howo\er, only butene ;ind lighter ni.atorials 
an; of int(;r(;st; liotivior olefins (up to iibout d o or Cn) can be; incorportitod 
(lii(;(d.ly into g;isoliiie. With sulfurii; acid ,as tli(> c;it;ilyst, buttaios tiro 
tht; only light stocks th;it c;iii be polym(;rizod ,'<;itisf;iclorily, ;illhough .a 
(ainjuiKct iiolymer (;an be; iniidi; from propone (I.'!)- ^Vi(ll jihosphoric 
;i(;id c;it.;ilysts, ])ro])(;ne iilso is ii s;itisfii(;tory fe(;d stoick, and ;i (;oiijuii(;t 
polyniia- c.'iii bo m.ade; from olhyltaK;. But.aditaii; is undcsiivibli; in a 
f(;(;d bo(;aus(; it tcaids to iiiiike; long-chtiin polym(;rs anil because; it aecea;!-
e;r;itos (he; eloposition of (;e)ke; on the; e-atiilyst. Ne;vertlie'loss, units h;ive 
lieectt d(;sigii<jd to h.aiidio up tt) ."{ pea' (;(;iit biita(ii(;it(; (LH). 

In most circumstane;cs, food stexks to p()Iymori/.;itioii nro limited to 
olelliis nuide; as by-|)rodue;ts eif eaueking ()per;itions. Ilowe;vor, butanes 
h.a\e beeai e;i;i('ked to ni;tkc olcfinie; foods its prinuiry produccts (15), 
:uul during Wot Id W:ir II /-buteaic w:is mtidc in England by (loliydrog(;n;i-
tioii of t-but,;ni(; (IH). 

Operafions. Most iiolyiiuaizjitioii luiits opeaiite; to produce; motor 
g:isoliii(; from olefiii-e;oiitainiiig Cj, d , eir mix(;el C'3-C4 strciims. Since 
Woilel War II, most units are o|)eratod for maximum (;onve;rsion of 
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olefins. To distinguish such operations from a wartime i)racticc, they 
are called "nonselective." 

Wartime "selective" polymerization was aimed at i)roduciiig highly 
branched isooctenes for subsequent hydrogenation to aviation ga.solinc* 

Olefinic feed stock 

C, 
('3, C l , or (J j -Cj 

Cj, Cj, or Cj-C, 

Table 9-1 

Polymerization 

Selective 
Nonselective 
Nonselei'tivo 
Nonsolcclive 

Kenctor 

Tiiliiilar 
Tiilmlar 
Chamlier 
Cliamljcr 

Psi 

000 
1,000 

500 
600 

Toiti()( 

In 

:{50 

•too 

400 

future 

Out 

;i0.5 
-11.5 
•l.-iO 

47.5 

Highly branched isooctenes are niiidc by reae;t.ion of i-butcne with itself 
or with «-buteiios (39). Conversions wore carried only to the jjoint 
where most of the i-butene—tho most re!i(;tivc olefin—had reacted. 
Selective polymerization may still be practiced in refineries th;it have 

IOO, , , , , 1——1 both a polymerization unit and an 
alkyhitioii unit, especially if the 
available olefins exceed the capac
ity of the alkylation unit (45). 
Buteiie-2, which polymerizes least 
roiulily, is the [)rcferrcd stock for 
alkylation (12). 

Reaction conditions differ with 
the feeel stoe;k, the typo of re;actor, 
and the type of reaction. Typieal 
conditions are given in Table 9-1 
(17,H0,49). In Fig. 9-H, space 
velocity requirements arc related 
to olefin conversions when a mixed 
C3-('4 feed is charged to a cluimber-
tyi)e unit emi)loying ii i)he)si)horie; 
acid-on-kiesclguhr cattiU'st. In 
Fig. 9-4, olefin conversions are 
relatod te) alltheope;ratingviiri;iblos 

for a tubular-type unit employing coi)por pyrophosphate cat;ilyst (4H). 
Products. Polymer gasolines arc cliomie;ally stable, cloiin-buniing 

fuels of high-octane eiu.ality. They are usually mixtures of polymers, 
l)rincipally dimers and trimcrs. With a propene feed, trimers pre-

* The hydroRcnatcd product has a clear motor octane rating of about 9.') (17,1^0). 

O 0 2 O t 0 6 0 8 10 
Spoce velocity, qol/hr/lb of catolyst 

l-'iej. 9-3. Olefin conversions for chamlier 
type unit with ])liosphoric-acid-oii-kiesel 
giilir catalyst (,'JI). 
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Olefin space 
velocity 

gph olefins/lb colotyst 

Ki(i. 9-4. Polymerization with copper pyrophosphate catalyst (l.'i)-

Table 9-2. Inspections of Polymer Gasolines (13,17,49) 

Octane ratin^^s: 
Hesetiri-h, (dear 
Ufspiirvh, .'1 cc, 'ri ',1, 
Motor, clear 
iMotor, ;< cc T i ; i , . . . 

ASTM distillation, °K: 
l l tP 
10% 
r>(]''/„ 

ill) 7(1 
;p 

Itcid vajior pressure, lb. 

Propone 
jjolymcr" 

'.n 
99 
80 
8,5 

•J'J'J 
21)7 
:ui 
: « i 
•108 

0.5 

Butene 
))olymer 

99 
lOO-f 
81 
81 

140 
211 
212 
:iGl 
4i:! 
2 .0 

Mi.\cd 
jiolynier 

97 
KM 
8:t 
8() 

i:i2 
20C. 
271 
:i72 
4;t9 

I'̂ ive- per cent bottoms were fractionated from this polymer. 
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d o m i n a t e With a butene food, dimers are the m.ajor eamstituonts. 
Tyjiicai produe;t inspections are; listeel in T:il)le 9-2. 

Utilities Requirements. Utilili(;s re'(iuir(;ments for polymerization 
are rnoeh-st. l''or a tyjiical chamber miit clitirging mix(;el Cj-C^'s, utilities 
may be .about .as in T.ablc 9-H (.H8). 

Table 9-3 

I'lilili.i I'll' IlM nf poli/Die.r 

Sleatn 02(1 Ib 
l'()W(!i- O.Skwhr 
Coolint5 water 4 ,300 ^al 
Fuel Kas l.'i lb 

Related Operations 

Olefinic i)olymors arc importi int raw miitcrials for the manufacture 
of cliemi(;als (I.H). To provide fe;e(l steierks for the manufacture of oxo 
alceihols, lieptoiies .arc fractie)nat(;d fiom propoiie-buteno polymer .and 
nonoiies .are ,sep;ir;ite(l from piopene |)olymcr. Also, {jropone t(;tramor 
is ii.sod in the m;iimf.acturo of dofergents. Wlion te t ramer is m.'ido, 
lightei' polymer is ret;ycloel for further conversion. 

Bocau.se the eijxa-jitioii (;;iii ho caiii<;cl out in the; .«ame oe|uipmoiit, 
.alkylatiein of ;ire)m;iti(;s is related to phosjihorie; ae;id polyme;rizatie)n (IH). 
In this e)i)e;ratie)ii, ;i large excess of tlie arennatie;—usually benzene;—is 
used to ))romoto tilkylation and to minimize i)olymcrization. 

ALKYLATION 

Alkyliition is any reaction in whie;li an tilkyl group is aeleie;d to a com-
jiounel; in pe;treile;uin refining, it neiincdiy nie;iins ieae;tie)n of !iri ol(;fiii 
with an ('-p;ir:tflin to produce a huge;!- (-p;ir;ilfin. 

/-P;ir.a/rnis e\aii be .alkylated without c.atiilysts, but high tempor.aturcs 
.and high pro,ssur(;s are retjuirod (12,22,47). Commercially, aeael (;at,.alysts 
.are- omployoel.* Sulfuric a(;id anel liydrogi;n flue)ridc—tho two most 
imi)ortant c.at.alysts—jirc u.se;d to .alkyliitc; /-biit.ane with propene iuid 
fiiitones. and some;timcs with pe;iitoncs. .'Muminiim elile)ride is used to 
iilkyl;it(; /-but:uie with (;tliylono. 

Like polymeriztition, ;ilkyl:itioii is highly oxothormie;; the theoretie-jil 
reactiein liberates OHO to 700 l i tu per lb of / -butane rosied/mg (19). 

Alkylation Reactions 

The i)rine;ii),al ro;ie'tioii in alkykition is the coupling eif :in ?-p;iraniii, 
eaistonutrily /-but;iiie;, with an oI(;fiii, such :is proiione; eir ii butono. 

'One plant was built durin(; World War II to tdkylalo ethylene wilh i-bul.ane 
thermally (o produce neohcxane (20,22,47). 

Feir extiinple. 
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C C 

I I 
c c 4- C--C- c -» c- c- ( ; - c 
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C 
I'-Hiitftnc r r i jpcnc 

c c 
i-ltcptfinc 

In sut;h an operation, the tdkyhition reaction comi)etcs with peilymeiiza-
tioii eif the olefins. Inasmue;li iis tr imers are formed in alkylation (19), 
some iiolymerization ;ipi)areiitly t;ikes place, followed by alkylation of 
the dimer. 

PeilyineMization reduces the ea)iisum|)tion of i-butiinej. Other side 
roiie;tiotis increase it, and some; of (liein lead to the |)roelue;tion of m;it(;ii:ils 
lighter than the theoretical pro(lu(;ts (12). For example, an .alkylation 
proelii(;t (or a reaction intorm(;eli.at(;) m.ay break (low it to form ;i sin.allejr 
olelin ;ind parafliii. With a butene feed the prim.ary product may 
break de)wii as follows: 

C C C C 

C — C — C - C - t ; — C - C — C — C + ( ' - ( ' V 

' I ' r i i n i ' t l i y l p o n t a n i ' i - l ' c n t a n o C r o p i ' m * 

The olefin so formed may Iheai .alkylate ;inother me)le;culo of / -bu tane : 

C (; 

I I 
C=-C—C -1- C- C--C -> C - C - t ' - C — c 

I 
c 

J'rojH'in' I ' l l i i l a n i l ' - l l( ' | l t iUI< 

In the oxami)le e;itod, one mole of /-pentane anel one eif /-he'pttuio r(;sult 
fremi the roae;tioti of twei meile-s eif /-liutano and eino eif buteaie'. 

llydreigon tninsfer iiuiy also eicciir in alkylat ion, through ii .Male's eif 
com|)li(;iit(;el ro;u;tioiis (12). With butono as the hydreigeai ;iea-e'i)le)r, the; 
over-!ill roiu'tiein may be; re'i)rose;nte'el ;is: 

2 C 4 l l , n + C . I I H - C S 1 I , » + C^IIin 
t - I U i t i u u > N ' M i i t c i i i - I ' . O . ' t n n r ;]-Butivii<-

.Although the major jniiduct is the s;uno ;is freim the tlioorotic:d ro:i(;tioii, 
twice; ;is mue;li /-butiine; is useel tei make it. 

Te) se)mo extent , liyelreigoii iiitiy tr;insfea' from one- eilofiii to ;inotlior, 
yielding a i)iir;iirni and ;i dieile-fiii tli;i|. assoeaale-s with the- :ie'iel e'litiilyst. 
I'̂ iirtheM' lo.'̂ s of hyelrejgon freini dieileliiis results in highly uns;ittirate'el 
ea)mpoutids t.li:it form " s l u d g e " iu the catalyst jilmso. Beaaiuse sluelge-
ilo;icliv;ile;s the; e'jitalyst, its eaineaail r;il ion must bo e:e)iitrolleel. Aceaird-
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ingly, catalyst is withdrawn continuously and rcplaceel with fr(;sli or 
with rcgonorated material. 

Although the e;lienii(;al formula for the major iiroduct is the .sum of the; 
formulas of the reactants, the rcactie)ii is not simply the joining of the; 
two molecules. The molecular structures of the products show clearly 
that isonicrization must also ejcciir. 

Mechanism of Reaction 

A number of theories have been advanced to exphiiii (;atiilyti(; alkylii
tion (12). Probiibly the most popular is one involving carbonium ions. 
Ciirbeinium ions r(;sult from unieins eif e)lefins with preiteins furnished by 
the iiciel eaitidyst: 

C = C — C -f 11+ -> C - C + — C 

Carbonium ions rciict with /-butane to form /-butyl carl)e)nium ie)ns: 

C C 

C- C -f C—C+—C 

1 
c 

C—C+ -f C — C - C 
I 
c 

/-Butyl carbonium ions (;oinbine with eilofins to form hirgor {;;irb()nium 
ions: 

C C 
I I 

C--C+ -f- C = C — C -> C—C—C+--C 

C c c 
The larger carbonium ions react with i.sobutane to yield /-iianiflins: 

C C 
I I 

C - C t ; ' - - -c + C - C 
I I 1 
c c c; 

c c 
I I 

c - c — c - ( ; -\- C-C* 
I I I 
c c c Thus, the f-bulyl e;arl)onium ion is regenerated, tiiid a e;h!iin re;iie;tion 

commene:os. 
The re;iie'tie)n intermediates—the liirgor e.airbonium ions-isomorizo 

roiidily to other skeletiil structures. This phenom(;iion (;xpl;iiiis the 
mixtures of isomers usually' found in .alkyl.ation proelucls. 

Alkylat ion Catalysts 

A huge numb(;r of ae:idic materials hiive; been u.s(;d (;xp(aiment;illy as 
(;ataly,sts for alkylation of /-piiralTuis (12). However, only sulfuric ite;id, 
hydre)gon fiuorielo, and aluminum clileiridc have' boon useel e;ommorci;illy. 

T 
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Sulfuric Acid.* Sulfuric acid may be used with propene and liighi;r-
boiling olefins. (It reacts with ethylene to form ethyl hydrog(;ii sulfate.) 
Commercially, the catalyst |)hase ine;ludes some water iind some complex 
hyelre)e;arl)ons, which are l)y-produ(;ts of the reactiem. i\ siitisfacteiry 
ciitiilyst contiiins at least 85 jjcr cent tilratable ,ae;ielity, iind ;i higher 
.acidity is desiriible (11,12). Helow 85 per cent titratiiblo aeiidit}', ;ie;id 
u.s.age increases sharjily anel product (jiiality is lowered, -\cidity is m;iiii-
t.aineel .at the desiroel level by withelrawing ii part of the (;ire;ulating strciim 
and repla(;ing it with fresh :ie;id of about 98 per (;ent e;one;entriition. 
He;pla(;oiiie;nt m:iy be continiieius, in which Ciisc the e;ire;ul;itiiig !u;id is 
h(;lel iit il ele'sire'el ae;ielity, usually 88 to 90 ])er (;(;nt. Wlie;n batchwi.so 
ropl;ie;e;iu(;nt is used, iici(lil,y vari(;s be;tween thiit of the fre;sh ;ind of the 
spent iicids, usually between 98 anel 88 per cent. Hec.au.se the iiverage 
iiciel strength is higher, .some;wliiit better results .arc obtiiined with batch-
wise ro[)lae;emcnt, but meiro ee|uipmoiit is required. 

Sulfuric iiciel catalyst is cire;ulated as an emulsion with the reactants. 
Best results are obtained when the reactiints are emulsified in the ae;id; 
sue;h an emulsion results when the acid makes up at least 40 per (;ont of 
the mixture (19). Normally, the emulsion is held ;it about 50 por cent 
acid (12,45); higher prejpoitions incrca.se the difficulty of breaking the 
emulsion to recover the iilkylation product. 

The rate at which the e;iitalyst deactivates dcijcnds mostlj' on the 
ty|)(; of f(;eel iind the /-butiino e;hiirge rate. Reported (;onsumptie)iis of 
aciel have ranged from O.H tei 2 lb per gal of produe;t (19,H0,H2,45). 
But(;ne feeds hiivc the lowest re(|uiremont; proi)ene liiive the highest (HO). 
For ill) operation with a butene feed and an /-l)ut.iU)(;;olefin r.atio of 
5:1, 0.9 lb of 98 per cent acid were consumed j)er giillon of jiroduct (19). 
For ill! operation on iin ellluont from a .selective-i)olymeiiz:itioti unit 
and with an /-butane:olefin ratio of 12:1, an acid consumption of O.H Ib 
per gal is e;laimoel (H2,45). 

Hydrogen Fluoride.f Ijike sulfuric iicid, hydrog(;n fluorieli; is use;el feir 
the .alkyliition of /-butiine with propene and higher-boiling olefins. 
High acidity is u.sed to maintiiin high conversions iinel high iintikne)(;k 
e|Uiility (9). Unlike sulfurie; ae;id, hyilrogcn fiuorielc is rciidily sepiirateel 
from Wider and sludge by distilliition, and the optimum acielity is a 
functiein of fractioiuition e;e)sts. Typically, the cire;uliitiiig e;atiilyst 
e;e)nt.aiiis 85 to 92 per cent titriitable acid iind about 1.5 per ea;iit wate'r; 
tho reniiiindcr is hydrocarbon sludge {12,21}). If tho ciitalyst contains 

* Sulfuric acid alkylation was developed by the Annlo-Iraniaii Oil Co. (now British 
Petroleum), in cooperation with llumblc Oil Cn., Shi4l Development (,'o., .Stmidard 
Oil Development Co., and The 'PexH.s Company (17). 

t Hydrogen fluoride alkylation was pioneered by Phillips Petroleuni ('o. Uni
versal Oil Products Co. have also devedopi'd an UK proc(?.s.>i (2li>. 

file://-/cidity
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its much as 5 per cent wjiter, the (|U!ility of the alkyhite dct(;rioriites 
iiiiel tlie conversion (lei;roiises (9). 

llydreigon fluoride consnmptieins have been rcjiortod a t from 0.2 to 
0.8 lb por 1)1)1 of product (I9,2(j). 

Aluminum Chloride.* (.)nc iilant wiis built during World War II to 
produce diisojiropyl (for aviiition gasolitu;) from / -butane iind ethylene;; 
it omiiloys a luminum e;hlorido-hydro(;iirbon e;oniplox iis a e;iitiilyst (.H, 19). 
Ilyelreigen e;lile)rielo is used as a i)rotiiot(;r to ine;re;!i.se and miiintain c;il;ilyst 
acti\ ' i ty {',\), Bee;iiuse sluelge graeluiilly ;ie;e;uniul!ites in the e;;it,iilyst, 
se)me; e;iitiilyst is withdrawn eiontinueiusly iiiiel iihiminuin e;hloiide; is 
aeleloel te) tlu; reaniiiiiele;r tei lieild the eompositiein e;einst!int. The; eiptimuni 
alumimim erhloriele; e;eiiie;e;ntratioii in the; e:;it;ilyst is be;twe;e;n (iH iitiel 
84 por ea'iit (12). 

Aluminum e;lile)riele ree|uireine;nts are; abeiut 1.4 to H lb pe;r bbl eif 
proeluot (H), al though hiboratory exporim(;nts have roeiuiri;d as little 
as 0.5 lb per bbl (12,4(1). 

Process Variables 

Imi)ortant proe-ess variiiblos in iilkylatiem are the /-butane:e)le;fin 
charge nitio, the /-butiuio ceintont of the; re';ie;te)r efllueiit, tempeiiiituro, 
and spiice velocity. Beitli product yielels tind product eiuiility are 
affect(;d by e;li;iiige;s in these variables. 

/-Butane-to-olefln Ratio. Bee;iiuso the eamditieins wliie;h faveir iilkyki-
tieiti iilse) favor pe)lyiiu;riziition of eilefins, iiii e;xea;ss eif /-butane; is e;mpliiy(;el 
tei promote; the; ele'sir(;d reae;tion. Comnie;rcially, the liitios eif /-butiine; 
tei olefins e'h;irge;el to the reactors have liinge.'d between about 4:1 iiiiel 
12:1 (HO,47), and liitios iis high as HH:1 hiive been used oxporimontiilly 
(12). The usual e;e)mmerciiil range is 5:1 tei 10:1. Inasmue;h as siele 
ri;;i(;tie)u.s itre; roelue;(;el by incroiising the; /-butiine; e;hiirgo nite-, the; eie;liine 
riiting of the; jireielueit is imiiroveel, tho oiiel peiiiit is lowe're;d, anel the; e;on-
sumiition e)f e'iitalyst is reeliie;e(l as the /-butiine rate is iiicreas(;el. 

Boe;iiu,se iilkyl;itie)n rciictions arc rii))id, intcriiiil cire;ulat,ie)ii of the 
roii(;taiits may bo used to augment the oxtoriiiil /-l)utane-t,e>ole;fiti riitiei. 
Inte;riuil eareailation consists of cire;ulatiiig the reactor contents rapitlly 
anel intreiducing the fresh feed into the e;ireailiiting s tream. Intoriiiil 
/-l>ut;itie;-to-olefiii nitios may be as high iis 1,000:1 (20). 

/-Butane in Effluent. Increasing the /-butiine concentriition in the; 
roiictor ellluont has tho siimc efTee;t as ine'ieiising the /-butiinc:e)le;fin 
riitio (19). /-Buttine concentration niiiy be; itie;roased by redue;iiig the 
amoun t of /i-butiine charged to the reactens in the fresh fo(;(l and in the 
/-biitano-rocyclc stroiim. Thus , there is an oconomie; biiliine;o between 

* .Miiminum-chloride alkylation is licenseel by Phillips Petroleum Co. (20). 
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iiicreiisiitg the volume of the /-butiinc-rccycle s t ream and increasing its 

purity. 
Tempera tu re . Low tempeni turcs iire used in all catalyt ic alkylations. 

Rcfrigoriitioti is rceiuircd with sulfuric acid, atmospheric temperatures 
are used with hjalrogcn fiuoride, and .slightly higher temperatures iire 
emi)le)yi;d with iiluminum chloride. 

With sulfurie; iiciel, t empera ture is an impor tan t variable. From tho 
.stiin(li)eiint eif pre)elue;t epiality, low temperii tures iire preferred; however, 
the (;iit;ilyst is viscous iit low tempeni turcs and contiicting it with the 
reiie;tiiiit,s is difiie;ult (12). If tempera tures are tejo low, yields are 
iidver.s(;ly iilTocteel (47); the lowest priu;tical limit is about HO°F, and 
pri;l'(;rr(;el te;inpe;riitiir(;s iire 40 to .50°l'' (19). 'i'he uppe;r priu;tie;al limit is 
about 70°F; iit higher temporiiture;s, the iicid ii t tacks olefins (12). 

llyelr(ige;n fiuorielo catalysis is loss sensitive to temperature . In tho 
labeinitory, essentiiilly the same results are obtained a t — 10°F and a t 
1H5°F (12). Reaction temperii tures in the neighborhood of 75 to 100°F 
iire convenient ; ceinsequently such temperatures are usually used (19). 
However, refrigeration has boon usee! in a t Iciist two units, and improved 
octane ratings are claimed (9,25). 

With the a luminum chloride catalyst , commercial openiting tem
peratures are 110 to 140°F (12,40). 

Olefin Space-veloc i ty . Olefin spiice-velocity may be defined as the 
volume e)f olefin chiirged per hour divieled by the volume of iicid in the 
reiie;t()r. Reducing the olefin space-velocity improves the octane (luality 
of the; i)roelue;t, reduces the production of heavy niiiterials, and lowers the 
ce)iisiiinptie)ii of acid (19). 

Contact Time. Contac t time is defined as tho residence t ime of the 
fresh fee;el iind exteriiiilly re(;ycloel / -bu tane in tho rciictor. I'̂ or sulfuric 
iie;iel iilkylation, the norniiil range is 5 to 40 min; for I IF alkylatiem, it is 
5 to 25 min. Long cont,:ict times in the iibsence of /-butiine; are unelosir-
iiblo, prosuiiiiibly l)oe;ause olefins, which arc se)lul)le in tho catidyst, 
underge) siele re;iictions. To minimize such reae;tioiis in the i)rodue;t 
.settler (where ctitiilyst is .settled from tho hyelrocarbon product) , iin 
/-bul.iin(;-rie;li stroiim may 1)0 bubbled through the iu;id phase, \vhich, 
being heavier, is the lower phase (H7). 

Feed Stocks for Alkylation 

.'\iiy i)loliii-containiiig hydreiciirbon s tream 111113' be used to alkylate 
/-l)ut;iiio. Butenes iiro the usual alkylat ing agents, propencs are also 
used, iuiil e thylene and pentenes are employed to a liniiteel extent. 
Butcne-/-butene copolymers have also been charged to alkylation, 
esiieciiilly during World War I I . Inasmuch us they reae.'t about as dei 
butenes themselves (9), they must depolymerize before reacting. 
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The chief sources of olefins .arc criie;king oi)cnitions, cspcciiilly ciitidytic 
e;rackiiig. However, olefins can be produced by the dehydrogenation of 
paralTins (8,27,HH), and butiines are dehydrogenated coinmereiitilly tei 
provide feeds to iilkylation (5,.35). Butiine is also isomerized to /-butiine, 
which is criicked thermally to pro(lu(;c an alkyliition feed i',V,\). The 
production of ethylene is discussed in Chap. 0. In the c()mm(;rciiil 
operation with iiluminum chloride, an ethane-propane mixture; is crii(;ked, 
iind the ethylene and propene iirc recovered by absorption in cold 
/-butane (H). 

/-Butane is obtiiined from crude oils, from cra(;king operations, from 
(;.at;ilyti(; r(;forni(;is, and from iiiiturid g;is fields. To supploni(;nt tli(;s(; 
sources, ?(-bul!inc is sometimes isomerized. Isom(;riziition is dise;iisse;el 
in Chap. 10. 

Alkylation feeds should bc free of hydreigon sulfide and mere;iiptiiiis 
(19). Both niiiterials form free sulfur, which niiikcs the produe't ceir-
rosive. They also lower leaded octane r.atings of pioelue;ts and increa.sc 
consumptions of catalyst. 

Only small concentrations of diolefins are iiermissiblc in feeds to 
alkylation, with sulfuric acid catalyst at least. Diolefins increa.se the 
consumption of the catalyst (47). 

Alkylation Products 

Alkylation i)roducts—"idkyhites"—are branched paraffins with high 
octane ratings. Butene alkyliites produced with a sulfuric acid cjitidyst 

98 

ii 92 

4 6 10 20 
Vol % isobutone in feed 

HO 60 100 2(X) 100 600 1000 

Vol % isobutone in elllueni 
Vol % olefins in feed Olefin spoce velocity, v/hr/v 

Kiel. !(-.S. Alkylate octane riitin(|;s (19.) 
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Toble 9-4. Composition of a Typical Butene Alkylate (7,19) 

Conipoiiciit Vol per r.cril 

Pentanes anel linhter 8.!) 
2,;}-Dimel.hylbiilaiie 1.7 
2-Methylpetitane 1.1 
3-Met hy Ipentane 0.4 
2,2-1 )imclhylpentaiie 0 .2 
2,-1-Dimnlliylpentane .T.-1 
2,2,:{-Trimelhylbiit;iiie 0 ,2 
2,:i-l)iinclhylpetilani: 2 .3 
2-Methylhe.vanol 
:i-Met.hylhe;xiine| "• 
'2,2,'l-Trime;lhylpeMit;itie 21 .3 
2,2-Dimelhylliexani' 0 .2 
2,.')-l )imethylhexiiiie I , . 
2,'l-Diinethyllio.\ane/ 
2,2,3-Trinielhylpent;itie 1.2 
2,3,4-Trimetliylpeiitaiie 13.0 
2,3,.3-Triinelliylpeiitiine 12.3 
2,3-Diinethylhc.\ane ,3.0 
3,-t-i.)iincthylhexatie 0 .^ 
2,2,5-TriTnolliylhexanc 4..') 
2,3,.5-Trimetliyllie.xnnc 0.!) 
High-boiling I'-paraHins 12. 1 

100.0 
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Table 9-5. Typical Inspections of Alkylotes (19,27,30,45) 

G r a v i i y , °A1'1 

AS'i 'M iliBtillalion ' V : 
10 «: 

50 •;; 
11(1 % 

K i i i l i i i i i i i t 

Octftno rAliiiKB: 
llc.scftrrrh. cl**ar 

Moto r , clear 

l'-4 (4.0 cc TKI , ) 
KVI>, ll> 

Hiitcno 

u lky la t e" 

fiU 

107 

• ^ • ^ • { 

201 

3(i(l 

va 

I.'ii 
3.a 

H . S 0 . Alkyla tes 

Projinne 

a l k y l a t e " 

72 

171) 

inn 
241 

3 W 

81) 

122 
4 , 0 

ri!nti . | io 

a lky la t e " 

r.7 

227 

247 

•281 

3fiO 

111) 

127 

l , S 

Avia t ion 

a lky l i i t e ' 

71 

ir,4 

•212 
2:tei 

314 

105 
4 , 0 

IK'' A lky la tes 

Hi i tenr 

a lkyla t i ! 

119 

Kill 

2'24 
2i'i4 

3112 

!I3,I 

Avia t ion 

a l k y l a t e 

70 

200 
22(1 

23H 

32r 

1)1.0 

80.H 

2 . 3 

• llcrun to SfiO" end point; pcnteiie alkylate is depentnnizcd. Yields are 90 to Q.") per cent of loial 
alkylate. 

*• Prodtieed from the cdlvieiit froiji ft fleli'clive-|>ulyiiH<riziitiuti plant (4.')). 
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usually rate 93 to 95 on a clear re.sciire;h basis, although nitiiigs of 92 to 
97 hivve been reported (80,.'31,45). With hydrogen fluoride catalyst, 
butene alkyhites nttc about 9J to 93 research octane clciir (27,.30). Aeleii-
tion of 3 cc TICL riiises oe;tiinc ratings by 10 to 12 units. 

As shown in l"ig. 9-5, variations in oe;taiio ratings in sulfuric ;ie;iel 
iilkylation e;iiii be related to Viiriations in process conditions (19,51). 

Table 9-6 

Olefin 

Ethylene 
Propene 
Jiutencs (mixeil), 
Pentenes (niixcfl) 

i-IJulane, 
vol % 

I3<.t 

128 

112 

Also, octane ratings of propone and pentcne alkylates iire some;wliat 
lower than for butene alkylates. 

When butene is the alkylating agent, the major components of the 
])roduct are trimethylpentanes (12). With propene, the nuijor com
ponents are tlimethylpentanes, and with ethylene the prine;i])al i)re)elue;t 
is fliisoi)re)pyl (2,3-tlinicthylbut;ino). In all cases both lighter and 

heiivii;r niiiterials are iilso luiielo. 
_i 
i4) 160 

155 

150 

115 

KO 

135 

130 

125 

120 

115 

-1 I 1 1 1 1 1 r-

? - 1 _ 

A tyi)ie;al coniiiosition of ;i butene 
idkylatc is shown in Tiible 9-4. 
Some typical product inspoeitieins 
iire; given in Table; 9-5. 

He'e;iuiseiin alkylate;isde;nse;r than 
the; re'ae;tiints thiit form it., volu-
nie;trie; yields iire' not aelelitive;. 
The; the;e)ie;tie;iil yiolels eif iilkyl;ite;s 
anel the; tliee)re'tie'iil iseibutiiiu' re'-
e|iiiri;me;iits iire; give;ti in Tiible; 9-(i 
(biisoil on ol(;rni r(;iie;tiiig). Tlie;e)-
r(;tie'iil yie;leis iire; iipi)tei.\iiiiiiteil 
e'e)iiiiiiore-ially, e\oii though roai;-
tioiis e)e;ê ur that e^e)iisuiiio more; and 
li'ss tliiiii the; tlie'e)ri;tie;iil i-buttinc. 

.VpiJiirontly, siie'li roae'tieiiis usually olT.se;t Oiicli e)the;r. 
When idkylatc is tei bo usee! as ii bloneling stoe;k for aviation giiseiline, 

5 to 10 per i;oiit of heavy ends must lirst bo soparatoel tei iiie;e;t. beiiliiig-
range specilicatioiis. Uemoving the heavy ends raises the octane liitiiig 
iiiiismue;h iis tho hesivy ends have resoiireih octiine ratings of iibout SO 
• i HriH^k l''^^B'i',iti^^Bis<>ri^^ll'h<; hlltenil ••LHfi't.Mi^^^ile's ^ ^ ^ 

90 91 92 93 91 95 96 97 98 
Research octone no., clear 

t ' l i ; , '.)-(), I l c ta i i c re l̂at ionships for b i i lcne 
alkylates ( I ' l l . 

POLYMERIZATION AND ALKYLAnON 227 

used, flow aviation ratings of iilkylates relate to research ratings is 
shown ill I'^g. 9-(). 

Reaction Systems for Alkylation 

Because i-biitane is almost insoluble in the ae;iel catalysts and because 
the eilofins are roliitively soluble, alkylation reaction syst(;ins must be 
dcsigiie;el for thorough mi.xing of the hydre)e;iirbon and {;iitiilyst phases if 
pe)lynioriziitioii is to be miniinizoil (9). Al.so, i)re)visioiis iiiiist be maeie 
for removing the high oxe)tlie;rinic heat of reactiein anel the lioiit of mi.xing. 
l{f;iie;tors in u.se iiicluile timo-tiiiik, jet, easejiule, impeller, iinel tubular 
types. Heat is removed threiugh cooling coils, which may be external 

Product 

Includes recycle isobutane 

Fi ( i . (1-7. ' r ime - l ank reactor system. 

eir intorniil to the reae;te)r, or by permitting i)iirt of the reae;tiuits to 
Viii)e)ri/,e'. 'I'he liitt,f;r ope;ratioii is called "iiuteirofrige'ration.' Auto-
re;frige;riitioii is not u.sed in liyelroge;ti fhioriele units because hydreigon 
fiuorielo is i|.se;lf very volatile. 

Time-tank and Jet Reactors. Time-tank iind jet reactors were useel 
in early sulfurie; iie;i(l units. The time-tank sy.stem is illustrated in 
Jt'ig. 9-7. Chilled feed is mixed with ii ree;ye'le catidyst phase and iminped 
threiugh a e;eie)lf;r anel ;i cylinelrie;iil roiie;t,e)r fitteel with internal perforateel 
|)lates. As it leaves the iCiie;l,or, the liydre)ciirboii is eniiilsi/ioel in the 
.iciel. Sii(he;ieiit emulsion is cire;ulatod through a cooler to e'oiitrol the 
reactieiii teini)craturc iis elosiroel. The remainder of the omulsioii i)iis.st;s 
to il .settler, whore liydrociirbon product separates from tho acid, which 
is roe;yi;led. 

Tho jet reactor, illustrated in Fig. 9-8, operates on the .same principle, 
exe;o|)t that jet dovie'os provielo the energy eif mixing, and internal balflos 
arc not useel. 

Cascade Reactor. The ca.scadc .system is .also used in sulfuric acid 
Ijlants, As shown in Fig. 9-9, a e;asciielo rcae;tor is divieleel into .several 




